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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  a cat hodi c pr ot ect i on syst em usi ng 
I mpr essed Cur r ent  anodes.

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 must  be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

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

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s f or  t he cat hodi c pr ot ect i on 
syst ems must  be det er mi ned by a cor r osi on engi neer  
f ol l owi ng t he cr i t er i a,  desi gn,  and i nst al l at i on 
r ecommendat i ons i ncl uded i n t he appl i cabl e Nat i onal  
Associ at i on of  Cor r osi on Engi neer s ( NACE)  St andar d 
f or  t he t ype of  st r uct ur e bei ng pr ot ect ed as l i s t ed 
i n t he r ef er ences.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s speci f i cat i on cover s a cat hodi c 
pr ot ect i on syst em f or  met al  sur f aces agai nst  
cor r osi on by pr oduci ng a cont i nuous f l ow of  di r ect  
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cur r ent  f r om I mpr essed Cur r ent  anodes t o t he met al  
t o be pr ot ect ed.   The anodes must  be of  suf f i c i ent  
s i ze and quant i t y t o pr ot ect  t he bur i ed met al  i t ems 
f or  a speci f i ed number  of  year s bef or e r epl acement .   
The U. S.  Depar t ment  of  Tr anspor t at i on has i ssued 
r egul at i ons r equi r i ng t he appl i cat i on of  cat hodi c 
pr ot ect i on t o nat ur al  gas pi pel i nes,  l i qui d nat ur al  
gas pi pel i nes,  pet r ol eum pi pel i nes,  pet r ol eum 
pr oduct s pi pel i nes,  l i qui d pet r ol eum gas pi pel i nes,  
and pet r ol eum st or age f aci l i t i es.   Ti t l e 49 of  t he 
Code of  Feder al  Regul at i ons,  Par t s 191,  192,  193 and 
195 must  be consul t ed f or  appl i cabl e cat hodi c 
pr ot ect i on r equi r ement s f or  speci f i c  appl i cat i ons.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng i nf or mat i on must  be on t he 
dr awi ngs:

1.   Locat i ons of  al l  under gr ound pi pes and 
st r uct ur es.

2.   Locat i ons of  al l  anode,  anode wi r es,  and 
st r uct ur e wi r es.

3.   Locat i ons of  al l  f l anges and uni ons.

4.   Locat i ons of  al l  equi pment  and component s.

5.   I nst al l at i on det ai l s f or  st r uct ur e connect i ons,  
j unct i on boxes,  anodes and t est  st at i ons.

6.   Si ngl e- l i ne di agr ams el evat i ons,  l i mi t i ng 
di mensi ons,  and equi pment  r at i ngs whi ch ar e not  
cover ed i n t he speci f i cat i on.

7.   Remot e i ndi cat i ng or  cont r ol  r equi r ement s.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

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  
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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 SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A518/ A518M ( 1999;  R 2022)  St andar d Speci f i cat i on f or  
Cor r osi on- Resi st ant  Hi gh- Si l i con I r on 
Cast i ngs

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM B8 ( 2023)  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
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ASTM B418 ( 2016a;  R2021)  St andar d Speci f i cat i on f or  
Cast  and Wr ought  Gal vani c Zi nc Anodes

ASTM C94/ C94M ( 2023)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

ASTM D1248 ( 2016)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Pl ast i cs Ext r usi on Mat er i al s 
f or  Wi r e and Cabl e

ASTM D2028/ D2028M ( 2015)  Cut back Asphal t  ( Rapi d- Cur i ng Type)

ASTM D3381/ D3381M ( 2018)  St andar d Speci f i cat i on f or  
Vi scosi t y- Gr aded Asphal t  Bi nder  f or  Use i n 
Pavement  Const r uct i on

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

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 ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 15589- 2 ( 2012)  Pet r ol eum,  Pet r ochemi cal  and 
Nat ur al  Gas I ndust r i es -  Cat hodi c 
Pr ot ect i on of  Pi pel i ne Tr anspor t at i on 
Syst ems -  Par t  2:   Of f shor e Pi pel i nes

NACE I NTERNATI ONAL ( NACE)

NACE SP0106 ( 2018)  Cont r ol  of  I nt er nal  Cor r osi on i n 
St eel  Pi pel i nes and Pi pi ng Syst ems

NACE SP0176 ( 2007)  Cor r osi on Cont r ol  of  Submer ged 
Ar eas of  Per manent l y I nst al l ed St eel  
Of f shor e St r uct ur es Associ at ed wi t h 
Pet r ol eum Pr oduct i on

NACE SP0177 ( 2019)  Mi t i gat i on of  Al t er nat i ng Cur r ent  
and Li ght ni ng Ef f ect s on Met al l i c  
St r uct ur es and Cor r osi on Cont r ol  Syst ems

NACE SP0186 ( 1986;  R 2007)  Appl i cat i on of  Cat hodi c 
Pr ot ect i on f or  Ext er nal  Sur f aces of  St eel  
Wel l  Casi ngs

NACE SP0188 ( 1999;  R 2006)  Di scont i nui t y ( Hol i day)  
Test i ng of  New Pr ot ect i ve Coat i ngs on 
Conduct i ve Subst r at es
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NACE SP0193 ( 2016)  Appl i cat i on of  Cat hodi c Pr ot ect i on 
t o Cont r ol  Ext er nal  Cor r osi on of  Car bon 
St eel  On- Gr ade St or age Tank Bot t oms

NACE SP0196 ( 2020)  Gal vani c Anode Cat hodi c Pr ot ect i on 
of  I nt er nal  Submer ged Sur f aces of  St eel  
Wat er  St or age Tanks

NACE SP0200 ( 2014)  St andar d Pr act i ce St eel - Cased 
Pi pel i ne Pr act i ces

NACE SP0285 ( 2021)  Ext er nal  Cor r osi on Cont r ol  of  
Under gr ound St or age Tank Syst ems by 
Cat hodi c Pr ot ect i on

NACE SP0286 ( 1997;  R 2007)  St andar d Pr act i ce 
El ect r i cal  I sol at i on of  Cat hodi cal l y 
Pr ot ect ed Pi pel i nes

NACE SP0388 ( 2018)  I mpr essed Cur r ent  Cat hodi c 
Pr ot ect i on of  I nt er nal  Submer ged Sur f aces 
of  Car bon St eel  Wat er  St or age Tanks -  I t em 
No.  21040

NACE SP0607 ( 2007)  Pet r ol eum and Nat ur al  Gas 
I ndust r i es — Cat hodi c Pr ot ect i on of  
Pi pel i ne Tr anspor t at i on Syst ems — Par t  2:  
Of f shor e Pi pel i nes

NACE SP21424 ( 2018)  Al t er nat i ng Cur r ent  Cor r osi on on 
Cat hodi cal l y Pr ot ect ed Pi pel i nes:  Ri sk 
Assessment ,  Mi t i gat i on and Moni t or i ng

NACE TPC 11 ( 2008)  A Gui de t o t he Or gani zat i on of  
Under gr ound Cor r osi on- Cont r ol  Coor di nat i ng 
Commi t t ees

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C119. 1 ( 2023)  El ect r i c Connect or s -  Seal ed 
I nsul at ed Under gr ound Connect or  Syst ems 
Rat ed 600 Vol t s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

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

NFPA 70 ( 2023;  ERTA 4 2023;  ERTA 5 2023;  ERTA 6 
2023)  Nat i onal  El ect r i cal  Code
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U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 18001 ( 1993)  Anodes,  Sacr i f i c i al  Zi nc Al l oy

MI L- I - 1361 ( 1985;  Rev C;  Not i ce 1 1991;  Not i ce 2 
2021)  I nst r ument  Auxi l i ar i es,  El ect r i cal  
Measur i ng:   Shunt s,  Resi st or s and 
Tr ansf or mer s

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 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

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 506 ( 2017;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Speci al t y Tr ansf or mer s

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape

UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 854 ( 2020;  Repr i nt  Nov 2023)  St andar d f or  
Ser vi ce- Ent r ance Cabl es

1. 2   DEFI NI TI ONS

I t  i s  conveni ent  t o c l assi f y cor r osi on by t he f or ms i n whi ch i t  mani f est s 
i t sel f ,  t he basi s f or  t hi s c l assi f i cat i on bei ng t he appear ance of  t he 
cor r oded met al .   Each f or m can be i dent i f i ed by v i sual  obser vat i on,  
al t hough,  i n some cases,  magni f i cat i on i s r equi r ed.   Val uabl e i nf or mat i on 
f or  t he sol ut i on of  a cor r osi on pr obl em can of t en be obt ai ned t hr ough 
car ef ul  obser vat i on of  t he cor r oded t est  speci mens or  f ai l ed equi pment .   
Exami nat i on bef or e c l eani ng i s par t i cul ar l y desi r abl e.   Cat hodi c 
Pr ot ect i on i s a met hod used t o cont r ol  cor r osi on.
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1. 2. 1   Cat hodi c Pr ot ect i on

Cat hodi c Pr ot ect i on ( CP)  i s an el ect r ochemi cal  ( hal f  el ect r i cal  and hal f  
chemi cal )  met hod used t o cont r ol  cor r osi on of  bur i ed or  submer ged met al l i c  
st r uct ur es.   I t  pr event s cor r osi on by maki ng t he pr ot ect ed st r uct ur e a 
cat hode by i nst al l i ng a mor e anodi c met al  ( sacr i f i c i al  or  gal vani c)  anode 
or  a met al l i c  ( I mpr essed Cur r ent )  anode connect ed t o a Di r ect  Cur r ent  ( DC)  
power  sour ce.   When t he pr oper  amount  of  cur r ent  i s appl i ed t o t he 
st r uct ur e,  i t  becomes a cat hode.   Si nce al l  cor r osi on occur s at  t he anode,  
t he st r uct ur e no l onger  cor r odes.   The el ect r ons move i n t he met al l i c  pat h 
( el ect r i cal ) .   Reduct i on ( chemi cal )  r eact i ons occur  at  t he sur f ace of  t he 
cat hode r esul t i ng i n a hydr ogen coat i ng and mor e al kal i ne envi r onment .   
Oxi dat i on ( chemi cal )  r eact i ons occur  at  t he sur f ace of  t he anode r esul t i ng 
i n cor r osi on and a mor e aci di c envi r onment .   Af t er  a CP syst em i s 
i nst al l ed and adj ust ed t o pr ovi de adequat e pr ot ect i on,  t he hydr ogen coat s 
t he def ect s i n t he coat i ng and pol ar i zes i n t he negat i ve di r ect i on ( t o a 
copper / copper  sul f at e r ef er ence el ect r ode)  over  t i me t he cur r ent  and 
pot ent i al s r emai n r el at i vel y st abl e;  changes i n cur r ent s or  pot ent i al s 
i ndi cat e a pr obl em.   An er r or - f r ee measur ement  of  negat i ve 850 mi l l i vol t s 
DC or  mor e negat i ve t o t he copper / copper - sul f at e r ef er ence el ect r ode 
pr oves t he st r uct ur e i s a cat hode and cor r osi on has been mi t i gat ed.

1. 2. 2   Cor r osi on

I t  i s  conveni ent  t o c l assi f y cor r osi on by t he f or ms i n whi ch i t  mani f est s 
i t sel f ,  t he basi s f or  t hi s c l assi f i cat i on bei ng t he appear ance of  t he 
cor r oded met al .   Each f or m can be i dent i f i ed by v i sual  obser vat i on,  
al t hough,  i n some cases,  magni f i cat i on i s r equi r ed.   Val uabl e i nf or mat i on 
f or  t he sol ut i on of  a cor r osi on pr obl em can of t en be obt ai ned t hr ough 
car ef ul  obser vat i on of  t he cor r oded t est  speci mens or  f ai l ed equi pment .   
Exami nat i on bef or e c l eani ng i s par t i cul ar l y desi r abl e.   Some of  t he ei ght  
f or ms of  cor r osi on ar e uni que,  but  al l  of  t hem ar e mor e or  l ess 
i nt er r el at ed.

The ei ght  f or ms of  cor r osi on ar e:  ( 1)  Uni f or m At t ack,  ( 2)  Gal vani c or  
Two- Met al  Cor r osi on,  ( 3)  Cr evi ce Cor r osi on,  ( 4)  Pi t t i ng Cor r osi on,  ( 5)  
I nt er gr anul ar  Cor r osi on,  ( 6)  Sel ect i ve Leachi ng,  ( 7)  Er osi on Cor r osi on,  
and ( 8)  St r ess Cor r osi on Cr acki ng.   Thi s l i s t i ng i s ar bi t r ar y but  cover s 
pr act i cal l y al l  cor r osi on f ai l ur es and pr obl ems.   The f or ms ar e not  l i s t ed 
i n any par t i cul ar  or der  of  i mpor t ance.   Bel ow,  t he ei ght  f or ms of  
cor r osi on ar e di scussed i n t er ms of  t hei r  char act er i st i cs,  mechani sms,  and 
pr event i ve measur es.   Hydr ogen damage,  al t hough not  a f or m of  cor r osi on,  
of t en occur s i ndi r ect l y as a r esul t  of  cor r osi ve at t ack and i s,  t her ef or e,  
i ncl uded i n t hi s di scussi on.

1. 2. 3   Al t er nat i ng Cur r ent  ( AC)  Cor r osi on

AC cor r osi on occur s when t her e i s a sour ce of  AC cur r ent ,  t ypi cal l y f r om a 
hi gh- vol t age over head AC ( OHAC)  power - l i ne,  when t her e i s a l ow soi l  
r esi st i v i t y ( t ypi cal l y l ess t han 5, 000 ohm- cm)  and t her e i s a ver y smal l  
coat i ng hol i day.   The AC cor r osi on pi t s t ypi cal l y have a t uber cl e of  
cor r osi on pr oduct  at  t he pi t .   AC i nt er f er ence st udy model i ng sof t war e can 
det er mi ne t he mi t i gat i on sol ut i on t o sol ve t hi s pr obl em.   Typi cal l y,  AC 
Cor r osi on mi t i gat i on i s done i n conj unct i on wi t h hi gh AC pot ent i al s and 
f aul t  cur r ent  mi t i gat i on.

1. 2. 4   AC I nt er f er ence

AC i nt er f er ence occur s when a pi pel i ne par al l el s a hi gh- vol t age over head 
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AC ( OHAC)  power - l i ne.   An i nt er f er ence st udy i s r equi r ed when t hi s 
s i t uat i on occur s as AC i nt er f er ence can cause hi gh AC pot ent i al s al ong t he 
pi pel i ne ( saf et y) ,  can cause a f aul t  condi t i on bet ween t he pi pel i ne and 
power - l i ne and coul d cause AC cor r osi on t o occur .   The pi pel i ne coat i ng 
when exposed can have bl i st er s/ bubbl es caused by t he excessi ve AC.   The 
i nt er f er ence st udy wi l l  use model i ng sof t war e t o det er mi ne what  
combi nat i on of  i nt er f er ence may be occur r i ng ( i f  any)  and pr ovi de t he 
mi t i gat i on sol ut i on t o sol ve t he pr obl em.

1. 2. 5   Uni f or m At t ack

Uni f or m at t ack i s t he most  common f or m of  cor r osi on.   I t  i s  nor mal l y 
char act er i zed by a chemi cal  or  el ect r ochemi cal  r eact i on t hat  pr oceeds 
uni f or ml y over  t he ent i r e exposed sur f ace or  over  a l ar ge ar ea.   The met al  
becomes t hi nner  and event ual l y f ai l s .   For  exampl e,  a pi ece of  st eel  or  
z i nc i mmer sed i n di l ut e sul f ur i c aci d nor mal l y di ssol ves at  a uni f or m r at e 
over  i t s ent i r e sur f ace.   A sheet  i r on r oof  shows essent i al l y  t he same 
degr ee of  r ust i ng over  i t s ent i r e out si de sur f ace.

Uni f or m at t ack,  or  gener al  over al l  cor r osi on,  r epr esent s t he gr eat est  
dest r uct i on of  met al  on a t onnage basi s.   Thi s f or m of  cor r osi on,  however ,  
i s  not  of  gr eat  concer n f r om a t echni cal  st andpoi nt ,  because t he l i f e of  
equi pment  can be accur at el y est i mat ed on t he basi s of  compar at i vel y s i mpl e 
t est s.   Mer el y i mmer si ng speci mens i n t he f l ui d i nvol ved i s of t en 
suf f i c i ent .   Uni f or m at t ack can be pr event ed or  r educed by ( 1)  mat er i al s,  
such as coat i ngs,  t hat  r educe cont act  bet ween met al  and el ect r ol yt es,  ( 2)  
i nhi bi t or s,  or  ( 3)  cat hodi c pr ot ect i on.

1. 2. 6   Gal vani c or  Two- Met al  Cor r osi on

A pot ent i al  di f f er ence usual l y exi st s bet ween t wo di ssi mi l ar - met al s when 
t hey ar e i mmer sed i n a cor r osi ve or  conduct i ve sol ut i on.   I f  t hese met al s 
ar e pl aced i n cont act  ( or  ot her wi se el ect r i cal l y connect ed) ,  t hi s 
pot ent i al  di f f er ence pr oduces el ect r on f l ow bet ween t hem.   Cor r osi on of  
t he l ess cor r osi on- r esi st ant  met al  i s  usual l y i ncr eased,  and at t ack of  t he 
mor e r esi st ant  mat er i al  i s  decr eased,  compar ed t o t he behavi or  of  t hese 
met al s when t hey ar e not  i n cont act .   The l ess r esi st ant  met al  becomes 
anodi c and t he mor e r esi st ant  met al  becomes cat hodi c.   Usual l y t he cat hode 
or  cat hodi c met al  cor r odes ver y l i t t l e or  not  at  al l  i n t hi s t ype of  
coupl e.   Because of  t he el ect r i c cur r ent s and di ssi mi l ar - met al s i nvol ved,  
t hi s f or m of  cor r osi on i s cal l ed gal vani c,  bi - met al l i c  or  t wo- met al ,  
cor r osi on.   Gal vani c cor r osi on i s r est r i ct ed t o el ect r ochemi cal  cor r osi on 
caused by di ssi mi l ar - met al  ef f ect s.   I t  i s  el ect r ochemi cal  cor r osi on,  but  
t hi s document  must  r est r i ct  t he t er m gal vani c t o di ssi mi l ar - met al  ef f ect s 
f or  pur poses of  c l ar i t y.

1. 2. 7   Cr evi ce Cor r osi on

I nt ense l ocal i zed cor r osi on f r equent l y occur s wi t hi n cr evi ces and ot her  
shi el ded ar eas on met al  sur f aces exposed t o cor r osi ves.   Thi s t ype of  
at t ack i s usual l y associ at ed wi t h smal l  vol umes of  st agnant  sol ut i on 
caused by hol es,  gasket  sur f aces,  l ap j oi nt s,  sur f ace deposi t s,  and 
cr evi ces under  bol t  and r i vet  heads.   As a r esul t ,  t hi s f or m of  cor r osi on 
i s cal l ed cr evi ce cor r osi on or ,  somet i mes,  deposi t  or  gasket  cor r osi on.

1. 2. 8   Pi t t i ng Cor r osi on

Pi t t i ng i s a f or m of  ext r emel y l ocal i zed at t ack t hat  r esul t s i n hol es i n 
t he met al .   These hol es may be smal l  or  l ar ge i n di amet er ,  but  i n most  
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cases t hey ar e r el at i vel y smal l .   Pi t s ar e somet i mes i sol at ed or  so c l ose 
t oget her  t hat  t hey l ook l i ke a r ough sur f ace.   Gener al l y a pi t  may be 
descr i bed as a cavi t y or  hol e wi t h t he sur f ace di amet er  about  t he same as 
or  l ess t han t he dept h.   Pi t t i ng i s one of  t he most  dest r uct i ve and 
i nsi di ous f or ms of  cor r osi on.   I t  causes equi pment  t o f ai l  because of  
per f or at i on wi t h onl y a smal l  per cent  wei ght  l oss of  t he ent i r e 
st r uct ur e.   I t  i s  of t en di f f i cul t  t o det ect  pi t s because of  t hei r  smal l  
s i ze and because t he pi t s ar e of t en cover ed wi t h cor r osi on pr oduct s.   I n 
addi t i on,  i t  i s  di f f i cul t  t o measur e quant i t at i vel y and compar e t he ext ent  
of  pi t t i ng because of  t he var yi ng dept hs and number s of  pi t s t hat  may 
occur  under  i dent i cal  condi t i ons.   Pi t t i ng i s al so di f f i cul t  t o pr edi ct  by 
l abor at or y t est s.   Somet i mes t he pi t s r equi r e a l ong t i me ( sever al  mont hs 
or  a year )  t o show up i n act ual  ser vi ce.   Pi t t i ng i s par t i cul ar l y v i c i ous 
because i t  i s  a l ocal i zed and i nt ense f or m of  cor r osi on,  and f ai l ur es 
of t en occur  wi t h ext r eme suddenness.

1. 2. 9   I nt er gr anul ar  Cor r osi on

Gr ai n boundar y ef f ect s ar e of  l i t t l e or  no consequence i n most  
appl i cat i ons or  uses of  met al s.   I f  a met al  cor r odes,  uni f or m at t ack 
r esul t s s i nce gr ai n boundar i es ar e usual l y onl y s l i ght l y mor e r eact i ve 
t han t he mat r i x.   However ,  under  cer t ai n condi t i ons,  gr ai n i nt er f aces ar e 
ver y r eact i ve and i nt er gr anul ar  cor r osi on r esul t s.   Local i zed at t ack at  
and adj acent  t o gr ai n boundar i es,  wi t h r el at i vel y l i t t l e cor r osi on of  t he 
gr ai ns,  i s  i nt er gr anul ar  cor r osi on.   The al l oy di s i nt egr at es ( gr ai ns f al l  
out )  or  l oses i t s st r engt h.   I nt er gr anul ar  cor r osi on can be caused by 
i mpur i t i es at  t he gr ai n boundar i es,  enr i chment  of  one of  t he al l oyi ng 
el ement s,  or  depl et i on of  one of  t hese el ement s i n t he gr ai n- boundar y 
ar eas.   Smal l  amount s of  i r on i n al umi num,  wher ei n t he sol ubi l i t y  of  i r on 
i s l ow,  have been shown t o segr egat e i n t he gr ai n boundar i es and cause 
i nt er gr anul ar  cor r osi on.   I t  has been shown t hat ,  based on sur f ace t ensi on 
consi der at i ons,  t he z i nc cont ent  of  a br ass i s hi gher  at  t he gr ai n 
boundar i es.   Depl et i on of  chr omi um i n t he gr ai n- boundar y r egi ons r esul t s 
i n i nt er gr anul ar  cor r osi on of  st ai nl ess st eel s.

1. 2. 10   Sel ect i ve Leachi ng

Sel ect i ve l eachi ng i s t he r emoval  of  one el ement  f r om a sol i d al l oy by 
cor r osi on pr ocesses.   The most  common exampl e i s t he sel ect i ve r emoval  of  
z i nc i n br ass al l oys ( dezi nci f i cat i on) .   Si mi l ar  pr ocesses occur  i n ot her  
al l oy syst ems i n whi ch al umi num,  i r on,  cobal t ,  chr omi um,  and ot her  
el ement s ar e r emoved.   Sel ect i ve l eachi ng i s t he gener al  t er m t o descr i be 
t hese pr ocesses,  and i t s use pr ecl udes t he cr eat i on of  t er ms such as 
de- al umi numi f i cat i on,  de- cobal t i f i cat i on.   Par t i ng i s a met al l ur gi cal  t er m 
t hat  i s somet i mes appl i ed,  but  sel ect i ve l eachi ng i s pr ef er r ed.

1. 2. 11   Er osi on Cor r osi on

Er osi on cor r osi on i s t he accel er at i on or  i ncr ease i n r at e of  det er i or at i on 
or  at t ack on a met al  because of  r el at i ve movement  bet ween a cor r osi ve 
f l ui d and t he met al  sur f ace.   Gener al l y,  t hi s movement  i s qui t e r api d,  and 
mechani cal  wear  ef f ect s or  abr asi on ar e i nvol ved.   Met al  i s  r emoved f r om 
t he sur f ace as di ssol ved i ons,  or  i t  f or ms sol i d cor r osi on pr oduct s,  whi ch 
ar e mechani cal l y swept  f r om t he met al  sur f ace.   Somet i mes,  movement  of  t he 
envi r onment  decr eases cor r osi on,  par t i cul ar l y when l ocal i zed at t ack occur s 
under  st agnant  condi t i ons;  t hi s i s not  er osi on cor r osi on because 
det er i or at i on i s not  i ncr eased.   Er osi on cor r osi on i s char act er i zed i n 
appear ance by gr ooves,  gul l i es,  waves,  r ounded hol es,  and val l eys and 
usual l y exhi bi t s a di r ect i onal  pat t er n.   I n many cases,  f ai l ur es because 
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of  er osi on cor r osi on occur  i n a r el at i vel y shor t  t i me,  and t hey ar e 
unexpect ed l ar gel y because eval uat i on cor r osi on t est s wer e r un under  
st at i c condi t i ons or  because t he er osi on ef f ect s wer e not  consi der ed.

1. 2. 12   St r ess- Cor r osi on Cr acki ng

St r ess- cor r osi on cr acki ng r ef er s t o cr acki ng caused by t he s i mul t aneous 
pr esence of  t ensi l e st r ess and a speci f i c  cor r osi ve medi um.   Many 
i nvest i gat or s have cl assi f i ed al l  cr acki ng f ai l ur es occur r i ng i n cor r osi ve 
medi a as st r ess- cor r osi on cr acki ng,  i ncl udi ng f ai l ur es due t o hydr ogen 
embr i t t l ement .   However ,  t hese t wo t ypes of  cr acki ng f ai l ur es r espond 
di f f er ent l y t o envi r onment al  var i abl es.   To i l l ust r at e,  CP i s an ef f ect i ve 
met hod f or  pr event i ng st r ess- cor r osi on cr acki ng;  however ,  
hydr ogen- embr i t t l ement  may be caused when excessi ve cur r ent  i s appl i ed,  
especi al l y on st ai nl ess st eel .   Hence,  t he i mpor t ance of  consi der i ng 
st r ess- cor r osi on cr acki ng and hydr ogen embr i t t l ement  as separ at e phenomena 
i s obvi ous.   Dur i ng st r ess- cor r osi on cr acki ng,  t he met al  or  al l oy i s 
v i r t ual l y unat t acked over  most  of  i t s  sur f ace,  whi l e f i ne cr acks pr ogr ess 
t hr ough i t .   Thi s cr acki ng phenomenon has ser i ous consequences,  s i nce i t  
can occur  at  st r esses wi t hi n t he r ange of  t ypi cal  desi gn st r ess.

1. 2. 13   Exot her mi c Wel di ng

Exot her mi c wel di ng i s used i n CP t o connect  a copper  wi r e t o a met al l i c  
st r uct ur e,  usual l y st eel  or  cast - i r on.   I t  i s  a pyr ot echni c composi t i on of  
copper  oxi de,  al umi num powder  and magnesi um powder .   The magnesi um powder  
i s i gni t ed wi t h a spar k gun or  el ect r oni c i gni t i on equi pment .   The 
al umi num powder  ser ves as f uel ,  and mel t s t he copper  oxi de,  whi ch bonds 
t he wi r e t o t he st r uct ur e.   Al t hough not  expl osi ve,  i t  can cr eat e br i ef  
bur st s of  heat  and hi gh t emper at ur e i n a smal l  ar ea.

1. 2. 14   Er r or - Fr ee

Pot ent i al  measur ement  er r or  due t o a vol t age dr op caused by cur r ent  
f l owi ng t hr ough a r esi st or  ( t he el ect ol yt e)  bet ween t he r ef er ence 
el ect r ode and t he pr ot ect ed st r uct ur e.

1. 3   ADMI NI STRATI VE REQUI REMENTS

Af t er  awar d of  t he cont r act ,  but  pr i or  t o commencement  of  any wor k at  t he
si t e,  meet  wi t h t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Devel op a mut ual  
under st andi ng r el at i ve t o t he admi ni st r at i on of  t he val ue engi neer i ng,  t he 
saf et y pr ogr am,  pr epar at i on of  t he schedul e of  pr i ces or  ear ned val ue 
r epor t .   Revi ew shop dr awi ngs,  ot her  submi t t al s,  schedul i ng pr ogr ammi ng,  
execut i on of  t he wor k,  and cl ear  expect at i ons of  t he " I nt er i m Depar t ment  
of  Def ense ( DD)  For m 1354"  submi t t al .   Maj or  subcont r act or s who wi l l  
engage i n t he wor k must  al so at t end.

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 
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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 
and as descr i bed i n   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- 01 Pr econst r uct i on Submi t t al s

Pr econst r uct i on Sur vey

SD- 02 Shop Dr awi ngs

Dr awi ngs;  G[ ,  [ _____] ]

Anode j unct i on boxes,  bondi ng boxes,  and t est  st at i ons

Joi nt  bonds

Cont r act or ' s Modi f i cat i ons;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Qual i f i cat i ons

Equi pment ;  G[ ,  [ _____] ]

Anodes;  G[ ,  [ _____] ]

Anode j unct i on boxes,  bondi ng boxes,  and t est  st at i ons
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I sol at i on f l ange ki t s

Di el ect r i c uni ons

Wi r es

Cabl e and wi r e

Casi ngs,  i sol at i on,  and seal s

Shunt s

Per manent  r ef er ence el ect r odes;  G[ ,  [ _____] ]

Spar e Par t s

SD- 06 Test  Repor t s

Test s and Measur ement s;  G[ ,  [ _____] ]

Cont r act or ' s Modi f i cat i ons;  G[ ,  [ _____] ]

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

Cat hodi c Pr ot ect i on Syst em;  G[ ,  [ _____] ]

Tr ai ni ng Cour se;  G[ ,  [ _____] ]

Cat hodi c Pr ot ect i on Syst em,  Dat a Package 5;  G[ ,  [ _____] ]

SD- 11,  Cl oseout  Submi t t al s

I ni t i al  Cat hodi c Pr ot ect i on Syst em Fi el d Test i ng;  G[ ,  [ _____] ]

One Year  War r ant y Per i od Cat hodi c Pr ot ect i on Syst em Fi el d Test  
Repor t ;  G[ ,  [ _____] ]

Fi nal  Cat hodi c Pr ot ect i on Syst em Fi el d Test  Repor t ;  G[ ,  [ _____] ]

1. 4. 1   Mat er i al  and Equi pment  Manuf act ur er  Dat a

DATE I SSUE NO. REQUEST DATE REQUESTED BY REQUEST REF.  NO.

MANUFACTURER NAME

DESCRI PTI ON OF EQUI PMENT
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DATE I SSUE NO. REQUEST DATE REQUESTED BY REQUEST REF.  NO.

1. 5   MAI NTENANCE MATERI AL SUBMI TTALS

1. 5. 1   Spar e Par t s

Af t er  appr oval  of  shop dr awi ngs,  f ur ni sh spar e par t s dat a f or  each 
di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed.   The dat a must  i ncl ude 
a compl et e l i s t  of  par t s,  speci al  t ool s,  and suppl i es,  wi t h cur r ent  uni t  
pr i ces and sour ce of  suppl y.

Af t er  appr oval  of  shop dr awi ngs,  f ur ni sh r evi sed spar e par t s f or  any 
changes made f r om or i gi nal  submi t t al .   One spar e anode of  each t ype must  
be f ur ni shed.   I n addi t i on,  suppl y i nf or mat i on f or  mat er i al  and equi pment  
r epl acement  f or  al l  ot her  component s of  t he compl et e syst em,  i ncl udi ng 
anodes,  cabl es,  spl i ce k i t s and connect or s,  cor r osi on t est  st at i ons,  and 
any ot her  component s not  l i s t ed above.   Fur ni sh [ one r ef er ence el ect r ode 
on a hand r eel  wi t h 120 met er s 350 f eet  of  conduct or ] ,  [ one di gi t al  
vol t met er  t hat  can be used i n t he mai nt enance of  t hi s CP syst em] .   
Demonst r at e use of  f ur ni shed equi pment  i n act ual  t est s dur i ng t he t r ai ni ng 
cour se.   Pr ovi de a descr i pt i on of  equi pment  of  t he pi pe- t o- soi l  pr ot ect ed 
st r uct ur e and f or ei gn st r uct ur es at  el ect r i cal  i sol at i on bet ween t he 
ut i l i t y  suppl i er  and t he f aci l i t y  pi pi ng.

1. 5. 2   Ext r a Mat er i al s

Fur ni sh [ one r ef er ence el ect r ode on a hand r eel  wi t h 120 met er s 350 f eet  
of  conduct or ] ,  [ one hi gh- i nput - i mpedance di gi t al  mul t i met er  t hat  can be 
used i n t he mai nt enance of  t hi s CP syst em] .   Demonst r at e use of  f ur ni shed 
equi pment  i n act ual  t est s dur i ng t he t r ai ni ng cour se.   Pr ovi de a 
descr i pt i on of  equi pment  of  t he pi pe- t o- soi l  pr ot ect ed st r uct ur e and 
f or ei gn st r uct ur es at  el ect r i cal  i sol at i on bet ween t he ut i l i t y  suppl i er  
and t he f aci l i t y  pi pi ng.   I ncl ude a descr i pt i on of  t he equi pment  and 
measur ement  of  t he pi pe- t o- soi l  pot ent i al s,  anode vol t age,  anode cur r ent  
and soi l  condi t i on.

1. 6   QUALI TY CONTROL

1. 6. 1   Regul at or y Requi r ement s

Obt ai n t he ser vi ces of  a cor r osi on exper t  t o super vi se,  i nspect ,  and t est  
t he i nst al l at i on and per f or mance of  t he CP syst em.   The t er m " cor r osi on 
exper t "  r ef er s t o a per son,  who by t hor ough knowl edge of  t he physi cal  
sci ences and t he pr i nci pl es of  engi neer i ng and mat hemat i cs,  acqui r ed by 
pr of essi onal  educat i on and r el at ed pr act i cal  exper i ence,  i s qual i f i ed t o 
engage i n t he pr act i ce of  cor r osi on cont r ol  of  bur i ed or  submer ged 
met al l i c  st r uct ur es.
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1. 6. 2   Qual i f i cat i ons

The cor r osi on exper t  must  be accr edi t ed or  cer t i f i ed by NACE 
I nt er nat i onal ,  as a CP- 4 CP Speci al i st  or  be a NACE I nt er nat i onal  
cer t i f i ed Cor r osi on Speci al i st  or  a r egi st er ed pr of essi onal  engi neer  who 
has cer t i f i cat i on or  l i censi ng t hat  i ncl udes educat i on and exper i ence i n 
CP of  t he t ype of  CP syst em bei ng i nst al l ed.   The cor r osi on exper t  must  
have not  l ess t han [ t hr ee]  [ f i ve]  [ _____]  year s of  exper i ence i n t he t ype 
of  CP f or  bur i ed or  submer ged met al l i c  st r uct ur es under  t hi s cont r act .   
Submi t  evi dence of  qual i f i cat i ons of  t he cor r osi on exper t  i ncl udi ng t hei r  
name and qual i f i cat i ons cer t i f i ed i n wr i t i ng t o t he Cont r act i ng Of f i cer  or  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager  pr i or  t o t he st ar t  of  const r uct i on.   Cer t i f i cat i on must  be 
submi t t ed gi v i ng t he name of  t he f i r m,  t he number  of  year s of  exper i ence,  
and a l i s t  of  not  l ess t han f i ve of  t he f i r m' s i nst al l at i ons,  t hr ee or  
mor e year s ol d,  t hat  have been t est ed and f ound sat i sf act or y.

1. 6. 3   Ser vi ces of  Cor r osi on Exper t

The " cor r osi on exper t "  must  make a mi ni mum of  t hr ee vi s i t s t o t he pr oj ect  
s i t e.  The f i r st  of  t hese vi s i t s wi l l  i ncl ude obt ai ni ng soi l  r esi st i v i t y 
dat a,  acknowl edgi ng t he t ype of  pi pel i ne coat i ngs t o be used and r epor t i ng 
t o t he cont r act or  i f  I mpr essed Cur r ent  Cat hodi c Pr ot ect i on ( I CCP)  or  
Gal vani c Anode Cat hodi c Pr ot ect i on ( GACP)  i s r equi r ed.  Once t he submi t t al s 
ar e appr oved and t he mat er i al s del i ver ed,  t he " cor r osi on exper t "  wi l l  
r evi s i t  t he s i t e t o ver i f y t he mat er i al s meet  submi t t al  r equi r ement s,  
ensur e t he cont r act or  under st ands i nst al l at i on pr act i ces and t hat  t he 
cont r act or  i s capabl e and qual i f i ed t o compl et e t he i nst al l at i on.

The " cor r osi on exper t "  wi l l  be avai l abl e ( but  not  necessar i l y  be onsi t e 
t he ent i r e t i me)  dur i ng t he i nst al l at i on of  t he CP syst em t o answer  
quest i ons,  appr ove any changes or  addi t i ons r equi r ed dur i ng const r uct i on,  
or  t o pr ovi de r ecommendat i ons as r equi r ed.   The t hi r d v i s i t  i s  t o compl et e 
t he t r ai ni ng and demonst r at i ons t o appl i cabl e per sonnel  on pr oper  t est i ng 
and mai nt enance t echni ques and t o compl et e t est i ng t he i nst al l ed CP 
syst ems t o ensur e i t  has been i nst al l ed pr oper l y and meet s adequat e CP 
cr i t er i a.   An addi t i onal  v i s i t  i s  r equi r ed i f  t he 
One- Year - War r ant y- Per i od- Test i ng i s r equi r ed.

1. 7   DELI VERY,  STORAGE AND HANDLI NG

St or age ar ea f or  cor r osi on mat er i al  wi l l  be desi gnat ed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   I f  mat er i al  ar e not  st or ed i n a bui l di ng,  t ar ps or  
s i mi l ar  pr ot ect i on must  be used t o pr ot ect  mat er i al  f r om i ncl ement  
weat her .   Resack and add backf i l l  t o packaged anodes t hat  ar e damaged as a 
r esul t  of  i mpr oper  handl i ng or  exposur e t o r ai n.

1. 8   PROJECT/ SI TE CONDI TI ONS

1. 8. 1   Envi r onment al  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The envi r onment al  r equi r ement s wi t h whi ch t he 
cont r act or  must  compl y must  be devel oped dur i ng t he 
desi gn pr ocess,  i ncl uded i n t he bi ddi ng document s,  
and made a par t  of  t he cont r act .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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1. 8. 2   Exi st i ng Condi t i ons

Pr i or  t o st ar t  of  any onsi t e const r uct i on act i v i t i es,  per f or m a 
Pr econst r uct i on Sur vey of  t he pr oj ect  s i t e wi t h t he Cont r act i ng Of f i cer  or  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager ,  and t ake phot ogr aphs showi ng exi st i ng envi r onment al  condi t i ons i n 
and adj acent  t o t he s i t e.   Submi t  a r epor t  f or  t he r ecor d.   I ncl ude i n t he 
r epor t  a pl an descr i bi ng t he f eat ur es r equi r i ng pr ot ect i on under  t he 
pr ovi s i ons of  t he Cont r act  Cl auses,  whi ch ar e not  speci f i cal l y i dent i f i ed 
on t he dr awi ngs as envi r onment al  f eat ur es r equi r i ng pr ot ect i on al ong wi t h 
t he condi t i on of  t r ees,  shr ubs and gr assed ar eas i mmedi at el y adj acent  t o 
t he s i t e of  wor k and adj acent  t o t he cont r act or ' s assi gned st or age ar ea 
and access r out e( s) ,  as appl i cabl e.   The cont r act or  and t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  wi l l  s i gn t hi s sur vey r epor t  upon mut ual  agr eement  
r egar di ng i t s accur acy and compl et eness.   Pr ot ect  t hose envi r onment al  
f eat ur es i ncl uded i n t he sur vey r epor t  and any i ndi cat ed on t he dr awi ngs,  
r egar dl ess of  i nt er f er ence t hat  t hei r  pr eser vat i on may cause t o t he wor k 
under  t he Cont r act .

1. 9   WARRANTY

Pr ovi de equi pment  i t ems t hat  ar e suppor t ed by ser vi ce or gani zat i ons whi ch 
ar e r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Cor r osi on Cont r ol  Syst em Descr i pt i on

A cor r osi on cont r ol  syst em consi st s of  sever al  syst ems whi ch wor k t oget her  
t o mi t i gat e cor r osi on on bur i ed or  submer ged met al l i c  st r uct ur es.   Fai l ur e 
t o compl y wi t h t he r equi r ement s of  any one of  t hese syst ems may r esul t  i n 
i nadequat e cor r osi on cont r ol  and pr emat ur e f ai l ur e of  t he st r uct ur e bei ng 
pr ot ect ed.   Each syst em' s gui de speci f i cat i ons must  be i ncl uded i n t he 
desi gn and i nst al l at i on of  a compl et e cor r osi on cont r ol  syst em and must  be 
adher ed t o i n t he desi gn and execut i on of  t he cor r osi on cont r ol  of  a 
st r uct ur e bei ng pr ot ect ed.   Det er mi nat i on of  Need f or  CP must  be made by 
gover nment  r equi r ement s and pol i cy di r ect i ves.

a.   Const r uct i on Desi gn Requi r ement s ( CDR)  f or  pr ot ect ed st r uct ur es ar e 
f ound i n t he UFGS f or  t he st r uct ur e bei ng pr ot ect ed.   For  wat er  
st or age t anks r ef er  t o Sect i on 33 16 15 WATER STORAGE STEEL TANKS,  
NACE SP0388,  and NACE SP0196,  under gr ound st or age t anks NACE SP0285,  
abovegr ound st or age NACE SP0193,  f uel  st or age pi pi ng Sect i on 33 52 40 
FUEL SYSTEMS PI PI NG ( NON- HYDRANT) ,  avi at i on f uel  pi pi ng Sect i on 
33 52 43. 13 AVI ATI ON FUEL PI PI NG,  l eak det ect i on syst ems Sect i on 
33 01 50. 31 LEAK DETECTI ON FOR FUELI NG SYSTEMS,  of f shor e pi pel i nes 
NACE SP0607 and I SO 15589- 2,  of f shor e st r uct ur es and NACE SP0176,  
pi pel i ne casi ngs st r uct ur es ( r ai l r oad,  hi ghway and wat er  cr ossi ng)  
NACE SP0200 and f or  wel l  casi ngs NACE SP0186.

b.   Coat i ng Syst ems ( CS)  ar e a cr i t i cal  f act or  i n per f or mance of  an I CCP 
syst em.   Al l  coat i ngs,  i ncl udi ng coat i ngs i n st r uct ur e gui de 
speci f i cat i ons and Gr een Seal  ( GS)  coat i ngs,  must  be compat i bl e wi t h 
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t he st r uct ur e and t he CP syst em,  and have hi gh di sbondment  
capabi l i t i es.   A hi gh r esi st ance t o cat hodi c di sbondment  i s cr i t i cal  
f or  l ong t er m ser vi ce l i f e of  coat i ngs on bur i ed or  submer ged met al l i c  
st r uct ur es under  CP.   For  pai nt s and coat i ngs r ef er  t o Sect i on 09 90 00
 PAI NTS AND COATI NGS,  and f or  di scont i nui t y ( Hol i day)  t est i ng of  new 
pr ot ect i ve coat i ngs on conduct i ve subst r at es r ef er  t o NACE SP0188.

c.   Mechani cal  Damage Syst ems ( MDS)  such as beddi ng and r ock cont r ol  
bar r i er s nor mal l y i ncl uded i n St r uct ur e GS may be r equi r ed by desi gn 
f or  some l ocat i ons.   El ect r i cal  I sol at i on i s r equi r ed f or  al l  gal vani c 
anode CP syst ems.   For  an El ect r i cal  I sol at i on Syst em ( EI S)  r ef er  t o 
NACE SP0286.

d.   An El ect r i cal  Cont i nui t y Syst em ( ECS)  of  t he pr ot ect ed st r uct ur e i s 
cr i t i cal  t o t he oper at i on of  t he CP syst em.   The t ypes of  j oi nt s such 
as bondi ng and coupl i ngs ar e nor mal l y i ncl uded i n St r uct ur e GS,  t hi s 
i s par t i cul ar l y i mpor t ant  t o nonwel ded pi pel i nes t o al l ow suf f i c i ent  
CP cur r ent  t o conduct  t o t he ent i r e st r uct ur e.

e.   St r ay Cur r ent  ( I nt er f er ence)  Syst ems must  be consi der ed i n desi gn,  
moni t or ed dur i ng const r uct i on,  and i nt er f er ence t est i ng must  be 
compl et ed dur i ng t he f i nal  t est i ng.   Desi gn must  consi der  al l  ot her  
cat hodi c pr ot ect i on syst ems whi ch may af f ect  ot her  syst ems or  syst ems 
whi ch may af f ect  t he pr oj ect ,  i ncl udi ng f or ei gn syst ems.  Al l  f or ei gn 
syst ems must  be cont act ed f or  i nf or mat i on and not i f i cat i on and any 
j oi nt  t est i ng whi ch may be r equi r ed.  Cor r osi on Coor di nat i ng Commi t t ees 
may exi st .  Ref er ence NACE TPC 11.

f .   Pi pel i nes t hat  par al l el  over head hi gh- vol t age AC t r ansmi ssi on power  
syst ems ar e subj ect  t o i nduced AC.   I nduced AC has sever al  pot ent i al  
adver se i mpact s on t he saf et y of  per sonnel  and pi pel i ne i nt egr i t y.   
Assumi ng t hat  t hese condi t i ons exi st ,  t her e ar e sever al  measur es t hat  
can be t aken t o mi t i gat e t he i nduced AC pr esent  on a pi pel i ne.   These 
i nduced AC mi t i gat i on st r at egi es ar e det ai l ed i n var i ous i nt er nat i onal  
st andar ds i ncl udi ng NACE SP0177 and NACE SP21424.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Any AC t est  vol t age over  15 VAC must  be 
mi t i gat ed.

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

g.   An I mpr essed Cur r ent  CP Moni t or i ng Syst em i s a sol ut i on f or  r emot e 
moni t or i ng ( and opt i onal l y cont r ol l i ng)  di f f er ent  k i nds of  CP 
i nst al l at i ons.  Nor mal l y pr ovi des f or  measur i ng AC vol t age i nput ,  DC 
vol t age and cur r ent  out put .  Opt i onal l y may be used t o i ncl ude 
pot ent i al s wi t h per manent  r ef er ence cel l s.  Remot e moni t or i ng syst ems 
may be set  t o pr ovi de not i f i cat i ons of  hi gh and l ow al ar ms on any of  
t he moni t or ed i nput s/ out put s.  Aut omat ed r ecor di ng of  al l  measur ement s 
may be schedul ed and pr ovi de a hi st or i cal  dat abase.  Remot e moni t or i ng 
i s wi del y used f or  under gr ound pi pel i nes used i n oi l  and gas 
di st r i but i on syst ems,  r emot e f aci l i t i es such as mi ssi l e l aunch 
f aci l i t i es,  f or  r esi st ance bonds and r emot e t est  st at i ons.  These 
Moni t or i ng Syst ems ar e det ai l ed i n var i ous NACE i nt er nat i onal  
t echni cal  paper s.

h.   When a pr oj ect  i s  connect i ng t o an exi st i ng i nf r ast r uct ur e wi t h CP t he 
desi gn must  be compat i bl e wi t h t he exi st i ng st r uct ur e( s)  CP syst em.   
Exi st i ng st r uct ur es may have I mpr essed Cur r ent  CP ( I CCP)  Anode Syst ems 
usi ng Remot e Anode Syst ems,  Deep Anode Syst ems,  Li near  Anode Syst ems,  
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or  Di st r i but ed Anode Syst ems.   Exi st i ng st r uct ur es may al so have 
Gal vani c Cat hodi c Pr ot ect i on ( GACP)  Syst ems whi ch may be di st r i but ed 
or  r emot e.   Exi st i ng st r uct ur es mi ght  not  have CP.   They may use 
al t er nat i ve met hods of  cor r osi on mi t i gat i on i nst ead of  CP such as 
I nhi bi t or  Syst em/ I nt er nal  Cor r osi on Cont r ol .   For  cont r ol  of  i nt er nal  
cor r osi on i n st eel  pi pel i nes and pi pi ng syst ems r ef er  t o NACE SP0106.   
Due t o t he l i mi t ed vol t age and cur r ent  of  gal vani c anodes t he 
pr ot ect ed st r uct ur e must  be coat ed and i sol at ed f r om ot her  st r uct ur es.

i .   A hi ghl y di el ect r i c bonded coat i ng i s r equi r ed t o at t ai n adequat e CP.   
Unbonded coat i ngs bl ock t he pr ot ect i ve cur r ent  f r om t he pi pel i ne or  
st r uct ur e and must  not  be used wi t h CP.   Fai l ur e t o i sol at e ot her  
met al l i c  st r uct ur es wi l l  r esul t  i n l oss of  pr ot ect i on.   I sol at i on f r om 
ot her  met al l i c  st r uct ur es must  be mai nt ai ned.

j .   Cont i nui t y of  t he st r uct ur e wi t h l ow r esi st ance i s cr uci al  t o pr oper  
oper at i on of  a gal vani c anode syst em.   Al l  j oi nt s must  be cont i nuous 
or  be bonded t o bot h s i des of  t he j oi nt .

k.   A conduct i ve el ect r ol yt e i s r equi r ed t o al l ow cur r ent  f l ow f r om t he 
gal vani c anodes.   Use of  gal vani c anode syst ems ar e nor mal l y 
r est r i ct ed t o el ect r ol yt es wi t h r esi st i v i t i es bel ow 30, 000 ohm- cm.   
Smal l  wel l - coat ed st r uct ur es such as coat ed val ves,  t ees and el bows 
have ver y hi gh r esi st ance t o ear t h i n hi gh r esi st ance soi l s.   Gal vani c 
anodes i n el ect r ol yt es over  30, 000 ohms al so have ver y hi gh r esi st ance 
t o ear t h.   Hi gh ci r cui t  r esi st ance wi t h t he l ow vol t age of  gal vani c 
anodes wi l l  not  al l ow suf f i c i ent  cur r ent  t o meet  i nst ant  of f  or  
depol ar i zat i on cr i t er i a.   Addi t i onal  anodes under  t hese condi t i ons 
wi l l  not  not i ceabl y i ncr ease t he cur r ent  appl i ed t o t he st r uct ur e.   
Ref er ence SP0169 f or  cr i t er i a i n hi gh r esi st ance el ect r ol yt es.

2. 1. 2   Desi gn Requi r ement s

2. 1. 2. 1   El ect r i cal  I sol at or s

I sol at or s ar e r equi r ed t o i sol at e t he [ pr ot ect ed st r uct ur e]  [ pi pes]  
[ _____]  f r om any ot her  st r uct ur e.   Pr ovi de i sol at or s at  al l  l ocat i ons 
wher e t he i ndi cat ed [ pr ot ect ed st r uct ur e]  [ pi pes]  [ _____]  cont act  any 
ot her  met al l i c  st r uct ur e.   Pr ovi de l ocat i ons and det ai l ed dr awi ngs of  
r equi r ed i nst al l at i ons.   I ncl ude any r equi r ement s f or  l i ght ni ng 
pr ot ect i on,  t est  st at i ons,  sur ge pr ot ect i on,  or  ot her  r equi r ement s and 
i ncl ude l ocat i ons and det ai l s i n desi gn dr awi ngs.

2. 1. 2. 2   Anode and Bond Wi r es

For  each CP syst em,  bond met al l i c  component s and st r uct ur es t hat  ar e not  
el ect r i cal l y cont i nuous by i nst al l i ng bond wi r es bet ween t he var i ous 
st r uct ur es.   Bondi ng of  exi st i ng bur i ed st r uct ur es may al so be r equi r ed t o 
pr ecl ude det r i ment al  st r ay cur r ent  ef f ect s and saf et y hazar ds.   Ret ur n 
st r ay cur r ent  t o i t s sour ce wi t hout  damagi ng st r uct ur es i nt er cept i ng t he 
st r ay cur r ent .   Pr ovi de el ect r i cal  i sol at i on of  under gr ound f aci l i t i es i n 
accor dance wi t h accept abl e i ndust r y pr act i ce.   Al l  t est s must  be wi t nessed 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .

2. 1. 2. 3   Sur ge Pr ot ect i on

I nst al l  appr oved zi nc gr oundi ng cel l s or  seal ed weat her pr oof  l i ght ni ng and 
sur ge ar r est or  devi ces acr oss i sol at i on f l anges or  f i t t i ngs i nst al l ed i n 
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under gr ound pi pi ng as i ndi cat ed on t he dr awi ngs.   Pr ovi de gapl ess,  
sel f - heal i ng,  sol i d st at e t ype ar r est or .   Pr ovi de zi nc anode composi t i on 
conf or mi ng t o ASTM B418,  Type I I .   Pr ovi de number  4 AWG copper  l ead wi r es 
wi t h Hi gh Mol ecul ar  Wei ght  Pol yet hyl ene ( HMWPE)  i nsul at i on.   Zi nc 
gr oundi ng cel l s pr epackaged i n backf i l l  ar e accept abl e;  i nst al l  as 
det ai l ed on t he dr awi ngs.   Li ght ni ng ar r est or s or  z i nc gr oundi ng cel l s ar e 
not  r equi r ed f or  i sol at i on f l anges on met al l i c  component s used on 
non- met al l i c  pi pi ng syst ems.

2. 1. 2. 4   Non- met al l i c  Pi pe Syst em

I n t he event  pi pe ot her  t han met al l i c  pi pe i s appr oved and used i n l i eu of  
met al l i c  pi pe,  pr ot ect  al l  met al l i c  component s of  t hi s pi pe syst em wi t h 
CP.   Submi t  det ai l ed dr awi ngs of  CP f or  each component  t o t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  f or  appr oval  wi t hi n 45 days af t er  dat e of  r ecei pt  of  
not i ce t o pr oceed,  and bef or e commencement  of  any wor k.

2. 1. 2. 5   Coat i ngs

Pr ovi de coat i ngs f or  met al l i c  component s as r equi r ed f or  met al l i c  
f i t t i ngs.   Compl et e and t est  pr ot ect i ve coat i ng on each met al l i c  component  
( such as val ves,  hydr ant s and f i t t i ngs) .   Pr ovi de coat i ng as r equi r ed f or  
under gr ound met al l i c  pi pe.   Each t est  must  be wi t nessed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   Sel ect ,  appl y,  and i nspect  coat i ngs as speci f i ed i n 
t hese speci f i cat i ons.   The use of  non- met al l i c  pi pe does not  change ot her  
r equi r ement s of  t he speci f i cat i ons.   Submi t  any devi at i ons due t o t he use 
of  non- met al l i c  pi pe f or  appr oval .

2. 1. 2. 6   Tr acer  Wi r e

When a non- met al l i c  pi pel i ne i s used t o ext end or  add t o an exi st i ng 
met al l i c  l i ne,  t her mi t - wel d No.  8 AWG copper  wi r e wi t h Ther mopl ast i c Heat  
and Wat er - r esi st ant  Nyl on- coat ed ( THHN)  i nsul at i on t o t he exi st i ng 
met al l i c  l i ne and r un t he l engt h of  t he new non- met al l i c  l i ne.  Use t hi s 
wi r e as a l ocat or  t r acer  wi r e and t o mai nt ai n cont i nui t y t o any f ut ur e 
ext ensi ons of  t he pi pel i ne.

2. 1. 2. 7   Dr awi ngs

Submi t  [ s i x]  [ _____]  copi es of  det ai l  dr awi ngs consi st i ng of  a compl et e 
l i s t  of  equi pment  and mat er i al  i ncl udi ng manuf act ur er ' s descr i pt i ve and 
t echni cal  l i t er at ur e,  cat al og cut s,  r esul t s of  syst em desi gn cal cul at i ons 
i ncl udi ng soi l - r esi st i v i t y,  i nst al l at i on i nst r uct i ons and cer t i f i ed t est  
dat a showi ng l ocat i on of  anodes and st at i ng t he maxi mum r ecommended anode 
cur r ent  out put  densi t y.   I ncl ude i n t he det ai l  dr awi ngs compl et e wi r i ng 
and schemat i c di agr ams,  i sol at i on f i t t i ngs,  t est  st at i ons,  per manent  
r ef er ence el ect r odes and bondi ng and any ot her  det ai l s r equi r ed t o 
demonst r at e t hat  t he syst em has been coor di nat ed and wi l l  f unct i on 
pr oper l y as a uni t .   Ref er ence l ocat i ons t o t wo per manent  f aci l i t i es or  
mar k poi nt s.   Pr ovi de [ one]  [ _____] el ect r oni c [ di gi t al ]  [ PDF]  [ _____]  copy 
and di gi t al  phot os of  t he compl et ed i nst al l at i on.

2. 1. 2. 8   Summar y of  Ser vi ces Requi r ed

I ncl ude t he f ol l owi ng scope of  ser vi ces:

a.   Cl ose- i nt er val  pot ent i al  sur veys,
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b.   CP I nst al l at i on Syst em,

c.   Syst em t est i ng,

d.   Casi ng cor r osi on cont r ol ,

e.   I nt er f er ence t est i ng,

f .   Tr ai ni ng,

g.   Oper at i ng and mai nt enance manual ,

h.   I sol at i on t est i ng and bondi ng t est i ng,

i .   Coat i ng and hol i day t est i ng.

2. 1. 2. 9   Cont r act or ' s Modi f i cat i ons

The speci f i ed syst em i s based on a compl et e syst em wi t h [ gal vani c i n GACP]  
[ I mpr essed Cur r ent  i n I CCP]  & [ Gal vani c or  I mpr essed Cur r ent  ( as 
appl i cabl e)  i n SWT]  anodes.  The cont r act or  may modi f y t he CP syst em af t er  
r evi ew of  t he pr oj ect ,  s i t e ver i f i cat i on,  and anal ysi s,  i f  t he pr oposed 
modi f i cat i ons i ncl ude t he anodes speci f i ed and wi l l  pr ovi de bet t er  over al l  
syst em per f or mance.

a.   Submi t  [ s i x]  [ _____]  copi es of  det ai l  dr awi ngs showi ng pr oposed 
changes i n l ocat i on,  scope of  per f or mance i ndi cat i ng any var i at i ons 
f r om,  addi t i ons t o,  or  c l ar i f i cat i ons of  cont r act  dr awi ngs.  Show 
pr oposed changes i n anode ar r angement ,  anode si ze and number ,  anode 
mat er i al s and l ayout  det ai l s,  condui t  s i ze,  wi r e s i ze,  mount i ng 
det ai l s,  wi r i ng di agr am,  met hod f or  el ect r i cal l y- i sol at i ng t he 
st r uct ur e,  and any ot her  per t i nent  i nf or mat i on f or  pr oper  i nst al l at i on 
and per f or mance of  t he syst em.  Ref er ence l ocat i ons t o t wo per manent  
f aci l i t i es or  mar k poi nt s.  I ncl ude i n t he det ai l  dr awi ngs compl et e 
wi r i ng and schemat i c di agr ams,  per manent  r ef er ence el ect r odes and 
bondi ng and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em 
has been coor di nat ed and wi l l  f unct i on pr oper l y as a uni t .  The 
modi f i cat i ons must  be f ul l y descr i bed and must  be appr oved by t he 
Cont r act i ng Of f i cer .  Pr ovi de [ one]  [ _____]  el ect r oni c [ di gi t al ]  [ PDF]  
[ _____]  copy and di gi t al  phot os of  t he compl et ed i nst al l at i on.

b.   The pr oposed syst em must  achi eve per f or mance r equi r ement s f ound i n 
sect i on 2. 1. 3 Per f or mance Requi r ement s,  meet  t he cr i t er i a of  CP and be 
ver i f i ed by t est i ng r equi r ement s i n sect i on 3. 6. 1 Test s and 
Measur ement s.

2. 1. 2. 10   Test s of  Component s

Per f or m a mi ni mum of  f our  t est s at  each met al l i c  component  i n t he pi pi ng 
syst em.   Two measur ement s must  be made di r ect l y over  t he anodes and t he 
ot her  t wo t est s must  be over  t he out er  edge of  t he component ,  but  at  t he 
f ar t hest  poi nt  f r om t he anodes.   Pr ovi de a f i el d dr awi ng showi ng t he 
component ,  t he st r uct ur e,  al l  component s of  t he CP syst em  and t hei r  
r el at i onshi p t o each ot her .   Al so pr ovi de a nar r at i ve descr i bi ng how t he 
CP syst em wi l l  wor k and t he t est i ng at  each component .   Component s 
r equi r i ng CP must  i ncl ude but  not  be l i mi t ed t o t he f ol l owi ng:

a.   Pi pes under  t he f l oor  s l ab or  f oundat i ons.
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b.   Post  I ndi cat or  Val ve ( PI V) .

c.   Shut of f  val ves.

d.   Met al l i c  pi pes ext ended f r om abovegr ound l ocat i ons.

e.   Connect or s or  change- of - di r ect i on devi ces.

f .   Met al l i c  pi pe component s or  sect i ons.

g.   Backf l ow pr event er s.

h.   Cul ver t s.

i .   Casi ngs.

2. 1. 2. 11   El ect r i cal  Pot ent i al  Measur ement s

Make al l  pot ent i al  t est s at  a mi ni mum of  3 m 10 f oot  i nt er val s wi t nessed 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Pr ovi de submi t t al s i dent i f y i ng t est  
l ocat i ons on separ at e dr awi ngs,  showi ng al l  met al  t o be pr ot ect ed and al l  
CP equi pment .   Di st i ngui sh and i dent i f y t est  poi nt s equi pment  and 
pr ot ect ed met al .

2. 1. 2. 12   Typi cal  Met al l i c  Component s on Non- met al l i c  Syst ems

2. 1. 2. 12. 1   Met al l i c  Component s

As a mi ni mum,  pr ot ect  each met al l i c  component  wi t h t wo gal vani c anodes.  
Thi s number  of  anodes i s r equi r ed t o achi eve mi nus 850 mi l l i vol t s " i nst ant  
of f "  pot ent i al  on t he met al l i c  ar ea and at  t he same t i me not  pr ovi de 
over vol t age above 1200 mi l l i vol t s " i nst ant  of f . "   As a mi ni mum,  t he 
gal vani c anode unpackaged wei ght  must  be [ 4. 1]  [ 7. 7]  [ _____]  kg [ 9]  [ 17]  
[ _____]  pounds.   Locat e t he gal vani c anodes on each si de of  t he met al l i c  
component  and r out e t hr ough a t est  st at i on.

2. 1. 2. 12. 2   Fi r e Hydr ant s

Pr ovi de f i r e hydr ant  pi pe component s wi t h a mi ni mum of  t wo anodes.   These 
magnesi um anodes must  have an unpackaged wei ght  of  7. 7 kg 17 pounds.

2. 1. 2. 12. 3   Pi pe Under  Concr et e Sl ab

Pi pe under  concr et e s l ab must  have a mi ni mum of  [ 2]  [ 3]  [ _____]  magnesi um 
anodes.   These magnesi um anodes must  have an unpackaged wei ght  of  [ 4. 1]  
[ 7. 7]  [ _____]  kg [ 9]  [ 17]  [ _____]  pounds.   Pi pe under  concr et e s l ab must  
have [ 1]  [ 2]  [ _____]  per manent  r ef er ence el ect r odes l ocat ed under  t he 
s l ab.   Locat e one per manent  r ef er ence el ect r ode wher e t he pi pe ent er s t he 
concr et e s l ab.   Rout e al l  conduct or s t o a t est  st at i on.

2. 1. 2. 12. 4   Val ves

Pr ot ect  each val ve wi t h [ 1]  [ 2]  [ _____]  magnesi um anodes.   The magnesi um 
anode must  have an unpackaged wei ght  of  [ 4. 1]  [ 7. 7]  [ _____]  kg [ 9]  [ 17]  
[ _____]  pounds.
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2. 1. 2. 12. 5   Met al l i c  Pi pe Component  or  Sect i on

Pr ot ect  each sect i on of  met al l i c  pi pe wi t h [ 2]  [ 3]  [ _____]  magnesi um 
anodes.   The magnesi um anodes must  have an unpackaged wei ght  of  [ 4. 1]  
[ 7. 7]  [ _____]  kg [ 9]  [ 17]  [ _____]  pounds.

2. 1. 2. 12. 6   Connect or s or  Change- of - Di r ect i on Devi ces

Pr ot ect  each change- of - di r ect i on devi ce wi t h [ 2]  [ 3]  [ _____]  magnesi um 
anodes.   The magnesi um anode must  have an unpackaged wei ght  of  [ 4. 1]  [ 7. 7]  
[ _____]  kg [ 9]  [ 17]  [ _____]  pounds.

2. 1. 2. 13   Met al l i c  Component  Coat i ng

Coat i ngs f or  met al l i c  component s wi l l  be r equi r ed f or  met al l i c  f i t t i ngs as 
i ndi cat ed.   These met al l i c  f i t t i ngs wi l l  i ncl ude f i r e hydr ant s,  t ees,  
el bows,  and val ves.   Coat i ngs must  be sel ect ed,  appl i ed,  and i nspect ed as 
speci f i ed i n t he coat i ng speci f i cat i ons r ef er enced and be compat i bl e wi t h 
t he st r uct ur e bei ng pr ot ect ed.   Al l  coat i ngs must  be i n accor dance wi t h 
al l  appl i cabl e Feder al ,  St at e,  and l ocal  r egul at i ons.   Unbonded coat i ngs 
must  not  be used wi t h CP.

2. 1. 2. 14   Locat i on of  Test  St at i ons

Pr ovi de t est  st at i ons of  t he t ype and l ocat i on shown and [ cur b box]  [ post ]  
[ wal l ]  mount .   Pr ovi de bur i ed i sol at i on j oi nt s wi t h t est  wi r e connect i ons 
br ought  t o a t est  st at i on.   Ref er ence al l  t est  st at i ons wi t h GPS 
coor di nat es.   Unl ess ot her wi se shown,  l ocat e ot her  t est  st at i ons as 
f ol l ows:

a.   At  300 m 1, 000- f oot  i nt er val s or  l ess.

b.   Wher e t he pi pe or  condui t  cr osses any ot her  met al  pi pe.

c.   At  bot h ends of  casi ngs under  r oadways and r ai l ways.

d.   Wher e bot h s i des of  an i sol at i on j oi nt  ar e not  accessi bl e above gr ound 
f or  t est i ng pur poses.

2. 1. 2. 15   El ect r i cal  I sol at i on of  St r uct ur es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The CP syst em wi l l  f ai l  unl ess f ul l  
consi der at i on i s gi ven t o speci f i cat i ons f or  
el ect r i cal l y i sol at i ng pi pe j oi nt s,  el ect r i cal l y 
conduct i ve pi pe j oi nt s,  and casi ng cr adl es and 
seal s.   Mechani cal  and el ect r i cal  speci f i cat i ons 
must  r ef er ence par agr aphs " El ect r i cal l y I sol at i ng 
Pi pe Joi nt s"  and " El ect r i cal l y Conduct i ve Coupl i ngs. "

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

As a mi ni mum,  pr ovi de i sol at i ng f l anges or  uni ons at  t he f ol l owi ng 
l ocat i ons:

a.   Connect i on of  new met al l i c  pi pi ng or  component s t o exi st i ng pi pi ng.

b.   Pr essur e pi pi ng under  f l oor  s l ab t o a bui l di ng.

Pr ovi de i sol at i on at  met al l i c  connect i on of  al l  l i nes t o exi st i ng syst em 
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and wher e connect i ng t o a bui l di ng.   Addi t i onal l y,  pr ovi de i sol at i on 
bet ween [ wat er ]  [ _____]  or  [ gas]  [ _____]  [ f or ced mai n]  l i ne;  and f or ei gn 
pi pes t hat  cr oss t he new l i nes wi t hi n 3. 05 m 10 f eet .   I nst al l  i sol at i on 
f i t t i ngs,  i ncl udi ng i sol at i ng f l anges and coupl i ngs,  abovegr ound or  i n a 
concr et e pi t .

2. 1. 2. 15. 1   Gas Di st r i but i on Pi pi ng

Pr ovi de el ect r i cal  i sol at i on at  each bui l di ng r i ser  pi pe t o t he pr essur e 
r egul at or ,  at  al l  poi nt s wher e a shor t  t o anot her  st r uct ur e or  t o a 
f or ei gn st r uct ur e may occur ,  and at  ot her  l ocat i ons as i ndi cat ed on t he 
dr awi ngs.

2. 1. 2. 15. 2   I sol at i on Joi nt  Test i ng

An i sol at or  checker  or  i nsul at i on t est er  wi l l  be used f or  i sol at i on or  
i nsul at i ng j oi nt  ( f l ange or  di el ect r i c)  el ect r i cal  t est i ng.

2. 1. 2. 15. 3   Under gr ound St r uct ur e Coat i ng

Thi s coat i ng speci f i cat i on t akes pr ecedence over  any ot her  pr oj ect  
speci f i cat i on and dr awi ng not es,  whet her  st at ed or  i mpl i ed,  and al so 
appl i es t o t he pi pel i ne or  t ank suppl i er .   Var i ance i n coat i ng qual i t y i s 
not  al l owed by t he cont r act or  or  Base Const r uct i on Repr esent at i ve wi t hout  
t he wr i t t en consent  of  t he desi gner .   Al l  under gr ound met al l i c  pi pel i nes 
and t anks t o be cat hodi cal l y pr ot ect ed must  have a hi gh qual i t y 
f act or y- appl i ed coat i ng.   Thi s i ncl udes al l  car bon st eel ,  cast - i r on and 
duct i l e- i r on pi pel i nes or  vessel s.   Sel ect ,  appl y,  and i nspect  coat i ngs as 
speci f i ed.   I f  non- met al l i c  pi pel i nes ar e i nst al l ed,  coat  al l  met al l i c  
f i t t i ngs on pi pe sect i ons i n accor dance wi t h t hi s speci f i cat i on sect i on.

a.   The nomi nal  t hi ckness of  t he met al l i c  pi pe j oi nt  or  ot her  component  
coat i ng must  be [ 0. 2] [ 0. 4] [ 0. 6] [ 1. 0] [ 1. 5] [ _____]  mm 
[ 8] [ 16] [ 24] [ 40] [ 60] [ _____]  mi l s,  pl us or  mi nus 5 per cent .

b.   Appl y pi pe and j oi nt  coat i ng f or  f act or y appl i ed or  f i el d r epai r  
mat er i al  as r ecommended by t he manuf act ur er .   Coat i ng must  be one of  
t he f ol l owi ng:

( 1)   Cont i nuousl y ext r uded pol yet hyl ene and adhesi ve coat i ng syst em.
( 2)   Pol yvi nyl  chl or i de pr essur e- sensi t i ve adhesi ve t ape.
( 3)   Hi gh densi t y pol yet hyl ene/ bi t umi nous r ubber  compound t ape.
( 4)   But yl  r ubber  t ape.
( 5)   Coal  t ar  epoxy.

2. 1. 2. 15. 4   Fi el d Joi nt s

Coat  al l  f i el d j oi nt s wi t h mat er i al s compat i bl e wi t h t he pi pel i ne coat i ng 
compound.   Appl y t he f i el d j oi nt  coat i ng mat er i al  t o an equal  t hi ckness as 
t he pi pel i ne coat i ng.   Do not  use unbonded coat i ngs f or  t hese bur i ed 
met al l i c  component s.   Thi s i ncl udes t he el i mi nat i on of  al l  unbonded 
pol ymer  wr aps or  t ubes.   Once t he pi pel i ne or  vessel  i s  set  i n t he t r ench,  
conduct  an i nspect i on of  t he coat i ng.   Thi s i nspect i on must  i ncl ude 
el ect r i cal  hol i day det ect i on.   Repai r  any damaged ar eas of  t he coat i ng.   
The Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  or  Pr oj ect  Manager  must  be asked t o wi t ness i nspect i on of  
t he coat i ng and t est i ng usi ng a hol i day det ect or .
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2. 1. 2. 15. 5   I nspect i on of  Pi pe Coat i ngs

Any damage t o t he pr ot ect i ve coat i ng dur i ng t r ansi t  and handl i ng must  be 
r epai r ed bef or e i nst al l at i on.   Af t er  f i el d coat i ng has been appl i ed,  
i nspect  t he ent i r e pi pe usi ng an el ect r i c hol i day det ect or  i n accor dance 
wi t h NACE SP0188 usi ng a f ul l - r i ng,  spr i ng- t ype coi l  el ect r ode.   The 
hol i day det ect or  must  be equi pped wi t h a bel l ,  buzzer ,  or  ot her  t ype of  
audi bl e s i gnal  whi ch sounds when a hol i day i s det ect ed.   Upon det ect i on,  
i mmedi at el y r epai r  al l  hol i days i n t he pr ot ect i ve coat i ng.   Occasi onal  
checks of  hol i day det ect or ,  oper at i on wi l l  be made by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  t o det er mi ne sui t abi l i t y  of  t he det ect or .   Pr ovi de al l  
l abor ,  mat er i al s,  and equi pment  necessar y f or  conduct i ng t he i nspect i on.

2. 1. 2. 15. 6   Pr ot ect i ve Coat i ng f or  Abovegr ound Pi pi ng Syst em

Pr ovi de f i ni sh pai nt i ng conf or mi ng t o t he appl i cabl e par agr aph of  Sect i on 
09 90 00 PAI NTS AND COATI NGS and as f ol l ows:

2. 1. 2. 15. 7   Fer r ous Sur f aces

Touch- up shop- pr i med sur f aces wi t h f er r ous met al  pr i mer .   Sol vent - c l ean 
sur f aces t hat  have not  been shop- pr i med.   Sur f aces t hat  cont ai n l oose 
r ust ,  l oose mi l  scal e,  and ot her  f or ei gn subst ances must  be 
mechani cal l y- c l eaned by power  wi r e- br ushi ng and pr i med wi t h f er r ous met al  
pr i mer .   Fi ni sh pr i med sur f ace wi t h t wo coat s of  ext er i or  oi l  pai nt  and 
vi nyl  pai nt .

2. 1. 3   Per f or mance Requi r ement s

The desi gn must  al l ow f or  synchr oni zed i nt er r upt i on of  al l  appl i ed cur r ent .

2. 1. 3. 1   Cr i t er i a of  Cat hodi c Pr ot ect i on

Cr i t er i a f or  adequat e CP must  be i dent i f i ed by t he desi gner  or  t he 
cont r act or ' s cor r osi on engi neer  and appr oved by t he gover nment  cor r osi on 
engi neer .   The met hod of  vol t age dr op consi der at i on must  al so be 
i dent i f i ed by t he cont r act or ' s cor r osi on engi neer  and appr oved by t he 
gover nment .   The 100 mV shi f t  cr i t er i a ar e not  appl i cabl e t o bi - met al l i c  
st r uct ur es.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ref er  t o appl i cabl e cur r ent  NACE 
I nt er nat i onal  St andar d Pr act i ce NACE SP0169,  NACE 
0186,  NACE 0193,  NACE SP0285,  NACE 0388 and NACE 
0607 or  ot her  appl i cabl e NACE St andar ds f or  t he t ype 
of  met al  and t he t ype of  met al l i c  st r uct ur e bei ng 
pr ot ect ed t o det er mi ne t he appr opr i at e cr i t er i a.   
Not  al l  cr i t er i a may be appl i cabl e t o t he t ype of  CP 
syst em( s)  and st r uct ur e bei ng desi gned,  and t he 
desi gner  or  t he cont r act or ' s cor r osi on engi neer  may 
sel ect  t he appl i cabl e cr i t er i a wi t h appr oval  of  t he 
gover nment .   I f  no ot her  cr i t er i a ar e appl i cabl e t o 
t he st r uct ur e,  use SP0169 Sect i on 6,  Cr i t er i a.

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

a.   Det er mi nat i on of  t he on and pol ar i zed ( i nst ant  of f )  pot ent i al s must  be 
made wi t h t he pr ot ect i ve cur r ent  appl i ed t o t he [ st r uct ur e]  [ t ank]  
[ pi pel i ne]  [ coupon]  f or  a mi ni mum of  [ 1]  [ 2]  [ 4]  [ _____]  [ days] .  
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Pol ar i zed pot ent i al s may be det er mi ned usi ng a coupon t est  st at i on 
( Er r or - Fr ee ( I R Fr ee)  t est  st at i on) .  Pol ar i zed pot ent i al s must  be 
det er mi ned by i nt er r upt i ng al l  t he cur r ent  bei ng appl i ed t o t he 
st r uct ur e or  coupon.

b.   The pot ent i al  measur ement s f or  t he nat i ve measur ement  and t he 
pol ar i zed pot ent i al  must  be made wi t h t he r ef er ence el ect r ode at  t he 
same exact  l ocat i on.   The pol ar i zat i on decay measur ement s must  al so be 
made wi t h t he r ef er ence el ect r ode at  t he same exact  l ocat i on as t he 
pol ar i zat i on pot ent i al .

c.   The pol ar i zat i on decay measur ement s wi l l  be t he di f f er ence bet ween t he 
pol ar i zed pot ent i al  and a vol t age measur ement  made [ 24]  [ 48]  [ _____]  
hour s af t er  t he i nt er r upt i on of  pr ot ect i ve cur r ent .

2. 1. 3. 1. 1   St eel

A negat i ve pol ar i zed pot ent i al  of  0. 85 vol t s ( 850 mi l l i vol t s)  or  mor e 
negat i ve.   The vol t age must  not  be mor e negat i ve t han a negat i ve pol ar i zed 
pot ent i al  of  1. 200 vol t s ( 1200 mi l l i vol t s) .

2. 1. 3. 1. 2   Al umi num

Al umi num under gr ound component s must  not  be pr ot ect ed t o a pot ent i al  mor e 
negat i ve t han 1200 mi l l i vol t s,  measur ed bet ween t he under gr ound component  
and a sat ur at ed copper / copper  sul f at e r ef er ence el ect r ode cont act i ng t he 
ear t h,  di r ect l y over  t he met al l i c  component .   Resi st ance,  i f  r equi r ed,  
must  be i nser t ed i n t he anode ci r cui t  wi t hi n t he t est  st at i on t o r educe 
t he pot ent i al  of  t he al umi num t o a val ue whi ch wi l l  not  exceed a pot ent i al  
mor e negat i ve t han mi nus 1200 mi l l i vol t s.   Vol t age shi f t  cr i t er i on must  be 
a mi ni mum negat i ve pol ar i zat i on shi f t  of  100 mi l l i vol t s measur ed bet ween 
t he met al l i c  component  and a sat ur at ed copper / copper  sul f at e r ef er ence 
el ect r ode cont act i ng t he ear t h,  di r ect l y over  t he met al l i c  component .   The 
pol ar i zat i on vol t age shi f t  must  be det er mi ned as out l i ned f or  i r on and 
st eel .

2. 1. 3. 1. 3   Copper  Pi pi ng

For  copper  pi pi ng,  t he f ol l owi ng cr i t er i a must  appl y:   A mi ni mum of  100 
mi l l i vol t s of  cat hodi c pol ar i zat i on bet ween t he st r uct ur e sur f ace and a 
st abl e r ef er ence el ect r ode cont act i ng t he el ect r ol yt e.   The pol ar i zat i on 
vol t age shi f t  must  be det er mi ned as out l i ned f or  i r on and st eel .

2. 2   EQUI PMENT

2. 2. 1   Remot e Moni t or i ng

Remot e moni t or i ng equi pment  must  be desi gned,  manuf act ur ed and pr ocur ed 
speci f i cal l y f or  CP use and shoul d be pr ovi ded as per  desi gn and dr awi ngs 
t o moni t or  [ pot ent i al  ( r equi r es per manent  r ef er ence el ect r ode) ]  [ bond( s) ]  
[ i nt er f er ence bond]  [ t est  st at i on( s)  shunt s] [ _____]  and must  mat ch or  be 
compat i bl e wi t h pr evi ousl y i nst al l ed r emot e moni t or i ng equi pment  i n use at  
t he i nst al l at i on.   Rect i f i er  moni t or i ng must  i ncl ude DC Cur r ent  
out put ( usi ng r ect i f i er  shunt ) ,  DC Vol t age Out put , [ AC vol t age i nput ] [ AC 
vol t age i nput  t o st acks] [ _____] .   Remot e Moni t or i ng must  i ncl ude abi l i t y  
t o r emot el y cont r ol  cur r ent  i nt er r upt i on usi ng a [ sol i d st at e r el ay wi t h 
sur ge suppr essor ] [ mer cur y swi t ch]  i nt er r upt i ng t he [ negat i ve st r uct ur e 
l ead] [ AC Vol t age t o st acks]  [ AC Rect i f i er  i nput ] .   [ Sof t war e must  be 
compat i bl e wi t h pr evi ousl y i nst al l ed equi pment  and al l ow f or  gr oup 
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i nt er r upt i on. ]

2. 2. 2   Cor r osi on Rat e Moni t or i ng

Cor r osi on pr obes must  be desi gned,  manuf act ur ed and pr ocur ed speci f i cal l y 
f or  t he appl i cat i on and mat ched t o t he st r uct ur e bei ng pr ot ect ed.   
Manuf act ur er  must  mat ch or  be compat i bl e wi t h pr evi ousl y i nst al l ed r at e 
moni t or i ng equi pment  i n use at  t he i nst al l at i on.

2. 2. 3   Rect i f i er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bel ow about  500 vol t - amper es of  dc r at i ng 
out put ,  s i ngl e phase sel eni um r ect i f i er s cost  l ess 
t o acqui r e and oper at e t han si l i con r ect i f i er s.   
Above 1000 vol t - amper es si l i con r ect i f i er s ar e mor e 
economi cal  f or  bot h s i ngl e phase and t hr ee phase.   
Si l i con r ect i f i er s ar e mor e economi cal  t o r epai r .

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

Rect i f i er  wi l l  be [ Ai r  Cool ed] [ Oi l  I mmer sed] [ Expl osi on Pr oof ] .

2. 2. 3. 1   Ai r  Cool ed Encl osur e

NEMA I CS 6 Type [ 3] [ 3R] [ 3X] [ 4X]  Ai r  Cool ed encl osur e sui t abl e f or  [ wal l ]  
[ post ]  [ pad]  mount i ng.   Encl osur es must  be of  3. 1 mm ( 11 gauge)  st eel  or  
heavi er .   Encl osur e must  i ncl ude f r ont  hi nged door  wi t h [ padl ock hasp]  
[ key l ock,  pr ovi de [ t hr ee]  [ _____]  keys. ]  [ l ocks keyed al i ke. ]  [ l ef t  s i de 
door ]  [ r i ght  s i de door ]  f i t  wi t h scr eened openi ngs t o pr ovi de f or  cool i ng 
by nat ur al  convect i on.   Pr ovi de hol es,  condui t  knockout s and t hr eaded hubs 
of  suf f i c i ent  s i ze and l ocat i on.   The cabi net  and mount i ng suppor t  must  be 
[ pai nt ed] [ hot - di pped gal vani zed] [ al umi num] [ st ai nl ess]  st eel  [ accor di ng t o 
t he manuf act ur er ' s st andar ds] .

2. 2. 3. 2   Oi l  Cool ed Encl osur e

NEMA I CS 6 Type 11- Oi l  I mmer sed Encl osur e,  sui t abl e f or  pad mount i ng.   
Encl osur e must  i ncl ude t op hi nged door  wi t h [ padl ock hasp]  [ key l ock,  
pr ovi de [ t hr ee]  [ _____]  keys. ]  [ l ocks keyed al i ke. ]  Encl osur es must  be of  
3. 1 mm 11 gauge st eel  or  heavi er ,  wi t h an accessi bl e dr ai n pl ug.   The oi l  
l evel  must  be cl ear l y mar ked.   The l i d must  be hi nged and have qui ck 
r el ease cl amps t o secur e i t  i n t he c l osed posi t i on.   A st op must  l i mi t  t he 
swi ng of  t he l i d when opened.   A compr essi bl e,  oi l  r esi st ant ,  posi t i ve 
seal i ng gasket  must  be pr ovi ded.   The gasket  must  r et ur n t o i t s or i gi nal  
shape upon r el ease of  l i d pr essur e.   The gasket  at t ached t o t he t ank or  
l i d and j oi nt s must  be f r ee of  gaps.   Base mount i ng usi ng 102 mm 4 i nch 
hi gh channel s pr ovi ded.   Condui t s ent er i ng t he encl osur e must  be 
i nt er nal l y seal ed and ent er  or  exi t  above t he oi l  f i l l  l i ne.

2. 2. 3. 3   Expl osi on Pr oof  Encl osur e

NEMA I CS 6 Type 7 Expl osi on Pr oof  Encl osur e sui t abl e f or  pad mount i ng.   
Encl osur e must  i ncl ude t op hi nged l i d wi t h [ padl ock hasp]  [ key l ock,  
pr ovi de [ t hr ee]  [ _____]  keys. ]  [ l ocks keyed al i ke] .   Encl osur es must  be of  
3. 1 mm 11 gauge st eel  or  heavi er ,  wi t h an accessi bl e dr ai n pl ug.   The oi l  
l evel  must  be cl ear l y mar ked.   The l i d must  have qui ck r el ease cl amps t o 
secur e i t  i n t he c l osed posi t i on.   A st op must  l i mi t  t he swi ng of  t he l i d 
when opened.   A compr essi bl e,  oi l  r esi st ant ,  posi t i ve seal i ng gasket  must  
be pr ovi ded.   The gasket  must  r et ur n t o i t s or i gi nal  shape upon r el ease of  
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l i d pr essur e.   The gasket  at t ached t o t he t ank or  l i d and j oi nt s must  be 
f r ee of  gaps.   Base mount i ng usi ng 102 mm 4 i nch hi gh channel s pr ovi ded.  
Condui t s ent er i ng t he encl osur e must  be i nt er nal l y seal ed and ent er  or  
exi t  above t he oi l  f i l l  l i ne.

2. 2. 3. 4   Cabi net  Const r uct i on

Cabi net s ar e const r uct ed of  [ not  l i ght er  t han 1. 56 mm 16 gauge [ st eel ]  
[ hot  di pped gal vani zed st eel ]  [ st ai nl ess st eel ]  [ al umi num] ]  [ mol ded 
f i ber gl ass r ei nf or ced pol yest er ] ,  and pr ovi ded wi t h a f ul l  door .   The 
encl osur e must  have oi l - r esi st ant  gasket .   The door  must  be hi nged and 
have a hasp t hat  wi l l  per mi t  t he use of  a padl ock.   The cabi net  must  be 
f i t t ed wi t h scr eened openi ngs of  t he pr oper  s i ze t o pr ovi de f or  adequat e 
cool i ng.   Hol es,  condui t  knockout s,  or  t hr eaded hubs of  suf f i c i ent  s i ze 
and number  conveni ent l y l ocat ed.

2. 2. 3. 5   Cabi net  Pai nt  Syst em

[ The cabi net  and mount i ng suppor t  must  be [ pai nt ed]  [ hot  di pped 
gal vani zed]  [ al umi num]  [ st ai nl ess st eel ]  wi t h t he manuf act ur er ' s st andar d 
pai nt i ng syst em. ]   [ The mount i ng suppor t  f or  t he f i ber gl ass cabi net  must  
be [ pai nt ed]  [ hot  di pped gal vani zed]  [ al umi num]  [ st ai nl ess st eel ]  wi t h t he 
manuf act ur er ' s st andar d pai nt i ng syst em. ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The encl osur e must   not  be used i n ar eas 
pr one t o f l oodi ng unl ess r equi r ed f or  hazar dous 
l ocat i ons.   Pr ovi s i ons must  be made f or  f l oodi ng.

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

2. 2. 3. 6   El ect r i cal  Rat i ngs

El ect r i cal  r at i ngs as f ol l ows:   I nput  vol t age at  60 Hz:   [ [ 115]  [ 208]  
[ 230]  vol t s s i ngl e phase]  [ [ 208]  [ 230]  [ 460]  vol t s t hr ee phase] .

a.   Out put  vol t age,  dc:   [ 9]  [ 12]  [ 18]  [ 24]  [ _____]  vol t s [ as i ndi cat ed] .

b.   Out put  cur r ent ,  dc:   [ 8]  [ 16]  [ 24]  [ 32]  [ _____]  amper es [ as i ndi cat ed] .

The r ect i f i er  must  be capabl e of  suppl y i ng cont i nuous f ul l  r at ed out put  at  
an ambi ent  t emper at ur e of  44 degr ees C 112 degr ees F i n f ul l  sunl i ght  wi t h 
expect ed l i f e of  10 year s mi ni mum.

2. 2. 3. 7   Rect i f i er  St acks

Rect i f y i ng el ement s must  be [ s i l i con di odes]  [ sel eni um cel l s]  connect ed t o 
pr ovi de f ul l - wave r ect i f i cat i on.   Si l i con di odes must  be pr ot ect ed by 
sel eni um sur ge cel l s or  var i st or s agai nst  over - vol t age sur ges,  and by 
cur r ent - l i mi t i ng devi ces agai nst  over - cur r ent  sur ges.

2. 2. 3. 8   Tr ansf or mer

Tr ansf or mer  must  conf or m t o UL 506.

2. 2. 3. 9   Ci r cui t  Br eaker

A [ s i ngl e]  [ t wo]  [ t hr ee] - pol e,  f l ush- mount ed,  f ul l y  magnet i c,  pr oper l y 
r at ed non- t er mi nal  t ype ci r cui t  br eaker  must  be i nst al l ed i n t he pr i mar y 
c i r cui t  of  t he r ect i f i er  suppl y t r ansf or mer .   Pr oper l y r at ed secondar y 
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magnet i c c i r cui t  br eaker  bet ween r ect i f i er  suppl y t r ansf or mer  and st acks,  
t wo on t hr ee phase r ect i f i er s.

2. 2. 3. 10   Fuses

Car t r i dge- t ype f uses wi t h sui t abl e f use hol der s must  be pr ovi ded i n each 
l eg of  t he DC ci r cui t .   Pr oper l y r at ed secondar y f use bet ween r ect i f i er  
suppl y t r ansf or mer  and st acks,  t wo on t hr ee phase r ect i f i er s.

2. 2. 3. 11   Over l oad and Shor t  Ci r cui t  Pr ot ect i on

Pr ovi de UL 489,  s i ngl e- pol e,  f l ush- mount ed mol ded case ci r cui t  br eaker ,  
[ magnet i c]  [ t her mal - magnet i c]  t ype,  i n t he pr i mar y c i r cui t  of  t he 
r ect i f i er  suppl y t r ansf or mer .

2. 2. 3. 12   Sur ge Pr ot ect i on

I nst al l  appr oved seal ed weat her pr oof  l i ght ni ng ar r est or  devi ces f or  t he AC 
i nput  and t he DC out put .   The ar r est or  must  be gapl ess,  sel f - heal i ng,  
sol i d st at e t ype.

2. 2. 3. 13   Wi r i ng

I nst al l  wi r i ng i n accor dance wi t h NFPA 70 ut i l i z i ng t ype [ THHN]  [ THWN]  
[ PVC]  Ther mopl ast i c Wi r e ( TW)  [ TW]  Rubber  Heat  ( r esi st ant )  Wi r e ( RHW)  
[ RHW]  [ pol yet hyl ene]  i nsul at i on.   Fi t t i ngs f or  condui t  and cabl e wor k must  
conf or m t o UL 514A.   Out l et s and condui t  must  be of  t he t hr eaded hub t ype 
wi t h gasket ed cover s.   Condui t  must  be secur el y f ast ened at  2. 4 m 8 f oot  
i nt er val s or  l ess.   Spl i ces made i n out l et  f i t t i ngs onl y.   Conduct or s must  
be col or  coded f or  i dent i f i cat i on.   Wi r i ng f or  anode header  and 
di st r i but i on must  be No.  [ 2]  [ _____]  AWG st r anded copper  wi r e wi t h t ype 
[ HMWPE]  [ Dul ar / Hal ar ]  [ Dual  Ext r usi on HALAR/ HMWPE]  [ Dual  Ext r usi on Kynar  
( PVDF) ]  Di r ect  Bur i al  Cabl e i nsul at i on.

2. 2. 3. 14   Shunt  Resi st or s

MI L- I - 1361.   Shunt  must  be l ocat ed on t he r ect i f i er  f r ont  panel  and 
cl ear l y mar ked wi t h cur r ent  and vol t age f or  ver i f i cat i on of  panel  
ammet er .   I nst al l  shunt s cal i br at ed i n mi l l i vol t s per  amp wi t h amp 
capaci t y at  or  s l i ght l y under  r ect i f i er  out put  i n ser i es i n t he anode or  
t he st r uct ur e c i r cui t  bet ween t he st acks and t he r ect i f i er  out put .

2. 2. 3. 15   DC Out put  Cont r ol

Pr ovi de adj ust abl e DC out put  vol t age by [ t r ansf or mer  t aps]  [ aut omat i c 
cont r ol s]  [ Di al  Pot ent i omet er  Cont r ol ] .

2. 2. 3. 16   Out put  Vol t age and Cur r ent  Met er i ng

Pr ovi de separ at e panel  vol t met er  and ammet er ,  not  l ess t han 63. 5 mm 2 1/ 2 
i nch [ r ound]  [ r ect angul ar ]   2 per cent  f ul l  scal e accur acy at  30 degr ees C 
80 degr ees F,  t emper at ur e st abi l i t y  above and bel ow 30 degr ees C 80 
degr ees F of  at  l east  1 per cent  per  5 degr ees C 10 degr ees F.   Pr ovi de 
t oggl e swi t ch f or  each met er .

2. 2. 3. 17   Ef f i c i ency

Over al l  ef f i c i ency of  [ 65 per cent ]  [ 90 per cent ]  [ _____]  mi ni mum when 
oper at ed at  f ul l  out put .
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2. 2. 3. 18   Fi l t er  Chokes and Capaci t or s

An ef f i c i ency f i l t er  ( choke)  may be r equi r ed as an opt i on t o i mpr ove t he 
r ect i f i er s ef f i c i ency.  A capaci t or  may al so be r equi r ed t o be used i n 
conj unct i on wi t h t he f i l t er  t o f ur t her  i mpr ove t he ef f i c i ency and mi ni mi ze 
noi se.

2. 2. 3. 19   Gr oundi ng Pr ovi s i ons

Gr oundi ng pr ovi s i ons must  [ be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM. ]  [ compl y wi t h NFPA 70 and UL 467 i ncl udi ng a gr ound 
t er mi nal  i n t he cabi net . ]   The gr oundi ng conduct or  f r om t he t er mi nal  t o 
t he ear t h gr oundi ng syst em must  be sol i d or  st r anded copper  not  smal l er  
t han No.  6 AWG.   The ear t h gr oundi ng syst em must  consi st  of  one or  mor e 
gr ound r ods.   Gr ound r ods must  be of  [ 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 [ 16]  [ 19]  mm [ 5/ 8]  [ 3/ 4]  i nch i n di amet er  by [ 2. 4]  
[ 3. 1]  m [ 8]  [ 10]  f eet  i n l engt h.   Rods ar e dr i ven f ul l  l engt h i nt o t he 
ear t h.   Sect i onal  t ype r ods may be used.

2. 2. 3. 20   Resi st ance t o Gr ound

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s par agr aph i f  not  r equi r ed i n t he 
pr oj ect .

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

The r esi st ance t o gr ound must  be measur ed usi ng t he f al l - of - pot ent i al  
met hod descr i bed i n I EEE 81.   The maxi mum r esi st ance of  dr i ven gr ound i s 
not  t o exceed 25 ohms under  nor mal l y dr y condi t i ons.   I f  t hi s r esi st ance 
cannot  be obt ai ned wi t h a s i ngl e r od,  [ _____]  addi t i onal  r ods not  l ess t han
 1. 8 m 6 f eet  on cent er s,  or  i f  sect i onal  t ype r ods ar e used,  [ _____]  
addi t i onal  sect i ons may be coupl ed and dr i ven wi t h t he f i r st  r od.   I n 
hi gh- gr ound- r esi st ance,  UL- l i s t ed chemi cal l y- char ged gr ound r ods may be 
used.   I f  t he r esul t ant  r esi st ance exceeds 25 ohms measur ed not  l ess t han 
48 hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
i mmedi at el y.   Connect i ons bel ow gr ade must  be f usi on wel ded.   Connect i ons 
above gr ade must  be f usi on wel ded or  must  use UL 467 appr oved connect or s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Exot her mi c wel di ng i s not  r ecommended f or  
spl i c i ng s i nce i t  i s  a hi gher  r esi st ance spl i ce t hat  
al so degr ades t he conduct i v i t y of  t he conduct or s.  
The most  r ecent  mechani cal  or  hydr aul i c- cr i mp spl i ce 
r esul t s i n no degr adat i on of  t he conduct i v i t y of  t he 
conduct or s and i s not  dependent  on t he ambi ent  
condi t i ons.

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

2. 2. 3. 21   Wi r i ng Di agr am

A compl et e wi r i ng di agr am of  t he power  uni t  showi ng bot h t he AC suppl y and 
t he DC connect i ons t o anodes l ocat ed on t he i nsi de of  t he cabi net  door .   
Al l  component s must  be vi s i bl e and l abel ed.
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2. 2. 3. 22   Opt i onal  Rect i f i er  Speci al  Requi r ed Feat ur es

[ 1.   An ef f i c i ency f i l t er  ( choke)  ( may be r equi r ed t o i mpr ove t he 
r ect i f i er s ef f i c i ency) .  [ capaci t or ]  ( A capaci t or  may al so be r equi r ed 
t o be used i n conj unct i on wi t h t he f i l t er  t o f ur t her  i mpr ove t he 
ef f i c i ency and mi ni mi ze noi se. )

] [ 2.   Conveni ence Out l et  mount ed on Facepl at e

] [ 3.   Saf et y shi el d panel  cover i ng Taps or  al l  ener gi zed conduct or s on 
f acepl at e

] [ 4.   St ai nl ess St eel  Per f or at ed scr eens on Ai r  Cool ed Rect i f i er s

] [ 5.   Heavy dut y Dr aw- pul l  St ai nl ess st eel  cabi net  l at ch

] [ 6.   Separ at e Sl i de- out  equi pment  r acks f or  Tr ansf or mer  and St ack

] [ 7.   Addi t i onal  [ _____] coar se or  [ _____]  f i ne vol t age cont r ol  l i nk bar  t aps

] [ 8.   Qui ck- change,  heavy- dut y knobs f or  changi ng t ap l i nk bar s Mi ni mum 
5/ 16"  di amet er

] [ 9.   Sol der ed t ap changi ng st uds 3/ 16"  Gr ade XX

] [ 10.   Phenol i c f r ont  panel

] [ 11.   Ni ckel  Pl at ed and doubl e- nut t ed or  sol der ed connect i ons

] [ 12.   Ter mi nal  bl ock f or  AC i nput  wi r es

] [ 13.   Ter mi nal  bl ock f or  Remot e Moni t or i ng Connect i ons

] [ 14.   Pr i mar y t ap change panel  f or  dual  i nput  vol t ages ( Si ngl e Phase model s 
onl y)

]

2. 2. 4   Pol ar i zat i on Cel l  Repl acement  ( PCR)  and ( PCRH)  f or  Hazar dous 
Locat i ons

PCRs and PCRHs must  be desi gned,  manuf act ur ed,  and pr ocur ed speci f i cal l y 
f or  t he appl i cat i on and must  exceed t he model ed AC st eady- st at e cur r ent  
and f aul t  condi t i ons.  For  hazar dous l ocat i ons,  t he PCRH model  must  be used.

Char act er i st i c PCR PCRH

AC st eady- st at e
cur r ent ,  r ms

45A,  80A 45A

AC f aul t  cur r ent ,  r ms.
at  0. 5s

3. 7 kA t o 15 kA 3. 7 kA t o 15 kA

Li ght ni ng cur r ent ,
8x20 mi cr os,  peak

100 kA 100 kA
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Char act er i st i c PCR PCRH

Hazar dous l ocat i on
cer t i f i cat i on

Di vi s i on 2,  Zone 2 Di vi s i on 1,  Zone 1

Rai n Pr oof ,  I P66 Yes Yes

Submer si bl e,  I P68 or
NEMA 6P

Opt i onal No

PCRs must  be i nst al l ed wi t h a pr ot ect i ve gr ound- based encl osur e t o secur e 
t he cabl e connect i ons and pr event  el ect r i cal  hazar ds.  The PCRH must  be 
i nst al l ed wi t h an expl osi on- pr oof  encl osur e and must  be [ f l ange]  [ pol e]  
[ wal l ]  mount ed.  St r uct ur e and Gr oundi ng conduct or s must  be pr oper l y s i zed 
f or  t he appl i cat i on.

AC Faul t  Cur r ent  Rat i ng Mi ni mum Wi r e Si ze ( AWG) Mi ni mum Wi r e Si ze
( Met r i c)

1. 2 kA,  2kA,  3. 7 kA #6 16mm2

5kA 9kA 10kA #2 35mm2

14kA 15kA #2/ 0 70mm2

2. 2. 5   Sol i d St at e Decoupl er  ( SSD)

SSDs must  be desi gned,  manuf act ur ed,  and pr ocur ed speci f i cal l y f or  t he 
appl i cat i on and must  exceed t he model ed AC st eady- st at e cur r ent  and f aul t  
condi t i ons.  For  hazar dous l ocat i ons,  t he PCRH model  must  be used.  SSDs 
must  be i nst al l ed wi t h a pr ot ect i ve gr ound- based encl osur e t o secur e t he 
cabl e connect i ons and pr event  el ect r i cal  hazar ds.

Char act er i st i c SSD

AC st eady- st at e cur r ent ,  r ms 45A

AC f aul t  cur r ent ,  r ms.  at  0. 5s 1. 2 t o 5 kA

Li ght ni ng cur r ent ,  8x20mi cr os,  peak 75- 100 kA

Hazar dous l ocat i on cer t i f i cat i on Di vi s i on 2,  Zone 2
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Char act er i st i c SSD

Rai n Pr oof ,  I P66 Yes

Submer si bl e,  I P68 or  NEMA 6P Yes

2. 3   COMPONENTS

2. 3. 1   Test  St at i ons

2. 3. 1. 1   Fl ush Mount ed

NEMA I CS 6.   Met al l i c  or  non- met al l i c  wi t h t er mi nal  boar d,  [ 5]  [ 8]  [ _____]  
t er mi nal  post s [ and l ockabl e l i d] .   A non- met al l i c  encl osur e must  be 
mol ded of  gl ass f i l l ed pol ycar bonat e and ur et hane coat ed or  Acr yl oni t r i l e 
But adi ene St yr ene ( ABS)  pl ast i c [ and mount ed on a 500 mm 18 i nch l engt h of  
PVC condui t ] .   The uni t  must  be of  st andar d desi gn,  manuf act ur ed f or  use 
as a CP t est  st at i on,  compl et e wi t h cover ,  t er mi nal  boar d,  shunt s,  and 
br ass or  Type [ 304]  [ 316]  st ai nl ess st eel  har dwar e.   The t er mi nal  boar d 
must  be r emovabl e f or  easy access t o wi r es.   [ Pr ovi de t r af f i c  val ve box 
capabl e of  wi t hst andi ng [ H- 20]  [ _____]  t r af f i c  l oads. ]   The cover  must  
have a cast  i n l egend " CP TEST. "

2. 3. 1. 2   Post  Top Mount ed

NEMA I CS 6.   Met al l i c  or  non- met al l i c  wi t h t er mi nal  boar d,  [ 5]  [ 8]  [ _____]  
t er mi nal  post s and l ockabl e l i d.   A non- met al l i c  encl osur e must  be hi gh 
i mpact  st r engt h mol ded pl ast i c.   The uni t  must  be of  st andar d desi gn,  
manuf act ur ed f or  use as a CP t est  st at i on,  compl et e wi t h cover ,  t er mi nal  
boar d,  shunt s,  and br ass or  Type [ 304]  [ 316]  st ai nl ess st eel  har dwar e.   
The t er mi nal  boar d must  be r emovabl e f or  easy access t o wi r es.   The t est  
st at i on must  be mount ed at op 1830 mm 6 f oot  l ong pol yet hyl ene condui t  wi t h 
anchor .   Ter mi nal  connect i ons wi l l  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he 
pr ot ect ed st r uct ur e,  anodes,  and r ef er ence el ect r odes) .

2. 3. 1. 3   Wal l  Mount ed

NEMA I CS 6,  Type [ 3R]  [ 4X]  [ _____]  encl osur e wi t h [ c l amped cover ]  [ Type 
[ 304]  [ 316]  st ai nl ess st eel  hi nges and [ c l amped]  [ l at ched]  cover ]  [ and 
padl ocked hasp] .   Encl osur e wi l l  be of  [ gal vani zed st eel ]  [ pai nt ed st eel ]  
[ al umi num]  [ f i ber gl ass]  [ non- met al l i c ]  const r uct i on wi t h t er mi nal  boar d 
and l abel ed wi t h namepl at e.   Pr ovi de namepl at e i n accor dance wi t h Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Encl osur e mount i ng post s must  be 
[ gal vani zed st eel  pi pe,  schedul e [ 40]  [ 80]  [ _____] ] ,  [ wood post ,  f ul l  
l engt h pr essur e t r eat ed wi t h pent achl or ophenol ]  [ as i ndi cat ed] .   Mount  
encl osur e 1066 mm 42 i nches above f i ni shed gr ade [ as i ndi cat ed] .   Ter mi nal  
connect i ons wi l l  be per manent l y t agged t o i dent i f y each t er mi nat i on of  
conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he pr ot ect ed 
st r uct ur e,  anodes,  and r ef er ence el ect r odes) .
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2. 3. 1. 4   I R- Fr ee Test  St at i on

[ f l ush]  [ post  t op]  [ wal l ]  mount ed t est  st at i on must  i ncl ude coupon of  t he 
same mat er i al  as t he st r uct ur e,  [ shunt ] ,  [ per manent  r ef er ence el ect r ode]  
wi t h means of  moment ar y i sol at i on of  t he coupon wi t h pr ovi ded ci r cui t r y 
desi gned,  manuf act ur ed and pr ocur ed excl usi vel y f or  CP i nst ant - of f  t est i ng 
of  a cat hodi cal l y- pr ot ect ed st r uct ur e.   Must  be wat er pr oof  i f  used i n 
f l ush t est  st at i ons.

2. 3. 2   Shunt s f or  Test  St at i ons and Junct i on Boxes

[ MI L- I - 1361. ]   [ 0. 1]  [ 0. 01]  [ _____]  ohm,  [ 2]  [ 8]  amper e,  accur acy pl us or
mi nus one per cent ,  pol ycar bonat e c i r cui t  boar d t ype,  col or  coded f or  val ue 
r ecogni t i on [ r ed f or  0. 1 ohm shunt ]  [ yel l ow f or  0. 01 ohm shunt ]  wi t h 
ni ckel - pl at ed br ass post s and st andar d [ 64]  6. 35 mm 0. 25 i nch i nch hol es 
on [ 2. 54]  cm [ 1]  i nch cent er s t o f i t  t est  st at i ons and t er mi nal  boar ds 
[ 0. 01 ohm 6]  amper e,  accur acy pl us or  mi nus one per cent ,  mangani n wi r e 
t ype.

2. 3. 3   Junct i on Box Encl osur es

NEMA I CS 6,  Type [ 3R]  [ 4X]  [ _____]  encl osur e wi t h [ c l amped cover ]  [ Type 
[ 304]  [ 316]  st ai nl ess st eel  hi nges and [ c l amped]  [ l at ched]  cover ]  [ and 
padl ocked hasp] .   Encl osur e must  be of  [ gal vani zed st eel ]  [ pai nt ed st eel ]  
[ al umi num]  [ f i ber gl ass]  [ non- met al l i c ]  const r uct i on wi t h t er mi nal  boar d.   
Knockout  f or  condui t  must  be t he si ze and l ocat i on as per  desi gn dr awi ngs.

2. 3. 3. 1   Namepl at es

Pr ovi de namepl at e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es 
f or  each encl osur e as speci f i ed or  as i ndi cat ed on t he dr awi ngs.   Each 
namepl at e i nscr i pt i on must  i dent i f y t he f unct i on.   Namepl at es wi l l  be 
mel ami ne pl ast i c,  3 mm 0. 125 i nch t hi ck,  whi t e wi t h [ bl ack]  [ _____]  cent er  
cor e.   Sur f ace wi l l  be mat t e f i ni sh.   Cor ner s wi l l  be squar e.   Accur at el y 
al i gn l et t er i ng and engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es 
must  be 635 mm 25 i nch by 65 mm 2. 5 i nches.   Let t er i ng must  be a mi ni mum of
 6. 35 mm 0. 25 i nch hi gh nor mal  bl ock st y l e.

2. 3. 4   Ter mi nal  Boar ds

Pr ovi de t er mi nal  boar ds f or  anode j unct i on boxes,  bondi ng boxes,  and t est  
st at i ons made of  phenol i c pl ast i c [ 3]  [ 6]  [ _____]  mm [ 1/ 8]  [ 1/ 4]  [ _____]  
i nch t hi ck wi t h di mensi ons as i ndi cat ed.   I nsul at ed t er mi nal  boar ds must  
have t he r equi r ed number  of  t er mi nal s ( one t er mi nal  r equi r ed f or  each 
conduct or ) .   I nst al l  sol der l ess copper  l ugs and copper  buss bar s,  shunt s,  
and var i abl e r esi st or s on t he t er mi nal  boar d as i ndi cat ed.   Test  st at i on 
t er mi nal  connect i ons wi l l  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he 
pr ot ect ed st r uct ur e,  anodes,  r ef er ence el ect r odes and coupons) .

2. 3. 5   Anode Junct i on Boxes

2. 3. 5. 1   Encl osur e

NEMA I CS 6,  Type [ 3R]  [ 4X]  [ _____]  encl osur e wi t h [ c l amped cover ]  [ Type 
[ 304]  [ 316]  st ai nl ess st eel  hi nges and [ c l amped]  [ l at ched]  cover ]  [ and 
padl ocked hasp] .   Encl osur e must  be of  [ gal vani zed st eel ]  [ pai nt ed st eel ]  
[ al umi num]  [ f i ber gl ass]  [ non- met al l i c ]  const r uct i on wi t h t er mi nal  boar d 
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and l abel ed wi t h namepl at e.   Pr ovi de namepl at e i n accor dance wi t h Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

2. 3. 5. 2   Ter mi nal  Boar ds

Pr ovi de t er mi nal  boar ds f or  anode j unct i on boxes,  bondi ng boxes,  and t est  
st at i ons made of  phenol i c pl ast i c [ 3]  [ 6]  [ _____]  mm [ 1/ 8]  [ 1/ 4]  [ _____]  
i nch t hi ck wi t h di mensi ons as i ndi cat ed.   I nsul at ed t er mi nal  boar ds must  
have t he r equi r ed number  of  t er mi nal s ( one t er mi nal  r equi r ed f or  each 
conduct or ) .   I nst al l  sol der l ess copper  l ugs and copper  buss bar s,  shunt s,  
and var i abl e r esi st or s on t he t er mi nal  boar d as i ndi cat ed.   Test  st at i on 
t er mi nal  connect i ons wi l l  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he 
pr ot ect ed st r uct ur e,  anodes,  and r ef er ence el ect r odes) .

2. 4   MATERI ALS

2. 4. 1   I mpr essed Cur r ent  Anodes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The act ual  composi t i ons r equi r ed must  be 
det er mi ned t o pr ovi de adequat e and economi cal  
ser vi ce.  The anode mat er i al  composi t i on must  be 
submi t t ed f or  appr oval  i n accor dance wi t h 
" Submi t t al s Pr ocedur es. "  Any devi at i on f r om chemi cal  
composi t i ons l i s t ed must  be appr oved by t he 
gover nment .

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Opt i ons f or  anode mat er i al s i ncl ude 
" Hi gh- Si l i con Chr omi um Bear i ng Cast  I r on, "  
" Gr aphi t e, "  and " Mi xed Met al  Oxi de Coat ed"  anodes.  
Sel ect i on of  mat er i al  must  be based upon t he 
condi t i ons and oper at i ng par amet er s f or  t he i nt ended 
use.   Pr eci ous met al  or  ot her  anode mat er i al s,  
packagi ng or  connect i ons may al so be appr opr i at e f or  
use,  as det er mi ned by t he engi neer .   These 
mat er i al s,  packagi ng,  or  connect i ons must  al so be 
submi t t ed f or  appr oval  i n accor dance wi t h 
" Submi t t al s Pr ocedur es. "

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

2. 4. 1. 1   Di mensi ons and Wei ght s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng di mensi ons and wei ght s of  
anodes ar e not  al l  i ncl usi ve,  addi t i onal  s i zes not  
i ncl uded i n t he f ol l owi ng t abl es may be avai l abl e 
f r om var i ous manuf act ur er s.

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

Bar e anode wei ght  [ 4. 1]  [ 7. 72]  [ 9. 7]  [ 14. 53]  [ _____]  kg [ 9]  [ 17]  [ 20]  
[ 32]  [ _____]  pounds not  i ncl udi ng cor e.

2. 4. 1. 2   Hi gh- Si l i con Chr omi um Bear i ng Cast  I r on

Cast - i r on anodes must  be of  t he s i ze i ndi cat ed and conf or m t o t he 
f ol l owi ng r equi r ement s:
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2. 4. 1. 2. 1   Chemi cal  Composi t i on ( Nomi nal )

ASTM A518/ A518M,  Gr ade 3.   Chemi cal  composi t i on as f ol l ows:

Car bon 0. 70 t o 1. 10 per cent

Manganese 1. 5 per cent  maxi mum

Si l i con 14. 20- 14. 75 per cent

Chr omi um 3. 25 t o 5. 00 per cent

Copper 0. 50 per cent  maxi mum

Mol ybdenum 0. 20 per cent  maxi mum

I r on Remai nder

Anode di mensi ons:   [ _____]  mm by [ _____]  i nches.   [ Cent r i f ugal l y cast  
t ubul ar  anodes wi t h uni f or m wal l  t hi ckness,  [ _____]  mm by [ _____]  i nches 
out er  di amet er ,  [ _____]  mm by [ _____]  i nches squar e met er  f eet  sur f ace 
ar ea,  and [ _____]  kb [ _____]  l b bar e anode wei ght . ]

2. 4. 1. 2. 2   El ect r i cal  Resi st i v i t y

Sevent y- t wo mi cr ohm- cent i met er  at  mi nus 7 degr ees C 20 degr ees F.

2. 4. 1. 2. 3   Physi cal  Pr oper t i es ( Nomi nal )

Tensi l e st r engt h 103. 4 MPa 15, 000 psi

Compr essi ve st r engt h 689. 5 MPa 100, 000 psi

Br i nel l  har dness 520

Densi t y 7. 0 gr ams per  cubi c cent i met er

Mel t i ng Poi nt 1260 degr ees C 2300 degr ees F

Coef f i c i ent  of  expansi on f r om 0 t o 100
degr ees C 32 t o 212 degr ees F

132 nanomet er  per  degr ee C 0. 00000733
cent i met er  per  degr ee F

2. 4. 1. 3   Gr aphi t e Anodes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Maxi mum al l owabl e cur r ent  densi t i es f or  anode 
sur f ace ar ea ar e as f ol l ows:
Seawat er :   40. 37 amps per  squar e met er  3. 75 amps per  
squar e f oot ,  
Fr esh wat er :  2. 69 amps per  squar e met er  0. 25 amps 
per  squar e f oot ,
Soi l  ( anode pl aced i n backf i l l ) :  10. 76 amps per  
squar e met er  1. 0 amps per  squar e f oot .   Do not  
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exceed t he Manuf act ur er ' s al l owabl e cur r ent  f or  t he 
speci f i c  anodes pr ocur ed.

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

2. 4. 1. 3. 1   Chemi cal  Composi t i on ( Nomi nal )

I mpr egnant 6. 5 per cent  maxi mum

Ash 1. 5 per cent  maxi mum

Moi st ur e and Vol at i l es 0. 5 per cent  maxi mum

Wat er  Sol ubl e Mat t er 1. 0 per cent  maxi mum

Gr aphi t e Remai nder

Anode di mensi ons:   [ _____]  mm [ _____]  i nches

Bar e gr aphi t e anodes must  have a maxi mum el ect r i cal  r esi st i v i t y of  0. 0011 
ohm- cent i met er .

2. 4. 1. 3. 2   Physi cal  Pr oper t i es

Tensi l e st r engt h 103. 4 MPa 15, 000 psi

Compr essi ve st r engt h 689. 5 MPa 100, 000 psi

Br i nel l  har dness 520

Densi t y 7. 0 gr ams per  cubi c cent i met er

Mel t i ng Poi nt 1260 degr ees C 2300 degr ees F

Coef f i c i ent  of  expansi on f r om 0 t o 100
degr ees C 32 t o 212 degr ees F

132 nanomet er  per  degr ee C 0. 00000733
cent i met er  per  degr ee F

2. 4. 1. 4   Mi xed Met al  Oxi de ( MMO)  Anodes

Ti t ani um Wi r e anodes wi t h a mi xed met al  oxi de cr yst al l i ne el ect r i cal l y 
conduct i ve coat i ng wi t h [ 1. 5 mm 0. 062 i nches]  [ 3. 0 mm 0. 118 i nches]  
di amet er .

Nomi nal
Wi r e Si ze

Di amet er
Tol er ance Ti t ani um

Act i ve Sur f ace
Ar ea Wei ght

mm i nches mm i nches
Per cent

by
Wei ght

Per cent
by

Vol ume
m2/ m of
Lengt h

f t 2/ f t
of

Lengt h

g/ m l bs/ f t

1. 5 0. 062 +0. 062
- 0. 00

+0. 007
- 0. 00

36. 1 52. 7 0. 0051 0. 017 13. 7 0. 009

3. 0 0. 118 +0. 062
- 0. 00

+0. 010
- 0. 00

17. 1 29. 0 0. 010 0. 033 0. 042 0. 042

Ti t ani um Rod anodes wi t h a mi xed met al  oxi de cr yst al l i ne el ect r i cal l y 
conduct i ve coat i ng wi t h [ 3. 175 mm 0. 125 i nches STD]  [ 3. 175 mm 0. 125 i nches 
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XL]  [ 6. 35 mm 0. 25 i nches STD]  [ 13. 97 mm 0. 55 i nches]  [ 19. 05 mm 0. 75 i nches 
STD]  di amet er  and [ 60. 96 mm 24 i nches XL]  [ 121. 92 mm 48 i nches XL]  l engt h 
f or  use i n [ f r eshwat er  or  br acki sh wat er ]  [ seawat er ] .   STD i s st andar d MMO 
coat i ng t hi ckness,  XL i s ext ended l i f e ( gr eat er  MMO coat i ng t hi ckness) .  
Ti t ani um t ubul ar  anodes wi t h a mi xed met al  oxi de cr yst al l i ne el ect r i cal l y 
conduct i ve coat i ng wi t h [ _____]  di amet er ,  [ _____]  l engt h.

Anodes Di amet er Lengt h Sur f ace Ar ea Wei ght

mm cm i nches cm i nches m2 f t 2 kg l bs

1. 6 x 100 1. 6 0. 063 100 39. 4 0. 050 0. 78 0. 21 0. 47

2. 5 x 50 2. 5 1. 00 50 19. 7 0. 039 0. 42 0. 18 0. 40

2. 5 x 100 2. 5 1. 00 100 39. 4 0. 079 0. 84 0. 35 0. 77

3. 1 x 76 3. 1 1. 22 76 30. 0 0. 076 0. 82 0. 32 0. 70

3. 1 x 122 3. 1 1. 22 122 48. 0 0. 121 1. 30 0. 50 1. 10

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wi r e,  r od or  t ubul ar  MMO anodes may be used 
under gr ound wi t h sel ect ed backf i l l ,  i n deep anode 
beds,  and ar e avai l abl e i n canni st er s wi t h sel ect ed 
backf i l l  f or  use under gr ound.

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

2. 4. 1. 4. 1   Conduct i ve Mat er i al

Ti t ani um subst r at e coat ed wi t h an i ner t ,  di mensi onal l y st abl e,  
el ect r i cal l y conduct i ve coat i ng wi t h aver age composi t i on of  a 50/ 50 at omi c 
per cent  mi xt ur e of  i r i di um and t i t ani um oxi des,  wi t h a smal l  amount  of  
t ant al um and r ut heni um,  0. 002 ohm- cent i met er  maxi mum r esi st i v i t y,   50 MPa 
7. 25 ksi  mi ni mum adhesi on or  bond st r engt h,  and capabl e of  sust ai ni ng a 
cur r ent  densi t y of   50 MPa 7. 25 ksi  adhesi on or  bond st r engt h,  and capabl e 
of  sust ai ni ng a cur r ent  densi t y of  100 amper e per  squar e met er  10. 764 
squar e f eet  i n an oxygen gener at i ng el ect r ol yt e at  66 degr ees C 150 
degr ees F f or  20 year s.   Si nt er  t he mi xed met al  oxi de coat i ng t o t he 
t i t ani um sur f ace as t o r emai n t i ght l y bound t o t he sur f ace when bent  180 
degr ees ont o i t sel f .

2. 4. 1. 4. 2   Anode Li f e Test

The anode wi r e mat er i al  must  sust ai n cur r ent  densi t i es of  100 amper e per  
squar e met er  10. 764 squar e f eet  i n an oxygen gener at i ng el ect r ol yt e f or  20 
year s.   The manuf act ur er  must  cer t i f y t hat  a r epr esent at i ve sampl e t aken 
f r om t he same l ot  used t o const r uct  t he anode,  has been t est ed and meet s 
t he f ol l owi ng cr i t er i a.   The t est  cel l  sust ai ns a cur r ent  densi t y of  
10, 000 amper e per  squar e met er  10. 764 squar e f eet  i n a 15 wei ght  per cent  
sul f ur i c aci d el ect r ol yt e at  66 degr ees C 150 degr ees F wi t hout  an 
i ncr ease i n anode t o cat hode pot ent i al  of  mor e t han 1 vol t .   The cel l  
cont ai ni ng t he anode i s t o be power ed wi t h a const ant  cur r ent  power  suppl y 
f or  t he 30 day t est  per i od.   The r epr esent at i ve sampl e must  be 125 mm 5 
i nch i n l engt h t aken f r om t he l ot  of  wi r e t hat  i s  t o be used f or  t he anode.
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2. 4. 2   Wi r e and Cabl e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Any pi nhol e,  cut ,  scr at ch or  ot her  damage t o 
t he anode cabl e exposi ng bar e copper  t o t he 
el ect r ol yt e or  r educi ng t he i nsul at i on t hi ckness 
wi l l  r esul t  i n ear l y f ai l ur e of  t he CP syst em.   For  
t hi s r eason,  speci al ,  ext r a heavy- dut y i nsul at i on i s 
used on anode wi r es and cabl e exposed t o t he 
el ect r ol yt e.   Whi l e i t  i s  of t en expedi ent  t o use t he 
same t ype wi r e f or  t he st r uct ur e ( negat i ve)  cabl e,  
t o avoi d a mi x- up i n t he f i el d,  l esser  i nsul at i on 
can be used si nce t he st r uct ur e cabl e i s not  subj ect  
t o anodi c f ai l ur e.

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

2. 4. 2. 1   Anode Lead Wi r e

Anodes must  have l ead wi r es i nst al l ed at  t he f act or y.   Anode connect i ng 
wi r e must  be No.  [ 8]  [ _____]  AWG st r anded copper  wi r e wi t h t ype CP HMWP 
i nsul at i on,  2. 8 mm 7/ 64 i nch t hi ck,  600 vol t  r at i ng.   Cabl e- t o- anode 
cont act  r esi st ance must  be 0. 003 ohms maxi mum.   I n t he t oughest  of  
envi r onment s,  use wi r e speci f i ed f or  deep anode l ead wi r e.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The doubl e i nsul at ed f l uor ocopol ymer  cabl e i s 
i nt ended f or  use i n ver y har sh envi r onment s such as 
deep anode bed i nst al l at i ons wher e chl or i ne and 
hydr ogen gases ar e gener at ed.   Thi s cabl e can be 
i nst al l ed di r ect l y i n soi l  or  submer ged i n f r esh,  
br acki sh,  or  sal t  wat er s.   The CP HMWP cabl e i s al so 
a di r ect  bur i ed and submer si bl e t ype cabl e sui t abl e 
f or  har sh envi r onment s,  but  not  as qui et  as dur abl e 
as t he doubl e i nsul at ed cabl e woul d be i n t he 
t oughest  of  envi r onment s.

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

2. 4. 2. 2   Deep Anode Lead Wi r e

For  deep anodes,  each anode must  have a separ at e,  cont i nuous wi r e 
ext endi ng f r om t he anode t o t he j unct i on box wi t h i ndi v i dual  shunt s.  No 
spl i ced connect i ons wi l l  be per mi t t ed i n deep anode cabl es.   No spl i ced 
connect i ons wi l l  be per mi t t ed i n deep anode cabl es.  Chl or i ne gas r esi st ant  
cabl e and shi el d connect i ng wi r e must  be No.  8 [ _____]  AWG,  st r anded 
copper  wi r e wi t h [ an i nner  j acket  of  1 mm 40 mi l s of  Hal ar  i nsul at i on 
cover ed by an out er  j acket  of  1. 6 mm 65 mi l s CP HMWP i nsul at i on]  [ HMWPE 
pr ot ect i ve j acket ed cabl e wi t h a f l uor ocopol ymer  i nner  or  pr i mar y 
i nsul at i on] ,  [ Dual  Ext r usi on HALAR/ HMWPE]  [ Dual  Ext r usi on Kynar  ( PVDF) ]  
Di r ect  Bur i al  Cabl e i nsul at i on wi t h 600- vol t  r at i ng.  Cabl e- t o- anode 
cont act  r esi st ance must  be 0. 02 ohms maxi mum.  For  cer ami c coat ed anodes,  
anode connect i ng wi r es must  have mol ded mul t i - seal  sol der  connect i ons.

2. 4. 2. 3   Anode Header  Cabl e

Anode header  cabl e must  be No.  [ 4] [ 2] [ _____]  AWG st r anded copper  wi r e wi t h 
t ype CP HMWP i nsul at i on,  2. 8 mm 7/ 64 i nch t hi ck 600 vol t  r at i ng.  Anode 
Header  Cabl e abovegr ound i n condui t  must  be No.  [ 4] [ 2] [ _____]  AWG st r anded 
copper  wi r e wi t h t ype [ THHN]  [ THWN]  [ PVC]  [ TW]  [ RHW]  [ pol yet hyl ene]  [ CP 
hi gh mol ecul ar  wei ght  i nsul at i on,  2. 8 mm 7/ 64 i nch  t hi ck] [ pol yet hyl ene]  
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i nsul at i on,  600 vol t  r at i ng.

2. 4. 2. 4   St r uct ur e ( Negat i ve)  Cabl e

St r uct ur e connect i ng wi r e must  be No.  [ 4]  [ 2]  [ _____]  AWG st r anded copper  
wi r e wi t h t ype [ THHN]  [ THWN]  [ PVC]  [ TW]  [ RHW]  [ pol yet hyl ene]  [ CP hi gh 
mol ecul ar  wei ght  i nsul at i on,  2. 8 mm 7/ 64 i nch t hi ck]  [ pol yet hyl ene]  
i nsul at i on,  600 vol t  r at i ng.   Copper  conduct or s conf or mi ng t o ASTM B3 and 
ASTM B8.

2. 4. 2. 5   Test  Wi r es

Test  wi r es must  be No.  12 AWG st r anded copper  wi r e wi t h NFPA 70 Type TW or  
RHW or  pol yet hyl ene i nsul at i on.   Copper  conduct or s conf or mi ng t o ASTM B3 
and ASTM B8.

2. 4. 2. 6   Joi nt  and Cont i nui t y Bond Cabl es

Pr ovi de bonds acr oss j oi nt s or  any el ect r i cal l y di scont i nuous connect i ons 
i n t he pi pi ng,  and ot her  pi pes and st r uct ur es wi t h ot her  t han wel ded or  
t hr eaded j oi nt s i ncl uded i n t hi s CP syst em.   Unl ess ot her wi se speci f i ed,  
bonds bet ween st r uct ur es and acr oss j oi nt s i n pi pe wi t h ot her  t han wel ded 
or  t hr eaded j oi nt s must  be wi t h No.  4 AWG st r anded copper  cabl e wi t h 
pol yet hyl ene i nsul at i on.   Bonds bet ween st r uct ur es must  cont ai n suf f i c i ent  
s l ack f or  any ant i c i pat ed movement  bet ween st r uct ur es.   Bonds acr oss pi pe 
j oi nt s must  cont ai n a mi ni mum of  100 mm 4 i nch of  s l ack t o al l ow f or  pi pe 
movement  and soi l  st r ess.   Bonds must  be at t ached by exot her mi c wel di ng.   
Exot her mi c wel d ar eas must  be i nsul at ed wi t h coat i ng compound and appr oved 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Cont i nui t y bonds must  be i nst al l ed 
as necessar y t o r educe st r ay cur r ent  i nt er f er ence.   Addi t i onal  j oi nt  
bondi ng must  be done wher e det er mi ned dur i ng const r uct i on or  t est i ng or  as 
di r ect ed.   Joi nt  bondi ng must  i ncl ude excavat i on and backf i l l i ng.   Ther e 
must  be a mi ni mum of  2 cont i nui t y bonds bet ween each st r uct ur e and ot her  
t han wel ded or  t hr eaded j oi nt s.   El ect r i cal  cont i nui t y must  be t est ed 
acr oss j oi nt s wi t h ot her  t han wel ded or  t hr eaded j oi nt s and acr oss 
met al l i c  por t i ons of  sewage l i f t  s t at i ons and wat er  boost er  st at i ons.   
Copper  conduct or s conf or mi ng t o ASTM B3 and ASTM B8.

2. 4. 2. 7   Resi st ance Bond Wi r es

Resi st ance bonds must  be adj ust ed f or  mi ni mum i nt er f er ence whi l e achi evi ng 
t he cr i t er i a of  pr ot ect i on.   Al t er nat e met hods may be used when appr oved.

2. 4. 2. 8   AC Power  Suppl y Wi r i ng

[ UL 83,  Type [ THW]  [ THWN]  [ TW] ]  [ UL 44,  Type RHW, ]  [ UL 854,  Type USE] ,  
st r anded [ sol i d]  copper  conduct or s,  gauge ( AWG)  and col or  coded as 
i ndi cat ed.

2. 4. 2. 9   Pol yet hyl ene I nsul at i on

Pol yet hyl ene i nsul at i on must  compl y wi t h t he r equi r ement s of  ASTM D1248 
and of  t he f ol l owi ng t ypes,  c l asses,  and gr ades:

2. 4. 2. 9. 1   HMWPE

HMWP must  be Type I ,  Cl ass C,  Gr ade E5.
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2. 4. 2. 9. 2   Hi gh Densi t y Pol yet hyl ene ( HDPE)

HDPE must  be Type I I I ,  Cl ass C,  Gr ade E3.

2. 4. 2. 10   Rect i f i er  DC Negat i ve ( St r uct ur e)  Cabl e( s)

ASTM D1248 HMWPE i nsul at i on,  st r anded copper  conduct or s,  gauge ( AWG)  as 
i ndi cat ed.

2. 4. 3   Cabl e and Wi r e I dent i f i cat i on Tags

[ Lami nat ed pl ast i c mat er i al  wi t h bl ack l et t er s on a yel l ow backgr ound]  
[ [ Br ass]  [ St ai nl ess st eel ]  mat er i al  wi t h engr aved l et t er s] .   Pr i nt  l et t er s 
and number s a mi ni mum of  5 mm 3/ 16 i nch i n hei ght .   Pr ovi de i dent i f i er  
l egend [ i n accor dance wi t h t he dr awi ngs]  [ _____] .

2. 4. 4   Anode Connect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Type RHW- 2- USE- 2 i nsul at i on must  be used under  
hot  asphal t .

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

2. 4. 4. 1   End- Connect ed Anode

[ Dr i l l ]  [ Cast ]  a r ecess [ 150]  [ _____]  mm [ 6]  [ _____]  i nches deep i n one 
end of  t he anode.   At t ach t he l ead wi r e t o t he anode wi t h an anchor  
devi ce.   Not  mor e t han 10 mm 1/ 2 i nch of  bar e wi r e must  pr ot r ude f r om t he 
anchor  devi ce.   At t achment  must  wi t hst and a 1446 Newt on 325 pound pul l  
wi t hout  l ooseni ng t he wi r e or  anchor  devi ce.   Fi l l  t he r ecess wi t h an 
epoxy seal i ng compound [ l eavi ng suf f i c i ent  space f or  a pl ug] .   [ Pr ovi de 
non- met al l i c  pl ug f l ush wi t h t he anode end sur f ace. ]   [ I nst al l  a 
heat - shr i nkabl e anode cap over  t he at t achment .  Cap must  ext end not  l ess 
t han 65 mm 2 1/ 2 i nches on t he l ead wi r e and 75 mm 3 i nches on t he 
anode. ]   Cabl e- t o- anode cont act  r esi st ance must  not  exceed 0. 02 ohms.

2. 4. 4. 2   Cent er - Connect ed Anode

At t ach t he l ead wi r e t o t he cent er  of  t he anode wi t h an anchor  devi ce 
sui t abl y f ast ened t o t he wi r e.   Not  mor e t han 20 mm one i nch of  bar e wi r e 
must  pr ot r ude f r om t he anchor  devi ce.   Encapsul at e [ each si de of ]  t he 
connect i on poi nt  wi t h [ a mi ni mum of  152 mm 6 i nches [ _____]  of ]  
hi gh- vol t age i nsul at i ng compound mast i c and 102 mm 4 i nches [ _____]  of  
epoxy r esi n.   At t achment  must  wi t hst and [ 4000]  [ 6675]  [ _____]  N [ 900]  
[ 1500]  [ _____]  pounds pul l  wi t hout  l ooseni ng t he wi r e or  anchor  devi ce.   
Pr ovi de a non- met al l i c  [ pl ug f l ush wi t h t he anode end]  [ end cap]  t o 
pr event  chaf f i ng of  t he anode l ead wi r e.   Cabl e- t o- anode cont act  
r esi st ance must  not  exceed 0. 02 ohms.

2. 4. 4. 3   Cani st er  Cont ai ned Anodes

Cani st er  cont ai ned anodes ar e t o be packed at  t he f act or y i n sheet  met al  
cani st er s wi t h cal c i ned pet r ol eum coke br eeze.   The coke must  have a 
r esi st i v i t y of  0. 1 ohm- cm t est ed at  1034 kPa 150 psi .   The coke must  be 
11244 kg/ cubi c met er  70 l bs/ cubi c f oot  or  gr eat er .   The maxi mum par t i c l e 
s i ze must  be 1 mm 0. 039 i nch and t he coke dust - f r ee.   The cani st er s must  
be capped wi t h t i ght  f i t t i ng end caps secur ed t o t he body of  t he 
cani st er .   The cani st er  must  pr ovi de a mi ni mum annul ar  space of  75 mm 3 
i nch al l  ar ound t he anode.   The connect i ng cabl e needs t o pass t hr ough a 
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hol e i n an end cap desi gned t o be t i ght  f i t t i ng wi t h t he cabl e and 
pr ot ect ed f r om shar p edges wi t h a pl ast i c or  r ubber  gr ommet .   The anodes 
must  be cent er ed i n t he cani st er s and t he annul ar  space f i l l ed wi t h coke 
br eeze compact ed i n pl ace.

2. 4. 5   Coke Br eeze

2. 4. 5. 1   Cal c i ned Pet r ol eum Coke Br eeze ( Dr y)

Coke Br eeze must  conf or m t o t he f ol l owi ng r equi r ement s:

2. 4. 5. 1. 1   El ect r i cal  Resi st i v i t y

Resi st i v i t y i s not  t o exceed 1 mi l l i ohm- met er  ( 0. 1 ohm- cm)  Gr eat  Lake 
Car bon C 12 A Test  Met hod.

2. 4. 5. 1. 2   Gener al  Backf i l l  Speci f i cat i ons

Bul k Densi t y -  1044 t o 1204 kg/ cubi c met er  65 t o 75 l bs/ cubi c f oot
Fi xed Car bon -  99. 0 per cent  or  gr eat er
Vol at i l es -  0. 2 per cent  or  l ess
Si zi ng -  100 per cent  l ess t han 13 mm 1/ 2 i nch

2. 4. 5. 2   Met al l ur gi cal  Coke Br eeze ( Pr ocessed)

Coke Br eeze must  conf or m t o t he f ol l owi ng r equi r ement s:

2. 4. 5. 2. 1   El ect r i cal  Resi st i v i t y ( Nomi nal )

Nomi nal  el ect r i cal  r esi st i v i t y must  be:

a.   100 mi l l i ohm- met er  ( 10 ohm- cent i met er )  Max. ,  t i ght l y compact ed.

b.   100 mi l l i ohm- met er  t o 150 mi l l i ohm- met er ,  ( 10 t o 15 ohm- cent i met er , )  
l i ght l y compact ed.

c.   150 t o 200 mi l l i ohm- met er ,  ( 15 t o 20 ohm- cent i met er , )  l oose.

2. 4. 5. 2. 2   Gener al  Backf i l l  Speci f i cat i ons

Bul k densi t y -  608 t o 672 kg per  cubi c met er  38 t o 42 pounds per  cubi c f oot
Fi xed Car bon -  80 per cent  or  gr eat er
Si z i ng -  100 per cent  l ess t han . 10 mm 3/ 8 i nch

2. 4. 6   Per manent  Ref er ence El ect r odes

Per manent  r ef er ence el ect r odes must  be [ copper / copper - sul f at e]  [ s i l ver  
s i l ver - chl or i de]  [ z i nc]  [ Hydr ocar bon- Pr oof  Pal l adi um ( Pd/ PdCl 2) ]  
speci f i cal l y manuf act ur ed f or  [ under gr ound]  [ submer si bl e]  [ _____]  use,  
[ 32]  [ _____]  mm [ 1 1/ 4]  [ _____]  i nch di amet er ,  by [ 203]  [ 255]  [ _____]  mm 
[ 8]  [ 10]  [ _____]  i nches l ong,  [ pl ast i c [ _____]  t ube wi t h an i on t r ap t o 
mi ni mi ze cont ami nat i on of  t he el ect r ode]  [ ,  and a mi ni mum sur f ace sensi ng 
ar ea of  [ _____]  squar e cent i met er s[ _____]  squar e i nches] .   Must  never  need 
r echar gi ng,  mai nt enance,  or  r ecal i br at i on.  Must  have i mpr egnat ed membr ane 
whi ch keeps el ect r ode el ect r ol yt es f r om dr yi ng out  or  get t i ng t he 
r ef er ence el ect r ode el ect r ol yt e cont ami nat ed.  Must  have i on t r ap t o 
pr event  r ef er ence el ect r ode damage f r om hydr ogen sul f i de or  excess 
chl or i de i ons.  [ The el ect r ode wi l l  be pr epackaged by t he manuf act ur er  wi t h 
a backf i l l  mat er i al  as r ecommended by t he manuf act ur er . ]  Pr ovi de 
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el ect r odes wi t h No.  [ 10]  [ 12]  [ _____]  AWG,  [ RHW]  [ THHN]  [ _____]  cabl e of  
suf f i c i ent  l engt h t o ext end t o t he [ t est  st at i on]  [ j unct i on box]  
[ r ect i f i er ]  wi t hout  spl i c i ng.   Ref er ence el ect r odes wi l l  have a mi ni mum 
20- year  l i f e,  st abi l i t y  of  pl us or  mi nus 5 mi l l i vol t s under  3 mi cr oamp 
l oad.   The manuf act ur er  must  cal i br at e t he PRE t o 316 mV pl us or  mi nus 
10mV r ef er enced t o a st andar d hydr ogen el ect r ode ( SHE)  and pr ovi de a 
cal i br at i on cer t i f i cat e det ai l i ng t he r esul t s of  t he cal i br at i on.  
Pr ocedur es f or  eval uat i ng t he accur acy annual l y must  be i ncl uded i n t he 
Oper at i on and Mai nt enance Manual .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Ref er  t o NACE TM0113- 2013 St andar d Test  Met hod 
f or  Eval uat i ng t he Accur acy of  Fi el d- Gr ade Ref er ence 
El ect r odes and NACE TM0211- 2011 St andar d Test  Met hod 
f or  Dur abi l i t y  Test  f or  Copper / Copper  Sul f at e 
Per manent  Ref er ence El ect r odes f or  Di r ect  Bur i al  
Appl i cat i ons f or  i nf or mat i on f or  eval uat i ng t he 
accur acy or  dur abi l i t y  of  t he PRE.

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

2. 4. 7   Pavement  I nser t s

Pavement  i nser t  must  be a non- met al l i c  f l ush t ype t est  st at i on wi t hout  
t er mi nal  boar d,  and must  al l ow a copper / copper  sul f at e r ef er ence el ect r ode 
t o cont act  t he el ect r ol yt e beneat h t he pavement  sur f ace.   [ Pr ovi de t r af f i c  
val ve box capabl e of  wi t hst andi ng [ H- 20]  [ _____]  t r af f i c  l oads. ]

2. 4. 8   Coupons

Coupons must  mat ch t he mat er i al  of  t he st r uct ur e,  wi t h [ 1]  [ 2]  i nt egr at ed 
connect i on( s)  wi t h el ect r i cal  wi r e( s)  and be desi gned,  manuf act ur ed and 
pr ocur ed f or  use as a cor r osi on coupon,  I R- Fr ee r ef er ence el ect r ode,  or  AC 
r eadi ng el ect r ode.

2. 4. 9   Zi nc Gr oundi ng Cel l s

Two Zi nc [ Type I I ]  [ Type I ]  anodes separ at ed wi t h 24. 5 mm 1 i nch i sol at i ng 
spacer s.   Mi ni mum 10 f eet  of  #6 AWG HMWPE CP cabl e cr i mped secur el y t o 
each anode.   Bot h anodes cent er ed i n one cl ot h bag and sur r ounded wi t h l ow 
r esi st ance backf i l l  mi xt ur e consi st s of  75 per cent  hydr at ed gypsum,  20 
per cent  bent oni t e,  and 5 per cent  sodi um sul f at e.

El ement
Cont ent  Per cent

MI L- A- 18001 ASTM B418 Type I ASTM B418 Type I I

Al 0. 1 -  0. 5 per cent 0. 005 per cent  max

Cd 0. 02 -  0. 07 per cent 0. 003 per cent  max

Fe 0. 005 per cent  max 0. 0014 per cent  max

Pb 0. 006 per cent  max 0. 003 per cent  max

Cu 0. 005 per cent  max 0. 002 per cent  max

Zi nc Remai nder Remai nder
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Bar e Wei ght Wi dt h Hei ght Lengt h
Tot al  Packaged

Wei ght

kg pounds mm i nches mm i nches mm i nches kg pounds

2. 3 5 36 1. 4 36 1. 4 254 10 9. 1 20

5. 4 12 36 1. 4 36 1. 4 610 24 18. 1 40

6. 8 15 36 1. 4 36 1. 4 762 30 22. 7 50

6. 8 15 51 2. 0 51 2. 0 381 15 16. 3 36

8. 2 18 36 1. 4 36 1. 4 914 36 24. 9 55

13. 6 30 36 1. 4 36 1. 4 1524 60 39. 0 86

13. 6 30 51 2. 0 51 2. 0 762 30 30. 4 67

20. 4 45 51 2. 0 51 2. 0 1143 45 45. 4 100

27. 2 60 51 2. 0 51 2. 0 1524 60 54. 4 120

2. 5   ACCESSORI ES

2. 5. 1   Wi r e Connect or s

Saf et y St andar d f or  Wi r e Connect or s must  conf or m t o UL 486A- 486B.

2. 5. 2   El ect r i cal  Tape

Pr essur e- sensi t i ve v i nyl  pl ast i c el ect r i cal  t ape must  conf or m t o UL 510.

2. 5. 3   Cabl e Mar ker  Tape

Tr aceabl e mar ker  t ape must  be manuf act ur ed f or  t he pur pose and cl ear l y 
l abel ed " Cat hodi c Pr ot ect i on Cabl e Bur i ed Bel ow" .

2. 5. 4   I nsul at i ng Tape

Pr essur e- sensi t i ve v i nyl  pl ast i c el ect r i cal  t ape and r ubber  i nsul at ed t ape
must  conf or m t o UL 510.

2. 5. 5   Under gr ound Spl i ces

Pr ovi de spl i ces wi t h a compr essi on connect or  on t he conduct or s,  and 
i nsul at i on and wat er pr oof i ng usi ng one of  t he f ol l owi ng met hods whi ch ar e 
sui t abl e f or  cont i nuous submer si on i n wat er  and compl y wi t h ANSI  C119. 1.

2. 5. 5. 1   Cast - Type Spl i ce

Pr ovi de cast - t ype spl i ce i nsul at i on by means of  mol ded cast i ng pr ocess 
empl oyi ng a t her moset t i ng epoxy r esi n i nsul at i ng mat er i al  appl i ed by a 
gr avi t y pour ed met hod or  pr essur e i nj ect ed met hod.   Pr ovi de component  
mat er i al s of  t he r esi n i nsul at i on i n a packaged f or m r eady f or  conveni ent  
mi xi ng wi t hout  r emovi ng f r om t he package.
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2. 5. 5. 2   Gr avi t y- Pour ed Spl i ce

Gr avi t y- pour ed met hod must  empl oy mat er i al s and equi pment  cont ai ned i n and 
appr oved commer ci al  spl i c i ng k i t  whi ch i ncl udes a mol d sui t abl e f or  t he 
cabl es t o be spl i ced.   When t he mol d i s i n pl ace ar ound t he j oi ned 
conduct or s,  pr epar e t he r esi n mi x and pour  i nt o t he mol d.

2. 5. 5. 3   Heat  Shr i nkabl e Spl i ce

Pr ovi de [ heavy wal l ]  heat  shr i nkabl e spl i ce i nsul at i on by means of  a 
t her mopl ast i c adhesi ve seal ant  mat er i al  whi ch must  be appl i ed by a c l ean 
bur ni ng pr opane gas t or ch.

2. 5. 6   Bur i ed Cabl e War ni ng and I dent i f i cat i on Tape

Pol yet hyl ene t ape,  manuf act ur ed f or  war ni ng and i dent i f i cat i on of  bur i ed 
cabl e and condui t .   Tape must  be [ 75]  [ _____]  mm [ 3]  [ _____]  i nches wi de,  
[ Yel l ow]  [ _____]  i n col or  and r ead " CAUTI ON CATHODI C PROTECTI ON CABLE 
BURI ED BELOW" .   Col or  and l et t er i ng must  be per manent  and unaf f ect ed by 
moi st ur e or  ot her  subst ances i n backf i l l  mat er i al s.

2. 5. 7   Condui t

[ UL 6,  r i gi d gal vani zed st eel ] ,  [ Out l et  boxes:  UL 514A and f i t t i ngs UL 514B,  
t hr eaded hubs] .   [ Met al l i c  condui t  and f i t t i ngs t o be PVC coat ed i n 
accor dance wi t h NEMA RN 1,  Type A40] ,  [ NEMA TC 2,  Type EPC- 40- PVC] .   
Non- met al l i c  condui t  must  conf or m t o NEMA TC 2.

2. 5. 8   Resi st ance Wi r e

Resi st ance wi r e must  be AWG No.  [ 16 or  No.  22]  [ _____]  ni ckel - chr omi um 
wi r e.

2. 5. 9   Deep Anode Bed Casi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A met al  casi ng must  not  be used except  f or  a 
maxi mum of  1. 5 met er  5 f eet  at  t he t op f or  a wel l  
cap whi ch al so ser ves as a suppor t  f or  t he 
suspensi on r opes.   The dr i l l i ng mud on t he si des of  
t he hol e wi l l  usual l y keep t he hol e open unt i l  t he 
anodes and coke br eeze ar e i nst al l ed.   I f  a casi ng 
must  be used,  i t  must  be f i ber gl ass r ei nf or ced 
pl ast i c ( non- met al l i c)  and must  be l ocat ed above t he 
anode st r i ng.

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

Casi ng must  be [ _____]  mm i nch out si de di amet er ,  3 mm 1/ 8 i nch mi ni mum 
wal l  t hi ckness bl ack st eel  pi pe,  conf or mi ng t o ASTM A53/ A53M,  Type E or  S,  
Gr ade B.   The t op casi ng must  be [ _____]  mm i nch out si de di amet er ,  3 mm 
1/ 8 i nch mi ni mum wal l  t hi ckness bl ack st eel  pi pe,  conf or mi ng t o 
ASTM A53/ A53M,  Type E or  S,  Gr ade B.   The met al  casi ng must  ext end no mor e 
t han [ 1. 5]  [ _____]  m [ 5]  [ _____]  f eet  bel ow t he t op of  a wel l  cap.

2. 5. 10   Anode Cent er i ng Devi ce f or  Deep Anodes

Anode cent er i ng devi ce must  be met al l i c  and capabl e of  mai nt ai ni ng 
cent er i ng i n t he hol e wi t hout  i nt er f er i ng wi t h ot her  anode l ead wi r i ng,  
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unt i l  coke br eeze i s packed i n pl ace.   Cent er i ng devi ce must  have 
mechani cal  means of  f i r ml y at t achi ng t o vent  pi pe and anode.

2. 5. 11   Vent  Pi pes

Al l  deep anodes must  be vent ed i n anode zones.   Openi ngs i n t he vent  must  
not  be l ar ger  t han 0. 1524 mm 0. 006 i nch.

2. 5. 12   Seal i ng and Di el ect r i c Compound

Seal i ng and di el ect r i c compound must  be a bl ack,  r ubber - based compound 
t hat  i s sof t ,  per manent l y pl i abl e,  t acky,  mol dabl e,  and unbacked.   Appl y 
compound as r ecommended by t he manuf act ur er ,  but  not  l ess t han 3 mm 1/ 8 
i nch t hi ck.

2. 5. 13   Pr ot ect i ve Coat i ng

Except  as ot her wi se speci f i ed,  pr ot ect i ve coat i ng f or  under gr ound met al l i c  
component s i ncl udi ng pi pe and f i t t i ngs must  be appl i ed mechani cal l y i n a 
f act or y or  f i el d pl ant  speci al l y equi pped f or  t he pur pose.   Val ves and 
f i t t i ngs t hat  cannot  be coat ed mechani cal l y must  have t he pr ot ect i ve 
coat i ng appl i ed by hand,  pr ef er abl y at  t he pl ant .   Joi nt s must  be coat ed 
by hand.   Hand coat i ng must  pr oduce a coat i ng equal  i n t hi ckness t o t he 
coat i ng appl i ed mechani cal l y.   Pi pi ng and component s i nst al l ed i n val ve 
boxes or  manhol es must  al so r ecei ve t he speci f i ed pr ot ect i ve coat i ng.

2. 5. 13. 1   Pi pel i ne Met al l i c  Component s

Under gr ound met al l i c  pi pel i nes and st r uct ur es must  have a good qual i t y 
f act or y- appl i ed coat i ng.   Thi s i ncl udes car bon st eel ,  cast  i r on and 
duct i l e- i r on pi pel i nes or  vessel s.   I f  non- met al l i c  pi pel i nes ar e 
i nst al l ed,  met al l i c  f i t t i ngs or  pi pe sect i ons must  be coat ed as f ol l ows.

a.   The nomi nal  t hi ckness of  t he met al l i c  pi pe j oi nt  or  ot her  component  
coat i ng must  be [ 0. 2]  [ 0. 4]  [ 0. 6]  [ 1. 0]  [ 1. 5]  [ _____]  mm [ 8]  [ 16]  [ 24]  
[ 40]  [ 60]  [ _____]  mi l s,  pl us or  mi nus 5 per cent .

b.   Pi pe and j oi nt  coat i ng f or  f act or y- appl i ed or  f i el d- r epai r  mat er i al  
must  be appl i ed as r ecommended by t he manuf act ur er  and must  be one of  
t he f ol l owi ng:

( 1)  Fusi on bonded epoxy.

( 2)  Cont i nuousl y- ext r uded pol yet hyl ene and adhesi ve coat i ng syst em.

( 3)  Pol yvi nyl  chl or i de pr essur e- sensi t i ve adhesi ve t ape.

( 4)  Hi gh- densi t y pol yet hyl ene/ bi t umi nous r ubber  compound t ape.

( 5)  But yl  r ubber  t ape.

( 6)  Coal  t ar  epoxy.

2. 5. 13. 2   Fi el d Joi nt s

Coat  f i el d j oi nt s wi t h mat er i al  compat i bl e wi t h t he exi st i ng pi pel i ne 
coat i ng compound.   Appl y t he j oi nt  coat i ng mat er i al  t o an equal  t hi ckness 
as t he pi pel i ne coat i ng.   Unbonded coat i ngs must  not  be used on bur i ed 
met al l i c  pi pi ng.   Thi s pr ohi bi t i on i ncl udes unbonded wr aps or  t ubes.
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2. 5. 14   Pr ef or med Sheat hs

Pr ef or med sheat hs f or  encapsul at i ng el ect r i cal  wi r e spl i ces t o be bur i ed 
under gr ound must  f i t  t he i nsul at ed wi r es ent er i ng t he spl i ced j oi nt .

2. 5. 15   Epoxy Pot t i ng Compound

Epoxy pot t i ng compound f or  encapsul at i ng el ect r i cal  wi r e spl i ces t o be 
bur i ed under gr ound must  be a t wo package syst em made f or  t he pur pose.

2. 5. 16   Backf i l l  Shi el ds

Backf i l l  shi el ds must  consi st  of  appr oved pi pel i ne wr appi ng or  f i ber gl ass 
r ei nf or ced,  coal - t ar  i mpr egnat ed t ape,  or  pl ast i c wel d caps,  speci f i cal l y 
made f or  t he pur pose.

2. 5. 17   I sol at i on Fl ange Set s/ Ki t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   On pr oj ect s havi ng pi pi ng i nst al l ed by 
Di v i s i on 2,  SI TEWORK or  Di v i s i on 15,  MECHANI CAL,  
coor di nat e t he r equi r ement s f or  f l anges and uni ons 
wi t h t he appr opr i at e sect i on( s) .

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

Pr ovi de f ul l - f aced gasket s,  i sol at i ng s l eeves and washer s,  and st eel  
washer s.   Pr ovi de i sol at i on f l ange ki t s r at ed f or  oper at i on at  t he r at ed 
pr essur e and t emper at ur e.   Bol t s must  be r epl aced wi t h s i mi l ar  t ype l onger  
bol t s i f  l ess t han t wo t hr eads ext end beyond t he end of  bot h st eel  washer s.

2. 5. 18   Di el ect r i c Uni ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   On pr oj ect s havi ng pi pi ng i nst al l ed by 
Di v i s i on 2,  SI TEWORK or  Di v i s i on 15,  MECHANI CAL,  
coor di nat e t he r equi r ement s f or  f l anges and uni ons 
wi t h t he appr opr i at e sect i on( s) .

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

ASME B16. 39,  Cl ass [ 1]  [ 2]  r at ed f or  di mensi onal ,  st r engt h,  and pr essur e 
r equi r ement s.   I nsul at i on bar r i er  must  l i mi t  gal vani c cur r ent  t o one 
per cent  of  t he shor t - c i r cui t  cur r ent  i n a cor r espondi ng met al l i c  j oi nt .   
Pr ovi de i nsul at i ng mat er i al  i mper vi ous t o [ wat er ]  [ oi l ]  [ gas] .

2. 5. 19   El ect r i cal  I sol at i on of  St r uct ur es

I sol at i ng f i t t i ngs,  i ncl udi ng i sol at i ng f l anges and coupl i ngs,  must  be 
i nst al l ed above gr ound or  i n a concr et e hand hol e.   As a mi ni mum,  
i sol at i ng f l anges or  uni ons must  be pr ovi ded at  t he f ol l owi ng l ocat i ons:

a.   Connect i on of  new pi pi ng t o exi st i ng pi pes.

b.   Pr essur e pi pi ng under  f l oor  s l ab t o a bui l di ng.

c.   Addi t i onal l y,  i sol at i on must  be pr ovi ded bet ween new pi pe l i nes and 
f or ei gn pi pes t hat  cr oss t he new l i nes wi t hi n 3 m 10 f eet .
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2. 5. 19. 1   Gasket s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Do not  use asbest os mat er i al s.

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

ASME B16. 21.   [ Neopr ene f aced phenol i c]  [ Lami nat ed phenol i c]  mat er i al  f or  
oper at i on at  [ _____]  KPa,  [ 232]  [ _____]  degr ees C [ _____]  psi ,  [ 450]  
[ _____]  degr ees F.   Asbest os mat er i al s must  not  be used.

2. 5. 19. 2   I sol at i on Washer s and Sl eeves

Two set s 3 mm 1/ 8 i nch [ l ami nat ed phenol i c]  [ _____]  f or  oper at i on at  [ 232]  
[ _____]  degr ees C [ 450]  [ _____]  degr ees F.   I sol at i ng washer s must  f i t  
wi t hi n t he bol t  f aci ng on t he f l ange over  t he out si de of  t he f abr i c 
r ei nf or ced phenol i c s l eeve.

2. 5. 20   El ect r i cal l y I sol at i ng Pi pe Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The CP syst em wi l l  f ai l  unl ess f ul l  
consi der at i on i s gi ven t o speci f i cat i ons f or  
el ect r i cal l y i sol at i ng pi pe j oi nt s,  el ect r i cal l y 
conduct i ve pi pe j oi nt s,  and casi ng cr adl es and 
seal s.   Mechani cal  and el ect r i cal  speci f i cat i ons 
must  r ef er ence t hi s par agr aph and par agr aph 
" El ect r i cal l y Conduct i ve Coupl i ngs. "

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

El ect r i cal l y i sol at i ng pi pe j oi nt s f or  above-  or  bel ow- gr ound use must  be 
[ f l exi bl e,  mechani cal  pi pe coupl i ngs of  an el ect r i cal l y i sol at i ng t ype 
consi st i ng of  bol t ed or  compr essi on desi gn pr ovi ded wi t h el ect r i cal l y 
i sol at i ng j oi nt  har ness i f  r equi r ed t o pr ovi de pul l - out  st r engt h]  
[ f l exi bl e,  i nt egr al  el ect r i cal l y i sol at i ng pi pe coupl i ngs desi gned f or  
f i el d i nst al l at i on by means of  a swagi ng syst em and pr ovi di ng pul l - out  
st r engt h wi t h a f act or  of  saf et y]  [ nonf l exi bl e f l anged t ype el ect r i cal l y 
i sol at i ng pi pe j oi nt s t o be f i el d assembl ed]  [ nonf l exi bl e f act or y 
assembl ed el ect r i cal l y i sol at i ng pi pe j oi nt s desi gned wi t h st ub ends f or  
i nst al l at i on by wel di ng and pr ovi di ng pul l - out  st r engt h wi t h a f act or  of  
saf et y] .

2. 5. 20. 1   Thr eaded Fi t t i ngs

Thr eaded t ype el ect r i cal l y i sol at i ng pi pe j oi nt s must  have mol ded pl ast i c 
scr ew t hr eads and be used above gr ound onl y.   Machi ned pl ast i c scr ew 
t hr eads must  not  be used.

2. 5. 21   El ect r i cal l y Conduct i ve Coupl i ngs

El ect r i cal l y conduct i ve coupl i ngs must  be of  a t ype t hat  i s i n r egul ar  
f act or y pr oduct i on.

2. 5. 22   St r ay Cur r ent  Measur ement s

Per f or m st r ay cur r ent  measur ement s as i ndi cat ed.   Al t er nat e met hods may be 
used when appr oved.   The st r ay cur r ent  t est  r epor t  must  i ndi cat e l ocat i on 
of  t est ,  t ype of  pi pes t est ed,  met hod of  t est i ng,  [ _____] .
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2. 5. 23   Cast - I n- Pl ace Concr et e

Concr et e must  be 20 MPa 3000 psi  mi ni mum ul t i mat e 28- day compr essi ve 
st r engt h wi t h 25 mm one i nch mi ni mum aggr egat e conf or mi ng t o [ ASTM C94/ C94M
]  [ Sect i on 03 30 00 CAST- I N- PLACE CONCRETE] .

2. 5. 24   I sol at i on and End Seal s

2. 5. 24. 1   Casi ng I sol at or / Cent r al i zer

[ Hi gh densi t y ( l i near ) ,  i nj ect i on mol ded vi r gi n Pol yet hyl ene]  
[ Pol ycar bonat e Hi - Temp i sol at or s/ spacer s r at ed f or  ser vi ce at  l east  280 
degr ees F.  ( 138 degr ees C)  or  mor e]  [ Hi gh Gr ade Ther mopl ast i c]  posi t i ve 
el ect r i cal  i sol at i on,  hi gh abr asi on r esi st ance and l ow coef f i c i ent  of  
f r i c t i on.

2. 5. 24. 2   End Seal s

Et hyl ene Pr opyl ene Di ene Monomer  ( EPDM)  Neopr ene r ubber  end seal s,  
t hi ckness of  1/ 8 i nch or  mor e,  wi t h [ 2]  [ 4]  St ai nl ess St eel  Pi pe Cl amps 
per  end seal ,  1/ 8 i nch t hi ck and 1/ 2 i nch wi de or  mor e.

2. 5. 25   St eel  Fl anges and Bol t i ng

2. 5. 25. 1   St eel  Fl anges

ASME B16. 5,  [ 668 N]  [ 1335 N]  [ 150 l b. ]  [ 300 l b. ] .

2. 5. 25. 2   Bol t i ng

ASTM A307,  Gr ade B f or  bol t s;  ASTM A194/ A194M,  Gr ade 2 f or  nut s.   
Di mensi ons:   ASME B18. 2. 1 f or  bol t s,  ASME B18. 2. 2 f or  nut s.   Thr eads:  
ASME B1. 1,  Cl ass 2A f i t  f or  bol t s,  Cl ass 2B f i t  f or  nut s.   Bol t s must  
ext end compl et el y t hr ough t he nut s and may have r educed shanks of  a 
di amet er  not  l ess t han t he di amet er  at  t he r oof  of  t hr eads.

2. 5. 26   Gr avel

100 per cent  t o pass a 25 mm 1 i nch mesh.

2. 5. 27   Casi ng I sol at i on and Seal s

Exot her mi c wel d k i t s speci f i cal l y desi gned by t he manuf act ur er  f or  
exot her mi c wel di ng wi r es t o met al l i c  sur f aces.   Mol ds must  be f or  speci f i c  
t ype of  met al l i c  st r uct ur e ( st eel ,  cast  i r on) ,  speci f i c  di amet er  of  pi pe 
or  met al l i c  sur f ace and speci f i c  s i ze ( AWG) and t ype of  wi r e ( sol i d,  
st r anded) .

PART 3   EXECUTI ON

3. 1   SAFETY PRECAUTI ONS AND HAZARDOUS LOCATI ONS

Any per sonnel  per f or mi ng oper at i ons t hat  wi l l  gener at e heat ,  spar ks,  or  
f l ame i n hazar dous l ocat i ons must  f i r st  per f or m adequat e saf et y 
pr ecaut i ons.   A t r ai ned r esponsi bl e per son must  ensur e t he ar ea i s saf e t o 
per f or m t he oper at i on.   Requi r ed act i ons i ncl ude ensur i ng adequat e 
vent i l at i on bef or e wor k st ar t s,  ai r  moni t or i ng,  and a f i r e wat ch must  be 
pr ovi ded and r emai n f or  30 mi nut es af t er  t he oper at i on i s compl et ed.   A 
mi ni mum of  a 20 pound ABC t ype f i r e ext i ngui sher  must  be avai l abl e and 
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must  be i nspect ed bef or e each use.   Equi pment  bei ng used must  be i nspect ed 
and used i n accor dance wi t h manuf act ur er  r ecommendat i ons.   Combust i bl es 
t hat  ar e i n t he wor k ar ea( s)  must  be moved or  i f  t hey cannot  be moved,  be 
cover ed wi t h f i r e r et ar dant  wel di ng bl anket s.   When per f or mi ng exot her mi c 
wel di ng,  pr oper l y s i zed char ges and i nspect i on of  t he st r uct ur e condi t i on 
must  be accompl i shed t o ensur e a saf e oper at i on.

3. 2   I NSTALLATI ON

3. 2. 1   Anode Bed I nst al l at i on

I EEE C2NFPA 70 Anode conf i gur at i on and si ze must  be as i ndi cat ed i n desi gn 
dr awi ngs.   A mi ni mum of  [ one]  [ t wo]  [ t hr ee]  [ t en]  [ 15]  [ _____]  anodes must  
be i nst al l ed i n l ocat i ons as speci f i ed i n desi gn dr awi ngs.   Mat er i al s must  
meet  t hese speci f i cat i ons.   The cor r osi on exper t  must  ver i f y t hat  t he 
mat er i al s ar e i n accor dance wi t h t he appr oved submi t t al s.   Anode beds must  
be i nst al l ed i n r emot e ear t h or  di st r i but ed ar ound t he st r uct ur e bei ng 
pr ot ect ed.

3. 2. 1. 1   Shal l ow Anode Beds

Shal l ow gr ound beds must  cont ai n s i ze and quant i t y of  anodes desi gned t o 
meet  t he desi gn cur r ent  r equi r ement  of  t he CP syst em at  an i ni t i al  
oper at i ng cur r ent  out put  densi t y not  exceedi ng [ 40]  [ 50]  [ 70]  per cent  of  
manuf act ur er s r ecommended cur r ent  out put  densi t y of  t he speci f i c  anodes 
bei ng i nst al l ed.

3. 2. 1. 1. 1   Hor i zont al l y Bur i ed Bar e Anodes

Hor i zont al l y bur i ed bar e anodes must  be bedded on and cover ed wi t h coke 
br eeze as speci f i ed i n a t r ench excavat ed f or  t he pur pose at  dept hs,  
spaci ng and l ocat i ons as shown i n desi gn dr awi ngs.   Anodes must  be 
compl et el y sur r ounded by t he backf i l l  at  bot t om,  s i des,  and t op f or  a 
di st ance of  not  l ess t han 100 mm 4 i nch.   Backf i l l  must  be compact ed.

3. 2. 1. 1. 2   Ver t i cal l y Bur i ed Bar e Anodes

Ver t i cal l y bur i ed bar e anodes must  be i nst al l ed i n ver t i cal  hol es i n t he 
gr ound havi ng a dept h,  spaci ng,  and l ocat i on shown.   The hol es i n t he 
gr ound must  be suf f i c i ent l y l ar ge t o pr ovi de an annul ar  space ar ound t he 
anode not  l ess t han 100 mm 4 i nch.   The anodes must  be cent er ed i n t he 
hol e and backf i l l ed wi t h coke br eeze.   Backf i l l  must  be compact ed.

3. 2. 1. 1. 3   Hor i zont al l y Bur i ed Cani st er - Cont ai ned Anodes

Hor i zont al l y bur i ed cani st er - cont ai ned anodes must  be bur i ed i n a t r ench 
excavat ed f or  t he pur pose at  dept hs,  spaci ng,  and l ocat i ons shown.

3. 2. 1. 1. 4   Ver t i cal l y Bur i ed Cani st er - Cont ai ned Anodes

Ver t i cal l y bur i ed cani st er - cont ai ned anodes must  be i nst al l ed i n ver t i cal  
hol es i n t he gr ound havi ng dept h,  spaci ng,  and l ocat i ons shown.   The hol es 
i n t he gr ound must  be suf f i c i ent l y l ar ger  i n di amet er  t han t he cani st er s 
t o f aci l i t at e easy l ower i ng i nt o t he hol e and backf i l l i ng.   The space 
bet ween t he cani st er  and t he wal l  of  t he hol e must  be compl et el y 
backf i l l ed wi t h a wet  s l ur r y of  ear t h f r ee of  st ones.
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3. 2. 2   Remot e Anode Syst ems

Remot e anode syst ems must  consi st  of  gr oups of  anodes connect ed i n 
par al l el  t o a header  cabl e,  bur i ed i n t he gr ound at  dept hs,  spaci ng,  and 
l ocat i ons shown.   The anodes must  be bur i ed [ hor i zont al l y]  [ ver t i cal l y] .

3. 2. 3   Di st r i but ed Anode Syst ems

Di st r i but ed anode syst ems must  consi st  of  a l i ne or  r ow of  anodes 
connect ed i n par al l el  t o a header  cabl e and bur i ed i n r emot e ear t h at  
dept hs,  spaci ng,  and l ocat i ons shown.   The anodes must  be bur i ed 
[ hor i zont al l y]  [ ver t i cal l y] .

3. 2. 4   Li near  Anode I CCP Syst ems

These syst ems ar e commonl y used t o pr ot ect  l ong l i ne st r uct ur es,  such as 
pi pel i nes.   Thi s i s usual l y t he most  economi cal  choi ce when t he pi pel i ne 
due t o poor  or  aged coat i ng r equi r es a cont i nuous and cl ose coupl ed 
cur r ent .   Thi s t ype of  anode bed i s used t o pr ot ect  pi pel i nes wi t h poor  
coat i ng and can be i nst al l ed up t o sever al  mi l es al ong a pi pel i ne.   The 
di st ance f r om t he st r uct ur e i s nor mal l y 5 t o 10 f eet  ( 1. 5 t o 3 met er s) .   
I n most  cases,  t he anode i s i nst al l ed wi t h a separ at e header  cabl e t o 
mi ni mi ze vol t age dr op.   Mi xed met al  oxi de anodes or  pol ymer  anodes ar e 
t ypi cal l y used f or  t hi s t ype of  i nst al l at i on.

3. 2. 5   Deep Anode Lead Wi r e

Each anode must  have a separ at e,  cont i nuous l ead wi r e,  wi t hout  spl i ces,  
f r om t he anode and t er mi nat i ng i n an abovegr ound j unct i on box equi pped 
wi t h i ndi v i dual  anode cur r ent  shunt s.

3. 2. 5. 1   Anode Cent er i ng

Anodes must  be cent er ed i n t he wel l  by means of  cent er i ng devi ces.

3. 2. 5. 2   Casi ng

The casi ng must  be t o a dept h and el evat i on i ndi cat ed i n desi gn dr awi ngs.

3. 2. 6   Backf i l l

Backf i l l  t he wel l  wi t h speci f i ed coke br eeze or  met al l ur gi cal  coke br eeze 
sur r oundi ng t he anodes by a met hod t hat  does not  l eave voi ds or  br i dgi ng.   
The r ecommended met hod i s t o pump t he backf i l l  f r om t he bot t om upwar d.   
The wel l  must  be over - f i l l ed wi t h coke br eeze al l owi ng f or  set t l ement  so 
t hat  t he set t l ed l evel  af t er  a number  of  days i s as hi gh as t he l evel  
shown.   The number  of  days al l owed f or  set t l i ng of  t he coke br eeze wi l l  be 
det er mi ned by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   I f  t he t op l evel  of  
coke br eeze i s bel ow t he l evel  shown af t er  set t l ement ,  put  addi t i onal  coke 
br eeze i n t he wel l .   The backf i l l  used must  not  r equi r e t ampi ng.   The t op 
por t i on of  t he wel l  must  be seal ed f or  8 m 25 f eet  t o pr event  sur f ace 
wat er  r un- of f .   Al l  vent s must  be vent ed above t he hi gh wat er  mar k and at  
a saf e hei ght .

3. 2. 7   Cabl e Mar ker  Tape

Locat e t r aceabl e mar ker  t ape i n t he same t r ench above CP cabl es i ncl udi ng 
st r uct ur e l eads,  anode l eads,  anode header  cabl es,  t est  st at i on l eads,  
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bondi ng cabl es,  and r ect i f i er  el ect r i cal  power  cabl es.

3. 3   MI SCELLANEOUS I NSTALLATI ON

3. 3. 1   Rect i f i er  I nst al l at i on

Mount i ng must  be as shown.   [ Pol e or  wal l  mount i ng must  be equi pped wi t h a 
channel  br acket ,  l i f t i ng eyes,  and a keyhol e at  t he t op. ]   [ Cr oss- ar m 
br acket s must  accommodat e a 102 by 102 mm 4 by 4 i nch cr oss- ar m. ]

3. 3. 2   Test  St at i ons

Pr ovi de t est  st at i ons compl et e wi t h an i nsul at ed t er mi nal  bl ock havi ng t he 
i ndi cat ed number  of  t er mi nal s;  pr ovi ded wi t h a l ockabl e cover  and have a 
cast - i n l egend,  " C. P.  Test "  and compl et e wi t h an i nsul at ed t er mi nal  bl ock 
havi ng t he r equi r ed number  of  t er mi nal s.   ( One t er mi nal  r equi r ed f or  each 
conduct or ) .   Pr ovi de suf f i c i ent  t est  st at i ons t o moni t or  under gr ound 
i sol at i on poi nt s.   Test - bond st at i ons ( pot ent i al  measur ement  and st r ay 
cur r ent  cont r ol )  must  be pr ovi ded t o moni t or  pi pe- t o- soi l  pot ent i al  of  
pr oposed under gr ound pi pes or  exi st i ng under gr ound met al l i c  st r uct ur es 
whi ch may conduct  st r ay cur r ent  f r om t he new CP syst em.   The l ocat i on of  
t he t est - bond st at i ons must  ensur e t hat  t he pi pe- t o- soi l  pot ent i al  of  
met al l i c  pi pe not  desi gnat ed t o be pr ot ect ed i s not  made l ess negat i ve by 
t he ener gi zat i on of  t he CP syst em.   Test  st at i on t er mi nal  connect i ons and 
t he t er mi nal  conduct or  must  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  t he conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o 
t he pr ot ect ed st r uct ur es) .   Conduct or s must  be per manent l y i dent i f i ed i n 
t he st at i on by means of  pl ast i c or  met al  t ags,  or  pl ast i c s l eeves t o 
i ndi cat e t er mi nat i on.   Each conduct or  must  be col or  coded i n accor dance 
wi t h t he dr awi ngs.   The st at i on t est  f aci l i t y ,  i ncl udi ng per manent  
copper / copper - sul f at e r ef er ence el ect r odes and t est  r et ur ns must  be 
i nst al l ed as i ndi cat ed.   Pavement  i nser t s must  be non- met al l i c  and must  
al l ow copper / copper - sul f at e r ef er ence el ect r ode t o cont act  t he el ect r ol yt e 
beneat h t he pavement  sur f ace.   Abbr evi at i ons must  not  be used.   Wel di ng of  
el ect r i cal  connect i ons must  be as f ol l ows:   Exot her mi c wel ds must  be as 
speci f i ed.   Use and sel ect i on of  t hese mat er i al s and wel di ng equi pment  
must  be i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.

3. 3. 3   Per manent  Ref er ence El ect r odes

3. 3. 3. 1   Per manent  Ref er ence El ect r ode Ver i f i cat i on

Ver i f y per manent  r ef er ence el ect r odes agai nst  a cal i br at ed por t abl e 
el ect r ode i n t he pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  bef or e 
i nst al l at i on.   Ver i f y i n a non- met al l i c  cont ai ner  of  wat er .   Per manent  
el ect r ode must  measur e a r ef er ence pot ent i al  agr eei ng wi t h t hat  measur ed 
by t he por t abl e el ect r ode wi t hi n pl us or  mi nus 0. 010 vol t s when t he 
sensi ng wi ndows of  t he t wo el ect r odes bei ng compar ed ar e not  mor e t han 2 mm
 1/ 6 i nch apar t  but  not  t ouchi ng.   Remove per manent  r ef er ence el ect r odes 
not  wi t hi n t hi s pot ent i al  r ange f r om t he const r uct i on s i t e by t he end of  
t he day and r epl ace at  t he cont r act or ' s expense.   The t est i ng pr ovi s i on 
appl i es t o r epl acement  per manent  r ef er ence el ect r odes as wel l .

3. 3. 4   Bondi ng Boxes

Pr ovi de st r uct ur e bondi ng boxes i n l ocat i ons [ as i ndi cat ed]  [ wher e t he 
pr ot ect ed st r uct ur e cr osses or  comes i nt o c l ose pr oxi mi t y t o ot her  met al  
st r uct ur es t hat  ar e unpr ot ect ed or  pr ot ect ed by i t s own el ect r i cal l y 
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i sol at ed CP syst em( s) ] .

3. 3. 5   Joi nt  Bonds

Pr ovi de j oi nt  bonds on met al l i c  pi pe t o and acr oss bur i ed f l exi bl e 
coupl i ngs,  mechani cal  j oi nt s,  f l anged j oi nt s [ except  at  pl aces wher e 
i sol at i on j oi nt s ar e speci f i ed]  and j oi nt s not  wel ded or  t hr eaded t o 
pr ovi de el ect r i cal  cont i nui t y.   Connect  bond wi r e( s)  t o t he st r uct ur e( s)  
by use of  exot her mi c wel d k i t ( s) .   Cl ean t he st r uct ur e sur f ace by 
scr api ng,  f i l i ng or  wi r e br ushi ng t o pr oduce a c l ean,  br i ght  sur f ace.   
[ Wel d connect i ons usi ng exot her mi c k i t s i n accor dance wi t h t he k i t  
manuf act ur er ' s i nst r uct i ons. ]   Check and ver i f y adher ence of  t he bond t o 
t he subst r at e f or  mechani cal  i nt egr i t y by st r i k i ng t he wel d wi t h a 908 gr am
 2 pound hammer .   Cover  connect i ons wi t h an el ect r i cal l y i nsul at i ng 
coat i ng [ whi ch i s compat i bl e wi t h t he exi st i ng coat i ng on t he st r uct ur e] .

3. 3. 6   Casi ngs,  I sol at i on,  and Seal s

Wher e a pi pel i ne i s i nst al l ed i n a casi ng under  a r oadway or  r ai l way,  t he 
pi pel i ne must  be el ect r i cal l y i sol at ed f r om t he casi ng,  and t he annul ar  
space seal ed agai nst  i ncur si on of  wat er .

3. 3. 7   Wi r e Connect i ons

3. 3. 7. 1   Wi r e- To- St r uct ur e Connect i ons

Lead wi r e t o st r uct ur e connect i ons must  be by exot her mi c wel di ng pr ocess.   
Wel d char ges made speci f i cal l y f or  use on cast  i r on must  be used on cast  
i r on pi pe.   A backf i l l  shi el d f i l l ed wi t h a pi pel i ne mast i c seal ant  or  
mat er i al  compat i bl e wi t h t he coat i ng must  be pl aced over  t he wel d 
connect i on and must  cover  t he exposed met al  adequat el y.   I f  ot her  met hods 
of  connect i on ar e r equi r ed,  t hey must  be appr oved by t he cor r osi on exper t  
and t he Cont r act  Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 3. 7. 2   Cabl e Pr ot ect i on

Posi t i ve cabl e t o t he gr ound bed and negat i ve cabl e t o t he [ pi pe]  [ t ank]  
t o be pr ot ect ed must  be bur i ed a mi ni mum dept h of  750 mm 30 i nch except  
wher e above gr ound const r uct i on ut i l i z i ng condui t  i s  used.

3. 3. 7. 3   Wi r e Spl i c i ng

Connect i ng wi r e spl i c i ng must  be made wi t h copper  compr essi on connect or s 
or  exot her mi c wel ds,  f ol l owi ng i nst r uct i ons of  t he manuf act ur er .   
Spl i t - bol t  t ype connect or s must  not  be used.

3. 3. 8   St eel  Sur f aces

Connect i ons t o [ f er r ous pi pe]  [ met al  t anks]  must  be made by exot her mi c 
wel d met hods as manuf act ur ed by an appr oved manuf act ur er  f or  t he t ype of  
[ pi pe]  [ t ank] .   I f  ot her  met hods of  connect i on ar e r equi r ed,  such as 
br azi ng,  mechani cal ,  el ect r i c- ar c wel di ng and ot her  t ypes of  wel ded 
connect i ons t o f er r ous pi pe and st r uct ur es,  t hey must  be appr oved by t he 
cor r osi on exper t  and t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve bef or e use.

3. 3. 9   Pi pe Joi nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Thi s par agr aph wi l l  be coor di nat ed wi t h and 
r ef er enced i n mechani cal  and el ect r i cal  
speci f i cat i ons.

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

3. 3. 10   El ect r i cal  Cont i nui t y

Under gr ound pi pe must  be el ect r i cal l y cont i nuous except  at  pl aces wher e 
el ect r i cal l y i sol at i ng j oi nt s ar e speci f i ed.   Pi pe j oi ned by means ot her  
t han wel di ng must  meet  t he f ol l owi ng el ect r i cal  cont i nui t y r equi r ement s:

a.   Mechani cal  j oi nt s t hat  ar e not  f act or y desi gned t o pr ovi de el ect r i cal  
cont i nui t y must  be bonded by i nst al l i ng a met al l i c  bond acr oss t he 
j oi nt .   The bondi ng connect i ons must  be made by t he exot her mi c wel di ng 
pr ocess.

b.   Mechani cal  j oi nt s desi gned t o pr ovi de el ect r i cal  cont i nui t y may be 
used.

3. 3. 11   El ect r i cal  I sol at i on of  St r uct ur es

Per f or m el ect r i cal  i sol at i on of  st r uct ur es as f ol l ows:

3. 3. 11. 1   Gas Di st r i but i on Pi pi ng

Pr ovi de el ect r i cal  i sol at i on at  each bui l di ng r i ser  pi pe t o t he pr essur e 
r egul at or ,  bot h swi vel s on t he pr essur e r egul at or ,  at  al l  poi nt s wher e a 
shor t  c i r cui t  t o anot her  st r uct ur e or  t o a f or ei gn st r uct ur e may occur ,  
and at  ot her  l ocat i ons as i ndi cat ed.

3. 3. 11. 2   Locat i ons of  El ect r i cal  I sol at i on

[ a.   St eam pi pi ng

] [ b.   Hi gh- t emper at ur e- wat er  pi pi ng

] [ c.   Chi l l ed- wat er  pi pi ng

] [ d.   Li ne condui t s

] [ e.   Fuel - st or age t anks

] [ f .   Gasol i ne- st or age t anks

] [ g.   Fi r e- suppr essi on t anks

]

Pr ovi de el ect r i cal  i sol at i on at  each bui l di ng ent r ance,  and at  ot her  
l ocat i ons as i ndi cat ed.

3. 3. 11. 3   Copper  Pi pi ng

Copper  pi pi ng must  be [ el ect r i cal l y i sol at ed at  bot h ends of  t he pi pe r un]  
[ coat ed wi t h an appr oved coat i ng and el ect r i cal l y i sol at ed at  bot h ends] .

3. 3. 11. 4   Under gr ound St or age Tanks ( UST)

El ect r i cal l y i sol at e t anks f r om ot her  met al l i c  st r uct ur es.   Bond 
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component s pr ot ect ed wi t h t he t ank such as pi pes,  vent s,  anchor s,  and f i l l  
pi pes t o t he t ank.

3. 3. 11. 5   Di ssi mi l ar - Met al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph wi l l  be coor di nat ed wi t h and 
r ef er enced i n mechani cal  and el ect r i cal  
speci f i cat i ons.

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

Bur i ed pi pi ng of  di ssi mi l ar  met al s i ncl udi ng new and ol d st eel  pi pi ng,  
except i ng val ves,  must  be el ect r i cal l y separ at ed by means of  el ect r i cal l y 
i sol at i ng j oi nt s at  ever y pl ace of  connect i on.   The i sol at i on j oi nt ,  
i ncl udi ng t he pi pes,  must  be coat ed wi t h an under gr ound t ype di el ect r i c 
coat i ng f or  a mi ni mum di st ance of  10 di amet er s on each si de of  t he j oi nt .

3. 3. 12   Fer r ous Val ves

Di ssi mi l ar  f er r ous val ves i n a bur i ed f er r ous pi pel i ne,  i ncl udi ng t he 
pi pe,  must  be coat ed wi t h an under gr ound t ype di el ect r i c coat i ng f or  a 
mi ni mum di st ance of  10 di amet er s on each si de of  t he val ve.

3. 3. 13   Br ass or  Br onze Val ves

Br ass or  br onze val ves must  not  be used i n a bur i ed f er r ous pi pel i ne.

3. 3. 14   Met al  Pi pe Junct i on

I f  t he di ssi mi l ar  met al  pi pe j unct i on,  i ncl udi ng val ves,  i s  not  bur i ed and 
i s exposed t o at mospher e onl y,  t he connect i on or  val ve,  i ncl udi ng t he 
pi pe,  must  be coat ed wi t h an under gr ound t ype di el ect r i c coat i ng f or  a 
mi ni mum di st ance of  3 di amet er s on each si de of  t he j unct i on.

3. 4   I NSTALLATI ON DETAI LS

3. 4. 1   Anode I nst al l at i on

Unl ess ot her wi se aut hor i zed,  i nst al l at i on must  not  pr oceed wi t hout  t he 
pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Anodes of  t he s i ze 
speci f i ed must  be i nst al l ed t o t he dept h i ndi cat ed and at  t he l ocat i ons 
shown.   Locat i ons may be changed t o c l ear  obst r uct i ons wi t h t he appr oval  
of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Anodes wi l l  be i nst al l ed i n 
suf f i c i ent  number  and of  t he r equi r ed t ype,  s i ze,  and spaci ng t o obt ai n a 
uni f or m cur r ent  di st r i but i on over  t he sur f ace of  t he st r uct ur e.   The anode 
syst em wi l l  be desi gned f or  a l i f e of  25 year s of  cont i nuous oper at i on.   
Anodes must  be i nst al l ed as i ndi cat ed i n a dr y condi t i on af t er  any pl ast i c 
or  wat er pr oof  pr ot ect i ve cover i ng has been compl et el y r emoved f r om t he 
wat er  per meabl e,  per manent  cont ai ner  housi ng t he anode met al .   The anode 
connect i ng wi r e must  not  be used f or  l ower i ng t he anode i nt o t he hol e.   
The annul ar  space ar ound t he anode must  be backf i l l ed wi t h f i ne ear t h i n 
150 mm 6 i nch l ayer s and each l ayer  must  be hand t amped.

3. 4. 2   Under gr ound Pi pe Joi nt  Bonds

Under gr ound pi pe havi ng ot her  t han wel ded or  t hr eaded coupl i ng j oi nt s must  
be made el ect r i cal l y cont i nuous by means of  a bondi ng connect i on i nst al l ed 
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acr oss t he j oi nt .

3. 4. 3   Anode Junct i on Boxes

Pr ovi de j unct i on boxes and mar k each of  t he wi r es t er mi nat i ng i n each box.

3. 4. 4   Bondi ng Boxes

Pr ovi de st r uct ur e bondi ng boxes i n l ocat i ons [ as i ndi cat ed]  [ wher e t he 
pr ot ect ed st r uct ur e cr osses or  comes i nt o c l ose pr oxi mi t y t o ot her  met al  
st r uct ur es t hat  ar e unpr ot ect ed or  pr ot ect ed by i t s own el ect r i cal l y 
i sol at ed CP syst em( s) ] .

3. 4. 5   Test  St at i ons and Per manent  Ref er ence El ect r odes

Test  st at i ons wi l l  be of  t he t ype and l ocat i on shown and wi l l  be [ cur b 
box]  [ post ]  [ wal l ]  mount ed.   Pr ovi de bur i ed i sol at i on j oi nt s wi t h t est  
wi r e connect i ons br ought  t o a t est  st at i on.   Ref er ence al l  t est  st at i ons 
wi t h GPS coor di nat es.   Unl ess ot her wi se shown,  l ocat e ot her  t est  st at i ons 
[ and per manent  r ef er ence el ect r odes]  [ as i ndi cat ed. ]  as f ol l ows:

a.   At  [ 305]  [ _____]  met er s [ 1000]  [ _____]  f oot  i nt er val s.

b.   At  al l  i sol at i on j oi nt s.

c.   At  bot h ends of  casi ngs.

d.   Wher e t he pi pe cr osses any ot her  met al  pi pes.

e.   Wher e t he pi pe connect s t o an exi st i ng pi pi ng syst em.

f .   Wher e t he pi pe connect s t o a di ssi mi l ar  met al  pi pe.

Do not  f i l l  t he bot t om of  t he t est  st at i on wi t h concr et e unl ess ot her wi se 
speci f i ed.   Do not  pl ace r ubbi sh,  scr ap or  ot her  debr i s i nt o t he t est  
st at i on.

3. 4. 6   Per manent  Ref er ence El ect r ode Cal i br at i on and I nst al l at i on

Cal i br at e per manent  r ef er ence el ect r odes agai nst  a por t abl e el ect r ode i n 
t he pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  bef or e i nst al l at i on.   
Cal i br at e i n a t est  t ank cont ai ni ng wat er  wi t h t he same composi t i on as t he 
t ank t o be pr ot ect ed.   Per manent  el ect r ode must  measur e a r ef er ence 
pot ent i al  agr eei ng wi t h t hat  measur ed by t he por t abl e el ect r ode wi t hi n 
pl us or  mi nus 0. 005 vol t  when t he sensi ng wi ndows of  t he t wo el ect r odes 
bei ng compar ed ar e not  mor e t han 2 mm 0. 07 i nch apar t  but  not  t ouchi ng.   
Remove per manent  r ef er ence el ect r odes not  wi t hi n t hi s pot ent i al  r ange f r om 
t he const r uct i on s i t e by t he end of  t he day and r epl ace at  t he 
cont r act or ' s expense.   The t est i ng pr ovi s i on appl i es t o r epl acement  
r ef er ence el ect r odes as wel l .

3. 4. 6. 1   Fi el d Dr awi ngs

Compl et e a f i el d dr awi ng of  [ each anode i nst al l at i on showi ng l ocat i on of  
anode,  dept h of  anode,  col or  and si ze of  anode l ead wi r e and any ot her  
per t i nent  det ai l s]  [ t est  st at i on l ocat i on and di agr am]  [ Under gr ound Pi pe 
Joi nt  bond l ocat i ons and det ai l s]  [ Anode Junct i on Box Locat i on and 
det ai l s]  [ Bondi ng Box l ocat i on and det ai l s]  [ Per manent  Ref er ence El ect r ode 
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l ocat i ons]  [ Locat i on of  al l  El ect r i cal  I sol at i ons] .   Submi t  copy wi t h 
dai l y r epor t  t o t he gover nment .

3. 5   ELECTRI CAL I SOLATI ON OF STRUCTURES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The CP syst em wi l l  f ai l  unl ess f ul l  
engi neer i ng consi der at i ons ar e appl i ed t o sel ect i on,  
l ocat i on and i nst al l at i on of  el ect r i cal l y conduct i ve 
j oi nt s and el ect r i cal l y i sol at i ng j oi nt s i ncl udi ng 
t he use of  under gr ound t ype di el ect r i c coat i ngs ( not  
pai nt ) .   Adequat e el ect r i cal  conduct i v i t y of  a pi pe 
j oi nt  made by means ot her  t han wel di ng must  be 
det er mi ned by a " cor r osi on exper t . "   Al l owabl e 
el ect r i cal  r esi st ance depends on t he cr oss sect i onal  
ar ea of  t he pi pe met al ,  t he r esi st i v i t y of  t he pi pe 
met al ,  and t he ef f ect i veness of  t he coat i ng on t he 
pi pe.   Fact or s t o be consi der ed i ncl ude:

a.   Def l ect i on st r esses.

b.   Pul l - out  st r esses.

c.   Expansi on- cont r act i on due t o t emper at ur e changes.

d.   I s f unct i on as a uni on necessar y?

e.   I s f i el d assembl y of  cr i t i cal  par t s pr act i cal ?

f .   Hazar dous l ocat i ons t o be avoi ded.

g.   Accessi bi l i t y  i f  above gr ound.

h.   Locat i on of  t est  box i f  bel ow gr ound.

i .   I mpor t ance of  coat i ng t he adj acent  st r uct ur e i f  
bel ow gr ound.

j .   Vul ner abi l i t y  t o shor t  c i r cui t i ng.

Fact or  of  saf et y on pul l - out  st r engt h r equi r ed has 
t o be engi neer ed f or  t he speci f i c  condi t i ons 
i nvol ved si nce no bl anket  pr ovi s i ons ar e f ul l y  
appl i cabl e t o al l  cases.   The r equi r ement  f or  
i sol at i ng f l anges or  coupl i ngs must  be based on a 
st udy of  t he condi t i ons.   I f  t he new pi pi ng i s a 
shor t  ext ensi on t o an exi st i ng ol d pi pi ng syst em not  
under  CP,  an i sol at i ng f i t t i ng must  be i nst al l ed at  
t he poi nt  of  connect i on,  s i nce t he new pi pi ng wi l l  
be anodi c t o t he ol der  syst em.   I f  t he ol der  syst em 
i s under  CP,  no i sol at i ng f i t t i ng must  be used.

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

3. 5. 1   I sol at i on Fi t t i ngs

I sol at i ng f i t t i ngs,  i ncl udi ng i sol at i ng f l ange ki t s,  di el ect r i c uni ons and 
coupl i ngs,  must  be i nst al l ed abovegr ound,  or  wi t hi n manhol es,  wher ever  
possi bl e.   Wher e i sol at i ng j oi nt s must  be cover ed wi t h soi l ,  t hey must  be 
f i t t ed wi t h a pr oper  j oi nt  cover  speci f i cal l y manuf act ur ed f or  cover i ng 
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t he par t i cul ar  j oi nt ,  and t he space wi t hi n t he cover  f i l l ed wi t h hot  
coal - t ar  enamel .   I sol at i ng f i t t i ngs i n l i nes ent er i ng bui l di ngs must  be 
l ocat ed at  l east   305 mm 12 i nch above gr ade of  f l oor  l evel ,  when 
possi bl e.   I sol at i ng j oi nt s must  be pr ovi ded wi t h gr oundi ng cel l s t o 
pr ot ect  agai nst  over - vol t age sur ges or  appr oved sur ge pr ot ect i on devi ces.   
The cel l s must  pr ovi de a l ow r esi st ance acr oss i sol at i ng j oi nt  wi t hout  
excessi ve l oss of  cat hodi c cur r ent .

3. 5. 2   Di el ect r i c Uni ons

[ Cut  pi pe ends squar e,  r emove f i ns and bur r s,  cut  t aper  pi pe t hr eads i n 
accor dance wi t h ASME B1. 20. 1. ]   Pr ovi de i sol at i on uni ons as i ndi cat ed.   
Wor k pi pi ng i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   Appl y j oi nt  compound 
or  t hr ead t ape t o mal e t hr eads onl y.   Backi ng of f  t o per mi t  al i gnment  of  
t hr eaded j oi nt s wi l l  not  be per mi t t ed.   Engage t hr eads so t hat  not  mor e 
t han t hr ee t hr eads r emai n exposed.   [ Cover  uni ons wi t h an el ect r i cal l y 
i nsul at i ng coat i ng. ]

3. 5. 3   Gas Di st r i but i on Pi pi ng

El ect r i cal  i sol at i on wi l l  be pr ovi ded at  each bui l di ng r i ser  pi pe t o t he 
pr essur e r egul at or ,  on bot h swi vel s on t he pr essur e r egul at or ,  at  al l  
poi nt s wher e a shor t  t o anot her  st r uct ur e or  t o a f or ei gn st r uct ur e may 
occur ,  and at  ot her  l ocat i ons as i ndi cat ed on t he dr awi ngs.   I f  an 
i sol at i ng j oi nt  i s  l ocat ed i nsi de a vaul t ,  t he pi pe must  be sl eeved wi t h 
i nsul at or  when ent er i ng and l eavi ng t he vaul t .

3. 5. 4   Joi nt  Bonds

Pr ovi de j oi nt  bonds on met al l i c  pi pe t o and acr oss bur i ed f l exi bl e 
coupl i ngs,  mechani cal  j oi nt s,  f l anged j oi nt s [ except  at  pl aces wher e 
i sol at i on j oi nt s ar e speci f i ed]  and j oi nt s not  wel ded or  t hr eaded t o 
pr ovi de el ect r i cal  cont i nui t y.   Connect  bond wi r e( s)  t o t he st r uct ur e( s)  
by use of  exot her mi c wel d k i t ( s) .   Cl ean t he st r uct ur e sur f ace by 
scr api ng,  f i l i ng or  wi r e br ushi ng t o pr oduce a c l ean,  br i ght  sur f ace.   
[ Wel d connect i ons usi ng exot her mi c k i t s i n accor dance wi t h t he k i t  
manuf act ur er ' s i nst r uct i ons. ]   Check and ver i f y adher ence of  t he bond t o 
t he subst r at e f or  mechani cal  i nt egr i t y by st r i k i ng t he wel d wi t h a 908 gr am
 2 pound hammer .   Cover  connect i ons wi t h an el ect r i cal l y i nsul at i ng 
coat i ng [ whi ch i s compat i bl e wi t h t he exi st i ng coat i ng on t he st r uct ur e] .

3. 5. 5   Casi ngs,  I sol at i on,  and Seal s

Wher e t he pi pel i ne i s i nst al l ed i n a casi ng under  a r oadway or  r ai l way,  
i sol at e t he pi pel i ne f r om t he casi ng,  and seal  t he annul ar  space agai nst  
i nt r usi on of  wat er .

3. 6   FI ELD QUALI TY CONTROL

Fi el d t est s must  be wi t nessed by t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
or  t hei r  desi gnat ed r epr esent at i ve.   Advi se t he Cont r act i ng Of f i cer  or  
Cont r act i ng Of f i cer ' s Repr esent at i ve [ 5]  [ _____]  days pr i or  t o per f or mi ng 
each f i el d t est .   Qual i t y cont r ol  f or  t he cat hodi c pr ot ect i on syst em must  
consi st  of  t he f ol l owi ng:

a.   I ni t i al  f i el d t est i ng by t he cont r act or  upon const r uct i on.

b.   Gover nment  Fi el d Test i ng af t er  cont r act or  i ni t i al  f i el d t est  r epor t  
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submi ssi on.

c.   War r ant y per i od f i el d t est i ng by t he cont r act or .

d.   Fi nal  f i el d t est i ng by t he cont r act or  af t er  one year  of  ser vi ce.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Addi t i onal  t est i ng may be r equi r ed based upon 
t he speci f i c  pr oj ect  or  desi gn.   Al l  t est s l i s t ed 
bel ow may not  be r equi r ed.   Desi gner  must  consi der  
t he pr oj ect  r equi r ement s f or  sel ect i on of  t est  
pr ocedur es.   Speci f y 30 days not i ce f or  l ar ge 
syst ems t o al l ow t he gover nment  cor r osi on engi neer  
t o be on- si t e dur i ng t he i ni t i al  and f i nal  f i el d 
t est i ng of  t he CP syst ems.  

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

3. 6. 1   Test s and Measur ement s

3. 6. 1. 1   Nat i ve Pot ent i al s

Not i f y t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  a mi ni mum of  f i ve ( 5)  
wor ki ng days pr i or  t o each t est .   Base pot ent i al  t est s:   At  l east  [ one 
week]  [ 24 hour s]  [ _____]   af t er  [ backf i l l i ng of  t he pi pe]  [ i nst al l at i on of  
st r uct ur e t o be pr ot ect ed]  [ i ni t i al  oper at i on of  st r uct ur es cont ai ni ng 
f l ui ds]  and i nst al l at i on of  t he anodes,  but  bef or e connect i on of  anodes t o 
t he st r uct ur e,  measur e base ( nat i ve)  st r uct ur e- t o- el ect r ol yt e pot ent i al s 
of  t he [ pi pe [ and casi ngs] ]  [ st r uct ur e] .   Per f or m measur ement s at  anode 
j unct i on boxes,  t est  st at i ons and ot her  l ocat i ons sui t abl e f or  t est  
pur poses ( such as ser vi ce r i ser s or  val ves) ,  at  i nt er val s not  exceedi ng 
[ 30]  [ 120]  [ _____]  met er s [ 100]  [ 400]  [ _____]  f eet  [ wi t h r eadi ngs at  each 
end poi nt  and t he mi dpoi nt s as a mi ni mum] .   The l ocat i ons of  t hese 
measur ement s must  be i dent i cal  t o t he l ocat i ons speci f i ed f or  pot ent i al  
measur ement s wi t h anodes connect ed.   Use t he same measur i ng equi pment  t hat  
i s  speci f i ed f or  measur i ng pr ot ect ed pot ent i al  measur ement s.

3. 6. 1. 2   Pr ot ect ed Pot ent i al s

Syst ems must  be t est ed and i nspect ed by t he cont r act or ' s cor r osi on 
engi neer  i n t he pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Pr oj ect  Manager  cor r osi on exper t  or  an 
appr oved r epr esent at i ve.   Not i f y t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
a mi ni mum of  f i ve wor ki ng days pr i or  t o each t est .   At  l east  [ one week]  
[ 24 hour s]  [ _____]  af t er  nat i ve pot ent i al  t est i ng and connect i on of  anodes 
t o t he st r uct ur e,  measur e pr ot ect ed st r uct ur e- t o- el ect r ol yt e pot ent i al s.   
The l ocat i ons of  t hese measur ement s must  be i dent i cal  t o t he l ocat i ons 
speci f i ed f or  nat i ve pot ent i al  measur ement s.   [ For  under gr ound st or age 
t anks,  t ake a mi ni mum of  t hr ee measur ement s wi t h t he r ef er ence el ect r ode 
l ocat ed as f ol l ows:  Di r ect l y over  t he l ongi t udi nal  and t r ansver se 
cent er l i nes of  t he t ank at  i nt er val s not  exceedi ng t he di amet er  of  t he 
t ank and t o a di st ance f r om t he t ank of  t wo t i mes t he t ank di amet er . ]  Use 
t he same measur i ng equi pment  t hat  i s  speci f i ed f or  measur i ng pr ot ect ed 
pot ent i al  measur ement s.   Recor d t est  dat a,  i ncl udi ng dat e,  t i me,  and 
l ocat i ons of  t est i ng and submi t  r epor t  t o t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   Cont r act or  must  cor r ect  and r et est ,  at  t he cont r act or ' s expense,  
def i c i enci es i n t he mat er i al s and i nst al l at i on obser ved by t hese t est s and 
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i nspect i ons.

3. 6. 1. 3   I sol at i on Test i ng

Bef or e t he anode syst em i s connect ed t o t he [ pi pe]  [ t ank] ,  an i sol at i on 
t est  must  be made at  each i sol at i ng j oi nt  or  f i t t i ng.   Thi s t est  wi l l  
demonst r at e t hat  no met al l i c  cont act ,  or  shor t  c i r cui t  exi st s bet ween t he 
t wo i sol at ed sect i ons of  t he [ pi pe]  [ t ank] .   Any i sol at i ng f i t t i ngs 
i nst al l ed and f ound t o be def ect i ve must  be r epor t ed t o t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .

3. 6. 1. 4   I sol at i on Test er

An i sol at i on t est er  desi gned and manuf act ur ed f or  use i n CP,  usi ng t he 
cont i nui t y check ci r cui t ,  must  be used f or  al l  i sol at i ng j oi nt  ( f l ange)  
el ect r i cal  t est i ng.   Test i ng must  conf or m t o t he manuf act ur er ' s oper at i ng 
i nst r uct i ons.   Test  must  be wi t nessed by t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   An i sol at i ng j oi nt  t hat  i s  good wi l l  r ead f ul l  scal e on t he 
met er .   I f  an i sol at i ng j oi nt  i s  shor t ed,  t he met er  poi nt er  wi l l  be 
def l ect ed or  near  zer o on t he met er  scal e.   Locat i on of  t he f aul t  wi l l  be 
det er mi ned f r om t he i nst r uct i ons,  and t he j oi nt  must  be r epai r ed.

3. 6. 1. 5   Anode Out put

As t he anodes or  gr oups of  anodes ar e connect ed t o t he [ pi pe]  [ t ank]  
[ _____] ,  cur r ent  out put  wi l l  be measur ed wi t h an appr oved cl amp- on 
mi l l i ammet er ,  cal i br at ed shunt  wi t h a sui t abl e mi l l i vol t met er  or  
mul t i met er ,  or  a l ow r esi st ance ammet er .  ( Of  t he t hr ee met hods,  t he 
l ow- r esi st ance ammet er  i s t he l east  desi r abl e and most  i naccur at e.   The 
cl amp- on mi l l i ammet er  i s t he most  accur at e. )  The val ues obt ai ned and t he 
dat e,  t i me,  and l ocat i on must  be r ecor ded.

3. 6. 1. 6   Ref er ence El ect r ode Pot ent i al  Measur ement s

Upon compl et i on of  t he i nst al l at i on and wi t h t he ent i r e CP syst em i n 
oper at i on,  el ect r ode pot ent i al  measur ement s must  be made usi ng a 
copper / copper  sul f at e r ef er ence el ect r ode and a pot ent i omet er - vol t met er ,  
or  a di r ect - cur r ent  vol t met er  havi ng an i nt er nal  r esi st ance ( sensi t i v i t y)  
of  not  l ess t han 10 megohms per  vol t  and a f ul l  scal e of  10 vol t s.   The 
l ocat i ons of  t hese measur ement s must  be i dent i cal  t o t he l ocat i ons used 
f or  basel i ne pot ent i al s.   The val ues obt ai ned and t he dat e,  t i me,  and 
l ocat i ons of  measur ement s must  be r ecor ded.   No l ess t han ei ght  ( 8)  
measur ement s wi l l  be made over  any l engt h of  l i ne or  component .   
Addi t i onal  measur ement s wi l l  be made at  each di st r i but i on ser vi ce r i ser ,  
wi t h t he r ef er ence el ect r ode pl aced di r ect l y over  t he ser vi ce l i ne.

3. 6. 1. 7   Casi ng Test s

Bef or e f i nal  accept ance of  t he i nst al l at i on,  t he el ect r i cal  i sol at i on of  
car r i er  pi pe f r om casi ngs must  be t est ed and any shor t  c i r cui t s cor r ect ed.

3. 6. 1. 8   Hol i day Test

Any damage t o t he pr ot ect i ve coat i ng dur i ng t r ansi t  and handl i ng must  be 
r epai r ed bef or e i nst al l at i on.   Af t er  f i el d- coat i ng has been appl i ed,  t he 
ent i r e pi pe must  be i nspect ed by an el ect r i c hol i day det ect or  wi t h 
I mpr essed Cur r ent  i n accor dance wi t h NACE SP0188 usi ng a f ul l - r i ng,  
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spr i ng- t ype coi l  el ect r ode.   The hol i day det ect or  wi l l  be equi pped wi t h a 
bel l ,  buzzer ,  or  ot her  t ype of  audi bl e s i gnal  whi ch sounds when a hol i day 
i s det ect ed.   Hol i days i n t he pr ot ect i ve cover i ng must  be r epai r ed upon 
det ect i on.   Occasi onal  checks of  hol i day det ect or  pot ent i al  wi l l  be made 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager  t o det er mi ne sui t abi l i t y  of  t he 
det ect or .   Labor ,  mat er i al s,  and equi pment  necessar y f or  conduct i ng t he 
i nspect i on must  be f ur ni shed by t he cont r act or .   The coat i ng syst em must  
be i nspect ed f or  hol es,  voi ds,  cr acks,  and ot her  damage dur i ng 
i nst al l at i on.

3. 6. 1. 9   Rect i f i er  Test i ng

The pur pose of  t he r ect i f i er  oper at i onal  i nspect i on i s t o det er mi ne t he 
ser vi ceabi l i t y  of  al l  component s r equi r ed t o i mpr ess cur r ent  t o t he anodes 
of  t he I mpr essed Cur r ent  syst em.   The i nspect i on must  be t hor ough t o 
ensur e dependabl e cur r ent  unt i l  t he next  i nspect i on.

a.   Bef or e ener gi z i ng t he r ect i f i er ,  v i sual l y check al l  r ect i f i er  
component s,  shunt  box component s,  saf et y swi t ches,  c i r cui t  br eaker s,  
and ot her  syst em power  component s.

b.   Ti ght en al l  accessi bl e connect i ons and check t emper at ur e of  al l  t he 
component s.

c.   Ensur e al l  per manent  r ef er ence el ect r ode caps ar e r emoved and pl aced 
i nsi de t he r ect i f i er  cabi net  f or  ver i f i cat i on of  r emoval  and f or  use 
dur i ng t ank cl eani ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The vol t age shoul d not  exceed a negat i ve 
pol ar i zed pot ent i al  of  1. 200 vol t s ( 1200 
mi l l i vol t s) .  Thi s coul d r esul t  i n excessi ve cur r ent  
bei ng appl i ed t o t he st r uct ur e whi ch coul d cause 
coat i ng di sbondment .

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

d.   St ar t up t est i ng of  t he r ect i f i er  must  i ncl ude vol t age and cur r ent  
t est i ng at  al l  t ap set t i ngs up t o t he l evel  of  pr ot ect i on or  maxi mum 
of  t he r ect i f i er  r at ed cur r ent ,  whi chever  i s t he l owest .   Do not  appl y 
excessi ve cur r ent  t o t he t ank.   For  aut omat i c r ect i f i er s,  r ecor d each 
t ap set t i ng ( i f  avai l abl e)  bef or e swi t chi ng t o aut omat i c pot ent i al  
cont r ol .

e.   Usi ng a dependabl e hand- hel d met er ,  measur e t he out put  vol t age and 
cur r ent ,  and cal i br at e t he r ect i f i er  met er s,  i f  pr esent .   For  
r ect i f i er s wi t h mor e t han one ci r cui t ,  measur e t he out put  vol t age and 
cur r ent  f or  each ci r cui t  usi ng a dependabl e hand- hel d met er ,  and 
cal i br at e t he r ect i f i er  met er s,  i f  pr esent .

f .   For  syst ems wi t h per manent  r ef er ence el ect r odes,  usi ng a cal i br at ed 
r ef er ence el ect r ode,  measur e t he pot ent i al  di f f er ence t o each 
i nst al l ed per manent  r ef er ence el ect r ode by pl aci ng bot h el ect r odes 
t oget her  i n t he el ect r ol yt e wi t h CP cur r ent  of f  ( may be t est ed bef or e 
i nst al l at i on) .   I f  t he di f f er ence i s mor e t han 10 mV,  r epl ace t he 
per manent  r ef er ence el ect r ode.   For  r ect i f i er s wi t h pot ent i al  
vol t met er s,  usi ng a dependabl e hand- hel d met er ,  measur e t he pot ent i al s 
f or  each vol t met er ,  and cal i br at e t hat  r ect i f i er  met er .
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g.   Cal cul at e t he CP syst em ci r cui t  r esi st ance of  each ci r cui t  by di v i di ng 
t he r ect i f i er  DC vol t age out put  of  each ci r cui t  by t he r ect i f i er  DC 
amper e out put  f or  t hat  c i r cui t .

h.   Cal cul at e t he r ect i f i er  ef f i c i ency.

3. 6. 1. 10   St r ay Cur r ent  Measur ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   St r ay cur r ent  may ef f ect  f or ei gn pi pel i nes or  
ot her  met al l i c  st r uct ur es.

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

Bef or e f i nal  accept ance of  t he i nst al l at i on,  st r ay cur r ent  t est s must  be 
per f or med on any f or ei gn [ pi pes]  [ t anks] [ ot her  met al l i c  st r uct ur es]  i n 
c l ose pr oxi mi t y t o t he i nst al l ed anodes.   A f ul l  r epor t  of  t he t est s 
gi v i ng al l  det ai l s must  be made.

3. 6. 1. 11   I nduced AC Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nduced AC may af f ect  pi pel i nes or  ot her  
met al l i c  st r uct ur es when near  hi gh AC vol t age 
i nf r ast r uct ur e.   Ref er ence NACE SP0177 and NACE 
SP21424.

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

Bef or e f i nal  accept ance of  t he i nst al l at i on,  i nduced AC vol t age t est s must  
be per f or med on t he [ pi pes]  [ t anks]  [ ot her  met al l i c  st r uct ur es]  near  hi gh 
AC vol t age i nf r ast r uct ur e and wher e cr ossi ng above gr ound and under gr ound 
AC t r ansmi ssi on syst ems.  A f ul l  r epor t  of  t hese t est s must  be i ncl uded i n 
t he f i nal  t est i ng r epor t s wi t h al l  det ai l s and dat a t aken.  The t ouch 
pot ent i al  of  any t est i ng over  5 vol t s must  be r epor t ed t o t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .  Any t ouch pot ent i al  over  10 Vol t s must  be mi t i gat ed by 
ef f ect i ve mi t i gat i on t echni ques.

3. 6. 1. 12   I nt er f er ence Test s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nt er f er ence f r om ot her  st r uct ur es'  CP 
cur r ent  may adver sel y af f ect  t he st r uct ur e and t he 
st r uct ur e CP cur r ent  may adver sel y af f ect  ot her  
met al l i c  st r uct ur es.

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

Bef or e f i nal  accept ance of  t he i nst al l at i on,  i nt er f er ence t est s wi l l  be 
made wi t h r espect  t o any f or ei gn [ pi pes]  [ t anks]  i n cooper at i on wi t h t he 
owner  of  t he f or ei gn [ pi pes]  [ t anks] .   A f ul l  r epor t  of  t he t est s gi v i ng 
al l  det ai l s must  be made.   St r ay cur r ent  measur ement s must  be per f or med at  
al l  i sol at i ng l ocat i ons and at  l ocat i ons wher e t he new pi pel i ne cr osses 
f or ei gn met al l i c  pi pes;  r esul t s of  st r ay cur r ent  measur ement s must  al so be 
submi t t ed f or  appr oval .   The met hod of  measur ement s and l ocat i ons of  
measur ement s must  be submi t t ed f or  appr oval .   As a mi ni mum,  st r ay cur r ent  
measur ement s must  be per f or med at  t he f ol l owi ng l ocat i ons:

a.   Connect i on poi nt s of  new pi pel i ne t o exi st i ng pi pel i ne.

b.   Cr ossi ng poi nt s of  new pi pel i ne wi t h ot her  exi st i ng met al l i c  pi pel i nes.
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3. 6. 1. 13   I ni t i al  Cat hodi c Pr ot ect i on Syst em Fi el d Test i ng

I ni t i al  f i el d t est i ng must  be compl et ed by t he cont r act or  upon compl et i on 
of  const r uct i on.  Fi el d t est i ng must  be wi t nessed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  or  t hei r  desi gnat ed r epr esent at i ve.   Advi se t he 
Cont r act i ng Of f i cer  or  Cont r act i ng Of f i cer ' s Repr esent at i ve [ 5]  [ _____]  
days pr i or  t o per f or mi ng each f i el d t est .   Fi el d t est i ng must  i ncl ude 
nat i ve and pr ot ect ed pot ent i al s,  anode cur r ent  and r ect i f i er  t est i ng.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Addi t i onal  t est i ng may be r equi r ed based upon 
t he speci f i c  pr oj ect  or  desi gn.   Ot her  t est s may 
i ncl ude i sol at i on t est i ng,  casi ng t est i ng,  per manent  
r ef er ence el ect r ode t est i ng,  st r ay cur r ent  t est i ng,  
i nt er f er ence t est i ng,  and i nduced AC t est i ng.

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

The cont r act or  must  submi t  an i ni t i al  f i el d t est  r epor t  of  t he CP syst em.   
Al l  st r uct ur e- t o- el ect r ol yt e measur ement s,  i ncl udi ng nat i ve pot ent i al s,  
pr ot ect ed pot ent i al s,  anode cur r ent  t est i ng,  r ect i f i er  t est i ng,  and ot her  
r equi r ed t est i ng must  be r ecor ded on appl i cabl e f or ms.   I dent i f i cat i on of  
t est  l ocat i ons,  t est  st at i on and anode t est  st at i ons wi l l  coor di nat e wi t h 
t he as- bui l t  dr awi ngs and be pr ovi ded on syst em dr awi ngs i ncl uded i n t he 
r epor t .   The cont r act or  must  l ocat e,  cor r ect ,  and r epor t  t o t he 
Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  
Exper t  and Pr oj ect  Manager  any shor t  c i r cui t s encount er ed dur i ng t he 
checkout  of  t he i nst al l ed CP syst em.

3. 6. 1. 14   Gover nment  Fi el d Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r equi r ement s of  par agr aph ent i t l ed 
" Gover nment  Fi el d Test i ng"  ar e r equi r ed f or  CP 
pr oj ect s i n ei t her  t he Ar my,  Navy,  Ai r  For ce or  
Mar i nes ar ea.   The desi gner  must  ver i f y t hei r  
appl i cabi l i t y  t o pr oj ect s out si de t he ar ea wi t h t he 
appr opr i at e Engi neer i ng Fi el d Di v i s i on ( EFD)  
cor r osi on pr ogr am manager .

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

The gover nment  cor r osi on [ engi neer ]  [ pr ogr am manager ]  must  r evi ew t he 
cont r act or ' s i ni t i al  f i el d t est i ng r epor t .   Appr oxi mat el y f our  weeks af t er  
r ecei pt  of  t he cont r act or ' s i ni t i al  t est  r epor t ,  t he syst em wi l l  be t est ed 
and i nspect ed i n t he cont r act or ' s pr esence by t he gover nment  cor r osi on 
[ engi neer ]  [ pr ogr am manager ] .   The cont r act or  must  cor r ect ,  at  t he 
cont r act or ' s expense,  mat er i al s and i nst al l at i ons obser ved by t hese t est s 
and i nspect i ons not  t o be i n conf or mance wi t h t he pl ans and 
speci f i cat i ons.   The cont r act or  wi l l  pay f or  al l  r et est i ng done by t he 
gover nment  engi neer  made necessar y by t he cor r ect i on of  def i c i enci es.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  CP pr oj ect s i n ei t her  t he Ar my,  Navy,  Ai r  
For ce or  Mar i nes ar ea,  sel ect  t he appr opr i at e 
opt i ons f or  par agr aphs ent i t l ed " One Year  War r ant y 
Per i od Test i ng"  and " Fi nal  Fi el d Test i ng. "

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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3. 6. 1. 15   One- Year - War r ant y- Per i od- Test i ng

The cont r act or  must  i nspect ,  t est ,  and adj ust  t he CP syst em [ quar t er l y]  
[ semi - annual l y]  [ _____]  f or  one year ,  [ 4]  [ 2]  [ _____]  i nt er i m i nspect i ons 
t ot al ,  t o ensur e i t s cont i nued conf or mance wi t h t he cr i t er i a out l i ned 
bel ow.   The per f or mance per i od f or  t hese t est s wi l l  commence upon t he 
compl et i on of  al l  CP wor k,  i ncl udi ng changes r equi r ed t o cor r ect  
def i c i enci es i dent i f i ed dur i ng i ni t i al  t est i ng,  and pr el i mi nar y accept ance 
of  t he CP syst em by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Copi es of  t he One 
Year  War r ant y Per i od Cat hodi c Pr ot ect i on Syst em Fi el d Test  Repor t ,  
i ncl udi ng f i el d dat a,  and cer t i f i ed by t he cont r act or ' s cor r osi on engi neer  
must  be submi t t ed t o t he Cont r act i ng Of f i cer  or  Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  t he act i v i t y,  and t he geogr aphi c EFD cor r osi on [ engi neer ]  
[ pr ogr am manager ]  [ Cont r act i ng Of f i cer ]  [ Cont r act i ng Of f i cer ' s 
Repr esent at i ve]  [ Techni cal  Exper t ]  [ Pr oj ect  Manager ] .

3. 6. 1. 16   Fi nal  Accept ance Fi el d Test i ng

Conduct  f i nal  f i el d t est i ng of  t he CP syst em ut i l i z i ng t he same pr ocedur es 
speci f i ed under ,  " I ni t i al  Fi el d Test i ng of  t he Gal vani c Cat hodi c 
Pr ot ect i on Syst ems" .   The cont r act or  wi l l  i nspect ,  t est ,  and adj ust  t he CP 
syst em af t er  one year  of  oper at i on t o ensur e i t s cont i nued conf or mance 
wi t h t he cr i t er i a out l i ned bel ow.   The per f or mance per i od f or  t hese t est s 
wi l l  commence upon pr el i mi nar y accept ance f or  t he CP syst em by t he 
Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  
Exper t  and Pr oj ect  Manager .   Copi es of  t he Fi nal  Cat hodi c Pr ot ect i on 
Syst em Fi el d Test  Repor t ,  cer t i f i ed by t he cont r act or ' s cor r osi on engi neer  
must  be submi t t ed t o t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  and t he geogr aphi c 
EFD cor r osi on [ engi neer ]  [ pr ogr am manager ]  f or  appr oval ,  and as an 
at t achment  t o t he Oper at i on and Mai nt enance Manual  i n accor dance wi t h 
Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.   The gover nment  cor r osi on 
[ engi neer ]  [ pr ogr am manager ]  must  r evi ew t he cont r act or ' s f i nal  f i el d 
t est i ng r epor t .

3. 7   CLOSEOUT ACTI VI TI ES

3. 7. 1   Recondi t i oni ng of  Sur f aces

3. 7. 1. 1   Concr et e

Concr et e must  be 20 MPa 3000 psi  mi ni mum ul t i mat e 28- day compr essi ve 
st r engt h wi t h 25 mm one i nch mi ni mum aggr egat e conf or mi ng t o [ ASTM C94/ C94M
]  [ Sect i on 03 30 00 CAST- I N- PLACE CONCRETE] .

3. 7. 1. 2   Rest or at i on of  Sod

Rest or e unpaved sur f aces di st ur bed dur i ng t he i nst al l at i on of  anodes and 
wi r es t o t hei r  or i gi nal  el evat i on and condi t i on.   I n ar eas wher e gr ass 
cover  exi st s,  i t  i s  possi bl e t hat  sod can be car ef ul l y r emoved,  wat er ed,  
and st or ed dur i ng const r uct i on oper at i ons,  and r epl aced af t er  t he 
oper at i ons ar e compl et ed si nce i t  i s  est i mat ed t hat  no sect i on of  pi pel i ne 
must  r emai n uncover ed f or  mor e t han t wo ( 2)  days.   Wher e t he sur f ace i s 
di st ur bed i n a newl y seeded ar ea,  r e- seed t he ar ea wi t h t he same qual i t y 
and f or mul a of  seed as t hat  used i n t he or i gi nal  seedi ng.   Seedi ng must  be 
done as di r ect ed,  i n al l  unsur f aced l ocat i ons wher e sod and t opsoi l  coul d 
not  be pr eser ved and r epl aced.   The use of  sod i n l i eu of  seedi ng wi l l  
r equi r e appr oval  by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
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Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .

3. 7. 1. 3   Rest or at i on of  Pavement

Repai r  pavement ,  s i dewal ks,  cur bs,  and gut t er s wher e exi st i ng sur f aces ar e 
r emoved or  di st ur bed f or  const r uct i on.   Saw cut  pavement  edges.   Gr aded 
aggr egat e base cour se must  have a maxi mum aggr egat e s i ze of  40 mi l l i met er s 
1 1/ 2 i nches.   Pr i me base cour se wi t h [ l i qui d asphal t ,  ASTM D2028/ D2028M,  
Gr ade RC- 70]  [ _____]  pr i or  t o pavi ng.   Mat ch base cour se t hi ckness t o 
exi st i ng but  must  not  be l ess t han 150 mi l l i met er s 6 i nches.   Asphal t  
aggr egat e s i ze must  be 15 mm 1/ 2 i nch [ _____] ,  asphal t  cement  must  
[ conf or m t o ASTM D3381/ D3381M,  Gr ade AR- 2000]  [ _____] .   Mat ch asphal t  
concr et e t hi ckness t o exi st i ng but  must  not  be l ess t han 50 mi l l i met er s 2 
i nches.   Repai r  Por t l and cement  concr et e pavement ,  s i dewal ks,  cur bs,  and 
gut t er s usi ng 20. 67 MPa 3, 000 psi  concr et e conf or mi ng t o [ ASTM C94/ C94M]  
[ Sect i on 03 30 00 CAST- I N- PLACE CONCRETE. ]   Mat ch exi st i ng pavement ,  
s i dewal k,  cur b,  and gut t er  t hi cknesses.

3. 7. 1. 4   Cl eanup

The cont r act or  i s r esponsi bl e f or  c l eanup of  t he const r uct i on s i t e.   Al l  
paper  bags,  wi r e c l i ppi ngs,  must  be di sposed of  as di r ect ed.   Paper  bags,  
wi r e c l i ppi ngs and ot her  wast e wi l l  not  be put  i n bel l  hol es or  anodes 
excavat i on.

3. 7. 2   Tr ai ni ng

3. 7. 2. 1   I nst r uct i on t o Gover nment  Per sonnel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e ar e r est r i ct i ons on t he t ype and ext ent  
of  t r ai ni ng.   Tr ai ni ng i s usual l y on- si t e,  2 days or  
l ess.   Cont r act or  Repr esent at i ve or  desi gnee wi l l  
pr ovi de basi c i nst r uct i ons t o f aci l i t y  mai nt enance 
and oper at i on per sonnel .   I f  mor e ext ensi ve t r ai ni ng 
i s r equi r ed,  e. g. ,  st udent  t r avel ,  speci al  
consul t ant s,  consul t  t he Cont r act  Di v i s i on Di r ect or  
and t he head of  t he Compt r ol l er  Depar t ment  f or  
assi st ance.

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

Dur i ng t he war r ant y t est i ng or  at  a t i me desi gnat ed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager ,  make avai l abl e t he ser vi ces of  a t echni c i an r egul ar l y 
empl oyed or  aut hor i zed by t he manuf act ur er  of  t he CP syst em f or  
i nst r uct i ng gover nment  per sonnel  i n t he pr oper  oper at i on,  mai nt enance,  
saf et y,  and emer gency pr ocedur es of  t he CP syst em.   The per i od of  
i nst r uct i on must  be not  l ess t han [ t wo]  [ f our ]  [ _____]  hour [ s]  and not  
mor e t han [ t wo]  [ _____]  8- hour  wor ki ng day[ s] .   Conduct  t he t r ai ni ng at  
t he j obsi t e or  at  anot her  l ocat i on mut ual l y sat i sf act or y t o t he gover nment  
and t he cont r act or .   The f i el d i nst r uct i ons wi l l  cover  al l  of  t he i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual .

    - -  End of  Sect i on - -
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