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NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  mai n el ect r i c suppl y st at i ons or  
subst at i ons havi ng a nomi nal  vol t age cl ass of  15 kV 
up t o 115 kV.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
pr esent .

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PART 1   GENERAL

1. 1   REFERENCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
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use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B31. 3 ( 2022;  Er r at a 2023)  Pr ocess Pi pi ng

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A572/ A572M ( 2021;  E 2021)  St andar d Speci f i cat i on f or  
Hi gh- St r engt h Low- Al l oy Col umbi um- Vanadi um 
St r uct ur al  St eel

ASTM A575 ( 2020)  St andar d Speci f i cat i on f or  St eel  
Bar s,  Car bon,  Mer chant  Qual i t y,  M- Gr ades

ASTM A576 ( 2023)  St andar d Speci f i cat i on f or  St eel  
Bar s,  Car bon,  Hot - Wr ought ,  Speci al  Qual i t y

ASTM A633/ A633M ( 2024)  St andar d Speci f i cat i on f or  
Nor mal i zed Hi gh- St r engt h Low- Al l oy 
St r uct ur al  St eel  Pl at es

ASTM B8 ( 2023)  St andar d Speci f i cat i on f or  
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Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B188 ( 2015;  R 2023)  St andar d Speci f i cat i on f or  
Seaml ess Copper  Bus Pi pe and Tube

ASTM B231/ B231M ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Al umi num 1350 
Conduct or s

ASTM B317/ B317M ( 2023)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Ext r uded Bar ,  Rod,  Tube,  
Pi pe,  St r uct ur al  Pr of i l es,  and Pr of i l es 
f or  El ect r i cal  Pur poses ( Bus Conduct or )

ASTM D923 ( 2007)  St andar d Pr act i ce f or  Sampl i ng 
El ect r i cal  I nsul at i ng Li qui ds

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D2472 ( 2000;  R 2014)  St andar d Speci f i cat i on f or  
Sul phur  Hexaf l uor i de

ASTM D4059 ( 2000;  R 2018)  St andar d Test  Met hod f or  
Anal ysi s of  Pol ychl or i nat ed Bi phenyl s i n 
I nsul at i ng Li qui ds by Gas Chr omat ogr aphy

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 32 ( 1972;  R 1997)  St andar d Requi r ement s,  
Ter mi nol ogy,  and Test  Pr ocedur es f or  
Neut r al  Gr oundi ng Devi ces

I EEE 80 ( 2013)  Gui de f or  Saf et y i n AC Subst at i on 
Gr oundi ng

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE 242 ( 2001;  Er r at a 2003)  Recommended Pr act i ce 
f or  Pr ot ect i on and Coor di nat i on of  
I ndust r i al  and Commer ci al  Power  Syst ems -  
Buf f  Book

I EEE 399 ( 1997)  Br own Book I EEE Recommended 
Pr act i ce f or  Power  Syst ems Anal ysi s

I EEE 484 ( 2019)  Recommended Pr act i ce f or  
I nst al l at i on Desi gn and I mpl ement at i on of  
Vent ed Lead- Aci d Bat t er i es f or  St at i onar y 
Appl i cat i ons
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I EEE 485 ( 2020)  Recommended Pr act i ce f or  Si z i ng 
Lead- Aci d Bat t er i es f or  St at i onar y 
Appl i cat i ons

I EEE 525 ( 2007)  Gui de f or  t he Desi gn and 
I nst al l at i on of  Cabl e Syst ems i n 
Subst at i ons

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C37. 04 ( 2018;  Er t a 2019;  Cor r  2021)  Rat i ngs and 
Requi r ement s f or  AC Hi gh- Vol t age Ci r cui t  
Br eaker s wi t h Rat ed Maxi mum Vol t age Above 
1000 V Cor r i gendum 1

I EEE C37. 06 ( 2009)  St andar d f or  AC Hi gh- Vol t age 
Ci r cui t  Br eaker s Rat ed on a Symmet r i cal  
Cur r ent  Basi s -  Pr ef er r ed Rat i ngs and 
Rel at ed Requi r ed Capabi l i t i es f or  Vol t age 
Above 1000 V

I EEE C37. 081 ( 1981;  Supp 1997;  R 2007)  Gui de f or  
Synt het i c Faul t  Test i ng of  AC Hi gh- Vol t age 
Ci r cui t  Br eaker s Rat ed on a Symmet r i cal  
Cur r ent  Basi s

I EEE C37. 09 ( 2018;  Er r at a 2019;  Cor r  2021)  St andar d 
Test  Pr ocedur e f or  AC Hi gh- Vol t age Ci r cui t  
Br eaker s Rat ed on a Symmet r i cal  Cur r ent  
Basi s

I EEE C37. 1 ( 2007)  St andar d f or  Super vi sor y Cont r ol ,  
Dat a Acqui s i t i on ( SCADA)  and Aut omat i c 
Syst ems

I EEE C37. 2 ( 2022 St andar d f or  El ect r i cal  Power  Syst em 
Devi ce Funct i on Number s,  Acr onyms and 
Cont act  Desi gnat i ons

I EEE C37. 13 ( 2015)  St andar d f or  Low- Vol t age AC Power  
Ci r cui t  Br eaker s Used i n Encl osur es

I EEE C37. 16 ( 2009)  St andar d f or  Pr ef er r ed Rat i ngs,  
Rel at ed Requi r ement s,  and Appl i cat i on 
Recommendat i ons f or  Low- Vol t age AC ( 635 V 
and bel ow)  and DC 3200 V and bel ow)  Power  
Ci r cui t  Br eaker s

I EEE C37. 20. 2 ( 2022)  Met al - Cl ad Swi t chgear

I EEE C37. 20. 3 ( 2013)  St andar d f or  Met al - Encl osed 
I nt er r upt er  Swi t chgear

I EEE C37. 23 ( 2015)  Met al - Encl osed Bus

I EEE C37. 30 ( 1997;  I NT 1 2011)  St andar d Requi r ement s 
f or  Hi gh- Vol t age Swi t ches

I EEE C37. 32 ( 2002)  Hi gh- Vol t age Swi t ches,  Bus 
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Suppor t s,  and Accessor i es -  Schedul es of  
Pr ef er r ed Rat i ngs,  Const r uct i on Gui del i nes 
and Speci f i cat i ons

I EEE C37. 34 ( 1994)  St andar d Test  Code f or  Hi gh- Vol t age 
Ai r  Swi t ches

I EEE C37. 41 ( 2016;  Cor r  2017)  Desi gn Test s f or  
Hi gh- Vol t age ( >1000 V)  Fuses and 
Accessor i es

I EEE C37. 46 ( 2010)  St andar d f or  Hi gh Vol t age Expul s i on 
and Cur r ent - Li mi t i ng Type Power  Cl ass 
Fuses and Fuse Di sconnect i ng Swi t ches

I EEE C37. 90 ( 2005;  R 2011)  St andar d f or  Rel ays and 
Rel ay Syst ems Associ at ed Wi t h El ect r i c 
Power  Appar at us

I EEE C37. 90. 1 ( 2013)  St andar d f or  Sur ge Wi t hst and 
Capabi l i t y  ( SWC)  Test s f or  Rel ays and 
Rel ay Syst ems Associ at ed wi t h El ect r i c 
Power  Appar at us

I EEE C37. 121 ( 2012)  Amer i can Nat i onal  St andar d f or  
Swi t chgear - Uni t  Subst at i ons -  Requi r ement s

I EEE C57. 12. 00 ( 2021)  Gener al  Requi r ement s f or  
Li qui d- I mmer sed Di st r i but i on,  Power ,  and 
Regul at i ng Tr ansf or mer s

I EEE C57. 12. 01 ( 2020)  Gener al  Requi r ement s f or  Dr y- Type 
Di st r i but i on and Power  Tr ansf or mer s 
I ncl udi ng Those wi t h Sol i d- Cast  and/ or  
Resi n- Encapsul at ed Wi ndi ngs

I EEE C57. 12. 10 ( 2017)  Requi r ement s f or  Li qui d- I mmer sed 
Power  Tr ansf or mer s

I EEE C57. 12. 80 ( 2010)  St andar d Ter mi nol ogy f or  Power  and 
Di st r i but i on Tr ansf or mer s

I EEE C57. 12. 90 ( 2021)  Test  Code f or  Li qui d- I mmer sed 
Di st r i but i on,  Power ,  and Regul at i ng 
Tr ansf or mer s

I EEE C57. 13 ( 2016)  St andar d Requi r ement s f or  
I nst r ument  Tr ansf or mer s

I EEE C57. 15 ( 2018)  St andar d Requi r ement s,  Ter mi nol ogy,  
and Test  Code f or  St ep- Vol t age Regul at or s

I EEE C57. 19. 00 ( 2023)  St andar d Gener al  Requi r ement s and 
Test  Pr ocedur es f or  Out door  Power  
Appar at us Bushi ngs

I EEE C57. 19. 01 ( 2000;  R 2005;  I NT 1 2010)  St andar d 
Per f or mance Char act er i st i cs and Di mensi ons 
f or  Out door  Appar at us Bushi ngs
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I EEE C57. 93 ( 2007)  Gui de f or  I nst al l at i on and 
Mai nt enance of  Li qui d- I mmer sed Power  
Tr ansf or mer s

I EEE C57. 98 ( 2011)  Gui de f or  Tr ansf or mer  I mpul se Test s

I EEE C62. 11 ( 2020)  St andar d f or  Met al - Oxi de Sur ge 
Ar r est er s f or  Al t er nat i ng Cur r ent  Power  
Ci r cui t s ( >1kV)

I EEE C135. 30 ( 1988)  St andar d f or  Zi nc- Coat ed Fer r ous 
Gr ound Rods f or  Over head or  Under gr ound 
Li ne Const r uct i on

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 60255- 21- 3 ( 1993;  ED 1. 0)  El ect r i cal  Rel ays -  Par t  
21:  Vi br at i on,  Shock,  Bump And Sei smi c 
Test s On Measur i ng Rel ays And Pr ot ect i on 
Equi pment  -  Sect i on 3:  Sei smi c Test s

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

I SA 18. 1 ( 2024)  Annunci at or  Sequences and 
Speci f i cat i ons

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C29. 1 ( 2018)  Test  Met hods f or  El ect r i cal  Power  
I nsul at or s

ANSI  C29. 9 ( 2017)  Wet  Pr ocess Por cel ai n I nsul at or s -  
Appar at us,  Post - Type

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA C12. 4 ( 1984;  R 2011)  Regi st er s -  Mechani cal  
Demand

NEMA C29. 2B ( 2013;  R 2023)  Wet  Pr ocess Por cel ai n and 
Toughened Gl ass -  Tr ansmi ssi on Suspensi on 
Type

NEMA LA 1 ( 2009)  St andar d f or  Sur ge Ar r est er s

NEMA PB 1 ( 2011)  Panel boar ds

NEMA ST 20 ( 2014)  Dr y- Type Tr ansf or mer s f or  Gener al  
Appl i cat i ons

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA/ ANSI  C12. 10 ( 2011;  R 2021)  Physi cal  Aspect s of  
Wat t hour  Met er s -  Saf et y St andar d

NEMA/ ANSI  C12. 11 ( 2006;  R 2019)  I nst r ument  Tr ansf or mer s f or  
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Revenue Met er i ng,  10 kV BI L t hr ough 350 kV 
BI L ( 0. 6 kV NSV t hr ough 69 kV NSV)

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023;  wi t h Change 1,  2023)  St r uct ur al  
Engi neer i ng

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 50 ( 2024)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 67 ( 2018;  Repr i nt  Aug 2023)  UL St andar d f or  
Saf et y Panel boar ds

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  Jul  2023)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 1236 ( 2015;  Repr i nt  Feb 2021)  UL St andar d f or  
Saf et y Bat t er y Char ger s f or  Char gi ng 
Engi ne- St ar t er  Bat t er i es

1. 2   SYSTEM DESCRI PTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t he f eat ur es and f i l l  i n bl anks wi t h 
sel ect i ons appr opr i at e f or  t he desi gn condi t i on and 
i n accor dance wi t h gui dance cont ai ned i n UFC 
3- 550- 01.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. 2. 1   Gener al

Conf i gur e t he syst em as speci f i ed,  and i ncl ude st r uct ur es,  i ncomi ng and 
out goi ng l i nes,  t r ansf or mer s,  r egul at or s,  f uses,  c i r cui t  br eaker s,  
swi t ches,  swi t chgear ,  and appur t enances t o pr ovi de a f ul l y  f unct i onal  
syst em.

1. 2. 2   Ser vi ce Condi t i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See UFC 3- 550- 01 f or  gui dance r egar di ng 
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ser vi ce condi t i ons.   Ret ai n or  add t he r equi r ed 
condi t i ons.

Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( ei t her  Cor ps of f i ce or  A/ E)  i s t he 
Engi neer  of  Recor d,  and show on t he dr awi ngs.   
Del et e t he br acket ed phr ase i f  sei smi c det ai l s ar e 
not  i ncl uded.   Per t i nent  por t i ons of  UFC 3- 301- 01 
and Sect i ons 13 48 73,  23 05 48. 19 and 26 05 48,  
pr oper l y edi t ed,  must  be i ncl uded i n t he cont r act  
document s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I t ems pr ovi ded under  t hi s sect i on must  be speci f i cal l y sui t abl e f or  t he 
f ol l owi ng ser vi ce condi t i ons.   Sei smi c det ai l s must  conf or m t o UFC 3- 301- 01
 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR MI SCELLANEOUS EQUI PMENT,  
23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC,  and 26 05 48 SEI SMI C PROTECTI ON 
FOR ELECTRI CAL EQUI PMENT [ as i ndi cat ed] .

Fungus Cont r ol [ _____]

Al t i t ude [ _____]  m f eet

Ambi ent  Temper at ur e [ _____]  degr ees C F

Fr equency [ _____]  Hz

Vent i l at i on [ _____]  cubi c met er s/ sec cf m

Sei smi c Par amet er s [ _____]

Humi di t y Cont r ol [ _____]

Cor r osi ve Ar eas [ _____]

[ _____] [ _____]

1. 2. 3   I ncomi ng and Out goi ng Ci r cui t  Compl i ance

[ Aer i al  l i ne c i r cui t s must  compl y wi t h t he r equi r ement s of  Sect i on 33 71 01
 OVERHEAD TRANSMI SSI ON AND DI STRI BUTI ON. ]   [ Under gr ound ci r cui t s must  
compl y wi t h t he r equi r ement s of  Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON. ]   [ Ci r cui t s i n cabl e t r ays must  compl y wi t h t he r equi r ement s 
of  Sect i on 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON f or  cabl e and wi t h 
t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM f or  
cabl e t r ays. ]

1. 2. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs consi st i ng of  equi pment  dr awi ngs,  i l l ust r at i ons,  
schedul es,  i nst r uct i ons,  di agr ams,  and ot her  i nf or mat i on necessar y t o 
def i ne t he i nst al l at i on.   Show on t he det ai l  dr awi ngs t he r at i ngs of  i t ems 
and syst ems and how t he component s of  an i t em and syst em ar e assembl ed,  
f unct i on t oget her ,  and how t hey wi l l  be i nst al l ed on t he pr oj ect .   Dat a 
and dr awi ngs f or  component  par t s of  an i t em or  syst em must  be coor di nat ed 
and submi t t ed as a uni t .   Mul t i pl e submi ssi ons f or  t he same equi pment  or  
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syst em ar e not  accept abl e except  wher e pr i or  appr oval  has been obt ai ned 
f r om t he Cont r act i ng Of f i cer .   I n such cases,  a l i s t  of  dat a t o be 
submi t t ed l at er  must  be i ncl uded wi t h t he f i r st  submi ssi on.   Det ai l  
dr awi ngs must  show physi cal  ar r angement ,  const r uct i on det ai l s,  
connect i ons,  f i ni shes,  mat er i al s used i n f abr i cat i on,  pr ovi s i ons f or  
condui t  or  busway ent r ance,  access r equi r ement s f or  i nst al l at i on and 
mai nt enance,  physi cal  s i ze,  el ect r i cal  char act er i st i cs,  f oundat i on and 
suppor t  det ai l s,  and equi pment  wei ght .   Dr awi ngs must  be dr awn t o scal e 
and di mensi oned.   Opt i onal  i t ems must  be cl ear l y i dent i f i ed as i ncl uded or  
excl uded.   Det ai l  dr awi ngs must  as a mi ni mum i ncl ude:

a.   I ncomi ng l i ne and st at i on bus st r uct ur es and i nt egr al  equi pment .

b.   Tr ansf or mer s.

c.   Swi t chgear .

d.   Bat t er y syst em i ncl udi ng cal cul at i ons f or  t he bat t er y and char ger .

e.   Vol t age r egul at or s.

f .   Gr oundi ng r esi st or s.

g.   St at i on s i ngl e l i ne el ect r i cal  di agr ams i ncl udi ng pr i mar y,  met er i ng,  
sensi ng and r el ayi ng,  cont r ol  wi r i ng,  and cont r ol  l ogi c.

h.   St r uct ur al  or  physi cal  f eat ur es of  maj or  i t ems of  st at i on equi pment  
and component s of  equi pment  or  equi pment  assembl i es and st r uct ur es,  
i ncl udi ng f oundat i ons or  ot her  t ypes of  suppor t s f or  equi pment  and 
conduct or s.   Those st r uct ur al  dr awi ngs must  i ncl ude accur at el y scal ed 
or  di mensi oned out l i ne and ar r angement  or  l ayout  dr awi ngs t o show t he 
physi cal  s i ze of  st at i on equi pment  and component  par t s of  t he 
equi pment  and t he r el at i ve ar r angement  of  component s and any physi cal  
connect i on of  r el at ed component s.   Wei ght s of  equi pment  and component s 
of  equi pment  assembl i es must  be pr ovi ded when r equi r ed t o ver i f y t he 
adequacy of  desi gn and pr oposed const r uct i on of  f oundat i ons or  ot her  
t ypes of  suppor t s.   Dynami c f or ces must  be st at ed f or  swi t chi ng 
devi ces when such f or ces must  be consi der ed i n t he desi gn of  suppor t  
st r uct ur es.   The appr opr i at e det ai l  dr awi ngs must  show t he pr ovi s i ons 
f or  l evel i ng,  anchor i ng,  and connect i ng al l  i t ems of  st at i on equi pment  
dur i ng i nst al l at i on,  and must  i ncl ude any r ecommendat i ons made by t he 
manuf act ur er  of  t he equi pment .

i .   El ect r i cal  dr awi ngs must  i ncl ude si ngl e- l i ne and t hr ee- l i ne di agr ams 
of  t he st at i on and st at i on equi pment ,  schemat i cs or  el ement ar y 
di agr ams of  each el ect r i cal  syst em;  i nt er nal  wi r i ng and ext er nal  
connect i on di agr ams of  each el ect r i cal  devi ce when publ i shed by t he 
manuf act ur er ;  wi r i ng di agr ams of  cabi net s,  panel s,  uni t s,  or  ot her  
separ at e mount i ngs;  i nt er connect i on di agr ams t hat  show t he wi r i ng 
bet ween separ at e component s of  assembl i es;  ext er nal  connect i on 
di agr ams t hat  show t he t er mi nat i on of  wi r i ng r out ed bet ween separ at e 
i t ems of  st at i on equi pment ;  i nt er nal  wi r i ng di agr ams of  equi pment  
showi ng wi r i ng as act ual l y pr ovi ded f or  t hi s pr oj ect .   Ext er nal  wi r i ng 
connect i ons must  be cl ear l y i dent i f i ed.

j .   I f  depar t ur es f r om t he cont r act  dr awi ngs ar e deemed necessar y,  submi t  
compl et e det ai l s of  such depar t ur es,  i ncl udi ng changes i n r el at ed 
por t i ons of  t he pr oj ect  and t he r easons t her ef or e.   Appr oved 
depar t ur es must  be made at  no addi t i onal  cost  t o t he Gover nment .
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1. 2. 5   As- Bui l t  Dr awi ngs

The as- bui l t  dr awi ngs must  be kept  at  t he j ob s i t e and updat ed dai l y.   The 
as- bui l t  dr awi ngs must  be a f ul l  s i zed set  of  pr i nt s mar ked t o r ef l ect  al l  
devi at i ons,  modi f i cat i ons,  and changes.   The as- bui l t  dr awi ngs must  be 
compl et e and show t he l ocat i on,  s i ze,  di mensi ons,  par t  i dent i f i cat i on,  and 
ot her  i nf or mat i on.   Addi t i onal  sheet s may be added.   The as- bui l t  dr awi ngs 
must  be j oi nt l y i nspect ed f or  accur acy and compl et eness by t he 
Cont r act or ' s qual i t y cont r ol  r epr esent at i ve and by t he Cont r act i ng Of f i cer  
pr i or  t o t he submi ssi on of  each mont hl y pay est i mat e.   Upon compl et i on of  
t he wor k,  submi t  t hr ee f ul l  s i zed set s of  t he mar ked pr i nt s t o t he 
Cont r act i ng Of f i cer  f or  appr oval .   Keep as- bui l t  dr awi ngs pr epar ed as a 
r ecor d of  t he const r uct i on as i nst al l ed.   I ncl ude i n t he dr awi ngs al l  t he 
i nf or mat i on shown on t he cont r act  dr awi ngs as wel l  as al l  devi at i ons,  
modi f i cat i ons,  and changes f r om t he cont r act  dr awi ngs,  however  mi nor .   I f  
upon r evi ew,  t he as- bui l t  dr awi ngs ar e f ound t o cont ai n er r or s or  
omi ssi ons,  t hey wi l l  be r et ur ned t o t he Cont r act or  f or  cor r ect i on.   
Cor r ect  and r et ur n t he as- bui l t  dr awi ngs t o t he Cont r act i ng Of f i cer  f or  
appr oval  wi t hi n t en cal endar  days f r om t he t i me t he dr awi ngs ar e r et ur ned 
t o t he Cont r act or .

1. 3   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG and Sect i on 25 05 11 
CYBERSECURI TY FOR FACI LI TY RELATED CONTROL SYSTEMS appl i es t o t hi s 
sect i on,  wi t h t he addi t i on and modi f i cat i ons speci f i ed her ei n.

1. 4   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a “ G”  t o an i t em,  
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s t o i ndi cat e t he appr ovi ng 
aut hor i t y.   Codes f or  Ar my pr oj ect s usi ng t he 
Resi dent  Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
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and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce pr oj ect s,  or  choose t he second br acket ed i t em 
f or  Ar my pr oj ect s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Gener al  I nst al l at i on Requi r ement s

Det ai l  Dr awi ngs

As- Bui l t  Dr awi ngs

SD- 03 Pr oduct  Dat a

Suppor t  St r uct ur es;  G[ ,  [ _____] ]

Faul t  Cur r ent  Anal ysi s

Pr ot ect i ve Devi ces

Coor di nat i on St udy

Bat t er y;  G[ ,  [ _____] ]

Namepl at es

Mat er i al s and Equi pment

Gener al  I nst al l at i on Requi r ement s

Onsi t e Test s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Fact or y Test s

Fi el d Test i ng

Fi el d Test  Repor t s

SD- 07 Cer t i f i cat es

Mat er i al s and Equi pment

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G[ ,  [ _____] ]
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1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Vi sual l y i nspect  devi ces and equi pment  when r ecei ved and pr i or  t o 
accept ance f r om conveyance.   Pr ot ect  st or ed i t ems f r om t he envi r onment  i n 
accor dance wi t h t he manuf act ur er ' s publ i shed i nst r uct i ons.   Repl ace 
damaged i t ems.   Oi l  f i l l ed t r ansf or mer s and swi t ches must  be st or ed i n 
accor dance wi t h t he manuf act ur er ' s r equi r ement s.

1. 6   EXTRA MATERI ALS

One addi t i onal  spar e f use or  f use el ement  f or  each f ur ni shed f use or  f use 
el ement  must  be del i ver ed t o t he Cont r act i ng Of f i cer  when t he el ect r i cal  
syst em i s accept ed.   Pr ovi de t wo compl et e set s of  al l  speci al  t ool s 
r equi r ed f or  mai nt enance,  compl et e wi t h a sui t abl e t ool  box.   Speci al  
t ool s ar e t hose t hat  onl y t he manuf act ur er  pr ovi des,  f or  speci al  pur poses 
( t o access compar t ment s,  or  oper at e,  adj ust ,  or  mai nt ai n speci al  par t s) .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct  and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.

a.   Submi t  a compl et e i t emi zed l i s t i ng of  equi pment  and mat er i al s pr oposed 
f or  i ncor por at i on i nt o t he wor k.   Each ent r y must  i ncl ude an i t em 
number ,  t he quant i t y of  i t ems pr oposed,  and t he name of  t he 
manuf act ur er  of  each such i t em.   Pr oduct s must  conf or m t o t he 
f ol l owi ng r equi r ement s.   I t ems of  t he same cl assi f i cat i on must  be 
i dent i cal  i ncl udi ng equi pment ,  assembl i es,  par t s,  and component s.   
Pr oduct s f or  aer i al  const r uct i on must  conf or m t o I EEE C2 f or  [ heavy]  
[ medi um]  [ l i ght ]  l oadi ng di st r i ct s,  Gr ade B const r uct i on.

b.   Wher e mat er i al s or  equi pment  ar e speci f i ed t o conf or m t o t he st andar ds 
of  t he Under wr i t er s Labor at or i es,  I nc. ,  ( UL)  or  t o be const r uct ed or  
t est ed,  or  bot h,  i n accor dance wi t h t he st andar ds of  t he Amer i can 
Nat i onal  St andar ds I nst i t ut e ( ANSI ) ,  t he I nst i t ut e of  El ect r i cal  and 
El ect r oni cs Engi neer s ( I EEE) ,  or  t he Nat i onal  El ect r i cal  Manuf act ur er s 
Associ at i on ( NEMA) ,  submi t  pr oof  t hat  t he i t ems pr ovi ded under  t hi s 
sect i on of  t he speci f i cat i ons conf or m t o such r equi r ement s.

c.   The l abel  of ,  or  l i s t i ng by,  UL wi l l  be accept abl e evi dence t hat  t he 
i t ems conf or m t her et o.   Ei t her  a cer t i f i cat i on or  a publ i shed cat al og 
speci f i cat i on dat a st at ement ,  t o t he ef f ect  t hat  t he i t em i s i n 
accor dance wi t h t he r ef er enced ANSI  or  I EEE st andar d,  wi l l  be 
accept abl e evi dence t hat  t he i t em conf or ms t her et o.   A s i mi l ar  
cer t i f i cat i on or  publ i shed cat al og speci f i cat i on dat a st at ement  t o t he 
ef f ect  t hat  t he i t em i s i n accor dance wi t h t he r ef er enced NEMA 
st andar d,  by a company l i s t ed as a member  company of  NEMA,  wi l l  be 
accept abl e evi dence t hat  t he i t em conf or ms t her et o.

d.   I n l i eu of  such cer t i f i cat i on or  publ i shed dat a,  t he Cont r act or  may 
submi t  a cer t i f i cat e f r om a r ecogni zed t est i ng agency equi pped and 
compet ent  t o per f or m such ser vi ces,  st at i ng t hat  t he i t ems have been 
t est ed and t hat  t hey conf or m t o t he r equi r ement s l i s t ed,  i ncl udi ng 
met hods of  t est i ng of  t he speci f i ed agenci es.   Compl i ance wi t h 
above- named r equi r ement s does not  r el i eve t he Cont r act or  f r om 
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compl i ance wi t h any ot her  r equi r ement s of  t he speci f i cat i ons.

2. 2   NAMEPLATES

Submi t  dat a composed of  cat al og cut s,  br ochur es,  c i r cul ar s,  
speci f i cat i ons,  pr oduct  dat a,  and pr i nt ed i nf or mat i on i n suf f i c i ent  det ai l  
and scope t o ver i f y compl i ance wi t h t he r equi r ement s of  t he cont r act  
document s.

2. 2. 1   Gener al

Each maj or  component  of  t hi s speci f i cat i on must  have t he manuf act ur er ' s 
name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  
on a namepl at e secur el y at t ached t o t he equi pment .   Namepl at es must  be 
made of  noncor r osi ve met al .   As a mi ni mum,  pr ovi de namepl at es f or  
t r ansf or mer s,  r egul at or s,  c i r cui t  br eaker s,  capaci t or s,  met er s,  swi t ches,  
swi t chgear ,  and gr oundi ng r esi st or s.

2. 2. 2   Li qui d- Fi l l ed Tr ansf or mer  Namepl at es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e Namepl at e C i nf or mat i on wi t h t he 
manuf act ur er .   Sel ect  50 ppm f or  Ar my pr oj ect s and 2 
ppm f or  Ai r  For ce pr oj ect s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de power  t r ansf or mer s,  wi t h Namepl at e C i nf or mat i on i n accor dance 
wi t h I EEE C57. 12. 00,  i ndi cat i ng t he number  of  gal l ons and composi t i on of  
l i qui d- di el ect r i c,  per manent l y mar ked wi t h a st at ement  t hat  t he 
t r ansf or mer  di el ect r i c t o be suppl i ed i s non- pol ychl or i nat ed bi phenyl .   I f  
t r ansf or mer  namepl at e i s not  so mar ked,  f ur ni sh manuf act ur er ' s 
cer t i f i cat i on f or  each t r ansf or mer  t hat  t he di el ect r i c i s non- PCB 
cl assi f i ed,  wi t h l ess t han [ 50]  [ 2]  ppm PCB cont ent  i n accor dance wi t h 
par agr aph MI SCELLANEOUS Li qui d Di el ect r i cs.   Cer t i f i cat i ons must  be 
r el at ed t o ser i al  number s on t r ansf or mer  namepl at es.   Tr ansf or mer  
di el ect r i c exceedi ng t he [ 50]  [ 2]  ppm PCB cont ent  or  t r ansf or mer s wi t hout  
cer t i f i cat i on wi l l  be consi der ed as PCB i nsul at ed and wi l l  not  be accept ed.

2. 3   CORROSI ON PROTECTI ON

2. 3. 1   Al umi num Mat er i al s

[ Al umi num must  not  be used i n cont act  wi t h ear t h or  concr et e.   Wher e 
al umi num conduct or s ar e connect ed t o di ssi mi l ar  met al ,  use f i t t i ngs 
conf or mi ng t o UL 486A- 486B. ]  [ Al umi num must  not  be used. ]

2. 3. 2   Fer r ous Met al  Mat er i al s

2. 3. 2. 1   Har dwar e

Fer r ous met al  har dwar e must  be hot - di p gal vani zed i n accor dance wi t h 
ASTM A153/ A153M and ASTM A123/ A123M.

2. 3. 2. 2   Equi pment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A 120- hour  t est  wi l l  be speci f i ed i n a 
noncor r osi ve envi r onment  and a 480- hour  t est  wi l l  be 
speci f i ed i n a cor r osi ve envi r onment .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Equi pment  and component  i t ems,  i ncl udi ng but  not  l i mi t ed t o t r ansf or mer  
st at i ons and f er r ous met al  l umi nai r es not  hot - di p gal vani zed or  por cel ai n 
enamel  f i ni shed,  must  be pr ovi ded wi t h cor r osi on- r esi st ant  f i ni shes whi ch 
must  wi t hst and [ 120]  [ 480]  hour s of  exposur e t o t he sal t  spr ay t est  
speci f i ed i n ASTM B117 wi t hout  l oss of  pai nt  or  r el ease of  adhesi on of  t he 
pai nt  pr i mer  coat  t o t he met al  sur f ace i n excess of  1. 6 mm 1/ 16 i nch f r om 
t he t est  mar k.   The scr i bed t est  mar k and t est  eval uat i on must  be i n 
accor dance wi t h ASTM D1654 wi t h a r at i ng of  not  l ess t han 7 i n accor dance 
wi t h TABLE 1,  ( pr ocedur e A) .   Cut  edges or  ot her wi se damaged sur f aces of  
hot - di p gal vani zed sheet  st eel  or  mi l l  gal vani zed sheet  st eel  must  be 
coat ed wi t h a z i nc r i ch pai nt  conf or mi ng t o t he manuf act ur er ' s st andar d.

2. 3. 3   Fi ni shi ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed and f i ni sh pai nt i ng 
of  i t ems onl y pr i med at  t he f act or y must  be as speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

2. 4   STATI ON ARRANGEMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h par agr aph SUBSTATI ON 
EQUI PMENT.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The mai n el ect r i c suppl y [ st at i on]  [ subst at i on]  must  be of  t he [ subst at i on 
t r ansf or mer  t ype wi t h an open- t ype bus- and- swi t ch ar r angement ]  
[ ar t i cul at ed pr i mar y uni t  subst at i on ar r angement  wi t h c l ose- coupl ed 
hi gh- vol t age and l ow- vol t age sect i ons]  [ pr i mar y uni t  subst at i on 
ar r angement  wi t h c l ose- coupl ed l ow- vol t age sect i on] .

2. 4. 1   Suppor t  St r uct ur es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Connect i ons t o aer i al  l i nes wi l l  be r un 
under gr ound t o new st at i ons ( 35 kV or  l ess) ,  t hus 
del et i ng t he r equi r ement  f or  aer i al  buses and l i ne 
st r uct ur es.   Del et e wi r e br acket s i f  not  r equi r ed.

Maxi mum use wi l l  be made of  " st andar d, "  " cust om, "  or  
" pr e- f abr i cat ed"  st r uct ur e desi gns.   Coor di nat e wi t h 
t he l ocal  ut i l i t y  as wel l  as wi t h st r uct ur e 
manuf act ur er s.   Al so,  coor di nat e wi t h SD- 04,  Det ai l  
Dr awi ngs.   Modi f y or  del et e subpar agr aphs as 
r equi r ed.   St r uct ur es wi l l  be desi gned f or  not  l ess 
t han 4. 4 kN 1000 pounds t ensi on per  conduct or .   
Nor mal l y,  shor t  s l ack spans f r om t he ut i l i t y  syst em 
shoul d be pr ovi ded t o ensur e t hat  conduct or  t ensi ons 
ar e kept  t o a mi ni mum.

Foundat i ons wi l l  be desi gned based on avai l abl e dat a 
f r om soi l  bor i ngs and det ai l ed on t he pr oj ect  
dr awi ngs.   Wher e soi l - bear i ng pr essur es ar e not  
known,  f oundat i ons f or  a soi l - bear i ng pr essur e of  
not  mor e t han 191. 5 kPa 4000 psf  shoul d be 
pr ovi ded.   The l ar ge over t ur ni ng moment s cr eat ed by 
t he i ncomi ng aer i al  conduct or s wi l l  be consi der ed i n 
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t he f oundat i on desi gn and a saf et y f act or  of  not  
l ess t han 1. 5 shoul d be pr ovi ded.   The desi gner  wi l l  
ensur e t hat  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE 
cover s t he c l ass of  concr et e r equi r ed f or  
f oundat i ons associ at ed wi t h a mai n el ect r i c suppl y 
st at i on,  but  concr et e must  have not  l ess t han 17. 2 
MPa 2500 psi  compr essi ve st r engt h.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de st r uct ur es t o suppor t  i ncomi ng l i ne conduct or s,  swi t ches,  
i nst r ument  t r ansf or mer s,  ai r  t er mi nal s and aer i al  buses.   St eel  st r uct ur al  
i t ems must  conf or m t o Sect i on 05 12 00 STRUCTURAL STEEL.   St r uct ur es,  
except  f or  i ncomi ng pr i mar y l i nes,  must  be of  t he l ow- pr of i l e t ype.   
St r uct ur es must  ut i l i ze r ound or  r ect angul ar  t ubul ar  st eel  const r uct i on or  
equi val ent  H/ I - beam suppor t  el ement s.   Lat t i ce t ype suppor t s ar e not  
accept abl e.   Submi t  manuf act ur er ' s desi gn anal ysi s and cal cul at i ons f or  
st r uct ur es,  f oundat i ons,  anchor  bol t s,  and suppor t s di f f er i ng f r om t hose 
i ndi cat ed i n t he cont r act  dr awi ngs,  and f or  pr ef abr i cat ed st r uct ur es.   
Cal cul at i ons must  be made by a r egi st er ed pr of essi onal  engi neer  wi t h 
demonst r at ed exper i ence i n subst at i on st r uct ur al  desi gn i n t he l ast  t hr ee 
year s.   The manuf act ur er  must  pr ovi de a l i s t  of  pr oj ect s compl et e wi t h 
poi nt s of  cont act ,  addr esses and t el ephone number s.   St r uct ur al  st eel  and 
mi scel l aneous i t ems must  compl y wi t h ASTM A36/ A36M,  ASTM A572/ A572M,  
ASTM A575,  ASTM A576or  ASTM A633/ A633M,  or  equi val ent  al umi num.   Gener al  
conf i gur at i ons ar e i ndi cat ed.   Exact  di mensi ons and ar r angement s may be 
var i ed,  dependent  upon si t e l i mi t at i ons,  t o per mi t  use of  a manuf act ur er ' s 
st andar d equi pment  and st r uct ur es.   Ai r  t er mi nal s,  [ not  l ess t han 1. 8 m 6 
f eet  i n l engt h]  [ of  t he l engt h shown] ,  must  be pr ovi ded on each st r uct ur e 
col umn f or  l i ght ni ng pr ot ect i on.   [ St at i c wi r e br acket s f or  i ncomi ng 
over head gr ound wi r es must  be pr ovi ded on each i ncomi ng dead- end l i ne 
st r uct ur e and el sewher e as i ndi cat ed. ]

2. 4. 1. 1   Pr e- f abr i cat ed St r uct ur e Desi gn

Desi gn st r uct ur es f or  a maxi mum t ensi on of  [ 4. 5]  [ _____]  kN [ 1000]  [ _____]  
pounds per  conduct or .   Over head gr ound or  st at i c wi r es must  be count ed as 
conduct or s i n det er mi ni ng st r engt h r equi r ement s.   Det ai l  dr awi ngs must  
show mar ki ngs of  uni t s f or  pl acement ,  l ocat i on and si zes of  at t achment s,  
and compl et e dat a on f abr i cat i ons.

2. 4. 1. 2   St r uct ur e Fi ni sh

Al umi num st r uct ur es must  have a uni f or m sat i n f i ni sh and must  not  be 
pai nt ed.   St eel  st r uct ur es must  be hot - di p gal vani zed i n accor dance wi t h 
ASTM A123/ A123M af t er  dr i l l i ng i s compl et ed and must  not  be pai nt ed.

2. 4. 1. 3   St r uct ur e Foundat i on Desi gn

St r uct ur e f oundat i on desi gn must  be as i ndi cat ed.   I f  t he manuf act ur er ' s 
st andar d st r uct ur es di f f er  i n di mensi ons f r om t hose shown,  modi f y 
f oundat i on desi gn t o sui t  t he st r uct ur es pr ovi ded,  at  no addi t i onal  cost  
t o t he Gover nment .   Maxi mum ear t h- bear i ng pr essur e must  be cal cul at ed at  
[ 191. 5]  [ _____]  kPa [ 4000]  [ _____]  psf .

2. 4. 2   [ Conduct or s] [ Tubul ar  Bus Conduct or s]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Just i f y sel ect i on of  copper  or  al umi num,  
based upon an anal ysi s usi ng l i f e,  envi r onment al ,  
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and cost  f act or s.   Ref er  t o UFC 3- 550- 01 r egar di ng 
subst at i on conduct or s and buses.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Conduct or s must  be [ al umi num- conduct or - st eel - r ei nf or ced ( ACSR) ]  [ copper ]  
[ hi gh- st r engt h al umi num al l oy]  wi t h s i zes as i ndi cat ed,  and must  compl y 
wi t h I EEE 525.   Base span l engt hs on a l i mi t i ng def l ect i on of  1/ 150 f or  
spans havi ng t wo suppor t s and 1/ 200 f or  spans havi ng t hr ee suppor t s,  under  
maxi mum wi nd,  i ce,  and shor t - c i r cui t  l oadi ngs,  i ncl udi ng sui t abl e 
al l owances f or  any t aps.   Wher e r equi r ed,  i nst al l  l ar ger  or  st r onger  bus 
t o mai nt ai n speci f i ed def l ect i ons f or  t he i ndi cat ed span l engt hs.   Ot her  
bus shapes f or  el ect r i cal  conduct or s may be used i f  det ai l  dr awi ng 
submi t t al s i ndi cat e equi val ent  ampaci t y and st r engt h.   Shor t  connect i ons,  
consi st i ng of  bar e st r anded conduct or s of  equi val ent  bus ampaci t y,  may be 
used bet ween i ncomi ng l i ne conduct or s and buses or  bet ween buses and 
equi pment .   Copper  f l exi bl e br ai d or  al umi num st r ap expansi on coupl er s,  as 
r equi r ed t o mat ch t he bus mat er i al ,  must  be i nst al l ed i n bus r uns wher e 
r equi r ed t o al l ow f or  expansi on and cont r act i on,  and at  al l  connect i ons t o 
t r ansf or mer  bushi ngs.

2. 4. 2. 1   Suspensi on I nsul at or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o UFC 3- 550- 01 f or  gui dance r egar di ng 
subst at i on i nsul at or s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de suspensi on i nsul at or s f or  dead- end i ncomi ng l i ne conduct or s.   
Ut i l i ze suspensi on i nsul at or  st r i ngs and st r i ng suppor t s whi ch pr ovi de a 
mechani cal  st r engt h exceedi ng t he ul t i mat e st r engt h of  each dead- end 
conduct or .   Mi ni mum r at i ngs of  Pr ovi de suspensi on i nsul at or s wi t h a 
mi ni mum r at i ng of  not  l ess t han NEMA C29. 2B Cl ass [ 52- 3- L]  [ 52- 3- H]  [ or ]  
[ 52- 4- L]  [ 52- 4- H] .   Each suspensi on st r i ng must  have not  l ess t han [ _____]  
i nsul at or s i n t andem.

2. 4. 2. 2   Appar at us Post  I nsul at or s

Appar at us post  i nsul at or s must  be pr ovi ded t o suppor t  conduct or s,  and 
t hei r  mechani cal  st r engt h must  exceed t he ul t i mat e st r engt h of  t he 
conduct or  suppor t ed and,  wher e necessar y,  hi gh- st r engt h or  ul t r a 
hi gh- st r engt h i nsul at or s must  be pr ovi ded.   Mi ni mum r at i ngs of  appar at us 
post  i nsul at or s must  be not  l ess t han ANSI  C29. 9,  Techni cal  Ref er ence 
Number  [ _____] .

2. 5   I NCOMI NG SWI TCHI NG/ CI RCUI T I NTERRUPTI NG EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncomi ng l i ne equi pment  may be pr ovi ded by 
t he ut i l i t y  or  by t he Gover nment .   Del et e par agr aphs 
not  appl i cabl e t o pr oj ect .   Oper at i ng 
char act er i st i cs and r at i ngs of  i ncomi ng l i ne 
i nt er r upt i ng/ swi t chi ng must  be coor di nat ed wi t h t he 
r equi r ement s of  t he ser vi ng ut i l i t y  and t he 
t r ansf or mer  and bus pr ot ect i on r equi r ement s.   On t he 
dr awi ngs,  i dent i f y t he r equi r ed i nst r ument s,  r el ays,  
i nst r ument  t r ansf or mer s,  and cont r ol s f or  each 
swi t chi ng/ i nt er r upt i ng uni t ,  and modi f y t he 
f ol l owi ng par agr aphs t o r ef l ect  t he st at i on cont r ol  
and i nst r ument at i on schemes and t he st at i on 
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si ngl e- l i ne di agr am.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I ncomi ng l i ne swi t chi ng equi pment  must  be of  t he out door  weat her pr oof  
t ype.   Oper at i ng char act er i st i cs and r at i ngs of  i ncomi ng l i ne swi t chi ng 
equi pment  must  be as i ndi cat ed.

2. 5. 1   Met al - Encl osed I nt er r upt er  Swi t chgear

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Met al  encl osed swi t chgear  wi t h SF6 
i nt er r upt er s i s avai l abl e f or  vol t age l evel s of  5 kV 
t hr ough 25 kV.   Sel ect  ei t her  ai r - i nsul at ed,  
vacuum- i nsul at ed,  or  SF6 i nt er r upt er s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Met al - encl osed i nt er r upt er  swi t chgear  must  compl y wi t h I EEE C37. 20. 2 f or  
met al  c l ad swi t chgear ,  I EEE C37. 20. 3 f or  met al - encl osed i nt er r upt er  
swi t chgear ,  I EEE C37. 32f or  l oad- i nt er r upt er  swi t ches,  [ _____]  f or  power  
f uses,  and must  be of  t he out door  no- ai s l e t ype t hat  meet s or  exceeds t he 
r equi r ement s of  appl i cabl e publ i cat i ons l i s t ed.   Swi t ch const r uct i on must  
be of  t he manual l y- oper at ed,  " OPEN- CLOSED, "  [ ai r - i nsul at ed,  
l oad- i nt er r upt er  t ype]  [ vacuum- i nsul at ed,  l oad- i nt er r upt er  t ype]  
[ SF6- i nsul at ed,  l oad- i nt er r upt er  t ype] ,  equi pped wi t h a st or ed ener gy 
oper at or  f or  qui ck- make- qui ck- br eak t o make oper at i ng speeds i ndependent  
of  manual  swi t ch oper at i ons.   Wher e i ndi cat ed,  bus or  l ug connect i ons t o 
mount  f i el d- i nst al l ed,  s l i p- on,  medi um- vol t age cabl e t er mi nat i ons f or  
cabl e ent er i ng f r om bel ow [ and a f l anged t hr oat  f or  di r ect  connect i on t o 
t he associ at ed t r ansf or mer ]  [ and a bus t hr oat  f or  connect i on t o t he 
associ at ed met al - encl osed bus]  [ and r oof  bushi ngs f or  aer i al  l i ne 
connect i ons]  must  be pr ovi ded.   [ Roof  bushi ngs must  [ have t he same BI L as]  
[ be one BI L hi gher  t han]  t he associ at ed swi t chgear  and must  conf or m t o 
I EEE C57. 19. 00 and I EEE C57. 19. 01 when bushi ngs ar e r at ed at  or  above 110 
kV BI L. ]   Pr i mar y buses must  compl y wi t h t he r equi r ement s f or  buses i n 
par agr aph OUTGOI NG METAL- CLAD SWI TCHGEAR.

2. 5. 1. 1   Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ef er r ed r at i ngs ar e l i s t ed i n I EEE C37. 2,  
Tabl e 6.   A shor t - c i r cui t  st udy i s r equi r ed t o 
speci f y r at i ngs.   For  pr oj ect s wher e mul t i pl e 
r at i ngs ar e r equi r ed f or  di f f er ent  appl i cat i ons,  
del et e t he t abl e bel ow and pr ovi de r at i ng 
r equi r ement s on t he dr awi ngs i n t abul ar  f or m.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Swi t ch r at i ngs at  60 Hz must  be i n accor dance wi t h I EEE C37. 2,  and 
I EEE C37. 06 and as [ f ol l ows: ]  [ i ndi cat ed. ]

Nomi nal  vol t age [ _____]

Rat ed maxi mum vol t age [ _____]

Maxi mum symmet r i cal  i nt er r upt i ng capaci t y [ _____]
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Maxi mum asymmet r i cal  i nt er r upt i ng capaci t y [ _____]

3- Second shor t  t i me cur r ent  car r y i ng capaci t y [ _____]

Rat ed cont i nuous cur r ent  ( kA) [ _____]

BI L ( I mpul se Level ) [ _____]

2. 5. 1. 2   Oper at i ng Mechani sm Cont r ol s and Devi ces

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The swi t chgear  cont r ol  swi t ch,  st at us l i ght s,  
met er i ng,  and r el ayi ng wi l l  be l ocat ed on t he 
secondar y met al - c l ad swi t chgear ;  addi t i onal l y,  a 
cont r ol  swi t ch,  st at us l i ght s,  and a l ocal - r emot e 
sel ect or  swi t ch wi l l  be mount ed at  t he i nt er r upt er  
swi t ch.   I f  t hi s equi pment  cannot  be mount ed on t he 
secondar y met al - c l ad swi t chgear ,  t hen t hese devi ces 
wi l l  be i nst al l ed i n an i nst r ument  and r el ay cabi net  
adj acent  t o t he i nt er r upt er  swi t ch oper at i ng 
mechani sm cabi net .   Tr ansf or mer  di f f er ent i al  and 
di f f er ent i al  l ockout  r el ays wi l l  be l ocat ed i n t he 
met al - c l ad swi t chgear .   Wher e t her e i s no met al - c l ad 
swi t chgear ,  t he appr opr i at e mat er i al  f r om t he 
par agr aph wi l l  be i ncl uded as a par t  of  par agr aph 
SUBSTATI ON EQUI PMENT.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

An oper at i ng mechani sm cabi net  must  house t he el ect r i cal  devi ces l i s t ed 
bel ow,  whi ch must  be r at ed f or  t he appl i cat i on and must  be sui t abl e f or  
t he ac or  dc cont r ol  vol t age avai l abl e as shown or  speci f i ed.   Unl ess 
ot her wi se not ed,  pr ovi de manuf act ur er ' s st andar d devi ces f or  t he r at i ng 
speci f i ed i ncl udi ng t he f ol l owi ng:

a.   A l i ght  connect ed t o a cabi net  door - act uat ed swi t ch,  so t hat  t he l i ght  
i s  ener gi zed onl y when door s ar e open.

b.   A heat er  cont i nuousl y ener gi zed t o pr event  condensat i on wi t hi n t he 
cabi net  over  ambi ent  t emper at ur e r anges f r om [ mi nus 29]  [ _____]  t o 
[ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  [ _____]  degr ees F 
at  90 per cent  r el at i ve humi di t y and connect ed t o a cabi net  
door - act uat ed swi t ch,  so t he heat er  i s de- ener gi zed when door s ar e 
open.   Hi gh- t emper at ur e t her mal  pr ot ect i on must  be i ncl uded.

c.   An oper at or  char gi ng mot or  wi t h t her mal - over l oad r el ays.

d.   A mot or  cont r ol  cont act or  wi t h r el ays,  sol enoi ds,  and any ot her  
cont r ol  devi ces r equi r ed.

e.   Necessar y mot or - al ar m and i nt er l ock swi t ches.

f .   One- pol e or  t wo- pol e t her mal - magnet i c mol ded- case ci r cui t  br eaker s 
sui t abl e f or  t he oper at i ng vol t age f or  cont r ol ,  heat er ,  and l i ght  
c i r cui t s.

g.   A mi ni mum of  ei ght  spar e c i r cui t  br eaker  auxi l i ar y cont act s,  f our  
nor mal l y open ( 52a)  and f our  nor mal l y c l osed ( 52b) ,  wi r ed t o i nt er f ace 
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t er mi nal s.

h.   Ter mi nal  f aci l i t i es wi r ed f or  devi ces i nst al l ed i n t he cabi net ,  and t o 
per mi t  cor r espondi ng connect i ons of  i ncomi ng conduct or s f r om r emot e 
i t ems of  equi pment .

i .   A key i nt er l ock i f  i ndi cat ed.

j .   A swi t ch- oper at i ng handl e wi t h pr ovi s i ons f or  l ocki ng i n ei t her  t he 
open or  c l osed posi t i on.

k.   Saf et y devi ces as necessar y t o ensur e t hat  t he l oad i nt er r upt er  swi t ch 
i s i n t he open posi t i on whenever  uni t  door s ar e i n t he open posi t i on.

l .   An i nt er f ace t er mi nal  bl ock wi r ed f or  r equi r ed ext er i or  connect i ons.

m.   Devi ces speci f i ed under  speci f i c  uni t  r equi r ement s bel ow.

2. 5. 1. 3   Sul f ur  Hexaf l uor i de ( SF6)  I nt er r upt er  Swi t chgear

Pr ovi de SF6 i nt er r upt er s of  t he puf f er  t ype wher e t he movement  of  t he 
cont act  pl unger  wi l l  i ni t i at e t he puf f  of  SF6 gas acr oss t he cont act  t o 
ext i ngui sh t he ar c.   Swi t chgear  must  be pr ovi ded wi t h a l oss- of - pr essur e 
al ar m r emot e as shown on t he dr awi ngs.   Bef or e t he pr essur e i n t he 
i nt er r upt er  dr ops bel ow t he poi nt  wher e t he i nt er r upt er  cannot  open saf el y 
wi t hout  damage,  t he swi t chgear  must  act i vat e t he l oss- of - pr essur e al ar m,  
open aut omat i cal l y,  and r emai n i n t he l ocked open posi t i on unt i l  
r epai r ed.   The SF6 must  meet  t he r equi r ement s of  ASTM D2472,  except  t hat  
t he maxi mum dew poi nt  must  be mi nus 60 degr ees C mi nus 76 F ( cor r espondi ng 
t o 11 ppm wat er  by vol ume) ,  wi t h onl y 11 ppm wat er  by vol ume,  and t he 
mi ni mum pur i t y must  be 99. 9 per cent  by wei ght .   Swi t chgear  must  have 
pr ovi s i ons f or  mai nt enance sl ow cl osi ng of  cont act s and have a r eadi l y 
accessi bl e cont act  wear  i ndi cat or .   Tr i ppi ng t i me must  not  exceed [ 3]  [ 5]  
[ 8]  cycl es.

2. 5. 1. 4   Vacuum Ci r cui t  I nt er r upt er  Swi t chgear

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See I EEE 37. 04 f or  pr ef er r ed r at i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Vacuum i nt er r upt er s must  be her met i cal l y- seal ed i n a hi gh vacuum t o 
pr ot ect  cont act s f r om moi st ur e and cont ami nat i on.   Swi t chgear  must  have 
pr ovi s i ons f or  mai nt enance sl ow cl osi ng of  cont act s and have a r eadi l y 
accessi bl e cont act  wear  i ndi cat or .   Tr i ppi ng t i me must  not  exceed [ 3]  [ 5]  
[ 8]  cycl es.

2. 5. 1. 5   Speci f i c  Uni t  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi se t hi s par agr aph and par agr aph POWER 
TRANSFORMERS t o i ncl ude l i s t i ng of  uni t  i t ems i f  an 
ar t i cul at ed pr i mar y uni t  subst at i on i s not  pr ovi ded 
and i nt er r upt er  swi t chgear  i s t o be speci f i ed.   
Pl aci ng CT' s and ammet er s/ swi t ches i n met al - encl osed 
i nt er r upt er  swi t chgear  i s cost l y and of t en l eads t o 
addi t i onal  cubi c l es.   Unl i ke t he met al - c l ad desi gn 
whi ch put s gr ounded met al  bar r i er s ar ound bus,  
swi t chgear ,  i ncomi ng l i ne,  out goi ng l i ne,  and 
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cont r ol  sect i ons,  met al - encl osed i nt er r upt er  
swi t chgear  i s not  so compar t ment al i zed.   Thus,  
bui l di ng a saf e compar t ment  f or  ammet er s/ swi t ches i s 
not  r eal l y consi st ent  wi t h t he basi c desi gn.   
Ammet er  and swi t ch wi l l  be l ocat ed on t he secondar y 
mai n br eaker .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I n addi t i on t o basi c r equi r ement s,  swi t chgear  must  cont ai n ot her  devi ces 
as appr opr i at e t o t he appl i cat i on and as speci f i ed i n par agr aph SUBSTATI ON 
EQUI PMENT.

2. 5. 2   Devi ces and Accessor i es f or  Swi t chi ng/ I nt er r upt i ng Equi pment

2. 5. 2. 1   I ncomi ng Li ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e I t ems " e"  and " f "  i f  not  r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Coor di nat e i ncomi ng l i ne uni t s wi t h t he r equi r ement s of  t he ser vi ng 
ut i l i t y ,  and t o t he pr ot ect ed t r ansf or mer ,  and i ncl ude t he f ol l owi ng 
cont r ol  and moni t or i ng syst em i t ems t hat  must  be mount ed i n t he i nst r ument  
and r el ay cabi net  speci f i ed bel ow.

a.   An ammet er  and an ammet er  swi t ch.

b.   A cont r ol  swi t ch f or  l ocal  or  r emot e cont r ol  oper at i on.

c.   Mi cr opr ocessor - based,  mul t i - f unct i on over cur r ent  r el ay

d.   [ Mi cr opr ocessor - based t r ansf or mer  di f f er ent i al  r el ay. ]

e.   [ Si ngl e- ]  [ Thr ee- ]  phase secondar y pot ent i al  t est  bl ocks wi t h 
associ at ed t est  pl ug,  quant i t y as shown.

f .   [ Si ngl e- ]  [ Thr ee- ]  phase secondar y cur r ent  t est  bl ocks wi t h associ at ed 
t est  pl ug f or  [ each cur r ent  t r ansf or mer  c i r cui t ]  [ each t hr ee- phase set  
of  cur r ent  t r ansf or mer s] ,  as i ndi cat ed.

[ g.   [ _____] ]

2. 5. 2. 2   Li ne Ti e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e ei t her  86B or  87B r el ays i f  not  
r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The l i ne t i e uni t s must  be r at ed [ as i ndi cat ed]  [ t he same as t he i ncomi ng 
l i ne uni t s] ,  and must  be el ect r i cal l y or  mechani cal l y i nt er l ocked wi t h 
ot her  hi gh- vol t age i t ems of  equi pment  as shown.   The l i ne t i e uni t  must  be 
equi pped wi t h cont r ol  and moni t or i ng syst em i t ems t he same as descr i bed 
f or  t he i ncomi ng l i ne uni t .   The i nst r ument  and r el ay cabi net  must  house 
t he same equi pment  l i s t ed f or  t he i ncomi ng l i ne uni t  cabi net  except  
[ _____] .   The cabi net  must  al so house t hr ee bus di f f er ent i al  r el ays,  
devi ce 87B,  and an auxi l i ar y l ockout  r el ay,  devi ce 86B.
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2. 5. 2. 3   I nst r ument  and Rel ay Cabi net

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The cont r ol  swi t ch,  st at us l i ght s,  met er i ng,  
and r el ayi ng wi l l  be l ocat ed on t he secondar y 
met al - c l ad swi t chgear ;  addi t i onal l y,  a cont r ol  
swi t ch,  st at us l i ght s,  and a l ocal - r emot e sel ect or  
swi t ch wi l l  be mount ed at  t he devi ce.   I f  t hi s 
equi pment  cannot  be mount ed on t he secondar y 
met al - c l ad swi t chgear ,  t hen t hese devi ces wi l l  be 
i nst al l ed i n an i nst r ument  and r el ay cabi net  
adj acent  t o t he oper at i ng mechani sm cabi net .   
Tr ansf or mer  di f f er ent i al  and di f f er ent i al  l ockout  
r el ays wi l l  be l ocat ed i n t he met al - c l ad 
swi t chgear .   Wher e t her e i s no met al - c l ad 
swi t chgear ,  t he appr opr i at e mat er i al  f r om t he 
par agr aph wi l l  be i ncl uded as a par t  of  par agr aph 
SUBSTATI ON EQUI PMENT.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de encl osur es f or  housi ng i nst r ument s,  r el ays,  and devi ces 
speci f i ed.   I nst al l  devi ces such as i nst r ument s,  r el ays,  and cont r ol  and 
t r ansf er  swi t ches i n t he [ met al - c l ad swi t chgear  l i neup wher e i ndi cat ed]  
[ an i nst r ument  and r el ay cabi net ] .   Encl osur es must  compl y wi t h NEMA 250 
f or  Type [ 3R]  [ 4]  [ _____] ,  and par agr aph CABI NETS AND ENCLOSURES.   Ri gi d 
suppor t s,  condui t s,  f i t t i ngs,  r aceways,  t r oughs,  must  be pr ovi ded f or  
mount i ng and connect i on t o t he associ at ed equi pment .   St andar d encl osur e 
equi pment  must  i ncl ude t he f ol l owi ng:

a.   A l i ght  connect ed t o a cabi net  door - act uat ed swi t ch,  so t hat  t he l i ght  
i s  ener gi zed onl y when door s ar e open.

b.   A heat er  cont i nuousl y ener gi zed t o pr event  condensat i on wi t hi n t he 
cabi net  over  an ambi ent  t emper at ur e r ange of  [ mi nus 29]  [ _____]  t o 
[ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  [ _____]  degr ees F.   
Connect  t he heat er  and t her most at  cont act  t o a cabi net  door - act uat ed 
swi t ch,  so t hat  t he heat er  i s de- ener gi zed when t he cabi net  door  or  
door s ar e open.   Hi gh t emper at ur e t her mal  pr ot ect i on must  be i ncl uded.

c.   One- pol e or  t wo- pol e t her mal - magnet i c mol ded- case ci r cui t  br eaker s 
sui t abl e f or  t he oper at i ng vol t age f or  heat er  and l i ght  c i r cui t s.

d.   Devi ces i dent i f i ed under  speci f i c  uni t  r equi r ement s her ei naf t er .

2. 5. 3   Power  Fuse Di sconnect i ng Uni t s

I ncomi ng l i ne power  f use di sconnect i ng uni t s,  consi st i ng of  power  f uses 
and f use di sconnect i ng swi t ches,  must  compl y wi t h [ _____] .   
[ Expul s i on- t ype]  [ Cur r ent - l i mi t i ng]  power  di sconnect i ng uni t s and f uses 
must  have r at i ngs i n accor dance wi t h I EEE C37. 46.

2. 5. 3. 1   Power  Fuse Di sconnect i ng Uni t  Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  pr oj ect s wher e mul t i pl e r at i ngs ar e 
r equi r ed f or  di f f er ent  appl i cat i ons,  pr ovi de r at i ng 
r equi r ement s on t he dr awi ngs i n t abul ar  f or m.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Power  di sconnect i ng uni t s must  have r at i ngs [ as i ndi cat ed]  [ as f ol l ows] :

Nomi nal  vol t age [ _____]

Rat ed maxi mum vol t age [ _____]

Maxi mum symmet r i cal  i nt er r upt i ng capaci t y [ _____]

Rat ed cont i nuous cur r ent  ( kA) [ _____]

BI L ( I mpul se Level ) [ _____]

2. 5. 3. 2   Const r uct i on

Uni t s must  be sui t abl e f or  out door  use and must  be of  t he st i ck ( hook)  
oper at ed,  di sconnect i ng,  s i ngl e- pol e,  s i ngl e- t hr ow,  dr op- out  t ype.   Fuses 
must  have vi s i bl e bl own- f use i ndi cat or s.   Al l  r at i ngs must  be cl ear l y 
v i s i bl e.   Uni t s must  be sui t abl e f or  [ ver t i cal ]  [ or ]  [ 45 degr ee]  [ or ]  
[ hor i zont al  under hung]  mount i ng [ as i ndi cat ed] .

2. 5. 3. 3   E- Rat ed,  Cur r ent - Li mi t i ng Power  Fuses

E- r at ed,  cur r ent  l i mi t i ng,  power  f uses must  conf or m t o I EEE C37. 46.

2. 5. 3. 4   C- Rat ed,  Cur r ent - Li mi t i ng Power  Fuses

C- r at ed,  cur r ent - l i mi t i ng,  power  f uses must  open i n 1000 seconds at  
cur r ent s bet ween 170 and 240 per cent  of  t he C r at i ng.

2. 5. 3. 5   Addi t i onal  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t hr ee spar e f uses f or  each power  f use 
cur r ent  r at i ng.   Coor di nat e t hi s r equi r ement  wi t h 
par agr aph EXTRA MATERI ALS.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de at  l east  one f use t ong or  ot her  f use r emoval  and r epl acement  
devi ce of  suf f i c i ent  l engt h,  and sui t abl e desi gn and vol t age r at i ng,  f or  
di sconnect i on and r epl acement  of  f uses,  and wher e uni t s mount ed at  
di f f er ent  el evat i ons r equi r e di f f er ent  l engt hs,  addi t i onal  devi ces must  be 
pr ovi ded as necessar y.   One set  of  any speci al  t ool s,  necessar y f or  
ser vi c i ng t he uni t ,  must  be pr ovi ded.

2. 5. 4   Li ne Swi t ches

2. 5. 4. 1   Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ef er r ed r at i ngs ar e l i s t ed i n I EEE C37. 32,  
Tabl e 1,  but  not  al l  r at i ngs may be avai l abl e f or  
al l  met hods of  swi t chi ng.   A shor t - c i r cui t  st udy i s 
r equi r ed t o speci f y r at i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Rat i ngs at  60 Hz must  be i n accor dance wi t h I EEE C37. 32 and as f ol l ows:
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Nomi nal  vol t age [ _____]

Rat ed maxi mum vol t age [ _____]

Maxi mum symmet r i cal  i nt er r upt i ng capaci t y [ _____]

Maxi mum asymmet r i cal  i nt er r upt i ng capaci t y [ _____]

3- Second shor t  t i me cur r ent  car r y i ng capaci t y [ _____]

Rat ed cont i nuous cur r ent  ( kA) [ _____]

BI L [ _____]

2. 5. 4. 2   St andar d Devi ces and Accessor i es

One set  of  speci al  t ool s,  as necessar y f or  ser vi c i ng,  must  be pr ovi ded.

2. 5. 4. 3   St i ck ( Hook)  Oper at ed Li ne Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St i ck ( hook)  oper at ed swi t ches manuf act ur ed 
especi al l y f or  bypassi ng r egul at or s ar e not  l i s t ed 
wi t h a 3- second cur r ent  r at i ng by manuf act ur er s,  but  
wi t h c l osed and moment ar y r at i ngs.   Rat i ngs 
obt ai nabl e shoul d be checked wi t h manuf act ur er s.   
Del et e t he hook st i ck r equi r ement  f or  vol t age 
r egul at or  swi t ches i f  hook st i cks ar e pr ovi ded f or  
st i ck oper at ed swi t ches and ar e of  a sui t abl e l engt h.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

St i ck ( hook)  oper at ed l i ne swi t ches must  compl y wi t h I EEE C37. 32 and must  
be a st i ck- oper at ed,  s i ngl e- pol e,  s i ngl e- t hr ow,  ver t i cal - br eak swi t ch 
sui t abl e f or  [ ver t i cal ]  [ or ]  [ hor i zont al  under hung]  mount i ng [ as 
i ndi cat ed] .

2. 5. 4. 4   Gr oup- Oper at ed Li ne Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e swi t ch par agr aphs as r equi r ed.   
Gr oup- oper at ed l i ne swi t ches ar e st r uct ur e- mount ed 
f or  over head,  i ncomi ng- l i ne appl i cat i ons.   They may 
be used f or  swi t chi ng and pr ot ect i on of  
t r ansf or mer s,  l i nes,  cabl es,  s i ngl e- shunt  capaci t or  
banks,  and l i ne- connect ed or  t er t i ar y connect ed 
shunt  r eact or s.   Gr oup- oper at ed ai r - i nsul at ed 
swi t ches ar e avai l abl e f or  vol t ages f r om 15 t hr ough 
345 kV.   Gr oup- oper at ed SF6- i nsul at ed swi t ches ar e 
avai l abl e f or  vol t ages r angi ng f r om 15 t hr u 230 kV.   
Ref er  t o UFC 3- 550- 01 f or  gui dance r egar di ng 
Gr oup- Oper at ed Li ne Swi t ches.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Gr oup- oper at ed l i ne swi t ches must  be [ ai r - i nsul at ed]  [ SF6 i nsul at ed]  wi t h 
[ manual ]  [ and]  [ mot or ]  - t ype oper at or s.   Gr oup- oper at ed l i ne swi t ches must  
compl y wi t h I EEE C37. 32,  I EEE C37. 30,  and I EEE C37. 34,  and must  be 
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t hr ee- pol e,  s i ngl e- t hr ow,  pr ovi ded wi t h a mechani sm whi ch opens t he t hr ee 
phases si mul t aneousl y.   Gr oup- oper at ed swi t ches must  be [ manual l y 
oper at ed]  [ and]  [ mot or  oper at ed]  [ as i ndi cat ed] .

2. 5. 4. 4. 1   Ai r - I nsul at ed

Ai r - i nsul at ed swi t ches must  be of  t he [ ver t i cal - br eak]  [ or ]  [ s i de- br eak]  
[ or ]  [ i ndi cat ed- br eak]  t ype,  wi t h ei t her  t i l t i ng or  r ot at i ng i nsul at or s,  
f or  [ hor i zont al  upr i ght ]  [ or ]  [ ver t i cal ]  [ or ]  [ hor i zont al  under hung]  
mount i ng [ as i ndi cat ed] .   Cont act  sur f aces must  be si l ver .   The swi t chi ng 
capabi l i t y  r equi r ed must  be of  t he [ l oad i nt er r upt er ]  [ or ]  [ di sconnect i ng]  
t ype.   Swi t ches must  be pr ovi ded wi t h r epl aceabl e cont act s,  ar c hor ns,  and 
ot her  movi ng par t s whi ch have a l i mi t ed l i f e expect ancy.

2. 5. 4. 4. 2   SF6- I nsul at ed

Swi t ches must  be puf f er - t ype SF6 i nt er r upt er s.   The i nt er r upt er  must  be 
f act or y f i l l ed wi t h SF6 gas and t hen per manent l y seal ed.   The i nt er r upt er s 
must  be dr i ven by a s i ngl e,  st or ed- ener gy mechani sm l ocat ed at  gr ound 
l evel  i n an oper at or .   The mechani sm i n t he oper at or  must  have 
i nst ant aneous t r i p- f r ee capabi l i t y  ( shoul d t he swi t ch be i nadver t ent l y 
c l osed i nt o a f aul t ) .

2. 5. 4. 4. 3   Load I nt er r upt er  Type,  Ai r - I nsul at ed

Load i nt er r upt er  swi t ches must  be capabl e of  i nt er r upt i ng l oad cur r ent s 
equal  t o t hei r  cont i nuous cur r ent  r at i ngs,  whi ch meet  t he r equi r ement s of  
I EEE C37. 30.

2. 5. 4. 4. 4   Di sconnect i ng Type,  Ai r - I nsul at ed

Di sconnect i ng swi t ches must  be pr ovi ded wi t h qui ck- br eak ar ci ng hor ns 
r at ed f or  i nt er r upt i ng t r ansf or mer  exci t i ng cur r ent s or  l i ne char gi ng 
cur r ent s,  dependent  upon t he appl i cat i on.   A swi t ch used t o pr ot ect  a 
power  t r ansf or mer  must  be key- i nt er l ocked wi t h i t s associ at ed 
t r ansf or mer ' s t ap changer  f or  de- ener gi zed oper at i on ( TCDO)  and i t s l oad 
si de ci r cui t  br eaker  di sconnect ,  so t hat  t he manual  TCDO can be oper at ed 
onl y when t he t r ansf or mer  i s de- ener gi zed,  and so t hat  t he swi t ch can be 
onl y opened or  c l osed af t er  i t s associ at ed ci r cui t  br eaker  has been pl aced 
i n t he open posi t i on.   A per manent  war ni ng si gn havi ng l et t er s at  l east  50 
mm 2 i nches hi gh and r eadi ng as f ol l ows:  " WARNI NG -  DI SCONNECTI NG SWI TCH -  
DO NOT OPEN UNDER LOAD"  must  be mount ed on t he swi t ch oper at i ng mechani sm.

2. 5. 4. 4. 5   Manual l y- Oper at ed Type,  Ai r - I nsul at ed

The swi t ch oper at i ng handl e must  be l ocat ed appr oxi mat el y 1. 1 m 3 f eet  6 
i nches above i t s gr ounded pl at f or m pl at e.   I nsul at i on of  t he swi t ch 
oper at i ng mechani sm must  i ncl ude bot h i nsul at ed i nt er phase r od sect i ons 
and t he i nsul at ed ver t i cal  shaf t .

2. 5. 4. 5   Swi t ch Oper at or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e r emot e cont r ol  of  t he mot or  oper at or  
on t he pr oj ect  dr awi ngs.   Del et e el ect r i cal  
i nt er l ocki ng i f  not  r equi r ed.   Sel ect  st or ed- ener gy 
t ype oper at or s f or  use wi t h SF6 i nt er r upt er s.   
Del et e t he r equi r ement  f or  r emot e t el emet r y uni t s 
and SCADA cont r ol  wher e not  appl i cabl e.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Mot or  oper at or s must  be st or ed- ener gy mechani sms havi ng a [ [ 24- vol t ]  
[ 48- vol t ]  [ 125- vol t ]  dc]  [ 120 vol t  ac] ,  char gi ng mot or ,  wi t h a manual  
oper at i ng mechani sm.   Openi ng and cl osi ng oper at i ng t i me must  be not  mor e 
t han [ 6]  [ _____]  cycl es f or  each oper at i on. ]  [ Mot or  oper at or s must  be 
[ 120- vol t ]  [ 240- vol t ]  ac,  gear - coupl ed mot or  oper at or s,  wi t h a manual  
oper at i ng mechani sm.   Openi ng and cl osi ng oper at i ng t i me must  be not  mor e 
t han [ 10]  [ _____]  seconds f or  each oper at i on. ]   Oper at or s must  be 
conf i gur ed so t hat  t he swi t ch act uat or  i s padl ockabl e.

2. 5. 4. 5. 1   Oper at i on

The oper at i ng mechani sm must  per mi t  bot h manual  and el ect r i cal  oper at i on 
of  t he swi t ch at  i t s  oper at i ng mechani sm cabi net ,  and el ect r i cal  oper at i on 
by t he i ndi cat ed r emot e cont r ol  c i r cui t r y.   The oper at i ng shaf t  or  
oper at or  cabi net  must  be cl ear l y and per manent l y mar ked t o i ndi cat e 
cont i nuousl y t he posi t i ons of  t he swi t ch.   An ext er nal l y oper abl e 
decoupl er  must  be pr ovi ded at  or  near  t he poi nt  of  ent r ance of  t he shaf t  
i nt o i t s oper at or  housi ng so as t o per mi t  di sengagement  of  t he shaf t  f or  
i nspect i on,  t est s,  mai nt enance,  or  r epai r  of  equi pment  l ocat ed wi t hi n t he 
oper at or  encl osur e.   Wher e i ndi cat ed,  a swi t ch must  be el ect r i cal l y 
i nt er l ocked wi t h [ _____]  as shown.   Swi t ch oper at or s must  be pr ovi ded wi t h 
r emot e t el emet r y uni t s ( RTUs)  f or  r emot e oper at i on and i nt egr at i on wi t h 
super vi sor y,  cont r ol ,  and dat a acqui s i t i on syst ems.   Syst ems,  component s,  
and equi pment  must  conf or m t o t he r equi r ement s and r ecommendat i ons of  
I EEE C37. 1.

2. 5. 4. 5. 2   Oper at i ng Mechani sm Cabi net

A NEMA 250 t ype [ _____]  encl osur e compl yi ng wi t h par agr aph CABI NETS AND 
ENCLOSURES must  be pr ovi ded [ wher e i ndi cat ed]  [ as sui t abl e f or  t he 
r equi r ed oper at i on] .   The el ect r i cal  devi ces l i s t ed bel ow must  be r at ed 
f or  t he appl i cat i on and must  be sui t abl e f or  t he avai l abl e l ow- vol t age 
al t er nat i ng or  di r ect  cur r ent ,  [ as shown]  [ speci f i ed. ]   Unl ess ot her wi se 
not ed,  manuf act ur er ' s st andar d devi ces f or  t he r at i ng speci f i ed must  be 
pr ovi ded and must  i ncl ude t he f ol l owi ng:

a.   " Tr i p"  and " Cl ose"  pushbut t ons or  swi t ch and posi t i on i ndi cat i on 
l i ght s.

b.   A swi t ch- oper at i on count er .

c.   Shaf t  t r avel  l i mi t  swi t ches and any r equi r ed saf et y devi ces.

d.   A l i ght  connect ed t o a cabi net  door - act uat ed swi t ch,  so t hat  t he l i ght  
i s  ener gi zed onl y when door s ar e open.

e.   A heat er  cont i nuousl y ener gi zed t o pr event  condensat i on wi t hi n t he 
cabi net  over  an ambi ent  t emper at ur e r ange of  [ mi nus 29]  [ _____]  t o 
[ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  [ _____]  degr ees F 
at  90 per cent  r el at i ve humi di t y and connect ed t o a cabi net  
door - act uat ed swi t ch,  so t hat  t he heat er  i s de- ener gi zed when door s 
ar e open.   Hi gh- t emper at ur e t her mal  pr ot ect i on must  be i ncl uded.

f .   An oper at or  char gi ng mot or  wi t h t her mal - over l oad r el ays.

g.   A mot or  cont r ol  cont act or ,  wi t h r el ays,  sol enoi ds,  and any ot her  
cont r ol  devi ces r equi r ed.
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h.   Necessar y mot or - al ar m and i nt er l ock swi t ches.

i .   One- pol e or  t wo- pol e t her mal - magnet i c,  mol ded- case ci r cui t  br eaker s 
sui t abl e f or  t he oper at i ng vol t age f or  cont r ol ,  heat er ,  and l i ght  
c i r cui t s.

j .   A mi ni mum of  ei ght  spar e mot or  oper at or  auxi l i ar y cont act s,  f our  
nor mal l y open and f our  nor mal l y c l osed,  wi r ed t o an i nt er connect i on 
t er mi nal  bl ock.

k.   An i nt er connect i on t er mi nal  bl ock wi r ed t o per mi t  r emot e open and 
cl ose oper at i ons of  t he swi t ch and f or  ot her  r equi r ed ext er i or  
connect i ons.

l .   A key i nt er l ock i f  i ndi cat ed or  speci f i ed.

m.   A l ocal - r emot e sel ect or  swi t ch and posi t i on i ndi cat i on l i ght s.

n.   Manual  t r i p l ever  and manual  char gi ng handl e ( i n case of  l oss of  
cont r ol  power .

o.   " Char ged"  and " Di schar ged"  i ndi cat or s f or  st or ed ener gy mechani sm.

p.   Gas pr essur e i ndi cat or ,  or  l ow gas pr essur e i ndi cat or .

q.   Local / Remot e oper at i on sel ect or  swi t ch.

2. 5. 4. 6   Gr ounded I r on Pl at f or m Pl at e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de a det ai l  on t he dr awi ngs f or  secur i ng 
t he pl at e t o f i ni shed gr ade.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The manual l y- oper at ed,  gr oup- oper at ed swi t ch must  be pr ovi ded wi t h a 
gr ounded pl at f or m pl at e l ocat ed wher e t he swi t ch oper at or  woul d st and t o 
manual l y oper at e t he swi t ch.   The pl at e must  be const r uct ed of  hot - di p 
gal vani zed i r on at  l east  6 mm 1/ 4 i nch t hi ck and must  be appr oxi mat el y 1. 2 
m 4 f eet  i n l engt h by 750 mm 2 f eet  6 i nches i n wi dt h.   The pl at e must  be 
l ai d on f i ni shed gr ade and so secur ed as shown.   Two gr ound cl amps must  be 
pr ovi ded on t he pl at e on t he si de adj acent  t o t he swi t ch oper at i ng 
mechani sm.   Each cl amp must  be connect ed t o t he st at i on gr oundi ng gr i d 
wi t h a No.  4/ 0 AWG bar e copper  wi r e.   Separ at e c l amps and a f l exi bl e 
copper  br ai d conduct or  must  be used t o connect  t he pl at e t o t he swi t ch 
oper at i ng handl e mechani sm.   The cr oss sect i onal  ar ea of  t he br ai d must  be 
equi val ent  t o a No.  4 AWG conduct or ,  mi ni mum.

2. 6   SUBSTATI ON EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Make sel ect i ons i n t hi s par agr aph and i n 
par agr aph STATI ON ARRANGEMENT as appr opr i at e f or  t he 
i nst al l at i on.   For  t hi s speci f i cat i on an ar t i cul at ed 
pr i mar y uni t  subst at i on has bot h hi gh- vol t age and 
l ow- vol t age sect i ons mechani cal l y coupl ed t o t he 
t r ansf or mer .   A pr i mar y uni t  subst at i on has onl y t he 
l ow- vol t age sect i on mechani cal l y coupl ed t o t he 
t r ansf or mer .   For  any gi ven i nst al l at i on,  onl y 
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par agr aph Pr i mar y Uni t  Subst at i on or  Subst at i on 
Tr ansf or mer  or  Ar t i cul at e Pr i mar y Uni t  Subst at i on 
wi l l  appl y.   For  vol t ages t hr ough 34. 5 kV,  t he 
pr i mar y swi t ch/ br eaker  shoul d be 
mechani cal l y- coupl ed or  bus- duct - connect ed t o t he 
t r ansf or mer  pr i mar y.   For  46 kV and above,  t he 
pr i mar y c i r cui t  br eaker / swi t ch shoul d be cabl e- or  
aer i al - bus- connect ed t o t he t r ansf or mer  pr i mar y.   I n 
gener al ,  t he t r ansf or mer  secondar y shoul d be 
mechani cal l y- coupl ed or  bus- duct - connect ed t o t he 
secondar y swi t chgear  t hr ough and i ncl udi ng 34. 5 kV.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The i nst al l at i on must  be [ of  t he swi t chi ng st at i on]  [ of  t he pr i mar y uni t  
subst at i on]  [ of  t he subst at i on t r ansf or mer ]  [ an ar t i cul at ed pr i mar y uni t  
subst at i on of  t he [ r adi al ]  [ di st r i but ed- net wor k]  [ spot - net wor k]  
[ secondar y- sel ect i ve]  [ dupl ex] ]  t ype.   [ The i ni t i al  capaci t y of  t he 
subst at i on i s based on t he [ 55/ 65 degr ees C]  [ sel f - cool ed]  [ s i ngl e- st age 
cool ed]  [ t wo- st age cool ed]  [ t r ansf or mer  capaci t y shown] ] .   The number  of  
out goi ng [ l i nes]  [ di st r i but i on f eeder s]  must  be as shown.   Out goi ng 
ci r cui t s must  be t hr ee- phase [ t hr ee- wi r e]  [ f our - wi r e]  t ype [ wi t h [ a bar e]  
[ an i nsul at ed]  neut r al ]  havi ng a vol t age r at i ng of  [ _____]  kV 
phase- t o- phase.   The i nsul at ed neut r al  must  have i nsul at i on r at ed not  l ess 
t han 1000 vol t s.   Out goi ng ci r cui t  equi pment  must  be r at ed f or  a nomi nal  
vol t age cl ass of  [ _____]  kV and must  have a BI L of  not  l ess t han [ _____]  
kV.   Out goi ng ci r cui t s must  l eave t he st at i on [ aer i al l y ]  [ under gr ound]  [ i n 
cabl e t r ays] .

2. 6. 1   Power  Tr ansf or mer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h par agr aph Speci f i c  Uni t  
Requi r ement s.

Si nce some POWER TRANSFORMER manuf act ur er s pr ef er  
t he use of  f or ced- oi l - cool i ng over  
f or ced- ai r - cool i ng f or  t he second st age,  al l ow 
ei t her  opt i on.   Speci f y an oi l  pr eser vat i on syst em 
f or  sel f - cool ed capaci t i es gr eat er  t han 5000 kVA.   
Coor di nat e l oad- t ap- changi ng t ype wi t h Vol t age 
Regul at or  sect i on of  par agr aph AUXI LI ARY SUBSTATI ON 
EQUI PMENT.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The power  t r ansf or mer  must  compl y wi t h I EEE C57. 12. 00 and must  be of  t he 
55/ 65 degr ees C r i se,  t hr ee- phase,  t wo- wi ndi ng,  mi ner al - oi l - i mmer sed,  
[ l oad- t ap- changi ng t ype]  and must  be [ sol i dl y gr ounded]  [ r esi st ance 
gr ounded t hr ough i t s associ at ed neut r al  gr oundi ng r esi st or  speci f i ed 
bel ow] .   [ The oi l  pr eser vat i on syst em must  be ei t her  of  t he seal ed- t ank,  
i ner t - gas- pr essur e syst em as def i ned i n I EEE C57. 12. 80,  or  
conser vat or / di aphr agm t ype] .   Temper at ur e moni t or i ng,  i ndi cat i on,  and 
aut omat i cal l y- cont r ol l ed cool i ng equi pment  must  be as speci f i ed.   The 
col or  of  t he t r ansf or mer  case and auxi l i ar y i t ems must  mat ch t he col or  
used f or  swi t chgear  and cabi net s as speci f i ed f or  cabi net s i n par agr aph 
CABI NETS AND ENCLOSURES.

2. 6. 1. 1   Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   St andar d r at i ngs ar e l i s t ed i n I EEE 
C57. 12. 10.   Ref er  t o UFC 3- 550- 01 f or  gui dance 
r egar di ng t r ansf or mer  l osses.   Coor di nat e wi t h 
par agr aph FACTORY TESTS.   Del et e l oss r equi r ement  
when not  needed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Tr ansf or mer  l osses and i mpedances must  be measur ed i n accor dance wi t h 
I EEE C57. 12. 90.   Rat i ngs at  60 Hz must  be i n accor dance wi t h I EEE C57. 12. 10
 and as f ol l ows:

Hi gh- vol t age wi ndi ng [ _____]  vol t s

Hi gh- vol t age BI L [ _____]  vol t s

Hi gh- vol t age wi ndi ng connect i on [ _____]

Low- vol t age wi ndi ng [ _____]  vol t s

Low- vol t age BI L [ _____]  vol t s

Low- vol t age wi ndi ng connect i on [ _____]

Base kVA [ _____]

Per cent  i mpedance r ange [ _____]  t o [ _____]

Maxi mum no- l oad ( cor e)  l osses [ _____]

Maxi mum f ul l - l oad ( wi ndi ng)  l osses [ _____]

2. 6. 1. 2   Auxi l i ar y Cool i ng Equi pment

[ Cool i ng]  [ Pr ovi s i on f or  f ut ur e cool i ng]  equi pment  must  be pr ovi ded f or  
[ s i ngl e- st age,  f or ced- ai r - cool i ng]  [ t wo- st age,  
f or ced- ai r - cool i ng/ f or ced- ai r - cool i ng]  [ or ]  [ f or ced- ai r - cool i ng/ f or ced- oi l  
cool i ng]  ut i l i z i ng aut omat i c cont r ol .   Aut omat i c cont r ol s,  mot or s,  
heat er s,  and t hei r  pr ot ect i ve devi ces must  be r at ed f or  t he appl i cat i on 
and must  be sui t abl e f or  t he al t er nat i ng cur r ent  avai l abl e as shown or  
speci f i ed.   Radi at or  i sol at i on val ves must  be pr ovi ded f or  bol t ed- on 
r adi at or s.   Cont r ol s f or  auxi l i ar y cool i ng equi pment  must  combi ne t he 
t r ansf or mer  t op oi l  t her momet er ,  devi ce 26Q,  and t he t r ansf or mer  wi ndi ng 
t emper at ur e s i mul at or ,  devi ce 49,  sui t abl e f or  r espondi ng ei t her  t o t he 
t r ansf or mer ' s t op l i qui d or  wi ndi ng t emper at ur e,  and must  i ncl ude 
auxi l i ar y devi ces necessar y f or  sensi ng t emper at ur e changes.   These 
devi ces must  be mount ed on t he t r ansf or mer  case i n a sui t abl e housi ng so 
t hat  mai nt enance i s possi bl e wi t hout  r emovi ng t he t r ansf or mer  cover  or  
handl i ng oi l .   Devi ces 26Q and 49 must  have t hr ee el ect r i cal l y i ndependent  
cont act s oper at i ng and wi r ed as f ol l ows:

a.   Fi r st  set  of  cont act s set  t o c l ose at  t he manuf act ur er ' s r ecommended 
set t i ng and wi r ed f or  st ar t i ng [ f ut ur e]  [ f i r st - st age]  
f or ced- ai r - cool ed f ans.

b.   Second set  of  cont act s set  t o c l ose at  t he manuf act ur er ' s r ecommended 
set t i ng and wi r ed t o [ st ar t  t he second- st age f or ced- ai r - cool i ng f ans]  
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[ st ar t  pumps f or  f or ced- oi l - cool i ng]  [ al ar m t er mi nal s i n t he 
t r ansf or mer  t er mi nal  cabi net ]  [ al ar m t er mi nal s i n t he met al - c l ad 
swi t chgear ] .

c.   Thi r d set  of  cont act s set  t o c l ose at  t he manuf act ur er ' s r ecommended 
set t i ng and wi r ed t o ener gi ze an auxi l i ar y r el ay,  devi ce 49X.   The 
r el ay must  be mount ed i n t he [ t r ansf or mer  t er mi nal  cabi net ]  
[ met al - c l ad swi t chgear ] .   Devi ce 49X must  be pr oper l y r at ed and 
equi pped wi t h not  l ess t han t hr ee nor mal l y open and t hr ee nor mal l y 
c l osed set s of  el ect r i cal l y i ndependent  cont act s.   One set  of  cont act s 
must  be wi r ed t o annunci at e excessi ve t r ansf or mer  t emper at ur e.

2. 6. 1. 3   Neut r al  Gr oundi ng Resi st or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ti me r at i ngs gr eat er  t han 10- seconds ar e 
r equi r ed onl y when t he syst em i s not  t aken of f  l i ne 
by a gr ound f aul t ,  but  mer el y moni t or ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The neut r al  gr oundi ng r esi st or  assembl y must  compl y wi t h I EEE 32and must  
be [ f act or y- mount ed on t he associ at ed t r ansf or mer ]  [ mount ed adj acent  t o 
t he associ at ed t r ansf or mer ]  [ mount ed as i ndi cat ed] .   The assembl y must  
meet  t he f ol l owi ng:

a.   The r esi st or  el ement  must  be [ st ai nl ess st eel ]  [ cast - i r on]  and r at ed 
[ _____]  amper es f or  a [ 10- second]  [ 1- mi nut e]  [ 10- mi nut es]  [ ext ended 
t i me]  dut y.

b.   The r esi st or  must  be i nst al l ed i n an al umi ni zed scr eened or  expanded 
gal vani zed st eel  encl osur e of  t he per sonnel  saf et y t ype and must  be 
pr ovi ded wi t h any necessar y suppor t s and mount i ng har dwar e.   The 
encl osur e,  i ncl udi ng scr eeni ng and suppor t  f r ami ng,  must  have t wo 
f i ni sh coat s appl i ed over  a pr epar ed subst r at e.   The col or  of  t he 
f i ni sh coat s must  be t he same as t he col or  of  t he associ at ed 
t r ansf or mer .

c.   A st r ess- r el i ef  t er mi nat or  must  be pr ovi ded and ar r anged t o per mi t  t he 
pr oper  t er mi nat i on of  t he No.  [ _____]  AWG,  [ _____]  [ 5]  [ 15]  kV 
shi el ded t r ansf or mer  neut r al  cabl e ent er i ng t he encl osur e [ f r om t he 
[ bot t om]  [ t op] ]  [ as r ecommended by t he manuf act ur er ] .   I f  t he t er mi nal  
bushi ng i s ext er nal  t o t he encl osur e,  t he bushi ng and t er mi nal  
pr ovi s i ons must  be encl osed by a sol i d met al  cabl e box equi pped wi t h 
condui t  f i t t i ngs cor r ect l y s i zed f or  t he condui t  r equi r ed.   An 
appr oved t ype and si ze of  t er mi nal  l ug must  al so be pr ovi ded and 
ar r anged f or  t he f i el d t er mi nat i on of  t he No.  4/ 0 AWG bar e copper  
gr oundi ng cabl e ent er i ng t he encl osur e f r om t he bot t om.

d.   One cur r ent  t r ansf or mer  conf or mi ng t o t he r equi r ement s of  
par agr aph I NSTRUMENT TRANSFORMERS must  be pr ovi ded and housed i n t he 
r esi st or  encl osur e.   The cur r ent  t r ansf or mer  must  have t he r at i o shown 
and be connect ed as i ndi cat ed t o t he associ at ed over cur r ent  r el ay,  
devi ce 51G,  l ocat ed i n t he [ met al - c l ad swi t chgear ]  [ i nst r ument  and 
r el ay cabi net  speci f i ed above] .   The t er mi nal s of  t he cur r ent  
t r ansf or mer  must  be wi r ed wi t h not  l ess t han No.  10 AWG conduct or s t o 
t he pr oper  t er mi nal s of  devi ce 51G t hr ough a shor t - c i r cui t i ng t ype of  
t er mi nal  bl ock [ and t est  bl ock]  l ocat ed i n t he [ met al - c l ad swi t chgear ]  
[ i nst r ument  and r el ay cabi net ]  [ t r ansf or mer  t er mi nal  cabi net ] .
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2. 6. 1. 4   Load- Tap- Changi ng Equi pment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The appl i cat i on wi l l  det er mi ne whet her  
l oad- t ap- changer s wi l l  be par al l el ed.   Syst em 
conf i gur at i on may r equi r e r ever se power  f l ow 
equi pment .   Speci f y onl y when r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Load- t ap- changi ng equi pment  must  be pr ovi ded t o pr ovi de aut omat i c 
adj ust ment  of  a t r ansf or mer ' s l ow- vol t age wi ndi ng vol t age.   I n addi t i on t o 
t he basi c l oad- t ap- changi ng equi pment  r equi r ement s l i s t ed i n I EEE C57. 12. 10,  
t he l oad- t ap- changi ng equi pment  must  i ncl ude t he f ol l owi ng:

a.   A l i ght  wi r ed i n ser i es wi t h t he cont r ol  cabi net  door - act uat ed swi t ch,  
so t hat  t he l i ght  i s  ener gi zed onl y when t he door  or  door s ar e open.

b.   A heat er  cont i nuousl y ener gi zed t o pr event  condensat i on wi t hi n t he 
cont r ol  cabi net  over  ambi ent  t emper at ur e r anges f r om [ mi nus 29]  
[ _____]  t o [ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  [ _____]  
degr ees F,  wi t h bot h t he heat er  and t her most at  cont act  wi r ed i n ser i es 
wi t h t he cont r ol  cabi net  door - act uat ed swi t ch,  so t hat  t he heat er  i s 
de- ener gi zed when door s ar e open.   Hi gh- t emper at ur e t her mal  pr ot ect i on 
must  be i ncl uded.

c.   One- pol e or  t wo- pol e t her mal - magnet i c mol ded- case ci r cui t  br eaker s 
sui t abl e f or  t he cont r ol  vol t age,  when r equi r ed by t he manuf act ur er ,  
and f or  l ow- vol t age al t er nat i ng- cur r ent  power  t o cont r ol  devi ces,  
mot or ,  heat er ,  and l i ght  c i r cui t s.

d.   Ter mi nal  bl ocks wi r ed f or  pr oper  i nt er connect i on wi t h r emot e i t ems of  
equi pment .

e.   Ci r cul at i ng- cur r ent  equi pment  necessar y t o al l ow par al l el  oper at i on of  
t he t r ansf or mer .

f .   Rever se power  f l ow equi pment  wi r ed so t hat  t he l oad- t ap- changer  
f unct i ons onl y when el ect r i c power  f l ows f r om hi gh- vol t age t o 
l ow- vol t age wi ndi ngs i n t he t r ansf or mer .

2. 6. 1. 5   Bushi ngs and Equi pment  Connect i on Pr ovi s i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A power  t r ansf or mer  wi l l  r equi r e bushi ngs and 
equi pment  connect i on pr ovi s i ons.   Subst at i on 
t r ansf or mer s r equi r e onl y bushi ngs;  ar t i cul at ed 
pr i mar y uni t  subst at i ons r equi r e onl y equi pment  
connect i on pr ovi s i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ Bushi ngs]  [ and equi pment  connect i on pr ovi s i ons]  [ Equi pment  connect i on 
pr ovi s i ons]  must  be pr ovi ded as speci f i ed f or  [ Pr i mar y Uni t  Subst at i on]  
[ Subst at i on Tr ansf or mer ]  [ Ar t i cul at ed Pr i mar y Uni t  Subst at i on]  i n 
par agr aph SUBSTATI ON EQUI PMENT.   Pr i mar y and secondar y cover  bushi ngs f or  
hi gh-  and l ow- vol t age l i ne and neut r al  connect i ons must  conf or m t o t he 
r equi r ement s of  I EEE C57. 19. 00 and I EEE C57. 19. 01 and must  [ have t he same 
BI L as]  [ be one BI L hi gher  t han]  t he associ at ed power  t r ansf or mer ' s hi gh-  
and l ow- vol t age BI L r at i ngs r espect i vel y.
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2. 6. 1. 6   Accessor i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e i nappl i cabl e i t ems.   Pr ovi de devi ces 
63X and 86T when pr ot ect i ve devi ce t r i ppi ng i s 
r equi r ed.   Del et e when onl y an al ar m act uat i on i s 
r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Tr ansf or mer s must  be pr ovi ded wi t h t he accessor i es l i s t ed bel ow.   Cont act  
devi ces f or  r emot e cont r ol  f eat ur es must  be r at ed f or  t he appl i cat i on and 
must  be sui t abl e f or  t he l ow- vol t age ac or  dc avai l abl e,  as shown or  
speci f i ed.

a.   A t ap- changer  f or  de- ener gi zed oper at i on ( TCDO)  pr ovi ded wi t h padl ock 
pr ovi s i on [ and key- i nt er l ocked wi t h t he di sconnect i ng swi t ch 
pr ot ect i ng t he associ at ed t r ansf or mer ] .

b.   A l i qui d- l evel  i ndi cat or  and r el ay ( devi ce 71L) ,  must  be pr ovi ded wi t h 
t wo set s of  nor mal l y- open and nor mal l y- c l osed cont act s,  one set  f or  
l ow- l i qui d- l evel  and t he ot her  set  f or  hi gh- l i qui d- l evel .   The 
cont act s must  be r at ed f or  t he appl i cat i on and wi r ed t o one 
annunci at or  al ar m poi nt .

c.   A pr essur e- vacuum gauge when t he t r ansf or mer  i s pr ovi ded wi t h a 
seal ed- t ank or  i ner t  gas- pr essur e oi l  pr eser vat i on syst em.

d.   Dr ai n and f i l t er  val ves.

e.   Li f t i ng,  movi ng,  and j acki ng f aci l i t i es.

f .   Two t r ansf or mer  case gr oundi ng l ugs f or  t er mi nat i on of  No.  4/ 0 AWG 
bar e copper  cabl es.

g.   Sudden Pr essur e Rel ay:   A sudden pr essur e r el ay,  devi ce 63SPR,  must  be 
pr ovi ded as an i nt egr al  par t  of  t he t r ansf or mer .   A set  of  cont act s of  
devi ce 63SPR must  be [ wi r ed t o ener gi ze an auxi l i ar y r el ay,  devi ce 
63X, ]  [ l ocat ed i n t he]  [ t r ansf or mer  t er mi nal  cabi net ]  [ met al - c l ad 
swi t chgear ]  [ i nst r ument  and r el ay cabi net ] .   [ A set  of  cont act s of  
devi ce 63X must  be wi r ed t o ener gi ze t he t r ansf or mer  l ockout  r el ay,  
devi ce 86T.   I n t ur n,  cont act s of  devi ce 86T must  be wi r ed t o 
annunci at e abnor mal  t r ansf or mer  pr essur e and t r i p t he mai n secondar y 
br eaker  and t he ci r cui t  br eaker  on t he pr i mar y s i de of  t he f aul t ed 
t r ansf or mer . ]

2. 6. 1. 7   Mi scel l aneous I t ems

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Fol l ow Usi ng Agency pol i cy r egar di ng 
pr ot ect i ve devi ce t r i ppi ng and annunci at i on.   Show 
r emot e cont r ol  f eat ur es i ncl udi ng any annunci at or  
syst em connect i ons on t he dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Mi scel l aneous i t ems f or  a t r ansf or mer  must  i ncl ude t he f ol l owi ng:

2. 6. 1. 7. 1   Ter mi nal  Cabi net

A weat her pr oof  t r ansf or mer  t er mi nal  cabi net  f or  c i r cui t s whi ch ar e 
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connect ed t o devi ces not  mount ed i nt egr al l y on a t r ansf or mer ,  but  r emot el y 
( such as i n swi t chgear  uni t s)  i ncl udi ng i nt er connect i on t er mi nal s f or  any 
f ut ur e cool i ng c i r cui t s.   The gauge of  met al  f or  t he cabi net  must  be t he 
manuf act ur er ' s st andar d.   Col or  of  t he cabi net  must  mat ch t he col or  of  t he 
associ at ed t r ansf or mer .   The door  or  door s of  t he cabi net  must  be equi pped 
wi t h padl ocki ng pr ovi s i ons.

2. 6. 1. 7. 2   Connect i ons

Raceway connect i ons and associ at ed i nt er connect i on wi r i ng bet ween a 
t r ansf or mer  t er mi nal  cabi net  and any r emot e devi ces whi ch oper at e i n 
conj unct i on wi t h t r ansf or mer - mount ed devi ces,  i ncl udi ng necessar y wi r i ng 
f or  r emot e cont r ol  f eat ur es [ and f or  [ f ut ur e]  [ cool i ng c i r cui t s] ] .   Remot e 
cont r ol  f eat ur es i ncl ude t he [ t r i ppi ng of  associ at ed [ pr i mar y]  [ and]  
secondar y c i r cui t  br eaker s]  [ and]  [ t he act uat i on of  t he associ at ed 
annunci at or  c i r cui t s]  by t he i ndi cat ed t r ansf or mer  cont r ol  or  accessor y 
cont act .

2. 6. 1. 7. 3   Del i ver y St at e

The t r ansf or mer  must  be shi pped f r om t he f act or y al r eady f i l l ed wi t h oi l ,  
i f  possi bl e.   I f  t he t r ansf or mer  must  be vacuum f i l l ed i n t he f i el d,  a 
f our  i nch NPT ni ppl e,  wi t h cap f or  t he vacuum l i ne,  must  be added t o t he 
cover ,  away f r om t he f i l l  val ve.

2. 6. 2   Pr i mar y Uni t  Subst at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nor mal l y,  speci f y pr i mar y uni t  subst at i ons 
f or  i ncomi ng nomi nal  l i ne vol t ages of  46 kV or  
hi gher .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr i mar y uni t  subst at i ons must  compl y wi t h I EEE C37. 121,  must  be sui t abl e 
f or  out door  i nst al l at i on,  and must  consi st  of  t r ansf or mer  sect i on 
equi pment  [ di r ect l y connect ed]  [ connect ed by met al - encl osed bus duct ]  t o 
out goi ng sect i on equi pment .

2. 6. 2. 1   Tr ansf or mer  Sect i on Equi pment

Tr ansf or mer  sect i on equi pment  must  compl y wi t h t he r equi r ement s f or  power  
t r ansf or mer s i n par agr aph SUBSTATI ON EQUI PMENT.

2. 6. 2. 2   Out goi ng Sect i on Equi pment

Out goi ng sect i on equi pment  must  compl y wi t h t he r equi r ement s of  par agr aph 
OUTGOI NG METAL- CLAD SWI TCHGEAR.

2. 6. 3   Subst at i on Tr ansf or mer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e si ngl e- phase t r ansf or mer s or  aer i al  
secondar y connect i ons ar e r equi r ed,  use subst at i on 
t r ansf or mer .   Wher e cont r ar y t o cr i t er i a f or  new 
subst at i ons,  t hei r  usage must  be j ust i f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Subst at i on t r ansf or mer  must  compl y wi t h t he r equi r ement s f or  power  
t r ansf or mer s i n par agr aph SUBSTATI ON EQUI PMENT.
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2. 6. 4   Ar t i cul at ed Pr i mar y Uni t  Subst at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nor mal l y,  speci f y ar t i cul at ed pr i mar y uni t  
subst at i ons f or  i ncomi ng nomi nal  l i ne vol t ages of  35 
kV or  l ess.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ar t i cul at ed pr i mar y uni t  subst at i on must  compl y wi t h I EEE C37. 121 and must  
be of  t he out door  [ r adi al ]  [ secondar y- sel ect i ve]  [ di st r i but ed- net wor k]  
[ spot - net wor k]  [ dupl ex]  t ype.

2. 6. 4. 1   I ncomi ng Sect i on Equi pment

I ncomi ng sect i on equi pment  must  compl y wi t h t he r equi r ement s [ f or  
Met al - Encl osed I nt er r upt er  Swi t chgear  i n par agr aph I NCOMI NG 
SWI TCHI NG/ CI RCUI T I NTERRUPTI NG EQUI PMENT. ]  [ i n par agr aph OUTGOI NG 
METAL- CLAD SWI TCHGEAR. ]

2. 6. 4. 2   Tr ansf or mer  Sect i on Equi pment

Tr ansf or mer  sect i on equi pment  must  compl y wi t h t he r equi r ement s f or  power  
t r ansf or mer s i n par agr aph SUBSTATI ON EQUI PMENT.   Pr i mar y and secondar y 
equi pment  connect i on pr ovi s i ons must  be sui t abl e f or  di r ect  connect i on t o 
t he speci f i ed i ncomi ng and out goi ng swi t chgear .

2. 6. 4. 3   Out goi ng Sect i on Equi pment

Out goi ng sect i on equi pment  must  compl y wi t h t he r equi r ement s of  par agr aph 
OUTGOI NG METAL- CLAD SWI TCHGEAR.

2. 6. 5   Met al - Encl osed Bus

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Met al - encl osed bus may be necessar y bet ween 
t he t r ansf or mer  sect i on and out goi ng sect i on f or  a 
pr i mar y uni t  subst at i on or  wher e t he i ncomi ng l i ne 
sect i on of  an ar t i cul at ed pr i mar y uni t  subst at i on i s 
l ocat ed r emot e t o t he power  t r ansf or mer .   Pr ovi s i ons 
f or  Ar t i cul at ed Pr i mar y Uni t  Subst at i on and 
Met al - Encl osed Bus i n par agr aph SUBSTATI ON EQUI PMENT 
shoul d be modi f i ed as r equi r ed.   I ndust r y st andar ds 
f or  cont i nuous,  sel f - cool ed,  met al - encl osed bus 
r at i ngs ar e l i s t ed i n ANSI  C37. 23.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Met al - encl osed bus must  have r at i ngs t hat  equal  or  exceed t he r at i ngs of  
t he buses,  c i r cui t  br eaker s,  and swi t chgear  t o whi ch t he bus i s connect ed,  
unl ess ot her wi se i ndi cat ed.   The bus must  conf or m t o t he r equi r ement s of  
I EEE C37. 23.   Bus must  be of  t he nonsegr egat ed- phase t ype.   [ A gr ound bus 
[ i s]  [ i s  not ]  r equi r ed. ]   [ A neut r al  bus [ i s ]  [ i s  not ]  r equi r ed. ]   The 
encl osur e i s t o be t he nonvent i l at ed t ype const r uct ed of  sel ect ed smoot h 
sheet  st eel  not  l ess t han [ _____]  mm gauge,  and must  be equi pped wi t h 
cont i nuousl y ener gi zed space heat er s ( wi t h hi gh- t emper at ur e t her mal  
pr ot ect i on)  t o pr event  condensat i on over  an ambi ent  t emper at ur e r ange of  
[ mi nus 29]  [ _____]  t o [ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  
[ _____]  degr ees F.   The f i ni sh of  t he encl osur e must  be i n accor dance wi t h 
t he manuf act ur er ' s st andar d.   The f i ni sh,  t ype,  and gauge of  t he met al  
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encl osur e and t he det ai l s of  t r ansi t i onal  el ement s and connect i ons and t he 
l engt hs and r at i ngs of  t he bus and encl osur e pr oposed must  be as shown on 
det ai l  dr awi ngs.

2. 7   OUTGOI NG METAL- CLAD SWI TCHGEAR

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  wi l l  show on cont r act  dr awi ngs t he 
l ocat i ons of  al l  i t ems speci f i ed i n ot her  par agr aphs 
t hat  wi l l  be l ocat ed i n t he met al - c l ad swi t chgear .   
Wher e t wo- hi gh uni t s ar e used,  consul t  
manuf act ur er ' s l i t er at ur e and cat al ogs f or  avai l abl e 
opt i ons.   Anci l l ar y devi ces such as PTs and met er i ng 
wi l l  not  f i t  i n t he swi t ch compar t ment  and r equi r e a 
separ at e compar t ment  or  t op hat  sect i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Swi t chgear  must  compl y wi t h I EEE C37. 20. 2 and must  be of  t he out door  
[ no- ai s l e] [ pr ot ect ed- ai s l e] [ common- ai s l e]  t ype consi st i ng of  i ncomi ng l i ne 
[ ,  t i e, ]  auxi l i ar y compar t ment s and f eeder  c i r cui t  br eaker  uni t s.   
Compar t ment s must  be pr ovi ded t o accommodat e speci f i ed or  i ndi cat ed 
auxi l i ar y equi pment .   The i ndi cat ed number  of  act i ve and [ f ut ur e]  c i r cui t  
br eaker s and equi pped cubi c l es must  be pr ovi ded. [  " Fut ur e"  c i r cui t  br eaker  
means suf f i c i ent  concr et e pad space and duct  l i ne st ubout s f or  f ut ur e 
sect i ons. ] [   The use of  t wo- hi gh ci r cui t  br eaker  uni t s i s accept abl e. ]  
[ Two- hi gh ci r cui t  br eaker  uni t s must  be pr ovi ded. ] [   When t wo- hi gh ci r cui t  
br eaker  uni t s ar e i nst al l ed,  equi pped space uni t s must  be pr ovi ded when 
necessar y t o make adj acent  sect i ons equal  i n hei ght . ] [   Uni t s denot ed as 
equi pped space or  f ut ur e must  consi st  of  f ul l y  pr ovi s i oned space r eady f or  
i nser t i ng a c i r cui t  br eaker  at  a f ut ur e dat e wi t hout  any f ut ur e 
modi f i cat i ons.   A bl ank door  must  c l ose of f  t he f r ont  of  t he 
compar t ment . ] [  Cur r ent  t r ansf or mer s,  i nst r ument s,  i nst r ument  swi t ches,  and 
r el ays must  be pr ovi ded f or  equi pped space or  f ut ur e uni t s as shown. ] [   
Cont i nuous cur r ent  r at i ng of  f ut ur e uni t s must  be as i ndi cat ed. ] [   
Cont i nuous cur r ent  r at i ng of  equi pped space uni t s must  mat ch t he most  
common basi c br eaker  uni t  amper e r at i ng used el sewher e i n t he associ at ed 
swi t chgear  unl ess ot her wi se i ndi cat ed. ]   Swi t chgear  must  be vent ed 
accor di ng t o t he manuf act ur er ' s st andar d pr act i ce.   I nt ake and exhaust  
openi ngs must  be scr eened.   Swi t chgear  must  have r el ayi ng as shown.   The 
cont r ol  vol t age must  be [ 120 V ac] [ 240 V ac] [ 24 V dc] [ 48 V dc] [ 125 V 
dc] [ 250 V dc] .

2. 7. 1   Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I EEE C37. 06,  Tabl e 2,  l i s t s pr ef er r ed r at i ngs 
f or  i ndoor  oi l l ess c i r cui t  br eaker s.   A 
shor t - c i r cui t  st udy i s r equi r ed t o speci f y r at i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Mai n buses must  be t hr ee- phase [ t hr ee- wi r e]  [ f our - wi r e]  wi t h a cont i nuous 
cur r ent  r at i ng of  [ _____]  amper es r ms.   [ The neut r al  bus must  be r at ed f or  
[ _____]  amper es,  cont i nuous. ]   Swi t chgear  r at i ngs at  60 Hz must  be i n 
accor dance wi t h I EEE C37. 06 and as f ol l ows:

Maxi mum vol t age [ _____]
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Nomi nal  vol t age cl ass [ _____]

BI L
[ _____]

Maxi mum symmet r i cal  i nt er r upt i ng cur r ent [ _____]

3- second shor t - t i me cur r ent [ _____]

Cont i nuous cur r ent [ _____] [ as i ndi cat ed]

2. 7. 2   Ci r cui t  Br eaker s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cel l - mount ed swi t ches ar e sel dom needed.   
Ci r cui t s pr ot ect ed by vacuum and SF6 ci r cui t  
br eaker s ar e suscept i bl e t o mul t i pl e ar c 
r e- i gni t i ons and hi gh t r ansi ent  r ecover y vol t ages 
under  cer t ai n condi t i ons.   The desi gner  must  
eval uat e t he di st r i but i on syst em and pr ovi de sur ge 
suppr essor s or  ot her  means r ecommended by t he 
manuf act ur er  t o mi ni mi ze or  el i mi nat e t hese 
ef f ect s.   ( Sur ge suppr essor s ar e nor mal l y added on 
t he l oad si de of  t he swi t ch. )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ci r cui t  br eaker s must  compl y wi t h I EEE C37. 04 and I EEE C37. 06.   Wher e 
i ndi cat ed,  bus or  l ug connect i ons t o mount  f i el d- i nst al l ed,  s l i p- on,  
medi um- vol t age cabl e t er mi nat i ons f or  cabl e ent er i ng f r om bel ow [ and a 
f l anged t hr oat  f or  di r ect  connect i on t o t he associ at ed t r ansf or mer ]  [ and a 
bus t hr oat  f or  connect i on t o t he associ at ed met al - encl osed bus]  [ and r oof  
bushi ngs f or  aer i al  l i ne connect i ons]  must  be pr ovi ded.   [ Roof  bushi ngs 
must  [ have t he same BI L as]  [ be one BI L hi gher  t han]  t he associ at ed 
swi t chgear  and must  conf or m t o I EEE C57. 19. 00 and I EEE C57. 19. 01. ]   
Ci r cui t  br eaker s must  be of  t he [ vacuum]  [ sul f ur  hexaf l uor i de ( SF6) ]  
dr awout  t ype havi ng el ect r i cal l y char ged,  st or ed- ener gy mechani sms whi ch 
ar e mechani cal l y and el ect r i cal l y t r i p f r ee.   A means f or  manual  char gi ng 
of  each t r i p mechani sm must  be pr ovi ded.   Ci r cui t  br eaker s of  t he same 
amper e r at i ng must  be i nt er changeabl e,  bot h mechani cal l y and 
el ect r i cal l y.   [ Each ci r cui t  br eaker  must  have a cel l - mount ed swi t ch 
assembl y f or  cont r ol  and i nt er l ocki ng. ]   [ Cel l  swi t ches may be connect ed 
ei t her  i n par al l el  or  i n ser i es wi t h cont r ol  cont act s t hat  ar e used f or  
i nt er l ocki ng,  but  ei t her  connect i on must  per mi t  oper at i on of  a c i r cui t  
br eaker  when i t  i s  i n a t est  posi t i on. ]   I n addi t i on t o any cont act s used 
or  shown,  each ci r cui t  br eaker  must  be pr ovi ded wi t h f our  spar e auxi l i ar y 
[ and cel l  cont act s] ,  t wo nor mal l y open and t wo nor mal l y c l osed,  wi r ed t o 
i nt er connect i on t er mi nal s.   I f  auxi l i ar y r el ays ar e used t o pr ovi de 
addi t i onal  cont act s,  such r el ays must  not  be of  t he l at chi ng t ype.   
I nt er connect i on t er mi nal  bl ocks must  be wi r ed t o per mi t  r emot e open and 
cl ose oper at i ons of  each ci r cui t  br eaker  and f or  ot her  r equi r ed ext er i or  
connect i ons or  connect i ons bet ween swi t chgear  sect i ons.

2. 7. 2. 1   Vacuum Ci r cui t  I nt er r upt er s

Vacuum i nt er r upt er s must  be her met i cal l y- seal ed i n a hi gh vacuum t o 
pr ot ect  cont act s f r om moi st ur e and cont ami nat i on.   Ci r cui t  br eaker s must  
have pr ovi s i ons f or  mai nt enance sl ow cl osi ng of  cont act s and have a 
r eadi l y accessi bl e cont act  wear  i ndi cat or .   Tr i ppi ng t i me must  not  exceed 
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[ 3]  [ 5]  [ 8]  cycl es.

2. 7. 2. 2   Sul phur  Hexaf l uor i de ( SF6)  I nt er r upt er s

SF6 i nt er r upt er s must  be of  t he puf f er  t ype wher e t he movement  of  t he 
cont act  pl unger  wi l l  i ni t i at e t he puf f  of  SF6 gas acr oss t he cont act  t o 
ext i ngui sh t he ar c.   Br eaker s must  be pr ovi ded wi t h a 
l oss- of - pr essur e- al ar m r emot e as shown on t he dr awi ngs.   Bef or e t he 
pr essur e i n t he i nt er r upt er  dr ops bel ow t he poi nt  wher e t he br eaker  or  
swi t ch cannot  open saf el y wi t hout  damage,  t he br eaker  must  act i vat e t he 
l oss- of - pr essur e- al ar m,  open aut omat i cal l y,  and r emai n i n t he l ocked open 
posi t i on unt i l  r epai r ed.   The SF6 must  meet  t he r equi r ement s of  ASTM D2472,  
except  t hat  t he maxi mum dew poi nt  must  be mi nus 60 degr ees C mi nus 76 
degr ees F ( cor r espondi ng t o 11 ppm wat er  by vol ume) ,  wi t h onl y 11 ppm 
wat er  by vol ume,  and t he mi ni mum pur i t y must  be 99. 9 per cent  by wei ght .   
Ci r cui t  br eaker s must  have pr ovi s i ons f or  mai nt enance sl ow cl osi ng of  
cont act s and have a r eadi l y accessi bl e cont act  wear  i ndi cat or .   Tr i ppi ng 
t i me must  not  exceed [ 3]  [ 5]  [ 8]  cycl es.

2. 7. 3   Buses

Copper  bus must  compl y wi t h ASTM B188.   Equi val ent  al umi num bus must  
compl y wi t h ASTM B317/ B317M.   Bol t ed or  pr essur e j oi nt s f or  mai n and 
gr ound buses,  i nt er connect i ons,  and ext er nal  connect i ons t o equi pment  must  
be of  t he s i l ver - t o- s i l ver  or  t he s i l ver - t o- t i n hi gh- pr essur e t ype.   
Bol t ed connect i ons must  have a mi ni mum of  t wo bol t s,  except  f or  t he gr ound 
bus wher e one bol t  wi l l  suf f i ce.   Each nut  on any bol t ed connect i on must  
be secur ed wi t h a bel l evi l l e washer  or  ot her  l ocki ng means t or qued i n 
accor dance wi t h manuf act ur er ' s r ecommendat i ons.   Bus suppor t i ng el ement s 
must  be bol t ed t o swi t chgear  encl osur es and must  compl y wi t h I EEE C37. 20. 2.

2. 7. 3. 1   Mai n Buses

Mai n buses and connect i ons must  have at  l east  t he same shor t - c i r cui t  
cur r ent  r at i ng as c i r cui t  br eaker s.   Buses may be copper  or  al umi num,  but  
a combi nat i on of  bot h met al s i s not  accept abl e unl ess s i l ver - t o- s i l ver  or  
s i l ver - t o- t i n pl at i ng i s used wher ever  al umi num and copper  buses ar e 
connect ed.

2. 7. 3. 2   Gr ound Buses

Uni nsul at ed copper  gr ound buses,  not  l ess t han 51 by 6. 2 mm 2 by 1/ 4 i nch 
i n cr oss- sect i onal  ar ea,  must  be pr ovi ded f or  t he f ul l  l engt h of  a 
swi t chgear  l i neup.   Gr ound buses of  al umi num ar e not  accept abl e.   The 
shor t - c i r cui t  cur r ent  r at i ng of  t he gr ound bus must  be at  l east  equal  t o 
t he shor t  c i r cui t  cur r ent  r at i ng of  t he pr i mar y bus.   Compr essi on i ndent  
t ype cabl e l ugs must  be pr ovi ded at  each end of  a gr ound bus f or  
connect i on of  [ No.  4/ 0 AWG]  [ _____]  copper  gr ound cabl es.

2. 7. 3. 3   Cont r ol  Buses

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o UFC 3- 550- 01 f or  gui dance r egar di ng 
cont r ol  buses.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cont r ol  buses must  be pr ovi ded as necessar y t o suppl y power  t o cont r ol  
devi ces.   [ Buses must  be suppl i ed f r om l ow- vol t age panel boar ds.   Wher e one 
panel boar d ser ves mor e t han one bus,  each gr oup of  uni t s on each bus must  
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be ser ved by di f f er ent  br anch ci r cui t  br eaker s. ]   For  doubl e- ended buses,  
bot h buses must  be suppl i ed f r om one l ow- vol t age panel boar d and each bus 
must  be ser ved by di f f er ent  br anch ci r cui t  br eaker s.   The l ow- vol t age 
panel boar d must  be ser ved f r om an aut omat i c t r ansf er  [ r el ay]  [ cont act or ]  
[ swi t ch] ,  whi ch,  i n t ur n,  must  be ser ved f r om t wo cont r ol  power  
t r ansf or mer s ( CPT) .   One CPT must  be connect ed vi a f uses ahead of  each 
mai n c i r cui t  br eaker .   Each CPT,  f use,  t r ansf er  devi ce,  panel boar d,  and 
wi r i ng syst em must  be si zed t o handl e 125 per cent  of  t he t ot al  l oad of  
bot h buses.   The " Nor mal "  and " Backup"  sour ces must  be as i ndi cat ed.   Upon 
t he l oss of  t he " Nor mal "  sour ce,  t r ansf er  t o t he " Backup"  sour ce must  be 
i nst ant aneous.   Ret r ansf er  back t o t he " Nor mal "  sour ce must  be [ aut omat i c 
upon t he r est or at i on of  t he " Nor mal "  sour ce]  [ aut omat i c af t er  a [ _____]  
t i me del ay once t he " Nor mal "  sour ce i s r est or ed] .   [ The " Nor mal "  and 
" Backup"  sour ce must  be sel ect abl e. ]   [ An al ar m must  be pr ovi ded t o 
i ndi cat e a t r ansf er  oper at i on. ]   [ An al ar m must  be pr ovi ded t o i ndi cat e 
l oss of  a sour ce. ]   I nsul at ed wi r e buses must  be wi r ed t o i nt er f ace 
t er mi nal  bl ocks f or  connect i on bet ween swi t chgear  uni t s and ext er i or  
component s.   Wi r e bus must  not  be l ess t han [ No.  8 AWG]  [ _____] ,  nor  l ess 
t han r equi r ed t o ser ve t he compl et e swi t chgear  l i neup pl us 25 per cent  
spar e capaci t y.

2. 7. 4   Cont r ol  Power  Tr ansf or mer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e an out door  st r uct ur e- mount ed 
oi l - i mmer sed di st r i but i on t r ansf or mer  i s used f or  
cont r ol  power ,  such as when met al - c l ad swi t chgear  i s 
not  pr ovi ded,  speci f y r equi r ement s usi ng dat a f r om 
Sect i on 33 71 01 ELECTRI CAL DI STRI BUTI ON SYSTEM 
AERI AL and pr ot ect  such t r ansf or mer s wi t h power  f use 
di sconnect i ng uni t s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cont r ol  power  t r ansf or mer s must  compl y wi t h I EEE C57. 12. 01,  must  be of  t he 
vent i l at ed dr y t ype,  and must  pr ovi de [ 240/ 120- vol t ,  s i ngl e- phase]  
[ 208Y/ 120- vol t ,  3- phase]  el ect r i c power  f or  st at i on ac cont r ol  power  
r equi r ement s.   The t r ansf or mer  pr i mar y vol t age r at i ng must  be [ _____]  kV 
and t he t r ansf or mer  capaci t y must  be [ _____]  kVA [ as i ndi cat ed] .   The BI L 
r at i ng must  equal  or  exceed t he BI L r at i ng of  t he swi t chgear .   Tr ansf or mer  
cur r ent - l i mi t i ng pr i mar y f uses must  be dr awout  t ype and must  be 
i nt er l ocked wi t h a secondar y mol ded case ci r cui t  br eaker  pr ovi ded as a 
par t  of  t he t r ansf or mer  i nst al l at i on.   Mol ded case ci r cui t  br eaker s must  
compl y wi t h UL 489.   I t  must  not  be possi bl e t o open t he pr i mar y f use 
compar t ment  unl ess t hi s secondar y c i r cui t  br eaker  i s i n t he open 
posi t i on.   Const r uct i on must  be of  t he dr awout  t ype f or  ei t her  t he 
compl et e assembl y or  f or  pr i mar y f uses onl y,  accor di ng t o t he 
manuf act ur er ' s st andar d.   Mechani cal  i nt er l ocks must  pr event  r emoval  of  
pr i mar y f uses,  unl ess t he associ at ed assembl y i s i n a dr awout  or  
di sconnect ed posi t i on.   Tr ansf or mer  compar t ment s must  have hi nged door s.

2. 7. 5   SUBSTATI ON AND SWI TCHGEAR PROTECTI VE RELAYS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ranges sel ect ed wi l l  be based on t he 
coor di nat i on st udy.   Ref er  t o UFC 3- 550- 01 and UFC 
3- 520- 01 f or  gui dance r egar di ng pr ot ect i ve r el ays.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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2. 7. 5. 1   Gener al

[ Sol i d- st at e]  [ and]  [ El ect r omechani cal ]  [ and]  [ Mi cr opr ocessor - based]  
pr ot ect i ve r el ays must  be pr ovi ded as shown and must  be of  a t ype 
speci f i cal l y desi gned f or  use on power  swi t chgear  or  associ at ed el ect r i c 
power  appar at us.   Pr ot ect i ve r el ays must  conf or m t o I EEE C37. 90.   Rel ays 
and auxi l i ar i es must  be sui t abl e f or  oper at i on wi t h t he i nst r ument  
t r ansf or mer  r at i os and connect i ons pr ovi ded.

2. 7. 5. 2   Const r uct i on

Rel ays must  be of  t he semi - f l ush,  r ect angul ar ,  back- connect ed,  dust pr oof ,  
swi t chboar d t ype.   Cases must  have a bl ack f i ni sh and wi ndow- t ype 
r emovabl e cover s capabl e of  bei ng seal ed agai nst  t amper i ng.   Rel ays must  
be of  a t ype t hat  can be wi t hdr awn,  t hr ough appr oved sl i di ng cont act s,  
f r om f r ont s of  panel s or  door s wi t hout  openi ng cur r ent  t r ansf or mer  
secondar y c i r cui t s,  di st ur bi ng ext er nal  c i r cui t s,  or  r equi r i ng 
di sconnect i on of  any r el ay l eads.   Necessar y t est  devi ces must  be 
i ncor por at ed wi t hi n each r el ay and must  pr ovi de a means f or  t est i ng ei t her  
f r om an ext er nal  sour ce of  el ect r i c power  or  f r om associ at ed i nst r ument  
t r ansf or mer s.   Each r el ay must  be pr ovi ded wi t h an oper at i on i ndi cat or  and 
an ext er nal  t ar get  r eset  devi ce.   Rel ays must  have necessar y auxi l i ar i es 
f or  pr oper  oper at i on.   Rel ays and auxi l i ar i es must  be sui t abl e f or  
oper at i on wi t h t he i nst r ument  t r ansf or mer  r at i os and connect i ons pr ovi ded.

2. 7. 5. 3   Rat i ngs

Rel ays must  be t he manuf act ur er ' s st andar d i t ems of  equi pment  wi t h 
appr opr i at e r anges f or  t i me di al ,  t ap,  and ot her  set t i ngs.   Rel ay devi ce 
number s must  cor r espond t o t he f unct i on names and descr i pt i ons of  
I EEE C37. 2.

2. 7. 5. 4   Over cur r ent  Rel ays

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ranges sel ect ed wi l l  be based on t he 
coor di nat i on st udy.   Ref er  t o UFC 3- 550- 01 and UFC 
3- 520- 01 f or  gui dance r egar di ng pr ot ect i ve r el ays.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2. 7. 5. 4. 1   Phase Over cur r ent  Rel ays f or  Mai n [ and Ti e]  Ci r cui t  Br eaker s

Phase over cur r ent  r el ays f or  mai n [ and t i e]  c i r cui t  br eaker s must  be 
si ngl e- phase,  nondi r ect i onal ,  [ i nduct i on]  [ sol i d- st at e]  
[ mi cr opr ocessor - based]  t ype,  t i me del ay,  devi ce 51,  cur r ent  t aps [ [ _____]  
t o [ _____]  amper es]  [ as i ndi cat ed]  wi t h char act er i st i c cur ves t hat  ar e 
[ def i ni t e t i me]  [ moder at el y i nver se]  [ i nver se]  [ ver y i nver se]  [ ext r emel y 
i nver se]  [ as i ndi cat ed] .

2. 7. 5. 4. 2   Gr ound Over cur r ent  Rel ays f or  Mai n Ci r cui t  Br eaker s

Gr ound over cur r ent  r el ays f or  mai n c i r cui t  br eaker s must  be 
nondi r ect i onal ,  [ i nduct i on]  [ sol i d- st at e]  [ mi cr opr ocessor - based]  t ype,  
t i me del ay,  devi ce [ 51G wi r ed t o a cur r ent  t r ansf or mer  i n t he sour ce 
t r ansf or mer  neut r al - t o- gr ound connect i on]  [ 51N,  r esi dual l y connect ed] ,  
wi t h cur r ent  t aps [ [ _____]  t o [ _____]  amper es]  [ as i ndi cat ed]  and wi t h 
char act er i st i c cur ves t hat  ar e [ def i ni t e t i me]  [ moder at el y i nver se]  
[ i nver se]  [ ver y i nver se]  [ ext r emel y i nver se]  [ as i ndi cat ed] .
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2. 7. 5. 4. 3   Gr ound Over cur r ent  Rel ays f or  Ti e Ci r cui t  Br eaker s

Gr ound over cur r ent  r el ays f or  t i e c i r cui t  br eaker s must  be nondi r ect i onal ,  
[ i nduct i on]  [ sol i d- st at e]  [ mi cr opr ocessor - based]  t ype,  t i me del ay,  devi ce 
51N,  r esi dual l y connect ed,  wi t h cur r ent  t aps [ [ _____]  t o [ _____]  amper es]  
[ as i ndi cat ed]  and wi t h char act er i st i c cur ves t hat  ar e [ def i ni t e t i me]  
[ moder at el y i nver se]  [ i nver se]  [ ver y i nver se]  [ ext r emel y i nver se]  [ as 
i ndi cat ed] .

2. 7. 5. 4. 4   Phase Over cur r ent  Rel ays f or  Feeder  Ci r cui t  Br eaker s

Phase over cur r ent  r el ays f or  f eeder  c i r cui t  br eaker s must  be si ngl e- phase,  
nondi r ect i onal ,  [ i nduct i on]  [ sol i d- st at e]  [ mi cr opr ocessor  - based]  t ype,  
t i me del ay,  devi ce 50/ 51,  wi t h i nst ant aneous- cur r ent  pi ck- up r ange 
[ [ _____]  t o [ _____]  amper es]  [ as i ndi cat ed] ,  wi t h t i me- del ay- cur r ent  t aps 
[ [ _____]  t o [ _____]  amper es]  [ as i ndi cat ed]  and wi t h char act er i st i c cur ves 
t hat  ar e [ def i ni t e t i me]  [ moder at el y i nver se]  [ i nver se]  [ ver y i nver se]  
[ ext r emel y i nver se]  [ as i ndi cat ed] .

2. 7. 5. 4. 5   Gr ound Over cur r ent  Rel ays f or  Feeder  Ci r cui t  Br eaker s

Gr ound over cur r ent  r el ays f or  f eeder  c i r cui t  br eaker s must  be 
nondi r ect i onal ,  [ pl unger ]  [ sol i d- st at e]  [ mi cr opr ocessor - based]  t ype 
i nst ant aneous,  devi ce [ 50GS wi r ed t o a gr ound sensor  cur r ent  t r ansf or mer ]  
[ 50N,  r esi dual l y connect ed] ,  wi t h cur r ent  pi ck- up r ange [ [ _____]  t o 
[ _____]  amper es]  [ as i ndi cat ed] .

2. 7. 5. 5   Di r ect i onal  Over cur r ent  Rel ays

2. 7. 5. 5. 1   Di r ect i onal  Phase Over cur r ent  Rel ays

Si ngl e- phase,  [ i nduct i on]  [ sol i d- st at e]  [ mi cr opr ocessor - based]  t ype wi t h 
i nst ant aneous uni t s.   Phase r el ays,  devi ce 67,  must  have an 
i nst ant aneous- cur r ent  pi ck- up r ange [ [ _____]  t o [ _____]  amper es]  [ as 
i ndi cat ed] ,  wi t h t i me- del ay- cur r ent  t aps [ [ _____]  t o [ _____]  amper es]  [ as 
i ndi cat ed]  and wi t h char act er i st i c cur ves t hat  ar e [ def i ni t e t i me]  
[ moder at el y i nver se]  [ i nver se]  [ ver y i nver se]  [ ext r emel y i nver se]  [ as 
i ndi cat ed] .

2. 7. 5. 5. 2   Di r ect i onal  Gr ound Over cur r ent  Rel ays

Devi ce 67N,  must  have an i nst ant aneous- cur r ent  pi ck- up r ange [ [ _____]  t o 
[ _____]  amper es]  [ as i ndi cat ed] ,  wi t h t i me- del ay- cur r ent  t aps [ [ _____]  t o 
[ _____]  amper es]  [ as i ndi cat ed]  and wi t h char act er i st i c cur ves t hat  ar e 
[ def i ni t e t i me]  [ moder at el y i nver se]  [ i nver se]  [ ver y i nver se]  [ ext r emel y 
i nver se]  [ as i ndi cat ed] .

2. 7. 5. 6   Aut omat i c Recl osi ng Rel ay

Rel ay,  devi ce 79,  must  be of  t he t hr ee- phase,  f our - r ecl osur e t ype,  
pr ovi di ng i mmedi at e i ni t i al  r ecl osur e,  and t hr ee t i me- del ay r ecl osur es.   
Adj ust abl e t i me del ays must  be 10 t o 60 seconds f or  r eset  and 0 t o 45 
seconds f or  r ecl osi ng.   Uni t s must  have i nst ant aneous t r i p l ockout  af t er  
any pr eset  t r i p or  when cl osi ng i n on a f aul t .   Auxi l i ar y devi ces must  
pr ovi de f or  l ockout  when an associ at ed ci r cui t  br eaker  i s t r i pped af t er  
t hr ee r ecl osur es and aut omat i cal l y r eset  when an associ at ed ci r cui t  
br eaker  i s not  t r i pped af t er  any r ecl osur e.
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2. 7. 5. 7   Tr ansf or mer  Di f f er ent i al  and Lockout  Rel ays

Di f f er ent i al  r el ays,  devi ce 87T,  must  be of  t he t hr ee- phase or  t he 
s i ngl e- phase hi gh- speed [ _____]  [ per cent age]  [ _____]  di f f er ent i al  t ype 
sui t abl e f or  t he pr ot ect i on of  t wo- wi ndi ng t r ansf or mer s,  and must  be 
pr ovi ded wi t h a har moni c- r est r ai nt  f eat ur e.   Lockout  r el ay,  devi ce 86T,  
must  be of  t he t ype whi ch,  when used i n conj unct i on wi t h t he 87T r el ay,  
t r i ps and l ocks out  t he i ndi cat ed ci r cui t  br eaker s.

2. 7. 5. 8   Bus Di f f er ent i al  and Lockout  Rel ays

Bus di f f er ent i al  r el ay,  devi ce 87B,  must  be of  t he t hr ee- phase or  
s i ngl e- phase,  hi gh- speed i mpedance di f f er ent i al  t ype sui t abl e f or  
pr ot ect i on of  buses.   Lockout  r el ay,  devi ce 86B,  must  be of  a t ype whi ch,  
when used i n conj unct i on wi t h t he 87B r el ay,  t r i ps and l ocks out  t he 
i ndi cat ed ci r cui t  br eaker .

2. 7. 6   Cont r ol  and I nst r ument  Swi t ches

Cont r ol  and i nst r ument  swi t ches must  be of  t he r ot ar y swi t chboar d t ype 
r at ed f or  al t er nat i ng- cur r ent  oper at i on at  600 vol t s,  or  di r ect - cur r ent  
oper at i on at  250 vol t s f or  dc c i r cui t s,  as appl i cabl e.   Cont act s must  be 
r at ed f or  not  l ess t han a cont i nuous cur r ent  of  20 amper es,  must  be of  t he 
s i l ver - t o- s i l ver  t ype,  and must  have posi t i ve means f or  mai nt ai ni ng 
cont act .   Each swi t ch must  be pr ovi ded wi t h a bl ack oper at i ng handl e,  and 
an escut cheon cl ear l y mar ked t o show each oper at i ng posi t i on.   Swi t ch 
i dent i f i cat i ons and handl e posi t i ons must  be engr aved on escut cheons or  
may be pr ovi ded on separ at e namepl at es.   Escut cheon engr avi ngs must  be 
whi t e on a bl ack backgr ound or  bl ack on a whi t e backgr ound.   I nst r ument  
swi t ches f or  pot ent i al  phase sel ect i on must  be pr ovi ded wi t h an oval  
handl e.   Ammet er  swi t ches f or  phase sel ect i on must  have r ound,  not ched,  or  
knur l ed handl es and equi pped wi t h shor t - c i r cui t i ng t ype of  cont act s t o 
pr event  open- ci r cui t i ng of  cur r ent  t r ansf or mer  secondar y c i r cui t s i n any 
posi t i on of  t he ammet er  swi t ches.   Swi t ches pr ovi ded f or  c i r cui t  br eaker  
cont r ol  and l ocal - r emot e sel ect or  swi t ches must  have a pi st ol - gr i p handl e 
and a mechani cal  t ar get  t o i ndi cat e t he l ast  oper at i ng posi t i on of  t he 
swi t ch.   Red and gr een ci r cui t  br eaker  posi t i on i ndi cat i on LED l i ght s must  
be i nst al l ed i mmedi at el y above each ci r cui t  br eaker  swi t ch.   Local - r emot e 
sel ect or  swi t ches must  be pr ovi ded onl y when shown or  speci f i ed.   Posi t i on 
i ndi cat i on l i ght s must  be i nst al l ed i mmedi at el y above sel ect or  swi t ches,  
wi t h bl ue LED l i ght s i ndi cat i ng r emot e cont r ol  and amber  LED l i ght s 
i ndi cat i ng l ocal  cont r ol .

2. 7. 7   El ect r i cal  I ndi cat i ng I nst r ument s

El ect r i cal  i ndi cat i ng i nst r ument  r el ays must  compl y wi t h ANSI  C12. 1,  
NEMA C12. 4,  and NEMA/ ANSI  C12. 10. [   El ect r i cal  i ndi cat i ng i nst r ument s must  
be of  t he semi f l ush,  back- connect ed,  dust pr oof ,  di r ect - r eadi ng,  
swi t chboar d t ype,  appr oxi mat el y 108. 0 mm squar e 4- 1/ 4 i nches squar e,  wi t h 
whi t e di al s,  bl ack mar ki ngs,  bl ack poi nt er s,  and scal e ar cs of  
appr oxi mat el y 250 degr ees.   Cases must  have a bl ack f i ni sh and shadowpr oof  
v i ewi ng cover s.   The accur acy of  each i nst r ument  must  be wi t hi n 1 per cent  
of  f ul l  scal e.   Movi ng el ement s must  be pr ovi ded wi t h zer o adj ust ment s 
r eadi l y accessi bl e f r om i nst r ument  f r ont s wi t hout  di sassembl y.   Each 
i nst r ument  must  be accur at el y cal i br at ed f or  use wi t h t he associ at ed 
i nst r ument  t r ansf or mer s,  and must  have t he i ndi cat ed scal e or  a scal e 
sui t abl e f or  t he appl i cat i on,  wher e a speci f i c  scal e i s not  i ndi cat ed.   
Except  f or  ammet er s and vol t met er s or  unl ess ot her wi se speci f i ed or  
appr oved,  t he nomi nal  or  f ul l - l oad val ues must  appear  at  t he appr oxi mat e 
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mi d- poi nt ,  or  t he 12 o' c l ock posi t i on,  of  t he scal es. ] [   El ect r i cal  
i nst r ument at i on devi ces must  be compat i bl e as a syst em,  seal ed,  dust  and 
wat er  t i ght ,  ut i l i ze modul ar  component s wi t h met al  housi ngs and di gi t al  
i nst r ument at i on.   Dat e di spl ay must  ut i l i ze LED or  back- l i t  LCD.   Numer al  
hei ght  must  be [ 13 mm 1/ 2 i nch] [ _____] . ]

2. 7. 7. 1   Wat t met er s

Wat t met er s must  compl y wi t h ANSI  C12. 1 and NEMA/ ANSI  C12. 10 except  f or  
mount i ng and must  be t he t hr ee- phase,  [ f our - wi r e t ype wi t h t hr ee cur r ent  
coi l s and t hr ee pot ent i al  coi l s]  [ t hr ee- wi r e t ype wi t h t wo cur r ent  coi l s 
and t wo pot ent i al  coi l s] .

2. 7. 7. 2   Var met er s

Var met er s must  be t he cent er - zer o t ype and pr ovi ded wi t h i nt egr al  or  
separ at e phase- shi f t i ng t r ansf or mer s or  compensat or s.   Var met er  must  be 
t he t hr ee- phase,  [ f our - wi r e t ype wi t h t hr ee cur r ent  coi l s and t hr ee 
pot ent i al  coi l s]  [ t hr ee- wi r e t ype wi t h t wo cur r ent  coi l s and t wo pot ent i al  
coi l s] .   Var met er s must  have di al  mar ki ngs and be so wi r ed t hat  i ncomi ng 
VAR r eadi ngs must  be t o t he l ef t  of  zer o and out goi ng VAR r eadi ngs must  be 
t o t he r i ght  of  zer o.   Di al s must  be so l abel ed.   Met er  must  be capabl e of  
communi cat i ng wi t h Lonwor ks and RS- 485 net wor ks.

2. 7. 7. 3   Ammet er s and Ammet er  Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nor mal l y,  3/ 4 of  f ul l - scal e shoul d be 
speci f i ed.   Mi d- scal e shoul d be speci f i ed when 
cur r ent  t r ansf or mer s wi l l  be oper at i ng at  cur r ent s 
exceedi ng t hei r  r at i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Ammet er s must  be cal i br at ed t o i ndi cat e f ul l - l oad cur r ent  when suppl i ed 
wi t h a cur r ent  of  5 amper es.   Ful l - l oad cur r ent  must  be i ndi cat ed by t he 
poi nt er  at  appr oxi mat el y [ mi d- scal e]  [ 75 per cent  of  t he f ul l - scal e r ange] .  
Ammet er  swi t ches must  be of  t he shor t - c i r cui t i ng t ype pr ovi ded wi t h an of f  
posi t i on,  wi r ed f or  i ndi cat i on of  cur r ent  i n each phase,  and must  be 
pr ovi ded f or  each ammet er  shown or  speci f i ed.

2. 7. 7. 4   Vol t met er s and Vol t met er  Swi t ches

Vol t met er s must  be pr ovi ded wi t h expanded scal es and cal i br at ed t o 
i ndi cat e t he nomi nal  [ phase- t o- phase]  [ and]  [ phase- t o- neut r al ]  vol t ages at  
appr oxi mat el y mi d- scal e.   A vol t met er  swi t ch must  be pr ovi ded wi t h an of f  
posi t i on,  wi r ed f or  i ndi cat i on of  appl i cabl e vol t ages,  and must  be 
pr ovi ded f or  each vol t met er  shown or  speci f i ed.

2. 7. 7. 5   Demand Regi st er s

Demand r egi st er s must  compl y wi t h NEMA C12. 4.

2. 7. 8   El ect r i cal  Recor di ng I nst r ument s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Recor di ng i nst r ument s shoul d be pr ovi ded when 
speci f i cal l y r equest ed by t he Usi ng Agency.   
Coor di nat e var i ous t ypes and char act er i st i cs wi t h 
t he manuf act ur er .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

El ect r i cal  r ecor di ng i nst r ument s must  be of  t he [ di r ect - act i ng]  
[ nul l - bal anci ng]  t ype.   I nst r ument  swi t ches must  be pr ovi ded when shown or  
r equi r ed t o sel ect  bet ween di f f er ent  quant i t i es t o be r ecor ded,  and must  
compl y wi t h t he pr ecedi ng r equi r ement s f or  i nst r ument  swi t ches,  as 
appl i cabl e.

2. 7. 8. 1   Basi c Requi r ement s

El ect r i cal  r ecor di ng i nst r ument s must  be of  t he semi - f l ush,  
back- connect ed,  dust pr oof ,  swi t chboar d and i nkl ess t ype.   The case must  
have a bl ack f i ni sh and shadowpr oof  v i ewi ng wi ndows [ and,  i nsof ar  as i s 
pr act i cabl e,  must  be of  t he same si ze,  st y l e,  and appear ance] .   The 
dr i v i ng mot or  must  be r at ed f or  120- vol t  ac oper at i on.   Wher e ungr ounded 
i nput  i s r equi r ed t o an i nst r ument ,  an i sol at i ng t r ansf or mer  must  be 
pr ovi ded.   An i nst r ument  must  have a hi gh vi s i bi l i t y  scal e of  a sui t abl e 
r ange,  and i ndi cat i ng poi nt er ,  and an i nt er nal  f l uor escent  l i ght  f or  char t  
i l l umi nat i on.   Char t  speed must  be [ 20. 8]  [ _____]  mi cr omet er s/ second [ 3]  
[ _____]  i nches/ hour .   An i nst r ument  must  be cor r ect l y cal i br at ed f or  use 
on t he secondar y of  any i nst r ument  t r ansf or mer  t o whi ch i t  i s  connect ed 
and must  have t he i ndi cat ed scal e or  a scal e sui t abl e f or  t he appl i cat i on,  
wher e a speci f i c  scal e i s not  i ndi cat ed.   Necessar y mai nt enance 
accessor i es and a 6- mont h suppl y of  char t s must  be pr ovi ded f or  each 
char t - r ecor di ng i nst r ument .   Char t  l engt h must  be suf f i c i ent  t o per mi t  not  
l ess t han 30 days of  cont i nuous oper at i on at  t he nor mal  char t  speed 
wi t hout  t he need f or  r epl acement .

2. 7. 8. 2   Di r ect - Act i ng Type

Di r ect - act i ng t ype i nst r ument s must  be of  t he [ s i ngl e- channel , ]  
[ t wo- channel , ]  st r i p- char t ,  sel f - cont ai ned,  cont i nuous- mar ki ng t ype wi t h a 
char t  channel  cal i br at ed wi dt h of  not  l ess t han 100 mm 4 i nches.

2. 7. 8. 3   Nul l - Bal anci ng Type

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t hi r d and f ol l owi ng sent ences i n t hi s 
par agr aph shoul d al so be i ncl uded i n pr oj ect  
speci f i cat i ons when a di r ect - act i ng t ype of  r ecor der  
i s t o be speci f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Nul l - bal anci ng t ype i nst r ument s must  be of  st r i p- char t ,  sel f - cont ai ned,  
di r ect - cur r ent  pot ent i omet er ,  per i odi c- mar ki ng t ype pr ovi ded wi t h an 
associ at ed and coor di nat ed t r ansducer  f or  conver si on of  t he measur ed 
al t er nat i ng- cur r ent  quant i t y t o t he di r ect - cur r ent  i nput  r equi r ed f or  t he 
i nst r ument .   Char t s must  have a cal i br at ed wi dt h of  not  l ess t han 225 mm 9 
i nches.   An i nst r ument  must  be pr ovi ded wi t h an i nt er nal  l amacoi d l egend 
pl at e sui t abl y engr aved,  a char t  suppl y i ndi cat or ,  a char t  t ear - of f  
wi t hout  i ndi ces,  a r ubber  char t  i dent i f i cat i on st amp r eadi ng t he same as 
t he l egend pl at e,  a char t  r er ol l ,  a wr i t i ng t abl e,  and an el ect r i c power  
" ON- OFF"  swi t ch.   The char t  r er ol l  must  be sel f - al i gni ng,  smoot h i n 
oper at i on,  sel f - cont ai ned i n t he i nst r ument  case,  and accessi bl e f or  t he 
changi ng of  char t  r ol l s .   The wr i t i ng t abl e must  be l ocat ed under  t he 
uncover ed par t  of  t he char t  bet ween t he i ndi cat or  and r er ol l  i n such 
manner  as t o per mi t  conveni ent  wr i t i ng on t he char t  by mer el y openi ng t he 
f r ont  hi nged cover ,  and must  be desi gned so t hat  i t  wi l l  not  i nt er f er e 
wi t h r epl acement  of  char t s or  access t o t he r ecor der  mechani sm.   The char t  
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dr i ve mot or  must  dr i ve t he char t  t hr ough sui t abl e r educt i on gear i ng and 
must  have suf f i c i ent  t or que t o st ar t  t he char t  when oper at i ng on 80 
per cent  of  i t s  r at ed vol t age.   The mot or  cont r ol  swi t ch must  be l ocat ed 
[ wi t hi n t he case so t hat  i t  can be conveni ent l y r eached t o st ar t  or  st op 
t he mot or ]  [ _____] .   A r ecor der  oper at i on sel ect or  swi t ch must  be 
i nt er l ocked wi t h i t s associ at ed medi um- vol t age ci r cui t  br eaker  t o al l ow 
ei t her  cont i nuous oper at i on of  t he i nst r ument  or  aut omat i c i sol at i on of  
t he i nst r ument  when t he ci r cui t  br eaker  i s i n t he t r i pped or  t est  posi t i on.

2. 7. 8. 4   Tr ansducer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tr ansducer s wi l l  be speci f i ed onl y when 
r emot e met er i ng i s r equi r ed.

Wat t hour ,  var hour ,  wat t ,  and var met er s and 
t r ansducer s wi l l  be speci f i ed as 2,  2- 1/ 2,  or  3 
el ement  devi ces as f ol l ows:

a.   Two el ement  i f  used on a 3- phase,  3- wi r e syst em 
ser vi ng onl y bal anced 3- phase l oad ( r equi r es 2- VTs) .

b.   Two and one- hal f  el ement  i f  used on a 3- phase,  
3- wi r e syst em ser vi ng si ngl e- phase- t o- phase l oads 
( r equi r es 2- VTs)

c.   Thr ee el ement  i f  used on a 3- phase,  4- wi r e 
syst em ( r equi r es 3- VTs) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Tr ansducer s may be i nt egr al  wi t h an i nst r ument  or  may be a separ at e uni t  
and must  be of  t he [ uni di r ect i onal ]  [ bi di r ect i onal ]  const ant - cur r ent  t ype 
pr ovi di ng an anal og si gnal  di r ect l y pr opor t i onal  t o t he i nst ant aneous 
quant i t y measur ed.   Rat i ngs at  60 Hz must  be f or  a 120- vol t  nomi nal  i nput  
vol t age,  a 150- vol t  over l oad vol t age,  a 5- amper e nomi nal  i nput  cur r ent ,  a 
10- amper e cont i nuous over l oad cur r ent ,  a 250- amper e 1- second i nst ant aneous 
over l oad cur r ent ,  and pr ovi de an accur acy of  pl us or  mi nus 0. 5 per cent .   
The maxi mum i ndi v i dual  i nst r ument  t r ansf or mer  bur den must  not  exceed 4 
vol t  amper es.   Out put  at  f ul l  scal e must  not  exceed one mA.

2. 7. 9   Accumul at i ve Met er s

Accumul at i ve t ype met er s must  be pr ovi ded as shown t o measur e r eal  [ and 
r eact i ve]  power  consumed,  and must  be r at ed f or  use wi t h i nst r ument  
t r ansf or mer s shown.   [ Met er s must  be equi pped wi t h demand poi nt er s. ]  
[ Compensat or s or  phase- shi f t i ng t r ansf or mer s must  be pr ovi ded f or  
i nst r ument s used t o measur e r eact i ve power . ]   [ Met er s must  be equi pped 
wi t h det ent s t o pr event  negat i ve r egi st r at i on. ]

2. 7. 9. 1   Const r uct i on

Met er s must  be of  t he semi f l ush,  back- connect ed,  dust pr oof ,  dr awout  
swi t chboar d t ype.   Cases must  have bl ack f i ni sh and wi ndow- t ype r emovabl e 
cover s capabl e of  bei ng seal ed agai nst  t amper i ng.   Met er s must  be of  a 
t ype t hat  can be wi t hdr awn,  t hr ough appr oved sl i di ng cont act s,  f r om f r ont s 
of  panel s or  door s wi t hout  openi ng cur r ent - t r ansf or mer  secondar y c i r cui t s,  
di st ur bi ng ext er nal  c i r cui t s,  or  r equi r i ng di sconnect i on of  any met er  
l eads.   Necessar y t est  devi ces must  be i ncor por at ed wi t hi n each met er  and 
must  pr ovi de means f or  t est i ng ei t her  f r om an ext er nal  sour ce of  el ect r i c 
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power  or  f r om associ at ed i nst r ument  t r ansf or mer s.

2. 7. 9. 2   Rat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h par agr aph Tr ansducer s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Met er s must  be [ _____] - st at or ,  t hr ee- phase,  [ _____] - wi r e,  [ _____]  el ement  
r at ed f or  120- vol t ,  2. 5 amper e,  60 Hz ac oper at i on cal i br at ed f or  use wi t h 
associ at ed i nst r ument  t r ansf or mer s.   Met er s must  have pr i mar y- r at ed,  
di r ect - r eadi ng r egi st er s wi t h not  l ess t han f our  di al s.   The r egi st er  
mul t i pl y i ng f act or  must  be [ _____] .   Demand met er s must  have [ 15- mi nut e]  
[ [ _____] - mi nut e]  demand r egi st er s.

2. 7. 9. 3   Adj ust ment s,  Regi st r at i on Er r or s,  and Ot her  Requi r ement s

Cal i br at i ng adj ust ment s f or  l i ght  l oad and f or  f ul l  l oad must  be of  t he 
mi cr omet er  t ype,  and adj ust abl e f r om t he f r ont  of  t he met er .   Adj ust ment s 
must  be pr ovi ded f or  power  f act or  and t or que bal ance.   The per i pher y of  
t he di scs must  be pr ovi ded wi t h st andar d not chi ng t o per mi t  di r ect  
compar i son wi t h a st r oboscopi c t ype st andar d met er .   Pot ent i al  i ndi cat i ng 
l amps must  be pr ovi ded i n t he pot ent i al  coi l  c i r cui t s.   The cur r ent  coi l s 
must  be capabl e of  wi t hst andi ng t he mechani cal  and t her mal  st r esses 
i mposed by a cur r ent  35 t i mes nor mal  appl i ed f or  at  l east  0. 5 second.   The 
r egi st r at i on er r or s of  a met er  f or  bot h uni t y and 50 per cent  l aggi ng power  
f act or  must  not  exceed t hose l i s t ed bel ow when t est ed at  r at ed vol t age,  
f r equency,  t emper at ur e,  and f ul l  l oad cur r ent ,  except  as ot her wi se st at ed.

a.   Er r or s due t o appl i ed cur r ent  must  be not  mor e t han 1 per cent  at  10 
per cent  t o 50 per cent  of  t he r at ed cur r ent  and 0. 5 per cent  at  50 
per cent  t o 150 per cent  of  t he r at ed cur r ent .

b.   Er r or s due t o appl i ed pot ent i al  must  be no mor e t han 0. 5 per cent  over  
a r ange of  pl us or  mi nus 10 per cent  of  t he r at ed vol t age.

c.   Er r or s due t o appl i ed f r equency must  be no mor e t han 0. 004 per cent  
bet ween 59 and 61 Hz.

d.   Er r or s due t o a change i n ambi ent  t emper at ur e must  be no mor e t han 0. 5 
per cent  over  a r ange of  20 t o 40 degr ees C 64 t o 104 degr ees F.

2. 7. 10   Test  Bl ocks and Accessor i es

Test  bl ocks and t hei r  associ at ed t est i ng accessor i es must  be pr ovi ded f or  
t est i ng of  i nst r ument s and pr ot ect i ve r el ays t hat  r equi r e per i odi c t est i ng 
or  cal i br at i on i n- pl ace,  but  whi ch ar e not  equi pped wi t h i nt egr al  t est i ng 
f eat ur es.   Test  bl ocks wi t h cover s must  be mount ed near  t he base of  t he 
swi t chgear  uni t  beneat h t he devi ces t o be t est ed,  and must  be pr ovi ded 
wi t h a namepl at e engr aved t o i dent i f y i ndi v i dual  cur r ent  or  pot ent i al  t est  
bl ocks,  or  a combi nat i on cur r ent / pot ent i al  t est  bl ock,  as appl i cabl e.   
Combi nat i on t est  bl ocks must  not  exceed 10 pol es.   Cur r ent  t est  bl ocks 
must  be t he shor t - c i r cui t i ng t ype.   Test  devi ces must  be pr ovi ded f or  
i nser t i on i nt o t he associ at ed t est  bl ock t o per mi t  appl i cat i on of  t he 
pr oper  cur r ent  or  pot ent i al  sour ce f or  t est i ng and cal i br at i on.   Test  
devi ces must  be r at ed not  l ess t han 20 amper es and 125 vol t s dc.
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2. 7. 11   Speci f i c  Uni t  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y devi ces t o be l ocat ed on a swi ngi ng 
or  i nt er i or  panel  f or  ai s l el ess swi t chgear  and on 
uni t  or  compar t ment  door s f or  swi t chgear  pr ovi ded 
wi t h i nt er i or  ai s l es.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I n addi t i on t o t he basi c c i r cui t  br eaker  uni t  r equi r ement s,  each 
i ndi v i dual  uni t  or  sect i on must  cont ai n ot her  devi ces as r equi r ed f or  t he 
appl i cat i on.   The f ol l owi ng r equi r ement s ar e not  t o be consi der ed compl et e 
i n ever y det ai l  and mi scel l aneous equi pment  and devi ces necessar y f or  
cor r ect  oper at i on,  as i ndi cat ed or  speci f i ed,  must  be pr ovi ded as 
necessar y.   Pr ot ect i ve r el ays,  met er s,  i nst r ument s,  and cont r ol  and 
i nst r ument  swi t ches,  must  be mount ed [ on a swi ngi ng panel  l ocat ed behi nd 
t he ext er i or  door  of  no- ai s l e swi t chgear ]  [ on a uni t  or  compar t ment  
door ] .   [ Wher e space i s not  avai l abl e f or  t hese devi ces,  i ndi cat ed devi ces 
may be i nst al l ed on auxi l i ar y compar t ment  door s as shown. ]  [ Devi ces 
speci f i ed i n par agr aph [ I NCOMI NG LI NE SWI TCHI NG EQUI PMENT]  [ and par agr aph]  
[ SUBSTATI ON EQUI PMENT]  t o be i nst al l ed i n t he met al - c l ad swi t chgear  must  
be l ocat ed wher e i ndi cat ed. ]

2. 7. 11. 1   I ncomi ng Li ne and Tr ansf or mer  Mai n Secondar y Uni t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y " I ncomi ng Li nes"  f or  swi t chi ng 
st at i ons and " Tr ansf or mer  Mai n Secondar y"  f or  power  
t r ansf or mer s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Uni t s must  be coor di nat ed wi t h t he [ r equi r ement s of  t he ser vi ng ut i l i t y ]  
[ and]  [ t he t r ansf or mer  t o be pr ot ect ed]  and must  i ncl ude t he f ol l owi ng:

a.   [ Thr ee]  [ Si x]  [ _____]  cur r ent  t r ansf or mer s.

b.   Ammet er  and an ammet er  swi t ch.

c.   [ Vol t met er ]  [ Vol t met er ,  r ecor di ng t ype]  and a vol t met er  swi t ch.

d.   Wat t hour  [ demand]  met er .

e.   Wat t met er  [ ,  r ecor di ng t ype] .

f .   Var met er  [ ,  r ecor di ng t ype] .

g.   Dupl ex wat t - var met er ,  r ecor di ng t ype.

h.   Wat t  t r ansducer  i nt egr al  wi t h t he associ at ed wat t met er  or  mount ed on 
t he [ back of  a sect i on door ]  [ i nt er i or  panel ] .

i .   VAR t r ansducer  i nt egr al  wi t h t he associ at ed var met er  or  mount ed on t he 
[ back of  a sect i on door ]  [ i nt er i or  panel ] .

j .   Thr ee over cur r ent  r el ays,  devi ce 51.

k.   Thr ee di r ect i onal  over cur r ent  r el ays,  devi ce 67.

l .   Over cur r ent  r el ay,  devi ce 51 [ N]  [ G]  [ connect ed t o t he associ at ed 
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t r ansf or mer  neut r al  [ gr oundi ng r esi st or ]  cur r ent  t r ansf or mer ] .

m.   Di r ect i onal  over cur r ent  r el ay,  devi ce 67N.

n.   One t hr ee- phase or  t hr ee si ngl e- phase t r ansf or mer  di f f er ent i al  r el ays,  
devi ce 87T,  and an auxi l i ar y l ockout  r el ay,  devi ce 86T,  ar r anged t o 
t r i p and t o l ock out  t hi s c i r cui t  br eaker  and t he associ at ed 
t r ansf or mer  pr i mar y c i r cui t  br eaker .

o.   One t hr ee- phase or  t hr ee si ngl e- phase bus di f f er ent i al  r el ays devi ce 
87B,  and an auxi l i ar y l ockout  r el ay,  devi ce 86B,  ar r anged t o t r i p and 
l ock out  t he associ at ed ci r cui t  br eaker  and ot her  c i r cui t  br eaker s as 
i ndi cat ed.

p.   [ Si ngl e- ]  [ Thr ee- ]  phase secondar y pot ent i al  t est  bl ocks wi t h 
associ at ed t est  devi ces,  quant i t y as shown.

q.   [ Si ngl e- ]  [ Thr ee- ]  phase secondar y cur r ent  t est  bl ocks wi t h associ at ed 
t est  devi ces,  quant i t y as shown.

r .   Key- i nt er l ocki ng must  be pr ovi ded wi t h t he pr i mar y di sconnect i ng 
swi t ch ser vi ng t he associ at ed t r ansf or mer .

[ s.   [ _____] . ]

2. 7. 11. 2   Auxi l i ar y Compar t ment s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e swi t chgear  ai s l e space of  suf f i c i ent  
ar ea i s avai l abl e,  t he st at i on bat t er y i nst al l at i on 
wi l l  be mount ed t her e.   Coor di nat e wi t h NFPA 70 and 
I EEE C2 f or  c l ear ances.   The desi gner  shoul d 
i ndi cat e t he panel boar d r equi r ement s on t he pr oj ect  
dr awi ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cont r ol  and i nst r ument  t r ansf or mer s and panel boar ds must  be pr ovi ded and 
housed i n compar t ment s,  [ unl ess ot her wi se not ed, ]  and must  suppl y cont r ol  
power  and i nst r ument  vol t age t o each bus sect i on of  t he swi t chgear  l i neup 
and r emot e devi ces as r equi r ed.   Compar t ment s must  be pr ovi ded wi t h a 
hi nged door .   Any i nt er connect i on wi r i ng and condui t  needed t o connect  t he 
swi t chgear  l i neup or  ot her  devi ces r equi r i ng cont r ol  power  or  i nst r ument  
vol t age must  be pr ovi ded and i ndi cat ed on t he det ai l  dr awi ngs.   Equi pment  
i t ems must  i ncl ude t he f ol l owi ng:

a.   [ Thr ee]  [ _____]  pot ent i al  t r ansf or mer s.

b.   [ _____]  cont r ol  power  t r ansf or mer s.

c.   [ _____]  l ow- vol t age al t er nat i ng- cur r ent  panel boar ds and [ _____]  
l ow- vol t age di r ect - cur r ent  panel boar ds wi t h mai n and br anch ci r cui t s 
as shown [ ,  l ocat ed i n t he swi t chgear  ai s l e wher e i ndi cat ed]  [ ,  and 
wi t h equi pment  as speci f i ed i n par agr aph AUXI LI ARY SUBSTATI ON 
EQUI PMENT] .

[ d.   [ _____] . ]
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2. 7. 11. 3   Bus Ti e Uni t

[ The uni t  must  be el ect r i cal l y i nt er l ocked wi t h [ i ncomi ng l i ne]  
[ t r ansf or mer  mai n secondar y]  uni t s as i ndi cat ed. ]  [ The uni t  must  be 
pr ovi ded wi t h [ _____] . ]

2. 7. 11. 4   Feeder  Uni t s

Uni t s must  be pr ovi ded f or  t he pr ot ect i on of  out goi ng f eeder  c i r cui t s and 
must  i ncl ude t he f ol l owi ng:

a.   [ Thr ee]  [ Si x]  [ Ni ne]  cur r ent  t r ansf or mer s.   [ One gr ound sensor  cur r ent  
t r ansf or mer . ]

b.   Ammet er  and an ammet er  swi t ch.

c.   Thr ee over cur r ent  r el ays,  devi ce [ 50]  [ 51] .

d.   Gr ound over cur r ent  r el ay,  devi ce [ 50GS]  [ 50N] .

e.   Wat t met er .

f .   An aut omat i c- r ecl osi ng r el ay,  devi ce 79.

g.   [ Si ngl e]  [ Thr ee]  phase secondar y pot ent i al  t est  bl ocks wi t h associ at ed 
t est  devi ces,  quant i t y as shown.

h.   [ Si ngl e]  [ Thr ee]  phase secondar y cur r ent  t est  bl ocks wi t h associ at ed 
t est  devi ces,  quant i t y as shown.

[ i .   [ _____] . ]

2. 7. 12   Mi scel l aneous I t ems

2. 7. 12. 1   Space Heat i ng and Vent i l at i on

Cont i nuousl y- ener gi zed space heat er s ( wi t h hi gh- t emper at ur e t her mal  
pr ot ect i on)  must  be i nst al l ed i n each swi t chgear  uni t  and auxi l i ar y 
compar t ment  i n accor dance wi t h t he manuf act ur er ' s st andar d pr act i ce and 
must  be si zed t o pr event  condensat i on over  an ambi ent  t emper at ur e r ange of  
[ mi nus 29]  [ _____]  t o [ 40]  [ _____]  degr ees C [ mi nus 20]  [ _____]  t o [ 104]  
[ _____]  degr ees F.   Heat er s must  be cont r ol l ed by a t her most at  [ and 
humi di st at ]  l ocat ed i n t he sect i on.         [  Pr ovi de humi di st at  wi t h a 
r ange of  30 t o 60 per cent  r el at i ve humi di t y. ]  Obt ai n suppl y vol t age f or  
t he heat er s f r om a cont r ol  power  t r ansf or mer  wi t hi n t he swi t chgear .  I f  
heat er  vol t age i s di f f er ent  t han swi t chgear  vol t age,  pr ovi de t r ansf or mer  
r at ed t o car r y 125 per cent  of  heat er  f ul l  l oad r at i ng.  Pr ovi de t r ansf or mer  
wi t h a 428 degr ees F220 degr ees C i nsul at i on syst em wi t h a t emper at ur e 
r i se not  exceedi ng 239 degr ees F115 degr ees C and conf or mi ng t o NEMA ST 20.  
[ Ener gi ze el ect r i c heat er s i n swi t chgear  assembl i es whi l e t he equi pment  i s 
i n st or age or  i n pl ace pr i or  t o bei ng pl aced i n ser vi ce.  Pr ovi de met hod 
f or  easy connect i on of  heat er  t o ext er nal  power  sour ce.  Pr ovi de t empor ar y,  
r el i abl e ext er nal  power  sour ce i f  commer ci al  power  at  r at ed vol t age i s not  
avai l abl e on si t e. ]   Ai s l e vent i l at i on f ans must  be pr ovi ded wher e 
i ndi cat ed and must  be si zed t o pr ovi de at  l east  10 ai r  changes per  hour .   
Fans must  be wi r ed t o t hr ee- way swi t ches l ocat ed at  each end of  t he 
swi t chgear  ai s l e and adj acent  t o ai s l e l i ght i ng swi t ches.   I n addi t i on,  
f ans must  be t her most at i cal l y cont r ol l ed t o t ur n f ans on when i nt er i or  
t emper at ur es exceed 40 degr ees C 104 degr ees F.
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2. 7. 12. 2   Ai s l e Li ght i ng

LED l umi nai r es must  be a manuf act ur er ' s st andar d f i x t ur e i nst al l ed i n t he 
swi t chgear  ai s l e t o pr ovi de a mai nt ai ned l i ght i ng i nt ensi t y l evel  of  538. 2 
l ux 50 f oot candl es at  f l oor  l evel  i n t he ai s l e and on f aces of  uni t s and 
compar t ment s.   Lumi nai r es must  be wi r ed t o t hr ee- way swi t ches l ocat ed at  
each end of  t he swi t chgear  ai s l e.   Li ght  f i x t ur es must  be l ensed vapor  
t i ght  t ype f i xt ur es.

2. 7. 12. 3   Dupl ex Recept acl es

Dupl ex r ecept acl es must  be i nst al l ed on each end wal l  of  t he swi t chgear  
ai s l e and at  appr oxi mat el y 1. 8 m 6- f oot  i nt er val s al ong t he ext er i or  wal l  
of  t he ai s l e.   Recept acl es and r ecept acl e pl at es must  be i vor y i n col or .  
Recept acl es must  be t he t wo- pol e,  t hr ee- wi r e,  gr ounded t ype r at ed at  20 
amper es and 125 vol t s,  NEMA WD 1 conf i gur at i on 5- 20R.

2. 7. 12. 4   Li ght i ng and Appl i ance Br anch Ci r cui t  Panel boar ds

Li ght i ng and appl i ance br anch- ci r cui t  panel boar ds f or  t he pr ot ect i on of  
t he i ndi cat ed l ow- vol t age ci r cui t s must  be l ocat ed as speci f i ed or  
i ndi cat ed and must  conf or m t o t he r equi r ement s of  Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Rat i ngs of  panel boar d mai ns must  be 
compat i bl e wi t h t he suppl y vol t age t o t he panel boar d.   Ci r cui t  br eaker s i n 
a di r ect - cur r ent  panel boar d must  be r at ed f or  [ 48]  [ 125]  vol t s dc 
oper at i on.

2. 7. 13   Accessor i es

Accessor i es must  be pr ovi ded f or  t he i nspect i on,  t est i ng,  mai nt enance,  and 
r epai r  of  c i r cui t  br eaker s,  and must  i ncl ude one set  of  any speci al  t ool s,  
as necessar y t o r epai r  and mai nt ai n c i r cui t  br eaker s and maj or  swi t chgear  
component s.   Mai nt enance and t est i ng accessor i es must  i ncl ude,  but  ar e not  
l i mi t ed t o t he f ol l owi ng:

a.   Por t abl e gear  mot or  f or  el ect r i c- power  posi t i oni ng of  c i r cui t  
br eaker s,  i f  r equi r ed by t he br eaker  desi gn.

b.   Secondar y t est  coupl er  f or  t est i ng of  dr awout  c i r cui t  br eaker s i n t he 
t est  posi t i on.

c.   Hand cr ank f or  posi t i oni ng of  c i r cui t  br eaker s.

d.   Tr ansf er  t r uck,  f or  movement  of  c i r cui t  br eaker  uni t s.

e.   Test  cabi net  f or  c l osi ng and t r i ppi ng of  c i r cui t  br eaker s by 
el ect r i cal  cont r ol  oper at i ons.

f .   Li f t i ng and t r ansf er  devi ce f or  t wo- hi gh ci r cui t  br eaker  uni t s.

2. 7. 14   Fi ni sh Col or

Fi ni sh col or  of  t he swi t chgear  must  compl y wi t h t he r equi r ement s f or  
cabi net s speci f i ed i n par agr aph CABI NETS AND ENCLOSURES.
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2. 8   I NSTRUMENT TRANSFORMERS

2. 8. 1   Gener al

I nst r ument  t r ansf or mer s must  compl y wi t h NEMA/ ANSI  C12. 11 and I EEE C57. 13.   
I nst r ument  t r ansf or mer s must  be conf i gur ed f or  mount i ng i n/ on t he devi ce 
t o whi ch t hey ar e appl i ed.   Pol ar i t y mar ks on i nst r ument  t r ansf or mer s must  
be vi sual l y evi dent  and shown on dr awi ngs.

2. 8. 2   Cur r ent  Tr ansf or mer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See UFC 3- 550- 01 r egar di ng gui dance on 
cur r ent  t r ansf or mer s.   Accur acy c l ass r at i ngs of  
cur r ent  t r ansf or mer s ( CTs)  at  st andar d bur dens ar e 
l i s t ed i n I EEE C57. 13.   The mi ni mum st andar d cur r ent  
t r ansf or mer  accur aci es f or  met al - c l ad swi t chgear  ar e 
l i s t ed i n I EEE C37. 20. 2.   I n gener al ,  NEMA/ ANSI  
C12. 11 r equi r es a 0. 3 accur acy c l ass f or  up t o a 
B- 0. 5 bur den,  except  f or  some 200 and 400 amper e 
uni t s.   Wher e met er i ng cur r ent  t r ansf or mer s ar e 
pr ovi ded,  t hi s accur acy c l ass shoul d be speci f i ed,  
i f  avai l abl e f or  t he amper e r at i ng and bur den 
needed.   A " C"  c l assi f i cat i on means t he r at i o er r or  
can be cal cul at ed,  wher eas a " T"  c l assi f i cat i on i s 
one whi ch has t o be der i ved by t est i ng.   I EEE 
C37. 20. 2 per mi t s ei t her  c l assi f i cat i on up t o t he 
i ndi cat ed r at i ngs.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Unl ess ot her wi se i ndi cat ed,  bar ,  wound,  or  wi ndow- t ype t r ansf or mer s ar e 
accept abl e;  and except  f or  wi ndow- t ype uni t s i nst al l ed over  i nsul at ed 
buses,  t r ansf or mer s must  have a BI L r at i ng consi st ent  wi t h t he r at ed BI L 
of  t he associ at ed swi t chgear  or  el ect r i c power  appar at us bushi ngs,  buses 
or  conduct or s.   Cur r ent  t r ansf or mer s must  have t he i ndi cat ed r at i os.   The 
cont i nuous t her mal - cur r ent  r at i ng f act or  must  be not  l ess t han [ 1. 0]  [ 1. 2]  
[ 1. 5]  [ 2. 0]  [ 3. 0]  [ 4. 0] .   Ot her  t her mal  and mechani cal  r at i ngs of  cur r ent  
t r ansf or mer s and t hei r  pr i mar y l eads must  be coor di nat ed wi t h t he desi gn 
of  t he c i r cui t  br eaker  and must  be not  l ess t han t he moment ar y r at i ng of  
t he associ at ed ci r cui t  br eaker .   Ci r cui t  pr ot ect or s must  be pr ovi ded 
acr oss secondar y l eads of  t he cur r ent  t r ansf or mer s t o pr event  t he 
acci dent al  open- ci r cui t i ng of  t he t r ansf or mer s whi l e ener gi zed.   Each 
t er mi nal  of  each cur r ent  t r ansf or mer  must  be connect ed t o a 
shor t - c i r cui t i ng t er mi nal  bl ock i n t he c i r cui t  i nt er r upt i ng mechani sm 
cabi net ,  power  t r ansf or mer  t er mi nal  cabi net ,  and i n t he associ at ed 
i nst r ument  and r el ay cabi net s.

2. 8. 2. 1   Cur r ent  Tr ansf or mer s f or  Power  Tr ansf or mer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I EEE C57. 12. 10,  Tabl e 20 gi ves r ecommended 
val ues.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
[ Si ngl e- r at i o]  [ Mul t i - r at i o]  bushi ng t ype cur r ent  t r ansf or mer s must  be 
pr ovi ded i n c i r cui t  br eaker  bushi ng wel l s as i ndi cat ed.   [ Si ngl e- r at i o 
uni t s must  have a mi ni mum met er i ng accur acy c l ass r at i ng of  [ 0. 6B- 0. 5]  
[ 0. 3B- 0. 5] . ]  [ Mul t i - r at i o uni t s must  have a mi ni mum r el ayi ng accur acy 
vol t age cl ass of  [ _____]  f or  ei t her  a C or  T c l assi f i cat i on. ]
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2. 8. 2. 2   Cur r ent  Tr ansf or mer s f or  Met al - Cl ad Swi t chgear

Si ngl e- r at i o uni t s,  used f or  met er i ng and r el ayi ng,  must  have a met er i ng 
accur acy c l ass r at i ng of  [ _____]  [ B. ____] .   Si ngl e- r at i o uni t s,  used onl y 
f or  r el ayi ng,  must  have a r el ayi ng accur acy c l ass r at i ng of  [ _____]  f or  
[ ei t her ]  a C [ or  T]  c l assi f i cat i on.

2. 8. 2. 3   Cur r ent  Tr ansf or mer s f or  Ki l owat t hour  and Demand Met er i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t he f ol l owi ng gui del i nes f or  speci f y i ng 
cur r ent  t r ansf or mer s.

1.   Sel ect  t he st andar d cur r ent  t r ansf or mer  ( CT)  
pr i mar y r at i ng whi ch i s j ust  bel ow t he f ul l  l oad 
cur r ent  of  t he ser vi ng power  t r ansf or mer ,  i . e. ,  f or  
a 500 kVA t r ansf or mer  wi t h a f ul l  l oad of  1387 amps 
at  208 vol t s -  sel ect  a 1200/ 5 CT r at i o;  f or  a 750 
kVA t r ansf or mer  wi t h a f ul l  l oad of  902 amps at  480 
vol t s -  sel ect  a 800/ 5 CT r at i o.

2.   Sel ect  a cont i nuous- t her mal - cur r ent  r at i ng 
f act or  ( RF)  i n accor dance wi t h t he f ol l owi ng t abl e:

RATI O RF at  30 degr ees C

200/ 5 4. 0

300/ 5 3. 0

400/ 5 4. 0

600/ 5 3. 0

800/ 5 2. 0

1200/ 5 1. 5

1500/ 5 1. 5

2000/ 5 1. 5

3000/ 5 1. 33

3.   Sel ect  an ANSI  Met er i ng Accur acy Cl ass i n 
accor dance wi t h t he f ol l owi ng t abl e:

Pr i mar y Amp Rat i ng ( of  CT) Accur acy Cl ass

200 0. 3 t hr u B- 0. 1

300- 400 0. 3 t hr u B- 0. 2
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Pr i mar y Amp Rat i ng ( of  CT) Accur acy Cl ass

600- 1200 0. 3 t hr u B- 0. 5

1500 0. 3 t hr u B- 0. 9

2000- 3000 . 3 t hr u B- 1. 8

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Cur r ent  t r ansf or mer s must  conf or m t o I EEE C57. 13.   Pr ovi de cur r ent  
t r ansf or mer s wi t h a met er i ng accur acy Cl ass of  0. 3 t hr ough [ _____] ,  wi t h a 
mi ni mum RF of  [ _____]  at  30 degr ees C,  wi t h 600- vol t  i nsul at i on,  and 10 kV 
BI L.   Si ze cur r ent  t r ansf or mer s as i ndi cat ed.   Pr ovi de but yl - mol ded wi ndow 
t ype cur r ent  t r ansf or mer s mount ed [ on t he t r ansf or mer  l ow- vol t age 
bushi ngs.   Rout e cur r ent  t r ansf or mer  l eads i n a l ocat i on as r emot e as 
possi bl e f r om t he power  t r ansf or mer  secondar y cabl es t o per mi t  cur r ent  
measur ement s t o be t aken wi t h hook- on ammet er s. ]  [ i n t he cur r ent  
t r ansf or mer  cabi net . ]

2. 8. 3   Vol t age Tr ansf or mer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See UFC 3- 550- 01 f or  gui dance r egar di ng 
vol t age t r ansf or mer s.   Mi ni mum st andar d pot ent i al  
t r ansf or mer  accur aci es f or  met al - c l ad swi t chgear  ar e 
not  l i s t ed i n I EEE C37. 20. 2.   Accur acy c l asses as 
l i s t ed i n I EEE C57. 13 ar e 0. 3,  0. 6,  and 1. 2.   
St andar d bur dens f or  each accur acy c l ass ar e W,  X,  
Y,  Z,  ZZ,  and M.   The desi gner  shoul d check t he 
bur dens connect ed t o det er mi ne t he act ual  accur acy 
c l ass and bur den r equi r ed.   I n gener al ,  NEMA/ ANSI  
C12. 11 r equi r es 0. 3 accur acy c l ass f or  up t o Y 
bur dens,  except  f or  vol t ages of  5 kV and bel ow.   
Wher e met er i ng pot ent i al  t r ansf or mer s ar e pr ovi ded,  
a 0. 3 accur acy c l ass shoul d be speci f i ed,  i f  
avai l abl e f or  t he vol t age r at i ng and bur den needed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Vol t age t r ansf or mer s must  have i ndi cat ed r at i os.   Uni t s must  have an 
accur acy c l ass r at i ng of  [ _____] .   Vol t age t r ansf or mer s must  be of  t he 
dr awout  t ype havi ng cur r ent - l i mi t i ng f uses i n bot h pr i mar y and secondar y 
c i r cui t s.   Mechani cal  i nt er l ocks must  pr event  r emoval  of  f uses,  unl ess t he 
associ at ed vol t age t r ansf or mer  i s i n a dr awout  posi t i on.   Vol t age 
t r ansf or mer  compar t ment s must  have hi nged door s.

2. 9   AUXI LI ARY SUBSTATI ON EQUI PMENT

2. 9. 1   Vol t age Regul at or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bypass ar r est er s ar e nor mal l y st andar d 
equi pment .   I ncomi ng l i ne ar r est er s may not  be 
needed.   Coor di nat e wi t h manuf act ur er .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Vol t age r egul at or s must  compl y wi t h I EEE C57. 15 and must  be of  t he 
out door ,  sel f - cool ed,  55/ 65 degr ees C t emper at ur e r i se,  [ s i ngl e- phase]  
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[ t hr ee- phase]  st at i on- t ype.   Two si ngl e- phase uni t s connect ed i n 
open- del t a ar e not  accept abl e.   Wi ndi ngs and t he l oad- t ap- changi ng 
mechani sm must  be mi ner al - oi l - i mmer sed.   When oper at i ng under  l oad,  a 
r egul at or  must  pr ovi de pl us and mi nus 10 per cent  aut omat i c vol t age 
r egul at i on i n appr oxi mat el y 5/ 8 per cent  st eps,  wi t h 16 st eps above and 16 
st eps bel ow r at ed vol t age.   Aut omat i c cont r ol  equi pment  must  pr ovi de Cl ass 
1 accur acy.   Bypass sur ge ar r est er s must  be sui t abl e f or  [ a gr ounded]  [ an 
ungr ounded]  syst em and f or  t he associ at ed r egul at or  vol t age.   [ St at i on]  
[ I nt er medi at e]  c l ass sur ge ar r est er s must  be mount ed next  t o each i ncomi ng 
l i ne bushi ng on a r egul at or  t ank- mount ed br acket  and connect ed t o a sur ge 
ar r est er  gr ound pad- mount ed on t he r egul at or  t ank.

2. 9. 1. 1   Rat i ngs

Rat i ngs at  60 Hz

Maxi mum vol t age [ _____]

BI L [ _____]

Cur r ent [ _____]

2. 9. 1. 2   Bypass and I sol at i on Swi t ches

Swi t ches must  be of  t he out door ,  st i ck- oper at ed,  s i ngl e- pol e,  
s i ngl e- t hr ow,  ver t i cal - br eak t ype sui t abl e f or  t he i ndi ct ed mount i ng.   One 
swi t ch st i ck of  adequat e l engt h must  be pr ovi ded.   Swi t ches must  be of  a 
t ype desi gned t o pr ovi de bypass of  a s i ngl e- phase r egul at or  c i r cui t  by an 
i nt egr al  sequence whi ch al ways occur s when each swi t ch i s opened or  
c l osed.   Each openi ng sequence must  i ni t i al l y  bypass t he si ngl e- phase 
r egul at or  c i r cui t ,  t hen open t he i nput  and out put  c i r cui t s,  and f i nal l y 
i nt er r upt  t he exci t i ng cur r ent .   Openi ng any si ngl e- phase r egul at or  
c i r cui t  must  not  be possi bl e unt i l  af t er  t he bypass ci r cui t  i s  c l osed.   
Unl ess t he vol t age r egul at or  i s equi pped wi t h i nt egr al  l i ne sur ge 
pr ot ect i ve devi ces,  [ sur ge pr ot ect or s must  be mount ed acr oss t er mi nal s of  
each swi t ch r at ed up t o 25 kV. ]  [ st at i on- cl ass sur ge ar r est er s must  be 
pr ovi ded t o pr ot ect  each phase of  35 kV swi t ches. ]   Rat i ngs at  60 Hz must  
be i n accor dance wi t h I EEE C37. 41 and as f ol l ows:

Maxi mum vol t age [ _____]

Nomi nal  vol t age cl ass [ _____]

BI L [ _____]

Moment ar y asymmet r i cal  cur r ent  i n t he 
cl osed posi t i on

[ _____]

Moment ar y asymmet r i cal  cur r ent  i n t he 
bypass posi t i on

[ _____]

Cont i nuous and i nt er r upt i ng cur r ent [ _____]

2. 9. 1. 3   Mi scel l aneous

St andar d accessor i es and component s i n accor dance wi t h I EEE C57. 15 must  be 
pr ovi ded.   The r egul at or  subbase must  el evat e t he l owest  l i ve par t  of  t he 
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r egul at or  t o a hei ght  of  at  l east  2. 7 m 9 f eet  above t he concr et e pad on 
whi ch i t  i s  mount ed.   Si ngl e- phase uni t s must  be pr ovi ded wi t h addi t i onal  
component s and accessor i es r equi r ed by I EEE C57. 15 f or  t hr ee- phase uni t s.

2. 9. 2   St at i on Bat t er y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nor mal l y,  an 8- hour  r equi r ement  wi l l  be 
suf f i c i ent .   I ndi cat e r equi r ed annunci at or  syst em 
connect i ons on t he pr oj ect  dr awi ngs.   Coor di nat e 
bat t er y t ypes and char act er i st i cs wi t h t he 
manuf act ur er .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The st at i on bat t er y i nst al l at i on must  i ncl ude a bat t er y,  bat t er y r acks,  a 
bat t er y char ger ,  and pr ot ect i ve equi pment .   The st at i on bat t er y 
i nst al l at i on must  be housed [ i n t he met al - c l ad swi t chgear ]  [ wher e 
i ndi cat ed] .

2. 9. 2. 1   Bat t er y

Submi t  cal cul at i ons f or  t he bat t er y and associ at ed char ger  i ndi cat i ng t he 
basi s used i n def i ni ng l oads,  sel ect i ng cel l  t ypes,  and det er mi ni ng t he 
bat t er y amper e- hour  capaci t y and physi cal  s i ze.   Pr ovi de cal cul at i ons t o 
det er mi ne capaci t y f or  t he bat t er y char ger  t o be si mi l ar  t o t hose shown i n 
t he Appendi x t o I EEE 485,  i ncl udi ng expl anat or y dat a.   Cal cul at i ons f or  
t he bat t er y- char ger  must  demonst r at e t hat  t he out put  vol t age and cur r ent  
pr ovi ded ar e adequat e t o compl y wi t h t he pr ecedi ng r equi r ement s.   The 
bat t er y must  consi st  of  t he r equi r ed number  of  [ l ead- cal c i um]  
[ ni ckel - cadmi um]  cel l s i nt er connect ed wi t h pr oper  connect or s pr ovi ded by 
t he bat t er y manuf act ur er  t o pr ovi de a nomi nal  bat t er y r at i ng of  [ 48]  [ 125]  
vol t s.   Rubber  or  pl ast i c numer al s,  of  at  l east  25 mm 1 i nch i n hei ght ,  
must  be pr ovi ded by t he bat t er y manuf act ur er  f or  f i el d at t achment  t o 
per mi t  pr oper  cel l  i dent i f i cat i on.   The bat t er y must  have an amper e- hour  
capaci t y equal  t o at  l east  125 per cent  of  t he st at i on' s di r ect - cur r ent  
r equi r ement s i ncl udi ng nor mal  cont i nuous l oads pl us i nt er mi t t ent  l oads.   
Nor mal  cont i nuous l oad capaci t y must  be adequat e f or  an [ 8- hour ]  [ _____]  
per i od.  I nt er mi t t ent  l oad capaci t y must  be adequat e so t hat  at  l east  
[ t hr ee]  [ _____]  openi ngs and [ t hr ee]  [ _____]  c l osi ngs of  each of  t he 
st at i on' s associ at ed ci r cui t  br eaker s [ and mot or - oper at ed]  [ swi t ches]  can 
occur  i n [ an 8- hour ]  [ _____]  per i od wi t h no mor e t han [ t hr ee]  [ _____]  
c i r cui t  br eaker  [ or  swi t ch]  uni t s s i mul t aneousl y oper at i ng.   Bat t er y 
c i r cui t s must  be ungr ounded.   Bat t er i es must  have a 20- year  mi ni mum l i f e 
and a 5- year  no cost  r epl acement  war r ant y.

2. 9. 2. 2   Bat t er y Racks

Bat t er y r acks must  have wel ded st eel  f r ames and r ai l s f i ni shed wi t h t wo 
coat s of  pai nt  of  a col or  mat chi ng t he bat t er y char ger  encl osur e.   Racks 
must  be no mor e t han t wo t i er s hi gh and t op t i er s must  be l ow enough t o 
per mi t  mai nt enance t o be done by per sonnel  st andi ng at  f l oor  l evel .   Rai l s 
must  have a t op cover i ng of  pl ast i c or  r ubber  at  l east  1. 6 mm 1/ 16 i nch 
t hi ck.   Pai nt ,  r ubber ,  and pl ast i c must  r esi st  cor r osi on and act i on of  t he 
el ect r ol yt e.   The i nst al l at i on must  be pr ovi ded wi t h a por t abl e hydr omet er  
syr i nge and t her momet er .   Wher e r ecommended by t he manuf act ur er ,  t he 
i nst al l at i on must  i ncl ude a cel l  l i f t er .
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2. 9. 2. 3   Bat t er y Char ger

The bat t er y char ger  must  compl y wi t h UL 1236 and must  be a const ant  
vol t age,  f i l t er ed,  vol t age- r egul at ed,  f ul l y  aut omat i c t ype r at ed f or  
f ul l - f l oat  char gi ng of  t he associ at ed bat t er y.   The bat t er y char ger  must  
be convect i on cool ed and sui t abl e f or  oper at i on on el ect r i c power  suppl i ed 
f r om t he associ at ed l ow- vol t age al t er nat i ng- cur r ent  panel boar d,  must  have 
adequat e capaci t y t o f ul l y  r echar ge t he associ at ed depl et ed bat t er y i n not  
mor e t han [ 8 hour s]  [ _____]  whi l e suppl y i ng nor mal  di r ect - cur r ent  l oads,  
and must  have an ef f i c i ency of  not  l ess t han 90 per cent .   The bat t er y 
char ger  must  have i nput  and out put  c i r cui t  br eaker s whi ch aut omat i cal l y 
di sconnect  t he bat t er y char ger  when f aul t s occur .   The bat t er y char ger  
must  have an out put  ammet er  and vol t met er ,  and equal i z i ng- f l oat  sel ect or  
swi t ch,  and an equal i z i ng t i mer  wi t h a r ange of  0 t o 24 hour s.   The 
bat t er y char ger  encl osur e must  be pai nt ed as speci f i ed f or  i ndoor  cabi net s 
i n par agr aph CABI NETS AND ENCLOSURES and must  be pr ovi ded wi t h wal l  
mount i ng br acket s or  must  be f r ee- st andi ng as r equi r ed by i t s s i ze and 
wei ght .   A r el ay f or  sensi ng l oss of  al t er nat i ng- cur r ent  i nput ,  and an 
adj ust abl e r el ay f or  sensi ng t hat  t he bat t er y char ger  out put  vol t age has 
f al l en t o a pr e- set  l evel ,  must  be i nst al l ed on t he bat t er y char ger  t o 
act uat e t he associ at ed annunci at or  c i r cui t s.   DC gr ound det ect or  LED 
l i ght s must  be pr ovi ded.

2. 9. 2. 4   Pr ot ect i ve Equi pment

Pr ot ect i ve equi pment  r equi r ed by I EEE 484 must  be pr ovi ded and i nst al l ed 
i n a f r ee- st andi ng cabi net  mount ed wher e i ndi cat ed or  di r ect ed.  The 
cabi net  must  conf or m t o par agr aph CABI NETS AND ENCLOSURES.   Wat er  
f aci l i t i es r equi r ed must  be of  t he por t abl e t ype consi st i ng of  one 18. 9 
l i t er  5 gal l on t ank and one 946. 4 mi l l i l i t er  ( 1 quar t )  1 quar t  basi n.   The 
t ank must  have a r emovabl e scr ew t op and a spi got .   The basi n must  be 
sui t abl e f or  r i nsi ng eyes or  ski n i n case of  aci d spi l l age.

2. 9. 3   I l l umi nat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he appr opr i at e pages f r om CE St andar d 
Det ai l  40- 06- 04 i nt o t hi s speci f i cat i on.   Add 
r ef er ences used i n 40- 06- 04 t o par agr aph REFERENCES.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Lumi nai r es,  bal l ast s,  l amps,  and cont r ol  devi ces r equi r ed f or  [ gener al  
ar ea]  [ and]  [ _____]  l i ght i ng [ ,  i ncl udi ng f l oodl i ght i ng]  must  be i n 
accor dance wi t h sheet  [ _____]  sheet s [ _____]  of  St andar d Det ai l  No.   
40- 06- 04,  at t ached t o t hese speci f i cat i ons.

2. 9. 4   Annunci at or  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e component  mal f unct i ons r equi r i ng 
annunci at i on on t he dr awi ngs.   One st at i on v i sual  
i ndi cat i on l i ght  shoul d nor mal l y be l ocat ed at  each 
of  t he f our  cor ner  poi nt s of  t he f ence encl osur e.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The annunci at or  syst em must  consi st  of  t he st at i on' s audi bl e [ and vi sual ]  
i ndi cat or  and an annunci at or  cabi net .   The cabi net  must  house an 
annunci at or  dr op f or  each component  mal f unct i on i ndi cat ed pl us a syst em 
pushbut t on and f l asher  and must  be l ocat ed i n [ t he met al - c l ad swi t chgear  
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ai sl e]  [ wher e i ndi cat ed] .   [ [ _____]  spar e dr ops must  be i ncl uded. ]  
El ect r i cal  devi ces r equi r ed must  be r at ed f or  t he appl i cat i on and must  be 
sui t abl e f or  t he l ow- vol t age al t er nat i ng- cur r ent  avai l abl e as shown or  
speci f i ed.   Auxi l i ar y devi ces must  be pr ovi ded as necessar y f or  cor r ect  
oper at i on.

2. 9. 4. 1   St at i on Audi bl e and Vi sual  I ndi cat i on

One st at i on hor n [ and t he i ndi cat ed number  of  st at i on r ed al ar m l i ght s]  
must  be i nst al l ed wher e shown.   The st at i on hor n must  be weat her pr oof  and 
must  be of  t he r esonat i ng t ype havi ng an audi bl e out put  of  not  l ess t han 
100 dB at  3. 1 m 10 f eet .   St at i on l i ght s must  be LED t ype wi t h guar ds and 
r ed gl obes,  must  be UL l i s t ed as encl osed and gasket ed f or  use i n wet  
l ocat i ons,  and must  be of  a st y l e sui t abl e f or  t he i ndi cat ed mount i ng.   A 
hor n s i l enci ng r el ay must  be wi r ed i n ser i es wi t h t he hor n so t hat ,  af t er  
an adj ust abl e t i me del ay of  5 t o 15 mi nut es,  t he hor n must  be si l enced.   
Necessar y auxi l i ar y devi ces pr ovi ded i n conj unct i on wi t h t he hor n must  
per mi t  s i gnal i ng t o a r emot e cent r al  poi nt .

2. 9. 4. 2   Oper at i ng Modes

The syst em must  be wi r ed so t hat  when t he component  bei ng moni t or ed by an 
annunci at or  i s oper at i ng cor r ect l y,  t he associ at ed annunci at or  r el ay 
act uat es t he nor mal  mode,  and when t he component  mal f unct i ons,  t he 
associ at ed annunci at or  r el ay act uat es t he al er t  mode.   Dur i ng nor mal  mode 
no par t  of  t he syst em must  be ener gi zed by t he associ at ed annunci at or  
r el ay.   Upon equi pment  mal f unct i on,  t he al er t  mode must  ener gi ze t he 
syst em f l asher  whi ch must  t ur n t he associ at ed annunci at or s l i ght s on and 
of f ,  and sound t he st at i on hor n,  i ncl udi ng t ur ni ng on t he st at i on ext er i or  
v i sual  i ndi cat i on l i ght s.   Depr essi ng t he st at i on pushbut t on must  t ur n of f  
t he hor n,  t he st at i on v i sual  i ndi cat i on l i ght s,  and t he f l asher ,  but  must  
l eave t he associ at ed annunci at or  l i ght s on.   Cor r ect i on of  a mal f unct i on 
must  aut omat i cal l y r et ur n t he al ar m syst em t o t he nor mal  mode f or  t he 
associ at ed annunci at or  r el ay.   Tur ni ng t he syst em pushbut t on dur i ng a 
nor mal  mode must  s i mul at e an al er t  mode f or  al l  annunci at or  r el ays so t hat  
cor r ect  oper at i on of  annunci at or  l amps,  t he st at i on ext er i or  v i sual  
i ndi cat i on l i ght s,  t he syst em f l asher ,  and t he st at i on hor n can be checked.

2. 9. 4. 3   Annunci at or s

Annunci at or s must  compl y wi t h I SA 18. 1 and must  be sol i d- st at e l ogi c,  
modul ar ,  her met i cal l y seal ed,  pl ug- i n r el ays each wi t h t wo i nt egr al  
l ong- l i f e l amps f or  backl i ght i ng a whi t e t r ansl ucent  namepl at e wi ndow of  
not  l ess t han 75 by 75 mm 3 by 3 i nches.   Namepl at es must  have bl ack 
l et t er s at  l east  3 mm 1/ 8 i nch i n hei ght  and t he i nscr i pt i on must  mat ch 
t he i ndi cat ed mal f unct i on descr i pt i on.

2. 9. 4. 4   Ot her  Requi r ement s

The annunci at or  cabi net  must  be sui t abl e f or  t he i ndi cat ed l ocat i on and 
must  conf or m t o r equi r ement s speci f i ed her ei n f or  cabi net s.   The f l asher  
f r equency must  be bet ween 1 and 5 Hz.   The syst em pushbut t on must  be 
pr ovi ded wi t h a namepl at e i nscr i bed " PUSH TO SI LENCE"  and " TURN TO TEST. "

2. 10   CABI NETS AND ENCLOSURES

Cabi net s and encl osur es must  compl y wi t h NEMA 250 and must  be of  
gal vani zed st eel ,  must  be pr ovi ded wi t h hi nged door s,  and must  be sui t abl e 
f or  i ndoor  or  out door  i nst al l at i on as i ndi cat ed.   Wher e l ocat i ons ar e not  
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i ndi cat ed,  cabi net s must  be sui t abl e f or  out door  i nst al l at i on.   Thi ckness 
of  met al  and out door  const r uct i on must  be i n accor dance wi t h UL 50.   An 
i ndoor  cabi net  ext er i or  must  have one f i ni sh coat  and an out door  cabi net  
ext er i or  must  have t wo f i ni sh coat s.   Fi ni sh col or  must  be ANSI  61 l i ght  
gr ay.   The f i ni sh col or  of  out door  equi pment  must  be t he same unl ess 
ot her wi se appr oved.   Fi ni sh coat s must  be appl i ed over  a pr epar ed 
subst r at e.   Each cabi net  must  be a f r eest andi ng t ype or  may be suppor t ed 
by at t achment  t o an encl osur e f ence or  a swi t chgear  i nt er i or  wal l  wher e 
l ocat ed adj acent  t her et o.   A concr et e pad must  be pr ovi ded t o suppor t  any 
out door  cabi net  whose base ext ends t o wi t hi n 75 mm 3 i nches of  gr ade l evel  
and pads must  ext end at  l east  100 mm 4 i nches bel ow gr ade.

2. 11   MI SCELLANEOUS

2. 11. 1   Low- Vol t age Power  Ci r cui t  Br eaker s

2. 11. 1. 1   Power  Ci r cui t  Br eaker s

2. 11. 1. 1. 1   Const r uct i on

Low- vol t age power  c i r cui t  br eaker s must  conf or m t o I EEE C37. 13,  and 
I EEE C37. 16,  and must  be t hr ee- pol e,  s i ngl e- t hr ow,  st or ed ener gy,  
[ manual l y] [ el ect r i cal l y]  oper at ed,  wi t h dr awout  mount i ng.   Sol i d- st at e 
t r i p el ement s whi ch r equi r e no ext er nal  power  connect i ons must  be 
pr ovi ded.   Ci r cui t  br eaker s must  have an open/ cl ose cont act  posi t i on 
i ndi cat or ,  char ged/ di schar ged st or ed ener gy i ndi cat or ,  pr i mar y di sconnect  
devi ces,  and a mechani cal  i nt er l ock t o pr event  maki ng or  br eaki ng cont act  
of  t he pr i mar y di sconnect s when t he ci r cui t  br eaker  i s c l osed.   Cont r ol  
vol t age must  be [ 24 V dc] [ 48 V dc] [ 125 V dc] [ 120 V dc] [ as i ndi cat ed] .   The 
ci r cui t  br eaker  encl osur e must  be sui t abl e f or  i t s  i nt ended l ocat i on.

2. 11. 1. 1. 2   Rat i ngs

Vol t age- r at i ngs must  be not  l ess t han t he appl i cabl e c i r cui t  vol t age.   
Ci r cui t  br eaker s must  be r at ed f or  100 per cent  cont i nuous dut y and must  
have t r i p cur r ent  r at i ngs and f r ame si zes as shown.   Nomi nal  vol t age 
r at i ngs,  maxi mum shor t - c i r cui t  i nt er r upt i ng r at i ngs must  be i n accor dance 
wi t h I EEE C37. 16.   Tr i ppi ng f eat ur es must  be as f ol l ows:

a.  Long- t i me cur r ent  pi ck- up,  adj ust abl e f r om 50 per cent  t o 100 per cent  of  
sensor  cur r ent  r at i ng.

b.  Adj ust abl e l ong- t i me del ay.

c.  Shor t - t i me cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes l ong- t i me 
cur r ent  set t i ng.

d.   Adj ust abl e shor t - t i me del ay.

[ e.  Shor t - t i me I  squar e t i mes t  swi t ch. ]

[ e] [ f ] .  I nst ant aneous cur r ent  pi ck- up,  adj ust abl e f r om 1. 5 t o 9 t i mes 
l ong- t i me cur r ent  set t i ng.

[ f ] [ g] .  Gr ound- f aul t  pi ck- up,  adj ust abl e f r om 20 per cent  t o 60 per cent  of  
sensor  r at i ng,  but  i n no case gr eat er  t han 1200 amper es.   Sensi ng of  
gr ound- f aul t  cur r ent  at  t he mai n bondi ng j umper  or  gr ound st r ap must  
not  be per mi t t ed.   [ Zone- sel ect i ve i nt er l ocki ng must  be pr ovi ded as 
i ndi cat ed. ]
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[ g] [ h] .  [ Fi xed]  [ Adj ust abl e]  gr ound- f aul t  del ay.

[ [ h] [ i ] .  Gr ound- f aul t  I  squar e t i me t  swi t ch. ]

[ h] [ i ] [ j ] .  [ Over l oad]  [ and]  [ Shor t - c i r cui t ]  [ and]  [ Gr ound- f aul t ]  t r i p 
i ndi cat or s must  be pr ovi ded.

2. 11. 1. 2   Mol ded- Case Ci r cui t  Br eaker s

UL 489 and UL 489.

2. 11. 2   Wi r i ng

Wi r i ng bet ween separ at e i t ems of  st at i on equi pment  must  conf or m t o t he 
r equi r ement s of  Sect i on [ 33 71 01 OVERHEAD TRANSMI SSI ON AND DI STRI BUTI ON]  [
33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON] .   Sol i d wi r i ng may be used 
f or  conveni ence out l et s,  heat i ng el ement s,  and l i ght i ng c i r cui t s.   
Ot her wi se,  t he mi ni mum cl ass of  st r andi ng must  be Cl ass C.   Cl ass K 
st r andi ng must  be used f or  wi r i ng bet ween i t ems of  equi pment  mount ed on 
swi ngi ng panel s or  door s and i t ems mount ed on f i xed panel s or  par t s of  
f i xed assembl i es.   The i nsul at i on t ype must  be t he t ype SI S unl ess 
ot her wi se speci f i ed,  i ndi cat ed,  or  pr oposed and appr oved f or  use.   The 
mi ni mum wi r e gauge must  be No.  14 AWG,  except  No.  18 AWG may be used f or  
c i r cui t s t hat  use one amper e or  l ess.   Ci r cui t s r at ed l ess t han 115 vol t s 
ac or  125 vol t s dc may be wi r ed wi t h wi r i ng r at ed 300 vol t s- t o- gr ound.   
Ot her wi se,  al l  wi r i ng must  be r at ed f or  600 vol t s ac and 250 vol t s dc 
Cur r ent  t r ansf or mer  c i r cui t  wi r i ng must  be not  l ess t han No.  10 AWG.   
Wi r i ng f or  Cl ose and Tr i p c i r cui t s must  be not  l ess t han No.  8 AWG.   Wi r e 
mar ker s must  be af f i xed t o each end of  wi r es and must  cont ai n wi r e number  
or  desi gnat i ons shown on cont r act  or  det ai l  dr awi ngs,  or  as ot her wi se 
appr oved.   Wi r e number s must  al so be per manent l y mar ked on t er mi nal  bl ock 
mar ki ng st r i ps wher e wi r es ar e connect ed.   Onl y i nsul at ed- bar r el ,  
cr i mp- t ype,  r i ng l ugs must  be used.

2. 11. 3   Si ngl e- Li ne El ect r i cal  Di agr am

A si ngl e- l i ne el ect r i cal  di agr am of  t he st at i on must  be pr ovi ded.   The 
di agr am must  be encl osed bet ween mat t e- sur f ace t her mopl ast i c sheet s 
but t oned or  ot her wi se sui t abl y f ast ened t oget her  t o al l ow easy access t o 
t he di agr am f or  maki ng any f ut ur e changes.   The di agr am must  be sui t abl e 
f or  out door  mount i ng and must  be appr oxi mat el y 350 by 525 mm 14 by 21 
i nches unl ess anot her  s i ze i s appr oved.   The di agr am must  be at t ached wi t h 
t emper at ur e-  and moi st ur e- r esi st ant ,  pr essur e- sensi t i ve adhesi ve or  wi t h 
ot her  sui t abl e means t o t he i ndi cat ed l ocat i on at  t he met al - c l ad 
swi t chgear  l i neup,  except  when ot her wi se shown or  di r ect ed.

2. 11. 4   Li qui d Di el ect r i cs

Li qui d di el ect r i cs f or  t r ansf or mer s,  capaci t or s,  r ecl oser s,  and ot her  
l i qui d- f i l l ed el ect r i cal  equi pment  must  be non- pol ychl or i nat ed bi phenyl  
( PCB)  mi ner al - oi l  or  l ess- f l ammabl e l i qui d as speci f i ed.   Nonf l ammabl e 
f l ui ds must  not  be used.   Tet r achl or oet hyl ene ( per chl or oet hyl ene)  and 1,  
2,  4 Tr i chl or obenzene ( TCB)  f l ui d must  not  be used.   Li qui d di el ect r i cs i n 
r et r of i t t ed equi pment  must  be cer t i f i ed by t he manuf act ur er  as havi ng l ess 
t han 50 par t s- per - mi l l i on ( ppm)  PCB cont ent .   I n l i eu of  t he 
manuf act ur er ' s cer t i f i cat i on,  t he Cont r act or  may submi t  a t est  sampl e of  
t he di el ect r i c i n accor dance wi t h ASTM D923 and have t est s per f or med i n 
accor dance wi t h ASTM D4059at  a t est i ng f aci l i t y  appr oved by t he 
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Cont r act i ng Of f i cer .   Equi pment  wi t h t est  r esul t s i ndi cat i ng PCB l evel  
exceedi ng 50 ppm must  be r epl aced.

2. 11. 5   Danger  Si gns

One danger  s i gn i nscr i bed " DANGER- HI GH VOLTAGE"  must  be per manent l y and 
secur el y mount ed appr oxi mat el y 1. 5 m 5 f eet  above f i ni shed gr ade on each 
out war d si de of  t he f ence encl osur e.   Fast ener s must  be of  st ai nl ess 
st eel .   Si gns must  be of  met al  and must  have l et t er s of  at  l east  75 mm 3 
i nches i n hei ght .   Vol t age war ni ng si gns must  compl y wi t h I EEE C2.

2. 11. 6   Concent r i c- Lay- St r anded Conduct or s

Copper  conduct or s must  compl y wi t h ASTM B8 f or  sof t  dr awn copper .   
Equi val ent  al umi num conduct or s must  compl y wi t h ASTM B231/ B231M.

2. 11. 7   Condui t s,  Ri gi d Met al

Condui t s must  compl y wi t h UL 6.

2. 11. 8   Har dwar e

Fer r ous met al  t hr eaded i t ems must  compl y wi t h ASTM A153/ A153M and 
mi scel l aneous nont hr eaded i t ems must  compl y wi t h ASTM A123/ A123M.   Ot her  
equi val ent  pr ot ect i ve t r eat ment ,  as r equi r ed by ASTM A123/ A123M or  
ASTM A153/ A153M,  or  f er r ous met al s desi gned t o meet  ASTM St andar ds 
cover i ng cor r osi on- r esi st i ng st eel ,  wi l l  be per mi t t ed i f  appr oved i n 
wr i t i ng.

2. 11. 9   Padl ocks

Padl ocks must  compl y wi t h Sect i on 08 71 00 DOOR HARDWARE

2. 11. 10   Panel boar ds,  Ci r cui t - Br eaker  Type

Panel boar ds must  compl y wi t h NEMA PB 1,  UL 50 and UL 67.

2. 12   GROUNDI NG AND BONDI NG

2. 12. 1   Dr i ven Gr ound Rods

Gr ound r ods must  be [ copper - c l ad st eel  conf or mi ng t o UL 467]  [ z i nc- coat ed 
st eel  conf or mi ng t o I EEE C135. 30]  [ sol i d st ai nl ess st eel ]  not  l ess t han 
15. 9 mm 5/ 8 i nch i n di amet er  by 3. 1 m 10 f eet  i n l engt h [ of  t he sect i onal  
t ype] .

2. 12. 2   Gr oundi ng Conduct or s

Gr oundi ng conduct or s must  be bar e,  except  wher e i nst al l ed i n condui t  wi t h 
associ at ed phase conduct or s.   I nsul at ed conduct or s must  be of  t he same 
mat er i al  as t he phase conduct or s and gr een col or - coded,  except  t hat  
conduct or s must  be r at ed no mor e t han 600 vol t s.   Bar e conduct or s must  be 
ASTM B8 sof t - dr awn unl ess ot her wi se i ndi cat ed.   Al umi num i s not  accept abl e.

2. 13   SURGE ARRESTERS

Sur ge ar r est er s must  compl y wi t h NEMA LA 1,  and I EEE C62. 11,  and must  be 
pr ovi ded as i ndi cat ed.   Ar r est er s must  be 
[ st at i on] [ i nt er medi at e] [ di st r i but i on]  c l ass,  r at ed as shown. [   Ar r est er s 
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f or  use at  el evat i ons i n excess of  1. 8 km 6000 f eet  above mean sea l evel  
must  be speci f i cal l y r at ed f or  t hat  pur pose. ]   Ar r est er s must  be equi pped 
wi t h mount i ng br acket s f or  t he i ndi cat ed i nst al l at i ons.   Ar r est er s must  be 
of  t he [ val ve] [  or  ] [ met al - oxi de var i st or ] [  or  ] [ combi nat i on 
val ve- met al - oxi de var i st or ]  t ype sui t abl e f or  out door  i nst al l at i ons.

2. 14   COORDI NATED POWER SYSTEM PROTECTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement  f or  t he st udi es i n t hi s 
sect i on depends on t he compl exi t y and ext ent  of  t he 
power  syst em.   Del et e t hi s r equi r ement  f or :  pr oj ect s 
of  l i mi t ed scope;  pr oj ect s havi ng pr ot ect i ve devi ces 
whi ch ar e not  adj ust abl e or  f or  whi ch coor di nat i on 
i s not  possi bl e ( st andar d mol ded case ci r cui t  
br eaker s) ;  pr oj ect s i nvol v i ng s i mpl e ext ensi on of  
600 vol t  l evel  ser vi ce t o a bui l di ng or  f aci l i t y  
f r om an exi st i ng t r ansf or mer  ( 750 kVA or  l ess) ;  or  
pr oj ect s i nvol v i ng s i mpl e ext ensi on of  600 vol t  
l evel  ser vi ce t o a bui l di ng or  f aci l i t y  f r om a new 
t r ansf or mer  ( 750 kVA or  l ess) .

The desi gner  wi l l  be r esponsi bl e f or  showi ng and 
speci f y i ng t he r equi r ement s f or  f uses,  c i r cui t  
br eaker s,  pr ot ect i ve r el ays,  or  ot her  pr ot ect i ve 
devi ces associ at ed wi t h t he pr oj ect .   The pr ot ect i ve 
devi ces shoul d be sel ect ed and speci f i ed t o pr ot ect  
el ect r i cal  power  syst em conduct or s or  equi pment  
agai nst  sust ai ned over l oads,  i n- r ush condi t i ons,  
el ect r i cal  f aul t s,  or  ot her  abnor mal  power  syst em or  
equi pment  oper at i ng condi t i ons,  i n accor dance wi t h 
UFC 3- 520- 01,  I EEE 242,  and I EEE St d 141.

The compl exi t y and ext ent  of  coor di nat ed power  
syst em pr ot ect i on depends on t he t ype of  bui l di ngs 
or  f aci l i t i es or  ut i l i t i es r equi r ed,  on t he l oad 
demand of  f aci l i t i es,  and on t he quant i t y and t ypes 
of  f aci l i t i es t o be const r uct ed.   Faci l i t i es havi ng 
a r el at i vel y- l ow power  demand ( e. g. ,  2, 500 kVA or  
l ess)  gener al l y r equi r e pr ot ect i on of :   an i ncomi ng 
aer i al  di st r i but i on l i ne or  under gr ound 
medi um- vol t age f eeder ;  l ow- vol t age f eeder s t o 
i ndi v i dual  i t ems of  equi pment ,  or  t o power  
di st r i but i on equi pment ;  and br anch ci r cui t s.   Mor e 
compl ex pr oj ect s such as f aci l i t i es wi t h gener at i ng 
capaci t y,  l ar ge mot or s,  or  l ar ger  l oad demands,  wi l l  
r equi r e mor e det ai l ed and ext ensi ve coor di nat ed 
power  syst em pr ot ect i on.

I ndependent  of  t he t ype or  t ypes of  f aci l i t i es or  
l oad demands,  t he coor di nat ed power  syst em 
pr ot ect i on wi l l  be based on:   economi cs,  s i mpl i c i t y,  
and t he el ect r i cal  power  avai l abi l i t y  di ct at ed by 
t he Usi ng Agency or  Ser vi ce,  or  by t he f unct i onal  
use of  t he f aci l i t i es or  ut i l i t i es;  r equi r ed t o 
pr ovi de maxi mum power  ser vi ce wi t h a mi ni mum of  
power  i nt er r upt i ons;  and t he oper at i ng speed of  
pr ot ect i ve devi ces r equi r ed t o mi ni mi ze damage t o 
el ect r i cal  component s or  i t ems of  equi pment  and t o 
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pr event  i nj ur y t o per sonnel  and nui sance t r i ppi ng.

Unl ess ot her wi se appr oved,  a dc power  sour ce wi l l  be 
shown and speci f i ed t o ensur e pr oper  c l osi ng and 
t r i ppi ng of  pr ot ect i ve devi ces whi ch r equi r e a 
r el i abl e power  sour ce dur i ng out age of  t he nor mal  
al t er nat i ng- cur r ent  power  sour ce.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Anal yses must  be pr epar ed t o demonst r at e t hat  t he equi pment  sel ect ed and 
syst em const r uct ed meet  t he cont r act  r equi r ement s f or  equi pment  r at i ngs,  
coor di nat i on,  and pr ot ect i on.   They must  i ncl ude a l oad f l ow anal ysi s,  a 
f aul t  cur r ent  anal ysi s,  and a pr ot ect i ve devi ce coor di nat i on st udy.   The 
st udi es must  be per f or med by a r egi st er ed pr of essi onal  engi neer  wi t h 
demonst r at ed exper i ence i n power  syst em coor di nat i on i n t he l ast  t hr ee 
year s.   Pr ovi de a l i s t  of  r ef er ences compl et e wi t h poi nt s of  cont act ,  
addr esses,  and t el ephone number s.   The sel ect i on of  t he engi neer  i s 
subj ect  t o t he appr oval  of  t he Cont r act i ng Of f i cer .

2. 14. 1   Scope of  Anal yses

The f aul t  cur r ent  anal ysi s,  and pr ot ect i ve devi ce coor di nat i on st udy must  
begi n at :   [ t he sour ce bus and ext end down t o syst em buses wher e f aul t  
avai l abi l i t y  i s  10, 000 amper es ( symmet r i cal )  f or  bui l di ng/ f aci l i t y  600 
vol t  l evel  di st r i but i on buses. ]  [ t he sour ce bus and ext ended t hr ough t he 
secondar y s i de of  t r ansf or mer s f or  medi um vol t age di st r i but i on f eeder s. ]  
[ t he sour ce bus and ext end t hr ough [ out goi ng br eaker s]  [ out goi ng medi um 
vol t age f eeder s,  down t o t he i ndi v i dual  pr ot ect i ve devi ces f or  medi um 
vol t age r adi al  t aps]  [ out goi ng medi um vol t age f eeder s,  t hr ough t he 
secondar y s i de of  t r ansf or mer s]  [ as i ndi cat ed]  f or  mai n el ect r i c suppl y 
subst at i ons. ]  [ t he near est  upst r eam devi ce i n t he exi st i ng sour ce syst em 
and ext end t hr ough t he downst r eam devi ces at  t he l oad end. ]

2. 14. 2   Det er mi nat i on of  Fact s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Requi r e t he Cont r act or  t o obt ai n an avai l abl e 
f aul t  capaci t y at  t he power  sour ce or  pr ovi de a 
f aul t  capaci t y on whi ch he i s t o base hi s anal ysi s.   
Del et e t he unused opt i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The t i me- cur r ent  char act er i st i cs,  f eat ur es,  and namepl at e dat a f or  each 
exi st i ng pr ot ect i ve devi ce must  be det er mi ned and document ed.   [ Coor di nat e 
wi t h t he [ commer ci al  power  company]  [ _____]  f or  f aul t  cur r ent  avai l abi l i t y  
at  t he s i t e. ]   [ Ut i l i ze t he f aul t  cur r ent  avai l abi l i t y  i ndi cat ed as a 
basi s f or  f aul t  cur r ent  st udi es. ]

2. 14. 3   Si ngl e Li ne Di agr am

A si ngl e l i ne di agr am must  be pr epar ed t o show t he el ect r i cal  syst em 
buses,  devi ces,  t r ansf or mat i on poi nt s,  and al l  sour ces of  f aul t  cur r ent  
( i ncl udi ng gener at or  and mot or  cont r i but i ons) .   A f aul t - i mpedance di agr am 
or  a comput er  anal ysi s di agr am may be pr ovi ded.   Each bus,  devi ce,  or  
t r ansf or mat i on poi nt  must  have a uni que i dent i f i er .   I f  a f aul t - i mpedance 
di agr am i s pr ovi ded,  i mpedance dat a must  be shown.   Locat i ons of  swi t ches,  
br eaker s,  and ci r cui t  i nt er r upt i ng devi ces must  be shown on t he di agr am 
t oget her  wi t h avai l abl e f aul t  dat a,  and t he devi ce i nt er r upt i ng r at i ng.
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2. 14. 4   Faul t  Cur r ent  Anal ysi s

2. 14. 4. 1   Met hod

The f aul t  cur r ent  anal ysi s must  be per f or med i n accor dance wi t h met hods 
descr i bed i n I EEE 242,  and I EEE 399.

2. 14. 4. 2   Dat a

Act ual  dat a must  be ut i l i zed i n f aul t  cal cul at i ons.   Bus char act er i st i cs 
and t r ansf or mer  i mpedances must  be t hose pr oposed.   Dat a must  be 
document ed i n t he r epor t .

2. 14. 4. 3   Faul t  Cur r ent  Avai l abi l i t y

Bal anced t hr ee- phase f aul t ,  bol t ed l i ne- t o- l i ne,  and l i ne- t o- gr ound f aul t  
cur r ent  val ues must  be pr ovi ded at  each vol t age t r ansf or mat i on poi nt  and 
at  each power  di st r i but i on bus.   The maxi mum and mi ni mum val ues of  f aul t  
avai l abl e at  each l ocat i on must  be shown i n t abul ar  f or m on t he di agr am or  
i n t he r epor t .

2. 14. 5   Coor di nat i on St udy

Submi t  Coor di nat i on St udy al ong wi t h pr ot ect i ve devi ce equi pment  
submi t t al s.   No t i me ext ensi ons or  s i mi l ar  cont r act  modi f i cat i ons wi l l  be 
gr ant ed f or  wor k ar i s i ng out  of  t he r equi r ement s f or  t hi s st udy.   Appr oval  
of  pr ot ect i ve devi ces pr oposed must  be based on r ecommendat i ons of  t hi s 
st udy.   The Gover nment  wi l l  not  be hel d r esponsi bl e f or  any changes t o 
equi pment ,  devi ce r at i ngs,  set t i ngs,  or  addi t i onal  l abor  f or  i nst al l at i on 
of  equi pment  or  devi ces or der ed and pr ocur ed pr i or  t o appr oval  of  t he 
st udy.   The st udy must  demonst r at e t hat  t he maxi mum possi bl e degr ee of  
sel ect i v i t y has been obt ai ned bet ween devi ces speci f i ed,  consi st ent  wi t h 
pr ot ect i on of  equi pment  and conduct or s f r om damage f r om over l oads and 
f aul t  condi t i ons.   The st udy must  i ncl ude a descr i pt i on of  t he 
coor di nat i on of  t he pr ot ect i ve devi ces i n t hi s pr oj ect .   Pr ovi de a wr i t t en 
nar r at i ve t hat  descr i bes:  whi ch devi ces may oper at e i n t he event  of  a 
f aul t  at  each bus;  t he l ogi c used t o ar r i ve at  devi ce r at i ngs and 
set t i ngs;  s i t uat i ons wher e syst em coor di nat i on i s not  achi evabl e due t o 
devi ce l i mi t at i ons ( an anal ysi s of  any devi ce cur ves whi ch over l ap) ;  
coor di nat i on bet ween upst r eam and downst r eam devi ces;  and r el ay set t i ngs.   
Recommendat i ons t o i mpr ove or  enhance syst em r el i abi l i t y ,  and det ai l  wher e 
such changes woul d i nvol ve addi t i ons or  modi f i cat i ons t o t he cont r act  and 
cost  changes ( addi t i on or  r educt i on)  must  be pr ovi ded.   Composi t e 
coor di nat i on pl ot s must  be pr ovi ded on l og- l og gr aph paper .

2. 14. 6   St udy Repor t

a.   The r epor t  must  i ncl ude a nar r at i ve descr i bi ng:   t he anal yses 
per f or med;  t he bases and met hods used;  and t he desi r ed met hod of  
coor di nat ed pr ot ect i on of  t he power  syst em.

b.   The st udy must  i ncl ude descr i pt i ve and t echni cal  dat a f or  exi st i ng 
devi ces and new pr ot ect i ve devi ces pr oposed.   The dat a must  i ncl ude 
manuf act ur er s publ i shed dat a,  namepl at e dat a,  and def i ni t i on of  t he 
f i xed or  adj ust abl e f eat ur es of  t he exi st i ng or  new pr ot ect i ve devi ces.

c.   The r epor t  must  document  [ ut i l i t y  company dat a i ncl udi ng syst em 
vol t ages,  f aul t  MVA,  syst em X/ R r at i o,  t i me- cur r ent  char act er i st i c 
cur ves,  cur r ent  t r ansf or mer  r at i os,  and r el ay devi ce number s and 
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set t i ngs; ]  [ and]  [ exi st i ng power  syst em dat a i ncl udi ng t i me- cur r ent  
char act er i st i c cur ves and pr ot ect i ve devi ce r at i ngs and set t i ngs. ]

d.   The r epor t  must  cont ai n f ul l y  coor di nat ed composi t e t i me- cur r ent  
char act er i st i c cur ves f or  each bus i n t he syst em,  as r equi r ed t o 
ensur e coor di nat ed power  syst em pr ot ect i on bet ween pr ot ect i ve devi ces 
or  equi pment .   The r epor t  must  i ncl ude r ecommended r at i ngs and 
set t i ngs of  al l  pr ot ect i ve devi ces i n t abul at ed f or m.

e.   The r epor t  must  pr ovi de t he cal cul at i ons per f or med f or  t he anal yses,  
i ncl udi ng comput er  anal ysi s pr ogr ams ut i l i zed.   The name of  t he 
sof t war e package,  devel oper ,  and ver si on number  must  be pr ovi ded.

2. 15   FACTORY TESTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t est s t hat  ar e not  appl i cabl e t o t he 
pr oj ect .   Ref er  t o UFC 3- 550- 01 f or  gui dance.   Test s 
must  be j ust i f i ed.   Del et e t r ansf or mer  l osses t est  
when l osses ar e not  speci f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Fact or y t est s must  be per f or med,  as f ol l ows,  i n accor dance wi t h t he 
appl i cabl e publ i cat i ons and wi t h ot her  r equi r ement s of  t hese 
speci f i cat i ons.   The Cont r act i ng Of f i cer  must  be not i f i ed at  l east  [ 10]  
[ _____]  days bef or e t he equi pment  i s r eady f or  t est i ng.   The Cont r act i ng 
Of f i cer  r eser ves t he r i ght  t o wi t ness t he t est s.

2. 15. 1   Power  Tr ansf or mer

Manuf act ur er ' s st andar d [ r out i ne]  [ desi gn]  [ and]  [ ot her ]  t est s i n 
accor dance wi t h I EEE C57. 12. 00.   Reduce f ul l - wave,  chopped- wave,  and 
f ul l - wave i mpul se t est  on each l i ne [ and neut r al ]  t er mi nal ,  i n accor dance 
wi t h I EEE C57. 98.   Test s f or  t r ansf or mer  l osses i n accor dance wi t h 
I EEE C57. 12. 90.

2. 15. 2   Hi gh- Vol t age Ci r cui t  Br eaker s

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C37. 09 and 
I EEE C37. 081.

2. 15. 3   Hi gh- Vol t age Ai r  Swi t ches

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C37. 34 and 
I EEE C37. 41.

2. 15. 4   Pr ot ect i ve Rel ays

Sei smi c t est s i n accor dance wi t h I EC 60255- 21- 3.   Sur ge wi t hst and t est s i n 
accor dance wi t h I EEE C37. 90. 1.

2. 15. 5   Rel ayi ng Cur r ent  Tr ansf or mer s

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C57. 13.

2. 15. 6   I nst r ument  Cur r ent  Tr ansf or mer s

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C57. 13.
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2. 15. 7   Vol t age Regul at or s

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C57. 15.

2. 15. 8   Hi gh- Vol t age Fuses

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE C37. 41.

2. 15. 9   Neut r al  Gr oundi ng Resi st or

Manuf act ur er ' s st andar d t est s i n accor dance wi t h I EEE 32.

2. 15. 10   El ect r i cal  Power  I nsul at or s

Manuf act ur er ' s st andar d t est s i n accor dance wi t h ANSI  C29. 1.

2. 15. 11   Fact or y Test  Submi t t al  Package

Submi t  [ 6]  [ _____]  copi es of  t he i nf or mat i on descr i bed bel ow i n 215. 9 by 
279. 4 mm 8- 1/ 2 by 11 i nch bi nder s havi ng a mi ni mum of  5 r i ngs f r om whi ch 
mat er i al  may r eadi l y be r emoved and r epl aced,  i ncl udi ng a separ at e sect i on 
f or  each t est .   Sect i ons must  be separ at ed by heavy pl ast i c di v i der s wi t h 
t abs.

a.   A l i s t  of  al l  equi pment  used,  wi t h cal i br at i on cer t i f i cat i ons.

b.   A copy of  al l  measur ement s t aken.

c.   The dat es of  t est i ng.

d.   The equi pment  and val ues t o be ver i f i ed.

e.   The condi t i on speci f i ed f or  t he t est .

f .   The t est  r esul t s,  s i gned and dat ed.

g.   A descr i pt i on of  al l  adj ust ment s made.

2. 16   SUBSTATI ON AUTOMATI ON AND CONTROLS

The subst at i on must  be Super vi sor y Cont r ol  and Dat a Acqui s i t i on ( SCADA)  
r eady.  I nput / out put  ( I / O)  modul es connect ed t o t he subst at i on equi pment  
gat her s t he f i el d dat a,  i ncl udi ng,  but  not  l i mi t ed t o,  st at us of  swi t ches,  
c i r cui t  br eaker s,  t r ansf or mer s,  bat t er i es,  vol t age magni t udes,  cur r ent  
magni t udes,  power  f act or ,  r eal  power ,  appar ent  power .  RTUs col l ect  I / O 
dat a and t r ansf er  t hat  dat a t o t he r emot e mast er  uni t  and oper at or  
i nt er f ace panel  v i a net wor k i nt er f ace modul es.  Al l  component s must  be 
sui t abl e f or  use i n t he envi r onment  i n whi ch t he subst at i on i s l ocat ed.  
The SCADA syst em wi l l  be used t o moni t or  and cont r ol  t he f ol l owi ng 
subst at i on component s,  pr ovi de sui t abl e sensor s and auxi l i ar y swi t ches as 
r equi r ed f or  each component  t o be moni t or ed or  cont r ol l ed.

a.   Ci r cui t  br eaker  moni t or i ng of  br eaker  posi t i on ( i . e.  open,  c l osed or  
t r i pped) .

b.   Ci r cui t  br eaker  r emot e cont r ol  ( i . e.  open or  c l ose) .

c.   St at i on Bat t er y al ar m poi nt  moni t or i ng.
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d.   Subst at i on al ar m moni t or i ng.

e.   Load i nt er r upt er  swi t ch moni t or i ng of  swi t ch posi t i on.

f .   Load i nt er r upt er  swi t ch SF6 gas densi t y moni t or i ng.

g.   Tr ansf or mer  oi l  and wi ndi ng t emper at ur es.

2. 16. 1   Remot e Ter mi nal  Uni t s ( RTU’ s)

RTUs consi st  of  r eal - t i me pr ogr ammabl e l ogi c cont r ol l er s ( PLCs)  whi ch ar e 
r esponsi bl e f or  pr oper l y conver t i ng subst at i on i nf or mat i on t o di gi t al  f or m 
t o t r ansmi t  t he dat a and al so conver t  t he r ecei ved si gnal s f r om mast er  
uni t s i n or der  t o cont r ol  t he pr ocess equi pment  t hr ough act uat or s and 
swi t chboxes.  Pr ovi de RTU’ s t hat  have a di r ect  connect i on wi t h var i ous 
sensor s,  met er s and act uat or s associ at ed wi t h t he subst at i on.  

2. 16. 2   Mast er  Ter mi nal  Uni t s ( MTUs)

A cent r al  host  ser ver  r ef er r ed t o as a Mast er  Ter mi nal  Uni t ,  i s  SCADA 
syst em cent r al  poi nt  of  cont r ol .  I t  communi cat es wi t h RTUs by per f or mi ng 
r eadi ng and wr i t i ng oper at i ons dur i ng schedul ed scanni ng.  I n addi t i on,  i t  
per f or ms cont r ol ,  al ar mi ng,  net wor ki ng wi t h ot her  nodes.

2. 16. 3   Communi cat i ons Syst em

The communi cat i on net wor k t r ansf er s dat a among cent r al  host  comput er  
ser ver s and t he f i el d dat a i nt er f ace devi ces and cont r ol  uni t s.  The medi um 
of  t r ansf er  can be cabl e,  r adi o,  t el ephone,  sat el l i t e or  any combi nat i on 
of  t hese.

2. 16. 4   Oper at or  I nt er f ace Panel

The oper at or  i nt er f ace panel  consi st s of  st andar d HMI  ( Human Machi ne 
I nt er f ace)  t ouchscr een panel   The oper at or  i nt er f ace panel  di spl ays al l  
dat a capt ur ed at  t he i nput / out put  ( I / O)  modul es and al l ows f or  cont r ol l ed 
of  each devi ce t hat  i s i nt er f aced wi t h t he SCADA syst em.  The oper at or  
i nt er f ace panel  must  be mount ed on t he subst at i on assembl y i n a dedi cat ed 
cont r ol s cubi c l e.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h det ai l s of  t he wor k,  ver i f y di mensi ons i n t he 
f i el d,  and not i f y t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng any wor k.

3. 2   GENERAL I NSTALLATI ON REQUI REMENTS

I nst al l  and ener gi ze equi pment  and devi ces i n accor dance wi t h t he 
manuf act ur er ' s publ i shed i nst r uct i ons.   Submi t  i nst al l at i on pr ocedur es f or  
st at i on buses and i nsul at or s,  st at i on st r uct ur es,  t r ansf or mer s,  
swi t chgear ,  bat t er y syst em,  vol t age r egul at or s and gr oundi ng r esi st or s,  as 
a mi ni mum.   Pr ocedur es must  i ncl ude di agr ams,  i nst r uct i ons,  and 
pr ecaut i ons r equi r ed t o i nst al l ,  adj ust ,  cal i br at e,  and t est  t he devi ces 
and equi pment .   Ci r cui t s i nst al l ed i n condui t s or  under gr ound and spl i ces 
and t er mi nat i ons f or  medi um- vol t age cabl e must  conf or m t o t he r equi r ement s 
of  Sect i on 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON.   Secondar y 
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ci r cui t s i nst al l ed i n condui t  on pol es must  conf or m t o t he r equi r ement s of  
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 2. 1   Conf or mance t o Codes

The i nst al l at i on must  compl y wi t h t he r equi r ement s and r ecommendat i ons of  
NFPA 70 and I EEE C2.

3. 2. 2   Concr et e Foundat i ons

3. 2. 2. 1   St r uct ur e Foundat i on I nst al l at i on

Bol t  each col umn t o a concr et e f oundat i on by at  l east  f our  bol t s spaced t o 
t r ansmi t  st r uct ur e st r esses t o t he f oundat i on.   Di amet er s and l engt hs of  
f oundat i on bol t s must  be as r ecommended by t he st r uct ur e manuf act ur er .   
Embed bol t s i n concr et e i n a manner  t o devel op t hei r  f ul l  s t r engt h.   
Anchor  bol t s must  be accur at el y set  i n f oundat i ons usi ng t empl at es 
suppl i ed by t he st r uct ur e manuf act ur er .   When concr et e has cur ed,  
st r uct ur e basepl at es must  be l evel ed and gr out ed i n pl ace.   Col umns must  
t hen be set  on basepl at es,  l evel ed on f oundat i ons,  and secur ed wi t h 
hol di ng nut s.   Concr et e wor k and gr out i ng must  compl y wi t h t he 
r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

3. 2. 2. 2   Concr et e Pads

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  al l ow r ect angul ar  hol es i n t he 
concr et e pad i f  r odent  i nt r usi on i s a pr obl em.   
Speci f y concr et e pad r ei nf or ci ng r equi r ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Const r uct  concr et e pads f or  pad- mount ed el ect r i cal  equi pment  as 
i ndi cat ed.   Tops of  concr et e pads must  be l evel  and must  pr oj ect  f our  
i nches above f i ni shed [ f l oor ]  [ pavi ng or  gr ade]  and sl oped t o dr ai n.   Set  
condui t s f or  pr i mar y,  secondar y,  and gr oundi ng conduct or s i n pl ace pr i or  
t o pl aci ng of  concr et e pads.   Concr et e wor k must  compl y wi t h t he 
r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

a.   I f  t he equi pment  pr i mar y compar t ment  i s not  of  suf f i c i ent  hei ght  t o 
al l ow t he i nst al l at i on of  t he medi um- vol t age t er mi nat or s,  l oad br eak 
el bows or  swi t ches,  pr ovi de adequat e space by pr ovi di ng a r ect angul ar  
hol e i n t he concr et e pad bel ow t he pr i mar y compar t ment  [ and] [ or ]  a 
f act or y pr ef abr i cat ed st eel  adj ust ment  r i ng ar ound t he ent i r e 
per i met er  of  t he base of  t he equi pment .   St eel  r i ngs must  be f act or y 
manuf act ur ed t o f i t  t he base of  t he equi pment  of  whi ch t hey suppor t  
and must  be f act or y pai nt ed t o mat ch t he equi pment  encl osur e.   St eel  
base r i ngs must  be const r uct ed usi ng t he same or  gr eat er  t hi ckness of  
st eel  as t he equi pment  bei ng suppor t ed.

b.   Concr et e pads t o suppor t  pad mount ed el ect r i cal  equi pment  must  be 
r ei nf or ced [ wi t h [ _____]  mm i nch st eel  r ei nf or ci ng r ods at  [ _____]  mm 
i nches,  on cent er ,  each way]  [ _____] .   Wher e gr oundi ng el ect r ode 
conduct or s ar e i nst al l ed t hr ough concr et e pads,  PVC condui t  s l eeves 
must  be i nst al l ed t hr ough t he concr et e t o pr ovi de physi cal  
pr ot ect i on.   When t he i nst al l at i on i s compl et e,  seal  al l  condui t  and 
ot her  ent r i es i nt o t he equi pment  housi ng wi t h an appr oved seal i ng 
compound.   Seal s must  be of  suf f i c i ent  st r engt h and dur abi l i t y  t o 
pr ot ect  al l  ener gi zed l i ve par t s of  t he equi pment  f r om r odent s,  
i nsect s,  and f or ei gn mat t er .
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3. 2. 3   Fenci ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  wi l l  pr ovi de det ai l  f or  f ence 
gr oundi ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

The st at i on must  be encl osed by chai n- l i nk f ence as shown.   Fenci ng i s 
speci f i ed i n Sect i on 32 31 13 CHAI N LI NK FENCES AND GATES and must  be 
gr ounded i n accor dance wi t h par agr aph GROUNDI NG.

3. 2. 4   Sur f ace Tr eat ment

Hor i zont al  spaces bet ween concr et e f oundat i ons or  pads and f ences must  be 
excavat ed t o mi ni mum dept h of  [ 150]  [ _____]  mm [ s i x]  [ _____]  i nches bel ow 
f i ni shed gr adel i nes,  must  be gr aded t o l evel  sur f aces,  and f i l l ed wi t h 
wel l - compact ed cl ean coar se gr avel  or  cr ushed st one of  13 t o 38 mm 1/ 2 t o 
1- 1/ 2 i nches i n s i ze up t o f i ni shed gr adel i nes.

3. 2. 5   Spar e Accessor y St or age

A cabi net  must  be pr ovi ded f or  st or age of  equi pment  accessor i es as 
necessar y,  i ncl udi ng spar e f uses,  f use t ongs,  swi t ch st i cks,  and ot her  
t ool s and l ocat ed wher e i ndi cat ed.   Shel ves or  ot her  appr opr i at e 
suppor t i ng met hods must  pr ovi de an i ndi v i dual  space f or  each t ype of  i t em 
st or ed.

3. 2. 6   Fi r e Ext i ngui sher  St or age

An out door  cabi net  f or  housi ng a Gover nment - pr ovi ded,  hand- oper at ed,  
sel f - expel l ent ,  car bon di oxi de f i r e ext i ngui sher  of  4. 5 t o 6. 8 kg 10 t o 15 
pounds capaci t y f or  Cl ass C f i r es must  be pr ovi ded and l ocat ed as 
appr oved.   The cabi net  must  have a gl ass cover  door  and be pai nt ed r ed.

3. 2. 7   Fi el d Wel di ng

Pr ocedur es and wel der s must  be qual i f i ed i n accor dance wi t h AWS D1. 1/ D1. 1M
f or  st r uct ur al  wel di ng and ASME BPVC SEC I X f or  wel di ng of  equi pment .   
Wel di ng pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s 
qual i f i ed by a pr evi ousl y qual i f i ed empl oyer  may be accept ed as per mi t t ed 
by ASME B31. 3.   Not i f y t he Cont r act i ng Of f i cer  24 hour s i n advance of  
t est s;  per f or m t he t est s at  t he wor k s i t e i f  pr act i cal .   The Cont r act i ng 
Of f i cer  must  be pr ovi ded wi t h a copy of  qual i f y i ng pr ocedur es and a l i s t  
of  names and i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng 
oper at or s.   The wel der  or  wel di ng oper at or  must  appl y hi s assi gned symbol  
near  each wel d he makes as a per manent  r ecor d.   [ St r uct ur al  member s must  
be wel ded i n accor dance wi t h Sect i on 05 05 23. 16 STRUCTURAL WELDI NG. ]  
[ Wel di ng and nondest r uct i ve t est i ng pr ocedur es ar e speci f i ed i n Sect i on 
40 05 13. 96 WELDI NG PROCESS PI PI NG. ]  Gas- met al  ar c wel di ng must  be 
per f or med by wel der s cer t i f i ed t o per f or m gas- met al  ar c wel di ng.

3. 2. 8   Connect i ons t o Ut i l i t y  Li nes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph wi l l  be f ur t her  devel oped t o 
sui t  t he condi t i ons of  any connect i ons r equi r ed t o 
t he ser vi ng ut i l i t y ' s l i nes.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Coor di nat e t he wor k wi t h t he Cont r act i ng Of f i cer  and pr ovi de f i nal  
connect i ons t o t he [ ut i l i t y ]  [ i nst al l at i on]  el ect r i c l i nes.

3. 2. 9   Di sposal  of  Li qui d Di el ect r i cs

PCB cont ami nat ed di el ect r i cs must  be mar ked as PCB and t r anspor t ed t o and 
i nci ner at ed by an appr oved EPA wast e di sposal  f aci l i t y .   Fur ni sh 
cer t i f i cat i on of  pr oper  di sposal .   Cont ami nat ed di el ect r i c must  not  be 
di l ut ed t o l ower  t he cont ami nat i on l evel .

3. 3   EQUI PMENT I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e ANSI  r ef er ence i f  t r ansf or mer  i s l ess 
t han 10 MVA or  not  l i qui d- f i l l ed.   Speci f y phase 
sequence i n accor dance wi t h t he l ocal  pr act i ce.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3. 3. 1   Tr ansf or mer  St at i ons

I nst al l  t r ansf or mer  st at i ons i n accor dance wi t h I EEE C57. 93,  
f ence- encl osed t ype and mount ed on concr et e pads.   Thr ee- phase t r ansf or mer  
i nst al l at i ons must  be i nst al l ed wi t h [ _____]  phase sequence.   Pr i mar y t aps 
must  be set  i n accor dance wi t h t he coor di nat i on st udy.

3. 3. 2   Equi pment  Fi ni shes

Equi pment  must  be car ef ul l y i nst al l ed so as not  t o scr at ch f i ni shes.   
Af t er  i nst al l at i on,  f i ni shed sur f aces must  be i nspect ed and scr at ches 
t ouched up wi t h a f i ni sh pr ovi ded by t he manuf act ur er  especi al l y f or  t hi s 
pur pose.

3. 3. 3   Suppor t s

I nst al l  encl osur es and encl osur e suppor t s i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.   Suppor t s must  consi st  of  anchor ed channel s 
l evel ed and t hen embedded i n t he concr et e f oundat i on.   Channel s,  anchor s,  
shi ms,  or  ot her  l evel i ng i t ems must  be i nst al l ed i n accor dance wi t h t he 
r ecommendat i ons of  t he equi pment  manuf act ur er .

3. 3. 4   Swi t chgear  Level i ng

Af t er  l evel i ng i t ems ar e cor r ect l y i nst al l ed,  swi t chgear  l i neups must  be 
out - of - pl umb by not  mor e t han 6 mm 1/ 4 i nch f or  t he ent i r e l engt h and 
wi dt h.   I nser t i on or  wi t hdr awal  of  r emovabl e el ement s must  be easi l y 
accompl i shed,  and component  devi ces must  oper at e pr oper l y af t er  t he 
swi t chgear  assembl y i s compl et el y i nst al l ed.

3. 3. 5   I ncomi ng Li ne Sur ge Ar r est er s

Sur ge ar r est er s of  t he [ st at i on]  [ i nt er medi at e]  t ype must  be pr ovi ded on 
each phase of  each i ncomi ng l i ne c i r cui t ,  and mount ed on st at i on 
st r uct ur es as shown.

3. 3. 6   Tr ansf or mer  Sur ge Ar r est er s

Sur ge ar r est er s of  t he [ st at i on]  [ i nt er medi at e]  t ype,  sui t abl e f or  [ a 
gr ounded]  [ an ungr ounded]  syst em and f or  t he associ at ed t r ansf or mer  
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pr i mar y l i ne- t o- gr ound vol t age,  must  be mount ed next  t o each hi gh- vol t age 
bushi ng on a t r ansf or mer  t ank- mount ed br acket  and connect ed t o a sur ge 
ar r est er  gr ound pad.   Di schar ge count er s must  be pr ovi ded and mount ed on 
t he br acket s.

3. 4   ELECTRI CAL BUS CONNECTI ONS

Al l  connect i ons t o al umi num bus must  be cl eaned and coat ed wi t h an 
i nhi bi t or  i n accor dance wi t h manuf act ur er ' s r ecommended met hods.   Al l  
bol t ed connect i ons must  be t or qued t o t he cor r ect  t i ght ness.   Est abl i sh a 
checkl i st  t o i nsur e t hat  bol t ed connect i ons have been pr oper l y coat ed and 
cor r ect l y t or qued.   Al l  wel ded connect i ons on al umi num buswor k must  be by 
t he gas met al - ar c wel di ng pr ocess.   The shi el d i ner t  gas must  be ar gon.   
The wel der  must  be cer t i f i ed f or  gas met al - ar c wel di ng.

3. 5   GROUNDI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  i nvest i gat e soi l  
r esi st i v i t y and ot her  f act or s i n accor dance wi t h 
I EEE 80 and wi l l  speci f y and det ai l  t he gr oundi ng i n 
accor dance wi t h UFC 3- 550- 01 and I EEE 80.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

A gr oundi ng gr i d,  consi st i ng of  t he i ndi cat ed conf i gur at i on of  bar e copper  
conduct or s and dr i ven gr ound r ods must  be i nst al l ed as shown on t he 
dr awi ngs.   Gr oundi ng gr i d must  compl y wi t h I EEE 80.   Equi pment  f r ames of  
met al - encl osed equi pment ,  medi um- vol t age cabl e t er mi nat i ons,  chai n- l i nk 
f enci ng,  met al - st r uct ur es,  and ot her  noncur r ent - car r y i ng met al  i t ems must  
be connect ed t o t he gr ound gr i d as shown.   At  l east  t wo connect i ons must  
be pr ovi ded f r om [ a power  t r ansf or mer , ]  [ a swi t chgear  gr ound bus, ]  [ an oi l  
c i r cui t  br eaker  encl osur e, ]  [ and]  [ a gr ounded i r on pl at f or m pl at e]  t o t he 
gr ound gr i d.   Fences must  be gr ounded at  each f i xed gat e post ,  each cor ner  
post ,  and at  i nt er medi at e post s as i ndi cat ed.   Each gat e sect i on must  be 
bonded t o i t s gat e post s wi t h a 3. 2 by 25. 4 mm 1/ 8 by 1 i nch f l exi bl e 
br ai ded copper  st r ap and gr ound post  c l amps.   Fence gr ound cl amps must  be 
of  a t ype t hat  i nhi bi t s cor r osi on bet ween met al  par t s.   Out r i gger s must  be 
gr ounded as shown.

3. 5. 1   Gr oundi ng El ect r odes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Modi f y or  del et e par agr aphs i n accor dance 
wi t h pr oj ect  r equi r ement s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3. 5. 1. 1   Dr i ven Rod El ect r odes

Unl ess ot her wi se i ndi cat ed,  gr ound r ods must  be dr i ven i nt o t he ear t h 
unt i l  t he t ops of  t he r ods ar e appr oxi mat el y one f oot  bel ow f i ni shed gr ade.

3. 5. 1. 2   Gr i d Gr oundi ng El ect r odes

A gr i d gr oundi ng el ect r ode must  be i nst al l ed as shown consi st i ng of  bar e 
copper  conduct or s i nst al l ed [ 300 mm]  [ 450 mm]  [ 600 mm]  [ 12]  [ 18]  [ 24]  
i nches,  pl us or  mi nus 75 mm 3 i nches,  bel ow t he f i ni shed t op of  soi l  
gr ade.   Gr i d conduct or s must  be bonded t o al l  r od el ect r odes,  and t o al l  
ot her  i nt er sect i ng gr i d conduct or s.   Gr i d conduct or s must  be si zed as 
i ndi cat ed.

SECTI ON 26 11 14. 00 10  Page 73



3. 5. 2   Gr oundi ng and Bondi ng Connect i ons

Connect i ons above gr ade must  be made by t he f usi on- wel di ng pr ocess or  wi t h 
bol t ed sol der l ess connect or s,  i n compl i ance wi t h UL 467,  and t hose bel ow 
gr ade must  be made by t he f usi on- wel di ng pr ocess.   Wher e gr oundi ng 
conduct or s ar e connect ed t o al umi num- composi t i on conduct or s,  speci al l y 
t r eat ed or  l i ned copper - t o- al umi num connect or s sui t abl e f or  t hi s pur pose 
must  be used.

3. 5. 3   Gr oundi ng and Bondi ng Conduct or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Gr oundi ng and bondi ng conduct or s wi l l  be 
s i zed based on t he t her mal  r equi r ement s of  I EEE 80.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Gr oundi ng and bondi ng conduct or s i ncl ude al l  conduct or s used t o bond 
t r ansf or mer  encl osur es,  equi pment  f r ames and st r uct ur al  member s t o t he 
gr oundi ng gr i d.   Gr oundi ng and bondi ng conduct or s must  be si zed as shown.   
Af t er  bei ng l ocat ed t o pr ovi de maxi mum physi cal  pr ot ect i on,  exposed 
gr oundi ng conduct or s must  be secur el y at t ached t o st r uct ur al  suppor t s at  
not  mor e t han t wo f oot  i nt er val s wi t h sui t abl e f ast ener s.   Bends gr eat er  
t han 45 degr ees i n gr ound conduct or s ar e not  per mi t t ed.   Rout i ng of  gr ound 
conduct or s t hr ough concr et e shoul d be avoi ded.   When concr et e penet r at i on 
i s necessar y,  nonmet al l i c  condui t  must  be cast  f l ush wi t h t he poi nt s of  
concr et e ent r ance and exi t  so as t o pr ovi de an openi ng f or  t he gr ound 
conduct or ,  and t he openi ng must  be seal ed wi t h a sui t abl e compound af t er  
i nst al l at i on.

3. 5. 4   Sur ge Ar r est er  Gr oundi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de a " det ai l "  f or  sur ge ar r est er  
gr oundi ng.   For  ungr ounded and si ngl e- gr ounded 
syst ems modi f y par agr aph i n accor dance wi t h I EEE C2 
and UFC 3- 550- 01.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Sur ge ar r est er s and neut r al s must  be bonded di r ect l y t o t he t r ansf or mer  
encl osur e and t hen t o t he gr oundi ng gr i d wi t h a bar e copper  conduct or ,  
mi ni mum si ze [ 4/ 0]  [ as shown] .   Lead l engt hs must  be kept  as shor t  as 
pr act i cabl e wi t h no ki nks or  shar p bends.

3. 6   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od wi l l  consi st  of  a t ot al  of  
[ _____]  hour s of  nor mal  wor ki ng t i me and must  st ar t  af t er  t he syst em i s 
f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance t est s.   The cour se 
i nst r uct i on must  cover  per t i nent  poi nt s i nvol ved i n oper at i ng,  st ar t i ng,  
st oppi ng,  ser vi c i ng t he equi pment ,  as wel l  as al l  maj or  el ement s of  t he 
oper at i on and mai nt enance manual s.   Addi t i onal l y,  t he cour se i nst r uct i ons 
must  demonst r at e al l  r out i ne mai nt enance oper at i ons.

a.   Submi t  [ 6]  [ _____]  copi es of  oper at i on and mai nt enance manual s,  wi t hi n 
[ 7]  [ _____]  cal endar  days f ol l owi ng t he compl et i on of  t est s and 
i ncl udi ng assembl y,  i nst al l at i on,  oper at i on and mai nt enance 
i nst r uct i ons,  spar e par t s dat a whi ch pr ovi des suppl i er  name,  cur r ent  
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cost ,  cat al og or der  number ,  and a r ecommended l i s t  of  spar e par t s t o 
be st ocked.

b.   Manual s must  al so i ncl ude dat a out l i ni ng det ai l ed pr ocedur es f or  
syst em st ar t up and oper at i on,  and a t r oubl eshoot i ng gui de whi ch l i s t s 
possi bl e oper at i onal  pr obl ems and cor r ect i ve act i on t o be t aken.   A 
br i ef  descr i pt i on of  al l  equi pment ,  basi c oper at i ng f eat ur es,  and 
r out i ne mai nt enance r equi r ement s must  al so be i ncl uded.   Document s 
must  be bound i n a bi nder  mar ked or  i dent i f i ed on t he spi ne and f r ont  
cover .   A t abl e of  cont ent s page must  be i ncl uded and mar ked wi t h 
per t i nent  cont r act  i nf or mat i on and cont ent s of  t he manual .   Tabs must  
be pr ovi ded t o separ at e di f f er ent  t ypes of  document s,  such as cat al og 
or der i ng i nf or mat i on,  dr awi ngs,  i nst r uct i ons,  and spar e- par t s dat a.   
I ndex sheet s must  be pr ovi ded f or  each sect i on of  t he manual  when 
war r ant ed by t he quant i t y of  document s i ncl uded under  separ at e t abs or  
di v i der s.

c.   Submi t  a di gi t al  v i deo r ecor di ng of  t he ent i r e t r ai ni ng sessi on and 
t hr ee addi t i onal  copi es of  t he i nst r uct i ons manual  wi t hi n 30 days 
f ol l owi ng t he appr oval  of  t he manual s.

3. 7   FI ELD TESTI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t ypes t o sui t  pr oj ect  condi t i ons and 
del et e al l  ot her s.   Del et e al l  par agr aphs not  
appl i cabl e.   Test s must  be j ust i f i ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3. 7. 1   Gener al

a.   Submi t  a det ai l ed descr i pt i on of  t he Cont r act or ' s pr oposed pr ocedur es 
f or  onsi t e t est s submi t t ed [ 20]  [ 30]  [ _____]  days pr i or  t o t est i ng t he 
i nst al l ed syst em.   No f i el d t est  wi l l  be per f or med unt i l  t he t est  pl an 
i s appr oved.   The t est  pl an must  consi st  of  compl et e f i el d t est  
pr ocedur es i ncl udi ng t est s t o be per f or med,  t est  equi pment  r equi r ed,  
and t ol er ance l i mi t s.

b.   Fi el d t est i ng must  be per f or med i n t he pr esence of  t he Cont r act i ng 
Of f i cer .   Not i f y t he Cont r act i ng Of f i cer  [ _____]  days pr i or  t o 
conduct i ng t est s.   Fur ni sh al l  mat er i al s,  l abor ,  and equi pment  
necessar y t o conduct  f i el d t est s.   Per f or m al l  t est s and i nspect i ons 
r ecommended by t he manuf act ur er  unl ess speci f i cal l y wai ved by t he 
Cont r act i ng Of f i cer .   Mai nt ai n a wr i t t en r ecor d of  al l  t est s whi ch 
i ncl udes dat e,  t est  per f or med,  per sonnel  i nvol ved,  devi ces t est ed,  
ser i al  number  and name of  t est  equi pment ,  and t est  r esul t s.

c.   Al l  f i el d t est  r epor t s wi l l  be s i gned and dat ed by t he Cont r act or .   
Submi t  [ 6]  [ _____]  copi es of  t he i nf or mat i on descr i bed bel ow i n 215. 9 
by 279. 4 mm 8- 1/ 2 by 11 i nch bi nder s havi ng a mi ni mum of  5 r i ngs f r om 
whi ch mat er i al  may r eadi l y be r emoved and r epl aced,  i ncl udi ng a 
separ at e sect i on f or  each t est .   Sect i ons must  be separ at ed by heavy 
pl ast i c di v i der s wi t h t abs.

( 1)   A l i s t  of  al l  equi pment  used,  wi t h cal i br at i on cer t i f i cat i ons.

( 2)   A copy of  al l  measur ement s t aken.

( 3)   The dat es of  t est i ng.
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( 4)   The equi pment  and val ues ver i f i ed.

( 5)   The condi t i on speci f i ed f or  t he t est .

( 6)   The t est  r esul t s,  s i gned and dat ed.

( 7)   A descr i pt i on of  al l  adj ust ment s made.

( 8)   Fi nal  posi t i on of  cont r ol s,  and devi ce set t i ngs.

3. 7. 2   Saf et y

Pr ovi de and use saf et y devi ces such as r ubber  gl oves,  pr ot ect i ve bar r i er s,  
and danger  s i gns t o pr ot ect  and war n per sonnel  i n t he t est  v i c i ni t y.   
Repl ace any devi ces or  equi pment  whi ch ar e damaged due t o i mpr oper  t est  
pr ocedur es or  handl i ng.

3. 7. 3   Gr ound- Resi st ance Test s

The r esi st ance of  [ each gr oundi ng el ect r ode]  [ each gr oundi ng el ect r ode 
syst em]  [ t he gr oundi ng gr i d]  must  be measur ed usi ng t he f al l - of - pot ent i al  
met hod def i ned i n I EEE 81.   Soi l  r esi st i v i t y i n t he ar ea of  t he gr i d must  
be measur ed concur r ent l y wi t h t he gr i d measur ement s.   Gr ound r esi st ance 
measur ement s must  be made bef or e t he el ect r i cal  di st r i but i on syst em i s 
ener gi zed and must  be made i n nor mal l y dr y condi t i ons not  l ess t han 48 
hour s af t er  t he l ast  r ai nf al l .   Resi st ance measur ement s of  separ at e 
gr oundi ng el ect r ode syst ems must  be made bef or e t he syst ems ar e bonded 
t oget her  bel ow gr ade.   The combi ned r esi st ance of  separ at e syst ems may be 
used t o meet  t he r equi r ed r esi st ance,  but  t he speci f i ed number  of  
el ect r odes must  st i l l  be pr ovi ded.

Si ngl e r od el ect r ode [ 25]  [ _____]  ohms

Gr i d el ect r ode [ _____]  ohms

3. 7. 4   Gr ound- Gr i d Connect i on I nspect i on

Al l  bel ow- gr ade gr ound- gr i d connect i ons wi l l  be v i sual l y i nspect ed by t he 
Cont r act i ng Of f i cer  bef or e backf i l l i ng.   Not i f y t he Cont r act i ng Of f i cer  
[ _____]  hour s bef or e t he s i t e i s r eady f or  i nspect i on.

3. 7. 5   Li qui d- Fi l l ed Tr ansf or mer  Test s

Per f or m t he f ol l owi ng f i el d t est s on al l  l i qui d- f i l l ed t r ansf or mer s 
[ [ _____]  kVA and above] .

a.   I nsul at i on r esi st ance t est  phase- t o- gr ound.

b.   Tur ns r at i o t est .

c.   Cor r ect  phase sequence.

d.   Cor r ect  oper at i on of  t ap changer .

[ e.   [ _____] . ]
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3. 7. 6   Dr y- Type Tr ansf or mer  Test s

Per f or m t he f ol l owi ng f i el d t est s on al l  dr y- t ype t r ansf or mer s [ [ _____]  
kVA and above] .

a.   I nsul at i on r esi st ance t est  phase- t o- gr ound.

b.   Tur ns r at i o t est .

[ c.   [ _____] . ]

3. 7. 7   Ci r cui t  I nt er r upt er  Swi t chgear  Test s

Per f or m t he f ol l owi ng f i el d t est s on ci r cui t  i nt er r upt er s.

a.   I nsul at i on r esi st ance t est  phase- t o- phase.

b.   I nsul at i on r esi st ance t est  phase- t o- gr ound.

c.   Cl osed cont act  r esi st ance t est .

d.   Power  f act or  t est .

e.   Hi gh- pot ent i al  t est .

f .   SF6 di el ect r i c t est  f or  SF6 i nt er r upt er s i n accor dance wi t h ASTM D2472.

g.   Manual  and el ect r i cal  oper at i on of  t he swi t chgear .

3. 7. 8   Pr ot ect i ve Rel ays

Pr ot ect i ve r el ays must  be vi sual l y and mechani cal l y i nspect ed,  adj ust ed,  
t est ed,  and cal i br at ed i n accor dance wi t h t he manuf act ur er ' s publ i shed 
i nst r uct i ons.   Test s must  i ncl ude pi ck- up,  t i mi ng,  cont act  act i on,  
r est r ai nt ,  and ot her  aspect s necessar y t o i nsur e pr oper  cal i br at i on and 
oper at i on.   Rel ay set t i ngs must  be i mpl ement ed i n accor dance wi t h t he 
coor di nat i on st udy.   Rel ay cont act s must  be manual l y or  el ect r i cal l y 
oper at ed t o ver i f y t hat  t he pr oper  br eaker s and al ar ms i ni t i at e.   Rel ayi ng 
cur r ent  t r ansf or mer s must  be f i el d t est ed i n accor dance wi t h I EEE C57. 13.

3. 7. 9   Oper at i ng Test s

Af t er  t he i nst al l at i on i s compl et ed,  and at  such t i me as t he Cont r act i ng 
Of f i cer  may di r ect ,  conduct  oper at i ng t est s f or  appr oval .   The equi pment  
must  be demonst r at ed t o oper at e i n accor dance wi t h t he r equi r ement s 
her ei n.   Submi t  an oper at i ng t est  r epor t  i n accor dance wi t h par agr aph TEST 
REPORTS.

3. 8   MANUFACTURER' S FI ELD SERVI CE

3. 8. 1   I nst al l at i on Engi neer

Af t er  del i ver y of  t he equi pment ,  f ur ni sh one or  mor e f i el d engi neer s,  
r egul ar l y empl oyed by t he equi pment  manuf act ur er  t o super vi se t he 
i nst al l at i on of  t he equi pment ,  assi st  i n t he per f or mance of  t he onsi t e 
t est s,  i ni t i al  oper at i on,  and i nst r uct  per sonnel  as t o t he oper at i onal  and 
mai nt enance f eat ur es of  t he equi pment .   Submi t  a det ai l ed descr i pt i on of  
t he Cont r act or ' s pr oposed pr ocedur es f or  onsi t e t est s.
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3. 8. 2   Pr e- Ener gi zat i on Ser vi ces

Cal i br at i on,  t est i ng,  adj ust ment ,  and pl aci ng i nt o ser vi ce of  t he 
i nst al l at i on must  be accompl i shed by a manuf act ur er ' s pr oduct  f i el d 
ser vi ce engi neer  or  i ndependent  t est i ng company wi t h a mi ni mum of  t wo 
year s of  cur r ent  pr oduct  exper i ence.   No par t  of  t he el ect r i cal  syst em 
must  be ener gi zed unt i l  al l  s t at i on gr oundi ng component s have been t est ed 
and demonst r at ed t o compl y wi t h t he speci f i ed r equi r ement s.   The f ol l owi ng 
ser vi ces must  be per f or med on t he equi pment  l i s t ed bel ow.   These ser vi ces 
must  be per f or med subsequent  t o t est i ng but  pr i or  t o t he i ni t i al  
ener gi zat i on.   The equi pment  must  be i nspect ed t o i nsur e t hat  i nst al l at i on 
i s i n compl i ance wi t h t he r ecommendat i ons of  t he manuf act ur er  and as shown 
on t he det ai l  dr awi ngs.   Ter mi nat i ons of  conduct or s at  st at i on buses and 
at  maj or  equi pment  must  be i nspect ed t o ensur e t he adequacy of  
connect i ons.   Bar e and i nsul at ed conduct or s bet ween such t er mi nat i ons must  
be i nspect ed t o det ect  possi bl e damage caused dur i ng i nst al l at i on.   I f  
f act or y t est s wer e not  per f or med on compl et ed assembl i es,  t est s must  be 
per f or med af t er  t he i nst al l at i on of  compl et ed assembl i es.   Component s must  
be i nspect ed f or  damage dur i ng i nst al l at i on or  shi pment  and t o ver i f y t hat  
packagi ng mat er i al s have been r emoved.   Component s capabl e of  bei ng bot h 
manual l y and el ect r i cal l y oper at ed must  be oper at ed manual l y pr i or  t o t he 
f i r st  el ect r i cal  oper at i on.   Component s capabl e of  bei ng cal i br at ed,  
adj ust ed,  and t est ed must  be cal i br at ed,  adj ust ed,  and t est ed i n 
accor dance wi t h t he i nst r uct i ons of  t he equi pment  manuf act ur er .   I t ems f or  
whi ch such ser vi ces must  be pr ovi ded i ncl ude,  but  ar e not  l i mi t ed t o,  ar e 
t he f ol l owi ng:

Bat t er y,  st at i on.
Br eaker s,  c i r cui t .
Bus,  met al - encl osed.
Buses,  st at i on aer i al .
Regul at or ,  st ep- vol t age.
Subst at i on,  pr i mar y uni t .
Subst at i on,  pr i mar y uni t ,  ar t i cul at ed.
Swi t ches,  di sconnect  [ wi t h]  [ wi t hout ]  power  f uses.
Swi t ches,  ai r - br eak.
Swi t chgear ,  met al - c l ad.
Swi t chgear ,  met al - encl osed i nt er r upt er .
Tr ansf or mer s,  subst at i on.

3. 9   ACCEPTANCE

Fi nal  accept ance of  t he f aci l i t y  wi l l  not  be gi ven unt i l  t he Cont r act or  
has successf ul l y compl et ed al l  t est s and af t er  al l  def ect s i n i nst al l at i on 
mat er i al  or  oper at i on have been cor r ect ed.

        - -  End of  Sect i on - -
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