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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 
present.

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i 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 
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t o updat e t he i ssue dat es.

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

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

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA D104 ( 2011)  Aut omat i cal l y  Cont r ol l ed,  
I mpr essed- Cur r ent  Cat hodi c Pr ot ect i on f or  
t he I nt er i or  Submer ged Sur f aces of  St eel  
Wat er  St or age Tanks

ASTM I NTERNATI ONAL ( ASTM)

ASTM D1248 ( 2012)  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

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 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

NACE I NTERNATI ONAL ( NACE)

NACE SP0388 ( 2001;  R 2014)  I mpr essed Cur r ent  Cat hodi c 
Pr ot ect i on of  I nt er nal  Submer ged Sur f aces

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA FU 1 ( 2012)  Low Vol t age Car t r i dge Fuses

NEMA TC 2 ( 2013)  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 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14)  Nat i onal  El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2013;  Repr i nt  Jun 2017)  UL St andar d f or  
Saf et y Gr oundi ng and Bondi ng Equi pment
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UL 506 ( 2017)  UL St andar d f or  Saf et y Speci al t y 
Transformers

UL 510 ( 2017)  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  Aug 2017)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 6 ( 2007;  Repr i nt  Nov 2014)  El ect r i cal  Ri gi d 
Met al  Condui t - St eel

1. 2   SUBMITTALS

**************************************************************************
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  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 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on 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 c t  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 c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al s.   The " S"  f ol l owi ng a submi t t al  i t em 
i ndi cat es t hat  t he submi t t al  i s  r equi r ed f or  t he 
Sust ai nabi l i t y  eNot ebook t o f ul f i l l  f eder al l y  
mandat ed sust ai nabl e r equi r ement s i n accor dance wi t h 
Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
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desi gnat 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 al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G[ ,  [ _____] ]

  Submi t  al l  det ai l  dr awi ngs at  one t i me,  as a s i ngl e submi t t al ,  
i n or der  t o demonst r at e t hat  t he i t ems have been pr oper l y 
coor di nat ed and wi l l  f unct i on pr oper l y as a uni t .   Make a not at i on 
on each shop dr awi ng submi t t ed as t o t he i t em' s speci f i c  use,  
ei t her  by a par t i cul ar  t ype number  r ef er enced on t he dr awi ngs or  
i n t he speci f i cat i ons,  or  by a descr i pt i on of  i t s  speci f i c  
location.

SD- 03 Pr oduct  Dat a

Mi scel l aneous Mat er i al s;  G[ ,  [ _____] ]
Equi pment ;  G[ ,  [ _____] ]
Spar e Par t s
Remot e Moni t or i ng Equi pment ;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

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

SD- 06 Test  Repor t s

Anode Connect i ng Cabl es
Test i ng,  Adj ust i ng,  and Pl aci ng i n Ser vi ce

SD- 07 Cer t i f i cat es

Ser vi ces of  " Cor r osi on Exper t " ;  G[ ,  [ _____] ]
Remot e Moni t or i ng Equi pment
Anode I nst al l at i on

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

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

  [ Si x] [ _____]  copi es

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

1. 3   QUALI TY ASSURANCE

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

Obt ai n t he ser vi ces of  a " cor r osi on exper t "  t o super vi se and i nspect  t he 
i nst al l at i on and per f or mance of  t he cat hodi c pr ot ect i on syst em.   " Cor r osi on 
exper t "  r ef er s t o a per son,  who,  by r eason of  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  on st eel  wat er  
tanks.
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a.   Such a per son must  be accr edi t ed or  cer t i f i ed by NACE I nt er nat i onal ,  
The Cor r osi on Soci et y,  ( NACE)  as a NACE cer t i f i ed Cor r osi on Speci al i s t  
or  a NACE cer t i f i ed Cat hodi c Pr ot ect i on ( CP)  Speci al i s t  or  be 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 cor r osi on cont r ol  on st eel  
wat er  t anks,  i f  such cer t i f i cat i on or  l i censi ng i ncl udes 5 year s 
exper i ence i n cor r osi on cont r ol  on st eel  wat er  t anks of  t he t ype under  
t hi s cont r act .

b.   The " cor r osi on exper t "  shal l  ensur e t hat  t he cat hodi c pr ot ect i on syst em 
i s i nst al l ed,  t est ed,  and pl aced i nt o ser vi ce i n accor dance wi t h t he 
r equi r ement s speci f i ed;  and shal l  al so desi gn,  make cal cul at i ons,  and 
assur e qual i t y  cont r ol  as r equi r ed.

c.   Submi t  evi dence of  qual i f i cat i ons of  t he " cor r osi on exper t " .   Name and 
qual i f i cat i ons shal l  be 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 ' s Repr esent at i ve pr i or  t o t he st ar t  of  const r uct i on.   Submi t  
t he cer t i f i cat i on 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 
satisfactory.

1. 3. 2   Det ai l  Dr awi ngs

Submi t  [ 6]  [ _____]  copi es of  det ai l  dr awi ngs,  wi t hi n 45 days af t er  t he dat e 
of  awar d of  t he cont r act ,  bef or e commencement  of  any wor k and i n accor dance 
wi t h SPECI AL CLAUSES,  consi st i ng of  a compl et e l i s t  of  equi pment  and 
mat er i al s 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,  and i nst al l at i on i nst r uct i ons.   Pr ovi de on t he dr awi ngs t ank 
di mensi ons,  anode ar r angement  f or  bot h el evat ed and sect i onal  v i ews of  t he 
t ank,  anode si ze and number ,  anode mat er i al ,  anode- suspensi on det ai l s ,  
condui t  s i ze,  wi r e s i ze,  r ect i f i er  s i ze and l ocat i on,  handhol e det ai l s ,  
wi r i ng di agr am,  and any ot her  per t i nent  i nf or mat i on consi der ed necessar y 
f or  t he pr oper  i nst al l at i on and per f or mance of  t he syst em.   Shop dr awi ngs 
shal l  al so cont ai n compl et e wi r i ng and schemat i c di agr ams 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 as a uni t .   The l i s t  of  mat er i al s and equi pment  shal l  i ncl ude 
cat al og cut s,  di agr ams,  and ot her  descr i pt i ve dat a r equi r ed by t he 
Cont r act i ng Of f i cer  f or  t he f ol l owi ng l i s t  of  mat er i al .   Par t i al  l i s t s 
submi t t ed f r om t i me t o t i me wi l l  not  be al l owed.

a.   Wat er  r esi st i v i t y and wat er  anal ysi s.

b.   Conduct or s.

c.   Anodes and anode mount i ng det ai l s .

d.   Coat i ng mat er i al  i n ar eas wher e wel di ng and ot her  wor k i s accompl i shed.

e.   I nsul at ed r esi st ance wi r e.

f .   Layout  of  anodes i n t anks,  t est  st at i ons and i sol at i on poi nt s,  and 
grounding.

g.   Speci al  det ai l s .

h.   Cer t i f i ed exper i ence dat a of  i nst al l i ng f i r m.
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i .   Exot her mi c wel d equi pment  and mat er i al ;  bondi ng r equi r ement s and 
details.

j .   Test  [ st at i on] [  and ] [ cabi net ] .

k.   Wel di ng met hod f or  el ect r i cal  connect i ons and st eel  r i ng connect i ons.

l .   Cal cul at i ons f or :  

( 1)  Tot al  cur r ent  r equi r ed f or  syst em

( 2)  Li f e of  t he anodes

( 3)  Anode geomet r y ( showi ng ar eas of  cover age)

1. 4   EXTRA MATERI ALS

Submi t  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,  af t er  appr oval  of  t he det ai l  dr awi ngs and not  l at er  t han [ _____]  
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   The dat a shal l  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.   One spar e anode of  each t ype shal l  be 
furnished

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de and i nst al l  a compl et e [ aut omat i c]  [ manual ]  [ ______]  cat hodi c 
pr ot ect i on syst em,  t o pr event  cor r osi on on t he i nt er i or  submer ged sur f aces 
of  t he wat er  t ank,  and al l  equi pment ,  wi r i ng,  and wi r i ng devi ces,  necessar y 
t o pr oduce a cont i nuous f l ow of  di r ect  cur r ent  f r om annodess i n t he 
el ect r ol yt e t o t he met al  t ank sur f aces.   Submi t ,  wi t hi n [ 30]  [ 45]  [ _____]  
days af t er  r ecei pt  of  not i ce t o pr oceed,  an i t emi zed l i s t  of  equi pment  and 
mat er i al s i ncl udi ng i t em number ,  quant i t y,  and manuf act ur er  of  each i t em.   
The l i s t  shal l  be accompani ed by a descr i pt i on of  pr ocedur es f or  each t ype 
of  t est i ng and adj ust ment ,  i ncl udi ng t est i ng of  coat i ng f or  t hi ckness and 
hol i days.   Al so,  submi t  pr oof  t hat  t he mat er i al s and equi pment  f ur ni shed 
under  t hi s sect i on conf or m t o t he speci f i ed r equi r ement s cont ai ned i n t he 
r ef er enced st andar ds or  publ i cat i ons.   The l abel  or  l i s t i ng by t he 
speci f i ed agency i s accept abl e evi dence of  such compl i ance.   Do not  
commence i nst al l at i on of  mat er i al s and equi pment  unt i l  t hese submi t t al s ar e 
appr oved.   The i nst al l at i on shal l  meet  t he cr i t er i a and pr ot ect i on out l i ned 
i n par agr aph CRI TERI A OF PROTECTI ON f or  a 20 year  l i f e.   Pl ace t he cat hodi c 
pr ot ect i on syst em i n oper abl e st at us.

a.   The pur pose of  t he syst em i s t o adequat el y and ef f i c i ent l y pr ot ect  t he 
sur f aces of  t he met al  agai nst  cor r osi on wher e t he sur f aces ar e i n 
cont act  wi t h wat er ;  t hi s i s  i n addi t i on t o t he pr ot ect i ve coat i ng on 
t he t ank.   The cont r act  dr awi ngs i ndi cat e t he l ocat i on and si ze of  t he 
t ank.   The desi gn of  t hi s syst em i s based on an i mpr essed cur r ent  
system.

b.   Use t hi s i mpr essed cur r ent  syst em,  as descr i bed,  wi t h anodes as f ound 
necessar y i n cal cul at i ons and submi t t ed dat a t o meet  t hi s 
speci f i cat i on.   I nst al l  anodes 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 of  3. 5 
mi l l i amper es per  0. 09 squar e met er s 1 squar e f oot  t o al l  submer ged 
sur f aces i n t he t ank when f i l l ed wi t h wat er  t o t he over - f l ow l evel .   
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Suspend t he anodes as appr oved by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  whi ch al so shal l  be i n accor dance wi t h t he met hods 
al l owed and speci f i ed i n t hi s speci f i cat i on.   I f  t he anodes ar e 
suspended f r om t he t ank r oof ,  suspend t he anodes f r om t he r oof  st eel  
wi t h hanger s or  suppor t i ng cabl es t hat  ar e el ect r i cal l y  i sol at ed f r om 
bot h t he met al  r oof  and t he wat er  el ect r ol yt e.   Addi t i onal l y,  l ocat e 
and i nst al l  anodes suspended f r om t he t ank r oof  so t hat  t he r oof  door  
i s  mi dway bet ween t wo adj acent  anodes.   Hang al l  anodes,  r egar dl ess of  
t he suspensi on met hod ut i l i zed,  c l ear  of  cont act  wi t h such i t ems as 
l adder s,  heat er  pi pes,  and st ay r ods.

c.   Cont r act or ' s  Modi f i cat i ons.   The cat hodi c pr ot ect i on syst em may be 
modi f i ed 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 i mpr essed cur r ent  anodes and 
r ect i f i er s and wi l l  pr ovi de equal  or  bet t er  over al l  syst em 
per f or mance.   Submi t  [ 6]  [ ______]  copi es of  det ai l  dr awi ngs,  showi ng 
pr oposed changes i n l ocat i on and scope or  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.   
The dr awi ngs shal l  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 wher e and as necessar y,  and any ot her  per t i nent  i nf or mat i on 
t o t he pr oper  i nst al l at i on and per f or mance of  t he syst em.   Thi s 
modi f i cat i on shal l  be f ul l y  descr i bed and submi t t ed f or  appr oval  t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Modi f i cat i ons or  addi t i onal  
anodes shal l  be at  no addi t i onal  cost  t o t he Gover nment  and i ncor por at e 
al l  r equi r ement s of  t hi s speci f i cat i on.

d.   The pr oposed syst em shal l  achi eve a mi ni mum " I nst ant  Of f "  pot ent i al  of  
mi nus 850 mi l l i vol t s wi t h r ef er ence t o a sat ur at ed copper - copper  
sul f at e r ef er ence cel l  on t he t ank component s.   Take measur ement s and 
adj ust  t he cur r ent  and vol t age of  t he r ect i f i er  as r equi r ed t o pr oduce 
t he r equi r ed " I nst ant  Of f "  pot ent i al  bet ween t he st r uct ur e bei ng t est ed 
and t he r ef er ence cel l .   Obt ai n t hi s pot ent i al  over  95 per cent  of  t he 
met al l i c  ar ea wi t hout  t he " I nst ant  Of f "  pot ent i al  exceedi ng 1100 
millivolts.

e.   Al l  i nt er i or  submer ged met al l i c  sur f aces and component s of  t he wat er  
st or age t ank shal l  be el ect r i cal l y  cont i nuous or  made by t he cont r act or  
t o be el ect r i cal l y  cont i nuous by wel di ng,  i nst al l at i on of  bondi ng 
conduct or s,  or  i n some ot her  accept abl e manner  as submi t t ed t o and 
appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   I f  any wat er  
st or age t ank pr ovi ded and i nst al l ed under  t hi s cont r act  i s  not  of  
wel ded st eel  const r uct i on but  i s  of  const r uct i on wher e t he i nt er i or  
submer ged st eel  sur f aces ar e not  i nher ent l y el ect r i cal l y  cont i nuous,  
such as wi t h bol t ed st eel  panel  const r uct ed t anks,  t hen i t  shal l  be t he 
f ul l  r esponsi bi l i t y  of  t he cont r act or  t o ensur e t hat  al l  i nt er i or  
submer ged met al l i c  sur f aces and component s of  t he wat er  t ank ar e made 
el ect r i cal l y  cont i nuous and t hat  t he cat hodi c pr ot ect i on syst em 
speci f i ed her ei n i s pr ovi ded and i nst al l ed i n or der  t o per f or m as 
speci f i ed.   Al l  panel s of  bol t ed st eel  t anks shal l  be bonded t oget her  
i n such a f ashi on as t o ensur e t hat  al l  i nt er i or  submer ged sur f aces of  
t he t ank ar e el ect r i cal l y  cont i nuous.

2. 2   I MPRESSED CURRENT ANODES

**************************************************************************
NOTE:   Onl y i mpr essed cur r ent  anodes sel ect ed f r om 
t he t ypes i ncl uded i n t hi s speci f i cat i on shal l  be 

SECTI ON 26 42 15. 00 10  Page 9



ut i l i zed;  t he appl i cat i on of  gal vani c t ype anodes 
f or  wat er  st or age t anks i s not  cover ed by t hi s 
speci f i cat i on.   Seasonal  or  t empor ar y t ype i mpr essed 
cur r ent  anodes,  such as al umi num,  ar e not  nor mal l y  
desi r abl e i n mi l i t ar y pr oj ect s and,  consequent l y,  
ar e not  i ncl uded her ei n.   Long- l i f e anode syst ems,  
such as t hose speci f i ed i n t hi s speci f i cat i on,  ar e 
def i ned,  and addi t i onal  sel ect i on cr i t er i on ar e 
pr ovi ded,  i n t he NACE and AWWA st andar ds r ef er enced 
herein.

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

[ 2. 2. 1   Hi gh Si l i con Cast  I r on Anodes

**************************************************************************
NOTE:   Hi gh s i l i con cast  i r on anodes ar e r ugged,  
l ong l ast i ng,  and commonl y used i n i c i ng and 
non- i c i ng c l i mat es.   The anodes ar e l ess vul ner abl e 
t o damage and l oss t han ot her  anodes wher e i ce i s 
heavy and t he t ank l evel  f l uct uat es over  a wi de 
r ange.   They ar e gener al l y c l assi f i ed as r el at i vel y 
non- sacr i f i c i al  havi ng a consumpt i on r at e bet ween 
0. 2 t o 0. 5 kg per  amper e year  0. 5 t o 1. 0 pounds per  
amper e year  i n most  f r esh wat er s.

Al t hough hi gh s i l i con cast  i r on anodes ar e r esi st ant  
t o damage f r om i ce,  exper i ence has i ndi cat ed t hat  
t hei r  cabl i ng and suspensi on syst em i s vul ner abl e t o 
damage f r om i ce when i nst al l ed i nsi de t anks subj ect  
t o per i odi c i ce f or mat i on.   I n c l i mat es subj ect  t o 
i c i ng,  i f  i t  i s  not  f easi bl e or  possi bl e,  dur i ng 
f r eezi ng t emper at ur es,  t o oper at e t he t ank i n a 
manner  t o pr event  i ce accumul at i on on t he anodes 
and/ or  t hei r  suspensi on syst em,  t hen an i mpr essed 
cur r ent  anode i nst al l at i on shoul d be speci f i ed t hat  
i s  unaf f ect ed by i ce accumul at i on wi t hi n t he t ank,  
as i s suggest ed by NACE SP0388.   I n t anks subj ect  t o 
i ce f or mat i on and accumul at i on,  a pr eci ous met al  
t ype anode syst em,  ut i l i z i ng a sui t abl e suspensi on 
syst em as speci f i ed by t hi s sect i on,  shoul d be 
consi der ed f or  i nst al l at i on.

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

Cast  i r on anodes shal l  be of  t he s i ze i ndi cat ed and shal l  conf or m t o t he 
f ol l owi ng r equi r ement s:

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

Element Per cent  by Wei ght

Silicon 14. 20 -  14. 75

Manganese 1. 50 maxi mum

Carbon 0. 75 -  1. 15

SECTI ON 26 42 15. 00 10  Page 10



Element Per cent  by Wei ght

Chromium 3. 25 -  5. 00

Iron Balance

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

El ect r i cal  Resi st i v i t y shal l  be 72 mi cr ohm- cent i met er  at  mi nus 7 degr ees C 
20 degr ees F ( maxi mum) .

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

Tensi l e st r engt h 103. 4 MPa15, 000 psi

Compr essi ve st r engt h 689. 5 MPa100, 000 psi

Br i nel l  har dness 520

Density 7. 0 gr ams per  cubi c cent i met er

Mel t i ng poi nt 1260 degr ees C2300 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. 2. 1. 4   Anode Connect i ng Cabl es

Anodes shal l  have connect i ng cabl es i nst al l ed at  t he f act or y.   Submi t  a 
cer t i f i ed t est  r epor t  showi ng t hat  t he connect i ng met hod has passed a 
120- day l abor at or y t est  wi t hout  f ai l ur e at  t he pl ace of  connect i on wher ei n 
t he anode was subj ect ed t o maxi mum r ecommended cur r ent  out put  whi l e 
i mmer sed i n a 3 per cent  sodi um chl or i de sol ut i on.

][ 2. 2. 2   Pr eci ous Met al  Anodes

**************************************************************************
NOTE:   At  i nst al l at i ons wher e i c i ng condi t i ons exi st  
and t he scal i ng i ndex of  wat er  i s  l ess t han 20, 000 
( i . e. ,  l ow har dness wat er ) ,  t he desi gner  shoul d 
consi der  usi ng pr eci ous met al  anodes,  such as 
pl at i ni zed ni obi um,  pl at i ni zed t i t ani um,  or  mi xed 
met al  oxi de f or  cat hodi c pr ot ect i on syst ems.   The 
consumpt i on r at e of  pr eci ous met al  anodes i s l ess 
t han t hat  of  ot her  r el at i vel y non- sacr i f i c i al  
anodes.   However ,  pr eci ous met al  anodes ar e mor e 
vul ner abl e t o damage and l oss par t i cul ar l y dur i ng 
c l eani ng and r econdi t i oni ng of  t he t ank.   When used 
i n t anks subj ect  t o i c i ng condi t i ons,  anode 
suspensi on shal l  conf or m t o t hi s speci f i cat i on 
sect i on and AWWA D104.

Sel ect i on of  t he conf i gur at i on shoul d be l ef t  t o t he 
desi gner  of  t he syst em.   Long,  cont i nuous wi r e f r om 
l engt hs of  pr eci ous met al  anodes may have an 
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at t enuat i ng ef f ect .   Thi s can be over come by usi ng 
an anode header  cabl e connect ed t o l engt hs of  
pr eci ous met al  anodes at  a common j unct i on box.  Such 
pr eci ous met al  anode assembl i es must  be assembl ed 
wi t h f act or y seal ed and t est ed el ect r i cal  
connect i ons t o t he anodes.

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

[ 2. 2. 2. 1   Mi xed Met al  Oxi de ( MMO)  Coat ed

The el ect r i cal l y  conduct i ve coat i ng shal l  cont ai n a mi xt ur e consi st i ng of  
i r i di um,  t ant al um,  and t i t ani um oxi des.   The aver age composi t i on shal l  be 
composed 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 an accept abl e amount  of  t ant al um.   The anode must  be i ner t  and t he 
el ect r i cal l y  conduct i ve mi xed met al  oxi de coat i ng di mensi onal l y st abl e.   
The mi xed met al  oxi de coat i ng shal l  be appl i ed t o t he wi r e anode by a 
manuf act ur er  t hat  has a mi ni mum 5 year s exper i ence i n manuf act ur i ng and 
appl y i ng mi xed met al  oxi de coat i ng t o t i t ani um anode subst r at es.   Si nt er  
t he mi xed met al  oxi de t o t he t i t ani um sur f ace t o r emai n t i ght l y bound t o 
t he sur f ace when consi der abl e mechani cal  st r esses ar e appl i ed t o t he anode 
sur f ace.   The anodes shal l  have connect i ng cabl es i nst al l ed at  t he f act or y.  
Make t he connect i on bet ween t he anode and l ead wi r e wi t h a sol i d cr i mp 
coupl i ng,  or  wi t h sol der .   Seal  t he connect i on i n cast  epoxy.

][ 2. 2. 2. 2   Pl at i num Pl at ed

Pr ovi de pr eci ous met al  anodes,  [ sol i d]  [ composi t e]  [ wi r e]  [ r od]  [ expanded 
mesh]  [ r i bbon]  i n f or m.   Anode cor e shal l  be [ ni obi um]  [ t i t ani um]  wi t h 
pl at i num coat i ng wi t h t hi ckness of  [ _____]  mi l l i met er s mi l s.   Pr eci ous 
met al  anode assembl i es shal l  have f act or y seal ed and t est ed el ect r i cal  
connect i ons t o t he anodes.

] 2. 2. 2. 3   Anode Li f e Test

The anode wi r e mat er i al  shal l  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  a 
20 year  per i od.   The manuf act ur er  shal l  cer t i f y  t hat  a r epr esent at i ve 
sampl e t est ed by an i ndependent  l abor at or y meet s t hi s cr i t er i on.

] 2. 3   RECTI FI ERS AND ASSOCI ATED EQUI PMENT

2. 3. 1   Rect i f i er  Uni t

**************************************************************************
NOTE:   Ai r - cool ed r ect i f i er s wi l l  be used f or  most  
appl i cat i ons.   Wher e hi ghl y cor r osi ve at mospher es 
exi st ,  t he equi pment  wi l l  be oi l - i mmer sed i n a 
t ank- t ype housi ng.   For  hazar dous ar ea appl i cat i ons,  
oi l - i mmer sed equi pment  wi l l  be pr ovi ded wi t h an 
expl osi on- pr oof  or  dust - i gni t i on- pr oof  housi ng,  as 
appr opr i at e.   Tr ansf or mer  t ap adj ust er s wi l l  be 
pr ovi ded i n cases wher e an aut omat i c syst em i s not  
provided.

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

Rect i f i er  uni t  shal l  consi st  of  a t r ansf or mer ,  r ect i f y i ng el ement s,  
[ t r ansf or mer  t ap adj ust er , ]  t er mi nal  bl ock,  [ one dc out put  vol t met er ,  one 
dc out put  ammet er , ]  [ one combi nat i on vol t - ammet er , ]  one t oggl e swi t ch f or  
each met er ,  appr opr i at e c i r cui t  br eaker s or  f use hol der s wi t h f uses f or  
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each dc c i r cui t ,  var i abl e r esi st or s,  an ac power - suppl y c i r cui t  br eaker ,  
l i ght ni ng ar r est er s f or  bot h i nput  and out put ;  al l  wi r ed and assembl ed i n a 
weat her pr oof  cabi net .   The over al l  ef f i c i ency of  t he r ect i f i er  shal l  be not  
l ess t han 65 per cent  when oper at ed at  namepl at e r at i ng and shal l  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 i n excess of  10 
years.

2. 3. 1. 1   Transformer

Tr ansf or mer  shal l  conf or m t o UL 506.

2. 3. 1. 2   Rect i f y i ng El ement s

**************************************************************************
NOTE:   Bel ow about  500 vol t - amper es of  dc r at ed 
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 s i 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 y i ng el ement s shal l  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 shal l  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. 3. 1. 3   Meters

Met er s shal l  be accur at e t o wi t hi n pl us or  mi nus 2 per cent  of  f ul l  scal e at  
27 degr ees C 80 degr ees F,  and shal l  possess t emper at ur e st abi l i t y  above 
and bel ow 27 degr ees C 80 degr ees F of  at  l east  1 per cent  per  5 degr ees C 
10 degr ees F.   Separ at e met er s shal l  be 63. 5 mm 2- 1/ 2 i nch nomi nal  s i ze or  
larger.

2. 3. 1. 4   Ci r cui t  Br eaker ( s)

I nst al l  a [ s i ngl e]  [ doubl e]  [ t hr ee] - pol e,  f l ush- mount ed,  f ul l y  magnet i c,  
pr oper l y r at ed nont er mi nal  t ype c i r cui t  br eaker  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 . [   I nst al l  a s i ngl e- pol e,  f l ush- mount ed,  
pr oper l y r at ed nont er mi nal  t ype c i r cui t  br eaker  i n each dc c i r cui t  out put  
of  t he r ect i f i er . ]

2. 3. 1. 5   Fuses

I n t he event  t hat  f uses and f use hol der s r at her  t han c i r cui t  br eaker s ar e 
used,  pr ovi de car t r i dge- t ype f uses conf or mi ng t o NEMA FU 1 wi t h sui t abl e 
f use hol der s i n each l eg of  t he dc c i r cui t .

2. 3. 1. 6   Aut omat i c Cat hodi c Pr ot ect i on Cont r ol

Pr ovi de a syst em capabl e of  mai nt ai ni ng a t ank- t o- wat er  pot ent i al  cr i t er i on 
of  pr ot ect i on wi t hi n pl us or  mi nus 25 mi l l i vol t s r egar dl ess of  changes i n 
wat er  chemi st r y,  t emper at ur e,  or  wat er  l evel  i n t he t ank.   Pr ovi s i on shal l  
be made f or  r eadi l y changi ng t he r ange and l i mi t s of  t he cr i t er i on.   The 
cont r ol l er  shal l  be ei t her  housed i nt egr al l y  wi t h t he r ect i f i er  or  i n a 
separ at e weat her pr oof  cabi net  wi t h pr ovi s i ons f or  l ocki ng.   The aut omat i c 
cont r ol l er  shal l  be a compl et el y sol i d- st at e desi gn,  and shal l  be capabl e 
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of  aut omat i cal l y  mai nt ai ni ng t he t ank- t o- wat er  pot ent i al  at  mi nus 900 
mi l l i vol t s wi t h r espect  t o a copper - copper  sul f at e r ef er ence el ect r ode 
wi t hi n an accur acy of  25 mi l l i vol t s.   The t ank- t o- wat er  pot ent i al  measur ed 
and mai nt ai ned by t he cont r ol l er  shal l  be f r ee of  " I R"  dr op er r or .

2. 3. 1. 7   Tank To Wat er  Pot ent i al  Met er

The cont r ol l er  shal l  be equi pped wi t h a cal i br at ed vol t met er  havi ng an 
i nt er nal  i mpedance exceedi ng 1 megohm whi ch shal l  be so connect ed t o r ead,  
f r om t he syst em r ef er ence cel l ,  t he t ank- t o- wat er  pot ent i al  bei ng 
mai nt ai ned by t he cat hodi c pr ot ect i on syst em.   Thi s vol t age r eadi ng shal l  
be f r ee of  " I R"  dr op er r or .

2. 3. 2   Cabinet

Const r uct  cabi net  of  [ not  l i ght er  t han 1. 56 mm16 gauge [ st eel ]  [ hot  di pped 
gal vani zed st eel ]  [ s t 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 shal l  
have oi l - r esi st ant  gasket .   The door  shal l  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  shal l  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  
shal l  be conveni ent l y l ocat ed.

2. 3. 2. 1   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 shal l  be on t he i nsi de of  t he cabi net  door .   
Al l  component s shal l  be shown and l abel ed.

2. 3. 2. 2   Grounding

Gr oundi ng pr ovi s i ons shal l  [ 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 shal l  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 shal l  consi st  of  one or  mor e r ods.   
Gr ound r ods shal l  be [ copper - c l ad st eel  conf or mi ng t o UL 467]  [ z i nc- coat ed 
st eel  conf or mi ng t o I EEE C135. 30]  [ sol i d st ai nl ess st eel ]  not  l ess t han 
[ 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 shal l  be 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. 3. 2. 3   Resi st ance t o Gr ound

**************************************************************************
NOTE:   Remove t hi s pagagr aph i f  not  r equi r ed i n t he 
project

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

Measur e t he r esi st ance t o gr ound 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 shal l  not  
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 ,  i mmedi at el y not i f y t he Cont r act i ng Of f i cer ' s 
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Repr esent at i ve.   Fusi on wel d connect i ons bel ow gr ade.   Fusi on wel d 
connect i ons above gr ade or  use UL 467 appr oved connect or s.

2. 3. 2. 4   Cabi net  Pai nt  Syst em

[ The cabi net  and mount i ng suppor t  shal l  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  syst em. ]   [ The mount i ng suppor t  f or  t he f i ber gl ass cabi net  shal l  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. ]

2. 3. 3   Wiring

Wi r i ng shal l  be i nst al l ed i n accor dance wi t h NFPA 70 ut i l i z i ng t ype TW or  
RHW or  pol yet hyl ene i nsul at i on.   Fi t t i ngs f or  condui t  and cabl e wor k shal l  
conf or m t o UL 514A.   Out l et s shal l  be of  t he t hr eaded hub t ype wi t h 
gasket ed cover s.   Condui t  shal l  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 shal l  be made i n out l et  f i t t i ngs onl y.   
Conduct or s shal l  be col or  coded f or  i dent i f i cat i on.   Cabl e f or  anode header  
and di st r i but i on shal l  be No.  [ 2]  [ _____]  AWG st r anded copper  wi r e wi t h 
t ype [ cat hodi c pr ot ect i on hi gh mol ecul ar  wei ght  pol yet hyl ene]  [ Dul ar / Hal ar ]  
insulation.

2. 3. 4   Oi l  I mmer sed Encl osur es

**************************************************************************
NOTE:   The encl osur e shoul d 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 shoul d be made f or  f l oodi ng.

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

Encl osur es shal l  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  shal l  be c l ear l y mar ked.   The l i d shal l  be 
hi nged and have qui ck r el ease cl amps t o secur e i t  i n c l osed posi t i on.   A 
st op shal l  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  shal l  be pr ovi ded.   The gasket  shal l  
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  
shal l  be at t ached t o t he t ank or  l i d and j oi nt s shal l  be f r ee of  gaps.   
Base mount i ng usi ng 102 mm 4 i nch hi gh channel s shal l  be pr ovi ded.   
Condui t s ent er i ng t he encl osur e shal l  be i nt er nal l y seal ed and shal l  ent er  
or  exi t  above t he oi l  f i l l  l i ne.

[ 2. 3. 5   Remot e Moni t or i ng Equi pment

**************************************************************************
NOTE:   Remot e moni t or i ng of  t he cat hodi c pr ot ect i on 
syst em may be consi der ed i n r emot e and di f f i cul t  t o 
r each l ocat i ons.   I n such l ocat i ons,  r emot e 
moni t or i ng equi pment  can ai d i n dat a col l ect i on,  
r educe moni t or i ng cost s,  and pr ovi de dat a mor e 
f r equent l y and over  a var i et y of  t ank oper at i ons.   
I n t hese cases,  t he desi gner  may sel ect  one of  t he 
r emot e moni t or i ng syst ems pr ovi ded under  t hi s 
par agr aph.   A SCADA- based syst em shoul d be sel ect ed 
onl y wher e an exi st i ng oper abl e SCADA syst em i s 
avai l abl e;  addi t i onal  SCADA syst ems shoul d not  be 
i nst al l ed.   For  l ocat i ons wher e exi st i ng SCADA 
syst ems ar e not  r eadi l y avai l abl e or  f or  ver y r emot e 
ar eas,  a cel l  phone- based syst em or  sat el l i t e down 
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l i nked dat a syst em may be mor e f easi bl e.   The choi ce 
of  whet her  t o sel ect  a dr i ve- by syst em or  a cel l  
phone- based syst em depends on t he r el i abi l i t y  of  t he 
cel l  phone si gnal  at  t he par t i cul ar  pr oj ect  
l ocat i on.   Regar dl ess of  t he syst em sel ect ed,  t he 
desi gner  must  car ef ul l y  coor di nat e wi t h desi gnat ed 
I nst al l at i on oper at i on and mai nt enance per sonnel  i n 
or der  t o i nt er f ace wi t h t he exi st i ng SCADA syst em or  
t o pr ovi de anot her  v i abl e r emot e moni t or i ng syst em 
sui t abl e f or  t he par t i cul ar  mai nt enance pr ogr am.  

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

Pr ovi de a compl et e and oper abl e [ SCADA- based]  [ dr i ve- by]  [ cel l  phone- based]  
[ sat el l i t e down l i nked dat a]  t ype r emot e moni t or i ng syst em whi ch i s  f ul l y  
compat i bl e,  oper abl e,  and i nt egr at abl e wi t h t he t ank cat hodi c pr ot ect i on 
syst em and,  i f  exi st i ng,  t he i nst al l at i on- wi de cat hodi c pr ot ect i on syst ems'  
r emot e moni t or i ng syst em.   Al l  cat hodi c pr ot ect i on syst em r emot e moni t or i ng 
equi pment ,  wi r i ng,  and wi r i ng devi ces necessar y t o accur at el y moni t or  t he 
cat hodi c pr ot ect i on syst em r ect i f i er  out put  vol t age,  r ect i f i er  out put  
amper age,  and per manent  r ef er ence el ect r ode pot ent i al s shal l  be pr ovi ded i n 
or der  t o have t he capabi l i t y  of  moni t or i ng f r om a l ocat i on r emot e t o t he 
t ank as desi gnat ed by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   Pr ovi de 
al l  r emot e moni t or i ng uni t  ( RMU)  t r ansmi t t i ng equi pment ;  syst em r ecei v i ng 
equi pment ;  ot her  equi pment  and devi ces,  i ncl udi ng sui t abl e l apt op comput er s 
as necessar y t o compl et e t he syst em;  wi r i ng;  wi r i ng devi ces;  sof t war e;  and 
al l  ot her  i t ems necessar y t o meet  t he r equi r ement s speci f i ed her ei n.   House 
t he RMU ei t her  i nt egr al l y  wi t h t he r ect i f i er  or  i n a separ at e weat her pr oof  
cabi net  whi ch meet s t he speci f i cat i ons of  t hi s sect i on and has pr ovi s i ons 
f or  l ocki ng. [   SCADA- based t ype r emot e moni t or i ng syst ems shal l  be 
compl et el y coor di nat ed,  compat i bl e,  and i nt egr at ed wi t h t he exi st i ng 
i nst al l at i on- wi de SCADA syst em.   Al l  SCADA syst em wi r i ng,  wi r i ng devi ces,  
and ot her  associ at ed equi pment  shal l  be pr ovi ded and i nst al l ed as speci f i ed 
i n [ Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM] [  and 
] [ Sect i on 33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT] . ]   The RMU and 
associ at ed r ecei v i ng devi ces shal l  be of  compl et el y sol i d- st at e desi gn.   
Pl ace t he r emot e moni t or i ng syst em i n oper abl e st at us.   The syst em pr ovi ded 
shal l  meet  t he f ol l owi ng f unct i onal  r equi r ement s:

a.   The wat er  t ank cat hodi c pr ot ect i on syst em' s r emot e moni t or i ng 
i nt er r ogat i on/ t r ansmi ssi on uni t  shal l  be capabl e of  del i ver i ng syst em 
DC vol t age,  amper age,  and i nst ant - of f  ( i . e. ,  f r ee of  " I R"  dr op er r or )  
pot ent i al  measur ement s and shal l  come compl et e wi t h al l  r el at ed 
sof t war e f or  col l ect i on of  t he dat a f or  use i n an Excel  Spr eadsheet  
f or mat .   The Remot e Moni t or i ng Syst em shal l  be capabl e of  moni t or i ng 
and del i ver i ng t he pot ent i al  measur ement s of  al l  per manent  r ef er ence 
el ect r odes r equi r ed by t hi s speci f i cat i on and shal l  i dent i f y al l  
r ef er ence el ect r odes t hat  ar e cur r ent l y bei ng ut i l i zed f or  aut omat i c 
cont r ol  of  t he r ect i f i er .

b.   Al l  dat a pr ovi ded by t he r emot e moni t or i ng equi pment  shal l  be wi t hi n 2 
per cent  of  t he same measur ement s t aken l ocal l y at  t he t ank s i t e when 
ut i l i z i ng t he r ect i f i er  ammet er ,  r ect i f i er  vol t met er ,  and t he t ank t o 
wat er  pot ent i al  met er ,  al l  of  whi ch ar e speci f i ed el sewher e i n t hi s  
speci f i cat i on sect i on.   The " Cor r osi on Exper t "  shal l  ver i f y,  i n t he 
pr esence of  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  t he accur acy of  
t he val ues pr ovi ded by t he r emot e moni t or i ng syst em as compar ed t o t he 
same r eadi ngs pr ovi ded l ocal l y at  t he t ank.
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] 2. 4   MI SCELLANEOUS MATERI ALS

2. 4. 1   Ref er ence El ect r odes

The el ect r odes shal l  be copper - copper  sul phat e t ype pr ovi ded wi t h 
mi cr o- por e di f f usi on wi ndow f or  wat er  cont act  and wat er - t i ght  pl ug f or  
r enewal  of  copper  sul phat e cr yst al s and sol ut i on.   A mi ni mum of  f our  
r ef er ence el ect r odes shal l  be par t  of  t hi s syst em.   El ect r odes shal l  be 
desi gned f or  15 year  l i f e.

2. 4. 2   El ect r i cal  Wi r e and Associ at ed Mat er i al s

2. 4. 2. 1   Anode Connect i ng Wi r 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 wi l l  r esul t  i n ear l y f ai l ur e of  t he 
cat hodi c pr ot ect i on syst em.   For  t hi s r eason,  
speci al ,  ext r a heavy i nsul at i on i s used on anode 
cabl 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 cat hodi c ( negat i ve)  cabl e i n or der  
t o avoi d a mi x- up i n t he f i el d,  t he cat hode cabl e i s 
not  subj ect  t o anodi c f ai l ur e and l esser  i nsul at i on 
can be used.

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

Anode connect i ng wi r e shal l  be No.  [ 8]  [ _____]  AWG st r anded copper  wi r e 
wi t h t ype CP hi gh mol ecul ar  wei ght  pol yet hyl ene 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 shal l  be 0. 003 
ohms maxi mum.

2. 4. 2. 2   Anode Header  Cabl e

Cabl e f or  anode header  and di st r i but i on shal l  be [ _____]  AWG st r anded 
copper  wi r e wi t h t ype CP hi gh mol ecul ar  wei ght  pol yet hyl ene,  2. 8 mm 7/ 64 
i nch t hi ck i nsul at i on,  600- vol t  r at i ng.   Cabl e- t o- anode cont act  r esi st ance 
shal l  be 0. 003 ohms maxi mum.

2. 4. 2. 3   Ref er ence El ect r ode Wi r e

Ref er ence el ect r ode wi r e shal l  be st r anded copper  wi r e wi t h NFPA 70 t ype 
RHW- USE or  pol yet hyl ene i nsul at i on.

2. 4. 3   Conduit

Ri gi d gal vani zed st eel  condui t  and accessor i es shal l  conf or m t o UL 6.   
Nonmet al l i c  condui t  shal l  conf or m t o NEMA TC 2.

2. 4. 4   Test  Boxes and Junct i on Boxes

Boxes shal l  be out door  t ype conf or mi ng t o UL 514A.

2. 4. 5   Pol yet hyl ene I nsul at i on

Pol yet hyl ene i nsul at i on shal l  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:
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2. 4. 5. 1   Hi gh Mol ecul ar  Wei ght  Pol yet hyl ene

Hi gh mol ecul ar  wei ght  pol yet hyl ene shal l  be Type I ,  Cl ass C,  Gr ade E5.

2. 4. 5. 2   Hi gh Densi t y Pol yet hyl ene

Hi gh densi t y pol yet hyl ene shal l  be Type I I I ,  Cl ass C,  Gr ade E3.

2. 4. 6   Pr essur e- Sensi t i ve Vi nyl  Tape

Tape shal l  conf or m t o UL 510.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Coor di nat e and pr oper l y r el at e t hi s wor k t o t he wor k of  al l  t r ades.   The 
gener al  l ocat i ons of  t he st r uct ur es t o r ecei ve pr ot ect i on ar e shown.   Vi s i t  
t he pr emi ses and af t er  becomi ng f ami l i ar  wi t h al l  det ai l s  of  t he wor k and 
wor ki ng condi t i ons,  ver i f y exi st i ng condi t i ons i n t he f i el d,  det er mi ne t he 
exact  l ocat i ons of  st r uct ur es t o be pr ot ect ed,  and advi se t he Cont r act i ng 
Of f i cer  of  any di scr epancy bef or e per f or mi ng any wor k.   Take r esi st i v i t y 
measur ement  of  t he wat er  and anal ysi s of  t he wat er  and pr ovi de t hi s dat a 
wi t h det ai l  dr awi ngs of  t he syst em f or  appr oval .

3. 2   CRI TERI A OF PROTECTI ON

Accept ance cr i t er i a f or  det er mi ni ng t he adequacy of  pr ot ect i on on t he 
i nt er nal  submer ged sur f aces of  st eel  wat er  t anks shal l  be i n accor dance 
with NACE SP0388 and as speci f i ed bel ow.

3. 2. 1   Minimum

The cr i t er i on of  pr ot ect i on i s a negat i ve vol t age of  at  l east  mi nus 850 
mi l l i vol t s as measur ed bet ween t he t ank and a sat ur at ed 
copper - copper - sul phat e r ef er ence el ect r ode.   Det er mi nat i on of  t hi s vol t age 
shal l  be made wi t h t he cat hodi c pr ot ect i on syst em i n oper at i on and af t er  
t he syst em has been i n oper at i on f or  a mi ni mum per i od of  72 hour s.   Vol t age 
dr ops shal l  be consi der ed f or  val i d i nt er pr et at i on of  t hi s vol t age 
measur ement .   A mi ni mum of  mi nus 850 mi l l i vol t s " i nst ant  of f "  pot ent i al  
bet ween t he t ank sur f ace bei ng t est ed and t he r ef er ence el ect r ode shal l  be 
achi eved over  95 per cent  of  t he ar ea of  t he st r uct ur e.   Obt ai n adequat e 
number  of  measur ement s over  t he ent i r e t ank sur f ace t o ver i f y and r ecor d 
achi evement  of  mi nus 850 mi l l i vol t s " i nst ant  of f " .   Thi s pot ent i al  shal l  be 
obt ai ned over  95 per cent  of  t he t ot al  met al l i c  ar ea wi t hout  t he " i nst ant  
of f "  pot ent i al  exceedi ng t he maxi mum l i mi t  i ndi cat ed bel ow.

3. 2. 2   Maximum

I n or der  t o mi t i gat e di sbondi ng of  t he i nt er i or  coat i ng i n t he t ank,  
pot ent i al  bet ween a copper - copper - sul phat e r ef er ence el ect r ode and t he t ank 
at  any poi nt  shal l  not  be mor e negat i ve t han mi nus 1. 1 vol t  measur ed wi t h 
t he el ect r ode l ocat ed bet ween 6 mm 1/ 4 i nch and 13 mm 1/ 2 i nch away f r om 
t he st eel  sur f ace but  not  t ouchi ng i t .
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3. 3   ANODES

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

**************************************************************************
NOTE:   I n wat er  t anks,  spl i t  bol t s ar e used ( above 
t he wat er l i ne onl y)  because wor ki ng space i s l i mi t ed 
and hydr aul i c or  mechani cal  compr essi on t ool s may be 
cumber some and hazar dous t o use;  s i nce a s i ngl e 
spl i t - bol t  wi l l  wor k l oose when t he wi r es i t  
connect s ar e moved,  a mi ni mum of  t wo spl i t  bol t s 
shoul d be used.   At  gr ound l evel  or  i n t r enches,  
compr essi on t ool s can be used conveni ent l y,  and t he 
swaged sl eeve connect i on pr oduced by such t ool s i s  
mor e r el i abl e t han spl i t  bol t s.

For  t anks subj ect  t o i ce f or mat i on,  sel ect  t he 
br acket ed t ext  ( bel ow)  begi nni ng wi t h " For  t ank 
i nt er i or s subj ect  t o i c i ng, "  ot her wi se,  sel ect  t he 
f i r st  br acket ed t ext  i n t hi s par agr aph.

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

[ For  t ank i nt er i or s not  subj ect  t o i c i ng,  i nst al l  anodes i n accor dance wi t h 
NACE SP0388, AWWA D104,  t hi s speci f i cat i on,  and t he i ndi cat ed det ai l s .   
Suspend anodes f r om r oof  [ pl at e]  [ st r uct ur al  member s]  by means of  f act or y 
i nst al l ed connect i ng wi r e desi gned t o suppor t  t he anodes i n ai r  ( bef or e 
submer gence)  wi t hout  f ai l ur e of  t he el ect r i cal  wi r e i nsul at i on or  t he 
el ect r i cal  conduct or .   Suspend anodes i n a manner  pr event i ng cont act  wi t h 
t ank sur f aces and hang cl ear  of  man- access r oof  hat ches and such i t ems as 
l adder s,  heat er  pi pes,  and st ay r ods.   Anode hanger s shal l  el ect r i cal l y  
i nsul at e t he anode suspendi ng wi r e f r om t he t ank st eel .   Pr ovi de a handhol e 
havi ng a mi ni mum di amet er  of  150 mm 6 i nches i n t he t ank r oof  f or  each 
anode t o per mi t  r epl acement  or  i nspect i on of  anodes.   Cer t i f y  t hat  t he 
met hod chosen has been used successf ul l y  f or  s i mi l ar  appl i cat i ons. ] [ For  
t ank i nt er i or s subj ect  t o i c i ng,  i nst al l  anodes i n accor dance wi t h AWWA D104, 
t hi s speci f i cat i on,  and t he i ndi cat ed det ai l s .   I nst al l  anodes i n a manner  
pr event i ng cont act  wi t h t ank sur f aces and cl ear  of  such i t ems as l adder s,  
heat er  pi pes,  and st ay r ods.   Cer t i f y  t hat  t he met hod chosen has been used 
successf ul l y  f or  s i mi l ar  appl i cat i ons. ]

3. 3. 2   Anode Connect i ons

Wher e t hi s speci f i cat i on al l ows t he use of  header  cabl es,  anodes shal l  be 
el ect r i cal l y  connect ed t o t he posi t i ve dc header  cabl e wi t h compr essi on 
connect or s or  spl i t  bol t s,  or  t he header  cabl e may t er mi nat e i n a j unct i on 
box f or  connect i on wi t h al l  anode cabl es.   Use a mi ni mum of  t wo spl i t  bol t s 
f or  each connect i on i f  spl i t  bol t s ar e used.   Wher e pr act i cal ,  such as 
wi t hi n t anks not  subj ect  t o i ce f or mat i on,  i nst al l  header  cabl e on t he 
under si de of  t he r oof  wi t h el ect r i cal l y  i nsul at i ng hanger s and ent er  t he 
t ank near  t he r oof  l i ne f r om an ext er nal l y mount ed j unct i on box.   Ext er nal  
wi r i ng shal l  be i n condui t .   Make al l  under - r oof  el ect r i c  wi r e spl i ces  
above t he hi gh wat er  l i ne and seal ed wat er  t i ght  usi ng a mi ni mum of  t wo 
1/ 2- l ap l ayer s of  but y l  r ubber  t ape f ol l owed by t wo 1/ 2- l ap l ayer s of  
pl ast i c t ape.
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3. 4   RECTIFIERS

3. 4. 1   Rect i f i er  and Cont r ol / Moni t or i ng I nst al l at i on

Mount i ng shal l  be [ of  t he wal l  mount ed t ype. ]  [ of  t he cr oss- ar m mount ed 
t ype. ]  [ of  t he f l oor  mount ed on st and t ype. ]  [ as shown. ]

3. 4. 2   Rect i f i er  Gr oundi ng

The gr oundi ng syst em f or  gr oundi ng r ect i f i er  cabi net s shal l  have a 
r esi st ance t o ear t h of  not  mor e t han 25 ohms as det er mi ned by an appr oved 
method.

3. 5   PERMANENT REFERENCE ELECTRODES

3. 5. 1   Calibration

Cal i br at e per manent  r ef er ence el ect r odes agai nst  a st andar d el ect r ode 
bef or e i nst al l at i on.   Per f or m cal i br at i on 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.   The per manent  
el ect r odes shal l  measur e r ef er ence vol t age agr eei ng wi t h t hat  measur ed by 
t he st andar d 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 4 mm 1/ 6 i nch
 apar t  but  not  t ouchi ng.

3. 5. 2   Installation

**************************************************************************
NOTE:   The r equi r ement s f or  i nst al l at i on of  
per manent  r ef er ence el ect r ods ar e s i mi l ar  t o t hose 
f or  anode i nst al l at i on.   See t he NOTE i n par agr aph 
Anode I nst al l at i on.

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

Ref er ence el ect r odes shal l  be oper abl e under  t he same i c i ng condi t i ons as 
t he anode syst em.   I nst al l at i on of  per manent  r ef er ence el ect r odes shal l  be 
made at  poi nt s i n t he t ank whi ch wi l l  moni t or  mi ni mum and maxi mum 
t ank- t o- wat er  pot ent i al s [ and as ot her wi se needed f or  aut omat i c cont r ol  
syst em] .   Sensi ng wi ndows of  r ef er ence el ect r odes shal l  be l ocat ed bet ween 
6 mm 1/ 4 i nch and 13 mm 1/ 2 i nch away f r om t he st eel  sur f ace sensed and 
shal l  be f i xed i n posi t i on pr event i ng cont act  wi t h t ank st eel .

3. 6   TESTI NG,  ADJUSTI NG,  AND PLACI NG I N SERVI CE

Submi t  t est  r epor t s i n bookl et  f or m t abul at i ng al l  f i el d t est s and 
measur ement s per f or med,  upon compl et i on and t est i ng of  t he i nst al l ed syst em 
and i ncl udi ng pot ent i al  sur vey,  f i nal  syst em t est  ver i f y i ng pr ot ect i on,  and 
hol i day coat i ng t est .   Each t est  r epor t  shal l  i ndi cat e t he f i nal  posi t i on 
of  cont r ol s.   Addi t i onal l y,  submi t  a cer t i f i ed t est  r epor t  showi ng t hat  t he 
anode connect i ng met hod has passed a 120- day l abor at or y t est  wi t hout  
f ai l ur e at  t he pl ace of  connect i on,  wher ei n t he anode i s subj ect ed t o 
maxi mum r ecommended cur r ent  out put  whi l e i mmer sed i n a 3 per cent  sodi um 
chl or i de sol ut i on.

I f  t he cat hodi c pr ot ect i on syst em has been modi f i ed f r om t he or i gi nal  
desi gn,  i ncl ude t he Cont r act or ' s Modi f i cat i ons shal l  i n t he t est  r epor t s.   
Submi t  f i nal  r epor t  i ncl udi ng measur ement s t hr oughout  t he t ank ar ea,  
i ndi cat i ng t hat  t he addi t i on of  any anodes ( i f  i t  became necessar y t o add 
anodes as a r esul t  of  modi f i cat i ons submi t t ed t o and appr oved by t he 
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Cont r act i ng Of f i cer )  cor r ect ed t he condi t i ons whi ch made t he addi t i onal  
anodes necessar y.   The f ol l owi ng ar e r equi r ed:   I nst al l at i on and t est i ng 
pr ocedur es,  anode number ,  l i f e,  and par amet er s t o achi eve pr ot ect i ve 
potential.

3. 6. 1   El ect r ode Basel i ne,  I nst ant - Of f ,  and ON Pot ent i al  Measur ement s

Upon compl et i on of  t he i nst al l at i on,  f i l l  t he t ank t o maxi mum wor ki ng 
l evel ,  and obt ai n basel i ne,  i nst ant - of f ,  and ON pot ent i al  measur ement s as 
descr i bed her ei n.   Obt ai n basel i ne pot ent i al  measur ement s pr i or  t o 
ener gi z i ng t he cat hodi c pr ot ect i on syst em;  obt ai n i nst ant - of f  and ON 
pot ent i al  measur ement s wi t h  t he ent i r e cat hodi c pr ot ect i on syst em i n 
oper at i on and af t er  i t  has been i n oper at i on f or  a mi ni mum of  72 hour s.   
Make el ect r ode basel i ne,  i nst ant - of f ,  and ON pot ent i al  measur ement s usi ng a 
copper - copper  sul phat 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 nput  i mpedance of  not  l ess t han 10 
megohms per  vol t  and a f ul l  scal e of  10 vol t s.   Locat e t hese measur ement s 
as descr i bed i n t hi s speci f i cat i on;  t ake basel i ne,  i nst ant - of f ,  and ON 
pot ent i al  measur ement s at  each descr i bed l ocat i on.   Recor d t he val ues 
obt ai ned and t he dat e,  t i me,  and l ocat i ons of  measur ement s.

3. 6. 1. 1   Tank- t o- Wat er  Pot ent i al  Measur ement s

The f ol l owi ng ser i es of  t ank- t o- wat er  pot ent i al  measur ement s wi t h a 
por t abl e r ef er ence el ect r ode pl aced not  mor e t han 13 mm 1/ 2 i nch away f r om 
but  not  t ouchi ng t he t ank wal l  shal l  be per f or med:

a.   On a ver t i cal  l i ne mi dway bet ween t wo anode st r i ngs begi nni ng at  a poi nt
 300 mm 1 f oot  bel ow wat er  l evel  and cont i nui ng at  poi nt s 900 mm 3 f eet  
apar t  unt i l  t he bot t om of  t he t ank i s r eached.   I f  anodes ar e at t ached 
t o f l oat at i on assembl i es r at her  t han on st r i ngs hangi ng f r om t he t ank 
r oof ,  l ocat e t he ver t i cal  l i ne of  measur ement s as f ar  as possi bl e f r om 
any anode mat er i al .

b.   On a second ver t i cal  l i ne mi dway bet ween t wo anode st r i ngs on t he 
opposi t e s i de of  t he t ank f r om t he f i r st  ver t i cal  l i ne begi nni ng at  a 
poi nt  300 mm 1 f oot  bel ow wat er  l evel  and cont i nui ng at  poi nt s 900 mm 3 
f eet  apar t  unt i l  t he bot t om of  t he t ank i s r eached.   I f  anodes ar e 
at t ached t o f l oat at i on assembl i es r at her  t han on st r i ngs hangi ng f r om 
t he t ank r oof ,  l ocat e t he ver t i cal  l i ne of  measur ement s as f ar  as 
possi bl e f r om any anode mat er i al .

c.   Acr oss t he bot t om of  t he t ank i n a l i ne bet ween t he t wo ver t i cal  l i nes 
at  900 mm 3 f oot  i nt er val s.

d.   I n at  l east  f our  pl aces whi ch ar e c l osest  t o anodes.

3. 6. 1. 2   Ref er ence El ect r ode Cal i br at i on

The por t abl e r ef er ence el ect r ode used f or  t he t est  shal l  be cal i br at ed 
agai nst  t he st andar d el ect r ode speci f i ed i n par agr aph PERMANENT REFERENCE 
ELECTRODES.

3. 6. 1. 3   Test  Measur ement  Recor di ng

Al l  t est  measur ement s and t hei r  l ocat i ons,  as wel l  as measur ement s made 
wi t h t he per manent  el ect r odes s i mul t aneousl y wi t h t he t est  measur ement s,  
shal l  be r ecor ded.
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3. 6. 2   Adjusting

Fi nal  adj ust ment  of  t he r ect i f i er  out put  cur r ent  shal l  be made so t hat  
r epeat ed vol t age r eadi ngs t aken as speci f i ed f or  t est i ng meet  t he cr i t er i a 
i n par agr aph CRI TERI A OF PROTECTI ON.

3. 7   Cat hodi c Pr ot ect i on Syst em Oper at i on and Mai nt enance Manual s

Oper at i ng manual  out l i ni ng t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t up,  oper at i on,  adj ust ment  of  cur r ent  f l ow,  and shut down shal l  be 
pr ovi ded.   The manual s shal l  i ncl ude t he manuf act ur er ' s name,  model  number ,  
ser vi ce manual ,  par t s l i s t ,  and br i ef  descr i pt i on of  al l  equi pment ,  
i ncl udi ng any r emot e moni t or i ng equi pment ,  and t hei r  basi c oper at i ng 
features.

Mai nt enance manual  l i s t i ng r out i ne mai nt enance pr ocedur es,  r ecommendat i on 
f or  mai nt enance t est i ng,  possi bl e br eakdowns and r epai r s,  and 
t r oubl eshoot i ng gui des shal l  be pr ovi ded.   I ncl ude si ngl e l i ne di agr ams f or  
t he syst em as i nst al l ed,  i nst r uct i ons i n maki ng t ank- t o- r ef er ence el ect r ode 
pot ent i al  measur ement s f or  bot h per manent  and por t abl e el ect r odes,  and 
descr i be t he f r equency of  moni t or i ng.   I f  r emot e moni t or i ng equi pment  was 
i nst al l ed under  t hi s cont r act ,  t hen t he mai nt enance manual  shal l  al so 
i ncl ude mai nt enance i nst r uct i ons on t hi s equi pment  t o t he ext ent  r equi r ed 
by t hi s par agr aph.   The i nst r uct i ons shal l  i ncl ude pr ecaut i ons t o ensur e 
saf e condi t i ons dur i ng r epai r  of  syst em.

3. 8   TRAINING

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   The t r ai ni ng per i od shal l  consi st  of  
a t ot al  of  [ _____]  hour s of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em 
i s f unct i onal l y compl et e but  pr i or  t o f i nal  accept ance t est s.   Submi t  t he 
pr oposed Tr ai ni ng Cour se Cur r i cul um ( i ncl udi ng t opi cs and dat es of  
di scussi on)  i ndi cat i ng t hat  al l  of  t he i t ems cont ai ned i n t he oper at i ng and 
mai nt enance i nst r uct i ons,  as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons,  i ncl udi ng t est i ng pr ocedur es i ncl uded i n t he mai nt enance 
i nst r uct i ons,  ar e t o be cover ed.   The f i el d i nst r uct i ons shal l  cover  al l  of  
t he i t ems cont ai ned i n t he oper at i ng and mai nt enance i nst r uct i ons,  as wel l  
as demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Not i f y t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve at  l east  14 days pr i or  t o dat e of  
pr oposed st ar t i ng of  t he t r ai ni ng cour se.

3. 9   PLACI NG I N SERVI CE

Af t er  f i nal  adj ust ment ,  pl ace t he cat hodi c pr ot ect i on syst em i n ser vi ce and 
r ecor d t he condi t i on of  t he syst em as l ef t  by t he Cont r act or  i ndi cat i ng 
t r ansf or mer  t ap set t i ngs;  vol t age r eadi ngs f r om r ef er ence el ect r ode t o 
t ank,  r eadi ngs bot h hor i zont al  and ver t i cal ;  aut omat i c cont r ol  di f f er ent i al  
set t i ng;  f i nal  s t at us of  any r emot e moni t or i ng equi pment ;  ac suppl y 
vol t age;  adj ust ed dc out put  vol t age;  and t ot al  pr ot ect i ve cur r ent .

        - -  End of  Sect i on - -
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