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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  cat hodi c pr ot ect i on syst ems f or  
l ock mi t er  gat es.    Thi s sect i on was or i gi nal l y 
devel oped f or  USACE Ci vi l  Wor ks pr oj ect s.

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

**************************************************************************
NOTE:   Cat hodi c Pr ot ect i on shoul d be i nst al l ed on 
t hose por t i ons of  t he gat es submer ged at  nor mal  pool  
l evel s.   The f aces of  t he gat es shoul d be pr ot ect ed 
t o upper  pool  st ages,  except  t hat  t he downst r eam 
f ace of  t he l ower  gat es must  be pr ot ect ed t o t he 
l ower  pool  l evel .

Thi s gui de speci f i cat i on i ncl udes t he t echni cal  
r equi r ement s f or  t he t ypes of  equi pment  nor mal l y 
pr ovi ded i n a cat hodi c pr ot ect i on syst em,  and i s 
based upon t he pr emi se t hat  t he syst em i s desi gned 
by a qual i f i ed engi neer i ng f i r m hi r ed by t he 
Gover nment  t o pr ovi de a compl et e cat hodi c pr ot ect i on 
syst em desi gn,  i ncl udi ng det ai l ed speci f i cat i ons 
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( whi ch cont ai n per f or mance cr i t er i a)  and dr awi ngs 
whi ch t he successf ul  Cont r act or  can t hen use t o 
const r uct  t he syst em.   The engi neer i ng f i r m must  
pr ovi de t he desi gn ser vi ces of  a Cor r osi on Exper t ( s)  
t o desi gn,  super vi se,  and i nspect  syst em 
i nst al l at i on and t est ,  ener gi ze,  and adj ust  t he 
compl et ed syst em i nst al l at i on.   The Cor r osi on Exper t  
i s  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  of  Lock & Dam Mi t er  and Tai nt er  
Gat es and ot her  submer ged met al l i c  appur t enances.   
Such per son( s)  must  be accr edi t ed or  cer t i f i ed by 
NACE I nt er nat i onal  ( f or mer l y t he Nat i onal  
Associ at i on of  Cor r osi on Engi neer s)  as a Cor r osi on 
or  Cat hodi c Pr ot ect i on ( CP)  Speci al i s t  or  be a 
r egi st er  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  of  Lock & Dam Mi t er  and Tai nt er  
Gat es and ot her  submer ged met al l i c  appur t enances.   
The names and qual i f i cat i ons of  t he Cor r osi on 
Exper t ( s)  must  be cer t i f i ed and submi t t ed i n wr i t i ng 
t o t he Cont r act i ng Of f i cer  pr i or  t o t he st ar t  of  t he 
cat hodi c pr ot ect i on syst em desi gn.

I t  i s  t he i nt ent  of  t hese gui de speci f i cat i on t o 
r equi r e t he Cont r act or  t o desi gn,  f ur ni sh,  i nst al l ,  
t est  and pl ace i nt o ser vi ce t he compl et e cat hodi c 
pr ot ect i on syst em f or  t he l ock mi t er  gat es.   The 
syst em i s t o consi st  of  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 t he anodes i n t he wat er  
el ect r ol yt e t o t he gat e sur f aces 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  
st r uct ur es agai nst  cor r osi on wher e t he sur f aces ar e 
i n cont act  wi t h t he wat er .   The met al l i c  sur f aces of  
t he gat es need onl y be pr ot ect ed t o upper  pool  
st ages,  except  t hat  t he downst r eam si de of  t he l ower  
gat e shal l  be pr ot ect ed t o l ower  pool  l evel .   Thi s 
i s  i n addi t i on t o t he pr ot ect i ve coat i ng on t he 
gat es.   The Cont r act or  wi l l  pr ovi de,  pr i or  t o syst em 
i nst al l at i on,  det ai l ed desi gn cal cul at i ons,  bi l l  of  
mat er i al s l i s t s and dr awi ngs of  t he cat hodi c 
pr ot ect i on syst em.   The dr awi ngs wi l l  det ai l  t he 
syst em i nst al l at i on i ncl udi ng ar r angement  and 
l ocat i ons of  al l  anodes,  t er mi nal  boxes,  condui t  
r out i ng and t est  f aci l i t i es t o be i nst al l ed f or  
cor r osi on cont r ol  on t he submer ged sur f aces of  t he 
gat es.   The Cont r act or  f ur ni shed mat er i al s l i s t ,  
desi gn cal cul at i ons and dr awi ngs must  be appr oved by 
t he Cont r act i ng Of f i cer  pr i or  t o pur chasi ng,  
del i ver i ng or  i nst al l i ng any of  t he cat hodi c 
pr ot ect i on syst em.   These speci f i cat i ons t oget her  
wi t h t he appr oved mat er i al s l i s t ,  desi gn 
cal cul at i ons and dr awi ngs pr ovi de t he mi ni mum 
r equi r ement s of  t hi s cont r act .   The cat hodi c 
pr ot ect i on syst em wi l l  be f ur ni shed compl et e and i n 
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oper at i ng condi t i on as f ur t her  def i ned l at er  i n t hi s 
specification.

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

1. 1   UNI T PRI CES

Measur ement  and payment  r equi r ement s wi l l  be speci f i ed f or  wor k subj ect  t o 
ext r eme var i at i on i n est i mat ed quant i t y when uni t  pr i ce bi ddi ng i s r equi r ed.

1. 2   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 
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.

I f  t he Cont r act or  desi r es,  f or  any r eason,  t o devi at e f r om or  ut i l i ze 
publ i cat i ons ot her  t han t hose desi gnat ed bel ow,  submi t  t o t he Cont r act i ng 
Of f i cer ,  f or  r evi ew and appr oval ,  t he r equest ed devi at i on and/ or  t he 
publ i cat i on pr oposed f or  use.   Thi s submi ssi on shal l  c l ear l y st at e t he 
r equest ed devi at i on and t he r easons f or  i t ,  i ncl udi ng a compl et e compar i son 
and cr oss- r ef er ence i n suf f i c i ent  det ai l  t o pr ove compl i ance t o t he 
appl i cabl e por t i ons of  t he publ i cat i ons r ef er r ed t o her ei n and l i s t ed bel ow.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C39. 1 ( 1981;  R 1992)  Requi r ement s f or  El ect r i cal  
Anal og I ndi cat i ng I nst r ument s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A518/ A518M ( 1999;  R 2018)  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 
Castings

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
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ASTM D789 ( 2015)  Det er mi nat i on of  Rel at i ve Vi scosi t y 
and Moi st ur e Cont ent  of  Pol yami de ( PA)

NACE I NTERNATI ONAL ( NACE)

NACE SP0169 ( 2015)  Cont r ol  of  Ext er nal  Cor r osi on on 
Under gr ound or  Submer ged Met al l i c  Pi pi ng 
Systems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C80. 1 ( 2005)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d St eel  Condui t  ( ERSC)

NEMA 250 ( 2018)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA FB 1 ( 2014)  St andar d f or  Fi t t i ngs,  Cast  Met al  
Boxes,  and Condui t  Bodi es f or  Condui t ,  
El ect r i cal  Met al l i c  Tubi ng,  and Cabl e

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

NEMA ST 1 ( 1988;  R 1994;  R 1997)  Speci al t y 
Tr ansf or mer s ( Except  Gener al  Pur pose Type)

NEMA ST 20 ( 1992;  R 1997)  St andar d f or  Dr y- Type 
Tr ansf or mer s f or  Gener al  Appl i cat i ons

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;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

CERL Tech Rep FM- 95/ 05 ( 1994)  Fi el d Eval uat i on of  Cat hodi c 
Pr ot ect i on Syst ems Usi ng Cer ami c- Coat ed 
Anodes f or  Lock and Dam Gat es

EM 1110- 2- 2704 ( 2004)  Engi neer i ng and Desi gn - -  Cat hodi c 
Pr ot ect i on Syst ems f or  Ci v i l  Wor ks 
Structures

UNDERWRI TERS LABORATORI ES ( UL)

UL 489 ( 2016)  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
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1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Gener al  Descr i pt i on

Fur ni sh,  i nst al l ,  t est  and pl ace i n ser vi ce a compl et e cat hodi c pr ot ect i on 
syst em f or  t he l ock mi t er  gat es consi st i ng of  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 t he anodes i n t he wat er  el ect r ol yt e t o t he gat e sur f aces 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  st r uct ur es 
agai nst  cor r osi on wher e t he sur f aces ar e i n cont act  wi t h t he wat er .   The 
met al l i c  sur f aces of  t he gat es need onl y be pr ot ect ed t o upper  pool  st ages,  
except  t hat  t he downst r eam si de of  t he l ower  gat e shal l  be pr ot ect ed t o 
l ower  pool  l evel .   Thi s i s  i n addi t i on t o t he pr ot ect i ve coat i ng on t he 
gates.

a.   Pr ovi de,  pr i or  t o syst em i nst al l at i on,  det ai l ed desi gn cal cul at i ons,  
bi l l  of  mat er i al s l i s t s and dr awi ngs of  t he cat hodi c pr ot ect i on 
syst em.   The det ai l ed dr awi ngs shal l  show t he syst em i nst al l at i on 
i ncl udi ng ar r angement  and l ocat i ons of  al l  anodes,  t er mi nal  boxes,  
condui t  r out i ng and t est  f aci l i t i es t o be i nst al l ed f or  cor r osi on 
cont r ol  on t he submer ged sur f aces of  t he gat es.   Si x copi es each of  
det ai l  dr awi ngs of  t he pr oposed cat hodi c pr ot ect i on syst em 
i nst al l at i on,  pr oposed bi l l  of  mat er i al s,  and Cont r act or  desi gn 
cal cul at i ons wi t hi n [ 30]  [ 45]  [ 90]  [ _____]  days af t er  r ecei pt  of  not i ce 
t o pr oceed,  and bef or e commencement  of  any wor k.   The dr awi ngs shal l  
pr ovi de di mensi ons and show anode ar r angement  f or  bot h el evat ed and 
sect i onal  v i ews of  t he gat es,  r ect i f i er  det ai l s  and l ocat i ons,  t er mi nal  
box det ai l s  and l ocat i ons,  mount i ng det ai l s ,  wi r i ng di agr am,  condui t  
l ayout  l ocat i ons,  t ypes and t r ansi t i ons 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.

b.   The Cont r act or ' s f ur ni shed mat er i al s l i s t ,  desi gn cal cul at i ons and 
dr awi ngs shal l  be appr oved by t he Cont r act i ng Of f i cer  pr i or  t o 
pur chasi ng,  del i ver i ng or  i nst al l i ng any of  t he cat hodi c pr ot ect i on 
syst em.   These speci f i cat i ons t oget her  wi t h t he appr oved mat er i al s 
l i s t ,  desi gn cal cul at i ons and dr awi ngs shal l  pr ovi de t he mi ni mum 
r equi r ement s of  t hi s cont r act .

c.   The cat hodi c pr ot ect i on syst em shal l  be f ur ni shed compl et e and i n 
oper at i ng condi t i on as f ur t her  def i ned l at er  i n t hi s speci f i cat i on.

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

Fi nal  t est  and adj ust  t he syst em such t hat  t he cat hodi c pr ot ect i on syst em 
i s pr ovi di ng cor r osi on cont r ol  f or  t he submer ged sur f aces of  t he l ock mi t er  
gat es i n accor dance wi t h t he f ol l owi ng par agr aphs t aken f r om Sect i on 6 of  
NACE SP0169.

1. 3. 2. 1   Fi r st  Cr i t er i on

A negat i ve ( cat hodi c)  vol t age of  at  l east  a mi nus 850 mi l l i vol t s 
" i nst ant - of f "  pot ent i al ,  as measur ed wi t h r espect  t o a cal i br at ed,  
sat ur at ed copper - copper  sul f at e r ef er ence el ect r ode ( CSE)  over  90 per cent  
of  each gat e l eaf  f ace,  and at  l east  mi nus 800 mi l l i vol t s " i nst ant - of f "  at  
al l  ot her  l ocat i ons.   These r equi r ement s do not  necessar i l y  i ncl ude t hose 
ar eas wi t hi n 0. 61 m 2 f t  of  t he s i l l ,  quoi n and mi t er  of  each gat e ( r ef er  
t o Par agr aph 1. 3. 3. 2 of  NACE SP0169) .   The above cr i t er i a shal l  be achi eved 
wi t hout  t he " i nst ant - of f "  pot ent i al  exceedi ng mi nus 1100 mi l l i vol t s  at  any 
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l ocat i on.   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.   Cor r ect i on shal l  be made f or  I R dr op usi ng 
" i nst ant - of f "  pot ent i al  measur ement s ( al l  oper at i ng cat hodi c pr ot ect i on 
syst ems shal l  be s i mul t aneousl y i nt er r upt ed) .   I f  di gi t al  met er s ar e used 
t o obt ai n t hese measur ement s,  t he second r eadi ng di spl ayed on t he di gi t al  
vol t met er  af t er  i nt er r upt i on of  t he r ect i f i er  cur r ent  shal l  be i nt er pr et ed 
as t he " i nst ant - of f "  r eadi ng.

1. 3. 2. 2   Second Cr i t er i on

A second cr i t er i on may be used f or  t hose gat e submer ged sur f aces wi t hi n 
0. 61 m 2 f t  of  each gat e s i l l ,  quoi n,  and mi t er  t o ensur e t hat  t he 
oper at i ng condi t i ons ar e pr ovi di ng cat hodi c pr ot ect i on.   Thi s cr i t er i on i s 
a mi ni mum cat hodi c pol ar i zat i on vol t age decay of  100 mi l l i vol t s pr ovi ded 
t hat  a pot ent i al  of  at  l east  mi nus 750 mi l l i vol t s " i nst ant - of f "  pot ent i al  
as measur ed wi t h r espect  t o a cal i br at ed,  sat ur at ed copper - copper  sul f at e 
r ef er ence el ect r ode ( CSE)  i s al so obt ai ned.   Pol ar i zat i on shi f t  
measur ement s shal l  be made wi t hi n 0. 305 m 1 f t  of  t he s i l l  pl at e at  t he 
quoi n,  at  0. 61 m 2 f t  i nt er val s al ong t he gat e bot t om,  and at  t he mi t er  on 
each gat e l eaf  f ace.   Thi s cr i t er i on cannot  be used unt i l  t he cr i t er i on i n 
par agr aph 1. 3. 3. 1 of  NACE SP0169 f or  t he r emai ni ng gat e submer ged sur f aces 
have been mai nt ai ned f or  a mi ni mum 1- week per i od.   Thi s al l ows t i me f or  t he 
cat hodi c pr ot ect i on syst em t o pol ar i ze t he gat e met al .   The " i nst ant - of f "  
pot ent i al  shal l  be measur ed bet ween t he st r uct ur e sur f ace and a sat ur at ed 
copper - copper  sul f at e r ef er ence cel l  i mmer sed i n t he el ect r ol yt e di r ect l y 
adj acent  t o t he st r uct ur e.   I nt er r upt i ng t he pr ot ect i ve cur r ent  and 
measur i ng t he pol ar i zat i on decay t her eaf t er  shal l  det er mi ne t hi s 
pol ar i zat i on vol t age shi f t .   When t he pr ot ect i ve cur r ent  i s  i ni t i al l y  
i nt er r upt ed,  an i mmedi at e vol t age shi f t  wi l l  occur .   The second vol t age 
r eadi ng obser ved af t er  t he i mmedi at e vol t age shi f t  shal l  be r ecor ded and 
used as t he base r eadi ng f r om whi ch t o measur e pol ar i zat i on decay.   
Readi ngs shal l  t hen be t aken each 10 mi nut es t her eaf t er  and t he vol t age 
r eadi ngs and t i me i nt er val s r ecor ded.   The t ot al  t i me f or  achi evi ng t hi s 
decay shal l  be 4 hour s or  l ess.

1. 3. 3   Cont r act or  Qual i t y Cont r ol

1. 3. 3. 1   General

Est abl i sh and mai nt ai n qual i t y  cont r ol  f or  al l  oper at i ons t o assur e 
compl i ance wi t h cont r act  r equi r ement s and mai nt ai n r ecor ds of  t hi s qual i t y  
cont r ol  f or  al l  const r uct i on oper at i ons,  i ncl udi ng,  but  not  l i mi t ed t o,  t he 
following:

a.   Desi gn
b.   Mat er i al s
c.   Assembl y and wor kmanshi p
d.   I nst al l at i on
e.   Test i ng

1. 3. 3. 2   Reporting

The or i gi nal  and t wo copi es of  t hese r ecor ds and t est s,  as wel l  as 
cor r ect i ve act i on t aken,  shal l  be f ur ni shed [ dai l y ]  [ _____]  t o t he 
Cont r act i ng Of f i cer .

1. 3. 4   Modi f i cat i on of  Desi gn

No modi f i cat i ons of  t he desi gn of  t he cat hodi c pr ot ect i on syst em as 
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speci f i ed and shown on t he Cont r act or ' s appr oved dr awi ngs shal l  be made 
except  wi t h t he expr ess wr i t t en appr oval  of  t he Cont r act i ng Of f i cer .   
Submi t  al l  Cont r act or  i dent i f i ed di scr epanci es i n t he desi gn or  any change 
pr oposal s wi t h suf f i c i ent  det ai l s  f or  compl et e eval uat i on by t he 
Cont r act i ng Of f i cer .   The mi ni mum desi gn r equi r ement s speci f i ed her ei n 
shal l  be met .   Al l  such pr oposed modi f i cat i ons shal l  be f ul l y  descr i bed and 
submi t t ed t o t he Cont r act i ng Of f i cer  f or  appr oval .   The Cont r act or  i s  
r esponsi bl e f or  t he sat i sf act or y per f or mance of  t he f ur ni shed compl et e 
syst ems.   Modi f i cat i ons or  changes pr oposed shal l  be i dent i f i ed as a 
" MODI FI CATI ON"  or  " CHANGE"  and shal l  be submi t t ed t o t he Cont r act i ng 
Of f i cer  f or  appr oval  wi t hi n 15 days af t er  t he need f or  such modi f i cat i on or  
change i s det er mi ned.

1. 4   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.

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.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

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 ed Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Mat er i al s and Equi pment ;  G[ ,  [ _____] ]
Tr ai ni ng Cour se;  G[ ,  [ _____] ]
Pr ot ect i ve Angl e I r ons;  G[ ,  [ _____] ]
Modi f i cat i on of  Desi gn;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Fact or y Test  Dat a
Syst em Commi ssi oni ng;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Qual i f i cat i ons;  G[ ,  [ _____] ]

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

Oper at i on and Mai nt enance I nst r uct i ons;  G[ ,  [ _____] ]

1. 5   QUALI TY ASSURANCE

1. 5. 1   Qualifications

The cat hodi c pr ot ect i on syst em i nst al l at i on,  i ncl udi ng al l  t est i ng,  
ener gi z i ng and pl aci ng of  syst em i n ser vi ce,  shal l  be per f or med by an 
or gani zat i on t hat  has had a mi ni mum of  5 year s '  exper i ence i n t hi s t ype of  
wor k.   The Cor r osi on Exper t  whose cr edent i al s meet  or  exceed t hose pr ovi ded 
f or  bel ow shal l  super vi se t he i nst al l at i on and t est i ng of  t hi s syst em.   
Submi t  cer t i f i ed Cor r osi on Exper t ( s)  qual i f i cat i ons f or  al l  per sonnel  who 
may be used t o f ul f i l l  t hi s posi t i on on t he pr oj ect .   I nst al l at i on of  t he 
cat hodi c pr ot ect i on syst em wi l l  al so be wi t nessed by t he Cont r act i ng 
Of f i cer .   Pr ovi de cer t i f i ed i nf or mat i on wi t h t hei r  submi t t al s evi denci ng 
t hei r  compl i ance wi t h t hi s or gani zat i on exper i ence r equi r ement .

1. 5. 2   Cont r act or ' s Responsi bi l i t i es

Pr ovi de t he ser v i ces of  a Cor r osi on Exper t  t o desi gn,  super vi se 
i nst al l at i on,  t est  and f i nal  adj ust  t he mi t er  gat e cat hodi c pr ot ect i on 
syst em f or  oper at i on i n accor dance wi t h t hese speci f i cat i ons.   I nspect  al l  
wor k associ at ed wi t h t he syst em i nst al l at i on,  cer t i f y  al l  wor k pr i or  t o 
syst em ener gi zat i on and be pr esent  and par t i c i pat e i n al l  syst em t est i ng 
and f i nal  adj ust i ng.

1. 5. 3   Cor r osi on Exper t

" Cor r osi on exper t , "  as used i n t hi s speci f i cat i on,  i s  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 nc i 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 
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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  submer ged met al  st r uct ur es.   Such a per son shal l  be accr edi t ed 
or  cer t i f i ed by t he Nat i onal  Associ at i on of  Cor r osi on Engi neer s ( NACE)  as a 
NACE Accr edi t 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  submer ged met al l i c  st r uct ur es,  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 met al l i c  
st r uct ur es of  t he t ype under  t hi s  cont r act .

1. 5. 4   Pr e- I nst al l at i on Meet i ng

A pr e- i nst al l at i on meet i ng shal l  be conduct ed at  t he pr oj ect  s i t e of f i ce 
whi ch shal l  be at t ended by t he Cont r act or ' s pr oj ect  super i nt endent  and 
cor r osi on exper t .   Thi s meet i ng shal l  be hel d af t er  al l  pr e- const r uct i on 
submi t t al s have been made and appr oved by t he Cont r act i ng Of f i cer  pr i or  t o 
t he st ar t  of  any wor k on t hi s pr oj ect .   The meet i ng shal l  i ncl ude 
di scussi ons of  Saf et y,  Communi cat i on and Wor k Pl ans,  as wel l  as any ot her  
i ssues whi ch may have r i sen as a r esul t  of  t he submi t t al  r evi ew.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

The Cont r act i ng Of f i cer  wi l l  ar r ange t o pr ovi de an unsecur ed ar ea onsi t e 
f or  t he Cont r act or  t o st or e t he syst em mat er i al s and i nst al l at i on 
equi pment .   The ar ea' s s i ze wi l l  be l i mi t ed t o appr oxi mat el y [ _____]  squar e 
met er s squar e f eet .   Pr ovi de st or age means t o secur e t he equi pment  agai nst  
l oss due t o t hef t  and/ or  weat her ,  f i r e or  f l oods.

1. 7   PROJECT/ SI TE CONDI TI ONS

Coor di nat e and pr oper l y r el at e t he wor k t o t he s i t e and t o al l  t r ades.   The 
l ocat i on and di mensi ons of  t he gat e st r uct ur es t o r ecei ve pr ot ect i on ar e 
avai l abl e f r om t he Cont r act i ng Of f i cer .   The cat hodi c pr ot ect i on syst em 
desi gn i s based on a wat er  r esi st i v i t y of  [ _____] ,  a t ot al  ar ea,  i n squar e 
met er s f eet ,  of  [ _____] ,  a mi ni mum coat i ng ef f i c i ency of  50 per cent ,  a 
mi ni mum cur r ent  densi t y r equi r ement  f or  ef f ect i ve cat hodi c pr ot ect i on of  
[ _____]  amper es/ bar e squar e met er  f oot  of  submer ged st eel  and a 20- year  
l i f e expect ancy.

1. 8   WARRANTY

The mat er i al s,  equi pment ,  and wor kmanshi p f ur ni shed under  t hi s sect i on of  
t he speci f i cat i ons shal l  be guar ant eed f or  a per i od of  1 year  f r om t he dat e 
of  accept ance.   Pr i or  t o expi r at i on of  t he war r ant y per i od,  t he Gover nment  
wi l l  conduct  a Syst em vol t age and cur r ent  out put  t est  of  t he cat hodi c 
pr ot ect i on syst em i ncl udi ng each anode out put  i nst al l ed on t he l ock gat e 
st r uct ur e as wel l  as det ai l ed " On"  and " I nst ant - Of f "  st r uct ur e t o 
el ect r ol yt e pot ent i al  measur ement s t o det er mi ne i f  t he syst em and equi pment  
ar e per f or mi ng i n accor dance wi t h t he pl ans and speci f i cat i ons and t hat  no 
s i gni f i cant  det er i or at i on of  t he syst em or  component s t her ei n has occur r ed 
dur i ng t he f i r st  year  of  oper at i on.   Acknowl edge r esponsi bi l i t y  under  t hese 
guar ant ee pr ovi s i ons by l et t er ,  s t at i ng t hat  t he equi pment ,  mat er i al s,  and 
wor kmanshi p r ef er r ed t o her ei n ar e guar ant eed t o cont i nue t o per f or m as 
i nst al l ed and t o cont i nue t o pr ovi de ef f ect i ve cor r osi on cont r ol  i n 
accor dance wi t h t he cr i t er i a el sewher e i n t hese speci f i cat i ons and 
speci f i cal l y  i ndi cat i ng t he i ncl usi ve dat es of  t he guar ant ee per i od 
st ar t i ng at  t he dat e of  f i nal  accept ance of  t he cor r ect l y wor ki ng syst em 
appr oved by t he gover nment  and f or  a per i od of  1 year  t her eaf t er .
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1. 9   SYSTEM COMMI SSI ONI NG

1. 9. 1   General

The Cont r act or ' s  Cor r osi on Exper t  shal l  per f or m t he f ol l owi ng syst em 
ener gi z i ng and commi ssi oni ng t est s.   Per f or m al l  ener gi z i ng and 
commi ssi oni ng t est s i n t he pr esence of  t he Pr oj ect  Cor r osi on Engi neer ,  
r ecor ded and submi t t ed t o t he Cont r act i ng Of f i cer  wi t hi n [ _____]  days 
f ol l owi ng compl et i on of  t he t est .   Submi t  al l  i nst al l at i on and ener gi zat i on 
measur ement s and t est  dat a i n t abul at ed f or m.   Not i f y t he Cont r act i ng 
Of f i cer  30 days i n advance of  t he dat e of  t he t est  so t hat  a r epr esent at i ve 
can be pr esent .   Al l  i nst r ument s used i n conduct i ng t he t est s shal l  have 
been cal i br at ed by an accr edi t ed t est i ng l abor at or y wi t hi n 1 year  pr i or  t o 
t he t est .   Cer t i f i cat i on shal l  be pr ovi ded t o t he Cont r act i ng Of f i cer  f or  
approval.

1. 9. 2   I nsul at i on Test i ng

Af t er  i nst al l at i on of  t he but t on anode on t he gat e,  but  pr i or  t o connect i on 
t o t he r ect i f i er  and submer gence,  an i nsul at i on t est  shal l  be made t o 
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 
anode and t he st r uct ur e.   These t est s shal l  be made usi ng a Megger  
appar at us or  ot her  devi ce speci f i cal l y  desi gned f or  t hi s pur pose.   Any 
i nsul at i on f ound t o be shor t ed shal l  be r epl aced.   Each but t on anode shal l  
have a mi ni mum r esi st ance of  500, 000 ohms i sol at i on f r om t he gat e.   I f  t he 
but t on anode f ai l s  t o i ndi cat e 500, 000 ohms i sol at i on,  make t he necessar y 
cor r ect i ons and/ or  modi f i cat i ons t o t he anode i nst al l at i on t o achi eve t he 
mi ni mum r eadi ng.

1. 10   EXTRA MATERI ALS

a.   Fur ni sh spar e r od,  sausage and but t on- t ype anodes ( t he t ype used i n t he 
or i gi nal  i nst al l at i on)  t o t he Cont r act i ng Of f i cer  wi t h a mi ni mum of  
f i ve of  each t ype i nst al l at i on component  r equi r ed f or  t he or i gi nal  
i nst al l at i on of  t he sausage and but t on anodes.   Suf f i c i ent  neopr ene 
gasket s,  mount i ng har dwar e,  and epoxy cement  shal l  be f ur ni shed f or  
i nst al l at i on of  t he s i l i con but t on anodes.   Suppl y a mi ni mum of  t wo of  
each t ype of  anode r od or  st r i ng assembl i es each f or  t he upst r eam and 
downst r eam gat es ( anode assembl y compl et e wi t h f act or y at t ached 30. 48 m 
100 f t  anode l ead cabl e and a mi ni mum of  f i ve di sk or  but t on anodes wi t h
 30. 48 m 100 f t  of  f act or y at t ached cabl e) .   Cement ,  epoxy,  
pol ychl or opr ene gasket s,  et c.  and any ot her  mat er i al  needed f or  
i nst al l at i on shal l  be suppl i ed i n suf f i c i ent  quant i t y t o i nst al l  t hese 
spar e component s.

b.   Fur ni sh a compl et e set  of  speci al  t ool s,  pr ovi ded i n a st eel  or  pl ast i c 
t ool box,  f or  use i n i nst al l i ng al l  t ypes of  anodes used i n t he 
i nst al l at i on.   Tool s used i n maki ng t he or i gi nal  i nst al l at i on,  pr ovi ded 
t hey ar e i n good wor ki ng condi t i on,  wi l l  be accept abl e.   One t ool  shal l  
be a t or que wr ench devi ce capabl e of  275. 79 kPa 40 psi .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Al l  cat hodi c pr ot ect i on syst em mat er i al s and equi pment  f ur ni shed shal l  be 
desi gned f or  a mi ni mum 20- year  ser vi ce l i f e when oper at i ng at  t he syst em 
maxi mum r at ed out put .   The component s t o be used shal l  be based on t he 
Cont r act or ' s Cat hodi c Pr ot ect i on Syst em Speci al i s t ' s  desi gn whi ch shal l  be 
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i n accor dance wi t h t hese speci f i cat i ons.   Submi t  a compl et e l i s t  i n 
t r i pl i cat e of  mat er i al s and equi pment  t o be i ncor por at ed i n t he wor k,  
wi t hi n [ 30]  [ 45]  [ 90]  [ _____]  days af t er  dat e of  r ecei pt  of  not i ce t o 
pr oceed,  and bef or e commencement  of  i nst al l at i on of  any mat er i al s or  
equi pment .   The l i s t  shal l  i ncl ude cut s,  di agr ams,  and such ot her  
descr i pt i ve dat a as may be r equi r ed by t he Cont r act i ng Of f i cer .   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 consi der ed.   Submi t ,  as a 
mi ni mum,  t he f ol l owi ng:

a.  Wat er  r esi st i v i t y as measur ed on s i t e.

b.  Compl et e syst em desi gn cal cul at i ons whi ch,  as a mi ni mum,  shal l  be as 
pr ovi ded i n Appendi x " K"  of  CERL Tech Rep FM- 95/ 05 i ncl udi ng 
cal cul at i ons f or  t ot al  cur r ent  r equi r ed f or  each gat e s i de,  each anode 
ci r cui t  r esi st ance,  r ect i f i er  cur r ent  and vol t age out put  r equi r ement s 
and l i f e of  each anode t ype and l ocat i on wi t hi n t he syst em.

c.  Compl et e l i s t  of  mat er i al s f or  al l  cat hodi c pr ot ect i on syst em component s 
i ncl udi ng al l  r epl aceabl e component s i n t he r ect i f i er  uni t s,  t er mi nal  
boxes and anodes mat er i al s wi t h mount i ng equi pment  i ncl udi ng par t  
number s and sour ce name,  addr ess and phone number  f or  each component .

d.  Conduct or  t ypes and si zes i ncl udi ng copper  gr ade,  number  of  st r ands,  
i nsul at i on,  and r esi st ance f or  each wi r e t ype and si ze t o be used.

e.  Anodes,  l ayout  of  anodes,  and det ai l ed descr i pt i on of  anode i nst al l at i on 
procedure.

f .  Layout  of  r ect i f i er s and anode t er mi nal  boxes,  r ect i f i er  and t er mi nal  
box det ai l s  i ncl udi ng met hod of  cont r ol  i ncl udi ng wi r i ng di agr am and 
schemat i c,  out put  measur ement  means,  cabi net  mat er i al s and 
const r uct i on,  ammet er s and vol t met er s,  shunt  r esi st or s,  var i abl e 
r esi st or s,  and AC & DC l i ght ni ng and sur ge pr ot ect i on.

g.  Al l  connect i ons,  suppor t s,  and seal s f or  conduct or s,  condui t ,  and 
pl ast i c and st eel  pr ot ect or  pi pes,  pi pe caps,  angl e i r on,  [ _____] .

h.  Al l  wat er t i ght  connect i ons and connect i on pr ot ect i on means.

i .  Resi st or  and anode t er mi nal  cabi net  det ai l s  and mount i ng l ocat i ons.   
I dent i f i ed connect i ons and conduct or s i n t he t er mi nal  cabi net  shal l  be 
shown on a dr awi ng.

j .  Cer t i f i ed exper i ence and qual i f i cat i on dat a of  i nst al l i ng f i r m,  as 
speci f i ed i n par agr aph QUALI FI CATI ONS.

2. 1. 1   Di r ect  Cur r ent  Cabl es

**************************************************************************
NOTE:   Low- densi t y,  hi gh- mol ecul ar - wei ght ,  
pol yet hyl ene ( HMPE)  i nsul at i on conf or mi ng t o ASTM 
D1248,  Type I ,  Cl ass C,  Gr ade 5,  Gr ades E- 5 and J- 1,  
shoul d be speci f i ed f or  al l  exposed cabl e or  cabl e 
t o be i nst al l ed i n conj unct i on wi t h r od or  st r i ng 
anode pr ot ect i ve condui t .   Hi gh- densi t y pol yet hyl ene 
i s not  r ecommended because i t  i s  subj ect  t o st r ess 
cr acki ng.   Pol yv i nyl  chl or i de ( PVC)  i nsul at i on i s 
not  r ecommended because i t  i s  a r el at i vel y sof t  and 
easi l y damaged i nsul at i on and does not  have t he 
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r equi r ed t i ght  f i t  on t he wi r e,  whi ch can pr ovi de a 
pat h f or  moi st ur e i ngr ess and cor r osi on at t ack on 
t he wi r e

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

2. 1. 1. 1   Anode Lead Cabl es

Di r ect  cur r ent  cabl e f r om t he t er mi nal  cabi net  t o each anode di sk,  r i bbon,  
but t on or  r od assembl y shal l  consi st  of  7- st r and 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 ( HMPE) ,   
2. 78 mm 7/ 64 i nch t hi ck,  600- vol t  r at i ng,  i n accor dance wi t h ASTM D1248, 
Type I ,  Cl ass C,  Gr ades E- 5 and J- 1.   Each anode l ead shal l  be cont i nuous 
wi t hout  spl i ces f r om i t s poi nt  of  connect i on i n t he t er mi nal  cabi net  t o t he 
anode di sk,  r i bbon,  but t on,  or  r od assembl y.   The cabl e- t o- anode connect i on 
shal l  be assembl ed by t he manuf act ur er  and t he ar ea shal l  be seal ed wi t h a 
wat er pr oof  epoxy.   Cabl e- t o- anode cont act  r esi st ance shal l  be 0. 003 ohm 
maxi mum.   HSCI  st r i ng anode assembl i es ( assembl ed i n l i nk sausage manner  t o 
t he anode cabl e l ead)  shal l  al so be assembl ed by t he manuf act ur er .   The 
conduct or  f or  t he HSCI  sausage st r i ngs onl y shal l  be 7- st r and,  No.  4 AWG 
copper  wi r e wi t h CP hi gh mol ecul ar  wei ght  pol yet hyl ene i nsul at i on ( HMPE) ,   
2. 78 mm 7/ 64 i nch t hi ck,  600- vol t  r at i ng,  i n accor dance wi t h ASTM D1248, 
Type I ,  Cl ass C,  Gr ades E- 5 and J- 1,  and shal l  not  be cut  or  spl i ced wi t hi n 
t he anode or  assembl y and shal l  be r out ed wi t hout  spl i c i ng t o t he anode 
t er mi nal  box.   The cabl e HMPE i nsul at i on does not  adher e wel l  t o some 
epoxi es and shal l  be r oughed i n t he seal ant  ar ea pr i or  t o appl i cat i on of  
t he seal ant  t o t he anode connect i ons.   Anode l eads,  t er mi nal  boar d 
connect i ons,  and cor r espondi ng j umper s on t he f r ont  of  t he t er mi nal  boar d 
shal l  be mar ked wi t h t he anode number ,  as speci f i ed.

2. 1. 1. 2   Rect i f i er  and Ter mi nal  Cabi net s Connect i on Cabl es

Conduct or s shal l  be sof t  dr awn copper  and shal l  have t he number  of  
conduct or s as shown on t he dr awi ngs.   Cabl es connect i ng t he t er mi nal  
cabi net  t o t he l ock wal l  out l et  and cabl es bet ween t he l ock wal l  out l et  and 
t he r ect i f i er  dc t er mi nal s shal l  be No.  10 AWG i nsul at ed copper  wi r e,  and 
have a neopr ene j acket .   Cabl es bet ween t he r esi st or  and anode t er mi nal  
cabi net s on each gat e shal l  consi st  of  7- st r and No.  8 AWG st r anded copper  
wi r e wi t h t ype CP HMPE,  2. 78 mm 7/ 64 i nch t hi ck,  600- vol t  r at i ng,  i n 
accor dance wi t h ASTM D1248,  Type I ,  Cl ass C,  Gr ades E- 5 and J- 1.   One 
conduct or  shal l  be i ncl uded f or  each dc pl us ( +)  c i r cui t  and one conduct or  
f or  each negat i ve ( - )  connect i on.   Each cabl e shal l  be cont i nuous wi t hout  
spl i ces f r om i t s  poi nt  of  connect i on i n one t er mi nal  cabi net  t o i t s  poi nt  
of  connect i on i n t he ot her  t er mi nal  cabi net .

2. 1. 2   Cabl e i n Condui t

Cat hodi c pr ot ect i on cabl es shal l  consi st  of  sof t  dr awn copper  conduct or s 
wi t h Cl ass B st r andi ng and a [ l ow- densi t y,  hi gh- mol ecul ar - wei ght  bl ack 
pol yet hyl ene]  [ RHW- USE St yl e RR Hypal on]  cover i ng ser vi ng as bot h 
i nsul at i on and j acket .   Cabl es shal l  meet  or  exceed t he r equi r ement s 
speci f i ed above.   Fl exi bl e cabl e connect i ons bet ween t he ac power  out l et  on 
t he l ock wal l  and t he ac i nput  t er mi nal s of  t he r ect i f i er  shal l  be made 
wi t h No.  10 AWG copper  conduct or s i n f l exi bl e por t abl e power  cabl es,  UL 
t ype SO.

SECTI ON 26 42 19. 10  Page 15



2. 2   RECTI FI ERS AND AUXI LI ARY EQUI PMENT

2. 2. 1   General

Pr ovi de a r ect i f i er  uni t  f or  [ each upst r eam and downst r eam f ace of  each 
gat e l eaf ]  [ each of  t he f our  gat e l eaves of  t he l ock] .   The cat hodi c 
pr ot ect i on syst em power  c i r cui t  shal l  consi st  of  a st ep- down t r ansf or mer  
wi t h secondar y t aps f or  out put  adj ust ment ,  pr i mar y c i r cui t  br eaker ,  
r ect i f i er  t r ansf or mer ,  r ect i f i er ,  secondar y f uses,  and r ect i f i er  t er mi nal  
panel .   The r ect i f i er  uni t s shal l  be l ocat ed [ i n t he cont r ol  houses]  
[ out s i de at  t he speci f i ed l ocat i ons] .   They shal l  be desi gned [ f or  r emoval  
dur i ng per i ods when f l ood wat er s over t op t he l ock wal l ]  [ t o be 
free-standing].

2. 2. 2   Cabinets

**************************************************************************
NOTE:   Ai r - cool ed r ect i f i er s ar e used f or  most  
appl i cat i ons.   Oi l  i mmer si on cool ed uni t s ar e 
nor mal l y on used i n hi ghl y cor r osi on at mospher es.

The r ect i f i er  cabi net  may be l ocat ed i n t he cont r ol  
house t o avoi d pr obl ems caused by moi st ur e,  i nsect s,  
dust ,  vandal i sm,  et c. ,  when t hese ar e a f act or .   
When out s i de pl acement  of  t he r ect i f i er  i s  
i ndi cat ed,  t he r ect i f i er  must  be secur el y mount ed or  
f ast ened t o t he st r uct ur e ( see Al t er nat e 2 bel ow) .   
When hi gh- wat er  f l oodi ng i s l i kel y,  t he r ect i f i er  
shoul d be mount ed on wheel s f or  easy r emoval  ( see 
Al t er nat e 1 bel ow) .   I t  i s  l ef t  t o t he desi gner  t o 
pr ovi de det ai l ed dr awi ngs f or  ei t her  t ype r ect i f i er  
i nst al l at i on.   Adequat e dr ai nage must  be pr ovi ded i n 
al l  t er mi nal  cabi net s s i nce f l oodi ng wi l l  i n most  
cases cause sand and wat er  t o accumul at e i n t he 
t er mi nal  cabi net .   Event ual l y,  t hi s wi l l  cause t he 
appear ance t hat  anodes ar e f ai l i ng when,  i n f act ,  
cont act s i n t he t er mi nal  cabi net s,  or  r ect i f i er  
cont act s,  ar e causi ng f ai l ur e and out ages t o t he 
cat hodi c pr ot ect i on syst ems.   Al t er nat i vel y,  
wat er t i ght  seal ed t er mi nal  cabi net s can be used.   
The r ect i f i er  cabi net  r ef er enced i n t hese document s 
i s f or  t he ai r - cool ed t ype t r ansf or mer  and r ect i f i er  
uni t .   I f  t he desi gner  sel ect s t he oi l - i mmer sed t ype 
uni t ,  t hen t he speci f i cat i ons wi l l  have t o be 
r evi sed accor di ngl y.

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

The r ect i f i er  cabi net  shal l  house t he r ect i f i er  t r ansf or mer ,  r ect i f i er  
st acks,  c i r cui t  br eaker ,  t er mi nal s,  and t he cont r ol  and i nst r ument  panel .   
I n i nst al l at i ons r equi r i ng t he use of  a st ep- down t r ansf or mer ,  t he cabi net  
shal l  be desi gned such t hat  t he r ect i f i er  equi pment  speci f i ed above can be 
i nst al l ed i n t he l ower  sect i on of  t he cabi net  wi t h t he st ep- down 
t r ansf or mer  i n t he upper  por t i on.   Cabi net s shal l  be [ convect i on ai r  
cool ed]  [ oi l  i mmer sed cool ed]  const r uct ed of  1. 894 mm 14- gauge mi ni mum 
sheet  st ai nl ess st eel ,  ASTM gr ade 304.   The cabi net s shal l  be desi gned f or  
use out door s;  NEMA 250,  encl osur e 3R,  and appr opr i at e st r uct ur al  shapes 
shal l  be used i n t he const r uct i on of  t he cabi net  t o pr ovi de r i gi di t y and t o 
pr event  bendi ng or  f l exi ng of  t he cabi net  whi l e bei ng t r anspor t ed.   Louver s 
f or  ai r - cool ed uni t s shal l  be pr ovi ded i n t he hi nged door s and on t he s i des 
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of  t he cabi net s f or  vent i l at i on.   Al l  vent i l at i on openi ngs shal l  be cover ed 
wi t h ASTM gr ade 304 st ai nl ess st eel  i nsect  scr een ar r anged so as t o be 
easi l y r epl aceabl e.   Al l  door s shal l  be hi nged usi ng post  hi nges desi gned 
t o al l ow easy r emoval  of  al l  door s f or  uni t  ser vi c i ng and shal l  be pr ovi ded 
wi t h a hasp and l ock f or  padl ocki ng.   Locks used shal l  be keyed al i ke such 
t hat  al l  cabi net s can be opened wi t h one key.   Fur ni sh t he keys and t ur n 
t hem over  t o t he Cont r act i ng Of f i cer .

2. 2. 3   Wheel ed Rect i f i er  Cabi net s ( Al t er nat e 1)

The r ect i f i er  cabi net  shal l  be mount ed on wheel s and pr ovi ded wi t h handl es 
f or  movi ng dur i ng f l oods.   The wheel s,  axl es,  and bear i ngs shal l  have 
suf f i c i ent  capaci t y t o suppor t  a wei ght  of  at  l east  t hr ee t i mes t he wei ght  
of  t he compl et e r ect i f i er .   St uds f or  t he c l amps t o be used f or  secur i ng 
t he r ect i f i er  t o t he pi pe r ai l ,  as shown on t he dr awi ngs,  shal l  be wel ded 
t o a r ei nf or ced back sect i on of  t he cabi net  at  t he f act or y bef or e 
f i ni shi ng.   Al l  component s shal l  be ASTM gr ade 304 SS or  equal .

2. 2. 4   St at i onar y Cabi net s ( Al t er nat e 2)

The r ect i f i er  cabi net  shal l  be mount ed on st r uct ur es as shown on t he 
dr awi ngs.   Wel di ng of  ASTM gr ade 304 SS or  equal  c l amps,  br acket s,  or  
cabi net - back r ei nf or cement ,  shal l  be accompl i shed at  t he f act or y bef or e 
finishing.

2. 2. 5   Ci r cui t  Br eaker s

A 120/ 240- vol t ,  [ 10]  [ _____]  amper e- i nt er r upt i ng- capaci t y,  doubl e- pol e,  
mol ded- case ci r cui t  br eaker  conf or mi ng t o UL 489 shal l  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  t r ansf or mer  and shal l  di sconnect  bot h 
conduct or s.   The br eaker  shal l  be pr ovi ded wi t h i nst ant aneous and i nver se 
t i me t r i ps.   [ 10]  [ _____]  amper e 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 shal l  be pr ovi ded i n each l eg of  t he 
dc c i r cui t .

2. 2. 6   St ep- down Tr ansf or mer s

St ep- down t r ansf or mer s shal l  be of  t he t wo- wi ndi ng,  i nsul at i ng dr y t ype 
conf or mi ng t o NEMA ST 20 and shal l  be r at ed f or  480- 120/ 240 vol t s,  
s i ngl e- phase,  60- Her t z.   Tr ansf or mer s shal l  be pr ovi ded wi t h 2 t o 5 per cent  
f ul l  capaci t y pr i mar y t aps bel ow r at ed vol t age.   Tr ansf or mer s shal l  be 
r at ed f or  not  l ess t han a t emper at ur e r i se of  80 degr ees C 176 degr ees F 
above a 40 degr ees C 104 degr ees F ambi ent  and shal l  be pr ovi ded wi t h Cl ass 
B or  H i nsul at i on.

2. 2. 7   Rect i f i er  Tr ansf or mer s

The r ect i f i er  t r ansf or mer  shal l  be t wo- wi ndi ng,  [ convect i on ai r - cool ed]  
[ oi l  i mmer sed cool ed] ,  wi t h a pr i mar y oper at i ng vol t age of  120/ 240 vol t s,  
s i ngl e phase,  and shal l  conf or m t o t he r equi r ement s of  NEMA ST 1.   The 
t r ansf or mer  secondar y shal l  be pr ovi ded wi t h f i ve " coar se"  and f i ve " f i ne"  
t aps on each dc c i r cui t ,  t o per mi t  var i at i ons of  t he dc out put  vol t age i n 
25 uni f or m i ncr ement s of  t he r at ed out put  vol t age,  f r om zer o t o a maxi mum 
r at ed vol t age of  [ _____]  vol t s.   Vol t age st eps shal l  be adj ust abl e by 
r ot at i ng sol i d br ass t ap bar s.   Each cont r ol  shal l  be i dent i f i ed by 
sui t abl e per manent ,  engr aved mar ki ng such as " coar se"  or  " f i ne"  and shal l  
have an ar r ow t o i ndi cat e t he t ype and di r ect i on of  adj ust ment .   I ndi v i dual  
st eps of  adj ust ment  shal l  be mar ked wi t h number s i n consecut i ve or der  f or  
f i ne cont r ol  and wi t h l et t er s i n al phabet i cal  or der  f or  coar se cont r ol .   
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Al l  pr i mar y al t er nat i ng cur r ent  t er mi nal s shal l  be mount ed behi nd t he 
panel .   The coi l s of  al l  t r ansf or mer s manuf act ur ed f or  cat hodi c pr ot ect i on 
use shal l  be di pped i n pr eheat ed var ni sh and baked dr y f or  maxi mum moi st ur e 
and cor r osi on r esi st ance.

2. 2. 8   Rectifiers

**************************************************************************
NOTE:   Si l i con r ect i f i er  st acks ar e usual l y 
r ecommended f or  t he r ect i f i er  and t hese 
speci f i cat i ons r ef l ect  t hei r  use;  however ,  t he 
desi gner  has t he opt i on t o sel ect  ei t her  sel eni um or  
s i l i con st acks.   When t he speci f i cat i on wr i t er  
sel ect s sel eni um,  t he speci f i cat i ons shoul d be 
r evi sed accor di ngl y.   The advant ages and 
di sadvant ages f or  t he t wo t ypes of  r ect i f i er  st acks 
ar e as f ol l ows:

Si l i con st acks ( di odes) :  These st acks ar e mor e 
economi cal  i n hi gher  vol t age out put  c i r cui t s and i n 
hi gher  cur r ent  c i r cui t s.

Advantages:

a.   Cost - ef f ect i ve i n hi gh cur r ent  r at i ngs.
b.   Mor e ef f i c i ent  i n hi gher  vol t age r at i ngs.
c.   Repl acement  cel l s  ar e easi l y st ocked.
d.   Hi gher  ef f i c i ency

Disadvantages:

a.   Must  be sur ge pr ot ect ed wi t h sel eni um.
b.   Cannot  wi t hst and ext r eme sur ges.

Sel eni um st acks ( cel l s) :  These st acks may be mor e 
economi cal  i n l ower  vol t age out put  c i r cui t s wher e 
cur r ent  r equi r ement s ar e l ower .

Advantages:

a.   Can wi t hst and sur ges caused by l i ght ni ng much 
bet t er  t han s i l i con wi t hout  addi t i onal  pr ot ect i ng 
devices.
b.   Ar e cost - ef f ect i ve i n l ower  vol t age and l ower  
cur r ent  r at i ngs.
c.   Can wi t hst and sever e shor t - t er m over l oads

Disadvantages:

a.   Expensi ve i n hi gh vol t age and hi gh cur r ent  
ratings.
b.   Cannot  be easi l y r epl aced
c.   May be di f f i cul t  t o obt ai n.
d.   Repl acement  st acks can be expensi ve t o st ock.
e.   Rel at i vel y l ow ef f i c i ency

Recent  st udi es by t he US Ar my Cor ps of  Engi neer s 
i ndi cat e t hat  r emot e moni t or  of  t hese syst ems can 
gr eat l y i mpr ove t he r el i abi l i t y  of  ef f ect i ve moni t or  
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and mai nt enance of  t hese syst ems and el i mi nat e t he 
need f or  met er s i n t he uni t s:

" Demonst r at i on of  Remot e Moni t or i ng Technol ogy f or  
Cat hodi c Pr ot ect i on Syst ems"  FEAP- TR 97/ 76 ( Apr i l  
1997), 
http://owww.cecer.army.mil/TechReports/Vancatho/Vancatho.pdf

" Demonst r at i on of  Remot e Moni t or i ng Technol ogy f or  
Cat hodi c Pr ot ect i on Syst ems:   Phase I I "  FEAP- TR 
98/ 82 ( May 1998) ,  
http://owww.cecer.army.mil/techreports/van_cpr2/van_cpr2.flm.post.pdf

" Remot e Moni t or i ng Equi pment  f or  Cat hodi c Pr ot ect i on 
Syst ems"  FEAP User  Gui de 97/ 75 ( Apr i l  1997) ,  
http://owww.cecer.army.mil/TechReports/Vancprem/Vancprem.pdf

" User  Gui de f or  Remot e Moni t or i ng Equi pment  f or  
Cat hodi c Pr ot ect i on Syst ems:   Phase I I "  FEAP User  
Gui de 98/ 77 ( May 1998) ,  
http://owww.cecer.army.mil/techreports/VANFUG2.CPR/vanfug2.cpr.post.pdf 

The desi gner  shoul d i nvest i gat e t he cost ,  
r el i abi l i t y  and avai l abi l i t y  of  t hese r emot e 
moni t or i ng syst ems.

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

Rect i f i er  st acks shal l  be [ ai r - cool ed]  [ oi l - i mmer sed]  uni t s,  consi st i ng of  
s i l i con st acks t o pr ovi de f ul l - wave,  br i dge- t ype r ect i f i cat i on,  wi t hi n t he 
manuf act ur er ' s r at i ngs.   The r ect i f i er  shal l  be sui t abl e f or  oper at i on over  
an ambi ent  t emper at ur e r ange of  - 18 t o 49 degr ees C 0 t o 120 degr ees F.   
Out put  r at i ngs shal l  be as desi gned by t he Cor r osi on Exper t  and shal l  be 
f or  cont i nuous dut y oper at i on.

2. 2. 9   Ammet er  and Vol t met er

A dc ammet er  and vol t met er  of  t he semi  f l ush,  89 mm 3- 1/ 2 i nch r ound or  
r ect angul ar  panel  boar d t ype,  conf or mi ng t o t he appl i cabl e r equi r ement s of  
ANSI  C39. 1,  shal l  be pr ovi ded i n each dc c i r cui t ,  or  as ot her wi se i ndi cat ed 
on t he dr awi ngs.   I nst r ument s shal l  be of  t he seal ed,  t aught  band t ype have 
a guar ant eed accur acy of  1 per cent  of  f ul l - scal e def l ect i on,  zer o 
adj ust ment ,  and a mi ni mum scal e l engt h of  61 mm 2. 4 i nch.   Ful l  l oad 
r eadi ng shal l  be i ndi cat ed by means of  a r ed mar k on t he met er  scal e and 
shal l  i ncor por at e at  l east  80 per cent  of  t he met er  scal e l engt h.   Each 
met er  shal l  be pr ovi ded wi t h a moment ar y cont act  swi t ch,  ei t her  i nt egr al  
wi t h t he met er  or  separ at el y mount ed,  f or  moment ar y r eadi ng.   A s i ngl e 
met er  havi ng dual  scal es may be f ur ni shed i n l i eu of  separ at e met er s,  
pr ovi ded t hat  t he scal es ar e di st i nct  and easi l y r ead,  and t hat  a swi t ch i s 
pr ovi ded t o sel ect  t he desi r ed f unct i on and t o pr event  s i mul t aneousl y 
ener gi z i ng mor e t han one f unct i on.

2. 2. 10   Cur r ent  Moni t or i ng Shunt

A separ at e cur r ent  moni t or i ng shunt  r esi st or  shal l  be pr ovi ded on t he 
r ect i f i er  uni t  f ace pl at e t o f aci l i t at e usi ng an ext er nal  di gi t al  
mi l l i - vol t met er  t o conf i r m t he cur r ent  out put  di spl ayed by t he uni t  
ammet er .   Thi s shunt  r esi st or  shal l  have a cal i br at ed accur acy of  pl us or  
mi nus 1 per cent  and shal l  have a 1 amper e/ mi l l i vol t  dr op r at i ng.
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2. 2. 11   Ammet er  and Vol t met er  Swi t ches

The swi t ches used f or  swi t chi ng t he met er s i n and out  of  t he dc c i r cui t  
shal l  be l ever  act i on seal ed t oggl e,  qui ck make- or - br eak t ype swi t ches.   
The swi t ches shal l  be [ [ s i ngl e- pol e]  [ doubl e- t hr ow] ]  [ [ doubl e- pol e]  
[ doubl e- t hr ow] ]  and shal l  be wi r ed so t hat  do not  i nt er r upt  t he out put  
circuit.

2. 2. 12   Cont r ol  and I nst r ument  Panel

The cont r ol  and i nst r ument  panel  shal l  be of  t he dead- f r ont  t ype and shal l  
be i nst al l ed i n t he r ect i f i er  cabi net .   Pr i mar y connect i on shal l  be made by 
means of  a panel - mount ed t er mi nal  bl ock wi t h scr ew connect i on pr ot ect ed by 
a r emovabl e met al  or  mol ded pl ast i c cover .   I ncomi ng power  l i nes shal l  be 
t er mi nat ed i n such a manner  as t o pr event  acci dent al  cont act  by per sonnel  
usi ng t he r ect i f i er .

2. 2. 12. 1   Tap Bar s

Tap bar s ser vi ng t he r ect i f i er  t r ansf or mer  secondar y adj ust ment  shal l  be 
per manent l y i dent i f i ed by means of  engr avi ng on t he non- met al l i c  cont r ol  
panel  f ace pl at e denot ed " coar se"  and " f i ne"  and shal l  have t he i ndi v i dual  
t ap posi t i ons i dent i f i ed by l et t er s,  " A, "  " B, "  " C, "  et c. ,  and numer al s,  
" 1, "  " 2, "  " 3, "  et c. ,  r espect i vel y.

2. 2. 12. 2   DC Out put  Ter mi nal s

Rect i f i er  dc out put  t er mi nal s shal l  be i dent i f i ed by means of  engr avi ng on 
t he non- met al l i c  cont r ol  panel  f ace pl at e i ndi cat i ng pol ar i t y of  t he 
t er mi nal  and poi nt  of  connect i on t o t he syst em,  i . e. ,  " +ANODES"  and 
"-STRUCTURE."

2. 2. 12. 3   Component s I dent i f i cat i on

Al l  ot her  component s on t he r ect i f i er  panel  f ace pl at e shal l  be i dent i f i ed 
by means of  engr avi ng on t he non- met al l i c  cont r ol  panel  f ace pl at e.

2. 2. 13   Anode Cabl e Leads

Anode cabl e l eads shal l  be i dent i f i ed at  t he r esi st or  and anode t er mi nal  
cabi net  by means of  pl ast i c s l eeves or  t ags showi ng t he anode l ead number  
as i ndi cat ed on t he dr awi ngs.   They shal l  be of  suf f i c i ent  l engt h so t hat  
spl i c i ng bet ween t he anode and t he anode t er mi nal  box i s not  necessar y.   No 
spl i ces of  t he anode l ead wi r es wi l l  be per mi t t ed bet ween t he anode and t he 
anode t er mi nal  box.

2. 2. 14   Sur ge Ar r est er s

MOV sur ge ar r est er s shal l  be pr ovi ded f or  al l  AC & DC power  c i r cui t s.   I n 
addi t i on,  f or  AC vol t ages above 120- vol t ,  a s i ngl e pol e val ve- t ype sur ge 
ar r est er  shal l  be used f or  each i nput  l i ne.   I t  shal l  be l ocat ed ahead of  
t he ac br eaker  f eedi ng t he r ect i f i er  t r ansf or mer .   Sur ge ar r est er s shal l  be 
r at ed f or  cont i nuous l oad cur r ent s up t o [ 10]  [ _____]  amps mi ni mum and 
shal l  l i mi t  t he vol t age t o 200 vol t s peak.   The r esponse cl ampi ng 
act i vat i on t i me shal l  be 5 nanoseconds maxi mum.

2. 2. 15   Wi r i ng Di agr am

A compl et e wi r i ng di agr am of  t he r ect i f i er  uni t  showi ng bot h t he ac suppl y 
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and t he dc out put s t o t he r esi st or  and anode t er mi nal  cabi net s shal l  be 
encased i n c l ear  r i gi d pl ast i c and mount ed on t he i nsi de of  t he r ect i f i er  
cabi net  door .   Al l  component s shal l  be shown and l abel ed.

2. 2. 16   Resi st or  and Anode Ter mi nal  Cabi net  Wi r i ng Di agr am

A compl et e wi r i ng di agr am showi ng t he anode number s i n t he t er mi nal  
cabi net s and a compl et e wi r i ng di agr am of  t he ent i r e cat hodi c pr ot ect i on 
syst em shal l  be pr ovi ded.   Each conduct or  and each t er mi nat i on shal l  be 
identified.

2. 3   CONDUI T AND FI TTI NGS

2. 3. 1   Nonmet al l i c  Condui t

Nonmet al l i c  condui t  shal l  be t ype 80,  ext r a heavy- wal l ,  PVC,  r i gi d- pl ast i c 
condui t .   Condui t  shal l  conf or m t o t he r equi r ement s of  NEMA TC 2.   PVC 
condui t  ut i l i zed as r od or  st r i ng anode pr ot ect i ve pi pe i s t he onl y PVC 
condui t  al l owed by t hese speci f i cat i ons.   The Cont r act or ' s desi gner  shal l  
desi gn t he pl ast i c pi pe such t hat  i t s  i nsi de di amet er  ( I . D. )  i s  at  l east  51 
mm 2 i nch gr eat er  t han t he anode out s i de di amet er  ( O. D. ) .   The Pi pe shal l  
be per f or at ed on t he s i de opposi t e t he angl e i r on pr ot ect i ve channel  except  
f or  t he ar ea wi t hi n 51 mm 2 i nch of  t he pi pe coupl i ngs at  each gi r der  web 
whi ch shal l  not  be per f or at ed.   The t ot al  open ar ea pr ovi ded by t hese 
per f or at i ons shal l  be at  l east  equal  t o t he sur f ace ar ea of  t he anode 
mat er i al  cont ai ned wi t hi n t he PVC pi pe.

2. 3. 2   Ri gi d Met al  Condui t

Ri gi d met al  condui t  shal l  conf or m t o t he r equi r ement s of  ANSI  C80. 1,  and 
shal l  be of  t he s i ze i ndi cat ed on t he dr awi ngs.   The condui t  shal l  be 
gal vani zed bot h i nsi de and out s i de usi ng t he hot - di p met hod.

2. 3. 3   Condui t  Fi t t i ngs and Out l et s

Condui t  f i t t i ngs and out l et s f or  r i gi d met al  condui t  shal l  conf or m t o t he 
r equi r ement s of  NEMA FB 1.

2. 4   RESI STOR AND ANODE TERMI NAL CABI NETS

Ter mi nal  cabi net s shal l  be pr ovi ded f or  each r ect i f i er  out put  c i r cui t .   
Cabi net s shal l  be NEMA t ype 4X,  weat her - r esi st ant  const r uct i on.   Cabi net s 
shal l  be const r uct ed of  ASTM gr ade 304 st ai nl ess st eel .   Cabi net s shal l  be 
of  ampl e s i ze t o accommodat e al l  anode and power  i nput  l ead wi r es and 
[ _____]  st andar d br ass or  copper  heavy dut y scr ew t er mi nal s t o f aci l i t at e 
i ndi v i dual  connect i on of  each anode assembl y l ead wi r e t hr ough a 0. 01 ohm 
t ype RS shunt  r esi st or  t o a common copper  bus bar .   Al l  t er mi nal s,  bus 
bar s,  shunt s,  and ot her  DC conduct i ng component s shal l  be mount ed t o an 
ext r a st r ong,  non- met al l i c  panel .   Al l  conduct or s shal l  be i dent i f i ed i n 
t he cabi net  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 he anode number .   Each t er mi nal  shal l  be i dent i f i ed wi t h 
per manent  engr aved i dent i f i cat i on of  t he anode number ,  or  ot her  
cor r espondi ng conduct or  number s,  or  f unct i on.   Cabi net s shal l  be secur el y 
mount ed on t he t op of  t he cor r espondi ng gat e i n t he manner  pr oposed by t he 
Cont r act or  and appr oved by t he Cont r act i ng Of f i cer .   A r emovabl e,  hi nged 
f r ont  door  f aci ng a di r ect i on af t er  i nst al l at i on t hat  i s  easi l y accessi bl e 
shal l  be pr ovi ded.
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2. 5   I MPRESSED CURRENT ANODES AND MATERI ALS

2. 5. 1   Gener al  Requi r ement s

For  det ai l s  on var i ous t ypes of  anodes,  anode desi gns and t ypi cal  anode 
conf i gur at i ons f or  pr epar at i on of  pr oj ect  dr awi ngs,  t he Cor r osi on Exper t  
desi gni ng t he syst em shal l  r ef er  t o CERL Tech Rep FM- 95/ 05.

2. 5. 2   Cer ami c Pr eci ous Met al  Oxi de Coat ed Anodes

Cer ami c Pr eci ous Met al  Oxi de Coat ed Anodes shal l  conf or m t o t he f ol l owi ng 
requirements:

2. 5. 2. 1   Conduct i ve Pr eci ous Met al  Oxi de Cer ami c Coat i ng

The el ect r i cal l y  conduct i ve cer ami c coat i ng shal l  cont ai n a mi xt ur e 
consi st i ng pr i mar i l y  of  i r i di um,  t ant al um,  and t i t ani um oxi des.   Al t hough 
t he exact  composi t i on of  t he conduct i ng l ayer  can var y,  t he aver age 
composi t i on shal l  gener al l y  be 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 smal l  amount s of  t ant al um.   The coat i ng 
r esi st i v i t y shal l  be cer t i f i ed by t he manuf act ur er  t o have an el ect r i cal  
r esi st i v i t y of  l ess t han 0. 002 ohm- cent i met er s,  a bond st r engt h t o t he 
subst r at e met al  gr eat er  t han 50 MPa,  and a cur r ent  capaci t y of  100 DC 
amper es per  squar e met er  of  anode sur f ace ar ea when oper at ed i n an 
oxygen- gener at i ng el ect r ol yt e at  65. 5 degr ees C 150 degr ees F f or  20 year s.

2. 5. 2. 2   Anode Subst r at e Mat er i al

The anode subst r at e shal l  be f abr i cat ed f r om hi gh pur i t y al l oy t i t ani um.

2. 5. 3   Hi - Si l i con Cast - I r on Anodes

Hi - Si l i con Cast - I r on Anodes shal l  conf or m t o t he f ol l owi ng r equi r ement s:

2. 5. 3. 1   Chemi cal  Composi t i on ( Nomi nal )

ELEMENT PERCENT BY WEI GHT

Silicon 14. 20 -  14. 75

Manganese 1. 50 Max

Carbon 0. 75 -   1. 15

Chromium 3. 25 -   5. 00

Iron Balance

2. 5. 3. 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 o- ohm- cent i met er  at  - 7 degr ees C 20 
degr ees F maxi mum.
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2. 5. 3. 3   Physi cal  Pr oper t i es ( Nomi nal )

PROPERTY VALUE

Tensi l e St r engt h 1. 05 kg/ m215, 000 psi

Compr essi ve St r engt h 7. 04 kg/ m2100, 000 psi

Br i nnel l  Har dness 520

Density 7. 0 g/ cm30. 253 l b/ cu i n.

Mel t i ng Poi nt 1, 260 deg C2, 300 deg F

Coef f i c i ent  of  Expansi on Bet ween 0 deg C 
and 100 deg C 32 deg F and 212 deg F

0. 00000733 cb/ deg C0. 00000289 i n/ deg F

2. 5. 4   Cer ami c Coat ed Ti t ani um Anodes ( Di sk Type)

2. 5. 4. 1   General

Cer ami c coat ed t i t ani um di sk anodes shal l  be conduct i ve cer ami c coat ed 
t i t ani um di sks s i mi l ar  t o t hat  shown i n Fi gur e 2,  " Typi cal  Cer ami c Coat ed 
Fl at  Di sk Anode"  of  CERL Tech Rep FM- 95/ 05,  November ,  1994.   Anodes shal l  
conf or m t o t he r equi r ement s i n Sect i on 2. 6. 1 and shal l  be sui t abl e f or  
cat hodi c pr ot ect i on use,  shal l  be hi ghl y r esi st ant  t o cor r osi on,  and shal l  
have good el ect r i cal  pr oper t i es.   Anodes di sk shal l  be at  l east  127 mm 5 
i nch di amet er  f act or y mount ed i n a 305 mm 12 i nch di amet er  FRP r ei nf or ced 
Pol yur et hane pr ot ect i ve shi el d t o pr event  shor t i ng of  t he anode t o t he ski n 
pl at e and over  vol t age damage t o t he adj acent  coat i ng.   I t  shal l  be 
pr ovi ded wi t h a i nt egr al  t i t ani um mount i ng r od wi t h gol d pl at ed connect or  
socket .   Each di sk anode shal l  be pr ovi ded wi t h a gol d pl at ed connect or  
pl ug and PVC cabl e connect or  t hat  shal l  be assembl ed by t he manuf act ur er .   
Submi t  cer t i f i ed Fact or y Test  Dat a on anode connect i ons showi ng 
anode- t o- cont act  r esi st ance.   Thi s t est  dat a shal l  pr ovi de a measur ed 
r esi st ance of  l ess t han 0. 003 ohm ( or  t he connect i on shal l  be r edone) .   
Pr ovi de a cer t i f i ed r epor t  on t hese f act or y t est s wi t hi n t wo weeks af t er  
f abr i cat i on by t he manuf act ur er .

2. 5. 4. 2   I mpact  Pr ot ect i on f or  Di sk Anode Cabl es

A 152. 4 mm 6 i nch di amet er  by 203. 2 mm 8 i nch l ong st eel  schedul e- 40 pi pe 
wi t h t hr eaded pi pe cap shal l  be wel ded t o t he gat e i n back of  each di sk 
anode.   A hol e shal l  be dr i l l ed i n t he s i de of  t hi s pi pe and a t hr ead- o- l et  
f i t t i ng shal l  be wel ded t o t he 152. 4 mm 6 i nch di amet er  pi pe at  t hi s poi nt  
t o r ecei ve t he anode l ead wi r e and condui t  r out ed t o t he anode t er mi nal  box 
at  t he t op of  t he gat e l eaf .   The pi pe and condui t  ar e pr ovi ded f or  i mpact  
pr ot ect i on of  t he anode cabl es and t he anode bol t .   The pi pes shal l  be 
gal vani zed and pai nt ed wi t h 0. 1778 mm 7 mi l  of  pai nt .

2. 5. 4. 3   Number  of  Cer ami c Coat ed Ti t ani um Di sk Anodes

The act ual  number  of  cer ami c coat ed t i t ani um di sk anodes shal l  be i n 
accor dance wi t h t he cor r osi on engi neer ' s appr oved desi gn cal cul at i ons based 
on t he syst em ci r cui t  r esi st ance,  cur r ent  r equi r ement s , cur r ent  

SECTI ON 26 42 19. 10  Page 23



di st r i but i on  and anode l i f e,  i n accor dance wi t h EM 1110- 2- 2704 and 
Appendi x " A"  i n CERL Tech Rep FM- 95/ 05,  " Det ai l ed Cat hodi c Pr ot ect i on 
Desi gn Pr ocedur es f or  Pi ke I s l and Auxi l i ar y Lock"  as l ong as t he mi ni mum 
number  of  but t on anodes pr ovi ded shal l  equal  or  exceed one each f or  ever y 
18. 58 squar e met er s 200 squar e f eet  of  submer ged st eel  sur f ace ar ea ( f or  
some t ypi cal  anode conf i gur at i ons,  r ef er  t o Fi gur es 4,  5,  6,  7,  C3,  and F2 
in CERL Tech Rep FM- 95/ 05) .   The mi ni mum number  of  anodes and an i ndi cat i on 
of  t hei r  mount i ng l ocat i ons shoul d be shown i n t he desi gn dr awi ngs.

2. 5. 5   Hi - Si l i con Cast  I r on But t on Anodes

2. 5. 5. 1   General

Anodes shal l  be hi gh- si l i con cast  i r on conf or mi ng t o ASTM A518/ A518M.

2. 5. 5. 2   Hi gh- Si l i con,  Cast - I r on Anodes ( But t on Type)

Hi gh- si l i con,  cast - i r on " but t on- t ype"  anodes shal l  be an al l oy of  s i l i con,  
car bon,  manganese,  and i r on.   Anodes shal l  be s i mi l ar  i n al l  r espect  t o t he 
But t on anode desi gn shown i n Fi gur e 1,  " HSCBCI  " Sausage"  and " But t on"  Anode 
Desi gns of  CERL Tech Rep FM- 95/ 05.   Anodes shal l  conf or m t o t he 
r equi r ement s i n par agr aph I MPACT PROTECTI ON FOR RODS AND SAUSAGE- STRI NG 
ANODES and shal l  be sui t abl e f or  cat hodi c pr ot ect i on use,  shal l  be hi ghl y 
r esi st ant  t o cor r osi on,  and shal l  have good el ect r i cal  pr oper t i es.   Anodes 
but t on cast i ngs shal l  have a nomi nal  wei ght  of  8. 16 kg 18 l b and shal l  be 
152. 4 mm 6 i nch di amet er  by 76. 2 mm 3 i nch deep and shal l  be pr ovi ded wi t h a
 19. 05 mm 3/ 4 i nch di amet er  by 50. 8 mm 2 i nch deep coni cal  t er mi nal  
connect i on cavi t y i n t he back of  t he anode and 25. 4 by 50. 8 mm 1 by 2 i nch 
st epped mount i ng hol e pr ovi s i on t hr ough t he cent er  of  t he anode as shown i n 
above r ef er enced Fi gur e 1.   A pol ychl or opr ene or  neopr ene gasket  mat er i al  
t o be i nst al l ed behi nd t he but t on anode shal l  be not  l ess t han 3. 175 mm 1/ 8 
i nch t hi ck by 203. 2 mm 8 i nch di amet er .   The gasket  adhesi ve shal l  be 100 
per cent  s i l i cone wat er pr oof  caul k i ng mat er i al  s i mi l ar  t o GE 100 per cent  
Si l i cone Caul k sui t abl e f or  cont i nuous i mmer si on ser vi ce.   Pl ast i c seal  
pl ugs shal l  be mol ded or  f abr i cat ed f r om an appr oved pol yst yr ene.   The 
f l anged sl eeve shal l  be f abr i cat ed f r om nascent  oxygen and chl or i ne 
r esi st ant  r i gi d pl ast i c mat er i al .   But t on anodes and cabl e shal l  be 
assembl ed by t he manuf act ur er .

2. 5. 5. 3   Anodes Number

The act ual  number  hi gh- si l i con,  cast - i r on " but t on- t ype"  anodes shal l  be i n 
accor dance wi t h t he cor r osi on engi neer ' s appr oved desi gn cal cul at i ons based 
on t he syst em ci r cui t  r esi st ance,  cur r ent  r equi r ement s,  cur r ent  
di st r i but i on and anode l i f e,  i n accor dance wi t h EM 1110- 2- 2704 and Appendi x 
" A"  i n CERL Tech Rep FM- 95/ 05,  " Det ai l ed Cat hodi c Pr ot ect i on Desi gn 
Pr ocedur es f or  Pi ke I s l and Auxi l i ar y Lock"  as l ong as t he mi ni mum number  of  
but t on anodes pr ovi ded shal l  equal  or  exceed one each f or  ever y 18. 58 
squar e met er s 200 squar e f eet  of  submer ged st eel  sur f ace ar ea ( f or  some 
t ypi cal  anode conf i gur at i ons,  r ef er  t o Fi gur es 4,  5,  6,  7,  C3,  and F2 i n 
CERL Tech Rep FM- 95/ 05.   The mi ni mum number  of  anodes and an i ndi cat i on of  
t hei r  mount i ng l ocat i ons shoul d be shown i n t he desi gn dr awi ngs.

2. 5. 5. 4   Assembly

The manuf act ur er  shal l  be r esponsi bl e f or  assembl i ng t he conduct or  t o t he 
anode af t er  t he conduct or  has been t i nned.   Connect i ons shal l  be made wi t h 
caul ked t el l ur i um l ead,  and t hen seal ed wi t h epoxy ar ound t he connect i on.   
Al l  t i nned wi r e shal l  be compl et el y cover ed by l ead.   Ref er ence Fi gur e 1,  
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" HSCBCI  " Sausage"  and " But t on"  Anode Desi gns of  CERL Tech Rep FM- 95/ 05 f or  
mount i ng component  det ai l s .

2. 5. 5. 5   I mpact  Pr ot ect i on f or  But t on Anode Cabl es

**************************************************************************
NOTE:   I n ar eas wi t h t he pr obl em of  f l oat i ng i ce 
and/ or  dr i f t wood,  consi der at i on shoul d be gi ven t o 
t he use of  t he mor e f l exi bl e cer ami c coat ed t i t ani um 
r od i nst al l ed i n PVC schedul e 80 pi pes wi t h hol es 
dr i l l ed i n t he pi pe.   These anodes shoul d be used on 
t he compar t ment  s i de of  t he gat e l eaf ,  whi ch i s 
usual l y downst r eam.   Al t er nat i vel y,  i n ar eas subj ect  
t o subst ant i al  f l oat i ng i ce and/ or  excessi ve 
dr i f t wood,  ei t her  Cer ami c Coat ed Di sk Anodes or  Hi gh 
Si l i con,  Cast - I r on But t on anodes may be used 
excl usi vel y on bot h s i des of  t he gat e al t hough t hi s 
i s  usual l y a mor e expensi ve opt i on.

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

A 152. 4 mm 6 i nch di amet er  by 203. 2 8 i nch l ong st eel  schedul e- 40 pi pe wi t h 
t hr eaded pi pe cap shal l  be wel ded t o t he gat e i n back of  each but t on 
anode.   A hol e shal l  be dr i l l ed i n t he s i de of  t hi s pi pe and a t hr ead- o- l et  
f i t t i ng shal l  be wel ded t o t he 152. 4 mm 6 i nch di amet er  pi pe at  t hi s poi nt  
t o r ecei ve t he anode l ead wi r e and condui t  r out ed t o t he anode t er mi nal  box 
at  t he t op of  t he gat e l eaf .   The pi pe and condui t  ar e pr ovi ded f or  i mpact  
pr ot ect i on of  t he anode cabl es and t he anode bol t .   The pi pes shal l  be 
gal vani zed and pai nt ed wi t h 0. 1778 mm 7 mi l  of  pai nt .

2. 5. 6   Cer ami c Coat ed Ti t ani um Segment ed Rod Anodes

a.   Cer ami c coat ed t i t ani um segment ed r od anodes shal l  be conduct i ve 
cer ami c coat ed t i t ani um r ods s i mi l ar  t o t hat  shown i n Fi gur e 3,  
" Typi cal  Cer ami c Coat ed Fl at  Di sk Anode"  of  CERL Tech Rep FM- 95/ 05.   
Anodes shal l  conf or m t o t he r equi r ement s i n Sect i on 2. 6. 1 and shal l  be 
sui t abl e f or  cat hodi c pr ot ect i on use,  shal l  be hi ghl y r esi st ant  t o 
cor r osi on,  and shal l  have good el ect r i cal  pr oper t i es.   Each anode r od 
shal l  be sol i d t i t ani um and at  l east  3. 175 mm 1/ 8 i nch di amet er  by 
1. 2192 m 48 i nch l ong wi t h i nt egr al  f act or y f abr i cat ed 12. 7 mm 1/ 2 i nch 
di amet er  cer ami c coat ed t i t ani um scr ew coupl i ngs at  each end.   One 
anode f or  each assembl ed l engt h shal l  be pr ovi ded wi t h a scr ew coupl ed 
seal ed PVC cabl e connect or  whi ch shal l  be assembl ed by t he 
manuf act ur er .   Each such connect or / cabl e assembl y shal l  be pr ovi ded 
wi t h suf f i c i ent  l ead l engt h so t hat  no spl i ces ar e necessar y bet ween 
t he anode/ cabl e connect or  and t he anode t er mi nal  box.

b.   The act ual  number  of  segment ed r od assembl i es and t he number  of  st r i ngs 
per  chamber  shal l  be i n accor dance wi t h t he cor r osi on engi neer ' s 
appr oved desi gn cal cul at i ons based on t he cur r ent  r equi r ed f or  
pr ot ect i on i n accor dance wi t h EM 1110- 2- 2704 and Appendi x " A"  i n 
CERL Tech Rep FM- 95/ 05,  " Det ai l ed Cat hodi c Pr ot ect i on Desi gn Pr ocedur es 
f or  Pi ke I s l and Auxi l i ar y Lock"  as l ong as t he number  of  segment ed r od 
anode assembl i es pr ovi ded shal l  equal  or  exceed 305 mm 1 l i near  f oot  of  
3. 175 mm 1/ 8 i nch di amet er  ( mi ni mum)  cer ami c coat ed t i t ani um r od 
mat er i al  f or  each 9. 29 squar e met er s 100 squar e f eet  of  submer ged st eel  
sur f ace ar ea and at  l east  one f ul l  hei ght  assembl y i n each chamber  ( f or  
some t ypi cal  anode conf i gur at i ons,  r ef er  t o Fi gur es 4,  5,  6,  7,  C3,  and 
F2 i n CERL Tech Rep FM- 95/ 05) .   Each assembl y shal l  ext end at  l east  
152. 4 mm 6 i nch above t he nor mal  hi ghest  wat er  l i ne t o wi t hi n 152. 4 -  
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304. 8 mm 6 -  12 i nch of  t he bot t om most  gi r der  pl at e.

2. 5. 7   Hi - Si l i con Cast  I r on Sausage Anode St r i ngs

a.   Hi gh- si l i con,  cast - i r on anodes shal l  be an al l oy of  s i l i con,  car bon,  
manganese,  and i r on conf or mi ng t o ASTM A518/ A518M.   Anodes shal l  be 
s i mi l ar  i n al l  r espect  t o t he " Sausage"  anode desi gn shown i n Fi gur e 1,  
" HSCBCI  " Sausage"  and " But t on"  Anode Desi gns of  CERL Tech Rep FM- 95/ 05.   
Anodes shal l  be sui t abl e f or  cat hodi c pr ot ect i on use,  shal l  be hi ghl y 
r esi st ant  t o cor r osi on,  and shal l  have good el ect r i cal  pr oper t i es.   
" Sausage"  anode cast i ngs shal l  have a nomi nal  wei ght  of  2. 95 kg 6- 1/ 2 l b
 each and shal l  wi t h an i r r egul ar  sur f ace t er mi nal  connect i on cavi t y i n 
t he cent er  i nt er i or  of  t he t ubul ar  shaped anode as i n 
CERL Tech Rep FM- 95/ 05.   Anodes shal l  be 52. 39 mm 2- 3/ 16 i nches i n 
di amet er  by 305 mm 12 i nch l ong,  desi gned f or  t andem mount i ng i n 
" l i nk- sausage"  manner  on t he anode l ead cabl e.   Cabl e and anodes shal l  
be connect ed al l  i n a manner  s i mi l ar  t o t he " Sausage"  anode desi gn 
shown i n t he above r ef er enced Fi gur e 1.   Anode st r i ngs shal l  be 
assembl ed by t he manuf act ur er  and t he anode l ead cabl e shal l  not  be 
spl i ced i n t he anode.   The anode shal l  be assembl ed by r emovi ng 
i nsul at i on f r om t he anode cabl e and connect i ng t he anode t o t he cabl e 
i nsi de t he anode.

b.   The act ual  number  and spaci ng of  t he i ndi v i dual  " sausage"  segment s and 
t he number  of  st r i ngs per  chamber  shal l  be i n accor dance wi t h t he 
cor r osi on engi neer ' s appr oved desi gn cal cul at i ons based on t he cur r ent  
r equi r ed f or  pr ot ect i on i n accor dance wi t h EM 1110- 2- 2704 and Appendi x 
" A"  i n CERL Tech Rep FM- 95/ 05,  " Det ai l ed Cat hodi c Pr ot ect i on Desi gn 
Pr ocedur es f or  Pi ke I s l and Auxi l i ar y Lock"  as l ong as t he number  of  
" sausage"  anodes pr ovi ded shal l  equal  or  exceed one each f or  ever y 
18. 59 squar e met er s 200 squar e f eet  of  submer ged st eel  sur f ace ar ea and 
at  l east  one st r i ng i n each chamber  ( f or  some t ypi cal  anode 
conf i gur at i ons,  r ef er  t o Fi gur es 4,  5,  6,  7,  C3,  and F2 i n 
CERL Tech Rep FM- 95/ 05) .   Each assembl y shal l  ext end f r om 152. 4 mm 6 
i nch above t he nor mal  hi ghest  wat er  l i ne t o wi t hi n 152. 4 -  304. 8 mm 6 -  
12 i nches of  t he bot t om most  gi r der  pl at e.

2. 6   I MPACT PROTECTI ON FOR RODS AND SAUSAGE- STRI NG ANODES

2. 6. 1   PVC Pi pe and Met al  Coupl i ngs

PVC pi pe,  t o be used f or  pr ot ect i on of  t he r od and sausage- st r i ng anodes,  
shal l  be i nst al l ed t hr ough each gi r der  web i n t he cent er  of  each chamber  
whi ch shal l  have an i nsi de di amet er  ( I . D. )  t hat  i s  at  l east  38. 1 mm 1- 1/ 2 
i nch gr eat er  t han t he anode out s i de di amet er  ( O. D. ) .   The Pi pe shal l  be 
Schedul e 80 PVC mi ni mum and per f or at ed on t he s i de opposi t e t he angl e i r on 
except  f or  t he ar ea wi t hi n 50. 8 mm2 i nch of  t he pi pe coupl i ngs at  each 
gi r der  web.   The t ot al  open ar ea pr ovi ded by t hese per f or at i ons shal l  be at  
l east  equal  t o t he sur f ace ar ea of  t he anode mat er i al  cont ai ned wi t hi n t he 
PVC pi pe.   Met al  coupl i ngs shal l  be i nst al l ed t hr ough t he gi r der  webs on 
t he compar t ment  s i de of  t he gat e ( and wher e compar t ment s ar e used on t he 
ski n pl at e s i de) ,  wher e t he PVC pi pe penet r at es t he web.   The st eel  
coupl i ng sel ect ed shoul d have an I . D.  t hat  wi l l  al l ow t he pl ast i c pi pe and 
i t s associ at ed coupl i ngs t o pass t hr ough t he coupl i ng.   These st eel  
coupl i ngs shal l  be al i gned ver t i cal l y  f or  each anode st r i ng t o ser ve as 
ver t i cal  t r oughs f or  t he pl ast i c pi pes.   The f ul l  sect i ons of  t he pl ast i c 
pi pe shal l  be sol vent  wel ded t oget her  end t o end.   The pl ast i c pi pe shal l  
have hol es dr i l l ed i n i t  as shown on t he dr awi ngs.   The st eel  coupl i ng,  
angl e i r on,  channel  i r on and al l  ar eas af f ect ed by t he wel di ng shal l  be 
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pr epar ed f or  pai nt i ng and coat ed wi t h t he same pai nt  syst em as t he adj acent  
gat e sur f aces,  i n accor dance wi t h Sect i on 09 97 02 PAI NTI NG:  HYDRAULI C 
STRUCTURES.

2. 6. 2   Pr ot ect i ve Angl e I r ons

Submi t  anode di sk,  but t on,  st r i p,  r od and st r i ng det ai l s  i ncl udi ng i ce and 
debr i s damage pr ot ect i on means f or  each anode t ype and al t er nat i ve l ocat i on.

2. 6. 2. 1   PVC Pi pi ng

The pr ot ect i ve PVC pi pi ng i s subj ect  t o damage f r om f l oat i ng i ce and/ or  
dr i f t wood.   Ther ef or e,  pr ot ect i ve angl e i r ons shal l  be i nst al l ed i n f r ont  
of  t he pr ot ect i ve PVC pi pe.   These angl e i r on sect i ons shal l  be at  l east  
6. 35 mm 1/ 4 i nch t hi ck wi t h angl e l egs whose hei ght  equal  t o at  l east  75 
per cent  but  not  mor e t han 100 per cent  of  t he pl ast i c pi pe coupl i ng out s i de 
di amet er .   Thi s angl e i r on shal l  be wel ded t o each gi r der  passage pi pe 
coupl i ng f r om t he t op of  t he hi ghest  gi r der  t o t he bot t om most  gi r der  
pl at e.   At  each gi r der ,  whi ch i s penet r at ed by t he PVC pi pe,  t he angl e 
i r ons shal l  al so be wel ded t o t he gi r der  t o r educe st r ess concent r at i ons i n 
t he gi r der  web caused by t hi s penet r at i on.   The ent i r e assembl y,  consi st i ng 
of  t he per f or at ed PVC pi pe cont ai ni ng t he sausage anodes and t he angl e 
i r ons,  shal l  be i nst al l ed as shown on t he dr awi ngs.   When pl ast i c pi pes 
onl y ar e used f or  sausage anode pr ot ect i on,  t he gi r der  penet r at i on shal l  be 
t he same,  but  t he angl e i r on shal l  be i nst al l ed i n t he i mpact  ar ea onl y.

2. 6. 2. 2   Painting

The st eel  coupl i ngs,  angl e i r on,  and channel  i r on shal l  be pr epar ed f or  
pai nt i ng and coat ed wi t h t he same pai nt  syst em as t he adj acent  gat e 
sur f aces,  i n accor dance wi t h Sect i on 09 97 02 PAI NTI NG:  HYDRAULI C 
STRUCTURES.   Each component  shal l  have t he same mi ni mum mi l  t hi ckness 
( wher e 1 mi l  = 0. 0254 mm 0. 001 i nch)  of  pai nt  af t er  coupl i ngs,  angl e i r ons,  
and channel s ar e wel ded t o t he st r uct ur e.   The wel ded ar ea shal l  be c l eaned 
t o bar e met al  and pai nt ed i n t hi s  same manner .   The pai nt  shal l  be of  t he 
same t ype used on t he l ock gat e.

2. 7   MARKINGS

2. 7. 1   General

Mar ki ngs,  when r equi r ed by t he dr awi ngs and when speci f i ed her ei n,  shal l  be 
accompl i shed by means of  met al  or  pl ast i c s l eeves as speci f i ed,  st amped or  
engr aved as i ndi cat ed her ei n or  on t he dr awi ngs.

2. 7. 2   Rect i f i er  Cabi net s

Rect i f i er  cabi net s shal l  be i dent i f i ed by means of  sui t abl e st ai nl ess st eel  
pl at es at t ached t o t he out s i de of  t he r ect i f i er  cabi net  by means of  bol t s 
or  scr ews.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Vi si t  t he pr emi ses and t hor oughl y become 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,  not e 
t he exact  l ocat i ons f or  mat er i al s  and equi pment  t o be i nst al l ed on t he 
gat es f or  cat hodi c pr ot ect i on,  and advi se t he Cont r act i ng Of f i cer  of  any 
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di scr epanci es bef or e per f or mi ng any wor k.

3. 2   INSTALLATION

Fur ni sh al l  mat er i al s,  equi pment ,  and l abor  necessar y t o pr ovi de a compl et e 
and wor kabl e cat hodi c pr ot ect i on syst em conf or mi ng t o t he dr awi ngs and 
speci f i cat i ons.   Al l  el ect r i cal  wor k and mat er i al s  shal l  conf or m t o NFPA 70 
and r equi r ement s speci f i ed her ei n.   Pi pe shal l  be 150 mm 6 i nchdi amet er  
Schedul e 40 st eel  pi pe.   Fi t t i ngs f or  r i gi d met al  condui t  shal l  conf or m t o 
NEMA FB 1.   Condui t  used shal l  be st r ai ght ;  no k i nks or  bends wi l l  be 
per mi t t ed.   Al l  condui t  shal l  be RGS except  t he 152. 4 mm 6 i nch pi pe 
r equi r ed f or  pr ot ect i ng t he HSCI  but t on anodes and PVC schedul e- 80 
per f or at ed pr ot ect i ve pi pe used t o pr ot ect  t he cer ami c r od and HSCI  sausage 
st r i ng anodes.

3. 3   WIRING

3. 3. 1   Gat e St r uct ur e at  Cont r ol  Room

Cabl es,  of  t he t ype speci f i ed i n par agr aph DI RECT CURRENT CABLES,  shal l  be 
i nst al l ed bet ween t he r ect i f i er  cabi net  l ocat ed i n t he cont r ol  r oom and t he 
dc r ecept acl e l ocat ed adj acent  t o each l ock gat e.   Thi s cabl e shal l  be 
i nst al l ed i n condui t  conf or mi ng t o t he r equi r ement s of  par agr aph CONDUI T 
AND FI TTI NGS.

3. 3. 2   Rect i f i er  on t he Lock Wal l

Type SO cabl e shal l  be r un exposed f r om t he ac r ecept acl e on t he l ock wal l  
t o t he r ect i f i er  cabi net  and f r om t hi s cabi net  t o t he dc r ecept acl e.   Type 
SO cabl e shal l  al so be r un exposed f r om t he dc r ecept acl e t o t he wat er t i ght  
bushi ng on t he gat e.   Wat er t i ght  i nsul at i ng bushi ngs shal l  have a cabl e 
seal  f i t t i ng t hat  makes a wat er t i ght  condui t  connect i on and a wat er t i ght  
seal  bet ween t he cabl e j acket  or  i nsul at i on and t he f i t t i ng.   At  al l  
l ocat i ons at  whi ch a condui t  penet r at es a wat er t i ght  member ,  a wat er t i ght  
packi ng gl and const r uct ed as shown on t he dr awi ngs shal l  be i nst al l ed.

3. 3. 3   Wi r i ng on t he Gat e St r uct ur e

Al l  dc c i r cui t  wi r i ng and anode l ead wi r i ng on t he gat e st r uct ur es shal l  be 
i nst al l ed i n r i gi d gal vani zed st eel  condui t ,  except  f or  sausage anode 
st r i ngs,  whi ch shal l  be i nst al l ed as shown on t he dr awi ngs,  and as 
speci f i ed.   Condui t  i nst al l ed on t he gat e st r uct ur e shal l  be i nst al l ed,  
wher e possi bl e,  i n t he r ecesses of  t he gat e and f l ush wi t h t he wal l  sk i n 
pl at e t o r educe t he pr obabi l i t y  of  physi cal  damage f r om f l oat i ng debr i s.   
Each anode shal l  be pr ovi ded wi t h suf f i c i ent  l ead l engt h,  wi t hout  spl i ce,  
t o r each t he t er mi nal  cabi net s l ocat ed on t he t op of  each gat e l eaf .   
Wat er t i ght  i nsul at i ng bushi ngs shal l  have a cabl e seal  f i t t i ng t hat  seal s 
bet ween t he cabl e j acket  or  i nsul at i on and t he f i t t i ng.   At  al l  l ocat i ons 
at  whi ch a condui t  penet r at es a wat er t i ght  member ,  a wat er t i ght  packi ng 
gl and const r uct ed as shown on t he dr awi ngs shal l  be i nst al l ed.

3. 4   ROD AND SAUSAGE ANODE I NSTALLATI ON

3. 4. 1   Met al  Pi pe Coupl i ngs f or  PVC Pi pee

Met al  pi pe coupl i ngs ( gui des f or  PVC pi pe used wi t h sausage anodes)  shal l  
be per manent l y wel ded on t he gat e st r uct ur e.   Rod or  Sausage- t ype anodes 
shal l  not  be used wi t hout  t hese PVC pi pe gui des.   PVC schedul e- 80 pi pe 
( wi t h hol es)  cont ai ni ng t he sausage anode st r i ngs shal l  be i nst al l ed 
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t hr ough t he coupl i ngs wi t h t he hol es or i ent ed away f r om t he pr ot ect i ve 
st eel  angl e channel  ( t owar d t he back of  t he chamber s) .   Anode r od or  st r i ng 
assembl i es shal l  be capabl e of  bei ng wi t hdr awn at  any t i me f or  i nspect i on 
and r epai r .   The met al  pi pe coupl i ngs used f or  PVC pi pe gui des shal l  be 
i nst al l ed pl umb,  wi t h an al i gnment  t ol er ance of  pl us or  mi nus 6. 35 mm 1/ 4 
i nch over  t he ent i r e hei ght  of  t he gat e.   When i n pl ace,  t he met al  pi pe 
coupl i ngs shal l  be wel ded t o t he gi r der .   Pr ot ect i ve angl e i r ons  shal l  be 
posi t i oned at  t he pr evi ousl y speci f i ed l ocat i ons t o pr ot ect  t he PVC pi pe 
and anode st r i ngs cont ai ned t her ei n,  exposi ng as much anode sur f ace ar ea as 
possible.

3. 4. 2   Assembl y of  Ti t ani um Rod Anode

The cer ami c coat ed t i t ani um r od anode shal l  be sequent i al l y  assembl ed as i t  
i s  l ower ed i nt o t he PVC pi pe by scr ew coupl i ng each t o t he next  anode 
el ement .   The coupl i ng shal l  be t i ght ened t o a t or que equal  t o t hat  
speci f i ed by t he anode manuf act ur e.   The t opmost  el ement  shal l  have t he 
f act or y f abr i cat ed anode- t o- cabl e connect or  at t ached i n a s i mi l ar  manner .   
The HSCI  sausage anode assembl i es ar e l ower ed i nt o pl ace i nsi de t he pl ast i c 
pi pe.   Take car e i n handl i ng t hese HSCI  anode st r i ngs s i nce t he mat er i al  i s  
ver y br i t t l e and subj ect  t o cr acki ng i f  dr opped or  bounced agai nst  a har d 
sur f ace.   I f  any s i ngl e anode el ement  i n t he HSCI  " sausage"  st r i ng i s 
cr acked,  r epl ace t he ent i r e st r i ng wi t h a new st r i ng.   No cr acked anodes 
shal l  be i nst al l ed i n t he syst em.   Anode cent er i ng devi ces shal l  be 
i nst al l ed on each r od or  st r i ng anode el ement  t o assur e t hat  t he anode i n 
mai nt ai ned i n a cent er ed posi t i on wi t hi n t he pi pe i n a manner  so t hat  no 
por t i on of  t he anode i s c l oser  t han 12. 7 mm 1/ 2 i nch of  t he pi pe i nt er i or  
sur f ace.   Each anode l ead shal l  be cont i nuous wi t hout  spl i ces f r om i t s 
poi nt  of  connect i on t o t he anode t o t he t er mi nal  cabi net  on t he gat e 
st r uct ur e.   Anode l eads shal l  be mar ked wi t h anode st r i ng or  anode number  
at  t he poi nt  of  connect i on t o t he t er mi nal  box.   A mi ni mum of  152. 4 mm 6 
i nch of  excess cabl e shal l  be coi l ed i n t he anode t er mi nal  box bef or e 
cut t i ng and connect i on t he cabl e t o t he cor r espondi ng anode t er mi nal  i n t he 
t er mi nal  box.   Thi s connect i on shal l  t hen be coat ed wi t h a sui t abl e 
oxi dat i on pr event i ng el ect r i cal  cont act  past e.

3. 4. 3   Suspensi on of  Anode Rod or  St r i ng Assembl i es

Suppor t  means f or  each anode r od or  st r i ng shal l  be done i n a manner  t o 
per mi t  easy r ai s i ng,  l ower i ng,  r emoval  and/ or  r ei nst al l at i on of  t he anode 
st r i ngs i n t he anode gui des.    The anode assembl i es shal l  be suspended f r om 
anode connect i ng cabl es usi ng " Kel l um"  or  equal  gr i ps t o pr ovi de uni f or m 
and non- def or mi ng gr i ppi ng of  t he wi r e i nsul at i on.

3. 5   DI SK AND BUTTON ANODE I NSTALLATI ON

3. 5. 1   General

I nst al l  t he Di sk or  But t on- t ype anodes at  t he l ocat i ons shown on t he 
appr oved Cont r act or ' s cor r osi on engi neer  desi gn dr awi ngs.

3. 5. 2   I mpact  Pr ot ect i on Pi pes I nst al l at i on

The i mpact  pr ot ect i on pi pes f or  t he di sk or  but t on anode connect i on cabl es 
shal l  be i nst al l ed pr i or  t o i nst al l at i on of  t he anodes.   A 152. 4 mm 6 i nch 
di amet er  by 203. 2 mm 8 i nch l ong gal vani zed st eel  schedul e- 40 pi pe wi t h 
t hr eaded pi pe cap shal l  be f ul l y  seal  wel ded t o t he gat e i n back of  each 
but t on anode.   A hol e shal l  be dr i l l ed i n t he s i de of  t hi s pi pe and a 
t hr ead- o- l et  f i t t i ng wel ded t o t he 152. 4 mm 6 i nch di amet er  pi pe at  t hi s 
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poi nt  t o r ecei ve t he anode l ead wi r e and condui t  r out ed t o t he anode 
t er mi nal  box at  t he t op of  t he gat e l eaf .   The pi pe and condui t  pr ovi de 
i mpact  pr ot ect i on of  t he anode cabl es and t he anode suppor t  means.   The 
pi pes shal l  be pr epar ed f or  pai nt i ng and coat ed wi t h t he same pai nt  syst em 
as adj acent  gat e sur f aces,  i n accor dance wi t h Sect i on 09 97 02 PAI NTI NG:  
HYDRAULI C STRUCTURES.

3. 5. 3   Di sk Anode I nst al l at i on

Del ei ver  t he di sk anode as a compl et e assembl y by t he manuf act ur er .   A 
28. 58 mm 1- 1/ 8 i nch di amet er  hol e shal l  be dr i l l ed t hr ough t he ski n pl at e 
at  each di sk anode l ocat i on shown on t he appr oved syst em desi gn dr awi ngs.   
Remove t he FRP nut  and washer  f r om t he di sk suppor t  shaf t .   Appl y 100 
per cent  s i l i cone wat er pr oof  caul k t o t he ski n pl at e s i de of  t he anode 
composi t e shi el d i n suf f i c i ent  quant i t y t o compl et el y seal  t he shi el d at  
i t s  out er  per i met er  and adj acent  t o t he shaf t  wher e i t  passes t hr ough t he 
ski n pl at e.   The di sk shal l  t hen be i nser t ed t hr ough t he gat e ski n pl at e 
and hel d f i r ml y i n pl ace whi l e t he washer  and t hen nut  ar e pl aced on t he 
suppor t  shaf t  f r om t he opposi t e s i de of  t he gat e and t i ght ened usi ng an 
aut omat i c t or que wr ench set  t o 33. 9 N- m 25 f t - l b of  t or que.   The cabl e 
connect or  shal l  t hen be at t ached t o t he i nt egr al  t hr eaded socket  on t he end 
of  t he anode suppor t  shaf t  and t i ght ened t o t he t or que speci f i ed by t he 
manuf act ur er .   Thi s cabl e shal l  t hen be r out ed t hr ough t he pi pe pr ot ect i ng 
t hr ead- o- l et  f i t t i ng and t hen vi a condui t  t o t he anode t er mi nal  box.   Each 
di sk anode l ead shal l  be cont i nuous wi t hout  spl i ces f r om i t s poi nt  of  
connect i on t o t he anode t o t he t er mi nal  cabi net  on t he gat e st r uct ur e.   
Anode l eads shal l  be mar ked wi t h anode st r i ng or  anode number  at  t he poi nt  
of  connect i on t o t he t er mi nal  box.   A mi ni mum of  152. 4 mm 6 i nch of  excess 
cabl e shal l  be coi l ed i n t he anode t er mi nal  box bef or e cut t i ng and 
connect i on of  t he cabl e t o t he cor r espondi ng anode t er mi nal  i n t he t er mi nal  
box.   Thi s connect i on shal l  t hen be coat ed wi t h a sui t abl e oxi dat i on 
pr event i ng el ect r i cal  cont act  past e.

3. 5. 4   But t on Anode I nst al l at i on

a.   The pol ychl or opr ene or  neopr ene gasket  mat er i al  shal l  be not  l ess t han 
3 mm 1/ 8 i nch i n t hi ckness and shal l  pr ovi de a mi ni mum of  500, 000 ohms 
of  r esi st ance bet ween t he but t on anode and gat e.   Pl ast i c pl ugs,  mol ded 
or  f abr i cat ed f r om an appr oved pol yst yr ene t o f i t  secur el y i n t he anode 
openi ng,  shal l  be f ur ni shed and i nst al l ed i n accor dance wi t h t he 
appr oved submi t t al  dr awi ngs.   Af t er  assembl y,  t he anode suppor t  bol t  
shal l  be compl et el y i nsul at ed on t he but t on s i de of  t he gat e by f or c i ng 
epoxy cement  t hr ough a passage pr ovi ded f or  t hat  pur pose,  ar ound t he 
i nsul at i ng s l eeve,  i nt o t he bol t - head cavi t y,  and out  t he vent  hol e i n 
t he pl ast i c pl ug.   The pl ast i c pl ug shal l  be pl aced i n t he bol t - head 
cavi t y such t hat  t he vent  hol e i s  at  t he hi ghest  poi nt .

b.   Epoxy cement  shal l  be of  an appr oved t ype,  shal l  have a sui t abl e 
di el ect r i c  st r engt h,  shal l  be wat er - r esi st ant ,  and shal l  not  gener at e 
enough heat  t o damage or  r eact  wi t h t he pl ast i c pl ug,  t he i nsul at i ng 
bushi ngs,  or  t he gasket s.   The epoxy shal l  pr ovi de a mi ni mum el ect r i cal  
r esi st ance of  10 megohms bet ween t he anode and t he gat e.

c.   The f l anged sl eeves shal l  be f abr i cat ed f r om nyl on conf or mi ng t o t he 
r equi r ement s of  ASTM D789,  or  a s i mi l ar  appr oved r i gi d pl ast i c 
mat er i al .   I t  shal l  be of  pr oper  s i ze and l engt h so t hat  i t  wi l l  
penet r at e t he ski n pl at e enough t o pr ovi de el ect r i cal  i sol at i on bet ween 
t he anode and ski n pl at e.   The sl eeve shal l  ent er  t he ski n pl at e at  
l east  1. 59 mm 3/ 16 i nch.   Ref er  t o CERL Tech Rep FM- 95/ 05 -  Fi gur e 1,  
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" HSCBCI  " Sausage"  and " But t on"  Anode Desi gns f or  mount i ng component  
details.

d.   Al so i sol at e t he bol t  f r om t he anode and ski n pl at e.   A met al  washer  
shal l  be used behi nd t he ski n pl at e t o connect  t he bol t  t o t he gat e so 
t hat  t he bol t  wi l l  r ecei ve cat hodi c pr ot ect i on and not  cor r ode.   Appl y 
t he epoxy cement  ( r esi n)  t o pr ovi de a wat er t i ght  seal  i n al l  ar eas of  
t he bol t  and anode bol t  cavi t y.   Thi s wi l l  i sol at e t he anode f r om t he 
gate.

e.   The sur f aces of  t he gat es t o be cover ed by t he pol ychl or opr ene or  
neopr ene gasket  and t he anode shal l  be sandbl ast ed t o c l ean met al  t o 
pr ovi de a bondi ng sur f ace f or  t he epoxy cement .   The met al  washer  shal l  
not  exceed t he f l ange di amet er  of  t he nyl on s l eeve and t he nyl on 
f l anges shal l  be at  l east  3 mm  1/ 8 i nch i n di amet er  smal l er  t han t he 
di amet er  of  t he but t on anode hol e bol t - head cavi t y .   The anchor i ng bol t  
shal l  have s l ot s t hat  ar e l ar ge enough and adequat e t o t r ansf er  epoxy.   
Bol t s shal l  be machi ned and hol es dr i l l ed t o t r ansf er  epoxy.   The bol t  
shal l  be of  suf f i c i ent  l engt h t o al l ow t hr eads t o be v i s i bl e past  t he 
nut .   St r uct ur al  t hi ckness shal l  be consi der ed.   The neopr ene gasket  
shal l  be at t ached t o t he gat e and t he anode usi ng an appr oved cement  t o 
make a wat er t i ght  seal .   The bol t  shal l  be used t o t or que t he anode t o 
a wat er t i ght  seal  on t he gat e.   The bol t  shal l  not  be over - t or qued,  
causi ng t he met al  anode t o cont act  t he gat e or  t he pol ychl or opr ene 
gasket  t o t ur n out  f r om t he ski n pl at e.   The anodes shal l  not  be 
handl ed or  car r i ed by t he conduct or .   Each anode l ead shal l  be 
cont i nuous wi t hout  spl i ces f r om i t s poi nt  of  connect i on t o t he anode t o 
t he t er mi nal  cabi net  on t he gat e st r uct ur e.   Anode l eads shal l  be 
mar ked wi t h anode st r i ng or  anode number  at  t he poi nt  of  connect i on t o 
t he t er mi nal  box.   A mi ni mum of  152. 4 mm 6 i nch of  excess cabl e shal l  
be coi l ed i n t he anode t er mi nal  box bef or e cut t i ng and connect i on of  
t he cabl e t o t he cor r espondi ng anode t er mi nal  i n t he t er mi nal  box.   
Thi s connect i on shal l  t hen be coat ed wi t h a sui t abl e oxi dat i on 
pr event i ng el ect r i cal  cont act  past e.

3. 6   RECTI FI ER CABI NET I NSTALLATI ON

Secur e wheel ed r ect i f i er  cabi net s,  when pr ovi ded,  t o t he l ock wal l  pi pe 
r ai l s  usi ng t he c l amp pr ovi ded as a par t  of  t he r ect i f i er .   Secur e 
st at i onar y r ect i f i er  cabi net s t o t he st r uct ur es as shown on t he appr oved 
submi t t al  dr awi ngs.

3. 7   RESI STOR AND ANODE TERMI NAL CABI NETS I NSTALLATI ON

I nst al l  r esi st or  and anode t er mi nal  cabi net s at  l ocat i ons conveni ent  f or  
mai nt enance and t est i ng pur poses and t o pr ovi de r eady access t o t he 
t er mi nal s t her ei n.   Secur el y mount  t he cabi net s t o t he gat e st r uct ur e wi t h 
wel ded angl e i r on suppor t s hol di ng t he cabi net  i n pl ace.

3. 8   REPAI R OF EXI STI NG WORK

The wor k shal l  be car ef ul l y  l ai d out  i n advance,  and wher e cut t i ng,  
channel i ng,  chasi ng,  or  dr i l l i ng of  t he gat e st r uct ur e or  gi r der  web,  or  
ot her  sur f aces i s necessar y f or  t he pr oper  i nst al l at i on,  suppor t ,  or  
anchor age of  t he cabi net s,  condui t ,  r aceways,  or  ot her  el ect r i cal  wor k,  
t hi s wor k shal l  be car ef ul l y  done,  and any damage t o t he gat e st r uct ur e or  
equi pment  shal l  be r epai r ed by sk i l l ed mechani cs of  t he t r ades i nvol ved,  at  
no addi t i onal  cost  t o t he Gover nment .
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3. 9   SYSTEM COMPONENT CI RCUI T RESI STANCE MEASUREMENT

Wi t hi n 1 week f ol l owi ng t he f i l l i ng of  t he l ock,  t he r esi st ance of  each 
anode,  r ef er ence el ect r ode,  syst em gr ound,  and r ef er ence gr ound shal l  agai n 
be measur ed and r ecor ded usi ng f our  separ at e t est  l ead wi r es and a Ni l sson 
Model  400 AC i mpedance met er  or  ot her  s i mi l ar  AC i mpedance i nst r ument  
accept abl e t o t he Cont r act i ng Of f i cer .   The measur ement  shal l  be made by 
di sconnect i ng t he component  l ead at  t he appr opr i at e t er mi nal  i n t he 
t er mi nal  box and connect i ng t wo of  t he f our  AC i mpedance t est  l eads 
i ndi v i dual l y t o t he l ead wi r e.   The ot her  t wo AC i mpedance t est  l eads shal l  
be i ndi v i dual l y connect ed t o t he st r uct ur e component  t o whi ch t he component  
i s  mount ed or  connect ed.   Shoul d t he r esi st ance bet ween t he l ead wi r e and 
t he st r uct ur e ( i mmer se anode and r ef er ence el ement s i n wat er )  be l ess t han 
50 per cent  or  mor e t han 200 per cent  of  t he cal cul at ed ( expect ed)  
r esi st ance,  make t he necessar y cor r ect i ons and/ or  modi f i cat i ons necessar y 
t o achi eve t he ant i c i pat ed val ue( s) .

3. 10   STRUCTURE- TO- REFERENCE CELL POTENTI AL MEASUREMENTS

Fol l owi ng compl et i on of  t he i nst al l at i on of  t he cat hodi c pr ot ect i on syst em 
and pr i or  t o pl aci ng t he i mpr essed cur r ent  cat hodi c pr ot ect i on syst em i n 
oper at i on,  st r uct ur e- t o- r ef er ence cel l  pot ent i al  measur ement s shal l  be 
made.   The t est i ng equi pment  shal l  be a cal i br at ed copper - copper  sul f at e 
r ef er ence el ect r ode wi t h wat er pr oof  connect or  t o i nsul at ed t est  l ead wi r e 
sui t abl e f or  i mmer si on t est i ng and of  sui t abl e l engt h so t hat  no spl i ces 
ar e necessar y i n t he t est  l ead wi r e and a hi gh- r esi st ance di gi t al  
vol t met er ,  Fl uke Model s 865 or  867 or  equal .   The copper - copper  sul f at e 
r ef er ence el ect r odes shal l  cont ai n a sat ur at ed r eagent  copper  sul f at e i n 
di st i l l ed wat er .   Pr i or  t o f i r st  syst em ener gi zat i on,  nat i ve " OFF"  
pot ent i al  measur ement  shal l  be r ecor ded usi ng t he same met er  and cal i br at ed 
r ef er ence el ect r ode t o be used dur i ng syst em ener gi zat i on and adj ust ment .   
These nat i ve " OFF"  pot ent i al s shal l  be measur ed and r ecor ded at  al l  t he 
speci f i ed l ocat i ons.

3. 11   RECTI FI ER ADJUSTMENT

Rect i f i er  adj ust ment  shal l  be accompl i shed as f ol l ows:

a.   Adj ust  t he out put  of  t he r ect i f i er  so t hat  t he gat e- t o- wat er  pot ent i al  
measur ed usi ng a r ef er ence cel l  i ndi cat es t hat  t he negat i ve pot ent i al  
has st abi l i zed and i s at  l east  mi nus 0. 85 vol t  and not  mor e t han 1. 2 
vol t s.   These measur ement s shal l  be made wi t h cur r ent  appl i ed.   
Cor r ect i ons f or  I R dr op shal l  be made.   Thi s shal l  be accompl i shed by 
adj ust i ng t he r ect i f i er  t o obt ai n t he af or ement i oned " i nst ant - of f "  
pot ent i al s.   Thi s I R dr op cor r ect i on shal l  be made by i nt er r upt i ng t he 
cur r ent  out put  of  t he r ect i f i er  ei t her  manual l y or  aut omat i cal l y  usi ng 
a 90 per cent  mi ni mum " ON"  and 10 per cent  maxi mum " OFF" .   I f  mor e t han 
one r ect i f i er  i s  ener gi zed at  t he same t i me,  al l  such r ect i f i er s shal l  
be i nt er r upt ed s i mul t aneousl y.   The " OFF"  t i me per i od shal l  not  exceed 
1 second.   Dur i ng t hi s " OFF"  per i od,  t he Fl uke 865/ 867 met er  shal l  be 
used t o aut omat i cal l y  r ead t he mi ni mum DC vol t age t hat  i s  t he pol ar i zed 
pr ot ect i ve pot ent i al  on t he gat e.

b.   Per f or m a compl et e st r uct ur e- t o- wat er  pot ent i al  sur vey of  t he gat e l eaf  
face.

3. 11. 1   Locat i ons of  St r uct ur e- t o- Ref er ence Cel l

Locat e t he r ef er ence cel l  i n t he wat er ,  12. 7 t o 76. 2 mm 0. 5 t o 3 i nch f r om 
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t he gat e st r uct ur es.   The r ef er ence cel l  shal l  be connect ed wi t h a 
wat er pr oof  scr ew coupl ed connect or  t o a conduct or  on a r eel .   The cel l  
shal l  be l ower ed t o dept hs i n t he wat er  as i ndi cat ed bel ow.   The r ef er ence 
cel l  conduct or  shal l  be connect ed t o t he posi t i ve t er mi nal  of  t he di gi t al  
vol t met er .   A second conduct or  shal l  be connect ed f r om t he gat e st r uct ur e 
t o t he vol t met er  negat i ve t er mi nal .   The measur ement  pr ocedur e shal l  be 
r epeat ed and r ecor ded f or  each measur ement  l ocat i on.   Measur ement s shal l  be 
made ever y 0. 91 m 3 f t  ver t i cal l y  ( mi ni mum)  f r om nor mal  pool  el evat i on t o 
t he bot t om of  t he gat e.   These same measur ement s shal l  be made at  a mi ni mum 
of  f i ve l ocat i ons acr oss t he wi dt h of  t he gat es on bot h t he ski n pl at e and 
chamber  s i des.   I n addi t i on,  one set  of  measur ement s shal l  be made at  t he 
quoi n end and one at  t he mi t er  end on bot h s i des of  t he gat e.   Al l  
measur ement  posi t i ons shoul d be per manent l y mar ked on t he handr ai l  of  t he 
gat es di r ect l y above wher e t he measur ement  i s  made.

3. 11. 2   Pol ar i zat i on Decay

a.   Pol ar i zat i on decay measur ement s ar e onl y necessar y i f  t he gat e sur f aces 
adj acent  t o t he s i l l  pl at e,  quoi n and mi t er  f ai l  t o meet  t he above 
cr i t er i a of  pr ovi di ng negat i ve pr ot ect i on pot ent i al  of  at  l east  mi nus 
0. 85 vol t s.

b.   A mi ni mum negat i ve ( cat hodi c)  pol ar i zat i on vol t age shi f t  of  100 
mi l l i vol t s shal l  be measur ed bet ween t he st r uct ur e sur f ace and t he 
r ef er ence el ect r ode cel l  above cont act i ng t he el ect r ol yt e.   Thi s 
pol ar i zat i on vol t age shi f t  i s  t o be det er mi ned by i nt er r upt i ng t he 
pr ot ect i ve cur r ent  and measur i ng t he pol ar i zat i on decay.   When t he 
cur r ent  i s  i ni t i al l y  i nt er r upt ed,  an i mmedi at e vol t age shi f t  wi l l  
occur .   The second vol t age r eadi ng di spl ayed af t er  t he i mmedi at e shi f t  
shal l  be used as t he base r eadi ng f r om whi ch t o measur e pol ar i zat i on 
decay.   Pol ar i zat i on measur ement s shal l  be made at  mi ni mum 10- mi nut e 
i nt er val s f or  a maxi mum of  4 hour s.   Thi s measur ement  cannot  be made 
unt i l  t he gat e has had a chance t o become pol ar i zed.

c.   Locat i on of  t he st r uct ur e wi t h r espect  t o t he r ef er ence cel l  f or  
pol ar i zat i on decay measur ement s shal l  be 0. 305 m 1 f t  f r om t he bot t om 
gat e at  t he quoi n,  mi t er ,  and at  0. 61 m 2 f t  i nt er val s al ong t he bot t om 
of  t he gat e.   Measur ement s shal l  be made on each gat e l eaf  f ace.

3. 12   RECORDI NG OF MEASUREMENTS

Al l  syst em component  c i r cui t  r esi st ances,  st r uct ur e- t o- wat er  pot ent i al  
measur ement s,  i ncl udi ng nat i ve pot ent i al s,  shal l  be assembl ed i n comput er  
gener at ed t abul ar  f or m usi ng Mi cr osof t  Excel  or  s i mi l ar  appr oved 
spr eadsheet  and submi t t ed i n s i x copi es t oget her  wi t h a copy of  t he dat a 
di sk ( 3- 1/ 2 i nch f l oppy di sks) ,  wi t h each l ocat i on i dent i f i ed on t he 
as- bui l t  dr awi ngs.   Locat e,  cor r ect ,  and r epor t  t o t he Cont r act i ng Of f i cer  
any unusual  dat a or  pr obl ems encount er ed dur i ng checkout  of  t he i nst al l ed 
cat hodi c pr ot ect i on syst em.   St r uct ur e- t o- wat er  pot ent i al  measur ement s ar e 
r equi r ed on st r uct ur es as necessar y t o af f i r m t hat  pr ot ect i on has been 
achi eved on al l  submer ged sur f ace of  t he l ock gat es.   Al l  t est s shal l  be 
wi t nessed by t he Cont r act i ng Of f i cer  and t he compl et ed t est  measur ement s 
dat a shal l  be submi t t ed t o hi m f or  hi s r evi ew and appr oval .

3. 13   OPERATI ON AND MAI NTENANCE I NSTRUCTI ONS

Submi t  Weekl y,  Mont hl y and Annual  Test  Pr ocedur e t o be par t  of  t he 
oper at i ons and mai nt enance i nst r uct i on manual .   Thi s t est  pl an shal l  
conf or m t o al l  appl i cabl e NACE I nt er nat i onal  Recommended Pr act i ces.
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3. 13. 1   Oper at i ng I nst r uct i ons

Fur ni sh t o t he Cont r act i ng Of f i cer  t wel ve ( 12)  compl et e copi es of  oper at i ng 
i nst r uct i ons det ai l i ng t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t - up and adj ust ment  of  t he r ect i f i er  t o achi eve t he cr i t er i a of  
pr ot ect i on.   Thi s shal l  i ncl ude nat i ve syst em and component  t est  dat a ( dat a 
bef or e syst em ener gi zat i on) ,  t est  set  up,  t est  equi pment  di agr ams showi ng 
vol t met er  and r ef er ence cel l  connect i ons,  t est  l ocat i ons,  and a descr i pt i on 
of  t he pr ocedur e f or  measur i ng " on"  and " of f "  pot ent i al s.   Det ai l ed st eps 
shal l  show use of  t he equi pment  used i n t he t r ai ni ng cour se and cover  t est  
and measur ement  of  t he cat hodi c pr ot ect i on syst ems f or  t he gat e l eaf s.   
Submi t  t he Oper at i on and Mai nt enance manual  t o t he Cont r act i ng Of f i cer  f or  
appr oval  30 days pr i or  t o t he t r ai ni ng cour se.   I nf or mat i on on t he 
equi pment  shal l  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser v i ce 
manual ,  par t s l i s t ,  and a br i ef  descr i pt i on of  al l  equi pment  and i t s basi c 
oper at i ng f eat ur es.

3. 13. 2   Mai nt enance I nst r uct i ons

Fur ni sh t o t he Cont r act i ng Of f i cer  ei ght  compl et e copi es of  mai nt enance 
i nst r uct i ons l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns 
and r epai r s,  and t r oubl e- shoot i ng gui des.   The i nst r uct i ons shal l  i ncl ude 
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 
gat e- t o- r ef er ence el ect r ode measur ement s,  and f r equency of  moni t or i ng.

3. 14   TRAI NI NG COURSE

Conduct  a t r ai ni ng cour se f or  oper at i ng st af f ,  as desi gnat ed by t he 
Cont r act i ng Of f i cer ,  on t he cat hodi c pr ot ect i on syst em.   The t r ai ni ng 
per i od shal l  consi st  of  a t ot al  of  8 hour s of  t r ai ni ng and shal l  s t 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.   Pr ovi de cour se mat er i al ,  i ncl udi ng t est i ng dat a and r ecor ds,  f or  a 
mi ni mum of  [ 12]  [ _____]  Gover nment  at t endees.   Submi t  t hi s cour se mat er i al  
t o t he Cont r act i ng Of f i cer  f or  appr oval  30 days pr i or  t o t he schedul ed 
st ar t  of  t he t r ai ni ng cour se.   Submi t  l i f e of  t he anodes and out l i ne of  
cour se and handout  sheet s wi t h t est i ng and measur ement s f r om t he 
i nst r uct i on manual  and descr i pt i on of  t he use of  equi pment  f or  compl et i ng 
t est  and measur ement s f or  st udent s.   The t r ai ni ng cour se shal l  i ncl ude 
demonst r at i ons of  t he pr ocedur e f or  measur i ng t he mi nus 850 mi l l i vol t s 
" of f "  pot ent i al s  and NACE I nt er nat i onal  pr ot ect i on cr i t er i a of  a mi ni mum 
negat i ve ( cat hodi c)  pol ar i zat i on vol t age shi f t  of  100 mi l l i vol t s.   Pr ovi de 
a di gi t al  vol t met er  ( Fl uke 865 or  s i mi l ar  and appr oved equal )  and an 
i nsul at ed cabl e ( mi ni mum 30. 48 m 100 f t  l engt h)  on a r eel  wi t h a sat ur at ed 
copper - copper  sul f at e r ef er ence cel l  at t ached by a f act or y assembl ed 
wat er pr oof  connect or  f or  t hese demonst r at i ons.   Thi s equi pment  wi l l  become 
t he pr oper t y of  t he Gover nment  and shal l  be t ur ned over  t o t he Cont r act i ng 
Of f i cer  upon compl et i on of  t he t r ai ni ng cour se.

         - -  End of  Sect i on - -
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