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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  pr eci pi t at i on/ coagul at i on 
/ f l occul at i on ( P/ C/ F)  syst ems wi t h f l ow r at es 
r angi ng f r om 4 t o 940 l i t er s 1 t o 250 gal l ons per  
mi nut e.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
pr esent .

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

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

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s Sect i on i s i nt ended f or  speci f i cat i on of  
PCF uni t  pr ocesses and i s speci f i cal l y appl i cabl e 
f or  r emedi at i on of  gr ound wat er  and l andf i l l  
l eachat e cont ai ni ng di ssol ved heavy met al s.   Thi s 
gui de speci f i cat i on shoul d not  be used unt i l  
t hor ough,  s i t e speci f i c  t r eat abi l i t y  st udi es ( j ar  
t est i ng)  have been per f or med,  c l ear l y demonst r at i ng 
t hat  P/ C/ F i s an appr opr i at e t r eat ment  t echni que 
t hat  can meet  t he per f or mance cr i t er i a set  f or t h i n 
t hi s Sect i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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1. 1   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

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

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

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

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  St d 650 ( 2013;  Er r at a 1 2013;  Addendum 1 2014;  
Er r at a 2 2014;  Addendum 2 2016;  Addendum 3 
2018)  Wel ded Tanks f or  Oi l  St or age

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7 ( 2017)  Mi ni mum Desi gn Loads f or  Bui l di ngs 
and Ot her  St r uct ur es

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA 10084 ( 2017)  St andar d Met hods f or  t he 
Exami nat i on of  Wat er  and Wast ewat er

AWWA D100 ( 2021)  Wel ded St eel  Tanks f or  Wat er  St or age

AWWA D103 ( 2019)  Fact or y- Coat ed Bol t ed St eel  Tanks 
f or  Wat er  St or age

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A2. 4 ( 2012)  St andar d Symbol s f or  Wel di ng,  
Br azi ng and Nondest r uct i ve Exami nat i on
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ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A283/ A283M ( 2013)  St andar d Speci f i cat i on f or  Low and 
I nt er medi at e Tensi l e St r engt h Car bon St eel  
Pl at es

ASTM C582 ( 2023)  Cont act - Mol ded Rei nf or ced 
Ther moset t i ng Pl ast i c ( RTP)  Lami nat es f or  
Cor r osi on- Resi st ant  Equi pment

ASTM D2035 ( 2019)  St andar d Pr act i ce f or  
Coagul at i on- Fl occul at i on Jar  Test  of  Wat er

ASTM D3299 ( 2010)  Fi l ament - Wound 
Gl ass- Fi ber - Rei nf or ced Ther moset  Resi n 
Cor r osi on- Resi st ant  Tanks

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

ANSI / I SA 5. 1 ( 2022)  I nst r ument at i on Symbol s and 
I dent i f i cat i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST SP 250 ( 1991)  Cal i br at i on Ser vi ces User s Gui de

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023;  wi t h Change 1,  2023)  St r uct ur al  
Engi neer i ng

1. 2   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a “ G”  t o an i t em,  
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .
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For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s t o i ndi cat e t he appr ovi ng 
aut hor i t y.   Codes f or  Ar my pr oj ect s usi ng t he 
Resi dent  Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Tanks;  G[ ,  [ _____] ]

Mi xer s;  G[ ,  [ _____] ]

Cl ar i f i er s;  G[ ,  [ _____] ]

I nst r ument at i on and Cont r ol ;  G[ ,  [ _____] ]

St r uct ur al  Ski ds;  G[ ,  [ _____] ]

Desi gn Submi t t al

SD- 03 Pr oduct  Dat a

Tanks;  G[ ,  [ _____] ]

Mi xer s;  G[ ,  [ _____] ]

Cl ar i f i er s;  G[ ,  [ _____] ]

I nst r ument at i on and Cont r ol ;  G[ ,  [ _____] ]

Spar e Par t s

Regul at or y Requi r ement s

Pr e- st ar t up Test i ng;  G[ ,  [ _____] ]
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Pr oof  of  Per f or mance;  G[ ,  [ _____] ]

P/ C/ F Syst em;  G[ ,  [ _____] ]

Qual i f i cat i ons

SD- 06 Test  Repor t s

Test s.

Fi el d Qual i t y Cont r ol

SD- 07 Cer t i f i cat es

Equi pment  Cer t i f i cat e of  Conf or mance

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

Oper at i on and Mai nt enance Manual  Updat es

1. 3   QUALI TY CONTROL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d r evi ew al l  f eder al ,  
st at e,  and l ocal  r egul at i ons t o det er mi ne t he 
appl i cabl e r egul at i ons whi ch may i mpact  t he desi gn 
of  t he P/ C/ F syst em.   Speci f i cal l y,  wat er  
r egul at i ons shoul d be r evi ewed t o det er mi ne t he 
r equi r ed ef f l uent  qual i t y f or  a speci f i c  s i t e.   Ai r  
r egul at i ons shoul d be r evi ewed t o det er mi ne i f  t ank 
cover s,  vent s,  and emi ssi on cont r ol  devi ces ar e 
r equi r ed.   Hazar dous wast e r egul at i ons,  whi ch cover  
t ank st andar ds and secondar y cont ai nment ,  may appl y 
wher e t he gr oundwat er  or  l eachat e bei ng t r eat ed i s 
c l assi f i ed as a hazar dous wast e.

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

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

Obt ai n al l  per mi t s,  cer t i f i cat i ons,  and/ or  meet  t he r egul at or y 
r equi r ement s necessar y f or  t he conf i gur at i on,  i nst al l at i on,  st ar t up,  and 
oper at i on of  t he t r eat ment  pl ant .   Ensur e al l  wor k meet s or  exceeds 
appl i cabl e mi ni mum r equi r ement s est abl i shed by f eder al ,  st at e,  and l ocal  
l aws and r egul at i ons.   Not i f y t he Cont r act i ng Of f i cer  wi t hi n 30 days of  a 
change i n r egul at or y r equi r ement s whi ch may af f ect  t he cont r act .   Submi t  
per mi t s,  cer t i f i cat i ons,  and/ or  subst ant i ve r egul at or y r equi r ement s bef or e 
wor k st ar t s pl us copi es of  appl i cat i ons f or  per mi t s and cer t i f i cat i ons not  
r equi r ed unt i l  l at er ,  al ong wi t h a schedul e f or  obt ai ni ng t hem.  Tr anspor t ,  
st or e and handl e equi pment ,  r aw mat er i al s ( i ncl udi ng r eagent s/ addi t i ves) ,  
cont ami nat ed mat er i al s,  and t r eat ed mat er i al s i n accor dance wi t h Sect i ons 
02 81 00 TRANSPORTATI ON AND DI SPOSAL OF HAZARDOUS MATERI ALS and 01 35 29. 13
 HEALTH,  SAFETY,  AND EMERGENCY RESPONSE PROCEDURES FOR CONTAMI NATED SI TES.

1. 3. 2   Qual i f i cat i ons

Cont r act or  and Subcont r act or s demonst r at e t hat  t hei r  capabi l i t i es and 
exper i ence wi t h s i mi l ar  P/ C/ F syst ems and appl i cat i ons ar e adequat e t o 
suppl y,  i nst al l ,  and oper at e a P/ C/ F syst em t o r emedi at e [ gr ound wat er ]  
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[ and]  [ l andf i l l  l eachat e]  [ _____]  by pr ovi di ng descr i pt i ons of  at  l east  
[ 2]  [ _____]  P/ C/ F f ul l - scal e r emedi at i on pr oj ect s.   Pr ovi de a f i el d t eam 
( consi st i ng of  [ gr ound wat er ]  [ and]  [ l andf i l l  l eachat e]  [ _____]  uni t  
oper at or s,  qual i t y cont r ol  per sonnel ,  heal t h and saf et y per sonnel ,  
super vi sor y engi neer i ng,  and t echni cal  st af f )  qual i f i ed t o i nst al l  and 
oper at e t he t r eat ment  syst em.   Fi el d t eam per sonnel  ar e r equi r ed t o have a 
mi ni mum of  [ _____]  year s '  exper i ence i n t he i nst al l at i on and oper at i on of  
s i mi l ar  t r eat ment  syst ems and show evi dence of  sat i sf act or y oper at i on f or  
each i nst al l at i on.   Wel di ng pr ocedur es and wel der s ar e r equi r ed t o be 
qual i f i ed i n accor dance wi t h t he code under  whi ch t he wel di ng i s speci f i ed 
t o be accompl i shed.   Submi t  [ one]  [ _____]  [ copy]  [ copi es]  of  qual i f i ed 
pr ocedur es and l i s t  of  i dent i f i cat i on symbol s and names of  cer t i f i ed 
wel der s and wel di ng oper at or s pr i or  t o t he commencement  of  wel di ng 
oper at i ons.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

St or e and pr ot ect  f r om i ncl ement  weat her ,  excessi ve humi di t y and 
t emper at ur e var i at i on,  and di r t ,  dust  or  ot her  cont ami nant s,  per  t he 
r ecommendat i ons of  t he equi pment  manuf act ur er .   The gover nment  i s not  
r esponsi bl e f or  damage caused by i mpr oper l y st or i ng mat er i al s.

1. 5   SI TE CONDI TI ONS

1. 5. 1   Ambi ent  Condi t i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When t emper at ur es ar e bel ow f r eezi ng,  t he 
t r eat ment  pl ant  equi pment  may not  f unct i on pr oper l y 
and ef f i c i ent l y.   The gener al  pr act i ce i s t o avoi d 
t he oper at i on of  an out door  t r eat ment  pl ant  dur i ng 
ext r eme wi nt er  weat her .   I n pl aces wher e t her e i s a 
l ong wi nt er  season or  i n pr oj ect s wher e pl ant  
oper at i on i s r equi r ed t hr oughout  t he year  t o meet  
t he pr oj ect  schedul e,  t he r emedi at i on act i v i t i es 
shoul d be per f or med i nsi de a bui l di ng wi t h pr oper  
heat i ng and vent i l at i on.   For  out door  oper at i ons,  
pi pi ng and equi pment  shoul d be desi gned wi t h f r eeze 
pr ot ect i on by i nsul at i on and heat - t r aci ng.

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

Ensur e t he P/ C/ F syst em i s [ oper at ed cont i nuousl y]  [ not  oper at ed]  [ _____]  
dur i ng t he wi nt er  when t emper at ur es r each f r eezi ng or  bel ow.   I nst al l  t he 
syst em [ out door s]  [ i ndoor s]  [ _____] .   Pr ovi de out door  equi pment  wi t h 
[ i nsul at i on]  [ _____]  and [ heat  t r aci ng]  [ _____] .   Ensur e t he syst em i s 
equi pped wi t h suf f i c i ent  l i ght i ng as shown on t he dr awi ngs f or  secur i t y 
pur poses and f or  t r eat ment  pl ant  oper at i on dur i ng i nadequat e dayl i ght  or  
at  ni ght .  Ref er  t o Sect i ons 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC 
and 26 56 00 EXTERI OR LI GHTI NG f or  pr oper  heat i ng,  vent i l at i on,  ai r  
condi t i oni ng,  and i l l umi nat i on.

1. 5. 2   Exi st i ng Condi t i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( ei t her  Cor ps of f i ce or  A/ E)  i s t he 
Engi neer  of  Recor d,  and show on t he dr awi ngs.   
Del et e t he second br acket ed phr ase at  t he end of  
t hi s par agr aph i f  sei smi c det ai l s ar e not  pr ovi ded.   

SECTI ON 46 07 13. 13  Page 9



Per t i nent  por t i ons of  UFC 3- 301- 01 and Sect i ons 
13 48 73 SEI SMI C CONTROL FOR MI SCELLANEOUS EQUI PMENT 
and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC,  pr oper l y 
edi t ed,  must  be i ncl uded i n t he cont r act  document s.

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

Oper at e t he P/ C/ F syst em i n a [ r emot e]  [ ur ban]  [ i ndust r i al ]  [ commer ci al ]  
[ r esi dent i al ]  set t i ng.   The Cont r act or  i s r equi r ed t o become f ami l i ar  wi t h 
t he exi st i ng s i t e condi t i ons,  i ncl udi ng si t e l ocat i on,  s i t e conf i gur at i on,  
t opogr aphy,  c l i mat e,  s i t e accessi bi l i t y ,  and adj acent  l and use.   Ensur e 
t he P/ C/ F syst em i s desi gned f or  a soi l  bear i ng capaci t y of  [ _____]  MPa psf .   
Pr ovi de sei smi c pr ot ect i on [ i n accor dance wi t h UFC 3- 301- 01]  [ as shown on 
t he dr awi ngs] .

1. 6   MAI NTENANCE MATERI AL SUBMI TTALS

1. 6. 1   Spar e Par t s

Submi t  a l i s t  of  spar e par t s wi t h t he manuf act ur er ' s par t  number ,  a 
cur r ent  uni t  pr i ce,  [ dat e of  manuf act ur er ]  and sour ce of  suppl y f or  each 
di f f er ent  mat er i al  or  equi pment  speci f i ed,  af t er  appr oval  of  t he r el at ed 
submi t t al s and not  l at er  t han [ _____]  mont hs pr i or  t o t he syst em st ar t up.   
I ncl ude t he f ol l owi ng i nf or mat i on on:  1)  par t s r ecommended by t he 
manuf act ur er  t o be r epl aced dur i ng t he f i r st  [ _____]  year s of  ser vi ce,  2)  
a l i s t  of  speci al  t ool s r ecommended by t he manuf act ur er  f or  each t ype of  
equi pment  f ur ni shed i ncl udi ng speci al  t ool s necessar y f or  adj ust ment ,  
oper at i on,  mai nt enance,  and di sassembl y and 3)  spar e par t s dat a f or  each 
di f f er ent  i t em of  equi pment  and mat er i al s speci f i ed.   At  l east  t wo ( 2)  
sour ces of  suppl y ar e suggest ed t o be submi t t ed.

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d r evi ew t he met hodol ogi es 
and r esul t s of  t he pr evi ousl y conduct ed t r eat abi l i t y  
t est i ng and ot her  pr edesi gn i nf or mat i on,  al ong wi t h 
t he r equi r ed ef f l uent  qual i t y,  t o det er mi ne t he 
t ypes and si zes of  equi pment ,  t he chemi cal s,  and 
chemi cal  dosages t o be speci f i ed.

As a mi ni mum,  t he desi gner  shoul d pr ovi de a pr ocess 
f l ow di agr am ( PFD) ,  a pi pi ng and i nst r ument at i on 
di agr am ( P&I D) ,  an i nst r ument  i ndex,  a s i t e l ayout  
dr awi ng,  and an equi pment  l ayout  dr awi ng.   The PFD 
shoul d depi ct  t he P/ C/ F and anci l l ar y equi pment  
r equi r ed f or  t he speci f i c  wat er  t o be t r eat ed and 
di spl ay t he pr ocess desi gn condi t i ons f or  each 
uni t .   Such pr ocess desi gn condi t i ons shoul d i ncl ude 
consi der at i on of  mi ni mum,  aver age,  and maxi mum 
val ues of  each si gni f i cant  par amet er  ( e. g.  pr essur e,  
t emper at ur e,  f l ow r at e,  et c. ) .   The P&I D shoul d 
def i ne al l  pi pi ng and i nst r ument at i on of  t he syst em 
and shoul d i ncl ude descr i pt i ve t ag names f or  al l  
pi pi ng and f i t t i ngs i ncl udi ng mat er i al s of  
const r uct i on,  t ag number ,  and l i ne s i ze.   The P&I D 
dr awi ngs shoul d al so i ncl ude t ag number s f or  al l  
i nst r ument s i n accor dance wi t h ANSI / I SA 5. 1.   The 
i nst r ument  i ndex shoul d i ncl ude dr awi ngs det ai l i ng 
t he t ypes of  i nst r ument s t o be used,  t hei r  r ange and 
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scal e,  r el at ed appur t enances,  and t hei r  associ at ed 
t ag number s;  al l  such i nf or mat i on must  be 
coor di nat ed wi t h t he P&I D.

The desi gner  shoul d ver i f y t hat  t he appr opr i at e 
( on/ of f ,  pr opor t i onal ,  set  poi nt ,  et c. )  cont r ol l er  
t o be used i n t he P/ C/ F syst em f or  chemi cal  f eed 
cont r ol  i s  speci f i ed i n Sect i on 46 30 00 WATER AND 
WASTEWATER CHEMI CAL FEED SYSTEMS.   The desi gner  
shoul d pr ovi de a s i t e l ayout  dr awi ng t o i ndi cat e t o 
an equi pment  suppl i er  what  t he gener al  l ocat i on of  
t he equi pment  wi l l  be and how much space i s 
avai l abl e f or  t he pr oposed equi pment .   The desi gner  
shoul d al so pr ovi de a det ai l ed equi pment  l ayout  
dr awi ng t hat  i dent i f i es al l  t he maj or  equi pment  and 
t hei r  r el at ed or i ent at i ons i nsi de t he si t e pl an.   
Thi s equi pment  l ayout  dr awi ng shoul d i ndi cat e wher e 
of f - s i t e pi pi ng and ut i l i t y  l i nes ent er  and/ or  l eave 
t he si t e.   I f  t he equi pment  l ayout  dr awi ng i s onl y a 
suggest i on or  r ecommendat i on t o t he Cont r act or ,  t he 
desi gner  shoul d so st at e on t he dr awi ng.

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

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   P/ C/ F Syst em Descr i pt i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The syst em descr i bed i n t hi s par agr aph 
i ncl udes t he P/ C/ F equi pment  r equi r ed f or  a wat er  
t r eat ment  pl ant  t o r emove di ssol ved met al s.   The 
syst em can be a st and- al one syst em,  or  i t  can be a 
pr et r eat ment  syst em f or  ot her  syst ems such as ai r  
st r i ppi ng,  advanced oxi dat i on,  act i vat ed car bon,  
et c.   Anci l l ar y P/ C/ F equi pment  whi ch may be 
r equi r ed f or  pr e- t r eat ment  or  post - t r eat ment  of  t he 
wat er  i s al so descr i bed and i ncl udes an equal i zat i on 
uni t ,  an oxi dat i on/ r educt i on uni t ,  a c l ar i f i cat i on 
uni t ,  a post - pH adj ust ment  uni t ,  and an ef f l uent  
hol di ng uni t .   The pr eci pi t at i on,  coagul at i on,  and 
f l occul at i on uni t s may be suppl i ed by t he Cont r act or  
as i ndi v i dual  pi eces of  equi pment  or  as a s i ngl e,  
i nt egr al  uni t .   Typi cal l y,  i f  a s i ngl e uni t  i s  
suppl i ed,  i t  wi l l  i ncor por at e t he coagul at i on,  
f l occul at i on,  and pr eci pi t at i on equi pment  wi t hi n a 
c l ar i f i cat i on uni t .   Al t er nat el y,  a uni t  may be 
suppl i ed whi ch per f or ms t wo of  t he pr ocesses,  e. g. ,  
pr eci pi t at i on and coagul at i on wi t hi n one uni t .

Thi s par agr aph shoul d be edi t ed t o i dent i f y onl y t he 
necessar y equi pment  t o sui t  condi t i ons at  t he 
pr oj ect  s i t e.   The desi gn t eam shoul d r evi ew 
t r eat ment  obj ect i ves,  wat er  char act er i zat i on dat a,  
and r esul t s of  pr evi ousl y conduct ed t r eat abi l i t y  
t est i ng and ot her  pr edesi gn i nf or mat i on t o det er mi ne 
t he equi pment  r equi r ed.

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

The Pr eci pi t at i on/ Coagul at i on/ Fl occul at i on ( P/ C/ F)  syst em i s r equi r ed t o 
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be a f ul l y  i nt egr at ed wat er  t r eat ment  pl ant  whi ch i s desi gned t o r emove 
di ssol ved heavy met al s and sol i ds f r om [ gr oundwat er ]  [ and]  [ l andf i l l  
l eachat e]  [ _____] .   The syst em i s r equi r ed t o i ncl ude equi pment  f or  [ f l ow 
equal i zat i on, ]  wast ewat er  conveyance,  pr eci pi t at i on,  coagul at i on,  
f l occul at i on,  c l ar i f i cat i on,  [ post - pH adj ust ment , ]  and t r eat ed ef f l uent  
st or age r equi r ed t o meet  t he speci f i ed per f or mance r equi r ement s.   Pr ovi de 
t he P/ C/ F syst em compl et e wi t h r equi r ed i nst r ument s,  cont r ol s,  and l ocal  
cont r ol  panel s.   Pr ovi de a mai n cont r ol  cent er  t o f aci l i t at e t he over al l  
cont r ol  of  t he t r eat ment  pl ant .   Fact or y or  shop pr eassembl ed al l  par t s t o 
t he maxi mum ext ent  possi bl e,  compat i bl e wi t h t r anspor t at i on l i mi t at i ons 
and equi pment  pr ot ect i on consi der at i ons.   Mi ni mi ze f i el d assembl y t o t he 
assembl y of  mat ch- mar ked component s.   Submi t  i nst al l at i on i nst r uct i ons and 
f r amed,  t yped oper at i ng i nst r uct i ons f or  post i ng and expl ai ni ng met hods of  
checki ng t he syst em f or  st ar t up and nor mal  saf e oper at i ons,  nor mal  and 
emer gency shut down oper at i ons,  and pr ocedur es f or  saf el y st ar t i ng and 
st oppi ng each pi ece of  equi pment  wi t hi n t he syst em.

2. 1. 1. 1   Equal i zat i on Uni t

Pr ovi de t he equal i zat i on uni t  wi t h [ one t ank]  [ [ _____]  t anks]  compl et e 
wi t h accessor i es,  mi xer s,  pi pi ng,  val ves,  [ pumps, ]  mot or s,  and 
i nst r ument at i on and cont r ol s t o pr ovi de a const ant  f l ow and cont ami nant  
concent r at i on t o t he subsequent  t r eat ment  equi pment .   Fur ni sh component s 
of  t he uni t  as shown on t he dr awi ngs.

2. 1. 1. 2   Oxi dat i on/ Reduct i on Uni t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  t he cont ami nant s i n 
t he wat er  t o be t r eat ed do not  i ncl ude met al s whi ch 
r equi r e r educt i on pr i or  t o pr eci pi t at i on ( e. g. ,  
chr omi um 6+) ,  or  met al s whi ch r equi r e oxi dat i on 
pr i or  t o pr eci pi t at i on ( e. g. ,  i r on or  manganese) .

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

[ Pr ovi de t he r educt i on uni t  wi t h a mi x t ank,  a mi xer ,  a chemi cal  f eed 
syst em f or  aci d addi t i on,  a chemi cal  f eed syst em f or  t he r educi ng agent  
addi t i on,  pi pi ng,  val ves,  pumps,  mot or s,  pH cont r ol s,  oxi dat i on- r educt i on 
pot ent i al  ( ORP)  cont r ol s,  and ot her  i nst r ument at i on and cont r ol s as 
i ndi cat ed on t he dr awi ngs. ]   [ Pr ovi de t he oxi dat i on uni t  wi t h a mi x t ank,  
a mi xer ,  a chemi cal  f eed syst em f or  oxi dant  addi t i on,  pi pi ng,  val ves,  
pumps,  mot or s,  oxi dat i on- r educt i on pot ent i al  ( ORP)  cont r ol s,  and ot her  
i nst r ument at i on and cont r ol s as i ndi cat ed on t he dr awi ngs. ]

2. 1. 1. 3   Pr eci pi t at i on Uni t

Pr ovi de t he pr eci pi t at i on uni t  wi t h a mi x t ank,  a mi xer ,  a chemi cal  f eed 
syst em f or  t he pr eci pi t ant  addi t i on,  pi pi ng,  val ves,  pumps,  mot or s,  pH 
cont r ol s,  and ot her  i nst r ument at i on and cont r ol s as i ndi cat ed on t he 
dr awi ngs.

2. 1. 1. 4   Coagul at i on Uni t

Pr ovi de t he coagul at i on uni t  wi t h a mi x t ank,  a mi xer ,  a chemi cal  f eed 
syst em f or  t he coagul ant  addi t i on,  pi pi ng,  val ves,  pumps,  mot or s,  and 
i nst r ument at i on and cont r ol s as i ndi cat ed on t he dr awi ngs.
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2. 1. 1. 5   Fl occul at i on Uni t

Pr ovi de t he f l occul at i on uni t  wi t h a t ank wi t h accessor i es ( e. g. ,  nozzl es,  
suppor t s,  l i f t i ng l ugs,  et c. ) ,  a mi xer ,  a f l occul at i on chemi cal  st r eam 
f eed syst em f or  t he coagul ant  ai d addi t i on,  pi pi ng,  val ves,  pumps,  mot or s,  
and i nst r ument at i on and cont r ol s as i ndi cat ed on t he dr awi ngs.

2. 1. 1. 6   Cl ar i f i cat i on Uni t

Pr ovi de t he cl ar i f i cat i on uni t  wi t h an i ncl i ned pl at e or  t ube t ype set t l er  
wi t h al l  necessar y accessor i es ( e. g. ,  i nl et  di st r i but i on syst em,  separ at or  
modul e,  ski mmer ,  et c. ) ,  [ a t hi ckener , ]  a s l udge r emoval  syst em,  pi pi ng,  
val ve,  pumps,  mot or s,  and i nst r ument at i on and cont r ol s as i ndi cat ed on t he 
dr awi ngs.

2. 1. 1. 7   Post - pH Adj ust ment  Uni t

Pr ovi de t he post - pH adj ust ment  uni t  compl et e wi t h pi pi ng,  chemi cal  f eed 
syst ems f or  bot h aci d and base addi t i on,  and i n- l i ne pH i nst r ument at i on 
and cont r ol s as i ndi cat ed on t he dr awi ngs.

2. 1. 1. 8   Ef f l uent  Hol di ng Uni t

Pr ovi de [ one ef f l uent  hol di ng t ank]  [ [ _____]  ef f l uent  hol di ng t anks]  t o 
st or e t r eat ed wat er  f or  t est i ng pr i or  t o di schar gi ng.   Ensur e al l  t anks 
i ncl ude pi pi ng,  val ves,  sampl e t aps,  pumps,  and i nst r ument at i on and 
cont r ol s as i ndi cat ed on t he dr awi ngs.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner ,  i n consul t at i on wi t h t he 
appr opr i at e t echni cal  t eam per sonnel ,  shoul d use t he 
t r eat abi l i t y  t est i ng r esul t s and ot her  pr edesi gn 
i nf or mat i on t o set  i nf l uent  par amet er s,  such as 
maxi mum and mi ni mum gr ound wat er  and l andf i l l  
l eachat e f l ow r at es,  maxi mum and mi ni mum 
t emper at ur es,  pH,  v i scosi t y,  densi t y,  and maxi mum 
and mi ni mum i nf l uent  met al s and sol i ds 
concent r at i ons.   The r equi r ed ef f l uent  qual i t y i s 
t ypi cal l y est abl i shed by f eder al ,  st at e,  or  l ocal  
agency per mi t  or  r egul at i on.

The desi gner  shoul d consi der  t hat  f ugi t i ve emi ssi ons 
f r om l andf i l l  l eachat es or  cont ami nat ed gr oundwat er  
may have vol at i l e component s.   Feder al ,  st at e,  or  
l ocal  ai r  r egul at i ons shoul d be consul t ed t o 
est abl i sh al l owabl e ai r  emi ssi ons f or  t he P/ C/ F 
syst em.

Per f or mance r equi r ement s f or  t he Cont r act or  wi l l  
i ndi cat e t hat  t he suppl i ed equi pment  must  be 
oper at ed t o meet  t he r equi r ed ef f l uent  qual i t y.   
Per f or mance r equi r ement s f or  t he Cont r act or  st at ed 
i n t hi s par agr aph shoul d onl y appl y t o t he 
per f or mance of  t he compl et e syst em and not  
i ndi v i dual  pi eces of  equi pment .   Per f or mance 
cr i t er i a and mi ni mum equi pment  st andar ds f or  
speci f i c  equi pment  shoul d be l i s t ed under  PART 2 
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PRODUCTS,  wher e appl i cabl e.

Fl ow r at es speci f i ed f or  t he P/ C/ F syst em shoul d be 
consi st ent  wi t h t he pumpi ng r at es r equi r ed by 
Sect i on 23 21 23 HYDRONI C PUMPS or  22 13 29 SANI TARY 
SEWERAGE PUMPS.

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

Pr ovi de a P/ C/ F syst em capabl e of  pr ocessi ng [ gr ound wat er ]  [ l andf i l l  
l eachat e]  [ _____]  at  t he condi t i ons pr ovi ded bel ow:

Fl ow Rat e

Maxi mum [ _____]  L gal  per  mi nut e

Mi ni mum [ _____]  L gal  per  mi nut e

Temper at ur es

Maxi mum [ _____]  degr ees C F

Mi ni mum [ _____]  degr ees C F

I nf l uent / Ef f l uent  pH

Maxi mum I nf l uent [ _____]

Mi ni mum I nf l uent [ _____]

Maxi mum Ef f l uent [ _____]

Mi ni mum Ef f l uent [ _____]

Li qui d Pr oper t i es

Li qui d Vi scosi t y [ _____]  cent i poi se l b- sec/ ( sq.  f t . )

Li qui d Densi t y [ _____]  gm/ ml  at  [ _____]  degr ees C F

Maxi mum Ai r  Emi ssi ons

Par t i cul at es [ _____]  ppmv

Vol at i l e Or gani c Compounds [ _____]  ppmv

[ _____] [ _____]  ppmv

Space Avai l abi l i t y

Maxi mum Ar ea [ [ _____]  m f eet  by [ _____]  m f eet ]
[ [ _____]  squar e met er s f eet ]

Maxi mum Hei ght  [ _____]  m f eet

Pr ovi de a P/ C/ F syst em capabl e of  meet i ng t he maxi mum ef f l uent  met al s and 
sol i ds concent r at i ons achi eved i n t he pr evi ousl y conduct ed t r eat abi l i t y  
t est i ng ( r epor t  appended t o t hi s speci f i cat i on) ,  as l i s t ed bel ow at  t he 
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i ndi cat ed maxi mum concent r at i ons.   I nf l uent  and ef f l uent  sol i ds ar e as 
det er mi ned i n accor dance wi t h Par t  2000 Physi cal  and Aggr egat e Pr oper t i es,  
and met al s as det er mi ned i n accor dance wi t h Par t  3000 METALS of  AWWA 10084:

Maxi mum I nf l uent
Concent r at i on mg/ L

Maxi mum Ef f l uent
Concent r at i on mg/ L

Tot al  Cadmi um [ _____] [ _____]

Hexaval ent  Chr omi um [ _____] [ _____]

Tot al  Chr omi um [ _____] [ _____]

Tot al  Copper [ _____] [ _____]

Tot al  I r on [ _____] [ _____]

Tot al  Lead [ _____] [ _____]

Tot al  Mer cur y [ _____] [ _____]

Tot al  Ni ckel [ _____] [ _____]

Tot al  Si l ver [ _____] [ _____]

Tot al  Zi nc [ _____] [ _____]

TSS [ _____] [ _____]

TDS [ _____] [ _____]

Ensur e t he P/ C/ F syst em i nst r ument at i on and cont r ol s have t he necessar y 
accur acy and sensi t i v i t y t o measur e and cont r ol  t he oper at i ng r anges of  
t he speci f i ed equi pment .   Per f or m sampl i ng and anal ysi s i n accor dance wi t h 
[ _____] .

2. 1. 3   Resul t s of  Pr evi ousl y Conduct ed Tr eat abi l i t y  St udi es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tr eat abi l i t y  t est i ng r epor t s shoul d be 
appended t o t hi s speci f i cat i on t o enabl e t he 
Cont r act or  t o make a f ul l  eval uat i on of  t he t est i ng 
met hodol ogi es used,  t he r esul t s of  t he t est i ng,  and 
t o eval uat e t he compl et eness of  necessar y dat a 
gat her i ng.   The Cont r act or  wi l l  use t hese 
t r eat abi l i t y  t est i ng r epor t s al ong wi t h t he r equi r ed 
ef f l uent  qual i t y t o sel ect  t he speci f i c  P/ C/ F 
equi pment  ( i ncl udi ng anci l l ar y equi pment )  r equi r ed 
t o meet  t he speci f i ed per f or mance r equi r ement s.

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

Even t hough met hodol ogi es and r esul t s of  t he pr evi ousl y conduct ed 
t r eat abi l i t y  st udi es i n Appendi x [ _____]  have demonst r at ed t hat  P/ C/ F i s 
capabl e of  meet i ng t he post  t r eat ment  cr i t er i a i dent i f i ed i n t hi s sect i on,  
per f or m an i ndependent  eval uat i on of  t hese st udi es and r esul t s i n 
accor dance wi t h ASTM D2035.   Based on t he Cont r act or ' s own i nt er pr et at i on 
of  al l  t r eat abi l i t y  st udy r esul t s,  pr ovi de a f ul l  scal e t r eat ment  pl ant  
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whi ch meet s t he per f or mance r equi r ement s i dent i f i ed i n t hi s sect i on.

2. 1. 4   Ut i l i t i es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The l ocat i ons and det ai l s ( such as ut i l i t y  
poi nt  of  cont act ,  s i zes,  capaci t i es,  and f l ows)  of  
t he ut i l i t y  hookups shoul d be pr ovi ded on t he 
dr awi ngs f or  t he Cont r act or  t o use.

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

Pr ovi de t he ut i l i t i es associ at ed wi t h t he i nst al l at i on and oper at i on of  
t he t r eat ment  pl ant  i ncl udi ng,  but  not  l i mi t ed t o:  t el ephone,  el ect r i c i t y,  
wat er ,  [ gas] ,  sani t ar y and sol i d wast e f aci l i t i es.   The [ t el ephone]  
[ el ect r i c i t y]  [ _____] ,  [ st eam]  [ wat er ]  [ gas]  [ sani t ar y]  [ _____] ,  and 
[ sol i d wast e f aci l i t i es]  [ _____]  ar e avai l abl e at  t he s i t e.   Ref er  t o t he 
dr awi ngs f or  hookup l ocat i ons.

2. 1. 5   Desi gn Submi t t al

Submi t  t he f ol l owi ng i t ems:

a.   Det ai l ed dr awi ngs of  c l ar i f i er s showi ng t he di mensi ons,  nozzl e 
or i ent at i on and el evat i ons,  i nt er connect i ng pi pi ng,  equi pment  l ayout ,  
hydr aul i c pr of i l e,  and ot her  det ai l s r equi r ed t o demonst r at e t hat  t he 
uni t  has been coor di nat ed and pr oper l y f unct i ons as par t  of  t he 
over al l  P/ C/ F syst em.   Show pr oposed l ayout ,  f oundat i on r equi r ement s 
( t o i ncl ude sei smi c consi der at i ons i n sei smi cal l y act i ve ar eas and 
soi l s assumpt i ons based on si t e speci f i c  geot echni cal  i nf or mat i on) ,  
anchor age of  equi pment  and accessor i es,  i nst al l at i on/ connect i on 
det ai l s,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ances f or  i nst al l at i on,  mai nt enance and oper at i on.   
Submi t  manuf act ur er ' s descr i pt i ve dat a,  speci f i cat i ons,  t echni cal  
l i t er at ur e,  ut i l i t y  r equi r ement s,  per f or mance char t s and cur ves,  and 
cat al og cut s f or  t he c l ar i f i er .

b.   El ect r i cal  one- l i ne di agr ams f or  i nst r ument at i on and cont r ol s,  
i l l ust r at i ng al l  el ect r i cal  component s ( mot or  cont r ol s,  di sconnect s,  
st ar t er s,  sel ect or  swi t ches,  pushbut t ons,  pi l ot  l i ght s,  condui t ,  wi r e,  
et c. ) ,  el ect r i cal  l oad anal yses,  cabl e and condui t  schedul es 
( i ncl udi ng condui t  desi gnat i on,  mat er i al s of  const r uct i on,  
descr i pt i ons f or  each condui t  of  t he end poi nt s of  each condui t  
segment  i n a r un,  wi r e count  by number ,  t ype and si ze,  wi r e l engt h,  
et c. ) ,  and compl et e cont r ol  l adder  l ogi c di agr ams.   Coor di nat e al l  
cont r ol  l adder  l ogi c di agr ams bet ween component s and l adder  r ungs t o 
i l l ust r at e component  t ag names f or  al l  r el ays,  t i mer s,  sel ect or  
swi t ches,  pushbut t ons,  pi l ot  l i ght s,  et c.   Number  t ag wi r es and 
t er mi nal s.   Di st i ngui sh t er mi nal  desi gnat i ons bet ween t er mi nal s 
cont ai ned wi t hi n di f f er i ng encl osur es such as cont r ol  panel s,  
equi pment  encl osur es,  mot or  cont r ol  cent er s,  et c.   Ensur e al l  
auxi l i ar y r el ay cont act s ar e i l l ust r at ed and desi gnat ed.   Number  al l  
l adder  r ungs wi t h cr oss r ef er enci ng bet ween al l  associ at ed r ungs.   
Pr ovi de a nar r at i ve descr i pt i on t hat  has been f ul l y coor di nat ed wi t h 
t he l adder  l ogi c di agr ams so as t o f ul l y  descr i be al l  cont r ol  
oper at i ons,  sequences,  i nt er l ocks,  al ar ms,  and shut downs f or  t he P/ C/ F 
syst em i ncl udi ng,  but  not  l i mi t ed t o,  f l ow cont r ol  syst ems,  l evel  
cont r ol  syst ems,  pH/ ORP cont r ol  syst ems,  chemi cal  addi t i on cont r ol  
syst ems,  pump/ val ve cont r ol s,  al ar m and shut down schemes,  PLC 
i nput / out put  poi nt s,  and al l  component  i nt er l ocki ng.   Desi gnat e t he 

SECTI ON 46 07 13. 13  Page 16



l ocat i ons of  al l  cont r ol  panel s,  equi pment  encl osur es,  mot or  cont r ol  
cent er s,  et c.  on an equi pment  l ayout  dr awi ng.   Submi t  manuf act ur er ' s 
descr i pt i ve dat a,  speci f i cat i ons,  t echni cal  l i t er at ur e,  ut i l i t y  
r equi r ement s,  per f or mance char t s and cur ves,  and cat al og cut s f or  each 
i nst r ument  and cont r ol  component  suppl i ed.

c.   A pr e- st ar t up t est  pl an i dent i f y i ng t he pr ocedur es and met hods used t o 
ver i f y t he i nt egr i t y,  cal i br at i on,  and oper abi l i t y  of  t he equi pment ,  
pi pi ng,  el ect r i cal  wi r i ng,  and i nst r ument s and cont r ol  syst ems.    
Speci f y accept ance cr i t er i a and t ol er ances t o be achi eved dur i ng t he 
pr e- st ar t up t est i ng wi t hi n t he pl an.

d.   A l i s t  of  t he P/ C/ F syst em component s and speci f y i t s r equi r ed 
per f or mance cr i t er i a when oper at ed usi ng cont ami nat ed wat er .   Ensur e 
t he t est  pl an descr i bes t he oper at i ng pr ocedur es t o be f ol l owed dur i ng 
t he t est  per i od i ncl udi ng det ai l ed descr i pt i ons of  t he measur ement s,  
r ecor d keepi ng,  sampl i ng and anal yses t o be per f or med t o document  t hat  
per f or mance cr i t er i a has been achi eved.   Addr ess f ul l - scal e oper at i on 
of  al l  equi pment ,  pi pi ng,  el ect r i cal  wi r i ng,  and i nst r ument s and 
cont r ol  syst ems i ncl uded i n t he P/ C/ F syst em wi t hi n t he pl an.

e.   Manuf act ur er ' s cer t i f i cat es at t est i ng t hat  t he equi pment  meet s t he 
speci f i ed r equi r ement s.   Dat e t he st at ement  af t er  t he awar d of  t he 
cont r act ,  st at e t he Cont r act or ' s name and addr ess,  name t he pr oj ect  
and l ocat i on,  and l i s t  t he speci f i c  r equi r ement s whi ch ar e bei ng 
cer t i f i ed.   Ensur e t he cer t i f i cat e i ndi cat es t he met hods of  t est i ng 
used.

f .   [ Si x]  [ _____]  copi es of  oper at i on and mai nt enance manual s f or  t he 
P/ C/ F syst em cont ai ni ng t he manuf act ur er ' s oper at i ng and mai nt enance 
i nst r uct i ons f or  each pi ece of  equi pment .   Pr ovi de one compl et e set  
pr i or  t o t he per f or mance of  t he f i el d t est  ( see Par agr aph Test s) ;  
submi t  t he r emai ni ng set s pr i or  t o st ar t up.   Fur ni sh each set  i n l oose 
l eaf  t hr ee- hol e r i ng bi nder s.   I nscr i be t he f ol l owi ng i dent i f i cat i on 
on t he cover s:   t he wor ds " OPERATI NG AND MAI NTENANCE I NSTRUCTI ONS, "  
name of  equi pment ,  name and l ocat i on of  t he bui l di ng,  name of  t he 
Cont r act or ,  and cont r act  number .   Pl ace cover  sheet s bef or e 
i nst r uct i ons i dent i f y i ng each subj ect .   Use st andar d l et t er  s i ze paper  
f or  i nst r uct i on sheet s,  wi t h l ar ger  sheet s of  dr awi ngs f ol di ng i n t o 
appr oxi mat el y t he same si ze.   I ncl ude,  but  do not  l i mi t  t he 
i nst r uct i ons t o t he f ol l owi ng:

( 1)  Syst em l ayout  det ai l i ng pi pi ng,  pi pi ng suppor t s,  val ves,  and 
cont r ol s.

( 2)  Appr oved wi r i ng and cont r ol  l adder  l ogi c di agr ams pr epar ed i n 
accor dance wi t h ANSI / I SA 5. 1 i ncl udi ng a dr awi ng i ndex,  l egend and 
symbol s l i s t ,  and abbr evi at i on and i dent i f i er s.

( 3)  A nar r at i ve cont r ol  sequence descr i bi ng st ar t up,  oper at i on,  and 
nor mal  and emer gency shut down t o i ncl ude t he det ai l ed oper at i onal  
nar r at i ve descr i bed i n Par agr aph Cont r ol  Syst em.

( 4)  Oper at i ng i nst r uct i ons f or  each equi pment ,  i nst r ument s and cont r ol  
syst em i ncl udi ng pr ocess moni t or i ng r equi r ement s and 
r ecommendat i ons f or  oper at i ons r epor t i ng t o document  t he r esul t s 
of  al l  pr ocess moni t or i ng.

( 5)  Mai nt enance i nst r uct i ons f or  each pi ece of  equi pment ,  i ncl udi ng 
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l ubr i cat i on i nst r uct i ons and a t r oubl eshoot i ng gui de t o hel p t he 
oper at or  det er mi ne what  st eps t o t ake t o cor r ect  ant i c i pat ed 
pr obl ems t hat  may occur  i n t he syst em.

( 6)  Manuf act ur er ' s bul l et i ns,  cut  sheet s and descr i pt i ve dat a of  
equi pment ;  submi t t ed af t er  appr oval  of  det ai l  dr awi ngs,  and not  
l at er  t han [ 2]  [ _____]  mont hs pr i or  t o del i ver y of  t he syst em.

2. 2   MANUFACTURED UNI TS

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.   Pr ovi de new and unused equi pment ,  
except  f or  t est  equi pment .   Wher e t wo or  mor e pi eces of  equi pment  
per f or mi ng t he same f unct i on ar e r equi r ed,  t hey ar e r equi r ed t o be 
pr oduct s of  t he same manuf act ur er .   Equi pment  i s r equi r ed t o be suppor t ed 
by a ser vi ce or gani zat i on t hat  i s,  i n t he opi ni on of  t he Cont r act i ng 
Of f i cer ,  capabl e of  pr ovi di ng ser vi ce,  mat er i al s,  and equi pment  i n an 
expedi ent  manner .

2. 2. 2   Tanks

Submi t  det ai l ed dr awi ngs of  each t ank showi ng t he di mensi ons,  nozzl e 
or i ent at i ons and el evat i ons,  i nt er connect i ng pi pi ng,  equi pment  l ayout ,  
hydr aul i c pr of i l e,  and any ot her  det ai l  r equi r ed t o demonst r at e t hat  t he 
t ank has been coor di nat ed and pr oper l y f unct i on as a par t  of  t he over al l  
P/ C/ F syst em.   On t he dr awi ngs,  show t he pr oposed l ayout ,  f oundat i on 
r equi r ement s,  anchor age of  equi pment  and accessor i es,  i nst al l at i on/  
connect i on det ai l s,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ances f or  i nst al l at i on,  mai nt enance and oper at i on.   Submi t  
manuf act ur er ' s descr i pt i ve dat a,  speci f i cat i ons,  t echni cal  l i t er at ur e,  and 
cat al og cut s f or  each t ank suppl i ed.

2. 2. 2. 1   Gener al  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When r equi r ed by t he cor r osi ve nat ur e of  
st or ed wat er ,  l ack of  pr oper  mai nt enance f aci l i t i es,  
or  by c l i mat i c condi t i ons,  t hi s par agr aph wi l l  be 
modi f i ed t o pr ovi de f or  cor r osi on al l owance.

Det er mi ne basi c wi nd speed f r om ASCE- 7.   The 
desi gner  wi l l  choose bet ween t he AWWA and API  
pr ocedur es.   Use 1200 Pa 25 psf  snow l oad f or  most  
heavy snow cl i mat es;  del et e snow l oad wher e maxi mum 
snow i s i nsi gni f i cant .   I n some cases,  l ocal  c l i mat e 
and t opogr aphy wi l l  di ct at e t hat  a val ue gr eat er  t han
 1200 Pa 25 psf  be used f or  snow l oadi ng.

I n some appl i cat i on,  wast ewat er s may r equi r e c l osed 
t anks t o cont ai n and/ or  cont r ol  ai r  emi ssi ons.   VOCs 
f r om l andf i l l  l eachat e or  gr oundwat er  f r om 
cont ami nat ed pl umes can r equi r e c l osed t anks f or  t he 
ent i r e syst em.   Show al l  pr ocess nozzl es,  spar e 
nozzl es,  vent s,  dr ai ns,  and manhol es on t he P&I D.   
I f  t anks ar e l ocat ed i nsi de a r oom or  bui l di ng,  t he 
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desi gner  can del et e t he wi nd l oadi ng r equi r ement s.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Use manuf act ur er ' s st andar d s i ze t anks whenever  possi bl e.   Tank 
const r uct i on mat er i al  and pai nt s,  coat i ngs,  or  l i ner s ar e r equi r ed t o be 
compat i bl e wi t h t he wast ewat er  t o be st or ed.   Sel ect  t ank di mensi ons t o 
f i t  t he avai l abl e space as shown on t he dr awi ngs.   Unl ess not ed ot her wi se 
on t he dr awi ngs,  i ncl ude f l anged f i t t i ngs f or  i nl et ,  out l et ,  over f l ow,  and 
dr ai n on each t ank.   Pr ovi de manhol es when shown on t he dr awi ngs.   Pr ovi de 
hol d down l ugs t o anchor  t he t ank t o t he base.   Pr ovi de i nf l uent  and 
ef f l uent  baf f l es and wei r s t o avoi d shor t  c i r cui t i ng.   Ensur e t he t ank 
geomet r y combi ned wi t h mi xer  desi gn t o avoi d dead spot s and excessi ve 
t ur bul ence r el at i ve t o i nt er nal  t ank baf f l es and mi xer  or i ent at i on.   
Ensur e t he syst em pr ovi des f or  compl et e mi xi ng.   Tanks suppl i ed as par t  of  
t he P/ C/ F syst em ar e r equi r ed t o meet  t he f ol l owi ng nomi nal  s i ze 
r equi r ement s:

Type of  t ank Desi gn Hydr aul i c Ret ent i on Ti me ( HRT)

Mi ni mum Maxi mum

Equal i zat i on Tank [ 2]   [ _____]  hr s

Oxi dat i on/ Reduct i on Tank [ 5]   [ _____]  mi n

Pr eci pi t at i on Tank [ 5]   [ _____]  mi n

Coagul at i on Tank [ 1]   [ _____]  mi n [ 2]  [ _____]  mi n

Fl occul at i on Tank [ 20]  [ _____]  mi n

Ef f l uent  Hol di ng Tank [ 5]   [ _____]  mi n

[ _____] [ _____]  mi n

Desi gn,  f abr i cat i on,  and er ect i on of  t he t ank i n accor dance wi t h [ AWWA D100
]  [ API  St d 650]  [ AWWA D103]  except  as modi f i ed her ei n.   Mi ni mum equi pment  
desi gn l i f e:  [ _____]  year s.   Desi gn t anks f or  a [ basi c wi nd speed of  
[ _____]  km/ hour  mph i n accor dance wi t h ASCE 7 or  desi gned i n accor dance 
wi t h [ AWWA D100]  [ AWWA D103]  [ API  St d 650]  wi nd l oad desi gn,  whi chever  
pr ovi des t he gr eat er  pr essur e. ]  [ snow l oad of  [ 1200 Pa25 psf ]  [ [ _____]  kPa 
psf ] ] [ f r eeboar d of  [ 03m1 f t ] [ ___] . ]   Ut i l i ze a saf et y on over t ur ni ng of  
el evat ed t anks under  desi gn wi nd l oad of  1. 33 mi ni mum.   When a f oot i ng i s 
r equi r ed,  use an i nver t ed t r uncat ed pyr ami d of  ear t h wi t h 2 on 1 s i de 
s l opes above t op of  f oot i ng i n det er mi ni ng over t ur ni ng st abi l i t y .

2. 2. 2. 2   Tank Const r uct i on Mat er i al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tank shel l  t hi ckness shoul d be cal cul at ed 
usi ng AWWA D100,  AWWA D103,  or  API  650 pr ocedur es.   
The st r engt h of  t he mat er i al s of  const r uct i on f or  
each t ank shoul d i ncl ude al l owances speci f i ed her ei n.

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

2. 2. 2. 2. 1   Car bon St eel

Car bon st eel  sheet  i s r equi r ed t o be hot  r ol l ed i n accor dance wi t h 
ASTM A283/ A283M Gr ade C wi t h a mi ni mum yi el d of  476 MPa 40, 000 psi ;  use a 
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mi ni mum t hi ckness of  3. 4 mm 10 gauge.   Ensur e st r uct ur al  st eel  conf or ms t o 
ASTM A36/ A36M and [ AWWA D100]  [ AWWA D103]  [ API  St d 650]  f or  st eel  t anks.

2. 2. 2. 2. 2   Pol yet hyl ene

Pr ovi de pol yet hyl ene t anks manuf act ur ed i n accor dance wi t h ASTM C582.

2. 2. 2. 2. 3   St ai nl ess St eel

Ensur e st ai nl ess st eel  conf or ms t o t he mat er i al  speci f i cat i on f or  304SS,  
316SS,  316LSS,  317SS.

2. 2. 2. 2. 4   St r uct ur al  St eel

Ensur e st r uct ur al  st eel  conf or m t o ASTM A36/ A36M.

2. 2. 2. 2. 5   Fi ber gl ass

Pr ovi de f i ber gl ass t anks i n conf or mance wi t h ASTM D3299.

2. 2. 2. 3   Cor r osi on Al l owance

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d speci f y a mi ni mum 
cor r osi on al l owance f or  wet t ed sur f aces gi v i ng 
consi der at i on t o t he t ypes of  l i qui ds t o be st or ed,  
t he vapor s above t he l i qui ds,  and t he at mospher i c 
envi r onment .   I t  i s  expect ed t hat  some t anks i n t he 
P/ C/ F syst em may have a l ow pH and some may have a 
hi gh pH,  and ot her s wi l l  have cont ami nant s and 
chemi cal s at  var yi ng concent r at i ons.   A cor r osi on 
al l owance can be cal cul at ed usi ng avai l abl e 
cor r osi on r at e i nf or mat i on f r om mat er i al  suppl i er s 
or  Nat i onal  Associ at i on of  Cor r osi on Engi neer s 
( NACE)  st andar ds.   The desi gner  shoul d t ake i nt o 
account  t he changes i n t emper at ur e over  t he r ange of  
oper at i ng condi t i ons and t he ef f ect s of  l i qui ds and 
vapor s on t he mat er i al s of  const r uct i on.

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

Cor r osi on al l owance i s dependent  upon t he mat er i al s of  const r uct i on and 
f i ni sh coat i ngs.   Cor r osi on al l owances ar e t o be cal cul at ed as f ol l ows:   
For  a l i ned i nt er i or  f i ni sh,  cor r osi on al l owances ar e al l owed t o be [ 0. 0 mm
 0. 0 i nches]  [ _____] .   For  a coat ed or  pai nt ed i nt er i or  f i ni sh,  t he 
cor r osi on al l owance i s al l owed t o be [ 0. 0 mm 0. 0 i nches]  [ _____] .   For  
t anks wi t h no pr ot ect i ve f i ni sh,  t he cor r osi on f i ni sh i s r equi r ed t o be [
0. 0 mm 0. 0 i nches]  [ _____] .

2. 2. 2. 4   Shop Fabr i cat i on

Per f or m al l  wel di ng i n conf or mance wi t h [ AWWA D100]  [ AWWA D103]  [
API  St d 650]  usi ng ASME cer t i f i ed wel der s.   Ensur e al l  shel l  seams ar e 
f ul l  penet r at i on usi ng Sub Ar c Wel di ng ( SAW) .   Ensur e ot her  seams ar e made 
wi t h [ Gas Met al  Ar c Wel di ng ( GMAC) ]  [ Shi el ded Met al  Ar c Wel di ng ( SMAC) ]  
[ Fl ux Cor ed Ar c Wel di ng ( FCAW) ]  [ Submer ged Ar c Wel di ng]  pr ocesses.

2. 2. 2. 5   Bol t s

Bol t s used i n t he shel l  j oi nt s ar e r equi r ed t o meet  t he r equi r ement s of  
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Sect i on 2. 2 of  AWWA D103.   Bol t s used i n t anks desi gned under  [ AWWA D100]  [
API  St d 650]  ar e r equi r ed t o meet  t he r equi r ement s as speci f i ed i n [
AWWA D100]  [ API  St d 650] .

2. 2. 2. 6   Gasket s

Ensur e al l  bol t ed connect i ons use gasket s of  sui t abl e chemi cal  r esi st ance 
f or  t he ser vi ce.   Gasket s used t o seal  bol t ed j oi nt s i n t anks ar e r equi r ed 
t o meet  t he r equi r ement s of  AWWA D103 Sect i on 2. 10.

2. 2. 2. 7   Accessor i es

2. 2. 2. 7. 1   Manhol es and Pi pe Connect i ons

Manhol es and pi pe connect i ons ar e r equi r ed t o meet  t he mi ni mum 
r equi r ement s of  [ AWWA D100]  [ AWWA D103]  [ API  St d 650] .   Pr ovi de t he 
number ,  t ype,  el evat i on,  or i ent at i on,  and si ze of  manhol es and pi pe 
connect i ons [ as shown on t he dr awi ngs]  [ pr ovi ded by Cont r act or ] .

2. 2. 2. 7. 2   Baf f l es,  Wei r s,  and Over f l ow Pi pes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gn each t ank wi t h an over f l ow t hat  wi l l  
pi pe,  channel ,  or  ot her wi se di r ect  an over f l owi ng 
t ank t o a cont ai nment  ar ea or  t o t he next  t ank i n 
t he syst em.   I f  a wei r  or  exi t  pi pe i s pl ugged and 
cannot  pass t he maxi mum pr ocess f l ow r at e,  
wast ewat er  must  be cont ai ned t o pr event  spi l l s .

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

Desi gn i nl et  baf f l es t o di ssi pat e i nf l uent  f l ow ener gy at  maxi mum f l ow 
r at es and t o avoi d shor t  c i r cui t i ng t o ef f l uent  wei r s.   Wei r s f or  t he 
t anks ar e r equi r ed t o consi st  of  an over f l ow wei r  and out si de dr op pi pe,  
adequat el y suppor t ed and capabl e of  di schar gi ng t he desi gn f l ow r at e wi t h 
[ _____]  mm i nches of  head.   [ I nst al l  t he t op of  t he wei r  [ _____]  mm i nches 
bel ow [ t he t op edge of  t he t ank]  [ over f l ow hei ght ] . ]  [ as i ndi cat ed. ]   
Pr ovi de al l  t anks wi t h emer gency over f l ow out l et s t o di r ect  over f l ow of  
wast ewat er  t o a cont ai nment  ar ea.   Ter mi nat e t he over f l ow pi pe 300 t o 600 
mm 1 t o 2 f eet  above gr ade and f i t  i t  wi t h a f l apper  val ve or  scr een t o 
pr event  i ngr ess of  bi r ds,  i nsect s,  or  smal l  ani mal s of  any k i nd.   Desi gn 
i nt er nal s t o meet  t he r equi r ement s of  [ AWWA D100]  [ AWWA D103]  [ API  St d 650
] .

2. 2. 2. 7. 3   Vent s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Vent s on cover ed t anks shoul d be desi gned t o 
al l ow vapor  cont r ol  syst ems t o be at t ached.   Desi gn 
t ank vent s i n accor dance wi t h gui del i nes publ i shed 
i n t he Amer i can I nst i t ut e of  Chemi cal  Engi neer s 
( AI CHE)  G3 " Gui del i nes f or  Saf e St or age and Handl i ng 
of  Hi gh Toxi c Hazar d Mat er i al s"  ( 1988) ,  and API  
Publ i cat i on 2557 " Vapor  Col l ect i on and Cont r ol  
Opt i ons f or  St or age and Tr ansf er  Oper at i ons i n t he 
Pet r ol eum I ndust r y"  ( 1993) .

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

On cover ed t anks,  wel d t he vent  t o a cover  pl at e on t he r oof .   Pr ovi de 
t ank manuf act ur er ' s st andar d t ype mushr oom vent  wi t h bi r d and i nsect  
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scr een.   Desi gn vent  as speci f i ed by [ AWWA D100]  [ AWWA D103]  [ API  St d 650
] .  Si ze t he open ar ea of  a vent  scr een at  50 per cent  i n excess of  t he 
[ _____]  L/ second gpm pump- i n r at e and [ _____]  L/ second gpm pump- out  r at e.   
Scr eeni ng f or  vent  i s r equi r ed t o conf or m t o [ AWWA D100]  [ AWWA D103]  [
API  St d 650]  ensur i ng f ai l - saf e oper at i on i n t he event  t hat  scr een f r ost s 
over .   Ensur e t he bot t om of  t he scr een i s suf f i c i ent l y el evat ed f or  snow 
consi der at i on i n t he ar ea.

2. 2. 2. 7. 4   Ladder s and Saf et y Devi ces

Pr ovi de an out si de access l adder  on t anks gr eat er  t han 1. 5 m 5 f eet  i n 
hei ght .   Pr ovi de l adder s and saf et y devi ces i n accor dance wi t h [ AWWA D100]  
[ AWWA D103]  [ API  St d 650] .  Locat e l adder s as shown on t he dr awi ngs.   I n 
addi t i on,  pr ovi de saf et y cage,  r est  pl at f or ms,  r oof  l adder  handr ai l s,  and 
ot her  saf et y devi ces as r equi r ed by f eder al  or  l ocal  l aws or  r egul at i ons.

2. 2. 2. 7. 5   Scaf f ol d and Cabl e Suppor t

I ncl ude at t achment  r i ngs or  hooks on t he i nsi de and out si de of  c l osed t op 
t anks,  at  f our  poi nt s at  t he t op of  wal l s,  t o secur e scaf f ol di ng and cabl e 
suppor t  dur i ng mai nt enance act i v i t i es.

2. 2. 2. 7. 6   Mi scel l aneous Tank Accessor i es

Ensur e mi scel l aneous t ank accessor i es,  such as suppor t  l egs,  saddl es,  
ski r t s,  l i f t i ng l ugs,  et c. ,  conf or m t o [ AWWA D100]  [ AWWA D103]  [ API  St d 650
] .

2. 2. 3   Chemi cal  Feed Syst ems

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  must  ver i f y t hat  appr opr i at e 
( on/ of f ,  pr opor t i onal ,  set  poi nt )  cont r ol l er  i s  
speci f i ed i n Sect i on 46 30 00 WATER AND WASTEWATER 
CHEMI CAL FEED SYSTEMS.

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

Pr ovi de chemi cal  f eed syst ems i n accor dance wi t h Sect i on 46 30 00 WATER 
AND WASTEWATER CHEMI CAL FEED SYSTEMS.   Fur ni sh cont r ol  s i gnal s and wi r i ng 
t o t he chemi cal  f eed cont r ol l er s i n accor dance wi t h t he r equi r ement s of  
t hi s sect i on.

2. 2. 4   Mi xer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di f f er ent  t ypes of  mi xer s can be used f or  a 
P/ C/ F t r eat ment  syst em i ncl udi ng:  i mpel l er ,  j et  and 
i n- l i ne st at i c mi xer s.   Del et e i t ems t hat  ar e not  
r equi r ed.   I mpel l er  mi xer s ar e di v i ded i nt o t hr ee 
gr oups:  pr opel l er s,  t ur bi nes,  and paddl es.   Tur bi ne 
and pr opel l er  mi xer s ar e used f or  r api d mi xi ng 
appl i cat i ons whi l e paddl e mi xer s ar e t ypi cal l y used 
i n f l occul at i on.

Pr opel l er  mi xer s ar e hi gh speed mi xer s,  oper at ed on 
l ow hor sepower ,  whi ch ar e used pr i mar i l y f or  f l ash 
mi xi ng appl i cat i ons.   Pr opel l er  speeds r ange f r om 
400 r pm t o 1750 r pm.   When t op ent r y i s r equi r ed,  
t he pr opel l er  mi xer  i s mount ed angl ed and of f  
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cent er .   Wher e si de ent r y i s r ecommended,  t he 
pr opel l er  mi xer  i s mount ed hor i zont al l y,  of f set  f r om 
t he cent er l i ne of  t he t ank.

Tur bi ne mi xer s ar e pr i mar i l y used i n l ow speed 
appl i cat i ons wher e heavy sol i ds may be gener at ed and 
a l ar ge mi xi ng ener gy i nput  i s r equi r ed t o keep t he 
sol i ds i n suspensi on.   These t ype mi xer s can be used 
f or  equal i zat i on of  t he wast ewat er ,  f l ash mi xi ng or  
f l occul at i on.   Tur bi ne speed r anges f r om 55 t o 125 
r pm.   The t ur bi ne mi xer  i s t ypi cal l y mount ed 
ver t i cal ,  one hal f  t o one di amet er  of f  t he f l oor  of  
t he mi xi ng chamber .   I n an unbaf f l ed t ank t he uni t  
i s  mount ed of f  cent er .   I n a baf f l ed t ank t he uni t  
i s  mount ed on cent er .

Paddl e mi xer s ar e l ow speed mi xer s whose per i pher al  
paddl e speed t ypi cal l y var i es f r om 0. 15 t o 0. 61 m/ sec
 0. 5 t o 2. 0 f eet / second.   Paddl e mi xer s ar e used 
pr i mar i l y i n f l occul at i on appl i cat i ons.

Jet  mi xer s use hydr aul i c act i on f or  mi xi ng r esul t i ng 
i n l ower  capi t al  and oper at i ng cost s as compar ed t o 
i mpel l er  mi xer s.   Jet  mi xer s ar e used onl y f or  r api d 
mi xi ng,  and ar e not  sui t abl e f or  f l occul at i on due t o 
t he hi gh pr essur e l i qui d ej ect ed at  t he di schar ge 
nozzl e,  whi ch can br eak up t he f l oc pr evi ousl y 
f or med.

St at i c mi xer s ar e t ypi cal l y i nst al l ed downst r eam of  
chemi cal  addi t i on poi nt s f or  bl endi ng or  di sper si on 
appl i cat i ons.   They ar e used i n combi nat i on wi t h 
met er i ng pumps and must  be si zed based on t he f l ow 
r at e.   I n- l i ne st at i c mi xer s use hydr aul i cs f or  
mi xi ng i nst ead of  i mpel l er s,  r equi r i ng no ext er nal  
power  and no mai nt enance.   I n- l i ne st at i c mi xer s 
have hi gh head l osses up t o 1 m 3 f t ;  and t he mean 
t empor al  vel oci t y gr adi ent  G cannot  be changed t o 
meet  var yi ng r equi r ement s.

Mi xer s ar e usual l y s i zed based on l i qui d v i scosi t y,  
l i qui d t emper at ur e and l i qui d densi t y among ot her  
par amet er s.   However  f or  each of  t he mi xi ng 
l ocat i ons,  at  most  s i t es,  i t  i s  expect ed t hat  t he 
v i scosi t y and densi t y wi l l  not  be s i gni f i cant l y 
di f f er ent  f r om wat er ;  i f  t hat  i s  not  t he case,  t he 
desi gner  shoul d speci f y t he r equi r ement s t hat  t he 
mi xi ng devi ce must  meet .

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

Fur ni sh mi xer s on each t ank or  uni t  as desi gnat ed on t he dr awi ngs.   On 
t anks,  suppl y t ank baf f l es,  wher e r equi r ed by t he mi xer  desi gn,  t o achi eve 
compl et e mi xi ng and mi xer  suppor t  as r equi r ed.   Submi t  det ai l ed dr awi ngs 
of  each mi xer  i ncl udi ng di mensi ons,  mount i ng det ai l s,  wi r i ng,  schemat i cs,  
and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has been 
coor di nat ed and pr oper l y f unct i ons as a uni t .   Submi t  manuf act ur er ' s 
descr i pt i ve dat a,  speci f i cat i ons,  t echni cal  l i t er at ur e,  ut i l i t y  
r equi r ement s,  per f or mance char t s and cur ves,  and cat al og cut s f or  each 
mi xer  suppl i ed.
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2. 2. 4. 1   Equal i zat i on Uni t  Mi xer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Because t he wat er  l evel  i n t he equal i zat i on 
t ank var i es,  t he desi gner  must  speci f y t he mi ni mum 
wat er  l evel  at  whi ch t he mi xer  wi l l  be t ur ned of f  t o 
avoi d bur ni ng out  t he mi xer  mot or .

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

Mi xer s ar e r equi r ed t o be a [ pr opel l er ]  [ t ur bi ne]  [ paddl e]  [ j et ]  t ype 
mi xer .   Number  of  mi xer s:  [ _____] .

a.   Ensur e pr opel l er ,  t ur bi ne,  or  paddl e mi xer s meet  t he f ol l owi ng 
r equi r ement s.   Mount i ng:  [ [ t op]  [ s i de]  [ bot t om]  ent er i ng]  [ _____] .   
Mi xer  speed:  [ const ant ]  [ var i abl e]  at  a maxi mum r pm of  [ _____] .   
Var i abl e speed t ur ndown r at i os ar e r equi r ed t o be [ 4: 1]  [ _____] .   
Desi gn mi xer  t o devel op a vel oci t y gr adi ent  ( G val ue)  not  l ess t han 
[ 300]  [ _____]  sec- 1.   Mount  mi xer s [ angl ed and of f  cent er ]  
[ hor i zont al l y of f set  f r om t he cent er l i ne of  t he t ank]  [ ver t i cal  of f  
cent er ]  [ _____]  of  t he mi xi ng chamber .   Shaf t  const r uct i on:  [ car bon 
st eel ]  [ 316 st ai nl ess st eel ]  [ _____] .   I mpel l er  const r uct i on:  [ car bon 
st eel ]  [ 316 st ai nl ess st eel ]  [ _____] .   Desi gn mi xer  bear i ngs t o 
oper at e cont i nuousl y at  f ul l  l oad f or  [ 100, 000 hour s]  [ _____]  bef or e 
r epl acement .

b.   Jet  mi xer s ar e t o consi st  of ,  but  not  be l i mi t ed t o,  a j et  mot i ve pump 
t o c i r cul at e l i qui d i n t he mi xi ng basi n;  j et  mi xi ng nozzl e assembl y,  
r et r i eval  syst em and i n- basi n secondar y f l ui d l i nes.   Desi gn j et  mi xer  
t o obt ai n a maxi mum mean vel oci t y of  [ 100]  [ _____]  sec- 1 or  G( t )  
val ues of  [ 104]  [ _____] .   The j et  mot i ve pump i s t o dr i ven by 
submer si bl e non- cl og uni t s.   Pr ovi de mot or s t hat  oper at e on 230/ 460 
vol t ,  t hr ee phase,  60 her t z power  suppl y.   Pr ovi de nozzl e assembl y and 
pi pi ng made of  [ pl ast i c]  [ or ]  [ st ai nl ess st eel ]  [ _____]  mat er i al  t o 
pr event  cor r osi on by pr ocess l i qui d.

2. 2. 4. 2   Pr eci pi t at i on Uni t  Mi xer

Achi eve mi xi ng by use of  a [ pr opel l er ]  [ t ur bi ne]  [ j et ]  [ i n- l i ne st at i c]  
t ype mi xer .   Number  of  mi xer s:  [ _____] .

a.   Pr ovi de pr opel l er  or  t ur bi ne t ype mi xer s t hat  meet  t he f ol l owi ng 
r equi r ement s.   Mount i ng:  [ [ t op]  [ s i de]  [ bot t om]  ent er i ng]  [ _____] .   
Mi xer  speed:  [ const ant ]  [ var i abl e]  at  a maxi mum r pm of  [ _____] .   
Var i abl e speed t ur ndown r at i o i s r equi r ed t o be [ 4: 1]  [ _____] .   Desi gn 
mi xer  t o devel op a maxi mum vel oci t y gr adi ent  ( G val ue)  not  l ess t han 
[ 300]  [ _____]  sec- 1.   Mount  mi xer s [ angl ed and of f  cent er ]  
[ hor i zont al l y of f set  f r om t he cent er l i ne of  t he t ank]  [ ver t i cal  of f  
cent er ]  [ _____]  of  t he mi xi ng chamber .   Shaf t  const r uct i on:  [ car bon 
st eel ]  [ 316 st ai nl ess st eel ]  [ _____] .   I mpel l er  const r uct i on:  [ car bon 
st eel ]  [ 316 st ai nl ess st eel ]  [ _____] .   Desi gn mi xer  bear i ngs t o 
oper at e cont i nuousl y at  f ul l  l oad f or  [ 100, 000 hour s]  [ _____]  bef or e 
r epl acement .

b.   Pr ovi de j et  mi xer  consi st i ng of ,  but  not  l i mi t ed t o,  a j et  mot i ve pump 
t o c i r cul at e l i qui d i n t he mi xi ng basi n;  j et  mi xi ng nozzl e assembl y,  
r et r i eval  syst em and i n- basi n secondar y f l ui d l i nes.   Desi gn t he j et  
mi xer  t o obt ai n a mean vel oci t y of  [ 25- 100]  [ _____]  sec- 1 or  G( t )  
val ues of  [ 103- 104]  [ _____] .   The j et  mot i ve pump i s r equi r ed be 
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dr i ven by submer si bl e non- cl og uni t s.   Pr ovi de mot or s t hat  oper at e on 
230/ 460 vol t ,  t hr ee phase,  60 her t z power  suppl y.   Pr ovi de nozzl e 
assembl y and pi pi ng made of  [ pl ast i c]  [ or ]  [ st ai nl ess st eel ]  [ _____]  
mat er i al  t o pr event  cor r osi on by pr ocess l i qui d.

c.   Pr ovi de i n- l i ne st at i c mi xer s t hat  meet  t he f ol l owi ng r equi r ement s.   
Maxi mum pr eci pi t ant  f eed r at e:  [ _____]  L/ s gpm.   Pr ovi de i n- l i ne 
st at i c mi xer s wi t h a hel i cal  shaped el ement  whi ch i s made of  t he same 
mat er i al  as t he housi ng wal l .   The seal i ng edge bet ween t he el ement  
and housi ng wal l  i s  r equi r ed t o cr eat e an i nt egr al  uni t  wi t hout  pi eces 
t o f at i gue or  v i br at e.   Ensur e t he i n- l i ne st at i c mi xer s i ncor por at e 
t he r equi r ed number  of  el ement s t o pr ovi de compl et e mi xi ng at  al l  
desi gn condi t i ons.   Si ze t he mi xer  t o f i t  [ _____]  mm i nches di amet er  
conveyi ng pi pe.   Mat er i al s of  const r uct i on:  [ car bon st eel ]  [ st ai nl ess 
st eel ]  [ pol yet hyl ene]  [ pol ypr opyl ene]  [ FRP]  [ Tef l on]  [ _____] .

2. 2. 4. 3   Coagul at i on Uni t  Mi xer

Achi eve mi xi ng by use of  a [ pr opel l er ]  [ t ur bi ne]  [ j et ]  [ i n- l i ne st at i c]  
t ype mi xer .   Number  of  mi xer s:  [ _____] .

a.   Pr opel l er  or  t ur bi ne mi xer s ar e r equi r ed t o meet  t he f ol l owi ng 
r equi r ement s.   Mount i ng:  [ [ t op]  [ s i de]  [ bot t om]  ent er i ng]  [ _____] .   
Mi xer  speed:  [ const ant ]  [ var i abl e]  at  a maxi mum r pm of  [ _____] .   
Var i abl e speed t ur ndown r at i o i s r equi r ed t o be [ 4: 1]  [ _____] .   Desi gn 
mi xer  t o devel op a vel oci t y gr adi ent  ( G val ue)  not  l ess t han [ 300]  
[ _____]  sec- 1.   Mount  mi xer s [ angl ed and of f  cent er ]  [ hor i zont al l y 
of f set  f r om t he cent er l i ne of  t he t ank]  [ ver t i cal  of f  cent er ]  [ _____]  
of  t he mi xi ng chamber .   Shaf t  const r uct i on:  [ car bon st eel ]  [ 316 
st ai nl ess st eel ]  [ _____] .   I mpel l er  const r uct i on:  [ car bon st eel ]  [ 316 
st ai nl ess st eel ]  [ _____] .   [ Pr ovi de] [ Do not  pr ovi de]  t he mi xer  suppor t  
wi t h t he mi xer .   Desi gn mi xer  bear i ngs t o oper at e cont i nuousl y at  f ul l  
l oad f or  [ 100, 000 hour s]  [ _____]  bef or e r epl acement .

b.   Jet  mi xer s consi st  of ,  but  ar e not  be l i mi t ed t o,  a j et  mot i ve pump t o 
c i r cul at e l i qui d i n t he mi xi ng basi n;  j et  mi xi ng nozzl e assembl y,  
r et r i eval  syst em and i n- basi n secondar y f l ui d l i nes.   Desi gn j et  mi xer  
t o obt ai n a mean vel oci t y of  [ 25- 100]  [ _____]  sec- 1 or  G( t )  val ues of  
[ 103- 104]  [ _____] .   The j et  mot i ve pump i s t o be dr i ven by submer si bl e 
non- cl og uni t s.   Pr ovi de mot or s t hat  oper at e on 230/ 460 vol t ,  t hr ee 
phase,  60 her t z power  suppl y.   Pr ovi de nozzl e assembl y and pi pi ng made 
of  [ pl ast i c]  [ or ]  [ st ai nl ess st eel ]  [ _____]  mat er i al  t o pr event  
cor r osi on by pr ocess l i qui d.

c.   Pr ovi de i n- l i ne st at i c mi xer s t hat  meet  t he f ol l owi ng r equi r ement s.   
Maxi mum coagul ant  f eed r at e:  [ _____]  L/ s gpm.   Pr ovi de i n- l i ne st at i c 
mi xer s t hat  have a hel i cal  shaped el ement  whi ch i s made of  t he same 
mat er i al  as t he housi ng wal l .   The seal i ng edge bet ween t he el ement  
and housi ng wal l  i s  r equi r ed t o cr eat e an i nt egr al  uni t  wi t hout  pi eces 
t o f at i gue or  v i br at e.   Pr ovi de i n- l i ne st at i c mi xer s t hat  i ncor por at e 
t he r equi r ed number  of  el ement s t o pr ovi de compl et e mi xi ng at  al l  
desi gn condi t i ons.   Si ze t he mi xer  t o f i t  [ _____]  mm i nches di amet er  
conveyi ng pi pe.   Mat er i al s of  const r uct i on:  [ car bon st eel ]  [ st ai nl ess 
st eel ]  [ pol yet hyl ene]  [ pol ypr opyl ene]  [ FRP]  [ Tef l on]  [ _____] .

2. 2. 4. 4   Fl occul at i on Uni t  Mi xer

Pr ovi de mi xer s t hat  ar e [ t ur bi ne]  [ paddl e]  t ype mi xer s.   Number  of  mi xer s:  
[ _____] .  Mount i ng:  [ [ t op]  [ s i de]  [ bot t om]  ent er i ng]  [ _____] .   Mi xer  speed:  

SECTI ON 46 07 13. 13  Page 25



[ const ant ]  [ var i abl e]  at  a maxi mum r pm of  [ _____] .   Var i abl e speed 
t ur ndown r at i o i s r equi r ed t o be [ 4: 1]  [ _____] .   Desi gn mi xer  t o devel op a 
maxi mum vel oci t y gr adi ent  ( G val ue)  no mor e t han [ 100]  [ _____]  sec- 1.   
Mount  mi xer s [ angl ed and of f  cent er ]  [ hor i zont al l y of f set  f r om t he 
cent er l i ne of  t he t ank]  [ ver t i cal  of f  cent er ]  [ _____]  of  t he mi xi ng 
chamber .   Shaf t  const r uct i on:  [ car bon st eel ]  [ 316 st ai nl ess st eel ]  
[ _____] .   I mpel l er  const r uct i on:  [ car bon st eel ]  [ 316 st ai nl ess st eel ]  
[ _____] .   [ Pr ovi de] [ Do not  pr ovi de]  mi xer  suppor t .   Desi gn mi xer  bear i ngs 
t o oper at e cont i nuousl y at  f ul l  l oad f or  [ 100, 000 hour s]  [ _____]  bef or e 
r epl acement .

2. 2. 4. 5   Ef f l uent  Hol di ng Uni t  Mi xer

Achi eve mi xi ng by use of  a [ pr opel l er ]  [ t ur bi ne]  [ j et ]  [ i n- l i ne st at i c]  
t ype mi xer .   Number  of  mi xer s:  [ _____] .

a.   Pr ovi de pr opel l er  or  t ur bi ne mi xer s meet i ng t he f ol l owi ng 
r equi r ement s.   Mount i ng:  [ [ t op]  [ s i de]  [ bot t om]  ent er i ng]  [ _____] .   
Mi xer  speed:  [ const ant ]  [ var i abl e]  at  a maxi mum r pm of  [ _____] .   
Var i abl e speed t ur ndown r at i o i s r equi r ed t o be [ 4: 1]  [ _____] .   Desi gn 
mi xer  t o devel op a vel oci t y gr adi ent  ( G val ue)  not  l ess t han [ 300]  
[ _____]  sec- 1.   Mount  mi xer s [ angl ed and of f  cent er ]  [ hor i zont al l y 
of f set  f r om t he cent er l i ne of  t he t ank]  [ ver t i cal  of f  cent er ]  [ _____]  
of  t he mi xi ng chamber .   Shaf t  const r uct i on:  [ car bon st eel ]  [ 316 
st ai nl ess st eel ]  [ _____] .   I mpel l er  const r uct i on:  [ car bon st eel ]  [ 316 
st ai nl ess st eel ]  [ _____] .   [ I ncl ude] [ Do not  i ncl ude]  mi xer  suppor t .   
Desi gn mi xer  bear i ngs t o oper at e cont i nuousl y at  f ul l  l oad f or  
[ 100, 000 hour s]  [ _____]  bef or e r epl acement .

b.   Pr ovi de j et  mi xer s consi st i ng of ,  but  not  l i mi t ed t o,  a j et  mot i ve 
pump t o c i r cul at e l i qui d i n t he mi xi ng basi n;  j et  mi xi ng nozzl e 
assembl y,  r et r i eval  syst em and i n- basi n secondar y f l ui d l i nes.   Desi gn 
j et  mi xer  t o obt ai n a mean vel oci t y of  [ 25- 100]  [ _____]  sec- 1 or  G( t )  
val ues of  [ 103- 104]  [ _____] .   The j et  mot i ve pump i s t o be dr i ven by 
submer si bl e non- cl og uni t s.   Pr ovi de mot or s t hat  oper at e on 230/ 460 
vol t ,  t hr ee phase,  60 her t z power  suppl y.   Pr ovi de nozzl e assembl y and 
pi pi ng made of  [ pl ast i c]  [ or ]  [ st ai nl ess st eel ]  [ _____]  mat er i al  t o 
pr event  cor r osi on by pr ocess l i qui d.

2. 2. 5   Cl ar i f i er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph speci f i es onl y i ncl i ned pl at e 
or  t ube set t l er s.   The i ncl i ned pl at e or  t ube 
set t l er  r equi r es mi ni mum space,  no movi ng par t s 
( t her ef or e mi ni mi zi ng mai nt enance) ,  l ess pot ent i al  
f or  shor t  c i r cui t i ng,  and gener al l y l ower  capi t al  
and oper at i ng cost s t han convent i onal  c l ar i f i er s.   
For  met al l i c  s l udges,  t he over f l ow r at e t ypi cal l y 
r anges f r om 2. 1 t o 4. 2 L/ s/ sq.  m 360 t o 720 gpm/ sq.  
f t .  and gener al l y wi l l  not  exceed 5. 9 L/ s/ sq.  m 1000 
gpm/ sq.  f t .

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

Cl ar i f i er  i s  r equi r ed t o be an i ncl i ned [ pl at e]  [ or ]  [ t ube]  set t l er  
desi gned t o meet  t he f ol l owi ng condi t i ons:

a.   I nf l uent  pH:  Maxi mum [ _____] ,  Mi ni mum [ _____] .
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b.   Sol i ds Loadi ng:  [ _____]  kg/ day l bs/ day.

c.   Ef f l uent  TSS:  [ _____]  mg/ L.

Pr ovi de f or  an ef f ect i ve sur f ace over f l ow r at e of  [ _____]  L/ m3/ m2. s gpd/ f t 2
 and a det ent i on t i me of  [ 2]  [ _____]  hour s at  t he desi gn f l ow r at e.   
Cl ar i f i er s ar e r equi r ed t o i ncl ude,  at  a mi ni mum,  t he f ol l owi ng 
accessor i es:  i nf l uent  di st r i but i on syst em,  a separ at or  modul e consi st i ng 
of  [ cor r ugat ed pl at e packs, ]  [ i ncl i ned t ube packs, ]  ski mmer  mechani sm wi t h 
scum col l ect i on t r ough,  s l udge r emoval  syst em,  ef f l uent  col l ect i on f l umes,  
access l adder ,  oper at i ng pl at f or m,  associ at ed pi pi ng,  f i t t i ngs,  sampl i ng 
val ves,  and a s l udge hopper .

2. 2. 5. 1   Cl ar i f i er  Vessel

Const r uct  t he bot t om and si des of  t he c l ar i f i er  vessel  6 mm 1/ 4 i nch 
mi ni mum t hi ckness car bon st eel  pl at e meet i ng or  exceedi ng ASTM A36/ A36M.   
Pr ovi de t he vessel  compl et e wi t h i nl et ,  out l et ,  over f l ow,  and dr ai n 
connect i ons.   The st r uct ur al  st eel  f r amewor k i s an i nt egr al  par t  of  t he 
vessel  t o ensur e i t  i s  sel f - suppor t i ng.   Desi gn t he cl ar i f i er  f or  sei smi c 
f or ces i n accor dance wi t h par agr aph Exi st i ng Condi t i ons.

2. 2. 5. 2   I nf l uent  Di st r i but i on and Ef f l uent  Col l ect i on Syst ems

The i nf l uent  di st r i but i on syst em di ssi pat es t he ent r ance ener gy and 
equal i zes f l ow t o t he separ at or  modul e.   I ncl ude wei r s and baf f l es t o 
cont r ol  t he l ocal  vel oci t i es and el i mi nat e shor t  c i r cui t i ng.  Use 
adj ust abl e wei r s al ong each ef f l uent  col l ect i on f l ume t o mai nt ai n uni f or m 
f l ow di st r i but i on.

2. 2. 5. 3   Separ at or  Modul e

Const r uct  t he separ at or  modul e usi ng [ par al l el  cor r ugat ed pl at es pl aced [
38 mm 1- 1/ 2 i nches]  [ [ _____]  mm i nches]  apar t ]  [ i ncl i ned t ubes at  [ 45]  
[ 60]  [ _____]  degr ees f r om t he hor i zont al ] .   The separ at or  modul e i s 
r equi r ed t o be const r uct ed t o be r emovabl e f or  mai nt enance and 
i nspect i on.   Const r uct  t he separ at or  modul e wi t h cor r osi on r esi st ant  
mat er i al s.   Pr ovi de [ cor r ugat ed pl at e packs]  [ t ube packs]  const r uct ed of  
[ f i ber gl ass r ei nf or ced pl ast i c]  [ pol ypr opyl ene]  [ coat ed st eel ]  [ st ai nl ess 
st eel ]  [ _____] .

2. 2. 5. 4   Ski mmer  and Sl udge Col l ect i on/ Thi ckeni ng Devi ces

The mechani cal  ski mmer  and dr i ve i s r equi r ed t o cont i nuousl y col l ect  
f l oat i ng scum and r emove i t  t o a col l ect i on t r ough.   Equi p t he s l udge 
hol di ng compar t ment  wi t h a hopper  bot t om havi ng si des t aper i ng downwar d at  
an angl e not  l ess t han [ 55]  [ _____]  degr ees above hor i zont al  f or  s l udge 
col l ect i on.  The sl udge hopper  i s t o be mount ed i n a [ f i xed]  [ r emovabl e]  
[ _____]  posi t i on and be equi pped wi t h a v i br at or  pack f or  s l udge 
t hi ckeni ng.   Si ze t he s l udge hopper  t o pr ovi de a mi ni mum of  [ _____]  L 
gal l ons of  s l udge st or age.   Pr ovi de a f l anged out l et  f or  each hopper  whi ch 
connect s t o a pump f or  s l udge r emoval .

2. 2. 5. 5   Mi scel l aneous

Suppl y t he c l ar i f i er  wi t h a st eel  pl at f or m ar ound t he per i met er  compl et e 
wi t h l adder ,  handr ai l ,  and t oe pl at es.   Pai nt  i n conf or mance wi t h Sect i ons 
09 90 00 PAI NTS AND COATI NGS and 09 97 02 PAI NTI NG:  HYDRAULI C STRUCTURES,  
unl ess ot her wi se i ndi cat ed.
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2. 2. 6   Pi pi ng/ Val ves

Pr ovi de pi pi ng and val ves f or  chemi cal  f eed i n accor dance wi t h Sect i on 
46 30 00 WATER AND WASTEWATER CHEMI CAL FEED SYSTEMS.   I nst al l  l ow poi nt  
dr ai ns i n i nt er connect i ng pi pi ng.

2. 2. 7   Pumps

Pr ovi de pumps t hat  meet  t he f ol l owi ng r equi r ement s.   Pr ovi de pumps f or  
speci f i c  ser vi ces and accessor i es per  t he f ol l owi ng speci f i cat i ons.

2. 2. 7. 1   Wat er  Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wat er  pumps i ncl ude,  but  ar e not  l i mi t ed t o,  
t he f ol l owi ng:  equal i zat i on t r ansf er  pumps,  wat er  
pumps f or  chemi cal  di l ut i on,  and ef f l uent  wat er  
r ecycl e and di schar ge pumps.   Wat er  pumps may be 
hor i zont al  or  ver t i cal  cent r i f ugal  pumps.   Del et e 
and/ or  add par agr aphs t o meet  j ob r equi r ement s.

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

Desi gn wat er  pumps i n accor dance wi t h Sect i on 23 21 23 HYDRONI C PUMPS.

2. 2. 7. 2   Chemi cal  Met er i ng Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Chemi cal  met er i ng pumps may be pi st on,  
posi t i ve di spl acement  di aphr agm,  or  bal anced 
di aphr agm pumps.   The uni t  appl i cat i on depends on 
t he pr essur e i nvol ved,  cor r osi veness of  t he 
chemi cal ,  f eed r at e,  accur acy r equi r ed,  v i scosi t y 
and speci f i c  gr avi t y of  t he f l ui d,  ot her  l i qui d 
pr oper t i es,  and t he t ype of  cont r ol .

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

Manuf act ur e and i nst al l  chemi cal  met er i ng pumps i n accor dance wi t h Sect i on 
46 30 00 WATER AND WASTEWATER CHEMI CAL FEED SYSTEMS.

2. 2. 7. 3   Sl udge Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sl udge pumps may be cent r i f ugal ,  di aphr agm 
( ai r  oper at ed)  or  pr ogr essi ve cavi t y.   The uni t  
appl i cat i on depends on t he pr essur e i nvol ved,  t he 
pumpi ng r at e ( const ant  or  var i abl e) ,  t he speci f i c  
gr avi t y of  t he s l udge and t he t ype of  cont r ol .

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

Manuf act ur e and i nst al l  s l udge pumps i n accor dance wi t h Sect i on 22 13 29 
SANI TARY SEWERAGE PUMPS.

2. 2. 8   El ect r i cal  Equi pment

2. 2. 8. 1   Gener al

Pr ovi de el ect r i cal  equi pment  and wi r i ng i n accor dance wi t h Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM and i n conf or mance wi t h NFPA 70.   I nst al l  
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ci r cui t s i n accor dance wi t h Sect i ons 33 71 01 OVERHEAD TRANSMI SSI ON AND 
DI STRI BUTI ON and 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON.

2. 2. 8. 2   El ect r i c Mot or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   El ect r i cal  mot or  dr i ven equi pment  shoul d be 
pr ovi ded compl et e wi t h mot or s,  mot or  st ar t er s,  and 
cont r ol s.

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

Pr ovi de f or  each mot or  a c i r cui t  br eaker  t ype combi nat i on mot or  c i r cui t  
pr ot ect or ,  compl et e wi t h pr oper l y s i zed t her mal  over l oad pr ot ect i on on 
each phase,  al ong wi t h a hand- of f - aut omat i c ( HOA)  sel ect or  swi t ch;  r ed and 
gr een pi l ot  l i ght s;  manual  r eset  pushbut t on;  and al l  ot her  appur t enances 
necessar y f or  t he mot or  cont r ol  speci f i ed.   Ensur e each mot or  has 
suf f i c i ent  capaci t y t o dr i ve t he equi pment  at  t he speci f i ed capaci t y at  or  
bel ow a 1. 0 ser vi ce f act or  and wi t hout  exceedi ng t he namepl at e r at i ng of  
t he mot or  when oper at i ng at  t he speci f i ed el ect r i cal  syst em vol t age and 
f r equency.   Each el ect r i c mot or - dr i ven pi ece of  equi pment  i s r equi r ed t o 
be dr i ven by a chemi cal / mi l l  dut y,  [ expl osi on- pr oof ]  [ t ot al l y- encl osed f an 
cool ed ( TEFC) ]  [ t ot al l y- encl osed non- vent i l at i ng ( TENV) ]  [ _____]  mot or  
r at ed f or  cont i nuous dut y at  a 40 degr ees C ambi ent  t emper at ur e.   Pr ovi de 
mot or  wi t h a [ 1. 15]  [ 1. 0]  [ _____]  ser vi ce f act or .   Ensur e al l  mot or s 
conf or m t o t he r espect i ve sect i ons of  NEMA MG 1.   Thr ee phase mot or s ar e 
r equi r ed t o be squi r r el - cage i nduct i on t ype havi ng nor mal - st ar t i ng- t or que 
and l ow- st ar t i ng- cur r ent  char act er i st i cs.   Si ze mot or s wi t h suf f i c i ent  
power  and t or que so t hat  t he namepl at e power  r at i ng,  wi t hout  consi der at i on 
of  t he ser vi ce f act or ,  i s  not  exceeded under  any oper at i ng condi t i on.   
Pr ovi de adequat e t hr ust  bear i ngs i n t he mot or  t o handl e any t hr ust  f or ces 
t hat  ar e t r ansmi t t ed t o mot or  under  any oper at i ng condi t i on.   Thr ee phase 
mot or s ar e r equi r ed t o be r at ed at  230/ 460 vol t s,  60 her t z.   Fr act i onal  
hor sepower  mot or s ar e r equi r ed t o be 115 vol t s,  60 her t z.   St amp al l  mot or  
namepl at e i nf or mat i on on t he at t ached namepl at e i n accor dance wi t h t he 
r equi r ement s of  NEMA MG 1.   Suppl y mot or s t hat  have a pr emi um ef f i c i ency 
desi gn,  c l ass F i nsul at i on,  aut omat i c t her mal  pr ot ect i on of  t he st at or  
wi ndi ngs,  and st andar d NEMA f r ame r at i ngs.

2. 2. 9   I nst r ument at i on And Cont r ol

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nst r ument at i on and cont r ol  syst ems ar e used 
i n wat er  t r eat ment  t o ensur e consi st ent  qual i t y,  t o 
opt i mi ze pr ocess r el i abi l i t y ,  t o assi st  oper at i ng 
per sonnel  i n moni t or i ng pr ocess oper at i ons,  and t o 
mi ni mi ze oper at i ng cost s.   The measur ement  and 
cont r ol  i nst r ument s may r ange f r om a si mpl e cont r ol  
panel  i ndi cat or  t o a compl ex,  mul t i - component ,  
pr ogr ammabl e l ogi c cont r ol l er  based syst em.

I n devel opi ng t he scope of  t he i nst r ument at i on and 
cont r ol  syst em desi gn,  t he desi gner  shoul d consi der  
t he f ol l owi ng par amet er s:  s i ze of  t he pl ant ,  t ype 
and compl exi t y of  t he t r eat ment  pr ocess,  t ype of  
vendor - suppl i ed cont r ol s,  amount  of  f unds avai l abl e,  
cur r ent  desi gn st andar ds,  di schar ge compl i ance 
cr i t er i a,  speci al  i nt er f aces wi t h ot her  cont r ol  
syst ems,  and t he abi l i t y  of  t he owner  t o pr oper l y 
mai nt ai n a cont r ol  syst em.   Gener al l y,  t he desi gns 
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of  P/ C/ F syst ems i ncor por at i ng manual  oper at i on 
woul d be l i mi t ed t o bat ch pr ocesses i n whi ch t he 
cont r ol  of  pumps and chemi cal  addi t i on i s 
accompl i shed by oper at or  act i on.   The cont i nuous 
oper at i on of  P/ C/ F syst ems usual l y i nvol ves mor e 
compl ex cont r ol  schemes.   Chemi cal  addi t i on can be 
manual l y or  aut omat i cal l y pr opor t i oned t o f l ow 
and/ or  t o ot her  pr ocess f eedback si gnal s gener at ed 
by pr ocess i nst r ument at i on.   The degr ee of  
aut omat i on i ncor por at ed i nt o t he syst em desi gn 
gener al l y depends upon t he compl exi t y of  t he 
t r eat ment  syst em,  t he r emot eness of  t he s i t e,  t he 
pl anned l evel  of  oper at or  at t ent i on,  and t he 
dur at i on of  t he pr oj ect .   Syst ems desi gned f or  
unat t ended oper at i on woul d r equi r e t he gr eat est  
degr ee of  aut omat ed syst em cont r ol s.   Cont r ol  
schemes may i ncl ude t he use of  r emot el y l ocat ed 
pr ogr ammabl e l ogi c cont r ol l er s,  r emot e dat a 
t el emet r y,  and t el ecommuni cat i on syst ems.

The desi gner  shoul d consi der  how t he P/ C/ F syst em 
wi l l  be oper at ed f or  each si t e- speci f i c  
appl i cat i on.   The equi pment  used i n a P/ C/ F syst em 
can be suppl i ed t o oper at e ei t her  i n a bat ch or  a 
cont i nuous mode of  oper at i on.   A bat ch oper at i on may 
be mor e economi cal  t han cont i nuous oper at i on when 
wast ewat er  f l ows ar e smal l  ( l ess t han 0. 6 L/ s 10 gpm
) ,  or  ar e i nt er mi t t ent  f r om sour ces such as a smal l  
l andf i l l  l eachat e r ecover y syst em or  smal l  gr ound 
wat er  pumpi ng wel l s.   When t he wast ewat er  f l ows ar e 
l ar ger  t han 0. 6 L/ s 10 gpm,  cont i nuous oper at i on 
shoul d be used.   I n t he cont i nuous mode of  
oper at i on,  al l  equi pment  woul d r un uni nt er r upt ed and 
t he wast ewat er  woul d be f ed t o t he syst em at  a 
cont r ol l ed r at e.

I f  a bat ch oper at i on i s used,  t he desi gner  must  
deci de whet her  t r eat ment  can be per f or med i n one 
si ngl e t ank or  i f  mul t i pl e t anks ar e r equi r ed.   I n a 
s i ngl e t ank,  t he r equi r ed chemi cal s f or  
pr eci pi t at i on,  coagul at i on,  and f l occul at i on ar e 
added sequent i al l y  t o t he same t ank at  a mi xi ng 
i nt ensi t y appr opr i at e f or  t he chemi cal  bei ng added.  
Fol l owi ng chemi cal  addi t i on,  al l  mi xer s woul d shut  
down t o al l ow a qui escent  t i me f or  set t l i ng t o 
occur .   The set t l ed s l udge on t he bot t om of  t he t ank 
coul d be dr awn of f  and t he super nat ant  adj ust ed f or  
f i nal  pH.   The wat er  can be st or ed i n t hi s one t ank 
unt i l  i t  i s  anal yzed and di schar ged,  or  a separ at e 
t ank can be used t o st or e t he wat er .   Thi s t ype of  
syst em i s appr opr i at e f or  s i t es t hat  gener at e smal l  
amount s of  wat er  wher e t he t i me t o t r eat  one bat ch 
does not  exceed t he t i me t o gener at e a vol ume of  
wat er  t o be t r eat ed.   A f l ow equal i zat i on t ank must  
be pr ovi ded t o r ecei ve t he wat er  whi l e t r eat ment  i s 
occur r i ng i n t he bat ch t anks.

Al t er nat i vel y,  i f  mor e f r equent  t r eat ment  i s 
r equi r ed,  bat ch t r eat ment  can empl oy mul t i pl e t anks 
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wher e one vol ume of  wat er  i s pumped sequent i al l y  
t hr ough t he pr eci pi t at i on,  coagul at i on,  
f l occul at i on,  and cl ar i f i cat i on t anks.   The 
equi pment  used i n t hi s syst em woul d be t he same as 
f or  a cont i nuous oper at i on,  except  t hat  t he 
i nst r ument at i on and cont r ol s woul d be desi gned t o 
al l ow i nt er mi t t ent  pumpi ng,  mi xi ng,  and chemi cal  
addi t i on r at her  t han cont i nuous.   I n ei t her  mode of  
oper at i on,  t he cont r ol s can be desi gned t o oper at e 
t he syst em wi t h 1)  manual  cont r ol ,  2)  semi aut omat i c 
cont r ol ,  or  3)  aut omat i c cont r ol .   The desi gner  must  
sel ect  t he cont r ol  scheme appr opr i at e f or  t he s i t e 
consi der i ng t he compl exi t y of  t he syst em and 
per sonnel  avai l abi l i t y .

I n manual  cont r ol ,  t he oper at or  wi l l  s t ar t  onl y one 
pr ocess at  a t i me ( e. g. ,  pr eci pi t at i on,  coagul at i on,  
f l occul at i on,  c l ar i f i cat i on,  et c. )  and check t he 
r esul t s of  each bef or e st ar t i ng next  oper at i on.   I n 
semi aut omat i c cont r ol ,  t he oper at or  must  be pr esent  
t o st ar t  t he P/ C/ F syst em and t r ansi t i on f r om one 
pr ocess t o anot her  wi l l  be cont r ol l ed aut omat i cal l y 
usi ng ei t her  an el ect r oni c or  pneumat i c di st r i but ed 
cont r ol  syst em.   I n aut omat i c cont r ol ,  t he ent i r e 
syst em wi l l  oper at ed wi t hout  an oper at or .   The 
nor mal  r unni ng of  t he syst em i s l i nked t o one or  
mor e gover ni ng f act or s ( t ank l evel ,  f l ow r at e,  et c. )  
whi ch wi l l  s t ar t  up each syst em when set  poi nt s ar e 
r eached.   Maxi mum r el i abi l i t y  of  a f ul l y  aut omat ed 
syst em can be obt ai ned by usi ng a l ogi c cont r ol  
syst em whi ch checks t hat  t he or der s gi ven have been 
r ecei ved and car r i ed out  and,  i f  not ,  st ops t he 
oper at i ons and al ar ms t he oper at or .   Al l  cont r ol s 
shoul d have manual  over r i de.

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

Pr ovi de t he i nst r ument at i on and cont r ol  syst em t o be [ bat ch]  [ on- of f  i n 
r esponse t o i nf l uent  f l ow]  [ manual ]  [ semi - aut omat i c]  [ aut omat i c]  [ _____]  
wi t h compl et e el ect r i cal  power ,  cont r ol  and i nst r ument at i on as speci f i ed 
or  r ecommended by t he equi pment  manuf act ur er  f or  t he saf e oper at i on and 
super vi s i on of  t he P/ C/ F syst em.   Suppl y t he i nst r ument at i on and cont r ol  
package f or  t he P/ C/ F syst em as i ndi cat ed on t he dr awi ngs.   Ensur e t he 
pr obes f or  pH and oxi dat i on r educt i on pot ent i al  ( ORP) ,  measur i ng devi ces,  
and l evel  sensor s speci f i ed i n t he f ol l owi ng f our  subpar agr aphs ar e made 
of  mat er i al s r esi st ant  t o chemi cal  at t ack over  a pH r ange of  2 t o 12,  and 
sui t abl e f or  a t emper at ur e r ange f r om [ 0 t o 100]  [ _____]  degr ees C [ 32 t o 
212]  [ _____]  degr ees F and f or  t he l i qui d t o be moni t or ed.   Al l  encl osur es 
f or  pH,  f l ow,  and l evel  sensor s and t r ansmi t t er s ar e t o be r at ed NEMA 4X.

2. 2. 9. 1   pH Moni t or i ng/ Cont r ol

Pr ovi de pH pr obes [ wher e i ndi cat ed on dr awi ngs]  [ on t he ef f l uent  l i ne of  
each r eact or ]  f or  t he pur poses of  pH moni t or i ng and/ or  pH cont r ol  t hr ough 
an associ at ed cont r ol  devi ce ( PLC,  s i ngl e l oop cont r ol l er ,  et c. ) .   Ensur e 
i nst al l ed pr obes ar e easi l y r emovabl e wi t hout  i nt er r upt i ng ser vi ce.   
Pr ovi de pr obe mat er i al s t hat  ar e r esi st ant  t o oper at i ng pr essur es of  up t o 
[ _____]  kPa psi .   I nt er connect  t he pr obes t o associ at ed 
t r ansmi t t er s/ i ndi cat or s t hat  ar e l ocat ed pr ef er abl y i n t he mai n cont r ol  
panel .   Connect  pr obes t o a mi cr o- pr ocessor  based pH anal yzer  havi ng a 4 
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di gi t  r eadout  wi t h 38 mm 1- 1/ 2 i nch hi gh l et t er s and an i sol at ed 4 -  20 mA 
DC out put  s i gnal  pr opor t i onal  t o t he pH.   Ensur e t he accur acy of  t he pH 
uni t  i s  pl us or  mi nus 0. 5 per cent  of  f ul l  scal e.

2. 2. 9. 2   ORP Moni t or i ng/ Cont r ol

Pr ovi de an oxi dat i on r educt i on pot ent i al  ( ORP)  pr obe [ wher e i ndi cat ed on 
dr awi ngs]  [ _____]  f or  t he pur pose of  ORP moni t or i ng and/ or  cont r ol .   
I nst al l  pr obe so i t  i s  easi l y r emovabl e wi t hout  i nt er r upt i ng ser vi ce.   
Suppl y pr obe mat er i al s t hat  ar e r esi st ant  t o oper at i ng pr essur es of  up t o 
[ _____]  kPa psi .  I nt er connect  t he pr obes t o associ at ed 
t r ansmi t t er s/ i ndi cat or s t hat  ar e l ocat ed [ pr ef er abl y]  i n t he mai n cont r ol  
panel .   Connect  t he pr obe t o a mi cr opr ocessor  based pH anal yzer  havi ng a 4 
di gi t  r eadout  wi t h 38 mm 1- 1/ 2 i nch hi gh l et t er s and an i sol at ed 4 -  20 mA 
DC out put  s i gnal  pr opor t i onal  t o t he ORP.   Ensur e t he accur acy of  t he ORP 
uni t  i s  pl us or  mi nus 0. 5 per cent  of  f ul l  scal e.

2. 2. 9. 3   Fl ow Moni t or i ng/ Cont r ol

Pr ovi de f l ow measur i ng devi ces [ wher e i ndi cat ed on dr awi ngs]  [ on t he 
i nf l uent  l i ne]  [ on t he ef f l uent  l i ne]  f or  t he pur pose of  f l ow moni t or i ng 
and/ or  cont r ol .   I nst al l  measur i ng devi ces i n a manner  t hat  ensur es t hey 
ar e easy t o mai nt ai n wi t hout  i nt er r upt i ng ser vi ce.   Suppl y measur i ng 
devi ces t hat  ar e r esi st ant  t o oper at i ng pr essur es of  up t o [ _____]  kPa psi .   
Connect  measur i ng devi ces t o a mi cr opr ocessor  based f l ow anal yzer  havi ng a 
di gi t al  r eadout  wi t h 38 mm 1- 1/ 2 i nch hi gh l et t er s and an i sol at ed 4 -  20 
mA DC out put  s i gnal  pr opor t i onal  t o t he f l ow.   Ensur e t he accur acy of  t he 
f l ow moni t or i ng uni t  pr ovi ded i s pl us or  mi nus 0. 5 per cent  of  f ul l  scal e.   
Coor di nat e t he t ype of  f l ow met er  sel ect ed wi t h t he appl i cat i on i nvol ved 
as shown on t he dr awi ngs t o assur e t hat  t he f l ow met er  meet s al l  
i nst al l at i on and oper at i onal  cr i t er i a ( upst r eam and downst r eam di st ances 
f r om appur t enances,  mi ni mum and maxi mum f l ow vel oci t i es,  degr ee of  
r equi r ed accur acy,  f ul l  pi pe f l ow,  et c. ) .

2. 2. 9. 4   Level  Moni t or i ng/ Cont r ol

Pr ovi de l evel  i ndi cat or  gauges of  t he di r ect - r eadi ng t ype,  equi pped wi t h a 
shut of f  val ve,  on t he di schar ge si de of  t he t ank.   Pr ovi de gauges wi t h 150 
mm 6 i nch di al s t hat  ar e st em mount ed and conf or m t o ASME B40. 100.   
Pr ovi de gauges wi t h accur acy of  Gr ade A i n accor dance wi t h ASME B40. 100.   
Cal i br at e gauges i n kPa psi  i n not  mor e t han 10 kPa 2 psi  i ncr ement s f r om 
0 t o 350 kPa 0 t o 50 psi  i n excess of  t he nor mal  oper at i ng pr essur e at  t he 
t ank.   Pr ovi de l evel  ( f l oat )  swi t ches t hat  ar e mechani cal l y act uat ed wi t h 
For m C cont act s.   I ncl ude a sendi ng uni t  i n al l  el ect r oni c l evel  sensi ng 
devi ces t hat  t r ansmi t s an anal og or  di scr et e s i gnal ,  as r equi r ed f or  t he 
appl i cat i on,  t o an associ at ed cont r ol  panel  or  cont r ol  devi ce.   Pr ovi de 
l evel  moni t or i ng/ cont r ol  sensor s [ wher e i ndi cat ed on dr awi ngs]  [ _____] .   
Locat e sensor s i n a l ocat i on t o be easi l y r emovabl e wi t hout  i nt er r upt i ng 
ser vi ce.   Connect  anal og l evel  sensor s t o a mi cr opr ocessor  based l evel  
i ndi cat or  and/ or  cont r ol l er  as r equi r ed by t he appl i cat i on havi ng a 4 
di gi t  r eadout  wi t h 38 mm 1- 1/ 2 i nch hi gh l et t er s and an i sol at ed 4 -  20 mA 
DC out put  s i gnal  pr opor t i onal  t o t he l evel  t o be measur ed.

2. 2. 9. 5   Cont r ol  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d i ncl ude a det ai l ed 
oper at i ng and cont r ol  pr ocedur e i n t hi s par agr aph t o 
expl ai n t he cont r ol  phi l osophy f or  each component  of  
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t he P/ C/ F syst em.   Thi s oper at i ng and cont r ol  
pr ocedur e shoul d i ncl ude al l  i nf or mat i on r equi r ed 
f or  syst em st ar t - up,  cont i nuous oper at i ons,  and 
nor mal  and emer gency shut - down oper at i ons.   Thi s 
pr ocedur e shoul d i ncl ude al l  oper at i ng set  poi nt s 
f or  pump st ar t i ng/ st oppi ng/ al ar mi ng/ shut down,  al l  
nor mal / al ar m/ shut down pH val ues,  al l  
nor mal / al ar m/ shut down ORP val ues,  al l  
nor mal / al ar m/ shut down l i qui d l evel s,  as wel l  as al l  
ot her  nor mal / al ar m/ shut down val ues f or  any ot her  
cont r ol  or  pr ocessi ng equi pment .   Thi s pr ocedur e 
shoul d del i neat e al l  nor mal  oper at i onal  val ues f or  
each component  of  t he P/ C/ F syst em.

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

Desi gn t he cont r ol  syst em t o oper at e as shown on t he dr awi ngs and 
descr i bed i n t he oper at i ng and cont r ol  pr ocedur es pr ovi ded [ bel ow]  [ as an 
at t achment ] .   Ensur e al l  al ar ms and/ or  shut downs consi st  of  bot h v i s i bl e 
al ar m l i ght s and audi bl e al ar m si gnal s on ei t her  t he mai n cont r ol  panel ,  
or  on a r emot e mi cr opr ocessor  cont r ol l er  scr een.   Ensur e t he al ar ms and 
shut downs f unct i on t hr ough a f i r st - out - sequence annunci at i on.   Pr ovi de 
al ar ms f or  hi gh and l ow wat er  and chemi cal  l evel s,  hi gh and l ow pH val ues,  
and hi gh and l ow ORP val ues.   Pr ovi de aut omat i c shut downs f or  each syst em 
when a cont r ol  val ue or  an oper at i onal  syst em r anges out  of  nor mal  
oper at i onal  l i mi t s wher e per sonnel  saf et y i s a concer n,  wher e mechani cal  
damage can occur  t o pr ocess equi pment ,  or  wher e t he pr ocess excur si on has 
t he pot ent i al  t o v i ol at e di schar ge wat er  qual i t y cr i t er i a;  such shut downs 
can occur  f or  bot h hi gh and l ow condi t i ons.   Ensur e power  f ai l ur es and 
equi pment  f ai l ur es i ni t i at e an al ar m as wel l  as an or der l y and aut omat i c 
shut down of  t he t r eat ment  syst em.   [ Pr ovi de f or  aut o- di al i ng t o an 
i ndi cat ed r emot e l ocat i on t o r epor t  each al ar m or  shut down t hat  st ops t he 
movement  of  pr ocess wat er  t hr ough t he t r eat ment  syst em or  st ops chemi cal  
f eed syst ems.   The Cont r act or  i s r esponsi bl e f or  pr ovi di ng t he associ at ed 
t el ephone l i ne f or  t he aut o- di al er  syst em. ]   Pr ovi de al l  cont r ol  power  
t r ansf or mer s,  r el ays,  adj ust abl e t i mer s,  auxi l i ar y cont act s,  swi t ches,  or  
addi t i onal  equi pment  r equi r ed t o i nt er connect  t he t r eat ment  equi pment  t o a 
moni t or i ng/ cont r ol  syst em.   Fur ni sh condui t  and wi r i ng bet ween cont r ol  
panel s,  t r eat ment  component s,  and al l  cont r ol  devi ces.

2. 2. 9. 6   Cont r ol  Panel  Encl osur es

Ensur e al l  r equi r ed cont r ol  panel s f or  t he cont r ol  syst em ar e r at ed NEMA 
4X [ f i ber gl ass]  [ st ai nl ess st eel ]  and ar e s i zed t o assur e t hat  adequat e 
i nt er nal  space i s avai l abl e f or  al l  component s speci f i ed and/ or  r equi r ed 
wi t h an al l owance of  no l ess t han 30 per cent  spar e space.   To t he gr eat est  
ext ent  possi bl e,  i nst al l  al l  i nst r ument  t r ansmi t t er s i n or  adj acent  t o t he 
cont r ol  panel  encl osur e.

2. 2. 10   St r uct ur al  Ski ds

Wher e a P/ C/ F syst em has st r uct ur al  ski ds,  suppl y ski ds f abr i cat ed i n 
accor dance wi t h Sect i on 05 12 00 STRUCTURAL STEEL.   Submi t  shop det ai l s 
f or  each st r uct ur al  ski d i ncl udi ng member s ( wi t h t hei r  connect i ons)  not  
shown on t he dr awi ngs.   Show st andar d wel di ng symbol s on t he dr awi ngs i n 
accor dance wi t h AWS A2. 4.

2. 2. 11   Pai nt / Coat i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   UFGS 09 97 02 i s a gui de speci f i cat i on 
devel oped f or  Ci v i l  Wor ks pr oj ect s.

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

Per f or m pai nt  and coat i ngs wor k i n accor dance wi t h Sect i ons 09 90 00 
PAI NTS AND COATI NGS[  and 09 97 02 PAI NTI NG:  HYDRAULI C STRUCTURES] .

2. 2. 12   I nsul at i on/ Heat i ng/ Vent i l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n col d c l i mat es,  exposed pi pe,  val ves,  pumps 
and equi pment  shoul d be i nsul at ed and/ or  heat  t r aced 
t o pr event  f r eezi ng.   Tanks shoul d be i nsul at ed and 
heat ed t o keep t he t ank cont ent s above f r eezi ng 
t emper at ur es.

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

Pr ovi de i nsul at i on f or  pi pes,  val ves,  pumps,  t anks,  i nst r ument at i on and 
cont r ol s,  and ot her  equi pment  i n accor dance wi t h Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 2. 13   Namepl at es

Pr ovi de a namepl at e on each maj or  i t em of  equi pment  t hat  i ncl udes t he 
manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and 
cat al og number .   Secur e namepl at e t o t he i t em of  equi pment .

2. 2. 14   Speci al  Tool s

Pr ovi de one set  of  speci al  t ool s,  cal i br at i on devi ces,  and i nst r ument s 
r equi r ed f or  oper at i on,  cal i br at i on and mai nt enance of  t he equi pment ,  as 
r ecommended by t he manuf act ur er .   Pr ovi de a l i s t  of  speci al  t ool s 
i ncl udi ng descr i pt i on,  manuf act ur er ,  model  number ,  and a sour ce f or  
pur chasi ng r epl acement s i f  l ost .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  det er mi ne i f  t he 
exami nat i on by t he Cont r act i ng Of f i cer  i s t o appl y 
t o al l  equi pment  or  onl y t o speci al  i t ems t o be 
i nspect ed.

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

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e wor k begi ns.   Af t er  equi pment  i s del i ver ed t o t he s i t e 
and pr i or  t o i nst al l at i on,  exami ne t he t r eat ment  pl ant  equi pment  f or  any 
damage,  def ect ,  or  det er i or at i on and ver i f y t hat  al l  const r uct i on 
equi pment  used at  t he s i t e i s of  suf f i c i ent  capaci t y and i n good 
mechani cal  condi t i on.   Document  t he r esul t s of  t hi s pr e- i nst al l at i on 
exami nat i on and submi t  t o t he Cont r act i ng Of f i cer  f or  r evi ew. [   
Cont r act i ng Of f i cer  r eser ves t he r i ght  t o al so conduct  t hi s exami nat i on 
i ndependent l y. ]   Based on t he exami nat i on,  t he Cont r act i ng Of f i cer  has t he 
r i ght  t o r ej ect  damaged,  def ect i ve,  or  det er i or at ed equi pment .   The 
cont r act or  i s r equi r ed t o cor r ect  sur f ace damage t o equi pment  f ol l owi ng 
t he manuf act ur er ' s r equi r ement s.   Any cost s associ at ed wi t h t he del ay 
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caused by t he r ej ect i on of  equi pment  i s under st ood t o be bor ne by t he 
Cont r act or .   Pr ovi de al l  speci f i ed pr econst r uct i on submi t t al s t o t he 
Cont r act i ng Of f i cer .

3. 2   I NSTALLATI ON

Handl e equi pment  wi t h ext r eme car e t o pr event  damage dur i ng pl acement .   
I nst al l  equi pment ,  except  as ot her wi se speci f i ed,  as i ndi cat ed on t he 
dr awi ngs,  and i n accor dance wi t h t he manuf act ur er ' s wr i t t en i nst r uct i ons 
[ and under  di r ect  super vi s i on of  t he manuf act ur er ' s r epr esent at i ve]  
[ _____] .   I nst al l at i on i ncl udes f ur ni shi ng al l  mat er i al s r equi r ed f or  
i ni t i al  oper at i on.   Pr oper l y l evel ,  al i gn,  and anchor  al l  equi pment  i n 
pl ace i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Pr ovi de 
suppor t s f or  equi pment ,  appur t enances,  and pi pes as r equi r ed.   I nst al l  
pi pi ng r uns t o be st r ai ght  and evenl y suppor t ed.   I nst al l  val ves wi t h 
st ems hor i zont al  or  above t he pi pe cent er l i ne.   I nst al l  f l anges and uni ons 
wher e val ve and equi pment  mai nt enance may r equi r e di sassembl y.   Pr ovi de 
t he P/ C/ F syst em compl et e and r eady f or  oper at i on.   Ensur e al l  pl umbi ng 
wor k conf or ms t o t he r equi r ement s of  [ Sect i on 22 00 00 PLUMBI NG,  GENERAL 
PURPOSE] [ _____] .

3. 2. 1   Foundat i ons

Const r uct  f oundat i ons f or  t anks,  c l ar i f i er ,  and ot her  equi pment  of  
r ei nf or ced concr et e,  except  as shown or  speci f i ed her ei n.

3. 2. 2   Excavat i ng,  Fi l l i ng,  and Gr adi ng

Per f or m excavat i on,  f i l l i ng,  and gr adi ng wor k t o conf or m t o t he appl i cabl e 
r equi r ement s of  Sect i on 31 00 00 EARTHWORK.

[ 3. 2. 3   Cat hodi c Pr ot ect i on

Pr ovi de cat hodi c pr ot ect i on on st eel  t anks and cl ar i f i er s,  conf or mi ng t o 
Sect i on 26 42 15 CATHODI C PROTECTI ON SYSTEM FOR THE I NTERI OR OF STEEL 
WATER TANKS.

] 3. 2. 4   Wel di ng

Per f or m t ank wel di ng i n accor dance wi t h [ Sect i on 8 of  AWWA D100]  [ AWWA D103
]  [ API  St d 650] .

3. 2. 5   Er ect i on

Per f or m t ank er ect i on i n accor dance wi t h [ Sect i on 10 of  AWWA D100]  [
AWWA D103]  [ API  St d 650] .

3. 2. 6   Fi el d Pai nt i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   UFGS Sect i on 09 97 02 i s a gui de 
speci f i cat i on devel oped f or  Ci v i l  Wor ks pr oj ect s.

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

Per f or m f i el d pai nt i ng i n accor dance wi t h Sect i ons 09 90 00 PAI NTS AND 
COATI NGS[  and 09 97 02 PAI NTI NG:  HYDRAULI C STRUCTURES] .   Do not  pai nt  
st ai nl ess st eel ,  gal vani zed st eel ,  and nonf er r ous sur f aces.
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3. 2. 7   I nspect i ons and Test i ng

I nspect  and t est  t ank i n accor dance wi t h Sect i on 11 of  AWWA D100.   Mi l l  
and shop i nspect i ons [ ar e not  r equi r ed]  [ ar e r equi r ed t o be per f or med by 
an appr oved commer ci al  i nspect i on agency] .   Cont r act or  i s r equi r ed t o 
per f or m t he hydr ost at i c t est .   Per f or m f i nal  hydr ost at i c t est  bef or e 
pai nt i ng.

3. 2. 8   Radi ogr aphi c I nspect i on and Test i ng

Per f or m t ank r adi ogr aphi c i nspect i on and t est i ng of  t anks i n accor dance 
wi t h Sect i on 11 of  AWWA D100.   Radi ogr aphi c i nspect i ons [ ar e not  r equi r ed]  
[ ar e r equi r ed t o be per f or med by an appr oved commer ci al  i nspect i on 
agency] .   Per f or m al l  t est i ng bef or e pai nt i ng.

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   I nspect i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The syst em' s P&I D and t he as- bui l t  dr awi ngs 
ar e used t o ver i f y t hat  al l  equi pment ,  pi pi ng,  and 
val ves ar e i nst al l ed accor di ng t o pl ans and 
speci f i cat i ons.   The el ect r i cal  one- l i ne di agr ams 
and wi r i ng di agr ams ar e usef ul  t o ver i f y t he 
el ect r i cal  and i nst r ument at i on syst ems.   Gr oundi ng 
of  equi pment  shoul d al so be i nspect ed.   Vendor ' s 
cer t i f i ed shop dr awi ngs and equi pment  oper at i ng 
manual s shoul d be used t o check t he equi pment  
i nst al l at i on and oper at i on.

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

Af t er  t he i nst al l at i on i s compl et e,  each component  t he Cont r act i ng Of f i cer  
i nspect s t o ver i f y t hat  t he component s of  t he syst em ar e pr oper l y 
i nst al l ed accor di ng t o dr awi ngs and speci f i cat i ons.   Cor r ect i on of  al l  
di scr epanci es f ound and wor k af f ect ed by such def i c i enci es i s whol l y at  
t he Cont r act or ' s expense.

3. 3. 2   Test s

Ensur e each pi ece of  equi pment  i s subj ect  t o an oper at i onal  t est ,  under  
t he super vi s i on of  a f act or y r epr esent at i ve.   The Cont r act i ng Of f i cer  
mai nt ai ns t he r i ght  t o obser ve t est .   Test s ar e r equi r ed t o demonst r at e 
t hat  t he equi pment  i s not  def ect i ve and i s i n saf e and sat i sf act or y 
oper at i ng condi t i on.   Not i f y t he Cont r act i ng Of f i cer  [ 7]  [ _____]  days 
pr i or  t o t he dat es and t i mes f or  accept ance t est s.   Per f or m a r unni ng 
f i el d t est  on al l  equi pment  i n t he pr esence of  t he Cont r act i ng Of f i cer  f or  
a mi ni mum of  [ 2]  [ _____]  hour s.   I f  any def i c i enci es ar e r eveal ed dur i ng 
t he t est s,  cor r ect  such def i c i enci es and r epeat  t he t est s.   Submi t  Test  
Repor t s i n bookl et  f or m showi ng f i el d t est s per f or med t o adj ust  each 
component  and t o pr ove compl i ance wi t h t he speci f i ed per f or mance cr i t er i a 
upon compl et i on and t est i ng of  t he i nst al l ed syst em.   I dent i f y al l  t est  
met hods used and r ecor d al l  t est  r esul t s.   I ndi cat e wi t hi n each t est  
r epor t  t he f i nal  set  poi nt  of  each cont r ol  devi ce.   Pr ovi de t est  r epor t s 
f or  pr e- st ar t up t est i ng and st ar t up per f or mance t est i ng;  al so i ncl ude t est  
r epor t s showi ng t he r esul t s of  f act or y t est s per f or med.
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3. 3. 3   Manuf act ur er ' s Ser vi ce

Pr ovi de t he ser vi ces of  a manuf act ur er ' s r epr esent at i ve who i s exper i enced 
i n t he i nst al l at i on,  adj ust ment ,  and oper at i on of  t he equi pment  
speci f i ed.   The r epr esent at i ve i s r equi r ed t o super vi se t he i nst al l at i on,  
adj ust ment ,  and t est i ng of  t he equi pment .   I ncl ude up t o [ 5]  [ 7]  [ 10]  
[ _____]  days of  ser vi ce.

3. 4   SYSTEM STARTUP

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr e- st ar t - up pr ocedur es shoul d be pr ovi ded 
f or  each component  of  t he P/ C/ F syst em and 
pr ocedur es shoul d be pr ovi ded f or  st ar t - up of  t he 
whol e syst em.   The st ar t up pl an must  i ncl ude 
pr e- st ar t up checkout s,  pr e- st ar t up t est i ng,  and t he 
act ual  st ar t up.   The f ol l owi ng sect i ons descr i be 
st ar t up oper at i ons of  a P/ C/ F t r eat ment  syst em.   The 
st ar t up pr ocedur e f ol l ows a pl anned sequence of  
event s f or  each component  of  t he syst em.

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

3. 4. 1   Hydr ost at i c Test s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t est  pr essur e shoul d not  exceed 130 
per cent  of  t he r at ed pr essur e.   Test i ng of  pi pe and 
f i t t i ngs shoul d be speci f i ed i n t he same sect i on 
wher e t he pi pe i s speci f i ed i n.

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

Af t er  i nst al l at i on,  t est  al l  t anks f or  l eaks or  damage i n shi pment .   Test  
t he t anks hydr ost at i cal l y [ t o [ _____]  kPa psi g]  [ as i ndi cat ed i n t he 
schedul e]  or  1. 5 t i mes t he syst em oper at i ng pr essur e,  whi chever  i s 
gr eat er .   Test  t he t anks f or  a per i od of  [ 24]  [ _____]  hour s.   Fur ni sh 
t est i ng pl ugs or  caps,  al l  necessar y pr essur e pumps,  pi pe connect i ons,  
gauges,  ot her  equi pment ,  and al l  l abor  r equi r ed.   Repai r  al l  damage or  
l eaks i n t anks or  r epl ace t anks at  t he Cont r act or s expense.   Test  t he 
j oi nt s of  ai r  l i nes usi ng a soapy wat er  sol ut i on t o det ect  l eaks.

3. 4. 2   Pr e- st ar t up Checkout

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The pr e- st ar t up checkout s ar e desi gned t o 
ver i f y t he i nt egr i t y of  t he syst em component s pr i or  
t o pr e- st ar t up t est i ng.

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

Ensur e t he f ol l owi ng i t ems subj ect ed t o t he pr e- st ar t up checkout :

a.   Check f oundat i ons t o ver i f y t hat  t hey ar e pl aced and seal ed pr oper l y;

b.   Check syst em t o ver i f y t hat  al l  equi pment  has been pr oper l y i nst al l ed 
and connect ed;

c.   Check r ot at i ng equi pment  whi ch r equi r es l ubr i cat i on t o ensur e t hat  
manuf act ur er ' s pr ocedur es have been f ol l owed;

d.   Level  and check al l  equi pment  f or  pr oper  al i gnment ,  anchor ed,  and 
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st at i c gr ound wi r es i nst al l ed;

e.   Check pi pi ng,  f l ange bol t s,  gasket s,  and hoses t o ensur e t hat  
connect i ons ar e t i ght ,  and f l ushed cl ean;

f .   Check val ves f or  posi t i on and oper abi l i t y  and f l ushed cl ean;

g.   Check el ect r i cal  wi r i ng and l i ght i ng t o ver i f y t hat  wi r i ng has been 
compl et ed cor r ect l y;

h.   Per f or m cont i nui t y checks on wi r i ng l oops;

i .   Check Hi gh/ Low l i qui d l evel  al ar ms on t anks,  as wel l  as pump on/ of f  
l evel  cont r ol s,  f or  pr oper  i nst al l at i on and r esponse;

j .   Check chemi cal  f eed syst ems f or  pr oper  i nst al l at i on;

k.   Check chemi cal s f or  pr oper  t ype,  r equi r ed quant i t y and mi xi ng;  f i l l  
t anks;

l .   Check l ockout  devi ces and si t e secur i t y devi ces checked f or  pr oper  
i nst al l at i on.

3. 4. 3   Pr e- st ar t up Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The pr e- st ar t up t est i ng of  t he syst em shoul d 
be per f or med t o ver i f y t he i nt egr i t y of  each 
component  and of  t he whol e syst em pr i or  t o act ual  
st ar t up.

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

Subj ect  each component  of  t he syst em t o t he pr e- st ar t up t est i ng as 
descr i bed bel ow:

a.   Pr essur e t est  pi pi ng and hoses t r anspor t i ng l i qui d on cl ean wat er  f or  
at  l east  one hour ,  wi t h no l oss of  pr essur e at  1. 5 t i mes t he wor ki ng 
pr essur e;  pr essur e t est  t anks at  t he maxi mum hydr aul i c head usi ng 
cl ean wat er ;

b.   Test  el ect r i cal  wi r i ng t o ver i f y t hat  t her e i s no wi r i ng damage or  
det er i or at i on t hat  coul d cause i nj ur y t o per sonnel  or  damage t o 
equi pment ;

c.   Tur n power  on t o t est  equi pment  and cont r ol  syst ems onl y af t er  t he 
el ect r i cal  syst ems ar e t est ed and cer t i f i ed r eady f or  oper at i on;

d.   Test  l i ght i ng and put  i n ser vi ce t o suppor t  wor k i n al l  ar eas of  t he 
pl ant ;

e.   Test  r ot at i ng equi pment  such as pumps,  mi xer s,  and bl ower s,  i f  used,  
f or  cor r ect  di r ect i on of  r ot at i on by bumpi ng t he st ar t er  manual l y;

f .   Oper at e each pump f or  a mi ni mum of  [ 4]  [ _____]  cont i nual  hour s at  
oper at i ng or  t est  condi t i ons.   Ensur e t hat  t he uni t s,  cont r ol s and 
i nst r ument at i on have been i nst al l ed cor r ect l y,  and t hat  t her e i s no 
over - heat i ng,  v i br at i on or  excessi ve noi se;

g.   Dependi ng on t he compl exi t y of  t he cont r ol  syst em,  t est i ng can pr oceed 
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f r om t hi s poi nt  t o ver i f y t hat  manual  and aut omat i c cont r ol s f unct i on 
pr oper l y and cont r ol  val ves open/ cl ose.   Fi l l  al l  t anks and empt y t o 
det er mi ne i f  hi gh and l ow l evel  al ar ms sound at  t he pr escr i bed l i qui d 
l evel ;

h.   Test  saf et y shut down sequences,  cont r ol s/ al ar ms and i nt er l ocks i n t he 
cont r ol  syst em t o ensur e t hat  t hey ar e i nst al l ed pr oper l y and 
f unct i oni ng as i nt ended;

i .   Label  and t est  each emer gency shut of f  swi t ch t o det er mi ne t hat  i t  
wor ks pr oper l y;

j .   Test  el ect r i cal  " l ockout "  devi ces wi t h padl ocks  t o ensur e t hat  power  
has been di sconnect ed;

k.   Cal i br at e i nst r ument at i on bef or e syst ems ar e put  i nt o ser vi ce.   Test  
al l  pr essur e and t emper at ur e gauges agai nst  st andar di zed gauges.   
Ut i l i ze NI ST SP 250 cal i br at i on st andar ds wher e t hey exi st .

3. 4. 4   St ar t up Per f or mance Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The st ar t up check and f unct i onal  per f or mance 
t est s shoul d be per f or med i n accor dance wi t h t he 
manuf act ur er ' s r ecommended pr ocedur es.   The st ar t up 
shoul d pr oceed f ol l owi ng a st ar t up pl an pr epar ed 
wel l  i n advance.   Per f or mance t est i ng begi ns wi t h 
equi pment  or  component s,  pr oceeds t hr ough syst ems,  
and ends wi t h t he compl et e t r eat ment  syst em passi ng 
i t s per f or mance speci f i cat i ons and cont r act ual  
r equi r ement s t est i ng.

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

Do not  i ni t i at e st ar t up unt i l  af t er  each component  of  t he syst em has been 
demonst r at ed t o meet  t he r equi r ement s of  t he pr e- st ar t up t est i ng and unt i l  
wr i t t en appr oval  has been r ecei ved f r om t he Cont r act i ng Of f i cer .   Once 
st eady st at e oper at i on i s achi eved,  per f or m a f unct i onal  per f or mance t est  
as descr i bed i n t he f ol l owi ng st ar t up checkl i st :

a.   Check f l ow r at es,  pH,  and cont ami nant  l evel s of  t he wast ewat er  f eedi ng 
t he r eact or  t ank;

b.   Check pump oper at i ng poi nt s t o ver i f y t hat  t he act ual  oper at i ng poi nt  
mat ches t he pump cur ve speci f i cat i on f or  f l ow and pr essur e;

c.   St ar t / st op pumps f r om al l  cont r ol  mechani sms;

d.   Check t hat  cur r ent  dr aw and vol t age bal ance mat ch speci f i cat i ons f or  
al l  phases;

e.   Check t he r eagent  f eedi ng syst ems t o ver i f y t hat  t he act ual  chemi cal  
f eed r at e i s wi t hi n t he speci f i ed accur acy r ange;

f .   Check t he pH i n t he r eact or  t o ver i f y t hat  oper at i ng val ues ar e wi t hi n 
t he desi gn r ange;

g.   Adj ust  t he r eagent  f eed r at es,  and t he pH cont r ol  syst em as r equi r ed 
t o achi eve maxi mum met al  r emoval s;
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h.   Moni t or  t he composi t i on of  t he ef f l uent  t o ver i f y t hat  i t  meet s t he 
speci f i ed per f or mance r equi r ement s.

i .   Check t he cl ar i f i er  over f l ow r at e t o ver i f y t hat  i t  i s  wi t hi n t he 
desi gn r ange;

j .   Check t he sl udge col l ect i ng devi ce t o ver i f y t hat  i t  i s  oper at i ng 
pr oper l y,  and no sl udge i s over f l owi ng t he wei r ;

k.   Check t he cont r ol  syst em t o ver i f y t hat  t he syst em oper at es wi t hi n set  
par amet er s;  and

l .   Check t he moni t or i ng syst ems and i nst r ument s t o ver i f y t hat  t hey hol d 
cal i br at i on.

m.   I ncl ude [ 48]  [ _____]  hour s of  oper at i on pr ocessi ng wat er  f r om t he 
desi gn i nf l uent  sour ce at  desi gn capaci t y and meet i ng ef f l uent  
r equi r ement s wi t h l ess t han 20 per cent  down t i me.   Bef or e syst em 
accept ance,  t he Cont r act or  i s r equi r ed t o cor r ect  any def i c i enci es and 
compl et e al l  per f or mance checks.   Repl ace or  upgr ade equi pment  not  
capabl e of  per f or mi ng as speci f i ed at  no addi t i onal  cost .   Submi t  
Pr oof  of  Per f or mance and Equi pment  Cer t i f i cat e of  Conf or mance as 
speci f i ed.   Submi t  a l i s t  of  t he pr oposed oper at i ng condi t i ons f or  
pr ocess par amet er s t o be cont i nuousl y moni t or ed and r ecor ded.   I ncl ude 
det ai l ed descr i pt i ons of  t he pr oof  of  per f or mance schedul e,  oper at i ng 
condi t i ons and par amet er s,  i nf l uent  sour ces,  and r equi r ed sampl i ng and 
anal yses.

3. 4. 5   Fi el d Tr ai ni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f i el d t r ai ni ng pr ovi ded by t he Cont r act or  
must  be modi f i ed i f  t he pr ocess wi l l  be oper at ed by 
t he Cont r act or  f or  t he f i r st  year .

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

Upon compl et i on of  t he i nst al l at i on and at  a t i me desi gnat ed by t he 
Cont r act i ng Of f i cer ,  conduct  a f i el d t r ai ni ng cour se f or  a r epr esent at i ve 
of  t he Gover nment  i n t he oper at i on and mai nt enance of  equi pment  f ur ni shed 
under  t he cont r act .   Ensur e t hese f i el d i nst r uct i ons cover  al l  t he i t ems 
cont ai ned i n t he oper at i on and mai nt enance i nst r uct i ons.   Pr ovi de t r ai ni ng 
f or  a t ot al  per i od of  [ 8]  [ 16]  [ _____]  hour s per  day f or  a per i od of  [ 5]  
[ _____]  days of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s 
f unct i onal l y compl et e but  pr i or  t o f i nal  accept ance t est s.   Ensur e f i el d 
i nst r uct i ons cover  t he i t ems cont ai ned i n t he oper at i ng and mai nt enance 
i nst r uct i ons,  as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons.   Pr epar e a v i deo t ape of  t he f i el d t r ai ni ng cour se as a 
per manent  r ecor d f or  f ut ur e t r ai ni ng use.

3. 4. 6   Oper at i on and Mai nt enance Manual  Updat es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The O&M Manual  i s i nt ended f or  use by 
oper at i ng per sonnel  and shoul d be adapt ed t o t he 
par t i cul ar  f eat ur es of  t he equi pment  i nst al l ed;  
t her ef or e,  t he document  must  be wr i t t en f or  t he 
oper at or .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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I ncl ude t he f ol l owi ng i t ems i n t he O&M manual : :

a.   Gener al  descr i pt i on of  t he t r eat ment  pr ocess;

b.   A det ai l ed descr i pt i on of  equi pment ;

c.   Pr ocess f l ow di agr am;

d.   Pi pi ng and i nst r ument at i on di agr ams;

e.   Cer t i f i ed dr awi ngs f or  equi pment  component s and equi pment  l ayout ;

f .   Pr act i cal  oper at i ng pr ocedur es i ncl udi ng per f or mance t est i ng,  
i nf l uent ,  and ef f l uent  concent r at i ons,  and t r end anal ysi s of  i nf l uent ;

g.   A compl et e set  of  f ul l y  updat ed and annot at ed pi pi ng and i nst r ument  
di agr ams,  pr ocess f l ow di agr ams,  i nst r ument  i ndexes,  cont r ol  l adder  
l ogi c di agr ams,  descr i pt i on of  cont r ol s,  al ar ms,  i nt er l ocks,  
i nst r ument  i nt er f ace,  and mai nt enance pr ocedur es;

h.   Speci al t y i t ems such as t ype of  oi l  and gr ease,  desi ccant s,  t ool s,  
anal yt i cal  i nst r ument s,  et c. ;

i .   I ni t i al  st ar t up pr ocedur es;

j .   Emer gency and schedul ed shut down pr ocedur es;

k.   Moni t or i ng and qual i t y cont r ol ,  spi l l  cont r ol s;

l .   Equi pment  speci f i cat i ons;

m.   A l i s t  of  modes of  f ai l ur e f or  each pi ece of  equi pment ;

n.   Faul t / f ai l ur e anal ysi s,  and t r oubl e shoot i ng gui de;

o.   Li st  of  spar e par t s;

p.   Pr ocess saf et y and pr ot ect i ve equi pment  r equi r ement s;  and

q.   Recor d keepi ng ( el ect r oni c or  ot her )  r equi r ement s.

I n or der  t o pl an al l  t he i nspect i on and mai nt enance oper at i ons r equi r ed 
f or  pl ant  oper at i on,  t he cont r act  i s  r equi r ed t o pr ovi de a mai nt enance 
schedul e.   I ncl ude t he f ol l owi ng i t ems i n t he mai nt enance schedul e:

a.   Schedul ed mai nt enance pr ocedur e f or  each pi ece of  equi pment ;

b.   Sensor  and measur ement  devi ce cal i br at i on f r equency;

c.   Per i odi c r epor t s r egar di ng consumpt i on of  chemi cal s such as aci d,  
caust i c,  pol ymer ,  and coagul ant s;

d.   El ect r oni c or  ot her  r ecor di ng dat a;

e.   Per sonnel  t r ai ni ng r equi r ement s;

f .   The t i me r equi r ed f or  each mai nt enance t ask;

g.   Equi pment  shut down and l ock and t ag r equi r ement s dur i ng 
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mai nt enance/ r epai r ;  and

h.   Mot hbal l i ng and pr eser vat i on pr ocedur es f or  equi pment  l ayaway.

Recor d t he ent i r e schedul e and t he r esul t s of  each t ask f or  f ut ur e 
anal ysi s.   I ncl ude ot her  i t ems as f ol l ows:

a.   Spar e par t s l i s t  wi t h suppl i er s and cost s;

b.   Pl ant  ut i l i t y  r equi r ement s such as el ect r i cal ,  ai r ,  dr i nki ng wat er ,  
ser vi ce wat er ,  t el ephone,  and sewer ;

c.   Det ai l ed saf et y pr ocedur es f or  chemi cal  handl i ng;  and

d.   Name,  addr ess,  and t el ephone number  of  t echni cal  per sonnel  t o cont act  
i n case of  an emer gency r el at ed t o t he t r eat ment  syst em.

Fi nal  accept ance of  t he P/ C/ F syst em i s cont i ngent  upon t hese document s 
bei ng suppl i ed,  r evi ewed,  and appr oved by t he Cont r act i ng Of f i cer .

3. 4. 7   Syst em Oper at i on by Cont r act or

Do not  i ni t i at e t he f i r st  per i od of  oper at i on unt i l  af t er  t he Cont r act or  
has successf ul  compl et ed al l  wor k and r ecei ved wr i t t en appr oval  f r om t he 
Cont r act i ng Of f i cer .   Cont i nue t o oper at e t he syst em f or  a per i od of  [ 30 
days]  [ 6 mont hs]  [ 1 year ]  [ _____]  bei ng r esponsi bl e f or  oper at i ons,  
pr ocess moni t or i ng,  mai nt enance,  chemi cal  t est i ng,  and r ecor d keepi ng 
dur i ng oper at i on i n conf or mance wi t h t hi s speci f i cat i on.

         - -  End of  Sect i on - -

SECTI ON 46 07 13. 13  Page 42


