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NATI ONAL AERONAUTI CS
AND SPACE ADMI NI STRATI ON

NASA/ KSC- 26 05 63. 00 98 ( Jul y 2020)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pr epar i ng Act i v i t y:   NASA Super sedi ng
NASA/ KSC- 26 05 19. 33 98 ( Febr uar y 2011)

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

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Jul y 2023
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

SECTI ON 26 05 63. 00 98

COORDI NATED POWER SYSTEM PROTECTI ON AND ARC FLASH ANALYSI S
07/ 20

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s speci f i cat i on cover s t he r equi r ement s 
f or  t he coor di nat ed pr ot ect i on and ar c f l ash 
anal ysi s and l abel i ng of  el ect r i cal  power  syst ems.

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 ems( 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 .

Recommended changes t o a NASAKSC Mast er  
Speci f i cat i on Sect i on shoul d be submi t t ed as a 
Cr i t er i a Change Request  ( CCR)  t o t he appr opr i at e 
Techni cal  Pr oponent  ( TP)  t hr ough t he SpecsI nt act  
Hel p Desk .

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

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 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 use t he 

SECTI ON 26 05 63. 00 98  Page 1



KSC

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  ar e aut omat i cal l y 
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.

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

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 1584 ( 2018;  E 2019)  Gui de f or  Per f or mi ng 
Ar c- Fl ash Hazar d Cal cul at i ons

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

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA Z535. 4 ( 2011;  R 2017)  Pr oduct  Saf et y Si gns and 
Label s

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

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

UFC 3- 310- 04 ( 2013)  Sei smi c Desi gn f or  Bui l di ngs

1. 2   PRE- I NSTALLATI ON SUBMI TTALS

No l at er  t han [ 90]  [ _____]  days af t er  Cont r act  Awar d and pr i or  t o 
submi ssi on of  el ect r i cal  equi pment  and pr ot ect i ve devi ce pr oduct  dat a,  
submi t  t he f ol l owi ng t o t he Cont r act i ng Of f i cer  f or  r evi ew and appr oval :

a.   Faul t  Cur r ent  Anal ysi s

b.   Syst em Coor di nat or  qual i f i cat i ons

c.   Test i ng Agency qual i f i cat i ons[
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d.   Pr oposed Test  Pl an]

1. 3   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 .

A “ G”  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  t he 
submi t t al  r equi r es Gover nment  appr oval .   Some 
submi t t al s ar e al r eady mar ked wi t h a “ G” .   Onl y 
del et e an exi st i ng “ G”  i f  t he submi t t al  i t em i s not  
compl ex and can be r evi ewed t hr ough t he Cont r act or ’ s 
Qual i t y Cont r ol  syst em.   Onl y add a “ G”  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 .

An " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  t he 
submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
Not ebook t o f ul f i l l  f eder al l y mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.

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

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- 01 Pr econst r uct i on Submi t t al s

Faul t  Cur r ent  Anal ysi s[ ;  G] [

] Pr oposed Test  Pl an[ ;  G]

SD- 03 Pr oduct  Dat a

Sof t war e[ ;  G]

Ar c Fl ash Hazar d Anal ysi s[ ;  G]

Pr ot ect i ve Devi ce Coor di nat i on St udy[ ;  G]

Equi pment  Eval uat i on Repor t [ ;  G]

SD- 04 Sampl es

Ar c Fl ash Label  Sampl es[ ;  G]

SD- 06 Test  Repor t s

Fi el d Test i ng[ ;  G]
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SD- 07 Cer t i f i cat es

Syst em Coor di nat or [ ;  G]

Qual i f i cat i ons Of  Test i ng Agency[ ;  G]

Cer t i f i cat e of  Conf or mance[ ;  G]

1. 4   ADMI NI STRATI VE REQUI REMENTS

1. 4. 1   Revi ew Submi t t al s and Meet i ngs

Submi t  t he f ol l owi ng t o t he Cont r act i ng Of f i cer  f or  r evi ew and appr oval :

a.   Ar c Fl ash Hazar d Anal ysi s Revi ew Submi t t al

b.   Pr ot ect i ve Devi ce Coor di nat i on St udy Revi ew Submi t t al

The Cont r act or  and Syst em Coor di nat or  [ agr ee t o at t end a r evi ew meet i ng at  
a l ocat i on desi gnat ed by t he Cont r act i ng Of f i cer  and]  pr ovi de r evi ew 
submi t t al s as f ol l ows:

a.   90 per cent  submi t t al [  and r evi ew meet i ng] :   St udy i s compl et e except  
f or  di sposi t i on of  Gover nment  comment s.

b.   100 per cent  submi t t al :   I ncor por at es appr oved Gover nment  comment s.   
Set t i ng sheet s and t est  pr ocedur es f r om t hese document s ar e t o be used 
t o i mpl ement  pr ot ect i ve devi ce set t i ngs.

[ 1. 4. 1. 1   Pr oposed Test  Pl an

Submi t  a pr oposed t est  pl an,  consi st i ng of  compl et e f i el d t est  pr ocedur e 
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,  i ncl udi ng compl et e t est i ng and ver i f i cat i on of  t he gr ound f aul t  
pr ot ect i on equi pment ,  wher e used.

] 1. 4. 2   Fi el d Changes

I f  f i el d changes ar e r equi r ed due t o di scr epanci es bet ween t he set t i ng 
sheet  document s and t he avai l abl e set t i ng sel ect i ons on t he pr ot ect i ve 
devi ce,  submi t  wi t hi n [ 10]  days af t er  i nst al l at i on t he f ol l owi ng t o t he 
Cont r act i ng Of f i cer  f or  r evi ew and appr oval :

a.   Faul t  Cur r ent  and Ar c Fl ash Anal ysi s

b.   Pr ot ect i ve Devi ce Coor di nat i on St udy

1. 5   QUALI TY ASSURANCE

Ensur e al l  wor k per f or med i s i n conf or mance wi t h t he f ol l owi ng st andar ds:

I EEE C2

I EEE 1584

NEMA Z535. 4

NETA ATS

SECTI ON 26 05 63. 00 98  Page 4



KSC

NFPA 70

NFPA 70E

1. 5. 1   Syst em Coor di nat or

Pr ovi de document at i on ver i f y i ng t hat  syst em coor di nat i on,  r ecommended 
r at i ngs and set t i ngs of  pr ot ect i ve devi ces,  and desi gn anal ysi s ar e 
pr epar ed ( per f or med/ r evi ewed/ appr oved)  by a r egi st er ed pr of essi onal  
el ect r i cal  power  engi neer  wi t h a mi ni mum of  [ t hr ee] [ _____]  year s of  
cur r ent  exper i ence i n t he coor di nat i on of  el ect r i cal  power  syst ems.

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 .

1. 5. 2   Test i ng Agency

Ensur e al l  f i nal  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 pr ot ect i ve devi ces must  accompl i shed by an 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 i n pr ot ect i ve devi ces.   Submi t  name and qual i f i cat i ons of  
t est i ng agency.   Ensur e t he or gani zat i on has a cal i br at i on pr ogr am,  and 
t est  i nst r ument s used must  be cal i br at ed i n accor dance wi t h NETA ATS.

1. 6   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es t o t hi s Sect i on.

Coor di nat e r equi r ement s of  t hi s Sect i on wi t h al l  ot her  Sect i ons t hat  
speci f y el ect r i cal  equi pment  and over cur r ent  pr ot ect i ve devi ces.

1. 7   PROJECT/ SI TE CONDI TI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Unusual  ser vi ce condi t i ons f or  al t i t ude st ar t  
above 1005 m ( 3300 f eet )  f or  most  appar at us.   
Unusual  ambi ent  t emper at ur e r anges ar e mi nus 30 t o 
40 degr ees C,  but  ot her  ambi ent s may appl y.   
Fr equency i s gener al l y 60 Hz,  al t hough 50 Hz may 
al so be st andar d.   Fungus cont r ol  f or  el ect r i cal  
devi ces i s r equi r ed onl y i n t r opi cal  ar eas.

Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  i s t he Engi neer  of  Recor d,  and show on t he 
dr awi ngs.   Del et e t he i nappr opr i at e br acket ed 
phr ase.   Per t i nent  por t i ons of  UFC 3- 310- 04 and 
Sect i ons 13 48 00 SEI SMI C PROTECTI ON FOR MECHANI CAL 
EQUI PMENT,  13 48 00. 00 10 SEI SMI C PROTECTI ON FOR 
MECHANI CAL EQUI PMENT,  and 26 05 48. 00 10 SEI SMI C 
PROTECTI ON FOR ELECTRI CAL EQUI PMENT,  pr oper l y 
edi t ed,  must  be i ncl uded i n t he cont r act  document s.

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

Pr ovi de devi ces and equi pment  sui t abl e f or  t he f ol l owi ng sei smi c s i t e 
condi t i ons:

Pr ovi de Sei smi c det ai l s [ conf or mi ng t o UFC 3- 310- 04 and Sect i ons 13 48 00 
SEI SMI C PROTECTI ON FOR MI SCELLANEOUS EQUI PMENT,  23 05 48. 19 [ SEI SMI C 
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] BRACI NG FOR HVAC,  and 26 05 48. 00 10 SEI SMI C PROTECTI ON FOR ELECTRI CAL 
EQUI PMENT]  [ as i ndi cat ed] .

a.   Al t i t ude:   [ _____]

b.   Ambi ent  Temper at ur e:   [ _____]

c.   Fr equency:   [ _____]

d.   Fungus Cont r ol :   [ _____]

e.   Hazar dous Cl assi f i cat i on:   [ _____]

f .   Humi di t y Cont r ol :   [ _____]

g.   Vent i l at i on:   [ _____]

h.   Sei smi c Par amet er s:   [ _____]

i .   Ot her :   [ _____]

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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.

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

2. 1   SYSTEM DESCRI PTI ON

The power  syst em cover ed by t hi s speci f i cat i on consi st s of :   [ _____] .

Dr awi ng:   [ _____]

Sheet s:   [ _____]

The Gover nment  wi l l  pr ovi de t he shor t  c i r cui t  val ues f or  t he f ol l owi ng 
connect i on poi nt s on t he el ect r i cal  syst em:

[ _____]

[ _____]

[ The Gover nment  wi l l  pr ovi de t he exi st i ng pr ot ect i ve devi ce set t i ngs f or  
t he f ol l owi ng devi ces on t he el ect r i cal  syst em:

[ _____]

[ _____] ]

[ The Gover nment  wi l l  pr ovi de t he exi st i ng pr ot ect i ve devi ce t i me- cur r ent  
cur ves f or  t he f ol l owi ng devi ces on t he el ect r i cal  syst em:

Cur ve Set  1:

[ _____]

[ _____]
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[ _____]

Cur ve Set  2:

[ _____]

[ _____]

[ _____]

] 2. 2   SOFTWARE

Pr ovi de sof t war e compl yi ng wi t h I EEE 399.   Ensur e sof t war e pr ogr am i s 
capabl e of  pl ot t i ng and di agr ammi ng t i me- cur r ent - char act er i st i c cur ves as 
par t  of  i t s  out put .   Comput er  sof t war e pr ogr am must  r epor t  devi ce set t i ngs 
and r at i ngs of  al l  over cur r ent  pr ot ect i ve devi ces and demonst r at e 
sel ect i ve coor di nat i on by comput er - gener at ed,  t i me- cur r ent  coor di nat i on 
pl ot s.  

2. 3   ARC FLASH LABELS

Pr ovi de weat her pr oof  det ai l ed ar c f l ash war ni ng l abel s f or  al l  el ect r i cal  
equi pment  as r equi r ed by NFPA 70 and NFPA 70E,  i ncl udi ng,  medi um vol t age 
swi t ches,  t r ansf or mer s,  swi t chgear  mai n br eaker s,  swi t chgear  bus- t i e 
br eaker ,  swi t chgear  f eeder  br eaker s,  swi t chgear  cabl e compar t ment s,  
swi t chboar ds,  panel  boar ds,  mot or  cont r ol  cent er s,  encl osed br eaker s,  
saf et y swi t ches aut omat i c t r ansf er  swi t ches,  mot or  st ar t er s,  cont r ol  
panel s,  and ot her  equi pment  modi f i ed or  i nst al l ed by t he pr oj ect  t hat  i s  
l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance whi l e 
ener gi zed.

2. 3. 1   Label  For mat

Label  f or mat  i s t o be i n compl i ance wi t h NFPA 70E and KSC l abel  f or mat .   
Coor di nat e wi t h Cont r act i ng Of f i cer  t o obt ai n copi es of  sof t war e dat a f i l e 
l abel  f or mat  f r om pr evi ousl y compl et ed pr oj ect s.   I f  dat a f i l e i s not  
avai l abl e f or  appr oved sof t war e,  cont r act or  wi l l  be r esponsi bl e f or  
cr eat i ng l abel  f or mat  based on exampl e l abel s pr ovi ded.   For mat  i ncl udes 
di f f er ent  col or s f or  di f f er ent  i nci dent  ener gy l evel s per  NEMA Z535. 4.   
Ensur e l abel s cont ai n t he f ol l owi ng i nf or mat i on:

a.   Ar c Fl ash hazar d boundar y

b.   I nci dent  ener gy

c.   Wor ki ng Di st ance

d.   Nomi nal  Syst em Vol t age

e.   Li mi t ed appr oach boundar y di st ance

f .   Rest r i ct ed appr oach boundar y di st ance

Submi t  ar c f l ash l abel  sampl es pr ovi ded at  t he t i me of  awar d.

2. 3. 2   Label  Cont ent

Ensur e ar c f l ash l abel  cont ent  i s based on t he oper at i onal  scenar i o,  f aul t  
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l ocat i on,  and f aul t  t ype ( ar ci ng or  bol t ed)  t hat  r esul t s i n t he hi ghest  
i nci dent  ener gy ( wor st - case) .

Ensur e l abel s f or  panel boar ds r ef l ect  i nci dent  ener gy cal cul at ed on t he 
l i ne s i de of  t he mai n c i r cui t  br eaker .  Swi t chboar ds,  swi t chgear ,  and 
mot or - cont r ol  cent er s wi t h f ul l  hei ght  bar r i er s separ at i ng sect i ons of  t he 
equi pment  wi l l  have t wo l abel s.   One l abel  on t he i ncomi ng sect i on 
r ef l ect i ng t he i nci dent  ener gy on t he l i nes s i de of  t he mai n pr ot ect i ve 
devi ce and one l abel  f or  t he di st r i but i on sect i ons r ef l ect i ng i nci dent  
ener gy on t he l oad si de of  t he mai n pr ot ect i ve devi ce.   Ensur e bus names 
shown on l abel s c l ear l y i ndi cat e whi ch i s cal cul at ed on t he l i ne s i de of  
t he mai n pr ot ect i ve devi ce.

2. 4   COORDI NATED POWER SYSTEM PROTECTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s f or  t he st udi es i n t hese 
par agr aphs depend on t he compl exi t y and ext ent  of  
t he power  syst em.   Del et e t hese r equi r ement s 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  i s 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 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. ,  2500 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:   l i f e saf et y,  
economi cs,  s i mpl i c i t y,  and t he el ect r i cal  power  
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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 ement  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 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.

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

Pr epar e and submi t  anal yses 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  r at i ngs,  
coor di nat i on,  and pr ot ect i on.   I ncl ude a f aul t  cur r ent  anal ysi s and ar c 
f l ash hazar d anal ysi s wi t h equi pment  eval uat i on r epor t ,  and a pr ot ect i ve 
devi ce coor di nat i on st udy.   Fi nal  anal ysi s r epor t s must  be si gned and 
seal ed by t he Syst em Coor di nat or .

Pr epar e and submi t  shor t  c i r cui t  st udi es,  [ l oad f l ow st udi es, ]  [ mot or  
st ar t i ng anal ysi s, ]  [ coor di nat i on st udi es, ]  and ar c- f l ash hazar d anal ysi s 
i n accor dance wi t h I EEE 1584,  NETA ATS,  and as speci f i ed her ei n.

2. 4. 1   Scope of  Anal yses

Ensur e al l  equi pment  t hat  r equi r es t est i ng,  adj ust ment ,  or  ser vi c i ng whi l e 
ener gi zed i s i ncl uded i n t he anal ysi s.   Pr ovi de l abel s f or  al l  
panel boar ds,  swi t chboar ds,  swi t chgear ,  mot or - cont r ol  cent er s,  var i abl e 
f r equency dr i ves,  and di sconnect  swi t ches r at ed 100A and gr eat er .   Si ngl e 
phase equi pment ,  di sconnect  swi t ches r at ed l ess t han 100A,  j unct i on boxes,  
pul l  boxes,  and cont r ol  panel s may be excl uded f r om t he anal ysi s.

Ensur e t he f aul t  cur r ent  and ar c f l ash anal ysi s,  and pr ot ect i ve devi ce 
coor di nat i on st udy begi n at :

[ The 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.

] [ The 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.

] [ The 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.

] [ The 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.

SECTI ON 26 05 63. 00 98  Page 9



KSC

] 2. 4. 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 t o base t he anal ysi s.   
Del et e t he unused opt i on.

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

Per f or m f i el d i nspect i ons t o det er mi ne and document  t he 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.   [ 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. 4. 3   Si ngl e Li ne Di agr am

Pr epar e a s i ngl e l i ne di agr am 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.   Ensur e each bus,  devi ce 
or  t r ansf or mat i on poi nt  has 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,  show i mpedance dat a.   Show t he l ocat i on of  swi t ches,  
br eaker s,  and ci r cui t  i nt er r upt i ng devi ces 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.

2. 4. 4   Faul t  Cur r ent  Anal ysi s

2. 4. 4. 1   Met hod

Per f or m t he f aul t  cur r ent  anal ysi s i n accor dance wi t h met hods descr i bed i n 
I EEE 242,  and I EEE 399.   Si ngl e l i ne dr awi ngs based on exi st i ng har dwar e 
wi l l  be pr ovi ded t o t he Cont r act or  f or  r ef er ence.   Ut i l i ze speci al i zed 
comput er  ai ded engi neer i ng sof t war e desi gned f or  f aul t  cur r ent  anal ysi s,  
i ncl udi ng t he f ol l owi ng capabi l i t i es:

a.   Si ngl e- ended subst at i on sour ce oper at i on

b.   Doubl e- ended subst at i on sour ce oper at i on

c.   Gener at or  sour ce oper at i on

Per f or m anal ysi s and pr ovi de separ at e st udy r epor t  gener at ed f or  each 
oper at i onal  scenar i o.

2. 4. 4. 2   Dat a

Ut i l i ze act ual  har dwar e dat a i n f aul t  cal cul at i ons.   Ensur e bus 
char act er i st i cs and t r ansf or mer  i mpedance ar e t hose pr oposed.   Document  
al l  dat a i n t he r epor t .

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

Pr ovi de bal anced t hr ee- phase f aul t ,  bol t ed l i ne- t o- l i ne f aul t ,  and 
l i ne- t o- gr ound f aul t  cur r ent  val ues 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.   Show t he maxi mum and mi ni mum val ues 
of  f aul t  avai l abl e at  each l ocat i on i n t abul ar  f or m on t he di agr am or  i n 
t he r epor t .
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2. 4. 5   Coor di nat i on St udy

Ensur e t he st udy demonst r at es 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.   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 
descr i bi ng:

a.   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;

b.   Si 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) ;

c.   Coor di nat i on bet ween upst r eam and downst r eam devi ces;  and r el ay 
set t i ngs.

d.   Pr ovi de r ecommendat i ons t o i mpr ove or  enhance syst em r el i abi l i t y  by 
r educi ng t he i nci dent  ener gy l evel ,  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  
damages ( addi t i on or  r educt i on) .

Pr ovi de composi t e coor di nat i on pl ot s on l og- l og gr aph paper .

a.   Pr ovi de separ at e pl ot s f or  phase and gr ound f aul t s.

b.   I ncl ude appl i cabl e cabl e and t r ansf or mer  damage cur ves on phase f aul t  
pl ot s.

c.   Li mi t  t he number  of  pr ot ect i ve devi ce cur ves on any pl ot  t o [ 5]  
[ _____] .

2. 4. 6   St udy r epor t

I ncl ude t he f ol l owi ng i n t he r epor t :

a.   A cover  sheet  and t abl e of  cont ent s.   Pr ovi de separ at e sect i ons wi t h 
al l  appl i cabl e cont ent ,  f or  al l  oper at i ng scenar i os.

b.   A nar r at i ve descr i bi ng:

( 1)   The anal yses per f or med;

( 2)   The basi s and met hods used;

( 3)   The desi r ed met hod of  coor di nat ed pr ot ect i on of  t he power  syst em.

c.   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,  i ncl udi ng manuf act ur er s publ i shed dat a,  namepl at e 
dat a,  t i me- cur r ent  cur ves,  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.

d.   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 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] .
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e.   Pr ovi de t i me- cur r ent  char act er i st i cs 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 ,  i ncl udi ng 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.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Requi r ement  t o use SKM,  ETAP,  or  ot her  
speci f i c  sof t war e packages wi l l  gener al l y r equi r e 
appr oval  of  a sol e- sour ce j ust i f i cat i on.   I f  no such 
j ust i f i cat i on has not  been appr oved t hen do not  
sel ect  a par t i cul ar  sof t war e r equi r ement .

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

f .   Pr ovi de al l  cal cul at i ons per f or med f or  t he anal yses.   I ncl ude al l  
i nf or mat i on i nput  t o ( def i ne)  nodes such as cabl e dat a,  condui t  t ype,  
c i r cui t  l engt h,  t r ansf or mer  i mpedance,  bus i mpedance,  gener at or  
i mpedances,  et c.   For  al l  nodes i ncl ude phase f aul t  shor t  c i r cui t  
l evel s and X/ R r at i os,  gr ound f aul t  shor t  c i r cui t  l evel s and X/ R 
r at i os,  l oad f l ow l evel s,  ar c f l ash ener gy ( f or  bot h bol t ed and ar ci ng 
shor t  c i r cui t  l evel s) ,  and mot or  st ar t i ng st udyi ng r esul t s.   I ndi cat e 
whi ch st udy opt i ons have been chosen whi ch t he sof t war e ut i l i zes t o 
gener at e t he Shor t  Ci r cui t  Anal ysi s and Ar c Fl ash Hazar d Anal ysi s 
r esul t s;  use pr ef er r ed met hod bel ow when avai l abl e.   Opt i ons i ncl uded 
ar e,  but  not  l i mi t ed t o t he f ol l owi ng:

( 1)  St andar d used f or  ar c- f l ash cal cul at i ons:  ( I EEE 1584 -  pr ef er r ed 
met hod) .

( 2)  240 Vol t  Except i ons ( r epor t  Cat  0 i f  XFMR l ess t han 125kVA -  
pr ef er r ed met hod) .

( 3)  Maxi mum ar ci ng t i me:  ( 2 sec -  pr ef er r ed -  f ul l y  dependent  on t ask 
per f or med) .   For  cer t ai n t asks,  such as wor ki ng i n manhol es,  
el evat ed wor k ar eas,  or  under neat h equi pment ,  i t  may not  be 
possi bl e f or  t r ai ned per sonnel  t o di st ance t hemsel ves f r om t he Ar c 
Fl ash wi t hi n 2 seconds.

( 4)  Mot or  f aul t  cont r i but i ons:  ( 5 cycl es pr ef er r ed -  mot or s or  mot or  
gr oups t ot al i ng 50 hp or  gr eat er  ar e t o be eval uat ed) .

( 5)  Level s Mi s- coor di nat i on checked ( 5 l evel s- pr ef er r ed) .

( 6)  Mi s- coor di nat i on Rat i o:  ( 80 per cent  -  pr ef er r ed -  ensur e Cl ear ed 
Faul t  Thr eshol d mat ches Mi s- coor di nat i on Rat i o) .

( 7)  Fl ash Boundar y Cal cul at i on Adj ust ment s above 1kV,  Tr i p Ti me l ess 
t han =0. 1s:  ( 1. 5 cal / squar e met er  -  pr ef er r ed) .

( 8)  Pr oper l y cat egor i ze al l  equi pment  t ypes i n Ar c Fl ash Eval uat i on:  
( Ensur e swi t chgear ,  panel  boar ds have pr oper  gap di st ance) .

( 9)  Ut i l i t y  i nf or mat i on f r om l at est  [ _____]  Ar ea Load Fl ow and Faul t  
St udy ( [ _____]  [ l ocal  ut i l i t y  company onl y]  - pr ef er r ed) .

( 10) Shor t  Ci r cui t  St udy Ut i l i zed:  ( Compr ehensi ve- pr ef er r ed) .

( 11) Faul t  t ypes anal yzed:  ( Thr ee Phase,  Si ngl e Li ne t o Gr ound,  Li ne t o 
Li ne,  Li ne t o Li ne t o Gr ound,  Al l  - pr ef er r ed) .
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g.   Si ngl e l i ne di agr am( s)

h.   Pr ot ect i ve devi ce set t i ng sheet s,  as separ at e pages,  sui t abl e f or  use 
by i nst al l i ng t echni c i ans,  separ at e f r om ot her  r epor t  anal ysi s and 
dat a.   I ncl ude r ecommended changes t o exi st i ng pr ot ect i ve devi ce 
set t i ngs and set t i ngs f or  al l  new pr ot ect i ve devi ces.   Pr ovi de al l  
i nf or mat i on t o f i el d i nst al l  t he set t i ngs,  i ncl udi ng set t i ngs or  
f eat ur es not  used or  t ur ned of f .

i .   Tabul at ed Ar c Fl ash dat a f or  al l  equi pment  r equi r i ng an ar c f l ash 
war ni ng l abel  and al l  modi f i ed equi pment  al so r equi r i ng an ar c f l ash 
l abel .

j .   Equi pment  Eval uat i on Repor t  ( EER)  showi ng t he AI C/ SCCR r at i ngs f or  al l  
equi pment  eval uat ed and t he r equi r ed r at i ng f or  t he appl i cat i on wher e 
t he equi pment  i s i nst al l ed.   Ensur e t he EER i dent i f i es under r at ed and 
mar gi nal l y r at ed equi pment .   Under r at ed equi pment  i s def i ned as 
equi pment  wi t h act ual  AI C/ SCCR r at i ngs t hat  do not  meet  t he r equi r ed 
AI C/ SCCR r at i ng f or  t he appl i cat i on/ i nst al l at i on.   Mar gi nal l y r at ed 
equi pment  i s def i ned as equi pment  wi t hi n 90 per cent  t o 100 per cent  of  
t he r equi r ed r at ed AI C/ SCCR f or  t he appl i cat i on/ i nst al l at i on.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  and t est  pr ot ect i ve devi ces set t i ngs i n accor dance wi t h t he 
manuf act ur er ' s publ i shed i nst r uct i ons and i n accor dance wi t h t he 
pr ot ect i ve devi ce coor di nat i on st udy pr ot ect i ve devi ce set t i ng sheet s and 
t est  pl an.

Af f i x det ai l ed ar c f l ash war ni ng l abel s t o al l  el ect r i cal  equi pment  as 
r equi r ed by NFPA 70 and NFPA 70E.

3. 2   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.

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

3. 2. 1   Gener al

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG,  appl i es t o t hi s 
sect i on,  wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.   Submi t  
Per f or mance Test  Repor t s i showi ng al l  f i el d t est s per f or med t o adj ust  each 
component  and al l  f i el d t est s per f or med t o pr ove compl i ance wi t h t he 
speci f i ed per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he 
i nst al l ed syst em.   I ndi cat e i n each t est  r epor t  t he f i nal  posi t i on of  
set t i ngs and cont r ol s.   Submi t  Cer t i f i cat e of  Conf or mance t o t he 
Cont r act i ng Of f i cer ,  cer t i f y i ng t hat  al l  devi ces or  equi pment  meet  t he 
r equi r ement s of  t he cont r act  document s.

3. 2. 2   Saf et y

Pr ovi de and use saf et y devi ces such as ar c f l ash per sonal  pr ot ect i ve 
equi pment ,  el ect r i cal l y i nsul at i ng 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 
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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. 2. 3   Mol ded- Case Ci r cui t  Br eaker s

Vi sual l y i nspect  c i r cui t  br eaker s.   Ver i f y cur r ent  r at i ngs and adj ust abl e 
set t i ngs i ncor por at ed i n accor dance wi t h t he coor di nat i on st udy.

3. 2. 4   Power  Ci r cui t  Br eaker s

3. 2. 4. 1   Gener al

Vi sual l y i nspect  t he c i r cui t  br eaker  and i mpl ement  set t i ngs i n accor dance 
wi t h t he coor di nat i on st udy.

3. 2. 4. 2   Cur r ent  I nj ect i on Test s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   These t est s bel ow ar e t ypi cal  f or  NETA 
accept ance t est i ng as speci f i ed i n Sect i on 26 08 00 
APPARATUS I NSPECTI ON AND TESTI NG or  ot her  pr ot ect i ve 
devi ce sect i ons and shoul d be coor di nat ed bet ween 
sect i ons accor di ngl y.

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

Test  wi t h appr oved set t i ngs i nst al l ed i n accor dance wi t h NETA ATS and t he 
Test  Pl an;  document  r esul t s i n t he f i el d t est  r epor t s.

a.   Det er mi ne l ong t i me pi ck- up val ue and del ay by pr i mar y cur r ent  
i nj ect i on.

b.   Det er mi ne shor t  t i me pi ck- up val ue and del ay by pr i mar y cur r ent  
i nj ect i on.

c.   Det er mi ne i nst ant aneous pi ck- up val ue by pr i mar y cur r ent  i nj ect i on.

d.   Det er mi ne gr ound- f aul t  pi ck- up val ue and del ay by pr i mar y cur r ent  
i nj ect i on.

e.   Test  t r i p uni t  f unct i ons by secondar y cur r ent  i nj ect i on or  i n 
accor dance wi t h t he manuf act ur er ' s r equi r ement s.

3. 2. 5   Pr ot ect i ve Rel ays

3. 2. 5. 1   Gener al

Vi sual l y i nspect  pr ot ect i ve r el ays.   I mpl ement  r el ay set t i ngs i n 
accor dance wi t h t he coor di nat i on st udy.

3. 2. 5. 2   Cur r ent  I nj ect i on Test s

Test  wi t h appr oved set t i ngs i nst al l ed i n accor dance wi t h NETA ATS and t he 
Test  Pl an;  document  r esul t s i n t he f i el d t est  r epor t s.

a.   Det er mi ne l ong t i me pi ck- up val ue and del ay by secondar y cur r ent  
i nj ect i on.

b.   Det er mi ne shor t  t i me pi ck- up val ue and del ay by secondar y cur r ent  
i nj ect i on.
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c.   Det er mi ne i nst ant aneous pi ck- up val ue by secondar y cur r ent  i nj ect i on.

d.   Det er mi ne gr ound f aul t  pi ck- up val ue and del ay by secondar y cur r ent  
i nj ect i on.

        - -  End of  Sect i on - -
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