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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  st eam gener at i on pl ant s based on 
oper at i ng pr essur e above 200 kPa 30 psi g t o a 
maxi mum of  1030 kPa 150 psi g.

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

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

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

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

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sust ai nabl e desi gn f act or s whi ch shoul d be 
consi der ed dur i ng desi gn of  st eam gener at i ng syst ems 
i ncl ude,  but  ar e not  l i mi t ed t o,  t he f ol l owi ng:   use 
of  c l eaner  bur ni ng f uel s ( nat ur al  gas,  l ow sul f ur  
No.  2 oi l ) ;  desi gn f or  mi ni mal  ai r  emi ssi ons;  
speci f i cat i on of  boi l er s and anci l l ar y equi pment  i n 
t he upper  25 per cent  of  avai l abl e ef f i c i ency f or  t he 
capaci t y r ange used;  pr oper  i nsul at i on of  pi pi ng,  
f i t t i ngs,  and ot her  heat ed sur f aces;  r et ur ni ng 
condensat e t o t he st eam pl ant  f or  r euse;  bl owdown 
heat  r ecover y;  appr opr i at e use of  wat er  t r eat ment  
syst ems and chemi cal s;  use of  el ect r i c r at her  t han 
st eam t ur bi ne mot or  dr i ves;  r ecycl i ng of  di smant l ed 
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or  demol i shed mat er i al  and equi pment ;  and f or  new 
pl ant s,  bui l di ng on a pr evi ousl y devel oped or  
" br ownf i el d"  s i t e i f  possi bl e.   These f act or s ar e 
gener al l y subj ect  t o l i f e- cycl e cost  anal ysi s.

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

1. 1   REFERENCES

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

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

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

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

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

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  Spec 5L ( 2018;  46t h Ed;  ERTA 2018)  Li ne Pi pe

API  Spec 15LR ( 2001;  R 2018)  Speci f i cat i on f or  Low 
Pr essur e Fi ber gl ass Li ne Pi pe

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

ASME B1. 20. 1 ( 2013;  R 2018)  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. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

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

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

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded
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ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

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

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

ASME BPVC SEC I ( 2017)  BPVC Sect i on I - Rul es f or  
Const r uct i on of  Power  Boi l er s

ASME BPVC SEC I I - C ( 2017)  BPVC Sect i on I I - Mat er i al s Par t  
C- Speci f i cat i ons f or  Wel di ng Rods 
El ect r odes and Fi l l er  Met al s

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 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASME CSD- 1 ( 2021)  Cont r ol  and Saf et y Devi ces f or  
Aut omat i cal l y Fi r ed Boi l er s

ASME PTC 4 ( 2013;  R 2023)  Fi r ed St eam Gener at or s

ASME PTC 12. 3 ( 1997;  R 2014)  Per f or mance Test  Code on 
Deaer at or s

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

ASME PTC 19. 11 ( 2008;  R 2013)  St eam and Wat er  Sampl i ng,  
Condi t i oni ng,  and Anal ysi s i n t he Power  
Cycl e

ASME PTC 25 ( 2023)  Pr essur e Rel i ef  Devi ces

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C203 ( 2020)  Coal - Tar  Pr ot ect i ve Coat i ngs and 
Li ni ngs f or  St eel  Wat er  Pi pel i nes -  Enamel  
and Tape -  Hot - Appl i ed

AWWA C700 ( 2020)  Col d- Wat er  Met er s -  Di spl acement  
Type,  Met al  Al l oy Mai n Case
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AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

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

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A53/ A53M ( 2024)  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 A106/ A106M ( 2019a)  St andar d Speci f i cat i on f or  
Seaml ess Car bon St eel  Pi pe f or  
Hi gh- Temper at ur e Ser vi ce

ASTM A126 ( 2004;  R 2023)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM A216/ A216M ( 2021)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Car bon,  Sui t abl e f or  Fusi on 
Wel di ng,  f or  Hi gh- Temper at ur e Ser vi ce

ASTM A240/ A240M ( 2023a)  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 A269/ A269M ( 2024)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Aust eni t i c  St ai nl ess St eel  
Tubi ng f or  Gener al  Ser vi ce

ASTM A276/ A276M ( 2024)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Bar s and Shapes

ASTM A278/ A278M ( 2001;  R 2020)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Pr essur e- Cont ai ni ng 
Par t s f or  Temper at ur es Up t o 650 degr ees F 
( 350 degr ees C)

ASTM A290/ A290M ( 2016;  R 2021)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  For gi ngs f or  Ri ngs 
f or  Reduct i on Gear s

ASTM A395/ A395M ( 1999;  R 2022)  St andar d Speci f i cat i on f or  
Fer r i t i c  Duct i l e I r on Pr essur e- Ret ai ni ng 
Cast i ngs f or  Use at  El evat ed Temper at ur es

ASTM A516/ A516M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
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Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A582/ A582M ( 2022)  St andar d Speci f i cat i on f or  
Fr ee- Machi ni ng St ai nl ess St eel  Bar s

ASTM A653/ A653M ( 2023)  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;  R 2022)  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 A743/ A743M ( 2021)  St andar d Speci f i cat i on f or  
Cast i ngs,  I r on- Chr omi um,  
I r on- Chr omi um- Ni ckel ,  Cor r osi on Resi st ant ,  
f or  Gener al  Appl i cat i on

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 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM C34 ( 2023)  St andar d Speci f i cat i on f or  
St r uct ur al  Cl ay Loadbear i ng Wal l  Ti l e

ASTM C62 ( 2023)  St andar d Speci f i cat i on f or  Bui l di ng 
Br i ck ( Sol i d Masonr y Uni t s Made f r om Cl ay 
or  Shal e)

ASTM C155 ( 1997;  R 2022)  St andar d Speci f i cat i on f or  
I nsul at i ng Fi r ebr i ck

ASTM C700 ( 2018;  R 2022)  St andar d Speci f i cat i on f or  
Vi t r i f i ed Cl ay Pi pe,  Ext r a St r engt h,  
St andar d St r engt h,  and Per f or at ed

ASTM D888 ( 2012;  E 2013)  Di ssol ved Oxygen i n Wat er

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM D5543 ( 2009)  St andar d Test  Met hods f or  Low- Level  
Di ssol ved Oxygen i n Wat er

ASTM F1139 ( 1988;  R 2019)  St eam Tr aps and Dr ai ns

EXPANSI ON JOI NT MANUFACTURERS ASSOCI ATI ON ( EJMA)

EJMA St ds ( 2015)  ( 10t h Ed)  EJMA St andar ds

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
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ht t p: / / www. appr oval gui de. com/

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

I SA 5. 2 ( 1976;  R1992)  Bi nar y Logi c Di agr ams f or  
Pr ocess Oper at i ons

I SA 5. 3 ( 1983)  Gr aphi c Symbol s f or  Di st r i but ed 
Cont r ol / Shar ed Di spl ay I nst r ument at i on,  
Logi c,  and Comput er  Syst ems

I SA 51. 1 ( 1979;  R1993)  Pr ocess I nst r ument at i on 
Ter mi nol ogy

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

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

NEMA MG 1 ( 2021)  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 31 ( 2024;  TI A 23- 1)  St andar d f or  t he 
I nst al l at i on of  Oi l - Bur ni ng Equi pment

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

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

NFPA 85 ( 2023)  Boi l er  and Combust i on Syst ems 
Hazar ds Code

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 5/ NACE No.  1 ( 2007)  Whi t e Met al  Bl ast  Cl eani ng

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 232 ( 1997f ;  R 2012)  I nt er f ace Bet ween Dat a 
Ter mi nal  Equi pment  and Dat a 
Ci r cui t - Ter mi nat i ng Equi pment  Empl oyi ng 
Ser i al  Bi nar y Dat a I nt er change
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TI A- 485 ( 1998a;  R 2012)  El ect r i cal  Char act er i st i cs 
of  Gener at or s and Recei ver s f or  Use i n 
Bal anced Di gi t al  Mul t i poi nt  Syst ems

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 296 ( 2017;  Repr i nt  Nov 2022)  UL St andar d f or  
Saf et y Oi l  Bur ner s

UL 567 ( 2021)  UL St andar d f or  Saf et y Emer gency 
Br eakaway Fi t t i ngs,  Swi vel  Connect or s and 
Pi pe- Connect i on Fi t t i ngs f or  Pet r ol eum 
Pr oduct s and LP- Gas

UL 574 ( 2003;  Repr i nt  Sep 2019)  UL St andar d f or  
Saf et y El ect r i c Oi l  Heat er s

UL 726 ( 1995;  Repr i nt  Oct  2023)  Oi l - Fi r ed Boi l er  
Assembl i es

UL 795 ( 2016;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Commer ci al - I ndust r i al  Gas Heat i ng 
Equi pment

1. 2   DEFI NI TI ONS

The def i ni t i ons of  t he t er ms r el at i ng t o pr ocess cont r ol  i nst r ument at i on 
t echnol ogy ar e t hose gi ven i n I SA 51. 1.   Use l ogi c symbol s i n accor dance 
wi t h I SA 5. 2.   Use gr aphi c symbol s f or  di st r i but ed cont r ol  i n accor dance 
wi t h I SA 5. 3.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Desi gn Anal ysi s and Cal cul at i ons

Submi t  manuf act ur er ' s desi gn dat a and st r uct ur al  comput at i ons, and desi gn 
anal yses and cal cul at i ons f or  wal l s,  r oof s,  f oundat i ons,  and ot her  
f eat ur es,  f or  speci al t y t ype of  const r uct i on,  wi t h desi gn dat a f or  l at er al  
f or ces t hat  may be encount er ed due t o wi nd l oads and sei smi c f or ces.   
Mount  i nst r ument at i on on equi pment  i n accor dance wi t h par agr aph Suppor t s 
i n PART 3.

1. 3. 2   El ect r i cal  Envi r onment

Pr ovi de el ect r i cal  and el ect r oni c equi pment  t hat  oper at e sat i sf act or i l y ,  
bot h i ndependent l y and i n conj unct i on wi t h ot her  equi pment .   The oper at i on 
of  el ect r i cal  and el ect r oni c equi pment  must  not  be adver sel y af f ect ed by 
i nt er f er ence vol t ages and f i el ds f r om ext er nal  sour ces,  and t hat  equi pment  
pr ovi ded must  not  be a sour ce of  i nt er f er ence t hat  mi ght  adver sel y af f ect  
t he oper at i on of  ot her  equi pment .   Ensur e t he basi c desi gn of  equi pment ,  
component s,  and assembl i es l i mi t s t he ef f ect s of  r adi o f r equency 
i nt er f er ence and el ect r omagnet i c i nt er f er ence.
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1. 4   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a “ G”  t o an i t em,  
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

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

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

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

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

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

SD- 02 Shop Dr awi ngs

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

Var i abl e Spr i ng Hanger s

Pi pe Anchor s

Set t i ng Pl ans

Gr aphi cs Scr een For mat

SD- 03 Pr oduct  Dat a
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Mat er i al s

Saf et y Dat a Sheet s

Desi gn Anal ysi s and Cal cul at i ons.

Wel di ng;  G[ ,  [ _____] ]

Wat er  Tr eat ment  Pl an

Cl eani ng of  Boi l er  and Pi pi ng.

Test i ng of  Pi pi ng Syst ems;  G[ ,  [ _____] ]

Spar e Par t s

Fr amed I nst r uct i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Test  Schedul e

Pr oposed Test  Pr ocedur e

Boi l er  Emi ssi ons Repor t

Adj ust i ng,  I nspect i ng,  and Cl eani ng

Fuel  oi l  anal ysi s;  G[ ,  [ _____] ]

St ar t up Test  Har dcopy Pr i nt out ;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Envi r onment al  Per mi t  Compl i ance;  G[ ,  [ _____] ]

Exper i ence;  G[ ,  [ _____] ]

Fact or y Test i ng

Cer t i f i cat e of  Compl i ance

Per f or mance Test  Repor t

Cer t i f i cat es of  I nspect i on,  Test ,  and Cal i br at i on

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

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

1. 5   QUALI TY ASSURANCE

1. 5. 1   Exper i ence

Submi t  evi dence of  t he Cont r act or ' s pr i or  exper i ence i n i nst al l i ng s i mi l ar  
equi pment ,  i ncl udi ng a l i s t  of  5 combust i on cont r ol  i nst al l at i ons on 
boi l er s of  equal  or  l ar ger  s i ze t hat  have been i n sat i sf act or y oper at i on 
f or  2 year s pr i or  t o bi d openi ng;  al so,  t he l ocat i on of  t he combust i on 
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cont r ol  i nst al l at i ons.

1. 5. 2   Wel di ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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  r egar di ng wel ds and t he wel di ng 
submi t t al ,  and use t he second br acket ed sent ence.   
Non r et ur n val ves ar e onl y r equi r ed on mul t i pl e 
boi l er  i nst al l at i ons.

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

Submi t  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.   
Fur ni sh t hi s i nf or mat i on r egar di ng wel ds,  i nt er nal  t o packaged boi l er s,  i f  
r equest ed by t he Gover nment .

a.   Wel d and st amp st eam  pi pi ng bet ween t he boi l er  [ st eam nozzl e]  
[ nonr et ur n val ve]  and t he second st op val ve i n accor dance wi t h 
ASME BPVC SEC I .   [ Wel d ot her  pi pi ng 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.   
Use qual i f i ed pr ocedur es and wel der s 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.

b.   Not i f y t he Cont r act i ng Of f i cer  24 hour s i n advance of  t est s.   The 
wel der  or  wel di ng oper at or  must  appl y t he per sonal l y assi gned symbol  
near  each wel d made as a per manent  r ecor d.

c.   Wel d st r uct ur al  member s 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] .

1. 5. 3   Use of  Asbest os Pr oduct s

Pr oduct s t hat  cont ai n asbest os ar e pr ohi bi t ed.   Thi s pr ohi bi t i on i ncl udes 
i t ems such as packi ngs or  gasket s,  even t hough t he i t em i s encapsul at ed or  
t he asbest os f i ber s ar e i mpr egnat ed wi t h bi nder  mat er i al .

1. 5. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs consi st i ng of  schedul es,  per f or mance char t s,  
br ochur es,  di agr ams,  dr awi ngs,  and i nst r uct i ons necessar y f or  i nst al l at i on 
of  t he st eam- gener at i ng uni t s and associ at ed equi pment ,  and f or  pi pi ng,  
wi r i ng devi ces,  t r enches and r el at ed f oundat i ons.   Det ai l  dr awi ngs f or  
st eam gener at or s and appur t enances,  i ncl udi ng t he f uel  syst em.   I ndi cat e 
c l ear ances r equi r ed f or  mai nt enance and oper at i on and al so cont ai n 
compl et e wi r i ng and schemat i c di agr ams,  equi pment  l ayout  and anchor age,  
and ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has been 
coor di nat ed and wi l l  f unct i on pr oper l y as a uni t .   Manuf act ur er s '  
conf i dent i al  i nf or mat i on concer ni ng manuf act ur i ng t echni ques and 
pr opr i et ar y dat a such as det ai l ed f abr i cat i on shop dr awi ngs ar e not  
r equi r ed.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
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excessi ve humi di t y and excessi ve t emper at ur e var i at i on;  and di r t ,  dust ,  or  
ot her  cont ami nant s.

1. 7   PROJECT/ SI TE CONDI TI ONS

Desi gn i nst r ument s l ocat ed i n f ur nace r ooms f or  79 degr ees C 175 degr ees F 
ambi ent  t emper at ur e oper at i on.   Desi gn ot her  i nst r ument s f or  40 degr ees C 
104 degr ees F ambi ent  t emper at ur e oper at i on.

1. 8   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each i t em of  equi pment  pr ovi ded,  af t er  
accept ance of  t he det ai l  dr awi ngs and not  l at er  t han [ _____]  mont hs bef or e 
t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a compl et e l i s t  of  
spar e par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ces of  suppl y.   
I ncl ude speci al  t ool s necessar y f or  t he oper at i on and mai nt enance of  
boi l er s,  bur ner s,  pumps,  f ans,  and ot her  equi pment .   Fur ni sh smal l  hand 
t ool s wi t h a sui t abl e har dwood cabi net  mount ed wher e di r ect ed.   Pr ovi de 
speci al  wr enches f or  openi ng boi l er  manhol es,  handhol es,  and cl eanout s.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.   Pr ovi de equi pment  suppor t ed by a 
ser vi ce or gani zat i on t hat  i s,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  
r easonabl y conveni ent  t o t he s i t e.

2. 1. 2   Namepl at es

For  each maj or  i t em of  equi pment ,  secur e a pl at e wi t h 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  
t o t he i t em of  equi pment .

2. 1. 3   Equi pment  Guar ds and Access

Ful l y encl ose or  guar d 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 exposed t o per sonal  
cont act .   Pr oper l y guar d or  cover  hi gh t emper at ur e equi pment  and pi pi ng 
exposed t o cont act  by per sonnel  or  wher e t hey cr eat e a f i r e hazar d wi t h 
i nsul at i on of  t he t ype speci f i ed.   Pr ovi de i t ems such as cat wal ks,  
oper at i ng pl at f or ms,  l adder s,  and guar dr ai l s wher e shown and const r uct  i n 
accor dance wi t h Sect i on [ 08 31 00 ACCESS DOORS AND PANELS] [ 05 51 33 METAL 
LADDERS] .

2. 2   MATERI ALS

Submi t  out l i ne dr awi ngs,  dat a sheet s,  par t s l i s t s,  schedul es,  per f or mance 
char t s,  i nst al l at i on i nst r uct i ons,  br ochur es,  di agr ams,  and ot her  
i nf or mat i on t o i l l ust r at e equi pment ,  wi r i ng r el at ed component s,  and 
mat er i al .   Ensur e per f or mance char t s pr ovi de i nf or mat i on necessar y t o 
det er mi ne compl i ance t o t he speci f i ed and i ndi cat ed r equi r ement s and 
i ncl ude mi ni mum capaci t y f or  st abl e oper at i on of  t he equi pment .   Submi t  
manuf act ur er ' s i nst al l at i on r ecommendat i ons f or  each i t em of  
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i nst r ument at i on.   Pr ovi de pr oduct  dat a i ncl udi ng cat al ogs,  and 
char act er i st i c cur ves;  and manuf act ur er  r ecommended cl eani ng pr ocedur e,  
i nt er i or  and ext er i or ,  f or  appl i cabl e i t ems.   Pr ovi de mat er i al s compl yi ng 
wi t h t he f ol l owi ng:

2. 2. 1   Br i ck,  Common

ASTM C62.

2. 2. 2   Br i cks,  Ref r act or y

ASTM A653/ A653M,  c l ass as r ecommended by t he boi l er  manuf act ur er .

2. 2. 3   Br i cks,  Ref r act or y,  I nsul at i ng

ASTM C155.

2. 2. 4   Coal - Tar  Pr i mer  and Enamel

AWWA C203.

2. 2. 5   Dr af t  Gauge

ASME B40. 100,  St yl e 1.   Mount  dr af t  gauges f or  t he wi ndbox,  combust i on 
chamber ,  and l ast  boi l er  pass i n t he panel  f r ont .   Fi el d- ver i f y oper at i ng 
r ange f or  t he dr af t  gauges wi t h nor mal  r eadi ng i n t he mi ddl e of  t he scal e 
r ange.   Ensur e dr af t  gauges i ncl ude pi pi ng bet ween t he gauges and t he 
boi l er .

2. 2. 6   Exhaust  Head

One pi ece const r uct i on of  pl at e st eel ,  semi st eel ,  or  cast  i r on equi pped 
wi t h sui t abl e baf f l e ar r angement  and dr ai n connect i on f or  t he r emoval  of  
ent r ai ned condensat e and oi l .   Fl ow ar ea t hr ough uni t  must  be l ar ger  t han 
connect i ng pi pe.

2. 2. 7   Expansi on Joi nt

EJMA St ds Book of  St andar ds and ASME B31. 1.   Pr ovi de packl ess,  l eak pr oof ,  
ext er nal l y pr essur i zed bel l ows t ype expansi on j oi nt .   I ncl ude i nt egr al  
gui de r i ngs,  f ul l  t hi ckness cover  desi gned t o cont ai n f ul l  syst em 
pr essur e,  and sel f - dr ai ni ng convol ut i ons.   Pr ovi de expansi on j oi nt t hat  i s  
i nsensi t i ve t o f l ow di r ect i on.   Pr ovi de expansi on j oi nt  wi t h a dr ai n 
connect i on f or  condensat e r emoval .   Pr ovi de expansi on j oi nt  consi st i ng of  
wel ded const r uct i on wi t h ASTM A240/ A240M T- 304 st ai nl ess st eel  bel l ows,  
ASTM A106/ A106M GR B cover  and ASTM A106/ A106M GR B st andar d wal l  pi pe 
wi t h f l anged ends.   For  pumped condensat e,  use Schedul e 80 pi pe.   Use 
expansi on j oi nt  t hat  i s  r at ed f or  1. 03 MPa 150 psi g and 425 degr ees C 800 
degr ees F and has maxi mum axi al  movement  r at i ng of  100 or  200 mm 4 or  8 
i nches wi t h a r at ed cycl e l i f e of  1, 000 f or  t he f ul l  r at ed movement .

2. 2. 8   Gauge,  Pr essur e and Vacuum

ASME B40. 100,  Type I ,  Cl ass 1 or  2,  as appl i cabl e,  st y l e as r equi r ed,  
sui t abl e f or  pr essur e or  vacuum speci f i ed,  wi t h 150 mm 6 i nch mi ni mum 
di amet er  di al  except  as ot her wi se speci f i ed.
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2. 2. 9   Low Wat er  Cut of f

Pr ovi de f l oat  act uat ed l ow wat er  cut of f  swi t ch or  el ect r i cal l y act uat ed 
pr obe t ype.   Pr ovi de f l oat  chamber  wi t h a bl owdown connect i on.   Low wat er  
cut of f  must  cause a saf et y shut down and sound an al ar m when t he boi l er  
wat er  l evel  dr ops bel ow a saf e mi ni mum.   A saf et y shut down due t o l ow 
wat er  must  r equi r e manual  r eset  bef or e oper at i on can be r esumed and must  
pr event  r ecycl i ng of  t he bur ner .   Per f or m l ow wat er  cut of f  i n st r i ct  
accor dance wi t h t he ASME CSD- 1.

2. 2. 10   Mor t ar ,  Ref r act or y

As r ecommended by t he boi l er  manuf act ur er .

2. 2. 11   Pi pe and Fi t t i ngs

2. 2. 11. 1   Cl ay Pi pe

ASTM C700,  Cl ass 1,  Type I ,  St y l e a.

2. 2. 11. 2   Ni ppl e

ASTM A733,  st andar d or  ext r a st r ong wei ght  t o mat ch adj acent  pi pi ng.

2. 2. 11. 3   Pi pe

As speci f i ed i n TABLE I  f or  ser vi ce use and si ze.   Pr ovi de under gr ound 
f uel  pi pi ng i n accor dance wi t h Sect i on 33 56 10 FACTORY- FABRI CATED FUEL 
STORAGE TANKS.

2. 2. 11. 4   Fl anges

As speci f i ed i n TABLE I I  f or  ser vi ce use and si ze.   Convol ut ed st eel  
f l anges conf or mi ng t o ASME BPVC SEC VI I I  D1 may be pr ovi ded i n l i eu of  
f l anges conf or mi ng t o ASME B16. 5.   Pr ovi de convol ut ed f l anges consi st i ng 
of  col d- f or med st eel  conf or mi ng t o ASTM A516/ A516M.   Mat e f l anges wi t h 
ASME B16. 5,  Cl ass 150 f l anges.

2. 2. 11. 5   Fl ange Gasket

Pr ovi de gasket  consi st i ng of  nonasbest os compr essed mat er i al  i n accor dance 
wi t h ASME B16. 21,  1. 6 mm 1/ 16 i nch t hi ckness,  of  sel f  cent er i ng f l at  r i ng 
t ype.   Pr ovi de gasket  cont ai ni ng ar ami d f i ber s bonded wi t h st yr ene 
but adi ene r ubber  ( SBR)  or  ni t r i l e but adi ene r ubber  ( NBR) .   Use NBR bi nder  
f or  hydr ocar bon ser vi ce.   Use met al l i c  spi r al  wound nonasbest os gasket s 
f or  st eam l i nes.

2. 2. 11. 6   Fl exi bl e Connect or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Li st ed f l exi bl e connect or s may be used when 
al l owed by NFPA 30 and when appr oved by l ocal  codes 
as an al t er nat i ve f or  swi ng j oi nt s.

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

Pr ovi de f l exi bl e met al  hose,  cor r ugat ed t ype wi t h br ai ded wi r e sheat h 
cover i ng,  c l ose pi t ch annul ar  cor r ugat i ons,  r at ed f or  a wor ki ng pr essur e 
of  at  l east  1. 03 MPa 150 psi g,  300 mm 12 i nch mi ni mum l i ve l engt h,  
t hr eaded end connect i ons and conf or mi ng t o r equi r ement s of  UL 567.   Ensur e 
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met al  f or  hose and br ai ded wi r e sheat h i s st ai nl ess st eel ,  any t ype of  
AI SI  ser i es.

2. 2. 11. 7   Uni on

ASME B16. 39,  l i mi t ed t o 690 kPa 100 psi g,  t ype t o mat ch adj acent  pi pi ng.   
For  hi gher  pr essur e,  use gr ound j oi nt  cast  st eel  or  f or ged st eel  uni on.   
Use uni ons wi t h appr opr i at e pr essur e and t emper at ur e r at i ngs.

2. 2. 12   Pi pe Suppor t

MSS SP- 58.

2. 2. 13   Pi pe Thr eads

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

2. 2. 14   St eel  Sheet

Car bon,  z i nc- coat ed ( gal vani zed)  by t he hot - di p pr ocess:   ASTM A653/ A653M.   
Gauges speci f i ed ar e Manuf act ur er ' s St andar d Gauge.

2. 2. 15   St r ai ner

Unl ess ot her wi se speci f i ed,  pr ovi de st r ai ner  wi t h scr ewed ends t o 50 mm 2 
i nches,  f l anged f or  65 mm 2- 1/ 2 i nches and l ar ger .

2. 2. 15. 1   Body

For  syst ems up t o 1. 03 MPa 150 psi ,  Cl ass 150 150 pound WSP cl ass,  cast  
st eel ;  and f or  hi gher  pr essur e,  2. 06 MPa 300 psi ,  Cl ass 300 300 pound use 
WSP cl ass f or ged st eel  or  cast  st eel .

2. 2. 15. 2   Scr een

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y scr een si ze f or  t he needs of  t he 
equi pment .

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

Pr ovi de Type 304 st ai nl ess st eel  scr een wi t h f r ee ar ea no l ess t han 2. 5 
t i mes i nl et  ar ea.   For  wat er  syst em,  ensur e per f or at i on i s 6. 4 mm 1/ 8 i nch 
f or  st r ai ner  s i ze up t o 200 mm 8 i nches,  and 4 mm 5/ 32 i nch f or  st r ai ner  
250 mm 10 i nches and l ar ger .   For  st eam and condensat e syst em,  ensur e 
per f or at i on i s 0. 4 mm 1/ 64 i nch f or  st r ai ner  s i ze up t o 50 mm 2 i nches,  
0. 8 mm 1/ 32 i nch f or  st r ai ner  65 mm 2- 1/ 2 i nches t hr ough 100 mm 4 i nches,  
and 1. 2 mm 3/ 64 i nch f or  st r ai ner s 125 mm 5 i nches and l ar ger .   Pr ovi de 
r ei nf or ced wi r e gauge scr een,  wi t h cont i nuous magnet i c f i el d ar ound ent i r e 
c i r cumf er ence of  scr een and magnet s wi t h st ai nl ess st eel  r et ai ni ng l ugs 
and t hr eaded r ods.

2. 2. 15. 3   Y- Type St r ai ner

Pr ovi de Y- t ype st r ai ner  as shown.   Pr ovi de Y- t ype st r ai ner  t hat  i s  f ul l  
l i ne s i ze of  connect i ng pi pi ng,  wi t h ends mat chi ng pi pi ng syst em 
mat er i al s.   Pr ovi de Y- t ype st r ai ner s wi t h a gl obe val ve bl owdown.
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2. 2. 15. 4   Tee St r ai ner

Pr ovi de t ee st r ai ner  as shown.   Pr ovi de t ee st r ai ner  t hat  i s  t he f ul l  l i ne 
s i ze of  t he connect i ng pi pi ng wi t h ends mat chi ng t he pi pi ng syst em 
mat er i al s.   Pr ovi de t ee st r ai ner  wi t h a swi ng bol t  c l osur e.

2. 2. 15. 5   Basket  St r ai ner ,  i ncl udi ng Dupl ex Basket  St r ai ner

Pr ovi de basket  st r ai ner  as shown.   Pr ovi de basket  st r ai ner  wi t h bol t ed 
cover s t o al l ow r emoval  of  t he basket  f or  c l eani ng.   Pr ovi de dupl ex basket  
st r ai ner  i ncl udi ng a mul t i por t  pl ug val ve t o al l ow t he oper at or  t o swi t ch 
act i ve st r ai ner  basket s wi t hout  i nt er r upt i ng syst em oper at i on.

2. 2. 16   Tape

2. 2. 16. 1   Thr eaded Pi pe Joi nt

ASTM D3308.

2. 2. 16. 2   Pi pe Joi nt  Coat i ng

AWWA C203.

2. 2. 17   Ti l e,  Load Bear i ng,  Hol l ow

ASTM C34,  Gr ade LPX.

2. 2. 18   Tr aps,  St eam and Ai r

ASTM F1139.

2. 2. 19   Ther momet er

Unl ess ot her wi se speci f i ed,  pr ovi de di al  t ype t her momet er ,  90 mm 3- 1/ 2 
i nch di amet er ,  chr omi um pl at ed case f or  i ndoor  use and st ai nl ess st eel  f or  
out door  use,  r emot e or  di r ect  t ype bul b as r equi r ed,  wi t h pl us or  mi nus 
0. 5 Degr ees C 1 degr ee F accur acy and whi t e f ace wi t h bl ack di gi t s i n 2 
degr ee i ncr ement s.   Use wel l  and t emper at ur e r ange f or  use encount er ed.   
I nst al l  t her momet er  so as t o be easi l y r ead f r om t he oper at i ng f l oor .   Do 
not  use Mer cur y i n t her momet er s.

2. 2. 20   Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Val ves oper at i ng above 170 kPa/ 130 degr ees C 
25 psi g/ 267 degr ees F wi l l  be mi ni mum Cl ass 150.   
Pr essur e c l ass wi l l  be sui t abl e f or  i nt ended ser vi ce.

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

2. 2. 20. 1   Ref er ence St andar ds

ASTM A126 and ASTM A278/ A278M as appl i cabl e.

2. 2. 20. 2   Check,  Gl obe,  Angl e,  and Gat e

a.   Si zes 40 mm 1- 1/ 2 i nches and smal l er  t hat  ar e oper at i ng at  or  bel ow 
170 kPa 25 psi g and al so oper at i ng at  or  bel ow 130 degr ees C 267 
degr ees F,  sat ur at i on t emper at ur e at  170 kPa 25 psi g must  be br onze,  
MSS SP- 80,  Cl ass 125 wi t h t hr eaded connect i ons.
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b.   Si zes 40 mm 1- 1/ 2 i nches and smal l er  oper at i ng above ei t her  170 kPa 25 
psi g or  130 degr ees C 267 degr ees F,  sat ur at i on t emper at ur e at  170 kPa 
25 psi g,  must  be [ f or ged]  [ cast ]  st eel ,  st ai nl ess st eel  t r i m,  r i s i ng 
st em,  Cl ass [ _____]  wi t h handwheel s.   Ensur e connect i ons ar e [ socket  
wel d]  [ t hr eaded]  end connect i ons.

c.   Si zes 50 mm 2 i nches and l ar ger  must  be cast  st eel ,  st ai nl ess st eel  
t r i m,  r i s i ng st em,  out si de scr ew and yoke,  Cl ass 150 wi t h handwheel s.   
Pr ovi de ei t her  but t  wel d or  f l anged connect i ons.

2. 2. 20. 3   Back Pr essur e Rel i ef

Pr ovi de ASME PTC 25 back pr essur e r el i ef  val ve wi t h st ai nl ess st eel  or  
cast  st eel  body wi t h val ve i nt er nal s and seat s const r uct ed of  st ai nl ess 
st eel .   Pr ovi de posi t i ve c l osi ng back pr essur e r el i ef  val ve wi t h gui des.   
Adj ust  t he desi r ed back pr essur e t o cover  a r ange bet ween 14 and 70 kPa 2 
and 10 psi g.   Ef f ect  t he adj ust ment  ext er nal l y and pr ovi de any shaf t s 
ext endi ng t hr ough t he val ve body wi t h adj ust abl e st uf f i ng boxes havi ng 
r enewabl e packi ng.   Pr ovi de sel f  cont ai ned,  i nt er nal  pi l ot  pi st on oper at ed 
back pr essur e r el i ef  val ve.   Pr ovi de an ext er nal  posi t i oner  on each val ve.

2. 2. 20. 4   Bl owof f  and Qui ck Openi ng

Pr ovi de bl owof f  and qui ck openi ng val ves as r equi r ed i n ASME BPVC SEC I .   
Pr ovi de bal anced seat l ess t ype or  doubl e seat ed r ot at i ng di sk t ype val ve.   
Ensur e qui ck openi ng val ve i s t he st r ai ght way t ype.   Desi gn bl owof f  and 
qui ck openi ng val ves f or  a wor ki ng pr essur e of  2. 06 MPa 300 psi g and 
sui t abl e f or  saf e bl owdown t hr ough t he i nst al l ed pi pi ng syst em.

2. 2. 20. 5   Pr essur e Reduci ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Val ves r equi r i ng t i ght  shut of f  f or  st eam 
ser vi ce wi l l  be ANSI  Cl ass I V.   Wher e a 
t her most at i cal l y cont r ol l ed val ve i s i nst al l ed af t er  
and near  t he r educi ng val ve i n a manner  t o cut  of f  
t he passage of  st eam,  val ves wi t h ANSI  Cl ass I V 
shut of f  wi l l  be used.   Wher e val ves ar e used f or  
r educi ng pr essur e t o t he deaer at i ng heat er ,  val ves 
wi l l  have ANSI  Cl ass I V shut of f .

Consi der  s i l encer s i n pr essur e r educi ng val ve t r ai ns 
wher e acoust i cs t o adj acent  spaces or  maxi mum noi se 
l evel  i n mechani cal  r oom i s an i ssue.

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

Desi gn pr essur e r educi ng val ve f or  a wor ki ng pr essur e of  no l ess t han 1. 03 
MPa 150 psi g,  and ensur e val ve i s qui et  and nonst i cki ng i n oper at i on.   
Pr ovi de spr i ng l oaded,  i nt er nal  pi l ot  pi st on oper at ed t ype pr essur e 
r educi ng val ve wi t h an ext er nal  posi t i on i ndi cat or .   Pr essur e r educi ng 
val ve body 65 mm 2- 1/ 2 i nches and l ar ger  must  be cast  st eel .   Pr ovi de 
pr essur e r educi ng val ve wi t h r ai sed f ace f l anges t o mat ch t he r ai sed f ace 
f l anges on connect i ng pi pi ng.   Pr essur e r educi ng val ve 38 mm 1- 1/ 2 i nches 
and smal l er  must  be br onze wi t h scr ewed connect i ons.  Ensur e pr essur e 
r educi ng val ve t r i m i s st ai nl ess st eel  or  monel  met al .   Par t s subj ect  t o 
wear  must  be r enewabl e.   Pr ovi de pr essur e r educi ng val ve wi t h seat  and 
pl ug f aced wi t h cobal t  t ungst en car bi de mi xt ur e,  or  made of  heat  t r eat ed 
st ai nl ess st eel  or  hi gh chr omi um st eel .   Pr ovi de seat  and pl ug f aci ng wi t h 
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a Br i nel l  har dness of  no l ess t han 450.   Desi gn pr essur e r educi ng val ve 
f or  dead- end ser vi ce.   Do not  exceed a r esul t i ng noi se l evel  of  [ _____]  
dBA.

2. 2. 20. 6   Pl ug

Pr ovi de t aper ed pl ug,  l ubr i cat ed t ype pl ug val ve.   Use l ubr i cant  t hat  i s  
sui t abl e f or  t he i nt ended appl i cat i on.   Pr ovi de cast  st eel  body.   Pr ovi de 
car bon st eel  pl ug.   Pr essur e c l ass must  be mi ni mum ANSI  Cl ass 150.   Pl ug 
val ve 38 mm1- 1/ 2 i nches and smal l er  must  be scr ewed.   Pl ug val ve 50 mm 2 
i nches and l ar ger  must  be f l anged.

2. 2. 20. 7   Saf et y Rel i ef

Si ze and const r uct  saf et y r el i ef  val ve i n compl i ance wi t h r equi r ement s set  
f or t h i n ASME BPVC SEC I .   Pr ovi de saf et y r el i ef  val ve wi t h a manual  
l i f t i ng devi ce f or  t est i ng.

2. 2. 20. 8   St eam Nonr et ur n

Pr ovi de ei t her  angl e t ype or  st r ai ght  t ype st eam nonr et ur n val ve wi t h 
r i s i ng st em as shown.   Oper at e st eam nonr et ur n wi t hout  chat t er i ng,  
hammer i ng,  or  st i cki ng over  t he ent i r e oper at i ng r ange of  t he boi l er .   
Pr ovi de val ve compl yi ng wi t h ASME BPVC SEC I .   Pr ovi de st eam nonr et ur n 
val ve wi t h Cl ass 300 ASTM A216/ A216M cast  st eel  body.   Pr ovi de st eam 
nonr et ur n consi st i ng of  br onze t r i m,  r i s i ng st em,  bol t ed bonnet ,  out s i de 
scr ew and yoke and f l anged ends.

2. 2. 20. 9   Ther most at i c Regul at i ng

Desi gn t her most at i c r egul at i ng val ve f or  a st eam wor ki ng pr essur e of  1. 03 
MPa 150 psi g.   Pr ovi de adj ust abl e t her most at i c r egul at i ng val ve wi t h an 
oper at i ng r ange of  appr oxi mat el y 54 t o 88 degr ees C 130 t o 190 degr ees F 
and mai nt ai n t he desi r ed f l ui d t emper at ur e wi t hi n pl us or  mi nus 2. 5 
degr ees C 5 degr ees F.   Pr ovi de [ br onze]  or  [ cast ]  [ f or ged]  st eel  or  
st ai nl ess st eel  body.

2. 2. 20. 10   Bal l

Pr ovi de Tef l on seat ed and packed bal l  val ve.   Bal l  val ve must  pr ovi de 
bubbl e t i ght  shut of f .   Pr ovi de [ br onze]  or  [ cast ]  [ f or ged]  st eel  or  
st ai nl ess st eel  body.   Bal l  val ve must  be t wo- pi ece f ul l - por t  desi gn.

2. 2. 20. 11   Feedwat er  Cont r ol

Pr ovi de f eedwat er  cont r ol  val ve wi t h t he boi l er .   Suppl y f eedwat er  cont r ol  
val ve wi t h f i l t er ,  r egul at or ,  suppl y and cont r ol  pr essur e gauges,  [ met r i c]  
conver t er  and posi t i oner  wi t h char act er i ng cam.   Cont r ol  syst em must  
pr ovi de 4 t o 20 mAdc cont r ol  s i gnal .

2. 2. 21   Wat er  Col umn

Const r uct  wat er  col umn val ve i n accor dance wi t h ASME BPVC SEC I ,  f i t  wi t h 
gauge gl ass and qui ck- cl osi ng gauge val ves wi t h chai ns and handl es f or  
oper at i on f r om t he boi l er  r oom f l oor .   [ Pr ovi de mi r r or  and i l l umi nat i ng 
l i ght  t o al l ow wat er  l evel s t o be r ead f r om t he boi l er  r oom f l oor ]  
[ Pr ovi de gauge gl ass wi t h i l l umi nat i ng l i ght ] .
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2. 2. 22   Met er s

2. 2. 22. 1   Nat ur al  Gas Fl ow
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   Ensur e t he t ur ndown r at i o ( TDR)  of  t he 
nat ur al  gas f l ow met er  i s wi der  t han t hat  of  t he 
boi l er  bur ner  TDR f i r i ng on nat ur al  gas.

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

Pr ovi de posi t i ve di spl acement  t ype nat ur al  gas f l ow met er  wi t h an al umi num 
body and a pr essur e cor r ect i ng devi ce t hat  wi l l  cor r ect  f l ow r eadi ngs t o 
at mospher i c pr essur e.   Use a mi ni mum met er  desi gn pr essur e of  690 kPa 100 
psi g.   Ensur e accur acy i s pl us or  mi nus 1 per cent  of  cal i br at ed span 
mi ni mum.   Tur ndown must  be [ _____] .   Pr ovi de t hr eaded connect i ons f or  s i zes
 38 mm 1- 1/ 2 i nches and smal l er .   Pr ovi de f l anged connect i ons f or  s i zes 50 
mm 2 i nches and l ar ger .

2. 2. 22. 2   Wat er  Fl ow

Pr ovi de di sk t ype wat er  f l ow met er  wi t h r ei nf or ced di sk f or  hot  wat er  above
 65 degr ees C 150 degr ees F,  and r ubber  or  car bon di sk f or  col d wat er ,  and 
const r uct ed of  br onze composi t i on and cast  i r on pr ot ect ed by noncor r osi ve 
coat i ng.   Ensur e movi ng par t s subj ect  t o wear  ar e easi l y r epl aceabl e.   
Pr ovi de wat er f l ow met er s conf or mi ng t o t he r equi r ement s of  AWWA C700.

2. 2. 22. 3   Fuel  Oi l  Fl ow

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ensur e t he t ur ndown r at i o ( TDR)  of  t he oi l  
f l ow met er  i s wi der  t han t hat  of  t he boi l er  bur ner  
TDR f i r i ng on f uel  oi l .

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

Pr ovi de nut at i ng di sc,  posi t i ve di spl acement  f uel  oi l  f l ow met er  wi t h 
di r ect  mechani cal  shaf t  dr i ve f r om met er  t o r egi st er .   Use const r uct i on 
mat er i al s consi st i ng of  cast  i r on housi ng,  br onze i nt er nal s,  al umi num bal l  
and web di sc,  and Type 316 st ai nl ess st eel  di aphr agm.   Pr ovi de t ot al i z i ng 
r egi st er  as speci f i ed.   Use f l oe oi l  met er  sui t abl e f or  maxi mum oi l  
t emper at ur e.

2. 2. 23   Nat ur al  Gas Pr essur e Regul at or

Pr ovi de pi l ot  oper at ed t ype nat ur al  gas pr essur e r egul at or .   Use ni t r i l e 
di aphr agms.   Nat ur al  gas pr essur e r egul at or  val ve body must  be st eel .   Use 
mi ni mum pr essur e r at i ng of  1. 03 MPa 150 psi g.   Make vent  connect i on i n 
accor dance wi t h NFPA.   Pr ovi de nat ur al  gas pr essur e r egul at or  wi t h an 
ext er nal  posi t i on i ndi cat or .

2. 2. 24   Fr act i onal  and I nt egr al  Hor sepower  Mot or s

Pr ovi de pr emi um ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h 
NEMA MG 1.

2. 3   ELECTRI CAL WORK

Pr ovi de speci f i ed el ect r i c mot or  dr i ven equi pment  compl et e wi t h mot or ,  
mot or  st ar t er ,  and cont r ol s.   Pr ovi de el ect r i cal  equi pment  and wi r i ng i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Ensur e 
el ect r i cal  char act er i st i cs ar e as speci f i ed or  i ndi cat ed.   Pr ovi de mot or  
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st ar t er s 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.   Use mot or  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 .   Pr ovi de 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 
cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces speci f i ed.

2. 4   BOI LER AND APPURTENANCES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t ypes of  boi l er s t hat  ar e not  used.   
Sel ect  appr opr i at e f uel s and f i l l  i n pr essur e and 
t emper at ur e r equi r ement s.   Sel ect  ef f i c i ency i n t he 
upper  25 per cent  of  t he compet i t i ve r ange.   Speci f y 
ef f i c i enci es t hat  cor r el at e t o t he f uel ( s)  
r equi r ed.   Sel ect  appl i cabl e bur ner  t ype and 
combust i on cont r ol  syst em.   To accommodat e shi ppi ng 
l i mi t at i ons or  i nst al l at i on access r equi r ement s i n 
exi st i ng boi l er  pl ant s, t he boi l er  may be speci f i ed 
t o be knocked down and f i el d assembl ed.

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

2. 4. 1   Boi l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t ur ndown r at i o wi t h subpar agr aph 
" Fuel  Oi l  Bur ner "  and subpar agr aph " Nat ur al  Gas 
Bur ner "  i n par agr aph FUEL BURNI NG EQUI PMENT.

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

Pr ovi de boi l er  as compl et e boi l er - bur ner  package,  i ncl udi ng i nt egr al  
f or ced dr af t  bur ner ,  boi l er  t r i m,  r ef r act or y,  cont r ol s,  f uel  t r ai n and 
accessor y component s.   Pr ovi de boi l er - bur ner  package [ f ul l y  assembl ed]  
[ f i el d assembl ed]  r eady f or  f l oor  mount i ng and connect i on t o st eam,  
f eedwat er ,  el ect r i cal ,  [ f uel  oi l ] ,  [ nat ur al  gas] ,  vent ,  chemi cal  f eed,  
bl owdown and cont r ol  l i nes i n accor dance wi t h t he Set t i ng Pl ans.   Submi t  
compl et e set t i ng pl ans cer t i f i ed by t he boi l er  manuf act ur er  and bur ner  
manuf act ur er .   Pr ovi de boi l er  wi t h t he capaci t y i ndi cat ed.   Ensur e 
equi pment  desi gn and accessor y i nst al l at i ons per mi t  accessi bi l i t y  f or  
mai nt enance and ser vi ce.   Pr ovi de boi l er  compl yi ng wi t h NFPA 85.   Desi gn 
boi l er  f or  wor ki ng pr essur e of  [ _____]  kPa psi g and oper at i ng pr essur e of  
[ _____]  kPa psi g.   Each boi l er  must  be capabl e of  cont i nuousl y pr oduci ng 
[ _____]  kg pounds per  hour  sat ur at ed st eam [ _____]  degr ees C degr ees F 
whi l e bei ng suppl i ed wi t h [ _____]  degr ees C degr ees F f eedwat er .   Boi l er  
oper at i on must  be st abl e at  a t ur ndown r at i o of  [ _____] .   Pr ovi de [ nat ur al  
gas]  [ f uel  oi l ]  [ combi nat i on nat ur al  gas f uel  oi l ]  bur ner s of  t ype,  s i ze 
and so l ocat ed and ar r anged such t hat  t he f l ame i n no case i mpi nges on any 
sur f ace i n t he boi l er  nor  ext ends beyond t he l i mi t s of  t he f ur nace.

2. 4. 2   Per f or mance

Pr ovi de boi l er  wi t h t he speci f i ed capaci t y at  t he oper at i ng pr essur e,  
f eedwat er  t emper at ur e and boi l er  s i t e el evat i on speci f i ed.   Base capaci t y 
on t he evapor at i on r at e i n kg pounds per  hour  at  boi l er  speci f i ed out l et  
st eam t emper at ur e and pr essur e whi l e f i r i ng [ No. [ _____]  f uel  oi l ]  [ nat ur al  
gas]  [ No.  [ _____]  f uel  oi l  or  nat ur al  gas] .   [ Use f uel  oi l  suppl y 
t emper at ur e and pr essur e of  [ _____]  degr ees C degr ees F and [ _____]  kPa 
psi g] .   [ Use nat ur al  gas suppl y pr essur e of  [ _____]  kPa psi g] .   Boi l er  
must  be capabl e of  cont i nuous oper at i on at  f ul l  r at ed capaci t y.   Ensur e 
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mi ni mum ef f i c i ency i s no l ess t han [ _____]  per cent  when f i r ed cont i nuousl y 
at  f ul l  r at ed capaci t y wi t h [ nat ur al  gas]  [ f uel  oi l ]  [ nat ur al  gas or  f uel  
oi l ] .   Mai nt ai n bot h st abl e f i r i ng and ef f i c i ency over  t he ent i r e f i r i ng 
r ange r equi r ed by t he t ur ndown r at i o.   Base out put  capaci t y of  t he boi l er  
on t est s of  t he boi l er  and bur ner  as a uni t .   Moi st ur e i n t he st eam must  
not  exceed 0. 5 per cent  at  maxi mum cont i nuous r at ed boi l er  capaci t y and 
dur i ng a l oad swi ng of  10 per cent  of  boi l er  capaci t y per  mi nut e wi t h 
boi l er  wat er  di ssol ved sol i ds concent r at i on at  appr oxi mat el y 3, 500 ppm and 
t ot al  al kal i ni t y not  i n excess of  700 ppm.

2. 4. 3   Const r uct i on

Bui l d and st amp boi l er  i n accor dance wi t h ASME BPVC SEC I  and as speci f i ed.

2. 4. 4   I dent i f i cat i on

St amp boi l er  as f ol l ows:

a.   Maxi mum capaci t y i n MW Bt u/ Hr .

b.   Maxi mum al l owabl e wor ki ng pr essur e.

c.   Radi ant  heat i ng ar ea.

d.   Tot al  heat i ng sur f ace ar ea.

e.   Fur nace vol ume.

2. 4. 5   Wat er t ube,  Packaged Type St eam Boi l er

Pr ovi de shop assembl ed t ype boi l er  wi t h ei t her  2 or  3 dr ums and wat er  
cool ed f ur nace r oof ,  f l oor ,  f r ont ,  r ear  and si de wal l s.   Ensur e t he 
f ur nace si de and r ear  wal l s ar e compl et el y sui t abl e f or  pr essur i zed 
f i r i ng.   Ar r ange boi l er  f aces t o gi ve maxi mum cool i ng ef f ect  t o f ur nace 
r ef r act or i es.   Fur nace wat er wal l  t ubes must  ent er  st eam dr um bel ow t he 
nor mal  oper at i ng dr um l evel .   Pr ovi de t ube i nspect i on por t s i n f ur nace t o 
boi l er  di v i s i on wal l ,  al ong bot h t he st eam and l ower  dr ums.   Si ze f ur nace 
f or  compl et e combust i on of  f uel  i n t he f ur nace wi t h no f l ame i mpi ngement  
on t he wat er - cool ed sur f aces and no combust i on i n t he convect i on ar ea.   Do 
not  exceed f ur nace heat  r el ease r at e,  based on f uel  anal ysi s and r equi r ed 
f uel  i nput ,  of  [ _____]  gi gaj oul es/ hr  per  cubi c met er  Bt u/ hr  per  cubi c f oot  
of  f ur nace vol ume.   Ensur e f ur nace heat i ng sur f ace i s no l ess t han [ _____]  
squar e met er s squar e f eet  on a f l at  pr ot ect ed ar ea.

2. 4. 5. 1   Dr um

a.   Ext end dr ums beyond t he ent i r e l engt h of  f ur nace set t i ng.   Fabr i cat e 
dr um of  st eel  pl at e,  wel d i n accor dance wi t h ASME BPVC SEC I ,  
i ncl udi ng st r ess r el i evi ng and X- r ayi ng of  wel ded seams.   Pr ovi de 
st eam dr um wi t h st eam separ at or s and dr um i nt er nal s r equi r ed t o 
mai nt ai n t he speci f i ed st eam moi st ur e cont ent ,  and pr ovi s i ons f or  
mai nt enance.   Pr ovi de necessar y baf f l i ng t o separ at e st eam f r om wat er  
i n t he dr um and t o mai nt ai n st abl e wat er  l evel  under  a f l uct uat i ng 
l oad.   Ensur e var i at i ons i n nor mal  wat er  l evel  do not  exceed boi l er  
manuf act ur er ' s r ecommendat i ons as appr oved dur i ng t he shop dr awi ng 
submi t t al  st age wi t h an i ncr easi ng l oad change of  10 per cent  of  boi l er  
capaci t y per  mi nut e.   The st eam dr um di amet er  must  not  be l ess t han 
t he f ol l owi ng:
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1.   915 mm 36 i nch ( st eam f l ow of  5, 455 t o 31, 800 kg/ hr  12, 000 t o 
70, 000 pounds/ hr ) .

2.   1, 070 mm 42 i nch ( st eam f l ow of  31, 800 t o 45, 450 kg/ hr  70, 000 t o 
100, 000 pounds/ hr ) .

3.   1, 220 mm 48 i nch ( st eam f l ow of  45, 450 t o 68, 180 kg/ hr  100, 000 t o 
150, 000 pounds/ hr ) .

4.   1, 370 mm 54 i nch ( st eam f l ow of  68, 180 t o 81, 800 kg/ hr  150, 000 t o 
180, 000 pounds/ hr ) .

b.   Lower  dr um must  not  be l ess t han 610 mm 24 i nches i n di amet er .

c.   Pr ovi de dr um wi t h t wo 300 by 400 mm 12 by 16 i nch el l i pt i cal  manhol es 
wi t h doubl e c l amps,  st uds and gasket s.

d.   Pr ovi de boi l er  wi t h connect i ons as shown.

2. 4. 5. 2   Tubes

2. 4. 5. 2. 1   Fur nace and Boi l er

Pr ovi de f ur nace and boi l er  t ubes no l ess t han 50 mm 2 i nches i n di amet er  
and t hi ckness conf or mi ng t o t hat  gi ven i n ASME BPVC SEC I  f or  t he pr essur e 
speci f i ed.   Bend t ubes t o a t r ue r adi us.   Tubes t hat  ar e di st or t ed i n 
bendi ng,  f l at t ened or  r i dged ar e not  accept abl e.   Dr i l l ,  r eam and ser r at e 
t ube hol es i n t he dr um.   Desi gn t ubes t o per mi t  dr ums and t ubes t o dr ai n 
by gr avi t y.

2. 4. 5. 2. 2   Fur nace Wat er wal l

Pr ovi de f ur nace wat er wal l  t hat  ext end t he ent i r e l engt h of  f ur nace set t i ng 
and consi st s of  50 mm 2 i nch t angent i al  el ect r i c r esi st ance wel ded st eel  
t ubes or  wel ded f ur nace membr ane wal l .   Expand t ubes connect ed t o t he 
dr ums and/ or  l ower  header s i nt o bor ed t ube seat s.   I f  header s ar e 
pr ovi ded,  use l ower  header s of  s i dewal l s t hat  ar e r ound or  squar e desi gn.   
Pr ovi de l ower  header  wi t h gasket ed handhol e cover s f or  easy access t o each 
wal l  t ube.   Si ze t ube bend r adi i  f or  st andar d t ur bi ne t ype cl eaner s f or  
easy pass t hr ough f or  c l eani ng of  t he f ul l  l engt h of  t he t ubes.

2. 4. 5. 2. 3   Convect i on Tubes

Pr ovi de convect i on t ubes consi st i ng of  el ect r i c r esi st ance wel ded 
const r uct i on i n accor dance wi t h ASME BPVC SEC I .   Ar r ange convect i on t ubes 
t o ensur e pr oper  and ef f ect i ve soot  bl owi ng.   Expand convect i on t ubes i n 
t he boi l er  sect i on i nt o t he upper  and l ower  dr ums.

2. 4. 5. 3   Baf f l es

Ar r ange baf f l es t o di r ect  pr oduct s of  combust i on i nt o cont act  wi t h heat i ng 
sur f aces wi t hout  shor t  c i r cui t  of  f l ue gas at  t he out l et  or  excessi ve l oss 
of  dr af t .   Pr ovi de baf f l es t hat  ar e ei t her  a r ef r act or y mat er i al ,  t angent  
t ubes or  a met al  sui t abl e f or  t he t emper at ur e encount er ed.

2. 4. 5. 4   Suppor t s

Suppor t  boi l er  and f i r i ng equi pment  f r om t he f oundat i on wi t h st r uct ur al  
st eel  i ndependent  of  br i ckwor k.   Boi l er  suppor t s must  per mi t  f r ee 
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expansi on and cont r act i on of  each por t i on of  t he boi l er  wi t hout  pl aci ng 
undue st r ess on any par t  of  t he boi l er  or  set t i ng.   For  l i f t i ng and 
handl i ng of  t he boi l er ,  wel d l i f t i ng l ugs t o t he st eam dr um.   Rei nf or ce 
boi l er  ski d and pr ovi de wi t h space beneat h t he end of  t he beam f or  j acki ng 
t he uni t  dur i ng i nst al l at i on.   Pr ovi de hol es i n t he mai n beam f or  use by a 
r i gger  t o dr ag or  l i f t  t he uni t  by i t s base f r ame f or  f i nal  posi t i oni ng,  
i f  t hi s met hod i s r ecommended by boi l er  manuf act ur er .

2. 4. 5. 5   Boi l er  Casi ng and I nsul at i on

Encase boi l er  compl et el y i n a doubl e casi ng and f i l l  wi t h bl anket  
i nsul at i on.   Const r uct  casi ng of  wel ded bl ack st eel  sheet s no l i ght er  t han 
3. 4 mm 10 gauge.   Pr ovi de gast i ght  casi ng and r ei nf or ce wi t h st r uct ur al  
st eel  t o pr ovi de r i gi di t y and pr event  buckl i ng.   Pr ovi de r ef r act or y or  
i nsul at i on behi nd t he wat er wal l  t ubes t hat  i s no l ess t han 65 mm 2 1/ 2 
i nches t hi ck.   Pr ovi de i nsul at i on of  suf f i c i ent  t hi ckness t o ensur e an 
aver age casi ng t emper at ur e i n t he f ur nace ar ea not  i n excess of  60 degr ees 
C 140 degr ees F wi t h a sur f ace ai r  vel oci t y of  0. 25 met er s per  second 50 
f pm and an ambi ent  ai r  t emper at ur e of  38 degr ees C 100 degr ees F when 
oper at i ng at  f ul l  capaci t y.   Pr ovi de i nsul at i on mat er i al  and i nst al l at i on 
as r ecommended by t he boi l er  manuf act ur er .   I nsul at e exposed por t i on of  
t he boi l er  dr um wi t h mi ner al  wool  bl ock and encl ose i n a wel ded 3. 4 mm 10 
gauge st eel  casi ng,  f i el d i nst al l ed.   Use f act or y i nst al l ed r ef r act or y and 
i nsul at i on.

2. 4. 5. 6   Access Door  and Obser vat i on Por t

Pr ovi de boi l er  wi t h access door s i n suf f i c i ent  number ,  s i ze and l ocat i on 
f or  c l eani ng,  i nspect i on and r epai r .   Ensur e access door  i s gast i ght  and 
i nt er i or  sur f aces exposed t o di r ect  r adi at i on and hi gh t emper at ur e ar e 
l i ned wi t h appr oved r ef r act or y mat er i al  t o pr event  excessi ve heat  l oss.   
Access door s t hat  ar e l ar ge or  wei gh mor e t han 23 kg 50 pounds must  be 
hi nged.   I n addi t i on,  pr ovi de at  l east  t wo obser vat i on por t s wi t h cast  
i r on cover s,  one on t he f r ont  and one on t he r ear  wal l  of  t he f ur nace,  so 
t hat  t he ent i r e i nner  sur f ace of  t he f ur nace i s v i s i bl e f r om one or  mor e 
por t s.

2. 4. 5. 7   Set t l i ng Chamber

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y f or  No.  4 and No.  6 f uel  oi l .

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

Pr ovi de set t l i ng chamber  f or  t he r emoval  of  f l y  ash bel ow t he l ast  pass of  
t he boi l er  wi t h sui t abl e means f or  f r equent  c l eani ng wi t hout  shut t i ng down 
t he boi l er .

2. 4. 5. 8   Soot  Bl ower

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y f or  No.  4 and No.  6 f uel  oi l .

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

Pr ovi de boi l er  wi t h soot  bl ower  f or  convect i on bank cl eani ng.   Pr ovi de 
st eam oper at ed soot  bl ower ,  val ve- i n- head t ype and f ur ni sh compl et e wi t h 
wal l  s l eeve,  c l amps,  hanger s,  suppor t s,  manual  oper at i ng chai ns and ot her  
appur t enances r equi r ed f or  a compl et e i nst al l at i on.   Ar r ange bl ower  
el ement s so t hat  al l  par t s of  t he heat i ng sur f aces ar e c l eaned of  soot  
deposi t s when r ot at ed by el ect r i c mot or  act uat ed by [ aut omat i c sequence 
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f r om boi l er  cont r ol  panel ]  [ manual  swi t ch f r om boi l er  cont r ol  panel ] .   Use 
soot  bl ower  el ement s of  such l engt h,  di amet er  and t ot al  nozzl e ar ea such 
t hat  f or  t he oper at i ng pr essur e i nvol ved t her e wi l l  be no si gni f i cant  
di f f er ence i n t he c l eani ng ef f ect  bet ween t he nozzl e near est  t he i nl et  and 
t hose f ar t hest  f r om t he i nl et  of  t he el ement .   Make soot  bl ower  of  a 
mat er i al  t hat  wi l l  sat i sf act or i l y  wi t hst and t he t emper at ur e i n t he zone 
wher e i t  i s  i nst al l ed.

2. 4. 5. 9   Economi zer

a.   Fur ni sh boi l er  wi t h a r ect angul ar ,  package ext ended sur f ace 
economi zer .   Pr ovi de shop assembl ed economi zer  and shi p compl et e wi t h 
st r uct ur al  st eel  f r ame,  i nner  casi ng,  shop appl i ed i nsul at i on and 
[ _____]  mm gauge box r i bbed met al  l aggi ng.   Desi gn and f abr i cat e 
economi zer  i n accor dance wi t h ASME BPVC SEC I .   Fl ue gas f l ow t hr ough 
economi zer  must  be ver t i cal  wi t h or i ent at i on of  economi zer  as shown.

b.   Pr ovi de economi zer  of  cont i nuous t ube,  l oop t ube desi gn and compl et el y 
dr ai nabl e by gr avi t y af t er  i nst al l at i on.   Desi gn and ar r ange 
economi zer  such t hat  t her e wi l l  be no st eami ng i n t he economi zer  under  
any l oad or  oper at i ng condi t i on.   Ensur e mi ni mum desi gn t emper at ur e of  
t he economi zer  i s 370 degr ees C 700 degr ees F.   Hydr ost at i cal l y 
f act or y t est  economi zer  at  1. 5 t i mes t he t ube si de desi gn pr essur e or  
at  l east  2. 07 MPa 300 psi  i n t he pr esence of  a Code I nspect or .   
Pr ovi de ASME code st amped uni t  i ncl udi ng namepl at e and code 
document at i on.

c.   Ext ended sur f ace must  be of  sol i d cont i nuous,  r esi st ance wel ded car bon 
st eel  f i ns.   Use maxi mum f i n spaci ng of  [ _____]  f i ns per  met er  f oot .   
Fi ns must  be no l ess t han 1. 9 mm 0. 075 i nches t hi ck.

d.   Pr ovi de SA- 106- B header s wi t h mi ni mum Schedul e 40 wal l  t hi ckness and 
equi p wi t h mi ni mum ANSI  Cl ass [ _____]  r ai sed f ace wel d neck f l anged 
connect i ons.   Use header  wal l  t hi ckness and f l ange r at i ng whi ch i s 
dependent  on t ube si de desi gn pr essur e i n accor dance wi t h 
ASME BPVC SEC I  r equi r ement s.   Tube ar r angement  must  be of  t he open 
l at t i ce desi gn.   Dr i l l ed t ube sheet s ar e not  accept abl e.

e.   Hot  st r uct ur e desi gn must  be gast i ght  and desi gned f or  a mi ni mum of  
250 mm 10 i nches wc gas si de pr essur e.

f .   Ensur e pr essur e par t s ar e not  i n cont act  wi t h t ube sheet s.

g.   Pr ovi de i nner  casi ng t hat  i s a mi ni mum of  3. 4 mm 10 gauge car bon st eel .

h.   Desi gn t he economi zer  f or  t he maxi mum oper at i ng condi t i ons of  t he 
boi l er  and capabl e of  r educi ng boi l er  st ack exi t  f l ue gas t emper at ur e 
t o 148 degr ees C 300 degr ees F when t he boi l er  i s  bei ng f i r ed wi t h 
nat ur al  gas or  oi l  and bei ng suppl i ed wi t h f eedwat er  at  [ 107]  
[ _____] degr ees C [ 225]  [ _____]  degr ees F at  al l  boi l er  l oads.

i .   The boi l er  f eedwat er  head l oss t hr ough t he economi zer  must  not  exceed 
103 Pa 15 psi  at  maxi mum boi l er  l oad.

j .   I nsul at e economi zer  wi t h a mi ni mum 50 mm 2 i nch t hi ck bl anket  t ype 
mi ner al  wool  or  appr oved equal .

k.   Pr ovi de weat her pr oof out er  casi ng wi t h a mi ni mum 7. 5 mm 22 gauge 
cor r ugat ed gal vani zed car bon st eel  l aggi ng.   Pai nt  exposed sur f aces 
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not  encl osed by out er  casi ng wi t h hi gh t emper at ur e al umi num pai nt .

l .   Pr ovi de mi ni mum 19 mm 3/ 4 i nch vent  and dr ai n connect i ons on f eedwat er  
header s.

m.   Pr ovi de economi zer  wi t h el ect r i cal l y oper at ed soot  bl ower s.   Use 
quant i t y of  soot  bl ower s as r ecommended by t he manuf act ur er .   I nst al l  
soot  bl ower s t r ansver sel y t o pr ovi de maxi mum cl eani ng capabi l i t i es.

n.   Pr ovi de access door  of  car bon st eel  const r uct i on i n t he economi zer  
desi gn.   I nsul at e access door .

o.   Desi gn t he economi zer  t o accept  pi pi ng r eact i ons wi t hout  di st or t i on or  
cr eat i ng over st r essed condi t i ons i n t he pi pi ng.

2. 4. 6   Fi r et ube,  Package Type St eam Boi l er

Const r uct  and st amp boi l er  pr essur e vessel  i n accor dance wi t h t he r ul es of  
Sect i on 1 of  t he ASME BPVC SEC I .   Excut e ASME manuf act ur er ' s dat a r epor t s 
by t he manuf act ur er  and an aut hor i zed i nspect or  who hol ds a val i d 
commi ssi on i ssued by t he Nat i onal  Boar d of  Boi l er  and Pr essur e Vessel  
I nspect or s pr i or  t o shi pment .   Fur ni sh ASME manuf act ur er ' s dat a t o t he 
Cont r act i ng Of f i cer ,  t he i nspect i on agency and t he st at e and l ocal  
aut hor i t i es at  t he pl ace of  i nst al l at i on.   St amp pr essur e vessel  f or  1030 
kPa 150 psi g desi gn pr essur e.

2. 4. 6. 1   Heat i ng Sur f ace

Pr ovi de boi l er  f ur nace t ube wi t h i t s cent er l i ne bel ow t he boi l er  
cent er l i ne f or  maxi mum wat er  cover age.   Pr ovi de boi l er  wi t h a mi ni mum of  
0. 465 squar e met er s 5 squar e f eet  of  f i r esi de heat i ng sur f ace per  r at ed 
BHP.   Pr ovi de f ur nace l ar ge enough f or  compl et e combust i on of  f uel  at  
maxi mum capaci t y wi t hout  f l ame i mpi ngement .   Ensur e heat i ng sur f ace i s 
f ul l y  accessi bl e f or  i nspect i on and cl eani ng wi t hout  di st ur bi ng t he bur ner  
equi pment .   Locat e obser vat i on and si ght  por t s at  each end of  t he boi l er  
t o al l ow i nspect i on of  f l ame condi t i ons.   Pr ovi de a r ear  access openi ng 
wi t h obser vat i on por t .   Pr ovi de handhol es and manhol es i n accor dance wi t h 
ASME BPVC SEC I .

2. 4. 6. 2   Boi l er  Fi r et ubes

Pr ovi de boi l er  f i r et ubes whi ch ar e no l ess t han 50 mm 2 i nches i n 
di amet er ,  seaml ess st eel  t ubi ng expanded t o t he t ube sheet s.   Wel ded 
wel ded f i r et ubes ar e not  accept abl e.

2. 4. 6. 3   Fl ue Gas Exhaust

Locat e f l ue gas exhaust  connect i on and st ack t her momet er  on t he t op 
cent er l i ne.   Fur ni sh boi l er  f l ue out l et  wi t h a manual  cast  i r on l ocki ng 
damper .

2. 4. 6. 4   Boi l er  Suppor t s

Suppor t  boi l er  and f i r i ng equi pment  f r om t he f oundat i on.   Pr ovi de boi l er  
suppor t s consi st i ng of  heavy dut y st r uct ur al  st eel  base wi t h l i f t i ng l ugs 
and r i ggi ng hol es i n t he ski d t o f aci l i t at e i nst al l at i on.   Locat e t wo or  
mor e l i f t i ng l ugs on t op of  pr essur e vessel .
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2. 4. 6. 5   Ref r act or y

Pr ovi de ei t her  hi nged or  davi t ed f r ont  boi l er  door ,  as r equi r ed,  t o 
pr ovi de access t o f i r et ubes wi t hout  di sconnect i ng t he bur ner  or  f uel  
t r ai n.   Conf i gur e f r ont  boi l er  door  such t hat  f r ont  t ube sheet s ar e f ul l y  
accessi bl e f or  i nspect i on and cl eani ng when open.   Rear  door  must  be 
davi t ed.   " Dr y back"  boi l er s havi ng r ear  door  r ef r act or y ar e not  
accept abl e.   Seal  door s wi t h cer ami c f i ber  r ope gasket s and f ast en 
secur el y usi ng l ugs and nut s t hr eaded ont o st uds wel ded i nt o t he vessel .   
I nsul at e r ear  door  wi t h bl anket  i nsul at i on wi t h a st eel  cover i ng.   Cont ai n 
f r ont  door  r ef r act or y and i nsul at i on i n t he f or med door  whi ch must  swi ng 
open f or  i nspect i on of  br i ck wor k.   Submi t  Saf et y Dat a Sheet s det ai l i ng 
r ef r act or y mat er i al s cont ai ned wi t hi n t he boi l er .

2. 4. 6. 6   Boi l er  I nsul at i on

Pr ovi de boi l er  i nsul at i on consi st i ng of  mi ni mum 50 mm 2 i nch f i ber gl ass 
bl anket  cover i ng ent i r e c i r cumf er ence of  pr essur e vessel  and pr ot ect  by 
pr ef or med sheet  met al  l aggi ng.   Cover  i nsul at i on wi t h mi ni mum 0. 8 mm 22 
gauge pr ef or med sheet  met al  and f act or y pai nt  bef or e shi pment  usi ng a har d 
f i ni sh enamel  coat i ng.

2. 4. 7   Boi l er  Tr i m

Pr ovi de boi l er  compl et e wi t h t he f ol l owi ng t r i m:

a.   Wat er  col umn consi st i ng of  gauge gl ass set ,  gauge gl ass and wat er  
col umn bl owdown val ve.

b.   Low wat er  cut of f ,  as an i nt egr al  par t  of  t he boi l er  f eedwat er  
cont r ol .   Cut of f  must  be f act or y wi r ed i nt o t he bur ner  cont r ol  c i r cui t  
t o pr event  bur ner  oper at i on i f  t he boi l er  wat er  l evel  f al l s  bel ow t he 
saf e oper at i ng l evel .

c.   Mount  an auxi l i ar y l ow wat er  cut of f  bel ow t he pr i mar y uni t ,  wi r e i n 
ser i es wi t h t he pr i mar y uni t ,  and pr ovi de wi t h a manual  r eset  devi ce.

d.   Pr ovi de st eam pr essur e gauge,  r ange t o sui t  oper at i ng pr essur e,  on t he 
boi l er  f r ont ,  i ncl udi ng si phon,  cock and t est  connect i on.

e.   St eam saf et y val ve of  t ype and si ze t o compl y wi t h ASME Code 
r equi r ement s.

f .   Two bot t om bl owdown connect i ons,  one at  t he bot t om f r ont  and one at  
t he bot t om r ear  of  t he vessel .

g.   A mi ni mum of  [ _____]  sur f ace bl owdown connect i on[ s] .

2. 4. 8   Pr event i on of  Rust

Unl ess ot her wi se speci f i ed,  f act or y pr i me pai nt  sur f aces of  f er r ous met al  
subj ect  t o cor r osi on wi t h a r ust - i nhi bi t i ng coat i ng and subsequent l y 
f act or y f i ni sh pai nt  i n accor dance wi t h t he manuf act ur er ' s st andar d 
pr act i ce.   Pr i me and f i ni sh pai nt  equi pment  exposed t o hi gh t emper at ur e 
when i n ser vi ce wi t h t he manuf act ur er ' s st andar d heat  r esi st ant  pai nt  t o a 
mi ni mum t hi ckness of  0. 025 mm 1 mi l .   Do not  pai nt  i nt er nal  sur f aces of  
t ubes and pi pi ng t hat  wi l l  not  be i n st or age mor e t han t hr ee mont hs pr i or  
t o bei ng pl aced i n ser vi ce,  but  coat  wi t h a wat er  sol ubl e pi pe oi l  f or  
r ust  pr ot ect i on.   Do not  coat  sur f aces whi ch wi l l  be exposed di r ect l y t o 
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t he f l ue gases ( f i r esi de f ur nace sur f aces,  OD sur f ace of  convect i on pass 
sur f aces,  i nsi de of  f l ues and duct s)  wi t h a hi gh t emper at ur e heat  
r esi st ant  pai nt ,  but  pr ot ect  wi t h a sui t abl e coat  of  t he manuf act ur er ' s 
st andar d pr i mer .   Pai nt  sur f aces t hat  wi l l  be cover ed by i nsul at i on and 
l aggi ng wi t h a hi gh t emper at ur e heat  r esi st ant  pai nt .

2. 4. 9   Fact or y Coat i ng

Fact or y f i ni sh equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous 
met al ,  wi t h t he manuf act ur er ' s st andar d f i ni sh unl ess ot her wi se speci f i ed.

2. 5   FUEL BURNI NG EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det er mi ne t he boi l er  emi ssi ons NOx 
r equi r ement s.   Boi l er  emi ssi ons must  compl y wi t h 
l ocal  envi r onment al  per mi t s.   St at e r egul at i ons may 
be mor e st r i ngent  t han Feder al  Regul at i ons.   Del et e 
f l ue gas r eci r cul at i on ( FGR)  i f  not  r equi r ed.

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

Pr ovi de f uel  bur ni ng equi pment  compl et e wi t h f l ame saf eguar d syst em,  
f or ced dr af t  l ow NOx bur ner ,  combust i on ai r  wi ndbox,  pi pi ng,  f uel  t r ai ns 
and i nst r ument at i on suppl i ed as a f act or y assembl ed and mount ed package on 
t he boi l er  f r ont .   Pr ovi de packaged bur ner  capabl e of  f i r i ng t he boi l er  at  
a cont i nuous r at i ng as schedul ed,  usi ng [ nat ur al  gas at  69 Pa 10 psi ]  [ No.  
[ 2]  [ 4]  [ 6]  f uel  oi l ]  as an [ i nt egr al ]  [ combi nat i on]  uni t [ . ]  [ sui t abl e f or  
f i r i ng ei t her  f uel  separ at el y,  desi gned t o per mi t  a qui ck changeover  
wi t hout  modi f i cat i on of  equi pment ] .   I ncor por at e pr ovi s i ons f or  
wi t hdr awi ng,  shi el di ng or  ot her wi se pr event i ng t he oi l  bur ner  f r om cooki ng 
whi l e f i r i ng gas.   Appl y emi ssi ons guar ant ees t hr ough speci f i ed t ur ndown 
r ange.   Ut i l i ze f l ue gas r eci r cul at i on t o l ower  emi ssi ons,  but  l i mi t  t o 15 
per cent  and i nduce by t he combust i on ai r  f an.   Pr ovi de bur ner  wi t h a 
st abl e f l ame over  t he t ur ndown r ange.   Ensur e pr i mar y ai r  spi nner  zone,  
zone di v i der  and mai n bur ner  ar e r emovabl e wi t hout  r emovi ng t he ent i r e 
r egi st er  or  wi ndbox.   Pr ovi de r egi st er  f r ont  pl at e wi t h a swi vel  scanner  
and obser vat i on por t .   Submi t  an Envi r onment al  Per mi t  Compl i ance 
cer t i f i cat e r egar di ng t he boi l er  emi ssi ons.

2. 5. 1   Pi l ot

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  one t ype of  pi l ot  ( nat ur al  gas,  
l i qui f i ed pet r ol eum gas or  f uel  oi l )  and r emove t he 
ot her s.

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

a.   Pr ovi de nat ur al  gas- el ect r i c t ype pi l ot  bur ner  wi t h t he capaci t y 
r equi r ed t o r el i abl y l i ght  of f  t he boi l er .   Suppl y a 6, 000 vol t  
secondar y s i de i gni t i on t r ansf or mer  and mount  backsi de of  t he wi ndbox.

b.   Pr ovi de l i quef i ed pet r ol eum gas ( LPG)  t ype pi l ot .   Locat e t wo 18 kg 40 
l b cyl i nder s on concr et e pads out si de of  t he bui l di ng as shown.   
I ncl ude mani f ol d and val ves f or  cyl i nder s t o al l ow r emoval  and f i l l i ng 
of  one t ank wi t hout  i nt er r upt i ng ser vi ce t o pi l ot .   Pr ovi de r egul at or s 
and gauges wi t h adequat e capaci t y t o ser ve pi l ot .

c.   Pr ovi de st r ai ght  mechani cal  or  at omi zi ng t ype pi l ot   as speci f i ed f or  
t he bur ner .   Desi gn pi l ot  syst em t o f i r e No.  2 oi l  and pr ovi de 
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compl et e wi t h f uel  oi l  pump,  saf et y shut - of f  val ve,  i nt egr al  met al l i c  
scr een st r ai ner s and a car t r i dge t ype f i l t er .   Pr ovi de i gni t i on 
t r ansf or mer  r at ed at  no l ess t han 10, 000 vol t s on t he secondar y s i de.

d.   Make pr ovi s i on i n t he bur ner  housi ng f or  i nspect i on of  t he pi l ot  f l ame.

e.   Pr ovi de pi l ot  wi t h i ndi v i dual  manual  shut - of f  val ve,  pr essur e gauge,  
pr essur e r egul at i on separ at e f r om t he mai n bur ner ,  sel f  c l osi ng 
sol enoi d val ve and vent  val ve i n accor dance wi t h FM APP GUI DE and 
UL 795.   Pr ovi de pi l ot  and val v i ng i n accor dance wi t h NFPA 85.

2. 5. 2   Bur ner  Ref r act or y Thr oat

Make bur ner  r ef r act or y t hr oat  of  hi gh qual i t y cast abl e r ef r act or y sui t abl e 
f or  1650 degr ees C 3000 degr ees F.   Shi p t he pr ecast  r ef r act or y i n a st eel  
r et ai ni ng r i ng wi t h st ai nl ess st eel  anchor s separ at el y f or  f i el d mount i ng 
on t he boi l er .   Bur ner  r ef r act or y t hr oat  must  be concent r i c wi t h t he 
bur ner ,  cont our ed t o ensur e compl et e mi xi ng of  [ ai r  and nat ur al  gas]  [ ai r  
and oi l ]  [ ai r  and nat ur al  gas and ai r  and oi l ] ,  and desi gned t o assi st  i n 
compl et e combust i on by r adi at i ng heat  t o t he f uel .   Posi t i on bur ner  so 
t hat  t he f l ame par al l el s t he cont our  of  t he bur ner  r ef r act or y t hr oat  but  
avoi ds st r i k i ng t he r ef r act or y.

2. 5. 3   Wi ndbox

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nt ent  i s t o pr ovi de capabi l i t y  f or  f l ue gas 
r eci r cul at i on ( FGR)  on al l  boi l er s speci f i ed,  ei t her  
f or  pr esent  use or  f ut ur e i nst al l at i on.

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

Wi ndbox must  pr ovi de even ai r f l ow.   Wi ndbox must  not  i nt er f er e wi t h boi l er  
smoke box door  oper at i on and have a f l ange bot t om f or  easy f i r m mount i ng 
on a suppor t  st r uct ur e.   Pr ovi de wi ndbox wi t h an i nduced f l ue gas 
r eci r cul at i on ( FGR)  i nl et  adapt or  assembl y.

2. 5. 4   Combust i on Ai r  Fan

Use cent r i f ugal  t ype combust i on ai r  f an wi t h backwar dl y i ncl i ned ai r  f oi l  
bl aded wheel .   Pr ovi de combust i on ai r - f an wheel  whi ch i s di r ect l y dr i ven 
by a TEFC NEMA f r ame mot or  and compl et e wi t h i nl et  cone and scr een and 
f l ange out l et .   Mount  bot t om f l anged combust i on ai r  f an on same st r uct ur al  
member  as wi ndbox.   Si ze combust i on ai r - f an t o pr ovi de suf f i c i ent  st at i c 
pr essur e t o over come syst em l osses when pr ovi di ng 15 per cent  excess ai r  at  
maxi mum f i r i ng r at e,  pl us t he amount  of  f l ue gas i nduced t o compl y wi t h 
t he NOx emi ssi on r equi r ement s.

2. 5. 5   Combust i on Ai r  Damper

Pr ovi de f l anged combust i on ai r  damper  and l ocat e bet ween combust i on ai r  
f an and wi ndbox.   Pr ovi de combust i on ai r  damper  sui t abl e f or  speci f i ed 
t ur ndown and pr ovi de same t ur ndown per f or mance when up t o 15 per cent  f l ue 
gas i s i nduced and mi xed i n t he ai r st r eam.

2. 5. 6   Fuel  Oi l  Bur ner

Pr ovi de [ mechani cal  pr essur e at omi zi ng]  [  st eam at omi zi ng] [ ai r  at omi zi ng]  
t ype f uel  oi l  bur ner  conf or mi ng t o UL 296,  UL 726 and NFPA 85,  capabl e of  
bur ni ng [ heat ed]  [ unheat ed]  [ No.  6]  [ No.  4]  [ No.  2]  f uel  oi l .   Ensur e f uel  
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oi l  bur ner  i s capabl e of  f i r i ng boi l er  t o maxi mum capaci t y wi t h t ur ndown 
r ange of  [ ei ght  ( 8)  t o one ( 1)  f or  boi l er  above 2452 kW 250 hor sepower ]  
[ f our  ( 4)  t o one ( 1)  f or  boi l er  2452 kW 250 hor sepower  or  l ess] .   Pr ovi de 
f uel  oi l  bur ner  t hat  i s  qui et  i n oper at i on wi t hout  bl owt or ch ef f ect  or  
t endency t o l ocal i ze heat  at  any one par t  of  combust i on chamber  and 
wi t hout  deposi t i ng unbur ned oi l  on any par t  of  combust i on chamber  or  
boi l er .   Ensur e f uel  oi l  bur ner  i s easi l y moved out  of  f i r i ng posi t i on f or  
c l eani ng,  i nspect i on,  adj ust ment  and mai nt enance.

2. 5. 7   Nat ur al  Gas Bur ner

Nat ur al  gas bur ner  must  be a mul t i - spud bur ner  wi t h gas f eed pi pe i n 
cent er  of  ai r  r egi st er  f or  easy r emoval .   Pr ovi de f or ced dr af t  t ype 
nat ur al  gas bur ner  sui t abl e f or  ef f i c i ent l y bur ni ng nat ur al  gas havi ng a 
cal or i f i c  val ue of  [ _____]  Joul es per  cubi c met er  Bt u per  cubi c f oot  when 
suppl i ed at  a pr essur e of  appr oxi mat el y [ _____]  kPa psi g.   Di schar ge 
nat ur al  gas i n bur ner  t hr oat  ar ea.   Nat ur al  gas- ai r  pr emi x or  nat ur al  gas 
di schar ged out si de of  bur ner  t hr oat  ar e not  accept abl e.   Mai n nat ur al  gas 
bur ner  must  be capabl e of  f i r i ng t he boi l er  t o maxi mum capaci t y wi t h a 
t ur ndown of  [ t en ( 10)  t o one ( 1)  f or  boi l er s above 2452 kW 250 hor sepower ]  
[ f our  ( 4)  t o one ( 1)  f or  boi l er s 2452 kW 250 hor sepower  or  l ess] .

2. 5. 8   Fl ame Saf eguar d Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Edi t  f or  f uel  choi ce and sel ect  appr opr i at e 
opt i ons.

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

a.   Pr ovi de f l ame saf eguar d syst em t hat  i s manuf act ur ed by bur ner  
manuf act ur er  and mount  i n boi l er  cont r ol  panel  as a panel  i nser t .   
Pr ovi de UL l i s t ed f l ame saf eguar d syst em component s.   Pr ovi de compl et e 
and aut omat i c f l ame saf eguar d syst em i n accor dance wi t h NFPA 
r equi r ement s saf e st ar t - up,  on- l i ne oper at i on and shut - down of  package 
bur ner .

b.   Pr ovi de mi cr o- pr ocessor  based f l ame saf equar d syst em i ncl udi ng,  but  
not  l i mi t ed t o,  aut omat i c bur ner  sequenci ng,  f l ame super vi s i on,  st at us 
i ndi cat i on,  f i r e- out  annunci at i on and sel f  di agnost i cs.

c.   House over cur r ent  pr ot ect i ve devi ces,  and mot or  st ar t er s f or  t he 
combust i on ai r  f an mot or ,  bur ner  damper  mot or  and el ect r i c oi l  
heat er .   Al so i ncl ude cont r ol  t r ansf or mer s and an RS- 232C ser i al  
communi cat i on por t .

d.   Fl ame scanner  must  not  r equi r e a separ at e pur ge ai r  suppl y.   Connect  
f l ame scanner  out put  s i gnal  t o f l ame ampl i f i er  modul e i n 
mi cr opr ocessor  based uni t .   Wi t hi n f our  seconds af t er  l oss of  f l ame,  
f l ame saf eguar d cont r ol l er  must  shut  t he aut omat i c saf et y shut - of f  
f uel  val ve[ s]  [ and open t he gas aut omat i c vent  val ve] .   Di spl ay f l ame 
f ai l ur e s i gnal  on f l ame saf eguar d di spl ay or  bur ner  cont r ol  panel .

e.   Pr ovi de l ogi c wi t h f l ame saf eguar d syst em t o:

( 1)   Pr event  i nt r oduct i on of  i gni t er  f l ame ( pi l ot )  or  mai n f uel  f l ame 
t o f ur nace unt i l  f ur nace,  boi l er  passes,  br eechi ng and st ack have 
been pur ged of  combust i bl e gases.

( 2)   Pr event  openi ng of  aut omat i c f uel  shut - of f  val ves i n mai n f uel  
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l i ne unt i l  i gni t er  f l ame i s pr oven.

( 3)   Li mi t  t r i al  f or  mai n f uel  i gni t i on t o t en ( 10)  seconds f r om t i me 
i gni t er  f l ame i s pr oven.

( 4)   I n event  of  bur ner  f ai l ur e,  r equi r e oper at or  i nt er vent i on t o 
manual l y r eset  f l ame saf eguar d cont r ol l er  pr i or  t o r est ar t .

f .   Pr ovi de f i r st - out  annunci at i on by an expansi on modul e.   Annunci at e 
al ar ms and f l ame- out s i ndi v i dual l y at  panel  f r ont  and t r ansmi t  al ong 
wi t h ot her  pr ocess poi nt s moni t or ed by t he panel  t o [ Cent r al  
Moni t or i ng Syst em ( CMS) ]  [ Super vi sor y Comput er  Wor kst at i on[ s] ]  f or  
gr aphi c di spl ay.   At  a mi ni mum,  annunci at e t he f ol l owi ng poi nt s 
i ndi v i dual l y by f l ame saf eguar d syst em:

( 1)   Low wat er  l evel .

( 2)   Low wat er  cut of f .

( 3)   Hi gh wat er  l evel .

( 4)   Hi gh st eam pr essur e.

( 5)   Low at omi zi ng [ st eam pr essur e]  [ or ]  [ ai r  pr essur e] .

( 6)   Low f uel  oi l  pr essur e.

( 7)   Low f uel  oi l  t emper at ur e.

( 8)   Hi gh nat ur al  gas pr essur e.

( 9)   Low oxygen concent r at i on.

g.   Pr ovi de f l ame saf eguar d syst em cabi net  wi t h [ nat ur al  gas]  [ No.  6]  [ No.  
4]  [ and]  [ No.  2]  oi l  f uel  sel ect or .   I nt egr at e sel ect or  i nt o cont r ol s 
such t hat  when No.  2 oi l  i s  sel ect ed,  l ow oi l  t emper at ur e swi t ch [ and 
el ect r i c heat er ]  [ i s ]  [ ar e]  t aken of f  l i ne f r om oi l  t r ai n.

h.   Al so pr ovi de i ndi cat i ng l i ght s f or  t he f ol l owi ng:

( 1)   Li mi t s sat i sf i ed.

( 2)   Pur gi ng.

( 3)   Pi l ot  ON.

( 4)   Mai n f l ame ON.

( 5)   Fl ame f ai l ur e.

( 6)   Fuel  oi l  ON.

( 7)   Nat ur al  gas ON.

i .   Pr ovi de i ndust r i al ,  oi l - t i ght  const r uct i on i ndi cat i ng pi l ot  l i ght s 
wi t h push- t o- t est  f eat ur e or  " Al l - Pi l ot  Li ght s"  t est  but t on.
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2. 5. 9   Boi l er  Pi pi ng Tr ai ns

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e oi l  heat er ,  oi l  t emper at ur e swi t ches 
and oi l  t emper at ur e gauge f or  pl ant s whi ch wi l l  not  
bur n oi l  heavi er  t han No.  2 f uel  oi l  now or  i n t he 
near  f ut ur e.   When heavy oi l  i s  bur ned,  st eam i s 
t ypi cal l y used t o heat  i t  near l y t o bur ni ng 
t emper at ur e and el ect r i c heat  i s used f or  t r i mmi ng 
( appr ox.  11 t o 17 degr ees C 20 t o 30 degr ees F) .   
However ,  f ul l  capaci t y el ect r i c oi l  heat i ng ( appr ox.  
56 degr ees C 100 degr ees F r i se)  or  ot her  
i ndependent  heat  sour ce i s needed t o col d- st ar t  t he 
pl ant .   Col d st ar t  capabi l i t y  shoul d be pr ovi ded f or  
at  l east  t wo boi l er s f or  mul t i pl e boi l er  pl ant s.   I f  
t he pl ant  i s oper abl e on emer gency power ,  
consi der at i on shoul d be gi ven t o suppl y i ng t he f ul l  
capaci t y el ect r i c oi l  heat er s f r om t he emer gency 
sour ce.

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

Pr ovi de compl et el y pr epi ped pi pi ng t r ai n,  wi r e and mount  on boi l er .   
Pr ovi de [ f uel  oi l  and [ st eam]  [ ai r ]  at omi zi ng syst ems]  [ and]  [ nat ur al  gas]  
t r ai n i n accor dance wi t h NFPA and FM st andar ds and r equi r ement s and 
i ncl udi ng,  but  not  l i mi t ed,  t o t he f ol l owi ng i t ems:

2. 5. 9. 1   Fuel  Oi l  Tr ai n

a.   NFPA 31.

b.   Adj ust abl e f uel  oi l  pr essur e r egul at i ng and r el i ef  devi ce.

c.   Fuel  oi l  f l ow cont r ol  val ve wi t h char act er i z i ng adj ust ment s t o mat ch 
ai r f l ow.

d.   Dual  ( NC)  mot or i zed oi l  shut - of f  val ve wi t h pr oof  of  c l osur e.

e.   Low f uel  oi l  pr essur e swi t ch.

f .   Fuel  oi l  f l ow t r ansmi t t er .

g.   Fuel  oi l  pr essur e gauge f or  f uel  oi l  suppl y and bur ner  pr essur e.

h.   Manual  shut - of f  val ves at  connect i ons t o suppl y and r et ur n header s.

i .   " Y"  t ype st r ai ner .

j .   Fuel  oi l  check val ve.

k.   Hi gh f uel  oi l  t emper at ur e swi t ch.

l .   Low f uel  oi l  t emper at ur e swi t ch.

m.   Fuel  oi l  t emper at ur e gauge.

n.   El ect r i c f uel  oi l  pr eheat er  capabl e of  r ai s i ng oi l  t emper at ur e 56 
degr ees C 100 degr ees F at  r at ed f i r i ng r at e and compl y wi t h UL 574.
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2. 5. 9. 2   St eam At omi zi ng Tr ai n

a.   Manual  shut - of f  val ve at  connect i on t o at omi zi ng suppl y.

b.   Y- t ype st r ai ner  i n at omi zi ng st eam l i ne.

c.   Aut omat i c shut - of f  sol enoi d and check val ve i n at omi zi ng st eam br anch 
l i ne t o al l ow aut omat i c pur gi ng of  bur ner .

d.   Check val ve t o pr event  backf l ow i n st eam l i ne.

e.   Pr essur e gauge wi t h i sol at i ng val ve f or  ser vi c i ng i n at omi zi ng st eam 
suppl y and at  bur ner .

f .   Sol enoi d shut - of f  val ve t o c l ose when bur ner  shut s down.

g.   One sel f - cont ai ned pr essur e r egul at i ng val ve t o mai nt ai n at omi zi ng 
st eam pr essur e.

h.   Low at omi zat i on st eam pr essur e swi t ch.

i .   St eam t r ap.

2. 5. 9. 3   Ai r  At omi zi ng Tr ai n

a.   Manual  shut of f  val ve at  connect i on t o at omi zi ng suppl y.

b.   Y- Type st r ai ner  i n at omi zi ng ai r  l i ne.

c.   Aut omat i c shut of f  sol enoi d and check val ve i n at omi zi ng ai r  l i ne t o 
al l ow aut omat i c pur gi ng of  bur ner .

d.   Check val ve t o pr event  backf l ow i n ai r  l i ne.

e.   Pr essur e gauge wi t h i sol at i on val ve f or  ser vi c i ng i n at omi zi ng ai r  
suppl y and at  bur ner .

f .   Sol enoi d shut of f  val ve t o c l ose when t he bur ner  shut s of f .

g.   One sel f - cont ai ned pr essur e r egul at i ng val ve t o mai nt ai n at omi zi ng ai r  
pr essur e.

h.   Low at omi zat i on ai r  pr essur e swi t ch.

2. 5. 9. 4   Nat ur al  Gas Tr ai ns

a.   NFPA 54.

b.   Nat ur al  gas f l ow cont r ol  val ve wi t h char act er i z i ng adj ust ment s t o 
mat ch ai r f l ow.

c.   Manual  shut - of f  val ve ( NO)  at  suppl y and di schar ge of  vent  and dr ai n 
val ves.

d.   Manual  shut - of f  val ve ( NO)  at  i gni t er  nat ur al  gas suppl y and di schar ge 
of  vent  and dr ai n val ve.

e.   Y- t ype st r ai ner  suppl i ed i n i gni t er  nat ur al  gas and mai n nat ur al  gas 
l i nes.
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f .   Two ( NC)  sol enoi d saf et y shut - of f  val ves,  i n ser i es,  i n i gni t er  l i ne 
wi t h one ( NO)  sol enoi d vent  val ve l ocat ed bet ween saf et y shut - of f  
val ves,  pi ped t o at mospher e t hr ough t he r oof .

g.   Two shut - of f  val ves wi t h pr oof  of  c l osur e,  pi ped i n ser i es i n mai n gas 
l i ne wi t h one ( NO)  sol enoi d vent  val ve l ocat ed bet ween saf et y shut - of f  
val ves,  pi ped t o at mospher e t hr ough t he r oof .

h.   One pr essur e r egul at i ng val ve i n i gni t er  nat ur al  gas l i ne t o r egul at e 
nat ur al  gas pr essur e t o i gni t er .

i .   One pr essur e r egul at i ng val ve t o r egul at e mai n nat ur al  gas pr essur e at  
nat ur al  gas t r ai n i nl et .

j .   Nat ur al  gas met er .

k.   Nat ur al  gas f l ow t r ansmi t t er  f or  mai n nat ur al  gas t o bur ner .

l .   Pr essur e gauge,  wi t h shut - of f  val ve f or  mai n nat ur al  gas suppl y.

m.   Pr essur e gauge,  wi t h shut - of f  val ve f or  mai n nat ur al  gas at  bur ner .

n.   Pr essur e gauge,  wi t h shut - of f  val ve f or  nat ur al  gas suppl y t o i gni t er .

o.   Pr essur e gauge,  wi t h shut - of f  val ve f or  nat ur al  gas i gni t er .

p.   Low nat ur al  gas pr essur e swi t ch.

p.   Hi gh nat ur al  gas pr essur e swi t ch.

2. 6   CONTROLS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph speci f i es sever al  l evel s of  
avai l abl e cont r ol  syst ems.   Br acket ed t ext  or  
sect i on denot es desi gner ' s opt i ons.   The base l evel  
of  r equi r ed cont r ol s i s an i nt egr at ed syst em of  
l ocal  cont r ol  and moni t or i ng panel s.   An upgr ade t o 
t hi s syst em woul d i ncl ude a r emot e super vi sor y 
wor kst at i on t o moni t or  and al ar m f unct i ons of  t he 
boi l er  pl ant  v i a a net wor k cont r ol l er  LAN.

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

a.   Pr ovi de boi l er  cont r ol l er  and pl ant  mast er  cont r ol l er  syst ems,  and 
ot her  sub- cont r ol  syst ems speci f i ed her ei n by a s i ngl e cont r ol  
manuf act ur er .

b.   For  mul t i pl e boi l er  i nst al l at i on,  boi l er  No.  1 cont r ol  panel  must  act  
as t he pl ant  mast er  cont r ol  and cont ai n cont r ol s common t o al l  
boi l er s.   Pr ovi de i nt er f aces bet ween f l ame saf eguar d,  combust i on 
cont r ol  and bur ner s.

c.   Pr ovi de el ect r oni c,  sol i d st at e,  mi cr opr ocessor  t ype syst em 
component s.   Oper at e cont r ol  component s on 120 VAC power .

d.   Pr ovi de 4- 20 mA DC anal og si gnal s t o and f r om f i el d- mount ed devi ces.   
Pr ovi de [ 4- 20 mA]  [ 1- 5V]  DC anal og si gnal s bet ween r ack or  
panel - mount ed devi ces.
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2. 6. 1   I nst r ument  Syst em

Power  i nst r ument  syst ems by 120 vol t s al t er nat i ng cur r ent ,  60 Her t z or  24 
vol t s di r ect  cur r ent  2- wi r e syst em.   The 24 vol t s di r ect  cur r ent  power ed 
syst ems must  r ecei ve power  f r om t he cent r al  cont r ol  syst em.   Pr ovi de 
i nst r ument  encl osur es conf or mi ng t o Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   Tr ansmi t t er  out put  s i gnal s must  be 4 t o 20 mADC.

2. 6. 2   I ndi cat i ng I nst r ument s

Pr ovi de i ndi cat i ng i nst r ument s t hat  have t he nor mal  oper at i ng poi nt  mar ked 
i n gr een on i nst r ument .   Pr ovi de t r ansmi t t er s whi ch i ncl ude out put  met er s 
i n i nt egr al l y mount ed housi ngs.   Ensur e cal i br at i on i s set  by 
manuf act ur er ,  and adj ust ment  access i s i nt er nal  onl y.

2. 6. 3   Fact or y Test s

I nspect ,  cal i br at e,  and t est  i nst r ument s,  uni t s,  and ot her  accessor i es.   
Cal i br at e t o manuf act ur er ' s st andar d f or  accur acy of  i nput  ver sus out put .   
Submi t  Cer t i f i cat es of  i nspect i on,  t est ,  and cal i br at i on t ags of  
i nst r ument at i on t o be used dur i ng boi l er  accept ance t est  ensur i ng 
compl i ance wi t h st andar ds;  cer t i f i cat e of  compl i ance wi t h appl i cabl e codes 
af t er  boi l er  i nst al l at i on and one cer t i f i cat e f or  each boi l er .   Cont r ol  
syst em manuf act ur er  must  conf i gur e,  pr ogr am,  st age,  and bur n- i n t he 
cont r ol  syst em pr i or  t o shi pment  t o const r uct i on s i t e.   Per f or m 
pr ogr ammi ng of  conf i gur at i on and const ant s dat a at  t hi s t i me,  and st or e on 
di sks.   Per f or m bur n- i n f or  a mi ni mum of  10 days of  cont i nuous oper at i on.   
The Gover nment  r eser ves r i ght  t o wi t ness f act or y t est s.   Gi ve a t hi r t y- day 
advance not i ce t o t he Gover nment  pr i or  t o commenci ng any f act or y t est s.

2. 6. 4   Sequence of  Oper at i on

a.   Usi ng pl ant  mast er  cont r ol l er  var y f i r i ng r at e of  [ al l ]  boi l er [ s]  [ i n 
par al l el ] .   Pl ant  mast er  cont r ol l er  must  r ecei ve a pr essur e s i gnal  
f r om mai n st eam header  and gener at e a s i gnal  t o dr i ve boi l er  mast er  
cont r ol l er [ s] .

b.   Boi l er  mast er  cont r ol l er  must  i ncr ease or  decr ease f i r i ng r at e based 
on compar i son t o set poi nt .

c.   Pr ovi de st eam pr essur e cont r ol  i ncl udi ng pr opor t i onal  pl us r eset  
cont r ol  modes.

d.   I nt egr at e combust i on cont r ol s f ul l y  wi t h f l ame saf eguar d syst em t o 
assur e l ow- f i r e st ar t up and compl et e pur ge r egar dl ess of  boi l er  mast er  
out put  s i gnal .

e.   Ensur e combust i on cont r ol  st r at egy i s s i ngl e poi nt  posi t i oni ng wi t h 
oxygen t r i m.

f .   Cont r ol  boi l er  f i r i ng r at e by act uat i ng bur ner  j ackshaf t  dr i ve mot or  
t o move j ackshaf t  t hat  mechani cal l y l i nks f uel  and combust i on ai r f l ow.

g.   Accompl i sh boi l er  oxygen t r i m by modul at i ng combust i on ai r  damper  t o 
al t er  f uel - ai r  r at i o based on i nput  f r om oxygen anal yzer .

h.   Ensur e cont r ol  l oops i ncl ude manual - aut omat i c st at i ons t o pr ovi de f or  
cont r ol  of  syst em.   Pr ovi de each manual - aut omat i c st at i on wi t h a bui l t  
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i n i ndi cat or  t o gr aphi cal l y depi ct  var i abl e bei ng cont r ol l ed.

i .   Ar r ange cont r ol  syst em so t hat  f ai l ur e of  cont r ol  syst em f or  one 
boi l er  does not  af f ect  aut omat i c and manual  oper at i on of  ot her  
boi l er s.   El ect r i cal l y i sol at e common el ect r i cal  s i gnal s i n each 
boi l er  sect i on.

2. 6. 5   Encl osur es

a.   Pr ovi de f r ee- st andi ng or  boi l er - mount ed f act or y- assembl ed st eel  
encl osur e wi t h i ndi cat or s,  cont r ol  swi t ches,  f l ame saf eguar d cabi net  
and i ndi cat i ng l i ght s on cabi net  f r ont  and r el ays and ot her  component s 
mount ed on i nt er i or  subbases f or  each boi l er .   For  mul t i pl e boi l er  
i nst al l at i ons,  t he boi l er  No.  1 panel  must  cont ai n cont r ol s common t o 
al l  boi l er s.   Pr ovi de encl osur e wi t h l ocki ng door s and compl yi ng wi t h 
NEMA I CS 6.

b.   Pr ovi de NEMA 12,  11 gage st eel  encl osur e,  consi st i ng of  al l  wel ded 
const r uct i on wi t h mi ni mum r adi us cor ner s,  st i f f ened as r equi r ed and 
f r amed wi t h angl es.   Const r uct  door  of  14 gage st eel  wi t h key- l ocki ng 
vaul t  handl e and t hr ee ( 3) poi nt  l at ches.   Ensur e door s ar e f ul l y  
gasket ed.

c.   Cl ean,  phosphat i ze,  pr i me and f i ni sh met al  sur f aces.   I nt er i or  must  be 
gl ass whi t e enamel .   Ext er i or  must  be gr ay t ext ur e pol yur et hane enamel  
t o pr ovi de r esi st ance t o f uel  oi l ,  sol vent s and abr asi on.   Pr ovi de 
engr aved pl ast i c l ami nat ed namepl at es f or  devi ces on t he f r ont  of  t he 
cabi net  except  wher e devi ces t hemsel ves ar e pr ovi ded wi t h a ser vi ce 
engr avi ng.   Pr ovi de namepl at es wi t h whi t e l et t er s on a bl ack 
backgr ound and mi ni mum hei ght  of  6. 5 mm 0. 25 i nch,  mount  wi t h scr ews 
or  epoxy or  secur e by pi l ot  l i ght  or  swi t ch.   Li st  equi pment  t i t l e and 
i dent i f i cat i on number .   Abbr evi at i ons ar e not  accept abl e.

d.   Suppor t  encl osur e mount ed devi ces pr oper l y,  f r ont  and r ear  and must  
occupy t he upper  por t i on of  t he encl osur e f r ont .

e.   Pr ovi de encl osur e wi r i ng i n compl i ance wi t h accept abl e st andar d panel  
pr act i ce.

f .   The 120 vol t ,  60 Hz ci r cui t  wi r i ng must  be number  16 AWG mi ni mum,  THWN 
600 vol t  i nsul at i on,  col or  coded.   Si gnal  c i r cui t s,  l ess t han 50 
vol t s,  must  be number  18 AWG mi ni mum or  number  20 AWG i n 
mul t i - conduct or  cabl e.

g.   Wi r e devi ces r equi r i ng power  so t hat  when wi r es ar e r emoved f r om one 
devi ce,  power  wi l l  not  be i nt er r upt ed t o ot her  devi ces.   Wi r e 
encl osur e- mount ed devi ces t o number ed l ug and scr ew t er mi nal s so t hat  
f i el d wi r i ng can easi l y be t er mi nat ed i n t he panel .

h.   Suppl y s i gnal  common and power  common buses.   Connect  s i gnal  common t o 
ear t h gr ound at  one poi nt .

2. 6. 6   Cont r ol l er s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Si ngl e l oop cont r ol l er s ar e speci f i ed.   
Consi der  pr ogr ammabl e l ogi c cont r ol l er s ( PLCs)  as an 
opt i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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a.   Pr ovi de mi cr opr ocessor - based cont r ol l er  of  s i ngl e l oop desi gn.   
Fl ush- mount  cont r ol l er  wi t h spl ash- pr oof  myl ar  f aces i n cont r ol  
cabi net .   Pr ovi de membr ane t ype oper at or  pushbut t ons wi t h t act i l e 
f eedback.   Pr ovi de a 4- 1/ 2 di gi t  numer i c di spl ay on f r ont  of  
cont r ol l er .

b.   Pr ovi de t wo bar  gr aphs on t he f r ont  of  cont r ol l er  t o gi ve an anal og 
i nt er pr et at i on of  pr ocess var i abl es,  set poi nt s or  devi at i on.   Ensur e 
t hese ar e of  t he 100 segment  LED t ype.   Pr ovi de a dedi cat ed 20 segment  
LED bar  gr aph f or  t he cont r ol l er  mai n out put .

c.   Pr ovi de each cont r ol l er  t hat  dr i ves a f i nal  cont r ol  devi ce ( damper ,  
val ve or  ot her )  wi t h a har d manual  backup st at i on t o ensur e oper at or  
cont r ol  i n t he event  of  a memor y f ai l ur e or  ser vi ce r equi r ement .

d.   Pr ovi de cont r ol l er  out put  l ogi c i ncl udi ng pr opor t i onal ,  pl us i nt egr al ,  
pl us der i vat i ve ( PI D)  modes.

e.   Mul t i pl e l oops on si ngl e cont r ol l er  ar e not  accept abl e.   Dur i ng 
i nt egr al  har d manual  backup mode,  ensur e oper at or  has cont r ol  of  
out put  v i a up- down pushbut t on and out put  i ndi cat i on.

f .   Shoul d t he cont r ol l er  or  memor y f ai l ,  cont r ol l er  must  deener gi ze a 
dead- man r el ay and al er t  oper at or  t o use backup st at i on.

g.   Backup st at i on may be separ at e st at i on or  may be i nt egr al  t o mai n 
cont r ol l er .   I f  I nt egr al ,  backup ci r cui t r y must  f unct i on when 
cont r ol l er  i s  r emoved f or  ser vi c i ng.

h.   Pr ovi de cont r ol l er  capabl e of  bei ng conf i gur ed i n f i el d wi t hout  use of  
ext er nal  comput er s,  hand- hel d t er mi nal s,  EPROM pr ogr ammer s or  ot her  
devi ces.

i .   Accompl i sh conf i gur at i on changes and t uni ng adj ust ment s y means of  key 
pad on cont r ol l er  f r ont .   Pr ot ect  cont r ol l er  di gi t al  c i r cui t r y f r om 
power  sur ges and spi kes by opt i cal  i sol at i on or  by uni nt er r upt i bl e 
power  suppl y.

j .   Mai nt ai n conf i gur at i on i n ( 2)  r emovabl e bat t er y backed RAM chi ps.   
Fai l ur e i n pr i mar y memor y must  cause backup memor y t o be downl oaded 
aut omat i cal l y.

k.   Equi pment  Cont r ol l er  Sel f - Tuni ng PI D Loop Rout i ne

( 1)   Sel f - Tuni ng PI D Loops:   Thr ee met hods of  t uni ng PI D Loops must  be 
avai l abl e:   Manual ,  Aut omat i c,  and Adapt i ve.   Pr ovi de t uni ng 
ut i l i t y  al l owi ng col l ect i on of  dat a and pr ocess t uni ng i n r eal  
t i me.

( 2)   The t uni ng ut i l i t y  must  di spl ay f ol l owi ng i nf or mat i on on di spl ay 
upon oper at or  r equest :   Cont r ol  l oop bei ng t uned,  I nput  pr ocess 
var i abl e,  Out put  cont r ol  var i abl e,  set poi nt  of  l oop,  I nt egr al  
r eset  i nt er val ,  and Pr opor t i onal  band,  Der i vat i ve r at e i nt er val .

( 3)   Di spl ay above i nf or mat i on on super vi sor y wor kst at i on i n gr aphi c 
f or mat  wi t h aut omat i c scal i ng such t hat  t he i nput  and out put  
var i abl e ar e super i mposed on a gr aph of  t i me ver sus var i abl e.   
Ensur e pr ogr am al l ows oper at or  t o af f ect  out put  var i abl e by 
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modi f y i ng set poi nt ,  and t uni ng par amet er s,  and vi ew r esul t s on 
di spl ay.

( 4)   Aut omat i c Tuni ng:   Pr ovi de cont r ol l er  wi t h on- l i ne or  manual  
ut i l i t y  t o di st ur b pr ocess.   Moni t or  t he r esul t s and cal cul at e new 
par amet er s f or  sampl e i nt er val ,  Pr opor t i onal  band,  I nt egr al  gai n,  
and Der i vat i ve gai n.   Ensur e ut i l i t y  i s  usabl e dur i ng 
commi ssi oni ng pr ocess t o est abl i sh r easonabl e val ues,  t hen t ur ned 
of f .

( 5)   Adapt i ve Tuni ng:   Pr ovi de cont r ol l er  wi t h on- l i ne ut i l i t y  whi ch 
may r un cont i nuousl y.

( 6)   I ni t i at e adapt i ve t uni ng aut omat i cal l y whenever  oper at or - def i ned 
change i n t he pr ocess i nput  var i abl e i s det ect ed.   Ut i l i t y  must  
moni t or  pr ocess ( cont r ol  l oop)  af t er  nat ur al  di st ur bance,  and 
aut omat i cal l y r ecal cul at e Pr opor t i onal  gai n,  I nt egr al  gai n,  and 
Der i vat i ve gai n.   Use t hi s ut i l i t y  t o keep a syst em t uned,  as t he 
equi pment  ages and occupancy and l oads change,  af t er  commi ssi oni ng.

l .   The t uni ng ut i l i t y  must  di spl ay f ol l owi ng i nf or mat i on on t he CRT upon 
oper at or  r equest :

( 1)   Adapt i ve cont r ol  i s  enabl ed or  di sabl ed.

( 2)   Maxi mum bump:   out put  st ep change r equi r ed t o pr oduce a change i n 
i nput ,  gr eat er  t han noi se l evel ,  but  not  so gr eat  as t o damage 
equi pment .

( 3)   Set t i ng t i me:   t i me i t  t akes PI D out put  pr ocess var i abl e t o 
set t l e down af t er  a pr ocess di st ur bance.   For  aut omat i c t uni ng,  
t i me i nt er val  bet ween set t i ng PI D out put  t o cont r ol  poi nt  and 
begi nni ng of  t uni ng cycl e.   For  adapt i ve t uni ng,  mi ni mum t i me t hat  
wi l l  be obser ved bet ween par amet er  cal cul at i ons.

( 4)   Maxi mum over shoot :   per cent  al l owed.

( 5)   Tar get  dampi ng:   desi r ed r educt i on i n pr ocess var i abl e over shoot  
f r om f i r st  over shoot  ( maxi mum over shoot )  t o second,  i n per cent .

( 6)   Noi se band:   mi ni mum pr ocess var i abl e per t ur bat i on t hat  wi l l  
i ni t i at e adapt i ve cal cul at i on of  PI D par amet er s,  i n per cent  of  
i nput  r ange.

m.   Pr ovi de cont r ol l er  wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er  [ and t o super vi sor y comput er  
wor kst at i on] .

2. 6. 7   Pl ant  Mast er  Cont r ol l er

a.   Pl ant  mast er  cont r ol l er  [ must  mat ch i ndi v i dual  boi l er  mast er  
cont r ol l er [ s]  and]  must  pr ovi de f or  pr opor t i onal ,  i nt egr al ,  and 
der i vat i ve ( PI D)  cont r ol  of  f i r i ng r at e demand based on st eam header  
pr essur e.   [ Locat e pl ant  mast er  cont r ol l er  i n t he boi l er  No. 1 
cabi net . ]   The out put  of  t he pl ant  mast er  cont r ol l er  must  go t o t he 
boi l er  mast er  pl ant  mast er  cont r ol l er .   Pr ovi de di gi t al  di spl ay of  t he 
f ol l owi ng:
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( 1)   Cont r ol l er  out put .

( 2)   St eam pr essur e.

( 3)   St eam pr essur e set poi nt .

( 4)   Out door  t emper at ur e.

( 5)   Tot al  pl ant  st eam f l ow.

b.   Pr ovi de i nput s as f ol l ows:

( 1)   St eam pr essur e ( Anal og) .

( 2)   St eam f l ow si gnal  f r om i ndi v i dual  boi l er  ( Anal og. )

( 3)   Out door  t emper at ur e ( Anal og) .

[ ( 4)   Fuel  oi l  t emper at ur e ( Anal og) . ]

[ ( 5)   Fuel  oi l  pr essur e ( Anal og) . ]

[ ( 6)   Nat ur al  Gas pr essur e ( Anal og) . ]

c.   Pr ovi de out put s as f ol l ows:

( 1)   Boi l er  mast er  s i gnal  ( Anal og) .

( 2)   Tot al  pl ant  st eam f l ow.

( 3)   Tot al i zed st eam f l ow pul se.

d.   Pr ovi de cont r ol l er  wi t h pr ot ocol  conver t er / gat eway wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
comput er  wor kst at i on. ]

2. 6. 8   Boi l er  Mast er  Cont r ol l er

a.   Pr ovi de each boi l er  wi t h a boi l er  mast er  cont r ol l er .   Cont r ol  
j ackshaf t  i n r esponse t o pl ant  mast er  demand si gnal  or  i n r esponse t o 
boi l er  pr essur e and l ocal  set poi nt .   Use pr i mar y anal og out put  t o 
modul at e j ackshaf t  act uat or  of  boi l er .   Logi c r equi r ed t o ensur e t hat  
pr epur ge,  post pur ge,  l i ght of f  and bur ner  modul at e cycl es ar e handl ed 
cor r ect l y and accor di ng t o l ocal  r egul at i on i s t he bur ner  
manuf act ur er ' s r esponsi bi l i t y .   Cont r ol l er  di gi t al  di spl ay must  
i ncl ude t he f ol l owi ng i n t hei r  r espect i ve engi neer i ng uni t s:

( 1)   Cont r ol l er  out put .

( 2)   Nat ur al  Gas f l ow.

( 3)   Fuel  Oi l  f l ow.

( 4)   Local  set poi nt .

b.   Cont r ol l er  i nput s ar e:

( 1)   Pl ant  mast er  s i gnal .
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( 2)   St eam f l ow.

( 3)   St eam pr essur e ( Anal og) .

( 4)   Nat ur al  gas f l ow ( Anal og) .

( 5)   Fuel  oi l  f l ow ( Anal og) .

( 6)   Fi r i ng r at e hol d ( Cont act ) .

( 7)   Pur ge f r om f l ame saf eguar d syst em ( Cont act ) .

( 8)   Aut o f r om f l ame saf eguar d syst em ( Cont act ) .

( 9)   Remot e al ar m si l ence ( Cont act ) .

c.   Cont r ol l er  out put s ar e:

( 1)   Jackshaf t  dr i ve ( Anal og) .

( 2)   Remot e audi bl e al ar m ( Cont act ) .

( 3)   Fl ow pul se f or  nat ur al  gas f l ow t ot al i zer  ( Cont act ) .

( 4)   Pul se f or  f uel  oi l  f l ow t ot al i zer  ( Cont act ) .

d.   Pr ovi de cont r ol l er s wi t h pr ot ocol  conver t er / gat eways wi t h an TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
comput er  wor kst at i on. ]

2. 6. 9   Feedwat er  Cont r ol l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t wo- el ement  boi l er  wat er  l evel  
cont r ol  f or  smal l er  capaci t y pl ant s wi t h r el at i vel y 
st abl e l oads,  such as space heat i ng.   Speci f y 
t hr ee- el ement  cont r ol  f or  l ar ger  capaci t y pl ant s and 
unst abl e l oads,  such as i ndust r i al  pr ocess and Navy 
pi er  f aci l i t i es.

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

a.   Feedwat er  cont r ol l er  must  mat ch ot her  cont r ol l er s i n syst em and 
pr ovi de [ t wo]  [ t hr ee]  el ement  PI D cont r ol  of  boi l er  wat er  l evel  i n 
r esponse t o changi ng boi l er  l evel  and f eed f or war d si gnal  of  st eam 
f l ow.   Aut omat i cal l y swi t ch t o s i ngl e el ement  f eedwat er  cont r ol  
st r at egy dur i ng col d st ar t up when st eam and f eedwat er  f l ow si gnal s ar e 
not  act i ve.   Ensur e cont r ol l er  di gi t al  di spl ays ar e as f ol l ows i n 
t hei r  r espect i ve engi neer i ng uni t s:

( 1)   Cont r ol l er  out put .

( 2)   Wat er  l evel .

( 4)   St eam f l ow.

( 5)   Feed wat er  f l ow.
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b.   Cont r ol l er  i nput s ar e:

( 1)   Wat er  l evel .

( 2)   St eam f l ow.

( 3)   Feed wat er  f l ow.

( 4)   Remot e al ar m si l ence ( Cont act ) .

c.   Cont r ol l er  out put s ar e:

( 1)   Feedwat er  cont r ol  val ve ( Anal og) .

( 2)   Remot e audi bl e al ar m ( Cont act ) .

( 3)   St eam f l ow ( Anal og) .

d.   Pr ovi de cont r ol l er s wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
comput er  wor kst at i on. ]

2. 6. 10   Dr af t  Cont r ol l er

a.   Dr af t  cont r ol l er  must  mat ch ot her  cont r ol l er s i n syst em and have 
capabi l i t y  of  PI  cont r ol  of  f ur nace dr af t  i n r esponse t o changi ng 
f ur nace pr essur e and f eed f or war d si gnal  of  boi l er  l oad.

b.   Cont r ol  syst em i ncl udes l ogi c r equi r ed t o i nt er f ace wi t h f l ame 
saf eguar d syst em so as t o i nsur e t hat  pr epur ge,  post pur ge,  l i ght of f  
and bur ner  modul at e cycl es ar e handl ed cor r ect l y and i n accor dance 
wi t h l ocal  r egul at i ons.

c.   Pr ovi de cont r ol l er  wi t h char act er i zabl e set poi nt  cur ves f or  f eed 
f or war d si gnal  based on l oad.

d.   Ensur e cont r ol l er  di gi t al  di spl ays ar e as f ol l ows i n t hei r  r espect i ve 
engi neer i ng uni t s:

( ) .   Cont r ol l er  out put .

( 2)   Fur nace dr af t .

( 3)   Fur nace dr af t  set poi nt .  

e.   Cont r ol l er  i nput s ar e:

( 1)   Jackshaf t  out put  ( Anal og)

( 2)   Fur nace dr af t  ( Anal og) .

( 3)   Pur ge f r om f l ame saf eguar d syst em ( Cont act ) .

( 4)   Aut o f r om f l ame saf eguar d syst em ( Cont act ) .

( 5)   Remot e al ar m si l ence ( Cont act ) .

f .   Cont r ol l er  out put s ar e:
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( 1)   Fl ue gas damper  act uat or  ( Anal og) .

( 2)   Remot e audi bl e al ar m ( Cont act ) .

g.   Pr ovi de cont r ol l er  wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
comput er  wor kst at i on. ] .

2. 6. 11   Oxygen Tr i m Cont r ol l er

a.   Oxygen t r i m cont r ol l er s must  mat ch ot her  cont r ol l er s i n t he syst em and 
have t he capabi l i t y  of  PI D cont r ol  of  f uel / ai r  r at i o i n r esponse t o 
f l ue gas oxygen cont ent .

b.   Pr ovi de cont r ol l er  capabl e of  cal cul at i ng and di spl ayi ng boi l er  
ef f i c i ency usi ng ASME " By Losses"  met hod.

c.   Cont r ol  syst em i ncl udes l ogi c r equi r ed t o i nt er f ace wi t h f l ame 
saf eguar d syst em so as t o ensur e t he pr epur ge,  post pur ge,  l i ght of f  and 
bur ner  modul at i on cycl es ar e handl ed cor r ect l y and i n accor dance wi t h 
l ocal  r egul at i ons.

d.   Ensur e cont r ol l er  di gi t al  di spl ays ar e as f ol l ows i n t hei r  r espect i ve 
engi neer i ng uni t s:

( 1)   Cont r ol l er  out put .

( 2)   Fl ue gas t emper at ur e.

( 3)   Combust i on ai r  t emper at ur e.

( 4)   Boi l er  ef f i c i ency.

( 5)   Fl ue gas oxygen per cent age.

( 6)   Jackshaf t  posi t i on.

e.   Cont r ol l er  i nput s ar e:

( 1)   Fuel  f l ow ( oi l  or  nat ur al  gas)  ( Anal og) .

( 2)   Fl ue gas t emper at ur e ( Anal og) .

( 3)   Fl ue gas oxygen ( Anal og) .

( 4)   Combust i on ai r  t emper at ur e ( Anal og) .

( 5)   Fuel  sel ect i on ( Cont act ) .

( 6)   Remot e al ar m si l ence ( Cont act ) .

( 7)   Jackshaf t  posi t i on ( Anal og) .

f .   Cont r ol l er  out put s ar e:

( 1)   Oxygen t r i m act uat or  ( Anal og) .
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( 2)   Boi l er  ef f i c i ency.

( 3)   Remot e audi bl e al ar m ( Cont act ) .

g.   Pr ovi de cont r ol l er s wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
wor kst at i on. ]

2. 6. 12   Al ar m Annunci at or

a.   Pr ovi de each boi l er  mast er  panel  wi t h s i ngl e hor n and si ngl e al ar m 
si l enci ng pushbut t on.   Pr ovi de f i r st  out  al ar m annunci at i on f or  
f ol l owi ng al ar m poi nt s t o act i vat e al ar m hor n:

( 1)   Low st eam pr essur e.

( 2)   Hi gh st eam pr essur e.

( 3)   Low wat er  l evel .

( 4)   Low oxygen.

( 5)   Low dr af t .

( 6)   Low ef f i c i ency.

( 7)   Hi gh f l ue gas t emper at ur e.

( 8)   Hi gh opaci t y.

b.   Each al ar m condi t i on must  act i vat e separ at e v i sual  i ndi cat i on t o al l ow 
oper at or  t o l ocat e cause of  al ar m.   Thi s may be accompl i shed wi t h 
f i r st  out  annunci at or  havi ng l abel ed wi ndows and i ndi v i dual  c l ear l y 
l abel ed l i ght s or  wi t h mi cr opr ocessor  based Engl i sh l anguage al ar m 
message di spl ay.   Sound hor n f or  ever y new al ar m,  even i f  pr evi ousl y 
s i l enced.

c.   Pr ovi de cont r ol l er s wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
wor kst at i on. ]

2. 6. 13   Opaci t y Moni t or

a.   Pr ovi de doubl e pass syst em t o pr ovi de cont i nuous st ack opaci t y 
i ndi cat i on.

b.   Pr ovi de syst em consi st i ng of  t r anscei ver  and r et r o- r ef l ect or  modul e 
mount ed on opposi t e s i des of  t he st ack,  and el ect r oni c moni t or .

c.   Use bi - di r ect i onal  di gi t al  communi cat i ons l i nk t o connect  el ect r oni cs 
pr ocessor  and t r anscei ver  modul e.

d.   Pr ovi de t r anscei ver  wi t h backl i t  pushbut t on f or  cal i br at i on of f l i ne.

e.   Pr ovi de l i ght  sour ce and r ecei ver  wi t h ai r  pur ge syst em f or  use wi t h 
pl ant  ai r .
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f .   Ensur e el ect r oni cs wi t hst and ai r  f ai l ur es and mai nt ai n on- l i ne ser vi ce 
wi t hout  shut down.   Pr ovi de f i el d- mount ed devi ce i n NEMA 4 encl osur e.

g.   Ensur e syst em i s sui t abl e f or  oper at i on on 120 vol t  s i ngl e- phase power .

h.   Pr ovi de syst em i n compl i ance wi t h l at est  r equi r ement s of  [ _____]  Ci t y 
ai r  pol l ut i on cont r ol  code,  [ _____]  Ci t y engi neer i ng cr i t er i a f or  f uel  
bur ni ng equi pment  and [ _____]  St at e Depar t ment  of  Envi r onment al  
Pr ot ect i on Opaci t y Moni t or i ng Requi r ement s.

i .   When per f or mi ng on- st ack cal i br at i on,  check each component  of  opaci t y 
syst em  i ncl udi ng:  l i ght ,  sour ce,  r ecei ver ,  opt i cs on st ack and 
associ at ed el ect r oni cs.

j .   Pr ovi de a mi ni mum of  t wo ( 2)  mont hs unat t ended oper at i on.   At  sel ect ed 
i nt er val s t he syst em must  per f or m f ul l y aut omat i c,  on- st ack 
cal i br at i on i ncl udi ng zer o and span.   Aut omat i cal l y and cont i nuousl y 
cor r ect  t he measur ement  f or  var i at i ons i n t emper at ur e,  l i ne vol t age,  
l amp agi ng and component  dr i f t .   Pr ovi de di r t y l ens det ect i on syst em 
wi t h al ar m and f our  i ndependent l y sel ect abl e opt i cal  densi t y f i l t er s 
wi t h r ange swi t ches.   Syst em must  sampl e and mol d cont r ol  out put  
dur i ng cal i br at i on.

k.   The out put  f r om t he syst em i ncl udes:

( 1)   4- 20 mADC out put .

( 2)   Di gi t al  di spl ay of  opaci t y.

( 3)   Two di gi t al  v i ol at i on occur r ence met er s,  one f or  t ot al  el apsed 
t i me and one f or  number  of  occur r ences.

l .   Pr ogr am i s as f ol l ows:  When opaci t y exceeds set poi nt ,  i nst ant  f l ashi ng 
al er t  l i ght  s i gnal s;  at  20 seconds,  al ar m l i ght  l i ght s and cont act s 
c l ose.   At  60 seconds,  l i ght s and cont act s l ock and r equi r e manual  
r eset .

2. 6. 14   Ver t i cal  Scal e I ndi cat or s

Pr ovi de ver t i cal  scal e i ndi cat or s t hat  ar e 150 mm 6 i nches hi gh f or  st eam 
header  pr essur e,  out door  ai r  t emper at ur e and combust i on ai r  t emper at ur e.

2. 6. 15   Di gi t al  I ndi cat or s

Pr ovi de over si zed di gi t al  i ndi cat or s f or  f uel  oi l  f l ow and gas f l ow.   [ At  
manuf act ur er  opt i on,  cont r ol l er  di spl ays may be used i f  t hey show each 
val ue i n engi neer i ng uni t s,  i ncl ude 16 char act er  al phanumer i c di spl ay 
descr i bi ng what  i s di spl ayed and i ncl ude dedi cat ed bar  gr aph t hat  can be 
used f or  each val ue. ]

2. 6. 16   Dr af t  Gauge

Mount  dr af t  gauges f or  wi nd box,  combust i on chamber  and l ast  boi l er  pass 
on panel  f r ont .   Fi el d ver i f y oper at i ng r anges f or  dr af t  gauges wi t h 
nor mal  r eadi ng i n mi ddl e of  scal e r ange.   I ncl ude pi pi ng bet ween gauge and 
boi l er  wi t h t hr ee ( 3)  way cocks f or  shut of f  and zer o check.
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2. 6. 17   Recor der

a.   Pr ovi de ci r cul ar  char t  t ype r ecor der  wi t h di r ect  r eadi ng havi ng evenl y 
di v i ded gr aduat i on.   Dr i ve char t s by 120 vol t ,  60 Hz mot or s.   Pr ovi de 
pens wi t h di f f er ent  col or  i nk and ar r ange t o pass each ot her  wi t hout  
i nt er f er ence.   Each char t  must  show 24 hour s.

b.   Recor d up t o f our  poi nt s.   Ensur e r ecor der  uni t  i s  f ul l y  pr ogr ammabl e 
i n or der  t hat  each channel  can be conf i gur ed t o accept  4- 20 mA DC 
vol t age,  t her mocoupl e and RTD i nput s.   Ensur e nonl i near  i nput s ar e 
l i near i zed and make pr ovi s i ons f or  speci al  l i near i zat i ons.

c.   I n addi t i on t o r ecor di ng,  make pr ovi s i ons f or  i ndi v i dual  16 char act er  
t ags and messages per  channel  and pr ovi de up t o f our  i nt egr at or s whi ch 
ar e sel ect abl e ei t her  as r eset  or  non- r eset  t ype.   Fi t  each channel  
wi t h t wo al ar ms sel ect abl e as absol ut e,  r at e of  change or  devi at i on.

d.   Measur e t he f ol l owi ng poi nt s:

( 1)   St eam f l ow.

( 2)   Per cent  oxygen.

( 3)   Fl ue gas t emper at ur e.

( 4)   Opaci t y.

e.   Pr ovi de r ecor der  wi t h pr ot ocol  conver t er / gat eways wi t h TI A- 485 
mul t i - dr op communi cat i ons por t  f or  cont r ol l er  LAN net wor k 
i nt er connect i on t o f i el d panel  cont r ol l er s [ and t o super vi sor y 
wor kst at i on. ]

2. 6. 18   Tot al i zer

Pr ovi de ei ght - di gi t ,  non- r eset t abl e t ot al i zer s f or :  nat ur al  gas,  f uel  oi l  
and st eam f l ow f l ush- mount ed i n each boi l er  cont r ol  panel .   Di spl ay 
di r ect l y i n engi neer i ng uni t s.   Onl y power s of  t en ( 10)  ar e al l owabl e as 
scal e f act or s.   Back up power  by a l i t hi um bat t er y wi t h a l i f e span of  no 
l ess t han 8 year s.   [ Smar t  t r ansmi t t er s may be used t o communi cat e t o 
associ at ed cont r ol l er s on a devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s 
ar e not  al l owed t o r esi de on cont r ol l er  LAN]

2. 7   FI ELD DEVI CES

Fur ni sh and i nst al l  t he f ol l owi ng f i el d devi ces t o pr ovi de a compl et e 
wor ki ng syst em.

2. 7. 1   Oxygen Anal yzer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consi der  speci f y i ng a r ef er ence and 
cal i br at i on gas syst em f or  pl ant s havi ng t wo or  mor e 
boi l er s at  11, 700 kW 40, 000 l b/ hr  or  gr eat er  
capaci t y.   Ot her wi se,  del et e.

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

a.   Pr ovi de oxygen anal yzer  f or  each boi l er .   St ack- mount  oxygen anal yzer  
and ut i l i ze z i r coni um sensi ng el ement .   I nser t  sensi ng el ement  
di r ect l y i n f l ue gas st r eam and i n di r ect  cont act  wi t h pr ocess gases.   
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Cont ai n sensi ng el ement  wi t hi n a pr ot ect i ve housi ng mount ed t o f l ue 
gas out l et  by means of  adapt er  pl at e,  bot h f ur ni shed by manuf act ur er .

b.   Equi p oxygen anal yzer  t o al l ow dai l y cal i br at i on check wi t hout  
r emovi ng anal yzer  f r om pr ocess.

c.   Sampl e gases may be i nj ect ed di r ect l y on sensi ng el ement  whi l e 
anal yzer  i s i n pr ocess.

d.   I n or der  t o el i mi nat e t emper at ur e ef f ect  of  f l ue gases,  pr ovi de 
ext er nal l y- mount ed t emper at ur e cont r ol l er .   Pr ovi de i sol at ed 4- 20 mA 
DC t emper at ur e cont r ol l er  out put  r epr esent i ng 0- 10 per cent  oxygen 
cont ent  as l i near  f unct i on.

e.   Pr ovi de r ef er ence and cal i br at i on gas syst em f or  each boi l er  
consi st i ng of  gas suppl y,  r egul at or  wi t h r el i ef  val ve,  gauge and 
necessar y val v i ng and pi pi ng.   Pr ovi de el ect r i cal  power  connect i ons 
and pi pi ng f or  di st r i but i on t o cal i br at i on gas connect i on on each 
anal yzer .

2. 7. 2   Fuel  Oi l  Fl ow Tr ansmi t t er

a.   Pr ovi de f uel  oi l  f l ow t r ansmi t t er  f or  each f uel  oi l  f l ow met er .   
Ensur e t r ansmi t t er  out put  i s i sol at ed 4- 20 mA dc.

b.   Connect  panel - mount ed t ot al i zer  t o t r ansmi t t er .   Pr ovi de necessar y 
s i gnal  condi t i oni ng devi ces t o i nt egr at e f uel  oi l  f l ow t r ansmi t t er  
wi t h cont r ol  and r ecor di ng i nst r ument  panel s.

c.   Smar t  t r ansmi t t er s may be used t o communi cat e t o associ at ed 
cont r ol l er s on devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s ar e not  
al l owed t o r esi de on cont r ol l er  LAN.

2. 7. 3   Nat ur al  Gas Fl ow Tr ansmi t t er

Pr ovi de nat ur al  gas f l ow t r ansmi t t er  f or  each nat ur al  gas met er .   Smar t  
t r ansmi t t er s may be used t o communi cat e t o associ at ed cont r ol l er s on 
devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s ar e not  al l owed t o r esi de on 
cont r ol l er  LAN.

2. 7. 4   St eam Fl ow Met er - Tr ansmi t t er

a.   Pr ovi de st eam f l ow met er - t r ansmi t t er  consi st i ng of  a Vor t ex- Bar  met er  
pr obe desi gned f or  pi pe i nser t i on t ype i nst al l at i on by means of  hot  
t ap or  ot her  non- di sr upt i ve met hod.   Measur e medi a f l ow by means of  a 
vor t ex sheddi ng f l ow el ement  l ocat ed i n f l ow st r eam.

b.   Pr ovi de st eam f l ow met er - t r ansmi t t er  wi t h s l i di ng- t ype st em passi ng 
t hr ough t wo pr essur e seal s al l owi ng pr oper  posi t i oni ng of  sensor  i n 
f l ow st r eam and i sol at i on val ve so t hat  t r ansmi t t er  can be compl et el y 
r emoved f r om pi pel i ne wi t hout  di sr upt i on of  pr ocess.   Suppl y st eam 
f l ow met er  wi t h a t wo- wi r e pr eampl i f i er  wi t h anal og 4 t o 20 mA dc 
out put  s i gnal .

c.   Meet  t he f ol l owi ng per f or mance cr i t er i a:

( 1)   Pr essur e Rat i ng:   To [ 950 kPa 125 psi g]  [ 205 degr ees C 400 
degr ees F] [ _____] .
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( 2)   Seal s:   Tef l on.

( 3)   Wet t ed Par t s:   Type 316 st ai nl ess st eel  wi t h 304 st ai nl ess st eel  
body.

( 4)   Fl ow Rangeabi l i t y :   10: 1.

( 5)   Li near i t y:   Pl us or  mi nus 1. 0 per cent  ( t o 24 mA out put ) .

( 6)   Repeat abi l i t y :   Pl us or  mi nus 0. 25 per cent  at  maxi mum.

( 7)   Cur r ent  Li mi t :   To appr oxi mat el y 30 mA.

d.   Meet  t he f ol l owi ng mat er i al s of  const r uct i on cr i t er i a:

( 1)   Sensor :   Type 316 st ai nl ess st eel .

( 2)   Sensor  Suppor t :   Type 304 st ai nl ess st eel .

( 3)   Bushi ngs:   St el l i t e or  st ai nl ess st eel  har dened wi t h st el l i t e.

( 4)   St em:   300 Ser i es st ai nl ess st eel .

e.   Pr ovi de wi t h st eam f l ow met er - t r ansmi t t er  a f ul l  por t  gat e val ve wi t h 
pr oper  f l anged connect i on t hat  al l ows st eam f l ow sensor  t o be i nser t ed 
and r emoved f r om pi pe under  f ul l  pr essur e.   Pr ovi de bot h val ve and 
pi pe t ap wi t h a mi ni mum [ 48 mm 1. 875 i nches]  [ _____]  i nt er nal  di amet er  
c l ear ance.

f .   Pr ovi de NEMA [ 4]  [ 4X]  el ect r oni cs encl osur e.

g.   Smar t  t r ansmi t t er s may be used t o communi cat e t o associ at ed 
cont r ol l er s on devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s ar e not  
al l owed t o r esi de on cont r ol l er  LAN.

2. 7. 5   Temper at ur e Tr ansmi t t er

a.   Pr ovi de pl at i num r esi st ance t emper at ur e det ect or  ( RTD)  t emper at ur e 
t r ansmi t t er .   Ensur e r esi st ance i s 100 ohms at  [ 0 degr ees C 32 degr ees 
F]  [ _____]  wi t h t ol er ances i n accor dance wi t h BS 101- 4 and DI N 43760.

b.   Make connect i ons t o cont r ol  cabi net  v i a t hr ee i dent i cal  copper  
conduct or s of  No.  14 AWG mi ni mum.

c.   I nser t  RTD i n pr ot ect i ve sheat h or  wel l  sui t abl e f or  t he envi r onment .

d.   Ut ol i ze pl at i num RTD i nput  t o pr ovi de 4- 20 mA dc out put  t o cont r ol  
cabi net .   Ensur e t r ansmi t t er  i s  pl us/ mi nus 0. 2 per cent  accur acy of  
cal i br at i on span,  t o i ncl ude combi ned ef f ect s of  t r ansmi t t er  
r epeat abi l i t y ,  hyst er esi s,  l i near i t y and adj ust ment  r esol ut i on.

e.   [ Smar t  t r ansmi t t er s may be used t o communi cat e t o associ at ed 
cont r ol l er s on devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s ar e not  
al l owed t o r esi de on cont r ol l er  LAN. ]

f .   Moni t or  t he f ol l owi ng t emper at ur es.

( 1)   [ Fuel  oi l  ( each boi l er ) ] .
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( 2)   Fl ue gas ( each boi l er ) .

( 3)   Combust i on ai r  ( each boi l er ) .

( 4)   Out door  ai r  ( one ( 1)  per  pl ant ) .

2. 7. 6   El ect r i c Dr i ve

a.   Pr ovi de el ect r i c dr i ve f or  j ackshaf t  and f l ue gas damper s.   Accept  
s i gnal  i nput  f r om cont r ol  syst em and pr ovi de f eedback of  act uat or  
posi t i on by means of  i nt egr al  pot ent i omet er .   I ncl ude f our  adj ust abl e 
end swi t ches.

b.   Pr ovi de el ect r i c dr i ve wi t h 90 degr ee r ot at i on i n 15 seconds and 
capabl e of  [ _____]  Newt on Met er  f t - l bs of  t or que under  cont i nuous dut y.

2. 7. 7   Pr essur e Tr ansmi t t er

Pr ovi de pr essur e t r ansmi t t er  wi t h 0. 25 per cent  of  f ul l  scal e accur acy,  
pr ocess f l ui d i sol at i ng di aphr agms,  5: 1 f i el d cal i br at i on adj ust abi l i t y ,  
NEMA 4 housi ng and 4- 20 mA dc out put .   Pr ovi de pr essur e t r ansmi t t er  wi t h a 
cal i br at i on val ve mani f ol d.   I ncl ude an i sol at i ng s i phon wi t h pr essur e 
t r ansmi t t er  f or  st eam ser vi ce.   Pr ovi de t he f ol l owi ng t r ansmi t t er s:

a.   St eam pr essur e ( one per  pl ant ) .

[ b.   Fuel  oi l  pr essur e. ]

[ c.   Nat ur al  gas pr essur e. ]

d.   Fur nace dr af t .

2. 7. 8   Di f f er ent i al  Pr essur e Wat er  Level  Tr ansmi t t er

a.   Pr ovi de boi l er  wi t h di f f er ent i al  pr essur e t ype wat er  l evel  t r ansmi t t er .

b.   Pr ovi de di f f er ent i al  pr essur e t ype wat er  l evel  t r ansmi t t er  wi t h 0. 25 
of  f ul l  scal e accur acy,  pr ocess f l ui d i sol at i ng di aphr agms,  5: 1 f i el d 
cal i br at i on adj ust abi l i t y ,  NEMA 4 housi ng and 4- 20 mA dc out put .

[ c.   Smar t  t r ansmi t t er s may be used t o communi cat e t o associ at ed 
cont r ol l er s on a devi ce l evel  net wor k LAN.   Smar t  t r ansmi t t er s ar e not  
al l owed t o r esi de on t he cont r ol l er  LAN. ]

2. 7. 9   Pr essur e Swi t ch

Pr ovi de pr essur e swi t ch wi t h r epet i t i ve accur acy of  pl us or  mi nus 1 
per cent  of  t he oper at i ng r ange.   Adj ust  pr essur e swi t ch act uat i on over  t he 
oper at i ng r ange.   Pr ovi de pr essur e swi t ch wi t h snap- act i on For m C cont act s 
r at ed f or  t he appl i cat i on.

2. 7. 10   Temper at ur e Swi t ch

Pr ovi de t emper at ur e swi t ch wi t h r epet i t i ve accur acy of  pl us or  mi nus 1 
per cent  of  t he oper at i ng r ange.   Adj ust  t emper at ur e swi t ch act uat i on over  
oper at i ng t emper at ur e r ange.   Pr ovi de t emper at ur e swi t ch wi t h a 
snap- act i on For m C cont act s r at ed f or  t he appl i cat i on.
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2. 7. 11   Oxygen Tr i m Dr i ve

Pr ovi de oxygen t r i m dr i ve t hat  i s  t he i n- l i ne pi st on t ype act uat or  i n 
l i nkage f r om j ackshaf t  t o combust i on ai r  damper .   Use oxygen t r i m dr i ve t o 
posi t i on combust i on ai r  damper  based on si gnal  f r om oxygen t r i m cont r ol l er .

2. 7. 12   Super vi sor y Comput er  Wor kst at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  new cent r al  st eam pl ant s or  as an upgr ade 
of  exi st i ng cent r al  st eam pl ant s consi der  t he 
f ol l owi ng sect i on t o pr ovi de r emot e moni t or i ng 
capabi l i t y  t r end l oggi ng and gr aphi cal  syst em 
i nt er f ace.

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

a.   Pr ovi de dedi cat ed moni t or i ng and dat a col l ect i on syst em super vi sor y 
comput er  wor kst at i on,  compl et e wi t h cust om sof t war e as speci f i ed.   
Col l ect  and st or e dat a t r ansmi t t ed f r om syst em cont r ol l er s and ot her  
sensi ng and moni t or i ng devi ces,  and l og al ar ms.   Use sof t war e 
descr i bed t o gener at e per i odi c r epor t s.   Dat a col l ect i on f unct i on 
t akes pr i or i t y over  r epor t  gener at i on f unct i on and do not  i nt er r upt  by 
gener at i on of  r epor t s.

b.   Log dat a at  f i ve ( 5)  second i nt er val  t hat  i s  adj ust abl e as r equi r ed.   
I n event  of  al ar m condi t i on or  unusual  pl ant  oper at i ng condi t i on,  
i mmedi at el y i ni t i at e dat a l oggi ng.

c.   Desi gn super vi sor y comput er  wor kst at i on comput er  such t hat  a f ai l ur e 
of  t he CPU,  t he st or age di sk,  or  any ot her  devi ce does not  r esul t  i n 
t he l oss of  any pr evi ousl y st or ed dat a.

d.   I ncl ude t he comput er ,  keyboar d,  pr i nt er ,  moni t or ,  and ot her  
per i pher al s and l ocat e as shown.   Pr ovi de cabl i ng bet ween t he wor k 
st at i on and t he syst em cont r ol l er s.   Pr ovi de al l  pr ef abr i cat ed cabl i ng 
r equi r ed bet ween t he wor k st at i on and per i pher al  devi ces.

e.   Ensur e aut hor i zed per sonnel  i s  capabl e of  edi t i ng and modi f y i ng 
pr ogr ams wi t h access code.   Pr ovi de passwor d pr ot ect i on f or  al l  l evel s 
of  access.   Ensur e mul t i pl e l evel  passwor d pr ot ect i on syst em i s 
accept abl e t o t he Owner .

f .   Ensur e super vi sor y comput er  wor kst at i on comput er  i s a mi cr opr ocessor  
based per sonal  comput er .   Pr ovi de comput er  wi t h ei ght  expansi on 

sl ot s.   Ensur e comput er  i s Mi cr osof t  Wi ndows ( R)  compat i bl e,  each wi t h 
a f l oppy di sk dr i ve,  17 i nch hi gh r esol ut i on SVGA col or  moni t or  f or  
gr aphi c di spl ays.   Pr ovi de har d di sk dr i ve wi t h suf f i c i ent  capaci t y t o 
per f or m r equi r ed dat a subst i t ut i on r out i nes wi t hout  accessi ng ot her  
dat a st or age medi a.   [ Pr ovi de a 650 MB CD- RW r eader - wr i t er - r ewr i t er  
dr i ve wi t h mi ni mum of  8X wr i t e,  4X r ewr i t e and 24X r ead speeds and 25 
pr ef or mat t ed r ewr i t abl e and 100 pr ef or mat t ed wr i t abl e CD medi a di sks 
or  ar chi val  and r out i ne backup. ]   I ncl ude t he f ol l owi ng mi ni mum 
equi pment  as par t  of  t he super vi sor y comput er  wor kst at i on:

( 1)   I nt el  Pent i um I I I  Cl ass 633 Mhz Mi cr o Pr ocessor  or  appr oved equal .

( 2)   128 MB RAM.

( 3)   4 MB RAM vi deo adapt er .
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( 4)   [ 20]  [ _____]  GB har d di sk.

( 5)   2 Par al l el  Por t s.

( 6)   2 Uni ver sal  Ser i al  Bus ( USB)  Por t s.

( 7)   56, 600 Baud Modem.

( 8)   Synchr onous adapt er  wi t h dual  por t  compat i bl e wi t h super vi sor y 
comput er  wor kst at i on i nt er f ace har dwar e.

( 9)   Equi p t he keyboar d wi t h t hi r t y- t wo f unct i on keys wi t h cust om 
l egends f or  each key,  t o al l ow r epor t  gener at i on,  gr aphi c di spl ay 
sel ect i on,  al ar m si l enci ng,  and dat a r et r i eval  wi t h s i ngl e key 
st r okes.   Pr ovi de keyboar d wi t h a hi gh r esol ut i on t r ack bal l .

g.   Pr ovi de t he f ol l owi ng addi t i onal  per i pher al  equi pment  as shown:

( 1)   I nkj et  pr i nt er ,  1200 dpi  by 1200 dpi ,  t r i - col or  and bl ack i nk 
car t r i dges or  f our  i nk car t r i dges ( r ed,  bl ue,  yel l ow and bl ack) .

( 2)   I nkj et  pr i nt er ,  1200 dpi  by 1200 dpi ,  dual  i nk car t r i dges 
( t r i - col or  and bl ack)  or  r ed,  bl ue,  yel l ow and bl ack i nk 
car t r i dges or  col or  l aser  pr i nt er .

2. 7. 12. 1   Sof t war e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Text  wi t hi n br acket s denot es t he desi gner ' s 
opt i ons.

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

a.   Pr ovi de sof t war e r equi r ed f or  ef f i c i ent  oper at i on of  aut omat i c syst em 
f unct i ons r equi r ed by t hi s speci f i cat i on.   Sof t war e must  be modul ar  i n 
desi gn.

b.   Pr ovi de avai l abl e super vi sor y comput er  wor kst at i on appl i cat i on and 
syst em sof t war e wi t h syst em,  whi ch r esi des i n super vi sor y comput er  
wor kst at i on comput er .   Unbundl ed sof t war e packages f or  whi ch vendor  
can char ge user  ext r a f ees,  r equi r e dedi cat ed wor k st at i ons or  r equi r e 
syst em r eboot i ng f or  access,  ar e unaccept abl e.

c.   Pr ovi de l i censi ng agr eement  f r om PC manuf act ur er  f or  each sof t war e 
pr ogr am or  package speci f i ed t o ensur e cust omer  suppor t  f r om PC 
manuf act ur er  f or  each copy of  sof t war e pr ogr am or  package pr ovi ded at  
super vi sor y comput er  wor kst at i ons.

d.   Pr ovi de sof t war e i n syst em consi st i ng of  bot h f i r mwar e,  r esi dent  i n 
t he cont r ol l er ,  and sof t war e r esi dent  i n t he super vi sor y comput er  
wor kst at i on comput er .   Di st r i but e ar chi t ect ur e of  syst em,  appl i cat i on 
sof t war e and f i r mwar e wi t h no si ngl e syst em component  r esponsi bl e f or  
a cont r ol  f unct i on f or  ent i r e LAN.   Pr ovi de each cont r ol l er  wi t h t he 
necessar y f i r mwar e,  cont r ol  sof t war e and I / O capabi l i t y  t o f unct i on 
i ndependent l y i n case of  net wor k f ai l ur e.   Ensur e cont r ol l er  i s  abl e 
t o st age,  r ot at e and f ul l y cont r ol  t he equi pment  dur i ng a 
communi cat i on f ai l ur e wi t h net wor k LAN.   Act i ve cont r ol  sequences ar e 
pr ohi bi t ed i n super vi sor y comput er  wor kst at i on or  cent r al  cont r ol  
uni t .   Pr ovi de wor kst at i on and cont r ol l er s t hat  ar e r emovabl e f r om 
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syst em wi t hout  l oss of  cont r ol  f unct i on.   Onl y al ar m moni t or i ng,  
l ong- t er m hi st or y col l ect i on and oper at or  moni t or ,  command,  and edi t  
f unct i ons may be l ost .

e.   Pr ovi de sof t war e upgr ades whi l e mai nt ai ni ng f ul l  oper at i onal  cont r ol  
of  l oss of  any oper at i ng f eat ur es f or  f i ve year s af t er  Gover nment  
accept ance of  syst em at  no addi t i onal  cost .   Sof t war e upgr ades i ncl ude 
new ver si ons,  r el eases,  upgr ades and whol esal e r evi s i ons i n sof t war e.   
Thi s does not  i ncl ude l abor  r equi r ed t o updat e gr aphi c pages or  r evi se 
cont r ol  sequences,  except  as caused by r evi s i ons i n sof t war e.

f .   Pr ovi de necessar y har dwar e,  sof t war e and pr ogr ammi ng t o al l ow r emot e 
access t o syst em vi a t he I nt er net .   Access wi l l  al l ow user  l ocat ed 
of f - s i t e t o v i ew and moni t or  cur r ent  condi t i ons at  s i t e.   Accept abl e 
conf i gur at i ons ar e sof t war e pr ogr am maki ng t he host  PC accessi bl e 
t hr ough t he I nt er net  or  devel opment  of  I nt er net  web pages speci f i cal l y 
f or  s i t e.

2. 7. 12. 2   Sof t war e Capabi l i t i es

[ a.   Pr ovi de pr i mar y oper at or  i nt er f ace t o syst em t hr ough gr aphi cal ,  obj ect  
or i ent ed,  and i nt er act i ve pr esent at i on usi ng mouse and cur sor  f or  
obj ect  sel ect i on and commands.   Use Mi cr osof t  Wi ndows based pl ant  
management  sof t war e. ]

[ b.   Suppor t  pop- up wi ndows f or  poi nt  commands.   On sel ect i ng obj ect  wi t h 
cur sor ,  open up a wi ndow t o pr esent  oper at or  wi t h choi ces 
cor r espondi ng t o oper at or ' s passwor d aut hor i zat i ons.   These poi nt  
commands i ncl ude st at e changes,  manual  over r i de of  appl i cat i on 
sof t war e,  t est  mode act i vat i on and t est  val ue ent r y.   Thi s wi ndow 
i ncl udes t he poi nt  descr i pt or  ( name) ,  t he poi nt  har dwar e addr ess and 
al ar m st at us. ]

[ c.   Suppor t  pop- up wi ndows f or  poi nt  edi t i ng.   On sel ect i ng  obj ect  wi t h 
cur sor ,  open up a wi ndow t o pr esent  oper at or  wi t h a l i s t  of  act i ve 
poi nt  dat a base edi t or s,  i f  per mi t t ed by t he oper at or ' s passwor d 
l evel .   Al l ow oper at or  t o modi f y basi c par amet er s associ at ed wi t h a 
poi nt ,  as wel l  as access t o pr ogr ams assi gned t o t he poi nt  such as 
t i me schedul es,  cal cul at i ons,  and event s by sel ect i ng one of  t hese 
edi t or s. ]

[ d.   Base syst em on i nt er act i ve pr ompt s and choi ces,  usi ng di al ogue boxes 
as opposed t o memor i zat i on of  commands,  synt ax or  exact  spel l i ngs.   
Use i nt er act i ve pr ompt  and choi ces appr oach i n moni t or i ng,  i ssui ng 
commands,  and edi t i ng.   Use command choi ces whi ch ent ai l  c l i ck i ng 
cur sor  t o sel ect  cor r ect  wor k choi ce pr ompt s,  f or  exampl e:  ON- OFF,  
wi t hout  t ypi ng i n l et t er s.   Pr ovi de edi t i ng mode choi ces t hat  pr ompt  
r anges or  opt i ons,  f or  exampl e:   16 CHARACTERS f or  poi nt  name,  or  
DI RECT- REVERSE f or  cont r ol  act i on) . ]

[ e.   Zoom:   Make i t  possi bl e f or  oper at or  t o l ocat e syst em poi nt  t o moni t or  
st at us,  i ssue commands,  or  edi t  associ at ed dat abase wi t hout  knowl edge 
of  t he poi nt  name,  addr ess,  or  associ at ed cont r ol l er ,  and wi t hout  
havi ng t o r ef er  t o a t r ee di r ect or y.   Ensur e oper at or  i s abl e t o 
l ocat e cont r ol  poi nt s by,  f or  exampl e,  zoomi ng i n on a f l oor  i n a 
bui l di ng gr aphi c or  zoomi ng i n on a syst em i n a f l oor  pl an gr aphi c. ]

f .   Compi l e syst em sof t war e f or  f ast er  execut i on speeds and of f er  t he 
f ol l owi ng f eat ur es and capabi l i t i es.
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( 1)   I nput / Out put  Capabi l i t i es:   Fr om t he connect ed super vi sor y 
comput er  wor kst at i on,  t he syst em oper at or  must  have abi l i t y  t o:

( 2)   Request  di spl ays of  cur r ent  val ues or  st at us usi ng a t abul ar  [ or  
gr aphi c f or mat . ]   [ Use a gl obal  dat a base sor t i ng ut i l i t y  whi ch 
al l ows an expanded t abul ar  di spl ay of  onl y poi nt s on cur r ent  
gr aphi c di spl ay. ]   Thi s [ expanded t abul ar ]  di spl ay must  l i s t  poi nt  
name,  har dwar e addr ess,  dynami c st at e or  val ue,  al ar m st at us,  
over r i de and t est  mode st at us.

( 3)   I ni t i at e l ogs and r epor t s.

( 4)   Change anal og l i mi t s.

( 5)   Change poi nt  i nput  and out put  descr i pt or s,  st at us,  al ar m 
descr i pt or s and engi neer i ng uni t  descr i pt or s whi l e syst em i s 
on- l i ne.

( 6)   Modi f y and set  up mai nt enance schedul i ng par amet er s.

( 7)   Devel op,  modi f y,  del et e or  di spl ay f ul l  r ange of  col or  gr aphi c 
di spl ays.   Ensur e devel opment ,  edi t i ng and di spl ay wor k i s 
possi bl e wi t h syst em f ul l y on- l i ne and i n f ul l  communi cat i ons wi t h 
t he Cont r ol l er  LAN wi t hout  di sr upt i on of  syst em f unct i on.

( 8)   Sel ect  di scr et e or  anal og sampl e dat a f r om t he f i el d t o be 
aut omat i cal l y ar chi ved i n t he assi gned wor kst at i on.   Thi s 
ar chi v i ng must  occur  even i f  wor kst at i on i s r unni ng t hi r d par t y 
sof t war e such as wor d pr ocessi ng or  el ect r oni c spr eadsheet s.

( 9)   Compr ehensi ve r epor t  wr i t er  capabi l i t y  t o sor t  and ext r act  dat a 
f r om ar chi ved f i l es and t o gener at e f i ni shed cust om r epor t s.   
I ni t i at e r epor t s manual l y or  pr i nt  aut omat i cal l y.   Pr ovi de syst em 
wi t h capabi l i t y  t o pr i nt  r epor t s on dai l y,  weekl y,  mont hl y,  year l y 
or  schedul ed basi s.   Pr ovi de capabi l i t y  f or  st at i st i cal  dat a 
mani pul at i on and ext r act i on.   As a mi ni mum,  t he cust om r epor t  
wr i t er  must  pr ovi de capabi l i t y  t o gener at e f ol l owi ng t ypes of  
r epor t s:

( a)   St at i st i cal  det ai l  r epor t s

( b)   Summar y r epor t s.

( c)   Tr end gr aphi c pl ot s.

[ ( d)   X- Y gr aphi c pl ot s. ]

( 10)   Ensur e r epor t  f unct i on i s on- l i ne f or  bot h devel opment  and 
pr i nt out ,  and does not  r equi r e expor t  t o a t hi r d par t y spr eadsheet  
pr ogr am f or  execut i on.

( 11)   [ I n addi t i on t o on- l i ne f unct i on,  ensur e hi st or i cal  dat abase i s 
capabl e of  bei ng conver t ed t o Dat a I nt er change For mat  ( DI F)  f or  
use i n spr eadsheet  f or  of f - l i ne mani pul at i on.   Ensur e t r ansmi ssi on 
t o DI F f i l es i s manual  or  aut omat i c based on oper at or  sel ect abl e 
par amet er s i ncl udi ng:   t i me of  day,  f r equency ( dai l y,  weekl y,  
mont hl y,  year l y) ,  schedul ed days ( 32 days mi ni mum) . ]
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( 12)   Fi l e t r ansf er  must  suppor t  appendi ng new dat a t o exi st i ng f i l e 
dat a.

( 13)   Pr i nt  al ar m annunci at i ons and nor mal  oper at or  acknowl edgment s,  
act i on messages,  syst em al ar ms,  oper at or  s i gn- on and si gn- of f .   
Oper at or  cont r ol  act i v i t i es i ncl ude t he oper at or ' s i ni t i al s i n t he 
pr i nt ed and di sk r ecor d.   The dat a pr i nt er  wi l l  be r eser ved f or  
pr i nt i ng r epor t s,  page pr i nt s,  and dat a base pr i nt s.

( 14)   Pr ovi de oper at or  t he opt i on of  sel ect i ng dai l y,  weekl y or  
mont hl y schedul ed f r equency t o synchr oni ze t i me and dat a i n 
cont r ol l er s f r om t he super vi sor y comput er  wor kst at i on.   Per f or m 
synchr oni zat i on f or  di al up as wel l  as di r ect  connect ed l ocat i ons.   
Accommodat e aut omat i c dayl i ght  savi ngs t i me adj ust ment s.

( 15)   Pr ovi de a f eat ur e t o i ndi cat e audi bl y [ and vi sual l y, ]  when 
Of f - Nor mal  condi t i ons and messages exi st .

[ ( 16)   Ensur e oper at or  i s abl e t o r equest  a summar y of  poi nt s on 
cont r ol l er  LAN cur r ent l y i n t est  mode or  i n of f - nor mal  condi t i on. ]

g.   Super vi sor y Comput er  Wor kst at i on:   The super vi sor y comput er  
wor kst at i on must :

( 1)   Accept  dat a f r om Cont r ol l er  LAN on an as needed basi s wi t hout  
havi ng t o scan ent i r e net wor k f or  updat ed poi nt  dat a.

( 2)   I nt er r ogat e Cont r ol l er  LAN f or  updat ed poi nt  dat a as r equest ed by 
oper at or .

( 3)   Al l ow oper at or  command of  equi pment  connect ed t o cont r ol l er s.

( 4)   St or e dupl i cat e dat a base on f i l e f or  ever y cont r ol l er  and al l ow 
dat abase t o be downl oaded t o r emot e panel  whi l e syst em i s on- l i ne.

( 5)   Devel op,  st or e and modi f y dynami c col or  gr aphi cs ut i l i z i ng syst em 
suppl i ed mouse and mouse suppor t ed sof t war e.

( 6)   Pr ovi de dat a ar chi v i ng of  assi gned poi nt s t hr oughout  syst em [ and 
t o suppor t  over l ai d gr aphi ng of  ut i l i z i ng up t o f our  ( 4)  
var i abl es. ]

h.   Al ar m Pr ocessi ng:   Pr ovi de t he f ol l owi ng al ar m pr ocessi ng f eat ur es,  
al l  of  whi ch ar e def i nabl e t hr ough t he i nput  keyboar d:

( 1)   Each OFF- NORMAL condi t i on must  cause an al ar m and appr opr i at e 
message,  i ncl udi ng t i me and dat e of  al ar m,  syst em and poi nt  
descr i pt or  and al ar m condi t i on.   Ensur e oper at or  has t he abi l i t y  
t o sel ect ,  at  any t i me,  whi ch st at e or  val ue ar e consi der ed al ar ms 
and whi ch al ar ms cause aut omat i c di al - out  t o occur .

( 2)   Di spl ay each cr i t i cal  al ar m or  change- of - st at e message .   St or e 
cont r ol l er  LAN net wor k al ar m messages on di sk whi ch may be 
r evi ewed on t he di spl ay pr i nt ed on oper at or  sel ect ed pr i nt er  at  
any t i me.   Ensur e i t  i s  possi bl e t o sor t  t hi s al ar m and 
change- of - st at e dat abase by dat e,  t i me or  i t em f i el ds.

( 3)   Pr ovi de aut omat i c user  def i ned t i me del ay of  al ar ms dur i ng 
equi pment  st ar t - up or  shut - down.
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( 4)   Unacknowl edged al ar ms wi l l  cont i nue t o bl i nk even i f  al ar m 
condi t i on has r et ur ned t o nor mal .

( 5)   Onl y oper at or  acknowl edgment  can r emove t he bl i nki ng al ar m 
i ndi cat i on.

( 6)   Oper at or  wor kst at i on wi l l  not i f y an oper at or  of  an al ar m 
condi t i on i n one or  mor e poi nt s or  cont r ol l er s anywher e i n t he 
syst em.

( 7)   Pr ovi de al ar m not i f i cat i on consi st i ng of  an aut omat i c pr i nt  of  
t he al ar m condi t i on.

i .   Pr epar ed Hi st or i cal  Repor t :   Pr ovi de an on- l i ne,  hi st or i cal ,  dat a base 
sor t  r epor t  ut i l i t y  wi t h:   Pr ompt s t o sel ect  dat a base sor t  by t i me,  
by dat e,  by poi nt  or  r ange of  poi nt s wi t h syst em suppl i ed def aul t  
val ues of  24 hour s,  t oday,  al l  Cont r ol l er  LAN poi nt s,  r espect i vel y.   
Pr ompt s f or  act i vat i ng " condi t i onal "  sor t s,  i ncl udi ng:   
changes- of - st at e,  al ar ms,  r et ur ns t o nor mal ,  oper at or  s i gn on/ of f ,  
oper at or  acknowl edgement s,  command er r or s,  pr ogr am cont r ol  of  a poi nt ,  
t est  on/ of f ,  manual  on/ of f ,  pr ogr am cont r ol  ( Demand,  Event )  over r i de,  
power  r est or e,  LAN r econf i gur at i on,  cont r ol l er  of f  l i ne,  t i me/ dat a 
modi f i cat i ons and ar chi ve di sk memor y 90 per cent  f ul l ,  95 per cent  f ul l  
and f ul l .   Si ngl e keyst r oke r et r i eval  r esul t i ng i n a r epor t  l i s t i ng 
t he most  r ecent  condi t i on f i r st ,  al ong wi t h t he t i me,  dat e,  addr ess,  
name,  condi t i on t ype,  and val ue.   The super vi sor y comput er  wor kst at i on 
must  pr ovi de f unct i ons l i s t ed bel ow.

2. 7. 12. 3   Gr aphi cs Scr een For mat

Submi t  gr aphi cs scr een f or mat  showi ng pr ocess var i abl e i n engi neer i ng 
uni t s,  such as pr ocess var i abl e set poi nt s,  anal og or  di gi t al  i nput  or  
out put  condi t i ons,  and t o meet  r equi r ement s of  t he Cent r al i zed Moni t or i ng 
Syst em of  t hi s speci f i cat i on.   I ncl ude t he pr oposed i nput  condi t i ons shown 
on f l ow di agr ams cr eat ed by t he Cont r act or  based on Dr awi ngs,  i ncl udi ng 
pr ocess and i nst r ument at i on dr awi ngs and shop dr awi ngs f r om boi l er  
manuf act ur er .

2. 7. 12. 4   Gr aphi c Di spl ay

At  a mi ni mum,  make t he f ol l owi ng scr eens avai l abl e:

a.   Pl ant  over vi ew.

b.   I ndi v i dual  Boi l er s.

c.   I ndi v i dual  cont r ol l er s.

d.   Di spl ay of  al l  measur ed var i abl es and set poi nt  s.

2. 7. 12. 5   Hi st or i cal  Tr endi ng

Pr ovi de syst em capabl e of  st or i ng val ues f r om t r ansmi t t er s as wel l  as 
syst em comput ed val ues,  such as ef f i c i ency and compensat ed f l ow r at es,  at  
sel ect ed i nt er val s f or  ar chi val  st or age and f ut ur e anal ysi s.
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2. 7. 12. 6   Tot al i zat i on of  Dat a

a.   Pr ovi de syst em capabl e of  t ot al i z i ng t he f ol l owi ng dat a:

( 1)   St eam Ut i l i zat i on.

( 2)   Tot al  Feedwat er  Fl ow.

( 3)   Tot al  Nat ur al  Gas Consumpt i on.

( 4)   Run Ti me f or  moni t or ed mot or s.

( 5)   Tot al  Fuel  Oi l  Consumpt i on.

b.   Run t i me l ogged f or  each mot or  dr i ven equi pment  must  enabl e t he pl ant  
mai nt enance t o schedul e r egul ar  mai nt enance f or  each mot or  dr i ven 
devi ce.   Once a mot or  dr i ven devi ce has been ser vi ced or  r epai r ed as a 
par t  of  r egul ar  mai nt enance or  due t o emer gency,  pl ant  mai nt enance 
must  be abl e t o l og ser vi c i ng or  r epai r  dat a i n t he super vi sor y 
comput er .   Pl ant  mai nt enance must  al so be capabl e of  l oggi ng ser vi c i ng 
or  r epai r  dat a f or  equi pment  moni t or ed i n t he st eam pl ant .

2. 7. 13   Cent r al i zed Moni t or i ng Syst em ( CMS)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The CMS par agr aphs appl y t o exi st i ng pl ant s 
wi t hout  a super vi sor y comput er  wor kst at i on.

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

a.   Use CMS f or  cent r al i zed moni t or i ng and dat a acqui s i t i on of  var i ous 
pl ant  var i abl es.

b  Pr ovi de ser vi ces r equi r ed f or  i nst al l at i on,  pr ogr ammi ng,  t est i ng and 
st ar t up of  syst em.

c.   Empl oy i ndust r i al  gr ade equi pment  i n CMS t hat  i s Under wr i t er  
Labor at or i es ( UL)  l i s t ed.

d.   Pr ovi de CMS t o i ncl ude,  but  not  be l i mi t ed t o,  t he f ol l owi ng f unct i ons:

( 1)   Syst em engi neer i ng.

( 2)   Syst em har dwar e.

( 3)   Syst em pr ogr ammi ng and conf i gur i ng.

( 4)   Syst em document at i on.

( 5)   Syst em i nst al l at i on.

( 6)   Syst em t est i ng.

( 7)   Packi ng and shi ppi ng.

( 8)   Mai nt enance t r ai ni ng pr ogr am.

( 9)   Oper at or  t r ai ni ng pr ogr am.

( 10)   Syst em st ar t up.
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( 11)   Schedul ed syst em mai nt enance.

( 12)   At t end const r uct i on r evi ew meet i ngs and pr ovi de pr ogr ess r epor t s.

2. 7. 13. 1   Syst em Cont r ol l er

a.   Moni t or  var i ous pl ant  var i abl es,  l og dat a and gener at e summar y r epor t s 
as r equi r ed by pl ant  oper at i ons.   Pr ovi de syst em cont r ol l er  capabl e of  
dat a r educt i on and backup dat a l oggi ng.   Per f or m dat a and al ar m 
i nt er f aces bet ween CMS equi pment  and Gover nment  equi pment  at  syst em 
cont r ol l er .

b.   Pr ovi de an i ndust r y st andar d pr ogr ammabl e l ogi c cont r ol l er  ( PLC) ,  or  
di r ect  di gi t al  cont r ol l er  ( DDC) ,  r ack mount ed i n NEMA 12 CMS equi pment  
cabi net s.   Use compat i bl e i nt er connect i ng cabl i ng and f i t t i ngs and 
cl ear l y l abel  as t o t he equi pment  and t er mi nat i on poi nt s t hey ar e t o 
i nt er connect .

c.   Pr ovi de backup di gi t al  st or age of  CMS dat a.   Pr ovi de backup dat a 
st or age devi ce wi t h suf f i c i ent  memor y t o st or e at  l east  sevent y t wo 
( 72)  hour s of  CMS dat a i n event  of  f ai l ur e of  moni t or i ng and dat a 
acqui s i t i on syst em comput er  or  communi cat i ons har dwar e.   Upon 
r est or at i on of  communi cat i ons wi t h moni t or i ng and dat a acqui s i t i on 
syst em comput er ,  t r ansf er  dat a l ogged dur i ng communi cat i ons f ai l ur e 
per i od aut omat i cal l y t o moni t or i ng and dat a acqui s i t i on syst em 
comput er .   Pr ovi de bat t er y backup f or  backup dat a st or age devi ce i f  
r equi r ed t o pr eser ve dat a i n event  of  a power  suppl y f ai l ur e.

d.   Pr ovi de syst em cont r ol l er  consi st i ng of  sol i d- st at e cont r ol  syst em 
whi ch has a user  pr ogr ammabl e memor y f or  st or age of  i nst r uct i ons t o 
i mpl ement  speci f i c  i nst r uct i ons such as i nput - out put  cont r ol ,  Bool ean 
l ogi c,  t i mi ng,  count i ng,  ar i t hmet i c,  and dat a mani pul at i on.   Pr ovi de 
syst em cont r ol l er  consi st i ng of  cent r al  pr ocessor s,  i nput - out put  
i nt er f aces,  memor y,  power  suppl i es,  a pr ogr ammi ng devi ce,  and t ape or  
di sk dr i ve f or  st or i ng and r api dl y l oadi ng pr ogr ams.   Make pr ovi s i on 
f or  por t abl e oper at or  i nt er f ace panel  wi t h CMS syst em t o pr ovi de t he 
capabi l i t y  of  v i ewi ng access t o dat a st or ed i n t he CPU and i nput  of  
const ant s r equi r ed by syst em cont r ol l er .

e.   Pr ovi de cent r al  pr ocessi ng uni t  consi st i ng of  sol i d- st at e desi gn on 
modul ar  pr i nt ed ci r cui t  boar ds.   Pr ovi de har dwar e,  sour ce code,  and 
pr ogr ammi ng par amet er s r equi r ed f or  i nt er nal  pr ogr ammi ng of  cont r ol l er .

2. 7. 13. 2   I nt er f ace Requi r ement s

a.   Ensur e syst em cont r ol l er  i s  capabl e of  i nt er f aci ng wi t h pl ant  
cont r ol l er s,  comput er s,  or  pr i nt er s i n accor dance wi t h TI A- 232 or  
anot her  communi cat i ons i nt er f ace common t o al l  pl ant  
mi cr opr ocessor - based cont r ol  equi pment .

b.   El ect r i cal l y i sol at e i nput s and out put s f r om ot her  i nput - out put  and 
f r om al l  cabi net  wi r i ng.

2. 7. 13. 3   Al ar m I nt er f ace

Pr ovi de CMS wi t h 2 annunci at or  cabi net s,  each equi pped wi t h one ( 1)  whi t e 
i ndi cat i ng l i ght ,  one ( 1)  f l ashi ng r ed i ndi cat i ng l i ght ,  1 audi bl e hor n,  1 
Acknowl edge pushbut t on and 1 Test  pushbut t on as shown.   Locat e one of  
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t hese annunci at or  cabi net s [ _____]  and l ocat e t he ot her  i n t he pl ant  
cont r ol  r oom.   Pr ovi de moment ar y Acknowl edge and Test  pushbut t ons.   
Connect  equi pment  i n t hese cabi net s di r ect l y t o t he CMS i nput - out put  por t s 
as shown.   When al ar m condi t i on i s det ect ed,  sound hor n at  bot h 
annunci at or  cabi net s and f l ash t he r ed i ndi cat i ng l i ght s.   When 
Acknowl edge but t on i s pr essed i n any one of  t he annunci at or  cabi net s,  or  
when t he al ar m i s acknowl edged at  ei t her  of  t he wor k st at i ons,  s i l ence 
hor n,  st op r ed f l ashi ng l i ght s,  and t ur n on t he whi t e i ndi cat i ng l i ght .   
At  t hi s poi nt  t he syst em i s r eady t o annunci at e new al ar m condi t i on 
det ect ed.   The whi t e i ndi cat i ng l i ght  must  st ay on unt i l  t he al ar m 
condi t i on i s r emoved.   I f  t he Test  pushbut t on i s pr essed,  t he hor n must  
sound and t he r ed i ndi cat i ng l i ght  must  f l ash.   Pr essi ng t he Acknowl edge 
but t on must  s i l ence hor n and r eset  al ar m syst em.   Pr ovi de l ampt est  
pushbut t on t o al l ow ver i f i cat i on t hat  al l  i ndi cat i ng l i ght s ar e 
oper at i onal .

2. 7. 14   Moni t or i ng Requi r ement s

2. 7. 14. 1   Moni t or i ng of  Boi l er s

Boi l er  may be suppl i ed f r om manuf act ur er  wi t h st and- al one cont r ol l er .   
Syst em cont r ol l er  must  r ecei ve out put  s i gnal s f r om st and- al one boi l er  
cont r ol l er  by means of  dat a communi cat i on l i nk.   Send ot her  var i abl es 
r equi r i ng moni t or i ng t o CMS as anal og or  di scr et e cont act  c l osur e 
s i gnal s.   I f  exi st i ng boi l er  cont r ol  syst em i s ut i l i zed,  make pr ovi s i on t o 
acqui r e dat a f r om t hese cont r ol l er s,  pr ef er abl y by means of  ser i al  
communi cat i on l i nks.   I f  i t  i s  not  f easi bl e t o est abl i sh ser i al  
communi cat i on l i nks,  send var i abl es t o be moni t or ed t o CMS as appr opr i at e 
anal og or  di scr et e s i gnal s.   Appl y cal i br at i on f act or s t o anal og i nput s 
accessed f r om r ecor der s,  cont r ol l er s and t r ansmi t t er  as r equi r ed.

2. 7. 14. 2   Var i abl es t o be Accessed f r om Boi l er  Cont r ol  syst ems

At  a mi ni mum,  access dat a f or  t he f ol l owi ng var i abl es f r om boi l er  cont r ol  
syst em:

a.   St eam pr essur e i n kPa psi g.

b.   St eam pr essur e set poi nt  i n kPa psi g.

c.   St eam f l ow i n t housands of  kg/ hr  l b/ hr .

d.   Fl ue gas t emper at ur e i n degr ees C degr ees F.

e.   Fl ue gas oxygen i n per cent .

f .   Opaci t y i n per cent .

g.   Fuel  oi l  f l ow i n R/ sec GPH.

h.   Fuel  oi l  suppl y pr essur e i n kPa psi g.

i .   Fuel  oi l  suppl y t emper at ur e i n degr ees C degr ees F.

j .   Nat ur al  gas f l ow i n t housand st andar d cubi c met er s.

k.   Nat ur al  gas suppl y pr essur e i n psi g.

l .   Boi l er  cont r ol  syst em power  ON or  OFF.
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m.   Fuel  sel ect ed:   GAS,  OFF or  OI L.

n.   Pur gi ng.

o.   Ready.

p.   Pi l ot  ON.

q.   Fuel  oi l  ON.

r .   Nat ur al  gas ON.

s.   Emer gency t r i p.

t .   Boi l er  ef f i c i ency.

2. 7. 14. 3   Al ar ms t o be Accessed f r om Boi l er  Cont r ol  Syst ems

At  a mi ni mum,  access t he f ol l owi ng al ar ms f r om boi l er  cont r ol  syst em:

a.   Hi gh st eam pr essur e.

b.   Hi gh wat er  l evel  al ar m.

c.   Low wat er  l evel  al ar m.

d.   Low wat er  cut of f .

e.   Hi gh nat ur al  gas pr essur e.

f .   Low nat ur al  gas pr essur e.

g.   Low at omi zi ng st eam pr essur e.

h.   Low f uel  oi l  pr essur e.

i .   Low f uel  oi l  t emper at ur e.

j .   Low oxygen l evel .

k.   Fl ame f ai l ur e.

l .   Hi gh opaci t y.

2. 7. 15   Bal ance of  Pl ant  ( BOP)  Var i abl es

a.   Moni t or  st at us of  equi pment  common t o al l  boi l er s and any ot her  pl ant  
var i abl es not  par t  of  any boi l er  cont r ol  syst em di r ect l y by t he CMS 
cont r ol l er  v i a i nput - out put  i nt er f ace modul es.   I nput - out put  modul es 
must  be anal og,  di scr et e or  communi cat i on por t s as r equi r ed.   Pr ovi de 
i sol at ed or  noni sol at ed di scr et e i nput s- out put s as r equi r ed by 
pr evai l i ng condi t i ons.   Appl y cal i br at i on f act or s t o r aw anal og 
t r ansmi t t er  out put  as r equi r ed.

b.   Cont r ol l er  i nput s- out put s i ncl ude,  but  ar e not  l i mi t ed t o,  t hose 
i ndi cat ed.
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2. 7. 15. 1   BOP Var i abl es t o be Moni t or ed:

Access t he f ol l owi ng bal ance of  pl ant  var i abl es f r om dedi cat ed i nst r ument s 
or  cont r ol l er s:

a.   Out si de ai r  t emper at ur e i n degr ees C.

b.   St eam header  pr essur e i n [  KPA]  [ MPA] .

c.   Boi l er  f eedwat er  t emper at ur e i n degr ees C.

d.   Boi l er  f eedwat er  f l ow i n l i t er sgal l ons per  mi nut e.

e.   Boi l er  f eedwat er  pr essur e i n [ KPA]  [ MPA] PSI .

f .   Boi l er  wat er  makeup f l ow i n l i t er sgal l ons per  mi nut e.

g.   Ai r  Compr essor  st at us ( one per  compr essor ) .

h.   Boi l er  Feed Pump st at us ( one per  pump) .

i .   Condensat e Tr ansf er  Pump st at us ( one per  pump) .

j .   Ci t y wat er  suppl y val ve st at us ( " OPEN"  or  " CLOSE" ) .

k.   Fuel  Oi l  Pump st at us ( one per  pump) .

2. 7. 15. 2   BOP Al ar ms

Access t he f ol l owi ng al ar ms f r om dedi cat ed i nst r ument s or  cont r ol l er s:

a.   Ai r  Compr essor  Low Pr essur e ( one per  compr essor ) .

b.   Condensat e Tr ansf er  Pump Tr i p ( one per  pump) .

c.   Fuel  Oi l  Pump Tr i p ( one per  pump) .

d.   Deaer at or  Tank Level  Hi gh.

e.   Deaer at or  Tank Level  Low.

f .   At mospher i c Condensat e Recei ver  Level  Hi gh.

g.   At mospher i c Condensat e Recei ver  Level  Low.

h.   Heat i ng Pl ant  Pr essur e Recei ver  Tr oubl e.

i .   Wat er  Sof t ener  Tr oubl e.

j .   Bl ow Of f  Separ at or  Hi gh Level .

2. 7. 16   Uni nt er r upt i bl e Power  Suppl y ( UPS)

Pr ovi de a [ _____]  kVA UPS,  wi t h a mi ni mum r un t i me of  t hi r t y f i ve ( 35)  
mi nut es at  f ul l  l oad t o power  wor k st at i ons and t hei r  per i pher al s,  
cont r ol l er s and i nput - out put  syst ems.
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2. 7. 17   Moni t or i ng and Communi cat i on Cabl es and Associ at ed Raceways

Pr ovi de moni t or i ng and communi cat i on cabl es,  wi r i ng,  and associ at ed 
r aceways,  i ncl udi ng condui t ,  j unct i on boxes,  and f i t t i ngs i n accor dance 
wi t h appl i cabl e sect i ons of  speci f i cat i ons.   Cont r act or  i s r esponsi bl e f or  
pr ovi di ng cabl es r equi r ed as i ndi cat ed i n t hese speci f i cat i ons and t o 
pr ovi de a compl et e and wor ki ng syst em.   Pr ovi de cabl es as r equi r ed f or  
connect i on bet ween CMS equi pment ,  boi l er  cont r ol l er s and f i el d devi ces.

2. 7. 18   Remot e Communi cat i on I nt er f ace Modem

Pr ovi de syst em wi t h aut o di al - aut o answer  modem sui t abl e f or  use wi t h 
voi ce gr ade t el ephone l i nes.   Pr ovi de communi cat i ons i n Engl i sh l anguage 
and l i mi t  t o ASCI I  char act er  codes.   Ensur e syst em i s capabl e of  
aut omat i cal l y di al i ng up i n bot h pul se and t one di al  mode.

2. 7. 19   I nst r ument  Power  Suppl y

Pr ovi de i nst r ument  power  suppl i es,  as necessar y,  t o power  panel  and f i el d 
mount ed i nst r ument s,  i ncl udi ng i nst r ument s wi t hi n i nst r ument  cabi net s and 
back- of - panel  component s.   Pr ovi de r egul at ed pl us- mi nus 24 V dc or  as 
r equi r ed f or  t r ansmi t t er  and t r ansducer  power  r equi r ement s.   Sel ect  power  
suppl y cur r ent  r at i ng based on l oop bur den.   Meet  t he f ol l owi ng 
r equi r ement s:

a.   Pr ovi de 120 V ac,  60 Hz,  s i ngl e- phase i nput  power  t o t he i nst r ument  
power  suppl y.   Wi r e power  suppl y as a t ap c i r cui t  t hr ough a separ at e 
pul l - out  t ype f usi bl e bl ock r at ed 300 V ac mi ni mum at  r at ed amper es,  
and wi r e t o t he same br anch ci r cui t  as CMS cont r ol l er .

b.   Pr ovi de power  suppl y wi t h out put  cur r ent  pr ot ect i on.

c.   Suppl y power  suppl y wi t h br acket s f or  i nst al l at i on on mount i ng panel s 
wi t hi n t he CMS cabi net .

2. 7. 20   Syst em Ar chi t ect ur e

Desi gn syst em i n modul ar  f ashi on.   Pr ovi de spar e capaci t y of  t he f ol l owi ng:

a.   I nput ,  di gi t al -  25 per cent .

b.   I nput ,  anal og -  25 per cent .

c.   Cont r ol l er  memor y -  25 per cent  spar e.

d.   Out put  di gi t al  -  10 per cent .

e.   Out put  anal og -  10 per cent .

2. 7. 20. 1   I nput s

CMS cont r ol l er  must  be capabl e of  accept i ng i nput s as descr i bed bel ow:

a.   Anal og I nput s ( AI ) :   Moni t or  anal og i nput s or i gi nat i ng f r om sensi ng 
el ement s and buf f er  as AI ,  except  t hat  aut omat i c conver si on t o pr oper  
engi neer i ng uni t s must  occur  wi t hout  any addi t i onal  s i gnal  
condi t i oni ng as f ol l ows:

( 1)   Conver t  t emper at ur e i nput s f r om t her mi st or s or  RTDs or  
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t emper at ur e t r ansmi t t er s t o degr ee C,  

( 2)   Conver t  f l ow i nput s f r om f l ow t r ansmi t t er s t o l i t er  per  
mi nut e,  cubi c met er  per  mi nut e or  as speci f i ed i n pr ocess and 
i nst r ument at i on di agr am.

( 3)   Conver t  val ve or  damper  posi t i on f r om pot ent i omet er  or  
s i mi l ar  devi ce t o per cent  open.

( 4)   Conver t  pr essur e i nput  f r om pr essur e t r ansmi t t er  t o mm of  
wat er  kPa as speci f i ed i n pr ocess and i nst r ument at i on di agr am.

b.   Di scr et e I nput s:   CMS cont r ol l er  must  accept  di scr et e s i gnal  f r om 
devi ce such as cont act or ,  r el ay,  l i mi t  swi t ch,  pr essur e swi t ch,  and 
t emper at ur e swi t ch.   Pr ovi de i nput  devi ce capabl e of  wi t hst andi ng 
cont i nuous shor t i ng t o 120 V ac or  t o 1500 vol t s f or  f i f t y  ( 50)  
mi cr oseconds.

2. 7. 20. 2   Out put s

Pr ovi de cont r ol l er s t hat  ar e capabl e of  di r ect i ng out put s as f ol l ows:

2. 7. 20. 2. 1   Anal og Out put s ( AO)

Anal og out put s as di r ect  or  r ever se f unct i on of  associ at ed anal og i nput s 
must  modul at e f i nal  el ement s i n r esponse t o cont r ol l er  al gor i t hms.   Fi nal  
el ement  act uat or s must  be i ndust r i al  gr ade capabl e of  accept i ng a 
modul at ed [ el ect r oni c]  [ pneumat i c]  s i gnal  f r om t he cont r ol l er  [ v i a a 
s i gnal  conver t er ,  cur r ent  t o pneumat i c] .   El ect r oni c s i gnal  must  be 4- 20 
mA dc wi t h a mi ni mum of  16 [ _____]  bi t  r esol ut i on.   [ The pneumat i c s i gnal  
must  be 21 t o 34 kPa 3 t o 15 psi .   Each pneumat i c out put  must  have 
f eedback f or  moni t or i ng of  t he act ual  pneumat i c s i gnal . ]

2. 7. 20. 2. 2   Di gi t al  Out put s ( DO)

Command equi pment  t o t he sel ect ed posi t i on v i a schedul es and pr ogr ams.   
Pr ovi de cont act  c l osur e wi t h cont act s r at ed at  a mi ni mum of  1 amper e at  24 
vol t s.   The out put  s i gnal s i ncl ude,  but  ar e not  l i mi t ed t o:

a.   Enabl e- Di sabl e.

b.   St ar t - St op.

c.   On- Of f .

d.   Open- Cl ose.

e.   Demand Li mi t

f .   Temper at ur e Reset .

g.   Boi l er  Sel ect i on

h.   Fl oat i ng Cont r ol .

2. 7. 20. 3   Pr ogr am St or age

CMS cont r ol l er  must  be abl e t o st or e pr ogr ams on a sol i d st at e memor y PC 
car d,  a har d di sk dr i ve,  or  a CD- RW r eader - wr i t er - r ewr i t er  di sk dr i ve 
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r equi r i ng no f r ont  end comput er  f or  t he dat a conver si on.

2. 7. 21   Syst em Sof t war e

Document  CMS cont r ol l er  pr ogr am code suf f i c i ent l y t hat  oper at or  can modi f y 
cont r ol l er  l ogi c and set poi nt s.   Sof t war e pr ovi ded i ncl udes,  but  i s not  
l i mi t ed t o,  oper at i ng syst ems,  communi cat i on cont r ol ,  def i ni t i on of  
pr ocess,  oper at or  i nt er f ace,  and syst em ser vi ces.   Pr ovi de Read Onl y 
Memor y [ ROM]  and Pr ogr ammabl e Read Onl y Memor y [ PROM] as r equi r ed,  as 
r esi dent  oper at i ng syst em.   Appl i cat i on sof t war e must  be RAM r esi dent .   Do 
not  use bul k st or age devi ces,  such as magnet i c di sks,  i n an i nt er act i ve 
on- l i ne mode,  but  may be added f or  ext ended dat a st or age.

2. 7. 21. 1   Tr end Loggi ng.

I ni t i at e a cust om l og f or  any var i abl e val ue i n t he cont r ol  pr ogr am.   
Sel ect  t ype of  l og,  number  of  val ues l og cont ai ns,  and t i me i nt er val  
bet ween val ues.   Assi gn t r end l og act i vat i on per i od f r om keypad by day,  
mont h,  year ,  and t i me span desi r ed f or  each l og.

2. 7. 21. 2   Al ar m Repor t i ng.

Pr ovi de cont r ol  capabl e of  anal yzi ng any var i abl e i n t he pr ogr am and 
eval uat e f or  al ar m condi t i on.   Al ar m can be gener at ed based on anal og 
val ue out  of  l i mi t s or  based on a pr ogr ammed sequence of  event s.   St or e 
al ar ms i n l og upon each occur r ence and r epor t  t hem i mmedi at el y.

2. 7. 21. 3   Al ar m Lockout  Rout i ne.

Pr ovi de al ar m l ockout  r out i ne t o i nhi bi t  nui sance al ar ms.

2. 7. 22   Document at i on

Pr ovi de t he f ol l owi ng document at i on:

2. 7. 22. 1   Li st  of  Har dwar e

Compl et e l i s t  of  har dwar e r equi r ed t o pr ovi de a compl et e and f ul l y 
f unct i onal  CMS.

2. 7. 22. 2   I nput  and Out put  Poi nt  Li st .

Compl et e i nput  and out put  poi nt  l i s t .

2. 7. 22. 3   Oper at i ng and Mai nt enance Manual s.

Pr ovi de f unct i onal  descr i pt i on of  pr oposed equi pment ,  and descr i pt i ons of  
mai nt enance on syst em component s.   Ensur e oper at i ng and mai nt enance 
manual s cover  i nspect i on,  per i odi c pr event i ve mai nt enance,  f aul t  
di agnosi s,  r epl acement  and r epai r  of  def ect i ve component s.

2. 7. 22. 4   Equi pment  I nst al l at i on Det ai l s.

Submi t  det ai l  dr awi ngs showi ng i nst al l at i on r equi r ement s f or  each 
component  of  t he CMS.

2. 7. 22. 5   Syst em I nt er connect i on Bl ock Di agr am.

Show t he i nt er connect i on of  component s i n t he CMS net wor k.
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2. 7. 22. 6   Sof t war e Manual

Pr ovi de sof t war e manual s descr i bi ng pr ogr ammi ng and t est i ng f or  CMS 
cont r ol l er  and cont ai ni ng syst em over vi ew wi t h det ai l ed descr i pt i on of  
sof t war e f eat ur es.   I nst r uct  oper at or  on pr ogr ammi ng CMS cont r ol l er ,  
i ncl udi ng cont r ol  pr ogr ams,  al gor i t hms,  mat hemat i cal  equat i ons,  var i abl e,  
set poi nt s,  t i me per i ods,  messages,  and ot her  i nf or mat i on necessar y t o 
l oad,  al t er ,  t est ,  and execut e syst em oper at i on.   I ncl ude t he f ol l owi ng i n 
t he sof t war e manual :

a.   Compl et e descr i pt i on of  pr ogr ammi ng l anguage,  i ncl udi ng commands,  
al gor i t hms,  pr i nt out s and l ogs,  mat hemat i cal  cal cul at i ons,  and 
passwor ds.

b.   I nst r uct i ons on modi f y i ng any al gor i t hm or  par amet er ,  ver i f y i ng 
er r or s,  st at us,  changi ng passwor ds,  and i ni t i at i ng or  di sabl i ng 
cont r ol  pr ogr ams.

c.   Sof t war e document at i on pr ovi di ng easy r ef er ence f r om summar y sheet s 
whi ch compar e per t i nent  i nf or mat i on about  har dwar e,  and wi r i ng 
i nf or mat i on i n t he f i el d.   I ncl ude t he f ol l owi ng document at i on:

( 1)   Compl et e poi nt  i dent i f i cat i on,  i ncl udi ng t er mi nal  number ,  symbol ,  
engi neer i ng uni t s,  cont r ol  pr ogr am r ef er ence number ,  and l ogi c 
pr i nt out .

( 2)   set poi nt  s f or  var i ous anal og i nput  l oops.

( 3)  Fi el d i nf or mat i on i ncl udi ng l ocat i on,  devi ce,  devi ce t ype and 
f unct i ons

( 4)   Locat i on i dent i f i cat i on of  t he CMS har dwar e.

2. 7. 23   Equi pment  Cabi net  Fact or y Wi r i ng

Fact or y i nst al l  i nt er nal  equi pment  cabi net  wi r i ng,  col or  code and bundl e 
neat l y or  r out e v i a wi r i ng duct .   I nst al l  cabl es and wi r i ng as speci f i ed.

2. 7. 23. 1   Ter mi nat i on

Make t er mi nat i ons wi t h pr essur e t ype connect or s or  l ugs.   Do not  wr ap 
st r anded conduct or s ar ound scr ew t ype t er mi nal s.   Connect  i ncomi ng cabl es 
t o CMS cont r ol l er  v i a t er mi nal  bl ocks.   Ter mi nat e i nt er nal  wi r i ng at  one 
si de of  t he t er mi nal  bl ocks.

2. 7. 23. 2   Namepl at e f or  Devi ce I nsi de Equi pment  Cabi net s.

St amp namepl at e f or  devi ce mount ed i nsi de equi pment  cabi net  wi t h t he 
devi ce number  onl y.   Pr ovi de namepl at e consi st i ng of  10 mm 3/ 8 i nches wi de 
st ai nl ess st eel  t ape.   At t ach t o t he devi ce wi t h st ai nl ess st eel  wi r e.

2. 7. 24   Cont i nuous Emi ssi ons Moni t or i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   A cont i nuous emi ssi ons moni t or i ng syst em 
( CEMS)  i s r equi r ed by t he Cl ean Ai r  Act  Amendment  
( CAAA)  of  1990 i f  t he f uel  ut i l i zed i s oi l  or  coal  
and t he heat  i nput  i s 3 megawat t  10 mi l l i on BTU/ HR 
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or  gr eat er .   A CEMS may al so be r equi r ed by st at e or  
l ocal  l aws.   I f  a CEMS i s necessar y t he desi gner  
must  r evi ew t he CAAA and t he r el evant  st at e or  l ocal  
l aw ear l y i n t he pr oj ect  t o al l ow t i me t o 
i ncor por at e t he r equi r ed CEMS speci f i cat i on and t o 
det er mi ne whi ch f l ue gas emi ssi ons wi l l  be i ncl uded 
i n t he r equi r ed r epor t s.   Bef or e accept ance of  t he 
i nst al l at i on,  f ur ni sh a wr i t t en t est  r epor t  whi ch 
pr ovi des document at i on t hat  t he CEMS equi pment  has 
passed f act or y and f i el d cer t i f i cat i on t est s 
r equi r ed by f eder al ,  st at e and l ocal  r egul at i ons t o 
t he Cont r act i ng Of f i cer .   The i nvest i gat i on wi l l  
det er mi ne i f  t he r epor t ed val ues may be cal cul at ed 
or  shoul d be di r ect  measur ement s.   The CAAA i ncl udes 
measur ement  opt i ons f or  gas/ oi l  f i r ed uni t s 
dependi ng upon t he par t i cul ar  cat egor y of  uni t  as 
def i ned by t he r egul at i ons.   Fi l l  i n t he dat a t o 
st at e what  met hod of  measur ement  or  cal cul at i on wi l l  
be ut i l i zed f or  t he det er mi nat i on of  t he r epor t  
var i abl e.

Emer gi ng f l ue gas f l ow moni t or  t echnol ogi es ar e 
avai l abl e.   The t r adi t i onal  di f f er ent i al  pr essur e 
t echni que speci f i ed uses f ami l i ar  equi pment  t hat  can 
be mai nt ai ned by pl ant  per sonnel .   Thi s t ype of  
measur ement  devi ce has r el i abl y sat i sf i ed r egul at or y 
r equi r ement s.   The possi bl e use of  ot her  
t echnol ogi es shoul d i ncl ude a t hor ough i nvest i gat i on 
of  f l ue gas f l ow moni t or  r egul at or y r equi r ement s and 
i n- house mai nt enance capabi l i t i es.

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

a.   Pr ovi de cont i nuous emi ssi ons moni t or i ng syst em ( CEMS)  equi pment  as a 
syst em by a s i ngl e manuf act ur er .   Pr ovi de CEMS,  meet i ng r equi r ement s 
of  appl i cabl e f eder al  r egul at i ons,  St at e of  [ _____]  and l ocal  
r egul at i ons f or  boi l er  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons and under  di r ect  super vi s i on of  CEMS equi pment  
manuf act ur er .

b.   Repor t ed dat a i ncl udes [ sul f ur  di oxi de ( S02) ]  [ oxi des of  ni t r ogen ( NOx
) ]  [ car bon monoxi de ( CO) ]  [ car bon di oxi de ( C02) ]  [ par t i cul at e mat t er  
( PM) ]  and ot her  i nf or mat i on r equi r ed by f eder al ,  st at e,  and l ocal  
r egul at i ons.   Base SO2 r epor t i ng on [ anal yzer  measur ement ]  [ f uel  f l ow 
and per cent  sul f ur  cal cul at i on]  [ dai l y heat  i nput  cal cul at i on] .   Base 
ni t r ous oxi des,  car bon oxi des and par t i cul at e mat t er  r epor t i ng on 
anal yzer s.

c.   I ncl ude cent r al  pr ocessi ng uni t ,  pr i nt er ,  har d di sk dr i ve,  and f l oppy 
di sk dr i ve.   Pr ovi de f l oppy di sk dr i ve t o f unct i on as r ecor der .   
Pr ovi de sof t war e t o gener at e r equi r ed r epor t s i n f or mat  accept abl e t o 
f eder al ,  st at e and l ocal  r egul at or y agenci es.   Pr ovi de oper at or  
i nt er f ace t o CEMS equi pment  by means of  CRT di spl ay.

2. 7. 24. 1   Gaseous Emi ssi ons Moni t or

Pr ovi de dxt r act i ve or  i n- s i t u gaseous emi ssi ons moni t or s.   Combi nat i on of  
ext r act i ve and i n- s i t u moni t or s i s not  accept abl e.   Gaseous emi ssi ons 
moni t or s i ncl ude aut omat i c cal i br at i on checks.   Pr ovi de al ar m hor n and 
annunci at or  t o al ar m when any moni t or ed par amet er  i s out  of  r ange or  
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gaseous emi ssi ons moni t or  mal f unct i ons.   Const r uct  sur f aces exposed t o 
cor r osi ve gas of  boi l er  of  noncor r osi ve mat er i al s such as 316 SS,  Tef l on 
or  Hast el l oy.

Pr ovi de [ wet ] [ dr y] [ di l ut ed]  ext r act i ve syst ems.   [ Pr ovi de r ack- mount ed 
anal yzi ng equi pment  f or  ext r act i ve syst em. ] [ Locat e anal yzi ng equi pment  f or  
ext r act i ve syst em i n a wal k- i n cabi net ] .

2. 7. 24. 2   Fl ue Gas Fl ow Moni t or

Ut i l i ze t he pi t ot  t ube pr i nci pl e t o measur e f l ue gas f l ow.   Pr ovi de f l ue 
gas f l ow moni t or  base whi ch i s acr oss- t he- duct  aver age pi t ot  t ube and 
pr oper l y desi gn and l ocat e t o obt ai n r epr esent at i ve measur ement .   Use 
di f f er ent i al  pr essur e t r ansmi t t er s t o sense t he di f f er ence bet ween t he 
st at i c and t ot al  pr essur e of  t he f l owi ng f l ue gas st r eam.   Ensur e 
cal i br at i ons ar e st abl e.

2. 7. 24. 3   Par t i cul at e Mat t er  Opaci t y Moni t or

Base par t i cul at e mat t er  opaci t y moni t or  on pr i nci pl e of  t r ansmi ssomet r y.   
I ncl ude aut omat i c s i mul at i on of  zer o opaci t y and up scal e check of  
cal i br at i on whi l e boi l er  i s  i n ser vi ce wi t hout  di smount i ng moni t or .   
I ncl ude anal yzer  i nt er nal  c i r cui t r y and el ect r oni c c i r cui t r y i n 
cal i br at i on check.   Pr ovi de al ar m hor n and annunci at or  t o annunci at e 
excess opaci t y and syst em mal f unct i on.   Pr ovi de moni t or  wi t h f ans t o keep 
sendi ng and r ecei v i ng l enses pr essur i zed and bl own cl ean at  al l  t i mes.

2. 7. 24. 4   Wi r i ng

Pr ovi de CEMS equi pment  wi t h pl ug i n pr ef abr i cat ed cabl e f or  
i nt er connect i on bet ween component s.   Use 2 wi r e,  120 vol t  nomi nal  or  l ess,  
60 Hz,  power  suppl y t o t he equi pment  wi t h one si de gr ounded.   Connect  
el ect r i cal  devi ces as speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.

2. 8   BOI LER FEEDWATER SYSTEM

2. 8. 1   Deaer at or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Deaer at or  manuf act ur er s shoul d be consul t ed 
r egar di ng speci f i c  f eat ur es of  const r uct i on f or  a 
par t i cul ar  appl i cat i on.   Speci f i cat i ons ar e i ncl uded 
f or  at omi zi ng spr ay- t ype,  t r ay- t ype,  and at omi zi ng 
spr ay,  t wo t ank t ype deaer at or s.   Car ef ul  
consi der at i on wi l l  be gi ven t o t he t ype of  deaer at or  
sel ect ed.   Tr ay t ype i s pr ef er r ed however  i t  
r equi r es mor e space t han t he ot her  t ypes.   To 
sat i sf y shi ppi ng r equi r ement s or  wher e access i s 
l i mi t ed,  t he deaer at or  may be knocked down and f i el d 
assembl ed.   Sel ect  appl i cabl e pump t ype and cont r ol .

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

2. 8. 1. 1   Component s

Pr ovi de deaer at or  as a compl et e package by one manuf act ur er  i ncl udi ng 
r ecei ver  wi t h deaer at i ng sect i on,  pumps,  el ect r i cal  cont r ol  and 
accessor i es.   Deaer at or  component s i ncl ude but  ar e not  l i mi t ed t o t he 
f ol l owi ng:
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a.   St or age t ank.

b.   Deaer at or  [ spr aymast er ] [  or  ] [ col umn. ]  ASME PTC 12. 3.

c.   Wat er  i nl et  at omi zi ng val ve.

d.   St eam i nl et  at omi zi ng val ve.

e.   Deaer at or  manual  and aut omat i c vent s.

f .   Gauge gl ass.

g.   St eam pr essur e gauge.

h.   Feedwat er  t her momet er .

i .   Tappi ngs.

j .   Wat er  l evel  cont r ol l er  wi t h makeup val ve.

k.   Thr ee val ve by- pass and st r ai ner s f or  cont r ol  devi ces.

l .   St eam r el i ef  val ve.

m.   Hi gh wat er  l evel  al ar m.

n.   Low wat er  l evel  al ar m.

o.   Hi gh t emper at ur e condensat e di f f user .

p.   Boi l er  f eed pump and mot or  set s.

q.   Reci r cul at i on or i f i ce.

r .   Pump suct i on shut of f  val ve.

s.   Suct i on st r ai ner .

t .   Suct i on f l exi bl e f i t t i ng.

u.   Pump di schar ge shut of f  val ve.

v.   Pump di schar ge pr essur e gauge.

w.   Pump di schar ge mani f ol d.

x.   Over f l ow dr ai n connect i on.

y.   Cont r ol  panel .

z.   Chemi cal  f eed qui l l .

aa.   Vacuum br eaker .

bb.   Sent i nel  r el i ef  val ve.

cc.   Tank dr ai n val ve.
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2. 8. 1. 2   Deaer at or ,  Gener al  Requi r ement s

Pr ovi de deaer at or  wat er  st or age t ank wi t h a [ _____]  mm i nches di amet er ,  
and [ _____]  mm i nches l ong.

a.   Pr ovi de st or age t ank sect i on wi t h [ _____]  mi nut es of  st or age and a 
capaci t y of  [ _____]  l i t er s gal l ons measur ed t o over f l ow.   Pr ovi de an 
280 by 380 mm 11 by 15 i nch el l i pt i cal  manhol e f or  access.   Pr ovi de 
deaer at or  r at ed at  [ _____]  kg pounds of  st eam per  hour .

b.   Desi gn deaer at or  t o r emove di ssol ved oxygen i n boi l er  f eedwat er  t o 
0. 005 cc/ l i t er  or  l ess and el i mi nat e car bon di oxi de at  any l oad 
bet ween 5 and 100 per cent  of  r at ed capaci t y.

c.   Pr ovi de t ank consi st i ng of  wel ded st eel  const r uct i on bui l t  i n 
accor dance wi t h Sect i on VI I I  of  t he ASME pr essur e vessel  code f or  345 
kPa 50 psi g at  [ _____]  degr ees C degr ees F and st amped accor di ngl y.   
Const r uct  i nt er nal  sur f aces whi ch come i n cont act  wi t h under aer at ed 
wat er  of  Type 316 st ai nl ess st eel .

d.   Pr ovi de deaer at or  wi t h manual  and aut omat i c vent  val ves.   Cont r ol  
aut omat i c vent  val ve t her most at i cal l y t o pr ovi de f ast  vent i ng of  
sudden bui l dup of  gases.   Pr ovi de manual  vent  val ve wi t h an or i f i ce 
f or  cont i nuous mi ni mum vent i ng.   Do not  exceed  a manual  mi ni mum 
vent i ng r at e of  0. 1 per cent  of  r at ed deaer at or  capaci t y.   Pr ovi de 
deaer at or  t hat  i s  sui t abl e t o oper at e f r om 13. 6 t o 102 kPa 2 t o 15 psi g.

e.   Pr ovi de st eel  f abr i cat ed deaer at or  st and of  appr opr i at e hei ght  f or  t he 
f eed pump- mot or  set ,  and mount  on a sol i d base.   Rei nf or ce base t o 
pr event  v i br at i on.

f .   Nozzl es 100 mm 4 i nches and under  must  be 1350 kg 3000 pounds f or ged 
st eel  coupl i ngs.   Nozzl es 63. 5 mm 2- 1/ 2 i nches and over  must  be 1. 03 
MPa 150 psi g r at ed f l at  f ace f l anges.

g.   Mount  pump- mot or  set  on i ndi v i dual  base bef or e mount i ng on t he st and 
base.   Pr ovi de i ndi v i dual  suct i on pi pi ng,  i ncl udi ng st r ai ner ,  shut of f  
val ve and f l exi bl e connect or ,  f or  pump.   Pr ovi de pump suct i on nozzl e 
wi t h vor t ex br eaker s t o el i mi nat e l oss i n NPSH and cavi t at i on.   Make 
connect i ons as shown.

h.   Pr ovi de f act or y- l i ned t ank i nt er i or  wi t h hi gh qual i t y baked epoxy 
l i ni ng.   Appl y l i ni ng t o whi t e met al  sur f ace i n accor dance 
SSPC SP 5/ NACE No.  1.   Appl y f our  t o s i x coat s wi t h each dr y coat  
bei ng appr oxi mat el y 0. 38 mm 1. 5 mi l s dr y,  f or  a t ot al  t hi ckness of  
0. 152 mm 6 mi l s  dr y mi ni mum.   Hol i day spar k t est  l i ni ng usi ng l ow 
vol t age and a wet  sponge t o ensur e uni f or m coat i ng f r ee of  pi n hol es.

i .   Pr i me ext er i or  wi t h a hi gh heat  s i l i cone acr yl i c pr i mer ,  0. 05 mm 2 mi l  
mi ni mum DFT.

2. 8. 1. 3   Deaer at or ,  At omi zi ng Spr ay- Type

Pr ovi de at omi zi ng spr ay- t ype,  pr essur i zed hor i zont al  t ype deaer at or .   
Pr ovode ASME t or i spher i cal  t ype heads const r uct ed of  ASTM A516/ A516M GR 70 
car bon st eel  wi t h a mi ni mum t hi ckness of  6. 35 mm 0. 25 i nch.   Fabr i cat e 
shel l  pl at e of  ASTM A36/ A36M car bon st eel  wi t h mi ni mum t hi ckness of  6. 35 mm
 0. 25 i nch.   Pr ovi de mai n deaer at i ng por t i on,  l ocat ed i nt er nal l y,  
consi st i ng of  wat er  col l ect or  and st eam at omi zi ng val ve.   Bui l d spr i ng 

SECTI ON 23 52 30. 02 10  Page 72



l oaded wat er  spr ay nozzl e whi ch i ncl udes aut omat i c and manual  vent  val ves 
i nt o a f l ange on t op of  t he t ank.

2. 8. 1. 4   Deaer at or ,  Tr ay- Type

Pr ovi de t r ay- t ype deaer at or  wi t h spr ay mani f ol d i n a 300 Ser i es st ai nl ess 
st eel  deaer at i on dome wi t h i nt egr al  cascade t r ays,  pr essur i zed hor i zont al  
t ype.   Fl ange mount  deaer at i on dome wi t h i nt egr al  cascade t r ays cont ai ni ng 
a spr ay mani f ol d wi t h st ai nl ess st eel  spr ay nozzl es t o t he boi l er  f eed 
r ecei ver .   Fl ange mount  mani f ol d t o t he dome.   Make f l ange openi ng l ar ge 
enough t o per mi t  t he mani f ol d t o be easi l y wi t hdr awn f or  ser vi c i ng.   
I nst al l  di r ect  i nj ect i on st eam heat i ng assembl y i n t he r ecei ver .   Pr ovi de 
heat i ng assembl y consi st i ng of  doubl e f l ange mount ed i nj ect i on pi pe,  st eam 
cont r ol  val ve,  pr essur e- t emper at ur e r egul at or ,  wye st r ai ner  and pr essur e 
gauge.

2. 8. 1. 5   Deaer at or ,  At omi zi ng Spr ay Two- Tank Type

a.   Pr ovi de at omi zi ng spr ay- t ype t wo- t ank deaer at or ,  di v i ded i nt o t wo 
separ at e sect i ons.   Di v i de deaer at or  wat er  st or age and condensat e 
sur ge sect i ons by a doubl e i nner  head.   Pack ai r  space bet ween 2 i nner  
spaces wi t h f i ber gl ass i nsul at i on and pr ovi de a br eat her  and dr ai n 
connect i ons.   Fabr i cat e shel l  pl at e of  ASTM A36/ A36M car bon st eel  wi t h 
mi ni mum t hi ckness of  6. 35 mm 0. 25 i nch.   Pr ovi de ASME t or ospher i cal  
t ype heads const r uct ed of  ASTM A516/ A516M GR 70 car bon st eel  wi t h a 
mi ni mum t hi ckness of  6. 35 mm 0. 25 i nch.

b.   Pr ovi de sur ge t ank sect i on wi t h [ _____]  mi nut es of  st or age and a 
capaci t y of  [ _____]  l i t er s gal l ons f l ooded.   Pr ovi de a 280 by 380 mm 
11 by 15 i nch el l i pt i cal  manhol e f or  access.   ASME st amp i s not  
r equi r ed f or  t he sur ge t ank.

c.   Sur ge t ank must  r ecei ve r et ur ni ng condensat e and be suppl ement ed by 
makeup by wat er  t o mai nt ai n desi r ed oper at i ng l evel .   Vent  sur ge t ank 
t o t he at mospher e.   Tr ansf er  col l ect ed wat er  t o deaer at or .   Locat e 
mai n deaer at i ng por t i on,  consi st i ng of  wat er  col l ect or  and st eam 
at omi zi ng val ve,  i n deaer at or  st or age t ank.   Bui l d a spr i ng l oaded 
wat er  spr ay nozzl e whi ch i ncl udes an aut omat i c and manual  vent  val ve 
i nt o a f l ange on t op of  deaer at or  st or age t ank.

d.   Pr ovi de deaer at or  and sur ge t ank suppor t  of  appr opr i at e hei ght  t o meet  
t he NPSH r equi r ement s of  t he t r ansf er  pumps and f eedwat er  pump/ mot or  
set .

e.   Hei ght  of  deaer at or  suppor t  must  not  exceed 1220 mm 48 i nches.

2. 8. 1. 6   Chemi cal  Feed Qui l l

Locat e chemi cal  f eed qui l l  beneat h t he nor mal  t ank wat er  l evel .   Use 
st ai nl ess st eel  chemi cal  f eed qui l l  mat er i al .   Pr ovi de even di st r i but i on 
and bl eedi ng of  chemi cal s.

2. 8. 2   Boi l er  Feed Pump

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pump manuf act ur er s shoul d be consul t ed 
r egar di ng speci f i c  f eat ur es of  const r uct i on f or  a 
par t i cul ar  appl i cat i on.   I n gener al ,  f or  l ower  
pr essur e and f l ow appl i cat i ons ver t i cal  i n- l i ne 
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pumps wi t h st ai nl ess st eel  shaf t s and i mpel l er s can 
be appl i ed.   Cast  i r on or  cast  st eel  casi ngs coul d 
al so be used f or  t hese appl i cat i ons.   Hor i zont al l y 
spl i t  pump casi ng speci f i cat i ons shoul d r equi r e 
nozzl es on t he suct i on and di schar ge and f eet  on t he 
l ower  hal f  of  t he casi ng so t he t op hal f  of  t he 
casi ng can be r emoved wi t hout  di st ur bi ng t he mai n 
pi pi ng.   Desi gner  i s r equi r ed t o det er mi ne t he upper  
t emper at ur e l i mi t  f or  pumps based on t he pr oj ect  
r equi r ement s.   Del et e desi gn condi t i ons i f  pump 
schedul e i s shown on t he dr awi ngs.

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

For  i nst al l at i ons i ncl udi ng mor e t han one boi l er  f eed pump,  each boi l er  
f eed pump must  be i dent i cal  [ _____]  L/ hour  gpm,  [ ver t i cal  i n- l i ne]  
[ hor i zont al l y spl i t  case,  mul t i - vol ut e or  di f f user ] ,  cent r i f ugal ,  
sel f - cont ai ned,  mul t i st age pump.   The nomencl at ur e used i n t hese 
speci f i cat i ons per t ai ni ng t o pumps and hydr aul i c condi t i ons i s as used by 
t he Hydr aul i c I nst i t ut e St andar ds f or  Cent r i f ugal ,  Rot ar y and 
Reci pr ocat i ng Pumps.

2. 8. 2. 1   Desi gn Condi t i ons

Number  of  pumps [ _____]

Rat ed capaci t y of  each pump [ _____] L gpm

Tot al  dynami c head at  r at ed capaci t y [ _____] L gpm

Net  posi t i ve suct i on head avai l abl e [ _____] m Feet

Maxi mum al l owabl e shut of f  head [ _____] m Feet

Mi ni mum al l owabl e shut of f  head [ _____] m Feet

Type of  f l ui d pumped Boi l er  Feedwat er

Max.  expect ed t emp.  of  f l ui d [ _____] degr ees C 
degr ees F

Maxi mum speed of  pump 3600 r pm

2. 8. 2. 2   Const r uct i on Mat er i al s

Pr ovi de pump wi t h [ _____]  Cl ass [ _____]  suct i on f l ange and [ _____] Cl ass 
[ _____]  di schar ge f l ange.   Pr ovi de st ai nl ess st eel  shaf t ,  i mpel l er ,  and 
i nt er nal s i ncl udi ng sl eeves and wear i ng r i ngs cont ai ni ng no l ess t han 11 
per cent  chr omi um.   [ Pr ovi de cl osed t ype hor i zont al  pump i mpel l er s,  cast  i n 
one pi ece. ]   Ensur e casi ng i s 11 t o 13 per cent  chr omi um st eel .   [ Pr ovi de 
cast  i r on suct i on and di schar ge chamber . ]   [ Desi gn hor i zont al  pump t o pump 
wat er  at  any t emper at ur e f r om 10 t o [ _____]  degr ees C 50 t o [ _____]  degr ees F
 wi t hout  undue t emper at ur e st r ai ns wi t hi n pump.   Pr oper l y bal ance r ot at i ng 
par t s.   Dynami cal l y bal ance assembl ed r ot or .   St agger  casi ng vol ut es t o 
ensur e r adi al  bal ance of  t he assembl ed r ot or  under  oper at i ng condi t i ons.   On 
vol ut e pumps,  mount  i mpel l er  on t he shaf t  hal f  f aci ng i n one di r ect i on and 
t he ot her  hal f  f aci ng i n t he opposi t e di r ect i on t o gi ve axi al  bal ance t o t he 
mot or . ]

SECTI ON 23 52 30. 02 10  Page 74



2. 8. 2. 3   Cool i ng Wat er  Pi pi ng

Fur ni sh pump wi t h compl et e cool i ng wat er  syst em whi ch connect s j acket  
cool er  t o common header .   Fact or y assembl e pi pi ng as compl et el y as 
possi bl e on t he pump.   Pr ovi de Type 316 st ai nl ess st eel  seal  f l ush 
pi pi ng.   Pr ovi de Type 304 st ai nl ess st eel  seal  f l ush cool er  t ubi ng.   
Pr ovi de f l ow r egul at i ng val ve and 6. 35 mm 1/ 4 i nch bypass needl e- val ve on 
each suppl y br anch.

2. 8. 2. 4   Bear i ngs

[ Pr ovi de hor i zont al  pump i ncl udi ng a doubl e r ow bal l  t ype t hr ust  bear i ng 
on t he out boar d end and a s i ngl e r ow deep gr oove r adi al  bear i ng on t he 
i nboar d end.   Pr ovi de spl ash t ype bear i ng l ubr i cat i on . ]

[ Pr ovi de ver t i cal  t ype pump bear i ngs t hat  ar e wat er  l ubr i cat ed sl eeve t ype 
const r uct ed of  babbi t t ed gr aph al l oy wi t h Type 304 st ai nl ess st eel  shaf t  
s l eeves. ]   Desi gn bear i ngs f or  L- 10 bear i ng l i f e of  [ _____] .

2. 8. 2. 5   Shaf t  Seal i ng Syst em

[ Equi p ver t i cal  pump wi t h an ef f ect i ve mechani cal  shaf t  seal  t o seal . ]   
[ Fi t  hor i zont al  pump wi t h bal anced mechani cal  seal s,  pr essur i zed t ype,  
t ungst en car bi de and car bon seal i ng f aces especi al l y desi gned f or  hi gh 
t emper at ur e,  hi gh pr essur e boi l er  f eed pump ser vi ce.   Pr ovi de mechani cal  
seal s wi t h pumpi ng r i ngs.   Pr ovi de compl et e f i el d f l ush pi pi ng f r om each 
mechani cal  seal  t o i t s r espect i ve seal  cool er  wi t h a t emper at ur e al ar m 
t her momet er ,  adj ust ment  f or  s i l enci ng,  r ange of  10 t o 204 degr ees C 50 t o 
400 degr ees F wi t h cont act s sui t abl e f or  100 mi l l i amper es at  125 V dc,  
c l osi ng on r i se of  t emper at ur e. ]

2. 8. 2. 6   Shaf t  Coupl i ng

[ Pr ovi de di r ect  coupl ed t ype shaf t  coupl i ng bet ween ver t i cal  pump and 
dr i ve. ]   [ Connect  hor i zont al  pump di r ect l y t o i t s mot or  by means of  a 
spacer  di sc t ype coupl i ng.   Pr ovi de spacer  pi ece bet ween mot or  and pump t o 
f aci l i t at e r emoval  of  coupl i ng f l anges and mechani cal  seal s wi t hout  
di st ur bi ng t he pump or  mot or  hol d- down bol t s.   Di sc coupl i ng must  be 
l i mi t ed and f l oat .   Use st ai nl ess st eel  di sc.   Fur ni sh sui t abl e coupl i ng 
guar ds. ]

2. 8. 2. 7   Speci al  Tool s

Fur ni sh compl et e set  of  speci al  t ool s as r equi r ed f or  assembl y,  
di sassembl y or  mai nt enance of  pumps.

2. 8. 2. 8   Pump Char act er i st i cs

a.   Pr ovi de pump di schar ge head such t hat  t he maxi mum di schar ge head 
occur s at  shut of f  and cont i nual l y decr eases as pump del i ver y 
i ncr eases.   Ensur e head capaci t y char act er i st i cs per mi t  st abl e 
oper at i on when pump i s oper at i ng al one or  i n par al l el  wi t h anot her  
pump.

b.   Pr ovi de pump wi t h shut of f  head of  no gr eat er  t han 150 per cent  and no 
l ess t han 115 per cent  of  desi gn head.   Ensur e desi gn poi nt  capaci t y on 
t he sel ect ed pump cur ve i s wi t hi n 25 per cent  of  t he capaci t y at  t he 
best  ef f i c i ency poi nt  f or  t he i mpel l er  sel ect ed.   Ensur e mi ni mum f l ow 
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r equi r ed f or  cont i nuous pump oper at i on i s no gr eat er  t han 30 per cent  
of  t he speci f i ed desi gn f l ow f or  each pump.

c.   Pr ovi de pump wi t h an ef f i c i ency of  60 per cent  or  gr eat er  at  r at ed 
capaci t y.

2. 8. 2. 9   Hor i zont al  Pump Accessor y Equi pment

Pr ovi de t he f ol l owi ng as package f r om pump manuf act ur er :

a.   Pump and dr i ve,  mount ed on a sui t abl e,  f ul l  l engt h basepl at e.

b.   Sui t abl e vent  val ves f or  t he pump.

c.   St ai nl ess st eel  or i f i ce pl at e f or  mi ni mum f l ow acr oss t he pump.

d.   St andar d accessor i es and i nt egr al  pi pi ng r equi r ed f or  compl et e uni t .

e.   One f l anged end suct i on t ee t ype st r ai ner  of  cor r osi on r esi st ant  
mat er i al s,  of  s i ze compat i bl e wi t h suct i on pi pi ng.   Use t ee t ype 
st r ai ner  wi t h f i ne mesh scr een f i t t ed over  i t  f or  use dur i ng st ar t up 
per i od.   Remove f i ne mesh scr een af t er  condensat e syst em i s c l ean.

f .   One set  of  spar e pump gasket s and " O"  r i ngs.

g.   Renewal  par t s f or  mechani cal  pump seal .

2. 8. 3   Deaer at or  Cont r ol

Fur ni sh compl et el y wi r ed cont r ol  cabi net ,  mount ed on pump uni t  or  
f r ee- st andi ng.   Pr ovi de cabi net  wi t h hi nged door  and i ncl ude t he 
f ol l owi ng: .

a.   Combi nat i on magnet i c st ar t er s havi ng 3 over l oad r el ays,  wi t h c i r cui t  
br eaker s and cover  i nt er l ocks.

b.   Aut o Lead- Lag- Of f - Cont i nuous sel ect or  swi t ches.

c.   Pi l ot  l i ght s i ndi cat i ng pump oper at i on.

d.   Cont r ol  c i r cui t  di sconnect  swi t ch.

e.   Ter mi nal  bl ock.

f .   Cont r ol  c i r cui t  t r ansf or mer ,  f used.

g.   Moment ar y cont act  Test  pushbut t ons.

h.   Deaer at or  Cont r ol  Panel  meet i ng t he f ol l owi ng r equi r ement s:

( 1)   Const r uct i on:   Pr oper l y s i ze deaer at or  cont r ol  panel  t o cont ai n 
cont r ol  devi ces,  i nst r ument  gauges and met er s.   Pr ovi de uni t  
mount ed or  f r ee- st andi ng deaer at or  cont r ol  panel  wi t h f ace- pl at e 
of  no l ess t han 4. 7 mm 3/ 16 i nch r ei nf or ced st eel  pl at e.   Ensur e 
cont r ol  cabi net  i s f act or y- assembl ed st eel  encl osur e wi t h l ocki ng 
door .   Pr ovi de panel  consi st i ng of  NEMA 4 const r uct i on,  12 gauge 
st eel  al l  wel ded const r uct i on wi t h mi ni mum r adi us cor ner s,  
st i f f ened as r equi r ed and f r amed wi t h angl es.   Const r uct  t he door  
of  12 gauge st eel  wi t h door  c l amps and cont i nuous hi nge.   Ensur e 
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door  i s f ul l y  gasket ed.

( 2)   Wi r i ng:   Wi r e deaer at or  cont r ol  panel  i n accor dance wi t h NFPA 70 
and pr ovi de i ndi v i dual  mot or  st ar t er  wi t h 120 vol t  hol di ng coi l  
and f use pr ot ect i on.   Pr ovi de i ndi v i dual  gr een oi l - t i ght  pump r un 
l i ght s.   Pr ovi de NEMA 4 r at ed swi t ches and l i ght  wi t h namepl at e 
i dent i f i cat i on.   Par al l el i ng of  i ndi v i dual  cont r ol  power  
t r ansf or mer s wi l l  not  be per mi t t ed.   Pr ovi de panel  wi t h mai n 
di sconnect  devi ce,  consi st i ng of  nonf used di sconnect  or  
nonaut omat i c c i r cui t  br eaker .   Equi p di sconnect  wi t h mechani cal  
door  i nt er l ock pr event i ng door  openi ng t he di sconnect  i n c l osed 
posi t i on.   Pr ovi de car t r i dge t ype f usi ng.   Pr ovi de mul t i pl e 
hor sepower  r at ed,  heavy dut y t ype dual  el ement ,  cur r ent  l i mi t i ng,  
t i me del ay saf et y swi t ches.   Pr ovi de NEMA t ype,  f ul l  vol t age,  
non- r ever si ng magnet i c mot or  st ar t er  f or  mot or  assembl y ,  whi ch 
i sover l oad pr ot ect ed f or  each phase,  and wi t h auxi l i ar y cont act s.   
Ensur e over l oad r el ay i s t r i p- f r ee,  t her mal  bi met al l i c ,  manual  
r eset  wi t h t r i p heat er s based on act ual  f ul l  l oad cur r ent  of  
mot or .   Pr ovi de spar e NO and NC auxi l i ar y cont act s wi r ed t o t he 
t er mi nal  bl ock.   Pr ovi de cont r ol  power  t r ansf or mer  wi t h pr i mar y 
f use di sconnect  and secondar y f usi ng.   Pr ovi de f act or y mount ed and 
wi r ed cont r ol ,  ar r ange t o r ecei ve a s i gnal  f r om t he boi l er  pl ant  
mast er  cont r ol l er  and wat er  r egul at i ng val ve assembl y.   Mat ch 
quant i t y of  deaer at or  f eedwat er  pumps t o t he quant i t y of  boi l er s.   
Pr ovi de panel  mount ed Lead- Lag- Of f - Cont i nuous swi t ch f or  each 
f eedwat er  pump.

( 3)   Sequence of  Oper at i on:   Fr om col d st ar t  of  pl ant ,  when pl ant  
mast er  cont r ol l er  i ndi cat es one boi l er  t o st ar t ,  st ar t  l ead pump.   
When second boi l er  i s  i ndi cat ed t o st ar t ,  st ar t  l ag pump and 
cont i nue t hi s pr ocess f or  addi t i onal  boi l er  st ar t s.   Run f eedwat er  
pumps cont i nuousl y.   When one boi l er  shut s down,  shut  down one 
f eedwat er  pump.   When al l  boi l er s ar e of f ,  al l  pumps must  be of f .   
Shoul d t her e be a f ai l ur e of  any pump,  oper at e t he next  pump i n 
sequence aut omat i cal l y.   Pr ovi de audi bl e and vi sual  hi gh and l ow 
wat er  l evel  al ar ms by bel l  or  hor n wi t h s i l ence swi t ch and 
i ndi v i dual  r ed oi l  t i ght  l i ght s.   Use a l ow- l ow wat er  l evel  s i gnal  
t o cut  of f  f eedwat er  pumps.   Deaer at or  wat er  l evel  cont r ol  syst em 
must  pr ovi de a 4- 20 mA dc si gnal  t o t he condensat e r ecei ver  
cont r ol  panel  t o st ar t  t r ansf er  pumps.

2. 9   CONDENSATE RETURN SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e t he component s of  t hi s syst em wi t h 
t he deaer at or  sel ect i on.   Some component s ar e 
speci f i ed wi t h t he t wo t ank- t ype deaer at or .

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

Pr ovi de condensat e r et ur n syst em t hat  i s a f act or y assembl ed package 
syst em i ncl udi ng condensat e sur ge t ank,  t r ansf er  pumps,  cont r ol s,  
auxi l i ar y equi pment  and pi pi ng as shown.

2. 9. 1   Condensat e Sur ge Tank

Pr ovi de condensat e sur ge t ank wi t h a [ _____]  mm i nch di amet er  by [ _____]  mm
 i nch l ong wi t h 280 by 380 mm 11 by 15 i nch el l i pt i cal  manhol e.   Pr ovi de 
condensat e sur ge t ank wi t h [ _____]  mi nut es of  st or age and capaci t y of  
[ _____]  l i t er s gal l ons f l ooded.   Pr ovi de condensat e sur ge t ank,  base,  
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pi pi ng nozzl e const r uct i on as speci f i ed.   I ncl ude t he f ol l owi ng:

a.   Requi r ed t appi ngs and manway.

b.   Ther momet er .

c.   Gauge gl ass.

d.   Wat er  l evel  cont r ol l er  wi t h make- up val ve.

e.   Thr ee- val ve bypass and st r ai ner  f or  cont r ol  devi ces.

f .   Suct i on shut of f  val ve.

g.   Suct i on st r ai ner .

h.   Suct i on f l exi bl e f i t t i ng.

i .   Pump di schar ge check val ve.

j .   Di schar ge shut of f  val ve.

k.   Pump suct i on and di schar ge gauge.

l .   Di schar ge mani f ol d.

m.   Chemi cal  f eed qui l l .

n.   Spar ge t ube.

o.   Hi gh wat er  l evel  al ar m.

p.   Low wat er  l evel  al ar m.

q.   Low wat er  pump cut - of f .

r .   Reci r cul at i on or i f i ce.

s.   I nsul at i on and l aggi ng.

t .   Tr ansf er  pump and mot or .

u.   Cont r ol  panel .

2. 9. 1. 1   Gauge Gl ass

Pr ovi de sur ge t ank wi t h gauge gl ass assembl y t hat  cover s ent i r e t ank 
di amet er .   Pr ovi de quar t z gauge gl ass wi t h 16 mm 5/ 8 i nch di amet er  by 610 
mm 24 i nch maxi mum l engt h.   Fur ni sh gauge gl ass wi t h br onze gauge cock set  
and pr ot ect or  r ods.

2. 9. 1. 2   Makeup Val ve and Cont r ol l er

a.   Pr ovi de mot or i zed makeup val ve wi t h st eel  body and t hr eaded 
connect i ons.   Pr ovi de gear  t ype makeup val ve di r ect l y coupl ed t o t he 
val ve st em and cont r ol  el ect r oni cal l y by sol i d st at e cont r ol l er  wi t h 
i nt er nal l y mount ed capaci t ance pr obes.   Mai nt ai n wat er  l evel  
set poi nt .   Pr ovi de cont r ol l er  wi t h hand sel ect or  f or  aut omat i c and 
manual  oper at i on.   Ensur e makeup val ve does not  exceed 69 kPa 10 psi g 
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pr essur e dr op and i s r at ed f or  150 degr ees C 300 degr ees F.

b.   Pr ovi de makeup val ve r at ed f or  [ _____]  kPa psi  1/ hr .  i nl et  pr essur e 
and ensur e val ve Cv does not  exceed [ _____] .   I ncl ude t wo addi t i onal  
pr obes f or  hi gh and l ow wat er  l evel  al ar ms.

2. 9. 1. 3   Spar ge Tube

Locat e spar ge t ube beneat h nor mal  t ank wat er  l evel .   Const r uct  spar ge t ube 
of  50 mm 2 i nch pi pe.   Pr ovi de even di st r i but i on of  hi gh pr essur e 
condensat e r et ur n.

2. 9. 2   Condensat e Pump

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pump manuf act ur er s shoul d be consul t ed 
r egar di ng speci f i c  f eat ur es of  const r uct i on f or  a 
par t i cul ar  appl i cat i on.   Speci f i cat i ons ar e i ncl uded 
f or  hor i zont al  end suct i on and ver t i cal  t ype pumps.   
Car ef ul  consi der at i on wi l l  be gi ven t o t he t ype of  
pump sel ect ed.   The Pump Col umn par agr aph appl i es 
onl y t o ver t i cal  t ype pumps and shoul d be del et ed i f  
hor i zont al  t ype pumps ar e sel ect ed.   Del et e desi gn 
condi t i ons i f  pump schedul e i s shown on dr awi ngs.

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

Condensat e pumps must  be [ _____]  i dent i cal  [ _____]  L/ hour  gpm,  [ hor i zont al  
end suct i on ANSI  s i ze A70 t ype pumps] [ ver t i cal  t ype pumps wi t h suct i on 
bar r el s]  t ype.   Nomencl at ur e used i n t hi s speci f i cat i on per t ai ni ng t o 
pumps and hydr aul i c condi t i ons i s t hat  used by t he Hydr aul i c I nst i t ut e 
St andar ds f or  Cent r i f ugal ,  Rot ar y and Reci pr ocat i ng Pumps.

2. 9. 2. 1   Desi gn Condi t i ons

Number  of  pumps [ _____]

Rat ed capaci t y of  each pump [ _____] L gpm

Tot al  dynami c head at  r at ed capaci t y [ _____] L gpm

Net  posi t i ve suct i on head avai l abl e [ _____] m Feet

Maxi mum al l owabl e shut of f  head [ _____] m Feet

Type of  f l ui d pumped Boi l er  Feedwat er

Maxi mum expect ed t emper at ur e of  f l ui d [ _____] degr ees C 
degr ees F

Maxi mum speed of  pump 1800 r pm

2. 9. 2. 2   Const r uct i on and Mat er i al s

Pr ovi de [ cent r i f ugal ,  hor i zont al  end suct i on,  t op di schar ge t ype]  
[ ver t i cal ,  mul t i st age,  sel f  cont ai ned t ype wi t h suct i on bar r el ]  pump.   
I ncl ude [ _____]  Cl ass [ _____]  suct i on f l ange and [ _____]  Cl ass [ _____]  
di schar ge.
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2. 9. 2. 3   Casi ng and Casi ng Bowl s

Fl ange pump [ casi ng]  [ casi ng bowl s]  and bol t  wi t h j acket i ng t op bol t .   
[ Const r uct  casi ng of  duct i l e i r on ASTM A395/ A395M,  Gr ade 60- 40- 18. ]   
Pr ovi de f l anged casi ng bowl s,  const r uct ed of  ASTM A48/ A48M Cl ass 30 cast  
i r on equi pped wi t h pi nned,  r epl aceabl e wear i ng r i ngs const r uct ed of  
ASTM A276/ A276M Type 316 st ai nl ess st eel  wi t h 11 t o 13 per cent  chr ome 
har dened t o 450 BHN.   Pr ovi de unl i ned bowl s.   Desi gn bowl  assembl i es t o 
wi t hst and an oper at i ng pr essur e of  4. 3 MPa 630 psi .   [ Use mi ni mum casi ng 
t hi ckness f or  hor i zont al  pumps of  12. 7 mm 1/ 2 i nch wi t h an addi t i onal  3. 2 
mm 1/ 8 i nch cor r osi on al l owance. ]

2. 9. 2. 4   I mpel l er

[ I mpel l er  f or  hor i zont al  t ype pump must  be t ot al l y open t ype,  scr ew 
mount ed di r ect l y t o shaf t  wi t h an 0- r i ng seal  and const r uct ed of  duct i l e 
i r on ASTM A536,  Gr ade 60- 40- 18.   Bal ance i mpel l er  dynami cal l y t o t he 
maxi mum r at ed speed. ]  [ Pr ovi de encl osed,  spl i t  r i ng,  key mount ed t ype 
i mpel l er  f or  ver t i cal  can t ype pumps const r uct ed of  11 t o 13 per cent  
chr ome st eel  i n accor dance wi t h ASTM A743/ A743M or  316 SS ASTM A290/ A290M 
GR CF- 8M.   Pr ovi de i mpel l er  wi t h r epl aceabl e wear i ng r i ngs const r uct ed of  
11 t o 13 per cent  chr ome har dened t o 300 BHN.   St at i cal l y and dynami cal l y 
bal ance i mpel l er  t o maxi mum r at ed speed.   Ensur e i mpel l er  i s  95 per cent  of  
maxi mum al l owabl e i mpel l er  di amet er . ]

  2. 9. 2. 5   Pump Shaf t

[ Const r uct  pump shaf t  and shaf t  s l eeve f or  hor i zont al  pumps of  Type 316 
st ai nl ess st eel .   Ensur e shaf t  di amet er  and desi gn i s suf f i c i ent  t o 
t r ansmi t  at  l east  2. 5 t i mes r at ed mot or  power  of  t he pump. ]   [ Pr ovi de one 
pi ece pump shaf t  f or  ver t i cal  t ype pumps const r uct ed of  ASTM A582/ A582M 
Type 416 st ai nl ess st eel .   Suppl y l ar gest  di amet er  shaf t  avai l abl e f or  use 
wi t h sel ect ed i mpel l er  t hat  i s  abl e t o t r ansmi t  at  l east  2. 5 t i mes r at ed 
mot or  power . ]

2. 9. 2. 6   Pump Const r uct i on

[ Const r uct  pump and bear i ng f r ame and housi ng of  cast  i r on,  ASTM A48/ A48M. ]   
[ Pr ovi de di schar ge head and suct i on bar r el  wi t h mount i ng f l ange 
const r uct ed of  car bon st eel ,  desi gned i n accor dance wi t h 
ASME BPVC SEC VI I I  D1 wi t h a 7. 6 mm 300 mi l  cor r osi on al l owance.   Al so 
pr ovi de sol e pl at e const r uct ed of  a mi ni mum of  25 mm 1 i nch t hi ck car bon 
st eel  pl at e wi t h a mi ni mum of  f our  19 mm 3/ 4 i nch anchor  bol t s.   Ensur e 
wel ds on t he pr essur e cont ai ni ng sect i on of  t he pump ar e t he f ul l  
penet r at i on t ype wi t h wel der s and wel di ng pr ocedur es i n accor dance wi t h 
ASME BPVC SEC I X.   Si ze suct i on bar r el  so t hat  t he vel oci t y i n t he bar r el  
does not  exceed 915 mm 3 f eet  per  second at  150 per cent  of  desi gn f l ow.   
Di schar ge head and can t ype must  be t he " T"  t ype conf i gur at i on so t hat  
di schar ge and suct i on ar e above basepl at e.   Pr ovi de suct i on bar r el  of  
suf f i c i ent  l engt h t o accommodat e i nst al l at i on of  2 addi t i onal  t ur bi ne 
st ages. ]

2. 9. 2. 7   Pump Col umn

Pr ovi de f l anged pump col umn const r uct ed of  car bon st eel .   Desi gn pump 
col umn assembl y t o wi t hst and 4. 1 MPa 600 psi g and i ncor por at e 7. 6 mm 300 
mi l  cor r osi on al l owance.   Const r uct  bear i ng r et ai ner s l ocat ed i n t he pump 
col umn i n a manner  t hat  wi l l  assur e concent r i c al i gnment  of  t he shaf t  
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wi t hi n 0. 13 mm 0. 005 i nches.

2. 9. 2. 8   Mi scel l aneous Har dwar e

Pr ovi de Type 316 st ai nl ess st eel  bol t s,  l ock washer s,  nut s and 
mi scel l aneous har dwar e used wi t h casi ng,  pump f r ame and gl and.

2. 9. 2. 9   Shaf t  Seal i ng Syst em

Equi p pump wi t h ef f ect i ve mechani cal  shaf t  seal  t o seal  agai nst  di schar ge 
pr essur e when pump i s oper at i ng.   Pr ovi de car t r i dge t ype seal s wi t h 
Hast al l oy " C"  bel l ows mount ed on Type 316 st ai nl ess st eel  shaf t  s l eeve.   
Use t ungst en car bi de seal  f aces ver sus si l i con car bi de.   Pr ovi de one spar e 
mechani cal  seal .   Pr ovi de f l ush vent  and dr ai n t ype gl and const r uct ed of  
ASTM A276/ A276M Type 316 st ai nl ess st eel .   Al so pr ovi de bypass l i ne,  
const r uct ed of  ASTM A269/ A269M Type 316 st ai nl ess st eel ,  f r om t he st uf f i ng 
box t o t he suct i on s i de of  t he pump.

2. 9. 2. 10   Pump Bear i ngs

[ Pr ovi de ant i - f r i c t i on t ype hor i zont al  end suct i on pump bear i ngs and 
oper at e i n oi l  bat h.   Desi gn pump bear i ngs f or  r adi al  and unbal anced axi al  
l oads i mposed by t he pump. ]  [ Pr ovi de ver t i cal  t ype pump bear i ngs t hat  ar e 
wat er  l ubr i cat ed sl eeve t ype const r uct ed of  babbi t t ed gr aph al l oy wi t h 
Type 304 st ai nl ess st eel  shaf t  s l eeves. ]   Desi gn bear i ngs f or  L- 10 bear i ng 
l i f e of  [ _____]  hour s.

2. 9. 2. 11   Shaf t  Coupl i ng

Pr ovi de shaf t  coupl i ng bet ween t he pumps and mot or s of  t he f l anged,  
adj ust abl e,  r i gi d,  spacer  t ype wi t h OSHA appr oved coupl i ng guar d.   [ On 
hor i zont al  end suct i on t ype pump,  t hi s coupl i ng must  f aci l i t at e r emoval  of  
t he mechani cal  seal  wi t hout  r emovi ng t he dr i ver . ]   Al so desi gn shaf t  
coupl i ng t o t r ansmi t  at  l east  2 1/ 2 t i mes t he mot or  power  r at i ng.

2. 9. 2. 12   Pai nt i ng and Cor r osi on Pr ot ect i on

Pr ot ect  pumps,  mot or s and accessor i es pr i or  t o i ni t i al  st ar t up.   
Thor oughl y c l ean and smoot h unf i ni shed wor k.   Fact or y pai nt  sur f aces whi ch 
wi l l  not  be i n cont act  wi t h t he pumpi ng f l ui d wi t h a f i ni sh coat .   Coat  
i nt er nal  sur f aces wi t h a wat er  sol ubl e r ust  pr event at i ve mat er i al .

2. 9. 2. 13   Speci al  Tool s

Pr ovi de compl et e set  of  speci al  t ool s,  i f  r equi r ed f or  assembl y,  
di sassembl y or  mai nt enance of  pump.

2. 9. 2. 14   Bedpl at e

Pr ovi de hor i zont al  t ype pump whi ch i ncl udes si ngl e bedpl at e l ong enough t o 
accommodat e pump,  mot or  dr i ve and cool er .   Pr ovi de bedpl at e i n accor dance 
wi t h API  and of  heavy r i gi d const r uct i on,  made of  sui t abl y st r uct ur al  
st eel  member s and pl at e t o pr ovi de a st abl e pl at f or m f or  pump,  dr i ve and 
accessor i es.   Sui t abl y r ei nf or ce and br ace bedpl at e t o mi ni mi ze def l ect i on 
or  bendi ng dur i ng shi pment  and er ect i on.   Pr ovi de suf f i c i ent  gr out  hol es,  
mi ni mum 75 mm 3 i nch di amet er ,  and gr out i ng ar ea vent  hol es i n each cor ner  
of  each gr out  space.   Pr ovi de bedpl at e i ncl udi ng hor i zont al  j acki ng scr ews 
and ver t i cal  l evel i ng scr ews al ong t he l engt h and wi dt h.   Make pr ovi s i ons 
on t he bedpl at e t o col l ect  dr ai nage f r om t he uni t  at  one poi nt .   Locat e 
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and dr i l l  hol d down bol t s and dowel  hol es i n f i el d.   Mount  pump on 
bedpl at e at  f act or y and shi p as uni t  wi t h bedpl at e mount ed on a sui t abl e 
ski d t o pr event  def or mat i on of  t he bedpl at e dur i ng shi pment  and er ect i on.

2. 9. 2. 15   Al i gnment

Pr eci s i on al i gn pump uni t .   Mount  and mat chmar k pump coupl i ng,  mechani cal  
seal  and mot or  pr i or  t o shi pment .   Maxi mum al l owabl e shaf t  r unout  must  be 
0. 05 mm 0. 002 i nch as measur ed at  i mpel l er  end.

2. 9. 2. 16   Pump Char act er i st i cs

a.   Pump di schar ge head must  be such t hat  maxi mum di schar ge head occur s at  
shut of f  and cont i nual l y decr eases as t he capaci t y i ncr eases.   Ensur e 
head capaci t y char act er i st i cs per mi t  st abl e oper at i on when pump i s 
oper at i ng al one or  i n par al l el  wi t h anot her  pump.

b.   Pump must  have a shut of f  head of  no gr eat er  t han 150 per cent  and no 
l ess t han 115 per cent  of  desi gn head.   Desi gn poi nt  capaci t y on t he 
sel ect ed pump cur ve must  be wi t hi n 25 per cent  of  capaci t y at  best  
ef f i c i ency poi nt  f or  i mpel l er  di amet er  sel ect ed t o meet  desi gn poi nt  
condi t i ons.   Mi ni mum f l ow r equi r ed f or  cont i nuous pump oper at i on must  
not  be gr eat er  t han 30 per cent  of  speci f i ed desi gn f l ow f or  each pump.

c.   Pr ovi de pump wi t h ef f i c i ency of  50 per cent  or  gr eat er  at  r at ed 
capaci t y.

2. 9. 3   Sump Pump

Pr ovi de sump pump f or  sump pi t  shown.   Pr ovi de heavy dut y,  upr i ght  t ype 
sump pump,  cer t i f i ed by t he Sump and Sewage Pump Manuf act ur er s '  
Associ at i on.

2. 9. 3. 1   Desi gn Condi t i ons

Mot or  Power [ _____] kW

Mi ni mum capaci t y ( i ncl udi ng suct i on and 
f r i ct i on l osses)

[ _____]  L/ hr  at  head of  [ _____]  m [ _____]  
gph at  head of  [ _____]  f eet

Shut of f  head [ _____]  m f eet

Maxi mum f l ui d t emper at ur e [ _____]  degr ees C degr ees F

2. 9. 3. 2   Const r uct i on

Br onze f i t t ed cast  i r on vol ut e wi t h non- cl oggi ng cast  br onze i mpel l er  and 
st ai nl ess st eel  sedi ment  scr een.   Use br ass upr i ght  col umn.   Di schar ge 
connect i on must  be I SO NPT.   Fur ni sh hi gh ef f i c i ency non- cl oggi ng i mpel l er  
wi t h st ai nl ess st eel  shaf t  j our nal  and bear i ng sui t abl y desi gned f or  
i nt ended ser vi ce.

2. 9. 3. 3   Backwat er  Val ve

Pr ovi de a backwat er  val ve i n t he pump di schar ge.
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2. 9. 3. 4   Fl oat  Swi t ch

Act uat e f l oat  swi t ch by an adj ust abl e copper  f l oat  mount ed on st ai nl ess 
st eel  r od.

2. 9. 4   Pump Dr i ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he St eam Tur bi ne Dr i ves par agr aph i f  
al l - el ect r i c mot or  dr i ves ar e used and t he El ect r i c 
Dr i ves par agr aph i f  al l - st eam t ur bi ne dr i ves ar e 
used.

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

2. 9. 4. 1   St eam Tur bi ne Dr i ve

Pr ovi de st eam t ur bi ne dr i ve r at ed f or  t he speci f i ed oper at i ng condi t i ons 
and desi gned i n accor dance wi t h NEMA SM 23.   Pr ovi de t ur bi ne of  t he s i ngl e 
or  mul t i pl e val ve desi gn and ut i l i ze i mpul se t ype bl adi ng.   Pr ovi de 
f l exi bl e suppor t  f or  t her mal  expansi on at  gover nor  end of  t ur bi ne.  Ensur e 
t ur bi ne i s hor i zont al l y or  ver t i cal l y spl i t  case wi t h met al  t o met al  
j oi nt s wi t hout  t he use of  gasket s.   Pr oper l y l ubr i cat e j our nal  bear i ngs as 
r ecommended by t ur bi ne manuf act ur er  f or  oper at i ng condi t i ons.   Pr ovi de 
ant i - f r i c t i on bear i ngs t hat  have L- 10 bear i ng l i f e of  [ _____]  hour s.   Use 
t hr ust  bear i ngs of  [ bal l ]  [ t i l t i ng pad]  desi gn.   Do not  wel d t ur bi ne 
bl adi ng.   Ensur e t ur bi ne bl adi ng i ssecur el y anchor ed and r enewabl e.   
Pr ovi de bl adi ng mat er i al  consi st i ng of  mi ni mum st ai nl ess st eel  and 
sui t abl e f or  st eam qual i t y and pur i t y.   Seal  st eam gl ands [ i nt er st age 
di aphr agms]  wi t h car bon r i ngs or  l abyr i nt hs.   Fi ni sh t ur bi ne shaf t  wi t h 
har d chr ome i n gl and seal i ng zones.   Pr ovi de t ur bi ne wi t h s i ngl e gover nor  
t o cont r ol  val ve( s) .   Ensur e gover nor  i s NEMA SM 23 Cl ass [ _____] .   
Fur ni sh hand val ves i n cases wher e oper at i ng condi t i ons wi l l  be 
subst ant i al l y  di f f er ent  t han desi gn or  wher e f ut ur e oper at i ng condi t i ons 
wi l l  change.   Pr ovi de over speed t r i p set  at  110 per cent  of  t he nor mal  
oper at i ng speed.   Ensur e over speed t r i p i s NEMA SM 23 Cl ass [ _____] .   
I ncl ude manual  t r i p l ever .   Fact or y t est  t ur bi ne t o check oper at i on.

2. 9. 4. 2   El ect r i c Dr i ve

Mot or  must  be [ spl ashpr 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 c l ass I I ,  di v i s i on 1,  gr oup G hazar dous l ocat i on as 
def i ned i n NFPA 70] .   Mot or  st ar t er  must  be [ manual ]  [ magnet i c]  [ acr oss 
t he l i ne]  [ r educed vol t age]  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.

2. 9. 5   Condensat e Ret ur n Syst em Cont r ol

Fur ni sh compl et el y wi r ed cont r ol  cabi net ,  mount ed on condensat e r et ur n 
equi pment  or  f r ee- st andi ng.   Pr ovi de cabi net  wi t h hi nged door  and i ncl ude 
t he f ol l owi ng:

a.   Aut o Lead- Lag- Of f - Cont i nuous sel ect or  swi t ch.

b.   Pump r unni ng Pi l ot  l i ght .

c.   Cont r ol  c i r cui t  di sconnect  swi t ch.

d.   Ter mi nal  bl ock.
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e.   Cont r ol  c i r cui t  t r ansf or mer ,  f used.

f .   Moment ar y cont act  Test  pushbut t on.

g.   Cont r ol  Panel  meet i ng t he f ol l owi ng r equi r ement s:

( 1)   Const r uct i on:   Si ze t he condensat e r et ur n sur ge t ank cont r ol  
panel  pr oper l y t o cont ai n al l  cont r ol  devi ces,  i nst r ument  gauges 
and met er s.   Ensur e cont r ol  cabi net  i s f act or y assembl ed st eel  
encl osur e wi t h l ocki ng door .   Pr ovi de panel  consi st i ng of  NEMA 12 
const r uct i on,  11 gauge st eel  wi t h key- l ocki ng vaul t  handl e,  t hr ee 
( 3)  poi nt  l at ches,  and cont i nuous hi nge.   Pr ovi de f ul l y gasket ed 
door .

( 2)   Wi r i ng:   Wi r e cont r ol  panel  i n accor dance wi t h NFPA 70 and 
i ncl ude i ndi v i dual  mot or  st ar t er  wi t h 120 vol t  hol di ng coi l  and 
f use pr ot ect i on.   Pr ovi de i ndi v i dual  gr een oi l - t i ght  pump r un 
l i ght s.   Pr ovi de swi t ches and l i ght s wi t h namepl at e 
i dent i f i cat i on.   Par al l el i ng of  i ndi v i dual  cont r ol  power  
t r ansf or mer s i s not  per mi t t ed.   Pr ovi de panel  wi t h a non- f use 
di sconnect  or  non- aut omat i c c i r cui t  br eaker  mai n di sconnect  devi ce .   
Equi p di sconnect  wi t h mechani cal  door  i nt er l ock pr event i ng door  
openi ng wi t h t he di sconnect  i n t he c l osed posi t i on.   Use car t r i dge 
t ype f usi ng.   Use dual  el ement ,  cur r ent  l i mi t i ng,  t i me del ay 
saf et y swi t ches whi ch ar e mul t i pl e hor sepower  r at ed,  heavy dut y 
t ype.   Pr ovi de magnet i c mot or  st ar t er  f or  each mot or  assembl y t hat  
i s  NEMA t ype,  f ul l  vol t age,  non r ever si ng,  over l oad pr ot ect ed f or  
each phase,  wi t h auxi l i ar y cont act s.   Ensur e over l oad r el ay i s 
t r i p- f r ee,  t her mal  bi met al l i c ,  manual  r eset  wi t h t r i p heat er s 
based on act ual  f ul l  l oad cur r ent  of  mot or .   Pr ovi de spar e NO and 
NC auxi l i ar y cont act s wi r ed t o t he t er mi nal  bl ock.   Pr ovi de 
cont r ol  power  t r ansf or mer  wi t h pr i mar y f use di sconnect  and 
secondar y f usi ng.   Pr ovi de f act or y mount ed and wi r ed cont r ol ,  
ar r ange t o r ecei ve a s i gnal  f r om t he deaer at or  wat er  l evel  
assembl y.   Pr ovi de a panel  mount ed Lead- Lag- Of f - Cont i nuous swi t ch 
f or  f eedwat er  pump.

( 3)   Sequence of  Oper at i on:   Fr om a col d st ar t ,  when t he pl ant  mast er  
cont r ol l er  i ndi cat es one boi l er  t o st ar t ,  st ar t  t he l ead pump and 
oper at e cont i nuousl y.   When al l  boi l er s ar e of f ,  al l  pumps must  be 
of f .   Shoul d t her e be a f ai l ur e of  any pump,  oper at e t he next  pump 
i n sequence aut omat i cal l y.

2. 10   BOI LER BOTTOM BLOWDOWN TANK

Pr ovi de bl owdown t ank wi t h [ _____]  mm i nches di amet er  by [ _____]  mm i nches 
hi gh.   Pr ovi de suppor t s,  associ at ed accessor i es and appur t enances as 
speci f i ed and shown.   Pr ovi de bl owdown t ank consi st i ng of  wel ded st eel  
const r uct i on bui l t  i n accor dance wi t h ASME BPVC SEC VI I I  D1 and st amped 
f or  a 1. 03 MPa 150 psi g r at i ng.   I ncl ude a t angent i al  i nl et ,  s i ze t o mat ch 
boi l er  bl owdown pi pe,  st ai nl ess st eel  st r i k i ng pl at e at  poi nt  of  i nl et  
i mpi ngement ,  i nt er nal  st ai nl ess st eel  f l ow r est r i ct or  pl at es,  wat er l eg 
t ype dr ai n vent ,  gauge gl ass openi ng,  i nspect i on openi ng and cl ean- out  
connect i ons.   Use mat er i al s i n f abr i cat i on of  boi l er  bl owdown t ank 
equi pment  i n compl i ance wi t h ASME BPVC SEC I I - C.   Pr ovi de i nspect i on 
openi ngs on t ank as r equi r ed i n par agr aphs UG- 45 and 46 of  
ASME BPVC SEC VI I I  D1 and as shown.   Pr ovi de connect i ons as shown.   Ensur e 
i nt er i or  sur f ace pr epar at i on i s i n accor dance wi t h SSPC SP 5/ NACE No.  1 
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and t he coat i ng manuf act ur er ' s r ecommendat i ons.   Coat  i nt er i or  wi t h a 
sui t abl e baked epoxy phenol i c coat i ng,  mi ni mum 0. 13 mm 5 mi l  DFT.   Ensur e 
ext er i or  sur f ace pr epar at i on i s i n accor dance wi t h SSPC SP 6/ NACE No. 3 and 
t he coat i ng manuf act ur er ' s r ecommendat i ons.   Pr i me ext er i or  wi t h a hi gh 
heat  s i l i cone acr yl i c pr i mer ,  mi ni mum 0. 05 mm 2. 0 mi l  DFT.   Suppl y t he 
bl owdown t ank wi t h dr ai n af t er cool er  and t emper at ur e r egul at i ng val ve.   
Pr ovi de af t er cool er  wi t h col d wat er  i nl et ,  f l anged body f or  easy r emoval ,  
6. 35 mm 1/ 4 i nch NPTF connect i on f or  t emper at ur e r egul at i ng val ve sensi ng 
bul b.   Use val ve adj ust abl e r ange of  43 t o 65 degr ees C 110 t o 150 degr ees 
F.   Pr ovi de a t her most at i c r egul at i ng val ve t o i nj ect  pot abl e wat er  t o 
mai nt ai n accept abl e di schar ge t emper at ur e t o t he sewer .

2. 11   BOI LER SURFACE BLOWDOWN HEAT RECOVERY SYSTEM

2. 11. 1   Gener al  Requi r ement s

Pr ovi de bl owdown f l ush separ at or  t hat  i s  [ _____]  mm i nches i n di amet er  by 
[ _____]  mm i nches hi gh.   Pr ovi de suppor t s,  associ at ed accessor i es and 
appur t enances i n accor dance wi t h t hese speci f i cat i ons and as shown.   
Pr ovi de st eel  t ank consi st i ng of  wel ded const r uct i on i n accor dance wi t h 
ASME BPVC SEC VI I I  D1 and st amped f or  a 1. 0 MPa 150 psi g r at i ng.   Pr ovi de 
t ank wi t h a t angent i al  i nl et  connect i on s i zed t o mat ch t he boi l er  bl owdown 
pi pe,  st ai nl ess st eel  st r i k i ng pl at e at  t he poi nt  of  i nl et  i mpi ngement ,  
i nt er nal  st ai nl ess st eel  f l ow r est r i ct or  pl at es,  f l oat  l evel  cont r ol ,  
gauge gl ass openi ngs,  i nspect i on openi ng and cl ean- out  connect i on.   
Pr ovi de t her most at i c r egul at i ng val ve t o i nj ect  pot abl e wat er  t o mai nt ai n 
accept abl e di schar ge t emper at ur e t o sewer .

2. 11. 2   Mat er i al s

Use mat er i al s i n f abr i cat i on of  boi l er  bl owdown equi pment  i n compl i ance 
wi t h ASME BPVC SEC I I - C.   Pr ovi de i nspect i on openi ngs on t ank as r equi r ed 
i n Par agr aphs UG- 45 and 46 of  ASME BPVC SEC VI I I  D1 and as shown.   Pr ovi de 
connect i ons as shown.   Ensur e i nt er i or  sur f ace pr epar at i on i s i n 
accor dance wi t h SSPC SP 5/ NACE No.  1 and t he coat i ng manuf act ur er ' s 
r ecommendat i on.   Coat  i nt er i or  wi t h a sui t abl e baked epoxy phenol i c 
coat i ng,  mi ni mum 0. 13 mm 5 mi l  DFT.   Ensur e ext er i or  sur f ace i s i n 
accor dance wi t h SSPC SP 6/ NACE No. 3 and coat i ng manuf act ur er ' s 
r ecommendat i ons  Pr i me ext er i or  wi t h hi gh heat  s i l i cone acr yl i c pr i mer ,  
mi ni mum 0. 05 mm 2. 0 mi l  DPT.   Pi pe f l ash separ at or  t o heat  exchanger .   
Pr ovi de heat  exchanger  consi st i ng of  hor i zont al  U- t ube wi t h r emovabl e t ube 
bundl e and of  sel f - dr ai ni ng t ype.   Bl owdown wat er  must  pass t hr ough shel l  
and cool i ng wat er  must  pass t hr ough t ubes.   Pr ovi de st ai nl ess st eel  t ubes 
wi t h r ear  suppor t i ng baf f l e.   Pr ovi de st eel  s i de wel ded shel l  wi t h 
ant i - v i br at i on hol d- down cl amps,  ASME Code st ampi ng f or  1. 03 MPa 150 psi g 
r at ed f or  208 degr ees C 400 degr ees F and suppor t i ng st r uct ur al  st eel  
st and.   Suppl y heat  exchanger  wi t h dr ai n af t er cool er  and t emper at ur e 
r egul at i ng val ve.   Pr ovi de af t er cool er  wi t h col d wat er  i nl et ,  f l anged body 
f or  easy r emoval ,  6. 35 mm 1/ 4 i nch NPT connect i on bi met al l i c  t her momet er ,  
and 25. 4 mm 1 i nch NPTE connect i on f or  t emper at ur e r egul at i ng val ve 
sensi ng bul b.   Use val ve adj ust abl e r ange of  43 t o 65 degr ees C 110 t o 150 
degr ees F.

2. 11. 3   Moni t or - Cont r ol l er

Pr ovi de one el ect r oni c moni t or - cont r ol l er  f or  use i n boi l er  sur f ace 
bl owdown l i ne f or  each boi l er ,  consi st i ng of :

a.   Cont r ol  concent r at i on of  t ot al  di ssol ved sol i ds ( TDS) .   House 
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moni t or - cont r ol l er  i n a pai nt ed st eel  NEMA 12 encl osur e.   I nt er l ock 
boi l er  sur f ace bl owdown cont r ol  wi t h boi l er  oper at i on.

b.   Ensur e panel  di spl ay i ncl udes t he f ol l owi ng:

( 1)   Long- l i f e LED i ndi cat or s on f r ont  panel  and l abel ed power  and 
cont r ol .

( 2)   Manual l y- oper at ed t wo posi t i on swi t ch t o al l ow oper at or  t o t ur n 
moni t or - cont r ol l er  on or  of f .   Manual l y- oper at ed t wo posi t i on 
swi t ch t o al l ow oper at or  t o t est  t he out put  c i r cui t s.

( 3)   Manual l y oper at ed t wo posi t i on swi t ch t o al l ow t he oper at or  t o 
sel ect  ei t her  a l ow or  hi gh scal e of  conduct i v i t y.

( 4)   A manual l y oper at ed t wo posi t i on swi t ch t o al l ow t he oper at or  t o 
cont i nuousl y r ead syst em conduct i v i t y l evel  or  t o set  or  r ead t he 
f r ont  panel  oper at or  adj ust abl e t r i p poi nt .

( 5)   Cal i br at i on adj ust ment .

( 6)   Ti mer  f or  adj ust ment  of  i nt er val s bet ween sampl i ng per i ods.

c.   Pr ovi de one pr epi ped bl owdown pi pi ng assembl y i nst al l ed i n each boi l er  
sur f ace bl owdown l i ne.   Pr ovi de assembl y consi st i ng of :

( 1)   Shut - of f  val ve 19 mm 3/ 4 i nch r at ed f or  syst em oper at i ng pr essur e 
and t emper at ur e.

( 2)   Conduct i v i t y pr obe.

( 3)   Nor mal l y c l osed mot or i zed f l ow cont r ol  val ve [ [ 19 mm 3/ 4 i nch]  
r at ed f or  syst em oper at i ng pr essur e of  [ 1150 kPa 150 psi g]  and 
t emper at ur e up t o [ 200 degr ees C 400 degr ees F] ]  [ _____] .

( 4)   Thr ot t l i ng val ve [ 19 mm 3/ 4 i nch]  [ _____]  r at ed f or  syst em 
oper at i ng pr essur e and t emper at ur e.

( 5)   Temper at ur e compensat i on pr obe.

2. 12   CHEMI CAL FEED SYSTEM

Pr ovi de chemi cal  f eed syst em f or  st eam and condensat e chemi cal  t r eat ment  
consi st i ng of  i nt r oduct i on of  chemi cal  sol ut i ons i nt o deaer at or ,  boi l er  
and boi l er  f eedwat er  l i nes.   Ensur e chemi cal  f eed syst em i s t he aut omat i c 
pr opor t i oni ng pump t ype f or  s i ngl e or  mul t i pl e boi l er  i nst al l at i on and 
consi st s of  pumps,  t ank,  pi pi ng,  cont r ol  and accessor i es.   Pr ovi de 
chemi cal  f eed syst em consi st i ng of  a compl et el y pr eassembl ed package,  
f act or y t est ed,  hydr aul i cal l y and el ect r i cal l y,  and f ur ni sh wi t h r equi r ed 
speci al  t ool s,  l ubr i cant s,  and i nst al l at i on i nst r uct i ons.   Pr ovi de 
chemi cal  f eedi ng and cont r ol  equi pment  f or  t he f ol l owi ng:

a.   For  each boi l er :

( 1)   Boi l er  scal e i nhi bi t or  and ant i f oami ng chemi cal  t r eat ment .

( 2)   Al kal i ni t y suppl ement .

( 3)   Neut r al i z i ng ami nes.
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b.   For  deaer at or  f eedwat er  condensat e r et ur n syst ems:   chemi cal  t r eat ment  
consi st i ng of  oxygen scavenger  such as sodi um sul f i t e.

Pr ovi de a 1 year  suppl y of  chemi cal s.  Ensur e chemi cal  pr oduct s ar e 
compat i bl e wi t h syst em mat er i al s of  const r uct i on and oper at i ng condi t i ons 
and compl y wi t h al l  appl i cabl e r egul at or y agenci es.   I nt er l ock t he 
chemi cal  f eeder  wi t h boi l er  and deaer at or  oper at i on.

2. 12. 1   Chemi cal  Feed Pump and Tank

Pr ovi de chemi cal  f eed pump and t ank as i ndi cat ed.   Ensur e chemi cal  f eed 
pump and t ank i s a package wi t h pump mount ed and pi pi ng connect ed t o t he 
t ank.   Pr ovi de chemi cal  f eed pump capaci t y as i ndi cat ed.   Pr ovi de posi t i ve 
di spl acement  met er i ng t ype chemi cal  f eed pump.   Pr ovi de chemi cal  f eed pump 
wi t h mi cr omet er  capaci t y adj ust ment  f r om 0- 100 per cent  whi l e t he chemi cal  
f eed pump i s r unni ng and met er i ng accur acy wi t hi n pl us or  mi nus one ( 1)  
per cent .   Pr ovi de chemi cal  f eed pump component s const r uct ed of  mat er i al s 
sui t abl e f or  t he chemi cal s bei ng pumped.   Pr ovi de 120 vol t s ac,  60 Hz,  
s i ngl e phase dr i ve mot or s,  wi t h gener al  pur pose dr i ppr oof  encl osur e.   
Fabr i cat e chemi cal  f eed t ank of  mat er i al s sui t abl e f or  chemi cal s used and 
pr ovi de wi t h f i l l  and chemi cal  f eed dr ai n connect i ons and gauge gl ass.   
Fur ni sh chemi cal  f eed t ank wi t h one chemi cal  f eed pump,  mount ed and pi ped 
wi t h pi pi ng and f i t t i ngs const r uct ed of  mat er i al s sui t abl e f or  t he 
chemi cal s bei ng pumped,  and i ncl ude a suct i on st r ai ner  and 13 mm 1/ 2 i nch 
r el i ef  val ve.   Pr ovi de chemi cal  f eed t ank wi t h hi nged cover .   Ensur e 
chemi cal  f eed t ank bot t om i s di shed concave t o r adi us equal  t o di amet er  of  
t ank.

2. 12. 2   Agi t at or

Equi p chemi cal  f eed t ank wi t h agi t at or .   Pr ovi de mot or  dr i ven agi t at or  
wi t h Type 316 st ai nl ess st eel  i mpel l er  and dr i ve shaf t .   Maxi mum speed i s 
1750 r pm.   Mount  agi t at or  and suppor t  on chemi cal  f eed t ank.

2. 12. 3   Boi l er  Chemi cal  Tr eat ment  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  st eam boi l er  pl ant  wi t h mor e t han one 
boi l er  sel ect  a bul k st or age syst em 800 l i t er s 200 
gal l ons f or  each chemi cal  or  dedi cat ed f eeder  syst em 
f or  each chemi cal  wi t h i ndi v i dual  dr ums 200 l i t er s 
50 gal l ons f or  t he chemi cal  t r eat ment  f or  boi l er s 
l i s t ed above.

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

Pr ovi de t he f ol l owi ng f or  each boi l er :

a.   Thr ee chemi cal  f eed pumps.   Pr ovi de each pump wi t h a pr essur e r el i ef  
val ve pi ped on di schar ge si de of  t he pump t o di ver t  over pr essur i zed 
chemi cal  sol ut i on back t o t he st or age t ank.  Ensur e chemi cal  f eed pumps 
have t he capabi l i t y  of  accept i ng 4 t o 20 mA dc si gnal .

[ b.   One 800 l i t er  200 gal l on bul k st or age t ank. ]

[ c.   Thr ee 200 l i t er  50 gal l on dr ums. ]

d.   One connect i ng head wat er  met er .   Use maxi mum oper at i ng pr essur e of  
1650 kPa 225 psi g and maxi mum t emper at ur e of  120 degr ees C 250 degr ees 
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F.   Pr ovi de t ur bi ne t ype wat er  met er s wi t h cast  i r on Mai ne cases.

e.   Pr opor t i onal  chemi cal  f eed cont r ol l er  and el ect r oni c pul se t i mer .   
Cont r ol  pr opor t i onal  f eed of  t r eat ment  chemi cal s based on f eedwat er  as 
measur ed by a cont act i ng head wat er  met er .   Pr ovi de cont r ol l er  wi t h 
t he f ol l owi ng f eat ur es:

( 1)   Pai nt ed st eel  NEMA 12 encl osur e.

( 2)   Panel  di spl ay i ncl udi ng:   pr opor t i onal  pul se t i mer ,  
aut omat i c- of f - manual  swi t ch,  push- t o- t est  moment ar y swi t ch whi ch 
s i mul at es a wat er  met er  pul se and r uns t he t i mer  f or  one cycl e,  
12- vol t  s i gnal  t o wat er  met er ,  and pul se accumul at or .

2. 12. 4   Deaer at or  Condensat e Ret ur n Syst em Chemi cal  Tr eat ment  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  200 l i t er s 50 gal l ons dr um f or  boi l er  
pl ant  up t o 22, 650 kg/ hr

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

Pr ovi de one f eedwat er  chemi cal  t r eat ment  syst em f or  deaer at or  i ncl udi ng 
t he f ol l owi ng:

a.   One chemi cal  f eed pump.   Pr ovi de chemi cal  f eed pump wi t h pr essur e 
r el i ef  val ve pi ped on di schar ge si de of  chemi cal  f eed pump t o di ver t  
over pr essur i zed chemi cal  sol ut i on back t o t he st or age t ank.   Ensur e 
chemi cal  f eed pump i s capabl e of  accept i ng 4 t o 20 mA dc si gnal .

b.   [ One 8000 l i t er  200 gal l on t ank. ] [  or  ] [ One 200 l i t er  50 gal l on 
t ank. ]

c.   Pr ovi de one cont act i ng head wat er  met er .   Use maxi mum oper at i ng 
pr essur e of  1650 kPa 225 psi gand maxi mum t emper at ur e of  120 degr ees C 
250 degr ees F.   Pr ovi de t ur bi ne t ype met er  wi t h cast  i r on Mai ne case.

d.   Pr opor t i onal  chemi cal  f eed cont r ol l er  and el ect r oni c pul se t i mer .   
Cont r ol  pr opor t i onal  f eed of  t r eat ment  chemi cal s based on makeup wat er  
as measur ed by cont act i ng head wat er  met er .   Pr ovi de cont r ol l er  wi t h 
t he f ol l owi ng f eat ur es:

( 1)   Pai nt ed st eel  NEMA 12 encl osur e

( 2)   Panel  di spl ay i ncl udi ng one pr opor t i onal  pul se t i mer ,  
Aut omat i c- Of f - Manual  swi t ch.   Test  moment ar y swi t ch whi ch 
s i mul at es a wat er  met er  pul se and r uns t i mer  f or  one cycl e,  and 
pul se accumul at or .

2. 12. 5   Test i ng Equi pment

Pr ovi de t est i ng equi pment ,  i ncl udi ng car r y i ng case and spar e r eagent ,  f or  
mai nt ai ni ng cont r ol  of  a pr ogr am of  wat er  t r eat ment  st andar ds i n st eam 
boi l er  syst em i n accor dance wi t h t he wat er  t r eat ment  pl an.   Submi t  a pl an 
f or  wat er  t r eat ment ,  i ncl udi ng pr oposed chemi cal s t o be used and 
nat i onal l y r ecogni zed t est i ng codes appl i cabl e t o t he syst em,  pr i or  t o 
syst em st ar t up.   Pr ovi de t est i ng equi pment  consi st i ng of  t he f ol l owi ng:

a.   Reagent s and appar at us f or  det er mi nat i on of  phosphat e and sul f i t e 
l evel s i n t he boi l er  wat er .
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b.   Reagent s and appar at us f or  det er mi nat i on of  PH,  P and M al kal i ni t y and 
chl or i de.

c.   Reagent s and appar at us f or  det er mi nat i on of  neut r al i z i ng ami ne l evel  
i n t he st eam and condensat e r et ur n l i nes.

d.   One conduct i v i t y met er  wi t h t emper at ur e compensat i on and mul t i pl e 
measur ement s r anges of  0- 10,  0- 100,  and 0- 10, 000 mi cr omhos.

e.   Wal l  mount i ng t est  equi pment  cabi net  f or  st or age of  t est i ng gl asswar e 
and r eagent s.   Pr ovi de cabi net  wi t h one shel f ,  keyl ock door  and 
f l uor escent  l i ght .   Const r uct  cabi net  of  1 mm No.  18 gauge t hi ck 
col d- r ol l ed st eel ,  pr i med and pai nt ed wi t h whi t e pol yur et hane enamel  
f or  cor r osi on pr ot ect i on.

f .   Pr ef abr i cat ed st eel  cor r osi on ni ppl e bypass assembl y t o moni t or  
pr ogr am ef f ect i veness.   I ncl ude i nl et  and out l et  shut - of f  val ve,  wye 
st r ai ner ,  and t wo cor r osi on ni ppl es.

2. 13   WATER SOFTENI NG EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  wat er  anal ysi s speci f i c  t o t he s i t e.   
I nser t  desi r ed wat er  t r eat ment  condi t i ons,  e. g.  pH 
l evel ,  har dness,  chemi cal  concent r at i ons.

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

a.   Pr ovi de a [ s i ngl e]  [ doubl e]  uni t  aut omat i c wat er  sof t ener  syst em as 
i ndi cat ed.   Desi gn wat er  sof t ener  syst em f or  wor ki ng pr essur e of  
[ _____]  MPa psi .   Pr ovi de wat er  sof t ener  syst em compl et e wi t h r aw and 
r egener at e wat er  di st r i but i on;  under  dr ai n,  i nl et  and out l et  
connect i ons i n upper  and l ower  header  r espect i vel y;  r esi n r emoved 
connect i ng pi pe l egs;  cont r ol  val ve f or  ser vi ce,  backwash,  r egener at e,  
and r i nse;  wat er  met er s,  pr essur e gauges,  br i ne st or age,  measur i ng 
t ank and cont r ol s.   Pr ovi de t est  set s f or  pH compar at or  f or  r ange 
[ _____]  t o [ _____] ,  sul f i de compar at or ,  and phosphat e compar at or .

b.   I nf l uent  wat er  anal ysi s f or  whi ch syst em must  be desi gned i s [ _____] .

c.   Tr eat ment  condi t i ons t o be mai nt ai ned i n c i r cul at i on wat er  ar e [ _____] .

2. 14   MAI NTENANCE EQUI PMENT

2. 14. 1   Tube Cl eaner

Pr ovi de wat er  t ur bi ne dr i ven t ube cl eaner  t hat  i ncl udes t hr ee r ot ar y 
cut t er s,  compl et e wi t h necessar y l engt h of  ar mor ed wat er  hose,  val ves,  and 
ot her  appur t enances necessar y f or  oper at i on.   Pr ovi de t ube cl eaner  f or  
each si ze of  wat er t ube i n boi l er ,  wi t h one ext r a set  of  cut t er s f or  each 
si ze c l eaner .   Pr ovi de necessar y val ves and f i t t i ngs t o per mi t  conveni ent  
connect i on of  t ube cl eaner  hose boi l er  f eed pump t o suppl y col d r aw wat er  
f or  oper at i on of  t ube cl eaner .   Ar r ange pi pi ng such t hat  one boi l er  f eed 
pump may be used t o oper at e t ube cl eaner  wi t hout  i nt er f er i ng wi t h nor mal  
oper at i on.

2. 14. 2   Tube Br ush

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   The t ube br ush appl i es onl y t o f i r et ube 
boi l er s and wi l l  be del et ed i f  not  appl i cabl e.

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

Pr ovi de br ush wi t h st eel  br i st l es and j oi nt ed handl e of  suf f i c i ent  l engt h 
t o c l ean f ul l  l engt h of  f i r e t ubes.

2. 15   FACTORY COATI NG

Fact or y f i ni sh equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous 
met al ,  wi t h t he manuf act ur er ' s st andar d f i ni sh unl ess ot her wi se speci f i ed.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

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   I NSTALLATI ON,  EXCEPT FUEL SYSTEM

I nst al l  wor k as i ndi cat ed and i n accor dance wi t h manuf act ur er ' s di agr ams 
and r ecommendat i ons and appl i cabl e r equi r ement s of  FM and NFPA.

3. 2. 1   Pi pi ng

a.   Unl ess ot her wi se speci f i ed,  use pi pe and f i t t i ngs conf or mi ng t o 
r equi r ement s of  ASME B31. 1.   Cut  pi pe t o measur ement s est abl i shed at  
t he j obsi t e and wor k i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng,  
compl et el y c l ear i ng wi ndows,  door s,  and ot her  openi ngs.

b.   I nst al l  pi pes a mi ni mum of  2. 4 m 8 f eet  above wal kway el evat i ons.

c.   Cut t i ng or  ot her  weakeni ng of  t he bui l di ng st r uct ur e t o f aci l i t at e 
pi pi ng i nst al l at i on wi l l  not  be per mi t t ed wi t hout  wr i t t en appr oval .

d.   Remove bur r s f r om pi pes by r eami ng and i nst al l  t o per mi t  f r ee 
expansi on and cont r act i on wi t hout  causi ng damage t o bui l di ng 
st r uct ur e,  pi pe,  j oi nt s,  or  hanger s.   Wi pe f i l i ngs,  dust ,  or  di r t  f r om 
i nt er i or  of  pi pe or  t ubi ng bef or e connect i ons ar e made.

e.   Make changes i n di r ect i on wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 
100 mm 4 i nches and smal l er  wi l l  be per mi t t ed,  pr ovi ded a pi pe bender  
i s used and wi de sweep bends ar e f or med.   Ensur e cent er l i ne r adi us of  
bends i s no l ess t han 6 di amet er s of  pi pe.   Bent  pi pe showi ng ki nks,  
wr i nkl es,  f l at t eni ng,  or  ot her  mal f or mat i ons wi l l  not  be accept ed.   
Car r y vent  pi pes t hr ough t he r oof  as di r ect ed and f l ash.

f .   Unl ess ot her wi se i ndi cat ed,  pi t ch hor i zont al  suppl y mai ns down i n 
di r ect i on of  f l ow wi t h a gr ade of  no l ess t han 25 mm i n 12 met er s 1 
i nch i n 40 f eet .

g.   Cap or  pl ug open ends of  pi pel i nes and equi pment  dur i ng i nst al l at i on 
t o keep di r t  or  ot her  f or ei gn mat er i al s out  of  t he syst em.

h.   Pi pe not  ot her wi se speci f i ed must  be uncoat ed.   Pr ovi de br ass or  
br onze uni ons f or  copper  pi pe or  t ubi ng.
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i .   El ect r i cal l y i sol at e connect i ons bet ween f er r ous pi pi ng and copper  
pi pi ng f r om each ot her  wi t h di el ect r i c coupl i ngs or  ot her  appr oved 
met hods.

j .   Pr ovi de pi pe and f i t t i ngs of  t he t ypes i ndi cat ed i n TABLES I  and I I  
f or  t he appl i cabl e ser vi ce and pr essur e.

3. 2. 2   Joi nt s

Pr ovi de t hr eaded,  f l anged,  or  wel ded j oi nt s bet ween sect i ons of  pi pe and 
bet ween pi pe and f i t t i ngs as speci f i ed.   Except  as ot her wi se speci f i ed,  
ensur e f i t t i ngs 38 mm 1- 1/ 2 i nches and smal l er  ar e ei t her  t hr eaded or  
socket  wel ded,  and f i t t i ngs 50 mm 2 i nches and l ar ger  ar e ei t her  f l anged 
or  but t  wel ded.   Wel d pi pe and f i t t i ngs 32 mm 1- 1/ 4 i nches and l ar ger  
i nst al l ed i n i naccessi bl e condui t s or  t r enches under  concr et e f l oor  
s l abs.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  make connect i ons t o 
equi pment  wi t h bl ack mal l eabl e i r on uni ons f or  pi pe 38 mm 1- 1/ 2 i nches or  
smal l er  i n di amet er ,  and wi t h f l anges f or  pi pe 50 mm 2 i nches or  l ar ger  i n 
di amet er .

3. 2. 2. 1   Thr eaded Joi nt s

Make t hr eaded j oi nt s wi t h t aper ed t hr eads pr oper l y cut ,  and make t i ght  
wi t h PTFE t ape,  or  equi val ent  j oi nt  compound mat er i al  appl i ed t o t he mal e 
t hr eads onl y.  Do not  appl y j oi nt  compound t o f i t t i ngs.

3. 2. 2. 2   Wel ded Joi nt s

a.   Make wel ded j oi nt s as speci f i ed.   Make changes i n di r ect i on of  pi pi ng 
wi t h wel di ng f i t t i ngs onl y.

b.   Br anch connect i on may be made wi t h ei t her  wel di ng t ees or  br anch 
out l et  f i t t i ngs.   Pr ovi de f or ged br anch out l et  f i t t i ngs,  f l ar ed f or  
i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced agai nst  
ext er nal  st r ai ns.

c.   Bevel ,  al i gn,  heat  t r eat ,  and i nspect  wel d conf or mi ng t o ASME B31. 1.

d.   Remove wel d def ect s and make r epai r s t o t he wel d,  or  r emove wel d 
j oi nt s ent i r el y and r ewel d.

e.   St or e and dr y el ect r odes i n accor dance wi t h AWS D1. 1/ D1. 1M or  as 
r ecommended by manuf act ur er .   Do not  use el ect r odes t hat  have been 
wet t ed or  t hat  have l ost  any of  t hei r  coat i ng.

3. 2. 2. 3   Expansi on Joi nt s

Per f or m gui di ng of  pi pi ng on bot h s i des of  expansi on j oi nt  i n accor dance 
wi t h publ i shed r ecommendat i ons of  manuf act ur er .

3. 2. 2. 4   Fl anges and Uni ons

Ensur e f l anges ar e f aced t r ue,  pr ovi ded wi t h met al l i c  spi r al  wound 
nonasbest os gasket s,  and made squar e and t i ght .   Pr ovi de uni on or  f l ange 
j oi nt s i n each l i ne i mmedi at el y pr ecedi ng t he connect i on t o each pi ece of  
equi pment  or  mat er i al  r equi r i ng mai nt enance such as coi l s,  pumps,  cont r ol  
val ves,  and ot her  s i mi l ar  i t ems.
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3. 2. 3   Suppor t s

3. 2. 3. 1   Gener al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mechani cal  and el ect r i cal  l ayout  dr awi ngs and 
speci f i cat i ons f or  cei l i ng suspensi ons wi l l  cont ai n 
not es i ndi cat i ng t hat  hanger  l oads bet ween panel  
poi nt s i n excess of  22. 7 kg 50 l bs st eel  j oi st  must  
have t he excess hanger  l oads suspended f r om panel  
poi nt s.

Pr ovi de sei smi c det ai l s,  i f  a Gover nment  desi gner  
( ei t her  Cor ps of f i ce or  A/ E)  i s t he Engi neer  of  
Recor d,  and show on t he dr awi ngs.   Del et e t he 
br acket ed phr ase i n i t em a.  i f  no sei smi c det ai l s 
ar e pr ovi ded.   Per t i nent  por t i ons of  UFC 3- 301- 01 
and Sect i ons 13 48 73 and 23 05 48. 19,  pr oper l y 
edi t ed,  wi l l  be i ncl uded i n t he cont r act  document s.

Suppor t  f or  st eam pi pi ng f r om boi l er  nozzl e t o st eam 
header  and st eam l i nes 150 mm 6 i nches and l ar ger  
wi l l  be det ai l ed on t he dr awi ngs as excessi ve st r ess 
and movement  can occur  i n t hese pi pi ng syst ems due 
t o t her mal  expansi on.   Each spr i ng hanger  l ocat i on 
wi l l  be c l ear l y i ndi cat ed.   They wi l l  be assi gned a 
number  i n a schedul e on t he dr awi ngs t hat  l i s t s 
hanger  det ai l s,  l oad,  and movement .

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

Fabr i cat e hanger s used t o suppor t  pi pi ng 50 mm 2 i nches and l ar ger  t o 
per mi t  adequat e adj ust ment  af t er  er ect i on whi l e suppor t i ng t he l oad.   
I nst al l  pi pe gui des and anchor s t o pr event  buckl i ng,  swayi ng,  and undue 
st r ai n.   Suppor t  pi pi ng subj ect ed t o ver t i cal  movement  when oper at i ng 
t emper at ur es exceed ambi ent  t emper at ur es by var i abl e spr i ng hanger s and 
suppor t s or  by const ant  suppor t  hanger s.   Submi t  det ai l ed dr awi ngs of  
spr i ng t ype pi pe hanger s,  bef or e i nst al l at i on.   Ensur e pi pe hanger  l oads 
suspended f r om st eel  j oi st s bet ween panel  poi nt s do not  exceed 23 kg 50 
pounds.   Suspend l oads exceedi ng 23 kg 50 pounds f r om panel  poi nt s.

a.   Sei smi c Requi r ement s f or  Pi pe Suppor t s and St r uct ur al  Br aci ng:   
Suppor t  and br ace pi pi ng and at t ached val ves t o r esi st  sei smi c l oads 
as speci f i ed i n UFC 3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC.   
Pr ovi de st r uct ur al  st eel  r equi r ed f or  r ei nf or cement  t o pr oper l y 
suppor t  pi pi ng,  header s,  and equi pment  but  not  shown under  t hi s 
sect i on.   Use mat er i al  f or  suppor t s as speci f i ed under  Sect i on 05 12 00
 STRUCTURAL STEEL.

b.   St r uct ur al  At t achment s:   Pr ovi de st r uct ur al  st eel  br acket s r equi r ed t o 
suppor t  pi pi ng,  header s,  and equi pment ,  but  not  shown,  under  t hi s 
sect i on.   Pr ovi de mat er i al  and i nst al l at i on as speci f i ed under  Sect i on 
05 12 00 STRUCTURAL STEEL.

3. 2. 3. 2   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pr ovi de pi pe hanger s,  i nser t s and suppor t s conf or mi ng t o MSS SP- 58 except  
as ot her wi se speci f i ed.
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a.   Do not  use Types 5,  12,  and 26.

b.   Do not  use Type 3 on i nsul at ed pi pe whi ch has a vapor  bar r i er .   Type 3 
may be used on i nsul at ed pi pe t hat  does not  have a vapor  bar r i er  i f  
c l amped di r ect l y t o t he pi pe and i f  t he c l amp bot t om does not  ext end 
t hr ough t he i nsul at i on and t he t op cl amp at t achment  does not  cont act  
t he i nsul at i on dur i ng pi pe movement .

c.   Secur e Type 18 i nser t s t o concr et e f or ms bef or e concr et e i s pl aced.   
Cont i nuous i nser t s whi ch al l ow mor e adj ust ment  may be used i f  t hey 
ot her wi se meet  t he r equi r ement s f or  t ype 18 i nser t s.

d.   Tor que Type 19 and 23 i n accor dance wi t h MSS SP- 58 and have bot h 
l ocknut s and r et ai ni ng devi ces f ur ni shed by t he manuf act ur er .   Do not  
const r uct  C- cl amp body f r om bent  pl at e.

e.   Fur ni sh Type 20 at t achment s used on angl es and channel s wi t h an added 
mal l eabl e i r on heel  pl at e or  adapt er .

f .   Type 24 may be used onl y on t r apeze hanger  syst ems or  on f abr i cat ed 
f r ames.

g.   Wher e t ype 39 saddl e or  t ype 40 shi el d i s per mi t t ed f or  a par t i cul ar  
pi pe at t achment  appl i cat i on,  use t he t ype 39 saddl e on pi pe 100 mm 4 
i nches and l ar ger .

h.   Space hor i zont al  pi pe suppor t s as speci f i ed i n t he t abl es i n MSS SP- 58 
and do not  i nst al l  a suppor t  over  300 m 1 f oot  f r om t he pi pe f i t t i ng 
j oi nt  at  each change i n di r ect i on of  t he pi pi ng.   Space pi pe suppor t  
as r equi r ed f or  speci f i ed hydr ost at i c t est s.   Do not  space pi pe 
suppor t s over  1. 5 m 5 f eet  apar t  at  val ves.   I n t he suppor t  of  
mul t i pl e pi pe r uns on a common base member ,  use a c l i p or  c l amp wher e 
each pi pe cr osses t he base suppor t  member .   Ensur e spaci ng of  t he base 
suppor t  member s does not  exceed t he hanger  and suppor t  spaci ng 
r equi r ed f or  any of  t he i ndi v i dual  pi pes i n t he mul t i pl e pi pe r un.   
Connect  c l i ps or  c l amps r i gi dl y t o t he common base member .   Pr ovi de a 
c l ear ance of  3. 2 mm 1/ 8 i nch bet ween t he pi pe and cl i p or  c l amp f or  
pi pi ng whi ch may be subj ect ed t o t her mal  expansi on.

i .   Suppor t  ver t i cal  pi pe at  each f l oor ,  except  at  s l ab on gr ade,  and at  
i nt er val s of  no mor e t han 4. 5 met er s 15 f eet ,  nor  mor e t han 2. 4 m 8 
f eet  f r om ends of  r i ser s,  and at  vent  t er mi nat i ons.

j .   Type 35 gui des usi ng st eel ,  pr ovi de r ei nf or ced PTFE or  gr aphi t e s l i des 
wher e r equi r ed t o al l ow l ongi t udi nal  pi pe movement .   Pr ovi de l at er al  
r est r ai nt s as r equi r ed.   Pr ovi de sl i de mat er i al s sui t abl e f or  t he 
syst em oper at i ng t emper at ur es,  at mospher i c condi t i ons,  and bear i ng 
l oads encount er ed.

( 1)   Wher e st eel  s l i des do not  r equi r e pr ovi s i ons f or  r est r ai nt  of  
l at er al  movement ,  an al t er nat e gui de met hod may be used.   On pi pi ng
 100 mm 4 i nches and l ar ger ,  a t ype 39 saddl e may be wel ded t o t he 
pi pe and f r eel y r est  on a st eel  pl at e.   On pi pi ng under  100 mm 4 
i nches,  a t ype 40 pr ot ect i on shi el d may be at t ached t o t he pi pe or  
i nsul at i on and f r eel y r est  on a st eel  s l i de pl at e.

( 2)   Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s 
not  desi r abl e,  use t ype 35 gui de i ncl udi ng a pi pe cr adl e,  wel ded 
t o t he gui de st r uct ur e and st r apped secur el y t o t he pi pe.   
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Separ at e pi pe f r om t he sl i de mat er i al  by at  l east  100 mm 4 i nches,  
or  by an amount  adequat e f or  t he i nsul at i on,  whi chever  i s gr eat er .

( 3)   I nsul at ed pi pes:   Except  f or  t ype 3,  use pi pe hanger s on 
hor i zont al  i nsul at ed pi pe t hat  ar e t he s i ze of  t he out si de 
di amet er  of  t he i nsul at i on.

3. 2. 3. 3   Pi pi ng i n Tr enches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Det ai l  pi pe i n t r enches on t he dr awi ngs.   
Show exact  l ocat i ons of  pi pe suppor t s.   I ncl ude 
i ndi v i dual  hanger  i dent i f i cat i on.   Pr ovi de schedul e 
of  dat a t o i ncl ude,  but  not  be l i mi t ed t o 
i dent i f i cat i on number ,  det ai l  r ef er ences,  l oad,  and 
movement .

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

Suppor t  pi pi ng as i ndi cat ed.

3. 2. 4   Pi pe Anchor s

Pr ovi de anchor s wher ever  necessar y or  i ndi cat ed t o l ocal i ze expansi on or  
pr event  undue st r ai n on pi pi ng.   Pr ovi de anchor s consi st i ng of  heavy st eel  
col l ar s wi t h l ugs and bol t s f or  c l ampi ng and at t achi ng anchor  br aces,  
unl ess ot her wi se i ndi cat ed.   I nst al l  anchor  br aces i n t he most  ef f ect i ve 
manner  t o secur e t he desi r ed r esul t s,  usi ng t ur nbuckl es wher e r equi r ed.   
Do not  at t ach suppor t s,  anchor s,  or  st ays i n pl aces wher e t hey wi l l  i nj ur e 
t he const r uct i on dur i ng i nst al l at i on,  or  by t he wei ght  of  expansi on of  t he 
pi pel i ne.   Submi t  det ai l ed dr awi ngs of  pi pe anchor s f or  appr oval  bef or e 
i nst al l at i on.

3. 2. 5   Pi pe Sl eeves

Pr ovi de pi pe passi ng t hr ough concr et e or  masonr y wal l s or  concr et e f l oor s 
or  r oof s wi t h pi pe sl eeves f i t t ed i nt o pl ace at  t he t i me of  const r uct i on.   
Do not  i nst al l  s l eeves i n st r uct ur al  member s except  wher e i ndi cat ed or  
appr oved.   Pr ovi de r ect angul ar  and squar e openi ngs as i ndi cat ed.   Ext end 
each sl eeve t hr ough i t s r espect i ve wal l ,  f l oor ,  or  r oof ,  and cut  f l ush 
wi t h each sur f ace.   Unl ess ot her wi se i ndi cat ed,  use sl eeves of  a s i ze t hat  
wi l l  pr ovi de a mi ni mum of  6. 35 mm 1/ 4 i nch al l  ar ound cl ear ance bet ween 
bar e pi pe or  i nsul at i on j acket  and sl eeves.   Ensur e s l eeves i n bear i ng 
wal l s,  wat er pr oof i ng membr ane f l oor s,  and wet  ar eas ar e st eel  pi pe or  cast  
i r on pi pe.   Sl eeves i n non- bear i ng wal l s,  f l oor s,  or  cei l i ngs may be st eel  
pi pe,  cast  i r on pi pe,  or  gal vani zed sheet  met al  wi t h l ock t ype 
l ongi t udi nal  seam and of  t he met al  t hi ckness i ndi cat ed.   Except  i n pi pe 
chases or  i nt er i or  wal l s,  seal  t he annul ar  space bet ween pi pe and sl eeve 
or  bet ween j acket  over  i nsul at i on and sl eeve i n non- f i r e r at ed wal l s and 
f l oor s as i ndi cat ed and speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS,  and 
i n f i r e r at ed wal l s and f l oor s seal  as i ndi cat ed and speci f i ed i n Sect i on 
07 84 00 FI RESTOPPI NG.   Sl eeve pi pes passi ng t hr ough wal l  wat er pr oof i ng 
membr ane as descr i bed above.   I n addi t i on,  i nst al l  a wat er pr oof i ng 
c l ampi ng f l ange as i ndi cat ed.

3. 2. 5. 1   Pi pes Passi ng Thr ough Roof  or  Fl oor  Wat er pr oof i ng Membr ane

I nst al l  pi pes t hr ough a 1. 8 kg 4 pound l ead f l ashi ng sl eeve,  a 0. 450 kg 16 
ounce copper  s l eeve,  or  a 0. 8 mm 0. 032 i nch t hi ck al umi num sl eeve,  each 
havi ng an i nt egr al  ski r t  or  f l ange.   For m f l ashi ng sl eeve sui t abl y,  and 
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ext end t he ski r t  or  f l ange no l ess t han 200 mm 8 i nches f r om t he pi pe and 
set  over  t he r oof  or  f l oor  membr ane i n a t r owel ed coat i ng of  bi t umi nous 
cement .   Ext end f l ashi ng sl eeve up t he pi pe a mi ni mum of  50 mm 2 i nches 
above t he hi ghest  f l ood l evel  of  t he r oof  or  a mi ni mum of  250 mm 10 i nches 
above t he r oof ,  whi chever  i s gr eat er ,  or  250 mm 10 i nches above t he 
f l oor .   Seal  t he annul ar  space bet ween t he f l ashi ng sl eeve and t he bar e 
pi pe or  met al  j acket  cover ed i nsul at i on as i ndi cat ed.   Pi pes up t o and 
i ncl udi ng 250 mm 10 i nches i n di amet er  passi ng t hr ough r oof  or  f l oor  
wat er pr oof i ng membr ane may be i nst al l ed t hr ough a cast  i r on s l eeve wi t h 
caul k i ng r ecess,  anchor  l ugs,  f l ashi ng cl amp devi ce,  and pr essur e r i ng 
wi t h br ass bol t s.   Cl amp wat er pr oof i ng membr ane i nt o pl ace and pl ace 
seal ant  i n t he caul k i ng r ecess.

3. 2. 5. 2   Count er f l ashi ng

As an al t er nat e t o caul k i ng and seal i ng t he annul ar  space bet ween t he pi pe 
and f l ashi ng sl eeve or  met al  j acket  cover ed i nsul at i on and f l ashi ng 
sl eeve,  count er f l ashi ng may be by st andar d r oof  coupl i ng f or  t hr eaded pi pe 
up t o 150 mm 6 i nches i n di amet er ;  l ead f l ashi ng sl eeve f or  dr y vent s and 
t ur ni ng t he sl eeve down i nt o t he pi pe t o f or m a wat er pr oof  j oi nt ;  or  t ack 
wel ded or  banded met al  r ai n shi el d r ound t he pi pe and seal i ng as i ndi cat ed.

3. 2. 5. 3   Seal i ng Uni nsul at ed Pi pes or  Condui t s

A modul ar  mechani cal  t ype seal i ng assembl y may be i nst al l ed i n l i eu of  a 
wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng,  as speci f i ed,  of  
annul ar  space bet ween pi pe and sl eeve or  condui t  and sl eeve.   Pr ovi de 
seal s consi st i ng of  i nt er l ocki ng synt het i c r ubber  l i nks shaped t o 
cont i nuousl y f i l l  t he annul ar  space bet ween pi pe/ condui t  and sl eeve wi t h 
cor r osi on pr ot ect ed car bon st eel  bol t s,  nut s,  and pr essur e pl at es.   
Assembl e l i nks l oosel y wi t h bol t s t o f or m a cont i nuous r ubber  bel t  ar ound 
t he pi pe wi t h a pr essur e pl at e under  each bol t  head and each nut .   Af t er  
t he seal  assembl y i s pr oper l y posi t i oned i n t he s l eeve,  t i ght en t he bol t  
t o cause t he r ubber  seal i ng el ement s t o expand and pr ovi de a wat er t i ght  
seal  bet ween t he pi pe/ condui t  and sl eeve.   Si ze each seal  assembl y as 
r ecommended by t he manuf act ur er  t o f i t  t he pi pe/ condui t  and sl eeve 
i nvol ved.   The Cont r act or  el ect i ng t o use t he modul ar  mechani cal  t ype 
seal s must  pr ovi de sl eeves of  t he pr oper  di amet er s.

3. 2. 6   Escut cheons

Povi de escut cheons at  f i ni shed sur f aces wher e exposed pi pi ng,  bar e or  
i nsul at ed,  passes t hr ough f l oor s,  wal l s,  or  cei l i ngs except  i n boi l er ,  
ut i l i t y ,  or  equi pment  r ooms.   Wher e sl eeves pr oj ect  s l i ght l y f r om f l oor s,  
use speci al  deep t ype escut cheons.   Fast en chr omi um pl at ed i r on or  
chr omi um pl at ed br ass,  ei t her  one pi ece or  spl i t  pat t er n,  escut cheons 
secur el y t o pi pe or  pi pe cover i ng and hol d i n pl ace by i nt er nal  spr i ng 
t ensi on or  set scr ew.

3. 2. 7   Cl ay Sewer  Pi pe

I nst al l  pi pe wher e i ndi cat ed f or  housi ng st eam suppl y and condensat e 
r et ur n l i nes.   I nst al l  sewer  pi pe on pr oper l y gr aded and wel l  t amped ear t h 
or  gr avel  base.   Pack j oi nt s wi t h t wi st ed j ut e packi ng and seal  wi t h 
bi t umi nous seal i ng compound or  por t l and cement  mor t ar .

3. 2. 8   Pi pe Expansi on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Det ai l  expansi on l oops on t he dr awi ngs.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I nst al l  expansi on l oops and pi pe gui des wher e i ndi cat ed.

3. 2. 9   Val ves

I nst al l  val ves at  l ocat i ons i ndi cat ed and wher e speci f i ed.   Use gat e 
val ves f or  i sol at i on ser vi ce unl ess ot her wi se i ndi cat ed or  speci f i ed.   Use 
gl obe val ves f or  t hr ot t l i ng ser vi ce unl ess ot her wi se speci f i ed.   I nst al l  
val ves wi t h st ems hor i zont al  or  ver t i cal ,  except  i nst al l  st eam nonr et ur n 
val ves as speci f i ed.   Use chai n oper at ed t ype gat e val ves as shut of f  
val ves i n t he boi l er  l i nes t o and f r om st eam header s,  and el sewher e as 
i ndi cat ed,  i f  wal kways ar e not  pr ovi ded f or  t hei r  oper at i on.   Ensur e chai n 
oper at ed val ves have suf f i c i ent  chai n f or  easy r each of  t he oper at i ng 
per sonnel  f r om t he oper at i ng f l oor  or  wal kway.   Pr ovi de gat e val ves 200 mm 
8 i nches and l ar ger  used on hi gh pr essur e st eam l i nes,  and el sewher e as 
i ndi cat ed,  wi t h a val ve bypass i nt egr al  wi t h t he val ve body.

3. 2. 9. 1   Back Pr essur e Rel i ef

Set  backpr essur e val ve t o exhaust  at  t he pr essur e i ndi cat ed.

3. 2. 9. 2   St eam Pr essur e Reduci ng

Adj ust  st eam pr essur e r educi ng val ve t o mai nt ai n desi r ed t er mi nal  
pr essur e,  r egar dl ess of  f l uct uat i ons i n t he i nl et  st eam pr essur e.   St eam 
pr essur e r educi ng val ves must  f ai l  c l osed.   Pr ovi de pi l ot ,  or  auxi l i ar y 
oper at ed val ves usi ng st eam f or  oper at i ng medi um,  or  s l i di ng gat e and 
pl at e val ves.   I nst al l  st eam pr essur e r educi ng val ve wi t h st r ai ner ,  3 
val ve bypass,  and saf et y val ve as i ndi cat ed.   Wher e st eam pr essur e 
r educi ng val ves i s used f or  r educi ng st eam pr essur e t o deaer at i ng heat er ,  
pr ovi de pneumat i c pi l ot  oper at ed t ype val ve.   Connect  sensi ng l i ne t o t he 
st eam space i n t he deaer at or .

3. 2. 9. 3   Ther most at i c Regul at i ng

Pr ovi de t her most at i c r egul at i ng val ve t o cont r ol  t emper at ur e of  wat er  
wi t hi n hot  wat er  gener at or ,  by r egul at i ng st eam suppl i ed t o t he heat i ng 
coi l ,  i n t he st eam suppl y l i ne t o each gener at or .

3. 2. 10   Fl ow Met er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y whi ch met er s shoul d r ecei ve 3- way 
bypass t o mai nt ai n ser vi ce dur i ng a met er  ser vi ce or  
r epl acement  ( suggest  t hat  f uel  oi l  f l ow met er s have 
a 3- way val ve bypass i f  ser vi ce i s cr i t i cal . )

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

I nst al l  f l ow met er  i n st r ai ght  l i ne pi pe of  at  l east  [ _____]  pi pe 
di amet er s t o mai nt ai n accur acy.   [ Pr ovi de a 3- way val ve bypass f or  [ _____]  
f l ow met er s. ]

3. 3   FUEL OI L SYSTEM I NSTALLATI ON

3. 3. 1   Fuel  St or age Tank I nst al l at i on

I nst al l  f uel  st or age t ank i n accor dance wi t h Sect i on 33 56 10 
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FACTORY- FABRI CATED FUEL STORAGE TANKS.

3. 3. 2   Under gr ound Fer r ous Met al l i c  Pi pi ng

Pr ovi de under gr ound f er r ous met al l i c  pi pi ng i n accor dance wi t h Sect i on 
33 56 10 FACTORY- FABRI CATED FUEL STORAGE TANKS.

3. 4   FI ELD PAI NTI NG AND FI NI SHI NG

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y,  ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 5   ELECTRI CAL

3. 5. 1   Gener al

Per f or m f i el d r un condui t ,  wi r i ng and t er mi nat i ons i n accor dance wi t h 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 5. 2   Spl i ce

Spl i ce st r anded conduct or s by sol der  or  pr essur e t ype connect or s.   Do not  
use wi r enut  connect or s on st r anded conduct or s.   Cover  spl i ces wi t h 
el ect r i cal  i nsul at i on equi val ent  t o,  or  of  hi gher  r at i ng t han,  i nsul at i on 
of  conduct or s bei ng spl i ced.   Spl i ces wi l l  not  be al l owed i n cont r ol  or  
s i gnal  wi r i ng,  except  wher e sensor s or  cont r ol l ed devi ces ar e pr ovi ded 
wi t h pi gt ai l s f or  connect i ng t o i ncomi ng cabl e

3. 5. 3   I dent i f i cat i on

Label  bot h ends of  wi r es.

3. 5. 4   Gr oundi ng of  Dr ai n Wi r e of  Shi el ded Cabl e.

Gr ound shi el d cabl e dr ai n wi r e at  t he sour ce end,  t er mi nat e at  a copper  
bus gr ound bar  3. 175,  12. 7,  by 100 mm 1/ 8,  1/ 2,  by 4 i nches mi ni mum.

3. 5. 5   Anal og Si gnal  Cabl e Connect i ons

Connect  anal og si gnal  cabl es t o cont r ol l er  by means of  t er mi nal  bl ocks 
wi t h kni f e i sol at i on swi t ches wi t h t est  pl ugs t o enabl e i sol at i on of  each 
i nst r ument  wi t hout  di sconnect i ng common i nst r ument  power  suppl y.   Ensur e 
t hese t er mi nal  bl ocks ar e doubl e l evel  t er mi nal  bl ocks wi t h kni f e 
di sconnect  poi nt  wi t h t est  pl ugs at  t he upper  l evel  and f eed t hr ough 
t er mi nal  at  l ower  l evel .   Pr ovi de mi ni mum of  t hi r t y per cent  ( 30 per cent )  
spar e t er mi nal  poi nt s.

3. 5. 6   Di gi t al  I nput - Out put

Connect  di gi t al  i nput - out put  cabl es t o cont r ol l er  by means of  t er mi nal  
bl ocks.   Pr ovi de mi ni mum of  t hi r t y per cent  ( 30 per cent )  spar e t er mi nal  
poi nt s.

3. 6   I NSULATI ON

Use t hi ckness of  i nsul at i on mat er i al s f or  pi pi ng and equi pment  and 
appl i cat i on i n accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.
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3. 7   BOI LERS AND AUXI LI ARY EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bef or e occupancy of  a f aci l i t y ,  i nspect  t he 
boi l er s i n accor dance wi t h t he Code of  Boi l er  and 
Pr essur e Vessel  I nspect or s ( BPV I )  and Amer i can 
Soci et y of  Mechani cal  Engi neer s ( ASME) .   I nspect or s 
must  be cer t i f i ed i n accor dance wi t h BPV I  st andar ds.

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

3. 7. 1   I nspect i on

I nspect  ar eas and condi t i ons under  whi ch boi l er  and auxi l i ar y equi pment  
ar e t o be i nst al l ed.   Fi el d ver i f y l ocat i on of  connect i ons t o pi pi ng,  
equi pment  and suppor t s and make connect i on t o sai d i t ems ut i l i z i ng 
f i el d- ver i f i ed di mensi ons.   Not i f y Cont r act i ng Of f i cer  of  di scr epanci es 
and ensur e t hat  unsat i sf act or y condi t i ons have been cor r ect ed i n an 
accept abl e manner .

3. 7. 2   Pr epar at i on

a.   Coor di nat e t he i nst al l at i on of  equi pment  and appur t enances pr i or  t o 
i nst al l at i on wi t h ot her  wor k.

b.   Pr ovi de wor k r equi r ed t o cor r ect  s i t uat i ons r esul t i ng f r om t he 
Cont r act or ' s f ai l ur e t o coor di nat e wi t h t he wor k of  ot her  t r ades,  at  
no addi t i onal  cost .

c.   Take i nt o consi der at i on pr i or i t y needs f or  l ocat i on and space of  wor k 
of  al l  t r ades.   Fai l ur e t o do so wi l l  r equi r e t he Cont r act or  t o r emove 
and r el ocat e t he wor k at  no addi t i onal  cost .

3. 7. 3   I nst al l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e r ef er ence t o l ocal  c i t y and st at e 
codes i f  not  appl i cabl e.

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

3. 7. 3. 1   Boi l er

I nst al l  boi l er  i n accor dance wi t h t he manuf act ur er ' s wr i t t en i nst r uct i ons,  
[ i n accor dance wi t h boi l er  i nst al l at i on r equi r ement s of  l ocal ,  c i t y,  st at e 
codes]  and i n accor dance wi t h appl i cabl e pr ovi s i ons of  NFPA and ASME code 
st andar ds.   Locat e boi l er  and associ at ed component s wher e i ndi cat ed.   
I nst al l  boi l er  l evel  t o a t ol er ance of  3 mm i n 3 m 1/ 8 i nch i n 10 f eet  i n 
al l  di r ect i ons.   Make el ect r i cal  connect i ons i n accor dance wi t h Sect i on 
[ _____] .

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

I t  i s  t he Cont r act or ' s r esponsi bi l i t y  t o pr ot ect  boi l er  and component s 
f r om damage af t er  i nst al l at i on,  unt i l  Gover nment  t akes cust ody.   Af t er  
i nst al l at i on,  pr ovi de t ouchup pai nt  t o damaged ar eas on shop and 
f i ni sh- coat ed sur f aces of  t he equi pment .   Ensur e sur f aces ar e f r ee of  
r ust ,  scal e and f or ei gn subst ances bef or e appl i cat i on of  t ouchup pai nt .   
Use t ouchup pai nt  t hat  i s  equi val ent  t o t he shop and/ or  f i ni sh pai nt .
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3. 7. 3. 3   Adj ust i ng,  I nspect i ng,  and Cl eani ng

Submi t  t est  r epor t s,  i n bookl et  f or m showi ng f i el d t est s per f or med t o 
adj ust  each component  and f i el d t est s per f or med t o pr ove compl i ance wi t h 
t he speci f i ed per f or mance cr i t er i a,  upon compl et i ng and t est i ng t he 
i nst al l ed syst em.   I ndi cat e t he f i nal  posi t i on of  cont r ol s i n each t est  
r epor t .   A wr i t t en st at ement  f r om t he manuf act ur er ' s r epr esent at i ve 
cer t i f y i ng t hat  combust i on cont r ol  equi pment  has been pr oper l y i nst al l ed 
and i s i n pr oper  oper at i ng condi t i on,  upon compl et i on of  t he 
i nst al l at i on.   I ncl ude act i on set t i ngs f or  aut omat i c cont r ol s i n t he f or m 
of  a t yped,  t abul at ed l i s t  i ndi cat i ng t he t ype of  cont r ol ,  l ocat i on,  
set t i ng,  and f unct i on.

a.   Thor oughl y c l ean i nsi de of  boi l er  by per f or mi ng boi l - out ,  f l ushi ng and 
cl eani ng i n accor dance wi t h manuf act ur er ' s i nst r uct i on pr i or  t o 
st ar t up.

b.   Make f i nal  adj ust ment  t o boi l er  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons,  but  no l ess t han f ol l owi ng:

( 1)   Ver i f y l ubr i cat i on of  movi ng par t s.

( 2)   Ver i f y f an r ot at i on di r ect i on.

( 3)   Adj ust  wat er  l evel  cont r ol  f or  pr oper  oper at i ng l evel .

( 4)   Adj ust  f i r i ng r at e cont r ol .

( 5)   Conf i r m oper at i on of  saf et y devi ces.

( 6)   Adj ust  cont r ol s and ver i f y oper at i on.

3. 7. 3. 4   Fi el d Qual i t y Cont r ol .

a.   Pr ovi de t r ai ned f i el d r epr esent at i ve t o super vi se i nst al l at i on of  
boi l er  and i t s component s.   I nspect  al i gnment  and bal anci ng of  
r ot at i ng and movi ng par t s.   Af t er  compl et i on of  i nst al l at i on,  pr ovi de 
ser vi ces of  f act or y- t r ai ned f i el d r epr esent at i ve t o st ar t  and adj ust  
boi l er .

b.   Pr ovi de t r ai ned f i el d r epr esent at i ve f or  f i nal  i nspect i on of  boi l er  
f or  pr oper  i nst al l at i on,  al i gnment  and l evel i ng pr i or  t o boi l er  
st ar t up.

c.   Coor di nat e wi t h ot her  r epr esent at i ves on st ar t up of  ot her  i t ems and 
bui l di ng ser vi ces as r equi r ed.

d.   Cont r act or ' s r epr esent at i ve must  be avai l abl e t o i nst r uct  and t r ai n 
Gover nment  per sonnel  f or  not  l ess t han t wo ( 2) days af t er  boi l er s ar e 
oper at i onal .

3. 7. 4   Gaseous Emi ssi ons Moni t or

Pr ovi de ext r act i ve or  i n- s i t u gaseous emi ssi ons moni t or .   Combi nat i on of  
ext r act i ve and i n- s i t u moni t or s i s not  accept abl e.   I ncl ude aut omat i c 
cal i br at i on checks.   Al ar m hor n and pr ovi de annunci at or  t o al ar m when any 
moni t or ed par amet er  i s out  of  r ange or  gaseous emi ssi on moni t or  
mal f unct i ons.   Const r uct  sur f aces exposed t o cor r osi ve gas of  boi l er  of  
noncor r osi ve mat er i al s such as 316 SS,  Tef l on or  Hast al l oy.
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a.   Mount  i n- s i t u gaseous emi ssi ons moni t or  on duct wor k at  l ocat i on [ shown 
on pl ans]  [ r ecommended by t he manuf act ur er ] .   Do not  af f ect  i n- s i t u 
syst em by pr esence of  par t i cul at e mat t er  i n f l ue gas.

b.   Pr ovi de [ wet ]  [ dr y]  [ di l ut ed]  ext r act i ve syst ems.   [ Pr ovi de 
r ack- mount ed anal yzi ng equi pment  f or  ext r act i ve syst em. ]  [ Locat e 
anal yzi ng equi pment  f or  ext r act i ve syst em i n a wal k- i n cabi net . ]

c.   Ar r ange equi pment  t o pr ovi de access f or  mai nt enance.   Heat  t r ace 
ext r act i ve syst em sampl i ng bet ween pr obes and anal yzer s t o mai nt ai n 
t emper at ur e r ecommended by manuf act ur er  when ambi ent  t emper at ur e i s 
[ _____] .   Mount  pr obes on duct wor k at  t he l ocat i on [ shown on t he 
pl ans]  [ r ecommended by manuf act ur er ] .

d.   Submi t  a Boi l er  Emi ssi ons Repor t  of  ai r  pol l ut ant s showi ng compl i ance 
wi t h t he l i mi t s est abl i shed i n t he envi r onment al  per mi t .

3. 7. 5   Fl ue Gas Fl ow Moni t or

Ut i l i ze pi t ot  t ube pr i nci pl e t o measur e f l ow.   Ensur e f l ue gas f l ow 
moni t or  pr obe i s acr oss- t he- duct  aver age pi t ot  t ube and pr oper l y desi gned 
and l ocat ed t o obt ai n r epr esent at i ve measur ement .   Use di f f er ent i al  
pr essur e t r ansmi t t er s t o sense t he di f f er ence bet ween t he st at i c and t ot al  
pr essur e of  t he f l owi ng f l ue gas st r eam.   Ar r ange l i nes t o pr event  
col l ect i on of  condensat e.   Pr ovi de pur ge syst em t o keep pi t ot  pr essur e 
t aps c l ear .

3. 7. 6   Test i ng

ASME PTC 19. 3 TW.

3. 7. 6. 1   Fact or y Test i ng

Pr ovi de boi l er s guar ant eed t o per f or m i n accor dance wi t h st at ed oper at i ng 
condi t i ons.   Compl et e packaged boi l er  must  be hydr ost at i cal l y and f i r e 
t est ed at  boi l er  manuf act ur er ' s f act or y t o check const r uct i on,  oper at i on 
and f unct i on of  al l  cont r ol s.   Submi t  cer t i f i cat i on of  f act or y t est s.   
Test s may be wi t nessed by Cont r act i ng Of f i cer  or  Repr esent at i ve of  
Cont r act i ng Of f i cer .   Not i f y Cont r act i ng Of f i cer  t wo weeks pr i or  t o 
f act or y t est i ng.

3. 7. 6. 2   Fi el d Test i ng

a.   Fur ni sh per sonnel ,  equi pment ,  i nst r ument at i on,  and suppl i es necessar y 
t o per f or m f i el d t est i ng.   Upon compl et i on,  and pr i or  t o accept ance of  
t he wor k,  subj ect  boi l er  pl ant  t o such oper at i ng t est s as may be 
r equi r ed t o demonst r at e sat i sf act or y f unct i onal  oper at i on of  t he 
pl ant ,  i ncl udi ng saf et y devi ces.   Conduct  oper at i ng t est s at  such 
t i mes as t he Cont r act i ng Of f i cer  may di r ect .

b.   Submi t  pr oposed t est  pr ocedur e t o Cont r act i ng Of f i cer ,  30 days pr i or  
t o t he pr oposed t est  dat e,  f or  appr oval .   I ncl ude a compl et e 
descr i pt i on of  t he pr oposed t est  wi t h cal i br at i on cur ves or  t est  
r esul t s f ur ni shed by an i ndependent  t est i ng l abor at or y of  each 
i nst r ument ,  met er ,  gauge,  and t her momet er  t o be used i n t he t est s.   Do 
not  commence t est  unt i l  t he pr ocedur e has been appr oved.   The 
Gover nment  wi l l  wi t ness t he f i el d t est s.   Obt ai n wr i t t en per mi ssi on 
f r om t he Cont r act i ng Of f i cer  bef or e pr oceedi ng wi t h t est i ng.   Test s 
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must  be super vi sed by r espect i ve manuf act ur er s.

c.   Tur n over  or i gi nal  copi es of  dat a pr oduced,  i ncl udi ng r esul t s of  each 
t est  pr ocedur e dur i ng f i el d t est i ng,  t o t he Gover nment  at  t he 
concl usi on of  t est i ng pr i or  t o Gover nment  appr oval  of  t he t est .

d.   Do not  schedul e t est i ng dur i ng seasonal  of f - per i ods of  heat i ng 
syst ems.   Per f or m t est i ng i n accor dance wi t h appr oved t est  
pr ocedur es.   Cover  act ual  equi pment  and f unct i ons speci f i ed f or  t he 
pr oj ect .

3. 7. 6. 3   Hydr ost at i c Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e boi l er  i sol at i on val ve t est  f or  
s i ngl e- boi l er  pl ant s.   Thi s t est  i s  cr i t i cal  f or  
mul t i pl e- boi l er  pl ant s as i t  ver i f i es t hat  
i ndi v i dual  boi l er s can be i sol at ed f or  mai nt enance 
or  r epl acement  whi l e t he st eam syst em i s i n 
oper at i on.

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

a.   Gener al :   Submi t  a wr i t t en f i el d hydr ost at i c t est  schedul e [ 7]  [ _____]  
days i n advance t o Cont r act i ng Of f i cer  f or  appr oval .   Schedul e wi l l  be 
appr oved by t he Cont r act i ng Of f i cer .

b.   Af t er  i nst al l at i on i s compl et ed and pr i or  t o st ar t up,  f ur ni sh t he 
ser vi ces of  l ocal  boi l er  and pr essur e vessel  i nspect or  t o obser ve 
f i el d hydr ost at i c t est ,  i nspect  i nst al l at i on and pi pi ng and cer t i f y 
t hat  i nst al l at i on i s i n accor dance wi t h ASME code.

c.   Fol l owi ng i nst al l at i on of  pi pi ng and boi l er  pl ant  equi pment ,  but  
bef or e appl i cat i on of  pi pi ng and boi l er  i nsul at i on,  compl et e a 
hydr ost at i c t est ,  i ncl udi ng boi l er  and associ at ed pi pi ng wi t hi n boi l er  
pl ant .   Pr ove syst em t i ght  f or  at  l east  t wo hour s under  gauge pr essur e 
of  1. 5 t i mes t he wor ki ng pr essur e speci f i ed and no l ess t han t he 
f ol l owi ng:

[ ( 1)   Low pr essur e l i nes up t o 448 kPa 65 psi g wor ki ng -  Test  pr essur e 
590 kPa 100 psi g. ]

[ ( 2)   Medi um pr essur e f r om 448 t o 690 kPa 65 t o 100 psi g,  wor ki ng -  
t est  pr essur e 1. 03 MPa 150 psi g. ]

[ ( 3)   Hi gh pr essur e 1. 03 MPa 150 psi g wor ki ng -  Test  pr essur e 1. 55 MPa 
225 psi g. ]

d.   Test  boi l er  i sol at i on val ves i ndi v i dual l y t o i sol at e agai nst  t he 
speci f i ed hydr ost at i c t est  pr essur e.   At  t he concl usi on of  t he syst em 
hydr ost at i c t est ,  c l ose each boi l er ' s i sol at i on val ves ( st eam 
di schar ge,  boi l er  f eedwat er ,  et c. ) ;  dr ai n down t he boi l er ;  and moni t or  
pr essur e on bot h s i des of  each i sol at i on val ve f or  a mi ni mum of  t wo 
hour s t o ver i f y t hat  t he val ves i sol at e each boi l er .

e  Test  boi l er s and i nspect  pi pi ng connect i ons by a cer t i f i ed boi l er  
i nspect or  f or  compl i ance wi t h ASME BPVC SEC I .

f .   Submi t  cer t i f i cat e of  compl i ance wi t h ASME BPVC SEC I  f or  each boi l er  
t o Cont r act i ng Of f i cer .
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3. 7. 6. 4   I nner  Casi ng Ai r  Test s f or  Packaged For ce Dr af t  Boi l er s

Fol l owi ng i nst al l at i on,  ai r  t est  each packaged f or ced dr af t  boi l er  up t o 
2. 5 kPa 10 i nches wat er  gauge.   Appl y soap f oam t o seams t o det ect  l eaks.   
Ensur e boi l er  does not  l ose mor e t han 1. 3 kPa 5 i nches wat er  gauge i n 10 
mi nut es.   Per f or m t hi s t est  pr i or  t o i nst al l i ng i nsul at i on.

3. 7. 6. 5   Ef f i c i ency and Capaci t y Test

a.   Run ef f i c i ency and capaci t y t est  on one boi l er  of  each si ze i nst al l ed,  
conduct  i n st r i ct  accor dance wi t h ASME PTC 4,  abbr evi at ed ef f i c i ency 
t est .

b.   Pr oper l y cal i br at e measur i ng devi ces used f or  measur i ng f eedwat er  
evapor at ed and amount  of  f uel  bur ned pr i or  t o t est .   Use wat er  f l ow 
met er  sui t abl e f or  hot  wat er .  Fur ni sh i nst r ument s,  t est  equi pment ,  
t est  per sonnel ,  and f uel  oi l  r equi r ed t o pr oper l y conduct  t est s.   
Submi t  a f uel  oi l  anal ysi s r epor t  of  I ndependent  Agency f or  f uel  oi l  
used dur i ng ef f i c i ency t est i ng.

c.   Cal i br at i on cur ves or  t est  r esul t s f ur ni shed by an i ndependent  t est i ng 
l abor at or y of  each i nst r ument ,  met er ,  gauge,  and f ur ni sh t her momet er  
t o be used i n t he ef f i c i ency and capaci t y t est  pr i or  t o t est .

d.   Obt ai n necessar y nat ur al  gas,  wat er  and el ect r i c i t y as speci f i ed i n 
t he [ SPECI AL CONTRACT REQUI REMENTS] [ Sect i on 01 50 00 TEMPORARY 
CONSTRUCTI ON FACI LI TI ES AND CONTROLS]   Pr ovi de necessar y quant i t i es of  
pr opane gas or  No.  [ _____]  f uel  oi l  when pr opane gas or  f uel  oi l  i s  
r equi r e f or  t est i ng.

e.   Conduct  ef f i c i ency and gener al  per f or mance t est s on boi l er  by a 
qual i f i ed t est  engi neer  f ur ni shed by Cont r act or .

TESTI NG AND PERFORMANCE

Per cent  of  Capaci t y

Ti me Wat er wal l  Wat er t ube
Boi l er s

Cyl i ndr i cal  Fur nace
Fi r et ube Goi l er s

Fi r st  1 hour 50 50

Next  2 hour s 75 75

Next  4 hour s 100 100

f .   Ef f i c i ency t est s may be conduct ed concur r ent l y wi t h oper at i ng t est s,  
or  separ at el y.   Ensur e t her mal  ef f i c i ency i s no l ess t han speci f i ed.   
Ensur e maxi mum moi st ur e cont ent  of  sat ur at ed st eam l eavi ng boi l er  i s  
as speci f i ed.

g.   Submi t  Per f or mance Test  r epor t  i ncl udi ng l ogs,  heat  bal ance 
cal cul at i ons,  and t abul at ed r esul t s t oget her  wi t h concl usi ons t o 
Cont r act i ng Of f i cer  i n quadr upl i cat e.

h.   Submi t  an anal ysi s by an i ndependent  t est i ng l abor at or y of  f uel  bei ng 
bur ned dur i ng t est  t o t he Cont r act i ng Of f i cer .   I ncl ude per t i nent  dat a 
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t abul at ed i n ASME PTC 4,  abbr evi at ed ef f i c i ency t est .

i .   Cont r act i ng Of f i cer  wi l l  obser ve and appr ove t est s.

3. 7. 6. 6   Cont r ol  Syst em Oper at i onal  Test i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  oper at i onal  f unct i onal  t est i ng,  consi der  
addi ng pr oj ect  speci f i c  equi pment  and sequences of  
oper at i on,  al ar ms and ot her  cr i t i cal  i nt er f ace 
poi nt s bet ween cont r act s ( such as mechani cal  and 
i nst r ument at i on)  f or  f i el d oper at i onal  t est s.   
Consi der  i nt egr at i ng t hese t est s i nt o a l ar ger  
pr oj ect  commi ssi oni ng pl an and speci f i cat i on.

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

a.   Conduct  f ul l  oper at i onal  t est  of  boi l er  pl ant  cont r ol  syst em t o 
demonst r at e compl i ance wi t h sequences of  oper at i on,  saf et y i nt er l ocks 
and cont r ol  f unct i ons of  t he speci f i cat i on.

b.   Fi el d I nst al l at i on Test :   Fol l owi ng t he i nst al l at i on of  t he cont r ol  
syst em,  al i gn and adj ust  al l  har dwar e,  and r ecor d al l  t est  r eadi ngs i n 
accor dance wi t h t he manuf act ur er  and i nst al l er  r ecommended t est s and 
mai nt enance pr ocedur es.   I ncl ude i n t he associ at ed t est  r epor t  a l i s t  
of  al l  har dwar e or  component s r epl aced or  changed bet ween t he 
compl et i on of  f act or y t est s and t he st ar t  of  f i el d i nst al l at i on t est .   
Demonst r at e al l  har dwar e t o be oper at i onal  by r unni ng of f - l i ne 
di agnost i cs.   I ncl ude el ect r i cal  cont i nui t y,  compl et e exer ci s i ng of  
each I nput  and Out put  poi nt ,  and si mul at i on of  each cont r ol  l oop.   
Consi der  f i el d i nst al l at i on t est  compl et e onl y af t er  al l  var i ances 
gener at ed dur i ng i nst al l at i on ar e r esol ved and t est ed.

c.   St ar t up Test  and Punchout :   Pr i or  t o on- l i ne oper at i on,  conduct  a 
compl et e demonst r at i on and r eadout  of  t he cont r ol  syst em scope of  
sur vei l l ance and cont r ol .   I ncl ude si mul at i on of  anal og i nput s and 
obser vat i on of  t he act i on of  syst em f i nal  cont r ol  el ement s.   Gener at e 
a har dcopy pr i nt out  and per f or m punchout  of  al l  I nput  and Out put  
poi nt s.   Submi t  st ar t up t est  har dcopy pr i nt out  t o Cont r act i ng Of f i cer  
t wo ( 2)  weeks pr i or  t o demonst r at i ng t he cont r ol  syst em.   Conduct  f ul l  
f unct i onal  t est  i n accor dance wi t h t he cont r ol  syst em sequences of  
oper at i on.   Conduct  st ar t up t est  and punchout  i n t he pr esence of  t he 
Cont r act i ng Of f i cer .   Not i f y t he Cont r act i ng Of f i cer  no l at er  t han t en 
days pr i or  t o schedul ed st ar t up t est i ng.

d.   Oper at i onal  Accept ance Test :   Af t er  al l  pr evi ous t est i ng has been 
successf ul l y compl et ed,  oper at e cont r ol  syst em f or  t hi r t y ( 30)  days t o 
t he compl et e sat i sf act i on of  t he Cont r act i ng Of f i cer .   Submi t  t o 
Cont r act i ng Of f i cer  a bound l og r epor t i ng al l  cont r ol  syst em f ai l ur es 
t hat  occur  r ed dur i ng oper at i onal  accept ance t est .   Show t he poi nt  
name and number ,  t i me and dat e of  f ai l ur e,  and t i me and dat e of  r et ur n 
t o ser vi ce.   Dur i ng t he 30- day accept ance t est ,  any oper at i onal  
f ai l ur es due t o mal f unct i on of  t he cont r ol  panel s,  wi r i ng,  or  Cont r ol  
Room Equi pment  must  r equi r e t hat  t he 30 day t est  begi n agai n when 
r epai r s ar e compl et ed.   Cor r ect  any f ai l ur es bet ween f i el d- sensi ng 
equi pment  and t he cont r ol  panel s,  and cont i nue t he t est i ng f r om t he 
day of  f ai l ur e.   Dur i ng t he l ast  seven cal endar  days of  t est i ng,  no 
f ai l ur es of  any k i nd wi l l  be accept ed or  r epeat  t he l ast  seven days.   
I f  t he season of  t he year  pr event s compl et e t est i ng of  any i ndi v i dual  
component  of  t he cont r ol  syst em,  accept ance wi l l  be condi t i onal  upon 
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t he successf ul  demonst r at i on of  t he speci f i c  component  at  t he 
appr opr i at e season.

e.   Fi nal  Accept ance:   The cont r ol  syst em wi l l  not  be consi der ed accept ed 
by t he Gover nment  unt i l  al l  t est s ar e successf ul l y compl et ed.   
Benef i c i al  use of  t he syst em by t he Gover nment  wi l l  not  be consi der ed 
as accept ance.   The Gover nment  wi l l  deem t he cont r ol  syst em t o be 
f ul l y accept ed when:

( 1)   St r uct ur ed,  unst r uct ur ed and avai l abi l i t y  t est s have been 
successf ul l y compl et ed,  and al l  i nci dent s and var i ances have been 
r esol ved t o t he Gover nment ' s sat i sf act i on.

( 2)   Document at i on and t r ai ni ng r equi r ement s have been compl et ed and 
ar e sat i sf act or y t o t he Gover nment .

( 3)   Mai nt enance and r el at ed cont r act s and r el eases of  subcont r act or s 
have been dul y execut ed and submi t t ed t o t he Gover nment .

( 4)   I dent i f i ed def ect s have been cor r ect ed t o t he Gover nment ' s 
sat i sf act i on.

3. 7. 6. 7   Boi l er  Room Panel s and I nst r ument s

Af t er  i nspect i ons of  i nst al l at i on and cal i br at i on of  i nst r ument s,  and 
af t er  boi l er  t est ,  pr ovi de a cer t i f i cat e of  compl i ance t o Cont r act i ng 
Of f i cer  st at i ng t hat  cont r ol s and i nst r ument at i on oper at e sat i sf act or i l y  
and wi t hi n t he oper at i ng par amet er s as speci f i ed f or  each f uel .   I f  uni t s 
f ai l  t o oper at e sat i sf act or i l y  or  f ai l  t o achi eve speci f i ed per f or mance,  
make adj ust ment s,  modi f i cat i ons,  r epai r s,  or  r epl acement s as necessar y at  
no addi t i onal  cost  unt i l  speci f i ed per f or mance has been achi eved and 
cer t i f i ed by Cont r act i ng Of f i cer .

3. 7. 6. 8   Tempor ar y Pi pi ng f or  Test i ng

Fur ni sh necessar y t empor ar y pi pi ng,  of  no l ess t han 100 mm 4 i nches i n 
di amet er ,  and pr ovi de a muf f l er  t o exhaust  excess st eam t o at mospher e i n 
event  boi l er  l oad i s i nsuf f i c i ent  t o meet  capaci t y speci f i ed.   Pr ovi de 
cont r ol  val ve f or  exhaust i ng excess st eam t o at mospher e i n a conveni ent  
l ocat i on i nsi de t he boi l er  r oom.   Pr ovi de i nst r ument s r equi r ed f or  
conduct i ng boi l er  t est s as descr i bed i n ASME PTC 4 and ASME PTC 19. 11.   
Pr ovi de t empor ar y pi pi ng,  val ves,  pi pe hanger s,  muf f l er s and t est  
equi pment  at  no addi t i onal  cost .   Muf f l er  must  have l evel  of  noi se of  
exhaust  st eam wi t hi n r equi r ement s as set  f or t h by Occupat i onal  Saf et y and 
Heal t h Act .

3. 7. 6. 9   Fuel  Bur ni ng Equi pment  Test i ng

a.   Test  f uel  bur ni ng equi pment  t o demonst r at e t hat  equi pment  i nst al l ed 
wi l l  meet  r equi r ement s of   speci f i cat i ons,  and t hat  over al l  ef f i c i ency 
i s as speci f i ed,  wi t h not  over  15 per cent  excess ai r ,  can be obt ai ned 
wi t h boi l er  oper at i ng at  100 per cent  capaci t y wi t hout  f l ame 
i mpi ngement  on any combust i on chamber  wal l ,  f l oor ,  baf f l e or  wat er t ube.

b.   I ncl ude al l  boi l er  and bur ner  i nt er l ocks,  saf et y i nt er l ocks,  
combust i on cont r ol s,  act uat or s,  val ves,  cont r ol l er s,  gauges,  
t her momet er s,  pi l ot  l i ght s,  swi t ches,  et c.  pr i or  t o combust i on 
t est i ng.   Repl ace al l  mal f unct i oni ng component s.   Submi t  an i t emi zed 
dat a r ecor d sheet  of  t hi s component  t est i ng.
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c.   Cal i br at e each boi l er  cont r ol  syst em and al l  boi l er  appur t enances and 
set  t o ensur e t he speci f i ed per f or mance.   Ensur e t he f uel  bur ner ,  
f or ced- dr af t  f an,  cont r ol s,  and ot her  such i t ems ar e f ul l y  
coor di nat ed,  manual l y capabl e,  and aut omat i cal l y cont r ol l abl e t o hol d 
t he r equi r ed set t i ngs.   Ensur e boi l er  f uel  bur ni ng syst em i s 
cont i nuousl y var i abl e t hr oughout  t he speci f i ed oper at i ng r ange wi t hout  
manual  adj ust ment  of  bur ner ,  r egi st er  or  nozzl e,  and achi eve t ur ndown 
wi t hout  manual  adj ust ment .   Ensur e t est i ng appar at us i s set  up,  
cal i br at ed,  t est ed and r eady f or  use pr i or  t o f i nal  combust i on 
t est i ng.   Fur ni sh cal i br at i on cer t i f i cat es f or  al l  t est  i nst r ument s 
wi t h t est  dat a.

3. 7. 6. 10   Deaer at i ng Feedwat er  Heat er  Test i ng

Test  deaer at i ng f eedwat er  heat er  t o demonst r at e t hat  equi pment  i nst al l ed 
meet s speci f i ed r equi r ement s as t o per f or mance,  capaci t y,  and qual i t y of  
ef f l uent .   Dur i ng oper at i ng t est  of  boi l er ,  conduct  t est s t o det er mi ne 
oxygen cont ent  i n accor dance wi t h ASTM D888,  Met hod B or  C,  or  ASTM D5543.   
Oper at e boi l er s at  var yi ng l oads,  up t o maxi mum heat er  capaci t y,  whi l e 
oxygen t est s ar e bei ng made.   Fur ni sh means and equi pment  t o per f or m t hi s 
t est .

3. 7. 6. 11   Wat er  Tr eat ment  Test i ng

Test  wat er  t r eat ment  equi pment  meet i ng r equi r ement s speci f i ed as t o capaci t y 
and qual i t y of  ef f l uent .   Test s f or  i on exchange uni t s must  cover  at  l east  2 
compl et e r egener at i ons and capaci t y r uns.   Test  f or  hot  pr ocess or  ot her  
pr eci pi t at i on t ype sof t ener s must  cover  a mi ni mum cont i nuous per i od of  48 
hour s wi t h sampl es bei ng t aken at  2 hour  i nt er val s.

3. 7. 6. 12   St eam Qual i t y Test i ng

Test  f or  st eam qual i t y and wat er  l evel  st abi l i t y  must  be si mul t aneous 
under  oper at i ng condi t i ons speci f i ed.

3. 7. 6. 13   Wat er  Level  St abi l i t y  Test i ng

Boi l er  wat er  l evel  st abi l i t y  must  be speci f i ed by boi l er  manuf act ur er  i n 
wr i t i ng t o Cont r act i ng Of f i cer  pr i or  t o t est .   Conduct  t est  f i r st  by use 
of  manual  bypass ar ound f eedwat er  r egul at or .   Repeat  t est  usi ng aut omat i c 
f eedwat er  r egul at or .   To be accept abl e,  boi l er  must  mai nt ai n speci f i ed 
wat er  l evel  st abi l i t y  as speci f i ed by boi l er  manuf act ur er  under  bot h 
condi t i ons.

3. 7. 6. 14   Test i ng of  Pi pi ng Syst ems

a.   Gener al :   Submi t  a wr i t t en schedul e 7 days i n advance of  t est  t o 
Cont r act i ng Of f i cer  f or  appr oval ,  and a det ai l ed manuf act ur er ' s 
accept ance t est i ng pl an,  f or  appr oval ,  f or  each i t em of  
i nst r ument at i on;  i ncl udi ng pr ocedur es f or  pr essur e t est i ng and r epai r  
of  pi pi ng and t ubi ng mat er i al s f ai l i ng pr essur e t est s.

b.   Hydr ost at i cal l y t est  pi pi ng bef or e pi pi ng i nsul at i on i s appl i ed.   
Ensur e hydr ost at i c t est  pr essur e at  any poi nt  i n pi pi ng syst em i s no 
l ess t han 1. 5 t i mes t he desi gn pr essur e,  but  does not  exceed t he 
maxi mum al l owabl e t est  pr essur e of  noni sol at ed component s.

c.   Test  under gr ound l i nes i n pr essur e ser vi ce pr i or  t o backf i l l i ng,  as 
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speci f i ed,  wi t h pr essur e t o be mai nt ai ned f or  12 hour s wi t hout  dr op.   
Fur ni sh accessor i es r equi r ed f or  t est .

d.   When par t i cul ar  c i r cumst ances pr ohi bi t  hydr ost at i c t est s,  Cont r act i ng 
Of f i cer  may exer ci se opt i on t o have Cont r act or  per f or m ai r  pr essur e 
and soap sol ut i on t est .   I f  t hi s t ype of  t est  i s  appr oved by 
Cont r act i ng Of f i cer ,  per f or m ai r  pr essur e and soap sol ut i on t est  at  
wel d and f l ange j oi nt s.   Ensur e pneumat i c t est  pr essur e i s no l ess 
t han 1. 2 nor  mor e t han 1. 5 t i mes t he desi gn pr essur e of  pi pi ng 
syst em.   Do not  exceed maxi mum al l owabl e t est  pr essur e of  non- i sol at ed 
component s.   Cor r ect  l eaks di scover ed dur i ng t est  and per f or m 
successi ve t est s.   Repeat  t est  unt i l  l eaks ar e seal ed.   Conduct  t est  
bef or e i nsul at i on i s appl i ed.   Use a por t abl e spr ayer  t o spr ay soap 
sol ut i on on j oi nt s t o det ect  l eaks.   Pr ovi de t empor ar y pumps and ai r  
compr essor s r equi r ed t o pr essur i ze syst em pr i or  t o and dur i ng t est s.   
Per f or m t est s i n accor dance wi t h ASME B31. 1.

3. 7. 7   Cl eani ng of  Boi l er  and Pi pi ng

Af t er  hydr ost at i c t est s have been made,  and pr i or  t o per f or mance of  
oper at i ng t est s,  t hor oughl y and ef f ect i vel y c l ean boi l er  of  f or ei gn 
mat er i al s by mechani cal  c l eani ng,  i ni t i al  chemi cal  c l eani ng,  a chemi cal  
boi l i ng per i od and f i nal l y by oper at i ng st eam syst em at  100 per cent  ( 100 
per cent )  makeup wat er  and wast i ng t he condensat e.   Submi t  pr ocedur e f or  
c l eani ng,  pr i or  t o connect i ng t ubi ng and pi pi ng t o i nst r ument s and pr i or  
t o pr essur e t est i ng,  t est  equi pment  use,  and cl eani ng af t er  compl et i on of  
t est i ng and i nst al l at i on.   Wher ever  possi bl e,  wi r e br ush wat er  cont act ed 
sur f aces t o r emove l oose mat er i al ,  t hen f i l l  boi l er  wi t h sol ut i on 
consi st i ng of  f ol l owi ng pr opor t i onal  i ngr edi ent s and ci r cul at e at  
appr oxi mat el y 207 t o 344 kPa 30 t o 50 psi g f or  per i od of  24 t o 48 hour s:

Caust i c soda 10. 9 kg 24 l bs

Di sodi um phosphat e,  anhydr ous 10. 9 kg 24 l bs

Sodi um ni t r at e 3. 6 kg 8 l bs

Appr oved wet t i ng agent 0. 23 kg 1/ 2 l b

Wat er 3, 785 l i t er s 1, 000 gal l ons

Di ssol ve chemi cal s i n pr opor t i ons above,  or  as appr oved by Cont r act i ng 
Of f i cer ,  t hor oughl y i n wat er  bef or e pl aci ng i n boi l er .   Af t er  t hi s i ni t i al  
chemi cal  c l eani ng,  dr ai n boi l er  and r ef i l l  wi t h t he above chemi cal  
sol ut i on and boi l  i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   
Af t er  speci f i ed boi l i ng per i od,  al l ow boi l er  t o cool ,  af t er  whi ch dr ai n 
boi l er  and t hor oughl y f l ush.   Fi nal l y,  c l ean pi pi ng by oper at i ng boi l er  
f or  per i od of  appr oxi mat el y 48 hour s wi t h 100 per cent  ( 100 per cent )  makeup 
wat er ,  wast i ng t he st eam and condensat e.

3. 7. 8   Boi l er  Wat er  Condi t i oni ng

Pr ovi de boi l er  wat er  condi t i oni ng by chemi cal  t r eat ment  and bl owdown 
dur i ng per i ods of  boi l er  oper at i on f r om t he i ni t i al  st ar t i ng of  syst em,  
t hr ough t est i ng per i od,  and t o f i nal  accept ance of  compl et ed wor k by t he 
Gover nment .   Use chemi cal s and t r eat ment  met hod appr oved by Cont r act i ng 
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Of f i cer .

3. 7. 9   Fuel  Oi l  Leak Test

Conduct  f uel  oi l  l eak t est s f or  t he under gr ound por t i on of  t he syst em i n 
accor dance wi t h Sect i on 33 56 10 FACTORY- FABRI CATED FUEL STORAGE TANKS.

3. 8   MANUFACTURER' S SERVI CES

Pr ovi de ser vi ces of  a manuf act ur er ' s r epr esent at i ve who i s exper i enced i n 
i nst al l at i on,  adj ust ment ,  and oper at i on of  equi pment  speci f i ed.   Super vi se 
i nst al l i ng,  adj ust i ng,  and t est i ng of  equi pment .   Cont r act or  per sonnel  
wi l l  not  be al l owed t o r ender  speci f i ed ser vi ces.   Manuf act ur er ' s t est  
r epr esent at i ves must  be on manuf act ur er ' s payr ol l  on a cont i nui ng ei ght  
hour  pay basi s,  especi al l y t r ai ned,  and r egul ar l y r ender i ng such ser vi ces.

3. 9   FI ELD TRAI NI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consul t  equi pment  manuf act ur er  f or  hour s 
r equi r ed t o t r ai n pl ant  per sonnel  f or  equi pment  
oper at i on and t hen i nser t  t he hour s.

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

a.   Pr ovi de f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng st af f  member s.   
Pr ovi de t r ai ni ng f or  a t ot al  per i od of  [ _____]  hour s of  nor mal  wor ki ng 
t i me and st ar t  af t er  syst em i s f unct i onal l y compl et e,  but  pr i or  t o 
f i nal  accept ance t est s.   Cover  i t ems cont ai ned i n appr oved oper at i on 
and mai nt enance i nst r uct i ons as wel l  as demonst r at i ons of  r out i ne 
mai nt enance oper at i ons.   Not i f y Cont r act i i n wr i t i ng at  l east  14 days 
pr i or  t o st ar t  of  t r ai ni ng.

b.   Submi t  [ 6]  [ _____]  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.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce 
manual  and a br i ef  descr i pt i on of  equi pment  and t hei r  basi c oper at i ng 
f eat ur es.

c.   Submi t  [ 6]  [ _____]  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 s,  
pr event at i ve mai nt enance schedul e,  and t r oubl eshoot i ng gui des.   
I ncl ude pi pi ng l ayout ,  equi pment  l ayout ,  and si 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.   Al so i ncl ude equi pment  
l ubr i cat i on r equi r ement s and schedul es,  r ecommended spar e par t s l i s t ,  
i ndex,  i nst r uct i on book bi nder s wi t h har d back cover s and pr i nt i ng t o 
i dent i f y t he name of  t he f aci l i t y ,  Gover nment  ent i t y oper at i ng t he 
f aci l i t y ,  Cont r act or ,  shop or der ,  equi pment ,  and vol ume number  i f  
r equi r ed.   Obt ai n appr oval  of  oper at i on and mai nt enance manual s pr i or  
t o t he t r ai ni ng cour se.

d.   Pr ovi de a mi ni mum of  [ _____]  days of  t r ai ni ng f or  [ _____]  of  
Gover nment ' s r epr esent at i ves at  [ pl ant  s i t e]  [ f act or y] .   Tr ai ni ng 
i ncl udes,  but  i s not  l i mi t ed by t he f ol l owi ng:

( 1)   Use of  oper at i ng consol e di spl ay;  t hei r  i nt er f ace wi t h pr ocess;  
t hei r  ai d i n syst em di agnost i cs;  al l  wi t h hands on exper i ence wi t h 
equi pment  f or  t r ai nees.

( 2)   Tr ai ni ng t o emphasi ze pr ocess cont r ol  t echni ques,  wi t h 
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demonst r at i ons t o show var i at i ons t hat  can be i mpl ement ed wi t h 
al gor i t hms and syst em conf i gur at i on i nst r uct i ons.

( 3)   Tr ai ni ng t o acquai nt  t he oper at or s wi t h speci f i cs of  t hi s 
pr ocess,  and how syst em oper at es.

( 4)   Tr ai ni ng t o i ncl ude t heor y of  oper at i on,  mai nt enance,  and 
t r oubl eshoot i ng t echni ques,  usi ng f l ow char t s and di agnost i cs wi t h 
equi pment  i n oper at i on,  and f r 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,  t o be 
post ed wher e di r ect ed.   Fr ame condensed oper at i ng i nst r uct i ons,  
pr epar ed i n t yped f or m,  as speci f i ed above and post  besi de t he 
di agr ams.   Post  f r amed i nst r uct i ons bef or e accept ance t est i ng of  
t he syst ems.

e.   Vi deo t ape f i el d t r ai ni ng.   Pr ovi de r epr oduci bl e copi es of  each 
t r ai ni ng sessi on vi deo t ape,  pr i nt ed t r ai ni ng mat er i al s f or  each 
desi gnat ed oper at i ng st af f  member ,  and t wo spar e copi es f or  f i l e.

SECTI ON 23 52 30. 02 10  Page 108



TABLE I .   PI PE

Ser vi ce Pr essur e,  kPa
 psi g

Mat er i al Speci f i cat i on Type

St eam 0- 10300- 150 St d.  wt .  bl ack 
st eel

 ASTM A53/ A53M Type E or  S,  
Gr ade A

Condensat e r et ur n 0- 17000- 250 Ext r a st r ong 
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Boi l er  f eed & 
bl owof f  l i nes

0- 10300- 150 Ext r a st r ong 
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Feedwat er  pi pi ng 0- 10300- 150 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Wat er  col umn ( a) 0- 10300- 150 Ext r a st r ong 
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Vent  & pi pe 0- 1700- 25 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Compr essed ai r 0- 8600- 125 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Gauge pi pi ng 0- 1700- 25 Copper  t ubi ng ASTM B88MASTM B88 Type K or  L

Dr af t  gauge & 
Oxygen r ecor der

0- 1700- 25 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Abovegr ound Fuel  
oi l  ( No.  2)

0- 10300- 150 Copper  t ubi ng ASTM B88MASTM B88 Type K or  L

Fi ber gl ass ( b) API  Spec 15LR or
UL appr oved

[ _____]

St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E or  S 
Gr ade A or  B

Sched 40 
seaml ess or  
El ec.  wel ded 
st eel

API  Spec 5L Gr ade A or  B

Abovegr ound Fuel  
oi l  ( Nos.  4,  5 & 
6)

0- 10300- 150 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Cont r ol  ai r 0- 10300- 150 Copper  t ubi ng ASTM B68/ B68M [ _____]

St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Nat ur al  gas 0- 1050- 75 St d wei ght  
bl ack st eel

 ASTM A53/ A53M Type E,  Gr ade A

Not e a:   No bendi ng of  pi pe wi l l  be per mi t t ed.

Not e b:   For  bur i ed ser vi ce onl y.
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TABLE I I .   FI TTI NGS

Ser vi ce Si ze Ti t l e Mat er i al s Speci f i cat i on

St eam 38 mm 1. 5 
i nches and under

Scr ewed or  
Socket  wel ded

St eel ASME B16. 11

50 mm 2 i nches 
and l ar ger

Fl anged or  But t  
wel ded

St eel ASME B16. 5,  
ASME B16. 9

Condensat e 
r et ur n

38 mm 1. 5 
i nches and under

Scr ewed or  
Socket  wel ded

St eel ASME B16. 11 
ext r a st r ong

50 mm 2 i nches 
and l ar ger

But t  wel ded St eel ASME B16. 9 
ext r a st r ong

Vent  pi pe 38 mm 1. 5 
i nches and under

Scr ewed St eel ASME B16. 9

50 mm 2 i nches 
and l ar ger

But t  wel ded St eel ASME B16. 9

Compr essed ai r 38 mm 1. 5 
i nches and under

Scr ewed Zi nc- coat ed 
mal l eabl e i r on

ASME B16. 3

50 mm 2 i nches 
and l ar ger

But t  wel ded St eel ASME B16. 9

Boi l er  f eed 38 mm 1. 5 
i nches and under

Scr ewed or  
Socket  wel ded

St eel ASME B16. 11 
ext r a st r ong

38 mm 1. 5 
i nches and under

But t  wel ded St eel ASME B16. 9 
ext r a st r ong

Feedwat er  pi pe 38 mm 1. 5 
i nches and under

Scr ewed St eel ASME B16. 9

50 mm 2 i nches 
and l ar ger

But t  wel ded St eel ASME B16. 9

Bl owof f  l i nes 38 mm 1. 5 
i nches and under

But t  wel ded St eel ASME B16. 9 
ext r a st r ong

50 mm 2 i nches 
and l ar ger

Socket  wel ded St eel ASME B16. 11 
ext r a st r ong

Fl anged wi t h 
l ong r adi us 
el bows

St eel ASME B16. 5

Wat er  col umn 
pi pi ng

38 mm 1. 5 
i nches and under

Scr ewed ext r a st r ong

Dr af t  gauge and 

O2 r ecor der

Al l Scr ewed

Fuel  oi l  ( a) Al l Scr ewed,  Fl ar ed 
or  br azed

Cast  or  wr ought  
br onze

ASME B16. 18 
ASME B16. 26

Gauge pi pe Al l Fl ar ed or  
sol der ed

Cast  or  wr ought  
br onze

ASME B16. 18 
ASME B16. 26

SECTI ON 23 52 30. 02 10  Page 110



TABLE I I .   FI TTI NGS

Ser vi ce Si ze Ti t l e Mat er i al s Speci f i cat i on

Nat ur al  gas 38 mm 1. 5 
i nches and under

Socket  wel ded ASME B16. 11

50 mm 2 i nches 
and l ar ger

But t  wel ded ASME B16. 9

Not e a:   Conf or m t o ASME B31. 1 f or  wal l  t hi ckness.   Mat ch r equi r ement s f or  st eam 
pi pi ng.

        - -  End of  Sect i on - -
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