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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  el ect r i cal  syst em and equi pment  
gr oundi ng i ncl udi ng gr ound r ods,  gr oundi ng 
conduct or s,  connect or s,  and ot her  accessor i es.   Thi s 
sect i on excl udes i nst r ument at i on and st at i c 
gr oundi ng syst ems.

Ensur e dr awi ngs show pl an l ayout  of  each gr oundi ng 
el ect r ode,  gr ound mat ,  gr ound gr i d,  subst at i on 
gr ound bus,  i nt er connect i ng gr oundi ng conduct or ,  and 
t ap connect i ons t o st eel  bui l di ng col umns and 
out door  el ect r i cal  equi pment .   Ensur e t hat  det ai l  
dr awi ngs of  gr ound mat s and gr ound gr i ds show;  
conf i gur at i on,  gr ound r od spaci ngs,  i nt er connect i ng 
cabl e and t ap connect i ons t o subst at i on yar d f ence,  
subst at i on gr ound bus,  and i nt er i or  equi pment .

When gr oundi ng syst ems as shown f ai l  t o achi eve t he 
desi r ed measur ed r esi st ance t o gr ound,  addi t i onal  
gr ound r ods may be r equi r ed.

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) .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
I f  Li ght i ng Pr ot ect i on i s r equi r ed as par t  of  t he 
pr oj ect  i ncl ude Sect i on 26 41 00 LI GHTNI NG 
PROTECTI ON SYSTEMS and i ncl ude r ef er ence i n second 
par agr aph.

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

[ Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es t o wor k speci f i ed i n 
t hi s sect i on.

] [ Sect i on 26 41 00 LI GHTNI NG PROTECTI ON SYSTEMS appl i es t o wor k speci f i ed i n 
t hi s sect i on.

] 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 
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 WELDI NG SOCI ETY ( AWS)

AWS A3. 0M/ A3. 0 ( 2020)  St andar d Wel di ng Ter ms and 
Def i ni t i ons

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS B2. 1/ B2. 1M ( 2021)  Speci f i cat i on f or  Wel di ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

ASTM I NTERNATI ONAL ( ASTM)

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e
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ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM B187/ B187M ( 2020)  St andar d Speci f i cat i on f or  Copper ,  
Bus Bar ,  Rod and Shapes and Gener al  
Pur pose Rod,  Bar  and Shapes

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

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

NATI ONAL AERONAUTI CS AND SPACE ADMI NI STRATI ON ( NASA)

RCBEA GUI DE ( 2004)  NASA Rel i abi l i t y  Cent er ed Bui l di ng 
and Equi pment  Accept ance Gui de

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA GR 1 ( 2007)  Gr oundi ng Rod El ect r odes and 
Gr oundi ng Rod El ect or ode Coupl i ngs

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

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 889 ( 2021;  Rev D)  Gal vani c Compat i bi l i t y  of  
El ect r i cal l y Conduct i ve Mat er i al s

UNDERWRI TERS LABORATORI ES ( UL)

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

UL 546 ( 2008)  UL Out l i ne of  I nvest i gat i on f or  
Conduct or  Ter mi nat i on Compounds

1. 2   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  
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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,   
Ai r  For ce,  and NASA 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 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,  Ai r  For ce 
and NASA 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- 03 Pr oduct  Dat a

Gr ound Rods;  G[ ,  [ ____] ]

Gr ound Wi r es;  G[ ,  [ ____] ]

Connect or s and Fast ener s;  G[ ,  [ ____] ]

Test  Wel l s;  G[ ,  [ ____] ]

Conduct i ve Cor r osi on I nhi bi t i ng Compounds;  G[ ,  [ ____] ]

Gr ound Buses;  G[ ,  [ ____] ]

SD- 06 Test  Repor t s

Bond Resi st ance Test ;  G[ ,  [ ____] ]

Gr ound Resi st ance Test s;  G[ ,  [ ____] ]
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Gr ound I sol at i on Test ;  G[ ,  [ ____] ]

Equi pment  Cont i nui t y Test ;  G[ ,  [ ____] ]

SD- 07 Cer t i f i cat es

Gr ound Resi st ance Test  Equi pment ;  G[ ,  [ ____] ]

Mi cr o- Ohmmet er  Test  Equi pment ;  G[ ,  [ ____] ]

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs

1. 3   QUALI TY CONTROL

1. 3. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Ensur e equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p ar e i n accor dance wi t h t he 
mandat or y and advi sor y pr ovi s i ons of  NFPA 70,  I EEE C2 unl ess mor e 
st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.

1. 3. 2   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr ovi de pr oduct s whi ch have been i n 
sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d 
openi ng.   Ensur e t he 2- year  per i od i ncl udes appl i cat i ons of  equi pment  and 
mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   Ensur e t he 
pr oduct  has been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.   Wher e t wo 
or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
must  be pr oduct s of  a s i ngl e manuf act ur er .

1. 3. 3   Gr ound Resi st ance Test  Equi pment

Pr ovi de combi nat i on 3- poi nt  and 4- poi nt  t ype gr ound r esi st ance t est  
equi pment  speci f i cal l y desi gned f or  gr oundi ng el ect r ode r esi st ance and 
soi l  r esi st i v i t y t est s.  Submi t  pr oof  of  cur r ent  equi pment  cal i br at i on wi t h 
t est  equi pment  pr oduct  dat a.

1. 3. 4   Mi cr o- Ohmmet er  Test  Equi pment

Per f or m [ c i r cui t  and ] bond r esi st ance t est s usi ng a mi cr o- ohmmet er  wi t h 
t he f ol l owi ng char act er i st i cs:

a.   Resi st ance r ange sel ect abl e and capabl e of  measur i ng t o 10 mi cr o- Ohms 
usi ng a mi ni mum of  1 amper e of  t est  cur r ent .

b.   Posi t i ve and negat i ve t est  l eads of  t he 2- wi r e bal anced t ype.   
Pr ovi de bot h c l amp and pr obe t ype connect i ons t o al l ow measur ement s 
acr oss al l  bonded sur f aces.   Pr ovi de l ong l engt h bal anced t est  l ead t o 
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al l ow measur ement s f r om a bondi ng l ocat i on t o t he near est  t est  wel l .

Submi t  pr oof  of  cur r ent  equi pment  cal i br at i on wi t h t est  equi pment  pr oduct  
dat a.

1. 4   PREDI CTI VE TESTI NG AND I NSPECTI ON TECHNOLOGY REQUI REMENTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t est s pr escr i bed i n Sect i on 01 86 26. 07 40 
RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL 
SYSTEMS ar e MANDATORY f or  al l  NASA asset s and 
syst ems i dent i f i ed as Cr i t i cal ,  Conf i gur ed,  or  
Mi ssi on Essent i al .   I f  t he syst em i s non- cr i t i cal ,  
non- conf i gur ed,  and not  mi ssi on essent i al ,  use sound 
engi neer i ng di scr et i on t o assess t he val ue of  addi ng 
t hese addi t i onal  t est  and accept ance r equi r ement s.   
See Sect i on 01 86 26. 07 40 RELI ABI LI TY CENTERED 
ACCEPTANCE FOR ELECTRI CAL SYSTEMS f or  addi t i onal  
i nf or mat i on r egar di ng cost  f easi bi l i t y  of  PT&I .

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

Thi s sect i on cont ai ns syst ems and equi pment  component s r egul at ed by NASA' s 
Rel i abi l i t y  Cent er ed Bui l di ng and Equi pment  Accept ance Pr ogr am.   Thi s 
pr ogr am r equi r es t he use of  Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t echnol ogi es i n conf or mance wi t h RCBEA GUI DE t o ensur e bui l di ng equi pment  
and syst ems have been i nst al l ed pr oper l y and cont ai n no i dent i f i abl e 
def ect s t hat  shor t en t he desi gn l i f e of  a syst em and i t s component s.   
Sat i sf act or y compl et i on of  al l  accept ance r equi r ement s i s r equi r ed t o 
obt ai n Gover nment  appr oval  and accept ance of  t he wor k.

Per f or m PT&I  t est s and pr ovi de submi t t al s as speci f i ed i n Sect i on 
01 86 26. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS.

PART 2   PRODUCTS

Submi t  mat er i al ,  equi pment ,  and f i xt ur e l i s t s f or  gr oundi ng syst ems,  
i ncl udi ng manuf act ur er ' s st y l e or  cat al og number s,  speci f i cat i on and 
dr awi ng r ef er ence number s,  war r ant y i nf or mat i on,  and f abr i cat i on s i t e 
i nf or mat i on.

2. 1   MATERI ALS

2. 1. 1   Gr ound Rods

Pr ovi de gr ound r ods of  [ copper ] [ copper - c l ad st eel ]  conf or mi ng t o UL 467 
and ANSI / NEMA GR 1.   Ensur e gr ound r ods ar e not  l ess t han[  20 mm 3/ 4 i nch 
i n di amet er  and  3000 mm 10 f eet  i n l engt h] [ as i ndi cat ed] .

Wher e gr ound r od l engt h i s gr eat er  t han 3000 mm10 f eet ,  pr ovi de sect i onal  
t ype gr ound r ods wi t h each sect i on 3000 mm10 f eet  i n l engt h.   Joi n 
sect i onal  t ype gr ound r ods usi ng [ t hr eaded br ass coupl i ngs] [ exot her mi c 
wel di ng compl et el y ar ound bot h r od/ coupl i ng j oi nt s] [ t hr eaded coupl i ngs 
t hat  ar e wel ded at  t he t hr eaded j oi nt s] .   Ensur e gr ound r ods have 
cone- shaped poi nt  on t he end of  t he f i r st  sect i on dr i ven i nt o t he gr ound.

Pr ovi de gr ound r ods and gr ound r od sect i ons di e- st amped near  t he t op wi t h 
t he name or  t r ademar k of  t he manuf act ur er  and t he l engt h of  t he segment  i n 
f eet .
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2. 1. 2   Gr ound Wi r es

2. 1. 2. 1   Bar e

Pr ovi de anneal ed bar e copper ,  Cl ass " B"  st r anded gr ound and bond wi r es i n 
accor dance wi t h ASTM B8 f or  wi r es #4 AWG and l ar ger  and sol i d i n 
accor dance wi t h ASTM B3 f or  wi r es #6 AWG and smal l er .   Pr ovi de conduct or s 
wi t h 98 per cent  conduct i v i t y and si zed wi r es i n accor dance wi t h t he 
r equi r ement s of  NFPA 70 and NFPA 780.

2. 1. 2. 2   I nsul at ed

Ensur e i nsul at ed conduct or s conf or m t o t he r equi r ement s of  Sect i on 
26 05 00. 00 40 COMMON WORK RESULTS FOR ELECTRI CAL.

Wher e i nst al l ed i n condui t  as par t  of  a compl et e c i r cui t  pr ovi de 
conduct or s wi t h gr een i nsul at i on f or  s i zes #8 AWG and smal l er  and wi t h 
gr een phase t ape at  each end and i n each j unct i on box f or  s i zes #6 AWG and 
l ar ger .

2. 1. 2. 3   St r aps/ Jumper s

Pr ovi de copper  bondi ng st r aps and j umper s wi t h a cr oss- sect i onal  ar ea of  
not  l ess t han [ 4. 12 mi l l i met er  di amet er ] [ as i ndi cat ed]  [ No.  6 AWG] [ as 
i ndi cat ed] .   Ensur e bondi ng st r aps and j umper s f or  shock- mount ed devi ces 
wi t h [ pi vot ]  [ hi nged]  [ swi vel ]  j oi nt s ar e made of  [ f l at ]  [ t i nned- copper ]  
[ woven- wi r e br ai d]  [ f l exi bl e st r anded]  wi r e.

2. 1. 3   Connect or s and Fast ener s

2. 1. 3. 1   Exot her mi c Wel ds

Ensur e t he mol ds,  mat er i al s and powder  char ges used t o make exot her mi c 
wel ds ar e t he st andar d pr oduct  of  a s i ngl e manuf act ur er  and l i s t ed by t he 
manuf act ur er  f or  use on t he speci f i c  t ype,  s i ze,  quant i t y and 
conf i gur at i on of  conduct or s t o whi ch t he wel d i s appl i ed.

2. 1. 3. 2   I r r ever si bl e Compr essi on Lugs

Pr ovi de i r r ever si bl e compr essi on l ug t ype connect or s manuf act ur ed f r om 
t i n- pl at ed copper  and i nst al l ed usi ng a hydr aul i c compr essi on t ool  and di e 
t o appl y cor r ect ,  uni f or ml y di st r i but ed,  c i r cumf er ent i al  pr essur e.   Ensur e 
t ool s and di es ar e as r ecommended by t he i r r ever si bl e compr essi on l ug t ype 
connect or  manuf act ur er .   Use an embossi ng di e code or  ot her  st andar d 
met hod t o pr ovi de vi s i bl e i ndi cat i on t hat  a connect or  has been adequat el y 
compr essed ont o t he conduct or .   Appl y i r r ever si bl e compr essi on l ug t ype 
connect or s i n st r i ct  accor dance wi t h t he manuf act ur er ' s wr i t t en 
i nst r uct i ons and publ i shed i nst al l at i on i nst r uct i ons.   Use 2- hol e l ug t ype 
connect or s f or  connect i ons t o NEMA cabl e pads and bus bar s,  and 
si ngl e- hol e connect or s ot her wi se.

2. 1. 3. 3   Mechani cal

Pr ovi de spl i t  bol t  and cl amp st y l e mechani cal  t ype connect or s manuf act ur ed 
f r om [ copper ,  ] [ copper  al l oy,  ] [ or  ] [ br onze, ]  l i s t ed by t he manuf act ur er  
as sui t abl e f or  di r ect  bur i al  use.   Ensur e mechani cal  t ype connect or s ar e 
appl i ed i n st r i ct  accor dance wi t h t he manuf act ur er ' s publ i shed 
i nst al l at i on i nst r uct i ons.
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2. 1. 3. 4   Fast ener s

Pr ovi de bol t s,  nut s,  washer s,  l ock washer s,  and associ at ed f ast ener s used 
f or  gr oundi ng and bondi ng connect i ons manuf act ur ed of  [ copper ] [ br onze] [ t i n 
pl at ed t emper ed br ass] [ st ai nl ess st eel ] .   Wher e f ast ener s cont act  
di ssi mi l ar  met al s,  appl y conduct i ve oxi de- i nhi bi t i ng compound.

[ 2. 1. 4   Test  Wel l s

Pr ovi de t est  wel l s t hat  ar e H2O r at ed,  pr ecast  r ei nf or ced concr et e,  
[ c i r cul ar ] [ r ect angul ar ] ,  wi t h open bot t om and concr et e or  cast  i r on 
l i d/ f r ame.   Ensur e t est  wel l s have i nsi de di mensi ons of  not  l ess t han [ 15 
i nches wi de by 22 i nches l ong] [ 12 i nches i n di amet er ]  by 24 i nches deep.   
Pr ovi de t est  wel l  l i d wi t h cast  " GROUND"  l egend.

] 2. 1. 5   Conduct i ve Cor r osi on I nhi bi t i ng Compounds

Pr ovi de conduct i ve cor r osi on i nhi bi t i ng compounds UL Li st ed i n accor dance 
wi t h UL 546,  l i s t ed by t he manuf act ur er  as sui t abl e f or  t he appl i cat i on,  
and sui t abl e f or  al l  al umi num and copper  conduct or / connect or  
appl i cat i ons.   Ensur e conduct i ve cor r osi on i nhi bi t i ng compounds i nhi bi t  
oxi dat i on at  t he conduct or / connect or  i nt er f ace and have no del et er i ous 
ef f ect  on t he conduct or / connect or  met al  or  EPDM,  nat ur al  r ubber ,  or  
pol yet hyl ene i nsul at i ng mat er i al s. [

Pr ovi de gr i t t ed conduct i ve cor r osi on i nhi bi t i ng compound t hat  ar e
non- pet r ol eum based and non- t oxi c,  and cont ai n conduct i ve gr i t .   Ensur e 
gr i t t ed conduct i ve cor r osi on i nhi bi t i ng compound i s speci f i ed by t he 
manuf act ur er  f or  appl i cat i on t o t he conduct or / connect or  i nt er f ace of  
compr essi on connect or s. ] [

Pr ovi de non- gr i t t ed conduct i ve cor r osi on i nhi bi t i ng compound t hat  ar e 
non- pet r ol eum based and non- t oxi c and cont ai n no gr i t  f i l l er .   Ensur e 
non- gr i t t ed conduct i ve cor r osi on i nhi bi t i ng compound i s speci f i ed by t he 
manuf act ur er  f or  appl i cat i on t o t he conduct or / connect or  i nt er f ace of  
mechani cal  connect or s such as bol t ed j oi nt s,  f l at - t o- f l at  cont act  
sur f aces,  t er mi nal  and l ug t ongues,  and gr ooves of  bol t ed par al l el  
connect or s or  c l amps. ]

2. 1. 6   Gr ound Buses

Pr ovi de [ el ect r o- t i n pl at ed,  ] sol i d copper  gr ound buses conf or mi ng t o 
ASTM B187/ B187M wi t h mi ni mum di mensi ons of  6 mi l l i met er s0. 25 i nches t hi ck,  
100 mi l l i met er s4 i nches wi de,  and 300 mi l l i met er s12 i nches i n l engt h or  as 
i ndi cat ed.  Ensur e gr ound buses ar e equi pped wi t h t wo UL Recogni zed r ed 
1000V r at ed i nsul at ed st andof f s and st ai nl ess st eel  mount i ng br acket s.

Pr ovi de Tel ecommuni cat i ons Mai n Gr ound Buses and Tel ecommuni cat i ons Gr ound 
Buses i n meet i ng t he st andar ds of  TI A- 607.

Pr ovi de gr oundi ng buses wi t h pr edr i l l ed NEMA hol e conf i gur at i on as 
i ndi cat ed.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  gr oundi ng syst ems i n accor dance wi t h NFPA 70,  NFPA 780 and I EEE C2,  
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and as i ndi cat ed.

Bond exposed non- cur r ent - car r y i ng met al l i c  par t s of  el ect r i cal  equi pment  
and met al l i c  r aceway syst ems t o gr ound.   

Bond gr oundi ng conduct or s i n met al l i c  and non- met al l i c  r aceways t o 
gr ound.   Make gr ound connect i ons at  equi pment  and t o gr ound r ods as 
i ndi cat ed.   I nt er connect  al l  gr oundi ng medi a i n or  on t he st r uct ur e t o 
pr ovi de a common gr ound pot ent i al .   Thi s i ncl udes l i ght ni ng pr ot ect i on,  
el ect r i cal  ser vi ce,  t el ecommuni cat i ons syst em gr ounds,  as wel l  as 
under gr ound met al l i c  pi pi ng syst ems.   

Bond wi r i ng syst em neut r al s t o gr ound i n accor dance wi t h t he r equi r ement s 
of  NFPA 70.   Wher e gr ound f aul t  pr ot ect i on i s empl oyed,  ensur e t hat  
connect i on of  gr ound and neut r al  does not  i nt er f er e wi t h cor r ect  oper at i on 
of  f aul t  pr ot ect i on.  [  

Count er poi se gr ound syst ems consi st  of  a ser i es of  gr ound r ods wi t h a 
di r ect  bur i ed gr oundi ng conduct or  l oop,  conf i gur ed t o mi ni mi ze t he number  
of  dead- ends,  i nt er connect i ng t he i ndi v i dual  gr ound r ods.   Pr ovi de gr ound 
r ods i n t he l ocat i ons i ndi cat ed. ]

3. 1. 1   Gr ound Rods

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n l ocat i ons wher e exi st i ng under gr ound 
ut i l i t i es,  equi pment  or  st r uct ur es may be damaged,  
use t he wat er  j et t i ng met hod f or  gr ound r od 
i nst al l at i on.

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

[ I nst al l  gr ound r ods usi ng a wat er  j et t i ng pr ocedur e. ]

[ I nst al l  gr ound r ods so t hat  t he t op of  t he r od i s [ 100]  [ _____]  mi l l i met er  
[ 4]  [ _____]  i nches above gr ade.

] [ I nst al l  gr ound r ods so t hat  t he t op of  t he r od i s not  l ess t han [ 450]  
[ _____]  mi l l i met er  [ 18]  [ _____]  i nches bel ow f i ni shed gr ade.

] 3. 1. 2   Conduct or s

I nst al l  bar e or  i nsul at ed conduct or s as i ndi cat ed.   I nst al l  bar e 
conduct or s wher e not  speci f i cal l y i dent i f i ed as bar e or  i nsul at ed except  
wher e i nst al l ed i n condui t  wi t h associ at ed phase conduct or s.   I nst al l  
i nsul at ed conduct or s i n condui t  wi t h i nsul at i on of  t he same mat er i al  as 
t he associ at ed phase conduct or s wi t h whi ch i t  i s  i nst al l ed.

Pr ovi de st r aps/ j umper s acr oss j oi nt s subj ect  t o v i br at i on.   I nst al l  
st r ap/ j umper  such t hat  v i br at i on wi l l  not  change i t s el ect r i cal  
char act er i st i cs.  Appl y st r ap/ j umper  t o t he met al l i c  st r uct ur e on each si de 
of  t he j oi nt ;  do not  penet r at e any adj acent  par t s.   I nst al l  st r aps/ j umper s 
i n ar eas t hat  ar e accessi bl e f or  mai nt enance.  I nst al l  st r ap/ j umper  such 
t hat  i t  does not  r est r i ct  t he movement  of  t he met al l i c  st r uct ur es t o whi ch 
i t  i s  connect ed.   I nst al l  st r ap/ j umper  such t hat  i t  does not  weaken t he 
met al l i c  st r uct ur es t o whi ch i t  i s  at t ached.   Do not  connect  t wo or  mor e 
st r aps/ j umper s i n ser i es.
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3. 1. 3   Count er poi se

I nst al l   [ 11. 7]  [ _____]  mi l l i met er  di amet er  ( No.  [ 4/ 0]  [ _____]  AWG)  No.  
[ 4/ 0]  [ _____]  AWG bar e copper  count er poi se gr oundi ng conduct or  di r ect  
bur i ed out si de of  t he st r uct ur e dr i p l i ne,  wi t hi n 600 t o 1800 mi l l i met er s
24 t o 72 i nches of  t he st r uct ur e f oundat i on,  wi t h a mi ni mum of  450 
mi l l i met er s18 i nches of  ear t h cover .   I nst al l  count er poi se gr oundi ng 
conduct or  i n ear t h undi st ur bed by excavat i on,  not  ear t h f i l l ,  and do not  
l ocat e beneat h r oof  over hang,  or  whol l y under  paved ar eas or  r oadways 
wher e r ai nf al l  cannot  penet r at e t o keep soi l  moi st  i n t he v i c i ni t y of  t he 
conduct or .  

I nst al l  gr ound r ods ver t i cal l y i nt o t he ear t h not  l ess 3000 mm 10 f eet  
wi t h t op of  gr ound r od not  l ess t han  [ 450]  [ _____]  mi l l i met er  [ 18]  
[ _____]  i nches bel ow f i ni shed gr ade.   Bond gr ound r ods t o count er poi se 
gr oundi ng conduct or  at  i nt er val s no l ess t han 6 l i near  met er s20 l i near  f eet
 nor  gr eat er  t han 12 l i near  met er s40 l i near  f eet  of  gr ound count er poi se 
cabl e.   

3. 1. 4   Gr ound Buses

I nst al l  gr ound busses i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.

3. 1. 5   Bui l di ng Gr ounds

I nst al l   [ 11. 7]  [ _____]  mi l l i met er  di amet er  ( No.  [ 4/ 0]  [ _____]  AWG)  No.  
[ 4/ 0]  [ _____]  AWG bar e copper  gr ound conduct or  f r om [ concr et e encased 
f oundat i on r ebar ] [  and ] [ ever y cor ner  col umn and i nt er medi at e ext er i or  
col umn]  t o count er poi se.   [ Connect  conduct or s t o r ebar  usi ng [ mechani cal  
connect or s manuf act ur ed f or  such pur pose] [ exot her mi c wel ds] .   I nst al l  one 
conduct or  a mi ni mum of  ever y  [ 18, 000]  [ _____]  mi l l i met er  [ 60]  [ _____]  f eet
 of  concr et e f oundat i on per i met er .   ] Connect  gr ound conduct or s t o [ col umns 
and ] count er poi se usi ng [ mechani cal  connect or s manuf act ur ed f or  such 
pur pose] [ exot her mi c wel ds] .

3. 1. 6   Equi pment  Gr oundi ng

I nst al l  gr ound syst ems f or  power ,  t el ecommuni cat i ons,  and 
i nst r ument at i on.   I ndependent l y connect  each syst em t o t he bui l di ng 
count er poi se.

3. 1. 6. 1   Equi pment  and Encl osur e Bondi ng

Bond each met al l i c  encl osur e and al l  el ect r i cal  equi pment  t o gr ound.   Make 
at  l east  one copper  connect i on f r om t he syst em gr ound poi nt  t o one or  mor e 
encl osur es i n t he ar ea such t hat  al l  encl osur es and equi pment  pr ovi de a 
l ow- i mpedance pat h t o gr ound when pr oper l y bonded t oget her .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph speci f i es a " Case"  gr ound.   A 
Case gr ound i s wher e gr oundi ng i s cr i t i cal  such as 
f uel i ng ar eas,  pads,  et c.   A modi f i cat i on such as an 
of f i ce bui l di ng or  an admi ni st r at i ve ar ea woul d not  
r equi r e t he addi t i onal  gr ound.

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

[ I n addi t i on t o t he gr een col or ed equi pment  gr oundi ng conduct or  r equi r ed i n 
each r aceway and si zed i n accor dance wi t h Tabl e 250. 122 of  NFPA 70,  bond 
each panel boar d,  swi t chboar d encl osur e,  t r ansf or mer  housi ng,  mot or  
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housi ng,  di sconnect ,  st ar t er ,  and ot her  el ect r i cal  equi pment ,  t o t he 
gr oundi ng syst em wi t h a st r anded copper  conduct or ,  r out ed ext er nal  t o t he 
f eeder  r aceway.

] I ndi v i dual l y and di r ect l y connect  i ndoor  subst at i ons,  t r ansf or mer s,  
swi t chboar d f r ames,  swi t chgear  assembl i es,  mot or s,  mot or  cont r ol  cent er s,  
ai r  compr essor s,  ai r  handl er s,  r ef r i ger at ed ai r  dr yer s,  gener at or s,  f r ames 
and t r acks of  cr anes,  and [ _____]  t o t he bui l di ng gr ound.   Ensur e t he 
cur r ent - car r y i ng capaci t y of  t he gr oundi ng conduct or  i s t he same as t he 
cur r ent - car r y i ng capaci t y of  t he power  conduct or s f or  c i r cui t s ut i l i z i ng 
power  l i nes s i ze [ 6. 54]  [ _____]  mi l l i met er  di amet er  ( No.  [ 2]  [ _____]  AWG)  
No.  [ 2]  [ _____]  AWG and smal l er .   For  c i r cui t s wi t h power  wi r i ng l ar ger  
t han [ 6. 54]  [ _____]  mi l l i met er  di amet er  ( No.  [ 2]  [ _____]  AWG)  No.  [ 2]  
[ _____]  AWG,  ensur e t he gr oundi ng conduct or  i s i n accor dance wi t h NFPA 70.

3. 1. 6. 2   Bondi ng of  Condui t  and Raceway Syst ems

Bond al l  met al  condui t ,  f i t t i ngs,  j unct i on boxes,  out l et  boxes,  ar mor ed 
and met al  sheat hed cabl e,  and ot her  r aceways.   Ensur e adequat e el ect r i cal  
cont act  at  t he j oi nt s and t er mi nat i ons.   Ensur e met al l i c  r aceway syst ems 
have el ect r i cal  cont i nui t y wi t h equi pment .   I ndi v i dual l y and di r ect l y 
connect  equi pment  t o t he bui l di ng gr ound,  i ndependent  of  t he r aceway 
syst em.

For  r i gi d met al  condui t  and t er mi nat i ons,  ensur e t hr eaded connect i ons ar e 
wr ench- t i ght  wi t h no exposed t hr eads.   Ream al l  ends of  t he condui t  t o 
r emove bur r s and r ough edges.   Bond condui t s ent er i ng boxes and encl osur es 
t o t he box wi t h [ bondi ng- t ype l ocknut s,  one out si de and one i nsi de. ]  
[ l ocknut s and gr oundi ng- t ype bushi ngs. ]   Locknut s t hat  gouge i nt o t he 
met al  box when t i ght ened ar e not  accept abl e.

Condui t  syst ems t hat  ar e i nt er r upt ed by PVC di el ect r i c l i nks ar e bonded 
separ at el y on ei t her  s i de of  t he l i nk.   Do not  j umper  t he di el ect r i c l i nk.

I nst al l  f l exi bl e met al  condui t  wi t h an i nt egr al  gr oundi ng conduct or .

3. 1. 6. 3   Cabl e Tr ay Bondi ng

Bond cabl e t r ay sect i ons t oget her .   Cabl e t r ay sect i ons i n t andem assembl y 
ar e consi der ed as havi ng el ect r i cal  cont i nui t y when t hese sect i ons ar e 
bonded wi t h t he appr opr i at e bol t s.   I nst al l  bond st r aps acr oss expansi on 
j oi nt s.   Bond cabl e t r ays t o t he bui l di ng gr ound syst em.

3. 1. 7   Bondi ng Mat er i al s And Met hods

Accompl i sh bondi ng of  met al  sur f aces by [ br azi ng]  [ wel di ng]  [ c l ampi ng]  
[ st r uct ur al  j oi ni ng met hods] .

3. 1. 7. 1   Br azi ng

Ensur e br azi ng sol der  conf or ms t o AWS A5. 8/ A5. 8M [ _____] .

3. 1. 7. 2   Wel di ng

Wel d usi ng t he exot her mi c pr ocess wi t h pr ocedur es conf or mi ng t o 
AWS A3. 0M/ A3. 0,  AWS B2. 1/ B2. 1M,  and manuf act ur er ' s r ecommendat i on.   Wher e 
di ssi mi l ar  met al s ar e t o be j oi ned vi a exot her mi c wel d,  f ol l ow t he wel d 
k i t  manuf act ur er ' s r ecommendat i ons and publ i shed i nst r uct i ons.   Ensur e 
connect i ons bet ween di ssi mi l ar  met al s do not  pr oduce gal vani c act i on i n 
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accor dance wi t h MI L- STD- 889.

Use wel di ng pr ocesses of  t he exot her mi c f usi on t ype t hat  makes a 
connect i on wi t hout  cor r odi ng or  l ooseni ng.   Ensur e pr ocess j oi ns al l  
st r ands and does not  cause t he par t s t o be damaged or  weakened.   Compl et ed 
connect i on or  j oi nt  i s  equal  or  l ar ger  i n s i ze t han t he conduct or s j oi ned 
and has t he same cur r ent - car r y i ng capaci t y as t he l ar gest  conduct or .   
Pai nt  t he bur i ed gr ound connect i ons wi t h a bi t umast i c pai nt .

3. 1. 7. 3   Cl ampi ng

I n ext er nal  l ocat i ons,  use cl ampi ng onl y wher e a di sconnect  t ype of  
connect i on i s r equi r ed.   Connect i on devi ce may ut i l i ze [ spr i ng- l oaded 
j aws]  [ t hr eaded f ast ener s] .   Const r uct  devi ce such t hat  posi t i ve cont act  
pr essur e i s mai nt ai ned at  al l  t i mes.   Use machi ne bol t s wi t h [ t oot h- t ype]  
[ spr i ng- t ype]  l ockwasher s.

3. 1. 7. 4   Cl eani ng of  Bondi ng Sur f aces

Thor oughl y c l ean sur f aces t hat  compr i se t he bond bef or e j oi ni ng.   Appl y an 
appr opr i at e abr asi ve wi t h gent l e and uni f or m pr essur e t o ensur e a smoot h 
and uni f or m sur f ace.   Do not  r emove excessi ve met al  f r om t he sur f ace.   
Cl ean cl ad met al s i n such a manner  t hat  t he c l addi ng mat er i al  i s  not  
penet r at ed by t he c l eani ng pr ocess.   Then cl ean bar e met al  wi t h an 
appr opr i at e sol vent  t o r emove any gr ease,  oi l ,  di r t ,  cor r osi on 
pr event i ves,  and ot her  cont ami nant s.   Bond t o t he c l eaned ar ea wi t hi n one 
hour  af t er  c l eani ng.   Seal  j oi nt  and r ef i ni sh t he exposed sur f aces wi t hi n 
t wo hour s of  exposur e t o pr event  oxi dat i on.   When addi t i onal  t i me i s 
r equi r ed,  appl y a cor r osi on pr event i ve compound unt i l  t he ar ea can be 
r ef i ni shed.

3. 1. 7. 5   Pr ot ect i on of  Fi ni shed Bonds

Pr ot ect  f i ni shed bonds by pai nt i ng t o mat ch t he or i gi nal  f i ni sh af t er  t he 
bond i s made.

3. 2   FI ELD QUALI TY CONTROL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he speci f i ed syst em i s i dent i f i ed as 
cr i t i cal ,  conf i gur ed,  or  mi ssi on essent i al ,  use 
Sect i on 01 86 26. 07 40 RELI ABI LI TY CENTERED 
ACCEPTANCE FOR ELECTRI CAL SYSTEMS t o est abl i sh 
pr edi ct i ve and accept ance t est i ng cr i t er i a.

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

Per f or m PT&I  t est s and pr ovi de submi t t al s as speci f i ed i n Sect i on 
01 86 26. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS.

[ The r equi r ement s of  Sect i on 26 08 00 APPARATUS COORDI NATI ON,  I NSPECTI ON 
AND TESTI NG appl y t o t hi s sect i on.

] Per f or m t he f ol l owi ng t est s i n t he pr esence of  t he Cont r act i ng Of f i cer .   
Fur ni sh t est  equi pment  and per sonnel  and submi t  wr i t t en r esul t s of  each 
t est .   Not i f y t he Cont r act i ng Of f i cer  at  l east  14 cal endar  wor ki ng days 
pr i or  t o each t est .

Submi t  wr i t t en r esul t s of  each t est  t o Cont r act i ng Of f i cer  f or  r evi ew and 
appr oval .   Document  each l ocat i on wher e t est  i s  per f or med,  t he f i el d 
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condi t i ons at  t he t i me of  t he t est ,  t he measur ed r esul t s of  t he t est ,  and 
whet her  t he measur ed r esul t s " PASSED"  or  " FAI LED"  r el at i ve t o speci f i ed 
pass/ f ai l  per f or mance cr i t er i a.   

Per f or m r ewor k t o cor r ect  FAI LED condi t i ons at  no addi t i onal  cost  t o t he 
Gover nment .

3. 2. 1   Bond Resi st ance Test

Resi st ance of  any bond connect i on cannot  exceed [ 0. 5]  [ _____]  mi l l i ohm.   
Rewor k bonds t hat  exceed t hi s r esi st ance at  no addi t i onal  cost  t o t he 
Gover nment .

3. 2. 2   Gr ound Resi st ance Test s

Test  gr oundi ng syst ems f or  gr ound r esi st ance.   Tot al  r esi st ance f r om any 
poi nt  on t he gr ound net wor k t o t he bui l di ng count er poi se cannot  exceed 
[ 50]  [ _____]  mi l l i ohms.

Make gr ound r esi st ance and count er poi se t est s dur i ng dr y weat her ,  and no 
sooner  t han [ 48]  [ _____]  hour s af t er  r ai nf al l .   Conduct  t est s usi ng t he 
r at i o met hod t hat  measur es t he r at i o of  t he r esi st ance t o ear t h of  an 
auxi l i ar y t est  el ect r ode t o t he ser i es r esi st ance of  t he el ect r ode under  
t est  and a second auxi l i ar y el ect r ode.   Per f or m measur ement s i n accor dance 
wi t h I EEE 81.

3. 2. 3   Gr ound I sol at i on Test

Test  gr ound syst ems f or  i sol at i on f r om ot her  gr ound syst ems.

3. 2. 4   Equi pment  Cont i nui t y Test

Test  connect i on f r om el ect r i cal  di st r i but i on equi pment  i ncl udi ng 
panel boar ds,  swi t chboar ds,  t r ansf or mer s,  subst at i ons,  and mot or  cont r ol  
cent er s t o count er poi se.   Measur e and r ecor d t he c i r cui t  r esi st ance 
bet ween el ect r i cal  equi pment  gr ound connect i ons and t he count er poi se.   The 
ci r cui t  r esi st ance shal l  not  exceed [ 5] [   ]  Ohms.

3. 3   CLOSEOUT ACTI VI TI ES

Submi t  r ecor d dr awi ngs i ndi cat i ng t he l ocat i on of  gr ound r ods,  mat s,  
gr i ds,  bui l di ng gr ound bus,  suppl ement ar y gr oundi ng el ect r odes,  st eel  
bui l di ng col umns,  and ot her  met al  st r uct ur es connect ed t o t he gr oundi ng 
syst em.

        - -  End of  Sect i on - -
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