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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  ai r  pol l ut i on cont r ol  equi pment  and 
accessor i es f or  use wi t h var i ous pol l ut ant  emi t t er s.

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 204 ( 2005;  R 2012)  Bal ance Qual i t y and 
Vi br at i on Level s f or  Fans

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 801 ( 2001;  R 2008)  I ndust r i al  Pr ocess/ Power  
Gener at i on Fans:   Speci f i cat i on Gui del i nes

AMCA 99 ( 2016)  St andar ds Handbook

AMERI CAN I NDUSTRI AL HYGI ENE ASSOCI ATI ON ( AI HA)

AI HA Z9. 3 ( 2007)  Spr ay Fi ni shi ng Oper at i ons -  Saf et y 
Code f or  Desi gn,  Const r uct i on and 
Ventilation

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C700 ( 2015)  Col d- Wat er  Met er s -  Di spl acement  
Type,  Met al  Al l oy Mai n Case

ASME I NTERNATI ONAL ( ASME)

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

ASME B1. 20. 2M ( 2006;  R 2011)  Pi pe Thr eads,  60 Deg.  
Gener al  Pur pose ( Met r i c)

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
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Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 11 ( 2016)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Threaded

ASME B16. 15 ( 2013)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 24 ( 2011)  Cast  Copper  Al l oy Pi pe Fl anges and 
Fl anged Fi t t i ngs:  Cl asses 150,  300,  600,  
900,  1500,  and 2500

ASME B16. 3 ( 2016)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 39 ( 2014)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fittings

ASME B31. 1 ( 2016;  Er r at a 2016)  Power  Pi pi ng

ASME B31. 3 ( 2016)  Pr ocess Pi pi ng

ASME B31. 5 ( 2016)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qualifications

ASME PTC 19. 3 TW ( 2016)  Ther mowel l s Per f or mance Test  Codes

ASME PTC 38 ( 1980;  R 1985)  Det er mi ni ng t he 
Concent r at i on of  Par t i cul at e Mat t er  i n a 
Gas St r eam

ASTM I NTERNATI ONAL ( ASTM)

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
Strip

ASTM A240/ A240M ( 2018)  St andar d Speci f i cat i on f or  Chr omi um 
and Chr omi um- Ni ckel  St ai nl ess St eel  Pl at e,  
Sheet ,  and St r i p f or  Pr essur e Vessel s and 
f or  Gener al  Appl i cat i ons

ASTM A302/ A302M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Al l oy St eel ,  
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Manganese- Mol ybdenum and 
Manganese-Molybdenum-Nickel

ASTM A48/ A48M ( 2003;  R 2012)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A53/ A53M ( 2018)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A653/ A653M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A733 ( 2016)  St andar d Speci f i cat i on f or  Wel ded 
and Seaml ess Car bon St eel  and Aust eni t i c  
St ai nl ess St eel  Pi pe Ni ppl es

ASTM A924/ A924M ( 2018)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B280 ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube f or  Ai r  Condi t i oni ng and 
Ref r i ger at i on Fi el d Ser vi ce

ASTM B42 ( 2015a)  St andar d Speci f i cat i on f or  
Seaml ess Copper  Pi pe,  St andar d Si zes

ASTM B68/ B68M ( 2011)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube,  Br i ght  Anneal ed ( Met r i c)

ASTM B88 ( 2016)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM D1248 ( 2012)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Pl ast i cs Ext r usi on Mat er i al s 
f or  Wi r e and Cabl e

ASTM D2854 ( 2009;  R 2014)  Appar ent  Densi t y of  
Act i vat ed Car bon

ASTM D2862 ( 2016)  St andar d Test  Met hod f or  Par t i c l e 
Si ze Di st r i but i on of  Gr anul ar  Act i vat ed 
Carbon

ASTM F1139 ( 1988;  R 2015)  St eam Tr aps and Dr ai ns

HYDRAULI C I NSTI TUTE ( HI )

HI  3. 1- 3. 5 ( 2015)  Rot ar y Pumps

I NSTI TUTE OF CLEAN AI R COMPANI ES ( I CAC)

I CAC EP- 1 ( 2000)  Ter mi nol ogy f or  El ect r ost at i c 
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Precipitators

I CAC EP- 7 ( 2004)  El ect r ost at i c Pr eci pi t at or  Gas Fl ow 
Model  St udi es

I CAC EP- 8 ( 1993)  St r uct ur al  Desi gn Cr i t er i a f or  
El ect r ost at i c Pr eci pi t at or  Casi ngs

I CAC F- 2 ( 1972)  Fundament al s of  Fabr i c Col l ect or s 
and Gl ossar y of  Ter ms

I CAC F- 3 ( 2002)  Oper at i on and Mai nt enance of  Fabr i c 
Filters

I CAC FGD- 1 ( 1982)  Fl ue Gas Desul f ur i zat i on Ter mi nol ogy

I CAC G- 1 ( 1968;  R 1972)  Gaseous Emi ssi ons 
Equi pment :  Pr oduct  Def i ni t i ons and 
Illustrations

I CAC WS- 1 ( 1975)  Wet  Scr ubber  Ter mi nol ogy

I CAC WS- 3 ( 1976;  R 1980)  Basi c Types of  Wet  Scr ubber s

I CAC WS- 4 ( 1975)  Wet  Scr ubber  Syst em- Maj or  
Auxiliaries

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2013)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 80 ( 2013)  Br onze Gat e,  Gl obe,  Angl e and Check 
Valves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 1 ( 2000;  R 2015)  St andar d f or  I ndust r i al  
Cont r ol  and Syst ems:  Gener al  Requi r ement s

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

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

NEMA SM 23 ( 1991;  R 2002)  St eam Tur bi nes f or  
Mechani cal  Dr i ve Ser vi ce

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

NFPA 496 ( 2017)  St andar d f or  Pur ged and Pr essur i zed 
Encl osur es f or  El ect r i cal  Equi pment

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
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TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

NFPA 91 ( 2015)  St andar d f or  Exhaust  Syst ems f or  
Ai r  Conveyi ng of  Vapor s,  Gases,  Mi st s and 
Noncombust i bl e Par t i cul at e Sol i ds

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 310- 04 ( 2013;  wi t h Change 1)  Sei smi c Desi gn of  
Buildings

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910 Occupat i onal  Saf et y and Heal t h St andar ds

40 CFR 50 Nat i onal  Pr i mar y and Secondar y Ambi ent  Ai r  
Qual i t y St andar ds

40 CFR 60 St andar ds of  Per f or mance f or  New 
St at i onar y Sour ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 1203 ( 2013;  Repr i nt  Apr  2018)  UL St andar d f or  
Saf et y Expl osi on- Pr oof  and 
Dust - I gni t i on- Pr oof  El ect r i cal  Equi pment  
f or  Use i n Hazar dous ( Cl assi f i ed)  Locat i ons

UL 5 ( 2016)  UL St andar d f or  Saf et y Sur f ace 
Met al  Raceways and Fi t t i ngs

UL 674 ( 2011;  Repr i nt  Nov 2018)  UL St andar d f or  
Saf et y El ect r i c  Mot or s and Gener at or s f or  
Use i n Hazar dous ( Cl assi f i ed)  Locat i ons

UL 823 ( 2006;  Repr i nt  Apr  2016)  UL St andar d f or  
Saf et y El ect r i c  Heat er s f or  Use i n 
Hazar dous ( Cl assi f i ed)  Locat i ons

UL 900 ( 2015)  St andar d f or  Ai r  Fi l t er  Uni t s

1. 2   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

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

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

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

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

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

SD- 02 Shop Dr awi ngs

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

SD- 03 Pr oduct  Dat a

Emi ssi on Moni t or i ng Syst em

Ai r  Pol l ut i on Cont r ol  Equi pment

I nst r ument at i on and Cont r ol s

Training

Syst em Per f or mance Test ;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Fact or y Test s

Syst em Per f or mance Test ;  
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SD- 07 Cer t i f i cat es

Manuf act ur er ' s Fi el d Repr esent at i ve

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

Ai r  Pol l ut i on Cont r ol  Equi pment ;  G[ ,  [ _____] ]

Accessor i es;  G[ ,  [ _____] ]

1. 3   QUALIFICATIONS

1. 3. 1   Welding

**************************************************************************
NOTE:   I f  t he need exi st s f or  mor e st r i ngent  
r equi r ement s f or  wel dment s,  del et e t he f i r st  
br acket ed st at ement  and t he l ast  br acket ed st at ement  
appl i es.   Dust  col l ect i on equi pment  cover ed by t he 
gui de speci f i cat i on i s not  nor mal l y manuf act ur ed t o 
t he r equi r ement s of  t he ASME Boi l er  and Pr essur e 
Vessel  code.   Wel di ng of  t hese vessel s wi l l  be 
gover ned by Sect i on 05 50 14 STRUCTURAL METAL 
FABRICATIONS.

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

[ Pi pi ng shal l  be wel ded i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and 
wel der s shal l  be qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng 
pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s qual i f i ed 
by anot her  empl oyer  may be accept ed as per mi t t ed by ASME B31. 1.   The 
Cont r act i ng Of f i cer  shal l  be not i f i ed 24 hour s i n advance of  t est s and t he 
t est s shal l  be f ur ni shed at  t he wor k s i t e i f  pr act i cabl e.   The Cont r act i ng 
Of f i cer  shal l  be f ur ni shed a copy of  qual i f i ed pr ocedur es and a l i s t  of  
names and i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng 
oper at or s.   The wel der  or  wel di ng oper at or  shal l  appl y hi s assi gned symbol  
near  hi s wel ds usi ng a r ubber  st amp or  f el t - t i pped mar ker  wi t h per manent  
weat her pr oof  i nk or  ot her  met hods appr oved by t he Cont r act i ng Of f i cer  t hat  
do not  def or m t he met al .   St r uct ur al  member s shal l  be wel ded i n accor dance 
wi t h Sect i on 05 05 23. 16 STRUCTURAL WELDI NG. ]   [ Wel di ng and nondest r uct i ve 
t est i ng pr ocedur es ar e speci f i ed i n Sect i on 40 05 13. 96 WELDI NG PROCESS 
PI PI NG. ]   Nonpr essur e dust  col l ect i on vessel s shal l  be wel ded i n accor dance 
wi t h pr ovi s i ons of  Sect i on 05 50 14 STRUCTURAL METAL FABRI CATI ONS.

1. 3. 2   Contractor

Cont r act or  shal l  have had a mi ni mum of  [ 2] [ 3] [ 5] [ _____]  year s of  exper i ence 
i n t he const r uct i on and mai nt enance of  i ndust r i al  ai r  pol l ut i on cont r ol  
systems.

1. 3. 3   Manuf act ur er ' s Fi el d Repr esent at i ve

Ser vi ces of  a manuf act ur er ' s f i el d r epr esent at i ve and t r ai ni ng engi neer ,  
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  f ur ni shed,  and who has compl et e knowl edge of  t he pr oper  oper at i on 
and mai nt enance of  t he syst em,  shal l  be pr ovi ded.   Fi el d r epr esent at i ve 
shal l  be onsi t e t o super vi se t he i nst al l at i on,  adj ust ment  and compl i ance 
t est i ng of  t he equi pment .   Fi el d r epr esent at i ve shal l  pr ovi de super vi s i on 
of  t he syst em f or  [ _____]  days af t er  st ar t up of  t he syst em.
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1. 4   CONSTRUCTI ON REQUI REMENTS

Syst em shal l  be sui t abl e f or  [ i ndoor ]  [ out door ]  i nst al l at i on and shal l  be 
pr ovi ded [ wi t h]  [ wi t hout ]  a weat her  encl osur e.   [ Uni t  shal l  be pr ovi ded 
wi t h [ _____]  mm i nch of  i nsul at i on wi t h a k val ue of  [ _____]  W/ m K Bt u/ h f t
]  [ Uni t  shal l  not  be i nsul at ed] .   Syst em shal l  be desi gned f or  [ a wi nd l oad 
of  [ _____]  kph mph]  [ and]  [ an i nt er nal  [ negat i ve]  [ posi t i ve]  st at i c  
pr essur e of  [ _____]  Pa i nch of  wat er  gauge] .   [ Syst em shal l  be desi gned f or  
a snow l oad of  [ _____]  kPa psf ] .   Sei smi c pr ot ect i on of  equi pment  shal l  be 
i n accor dance wi t h UFC 3- 310- 04,  Sect i on 13 48 00 [ SEI SMI C]  BRACI NG FOR 
MI SCELLANEOUS EQUI PMENT,  Sect i on 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC,  
and Sect i on 26 05 48. 00 10 SEI SMI C PROTECTI ON FOR ELECTRI CAL EQUI PMENT.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

St or e al l  equi pment  del i ver ed and pl aced i n st or age as r ecommended by t he 
manuf act ur er ,  wi t h pr ot ect i on f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i on,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 6   EXTRA MATERI ALS

**************************************************************************
NOTE:   I ncl ude i t ems needed f or  f ut ur e mai nt enance 
and r epai r ,  i t ems t hat  mi ght  be di f f i cul t  t o obt ai n 
and spar e par t s needed t o ensur e cont i nued oper at i on 
of  cr i t i cal  equi pment .

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

Auxi l i ar i es f or  mai nt enance shal l  be pr ovi ded wi t h t he equi pment  and shal l  
i ncl ude al l  speci al  t ool s,  r i gs,  j i gs,  f i x t ur es,  equi pment ,  or  ot her  
devi ces r equi r ed f or  nor mal  oper at i on and ser vi ce.   Any equi pment  r equi r ed 
f or  r out i ne mai nt enance such as f i l t er  wash f aci l i t i es,  oi l  or  r ef r i ger ant  
r emoval ,  and r epl acement  devi ces shal l  be pr ovi ded.   Test s or  measur ement  
i nst r ument s or  gauges shal l  be i ncl uded.   The f ol l owi ng shal l  al so be 
furnished:

[ a.   Spar e par t s f or  each di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed 
i ncl udi ng al l  t he of  par t s r ecommended by t he manuf act ur er  t o be 
r epl aced af t er  [ 1 year ]  [ 1 year  and 3 year s]  ser vi ce. ]

b.   [ One set  of  speci al  t ool s f or  each t ype of  equi pment ,  i ncl udi ng 
cal i br at i on devi ces,  and i nst r ument s r equi r ed f or  adj ust ment ,  
cal i br at i on,  di sassembl y,  oper at i on,  and mai nt enance of  t he equi pment . ]  
[ 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 ] .

[ c.   One or  mor e st eel  t ool  cases mount ed on t he wal l  i n a conveni ent  
l ocat i on compl et e wi t h f l at  key l ocks,  t wo keys,  and cl i ps or  hooks t o 
hol d each speci al  t ool . ]

[ d.   [ _____] . ]

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

The syst em shal l  consi st  of  9. 5 mm 3/ 8 i nch [ car bon st eel ]  [ al l oy]  
[ st ai nl ess st eel ]  scr ubber  vessel ( s) ,  i nsul at ed el ect r ost at i c gr i d( s) ,  
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t r ansf or mer - r ect i f i er ( s) ,  hi gh vol t age cont r ol  sect i on,  pea- si zed gr avel  
medi a,  medi a c i r cul at i on syst em i ncl udi ng l i f t ,  ai r  bl ower ( s) ,  pi pi ng,  
val ves,  and seal  l egs,  dust  col l ect i on and separ at i on syst em,  and 
cont r ol s.   Di r t y  gas shal l  ent er  t he dr y scr ubber  vessel  whi ch shal l  
cont ai n sever al  l ouver ed concent r i c t ubes.   The annul ar  space bet ween t he 
i nner  wal l  of  t he vessel  and t he out er  l ouver  wal l  shal l  be f i l l ed wi t h 
c i r cul at i ng pea- si ze gr avel  medi a.   Pr i or  t o ent er i ng t he scr ubber ,  t he 
di r t y gas shal l  pass an i oni zat i on el ect r ode or  gr i d i n t he t wo- gr i d` uni t  
wher e t he dust  par t i c l es ar e el ect r ost at i cal l y  char ged.   I n bot h gr i d 
conf i gur at i ons,  di r t y f l ue gas shal l  pass t hr ough t he c i r cul at i ng gr avel  
medi a whi ch has been conver t ed t o t he equi val ent  of  a col l ect i ng el ect r ode 
by t he hi gh vol t age bed el ect r i cal  gr i d.   Par t i cul at e shal l  be separ at ed 
f r om t he gas by bot h i mpact i on and el ect r ost at i c col l ect i on,  and deposi t ed 
on t he c i r cul at i ng gr avel .   The c l eaned gas shal l  exi t  t he downst r eam duct  
of  t he scr ubber .   The dust - l aden gr avel  shal l  dr op i nt o a hopper ( s)  f r om 
whi ch i t  shal l  be ai r  l i f t ed t o t he separ at i on or  deent r ai nment  chamber .   
The dust  shal l  be separ at ed f r om t he gr avel  by t he ai r l i f t  act i on and shal l  
exi t  t he t op of  t he deent r ai nment  chamber  t o t he col l ect i on and di sposal  
syst em.   The cl eaned medi a shal l  be r et ur ned t o t he scr ubber  vessel .

2. 2   MATERIALS

2. 2. 1   St andar d Pr oduct s

Mat er i al  and equi pment  shal l  be 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  t he pr oduct s.   I t ems of  equi pment  
shal l  essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y use at  
l east  2 year s pr i or  t o bi d openi ng.   Equi pment  shal l  be suppor t ed by 
i n- 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 ,  
r easonabl y conveni ent  t o t he s i t e.   I n- ser vi ce or gani zat i on shal l  r espond 
t o a ser vi ce cal l  wi t hi n [ _____]  hour s [ _____]  days.

2. 2. 2   Gener al  Requi r ement s

Equi pment  and appur t enances shal l  be as speci f i ed and as shown on t he 
appr oved det ai l  dr awi ngs,  and shal l  be sui t abl e f or  t he ser vi ce i nt ended.   
Mat er i al s and equi pment  shal l  be new and unused,  t o i ncl ude t est i ng 
equi pment  f ur ni shed under  t he cont r act .   Component s t hat  ser ve t he same 
f unct i on and ar e t he same si ze shal l  be i dent i cal  pr oduct s of  t he same 
manufacturer.

Det ai l  dr awi ngs cont ai n compl et e wi r i ng and schemat i c di agr ams and any 
ot her  det ai l s  r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed 
and wi l l  pr oper l y f unct i on as a uni t .   Show pr oposed l ayout  and anchor age 
of  equi pment  and appur t enances,  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 c l ear ances f or  mai nt enance and oper at i on.

2. 2. 3   Nameplates

Each maj or  component  of  equi pment  shal l  have 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  on a 
pl at e secur ed t o t he equi pment .   Each pi ece of  equi pment  shal l  bear  t he 
appr oval  desi gnat i on and t he mar ki ngs r equi r ed f or  t hat  desi gnat i on.   
Val ves shal l  be mar ked i n accor dance wi t h MSS SP- 25 and shal l  bear  a 
secur el y at t ached t ag wi t h t he manuf act ur er ' s name,  cat al og number  and 
val ve i dent i f i cat i on per manent l y di spl ayed.
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2. 2. 4   Equi pment  Guar ds[  and Access]

**************************************************************************
NOTE:   Cat wal k,  l adder ,  st ai r ,  and guar dr ai l  may be 
r equi r ed.   I f  so,  sel ect  t he appl i cabl e i t em,  del et e 
t he ot her s,  and i ndi cat e on dr awi ngs t he sel ect ed 
item.

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

Bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  pr oj ect i ng set scr ews,  keys,  and 
ot her  r ot at i ng par t s so l ocat ed t hat  any per son may come i n c l ose pr oxi mi t y 
t her et o,  shal l  be encl osed or  guar ded t o pr event  acci dent al  per sonal  
i nj ur y,  i n accor dance wi t h 29 CFR 1910,  Subpar t  O,  Machi ner y and Machi ne 
Guar di ng.   Guar ds shal l  be r emovabl e and ar r anged t o al l ow access t o t he 
equi pment  f or  mai nt enance.   Hi gh- t emper at ur e equi pment  and pi pi ng so 
l ocat ed as t o endanger  per sonnel  or  t o cr eat e a f i r e hazar d shal l  be 
guar ded or  cover ed wi t h i nsul at i on of  t ype speci f i ed f or  ser vi ce.   [ I t ems 
such as[  cat wal k, ] [  s t ai r , ] [  l adder , ] [  and] [  guar dr ai l ]  shal l  be pr ovi ded 
wher e shown and shal l  be i n accor dance wi t h Sect i on [ 05 50 13 MI SCELLANEOUS 
METAL FABRI CATI ONS] [ 05 51 33 METAL LADDERS] ]

2. 3   GAUGE

**************************************************************************
NOTE:   Pi pe,  f i t t i ng,  and val ve mat er i al s l i s t ed i n 
t hi s sect i on ar e sui t abl e f or  wat er  ser vi ce,  but  not  
f or  cor r osi ve,  er osi ve,  and some pet r ol  ser vi ces.   
The desi gner  shoul d sel ect  t he pr oper  al l oy ( e. g. ,  
st ai nl ess st eel  304,  316,  et c. ) ,  r ubber  or  ot her  
el ast omer  l i ni ng or  pl ast i c f or  t hese and ot her  
appl i cat i ons wher e t he chemi st r y of  t he pr ocess 
shal l  di ct at e mat er i al  sel ect i on.

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

Gauge shal l  conf or m t o t he f ol l owi ng:

2. 3. 1   Dr af t  Gauge

ASME B40. 100.   Tubi ng f or  gauges f or  ser vi ce above 66 degr ees C 150 degr ees 
F shal l  conf or m t o ASTM B68/ B68M;  f or  ser vi ce bel ow 66 degr ees C 150 
degr ees F,  pl ast i c t ubi ng conf or mi ng t o ASTM D1248 may be used.

2. 3. 2   Gauges,  Pr essur e and Vacuum

ASME B40. 100,  r ange sui t abl e f or  t he r el at ed condi t i ons.

2. 4   LOW- WATER CUTOFF

**************************************************************************
NOTE:   Low- wat er  cut of f  appl i es t o al l  wet  scr ubber  
t anks,  r eser voi r s,  and sumps i f  l ow l evel  or  l oss of  
wat er  can af f ect  scr ubber  or  boi l er  oper at i on and 
saf et y.   Coor di nat e r equi r ement  f or  deener gi z i ng 
boi l er  panel  t o st op f i r i ng t he boi l er  i f  scr ubber  
component s ar e subj ect  t o damage f r om excess heat  i n 
a l oss of  wat er  suppl y.

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

Low- wat er  cut of f  shal l  be pr ovi ded f or  al l  scr ubber  l i qui d sumps,  hol di ng 
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t anks,  r eser voi r s,  and mi xi ng t anks.   Cut - of f  shal l  cause a saf et y shut down 
of  t he scr ubber  and shal l  be pr ovi ded wi t h auxi l i ar y cont act s t o be used t o 
sound an al ar m.   [ Low- wat er  shut down shal l  r equi r e a manual  r eset  bef or e 
any equi pment  can r ecycl e or  oper at e. ]

2. 5   PI PE,  FI TTI NGS,  AND TUBI NG

Pi pe,  f i t t i ngs,  and t ubi ng shal l  conf or m t o t he f ol l owi ng:

2. 5. 1   Pipe

ASTM A53/ A53M,  Type S,  Gr ade A,  st andar d wei ght ;  or  copper  pi pe,  ASTM B42.

2. 5. 2   Nipples

ASTM A733,  st andar d wei ght  t o mat ch adj acent  pi pi ng.

2. 5. 3   Pi pe Fi t t i ngs

2. 5. 3. 1   St eel  Pi pe Fi t t i ngs

ASME B16. 9 f or  but t - wel di ng f i t t i ngs;  ASME B16. 11 f or  socket - wel di ng 
f i t t i ngs;  and ASME B16. 5 f or  f l anged f i t t i ngs.

2. 5. 3. 2   Br ass or  Br onze Pi pe Fi t t i ngs

ASME B16. 15,  Cl ass A,  862 kPa 125 pound.

2. 5. 3. 3   Mal l eabl e- I r on Pi pe Fi t t i ngs

ASME B16. 3,  t ype t o mat ch adj acent  pi pi ng.

2. 5. 3. 4   Unions

ASME B16. 39,  t ype t o mat ch adj acent  pi pi ng.

2. 5. 3. 5   Fl anges,  Cast - I r on and Br onze

ASME B16. 1 and ASME B16. 24.

2. 5. 3. 6   Pi pe Thr eads

ASME B1. 20. 2MASME B1. 20. 1.

2. 5. 4   Tube,  Copper

2. 5. 4. 1   Tube f or  Ai r ,  Wat er ,  Gas,  and Dr ai ns

ASTM B68/ B68M or  ASTM B88M  ASTM B88.

2. 5. 4. 2   Tube f or  Ref r i ger at i on Syst ems

ASTM B280.

2. 6   STEEL SHEET

St eel  sheet s shal l  conf or m t o t he f ol l owi ng:
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2. 6. 1   Zi nc Coat ed ( Gal vani zed)

ASTM A653/ A653M; ASTM A924/ A924M f or  dust  col l ect or  casi ngs,  housi ng,  and 
component s.   Gauges speci f i ed ar e manuf act ur er s '  s t andar d gauge.

2. 6. 2   Low-Carbon

Gauges speci f i ed,  f or  dust  col l ect or  casi ngs,  housi ngs,  and component s,  
r ef er  t o manuf act ur er s '  st andar d gauge.

2. 6. 3   Cor r osi on Resi st ant

ASTM A167,  Cl ass 304 or  316.   Gauges speci f i ed r ef er  t o U. S.  St andar d Gauge.

2. 7   AI R TRAPS

Ai r  t r aps f or  r emoval  of  moi st ur e f r om pl ant  compr essed ai r  suppl i ed t o ai r  
pol l ut i on cont r ol  equi pment  shal l  conf or m t o ASTM F1139.

2. 8   THERMOMETERS

Ther momet er s shal l  conf or m t o ASME PTC 19. 3 TW wi t h wel l s and t emper at ur e 
r ange sui t abl e f or  t he use encount er ed.

2. 9   VALVES

Val ves shal l  conf or m t o t he f ol l owi ng:

2. 9. 1   Angl e Val ves

MSS SP- 80,  Types 1,  2,  or  3,  Cl ass 125,  except  t hat  val ves over  80 mm 3 i nch
 shal l  have i r on bodi es and br ass or  br onze st andar d t r i m wi t h gl ands or  
f ol l ower s i n t he st uf f i ng boxes.   Val ves shal l  have nonmet al l i c  r enewabl e 
composi t i on di scs and r ai sed f l at  seat s desi gned f or  862 kPa 125 psi  
st eam.   Wheel s shal l  be secur ed wi t h hexagonal  nut s.

2. 9. 2   Check Val ves

MSS SP- 80,  Types 1,  2,  3,  or  4,  Cl ass 125,  as r equi r ed.   Val ves over  80 mm 
3 i nch shal l  have i r on bodi es and shal l  be t he swi ng t ype desi gned f or  862 
kPa 125 psi  st eam.   Check val ves shal l  have r enewabl e composi t i on di scs or  
shal l  have met al l i c  di scs of  t he r egr i ndi ng t ype t o per mi t  r egr i ndi ng 
wi t hout  r emovi ng val ve f r om t he l i ne.

2. 9. 3   Gat e Val ves

Si zes of  40 mm 1- 1/ 2 i nch or  l ess,  MSS SP- 80,  Cl ass 125,  Type 1 and 2;  50 mm
 2 i nch s i ze and over ,  MSS SP- 70,  Cl ass 125 or  250,  as speci f i ed;  out s i de 
scr ew and yoke wi t h t hr eaded end ( desi gn OT) ,  or  f l anged end ( desi gn OF) ,  
as r equi r ed.

2. 9. 4   Gl obe Val ves

MSS SP- 80,  Type 1.   Val ves over  80 mm 3 i nch shal l  have i r on bodi es and 
br ass or  br onze st andar d t r i m and shal l  have gl ands or  f ol l ower s i n t he 
st uf f i ng boxes.   Val ves shal l  have nonmet al l i c  r enewabl e composi t i on di scs 
and r ai sed f l at  seat s desi gned f or  1035 kPa 150 psi  st eam.   Wheel s shal l  be 
secur ed t o t he st ems wi t h hexagonal  nut s.
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2. 10   WATER METERS

Wat er  met er s shal l  be t he di sc t ype wi t h r ei nf or ced di sc f or  hot  wat er  above
 66 degr ees C 150 degr ees F,  and r ubber  or  car bon di sc f or  col d wat er ,  and 
shal l  be const r uct ed of  br onze composi t i on or  cast  i r on pr ot ect ed by 
noncor r osi ve coat i ng.   Movi ng par t s subj ect  t o wear  shal l  be easi l y  
r epl aceabl e.   Met er s shal l  conf or m t o t he r equi r ement s of  AWWA C700.

2. 11   ELECTRI CAL WORK

**************************************************************************
NOTE:   I ndi cat e on dr awi ng t he t ype and cl ass of  
mot or  encl osur e dependi ng on envi r onment  i n whi ch 
t he mot or  i s  t o be used.

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

El ect r i cal  mot or - dr i ven equi pment  speci f i ed shal l  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.   El ect r i cal  equi pment  and wi r i ng 
shal l  be i n accor dance wi t h [ Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM] .   [ Sect i on 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON] .   [ Sect i on 
33 71 01 OVERHEAD TRANSMI SSI ON AND DI STRI BUTI ON] .   El ect r i cal  
char act er i st i cs shal l  be as i ndi cat ed or  speci f i ed.   Mot or  st ar t er s shal l  
be pr ovi ded compl et e wi t h t her mal  over l oad pr ot ect i on and ot her  
appur t enances necessar y f or  t he mot or  cont r ol  speci f i ed.   Each mot or  shal l  
be of  suf f i c i ent  s i ze t o dr i ve t he equi pment  at  t he speci f i ed capaci t y 
wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or .   Manual  or  aut omat i c 
cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on 
speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces 
speci f i ed but  not  shown,  shal l  be pr ovi ded.   Mot or s shal l  conf or m t o 
NEMA MG 1,  wi t h encl osur es as i ndi cat ed [ except  as speci f i ed f or  Pet r ol  
Vapor  Recover y Uni t ] .   Cont r ol s,  i nt er l ocks,  i nst r ument s,  st at us i ndi cat i on 
l i ght s,  and ot her  devi ces r equi r ed f or  oper at i on and obser vat i on of  
equi pment  st at us shal l  be assembl ed on an [ open f ace panel ]  [ encl osed panel  
wi t h [ l at ched door ]  [ key l ocked door ] ] .   Panel  shal l  be [ f act or y- assembl ed,  
connect ed t o equi pment ,  and mount ed on uni t ]  [ or ]  [ f act or y assembl ed and 
boxed f or  f i el d i nst al l at i on] .   [ I nst r ument at i on and cont r ol  syst em shal l  
i ncl ude l ocal  cont r ol  panel s and a cent r al  cont r ol  panel  l ocat ed i n t he 
f aci l i t y  cont r ol  r oom.   The cont r ol  syst em shal l  i nt egr at e l ocal  cont r ol s 
pr ovi ded wi t h equi pment ,  as speci f i ed,  so t hat  compl et e syst em oper at i on 
can be moni t or ed and cont r ol l ed f r om t he cont r ol  r oom] .   The ai r  pol l ut i on 
cont r ol  syst em shal l  be i nt egr at ed wi t h t he emi ssi on gener at i ng equi pment .   
The cont r ol  syst em shal l  pr ovi de i nt egr at ed cont r ol  of  al l  syst em pr ocesses 
and equi pment ,  and shal l  cont ai n al l  necessar y i nst r ument at i on r equi r ed f or  
moni t or i ng and oper at i on of  t he ai r  pol l ut i on cont r ol  syst em.   Cont r ol  
syst em panel s shal l  gr aphi cal l y di spl ay t he syst em.   Local  cont r ol  panel s 
shal l  be pr ovi ded wi t h sel ect or  swi t ches so t hat  equi pment  can be oper at ed 
manual l y f or  t est  and mai nt enance pur poses.   Sui t abl e saf et y i nt er l ocks 
shal l  be i ncor por at ed t o assur e t hat  pr oper  per mi ssi ve condi t i ons have been 
met  pr i or  t o changi ng t he oper at i ng st at us of  maj or  syst em component s.   
Shut down of  t he ai r  pol l ut i on cont r ol  equi pment  syst em,  or  por t i on t her eof ,  
shal l  be aut omat i cal l y  i ni t i at ed,  wi t h al ar ms shoul d unsaf e condi t i ons 
ar i se dur i ng oper at i on of  t he syst em.   Vi s i bl e and audi bl e al ar ms shal l  be 
pr ovi ded on cr i t i cal  f unct i ons l ocal l y.  and at  cent r al  cont r ol  r oom.   
Cont r ol s shal l  conf or m t o NEMA I CS 1.   Encl osur es f or  power  and cont r ol  
panel s shal l  conf or m t o NEMA I CS 6.

2. 12   DRAFT FANS

**************************************************************************
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NOTE:   I n new i nst al l at i ons,  coor di nat e desi gn wi t h 
boi l er  or  i nci ner at or  speci f i cat i on.   For  r et r of i t ,  
f ans wi l l  be s i zed f or  ai r  pol l ut i on cont r ol  
equi pment .   For  f ans oper at i ng i n cor r osi ve or  
er osi ve envi r onment ,  pr ovi de l i ner s f or  scr ol l  
sheet s and r ot or  bl ades.   Ref er ences t o dr af t  f ans 
wi l l  be del et ed i f  i nappl i cabl e f or  t he equi pment  
specified.

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

Cent r i f ugal  f ans conf or mi ng t o AMCA 801 [ Type I ]  [ Type I I ]  [ f or ced dr af t ]  
[ and]  [ i nduced dr af t ]  shal l  be f ur ni shed as an i nt egr al  par t  of  ai r  
pol l ut i on cont r ol  equi pment  desi gn.   Fans shal l  be [ cent r i f ugal ]  [ _____]  
wi t h [ backwar d cur ved bl ades]  [ r adi al  t i p bl ades]  [ or ]  [ axi al  f l ow t ype] .   
Each f an shal l  be s i zed f or  an out put  vol ume and st at i c pr essur e r at i ng 
suf f i c i ent  f or  pr essur e l osses,  l eakages,  t emper at ur e,  and el evat i on 
cor r ect i ons f or  wor st  ambi ent  condi t i ons.   I n addi t i on,  f an s i z i ng shal l  
i ncl ude mar gi ns of  10 per cent  vol ume and 21 per cent  st at i c pr essur e,  pl us 
mar gi ns of  [ 5]  [ _____]  degr ees C [ 10]  [ _____]  degr ees F f or  f or ced dr af t  
f ans and [ 22]  [ _____]  degr ees C [ 40]  [ _____]  degr ees F f or  i nduced dr af t  
f ans.   [ I nduced dr af t  f ans shal l  be pr ovi ded wi t h out l et  damper s] .   Noi se 
l evel s f or  f ans shal l  not  exceed 85 deci bel s i n any oct ave band at  a 914 mm 
3 f oot  st at i on.   Fan bear i ngs shal l  be [ ai r  cool ed]  [ or ]  [ wat er  cool ed] ,  
and backwar d cur ved f an bl ade t ype wi t h bear i ngs not  r equi r i ng wat er  
cool i ng may be of  t he sel f - al i gni ng ant i f r i c t i on t ype.   [ Scr ol l  sheet s and 
r ot or  bl ades shal l  have l i ner s. ]

2. 12. 1   Dr af t  Fan Cont r ol

**************************************************************************
NOTE:   Var i abl e speed cont r ol ,  i nl et  vane cont r ol ,  
and i nl et  damper  cont r ol  ar e,  i n descendi ng or der  of  
ef f i c i ency,  capabl e of  cont r ol  dr af t  f an 
condi t i ons.   The choi ce i s based on economi cs.   
However ,  i n er osi ve ser vi ces,  i nl et  vane cont r ol  i s  
not  desi r abl e.

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

For ced dr af t  cent r i f ugal  f ans shal l  have [ i nl et  vane cont r ol ]  [ var i abl e 
speed cont r ol ]  wher e i ndi cat ed.   I nduced dr af t  cent r i f ugal  f ans shal l  have 
[ i nl et  vane cont r ol ]  [ i nl et  damper  cont r ol ]  [ var i abl e speed cont r ol ] .   
[ Axi al  pr opel l er  f ans shal l  have var i abl e pr opel l er  pi t ch cont r ol  and 
var i abl e speed dr i ve. ]   I nl et  vanes or  damper s shal l  be sui t abl e f or  use 
wi t h ai r  pol l ut i on cont r ol  equi pment .

2. 12. 2   Dr af t  Fan Dr i ves

**************************************************************************
NOTE:   Wher e mot or  st ar t er s f or  mechani cal  equi pment  
ar e pr ovi ded i n mot or  cont r ol  cent er s,  del et e t he 
r ef er ence t o mot or  st ar t er s.

St eam dr i ven boi l er  auxi l i ar i es wi l l  not  be used 
unl ess t he exhaust  st eam can be ut i l i zed 
compl et el y.   Ref er ence t o st eam dr i ves wi l l  be 
del et ed i f  i nappl i cabl e f or  t he equi pment  speci f i ed.

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

Fan shal l  be dr i ven by [ an el ect r i c  mot or ]  [ or ]  [ a st eam t ur bi ne] .   
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[ El ect r i c  mot or  shal l  be [ dr i p- pr oof ]  [ t ot al l y  encl osed nonvent i l at ed]  
[ t ot al l y  encl osed f an- cool ed]  [ t ot al l y  encl osed f an- cool ed] ,  sui t abl e f or  
i nst al l at i on i n a Cl ass I I ,  Di v i s i on 1,  Gr oup F,  hazar dous l ocat i on 
conf or mi ng t o NFPA 70] .   [ Mot or  st ar t er  shal l  be magnet i c [ acr oss- t he- l i ne]  
[ r educed vol t age st ar t ]  t ype wi t h [ gener al - pur pose]  [ weat her - r esi st ant ]  
[ wat er  t i ght ]  [ dust - t i ght ]  [ expl osi on- pr oof ]  encl osur e and shal l  be 
f ur ni shed wi t h f our  auxi l i ar y i nt er l ock cont act s] .   [ St eam t ur bi nes shal l  
oper at e pr oper l y  wi t h a st eam i nl et  pr essur e of  [ _____]  Pa psi g and wi t h 
st eam back pr essur e of  [ _____]  Pa psi g.   Tur bi nes shal l  have 
hor i zont al l y- spl i t ,  cent er l i ne suppor t  casi ngs,  wat er - cool ed bear i ng 
housi ngs wi t h r i ng- oi l ed,  babbi t t - l i ned,  br onze packed sl eeve bear i ngs.   
Tur bi nes shal l  al so be equi pped wi t h a mechani cal  shaf t  speed gover nor  and 
val ve,  and i ndependent  emer gency over speed gover nor  and t r i p val ve,  r eed 
t achomet er ,  const ant  pr essur e t ype gover nor ,  i nsul at i on wi t h r emovabl e 
met al  j acket ,  oi l - s i ght  gl asses wi t h guar ds,  r emovabl e st ai nl ess st eel  
st eam st r ai ner  [ wi t hout  di sconnect i ng pi pi ng] ,  any speci al  wr enches and 
t ool s r equi r ed f or  ser vi c i ng t ur bi ne,  and a sent i nel  war ni ng on t he exhaust  
casi ngs.   Tur bi nes shal l  conf or m t o NEMA SM 23].

2. 13   DUCTWORK

**************************************************************************
NOTE:   Ref er ences t o duct wor k wi l l  be del et ed i f  
i nappl i cabl e f or  t he equi pment  speci f i ed.   Duct wor k 
t hi ckness or  gauge wi l l  depend on bot h s i ze and 
pressure.

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

Duct wor k shal l  be [ gal vani zed sheet  met al  conf or mi ng t o ASTM A653/ A653M] 
[ _____]  wi t h a mi ni mum t hi ckness of  [ _____]  mm [ _____]  gauge [ _____]  i nch 
[ _____]  gauge.   Duct wor k shal l  be desi gned t o convey ai r  wi t h a mi ni mum of  
pr essur e l oss due t o f r i c t i on.   Duct s shal l  be st r ai ght  and smoot h on t he 
i nsi de wi t h l aps made i n t he di r ect i on of  ai r f l ow.   Duct s shal l  be 
ext er nal l y br aced and shal l  be so i nst al l ed and anchor ed as t o be f r ee of  
v i br at i on.   Access and i nspect i on door s shal l  be pr ovi ded as i ndi cat ed,  
wi t h a mi ni mum of  one i n each sect i on bet ween damper s or  i t ems of  
equi pment .   Duct s shal l  be const r uct ed wi t h l ong r adi us el bows havi ng a 
cent er l i ne r adi us of  1. 5 t i mes t he duct  wi dt h,  or  wher e t he space does not  
per mi t  t he use of  l ong r adi us el bows,  shor t  r adi us or  squar e el bows wi t h 
f act or y- f abr i cat ed t ur ni ng vanes may be used.   Duct  j oi nt s shal l  be 
subst ant i al l y  ai r - t i ght  and shal l  have adequat e st r engt h f or  t he ser vi ce.

2. 14   AI R POLLUTI ON CONTROL EQUI PMENT

**************************************************************************
NOTE:   Del et e al l  equi pment  r equi r ement s not  
r equi r ed on t he pr oj ect .   Ti t l e 40,  Par t  60 of  t he 
Code of  Feder al  Regul at i ons f or  Pr ot ect i on of  
Envi r onment  ( 40 CFR 60) ,  st at e and l ocal  codes 
cont ai n r egul at i ons per t ai ni ng t o ai r  pol l ut i on 
cont r ol .   40 CFR 60 cont ai ns St andar ds of  
Per f or mance f or  New St at i onar y Sour ces.   I n 
addi t i on,  EPA Test  Repor t  No.  AP- 42 wi t h l at est  
suppl ement s cont ai ns emi ssi on f act or s f or  t he 
speci f i c  pol l ut ant  emi t t er  ( uncont r ol l ed) .   
Det er mi ne t he degr ee of  r equi r ed pol l ut ant  r emoval  
f r om t he gas st r eam t o meet  t he mor e st r i ngent  of  
l ocal ,  st at e and EPA r egul at i ons and i ndi cat e 
whet her  EPA,  st at e or  l ocal  r egul at i ons appl y.   Wi t h 
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t he i nf or mat i on t hus obt ai ned,  det er mi ne t he most  
ef f ect i ve and economi cal  ai r  pol l ut i on cont r ol  
equi pment  r equi r ed.   Thi s pr ocess wi l l  be r epeat ed 
f or  each pol l ut ant  emi t t er  i dent i f y i ng t he per t i nent  
r egul at i on.   I ndi cat e on dr awi ngs f or  each pol l ut i on 
cont r ol  equi pment  el ect r i c  power  r equi r ement s 
i ncl udi ng mot or  s i zes,  et c. ,  wher e appl i cabl e.   
Coor di nat e per f or mance,  oper at i on,  and cont r ol  of  
pol l ut i on cont r ol  equi pment  wi t h al l  ot her  r el at ed 
syst em component s t o assur e t ot al  syst em oper at i on 
and t hat  saf et y r equi r ement s ar e met .   I ndi cat e on 
dr awi ngs any such i t ems as wal kways,  guar dr ai l s ,  
st ai r s,  and l adder s f ur ni shed as par t  of  t he 
pol l ut i on cont r ol  equi pment ,  i f  r equi r ed.

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

Per f or mance of  equi pment  shal l  be as i ndi cat ed i n Par agr aph SCHEDULES.   
[ Pai nt  spr ay and wet  pr ocess gas duct wor k shal l  compl y wi t h AI HA Z9. 3 and 
NFPA 91. ] [   Ai r  and wat er  pi pi ng shal l  compl y wi t h ASME B31. 1. ] [   
Par t i cul at e emi ssi on cont r ol  equi pment  shal l  conf or m t o ASME PTC 38] . [   
Equi pment  shal l  be pr ovi ded wi t h st eel  wal kways,  saf et y r ai l s  and st ai r s,  
or  l adder s as i ndi cat ed.   Access shal l  be by means of  [ caged l adder s] [ st ep 
st ai r s wi t h handr ai l s ] ] .

a.   Submi t  a compl et e l i s t  of  equi pment  and mat er i al ,  i ncl udi ng 
manuf act ur er ' s descr i pt i ve dat a and t echni cal  l i t er at ur e,  per f or mance 
char t s and cur ves,  cat al og cut s,  and i nst al l at i on i nst r uct i ons.   Spar e 
par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han [ _____]  mont hs 
pr i or  t o t he dat e of  benef i c i al  occupancy.   The dat a shal l  i ncl ude a 
compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and 
sour ce of  suppl y.

b.   Submi t  pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s,  pr i or  t o 
post i ng.   Fr amed i nst r uct i ons under  gl ass or  i n l ami nat ed pl ast i c,  
i ncl udi ng wi r i ng and cont r ol  di agr ams showi ng t he compl et e l ayout  of  
t he ent i r e syst em,  i ncl udi ng equi pment ,  pi pi ng,  val ves,  and cont r ol  
sequence,  shal l  be post ed wher e di r ect ed.   Condensed oper at i ng 
i nst r uct i ons expl ai ni ng pr event at i ve mai nt enance pr ocedur es,  met hods of  
checki ng t he syst em f or  nor mal ,  saf e oper at i on,  and pr ocedur es f or  
saf el y st ar t i ng and st oppi ng t he syst em shal l  be pr epar ed i n t yped 
f or m,  f r amed as speci f i ed above f or  t he wi r i ng and cont r ol  di agr ams,  
and post ed besi de t he di agr ams.   The f r amed i nst r uct i ons shal l  be 
post ed bef or e accept ance t est i ng of  t he syst em.

c.   Submi t  det ai l ed manuf act ur er ' s dat a on t he i nst r ument at i on and cont r ol s.   
I ncl ude over al l  cont r ol s,  sensor s,  pr ocess cont r ol l er s,  cont r ol  
oper at or s,  l adder  di agr ams,  t i mer s,  sequence of  cont r ol s,  val ves,  
al ar ms,  s i gnal s,  i nt er l ocks and cut  of f  syst ems.   Dat a descr i bi ng i n 
det ai l  t he equi pment  used t o moni t or  emi ssi ons,  i ncl udi ng t he sampl i ng 
pr obe,  f i l t er s,  sampl i ng pump,  moi st ur e separ at or / dr i er ,  t ubi ng,  
anal yzer ,  anal yzer  cal i br at i on syst em,  dat a r ecor der ,  and al ar ms.   
Pr ocess and i nst r ument at i on di agr ams ( P&I Ds) .

2. 14. 1   Dr y Dynami c Pr eci pi t at or

**************************************************************************
NOTE:   Sel ect  const r uct i on f eat ur es r equi r ed 
i ncl udi ng dr i ve component  and del et e al l  ot her s.   
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Dr y dynami c pr eci pi t at or s may be used f or  col l ect i ng 
coar se dr y par t i cul at es f r om coal  cr usher ,  conveyor ,  
and bunker  vent i l at i on wher e t he obj ect i ve i s t o 
cont r ol  mat er i al  l osses and t o r emove coar se f l y- ash 
par t i cul at es f r om boi l er  f l ue gases of  chai n- gr at e 
or  st oker - f i r ed boi l er s.   I t  i s  not  ef f ect i ve i n 
r emovi ng gaseous pol l ut ant s or  par t i c l es of  7 
mi cr omet er s and under .

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

Uni t  must  be a mechani cal  col l ect or  consi st i ng of  a mot or - dr i ven f an,  a f an 
casi ng,  a hopper  or  dust  bi n,  f an mot or ,  f an mot or  st ar t er  wi t h over l oad 
pr ot ect i on,  [ f an dr i ve coupl i ng]  [ bel t  dr i ve wi t h f an and mot or  pul l eys and 
adj ust abl e mot or  base] ,  f an and mot or  mount i ng base on hopper ,  and a 
[ cei l i ng mount i ng]  [ f l oor  mount i ng]  st and f or  t he ent i r e assembl y.   The f an 
shal l  compl y wi t h AMCA 99,  Sect i on 99- 0401,  Cl assi f i cat i on f or  Spar k 
Resi st ant  Const r uct i on,  AMCA 210,  and AMCA 300.

2. 14. 1. 1   Fan I mpel l er

Fan I mpel l er s must  be st eel  and desi gned t o pr ovi de t he st at i c head 
r equi r ed f or  pumpi ng t he di r t y and cl eaned gas st r eams t hr ough t he duct  
syst ems and r el at ed component s.   I mpel l er  shal l  be keyed and l ocked on a 
col d dr awn,  t ur ned and pol i shed st eel  shaf t  mount ed on heavy dut y gr ease or  
oi l  l ubr i cat i on bal l  or  r ol l er  bear i ngs.   Shaf t  shal l  have a di amet er  and 
st i f f ness t hat  wi l l  l i mi t  def l ect i on at  t he maxi mum shaf t  l oadi ng,  wi t hi n 
t he oper at i ng r ange of  t he f an,  t o not  mor e t han 0. 167 mm/ met er  0. 002 
i nch/ f oot  of  shaf t .   Shaf t  shal l  be pr ovi ded wi t h a l ocked key s l ot  f or  
mount i ng a pul l ey,  a di r ect  dr i ve,  or  coupl i ng.   The ent i r e r ot at i ng 
assembl y shal l  be dynami cal l y bal anced at  oper at i ng speeds.   Fans shal l  be 
dynami cal l y bal anced and f act or y- t est ed i n accor dance wi t h AMCA 204 at  t he 
desi gn oper at i ng RPM t o Fan Appl i cat i on Cat egor y BV- 3,  Bal ance Qual i t y 
Gr ade G6. 3 or  appr oved equi val ent .   I nst al l ed v i br at i on l evel s shal l  not  
exceed t he l evel s speci f i ed i n AMCA 801.

2. 14. 1. 2   Fan Casi ng

Fan casi ng shal l  be abr asi on r esi st ant  cast  i r on conf or mi ng t o ASTM A48/ A48M
 or  abr asi on r esi st ant  st eel  consi st i ng of  a f an suppor t  base wi t h 
back- housi ng,  i nvol ut e f an di schar ge scr ol l  wi t h i nl et  and di schar ge duct  
connect i ons,  and a di r t  di schar ge por t .   Scr ol l  shal l  be pr ovi ded wi t h 
r eadi l y r epl aceabl e wear  pl at es and shal l  be const r uct ed t o per mi t  f i el d 
posi t i oni ng t he di r ect i on of  di schar ge i n at  l east  ei ght  di f f er ent  
di r ect i ons.   Scr ol l  shal l  pr ovi de means f or  accumul at i ng and di ver t i ng t he 
bul k of  t he par t i cul at e enr i ched gas st r eam i nt o t he hopper  bef or e t he gas 
st r eam i s r et ur ned t o t he i nl et  t o t he scr ol l .

2. 14. 1. 3   Hopper  St or age

**************************************************************************
NOTE:   Det er mi ne t he r at e and quant i t y of  pol l ut ant  
mat er i al  col l ect ed,  t he f i nal  di sposi t i on of  t he 
mat er i al ,  and t he manner  and f r equency of  t r anspor t  
t o di sposal  l ocat i on.   Fr om t hi s,  det er mi ne t he 
hopper  s i ze t o be i ndi cat ed and sel ect  t he br acket ed 
hopper  out l et .   Del et e t hose not  sel ect ed.

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

Hopper  st or age capaci t y shal l  be as i ndi cat ed.   Uni t  shal l  be const r uct ed 
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of  not  l ess t han 3. 4 mm 10 gauge [ wel ded l ow car bon]  [ cor r osi on r esi st ant ]  
st eel  pl at e f or  t he ver t i cal  s i des and bot t om whi ch shal l  be s l oped st eeper  
t han t he s l ump angl e of  t he mat er i al  bei ng col l ect ed t o mi ni mi ze br i dgi ng 
over  at  t he out l et .   Top shal l  be const r uct ed t o suppor t  t he f an,  mot or ,  
and dr i ve wi t hout  buckl i ng or  bei ng r esonat ed by t he f an and shal l  be not  
l ess t han 6. 4 mm 1/ 4 i nch t hi ck.   Hopper  shal l  be pr ovi ded wi t h an access 
door  and shal l  have [ a manual l y- oper at ed r ot ar y l ock]  [ a mot or - dr i ven 
r ot ar y l ock]  [ a gui l l ot i ne- t ype s l i de gat e] .

2. 14. 1. 4   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he suct i on and di schar ge 
duct s connect i ng t o t he pr eci pi t at or .

2. 14. 2   Wet  Dynami c Pr eci pi t at or

**************************************************************************
NOTE:   Sel ect  const r uct i on f eat ur es r equi r ed 
i ncl udi ng dr i ve component  and del et e al l  ot her s.   
Wet  dynami c pr eci pi t at or s ar e f r equent l y used f or  
vent i l at i on ai r  c l eani ng of  coal  cr ushi ng,  
conveyi ng,  and st or age f aci l i t i es wher e t he dust  
l oadi ng i s 1 t o 4. 6 gr ams per  cubi c met er  1/ 2 t o 2 
gr ai ns ( wei ght )  per  cubi c f oot  of  ai r  and t he 
par t i c l es ar e 50 per cent  or  mor e of  2 t o 7 
mi cr omet er s s i ze.   I t  wi l l  r emove some gaseous 
pollutants.

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

Uni t  shal l  be a mechani cal  col l ect or  consi st i ng of  a mot or - dr i ven f an,  a 
f an casi ng wi t h wat er  spr ayhead,  [ a hopper  or  s l ur r y bi n, ]  f an mot or ,  f an 
mot or  st ar t er  wi t h over l oad pr ot ect i on,  [ f an dr i ve coupl i ng, ]  [ bel t  dr i ve 
wi t h f an and mot or  pul l eys and adj ust abl e mot or  base, ]  [ f an and mot or  
suppor t  on [ t he hopper ]  [ a r i gi d st r uct ur al  st eel  base]  ar r anged f or  [ f l oor  
mount i ng] ] .   Fan shal l  compl y wi t h AMCA 99, Sect i on 99- 0401,  Cl assi f i cat i on 
f or  Spar k Resi st ant  Const r uct i on,  AMCA 210,  and AMCA 300.

2. 14. 2. 1   Collector

**************************************************************************
NOTE:   Del et e i nappl i cabl e mat er i al s and equi pment .   
Pi pe,  f i t t i ng,  and val ve mat er i al s l i s t ed i n t hi s 
sect i on ar e sui t abl e f or  wat er  ser vi ce,  but  not  f or  
cor r osi ve,  er osi ve,  and some pet r ol  ser vi ces.   The 
desi gner  shoul d sel ect  t he pr oper  al l oy ( e. g. ,  
st ai nl ess st eel  304,  316,  et c. ) ,  r ubber  or  ot her  
el ast omer  l i ni ng or  pl ast i c f or  t hese and ot her  
appl i cat i ons wher e t he chemi st r y of  t he pr ocess 
shal l  di ct at e mat er i al  sel ect i on.

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

Col l ect or  shal l  consi st  of  a heavy st eel  pl at e f an housi ng const r uct ed of  
l ow car bon st eel .   Fan shal l  have ASTM A240/ A240M st ai nl ess st eel  bl ades 
and r i vet s.   Bl ades shal l  be f ast ened t o a heavy f or ged st eel  hub mount ed 
on a f or ged,  gr ound,  and pol i shed ASTM A302/ A302M st ai nl ess st eel  shaf t  
suppor t ed on bal l  or  r ol l er  bear i ngs.  Shaf t  shal l  have a di amet er  and 
st i f f ness t hat  wi l l  l i mi t  def l ect i on at  t he maxi mum shaf t  l oadi ng t o not  
mor e t han 0. 167 mm/ met er  0. 002 i nch/ f oot  of  shaf t .   I mpel l er  and dr i ven 
uni t s shal l  be l ock- keyed t o t he shaf t  wi t h t he ent i r e assembl y dynami cal l y 
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bal anced at  al l  oper at i ng speeds.   Fans shal l  be dynami cal l y bal anced and 
f act or y- t est ed i n accor dance wi t h AMCA 204 at  t he desi gn oper at i ng RPM t o 
Fan Appl i cat i on Cat egor y BV- 3,  Bal ance Qual i t y Gr ade G6. 3 or  appr oved 
equi val ent .   Housi ng and i mpel l er  shal l  be pr ovi ded wi t h component s t hat  
wi l l  pr ovi de f or  uni f or ml y cover i ng r ot at i ng and st at i onar y par t s wi t h a 
f i l m of  movi ng wat er  t o pr ovi de f or  wet t i ng and capt ur i ng of  cent r i f ugal l y 
i mpi nged par t i cul at es.   Means shal l  be pr ovi ded f or  separ at i on f r om t he ai r  
st r eam and dr ai nage of  t he wat er  and par t i cul at e s l ur r y f r om t he 
col l ect or .   I nst al l ed v i br at i on l evel s shal l  not  exceed t he l evel s 
speci f i ed i n AMCA 801.

2. 14. 2. 2   Hopper  St or age 

**************************************************************************
NOTE:   Det er mi ne hopper  st or age capaci t y and 
i ndi cat e an open dr ai n or  val ved out l et .   Omi t  
ent i r e par agr aph i f  hopper  i s  not  r equi r ed f or  an 
i nst al l at i on pi ped t o dr ai n f i l t r at e t o a coal  
r ecover y or  ash pi t .

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

Hopper  st or age capaci t y shal l  be as i ndi cat ed.   Uni t  shal l  be const r uct ed 
of  not  l ess t han 3. 4 mm 10 gauge [ wel ded bl ack]  [ wel ded cor r osi on 
r esi st ant ]  st eel  pl at e f or  t he ver t i cal  s i des and sl oped bot t om.   Top shal l  
be const r uct ed t o suppor t  t he f an,  mot or ,  and dr i ve wi t hout  buckl i ng or  
bei ng r esonat ed by t he f an and shal l  be not  l ess t han 6. 4 mm 1/ 4 i nch 
t hi ck.   Hopper  bot t om shal l  be s l oped f or  compl et e dr ai nage of  s l ur r y of  
col l ect ed mat er i al ;  shal l  be f r ee of  l edges and pocket s;  and shal l  pr ovi de 
f or  f ul l  f r ee f l ushi ng of  par t i cul at e when oper at i ng wet .   Hopper  shal l  be 
pr ovi ded wi t h an i nspect i on wi ndow,  c l eanout ,  and access door .   Hopper  
shal l  be pr ovi ded wi t h el ect r i c  heat i ng coi l s,  modul es,  or  bl anket s t o keep 
col l ect ed mat er i al  dr y and f r ee f l owi ng wi t h t he uni t  i nst al l ed out door s 
and out  of  ser vi ce i n a l ocal  wi nt er  out door  desi gn t emper at ur e of  [ _____]  
degr ees C degr ees F.

2. 14. 2. 3   Nonst ai nl ess Component s

Wat er  wet t ed,  nonst ai nl ess component s shal l  be coat ed wi t h a per manent l y 
bonded,  abr asi on and cor r osi on r esi st ant  r ubber  f aci ng sui t abl e f or  t he 
oper at i ng t emper at ur e of  t he gas st r eam.

2. 14. 2. 4   Wat er  Suppl y Component s

**************************************************************************
NOTE:   I f  wat er  suppl y i s  unl i mi t ed,  t he pr essur e 
gauges,  r at e adj ust ment ,  and f l ow met er  wi t hi n 
br acket s ar e not  needed and shoul d be del et ed.

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

Pr eci pi t at or  shal l  be pr ovi ded wi t h wat er  suppl y component s s i zed t o meet  
equi pment  capaci t y r equi r ement s and shal l  i ncl ude:

a.   A st ai nl ess st eel  wat er  suppl y st r ai ner  wi t h r emovabl e scr een,  f l ow 
cont r ol  val ve [ wi t h r at e adj ust ment ]  [ pr essur e gauge]  [ l ow pr essur e 
al ar m swi t ch]  [ wat er  met er ] .

b.   Anal og sol enoi d wat er  f l ow cont r ol  val ve.

c.   Adj ust abl e wat er  pr essur e cont r ol  swi t ch wi t h cont act s t o open on l ow 
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pr essur e t o st op or  pr event  oper at i on of  t he f an mot or  i f  wat er  
pr essur e i s bel ow t he mi ni mum r equi r ed f or  ef f i c i ent  oper at i on of  t he 
col l ect or .   [ An addi t i onal  set  of  cont act s t o c l ose on l ow pr essur e t o 
per mi t  oper at i on of  an annunci at or  al ar m. ]   The adj ust abl e r ange of  t he 
swi t ch t r i p shal l  be f r om [ _____]  t o [ _____]  kPa [ _____]  t o [ _____]  psi g.

d.   Wat er  pr essur e gauges wi t h 0 t o 690 kPa 0- 100 psi g r ange.

e.   Adj ust abl e aut omat i c wat er  pr essur e or  wat er  f l ow r at e r egul at or  t o 
pr ovi de a st eady cont r ol l ed r at e of  wat er  f l ow as r equi r ed f or  opt i mum 
col l ect or  per f or mance.

f .   Wat er  f l ow met er  s i zed f or  r at e r equi r ed by t he col l ect or .

2. 14. 2. 5   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he suct i on and di schar ge 
duct s connect i ng t o t he pr eci pi t at or .

2. 14. 2. 6   Dr ai n Connect i ons

Sl ur r y dr ai n connect i ons shal l  be scr ewed or  f l anged pi pe connect i ons s i zed 
as r ecommended by t he manuf act ur er .

2. 14. 3   Coni cal  Dr y Dust  Col l ect or

**************************************************************************
NOTE:   The coni cal  dr y dust  col l ect or  r emoves up t o 
80 per cent  by wei ght  of  par t i c l es,  10 mi cr omet er s 
and over ,  f r om a gas st r eam and i s used pr i mar i l y  on 
gener al  i ndust r i al  dust s and occasi onal l y t o c l ean 
boi l er  f l ue gases s i nce i t  has a t emper at ur e 
t ol er ance up t o 371 degr ees C 700 degr ees F.   I t  i s  
not  ef f ect i ve i n r emovi ng gaseous pol l ut ant s or  
par t i c l es of  7 mi cr omet er s s i ze and under .   I t s  hi gh 
ai r  f r i c t i on dr op may r equi r e a boost er  f an.   I t  
nor mal l y i s  sel ect ed f or  pr essur e dr ops i n t he 890 
Pa t o 1652 Pa 3- 1/ 2 t o 6- 1/ 2 i nch wat er  gauge r ange 
at  oper at i ng condi t i ons.

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

Uni t  shal l  be a mechani cal  col l ect or  consi st i ng of  a t op hor i zont al  
i nvol ut e scr ol l  gas i nl et  and out l et  mount ed over  a ver t i cal  cyl i ndr i cal  
shel l  or  cone whi ch shal l  have a nar r ow angl e cone bel ow.   Uni t  shal l  be 
speci f i cal l y  desi gned t o i mpar t  a hi gh vel oci t y vor t ex spi n t o t he i ncomi ng 
downf l owi ng gas st r eam t o t hr ow par t i cul at es t o t he wal l  of  t he cyl i nder  
and cone bef or e t ur ni ng upwar d i n an i nt er nal  vor t ex t o t he out l et .   
Repl aceabl e wear  pl at es [ ar e]  [ ar e not ]  r equi r ed.

2. 14. 3. 1   Scr ol l s ,  Cyl i nder ,  and Cone

**************************************************************************
NOTE:   Del et e i nappl i cabl e mat er i al s and equi pment .   
Pi pe,  f i t t i ng,  and val ve mat er i al s l i s t ed i n t hi s 
sect i on ar e sui t abl e f or  wat er  ser vi ce,  but  not  f or  
cor r osi ve,  er osi ve,  and some pet r ol  ser vi ces.   The 
desi gner  shoul d sel ect  t he pr oper  al l oy ( e. g. ,  
st ai nl ess st eel  304,  316,  et c. ) ,  r ubber  or  ot her  
el ast omer  l i ni ng or  pl ast i c f or  t hese and ot her  
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appl i cat i ons wher e t he chemi st r y of  t he pr ocess 
shal l  di ct at e mat er i al  sel ect i on.

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

Scr ol l s,  cyl i nder ,  and cone shal l  al l  be not  l ess t han [ 3. 4 mm 10 gauge]  [
4. 8 mm 3/ 16 i nch]  [ 9. 5 mm 3/ 8 i nch]  [ wel ded bl ack]  [ cor r osi on r esi st ant ]  
st eel .   I nl et  and out l et  scr ol l s  shal l  be connect ed f or  [ c l ockwi se]  
[ count er cl ockwi se]  connect i on and r ot at i on of  t he vor t ex when l ooki ng down 
on t he col l ect or .   Four  equal l y spaced,  wel ded st eel  suppor t  br acket s shal l  
be pr ovi ded on t he bot t om of  t he i nl et  scr ol l  or  on t he ver t i cal  wal l s of  
t he cyl i ndr i cal  sect i on of  t he col l ect or .   The col l ect or  cone shal l  not  be 
used f or  st or age.   Par t i cul at e shal l  be r emoved and col l ect ed,  and cone 
bot t om shal l  be pr ovi ded wi t h an ai r - t i ght  seal .   [ A gui l l ot i ne- t ype s l i de 
gauge]  [ A manual l y- oper at ed r ot ar y l ock]  [ A mot or - dr i ven r ot ar y l ock]  shal l  
be pr ovi ded on t he [ bot t om of  cone]  [ bot t om of  sur ge t ank]  [ bot t om of  
st or age r ecept acl e] .

2. 14. 3. 2   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he col l ect or .

2. 14. 4   Mul t i t ube,  Cent r i f ugal  Dr y Dust  Col l ect or

**************************************************************************
NOTE:   The mul t i t ube cent r i f ugal  dust  col l ect or  has 
s i mi l ar  per f or mance t o t he coni cal  dr y dust  
col l ect or  except  i t  r emoves mor e of  bot h coar se and 
f i ne par t i cul at es.   Thi s col l ect or  i s  of t en used on 
st oker - f i r ed boi l er  appl i cat i ons.   The pr essur e dr op 
r ange i s nor mal l y 635 Pa t o 1144 Pa 2. 5 t o 4. 5 
i nches wat er  gauge at  oper at i ng condi t i ons.   Si xt y 
degr ee hopper  val l ey angl e i s consi der ed adequat e 
f or  wor se case coal / ash scenar i o.   I f  desi gner  can 
conf i r m t hat  appl i cat i on i s l ess demandi ng,  he 
shoul d consi der  a l ower  val l ey angl e 55 degr ees or  
45 degr ees.   I n cer t ai n appl i cat i ons t he s i ze of  t he 
uni t  may r equi r e some subassembl y i n t he f i el d,  
negat i ng t he r est r i c t i ons on f i el d assembl y.

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

Uni t  shal l  be a mechani cal  col l ect or  ut i l i z i ng a number  of  par al l el  
ver t i cal  or  hor i zont al  t ubes of  smal l  di amet er  i n an encl osur e havi ng a 
s i ngl e gas i nl et  and s i ngl e gas out l et .

2. 14. 4. 1   I nl et  Tube Assembl i es,  Casi ng and Hopper

I nl et  t ube assembl i es shal l  be r epl aceabl e [ cast  i r on]  [ wear  r esi st ant  
st eel  wi t h r epl aceabl e cast  i r on spi nner  vanes and cones]  [ wear  r esi st ant  
st eel  wi t h r epl aceabl e spi nner  vanes and cones] .   Casi ng shal l  be [ 3. 4 mm 
10 gauge]  [ 4. 8 mm 3/ 16 i nch]  [ 6. 4 mm 1/ 4 i nch]  [ l ow car bon]  [ cor r osi on 
r esi st ant ]  st eel  wi t h t he dust  r el eased i nt o a [ 3. 4 mm 10 gauge]  [ 4. 8 mm 
3/ 16 i nch]  [ 6. 4 mm 1/ 4 i nch]  [ bl ack]  [ cor r osi on r esi st ant ]  st eel  s l oped 
bot t om dust  hopper .   Hopper  val l ey angl e shal l  be 60 degr ees f r om t he 
hor i zont al .   The hopper  shal l  be pr ovi ded wi t h a poke hol e and access 
door .   Hopper  bot t om out l et  shal l  be pr ovi ded wi t h [ a gui l l ot i ne- t ype s l i de 
gat e]  [ a gr avi t y- t ype t r i p gat e opened by t he wei ght  of  t he col l ect ed 
mat er i al ]  [ a manual l y- oper at ed r ot ar y l ock]  [ a mot or - dr i ven r ot ar y l ock] .   
Uni t  shal l  be pr ovi ded wi t h a wel ded st eel  suppor t  assembl y f or  f i el d 
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er ect i on wi t h no addi t i onal  wor k ot her  t han set t i ng and bol t i ng t he uni t  i n 
place.

2. 14. 4. 2   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he col l ect or .

2. 14. 5   El ect r ost at i c Pr eci pi t at or  ( ESP)

**************************************************************************
NOTE:   El ect r ost at i c pr eci pi t at or s ar e hi ghl y 
ef f ect i ve wi t h ef f i c i enci es up t o 99. 9 per cent  by 
wei ght  i n r emovi ng f i ne par t i cul at es down t o 0. 3 
mi cr omet er s i n s i ze f r om gas st r eams havi ng l i ght  
l oadi ng of  mat er i al  by wei ght .   They ar e f r equent l y 
appl i ed i n gas st r eams of  371 degr ees C 700 degr ees F
 or  hi gher  but  may r equi r e a pr ecl eaner  such as a 
dynami c pr eci pi t at or ,  coni cal ,  or  mul t i t ube 
cent r i f ugal  t o br i ng t he gas st r eam down t o an 
opt i mum l oadi ng.   They r equi r e a r el at i vel y l ar ge 
space.   They have a ver y l ow gas f l ow f r i c t i on but  
ar e qui t e sensi t i ve t o havi ng a uni f or m di st r i but i on 
of  gas f l ow t hr ough t he uni t .   The ef f i c i ency may 
shar pl y f al l  under  a gas f l ow above desi gn r at e.   
Ef f i c i ency i s al so af f ect ed by dust  par t i c l e 
el ect r i cal  r esi st i v i t y whi ch can be t oo hi gh or  t oo 
l ow f or  maxi mum per f or mance.   Fr equent l y i n t hese 
si t uat i ons t he addi t i on of  r el at i vel y smal l  
quant i t i es of  f l ue gas condi t i oni ng agent s have been 
ver y ef f ect i ve i n i mpr ovi ng pr eci pi t at or  
per f or mance.   Dependi ng on t he par t i c l e el ect r i cal  
r esi st i v i t y l evel ,  f l ue gas condi t i oni ng wi l l  be 
consi der ed a v i abl e opt i on.   Commer ci al  syst ems ar e 
avai l abl e f or  ammoni a,  sodi um compounds ( car bonat e 
and sul f at e) ,  and sul f ur  t r i oxi de f l ue gas 
addi t i on.   Pul se ener gi zat i on,  t he modi f i cat i on t o a 
convent i onal  pr eci pi t at or  power  suppl y t o i ncl ude 
t he capabi l i t y  t o super i mpose a hi gh vol t age pul se 
on t he base vol t age,  i s  a second enhancement  
t echni que f or  hi gh r esi st i v i t y par t i c l e 
appl i cat i ons.   I nt er mi t t ent  pul sat i on,  t he 
pr ogr ammed i nt er r upt i on of  nor mal  hi gh vol t age 
wavef or m,  i s anot her  enhancement  t echni que.   
Opt i mi zat i on of  pr eci pi t at or  ener gi zat i on and 
r appi ng syst ems t hr ough t he use of  
mi cr opr ocessor - based cont r ol s r esul t s i n l ower  power  
l evel s,  r educed el ect r ode f ai l ur e,  and over al l  
i mpr oved col l ect i on ef f i c i ency.   Exampl es of  cont r ol  
schemes t hat  can be accompl i shed wi t h pr oper l y 
pr ogr ammed mi cr opr ocessor s i ncl ude:

a.   Spar k Pr edi ct i on and Advance

b.   Back Cor ona Det ect i on

c.   Opaci t y Feed Back

d.   Rappi ng Opt i mi zat i on
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e.   El ect r i cal  Power  Conser vat i on

Reent r ai nment  of  col l ect ed mat er i al  can be l i mi t ed 
by a pr oper  bal ance of  f act or s t hat  af f ect  
per f or mance,  such as gas vel oci t y  t hr ough t he 
pl at es;  uni f or mi t y of  gas vel oci t y pr of i l e;  r at i o of  
pl at e hei ght  t o dept h;  s i ze of  l umps of  aggl omer at ed 
mat er i al  r apped f r om t he col l ect i ng pl at es and 
di schar ge el ect r odes;  and ot her s.   Cont r ol  may al so 
be achi eved by a syst em of  aut omat i c pr ogr ammed gas 
f l ow damper s coor di nat ed t o oper at e wi t h r el at ed 
r apper s f or  sequent i al  c l eani ng of  each of  t he 
chambers.

Power  consumpt i on i s gener al l y  equi val ent  t o t he 
addi t i onal  power  r equi r ed by ot her  col l ect i ng 
met hods.   The pr essur e dr op acr oss uni t s i s  
t ypi cal l y  l ess t han 127 Pa 0. 5 i nch wat er  gauge.   
Caut i on shoul d be exer ci sed i n t hei r  use wher e 
combust i bl e or  expl osi ve coal  dust s or  oi l  f umes may 
be pr esent  and coul d be i gni t ed by a " spar k- over "  of  
t he hi gh vol t age acr oss t he el ect r odes.

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

Uni t  shal l  compl y wi t h r equi r ement s of  I CAC EP- 1, I CAC EP- 7,  and I CAC EP- 8, 
and shal l  r emove [ aer osol s]  [ and]  [ par t i cul at es]  f r om pr ocessed gas st r eam 
by i mpr essi ng a pol ar i zed el ect r ost at i c char ge t o t he cont ami nant s causi ng 
t hem t o be dr awn t o and deposi t ed upon opposi t e pol ar i t y char ged pl at es.   
Uni t  shal l  cont ai n mul t i pl e chamber s and be of  gas- t i ght  const r uct i on.   
Uni t  shal l  be pr ovi ded wi t h [ i nsul at or  compar t ment s]  [ pent house] .   Uni t  
shal l  be pr ovi ded wi t h ant i - sneak baf f l es t o f or ce al l  gas f l ow t hr ough 
i oni z i ng gas passages and t o pr event  gas bypassi ng t he pr eci pi t at or  
sect i ons.   Assembl y shal l  consi st  of  di schar gi ng el ect r odes and opposi t e 
char ged pl at es,  hi gh vol t age power  pack and cont r ol s,  a r appi ng syst em f or  
knocki ng dust  f r om t he di schar ge el ect r odes and col l ect or  pl at es,  
per f or at ed gas di st r i but i on pl at es,  sheet  st eel  encl osur e wi t h dust  
col l ect i ng hopper  bot t om,  di r t y gas i nl et ,  c l ean gas out l et ,  and st r uct ur al  
st eel  f r ame.   Pr eci pi t at or  syst ems shal l  i ncl ude mi cr opr ocessor  based 
cont r ol s [ f l ue gas condi t i oni ng syst ems]  [ pul se ener gi zat i on]  [ i nt er mi t t ent  
energization].

2. 14. 5. 1   Di schar ge El ect r odes

Di schar ge el ect r odes shal l  be [ wi r es and wei ght s]  [ r i gi d el ect r odes]  [ r i gi d 
f r ame] .   Di schar ge el ect r odes shal l  be t op suppor t ed wi t h t he bot t om f r ee 
t o expand and cont r act  wi t h gas st r eam t emper at ur e changes.   El ect r odes 
shal l  be l at er al l y  r est r ai ned t o mai nt ai n opt i mum spaci ng f r om t he pl at es.   
El ect r odes shal l  have a st i f f ness,  l engt h,  or  r est r ai nt s r equi r ed t o 
pr event  v i br at i on or  f l ut t er  when t he uni t  i s  i n ser vi ce.

2. 14. 5. 2   Col l ect i ng Pl at es

Col l ect i ng pl at es shal l  consi st  of  ver t i cal  panel s of  mul t i pl e st eel  st r i ps 
hangi ng edgewi se i n t he hor i zont al  ai r  st r eam so as t o f or m t he equi val ent  
of  many ver t i cal  spl i t s  of  t he gas st r eam i nt o many gas passages.   The 
st r i ps shal l  be convol ut ed,  st i f f ened or  const r uct ed wi t h r ai sed r i bs,  t o 
pr ovi de suf f i c i ent  st i f f ness t o pr event  di st or t i on of  t he pl at es and al so 
pr esent  ver t i cal  r i dges t o suppor t  boundar y l ayer  edges t o i ncr ease pl at e 
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dust  r et ent i on.   Pl at es shal l  be t op suppor t ed wi t h t he bot t om f r ee t o 
expand and cont r act  wi t h changes of  gas st r eam t emper at ur e.   Pl at e 
conf i gur at i on and suppor t  syst em desi gn shal l  be coor di nat ed wi t h t he pl at e 
r appi ng syst em desi gn and oper at i on t o shed col l ect ed mat er i al  f r om t he 
pl at es and t o r et ai n a consi st ent  and opt i mum spaci ng f r om t he di schar ge 
electrodes.

2. 14. 5. 3   Power  Suppl y and Cont r ol  Syst em

Power  suppl y and cont r ol  syst em shal l  be sol i d st at e mi cr opr ocessor  t ype.   
Cont r ol  syst em shal l  pr ovi de f or  cont i nuous moni t or i ng and r egul at i ng of  
appl i ed vol t age f or  ef f ect i ve maxi mum per f or mance of  pr eci pi t at i on over  t he 
r ange of  pl at e l oadi ngs wi t h mi ni mum spar ki ng and ar ci ng t o t he pl at es.   
Ent i r e syst em shal l  be pr ovi ded wi t h a syst em of  saf et y i nt er l ocks and 
gr oundi ng devi ces t o pr event  per sonnel  physi cal  cont act  wi t h hi gh vol t age 
component s.   Vol t age i nsul at or s shal l  be pr ovi ded wi t h heat er s.

2. 14. 5. 4   Rappi ng Syst ems

The r appi ng syst ems shal l  consi st  of  mul t i pl e hammer s or  ot her  i mpact  
devi ces t o cause par t i cul at e sheddi ng f r om t he col l ect i ng pl at e.   Rappi ng 
shal l  aut omat i cal l y  be pr ogr ammed so t hat  a mi ni mum number  of  col l ect i ng 
pl at es and di schar ge el ect r odes ar e r apped si mul t aneousl y.   The uni t  shal l  
be desi gned t o l i mi t  r eent r ai nment  of  col l ect ed mat er i al  f al l i ng f r om t he 
col l ect i ng pl at es and di schar ge el ect r odes dur i ng t he r appi ng oper at i on 
wi t hout  exceedi ng t he desi gn c l eani ng ef f i c i ency.

2. 14. 5. 5   I nl et  and Di schar ge Duct s

I nl et  and di schar ge duct s shal l  be pr ovi ded wi t h t ur ni ng vanes,  def l ect or s,  
and baf f l e pl at es t o pr ovi de f or  uni f or m di st r i but i on of  gas f l ow t hr ough 
al l  gas passages and i n each gas passage i n accor dance wi t h I CAC EP- 7.   
Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and di schar ge 
duct s connect i ng t o t he pr eci pi t at or .

2. 14. 5. 6   Dust  St or age Hopper

The uni t  shal l  be pr ovi ded wi t h a [ 4. 8 mm 3/ 16 i nch]  [ 6. 4 mm 1/ 4 i nch]  [ l ow 
car bon]  [ cor r osi on r esi st ant ]  s l oped st eel  bot t om dust  st or age hopper  
havi ng t he dust  hol di ng capaci t y i ndi cat ed.   The hopper  shal l  be ar r anged 
t o pr event  r eent r ai nment  of  col l ect ed mat er i al  i nt o t he gas st r eam.   The 
hopper  bot t om shal l  be pr ovi ded wi t h r apper s or  f l ui di z i ng pads and a 
hopper  val l ey angl e of  60 degr ees and shal l  be f r ee of  pocket s,  r i bs,  f i ns,  
or  any ot her  obst r uct i on t o hol d or  i nt er f er e wi t h f r ee r el ease of  
col l ect ed mat er i al  t o t he out l et .   The out l et  shal l  be pr ovi ded wi t h [ a 
gui l l ot i ne- t ype s l i de gat e]  [ a manual l y- oper at ed r ot ar y l ock]  [ a 
mot or - dr i ven r ot ar y l ock] .   The hopper  shal l  be pr ovi ded wi t h a poke hol e 
and gasket ed access door  and shal l  have a col l ect ed mat er i al  l evel  
i ndi cat or  f or  [ l ocal  i ndi cat i on]  [ l ocal  i ndi cat i on wi t h t er mi nal s f or  
wi r i ng t o a r emot e i ndi cat or ] .   [ The l evel  i ndi cat or  shal l  i ncl ude a hi gh 
mat er i al  l evel  audi bl e al ar m. ]   [ The hopper  shal l  be pr ovi ded wi t h el ect r i c  
heat i ng coi l s,  modul es,  or  bl anket s t o keep col l ect ed mat er i al  dr y and f r ee 
f l owi ng wi t h t he uni t  i nst al l ed out door s and out  of  ser vi ce i n a l ocal  
wi nt er  out door  desi gn t emper at ur e of  [ _____]  degr ees C degr ees F] .   [ The 
capaci t y of  t he heat i ng coi l  modul e or  bl anket  shal l  be as shown. ]   [ The 
heat i ng coi l  modul e or  bl anket ' s s i ze shal l  be based on t he ambi ent  
t emper at ur e of  [ _____]  degr ees C degr ees F] .
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2. 14. 6   Wet  Scr ubber

**************************************************************************
NOTE:   Sel ect  scr ubber  t ype based on ef f i c i ency 
r equi r ed.   Wet  scr ubber s ar e used f or  t he r emoval  of  
gaseous pol l ut ant s such as sul f ur  oxi des,  ni t r ogen 
oxi des,  and ot her  gaseous mat er i al s f r om boi l er  f l ue 
gases.   Removal  of  sul f ur  oxi des ( f l ue gas 
desul f ur i zat i on)  i s  cover ed by Par agr aphs " Wet  Fl ue 
Gas Desul f ur i zat i on Syst em"  and " Spr ay Dr yer  Fl ue 
Gas Desul f ur i zat i on Syst em" .   Wet  scr ubber s wi l l  
al so r emove f umes,  mi st s,  dust s,  and smoke par t i c l es 
f r om l abor at or y f ume hood and wel di ng boot h 
exhaust s.   Wi t h appr opr i at e adsor bent s t hey can 
col l ect  vapor s of  pai nt  t hi nner s and sol vent s.   They 
can handl e boi l er  f l ue gases as hi gh as 371 degr ees C
 700 degr ees F,  but  i mpose a heavy wat er  demand f or  
evapor at i ve cool i ng causi ng a heavy wat er  vapor  
pl ume f r om t he chi mney.   Thi s wat er  use al so 
i ncr eases f l ue and chi mney condensat i on and possi bl e 
cor r osi on damage.   Those pr obl ems can be mi ni mi zed 
wi t h a heat  exchanger  wi t h a pump and wat er  coi l s  t o 
pr ecool  t he hot  f l ue gas t o t he scr ubber  and del i ver  
t he r ecover ed heat  t o t he r el at i vel y cool  c l eaned 
gas out  of  t he scr ubber ,  as r equi r ed.   Any sur pl us 
heat  can be used f or  ot her  heat i ng appl i cat i ons.   
The scr ubber  r equi r es a wat er  and chemi cal s suppl y 
syst em wi t h pr obl ems of  s l ur r y or  s l udge r emoval ;  
chemi cal s st or age,  mi xi ng,  f eedi ng,  and moni t or i ng;  
and cor r osi on pr event i on of  wet t ed par t s.   Si nce t he 
scr ubber  syst em i s r el at i vel y cost l y t o i nst al l  and 
oper at e,  car e shoul d be exer ci sed t o l i mi t  i t s  use 
t o t he f unct i on t hat  onl y i t  can per f or m.   I n 
addi t i on t o i t s  pr i mar y f unct i on of  r emovi ng gaseous 
pol l ut ant s,  i t  wi l l  al so r emove par t i cul at es.   I n 
addi t i on t o wat er  sour ces shown wi t hi n br acket s,  
t her e may be ot her  sour ces such as r ecycl ed wat er  
f r om wast e t r eat ment  pl ant  among ot her s.   I nser t  
sour ce wi t hi n br acket s and del et e t he ot her s.

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

Uni t  shal l  compl y wi t h I CAC G- 1, I CAC WS- 1, I CAC WS- 3,  and I CAC WS- 4 as a 
wet  scr ubber  f or  r emovi ng gases,  f umes,  and par t i cul at es f r om t he ai r  
exhaust ed f r om [ wel di ng]  [ and]  [ pai nt  spr ay]  boot hs [ and f r om [ _____] ] .   
Scr ubber  shal l  be one of  t he t ypes i dent i f i ed by I CAC WS- 3 as a [ vent ur i , ]  
[ spr ay, ]  [ t r ay, ]  [ f i xed packed bed, ]  [ mobi l e bed, ]  [ i mpi ngement , ]  [ or ]  
[ ent r ai nment ]  t ype [ or  a combi nat i on of  t hese t ypes] .   Uni t  shal l  empl oy a 
smal l  quant i t y of  wat er  or  chemi cal  neut r al i z i ng wat er  sol ut i on t o pr ovi de 
f or  maxi mum scour i ng and pol l ut ant  r emoval  of  t he gas st r eam.   Wat er  demand 
r at es of  l ess t han 0. 13 L/ second per  cubi c met er  per  second one gpm per  
1000 cf m of  pr ocessed gases shal l  use [ pot abl e]  [ cool i ng t ower  bl owdown]  
[ _____]  wat er  wi t h wast e t o dr ai n.   Wat er  demand i n excess of  t he above 
f l ow r at e shal l  pr ovi de f or  r eci r cul at i on of  t he washi ng l i quor .   Uni t  
shal l  be pr ovi ded wi t h [ an aut omat i c wat er  suppl y cont r ol  val ve, ]  [ a 
f l oat - oper at ed wat er  l evel  cont r ol  val ve, ]  [ a t ot al i z i ng wat er  met er , ]  
st r ai ner ,  and wat er  pr essur e gauge.
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2. 14. 6. 1   Chemi cal  Syst em

**************************************************************************
NOTE:   I nvest i gat e user  agency,  f aci l i t y  oper at i on,  
and mai nt enance st andar ds and pr ocedur es;  anal yze 
t he pol l ut i on cont r ol  equi pment ' s  consumpt i on of  
mat er i al s;  conf er  wi t h equi pment  suppl i er s;  and 
det er mi ne t he opt i mum t i me per i od f or  r eser ve 
capaci t y.   Sel ect  t he " r eser ve"  t i me per i od,  and 
del et e al l  ot her  per i ods.   The above i nvest i gat i on 
wi l l  al so det er mi ne i f  t he l ast  sent ence wi t hi n t he 
br acket s shoul d be r et ai ned or  del et ed.

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

Each uni t  r equi r i ng neut r al i z i ng chemi cal  addi t i ves shal l  be pr ovi ded wi t h 
a compl et e aut omat i c chemi cal  moni t or i ng,  cont r ol ,  mi x i ng,  f eedi ng,  and 
r eser ve st or age syst em.   The chemi cal  syst em shal l  have a r eser ve capaci t y 
f or  [ [ 24]  [ 36]  [ 48]  hour s]  [ [ 3]  [ 7]  [ 10]  days]  of  cont i nuous scr ubber  
oper at i on at  desi gn condi t i ons wi t hout  r equi r i ng ser vi c i ng.   [ Component s 
t hat  must  be t aken out  of  ser vi ce f or  r out i ne mai nt enance or  chemi cal  
l oadi ng shal l  be pr ovi ded i n dupl i cat e ar r anged f or  t r ansf er  by manual  
oper at i on of  swi t ches and val ves. ]

2. 14. 6. 2   Scrubber

Scr ubber  shal l  be f l ui d- t i ght  const r uct i on of  [ gl ass f i br e r ei nf or ced 
pol yest er ]  [ r ol l ed l ow- car bon st eel  coat ed wi t h coal - t ar  enamel ]  [
ASTM A302/ A302M st ai nl ess st eel ]  [ ASTM A240/ A240M st ai nl ess st eel ] .   Uni t  
shal l  be pr ovi ded wi t h l eak- t i ght  v i ewi ng wi ndows and access door s t o 
per mi t  appr ai sal  of  ent i r e oper at i on as wel l  as f ul l  access f or  al l  ser vi ce 
oper at i ons or  par t s r epl acement .   Vanes,  baf f l es,  def l ect or s,  or  di f f user  
pl at es shal l  pr ovi de f or  uni f or m gas f l ow t hr ough t he pr ocessi ng ar ea.  
Scr ubber  shal l  be f act or y assembl ed,  pi ped,  and wi r ed on f l oor  mount ed 
wel ded st eel  bases as i ndi cat ed.

2. 14. 6. 3   Reci r cul at i on Pumps

**************************************************************************
NOTE:   Det er mi ne i f  f aci l i t y  wi l l  r equi r e cont i nuous 
oper at i on or  i f  i t  can be shut  down or  i f  t he 
pol l ut i on cont r ol  equi pment  can be out  of  ser vi ce 
f or  ext ended per i ods.   I f  cont i nuous oper at i on i s 
r equi r ed,  sel ect  wor di ng f or  dupl i cat e pumps and 
r emove br acket s.

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

Uni t  r equi r i ng r eci r cul at i on of  t he scr ubbi ng l i quor  shal l  be pr ovi ded wi t h 
[ di r ect ]  el ect r i c  mot or  cent r i f ugal  pumps [ i n dupl i cat e]  t o conf or m t o 
HI  3. 1- 3. 5.  Pumps shal l  devel op t he syst em pr essur e head r equi r ed by t he 
scr ubber .   Mat er i al s,  const r uct i on,  r at i ngs,  appl i cat i on,  and t est i ng shal l  
conf or m t o t he st andar ds and r ecommendat i ons of  HI  3. 1- 3. 5 f or  cor r osi on 
r esi st ant  oper at i on of  pumpi ng t he scr ubber  l i quor .   [ A manual  sel ect or  
swi t ch shal l  be pr ovi ded f or  sel ect i on of  " Lead"  and " Lag"  oper at i on of  t he 
dupl i cat e pumps. ]   Each pump shal l  have a di schar ge pr essur e gauge 
appr opr i at e f or  t he pump head and a l ow pr essur e l i mi t  swi t ch t o [ s t ar t  t he 
backup pump]  [ and]  [ c l ose a c i r cui t  f or  an al ar m] .   Pumps shal l  be pr ovi ded 
wi t h cor r osi on- r esi st ant  st r ai ner s,  val ves,  and pi pi ng sui t abl e f or  t he 
syst em and t he gas t o be pr ocessed.   [ Pumps f or  met er i ng t he f eed r at e of  
scr ubber  chemi cal  addi t i ves shal l  be pr ovi ded wi t h [ manual ]  [ aut omat i c]  
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means f or  var yi ng t he f eed r at e. ]

2. 14. 6. 4   Pi pi ng Mat er i al s

**************************************************************************
NOTE:   Del et e i nappl i cabl e mat er i al s and equi pment .   
Pi pe,  f i t t i ng,  and val ve mat er i al s l i s t ed i n t hi s 
sect i on ar e sui t abl e f or  wat er  ser vi ce,  but  not  f or  
cor r osi ve,  er osi ve,  and some pet r ol  ser vi ces.   The 
desi gner  shoul d sel ect  t he pr oper  al l oy ( e. g. ,  
st ai nl ess st eel  304,  316,  et c. ) ,  r ubber  or  ot her  
el ast omer  l i ni ng or  pl ast i c f or  t hese and ot her  
appl i cat i ons wher e t he chemi st r y of  t he pr ocess 
shal l  di ct at e mat er i al  sel ect i on.

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

Pi pi ng mat er i al s  shal l  be compat i bl e wi t h t he scr ubber  f l ui ds.

2. 14. 6. 5   Scr ubber  Col l ect or  Syst em

Each scr ubber  r equi r i ng t he use of  chemi cal  addi t i ves shal l  be pr ovi ded 
wi t h a syst em f or  r emovi ng and dewat er i ng t he col l ect ed mat er i al  and 
chemi cal  r esi dues of  t he scr ubber  pr ocess.   Rel at ed equi pment  and cont r ol s 
shal l  be pr ovi ded.   Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he 
i nl et  and out l et  duct s connect i ng t o t he col l ect or .

2. 14. 7   Dr y Fabr i c Col l ect or  f or  Boi l er  Fl ue Gases

**************************************************************************
NOTE:   Dr y f abr i c col l ect or s ar e hi ghl y ef f ect i ve i n 
r emovi ng up t o 99. 9 per cent  by wei ght  of  
par t i cul at es of  submi cr on s i ze and l ar ger  f r om gas 
st r eams of  mor e t han 229 mg per  cubi c met er  0. 1 
gr ai n ( wei ght )  per  cubi c f oot .   Emi ssi ons wi l l  
consi st ent l y be l ess t han 11 mg per  cubi c met er  
0. 005 gr ai n/ act ual  cubi c f oot .   Fabr i cs ar e 
avai l abl e f or  gas st r eams up t o 288 degr ees C 550 
degr ees F and ar e of t en used f or  par t i cul at e r emoval  
f r om coal  handl i ng oper at i ons and boi l er  f l ue 
gases.   Fi br e sel ect i on and f abr i c const r uct i on and 
f i ni sh ar e ext r emel y cr i t i cal  t o t he per f or mance and 
ser vi ce l i f e of  a dr y f abr i c col l ect or .   Chemi cal ,  
t emper at ur e and abr asi on r esi st ance,  st r engt h,  and 
di mensi onal  st abi l i t y  ar e i mpor t ant  f i br e sel ect i on 
consi der at i ons.   Fabr i c weave,  wei ght ,  f i ni sh,  and 
di mensi onal  st abi l i t y  ar e maj or  f abr i c 
r equi r ement s.   Fabr i c f i l t er s can be har med by 
cor r osi ve chemi cal s.   I t  may be necessar y t o scr ub 
t he gas pr i or  t o t he dr y f abr i c col l ect or .   I CAC F- 2 
summar i zes f i br e and f abr i c sel ect i on par amet er s.   
The space r equi r ement  i s  r at her  l ar ge and pr essur e 
dr op i s t ypi cal l y  i n t he 1. 02 kPa t o 1. 53 kPa 4 t o 6 
i nch wat er  gauge r ange.   An i mpor t ant  consi der at i on 
i s whet her  t he pr ocessed st r eam can be i nt er r upt ed,  
such as a nonpr oduct i on t ype wel di ng f aci l i t y  
exhaust ,  or  i f  i t  must  r emai n i n cont i nuous 
oper at i on,  such as f or  a base boi l er  pl ant .   I f  t he 
pr ocess i s r el at i vel y smal l  and t he dust  l oadi ng i s 
r el at i vel y l i ght ,  or  i f  t he pr ocess i s i nt er mi t t ent ,  
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i t  may be desi r abl e and economi c t o use r epl aceabl e 
deep pocket  t ype or  aut omat i c movi ng medi a t ype 
f i l t er s.   I f  t he l oadi ng i s hi gh and pr ocess must  
not  be i nt er r upt ed,  a c l eanabl e baghouse t ype uni t  
may be desi r ed.

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

Uni t  shal l  be t ype i dent i f i ed as [ an unsuppor t ed t ubul ar  [ uni bag]  
[ mul t i bag]  [ s i de ent r y]  [ t op ent r y]  t ype]  [ a suppor t ed f i l t er  el ement  
[ t ubul ar ]  [ or ]  [ envel ope]  t ype] .   Fabr i c col l ect or s shal l  compl y wi t h 
I CAC F- 2 and I CAC F- 3.   The col l ect or  pr ovi ded shal l  be coor di nat ed wi t h 
t he boi l er  combust i on cont r ol  and saf et y syst em so as t o assur e t hat  t he 
boi l er s oper at e wi t hi n desi gn condi t i ons t hr oughout  ent i r e oper at i ng r ange 
at  desi gn capaci t y of  t he col l ect or .   The col l ect or  shal l  be an I CAC 
[ st andar d col l ect or ,  Type I I I ,  medi um- t o- heavy dut y,  usual l y cont i nuous 
ser vi ce c l eani ng gases at  [ _____]  degr ees C degr ees F]  [ speci al  or  
cust om- desi gned col l ect or ,  Type I V,  heavy dut y cont i nuous ser vi ce c l eani ng 
gases at  [ _____]  degr ees C degr ees F] .

2. 14. 7. 1   Fi l t er  Cl eani ng

**************************************************************************
NOTE:   I n t he l ast  sent ence,  t hr ee f i l t er  c l eani ng 
met hods ar e avai l abl e,  any or  al l  of  whi ch may be 
al l owed dependi ng upon si t e condi t i ons and avai l abl e 
ut i l i t i es.   Under  t he pr esent  st at e of  t he ar t ,  t he 
use of  compr essed ai r  pul se j et  c l eani ng shoul d be 
l i mi t ed t o syst ems bel ow 142 cubi c met er  per  second 
300, 000 acf m ( act ual  cf m) .   Ef f or t s t o r educe f l ue 
gas pr essur e dr op i n f abr i c col l ect or s have l ed t o 
t he devel opment  of  mor e v i gor ous c l eani ng met hods,  
i n par t i cul ar ,  t he use of  soni c hor ns i n combi nat i on 
wi t h convent i onal  ai r  exchange cl eani ng met hods,  
such as r ever se ai r ,  pul sed j et ,  or  shake/ def l at e.   
Up t o 60 per cent  r educt i on i n pr essur e dr op has been 
r eal i zed usi ng soni c hor ns wi t h no det er i or at i on i n 
par t i cul at e emi ssi on l evel s.   Pr essur e l evel ,  
f r equency,  power  l evel s,  and spat i al  di st r i but i on of  
hor ns wi t hi n t he col l ect or  compar t ment  ar e al l  
i mpor t ant  speci f i cat i on cr i t er i a.

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

Fi l t er  el ement  c l eani ng shal l  be aut omat i cal l y  i ni t i at ed and execut ed [ on 
an adj ust abl e pr ogr ammer  t i me cycl e]  [ by oper at i on of  an adj ust abl e hi gh 
f i l t er  pr essur e dr op swi t ch] .   Cl eani ng shal l  be accompl i shed by power ed 
vi br at or  or  shaker  devi ces,  r ever se c l eaned ai r  f l ow wi t h [ posi t i ve]  
[ negat i ve]  ai r  pr essur e i n t he uni t ,  a combi nat i on of  shaker  and r ever se 
ai r  f l ow [ or  compr essed ai r  pul se j et  c l eani ng] .   [ Fi l t er  el ement  c l eani ng 
shal l  i ncl ude soni c hor ns. ]

2. 14. 7. 2   Fi l t er  Encl osur e

Fi l t er  encl osur e shal l  be f abr i cat ed of  [ 4. 8 mm 3/ 16 i nch]  [ 6. 4 mm 1/ 4 i nch
]  [ l ow car bon]  [ cor r osi on r esi st ant ]  st eel  of  wel ded or  bol t ed const r uct i on 
or  combi nat i ons t her eof .   Encl osur e sheet s shal l  be gi ven suppor t i ng 
st r engt h and r i gi di t y by f ol di ng or  bendi ng or  shal l  be suppor t ed on 
suppl ement al  st r uct ur al  st eel  shapes.   Uni t  shal l  be pr ovi ded wi t h gas 
i nl et  and out l et  connect i ons and baf f l es,  vanes,  def l ect or s,  or  l ow 
f r i c t i on di f f user  pl at es t hat  wi l l  i nsur e uni f or m gas f l ow t o al l  el ement s 
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of  t he f abr i c syst em wi t hout  causi ng f l ut t er ,  v i br at i on,  or  er osi on of  t he 
f abr i c.   Hi nged,  l at ched,  and gasket ed access door s shal l  be pr ovi ded f or  
al l  par t s and ar eas t hat  r equi r e i nspect i on or  ser vi ce.   Fabr i c el ement s 
shal l  be secur ed and suppor t ed by i nt er nal  r i ngs or  equi val ent  met hod so 
t hat  t he ent i r e f abr i c sur f ace i s  so depl oyed t hat  gas f l ow and par t i cul at e 
col l ect i on wi l l  be uni f or m over  ent i r e wor ki ng sur f ace.   Dust  sheddi ng 
pr oper t i es shal l  be uni f or m so t hat  ent i r e f abr i c sur f ace wi l l  be equal l y 
c l ear ed by a c l eani ng oper at i on wi t hout  damage t o medi a ot her  t han nor mal  
ser vi ce wear .   Medi a shal l  be ar r anged i n el ement s,  sect i ons,  pocket s,  or  
t ubes t hat  can be handl ed,  r emoved,  r epl aced,  and secur ed wi t hout  speci al  
facilities.

2. 14. 7. 3   Col l ect or  Cl eani ng

Uni t s shal l  be pr ovi ded wi t h means f or  i sol at i ng a compar t ment  or  sect i on 
f or  c l eani ng whi l e ot her  compar t ment s ar e per f or mi ng t hei r  nor mal  dust  
r emoval  f unct i on.   Compar t ment  i sol at i on shal l  ef f ect i vel y pr event  
r eent r ai nment  of  t he par t i cul at e dur i ng t he c l eani ng oper at i on.   Uni t  
r at i ng shal l  be based upon oper at i on wi t h one sect i on out  f or  c l eani ng.  
Cl eani ng oper at i on shal l  be [ oper at or  i ni t i at ed and execut ed by manual l y 
oper at i ng t he c l eani ng cycl e on each compar t ment  i n sequence unt i l  al l  
f i l t er s have been cl eaned]  [ oper at or  i ni t i at ed t o have t he f i l t er s c l eaned 
aut omat i cal l y  one compar t ment  at  a t i me unt i l  al l  f i l t er s have been 
cl eaned]  [ aut omat i cal l y  i ni t i at ed by an adj ust abl e f i l t er  ai r  pr essur e dr op 
swi t ch oper at i ng at  a hi gh pr essur e set  poi nt  t o i ni t i at e t he f i l t er  
c l eani ng oper at i on]  [ aut omat i cal l y  i ni t i at ed by a t i mer  t o i ni t i at e t he 
f i l t er  c l eani ng oper at i on] .   Once st ar t ed,  t he c l eani ng oper at i on shal l  
pr ogr essi vel y c l ean one compar t ment  at  a t i me unt i l  al l  f i l t er s ar e 
c l eaned.   Removal  of  col l ect ed par t i cul at e shal l  be by di schar gi ng f r om a 
hopper  bel ow.   Col l ect or  manuf act ur er  shal l  pr ovi de al l  of  t he component s 
r equi r ed f or  t he ent i r e c l eani ng oper at i on i ncl udi ng [ manual  r apper s]  
[ mot or i zed r apper s]  [ r ot ar y ai r  val ve]  [ manual  damper s]  [ mot or i zed damper s]  
[ compr essed ai r  sur ge r ecei ver ]  [ ai r  compr essor  wi t h r ecei ver ,  mot or  dr i ve,  
and cont r ol s]  [ bl ast  or  pul se j et  cont r ol s,  nozzl es,  and val ves]  [ shaker  or  
f l ut t er  bl ower ,  mot or ,  dr i ve,  and cont r ol s] .   [ Aut omat i c oper at i ons shal l  
be pr ovi ded wi t h a manual  over r i de f or  st ar t i ng,  s t oppi ng,  i nt er r upt i ng,  
and r est ar t i ng oper at i on. ]

2. 14. 7. 4   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he col l ect or .

2. 14. 7. 5   Fl ue Gas Dust  Col l ect or s Desi gned f or  I n- Pl ace Cl eani ng

Dust  col l ect or s desi gned and const r uct ed f or  i n- pl ace c l eani ng of  t he 
f abr i c shal l  be pr ovi ded wi t h a [ 3. 4]  [ 4. 8]  [ 6. 4]  mm [ 10 gauge]  [ 3/ 16 i nch]  
[ 1/ 4 i nch]  [ l ow car bon]  [ cor r osi on r esi st ant ]  st eel  s l oped bot t om dust  
st or age hopper  havi ng t he dust  hol di ng capaci t y as i ndi cat ed.   Col l ect or  
and hopper  syst em shal l  be const r uct ed t o mi ni mi ze r eent r ai nment  of  
col l ect ed mat er i al  i nt o t he gas st r eam.   The hopper  bot t om shal l  be 
pr ovi ded wi t h r apper s or  f l ui di z i ng pads and shal l  have a hopper  val l ey 
angl e of  60 degr ees f r om t he hor i zont al  and shal l  be f r ee of  pocket s,  r i bs,  
f i ns,  or  any ot her  obst r uct i on t o hol d or  i nt er f er e wi t h f r ee and compl et e 
r el ease of  al l  col l ect ed mat er i al  t o t he out l et .   Out l et  shal l  be pr ovi ded 
wi t h [ a gui l l ot i ne- t ype s l i de gat e]  [ a mot or - dr i ven r ot ar y l ock]  [ aut omat i c 
l ock hopper s] .   Hopper  shal l  be pr ovi ded wi t h a poke hol e and gasket ed 
access door ,  and shal l  have a col l ect ed mat er i al  l evel  i ndi cat or  f or  [ l ocal  
i ndi cat i on]  [ l ocal  i ndi cat i on wi t h t er mi nal s f or  wi r i ng t o a r emot e 
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i ndi cat or ] .   Level  i ndi cat or  shal l  i ncl ude a hi gh mat er i al  l evel  audi bl e 
al ar m.   [ Hopper  shal l  be pr ovi ded wi t h el ect r i c  heat i ng coi l s,  modul es,  or  
bl anket s t o keep col l ect ed mat er i al  dr y and f r ee f l owi ng wi t h t he uni t  
i nst al l ed out door s and out  of  ser vi ce i n a l ocal  wi nt er  out door  desi gn 
t emper at ur e of  [ _____]  degr ees C degr ees F] .

2. 14. 8   Dr y Fabr i c Col l ect or  f or  Dust  Cont r ol

**************************************************************************
NOTE:   Dr y f abr i c col l ect or s ar e hi ghl y ef f ect i ve i n 
r emovi ng up t o 99. 9 per cent  by wei ght  of  
par t i cul at es of  submi cr on s i ze and l ar ger  f r om gas 
st r eams of  mor e t han 229 mg per  cubi c met er  0. 1 
gr ai n ( wei ght )  per  cubi c f oot .   Emi ssi ons wi l l  
consi st ent l y be l ess t han 11 mg per  cubi c met er  
0. 005 gr ai n/ act ual  cubi c f oot .   Fabr i cs ar e 
avai l abl e f or  gas st r eams up t o 288 degr ees C 550 
degr ees F and ar e of t en used f or  par t i cul at e r emoval  
f r om coal  handl i ng oper at i ons and boi l er  f l ue 
gases.   Fi br e sel ect i on and f abr i c const r uct i on and 
f i ni sh ar e ext r emel y cr i t i cal  t o t he per f or mance and 
ser vi ce l i f e of  a dr y f abr i c col l ect or .   Chemi cal ,  
t emper at ur e and abr asi on r esi st ance,  st r engt h,  and 
di mensi onal  st abi l i t y  ar e i mpor t ant  f i br e sel ect i on 
consi der at i ons.   Fabr i c weave,  wei ght ,  f i ni sh,  and 
di mensi onal  st abi l i t y  ar e maj or  f abr i c 
r equi r ement s.   Fabr i c f i l t er s can be har med by 
cor r osi ve chemi cal s.   I t  may be necessar y t o scr ub 
t he gas pr i or  t o t he dr y f abr i c col l ect or .   I CAC F- 2 
summar i zes f i br e and f abr i c sel ect i on par amet er s.   
The space r equi r ement  i s  r at her  l ar ge and pr essur e 
dr op i s t ypi cal l y  i n t he 1. 02 kPa t o 1. 53 kPa 4 t o 6 
i nch wat er  gauge r ange.   An i mpor t ant  consi der at i on 
i s whet her  t he pr ocessed st r eam can be i nt er r upt ed,  
such as a nonpr oduct i on t ype wel di ng f aci l i t y  
exhaust ,  or  i f  i t  must  r emai n i n cont i nuous 
oper at i on,  such as f or  a base boi l er  pl ant .   I f  t he 
pr ocess i s r el at i vel y smal l  and t he dust  l oadi ng i s 
r el at i vel y l i ght ,  or  i f  t he pr ocess i s i nt er mi t t ent ,  
i t  may be desi r abl e and economi c t o use r epl aceabl e 
deep pocket  t ype or  aut omat i c movi ng medi a t ype 
f i l t er s.   I f  t he l oadi ng i s hi gh and pr ocess must  
not  be i nt er r upt ed,  a c l eanabl e baghouse t ype uni t  
may be desi r ed.

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

Uni t  shal l  be t ype i dent i f i ed as [ an unsuppor t ed t ubul ar  [ uni bag]  
[ mul t i bag]  [ s i de ent r y]  [ t op ent r y]  t ype. ]  [ a suppor t ed f i l t er  el ement  
[ t ubul ar ]  [ or ]  [ envel ope]  t ype. ]   Fabr i c col l ect or  shal l  compl y wi t h 
I CAC F- 2 and I CAC F- 3.   The col l ect or  shal l  be an I CAC EP- 1 [ uni t ,  Type I ,  
f or  l i ght  dut y,  i nt er mi t t ent  ser v i ce c l eani ng gases at  or  near  r oom 
t emper at ur e. ]  [ s t andar d col l ect or ,  Type I I ,  f or  l i ght - t o- medi um dut y 
[ i nt er mi t t ent ]  [ cont i nuous]  ser vi ce c l eani ng gases at  cont i nuous 
t emper at ur es f r om r oom t emper at ur e t o 135 degr ees C 275 degr ees F]  
[ st andar d col l ect or ,  Type I I I ,  f or  medi um t o heavy dut y 260 degr ees C 500 
degr ees F]  [ speci al  or  cust om desi gned col l ect or ,  Type I V,  heavy dut y 
cont i nuous ser vi ce c l eani ng gases at  [ _____]  degr ees C degr ees F] .
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2. 14. 8. 1   Fi l t er  Cl eani ng

**************************************************************************
NOTE:   The choi ce of  f i l t er  c l eani ng met hods shoul d 
be based on s i t e condi t i ons,  avai l abl e ut i l i t i es,  
and oper at i onal  r equi r ement s.   For  exampl e,  dust  
cont r ol  of  coal  bunker i ng i s usual l y i nt er mi t t ent  as 
r el at ed t o ar r i val  of  coal  t r anspor t er s and does not  
war r ant  a f ul l y  aut omat i c cont i nuous oper at i on 
f aci l i t y .   Under  t he pr esent  st at e- of - t he- ar t ,  t he 
use of  pul se j et  c l eani ng shoul d be l i mi t ed t o 
syst ems up t o 142 cubi c met er s per  second 300, 000 
acf m ( act ual  cf m) .

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

Fi l t er  c l eani ng of  col l ect or  uni t s pr ocessi ng ai r  or  gas st r eams at  or  near  
ambi ent  t emper at ur es,  shal l  be [ manual l y i ni t i at ed and execut ed by 
[ oper at i ng t he r equi r ed damper s and cl eani ng devi ces] ]  [ aut omat i cal l y  
i ni t i at ed and execut ed [ on an adj ust abl e or  t i med cycl e]  [ by oper at i on of  
an adj ust abl e hi gh f i l t er  pr essur e dr op swi t ch] ] .   [ Power ed cl eani ng shal l  
be f or  [ i nt er mi t t ent ]  [ cont i nuous]  ser vi ce empl oyi ng [ power ed vi br at or  or  
shaker  devi ces]  [ r ever se ai r  f l ow wi t h at mospher i c  ai r  and]  [ r ever se 
c l eaned ai r  pr essur i zed ai r  f l ow wi t h]  [ posi t i ve]  [ negat i ve]  ai r  pr essur e 
i n t he uni t  [ compr essed ai r  pul se j et  c l eani ng]  [ of  i ndi v i dual  or  a f ew 
el ement s]  [ of  an ent i r e compar t ment ] . ]  [ Fi l t er  el ement  c l eani ng shal l  
i ncl ude soni c hor ns. ]

2. 14. 8. 2   Fi l t er  Encl osur e Const r uct i on

The f i l t er  encl osur e shal l  be f abr i cat ed of  [ 3. 4]  [ 4. 8]  [ 6. 4]  mm [ 10 gauge]  
[ 3/ 16 i nch]  [ 1/ 4 i nch]  [ l ow car bon]  [ cor r osi on r esi st ant ]  st eel  of  wel ded 
or  bol t ed const r uct i on or  combi nat i ons t her eof .   Encl osur e sheet s shal l  be 
gi ven suppor t i ng st r engt h and r i gi di t y by f ol di ng or  bendi ng or  shal l  be 
suppor t ed on suppl ement al  st r uct ur al  st eel  shapes.   Uni t  shal l  be pr ovi ded 
wi t h gas i nl et  and out l et  connect i ons and baf f l es,  vanes,  def l ect or s,  or  
l ow f r i c t i on di f f user  pl at es t hat  wi l l  i nsur e uni f or m gas f l ow t o al l  
el ement s of  t he f abr i c syst em wi t hout  causi ng f l ut t er ,  v i br at i on,  or  
er osi on of  t he f abr i c.   Hi nged,  l at ched,  and gasket ed access door s shal l  be 
pr ovi ded f or  al l  par t s and ar eas t hat  r equi r e i nspect i on or  ser vi ce.   
Fabr i c el ement s shal l  be secur ed and suppor t ed i n a manner  t o have t he 
ent i r e f abr i c sur f ace so depl oyed t hat  gas f l ow and par t i cul at e col l ect i on 
wi l l  be uni f or m over  t he ent i r e wor ki ng sur f ace.   Dust  sheddi ng pr oper t i es 
shal l  be uni f or m so t hat  t he ent i r e f abr i c sur f ace wi l l  be equal l y c l ear ed 
by a c l eani ng oper at i on wi t hout  damage t o t he medi a ot her  t han nor mal  
ser vi ce wear .   Medi a shal l  be ar r anged i n el ement s,  sect i ons,  pocket s,  or  
t ubes t hat  can be handl ed,  r emoved,  r epl aced,  and secur ed wi t hout  speci al  
facilities.

2. 14. 8. 3   I nt er mi t t ent  and Cont i nuous Ser vi ce Uni t s

[ I nt er mi t t ent  ser vi ce uni t s shal l  be equi pped wi t h [ washabl e]  
[ c l eani ng- i n- pl ace]  f abr i c f i l t er s. ]  [ Cont i nuous ser vi ce uni t s shal l  be 
pr ovi ded wi t h means f or  i sol at i on of  a compar t ment  or  sect i on f or  c l eani ng 
whi l e ot her  compar t ment s ar e per f or mi ng t hei r  nor mal  dust  r emoval  
f unct i on.   Compar t ment  i sol at i on shal l  ef f ect i vel y pr event  r eent r ai nment  of  
par t i cul at e dur i ng t he c l eani ng oper at i on. ]   Uni t  r at i ng shal l  be based 
upon oper at i on wi t h one sect i on out  f or  c l eani ng.   Cl eani ng oper at i on shal l  
be [ oper at or  i ni t i at ed and execut ed by manual l y oper at i ng t he c l eani ng 
cycl e on each compar t ment  i n sequence unt i l  al l  f i l t er s have been c l eaned]  
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[ oper at or  i ni t i at ed t o have t he f i l t er s c l eaned aut omat i cal l y  one 
compar t ment  at  a t i me unt i l  al l  f i l t er s have been cl eaned]  [ aut omat i cal l y  
i ni t i at ed by an adj ust abl e f i l t er  ai r  pr essur e dr op swi t ch oper at i ng at  a 
hi gh pr essur e set  poi nt  t o i ni t i at e t he f i l t er  c l eani ng oper at i on]  
[ aut omat i cal l y  i ni t i at ed by a t i mer  t o i ni t i at e f i l t er  c l eani ng 
oper at i on] .   Once st ar t ed,  t he c l eani ng oper at i on shal l  pr ogr essi vel y c l ean 
one compar t ment  at  a t i me unt i l  al l  f i l t er s ar e c l eaned.   Removal  of  
col l ect ed par t i cul at e shal l  be by [ r aki ng out ]  [ r emoval  and dumpi ng of  a 
par t i cul at e pan or  t r ay]  [ dr ai ni ng f r om a hopper  bel ow] .   Col l ect or  
manuf act ur er  shal l  pr ovi de al l  of  t he component s r equi r ed f or  t he ent i r e 
c l eani ng oper at i on i ncl udi ng [ manual  r apper s]  [ mot or i zed r apper s]  [ manual  
damper s]  [ mot or i zed damper s]  [ compr essed ai r  sur ge r ecei ver ]  [ ai r  
compr essor  wi t h r ecei ver ,  mot or ,  dr i ve,  and cont r ol s]  [ bl ast  or  pul se j et  
cont r ol s,  nozzl es,  and val ves]  [ shaker  or  f l ut t er  bl ower ,  mot or ,  dr i ve,  and 
cont r ol s]  [ t r avel i ng r i ng component s] .   [ Aut omat i c  oper at i ons shal l  be 
pr ovi ded wi t h a manual  over r i de f or  st ar t i ng,  st oppi ng,  i nt er r upt i ng,  and 
r est ar t i ng oper at i on. ]

2. 14. 8. 4   Test  Connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he col l ect or .

2. 14. 8. 5   Dust  Col l ect or s Desi gned f or  I n- Pl ace Cl eani ng

Dust  col l ect or s desi gned and const r uct ed f or  i n- pl ace c l eani ng of  t he 
f abr i c shal l  be pr ovi ded wi t h a [ 3. 4]  [ 4. 8]  [ 6. 4]  mm [ 10 gauge]  [ 3/ 16 i nch]  
[ 1/ 4 i nch]  [ l ow car bon]  [ cor r osi on r esi st ant ]  st eel  s l oped bot t om dust  
st or age hopper  havi ng t he dust  hol di ng capaci t y as i ndi cat ed.   Col l ect or  
and hopper  syst em shal l  be const r uct ed t o mi ni mi ze r eent r ai nment  of  
col l ect ed mat er i al  i nt o t he gas st r eam.   Hopper  bot t om shal l  be pr ovi ded 
wi t h r apper s or  f l ui di z i ng pads and t he hopper  val l ey angl e shal l  be 60 
degr ees f r om t he hor i zont al  and shal l  be f r ee of  pocket s,  r i bs,  f i ns,  or  
any ot her  obst r uct i on t o hol d or  i nt er f er e wi t h f r ee and compl et e r el ease 
of  al l  col l ect ed mat er i al  t o t he out l et .   Out l et  shal l  be pr ovi ded wi t h [ a 
gui l l ot i ne- t ype s l i de gat e]  [ a manual l y- oper at ed r ot ar y l ock]  [ a 
mot or - dr i ven r ot ar y l ock]  [ aut omat i c l ock hopper s] .   Hopper  shal l  be 
pr ovi ded wi t h a poke hol e and gasket ed access door ,  and shal l  have a 
col l ect ed mat er i al  l evel  i ndi cat or  f or  [ l ocal  i ndi cat i on]  [ l ocal  i ndi cat i on 
wi t h t er mi nal s f or  wi r i ng t o a r emot e i ndi cat or ] .   Level  i ndi cat or  shal l  
i ncl ude a hi gh mat er i al  l evel  audi bl e al ar m.   [ Hopper  shal l  be pr ovi ded 
wi t h el ect r i c  heat i ng coi l s,  modul es,  and bl anket s t o keep col l ect ed 
mat er i al  dr y and f l owi ng wi t h t he uni t  i nst al l ed out door s and out  of  
ser vi ce i n a l ocal  wi nt er  out door  desi gn t emper at ur e of  [ _____]  degr ees C 
degr ees F] .

2. 14. 9   Gaseous Emi ssi ons Cont r ol  Uni t

**************************************************************************
NOTE:   The gaseous emi ssi ons cont r ol  uni t s ar e t o be 
used f or  c l eani ng par t i cul at e and gaseous sol vent  
mat er i al s f r om t he exhaust  ai r  at  l abor at or y f ume 
hoods,  wel di ng boot hs,  wat er  cur t ai n pai nt  spr ay 
boot hs,  and ot her  s i mi l ar  t ype pr obl ems.   The f abr i c 
pr ef i l t er  wi l l  col l ect  a r easonabl e amount  of  
par t i cul at es and t he car bon wi l l  adsor b t he gaseous 
vapor s.   The uni t  may be used wi t hout  t he pr ef i l t er  
t o col l ect  gasol i ne vapor  f r om smal l  st or age t ank 
vent s,  but  t he t ank shoul d be i nst al l ed under gr ound 
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or  be shaded t o mi ni mi ze boi l - of f .   Pr oj ect  
condi t i ons may make r egener at i on of  t he car bon 
desi r abl e.   A t ypi cal  gaseous emi ssi on cont r ol  wi t h 
car bon r egener at i on uni t  consi st s of  t wo or  mor e 
adsor ber  vessel s wi t h deep bed ( t ypi cal l y  450 t o 600 
mm 18 t o 24 i nches)  of  hi gh gr ade gas phase 
act i vat ed car bon.   The manuf act ur er  shoul d pr ovi de 
t he bed dept h as par t  of  hi s desi gn,  and shoul d 
consi der  t he l i f e cycl e cost  when si z i ng t he 
adsor bent  uni t .   The damper s and cont r ol  val ves wi l l  
be pneumat i cal l y  oper at ed,  based on t i mer  oper at i on 
or  sol vent  sensor  oper at i on.   Once t he adsor pt i on 
bed i s sat ur at ed wi t h sol vent  vapor s,  t he f l ow i nt o 
t he adsor ber  i s  aut omat i cal l y  di ver t ed t o t he second 
adsor ber .   Low pr essur e st eam i s used t o desor b t he 
sat ur at ed adsor ber ,  r egener at i ng t he car bon and 
pr oduci ng a st eam and sol vent  mi xt ur e whi ch i s 
condensed i n a shel l  and t ube condenser .   Wat er  
i nsol ubl e sol vent s shoul d be separ at ed i n a decant er  
f or  r euse.   The syst em must  be compl et e wi t h 
adsor ber  vessel s,  bl ower ,  f i l t er ,  condenser ,  and 
cont r ol s.   Deposi t i on of  t he wast e ef f l uent s i s 
dependent  on t he speci f i c  pr oj ect  and cannot  be 
det er mi ned i n t he gui de speci f i cat i on.

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

Uni t  shal l  compl y wi t h I CAC G- 1 and shal l  consi st  of  a dr y t ype par t i cul at e 
r emoval  pr ecl eaner  f ol l owed by an adsor pt i on uni t  of  act i vat ed car bon or  
ot her  appr oval  adsor bent  mat er i al .

2. 14. 9. 1   Prefilter

Pr ef i l t er  shal l  be [ c l eanabl e]  [ r epl aceabl e] .   Pr ef i l t er  shal l  have a 
c l eani ng per f or mance equal  t o or  exceedi ng ASHRAE 52. 2 of  95 per cent  
ar r est ance by wei ght ,  80 t o 90 per cent  at mospher i c  dust  spot  ef f i c i ency,  
and a dust - hol di ng capaci t y of  not  l ess t han 530 gr ams per  1 cubi c met er  
per  second 250 gr ams per  1, 000 cf m cel l .   Medi a shal l  compl y wi t h UL 900 
and shal l  be pr ovi ded wi t h a suppor t  f r ame or  shal l  be const r uct ed t o be 
sel f - suppor t i ng wi t hout  saggi ng ei t her  wi t h or  wi t hout  gas f l ow.   Each cel l  
shal l  be secur el y hel d i n pl ace wi t h appl i ed pr essur e l eak- t i ght  j oi nt  
bet ween t he medi a,  medi a f l ange,  and medi a col l ar ,  and t he f i l t er  shal l  be 
secur ed t o t he medi a bul khead wi t h l at ches or  c l i ps t o per mi t  r emoval ,  
r epl acement ,  and secur i ng wi t hout  speci al  t ool s.

2. 14. 9. 2   Adsor bent  Uni t

Adsor bent  sect i on shal l  consi st  of  a syst em of  t r ays,  hol l ow panel s,  
cani st er s,  or  ot her  means of  hol di ng a deep bed of  act i vat ed car bon 
conf or mi ng t o ASTM D2854 and ASTM D2862,  or  ot her  adsor bent  mat er i al ,  t o 
cause t he pr ocessed gas t o pass t hr ough a uni f or m dept h of  mat er i al  i n t he 
gas f l ow di r ect i on.   Tr ays,  panel s,  and cani st er s shal l  be desi gned t o 
assur e t hat  t he adsor bent  bed wi l l  be uni f or m,  f ul l  and f r ee of  voi ds or  
t hi n spot s and suppor t ed and cont ai ned t o pr event  movement ,  pul ver i z i ng,  
abr asi on,  or  dust i ng of  t he adsor bent  and easy and f ul l  r echar gi ng wi t hout  
speci al  f aci l i t i es or  t ool s.   Adsor bent  uni t s shal l  be secur ed l eak- t i ght  
i n a bul khead f or c i ng al l  gas t o pass t hr ough t he adsor bent  bed.
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2. 14. 9. 3   Pr ef i l t er  and Adsor bent  Assembl i es

Pr ef i l t er  and adsor bent  assembl i es shal l  be encl osed i n a wel ded,  bol t ed,  
or  r i vet ed sheet  met al  encl osur e t hat  l i mi t s bot h i n- l eakage or  out - l eakage 
of  gas.   Encl osur e access door s or  panel s shal l  be bol t ed,  or  gasket - seal ed 
and l at ched t o pr ovi de i ndependent  access t o t he pr ef i l t er  and t he 
adsor bent  pl enums.   The encl osur e shal l  be desi gned f or  t he maxi mum 
di f f er ent i al  pr essur e ( posi t i ve or  negat i ve)  under  any mode of  oper at i on.

2. 14. 9. 4   I nl et  and Out l et  Duct s

Uni t  shal l  be pr ovi ded wi t h i nl et  and di schar ge vanes,  baf f l es,  di f f user s,  
or  ot her  devi ces t o assur e uni f or m gas f l ow t hr ough t he pr ocessor s.   
Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he col l ect or .

2. 14. 10   Pet r ol  Vapor  Recover y Uni t

**************************************************************************
NOTE:   The pet r ol  vapor  r ecover y uni t  i s  i nt ended 
f or  use at  f uel  depot s or  f uel  di st r i but i on t er mi nal  
f aci l i t i es.   I t  i s  used t o r ecover  f uel  vapor s by 
r ef r i ger at ed condensat i on of  t he mat er i al  f r om t ank 
and t r anspor t er  vent s.   Under gr ound st or age t anks at  
pet r ol  di spensi ng st at i ons do not  commonl y r equi r e 
r ef r i ger at ed pet r ol  r ecover y uni t s but  ar e equi pped 
t o have t he unl oadi ng f uel  di spl ace a l i ke vol ume of  
vapor  f r om t he under gr ound t ank i nt o t he t r anspor t er  
t hr ough a vent  hose and mani f ol d whi ch ar e i nt egr al  
wi t h t he t r anspor t er  vehi c l e.   The t r anspor t er  t hen 
haul s t hi s vent  gas t o t he l ocal  depot  f or  r ecover y 
as t he t r anspor t er  i s  r el oaded.   Some j ur i sdi ct i ons 
may r equi r e vehi c l e t ank vent i ng back t o t he st or age 
t ank as t he vehi c l e i s l oaded.   Gaseous emi ssi on 
act i vat ed car bon emi ssi on cont r ol  uni t s,  wi t h and 
wi t hout  car bon r egener at i on,  can be used i n t hi s 
application.

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

Uni t  shal l  be a compl et e ai r - cool ed mechani cal  r ef r i ger at ed 
el ect r i c- oper at ed uni t  desi gned f or  condensi ng t he f uel  vapor s vent ed f r om 
gasol i ne syst em st or age t anks.   Recover y pr ocess shal l  be i n t wo st eps.   
The f i r st  st ep shal l  pr ecool  t he vent  gas t o s l i ght l y above wat er  f r eeze 
poi nt  t o r emove most  of  t he wat er  vapor  wi t hout  a def r ost  cycl e.   The 
second st ep shal l  cool  t he gas t o t he r equi r ed vapor  pr essur e wi t h mi ni mum 
f r ost  col l ect i on.   Syst em shal l  i ncl ude st or age capaci t y and ci r cul at i on 
syst em f or  def r ost i ng f l ui d.   Ref r i ger ant s shal l  be c l assi f i ed as nont oxi c,  
nonf l ammabl e,  conf or mi ng t o ASHRAE 15 & 34,  Gr oup 1.

2. 14. 10. 1   Defrosting

[ Fuel  handl i ng oper at i on wi l l  al l ow def r ost i ng f or  about  [ 4]  [ 5]  [ 6]  hour s 
af t er  mi dni ght . ]   [ Fuel  handl i ng oper at i on wi l l  not  al l ow t i me f or  
def r ost i ng and a dupl i cat e cool er  shal l  be pr ovi ded wi t h aut omat i c cont r ol s 
t o al t er nat e t he uni t s bet ween cool  and def r ost  modes wi t h st at us 
i ndi cat i on of  each. ]
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2. 14. 10. 2   Uni t  Oper at i on and Cont r ol

Uni t  shal l  be pr ovi ded f or  [ compl et e moni t or i ng and cont r ol  at  t he uni t ]  
[ oper at i on and cont r ol  at  t he uni t  wi t h r emot e i ndi cat i on of  ON- OFF 
posi t i on of  uni t  power  suppl y swi t ch]  [ oper at i on and cont r ol  at  t he uni t  
wi t h r emot e i ndi cat i on of  oper at i ng and cont r ol  of  t he uni t  wi t h compl et e 
pr ocess i ndi cat i on wi t h mai nt enance and ser vi ce oper at i on at  t he uni t ] .   
[ [ Vi s i bl e]  [ and]  [ audi bl e]  al ar ms shal l  be pr ovi ded on cr i t i cal  f unct i ons 
[ l ocal l y]  [ and at  r emot e st at i on] . ]

2. 14. 10. 3   Desi gn and Fabr i cat i on Requi r ement s

Uni t  shal l  be f r om si ngl e suppl i er  and of  coor di nat ed desi gn,  f ul l y  
assembl ed and subj ect ed t o f act or y t est s bef or e shi pment .   Uni t  shal l  be 
ski d mount ed on a per manent  st eel  base wi t h pi ck- up l ugs and anchor  bol t  
hol es f or  i nst al l at i on on a concr et e f oundat i on.   El ect r i c  power  
connect i on,  vent  gas i nl et ,  r et ur n l i ne f or  condensed hydr ocar bons,  and 
dr ai n f or  aqueous l i qui ds shal l  be pr ovi ded.   Component s shal l  be i nst al l ed 
i n a vent i l at ed weat her  pr oof  encl osur e wi t h f ul l  accessi bi l i t y  f or  
oper at i on and ser vi ce t hr ough hi nged access door s wi t h l at ches or  r emovabl e 
panel s.   Door s shal l  be used f or  access t o al l  oper at i ng f unct i ons.   Col d 
component s and pi pi ng of  t he ent i r e syst em subj ect  t o sweat i ng or  f r ost i ng 
shal l  be i nsul at ed.   El ect r i cal  equi pment  and i nst al l at i on wor k shal l  
conf or m t o r equi r ement s of  hazar dous l ocat i ons f or  Cl ass I ,  [ Di v i s i on I , ]  
[ Di v i s i on I I , ]  Gr oup D,  of  NFPA 70 and NFPA 496,  and Type X shal l  conf or m 
to UL 5, UL 674, UL 1203,  and UL 823  r equi r ement s.   I nl et  vent  gas f l ow t o 
t he uni t  shal l  be t hr ough a 0. 075 mm 200 mesh r emovabl e ASTM A240/ A240M 
st ai nl ess st eel  or  equal  st r ai ner .   Ref r i ger at i on wor k shal l  compl y wi t h 
ASHRAE 15 & 34 and ASME B31. 5.   Pet r ol  vapor ,  condensed hydr ocar bon 
r et ur ns,  and aqueous wast e pi pi ng shal l  compl y wi t h ASME B31. 3.

2. 14. 11   Gr avel  Bed Fi l t er

**************************************************************************
NOTE:   El ect r ost at i cal l y  enhanced gr avel  beds,  
combi ni ng gr anul ar  f i l t r at i on and el ect r ost at i c 
col l ect i on,  ar e hi ghl y ef f ect i ve wi t h col l ect i on 
ef f i c i enci es i n excess of  99 per cent  on submi cr on 
par t i c l es.   Gr avel  beds wi t hout  el ect r ost at i c 
enhancement  have col l ect i on ef f i c i ency gr eat er  t han 
95 per cent  on coar ser  par t i cul at e.   They ar e 
f r equent l y appl i ed t o gas st r eams i n excess of  371 
degr ees C 700 degr ees F and ar e par t i cul ar l y 
sui t abl e f or  t he col l ect i on of  hi gh r esi st i v i t y 
par t i cul at es wi t h pot ent i al  f i r e and expl osi on 
hazar ds.   Gr avel  beds ar e mor e compact  t hen 
el ect r ost at i c pr eci pi t at or s or  f abr i c f i l t er s f or  
compar abl e appl i cat i ons.   The uni t  i s  r el at i vel y 
i nsensi t i ve t o var i at i ons i n gas f l ow and 
t emper at ur e excur si ons,  and,  i n most  cases,  chemi cal  
makeup of  t he exhaust  gas and par t i cul at e.   Pr essur e 
dr op acr oss t he gr avel  bed r anges f r om 763 Pa t o 
1271 Pa 3 t o 5 i nches wat er  gauge.   Car bon st eel  i s  
t he nor mal  mat er i al  of  const r uct i on al t hough hi gh 
t emper at ur e and/ or  cor r osi ve envi r onment s r equi r e 
t he use of  al l oys or  st ai nl ess st eel .

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

The syst em shal l  r emove par t i cul at es f r om pr ocess gas st r eams t hr ough 
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gr anul ar  f i l t r at i on i n a movi ng bed of  f i l t er  medi a suppl ement ed by 
el ect r ost at i c col l ect i on r esul t i ng f r om t he appl i cat i on of  hi gh vol t age 
power  t o [ an el ect r i cal  gr i d l ocat ed i n t he bed]  [ an i oni zat i on gr i d 
l ocat ed upst r eam of  t he bed i n addi t i on t o an el ect r i cal  gr i d l ocat ed i n 
t he bed] .

2. 14. 12   Wet  Fl ue Gas Desul f ur i zat i on Syst em

**************************************************************************
NOTE:   A f l ue gas desul f ur i zat i on ( FGD)  syst em i s 
used t o r educe emi ssi on of  sul f ur  di oxi de f r om sol i d 
wast e i nci ner at or  and boi l er  f l ue gases.   I t  can 
al so r educe ot her  aci d gas emi ssi ons such as 
hydr ochl or i c aci d and hydr of l uor i c aci d.   FGD 
syst ems ar e c l assi f i ed as ei t her  wet  or  dr y 
pr ocesses.   I n t he wet  pr ocess,  t he f l ue gas r eact s 
wi t h a sor bent  sol ut i on,  pr oduci ng a l i qui d 
pr oduct .   The r eagent  sel ect ed wi l l  r esul t  i n ei t her  
a wast e pr oduct ,  whi ch must  be di sposed of ,  or  a 
by- pr oduct ,  i n whi ch t he sul f ur  r ecover ed i s i n 
useabl e f or m.   I n gener al ,  t he capi t al  cost  of  
r egener at i ve syst ems may be up t o t wi ce t he cost  of  
non- r egener abl e syst ems.

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

Syst em shal l  r emove sul f ur  di oxi de,  [ hydr ochl or i c aci d]  [ hydr of l uor i c 
aci d]   [ par t i cul at es]  [ and]  [ ______]  f r om pr ocessed gas st r eam.   Syst em 
shal l  be [ non- r egener at i ve]  [ r egener at i ve]  and shal l  use wet  scr ubbi ng 
pr ocess.   Syst em shal l  i ncl ude al l  equi pment  r equi r ed f or  a compl et e,  
oper abl e FGD syst em,  i ncl udi ng wet  scr ubbi ng syst em,  compl et e r eagent  f eed 
syst em,  [ wast e]  [ by- pr oduct ]  handl i ng syst em,  and i nst r ument at i on and 
cont r ol s f or  saf e,  r el i abl e oper at i on of  t he syst em.

2. 14. 12. 1   Wet  Scr ubber  Syst em

Wet  scr ubber  shal l  compl y wi t h I CAC G- 1, I CAC WS- 1, I CAC WS- 3,  and I CAC WS- 4.   
Scr ubber  shal l  be one of  t he t ypes i dent i f i ed by I CAC WS- 3 as a [ vent ur i , ]  
[ spr ay, ]  [ t r ay, ]  [ f i xed packed bed, ]  [ mobi l e bed, ]  [ i mpi ngement , ]  [ or ]  
[ ent r ai nment , ]  t ype [ or  a combi nat i on of  t hese t ypes] .   Scr ubber  shal l  be 
f l ui d- t i ght  const r uct i on of  [ gl ass f i ber  r ei nf or ced pl ast i c]  [ r ol l ed 
l ow- car bon st eel  coat ed wi t h coal - t ar  enamel ]  [ ASTM A302/ A302M st ai nl ess 
st eel ]  [ ASTM A240/ A240M st ai nl ess st eel ]  [ _____] .   Uni t  shal l  be 
const r uct ed wi t h l eak- t i ght  v i ewi ng wi ndows and access door s t o per mi t  
appr ai sal  of  scr ubbi ng pr ocess as wel l  as f ul l  access f or  al l  ser vi ce 
oper at i ons or  par t s r epl acement .   Vanes,  baf f l es,  def l ect or s,  or  di f f user  
pl at es shal l  pr ovi de f or  uni f or m gas f l ow t hr ough t he scr ubbi ng chamber .   
Scr ubber  i nt er nal  component s shal l  be desi gned t o mi ni mi ze scal i ng and 
pl uggi ng i nsi de t he t ower .   Mi st  el i mi nat or  shal l  be of  f l ui d- t i ght  
const r uct i on.   Vanes,  baf f l es,  or  def l ect or s shal l  pr ovi de f or  uni f or m gas 
f l ow t o t he mi st  el i mi nat or  el ement s.   Mi st  el i mi nat or  shal l  be desi gned t o 
mi ni mi ze r eent r ai nment  of  l i qui d i nt o t he gas st r eam.   Mi st  el i mi nat or  
shal l  be pr ovi ded wi t h a wat er  washi ng syst em t o pr event  sol i ds bui l dup on 
t he bl ades.   Washi ng nozzl es shal l  be s i zed and or i ent ed t o spr ay ent i r e 
mi st  el i mi nat or  ar ea.   Syst em shal l  be pr ovi ded wi t h c l ean gas r eheat er  
upst r eam of  st ack t o pr event  aci di c condensat i on and cor r osi on i n t he st ack.
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2. 14. 12. 2   Reagent  Feed Syst em

Reagent  f eed syst em shal l  i ncl ude al l  component s r equi r ed f or  st or age of  
dr y r eagent ,  pr epar at i on of  r eagent  s l ur r y,  del i ver y and r e- c i r cul at i on of  
t he sel ect ed r eagent .   One r eagent  f eed syst em shal l  ser ve al l  scr ubber s.   
Reagent  f eed syst em shal l  have a r eser ve capaci t y f or  [ [ 24]  [ 36]  [ 48]  
hour s]  [ [ 3]  [ 7]  [ 10]  days]  of  cont i nuous FGD oper at i on at  desi gn capaci t y 
wi t hout  ser vi c i ng.   [ Component s t hat  must  be t aken out  of  ser vi ce f or  
r out i ne mai nt enance or  r eagent  l oadi ng shal l  be pr ovi ded i n dupl i cat e,  
ar r anged f or  t r ansf er  by manual  oper at i on of  swi t ches and val ves. ]   Syst em 
shal l  i ncl ude al l  t anks,  agi t at or s,  pumps,  pi pi ng,  val ves and ot her  
equi pment  r equi r ed by a speci f i c  syst em desi gn.   Syst em equi pment  shal l  be 
of  desi gn,  mat er i al  and const r uct i on appr opr i at e f or  scr ubbi ng sol ut i on 
del i ver y and f or  r e- c i r cul at i on of  scr ubbi ng ef f l uent .   Pi pi ng shal l  be 
desi gned t o pr event  set t l i ng of  scr ubbi ng sol ut i on i nsi de t he pi pes.   
Desi gn shal l  i nc l ude pr ovi s i ons f or  dr ai nage and c l ean- out  of  f eed syst em 
component s,  i ncl udi ng pumps and pi pi ng.

2. 14. 12. 3   Wast e Handl i ng Syst em

Wast e handl i ng syst em shal l  i ncl ude al l  equi pment  r equi r ed f or  pr e- di sposal  
t r eat ment  of  t he scr ubbi ng ef f l uent ,  i ncl udi ng t anks,  agi t at or s,  
l i qui d- sol i d separ at or ,  vacuum f i l t er ,  sol i d wast e hol di ng bi n,  pumps,  
pi pi ng,  and val ves as r equi r ed.  

2. 14. 12. 4   Test  connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
connect i ng t o t he scr ubber .

2. 14. 13   Spr ay Dr yer  Fl ue Gas Desul f ur i zat i on Syst em

**************************************************************************
NOTE:   A f l ue gas desul f ur i zat i on ( FGD)  syst em i s 
used t o r educe emi ssi on of  sul f ur  di oxi de f r om sol i d 
wast e i nci ner at or  and boi l er  f l ue gases.   I t  can 
al so r educe ot her  aci d gas emi ssi ons such as 
hydr ochl or i c aci d and hydr of l uor i c aci d.   FGD 
syst ems ar e c l assi f i ed as ei t her  wet ,  wet / dr y,  or  
dr y pr ocesses.   The spr ay dr yer  FGD pr ocess i s a 
wet / dr y pr ocess,  i n whi ch t he f l ue gas r eact s wi t h 
an al kal i ne r eagent ,  usual l y a l i me sl ur r y,  and t he 
r eact i on pr oduct  i s  i n dr y f or m.   The r eagent  
sel ect ed wi l l  r esul t  i n ei t her  a wast e pr oduct ,  
whi ch must  be di sposed of ,  or  a by- pr oduct ,  i n whi ch 
t he sul f ur  r ecover ed i s i n useabl e f or m.   I n 
gener al ,  t he capi t al  cost  of  r egener at i ve syst ems 
may be up t o t wi ce t he cost  of  non- r egener abl e 
systems.

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

Syst em shal l  r emove sul f ur  di oxi de,  [ hydr ochl or i c aci d]  [ hydr of l uor i c aci d]  
[ par t i cul at es]  [ and]  [ _____]  f r om pr ocessed gas st r eam.   Syst em shal l  be 
non- r egener at i ve and shal l  use a spr ay dr yer  scr ubbi ng pr ocess.   Syst em 
shal l  i ncl ude al l  equi pment  r equi r ed f or  a compl et e,  oper at i ng FGD syst em,  
i ncl udi ng spr ay dr yer  scr ubbi ng syst em,  compl et e s l ur r y f eed syst em,  wast e 
handl i ng syst em,  par t i cul at e col l ect i ng uni t  consi st i ng of  [ f abr i c f i l t er  
col l ect or , ]  [ el ect r ost at i c pr eci pi t at or , ]  and i nst r ument at i on and cont r ol s 
f or  saf e,  r el i abl e oper at i on of  t he syst em.
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2. 14. 13. 1   Spr ay Dr yer  Syst em

Spr ay dr yer  shal l  compl y wi t h I CAC G- 1 and I CAC FGD- 1.   Spr ay dr yer  shal l  
be of  gas- t i ght  const r uct i on.   Uni t  shal l  be const r uct ed wi t h l eak- t i ght  
v i ewi ng wi ndows and access door s t o per mi t  appr ai sal  of  scr ubbi ng pr ocess 
as wel l  as f ul l  access f or  al l  ser vi ce oper at i ons or  par t s r epl acement .   
Spr ay dr yer  syst em shal l  i ncl ude f l ue gas pr eheat er  pr i or  t o spr ay dr yer  
i nl et .   Vanes,  baf f l es,  def l ect or s,  or  di f f user  pl at es shal l  be desi gned t o 
pr ovi de compl et e mi xi ng of  f l ue gas and chemi cal  r eagent ,  and t o pr ovi de 
adequat e t i me f or  chemi cal  r eact i on and evapor at i on of  l i qui d i n spr ay 
dr yer  chamber .   At omi zi ng syst em shal l  be [ r ot ar y]  [ or ]  [ dual  f l ui d]  and 
shal l  pr ovi de uni f or m di sper si on of  t he chemi cal  r eagent  i n t he spr ay dr yer  
chamber  and pr event  gas dr opl et  deposi t i on on spr ay dr yer  wal l s.   [ Dual  
f l ui d nozzl e at omi zer s shal l  use compr essed ai r  as t he at omi zi ng f l ui d.   A 
dedi cat ed ai r  compr essor  syst em shal l  be pr ovi ded f or  dual  f l ui d at omi zi ng 
syst em. ]   Scr ubber  i nt er nal  component s shal l  be desi gned t o mi ni mi ze 
scal i ng i nsi de t he t ower .

2. 14. 13. 2   Reagent  Feed Syst em

Chemi cal  r eagent  f eed syst em shal l  i ncl ude al l  component s r equi r ed f or  
st or age,  pr epar at i on,  del i ver y and r e- c i r cul at i on of  t he chemi cal  r eagent .   
One r eagent  f eed syst em shal l  ser ve al l  scr ubber s.   Reagent  f eed syst em 
shal l  have a r eser ve capaci t y f or  [ [ 24]  [ 36]  [ 48]  hour s]  [ [ 3]  [ 7]  [ 10]  
days]  of  cont i nuous FGD oper at i on at  desi gn capaci t y wi t hout  ser vi c i ng.   
[ Component s t hat  must  be t aken out  of  ser vi ce f or  r out i ne mai nt enance or  
r eagent  l oadi ng shal l  be pr ovi ded i n dupl i cat e,  ar r anged f or  t r ansf er  by 
manual  oper at i on of  swi t ches and val ves. ]   Syst em shal l  i ncl ude al l  t anks,  
agi t at or s,  f i l t er s,  pumps,  pi pi ng,  val ves and ot her  equi pment  r equi r ed by a 
speci f i c  syst em desi gn.   Syst em equi pment  shal l  be of  desi gn,  mat er i al  and 
const r uct i on appr opr i at e f or  r eagent  del i ver y and f or  r e- c i r cul at i on of  
spr ay dr yer  ef f l uent .   Pi pi ng shal l  be desi gned t o pr event  set t l i ng of  
sol i ds i nsi de t he pi pes.   Desi gn shal l  i ncl ude pr ovi s i ons f or  dr ai nage and 
cl ean- out  of  f eed syst em component s,  i ncl udi ng pumps and pi pi ng.

2. 14. 13. 3   Par t i cul at e Col l ect i ng Uni t

Par t i cul at e col l ect i ng uni t  shal l  be desi gned t o col l ect  spr ay dr yer  
pr oduct s and f l y  ash r emai ni ng i n t he gas st r eam exi t i ng t he spr ay dr yer .   
Par t i cul at e col l ect i on uni t  shal l  consi st  of  [ f abr i c f i l t er  col l ect or ]  
[ el ect r ost at i c pr eci pi t at or ] .   [ Fabr i c f i l t er  col l ect or  shal l  be i n 
accor dance wi t h Par agr aph " Dr y Fabr i c Col l ect or  f or  Boi l er  Fl ue Gases" ] .   
[ El ect r ost at i c pr eci pi t at or  shal l  be i n accor dance wi t h Par agr aph 
" El ect r ost at i c Pr eci pi t at or  ( ESP) " ] .

2. 14. 13. 4   Test  connect i ons

Pr essur e t est  connect i ons shal l  be pr ovi ded at  t he i nl et  and out l et  duct s 
of  each spr ay dr yer  and f abr i c f i l t er  col l ect or .

2. 14. 14   Sel ect i ve Cat al yt i c  Reduct i on ( SCR)  Syst em

**************************************************************************
NOTE:   Al l  f ossi l  f uel  bur ni ng pr ocesses pr oduce 
ni t r ogen oxi des ( NOx) .   Sel ect i ve cat al yt i c  
r educt i on ( SCR)  r educes NOx t o N2 i n t he pr esence of  
a cat al yst .   The r educi ng gas i s usual l y ammoni a 
( NH3) ,  and t he cat al yst  may be composed of  var i ous 
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mat er i al s,  such as oxi des of  vanadi um or  t ungst en.   
The cat al yt i c  r educt i on r eact i on r equi r es 
t emper at ur es i n t he r ange of  about  300 t o 425 
degr ees C 600 t o 800 degr ees F.   Sel ect i on of  t he 
cat al yst  mat er i al  and conf i gur at i on,  as wel l  as t he 
oper at i ng t emper at ur e,  depends on t he t ype of  f uel  
bei ng bur ned.   The cat al yt i c  r eact or  wi l l  r ecei ve a 
hi gh dust ,  l ow dust ,  or  t ai l  end gas st r eam,  
dependi ng on i t s  l ocat i on i n t he syst em.   I n t he 
hi gh dust  l ocat i on,  t he cat al yst  i s  l ocat ed upst r eam 
of  an el ect r ost at i c pr eci pi t at or .   Locat i on of  t he 
SCR syst em downst r eam of  an el ect r ost at i c 
pr eci pi t at or  r esul t s i n a l ow dust  envi r onment  f or  
t he cat al yst .   I n t he t ai l  end l ocat i on,  t he SCR 
syst em i s l ocat ed downst r eam of  an el ect r ost at i c 
pr eci pi t at or  and/ or  a f l ue gas desul f ur i zat i on 
syst em,  whi ch pr ovi des t he c l eanest  gas t o t he 
cat al yst .   Locat i on of  t he SCR i n t he syst em wi l l  
have an i mpact  on cat al yst  l i f e.

Ef f i c i ency of  convent i onal  SCR equi pment  i n r emoval  
of  NOx i s about  80- 90 per cent .   SCR may be used i n 
conj unct i on wi t h combust i on modi f i cat i ons,  such as 
l ow NOx bur ner s.   A pot ent i al  compl i cat i on of  SCR 
usi ng ammoni a when hi gh sul f ur  coal  i s  bur ned i s t he 
f or mat i on of  ammoni um bi sul f at e.   When unr eact ed 
ammoni a passes t hr ough t he cat al yt i c  r eact or ,  cal l ed 
ammoni a s l i p,  i t  wi l l  combi ne wi t h SO3 pr esent  i n 
t he f l ue gas,  f or mi ng ammoni um bi sul f at e.   Ammoni um 
bi sul f at e,  a st i cky,  cor r osi ve mat er i al ,  wi l l  
condense on downst r eam equi pment .   Ammoni a s l i p i s  a 
maj or  desi gn concer n when bur ni ng hi gh sul f ur  coal .

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

Syst em shal l  be desi gned t o r educe ni t r ogen oxi des f r om pr ocessed gas 
st r eam.   Syst em shal l  use ammoni a as t he r educi ng agent .  Syst em shal l  
i ncl ude al l  equi pment  r equi r ed f or  a compl et e,  oper abl e SCR syst em,  
i ncl udi ng,  but  not  l i mi t ed t o,  ammoni a del i ver y syst em,  cat al yt i c  r eact or  
[ wi t h soot bl ower s] ,  ash r emoval  syst em,  i nst r ument at i on and cont r ol s f or  
saf e,  r el i abl e oper at i on of  t he syst em,  and ot her  pol l ut i on cont r ol  devi ces 
as r equi r ed.

2. 14. 14. 1   Ammoni a Del i ver y Syst em

Ammoni a del i ver y syst em shal l  i nc l ude al l  component s r equi r ed f or  st or age,  
pr epar at i on,  and del i ver y of  ammoni a t o t he f l ue gas st r eam downst r eam of  
t he economi zer ,  pr i or  t o t he cat al yt i c  r eact or .   The ammoni a del i ver y 
syst em shal l  be desi gned t o aut omat i cal l y  del i ver  ammoni a based on t he 
quant i t y of  NOx det ect ed i n t he gas st r eam.   Ammoni a vapor i zer s shal l  be 
desi gned t o ensur e uni f or m ammoni a di st r i but i on i n t he gas st r eam.   Ammoni a 
vapor i zer s shal l  be l ocat ed i n duct wor k at  a suf f i c i ent  di st ance upst r eam 
of  t he cat al yt i c  r eact or  t o pr ovi de compl et e mi xi ng of  ammoni a and f l ue gas 
pr i or  t o t he cat al yt i c  r eact or  i nl et .

2. 14. 14. 2   Cat al yt i c  React or

Cat al yt i c  r eact or  shal l  pr ovi de envi r onment  f or  chemi cal  r eact i on bet ween 
ammoni a and ni t r ogen oxi des,  t o pr oduce el ement al  ni t r ogen and wat er  as t he 
pr oduct s.   Cat al yt i c  r eact or  conf i gur at i on shal l  pr ovi de f or  uni f or m gas 
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f l ow t hr ough al l  el ement s of  t he r eact or .   Cat al yt i c  r eact or  shal l  be of  
gas t i ght  const r uct i on Cat al yt i c  r eact or  shal l  be l ocat ed bet ween boi l er  
economi zer  and boi l er  ai r  pr eheat er .   [ Cat al yt i c  r eact or  shal l  be l ocat ed 
[ upst r eam of  an el ect r ost at i c pr eci pi t at or ]  [ downst r eam of  an el ect r ost at i c 
pr eci pi t at or ]  [ downst r eam of  a f l ue gas desul f ur i zat i on syst em]  [ downst r eam 
of  an el ect r ost at i c pr eci pi t at or  and a f l ue gas desul f ur i zat i on syst em] . ]   
[ Cat al yt i c  r eact or  shal l  be pr ovi ded wi t h soot bl ower s. ]   Ammoni a s l i p shal l  
be l i mi t ed t o [ _____]  ppm.

2. 15   EMI SSI ON MONI TORI NG SYSTEM

**************************************************************************
NOTE:   Pr ovi de i n- s i t u opaci t y moni t or i ng equi pment  
wher e appl i cabl e t o i nsur e emi ssi on compl i ance of  
t he par t i cul at e cont r ol  equi pment .

St at e and l ocal  r egul at or y aut hor i t i es shoul d be 
cont act ed at  an ear l y st age of  t he pr oj ect  desi gn t o 
det er mi ne i f  t hey consi der  t he t est  met hods c i t ed t o 
be adequat e,  and i f  t hey have any addi t i onal  
requirements.

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

Emi ssi on moni t or i ng syst em compl et e wi t h al l  component s,  accessor i es,  
anal yzer s [ anal yzer  cal i br at i on syst em]  [ and r ecor der s, ]  [ al ar ms] ,  and 
f r ee- st andi ng f act or y assembl ed panel  shal l  be pr ovi ded t o [ moni t or  
opaci t y,  sul f ur  di oxi de,  ni t r i c  oxi de,  ni t r ogen di oxi de,  and car bon 
monoxi de emi ssi ons i n boi l er  f l ue gases. ]   [ I n- s i t u opaci t y moni t or i ng. ]  
[ _____] .   Syst em shal l  [ cont i nuousl y moni t or ]  [ t i me pr ogr am moni t or  as 
i ndi cat ed]  [ be manual l y oper at ed t o moni t or ]  t he emi ssi ons.   Submi t  r epor t s 
f or  emi ssi ons per mi t  compl i ance.   Emi ssi ons shal l  be i ndi cat ed [ and 
r ecor ded]  i n ppm and per cent  of  sampl e.

2. 15. 1   Gas Sampl i ng Syst em

Sampl i ng l ocat i ons f or  ai r  pol l ut i on cont r ol  equi pment  per f or mance shal l  be 
i n accor dance wi t h 40 CFR 60,  Appendi x A.   A vacuum pump shal l  dr aw a gas 
sampl e t hr ough a f i l t er  pr obe mount ed i nsi de t he st ack,  a pr ef i l t er ,  and a 
moi st ur e separ at or / dr i er .   I t  shal l  di schar ge t he sampl e t hr ough a f l ow 
met er  on each anal yzer  t o at mospher e as i ndi cat ed.   Equi pment  and necessar y 
t ubi ng shal l  be pr ovi ded f or  aut omat i cal l y  pur gi ng pol l ut ant s f r om sampl i ng 
t ubi ng,  st ack pr obe,  and dr i er  t ubi ng,  and f or  aut omat i c r egener at i on of  
t he dr i er .   Cl eani ng and dr yi ng oper at i on shal l  be t i me pr ogr ammed.

2. 15. 2   Anal yzi ng Syst em

Syst em shal l  pr ovi de s i mul t aneous measur i ng and anal yzi ng of  sampl e gas by 
each anal yzer  wi t h i ndependent  f l ow met er s,  val ves,  pi pi ng,  and 
accessor i es.   Each anal yzer  shal l  i ndi cat e ppm of  t he measur ed pol l ut ant .   
[ A r ecor der  shal l  be pr ovi ded f or  each anal yzer  wi t h 30- day,  125 mm 5 i nch 
st r i p char t  wi t h pr essur e sensi t i ve st y l us. ]   Each anal yzer  shal l  be 
pr ovi ded wi t h a v i sual  col or  coded,  panel  mount ed,  hi gh l i mi t  al ar m wi t h a 
s i ngl e audi bl e al ar m wi t h s i l enci ng but t on f or  al l  al ar ms.   A r el ay on each 
anal yzer  shal l  be pr ovi ded f or  connect i on t o a r emot e al ar m.

2. 15. 3   Syst em Mount i ng

Gas sampl i ng,  anal yzi ng [ ,  and r ecor di ng]  syst ems shal l  be pi ped,  wi r ed,  
and mount ed wi t hi n a f act or y f abr i cat ed 2. 657 mm 12 gauge col d r ol l ed bl ack 
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st eel  encl osur e wi t h angl e f r ame suppor t  and key- l ocked door s f or  [ wal l ]  
[ f l oor ]  mount i ng.   Ent i r e syst em shal l  be sui t abl e f or  120 Vac,  60 Hz,  
s i ngl e- phase el ect r i c  ser vi ce.

2. 15. 4   Calibration

Cal i br at i on gas t anks of  capaci t i es i ndi cat ed compl et e wi t h r egul at or s,  
val v i ng,  and t ubi ng shal l  be pr ovi ded f or  t he speci f i ed emi ssi ons.

2. 16   FACTORY APPLI ED I NSULATI ON

**************************************************************************
NOTE:   I nser t  equi pment  and r el at ed pi pi ng,  casi ngs,  
and encl osur es r equi r i ng i nsul at i on as appl i cabl e.

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

The f ol l owi ng equi pment  and appur t enances shal l  be i nsul at ed wi t h 
mat er i al s,  j acket i ng,  and f i ni shes,  as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS:

a.   [ _____]

b.   [ _____]

2. 17   PAI NTI NG AND FI NI SHI NG

Equi pment  and component  i t ems shal l  be f act or y pr i med and f i ni sh coat ed 
wi t h t he manuf act ur er ' s st andar d f i ni sh.   I t ems l ocat ed out s i de t he 
bui l di ng shal l  have weat her  r esi st ant  f i ni sh.   Damaged f i ni sh sur f aces 
shal l  be r ef i ni shed wi t h an i dent i cal  t ype of  f i ni sh used at  t he f act or y.

PART 3   EXECUTI ON

3. 1   EXAMINATION

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 
per f or mi ng t he wor k.

3. 2   INSTALLATION

Wor k shal l  be i nst al l ed as i ndi cat ed and i n accor dance wi t h manuf act ur er ' s 
di agr ams and wr i t t en i nst r uct i ons.   [ A f act or y i nst al l at i on speci al i s t  
shal l  be at  t he s i t e f or  er ect i on of  [ el ect r ost at i c pr eci pi t at or , ]  
[ baghouse, ]  [ scr ubber , ]  [ wet  f l ue gas desul f ur i zat i on syst em]  [ spr ay dr yer  
f l ue gas desul f ur i zat i on syst em]  [ sel ect i ve cat al yt i c  r educt i on syst em]  
[ and]  [ pet r ol  vapor  r ecover y uni t ] . ]   Fi el d appl i ed i nsul at i on shal l  be as 
speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 3   OPERATI ON AND PERFORMANCE REQUI REMENTS

**************************************************************************
NOTE:   Sel ect  t he appr opr i at e per f or mance dat a f or ms 
r equi r ed f or  t he equi pment  sel ect ed.   Fi l l  i n t he 
dat a on t he f or ms.   Del et e or  r et ai n t he t opi c i t ems 
as appr opr i at e.   EPA Techni cal  Repor t  AP- 42 
i ncl udi ng Suppl ement s 1 t hr ough 9 ( and l at er  
suppl ement s i f  i ssued)  wi l l  be used t o det er mi ne t he 
pr oper t i es or  qual i t i es and quant i t i es of  
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uncont r ol l ed emi ssi ons f r om t he var i ous pol l ut i ng 
equi pment s,  syst ems,  and oper at i ons t o be cor r ect ed 
under  t hi s gui de speci f i cat i on.   Show i n t abl es on 
dr awi ngs oper at i ng per f or mance r equi r ement s f or  
f ans,  pumps,  mot or s,  and ot her  auxi l i ar i es,  
i ndi cat i ng cf m,  gpm,  hp,  et c.   Fi l l  out  separ at e 
t abl e f or  each ai r  pol l ut i on cont r ol  equi pment  
sel ect ed f or  a gi ven pr oj ect  i n accor dance wi t h t he 
f ol l owi ng gui de:

Table Type Ef f l uent Appl i cabl e Equi pment

I Gener al  Dust Dr y Dynami c Cent r i f ugal  
Fabr i c,  Fabr i c,  or  Wet  Dynami c

II Boi l er  Fl y Ash Dr y Dynami c,  Cent r i f ugal  
Fabr i c,  or  ESP

III Boi l er  Fl ue Gases & 
Ot her  Fume Sour ces

Scr ubber ,  Fl ue Gas 
Desul f ur i zat i on Syst em,  
Sel ect i ve Cat al yt i c Reduct i on 
System

IV Pet r ol  & Ot her  Vapor Ref r i ger at i on Uni t  or  Sour ces 
Fabr i c Pr ef i l t er  wi t h 
Act i vat ed Car bon wi t h 
Regeneration

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

Ai r  pol l ut i on cont r ol  equi pment  shal l  pr ocess and r emove pol l ut ant s f r om 
exhaust  gas st r eams t o pr oduce an ef f l uent  t hat  wi l l  conf or m t o 40 CFR 50 
and ot her  f eder al ,  st at e,  and l ocal  r egul at i ons,  wi t hout  degr adi ng t he 
per f or mance of  r el at ed syst em component s.   The ai r  pol l ut i on cont r ol  
equi pment  i nst al l ed shal l  per f or m t he c l eani ng oper at i on as i ndi cat ed on 
t he Ai r  Pol l ut i on Equi pment  Per f or mance Dat a f or ms at t ached t o t hi s  sect i on.

3. 4   FRAMED I NSTRUCTI ONS

Fr amed i nst r uct i ons cont ai ni ng wi r i ng and cont r ol  di agr ams under  gl ass or  
i n l ami nat ed pl ast i c shal l  be post ed wher e di r ect ed.   The i nst r uct i ons 
shal l  show wi r i ng and cont r ol  di agr ams and compl et e l ayout  of  t he ent i r e 
syst em.   The i nst r uct i ons shal l  i ncl ude,  i n t yped f or m,  condensed oper at i ng 
i nst r uct i ons expl ai ni ng pr event i ve mai nt enance pr ocedur es,  met hods of  
checki ng t he syst em f or  nor mal  saf e oper at i on and pr ocedur es f or  saf el y 
st ar t i ng and st oppi ng t he syst em.   The f r amed i nst r uct i ons shal l  be post ed 
bef or e accept ance t est i ng of  t he syst em.

3. 5   FI ELD QUALI TY CONTROL

3. 5. 1   Syst em Per f or mance Test

Upon compl et i on,  and pr i or  t o accept ance of  t he pr oj ect ,  t he ai r  pol l ut i on 
cont r ol  equi pment  and moni t or i ng syst em shal l  be t est ed i n accor dance wi t h 
40 CFR 60,  Appendi x A and st at e and l ocal  codes by [ t he Cont r act or ]  [ an 
i ndependent  t est i ng or gani zat i on]  t o demonst r at e i ndi cat ed per f or mance.   [ A 
f act or y st ar t up speci al i s t  shal l  be at  t he s i t e t o di r ect  and moni t or  
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st ar t up f or  t est i ng of  [ el ect r ost at i c pr eci pi t at or , ]  [ baghouse, ]  
[ scr ubber , ]  [ wet  f l ue gas desul f ur i zat i on syst em]  [ spr ay dr yer  f l ue gas 
desul f ur i zat i on syst em]  [ sel ect i ve cat al yt i c  r educt i on syst em]  [ and]  
[ pet r ol  vapor  r ecover y uni t ] . ]   Not i f y t he Cont r act i ng Of f i cer  [ _____]  days 
i n advance of  t he t est  dat e.   [ An i ndependent  t est i ng or gani zat i on shal l  
f ur ni sh al l  i nst r ument s and per sonnel  r equi r ed f or  t he t est s.   ] Submi t  a 
pr oposed per f or mance t est  pr ocedur e,  30 days pr i or  t o t he pr oposed t est  
dat e,  cont ai ni ng a compl et e descr i pt i on of  t he pr oposed t est s and sampl e 
l ocat i ons,  wi t h cal i br at i on cur ves or  t est  r esul t s  by an i ndependent  
t est i ng l abor at or y of  each i nst r ument ,  met er ,  and gauge t o be used i n t he 
t est s.   The t est  shal l  not  commence unt i l  t he pr ocedur e has been appr oved.   
El ect r i c i t y and wat er  wi l l  be f ur ni shed by t he Gover nment .

3. 5. 1. 1   Retesting

I f  any def i c i enci es ar e r eveal ed dur i ng t est ,  such def i c i enci es shal l  be 
cor r ect ed and t he t est s r econduct ed.

3. 5. 1. 2   Reporting

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med t o 
adj ust  each component  and al l  f i el d t est s per f or med t o pr ovi de 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.   Each t est  r epor t  shal l  i ndi cat e t he f i nal  posi t i on of  
controls.

3. 5. 2   Manuf act ur er ' s Fi el d Ser vi ce

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 speci f i ed equi pment  shal l  be 
pr ovi ded.   The r epr esent at i ve shal l  super vi se t he i nst al l i ng,  adj ust i ng,  
and [ t est i ng]  [ t est i ng st ar t - up]  of  t he equi pment .

3. 6   CLOSEOUT ACTI VI TI ES

3. 6. 1   Training

**************************************************************************
NOTE:   I nser t  number  of  hour s r equi r ed t o t r ai n 
per sonnel  f or  t he equi pment  oper at i ons.

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

Conduct  t r ai ni ng cour se f or  oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od,  of  a t ot al  of  [ _____]  hour s of  
nor mal  wor ki ng t i me,  shal l  s t ar t  af t er  t he syst em i s f unct i onal l y 
compl et ed,  but  pr i or  t o f i nal  accept ance t est s.   The f i el d i nst r uct i ons 
shal l  cover  al l  of  t he i t ems cont ai ned i n t he oper at i ng and mai nt enance 
i nst r uct i ons,  as wel l  as demonst r at i ons of  r out i ne mai nt enance oper at i ons.   
Submi t  t r ai ni ng cour se cur r i cul um and t r ai ni ng i nst r uct i ons [ 14]  [ _____]  
days pr i or  t o t he st ar t  of  t r ai ni ng.

3. 6. 2   Oper at i ons and Mai nt enance

Submi t  compl et e copi es of  oper at i on manual  out l i ni ng t he st ep- by- st ep 
pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  and shut down.   The 
manual s shal l  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce 
manual ,  par t s l i s t ,  and br i ef  descr i pt i on of  al l  equi pment  and i t s basi c 
oper at i ng f eat ur es.   Al so,  submi t  compl et e copi es of  mai nt enance manual  
l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r ,  and 
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t r oubl eshoot i ng gui des.   The manual s shal l  i ncl ude pi pi ng l ayout ,  equi pment  
l ayout ,  and s i mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em as 
i nst al l ed.   Oper at i on and mai nt enance manual s shal l  be appr oved pr i or  t o 
t r ai ni ng cour se.

3. 7   SCHEDULES

a.   TABLES I  and I I :   Li st  any or  al l  pr oper t i es of  par t i cul at e mat er i al s 
such as cor r osi ve,  t oxi c,  abr asi ve,  st i cky,  f l ammabl e,  expl osi ve,  
abr asi ve,  f r i abl e,  spher i cal  f i br ous,  and hygr oscopi c.

b.   TABLES I  and I I I :   Del et e r ef er ence t o par t i cul at es i f  t he scr ubber  i s  
t o be i nst al l ed wi t h a par t i cul at e pr ecl eaner .

c.   TABLE I I I :   Del et e r ef er ence t o wat er  suppl y dat a i f  not  appl i cabl e f or  
equi pment  sel ect ed.

d.   TABLES I I I  and I V:   The vol ume t o be l i s t ed her e i s t he t ot al  vol ume of  
exhaust  or  vent i l at i on ai r  f l ow wi t h whi ch t he pol l ut ant  i s  mi xed.   Add 
or  del et e i t ems under  Anal ysi s of  Gaseous Pol l ut ant s.

TABLE I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Type Col l ect or : [_____]

Cont ami nat e St r eam: [_____]

Col l ect or  I nl et  Condi t i ons:

Elevation: [ _____]  met er s f eet

Gas Densi t y: [ _____]  kg per  cubi c met er  pcf

Volume: [ _____]  act ual  cubi c met er s per  second cf m 
[ st oi chi omet r i c]  [ pi t ot ]

Pressure: [ _____]  Pa i nches of  wat er  gauge

Temperature: [ _____]  degr ees C F

Gr ai n Loadi ng: [ _____]  mg per  act ual  cubi c met er s 
grain/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Moisture: [ _____]  per cent

Anal ysi s of  Par t i cul at es:

Speci f i c Gr avi t y: [_____]

Bul k Densi t y: [ _____]  kg per  cubi c met er  pcf
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TABLE I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Physi cal  Pr oper t i es: [_____]

Par i c l e Si ze Di st r i but i on,  µm mi cr ons Per cent  by Wei ght  of  Dust  i n Range

0-5 [_____]

5-10 [_____]

10-20 [_____]

20-30 [_____]

30-40 [_____]

<40 [_____]

Chemi cal  Anal ysi s

Col l ect i on Ef f i c i ency: [ _____]  per cent

Al l owabl e Out l et  Emi ssi on: [ _____]  mg per  act ual  cubi c met er s 
grains/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Al l owabl e Col l ect or  Pr essur e Dr op: [ _____]  Pa i nches wat er  gauge I nl et  Fl ange 
t o Out l et  Fl ange

Hopper  Capaci t y: [ _____]  cubi c met er  f eet

Col l ect or  I nt er nal  Pr essur e Rel at i ve t o At mospher e

Positive [ _____]  Pa i nches of  wat er  gauge

Negative [ _____]  Pa i nches of  wat er  gauge

Wat er  Suppl y:

Pressure: [ _____]  kPa psi g

Fl ow Rat e: [ _____]  L/ sec gpm

Wat er  Anal ysi s: [_____]

TABLE I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Type Col l ect or : [_____]

Cont ami nat e St r eam: [_____]
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TABLE I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Type of  Fuel - Per cent  by wei ght  as f i r ed:

Vol at i l e Mat t er : [_____]

Fi xed Car bon: [_____]

Moisture: [_____]

Sulfur: [_____]

Ash: [_____]

J/kgBtu/pound [_____]

Fuel  Fi r i ng Rat e [ _____]  kg per  hour  pounds per  hour

Col l ect or  I nl et  Condi t i ons:

Elevation: [ _____]  met er s f eet

Volume: [ _____]  act ual  cubi c met er s per  second acf m
 [ st oi chi omet r i c]  [ pi t ot ]

Pressure: [ _____]  Pa i nches of  wat er  gauge

Temperature: [ _____]  degr ees C F

Gr ai n Loadi ng: [ _____]  [ mg per  act ual  cubi c met er ]  [ mg 
per  st andar d cubi c met er ]  [ nanogr ams per  

J]  [ gr ai ns/ acf ]  [ gr ai ns/ scf ]  [ pounds/ 106 
Btu]

Anal ysi s of  Pat i cul at es:

Speci f i c Gr avi t y: [_____]

Bul k Densi t y [ _____]  kg per  cubi c met er  pcf

Physi cal  Pr oper t i es: [_____]

Par i c l e Si ze Di st r i but i on,  µm mi cr ons Per cent  by Wei ght  of  Dust  i n Range

0-5 [_____]

5-10 [_____]

10-20 [_____]

20-30 [_____]

30-40 [_____]
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TABLE I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

<40 [_____]

Chemi cal  Anal ysi s

Col l ect i on Ef f i c i ency: [ _____]  per cent

Al l owabl e Out l et  Emi ssi on: [ _____]  mg per  act ual  cubi c met er s 
grains/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Al l owabl e Col l ect or  Pr essur e Dr op: [ _____]  Pa i nches wat er  gauge I nl et  Fl ange 
t o Out l et  Fl ange

Hopper  Capaci t y: [ _____]  cubi c met er  f eet

Col l ect or  I nt er nal  Pr essur e Rel at i ve t o At mospher e

Positive [ _____]  Pa i nches of  wat er  gauge

Negative [ _____]  Pa i nches of  wat er  gauge

TABLE I I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Maxi mum Out l et  Emi ssi on: [ _____]  mg per  act ual  cubi c met er s 
grains/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Type Col l ect or : [_____]

Cont ami nat e St r eam: [_____]

Type of  Fuel - Per cent  by wei ght  as f i r ed:

Vol at i l e mat t er : [_____]

Fi xed Car bon: [_____]

Moisture: [_____]

Sulfur: [_____]

Ash: [_____]

Fuel  Fi r i ng Rat e: [ _____]  kg per  hour  pounds per  hour

Col l ect or  I nl et  Condi t i ons:
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TABLE I I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Elevation: [ _____]  met er s f eet

Volume:
[ _____]  act ual  cubi c met er s per  second cf m 
[ st oi chi omet r i c]  [ pi t ot ]

Pressure: [ _____]  Pa i nches of  wat er  gauge

Temperature: [ _____]  degr ees C F

Gr ai n Loadi ng: [ _____]  mg per  act ual  cubi c met er s 
grain/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Moisture: [ _____]  per cent

Anal ysi s of  Par t i cul at es:

Speci f i c Gr avi t y: [_____]

Bul k Densi t y: [ _____]  kg per  cubi c met er  pcf

Physi cal  Pr oper t i es: [_____]

Par i c l e Si ze Di st r i but i on,  µm mi cr ons Per cent  by Wei ght  of  Dust  i n Range

0-5 [_____]

5-10 [_____]

10-20 [_____]

20-30 [_____]

30-40 [_____]

<40 [_____]

Chemi cal  Anal ysi s

Anal ysi s of  Gaseous Pol l ut ant s:

Sul f ur  Di oxi de [ _____]  ppmv dr y

Ni t r ous Oxi de [ _____]  ppmv dr y

Hydrocarbons [ _____]  ppmv dr y

Moi st ur e Cont ent [ _____]  per cent

Col l ect i on Ef f i c i ency: [ _____]  per cent
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TABLE I I I .   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Al l owabl e Out l et  Emi ssi on: [ _____]  mg per  act ual  cubi c met er s 
grains/acf

[ _____]  mg per  st andar d cubi c met er  
grains/scf

[ _____]  nanogr ams per  J pounds/ 106 Bt u

Al l owabl e Col l ect or  Pr essur e Dr op: [ _____]  Pa i nches wat er  gauge I nl et  Fl ange 
t o Out l et  Fl ange

Col l ect or  I nt er nal  Pr essur e Rel at i ve t o At mospher e

Positive [ _____]  Pa i nches of  wat er  gauge

Negative [ _____]  Pa i nches of  wat er  gauge

Wat er  Suppl y:

Pressure: [ _____]  kPa psi g

Fl ow Rat e: [ _____]  L/ sec gpm

Wat er  Anal ysi s: [_____]

TABLE I V.   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Type Col l ect or : [_____]

Cont ami nat e St r eam: [_____]

Col l ect or  I nl et  Condi t i ons:

Volume:
[ _____]  act ual  cubi c met er s per  second cf m 
[ st oi chi omet r i c]  [ pi t ot ]

Pressure: [ _____]  Pa i nches of  wat er  gauge

Temperature: [ _____]  degr ees C F

Rel at i ve Humi di t y: [ _____]  per cent

Anal ysi s of  Gaseous Pol l ut ant s:

Sul f ur  Di oxi de [ _____]  ppmv dr y

Ni t r ous Oxi de [ _____]  ppmv dr y

Pai nt  Sol vent s [ _____]  ppmv dr y

Hydrocarbons [ _____]  ppmv ( by speci es)  dr y
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TABLE I V.   AI R POLLUTI ON CONTROL EQUI PMENT PERFORMANCE DATA

Moi st ur e Cont ent [ _____]  per cent

Anal ysi s of  cont ami nant s whi ch must  be f i l t er ed out  upst r eam of  car bon bed.

Al l owabl e Emi ssi ons ( by speci es) .

        - -  End of  Sect i on - -
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