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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  bot h f i r e- t ube and wat er - t ube heat  
r ecover y,  st eam gener at i ng boi l er s wi t h i ndi v i dual  
capaci t i es f r om 907 t o 136, 000 kg 2, 000 t o 300, 000 
pounds of  st eam per  hour .

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
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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.

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

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

AMCA 99 ( 2016)  St andar ds Handbook

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

AMERI CAN BOI LER MANUFACTURERS ASSOCI ATI ON ( ABMA/ BOI L)

ABMA Boi l er  402 ( 2012)  Boi l er  Wat er  Qual i t y Requi r ement s 
and Associ at ed St eam Qual i t y f or  
I ndust r i al / Commer ci al  and I nst i t ut i onal  
Boilers

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  STD 610 ( 2010;  Er r at a 2011)  Cent r i f ugal  Pumps f or  
Pet r ol eum,  Pet r ochemi cal ,  and Nat ur al  Gas 
Industries

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS B2. 1/ B2. 1M ( 2014;  Er r at a 2015)  Speci f i cat i on f or  
Wel di ng Pr ocedur e and Per f or mance 
Qualification

ASME I NTERNATI ONAL ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2015)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 1 ( 2016;  Er r at a 2016)  Power  Pi pi ng
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ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

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 V ( 2017)  BPVC Sect i on I V- Rul es f or  
Const r uct i on of  Heat i ng Boi l er 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 
Qualifications

ASME BPVC SEC VI I I  D1 ( 2017)  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 ( 2016)  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 MFC- 3M ( 2004;  Addenda A 2007;  R 2017)  Measur ement  
of  Fl ui d Fl ow i n Pi pes Usi ng Or i f i ce,  
Nozzl e,  and Vent ur i

ASME PTC 10 ( 1997;  R 2014)  Per f or mance Test  Code on 
Compr essor s and Exhaust er s

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

ASME PTC 19. 10 ( 1981)  Fl ue and Exhaust  Gas Anal yses

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  
Cycle

ASME PTC 19. 2 ( 2010;  R 2015)  Pr essur e Measur ement

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

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM A106/ A106M ( 2018)  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 
Service

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2016)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Hardware

ASTM A179/ A179M ( 1990;  R 2012)  St andar d Speci f i cat i on f or  
Seaml ess Col d- Dr awn Low- Car bon St eel  
Heat - Exchanger  and Condenser  Tubes
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ASTM A192/ A192M ( 2002;  R 2012)  St andar d Speci f i cat i on f or  
Seaml ess Car bon St eel  Boi l er  Tubes f or  
Hi gh- Pr essur e Ser vi ce

ASTM A242/ A242M ( 2013;  R 2018)  St andar d Speci f i cat i on f or  
Hi gh- St r engt h Low- Al l oy St r uct ur al  St eel

ASTM A249/ A249M ( 2016a)  St andar d Speci f i cat i on f or  Wel ded 
Aust eni t i c  St eel  Boi l er ,  Super heat er ,  
Heat - Exchanger ,  and Condenser  Tubes

ASTM A278/ A278M ( 2015)  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 A285/ A285M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  Low-  and 
I nt er medi at e- Tensi l e St r engt h

ASTM A297/ A297M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  I r on- Chr omi um and 
I r on- Chr omi um- Ni ckel ,  Heat  Resi st ant ,  f or  
Gener al  Appl i cat i on

ASTM A307 ( 2014;  E 2017)  St andar d Speci f i cat i on f or  
Car bon St eel  Bol t s,  St uds,  and Thr eaded 
Rod 60 000 PSI  Tensi l e St r engt h

ASTM A319 ( 1971;  R 2011)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  El evat ed 
Temper at ur es f or  Non- Pr essur e Cont ai ni ng 
Parts

ASTM A325 ( 2014)  St andar d Speci f i cat i on f or  
St r uct ur al  Bol t s ,  St eel ,  Heat  Tr eat ed,  
120/ 105 ksi  Mi ni mum Tensi l e St r engt h

ASTM A325M ( 2014)  St andar d Speci f i cat i on f or  
St r uct ur al  Bol t s ,  St eel ,  Heat  Tr eat ed,  830 
MPa Mi ni mum Tensi l e St r engt h ( Met r i c)

ASTM A350/ A350M ( 2017)  St andar d Speci f i cat i on f or  Car bon 
and Low- Al l oy St eel  For gi ngs,  Requi r i ng 
Not ch Toughness Test i ng f or  Pi pi ng 
Components

ASTM A36/ A36M ( 2014)  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 2012)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A515/ A515M ( 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  
I nt er medi at e-  and Hi gher - Temper at ur e 
Service

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

ASTM A688/ A688M ( 2015)  St andar d Speci f i cat i on f or  Wel ded 
Aust eni t i c  St ai nl ess St eel  Feedwat er  
Heat er  Tubes

ASTM B111/ B111M ( 2018)  St andar d Speci f i cat i on f or  Copper  
and Copper - Al l oy Seaml ess Condenser  Tubes 
and Fer r ul e St ock

ASTM B117 ( 2016)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B61 ( 2015)  St andar d Speci f i cat i on f or  St eam or  
Val ve Br onze Cast i ngs

ASTM B633 ( 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Zi nc on I r on 
and St eel

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 B766 ( 1986;  R 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Cadmi um

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

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

ASTM C155 ( 1997;  R 2013)  St andar d Speci f i cat i on f or  
I nsul at i ng Fi r ebr i ck

ASTM C27 ( 1998;  R 2008)  Fi r ecl ay and Hi gh- Al umi na 
Ref r act or y Br i ck

ASTM C401 ( 2012)  Al umi na and Al umi na- Si l i cat e 
Cast abl e Ref r act or i es

ASTM C612 ( 2014)  Mi ner al  Fi ber  Bl ock and Boar d 
Ther mal  I nsul at i on

ASTM D1066 ( 2011)  Sampl i ng St eam

ASTM D2186 ( 2005;  R 2009)  Deposi t - For mi ng I mpur i t i es 
i n St eam

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

ASTM E230/ E230M ( 2012)  St andar d Speci f i cat i on and 
Temper at ur e- El ect r omot i ve For ce ( emf )  
Tabl es f or  St andar di zed Ther mocoupl es

ASTM F1097 ( 2017)  St andar d Speci f i cat i on f or  Mor t ar ,  
Ref r act or y ( Hi gh- Temper at ur e,  Ai r - Set t i ng)
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COMPRESSED AI R AND GAS I NSTI TUTE ( CAGI )

CAGI  B19. 1 ( 2010)  Saf et y St andar d f or  Compr essor  
Systems

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
http://www.approvalguide.com/

HEAT EXCHANGE I NSTI TUTE ( HEI )

HEI  2622 ( 2009)  St andar ds f or  Cl osed Feedwat er  
Heat er s;  8t h Edi t i on

HEI  2623 ( 2004)  St andar ds f or  Power  Pl ant  Heat  
Exchangers

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

I SA 7. 0. 01 ( 1996)  Qual i t y St andar d f or  I nst r ument  Ai r

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 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

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

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

NFPA 211 ( 2016)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

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

NFPA 85 ( 2015;  Er r at a 1 2015;  ERTA 2 2016)  Boi l er  
and Combust i on Syst ems Hazar ds Code

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
(SMACNA)

SMACNA 1966 ( 2005)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  3r d Edi t i on

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J534 ( 2015)  Lubr i cat i on Fi t t i ngs
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U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 353 ( 1994;  Repr i nt  Nov 2011)  St andar d f or  
Li mi t  Cont r ol s

UL 50 ( 2015)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

1. 2   SUMMARY

**************************************************************************
NOTE:   St eam oper at i ng pr essur es wi l l  cover  a r ange 
up t o 3. 45 MPa 500 psi g.   However ,  f i r e- t ube boi l er s 
ar e not  gener al l y  avai l abl e above 2. 07 MPa 300 psi g.   
Thi s speci f i cat i on i s i nt ended t o be used pr i mar i l y  
wi t h heat  r ecover y i nci ner at or s ( Sect i on 11 82 20 
I NCI NERATORS,  GENERAL PURPOSE) ,  but  may be used i n 
ot her  wast e heat  appl i cat i ons.

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

Pr ovi de a f aci l i t y  consi st i ng of  [ _____]  compl et e st eam gener at i on syst ems 
( uni t  syst ems)  wi t h connect i ons t o t he st eam di st r i but i on and condensat e 
r et ur n syst ems and auxi l i ar y equi pment .   Combust i on equi pment  ( heat  sour ce)  
i s  descr i bed i n Sect i on [ 23 52 49. 00 20 STEAM BOI LERS AND EQUI PMENT 
( 500, 000 -  18, 000, 000 BTU/ HR) ] [ 23 52 53. 00 20 STEAM BOI LERS AND EQUI PMENT 
( 18, 000, 000 -  60, 000, 000 BTU/ HR) ] .   Each st eam boi l er  shal l  be capabl e of  
f ul l y  i ndependent  or  s i mul t aneous oper at i on.   The nor mal  mode of  oper at i on 
shal l  be t he same as f or  t he heat  sour ce.   Combi nat i on of  uni t  syst ems 
shal l  be var i ed t o opt i mi ze r unni ng t i mes;  t her ef or e each uni t  syst em shal l  
pr ovi de i dent i cal  f eat ur es t o pr ovi de r edundancy and capabi l i t y  f or  
mai nt ai ni ng cont i nuous oper at i on of  t he f aci l i t y  at  f ul l  r at ed capaci t y.

1. 3   SUBMITTALS

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

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

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

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

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

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

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

SD- 02 Shop Dr awi ngs

Det ai l ed Dr awi ngs
Boi l er  Set t i ng

SD- 03 Pr oduct  Dat a

Suppor t  St eel
Spar e Par t s
Welding
Fr amed I nst r uct i ons
Per f or mance Test s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Testing

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

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

1. 4   QUALI TY ASSURANCE

1. 4. 1   Welding

**************************************************************************
NOTE:   Wher e pi pel i ne,  st r uct ur al ,  or  ot her  wel di ng 
i s r equi r ed on t he same pr oj ect ,  t est s wi l l  be 
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r equi r ed accor di ngl y.   Test i ng may be by t he coupon 
met hod as pr escr i bed i n t he wel di ng code or  by 
speci al  r adi ogr aphi c met hods.

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

Per f or m al l  wel di 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.   Pr ocedur es and 
wel der s shal l  be qual i f i ed i n accor dance wi t h AWS B2. 1/ B2. 1M or  
ASME BPVC SEC I X as appl i cabl e.   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.   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.   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 t o 
be per f or med at  t he wor k s i t e i f  pr act i cabl e.   The wel der  or  wel di ng 
oper at or  shal l  appl y hi s assi gned symbol  near  each wel d he makes as a 
per manent  r ecor d.   The wel der s mar k shal l  not  def or m or  r emove met al .   
St r uct ur al  member s shal l  be wel ded i n accor dance wi t h Sect i on 05 05 23. 16 
STRUCTURAL WELDI NG.

1. 4. 2   Conf or mance wi t h Agency Requi r ement s

**************************************************************************
NOTE:   I n l i eu of  t he l abel  or  l i s t i ng,  t he 
Cont r act or  may submi t  a wr i t t en cer t i f i cat e f r om any 
nat i onal l y r ecogni zed t est i ng or gani zat i on 
adequat el y equi pped and compet ent  t o per f or m such 
ser vi ces,  st at i ng t hat  t he i t ems have been t est ed 
and t hat  t he uni t s conf or m t o t he r equi r ement s,  
i ncl udi ng met hods of  t est i ng,  of  t he speci f i ed 
agency.

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

Wher e mat er i al s or  equi pment  ar e speci f i ed t o conf or m t o t he r equi r ement s 
of ,  or  l i s t ed i n r at i ng publ i cat i ons of  nat i onal  agenci es,  pr oof  of  such 
conf or mance shal l  be submi t t ed.   The l abel  or  l i s t i ng of  t he speci f i ed 
agency wi l l  be accept abl e evi dence.   Wher e equi pment  i s  speci f i ed t o 
conf or m t o t he r equi r ement s of  t he ASME Boi l er  and Pr essur e Vessel  Code,  
t he desi gn,  f abr i cat i on,  t est i ng,  and i nst al l at i on shal l  conf or m t o t he 
code i n ever y subj ect .

1. 4. 3   Det ai l ed Dr awi ngs

Submi t  det ai l ed dr awi ngs,  f or  t he speci f i c  equi pment  bei ng pr oposed,  
consi st i ng of  schedul es,  per f or mance char t s,  br ochur es,  di agr ams,  dr awi ngs 
( i ncl udi ng i l l ust r at i ons and equi pment  pl acement  el evat i ons) ,  i nst r uct i ons,  
a compl et e l i s t  of  equi pment  and mat er i al s,  and ot her  i nf or mat i on 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.   
I ndi cat e on t he dr awi ngs c l ear ances r equi r ed f or  mai nt enance and oper at i on 
and show compl et e wi r i ng and schemat i c di agr ams,  equi pment  l ayout  and 
anchor age,  and any ot her  det ai l s  r equi r ed t o demonst r at e t hat  t he syst em 
has been coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Li st  of  
mat er i al s and equi pment  shal l  be suppor t ed by descr i pt i ve mat er i al ,  such as 
cat al og cut s,  det ai l i ng conf or mance wi t h t he speci f i cat i on r equi r ement s.   
Cat al og number s al one wi l l  not  be accept abl e.   Dat a shal l  i ncl ude t he name 
and addr ess of  t he near est  ser vi ce and mai nt enance or gani zat i on.   I ncl ude 
on t he det ai l  dr awi ngs equi pment  connect i ons,  compl et e cont r ol  wi r i ng,  
connect i on di agr ams,  t he pr oposed pl an,  el evat i ons,  cr oss sect i on 
ar r angement s,  and di mensi ons of  t he boi l er  syst ems.   Show on t he dr awi ngs 
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pr oposed l ayout  of  equi pment  and appur t enances,  and t hei r  r el at i onshi p t o 
ot her  par t s of  t he wor k t o est abl i sh t hat  t he equi pment  wi l l  f i t  t he 
al l ot t ed spaces wi t h c l ear ance f or  i nst al l at i on and mai nt enance.   I f  
depar t ur es f r om t he cont r act  dr awi ngs ar e deemed necessar y by t he 
Cont r act or ,  det ai l s  of  such depar t ur es,  i ncl udi ng changes i n r el at ed 
por t i ons of  t he pr oj ect  and t he r easons t her ef or e,  shal l  be i ncl uded wi t h 
t he dr awi ngs.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

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

1. 6   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  t he det ai l  dr awi ngs and not  l at er  t han [ _____]  mont hs 
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 ce of  
suppl y,  and a l i s t  of  t he par t s r ecommended by t he manuf act ur er  t o be 
mai nt ai ned i n i nvent or y f or  [ _____]  mont hs of  f aci l i t y  oper at i on.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr ovi de mat er i al ,  equi pment ,  and cont r ol s 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  t he pr oduct  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 on at  
l east  [ t hr ee]  [ _____]  j obs f or  at  l east  2 year s pr i or  t o bi d openi ng.   To 
meet  t he 2 year  exper i ence cr i t er i a,  t he heat  r ecover y boi l er  shal l  be 
coupl ed wi t h t he same t ype of  combust i on equi pment  as st at ed i n t he bi d 
package.   Equi pment  shal l  be suppor t ed by a ser vi ce or gani zat i on t hat  i s ,  
i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  r easonabl y conveni ent  t o t he 
pl ant  s i t e.   Cont r ol s shal l  be of  a t ype t hat  has gi ven sat i sf act or y f i el d 
per f or mance under  nor mal  oper at i ng condi t i ons f or  not  l ess t han 2 year s or  
6000 hour s bef or e t he awar d of  t he cont r act .   Types t hat  have been shown t o 
have oper at ed sat i sf act or i l y  f or  t hese per i ods may have modi f i cat i ons,  
pr ovi ded i t  can be shown t hat  t he modi f i cat i ons wi l l  not  i ncr ease 
mai nt enance and oper at i ng cost s and wi l l  not  decr ease t he l i f e of  t he 
equipment.

2. 1. 1   Nameplates

Secur e a pl at e t o each maj or  i t em of  equi pment  cont ai ni ng t he 
manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  number ,  ser i al  number ,  
and appl i cabl e equi pment  r at i ng.   Al so af f i x  t he ENERGY STAR l abel  t o t he 
equi pment  as appl i cabl e.   Conf or m namepl at es f or  el ect r i cal  appar at us t o 
t he appl i cabl e NEMA St andar ds.

2. 1. 2   Equi pment  Guar ds and Access

**************************************************************************
NOTE:   Cat wal k,  l adder ,  and guar dr ai l  r equi r ement s 
wi l l  be i ndi cat ed on t he dr awi ngs.

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

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 sonnel  cont act .   
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Hi gh- t emper at ur e equi pment  and pi pi ng over  66 degr ees C 150 degr ees F 
exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a f i r e hazar d shal l  be 
pr oper l y guar ded or  cover ed wi t h i nsul at i on of  a 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,  const r uct ed i n accor dance wi t h Sect i on [ 05 50 13 MI SCELLANEOUS METAL 
FABRI CATI ONS] [ 05 51 33 METAL LADDERS] .

2. 1. 3   Pr event i on of  Rust

Unl ess ot her wi se speci f i ed,  sur f aces of  f er r ous met al  subj ect  t o cor r osi on 
shal l  be f act or y pr i me pai nt ed 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 ed i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce.   Equi pment  exposed t o hi gh t emper at ur e when i n ser vi ce 
shal l  be pr i med and f i ni sh pai nt ed 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 .   The f i ni sh pai nt  
shal l  be a l i ght  col or .

2. 1. 4   Use of  Asbest os Pr oduct s

**************************************************************************
NOTE:   The f i r st  c l ause i n br acket s shoul d be used 
when i t  i s  known t hat  subst i t ut es ar e avai l abl e f or  
any asbest os pr oduct s whi ch mi ght  be i ncl uded wi t h 
t he equi pment .   The second cl ause i n br acket s shoul d 
be used when i t  i s  possi bl e or  def i ni t el y known t hat  
asbest os pr oduct s f or  whi ch no t echni cal l y 
accept abl e subst i t ut e exi st s may be i ncl uded wi t h 
t he equi pment .

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

[ Pr oduct s whi ch 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 and 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 . ]   [ Except  as 
pr ovi ded bel ow,  asbest os pr oduct s ar e accept abl e onl y i n except i onal  cases 
wher e t he Cont r act or  st at es i n wr i t i ng t hat  no sui t abl e subst i t ut e mat er i al  
exi st s,  and i n addi t i on,  t he Cont r act or  f ur ni shes t o t he Cont r act i ng 
Of f i cer  a copy of  U. S.  Depar t ment  of  Labor ,  Occupat i onal  Saf et y and Heal t h 
Admi ni st r at i on,  " Saf et y Dat a Sheet "  ( For m OSHA- 20) ,  compl et ed by t he 
asbest os manuf act ur er  st at i ng t hat  t he pr oduct  i s  not  an asbest os heal t h 
hazard.]

2. 2   BOILERS

**************************************************************************
NOTE:   Sel ect  t he appr opr i at e ASME St andar d f or  t he 
desi r ed pr essur e c l ass and ser vi ce speci f i ed.

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

Each boi l er  syst em shal l  have t he capaci t y descr i bed her ei n and as shown on 
t he cont r act  dr awi ngs.   The equi pment  desi gn and accessor y i nst al l at i ons 
shal l  per mi t  accessi bi l i t y  f or  mai nt enance and ser vi ce.   Boi l er s shal l  be 
desi gned f or  a maxi mum al l owabl e wor ki ng pr essur e of  [ _____]  kPa psi g wi t h 
an oper at i ng pr essur e of  [ _____]  kPa psi g.   Desi gn condi t i ons shal l  be as 
follows:

Rat ed capaci t y [ _____]  kg/ hour  pounds/ hour
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St eam out l et  t emper at ur e [ _____]  degr ees C degr ees F

Si t e el evat i on [ _____]  met er s f eet

Ambi ent  ai r  t emper at ur es [ _____]  t o [ _____]  degr ees C [ _____]  t o [ _____]  
degr ees F

Ref er ence ai r  t emper at ur e 27 degr ees C 80 degr ees F

The boi l er  shal l  be capabl e of  oper at i ng cont i nuousl y at  maxi mum speci f i ed 
capaci t y wi t hout  damage or  det er i or at i on t o t he boi l er ,  set t i ng,  heat  
sour ce equi pment ,  or  auxi l i ar i es.   The boi l er  shal l  be capabl e of  
aut omat i cal l y  cont r ol l ed oper at i on whi l e coupl ed t o t he heat  sour ce.   
Desi gn of  t he equi pment  shal l  be i n accor dance wi t h t he l at est  ASME 
Standards; ASME BPVC SEC I , ASME BPVC SEC I V,  and ASME BPVC SEC VI I I  D1.   
Cer t i f i cat i on of  such compl i ance shal l  be evi denced by appl i cabl e " P"  f or ms 
bef or e accept ance of  t he f aci l i t y  by t he Gover nment .   Boi l er  pi pi ng shal l  
be pr ovi ded under  ASME B31. 1.   Each boi l er  shal l  be equi pped wi t h an 
[ economi zer ]  [ ai r  pr eheat er ] .   Boi l er  uni t  or  heat  r ecover y sect i on shal l  
be a st andar d par t  of  a st eam gener at i on syst em package cl osel y coupl ed t o 
t he combust i on equi pment .

2. 2. 1   Capacity

Rat ed capaci t y shal l  be t he capaci t y at  whi ch t he boi l er s wi l l  oper at e 
cont i nuousl y wi t hout  exceedi ng t he speci f i ed boi l er  heat  t r ansf er  r at es,  
and boi l er  exi t  t emper at ur e.   Boi l er  auxi l i ar i es i ncl udi ng f ans,  mot or s,  
dr i ves,  and si mi l ar  equi pment  shal l  be pr ovi ded wi t h at  l east  10 per cent  
excess capaci t y t o al l ow f or  f i el d var i at i ons i n set t i ngs and t o compensat e 
f or  any unf or eseen i ncr eases i n pr essur e l osses i n appur t enant  pi pi ng and 
ductwork.

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

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

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

El ect r i c mot or - dr i ven equi pment  speci f i ed shal l  be pr ovi ded compl et e wi t h 
mot or s and necessar y mot or  cont r ol  devi ces.   Mot or s,  mot or  cont r ol  devi ces,  
and power  suppl y wi r i ng shal l  conf or m t o Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM i ncl udi ng r equi r ement s f or  hazar dous ar ea l ocat i ons.   
I nt egr al  s i ze mot or s shal l  be t he pr emi um ef f i c i ency t ype i n accor dance 
with NEMA MG 1.   A compl et e el ect r i cal  connect i on di agr am f or  each pi ece of  
mechani cal  equi pment  havi ng mor e t han one aut omat i c or  manual  el ect r i cal  
cont r ol  devi ce shal l  be submi t t ed f or  appr oval  bef or e i nst al l at i on.   Mot or s 
shal l  be pr ovi ded wi t h encl osur es as i ndi cat ed.

2. 2. 2. 1   Mot or  Rat i ngs

Mot or s shal l  be sui t abl e f or  t he vol t age and f r equency pr ovi ded.   Mot or s 
373 W 1/ 2 hor sepower  and l ar ger  shal l  be t hr ee phase,  unl ess ot her wi se 
i ndi cat ed.   Rat i ngs shal l  be adequat e f or  t he dut y i mposed,  but  shal l  not  
be l ess t han i ndi cat ed.   Mot or s shal l  conf or m t o NEMA MG 1 wi t h encl osur e 
as speci f i ed.   Mot or s smal l er  t han 746 W Fr act i onal  hor sepower  mot or s shal l  
be Type I ,  Cl ass 1B or  Cl ass 2A or  2B,  Cont i nuous Dut y.   Mot or s l ar ger  t han 
746 W I nt egr al  hor sepower  mot or s shal l  be Type I  or  I I ,  Cl ass 2 Cont i nuous 
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Dut y,  Desi gn L or  M.

2. 2. 2. 2   Mot or  St ar t er s

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

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

Wher e a mot or  st ar t er  i s  not  shown i n a mot or  cont r ol  cent er  on t he 
el ect r i cal  dr awi ngs,  a mot or  st ar t er  shal l  be pr ovi ded.   Wher e r equi r ed,  
mot or  st ar t er s shal l  be pr ovi ded compl et e wi t h pr oper l y s i zed t her mal  
over l oad pr ot ect i on and ot her  equi pment  at  t he speci f i ed capaci t y,  
i ncl udi ng an al l owabl e ser vi ce f act or  and ot her  appur t enances necessar y f or  
t he mot or  cont r ol  speci f i ed.   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  oper at i on speci f i ed and any wi r i ng r equi r ed t o 
such devi ces,  not  shown on t he el ect r i cal  dr awi ngs,  shal l  be pr ovi ded.   
Wher e t wo- speed or  var i abl e- speed mot or s ar e i ndi cat ed,  sol i d st at e 
var i abl e- speed cont r ol l er s may be pr ovi ded t o accompl i sh t he same f unct i on.

2. 2. 3   Boi l er  Desi gn Requi r ement s

**************************************************************************
NOTE:   I ndi cat e whet her  t he boi l er  shoul d be 
f i r e- t ube,  wat er - t ube,  or  can be ei t her  one.

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

Each boi l er  shal l  be sui t abl e f or  i ndoor  i nst al l at i on and shal l  i nc l ude a 
heat  r ecover y [ f i r e]  [ wat er ] - t ube sect i on and a st eam separ at or .   Tube 
sect i on shal l  be desi gned so t he t ubes ar e i nst al l ed i n an ar r angement  t hat  
wi l l  per mi t  ease of  access and r epl acement .   Boi l er s shal l  be f i r ed wi t h 
t he hot  gases gener at ed by t he associ at ed combust i on equi pment .   Hot  gases 
shal l  be dr awn [ t hr ough]  [ over ]  t he t ube banks by an i nduced dr af t  f an.   
Gas f l ow shal l  be cont r ol l ed by a syst em of  aut omat i cal l y  act uat ed damper s 
t hat  wi l l  r out e t he hot  gases t hr ough t he t ube sect i on and out  t he st ack as 
r equi r ed t o sat i sf y t he oper at i onal  pr ocedur es.   Boi l er s shal l  be [ ei t her ]  
[ f i r e- t ube]  [ or ]  [ s i ngl e or  mul t i pl e dr um,  bar e- t ube,  wat er - t ube,  nat ur al  
c i r cul at i on] .   Soot bl owi ng syst ems wi t h coor di nat ed cont r ol s shal l  be 
provided.

2. 2. 3. 1   Radi ant  Heat i ng

**************************************************************************
NOTE:   The f ol l owi ng i s a gui de t o det er mi ne maxi mum 
r adi ant  heat  r el ease:

Boi l er  Type Maxi mum kW/ squar e met er  
Bt uh/ sq f t

Cont r ol l ed ci r cul at i on wat er - t ube boi l er s 394. 3 
125,000

Nat ur al  c i r cul at i on wat er - t ube boi l er s 315. 5 
100,000

Fi r e- t ube boi l er s 315. 5 
100,000

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

The maxi mum ef f ect i ve r adi ant  heat i ng sur f ace shal l  be l i mi t ed t o [ _____]   
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kW/ squar e met er  Bt u i nput  per  squar e f oot / hour .

2. 2. 3. 2   Combust i on Gas

The combust i on gas t emper at ur e at  t he f ur nace exi t  ( boi l er  ent r ance)  shal l  
be a mi ni mum of  56 degr ees C 100 degr ees F l ess t han t he ash f usi on 
sof t eni ng t emper at ur e ( r educi ng at mospher e)  of  any ash cont ai ned i n t he 
f uel .   For  boi l er s at t ached t o wast e i nci ner at or s t hi s shal l  not  exceed 
1093 degr ees C 2000 degr ees F.

2. 2. 3. 3   Radi ant  Heat i ng Sur f ace

Ef f ect i ve r adi ant  heat i ng sur f ace f or  wat er - t ube boi l er s shal l  i ncl ude t he 
f l at  pr oj ect ed ar ea of  bar e,  met al  cover ed or  met al l i c  or e cover ed t ubes 
and header s,  90 per cent  of  t he f l at  pr oj ect ed ar ea of  ext ended met al  or  
met al l i c  sur f aces f r om t he t ubes,  and t he f l at  pr oj ect ed ar ea of  t hose 
por t i ons of  t he f i r st  t wo r ows of  exi t  t ubes r ecei v i ng r adi ant  heat  f r om 
t he f i r e.   The f l at  pr oj ect ed ar ea i s def i ned as t he ext er nal  di amet er  
t i mes t he l engt h of  t he t ube.   The f l at  pr oj ect ed ar ea of  t he ext ended 
sur f aces shal l  not  i ncl ude t he met al  bl ocks not  i nt egr al  wi t h t ubes,  
ext ended sur f aces l ess t han [ _____]  mm i nch t hi ck or  mor e t han [ _____]  mm 
i nch i n l engt h,  and t he por t i on of  t he ext ended sur f ace whi ch i s mor e t han 
one t ube r adi us f r om t he t ube f r om whi ch i t  ext ends.   For  f i r e- t ube st eel  
f i r ebox boi l er s i t  shal l  be t he t ot al  wat er - backed ar ea wi t hi n t he f ur nace 
boundar i es exposed t o t he f l ame.   The mean ci r cumf er ence shal l  be used f or  
cor r ugat ed cr own sheet s.

2. 2. 3. 4   Boi l er  Oper at i ng Capaci t y

The boi l er  shal l  mai nt ai n cont i nuous capaci t y wi t hi n t he speci f i ed r ange 
whi l e oper at i ng on [ 1] [ 2] [ 3]  shi f t s per  day,  [ _____]  days per  week schedul e 
at  t he speci f i ed pr essur e wi t h boi l er  f eedwat er  at  a t emper at ur e of  
appr oxi mat el y [ _____]  degr ees C degr ees F.   The hot  gas ent r ance 
t emper at ur e shal l  be [ _____]  degr ees C degr ees F and t he f l ue gas out l et  
t emper at ur e shal l  be [ _____]  degr ees C degr ees F,  based on a f l ow of  [ _____]
 act ual  cubi c met er s/ second ACFM.   Moi st ur e i n t he st eam and boi l er  wat er  
concent r at i ons shal l  be i n accor dance wi t h ABMA Boi l er  402.

2. 2. 3. 5   Boi l er  Out put  Capaci t y

**************************************************************************
NOTE:   I n or der  t o compl y wi t h Execut i ve Or der  13423 
and Publ i c Law 109- 58 ( Ener gy Pol i cy Act  of  2005) ,  
desi gns must  achi eve ener gy consumpt i on l evel s t hat  
ar e at  l east  30 per cent  bel ow t he l evel  r equi r ed by 
t he 2004 publ i cat i on of  ASHRAE 90. 1.   I n accor dance 
wi t h P. L.  109- 58 ( Ener gy Pol i cy Act  of  2005) ,  
Execut i ve Or der  13423,  and Feder al  Acqui s i t i on 
Regul at i on ( FAR)  23. 203 Ener gy- ef f i c i ent  Pr oduct s 
shal l  meet  or  exceed t he per f or mance cr i t er i a f or  
ENERGY STAR®- qual i f i ed or  FEMP- desi gnat ed pr oduct s 
as l ong as t hese r equi r ement s ar e nonpr opr i et ar y.  
The FEMP and ENERGY STAR pr oduct  r equi r ement s ar e 
avai l abl e on t he web at  
www.eere.energy.gov/femp/procurement  and 
www.energystar.gov/products .  Wher e ENERGY STAR or  
FEMP pr oduct s ar e not  appl i cabl e,  ener gy consumi ng 
pr oduct s and syst ems shal l  meet  or  exceed t he 
r equi r ement s of  ASHRAE 90. 1.
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**************************************************************************

Out put  capaci t y of  t he boi l er s shal l  be based on t est s of  t he boi l er s and 
combust i on equi pment  as a uni t .   Ef f i c i ency shal l  be a mi ni mum of  
[ 80] [ _____]  per cent  at  maxi mum cont i nuous capaci t y .

2. 2. 3. 6   Boi l er  Mar ki ngs

**************************************************************************
NOTE:   Del et e br acket s i f  t he boi l er  does not  
i ncl ude a super heat er .

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

Each boi l er  shal l  al so be f ur ni shed wi t h a met al  namepl at e whi ch shal l  
i ncl ude t he f ol l owi ng i nf or mat i on:

a.   Maxi mum cont i nuous capaci t y i n Wat t s and Bt u/ hour  Bt u/ hour .

b.   Radi ant  heat i ng sur f ace i n squar e met er s squar e f eet .

c.   Tot al  heat i ng sur f ace i n squar e met er s squar e f eet .

d.   Boi l er  maxi mum al l owabl e wor ki ng pr essur e.

e.   Boi l er  syst em ASME Code St amp and Cer t i f i cat i on.

f .   Maxi mum st eam f l ow of  boi l er  i n kg/ hour  pounds/ hour .

g.   Manuf act ur er ' s Model  Number .

h.   Ser i al  Number .

i .   Year  manuf act ur ed.

[ j .   Super heat er  f i nal  st eam t emper at ur e i n degr ees C degr ees F. ]

[ k.   Super heat er  heat i ng sur f ace i n squar e met er s squar e f eet . ]

2. 2. 3. 7   Noise

**************************************************************************
NOTE:   I ndi cat e t he noi se l evel  r equi r ed by t he 
l ocat i on of  t he equi pment .   Equi pment  i n r emot e 
ar eas can be al l owed t o pr oduce noi se at  a l evel  
s l i ght l y hi gher  t han t he nor mal  85 deci bel - A scal e 
( dBA) .   Occupat i onal  Saf et y and Heal t h 
Admi ni st r at i on ( OSHA)  r egul at i ons and Cor ps of  
Engi neer s saf et y r egul at i ons shoul d be consul t ed f or  
t he most  cur r ent  8- hour  exposur e l i mi t s.

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

The noi se l evel  304. 8 mm 1 f oot  f r om a boi l er  shal l  not  exceed 85 dBA.   
Thi s i ncl udes t he boi l er ,  bl ower s,  compr essor ,  and any ot her  
noi se- pr oduci ng i t ems r el at ed t o t he boi l er .
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2. 3   BOI LER DETAI LS

2. 3. 1   Materials

Mat er i al s exposed t o t he i nt er nal  envi r onment  of  t he boi l er  shal l  be 
compat i bl e wi t h t he t emper at ur e and at mospher i c condi t i ons whi ch t hey wi l l  
encount er .   Di ss i mi l ar  met al s t hat ,  when i n cont act  or  ot her wi se 
el ect r i cal l y  connect ed t o each ot her  i n a conduct i ve sol ut i on,  gener at e an 
el ect r i c  cur r ent ,   shal l  not  be used i n i nt i mat e cont act .

2. 3. 2   Lubrication

Al l  s l i di ng,  movi ng,  or  r ot at i ng par t s nor mal l y r equi r i ng l ubr i cat i on,  
except  t hose pr ovi ded wi t h " seal ed- f or - l i f e"  l ubr i cat i on,  shal l  be pr ovi ded 
wi t h sui t abl e means f or  l ubr i cat i ng.   Lubr i cat i on poi nt s shal l  be r eadi l y 
accessi bl e and i dent i f i ed by a per manent  i nst r uct i on pl at e mount ed i n a 
conveni ent  l ocat i on on t he boi l er .   Equi pment  shal l  be desi gned t o oper at e 
ef f i c i ent l y and sat i sf act or i l y  when l ubr i cat ed usi ng st andar d mi l i t ar y 
lubricants.

2. 3. 2. 1   Lubr i cat i on Fi t t i ngs

Lubr i cat i on f i t t i ngs shal l  be l ocat ed i n accessi bl e pr ot ect ed posi t i ons.   A 
br i ght  r ed c i r c l e shal l  be pai nt ed ar ound each poi nt .   Bal l s,  bodi es and 
t i ps of  f i t t i ngs shal l  be car bon st eel .   Thr eads of  f i t t i ngs shal l  be 1/ 4 -  
28 t aper ,  st r ai ght  or  1/ 8 pi pe t hr eads.   Fi t t i ngs shal l  i ncor por at e a 
sur f ace bal l - check val ve l ocat ed at  t he sur f ace of  t he i nl et  t i p.   Al l  
car bon st eel  f i t t i ngs shal l  be cadmi um pl at ed i n accor dance wi t h ASTM B766, 
Type I ,  Cl ass 5 or  z i nc coat ed i n accor dance wi t h ASTM B633,  Type I ,  Cl ass 
1 except  t hat  t he sal t  spr ay t est  per i od f or  r ed r ust  cor r osi on shal l  be a 
mi ni mum of  50 hour s.

2. 3. 2. 2   Caut i on Pl at es

When t he use of  hi gh- pr essur e l ubr i cat i on equi pment ,  6. 89 MPa 1, 000 psi  and 
hi gher ,  wi l l  damage gr ease seal s or  ot her  par t s,  a sui t abl e war ni ng or  
caut i on pl at e shal l  be af f i xed t o t he equi pment  i n a conspi cuous l ocat i on.

2. 3. 3   Li f t i ng At t achment s

Each uni t  shal l  be equi pped wi t h l i f t i ng at t achment s desi gned and i nst al l ed 
t o enabl e t he equi pment  t o be l i f t ed i n i t s  nor mal  posi t i on wi t hout  undue 
st r ess on t he uni t .

2. 3. 4   Accessibility

Al l  par t s subj ect  t o wear ,  br eakage,  or  di st or t i on,  and al l  par t s t hat  
r equi r e per i odi c mai nt enance,  shal l  be r eadi l y accessi bl e f or  adj ust ment  or  
replacement.

2. 3. 5   Interchangeability

Al l  par t s shal l  be manuf act ur ed t o st andar ds t hat  wi l l  per mi t  r epl acement  
wi t hout  modi f i cat i on t o par t s or  equi pment .

2. 3. 6   Surfaces

Al l  sur f aces shal l  be f i ni shed or  pai nt ed as speci f i ed i n par agr aph 
PAI NTI NG AND FI NI SHI NG.
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2. 3. 7   Fast eni ng Devi ces

Bol t s and nut s shal l  be sui t abl e and shal l  conf or m t o ASME B18. 2. 1 and 
ASME B18. 2. 2 r espect i vel y.   Al l  scr ew t hr eads shal l  conf or m t o t he 
r equi r ement s of  ASME B1. 1.   Al l  scr ews,  pi ns,  bol t s,  hydr aul i c f i t t i ngs,  
and si mi l ar  par t s shal l  be i nst al l ed wi t h a means t o pr event  l oss of  
t i ght ness.   Such par t s subj ect  t o r emoval  or  adj ust ment  shal l  not  be 
swagged,  peened,  st aked,  or  ot her wi se per manent l y def or med.

2. 3. 8   Electrical

Al l  wi r i ng shal l  be br ought  t o a s i ngl e l ocat i on.   Equi pment  shal l  be 
f act or y wi r ed compl et e wi t h al l  necessar y accessor y devi ces,  so as t o 
r equi r e onl y a sour ce of  power  at  [ _____]  vol t s,  [ _____]  phase,  60 her t z,  
t o make t he equi pment  oper abl e.   Wi r i ng shal l  be neat  and secur e.

2. 3. 9   Cast i ngs and For gi ngs

Al l  cast i ngs and f or gi ngs shal l  be f r ee f r om def ect s such as scal e,  
mi smat chi ng,  bl owhol es,  or  any ot her  def ect  t hat  wi l l  af f ect  l i f e or  
f unct i on of  t he par t .   Cast  gr ay i r on shal l  conf or m t o [ ASTM A278/ A278M]  [
ASTM A48/ A48M] ,  cast  i r on shal l  conf or m t o ASTM A319,  and heat  r esi st ant  
al l oy shal l  conf or m t o ASTM A297/ A297M Gr ade HF.

2. 3. 10   Wel di ng,  Br azi ng,  Sol der i ng,  Ri vet i ng,  or  Wi r i ng

Wel di ng,  br azi ng,  sol der i ng,  r i vet i ng,  or  wi r i ng shal l  be empl oyed onl y 
wher e t hese oper at i ons ar e r equi r ed i n t he or i gi nal  desi gn.

2. 3. 11   Ref r act or y and I nsul at i on

Ref r act or y and i nsul at i on syst ems shal l  be manuf act ur er ' s pr oven st andar d 
desi gn.   Manuf act ur er  shal l  submi t  t emper at ur e est i mat es,  mat er i al  qual i t y  
i nf or mat i on,  and descr i pt i on of  i nst al l at i on met hods i n suf f i c i ent  det ai l  
t o per mi t  eval uat i on of  t he mat er i al s and met hods used.   Const r uct i on 
mat er i al s and met hods must  be appr oved bef or e manuf act ur e.   Pl ast i c  
r ef r act or y shal l  be i nst al l ed i n accor dance wi t h t he manuf act ur er ' s  
r ecommendat i ons and by wor kmen ski l l ed i n i t s  appl i cat i on.   I nsul at i on 
syst ems shal l  be manuf act ur er ' s pr oven st andar d mat er i al s and met hods and 
shal l  be submi t t ed wi t h dat a as t o adequacy of  mat er i al .   Hot  spot s 
exceedi ng r equi r ement s shal l  be f i el d r epai r ed as di r ect ed.   Exposed ar eas 
t o be f i el d i nst al l ed shal l  be as speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 3. 11. 1   Insulation

Wher e speci f i ed or  i ndi cat ed,  i nsul at i on shal l  be i nsul at i ng bl ock 
cont ai ni ng no asbest os mat er i al ,  desi gned t o pr event  damage t o f oundat i on 
and boi l er  ext er i or  due t o excessi ve heat .   Compl y wi t h EPA r equi r ement s i n 
accor dance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   I nsul at i on 
shal l  be Cl ass 5 mi ner al  f i ber  bl ock conf or mi ng t o ASTM C612.   I nsul at i ng 
bl ock shal l  be l ai d i n appr oved mor t ar  speci f i cal l y  manuf act ur ed f or  t hi s 
pur pose or  r ecommended by t he i nsul at i ng mat er i al  manuf act ur er .   Fi r ebr i ck 
shal l  conf or m t o ASTM C27 and ASTM C155.   Fi r ebr i ck shal l  be i nt er pr et ed t o 
i ncl ude st r ai ght  br i ck,  r adi al  br i ck,  wedge br i ck,  skew- t ype br i ck,  cupol a 
bl ocks,  and ot her  s i mi l ar  shapes.   Fi r ebr i ck shal l  be l ai d up i n 
ai r - set t i ng mor t ar .   Each br i ck shal l  be di pped i n mor t ar ,  r ubbed,  pushed 
i nt o pl ace,  and t hen t apped wi t h a wooden mal l et  unt i l  i t  t ouches t he 
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adj acent  br i cks.   Mor t ar  t hi ck enough t o l ay wi t h a t r owel  wi l l  not  be 
per mi t t ed.   Mor t ar  shal l  conf or m t o ASTM F1097.   Maxi mum mor t ar  j oi nt  
t hi ckness shal l  not  exceed 3. 2 mm 1/ 8 i nch and aver age j oi nt  t hi ckness 
shal l  not  exceed 2. 0 mm 1/ 16 i nch.   Mai n ar ches of  t he boi l er  and f l ue 
connect i on shal l  be i nsul at ed above t he f i r ebr i ck and,  wher e exposed t o t he 
weat her ,  shal l  be pr ot ect ed wi t h a sui t abl e concr et e or  br i ck s l ab.   
Fi r ebr i ck f l oor s shal l  be i nsul at ed f r om t he suppor t i ng f l oor s wi t h 
i nsul at i ng br i ck except  t hat  i f  t he suppor t i ng f l oor  has f ul l  bear i ng on 
ear t h,  a 75 mm 3 i nch l ayer  of  cont ai ned dr y sand may be used i n l i eu of  
i nsul at i ng br i ck.   Mi ni mum t hi ckness f or  wal l s shal l  be [ _____]  mm i nches 
t o l i mi t  t he t emper at ur e of  t he out er  casi ng t o 49 degr ees C 120 degr ees F 
i n an ambi ent  t emper at ur e of  21 degr ees C 70 degr ees F when t he uni t  i s  
oper at i ng at  f ul l  r at ed capaci t y,  and as det er mi ned by a sur f ace pyr omet er .

2. 3. 11. 2   Expansi on Joi nt s

Joi nt s shal l  be pr ovi ded i n t he f i r ebr i ck masonr y at  [ appr oxi mat el y t he 
l ocat i ons shown]  [ spaci ngs of  appr oxi mat el y 2. 44 met er s 8 f eet ] .   Joi nt s 
shal l  be 12. 7 mm 1/ 2 i nch wi de and shal l  compl et el y separ at e t he sect i ons 
wi t hout  any i nt er l ocki ng of  t he br i cks.   [ The l ocat i ons may be changed f r om 
t hose i ndi cat ed by as much as 300 mm 12 i nches i n ei t her  di r ect i on f or  
conveni ence of  const r uct i on and shal l  be changed as necessar y,  by of f set  or  
ot her wi se,  t o avoi d weakeni ng t he ar ch over  an openi ng. ]   No expansi on 
j oi nt  shal l  be c l oser  t han 300 mm 12 i nches t o t he ver t i cal  s i de of  an 
ar ched openi ng or  t o t he t op of  t he br i ck f or mi ng t he ar ch over  t he 
openi ng.   When j oi nt s ar e of f set ,  t her e shal l  be no bondi ng of  t he 
hor i zont al  f aces bet ween t he t wo cour ses of  br i ck al ong t he of f set .   I n 
addi t i on,  t o al l ow f or  expansi on of  t he i nner  f ace,  a ser i es of  3. 2 mm 1/ 8 
i nch wi de ver t i cal  openi ngs spaced 1. 8 m 6 f eet  apar t  shal l  be pr ovi ded on 
t he f ur nace si de of  t he wal l .   Pr oper  pr ovi s i on shal l  be made f or  expansi on 
and cont r act i on bet ween boi l er  f oundat i on and f l oor .

2. 3. 12   Boi l er  Set t i ng

Boi l er  shal l  be const r uct ed t o compl y wi t h ASME BPVC SEC VI I I  D1 and shal l  
be pr ovi ded wi t h i nsul at i on,  st eel  base,  wat er  col umn wi t h gauge,  aut omat i c 
f eed wat er  pump cont r ol  and l ow wat er  cut of f ,  s t eam pr essur e gauge,  r el i ef  
val ve,  aut omat i c st eam pr essur e cont r ol  and bl owof f ,  and soot - bl ower .   
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 .

2. 3. 12. 1   Boi l er  Foundat i on

Foundat i on st r uct ur e shal l  be pr ovi ded and i nst al l ed i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and as i ndi cat ed.   St r uct ur al  syst ems 
suppor t i ng pr essur e par t s,  t ubes,  and r ef r act or y shal l  have a saf et y f act or  
t o per mi t  del i ver y of  boi l er ,  j acki ng,  and r i ggi ng.

2. 3. 12. 2   Supports

Boi l er s and separ at or  dr ums shal l  be pr ovi ded wi t h suppor t  l ugs and saddl es 
t o pr ovi de an adequat e and f i r m i nst al l at i on t o t he f oundat i on st r uct ur e.   
Suppor t s ar e t o pr ovi de f or  f r ee expansi on and cont r act i on of  each par t  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  
setting.

2. 3. 12. 3   Shell

Casi ng or  shel l  s i des shal l  be const r uct ed of  car bon st eel  mat er i al s not  
l i ght er  t han 3. 416 mm 0. 1345 i nch t hi ck,  ei t her  bol t ed or  wel ded.   Casi ng 
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shal l  be gas- t i ght  and shal l  be r ei nf or ced wi t h st eel  r i bs or  st i f f ener s t o 
pr ovi de r i gi di t y  and pr event  buckl i ng.   Boi l er  casi ng shal l  be f ul l y  
i nsul at ed wi t h suf f i c i ent  t hi ckness t o l i mi t  t he casi ng t emper at ur e as 
speci f i ed.   Boi l er  shel l  shal l  be equi pped wi t h al l  necessar y connect i ons 
i ncl udi ng out l et  nozzl es,  r et ur n connect i ons,  and connect i ons f or  pr essur e 
r el i ef  val ves,  wat er  l evel  cont r ol s,  and ot her  r equi r ed t r i m.   Manhol es,  
handhol es,  and obser vat i on por t s shal l  be pr ovi ded i n accor dance wi t h 
ASME BPVC SEC I .   Boi l er s shal l  be equi pped wi t h gas- t i ght  obser vat i on 
ports.

2. 3. 12. 4   Expansi on and Cont r act i on

Adequat e pr ovi s i ons shal l  be made f or  expansi on and cont r act i on of  t he 
boi l er  uni t  and associ at ed br eachi ng t o pr event  damage t o t he suppor t  
st r uct ur e or  t he equi pment  and associ at ed duct wor k.   Pr ovi s i ons shal l  be 
made f or  expansi on and cont r act i on bet ween boi l er  f oundat i on and f l oor .   
Joi nt s shal l  be packed wi t h oakum and f i l l ed wi t h a sui t abl e compound t hat  
wi l l  not  become sof t  at  t emper at ur es of  49 degr ees C 120 degr ees F.

2. 3. 13   Wat er - Tube Boi l er

Boi l er  shal l  be a shop f abr i cat ed and f i el d er ect ed or  a packaged uni t .   
Boi l er  shal l  i nc l ude wat er  wal l s,  soot - bl ower s,  [ economi zer , ]  [ super  
heat er , ]  and st eam dr ums t o wi t hst and t emper at ur es exi st i ng under  maxi mum 
l oad condi t i ons t o ensur e pr oduct i on of  t he st eam as speci f i ed.   Boi l er  
shal l  i ncl ude set t i ng r ef r act or y,  i nsul at i on t o mai nt ai n a casi ng 
t emper at ur e of  not  gr eat er  t han 55 degr ees C 130 degr ees F wi t h a sur f ace 
ai r  vel oci t y at  5. 4 km/ hour  5 f eet / second and an ambi ent  t emper at ur e of  26 
degr ees C 80 degr ees F whi l e boi l er  i s  oper at i ng at  maxi mum capaci t y ( no 
asbest os mat er i al  shal l  be used) ,  and wel ded or  doubl ed wal l  casi ng.   
Access openi ng cover s shal l  be hi nged.

2. 3. 13. 1   Dr ums or  Dome Space

For  wat er - t ube boi l er s,  each dr um or  dome space shal l  be st eel  pl at e,  
f usi on wel ded i n conf or mance 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.   The mai n st eam dr ums shal l  be of  
suf f i c i ent  s i ze t o accommodat e st eam separ at or s and dr um i nt er nal s wi t h 
pr ovi s i ons and space f or  accompl i shment  of  mai nt enance.   Baf f l i ng shal l  be 
pr ovi ded t o separ at e t he st eam f r om t he wat er  i n t he dr um and t o mai nt ai n a 
st abl e wat er  l evel  under  a f l uct uat i ng l oad.   Var i at i ons i n nor mal  wat er  
l evel  shal l  not  exceed 50 mm 2 i nches wi t h an i ncr easi ng l oad change of  20 
per cent  of  r at ed capaci t y per  mi nut e.   St eam separ at or s shal l  be pr ovi ded 
t o del i ver  sat ur at ed st eam wi t h a maxi mum speci f i ed moi st ur e cont ent .   Each 
dr um shal l  have t wo 300 by 400 mm 12 by 16 i nch el l i pt i cal  manhol es,  wi t h 
t he except i on of  t he mud dr um whi ch shal l  have at  l east  one 300 by 400 mm 
12 by 16 i nch el l i pt i cal  manhol e.   Each manhol e shal l  have a cover ,  yoke,  
and gasket s.

2. 3. 13. 2   Dr um Out l et s

Dr um out l et s shal l  be appl i ed i n appr oved manner  and of  appr oved st r engt h 
i n accor dance wi t h ASME BPVC SEC I .   Out l et s shal l  i ncl ude but  not  be 
l i mi t ed t o:

a.   St eam nozzl e of  2. 07 MPa 300 pounds,  f l anged t o r ecei ve speci f i ed 
nonr et ur n st op and check val ve,  and abl e t o wi t hst and f or ces and 
moment s i mposed by connect ed pi pi ng.   St udder y wi l l  not  be per mi t t ed.
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b.   Boi l er  vent  on shel l  or  st eam dr um as appr oved by ASME BPVC SEC I ,  t o 
be equi pped wi t h 2. 07 MPa 300 pound st eel  st eam gat e val ve,  ni ppl es,  
and el l s  t o vent  away f r om oper at or .

c.   Saf et y val ve out l et s i n r equi r ed number  and si ze,  l ocat ed appr oxi mat el y 
as i ndi cat ed,  or  as necessar y t o per mi t  st r ai ght  r un of  vent  t hr ough 
roof.

d.   Wat er  col umn and l ow wat er  cut of f  connect i ons wi t h out s i de scr ew and 
yoke ( OS & Y)  val ves,  [ l ockabl e, ]  [ and wi t h l ocks and keys f ur ni shed] .

e.   Connect i ons f or  boi l er  wat er  f eed,  chemi cal  admi ssi on,  cont i nuous 
bl owdown and wat er  sampl i ng combi ned,  l ocat ed as i ndi cat ed on pl ans.

f .   I nt er mi t t ent  bl owdown connect i ons.

g.   Wat er  l evel  sensor  connect i ons ( f or  l evel  cont r ol ) .

h.   Pr essur e gauge and pr essur e swi t ch connect i ons.

2. 3. 13. 3   Tubes

Tubes shal l  be of  t he di amet er  and ar r angement  t hat  best  sui t s t he 
manuf act ur er ' s r ecommendat i on t o meet  t he speci f i ed desi gn cr i t er i a.   Tubes 
shal l  be el ect r i c- wel ded or  seaml ess st eel ,  and shal l  be connect ed t o t he 
dr ums and header  by bei ng expanded i nt o bor ed t ube seat s ( st andar d f i t )  or  
by bei ng wel ded i n accor dance wi t h ASME BPVC SEC I X.   Tube wal l  t hi ckness 
shal l  be at  l east  t he mi ni mum r ecommended by t he manuf act ur er .   Fi nned 
t ubes shal l  be al l owed onl y when t he f uel  i s  gas or  oi l  and shal l  pr ovi de a 
cont i nuousl y wel ded bond bet ween t he t ube sur f ace and t he hel i cal l y  wound 
f i n.   Tube mat er i al s shal l  compl y wi t h ASTM A192/ A192M and pr ovi de opt i mum 
l i f e expect ancy and cor r osi on r esi st ance.   Tube header s,  channel s,  and 
mani f ol d pi pes shal l  pr ovi de suf f i c i ent  vol ume t o ensur e no par t  of  t he 
boi l er  wi l l  become wat er - st ar ved.   Radi i  of  al l  bends i n t ubes shal l  be 
such t hat  st andar d t ur bi ne t ype c l eaner s can easi l y pass t hr ough f or  
c l eani ng of  f ul l  l engt h of  t ubes.

2. 3. 13. 4   Baffles

Baf f l es shal l  be ar r anged t o br i ng t he pr oduct s of  combust i on i nt o cont act  
wi t h t he heat i ng sur f aces wi t hout  excessi ve l oss of  dr af t .   Baf f l es shal l  
be gas- t i ght  and shal l  be ei t her  a r ef r act or y mat er i al  or  met al  sui t abl e 
f or  t emper at ur es encount er ed.

2. 3. 14   Fi r e- Tube Boi l er

Boi l er  shal l  be packaged t ype and shal l  i ncl ude pr ogr ammi ng cont r ol  syst em 
wi t h capaci t y as i ndi cat ed.   Access openi ng cover s shal l  be hi nged.

2. 3. 15   Boi l er  I nt er nal s

2. 3. 15. 1   I nt er nal  Fi t t i ngs

I nt er nal  f i t t i ngs shal l  be secur el y mount ed and demount abl e f or  boi l er  
access and cl eani ng and shal l  i nc l ude but  not  be l i mi t ed t o:

a.   Boi l er  f eedwat er  admi ssi on syst em t o pr oper l y di st r i but e f eedwat er .

b.   Chemi cal  f eed pi pi ng t o per mi t  i nf usi on of  caust i c,  phosphat e,  and 
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wat er  mi xt ur e by cont i nuous f eed syst em.

c.   Cont i nuous bl owdown and wat er  sampl i ng syst em as combi ned uni t .

d.   I nt er mi t t ent  bl owof f  syst em t o pr oper l y col l ect  mud f r om bot t om and 
per mi t  dr ai nage of  boi l er  wi t hout  wat er  accumul at i on.

2. 3. 15. 2   Out l et  Fi t t i ngs

Out l et  f i t t i ngs shal l  be f l anged above 50 mm 2 i nches.  but  may be t hr eaded 
f or  50 mm 2 i nches and smal l er .   [ Not e t hat  al l  boi l er  syst ems ( st eam,  
f eedwat er ,  and i nt er mi t t ent  bl owdown)  oper at e i nt o common header s ser vi ng 
mor e t han one gener at or . ]   Al l  devi ces,  desi gns,  and pi pi ng met hods shal l  
be i n f ul l  accor dance wi t h appl i cabl e pr ovi s i ons of  ASME BPVC SEC I  f or  
pr essur e pi pi ng and shal l  be evi denced by pr oper  cer t i f i cat es of  wor k 
per f or mance and i nspect i on.

2. 3. 15. 3   Openings

St eam out l et s,  saf et y val ves,  and ot her  val ve openi ngs i n out er  casi ng at  
t op of  boi l er  shal l  be f l ashed or  seal ed i n a manner  t o pr event  wat er  
l eaki ng i nt o t he casi ng i nsul at i on.

2. 3. 15. 4   Set t l i ng Chamber

**************************************************************************
NOTE:   Requi r ement  f or  Set t l i ng Chamber  i s an opt i on 
dependi ng on t he f uel  at  t he heat  sour ce.

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

Set t l i ng chamber  f or  r emoval  of  f l y  ash,  equi pped 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 s,  shal l  be pr ovi ded 
bel ow t he l ast  pass of  each boi l er .

2. 3. 16   Access Door s

Access door s i n suf f i c i ent  number ,  of  adequat e s i ze,  and pr oper l y l ocat ed 
shal l  be pr ovi ded f or  c l eani ng,  i nspect i on,  and r epai r  of  al l  ar eas i n t he 
compl et e assembl y.   Door s shal l  be gas- t i ght  and i nt er i or  sur f aces exposed 
t o di r ect  r adi ant  heat  and hi gh t emper at ur es shal l  be 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 osses and war pi ng of  door s.   
Door s t oo l ar ge or  bul ky f or  hand r emoval  shal l  be hi nged.   At  l east  one 
obser vat i on por t  wi t h cast - i r on cover  shal l  be pr ovi ded on each door  of  t he 
boi l er .   An el ect r i cal  i nt er l ock shal l  be pr ovi ded t o pr event  t he t ube 
cl eani ng syst em f r om oper at i ng unl ess t he door s ar e c l osed and l at ched.   
Door  casi ng shal l  be of  t he same mat er i al  and t hi ckness as t he adj oi ni ng 
boi l er  casi ng.   Door  l i ni ng shal l  consi st  of  50 mm 2 i nches of  bl ock 
i nsul at i on and 102 mm 4 i nches of  heavy cast abl e r ef r act or y conf or mi ng t o 
ASTM C401,  Cl ass R.   Door s shal l  be equi pped wi t h hi gh t emper at ur e gasket s 
and door  l at ches.

2. 3. 17   Mi scel l aneous Pi pe Connect i ons

Mi scel l aneous pi pe connect i ons shal l  be pr ovi ded f or  st eam out l et ,  saf et y 
val ves,  f eedwat er ,  f eedwat er  r egul at or ,  wat er  col umn,  bl owof f ,  st eam suppl y 
t o soot  bl ower s,  st eam gauge and vent ,  cont i nuous bl owdown,  cont i nuous 
chemi cal  f eed,  and i nst r ument  connect i ons.   Soot  bl ower s shal l  be pr ovi ded 
i f  t he combust i on sour ce ut i l i zes sol i d f uel .   A sui t abl e smoke out l et  wi t h 
st eel  f r ame,  damper ,  and damper  shaf t  shal l  be pr ovi ded.   Damper  shal l  have 
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ext er nal  hi gh t emper at ur e r ol l er  or  bal l  bear i ngs at  bot h ends of  t he 
shaf t ,  and shal l  have a sui t abl e oper at i ng ar m and r od.

2. 3. 18   Obser vat i on Por t s

**************************************************************************
NOTE:   Requi r ement s f or  obser vat i on por t s and t est  
hol es depend upon t he speci f i c  pr oj ect ,  i ncl udi ng 
compet ence and avai l abi l i t y  of  oper at i ng and 
mai nt enance per sonnel ,  t ype of  f uel  t o be bur ned,  
et c.   The number  and l ocat i on of  t he t est  hol es wi l l  
conf or m t o t he r equi r ement s of  t he r egul at or y 
aut hor i t y.   I n addi t i on,  t est  hol es f or  moni t or i ng 
oper at i ng ef f i c i ency wi l l  be pr ovi ded as shown.

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

[ One]  [ Two]  obser vat i on por t [ s]  80 mm 3 i nches i n di amet er  shal l  be 
pr ovi ded on each access door  and shal l  be no l ess t han 2. 657 mm 12 gauge 
bl ack st eel  or  cast  i r on t ube or  duct  wi t h a heat  r esi st ant  gl ass cover  or  
an angul ar  st eel  f r ame and cl osur e pl at e wi t h handl e f or  oper at i on wi t hout  
gl oves or  ot her  pr ot ect i ve devi ces.   Tube or  duct  shal l  ext end f r om t he 
ext er i or  of  t he casi ng t o not  l ess t han one- hal f  t he t hi ckness of  t he 
r ef r act or y openi ng and shal l  be gas- t i ght .   Pr ovi s i on shal l  be made f or  ai r  
pur gi ng of  t he por t  when sol i d f uel s ar e used at  t he heat  sour ce.

2. 3. 19   Test  Hol es

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Obser vat i on Por t s.

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

Test  hol es shal l  be pr ovi ded as i ndi cat ed and shal l  be f i t t ed wi t h st andar d 
wei ght ,  50 mm 2 i nch di amet er ,  bl ack st eel  pi pe.   Sl eeve shal l  ext end f r om 
t he ext er i or  of  t he casi ng t o not  l ess t han one- hal f  t he t hi ckness of  t he 
r ef r act or y l i ni ng.   Ref r act or y openi ng shal l  be f or med f r om t he end of  t he 
pi pe s l eeve t o t he i nt er i or  wal l  sur f ace t o shi el d t he end of  t he s l eeve 
f r om r ef l ect ed heat .   Sl eeve shal l  be f i t t ed wi t h a br ass scr ew cap and 
secur i t y chai n.   Each t est  pi pe shal l  have t wo or  mor e st ur dy l ugs wel ded 
i n appr oxi mat el y t he mi ddl e of  i t s  l engt h t o pr event  t he pi pe f r om t ur ni ng 
when t he cap i s bei ng r emoved.

2. 3. 20   Saf et y Devi ces

Boi l er s shal l  be pr ovi ded wi t h saf et y devi ces pr ovi di ng aut omat i c over heat  
shut down and manual  shut of f  of  t he combust i on equi pment  or  f l ue gas damper s 
t o bypass t he boi l er .

2. 3. 21   Fr eeze Pr ot ect i on

Low poi nt s of  al l  pi pi ng and t ubi ng shal l  be equi pped wi t h dr ai ns f or  
f r eeze pr ot ect i on.

2. 3. 22   Fi r e Pr ot ect i on

Boi l er s shal l  meet  t he r equi r ement s of  NFPA 85.
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2. 4   BOI LER AUXI LI ARY EQUI PMENT

2. 4. 1   Boi l er  Fi t t i ngs and Appur t enances

Boi l er  f i t t i ngs,  and al l  ot her  boi l er  appur t enances shal l  compl y wi t h 
ASME BPVC SEC I .   Boi l er s shal l  be pr ovi ded wi t h a cont i nuous bl owdown 
connect i on f r om an i nt er nal  pi pe r unni ng t he l engt h of  t he st eam dr um at  
t he poi nt  of  t he hi ghest  concent r at i on of  di ssol ved sol i ds.   Bl owof f  
pr ovi s i ons shal l  be pr ovi ded f r om t he mud dr um or  l ower  par t  of  a f i r e- t ube 
boi l er .   Pr essur e gauges f or  hi gh- pr essur e st eam uni t s shal l  i ncl ude a 
s i phon,  gauge cock,  and t est  connect i on.   Tr i m and appur t enances shal l  
i ncl ude a 150 mm 6 i nch mi ni mum pr essur e gauge and a saf et y val ve.   A 
chemi cal  f eed connect i on wi t h i nt er nal  di st r i but i on pi pe shal l  be pr ovi ded.

2. 4. 1. 1   Wat er  Col umn

Wat er  col umn wi t h st r ai ght - t hr ough t ype dr ai n val ve shal l  be pr ovi ded.   
Wat er  col umn shal l  be compl et e wi t h gauge gl ass,  hi gh-  and l ow- wat er  al ar m,  
and t hr ee qui ck- c l osi ng gauge val ves and t r y cocks f i t t ed wi t h t he 
necessar y chai ns and handl es f or  oper at i on f r om t he boi l er  r oom f l oor .   
Wat er  col umn shal l  al so i ncl ude a t est  val ve,  bl owdown val ve,  and a 
st r ai ght - t hr ough t ype dr ai n val ve.   Wat er  col umn shal l  not  be combi ned wi t h 
t he l ow wat er  cut of f .   [ Wat er  col umn l i ght i ng shal l  be pr ovi ded f or  ease of  
r eadi ng at  al l  t i mes. ]

2. 4. 1. 2   Low Wat er  Cut of f

**************************************************************************
NOTE:   When t he boi l er  i s  used as a " heat  r ecover y 
uni t , "  an al t er nat e pat h i s usual l y pr ovi ded t o vent  
or  bypass t he hot  gases i n t he event  t he boi l er  i s  
unabl e t o per f or m i t s f unct i on.   I n al l  ot her  cases,  
act i vat i on of  t he l ow- wat er  cut of f  wi l l  cause t he 
l oss of  al l  suppor t  t o t he combust i on pr ocess 
i ncl udi ng l oss of  combust i on ai r  and f uel .

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

A l ow- wat er  cut of f ,  wi t h al ar m l ocat ed on i nst r ument  panel ,  shal l  i ncl ude 
ei t her  a f l oat - act uat ed swi t ch as a means of  maki ng el ect r i cal  cont act  or  
an el ect r i cal l y- act uat ed pr obe t ype l ow wat er  cut of f .   The f l oat  chamber  
shal l  be pr ovi ded wi t h a bl owdown connect i on.   The cut of f  shal l  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 l evel  [ and hot  gases f r om t he combust i on equi pment  shal l  be 
r out ed t o t he bypass st ack] .   [ Two l ow- wat er  cut of f s shal l  be i nst al l ed on 
each boi l er .   Low- wat er  cut of f s f or  t he boi l er s shal l  be pi ped separ at el y 
wi t h separ at e dr um connect i ons.   Each l ow- wat er  cut of f  shal l  have a 
separ at e housi ng.   Two el ement s i n one housi ng wi l l  not  be per mi t t ed. ]   A 
saf et y shut down due t o l ow- wat er  cut of f  shal l  r equi r e a manual  r eset  bef or e 
oper at i on can be r esumed and shal l  pr event  r ecycl i ng of  t he combust i on 
equi pment .   The cut of f  shal l  be i n st r i c t  accor dance t o t he l at est  ver si on 
of  code,  ASME CSD- 1,  Cont r ol s and Saf et y Devi ces f or  Aut omat i cal l y  Fi r ed 
Boilers.

2. 4. 1. 3   Feed and Check Val ves

Feed and check val ves shal l  be pr ovi ded adj acent  t o each boi l er  f eed nozzl e.
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2. 4. 1. 4   Cont i nuous Bl owdown Val ve

**************************************************************************
NOTE:   Cont i nuous bl owdown equi pment  wi l l  be 
pr ovi ded as r equi r ed by UFC 3- 410- 01 or  UFC 
3- 410- 02.   I f  a f i r e- t ube boi l er  i s  speci f i ed,  t hese 
par agr aphs wi l l  be del et ed.

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

Cont i nuous bl owdown val ves shal l  be manual  pr opor t i oni ng,  f abr i cat ed of  
cor r osi on- r esi st ant  st eel .   Val ves shal l  have a mi cr omet er  di al  set t i ng and 
shal l  be pr ovi ded wi t h a char t  l i s t i ng t he capaci t i es t hr ough t he compl et e 
r ange of  mi cr omet er  set t i ngs at  t he boi l er  pr essur e.   Val ves shal l  conf or m 
to ASME BPVC SEC I .   Bl owof f  val ves i n t andem shal l  be pr ovi ded at  each 
poi nt  of  bl owdown as r ecommended by t he boi l er  manuf act ur er .   Pi pi ng shal l  
be ext r a- heavy wei ght ,  mi ni mum,  st eel  pi pe conf or mi ng t o ASTM A106/ A106M 
Gr ade B.   Sl ow openi ng val ves shal l  be bal anced,  seat l ess t ype unl ess 
ot her wi se appr oved.   Bot h sur f ace and bot t om bl owdown connect i on poi nt s 
wi t h r equi r ed accessor i es shal l  be pr ovi ded.   Val ves shal l  have a capaci t y 
equal  t o t he capaci t y of  t he boi l er  and shal l  have f or ged st eel  bodi es wi t h 
socket  wel d connect i ons.   Val ve shal l  have a sol i d St el l i t e di sk wi t h 
st ai nl ess st eel  seat  s l eeves.   The bodi es shal l  be desi gned f or  a mi ni mum 
wor ki ng pr essur e of  2. 07 MPa 300 psi g.   Qui ck openi ng val ves shal l  be l ever  
oper at ed,  f l at  seat  s l i di ng di sks wi t h seal i ng bushi ng on t he i nl et  s i de,  
and shal l  be doubl e t i ght eni ng on bot h s i des of  t he di sk.   Qui ck openi ng 
val ves shal l  be gear  oper at ed.   Al l  bl owof f  val ves shal l  be sui t abl e f or  
saf e bl owdown t hr ough t he pi pi ng syst em i nst al l ed.   Al l  pi pe,  val ves,  and 
f i t t i ngs shal l  be suppl i ed as necessar y t o al l ow t i e- i n t o a cent r al  poi nt  
f or  sur f ace and bot t om bl owdown.

2. 4. 1. 5   Saf et y Val ves

Saf et y val ves of  pr oper  s i ze and of  t he r equi r ed number  and const r uct i on 
and set  pr essur es shal l  be i n accor dance wi t h ASME BPVC SEC I  and shal l  be 
i nst al l ed so t hat  t he exhaust  st eam wi l l  di schar ge t hr ough pi pes ext endi ng 
t hr ough t he r oof .   Each exhaust  r i ser  shal l  have a dr i p- pan el bow t o 
pr event  t he accumul at i on of  wat er  on t he val ve.   A sui t abl e s l i p j oi nt  
shal l  be pr ovi ded bet ween t he dr i p- pan el bow and t he r i ser .   Each exhaust  
head shal l  be 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  
r emovi ng ent r ai ned condensat e and oi l .   Fl ow ar ea t hr ough t he val ve shal l  
be l ar ger  t han t hr ough t he connect i ng pi pe.   Val ves shal l  be set  t o 
di schar ge at  10 per cent  above t he oper at i ng pr essur e of  t he syst em.

2. 4. 1. 6   St eam Nonr et ur n Val ves

St eam nonr et ur n val ves of  s i ze and pr essur e r at i ng shown shal l  be i nst al l ed 
i n t he st eam suppl y l i ne f r om each boi l er .   Val ves shal l  be ar r anged t o 
c l ose aut omat i cal l y  when t her e i s  a pr essur e di f f er ent i al  of  35 kPa 5 psi  
bet ween t he boi l er s and st eam header s,  and shal l  be ar r anged t o oper at e as 
st op val ves.   Val ves shal l  be set  wi t h st em up,  ei t her  i ncl i ned or  
ver t i cal ,  and shal l  be of  t he r i s i ng st em t ype.   Val ves shal l  be of  t he 
angl e or  st r ai ght - way t ype and shal l  oper at e wi t hout  chat t er i ng,  hammer i ng,  
or  st i ck i ng.   Val ves shal l  be cast  st eel .

2. 4. 1. 7   Feedwat er  Regul at or

Feedwat er  r egul at or ,  s i zed f or  t he appl i cat i on,  shal l   be connect ed 
compl et e wi t h al l  necessar y pi pi ng and accessor i es f or  aut omat i c 
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oper at i on.   Val ved bypass shal l  be pr ovi ded ar ound t he cont r ol  val ve.   
Uni t s shal l  be pr ovi ded wi t h a devi ce t o l ock t he r egul at or  i n exi st i ng 
posi t i on i n case of  power  f ai l ur e.   Uni t  shal l  be pr ovi ded wi t h a 
manual / aut omat i c sel ect or  panel  l ocat ed on t he i nst r ument  panel  i n t he 
cont r ol  r oom.   The f eedwat er  cont r ol  el ement  shal l  be pr ovi ded wi t h a dr ai n 
val ve.   The f eed- wat er  l i ne shal l  be f i t t ed wi t h a t her momet er  wel l .   
Mechani cal  l i nkages and chai ns t o posi t i on t he val ve wi l l  not  be al l owed.   
Feed- wat er  pi pi ng shal l  conf or m t o t he r equi r ement s of  ASME BPVC SEC I .   A 
hand wheel  or  a manual  j acki ng devi ce shal l  be pr ovi ded t o per mi t  manual  
oper at i on of  t he r egul at or  val ve.

2. 4. 1. 8   Soot  Bl ower s

**************************************************************************
NOTE:   Soot  bl ower s shoul d be r equi r ed f or  al l  
boi l er s when sol i d f uel  i s  bur ned,  and ar e advi sabl e 
when bur ni ng No.  6 f uel  oi l .   I f  onl y gas or  No.  2 
f uel  oi l  i s  bei ng bur ned,  t hi s par agr aph may be 
del et ed.   Soot  bl ower s ar e avai l abl e f or  f i r e- t ube 
boilers.

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

Soot  bl ower s shal l  be pr ovi ded i n conj unct i on wi t h t he heat  r ecover y or  
boi l er  sect i on of  each sol i d f uel  f i r ed st eam gener at i on syst em.   Soot  
bl ower  or  c l eani ng nozzl es shal l  be f ur ni shed i n suf f i c i ent  number s,  
per manent l y mount ed,  and so ar r anged or  spaced t o ef f ect i vel y c l ean al l  
t ube sur f aces.   Each soot  bl owi ng syst em shal l  be an aut omat i c sequenci ng,  
f l exi bl e oper at i on usi ng ai r  or  s t eam as t he bl owi ng medi um.   El ement s 
wi t hi n t he boi l er  shal l  be const r uct ed of  heat - r es i st i ng al l oys sui t abl e 
f or  t he f l ue gas t emper at ur e encount er ed and shal l  be r emovabl e wi t hout  
di st ur bi ng t he boi l er  t ubes.   I f  t he soot  bl ower s ar e ai r  oper at ed,  ai r  
compr essor s wi t h suf f i c i ent  capaci t y t o accommodat e t he addi t i onal  l oad of  
t he soot  bl ower s shal l  be pr ovi ded.   [ Each boi l er  uni t  shal l  i ncl ude a 
cycl one separ at or  i nst al l ed i n conj unct i on wi t h t he boi l er  st ack t o capt ur e 
par t i cul at e mat t er  emi t t ed dur i ng t ube cl eani ng oper at i ons. ]   Fr equency of  
t he c l eani ng oper at i on shal l  be aut omat i cal l y  cont r ol l ed by t i mer s t hat  
shal l  be i nt er l ocked wi t h t he i nspect i on door s t o pr event  c l eani ng when t he 
door s ar e open.   Each bl ower  uni t  shal l  be f ur ni shed compl et e wi t h al l  
necessar y auxi l i ar i es,  cont r ol s,  and equi pment  and shal l  be connect ed 
accor di ng t o t he manuf act ur er ' s r ecommendat i ons.

2. 4. 1. 9   Drains

Dr ai ns consi st i ng of  a 20 mm 3/ 4 i nch hose bi b or  a 25 mm 1 i nch hose gat e 
val ve shal l  be i nst al l ed at  t he l owest  poi nt  i n t he r et ur n mai n near  t he 
boi l er  and at  l ocat i ons shown or  as r equi r ed f or  t he conveni ent  and 
t hor ough dr ai ni ng of  t he syst em.

2. 4. 2   Economizers

**************************************************************************
NOTE:   The economi zer  or  ai r  pr eheat er  wi l l  be 
sel ect ed t o be compat i bl e wi t h any pol l ut i on cont r ol  
equi pment  bei ng ut i l i zed.   Fi nned t ubes wi l l  not  be 
used f or  sol i d f uel s.

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

Economi zer s shal l  be of  a t ype nor mal l y pr ovi ded by t he boi l er  manuf act ur er  
and shal l  i ncl ude [ f i nned t ubes, ]  [ bar e t ubes, ]  baf f l es and header s and 
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shal l  have pr ovi s i on f or  c l eani ng and t ube bundl e r emoval .   At  maxi mum 
l oad,  economi zer  exi t  wat er  shal l  not  be wi t hi n 17 degr ees C 30 degr ees F 
l ower  t han sat ur at i on t emper at ur e.   Mat er i al s shal l  be capabl e of  
wi t hst andi ng t he maxi mum boi l er  exi t  gas t emper at ur e pl us 28 degr ees C 50 
degr ees F.   Tubes shal l  conf or m t o ASME BPVC SEC I .   Over al l  desi gn and 
i nst al l at i on shal l  pr ecl ude col d- end cor r osi on under  any l oad condi t i on.   
Economi zer  exi t  f l ue gas t emper at ur e shal l  not  be l ess t han 177 degr ees C 
350 degr ees F and t he t ube met al  t emper at ur e shal l  be above t he maxi mum 
f l ue gas dew poi nt  f or  t he f uel  bei ng f i r ed under  al l  l oad condi t i ons.

2. 4. 3   Ai r  Pr eheat er s

**************************************************************************
NOTE:   The economi zer  or  ai r  pr eheat er  wi l l  be 
sel ect ed t o be compat i bl e wi t h any pol l ut i on cont r ol  
equi pment  bei ng used.

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

Ai r  pr eheat er s shal l  be of  a t ype nor mal l y pr ovi ded by t he boi l er  
manuf act ur er  and shal l  be r ecuper at i ve,  t ube pl at e,  or  r egener at i ve t ype 
const r uct ed of  mat er i al s adequat e t o wi t hst and t he cor r osi on ef f ect s of  t he 
f l ue gases.   Over al l  desi gn shal l  pr ecl ude col d- end cor r osi on of  t he ai r  
pr eheat er  under  any l oad condi t i on.   Temper at ur es of  al l  met al s i n cont act  
wi t h f l ue gas shal l  be above t he f l ue gas maxi mum dew poi nt  t emper at ur e f or  
t he f uel  bei ng f i r ed under  al l  l oad condi t i ons.   Cont r ol  shal l  be by st eam 
pr eheat  or  by aut omat i c bypass and shal l  be i nt egr at ed wi t h t he combust i on 
cont r ol  syst em.

2. 4. 4   Dr af t  Fans

**************************************************************************
NOTE:   Wher e i nduced dr af t  f ans ar e i nst al l ed 
di r ect l y af t er  t he heat  r ecover y boi l er ,  i t  may be 
necessar y t o pr ovi de l i ner s f or  scr ol l  sheet s and 
r ot or  bl ades i f  t he gases cont ai n par t i cul at es i n 
excess of  229 mg per  dr y st andar d cubi c met er  ( 0. 10 
gr / DSCF) .   The f an desi gn and const r uct i on wi l l  be 
st r ongl y i nf l uenced by t he t ype of  par t i cul at e 
cont r ol  devi ce used and i t s l ocat i on r el at i ve t o 
t hat  devi ce.

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

Fur ni sh i nduced dr af t  cent r i f ugal  f ans,  as speci f i ed,  as an i nt egr al  par t  
of  t he boi l er  desi gn.   The uni t  shal l  consi st  of  an el ect r i cal  mot or  dr i ven 
cent r i f ugal  f an,  a housi ng ( scr ol l  and s i de pl at es) ,  cont r ol s,  guar ds and 
accessor i es.   Al l  component s shal l  be at t ached t o a common base whi ch shal l  
i ncl ude pr ovi s i ons f or  f ast eni ng t o a f oundat i on.   The uni t  shal l  be 
compl et el y assembl ed,  r eady f or  i nst al l at i on and oper at i on.

a.   Fan assembl i es shal l  be sui t abl e f or  cont i nuous boi l er  dr af t  oper at i on 
t o handl e f l ue gases havi ng t emper at ur es up t o 800 degr ees F.   Fans 
shal l  compl y wi t h AMCA 99 st andar d appl i cabl e t o cent r i f ugal  f ur nace 
f ans and shal l  be r at ed f or  f l ow r at e,  pr essur e,  power ,  speed of  
r ot at i on and ef f i c i ency i n accor dance wi t h AMCA 210 and ASME PTC 10.   
The suppl i er  shal l  submi t  t o t he Cont r act i ng Of f i cer  sat i sf act or y 
evi dence t hat  t he f an f ur ni shed meet s t he r equi r ement s of  AMCA 210.   
Accept abl e evi dence of  meet i ng t he r equi r ement s of  t hi s st andar d wi l l  
be t he AMCA Cer t i f i ed Rat i ng Seal  or  a cer t i f i ed i nspect i on r epor t  f r om 
an i ndependent  t est i ng l abor at or y i ndi cat i ng t hat  t he f an conf or ms t o 
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t he r equi r ement s of  AMCA 210.

b.   Fans shal l  be cent r i f ugal  wi t h backwar d cur ved bl ades or  r adi al  t i p 
bl ades.   Each f an shal l  be s i zed f or  oper at i on at  an el evat i on of  
[ _____]  met er s f eet ,  wi t h an out put  vol ume and equi pment ,  l eaks,  and 
t emper at ur e and el evat i on cor r ect i ons f or  a di r t y boi l er  wi t h wor st  
ambi ent  condi t i ons,  al l  at  f ul l  combust i on.   I n addi t i on,  f an s i z i ng 
shal l  i ncl ude mar gi ns of  10 per cent  excess vol ume agai nst  a 21 per cent  
st at i c pr essur e and ai r  t emper at ur e 22 degr ees C 40 degr ees F above 
oper at i ng t emper at ur e.

c.   I nduced dr af t  f ans shal l  be desi gned f or  handl i ng hot  f l ue gas at  t he 
maxi mum boi l er  out l et  t emper at ur e adj ust ed f or  boi l er  sur f ace f oul i ng.   
Fans shal l  be of  t he [ s i ngl e]  [ or ]  [ doubl e]  wi dt h cent r i f ugal  t ype.   
[ When t he f an i s  a doubl e- wi dt h cent r i f ugal  t ype,  i t  shal l  have a 
doubl e i nl et . ]   The di r ect i on of  f an r ot at i on shal l  be [ c l ockwi se]  [ or ]  
[ count er cl ockwi se]  as det er mi ned f r om t he dr i ve s i de of  t he f an.   The 
di r ect i on of  di schar ge shal l  be [ t op hor i zont al ]  [ t op angul ar  down]  
[ down bl ast ]  [ bot t om angul ar  down]  [ t op angul ar  up]  [ up bl ast ]  [ bot t om 
angul ar  up]  [ or ]  [ bot t om hor i zont al ] .   The posi t i on of  i nl et  box shal l  
be [ 45]  [ 90]  [ 135]  [ 180]  [ 225]  [ 270]  [ 315]  [ or ]  [ 360] .   The f ans shal l  
have a st at i c ef f i c i ency of  not  l ess t han 0 per cent  i n st andar d ai r  at  
best  ef f i c i ency poi nt .   Fan wheel  shal l  be const r uct ed of  [ st eel ]  [ or ]  
[ al umi num] .   The shaf t  shal l  be t ur ned,  gr ound,  and pol i shed.   The f an 
wheel  and shaf t  assembl y shal l  be bal anced st at i cal l y  and dynami cal l y.   
The compl et e r ot at i ng assembl y of  t he f an shal l  be dynami cal l y bal anced 
wi t hi n t he l i mi t s of  t he f ol l owi ng f or mul a:

Vi br at i on di spl acement        -            1. 620
__________________________

mi l l s- peak- t o- peak              r evol ut i ons per  mi nut e

Noi se l evel s f or  f ans shal l  not  exceed 85 dBA at  a 914. 4 mm 3 f oot  
st at i on.   The f an housi ng shal l  be car bon st eel  of  a nomi nal  t hi ckness not  
l ess t han t hat  sel ect ed i n Tabl e I .

TABLE I   HOUSI NG GAUGES

Nomi nal  f an di amet er  ( mm)
(inches)

Sides Scroll

up t o 584 23 3. 42 mm ( 10 gauge)  10 gauge 3. 42 mm ( 10 gauge)  10 gauge

600-68524-27 4. 55 mm  ( 7 gauge)  7 gauge 4. 55 mm  ( 7 gauge)  7 gauge

1855 73 and over 6. 35 mm 1/ 4 i nch 6. 35 mm 1/ 4 i nch

Scr ol l  and s i depl at e j oi nt s shal l  be cont i nuousl y wel ded.   The housi ng 
shal l  be r ei nf or ced wi t h st eel  member  t o pr ovi de a r i gi d st r uct ur e and t o 
mi ni mi ze v i br at i on.   [ A t hr eaded dr ai n connect i on t o accommodat e a 25 mm 1 
i nch st andar d pi pe shal l  be l ocat ed at  t he l owest  poi nt  i n t he scr ol l .   A 
f l ush- t ype access door  shal l  be i ncl uded i n t he scr ol l  and hel d by 
qui ck- r el ease cl amps and l ocat ed as speci f i ed.   I nl et  and out l et  duct  
connect i ons shal l  be f l anged] .   [ The i nl et  of  t he f an shal l  be equi pped 
wi t h an i nl et  box of  t he same st eel  t hi ckness as t he housi ng. ]   Seal s shal l  
be pr ovi ded t o mi ni mi ze l eakage wher e t he shaf t  passes t hr ough t he housi ng 
or  i nl et  box.   [ Scr ol l  sheet s and r ot or  bl ades shal l  have l i ner s. ]

a.   I nduced dr af t  f ans shal l  be i nsul at ed as speci f i ed i n Sect i on 23 07 00 
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THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.   Fans shal l  be f act or y 
pai nt ed wi t h t he manuf act ur er ' s st andar d f i ni sh.   I f  dr awi ngs so 
i ndi cat e,  t he i nduced- dr af t  f an housi ng shal l  be desi gned t o suppor t  
t he por t i on of  t he boi l er  st ack t hat  i s  r est i ng on t he housi ng.   Fans 
shal l  have [ i nl et  vane cont r ol ]  [ i nl et  damper  cont r ol ]  [ var i abl e speed 
cont r ol ] .   I nl et  vanes or  damper s shal l  be sui t abl e f or  use wi t h 
combust i on cont r ol  equi pment .   The f an shal l  be equi pped wi t h 
[ pr eci s i on ant i - f r i c t i on bear i ngs t hat  meet  t he r equi r ement s f or  a 
mi ni mum r at i ng l i f e of  100, 00 hour s]  [ t he sel f - al i gni ng s l eeve t ype]  
[ or ]  [ r ol l er  bear i ngs mount ed i n sui t abl e pi l l ow bl ocks] .   Fans wi t h 
backwar d cur ved bl ades may have sel f - al i gni ng ant i - f r i c t i on bear i ngs.

b.   Fan bear i ngs shal l  be ai r  cool ed.   Ai r  bal anced pi l l ow bl ocks or  
auxi l i ar y seal s shal l  be pr ovi ded t o pr event  t he aspi r at i on of  oi l  f r om 
oi l  s l i nger  t ype bear i ngs.   The oi l  r eser voi r  shal l  be pr ovi ded wi t h 
heat  s l i nger s f or  cont r ol  of  ai r  movement  over  t he bear i ng housi ng i n 
or der  t o pr event  a bui l dup of  ambi ent  t emper at ur e.   Means f or  
l ubr i cat i on shal l  be pr ovi ded i n accor dance wi t h t he manuf act ur er ' s  
st andar d pr act i ce.   Par t s r equi r i ng l ubr i cat i ons shal l  be so l ocat ed as 
t o make t he l ubr i cat i ng poi nt s easi l y v i s i bl e and accessi bl e.   
Hydr aul i c l ubr i cat i on f i t t i ngs shal l  be i n accor dance wi t h SAE J534.   
Wher e use of  hi gh- pr essur e l ubr i cat i ng equi pment ,  1000 pound- f or ce per  
squar e i nch or  hi gher ,  wi l l  damage gr ease seal s or  ot her  par t s,  a 
sui t abl e war ni ng shal l  be af f i xed t o t he equi pment  i n a conspi cuous 
l ocat i on.   Al l  par t s r equi r i ng l ubr i cat i on shal l  be pr oper l y l ubr i cat ed 
bef or e del i ver y.

c.   Fans shal l  be dr i ven by el ect r i c  mot or s.   El ect r i c  mot or  shal l  be [ dr i p 
pr oof ]  [ t ot al l y  encl osed,  nonvent i l at ed]  [ t ot al l y  encl osed,  f an- cool ed]  
[ t ot al l y  encl osed,  f an- cool ed,  sui t abl e f or  i nst al l at i on i n a Cl ass 1,  
Di v i s i on 1,  Gr oup F,  hazar dous l ocat i on conf or mi ng t o NFPA 70] .   Mot or  
st ar t er  shal l  be magnet i c [ acr oss- t he- l i ne]  [ r educed vol t age st ar t ]  
wi t h [ gener al - pur pose]  [ weat her  r esi st ant ]  [ wat er t i ght ]  [ dust - t i ght ]  
[ expl osi on- pr oof ]  encl osur e and shal l  be f ur ni shed wi t h f our  auxi l i ar y 
i nt er l ock cont act s.   Fans shal l  be di r ect l y or  i ndi r ect l y connect ed t o 
t he dr i v i ng mot or .   I f  t he f an i s  i ndi r ect l y connect ed,  a V- bel t  
desi gned f or  50 per cent  over l oad capaci t y shal l  be pr ovi ded,  and t he 
mot or  shal l  be mount ed on t he base i n a manner  t hat  wi l l  per mi t  
t i ght eni ng of  t he bel t .

2. 4. 5   Fl ue Duct i ng

Each boi l er  shal l  be connect ed t o t he st ack or  f l ue by means of  a smoke 
connect i on const r uct ed of  bl ack i r on or  st eel  sheet  not  l ess t han 1. 214 mm 
0. 0478 i nch,  nomi nal  t hi ckness.   Cl ear  di st ance bet ween any por t i on of  t he 
smoke connect i on sur f ace and any combust i bl e mat er i al  shal l  be not  l ess 
t han t hat  speci f i ed i n NFPA 211.   Joi nt s and seams shal l  be secur el y 
f ast ened and made ai r t i ght .   Sui t abl e c l ean- out s shal l  be pr ovi ded t o 
per mi t  c l eani ng t he ent i r e smoke connect i ons wi t hout  di smant l i ng.   Duct  
const r uct i on shal l  conf or m t o SMACNA 1966.   Pl ast i c mat er i al s 
pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o be used 
f or  vent  pi pi ng of  combust i on gases.

2. 4. 6   Breaching

Br eachi ng shal l  be const r uct ed of  not  l ess t han 3. 416 mm 10 gauge st eel  
sheet s conf or mi ng t o ASTM A36/ A36M.   Br eachi ng shal l  be adequat el y 
r ei nf or ced and br aced wi t h st r uct ur al  st eel  angl es not  smal l er  t han 50. 8 by 
50. 8 by 6. 4 mm 2 by 2 by 1/ 4 i nch and al l  j oi nt s and seams i n t he sheet s 
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and angl es shal l  be wel ded.   Expansi on j oi nt s shal l  be i nst al l ed as 
i ndi cat ed and as r equi r ed t o sui t  t he i nst al l at i on and shal l  be f l exi bl e 
t ype r equi r i ng no packi ng.   Br eachi ng shal l  have angl e f l anges and gasket s 
f or  connect i on t o boi l er s,  f ans,  equi pment ,  or  st acks wi t h br eachi ng t o be 
t he f ul l  s i ze of  t he openi ng.   Br eachi ng shal l  be l i ned wi t h a mi ni mum of  
76. 2 mm 3 i nch t hi ck r ef r act or y.   Br eachi ng connect i ons shal l  be gas- t i ght ,  
caul ked t i ght  al l  ar ound and seal ed wi t h cement  t o f or m an ai r - t i ght  
j oi nt .   Cl ean- out  openi ngs of  sui t abl e s i ze and at  appr oved l ocat i ons shal l  
be pr ovi ded f or  access t o al l  sect i ons of  t he br eachi ng and shal l  have 
t i ght - f i t t i ng hi nged door s wi t h f r ames.   One 400 by 400 mm 16 by 16 i nch 
i nspect i on door  shal l  be l ocat ed i n t he s i de of  t he br eachi ng j ust  
pr ecedi ng t he boi l er  uni t .   A s i mi l ar  i nspect i on door  shal l  be l ocat ed j ust  
f ol l owi ng t he boi l er  uni t .   Br eachi ng may be suppl i ed i n bol t ed or  wel ded 
sect i ons f or  ease of  handl i ng and er ect i on and shal l  be const r uct ed i n 
accor dance wi t h SMACNA 1966.   Connect or s shal l  be i n accor dance wi t h 
NFPA 211.   Pl ast i c mat er i al s pol yet her i mi de ( PEI )  and pol yet her sul f one 
( PES)  ar e f or bi dden t o be used f or  vent  pi pi ng of  combust i on gases.

2. 4. 7   Fl ue Gas I nl et  Damper

**************************************************************************
NOTE:   Opt i onal  wor di ng i s appl i cabl e t o 
gui l l ot i ne- t ype damper s.

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

A [ gui l l ot i ne]  [ but t er f l y ]  [ shut t er ]  damper  [ of  t he t hi ckness i ndi cat ed]  
[ at  l east  63 mm 2- 1/ 2 i nches t hi ck]  and consi st i ng of  r ef r act or y mat er i al  
encl osed i n a st eel  f r ame shal l  be i nst al l ed at  t he ent r ance of  t he wast e 
heat  r ecover y boi l er  t o i sol at e i t  f r om t he combust i on equi pment  dur i ng 
emer gency boi l er  r epai r s.   A [ chai n hoi st ]  [ manual  l ever ]  [ el ect r i cal  
cont r ol ]  f or  r ai s i ng and l ower i ng t he damper  shal l  be f ur ni shed and shal l  
be of  a s i ze and desi gn t o ensur e f r ee movement  by t he damper .   [ The hoi st  
cabl e shal l  be secur ed t o t he damper  f r ame by shackl es and bol t s.   The 
damper  s l ot  shal l  have a st eel  pl at e cover  6. 4 mm 1/ 4 i nch t hi ck and of  t he 
pr oper  l engt h and wi dt h.   The cover  shal l  have a s l ot  t o per mi t  passage of  
t he damper  cabl e,  and f or  easy r emoval  of  t he damper .   The hoi st  shal l  be a 
pr oduct  of  a manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  hoi st s.   
Hoi st  shal l  be spur  gear ed.   Uni t  shal l  be desi gned f or  hi gh- speed l i f t i ng,  
have hi gh mechani cal  ef f i c i ency,  an aut omat i c l oad br ake,  and a bui l t - i n 
l oad l i mi t . ]  The oper at or  shal l  be abl e t o move t he r equi r ed l oad f r eel y 
and mai nt ai n t he damper  i n any desi r ed posi t i on wi t hi n t he l i mi t s of  t he 
f l ue openi ng.   Maxi mum pul l  t o oper at e t he uni t  shal l  not  exceed 310 Newt ons
 70 pounds.

2. 4. 8   Fl ue Gas Di schar ge Damper s

A cont r ol l er - act uat ed,  r ef r act or y- l i ned damper  shal l  be i nst al l ed at  t he 
boi l er  exi t .   Anot her  damper  shal l  be i nst al l ed i n t he dump st ack and shal l  
open i f  any of  t he f ol l owi ng condi t i ons occur :

a.   Excess boi l er  st eam pr essur e.

b.   I nduced dr af t  f an f ai l ur e.

c.   Boi l er  i s  shut  of f .

Boi l er  damper s shal l  be oper at ed by a cont r ol l er - act uat ed mot or  based on 
t he [ boi l er  st eam pr essur e]  [ boi l er  wat er  t emper at ur e] .   Boi l er  and dump 
st ack damper s shal l  be r ever se act i ng,  i . e. ,  when t he boi l er  damper  i s 
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open,  t he dump st ack damper  wi l l  be c l osed.

2. 4. 9   Bl owof f  Tank

Bl owof f  t ank [ shal l  be const r uct ed of  4000 psi  r ei nf or ced concr et e as 
speci f i ed i n Sect i on 03 30 00. 00 10 CAST- I N- PLACE CONCRETE,  and shal l  be 
f i t t ed wi t h a bol t ed st eel  manhol e cover  and f r ame.   Bl owof f  pi pe,  vent  
pi pe,  and dr ai n pi pe t o sewer  shal l  be i nst al l ed i n pi pe s l eeves bui l t  i nt o 
t he concr et e.   Space bet ween t he pi pe and sl eeves shal l  be f i l l ed and 
caul ked wi t h l ead wool  or  s i mi l ar  mat er i al  t o make a wat er - t i ght  
connect i on.   Tank shal l  be di v i ded i nt o t wo sect i ons by a baf f l e t o f or m a 
sedi ment  chamber ]  [ shal l  be const r uct ed of  st eel ] .

2. 4. 10   Boi l er  Feed Pumps

Boi l er  f eed pumps shal l  be s i zed and desi gned f or  t he speci f i c  
appl i cat i on.   Pumps havi ng a combi ned r at i ng of  f l ow and head t hat  r esul t s 
i n a hor sepower  r at i ng l ess t han 186 kW 250 bhp shal l  be f ur ni shed t o meet  
t he desi gn r equi r ement s of  API  STD 610.   The pump shal l  be ei t her  
end- suct i on or  t op suct i on,  t op- di schar ge and be suppor t ed at  t he cent er  
l i ne.   Pump si ze wi t h hi gher  r at i ngs t han t he above shal l  be 
hor i zont al - spl i t  case,  mul t i s t age cent r i f ugal  pumps.   Al l  pump r at i ngs 
shal l  have,  nomi nal l y,  an excess capaci t y of  10 per cent  above t he maxi mum 
cont i nuous r at i ng of  t he ser vi ce.   The r equi r ed net  posi t i ve suct i on head 
( NPSH)  at  t he pump desi gn f l ow,  head,  and speed shal l  not  exceed 80 per cent  
of  t he avai l abl e syst em NPSH at  t he same f l ow,  assumi ng a l ow l evel  i n t he 
st or age t ank.   The guar ant eed NPSH r equi r ement s shal l  r ef l ect  3 per cent  
br eakdown cr i t er i a.   The pump' s head- capaci t y ( H- Q)  cur ve shal l  be 
const ant l y r i s i ng t o shut of f  wi t h no poi nt  of  i nf l ect i on.   Ther e shal l  be 
no r est r i c t i on t o oper at i on at  any poi nt  f r om cont i nuous f l ow t o desi gn 
f l ow.   Pumps shal l  be t ur bi ne t ype,  br onze f i t t ed t hr oughout ,  wi t h 
i mpel l er s of  br onze or  ot her  cor r osi on- r esi st ant  met al  as appr oved.   Pump 
bar r el  assembl i es shal l  be f i t t ed wi t h l i f t i ng r i ngs.   Capaci t i es and 
char act er i st i cs shal l  be as i ndi cat ed.

2. 4. 10. 1   Casings

Casi ng const r uct i on shal l  be ei t her  vol ut e or  di f f user  desi gn and shal l  be 
suppor t ed at  i t s  cent er l i ne.   Pumps shal l  have i nt egr al l y  cast  suct i on and 
di schar ge f l anges t hat  shal l  be dr i l l ed t o meet  t he desi gn pr essur e of  t he 
appl i cat i on.   The maxi mum oper at i ng t emper at ur e,  f or  desi gn pur poses,  of  
any f eedpump shal l  not  be l ess t han 204 degr ees C 400 degr ees F.   Casi ngs 
shal l  be dr i l l ed,  t apped,  and pr ovi ded wi t h vent ,  gauge,  and dr ai n 
connect i ons.   Pumps desi gned f or  t hi s ser vi ce shal l  not  r equi r e cool i ng at  
r at i ngs bel ow 370 kW 500 bhp.   Thi s appl i es t o bot h f r ame cool i ng or  seal  
cool i ng.   Bel ow 370 kW 500 bhp,  pumps shal l  empl oy ant i f r i c t i on r adi al  and 
t hr ust  bear i ngs l ubr i cat ed by f l i nger  r i ngs i n a seal ed housi ng.   Seal s 
shal l  be mechani cal  and ai r - cool ed f l ush pi pi ng conf or mi ng t o API  STD 610, 
Pl an 23.   Above 370 kW 500 bhp,  pumps shal l  empl oy a s i ngl e cool i ng c i r cui t  
f or  bot h cool i ng and t he oi l  bei ng del i ver ed by a f or ced- oi l  syst em t o 
s l eeve r adi al  bear i ngs,  and a f l oat i ng shoe t hr ust  bear i ng,  coupl ed wi t h 
t he seal  cool er s f or  bot h st uf f i ng boxes.   Mechani cal  seal s shal l  al so be 
pr ovi ded,  and an ext r a seal  r epl acement  k i t  shal l  be pr ovi ded f or  each 
pump.   I n bot h cases,  st uf f i ng boxes shal l  be s i t e- conver t i bl e t o a packed 
box.   Leakage shal l  be not  mor e t han 25 cc/ hr  f or  a seal  l i f e of  not  l ess 
t han 25, 000 hour s.   Bear i ng r at i ng shal l  be not  l ess t han 100, 000 hour s 
( L- 10 l i f e)  at  t he poi nt  of  maxi mum l oad,  as def i ned by ABMA 9.   Sump 
cool i ng shal l  be by i ndi r ect  coi l .   Pump casi ngs shal l  be desi gned t o al l ow 
t he pump bar r el  assembl y t o be r emoved as a uni t ,  f r om t he dr i ve shaf t  end 
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t o t he i mpel l er ,  wi t hout  di st ur bi ng t he mai n pi pi ng or  t he dr i ve [ mot or ]  
[ or ]  [ t ur bi ne] .

2. 4. 10. 2   Pump Base

Pumps shal l  be suppor t ed on st r uct ur al  st eel  bases t hat  do not  r equi r e 
gr out i ng i n or der  t o i mpar t  st r engt h t o t he pump f or  st at i c and dynami c 
l oadi ng f r om t he pi pi ng syst em.   Bases f or  pump and dr i ve assembl y and 
suppor t  shal l  be compl et e wi t h dr ai n l i p and pi t ched t o a l ow- poi nt  dr ai n.   
The compl et e pump and mot or  assembl y shal l  be shop al i gned usi ng shi ms on 
bot h t he pump and mot or .   Pumps shal l  be i nst al l ed on t hei r  concr et e 
f oundat i ons wher e shown on t he dr awi ngs.

2. 4. 10. 3   Pump Coupl i ngs

Al l  pumps shal l  be f ur ni shed wi t h nonl ubr i cat ed f l exi bl e- di sk coupl i ngs and 
a coupl i ng guar d.   Coupl i ngs shal l  be spacer  t ype t o per mi t  r emoval  of  t he 
mechani cal  seal s and l i mi t ed- end- f l oat - t ype f or  pumps wi t h s l eeve bear i ngs.

2. 4. 10. 4   Pump Rel i ef  Val ve

**************************************************************************
NOTE:   I f  aut omat i c r eci r cul at i on val ve i s ut i l i zed,  
del et e t hi s par agr aph.

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

Wher e an aut omat i c boi l er  f eedwat er  r eci r cul at i on val ve i s not  used,  each 
boi l er f eed pump shal l  be ar r anged f or  cont i nuous oper at i on and shal l  be 
f ur ni shed wi t h a sui t abl e r el i ef  val ve f or  bypassi ng t he boi l er  f eed t o t he 
deaer at i ng f eedwat er  t ank t o mai nt ai n a mi ni mum f l ow of  5 per cent  under  
shut of f  condi t i ons.   Feedwat er  r egul at i ng val ve shal l  mai nt ai n a const ant  
f eed- pump di schar ge pr essur e.   Val ve shal l  be an i nt er nal - pi l ot - oper at ed 
pi st on val ve,  s i ngl e- seat ed,  V por t  or  t aper ed pl ug,  and shal l  be adj ust ed 
t o mai nt ai n wi t hi n 7 kPa 1 pound of  t he 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 ni t i al  pr essur e or  f l uct uat i ons i n t he 
r at e of  f l ow.   Val ve body shal l  be const r uct ed of  br onze wi t h r enewabl e 
di sks and seat s of  har dened st ai nl ess st eel  and shal l  be desi gned f or  a 
wor ki ng pr essur e of  not  l ess t han [ 1. 72]  [ _____]  MPa [ 250]  [ _____]  psi g.   A 
posi t i on i ndi cat or  shal l  be pr ovi ded wi t h t he val ve.

2. 4. 10. 5   Pump Shut of f  Val ve

Each pump shal l  be f i t t ed wi t h a shut of f  val ve on t he suct i on i nl et  l i ne 
and wi t h a nonsl am check val ve and a shut of f  val ve on t he di schar ge l i ne.   
On pump si zes over  3 L/ second 50 gpm,  an aut omat i c  r eci r cul at i ng bypass 
val ve uni t  shal l  be pr ovi ded on each pump di schar ge t o pr event  t he pump 
f r om over heat i ng and consequent  damage at  l ow f l ows.   Wher e t he aut omat i c 
r eci r cul at i ng val ve i s so desi gned,  i t  may be used as a combi nat i on check 
val ve and r eci r cul at i ng val ve and t he separ at e nonsl am check val ve may be 
omitted.

2. 4. 10. 6   St eam Tur bi nes

**************************************************************************
NOTE:   St eam dr i ven boi l er  auxi l i ar i es wi l l  not  be 
used unl ess t he exhaust  st eam can be used 
compl et el y.   I t  i s  r ecommended t hat  a l i f e cycl e 
cost  st udy be per f or med t o det er mi ne i f  t hi s sect i on 
i s appl i cabl e.   Ref er ence t o st eam dr i ves wi l l  be 
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del et ed i f  i nappl i cabl e f or  t he equi pment  speci f i ed.
**************************************************************************

St eam t ur bi nes f or  boi l er f eed pump shal l  oper at e t he pump pr oper l y i n a 
st eam pr essur e r ange of  [ _____]  kPa psi g wi t h st eam back- pr essur e of  [ _____]
 kPa psi g.   Tur bi nes shal l  have hor i zont al l y- spl i t ,  t wo- pi ece,  cent er l i ne 
suppor t ed casi ngs,  wat er - cool ed bear i ng cases wi t h r i ng- oi l ed,  babbi t t  
l i ned,  br onze packed sl eeve bear i ngs.   Tur bi nes shal l  al so be equi pped wi t h 
a mechani cal  shaf t  speed gover nor  and val ve,  i ndependent  over - speed 
emer gency gover nor  and t r i p val ve,  r eed t achomet er ,  const ant  pr essur e t ype 
gover nor ,  i nsul at i on wi t h r emovabl e met al  j acket ,  oi l - s i ght  gl asses wi t h 
guar ds,  st ai nl ess st eel  st eam st r ai ner  t hat  i s  r emovabl e wi t hout  
di sconnect i ng pi pi ng,  any speci al  wr enches and t ool s r equi r ed f or  ser vi c i ng 
t he t ur bi ne,  and a sent i nel  war ni ng on t he exhaust  casi ngs.   Tur bi nes shal l  
conf or m t o NEMA SM 23.

2. 4. 10. 7   El ect r i c  Mot or  Dr i ves

El ect r i c  mot or s shal l  be sel ect ed f or  cont i nuous dut y and nonover l oadi ng 
char act er i st i cs sui t abl e f or  t he power  char act er i s t i cs avai l abl e.   Mot or s 
shal l  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 ype]  [ t ot al l y  encl osed,  f an- cool ed t ype,  sui t abl e f or  
i nst al l at i on i n a Cl ass I I ,  Di v i s i on 1,  Gr oup F hazar dous l ocat i on i n 
accor dance wi t h NFPA 70] .   Mot or  st ar t er  shal l  be magnet i c,  r educed vol t age 
st ar t  t ype wi t h [ gener al - pur pose]  [ weat her - r esi st ant ]  [ wat er - t i ght ]  
[ dust - t i ght ]  [ expl osi on- pr oof ]  encl osur e.

2. 4. 10. 8   Shop Hydr ost at i c  Test i ng

Al l  pumps shal l  be subj ect ed t o shop hydr ost at i c t est i ng.   One pump i n each 
ser vi ce shal l  be subj ect ed t o a compl et e shop per f or mance t est  t o 
demonst r at e t hat ,  at  r at ed capaci t y,  head i s wi t hi n a mar gi n of  pl us 3 
per cent  and mi nus 0 per cent  of  desi gn;  ef f i c i ency i s wi t hi n a t ol er ance of  
mi nus 0 per cent ;  NPSH at  t he pump' s BEP and at  t he r at ed condi t i on i s 
wi t hi n a mar gi n of  pl us 0 per cent  and mi nus 10 per cent .   Per f or mance t est s 
shal l  be i n accor dance wi t h API  STD 610.   Pr ocedur es and r esul t s shal l  be 
subj ect  t o t he appr oval  of  t he Cont r act i ng Of f i cer .

2. 4. 10. 9   Cont r ol  Locat i on

Boi l er  f eedwat er  pumps shal l  be st ar t ed t hr ough t he combust i on 
equi pment / boi l er  panel ,  manual / aut omat i c swi t ch.

2. 4. 11   Condensat e Pumps

**************************************************************************
NOTE:   I f  i nadequat e NPSH i s avai l abl e,  t he desi gner  
shal l  gi ve consi der at i on t o subst i t ut i ng ei t her  a 
doubl e suct i on or  posi t i ve di spl acement  pump.

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

Condensat e pumps shal l  be hor i zont al ,  end- suct i on,  s i ngl e- st age,  
cent r i f ugal ,  mot or - dr i ven pumps.   Casi ng shal l  be of  pr oper  mat er i al  f or  
t he pr essur e i nvol ved,  and t he pumps shal l  be br onze or  Monel  t r i mmed,  wi t h 
st ai nl ess st eel  shaf t s or  shaf t  s l eeves,  and br onze i mpel l er s.   Pumps shal l  
be pr ovi ded wi t h st uf f i ng boxes.   Lubr i cat i on shal l  be by spl ash oi l  wi t h 
oi l  l evel  s i ght gl ass pr ovi ded.   Pumps shal l  be subj ect  t o t he same t est s 
speci f i ed f or  t he boi l er  f eedpumps.   Condensat e pumps shal l  be i nst al l ed on 
sui t abl e concr et e f oundat i ons.   Each pump shal l  have t he capaci t y t o pump 
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100 per cent  of  t he desi gn l oad cont i nuousl y.   Pumps wi l l  pump a mi xt ur e of  
condensat e and sodi um zeol i t e sof t ened wat er  f r om t he condensat e t ank t o 
t he deaer at or .   The NPSH r equi r ed f or  al l  pumps shal l  not  exceed [ _____]  
met er s f eet ,  and t he pumps shal l  be capabl e of  handl i ng wat er  up t o 99 
degr ees C 210 degr ees F under  t hese condi t i ons wi t hout  cavi t at i ng.   Bal l  
bear i ngs ampl y s i zed f or  any and al l  t hr ust  l oads expect ed shal l  be 
wat er - or  oi l - cool ed and shal l  be sel f - al i gni ng.   Al l  necessar y vent s,  
dr ai ns,  pet cocks,  oi l  s i ght  gl asses,  et c. ,  and t he pr oper  packi ng mat er i al s 
f or  mi xed condensat e and makeup wat er  ser vi ce shal l  be of  t he 
manuf act ur er ' s hi ghest  st andar ds.   Hor i zont al  pumps shal l  be f act or y 
assembl ed t o t he mot or  dr i ves on a r i gi d st r uct ur al  st eel  or  cast  i r on 
basepl at e.   Each pump shal l  be di r ect l y connect ed t o a mot or  t hr ough a 
f l exi bl e coupl i ng wi t h appr oved coupl i ng guar ds.

2. 4. 11. 1   Desi gn Condi t i ons

The desi gn condi t i ons ar e:

a.   [ _____]  L/ second gpm.

b.   [ _____]  head.

c.   Wat er  pumped at  16 t o 99 degr ees C 60 t o 210 degr ees F.

2. 4. 11. 2   Condensat e Pump Dr i ves

Condensat e pump mot or  dr i ves shal l  be ampl y s i zed t o handl e t he pump power  
wi t h l ow di schar ge heads and shal l  not  exceed 1750 r evol ut i ons per  mi nut e 
( r pm) .   Mot or s shal l  be suppl i ed f or  t he power  char act er i st i cs avai l abl e 
and shal l  be bal l  bear i ng and of  t ot al l y  encl osed f an- cool ed const r uct i on.   
Condensat e pump mot or s shal l  be pr ovi ded wi t h a magnet i c acr oss- t he- l i ne 
st ar t er  equi pped wi t h t her mal  over l oad pr ot ect i on.   St ar t er s shal l  be 
l ocat ed i n t he mot or  cont r ol  cent er .

2. 4. 11. 3   Condensat e Pump Auxi l i ar i es

Condensat e t ank and pumps shal l  be compl et e wi t h al l  pi pi ng,  suct i on 
st r ai ner s,  suct i on and di schar ge val ves,  check val ves,  and f i t t i ngs 
r equi r ed f or  an i nt egr at ed uni t .   Pr ovi s i ons shal l  be made i n t he pump 
suct i on and di schar ge l i nes f or  t her mal  expansi on and vi br at i on i sol at i on.   
Pi pi ng shal l  be f act or y assembl ed.   Al l  pumps shal l  be f ur ni shed wi t h 
i sol at i ng val ves on suct i on and di schar ge,  suct i on st r ai ner s,  st ar t up 
st r ai ner s,  s i l ent  check val ves,  and r eci r cul at i ng pi pi ng.   Pumps shal l  be 
ar r anged wi t h bypass l i ne and or i f i ce i n accor dance wi t h manuf act ur er ' s 
speci f i cat i ons t o r eci r cul at e pumped f l ui d.   Al l  cont r ol l er s,  al ar ms,  
gauges,  s i ght  gl asses,  cont r ol  val ves,  et c. ,  shal l  be pr ovi ded wi t h shut of f  
and/ or  bypass val ves as r equi r ed f or  mai nt enance of  t he syst em whi l e i n 
operation.

2. 4. 12   Emer gency I nt er l ock

Emer gency i nt er l ocks shal l  be pr ovi ded t o bypass t he f l ue gas or  shut  down 
t he combust i on sour ce,  i n case of  l ow wat er ,  hi gh or  l ow pr essur e,  power  
f ai l ur e,  or  cont r ol  f ai l ur e.   The syst em shal l  act  aut omat i cal l y .

2. 4. 13   Calorimeter

A cal or i met er  connect i on shal l  be pr ovi ded i n t he st eam mai n and a f l ange 
nozzl e shal l  be pr ovi ded bet ween t he st op gat e and t he nonr et ur n val ve t o 
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per mi t  r el ease t o at mospher e when t est i ng t he boi l er  at  maxi mum capaci t y.   
The f l anged nozzl e shal l  be equi pped wi t h bl i nd f l ange and gasket s.

2. 5   CONDENSATE TANK AND ACCESSORI ES

2. 5. 1   Condensat e Tank

Condensat e t ank shal l  be desi gned f or  a wor ki ng pr essur e of  103 kPa 15 psi g 
and shal l  conf or m t o ASME BPVC SEC VI I I  D1.   Tank shal l  have a st or age 
capaci t y equal  t o or  gr eat er  t han i ndi cat ed and shal l  be i nst al l ed compl et e 
wi t h al l  pi pi ng and accessor i es.   Condensat e t ank shal l  be f act or y pr i med 
wi t h t he manuf act ur er ' s st andar d pai nt .

2. 5. 2   Feedwat er  Makeup Val ve

A f l oat - cont r ol l ed val ve shal l  be pr ovi ded f or  emer gency f eedwat er  makeup 
t o t he t ank.   Val ve shal l  be oper at ed by a f l oat - cont r ol  mechani sm 
connect ed t o t he sur ge t ank and shal l  mai nt ai n a sui t abl e mi ni mum wat er  
l evel  i n t he t ank.   Fl oat  box shal l  be out s i de t he t ank and t he connect i ons 
shal l  be pr oper l y val ved t o per mi t  bl owdown and ser vi c i ng.

2. 5. 3   Over f l ow Tr ap

An over f l ow t r ap desi gned f or  t he ser vi ce shal l  be i nst al l ed wi t h t he 
condensat e t ank.   The t r ap shal l  oper at e t o pr event  t he wat er  l evel  i n t he 
sur ge t ank f r om r i s i ng above a pr edet er mi ned poi nt  by aut omat i cal l y  
di schar gi ng t he excess wat er  and shal l  be desi gned t o pr event  t he escape of  
st eam and ai r .

2. 5. 4   Tank Connect i on and Cont r ol s

Tank shal l  be pr ovi ded wi t h al l  necessar y t hr eaded and f l anged openi ngs f or  
condensat e r et ur n,  300 by 400 mm 12 by 16 i nch ( mi ni mum)  access manhol e,  
over f l ow,  dr ai n,  pump suct i on,  gauge gl ass wi t h cocks and dr ai ns,  and ot her  
openi ngs as r equi r ed.   Tank shal l  be pr ovi ded wi t h a l ow- l evel  al ar m and 
pump shut of f  and hi gh- l evel  al ar m.   Al ar ms shal l  consi st  of  an al ar m hor n 
and war ni ng l i ght s mount ed on t he cont r ol  panel  as speci f i ed.

2. 5. 5   Desi gn Condi t i ons

The desi gn condi t i ons ar e:

Tank Capaci t y ( Nor mal - 1/ 2 capaci t y) [ _____]  l i t er s gal l ons

Tank Capaci t y ( Desi gn t o over f l ow) [ _____]  l i t er s gal l ons

Condensat e Temper at ur e 16 t o 99 degr ees C60 t o 210 degr ees F

Tank Oper at i ng Pr essur e Atmospheric

Tank Out l et  Capaci t y ( oper at i ng) [ _____]  kg l b per  hour

Tank Out l et  Capaci t y ( desi gn) [ _____]  kg l b per  hour

2. 5. 6   Det ai l  Speci f i cat i ons

Tank shal l  be but t  f usi on wel ded st eel  pl at e wi t h a maxi mum di amet er  of  
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[ _____]  and a maxi mum st r ai ght  s i de l engt h of  [ _____] .   Tank shal l  be 
t est ed under  pr essur e t o assur e no l eaks.   Pr ovi s i ons shal l  be made i n t he 
t ank f or  al l  connect i ons.   Af t er  f abr i cat i on,  t he i nt er i or  of  t he t ank 
shal l  be c l eaned of  al l  mi l l  scal e,  oi l ,  and wel d spl at t er  and t hen coat ed 
wi t h a baked- on phenol i c l i ni ng or  appr oved equi val ent  mat er i al  t hat  shal l  
be sui t abl e and guar ant eed f or  cont i nuous i mmer si on i n condensat e and 
sof t ened wat er  f r om a sodi um zeol i t e sof t ener  at  99 degr ees C 210 degr ees F.   
Condensat e t ank shal l  be shop assembl ed and checked f or  pr oper  f i t  of  
accessor i es.   Vendor  shal l  det er mi ne what  i t ems shoul d be r emoved and 
shi pped l oose f or  f i el d assembl y.   Condensat e t ank shal l  be er ect ed i n a 
hor i zont al  posi t i on.

2. 5. 7   Condensat e Tank Tr i m

Condensat e t ank shal l  have t he f ol l owi ng t r i m:

a.   Wat er  gauge gl asses wi t h shut of f  val ves t o cover  t he f ul l  wat er  l evel  
travel.

b.   Ther momet er .

c.   Makeup wat er  cont r ol  val ve wi t h i nl et ,  out l et ,  and bypass val ves.   
Mechani cal  l i nkage cont r ol  wi l l  not  be accept abl e.

d.   Pneumat i c l evel  cont r ol l er .

e.   Level  swi t ches wi t h pr ovi s i ons t o at t ach an al ar m or  120 vol t  cont r ol  
signal.

f .   Dr ai n val ve.

g.   I nsul at i on c l i ps f or  25 mm 1 i nch bl ock i nsul at i on.

h.   Al l  cont r ol l er s,  al ar ms,  gauges,  s i ght  gl asses,  cont r ol  val ves,  et c. ,  
shal l  be pr ovi ded wi t h shut  of f  and/ or  bypass val ves as r equi r ed f or  
mai nt enance of  t he syst em whi l e i n oper at i on.

2. 5. 8   Addi t i onal  Requi r ement s

Al l  r equi r ed f oundat i ons,  anchor  bol t s,  concr et e wor k,  and gr out i ng shown 
i n t he manuf act ur er ' s l oad di agr am and anchor  bol t  pl an shal l  be pr ovi ded.   
I nsul at i on and cover i ng shal l  conf or m t o Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Al l  wi r i ng i nc i dent al  t o t he oper at i on 
of  cont r ol s and i nst r ument at i on shal l  be pr ovi ded.   Al l  pi pi ng t o connect  
t o t he t ank f or  accessor i es shal l  be pr ovi ded.

2. 6   HEAT EXCHANGERS

**************************************************************************
NOTE:   I f  t he bul k of  t he condensat e r et ur n i s at  a 
hi gh t emper at ur e,  as f r om a l aundr y,  a heat  
exchanger  wi l l  be used.   I f  t he bul k of  t he 
condensat e i s r et ur ned t o a heat i ng pump uni t ,  a 
heat  exchanger  wi l l  not  be r equi r ed f or  t hat  
appl i cat i on.   Heat  exchanger s can be used f or  ei t her  
heat i ng or  cool i ng t he condensat e.

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

a.   Heat  exchanger s shal l  be desi gned,  f abr i cat ed,  t est ed,  and st amped i n 
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accor dance wi t h ASME BPVC SEC VI I I  D1.   Addi t i onal l y,  heat  exchanger  
desi gns shal l  meet  t he r equi r ement s of  HEI  2623.   Cl osed f eedwat er  
heat er  desi gns shal l  meet  t he r equi r ement s of  HEI  2622.   Al l  heat  
exchanger s shal l  be pr ovi ded wi t h r el i ef  val ves as r equi r ed by 
ASME BPVC SEC VI I I  D1 and HEI  2623 and shal l  be desi gned f or  a wor k i ng 
st eam pr essur e of  [ 586]  [ _____]  kPa [ 85]  [ _____]  psi g.   [ Heat  
exchanger s usi ng ser vi ce wat er  shal l  be desi gned t o have t he ser vi ce 
wat er  i nsi de t he t ubes. ]   [ The exchanger s shal l  be of  st r ai ght  t ube 
desi gn wi t h bol t ed f ul l  di amet er  access channel  cover s t o f aci l i t at e 
t ube mai nt enance as r equi r ed. ]   Ret ur n bonnet s ar e accept abl e when 
t her e ar e no t ubesi de connect i ons at  t he f ar  end.

b.   Mat er i al s of  const r uct i on shal l  be al l  car bon st eel ,  except  t he ser vi ce 
wat er  s i de whi ch shal l  r ef l ect  t he ser vi ce wat er  avai l abl e.   When t he 
wat er  qual i t y  per mi t s,  t he t ubes shal l  be st ai nl ess st eel  i n accor dance 
with ASTM A249/ A249M,  Gr ade TP 304;  t he r emai nder  of  t he t ube si de 
shal l  be al l  car bon st eel .   When t he ser vi ce wat er  i s  known t o cont ai n 
chl or i de l evel s har mf ul  t o st ai nl ess st eel s,  t he t ubes shal l  be 90- 10 
Copper - Ni ckel  i n accor dance wi t h ASTM B111/ B111MAl l oy 706;  t he 
r emai nder  of  t he ser vi ce wat er  s i de shal l  be as f ol l ows:   t ubesheet s,  
Monel - c l ad st eel ;  channel  cover s,  car bon st eel  l i ned wi t h Monel ;  
channel s and bonnet s,  Monel .

c.   Fi xed t ubesheet  desi gns ar e pr ef er r ed when oper at i ng condi t i ons do not  
i mpose a l ar ge di f f er ent i al  movement  t hat  cannot  be r eadi l y 
accommodat ed wi t h a s i mpl e t hi n- wal l  met al  bel l ows expansi on j oi nt .   
For  l ar ger  di f f er ent i al s,  a packed f l oat i ng t ubesheet  wi t h l ant er n r i ng 
i s accept abl e up t o 1. 03 MPa 150 psi g desi gn pr essur e.   For  pr essur es 
above 1. 03 MPa 150 psi g,  a spl i t - r i ng f l oat i ng- head desi gn shal l  be 
used.

d.   Heat  exchanger s,  st eam- t o- heat  domest i c wat er  or  ot her  f l ui ds such as 
gl ycol - wat er  mi xt ur es or  f uel  oi l  shal l  have t he st eam i n t he shel l  
s i de.   The exchanger s shal l  be of  U- t ube desi gns wi t h bol t ed 
f ul l - di amet er  channel  cover s t o f aci l i t at e t ube mai nt enance as 
r equi r ed.   The t ubesheet  shal l  be t he f ul l  di amet er  t o mat ch t he shel l  
f l ange and shal l  have suf f i c i ent  t hr eaded hol es so t hat  a shel l  hydr o 
t est  may be appl i ed wi t hout  t he channel  i n pl ace.   Mat er i al s of  
const r uct i on shal l  be al l  car bon st eel  wi t h t he except i on of  t he t ubes 
whi ch shoul d t ypi cal l y  be speci f i ed as st ai nl ess st eel  i n accor dance 
with ASTM A688/ A688M,  Gr ade TP 304,  st r ess r el i ef  anneal ed t emper  wi t h 
t he U- bends st r ess r el i eved af t er  bendi ng.   Fuel  oi l  heat er s shal l  have 
car bon st eel  t ubes i n accor dance wi t h ASTM A179/ A179M and be f ur ni shed 
i n t he st r ess r el i ef  anneal ed t emper  wi t h t he U- bends st r ess r el i eved 
af t er  bendi ng.

e.   Feedwat er  heat er s shal l  be of  al l - wel ded const r uct i on wi t h bol t ed f ul l  
di amet er  channel  cover s t o f aci l i t at e t ube mai nt enance as r equi r ed.   
The channel  bar r el  shal l  be i nt egr al  wi t h t he t ubesheet  and have an 
i nt er nal  pass par t i t i on bol t ed cover  desi gn t hat  shal l  be r eadi l y 
r emovabl e when t he channel  cover  i s  r emoved.   Pass par t i t i ons t hat  ar e 
seal ed wi t h a gasket ed gr oove i n t he channel  cover  ar e pr ohi bi t ed.   
Mat er i al s of  const r uct i on shal l  be al l  car bon st eel  except  t he t ubes.   
Pr essur e boundar y mat er i al  shal l  be i n accor dance wi t h ASTM A516/ A516M, 
Gr ade C,  when pl at e mat er i al  i s  r equi r ed,  or  ASTM A350/ A350M when 
f or gi ng mat er i al  i s  r equi r ed.   Shr oud pl at e mat er i al  f or  desuper heat i ng 
and subcool i ng zones shal l  be i n accor dance wi t h ASTM A285/ A285M,  Gr ade 
C.   Tubes shal l  be st ai nl ess st eel  i n accor dance wi t h ASTM A688/ A688M, 
Gr ade TP 304,  st r ess r el i ef  anneal ed t emper  wi t h U- bends st r ess 
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r el i eved af t er  bendi ng.   Shel l  shal l  be coat ed on t he out er  sur f aces 
wi t h an appr oved r ust - i nhi bi t i ng pai nt .   Coi l s shal l  be desi gned f or  a 
wor ki ng pr essur e of  [ _____]  kPa psi g.   [ A heat  exchanger  shal l  al so be 
empl oyed t o r educe t he t emper at ur e of  hi gh- pr essur e condensat e by 
heat i ng domest i c  or  boi l er  f eedwat er ,  t o pr event  excessi ve f l ashi ng i n 
t he condensat e t ank. ]

2. 7   DEAERATI NG FEEDWATER HEATER

Deaer at i ng f eedwat er  heat er  shal l  be i nst al l ed wher e i ndi cat ed and shal l  be 
t he s i ze and capaci t y i ndi cat ed.   Shel l  shal l  be st eel  pl at e.   [ Tr ay syst em 
f or  a Type I  uni t  shal l  be cor r osi on- r esi st ant  st eel . ]   Fl oat s shal l  be of  
[ copper ]  [ cor r osi on- r esi st ant  st eel ] .   Over f l ow cont r ol  shal l  be a [ l oop 
seal ]  [ f l oat - cont r ol l ed over f l ow t r ap] .   A heat er  shal l  be pr ovi ded wi t h a 
pr essur e r el i ef  val ve,  t her momet er s,  pr essur e gauge,  and oi l  separ at or .   A 
combi nat i on t emper at ur e- pr essur e r ecor der  shal l  be i nst al l ed f or  each 
f eedwat er  heat er .   St eam pr essur e r eadi ngs shal l  be t aken f r om t he shel l ,  
and t he t emper at ur e bul b shal l  [ i ndi cat e]  [ r ecor d]  t he t emper at ur e of  t he 
f eedwat er  af t er  i t  passes over  t he t r ays and spr ays.   An al ar m shal l  be 
pr ovi ded t o t ur n on a r ed pi l ot  s i gnal  l amp and t o sound a bel l  i n t he 
event  t hat  t he wat er  l evel  i n t he f eedwat er  heat er  st or age t ank f al l s  t o 
300 mm 12 i nches above t he bot t om of  t he t ank.   Syst em shal l  be oper at ed by 
an appr oved t ype of  ext er nal  el ect r i c  f l oat  swi t ch connect ed t o t he t ank.   
Si gnal  l amp and bel l  shal l  be mount ed wher e di r ect ed.   Fl oat  oper at or  f or  
t he deaer at or  l evel  cont r ol  val ve shal l  be of  t he ext er nal l y connect ed cage 
t ype of  semi st eel  const r uct i on and noncor r odi bl e f l oat ,  bot h desi gned f or  
858 kPa 125 psi g wor ki ng pr essur e,  pi ped wi t h shut - of f  and dr ai n val ves.

2. 7. 1   Desi gn Condi t i ons

The desi gn condi t i ons ar e:

Out l et  Capaci t y Desi gn [ _____]  kg l b per  hour

Out l et  Capaci t y -  Oper at i ng [ _____]  kg l b per  hour

Oper at i ng Pr essur e [ _____]  kPa psi g

Desi gn Pr essur e [ _____]  kPa psi g

St or age Tank Capaci t y [ _____]  L gal  ( Nor mal  Level )  at  cent er l i ne

Oper at i ng Temper at ur e [ _____]  degr ees C F

Pumped Condensat e -  Oper at i ng [ _____]  kg/ hour  at  degr ees C l b/ hour  at  
degr ees F l i q

Pumped Condensat e -  Desi gn [ _____]  kg/ hour  at  degr ees C l b/ hour  at  
degr ees F l i q ( mi n t emp)

Makeup st eam -  Oper at i ng [ _____]  kg/ hour  kPa ( 2. 79 MJ/ kg)  l b/ hour  psi g 
( 1200 Bt u/ l b)

Makeup st eam -  Desi gn [ _____]  kg/ hour  kPa ( 2. 79 MJ/ kg)  l b/ hour  psi g 
( 1200 Bt u/ l b)

2. 7. 2   Det ai l  Speci f i cat i ons

**************************************************************************
NOTE:   I n gener al ,  use t r ay syst em f or  f l uct uat i ng 
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l oads and t he spr ay syst em f or  st eady l oads.
**************************************************************************

Heat er  shal l  be spr ay t ype wi t h spr ay val ve vent  condenser  i n accor dance 
with ASME BPVC SEC I  and shal l  be desi gned f or  [ _____]  kPa psi g wor ki ng 
pr essur e.   Deaer at or  shal l  be ASME st amped.   Al l  s t eel  pl at e used i n 
const r uct i on of  t he heat er  and st or age t ank shel l s  shal l  be ASTM A285/ A285M 
Gr ade C.   Wher e t hi ckness makes i t  desi r abl e,  ASTM A515/ A515M or  
ASTM A516/ A516M st eel  may be used as appr opr i at e.   At  l east  2. 0 mm 1/ 16 i nch
 cor r osi on al l owance shal l  be i nc l uded over  t he cal cul at ed ASME Code 
t hi ckness.   Heat er  and st or age t ank shal l  be t est ed at  a pr essur e 50 
per cent  i n excess of  t he desi gn pr essur e.   Heat er  shal l  be desi gned so t hat  
cor r osi ve gases do not  come i n cont act  wi t h t he out er  shel l  or  heads of  t he 
uni t .   However ,  uni t s not  compl yi ng wi t h t hi s pr ovi s i on wi l l  be accept ed 
pr ovi di ng t he upper  head and t he heat er  shel l  sect i ons i n cont act  wi t h 
gases ar e c l ad wi t h 304 st ai nl ess st eel ,  2. 0 mm 1/ 16 i nch mi ni mum 
t hi ckness.   Heat er  shal l  be pr ovi ded wi t h adequat e suppor t s,  manhol es,  
gauge gl asses denot i ng f ul l  wat er  t r avel  i n t he st or age sect i on,  and al l  
ot her  connect i ons as necessar y f or  a compl et e wor k i ng uni t ,  al ong wi t h 
t hose cal l ed out  as accessor i es.   Heat er  shal l  be pr ovi ded wi t h an i nt er nal  
vent  condenser  f abr i cat ed ent i r el y of  st ai nl ess st eel  whi ch shal l  i ncl ude a 
vent  hood and vent  or i f i ce or  separ at e vent  val ve.   Heat er  sect i on shal l  
cont ai n spr i ng- l oaded spr ay val ves mount ed i n a st ai nl ess st eel  wat er  box 
and a st ai nl ess st eel  vent  condenser .   Spr ay val ves shal l  be const r uct ed of  
18/ 8 st ai nl ess st eel  and pr ovi de a const ant  angl e of  spr ay at  r anges f r om 
10 t o 150 per cent  of  capaci t y.   Val ves shal l  be hydr aul i cal l y  bal anced,  
t hus r equi r i ng no gui des t hat  mi ght  bi nd,  scal e,  or  ot her wi se c l og.   Spr ay 
val ves shal l  be l ocat ed t o al l ow t hei r  ser vi c i ng,  i nspect i on,  and r emoval .   
Maxi mum t ank di mensi ons shal l  be [ _____]  out s i de di amet er .   I nt er nal  par t s 
of  t he deaer at i ng heat er ,  i ncl udi ng baf f l es,  di st r i but i ng nozzl es,  vent  
pi pe,  and vent  col l ect i ng hood shal l  be const r uct ed of  heavy gauge 
st ai nl ess st eel .   A dr awi ng showi ng t he " i nt er nal "  const r uct i on of  t he 
heat er  shal l  accompany each bi d.   Deaer at or  shal l  i ncl ude an i nt er nal  
spar ger  t ube f or  chemi cal  t r eat ment  i nj ect i on.   Boi l er  f eedwat er  pump 
suct i on nozzl e shal l  i ncl ude a vor t ex br eaker .   Deaer at or  shal l  be pr ovi ded 
wi t h al l  of  t he connect i ons shown on t he dr awi ngs,  as a mi ni mum.

2. 7. 3   Deaer at or  Tr i m

Deaer at or  shal l  be pr ovi ded wi t h t he f ol l owi ng t r i m:

a.   Saf et y r el i ef  val ve set  t o open at  83 kPa 12 psi g,  and of  suf f i c i ent  
capaci t y t o pr ot ect  t he deaer at or  f r om excessi ve st eam pr essur e wi t h 
t he st eam r egul at i ng val ve i n f ul l y  open posi t i on.

b.   Vacuum br eaker  val ve.

c.   Wat er  gauge gl asses wi t h shut of f  val ves t o cover  t he f ul l  wat er  l evel  
range.

d.   Pr essur e gauges shal l  conf or m t o ASME B40. 100 and shal l  be compl et e 
wi t h s i phon and i sol at i on val ve.

e.   Makeup st eam cont r ol  val ve wi t h st r ai ner ,  bypass,  i nl et  and out l et  
val ves.   Val ves t o r educe st eam pr essur e f r om [ _____]  kPa psi g t o 
[ _____]  kPa psi g,  wi t h capabi l i t y  t o oper at e at  up t o [ 2. 07]  [ 3. 45]  MPa 
[ 300]  [ 500]  psi g i nl et  pr essur e.   Reduci ng val ve shal l  be adj ust ed t o 
mai nt ai n t he 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 ni t i al  pr essur e.   Val ves shal l  be s i ngl e- seat ed,  spr i ng l oaded,  
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qui et  i n oper at i on,  and guar ant eed not  t o st i ck.   Val ve body 65 mm 
2- 1/ 2 i nches and l ar ger  shal l  be cast  st eel ;  50 mm 2 i nches and smal l er  
shal l  be of  br onze.   Val ve t r i m shal l  be st ai nl ess st eel ,  Monel  met al ,  
or  appr oved cor r osi on- r esi st i ng mat er i al .   Al l  par t s subj ect  t o wear  
shal l  be r eadi l y  r epl aceabl e.   Val ves shal l  have seat s and pl ugs f aced 
wi t h cobal t  t ungst en car bi de mi xt ur e,  or  be made of  heat  t r eat ed 
st ai nl ess st eel  or  hi gh chr omi um st eel  guar ant eed t o r esi st  er osi on.   
Seat  and pl ug f aci ng shal l  have a Br i nel l  har dness of  not  l ess t han 
450.   Val ve shal l  be i nst al l ed wi t h a st r ai ner ,  a bypass,  [ saf et y val ve 
on deaer at or ]  as i ndi cat ed.   Sensi ng l i ne shal l  be connect ed t o t he 
st eam space i n t he deaer at or .   Cont r ol  val ve shal l  be s i zed f or  a 
mi ni mum capaci t y  of  [ _____]  kg/ hour  l b/ hour  at  desi gn condi t i ons,  but  
shal l  not  have a capaci t y gr eat er  t han [ _____]  kg/ hour  l b/ hour  f or  t he 
same condi t i ons.   Val ve t r i m shal l  be sel ect ed t o r esul t  i n a noi se 
l evel  not  t o exceed 85 dBA,  measur ed 914 mm 3 f eet  f r om val ve.

f .   Makeup wat er  cont r ol  val ve wi t h bypass and i nl et  and out l et  val ves.   
Val ve t o oper at e at  an i nl et  pr essur e of  up t o 552 kPa 80 psi g.

g.   Pneumat i c l evel  cont r ol l er .   Mechani cal  l i nkage cont r ol  of  makeup wi l l  
not  be accept abl e.

h.   Over f l ow t r ap or  val ve wi t h f l oat  cont r ol .

i .   I nsul at i on c l i ps f or  38 mm 1- 1/ 2 i nch bl ock i nsul at i on.

j .   Li f t i ng l ugs as r equi r ed.

k.   Mul t i por t  r el i ef  val ve wi t h exhaust  head f or  mount i ng i n pi pi ng 
suppl i ed by ot her s.

l .   Manual  ai r  vent  val ve.

m.   Dr ai n val ve.

n.   Chemi cal  i nj ect i on val ve.

o.   Sampl e val ve.

p.   Hi gh and l ow l evel  swi t ches.

q.   Al l  suppor t  st eel .

2. 7. 4   Addi t i onal  Requi r ement s

Al l  r equi r ed f oundat i ons,  anchor  bol t s,  concr et e wor k,  and gr out i ng,  wi l l  
be i n accor dance wi t h Manuf act ur er ' s Load Di agr am and Anchor  Bol t  Pl an.   
I nst al l at i on and cover i ng shal l  conf or m t o Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Al l  wi r i ng i nc i dent al  t o t he oper at i on 
of  cont r ol s and i nst r ument at i on wi l l  be pr ovi ded.   Al l  s t eam and wat er  
pi pi ng t o connect  t o t he deaer at or  wi l l  be pr ovi ded.   Test i ng out f i t  
conf or mi ng t o ASTM D888 shal l  be pr ovi ded,  compl et e wi t h chemi cal s f or  100 
t est s.   Al l  cont r ol l er s,  al ar ms,  gauges,  s i ght  gl ass,  cont r ol  val ves,  et c. ,  
shal l  be pr ovi ded wi t h shut of f  and/ or  bypass val ves as r equi r ed f or  
mai nt enance of  t he syst em whi l e i n oper at i on.

2. 7. 5   Per f or mance Guar ant ee

The manuf act ur er ' s guar ant ee shal l  pr ovi de t hat  t he deaer at or  shal l :
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a.   Be of  suf f i c i ent  desi gn t o r educe t he oxygen cont ent  of  t he f eedwat er  
t o [ _____]  cc/ l i t er  when t est ed by t he accept ed modi f i ed Wi nkl er  or  
ASTM met hod.

b.   Be of  suf f i c i ent  desi gn t o r educe f r ee car bon di oxi de t o zer o.

c.   Be of  suf f i c i ent  desi gn t o ensur e essent i al l y  noi sel ess oper at i on at  
al l  r at es up t o and i ncl udi ng maxi mum capaci t y.

d.   Meet  al l  per f or mance r equi r ement s at  al l  l oads f r om 3 t o 100 per cent  of  
capacity.

e.   Admi t  makeup wat er  onl y af t er  gi v i ng pr ef er ence t o avai l abl e condensat e.

2. 8   PIPING

Unl ess ot her wi se speci f i ed,  pi pe and f i t t i ngs shal l  conf or m t o Sect i on 
33 63 23 EXTERI OR ABOVEGROUND STEAM DI STRI BUTI ON.

2. 9   CHEMI CAL TREATMENT AND WATER SOFTENI NG EQUI PMENT

2. 9. 1   Chemi cal  Feeder

**************************************************************************
NOTE:   Chemi cal  f eeder  shal l  conf or m t o r equi r ement s 
of  UFC 3- 410- 01 or  UFC 3- 410- 02.

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

A f eeder  uni t  shal l  be pr ovi ded f or  each boi l er .   Chemi cal  f eeder s shal l  be 
aut omat i c pr opor t i oni ng,  shot ,  or  pump t ype.   Al l  appur t enances necessar y 
f or  sat i sf act or y oper at i on shal l  be pr ovi ded.   Si ze and capaci t y of  f eeder  
shal l  be based upon l ocal  r equi r ement s and wat er  anal ysi s.   Feed pi pi ng 
shal l  be i nst al l ed t o f eed chemi cal s di r ect l y t o each boi l er ,  as shown on 
t he dr awi ngs or  as r equi r ed f or  t he equi pment  suppl i ed.

2. 9. 2   Pumps and Tanks

Chemi cal  f eed pumps and t anks shal l  be f ur ni shed as a package wi t h t he 
pumps mount ed on and pi pi ng connect ed t o t he t ank.   Pump cyl i nder s,  
pl unger s,  bal l  check val ves,  and check val ve bodi es shal l  be of  
cor r osi on- r esi st ant  mat er i al s sui t abl e f or  t he chemi cal s bei ng pumped.   
Vol umet r i c accur acy of  t he pumps shal l  be wi t hi n one per cent  over  t he r ange 
i ndi cat ed.   Pump capaci t i es shal l  be adj ust abl e by posi t i oni ng t he cr ankpi n 
wi t h mi cr omet er  set scr ews.   St r oke l engt h scal e shal l  be di v i ded i n 
per cent age gr aduat i ons engr aved on t he scal e.   Cyl i nder s shal l  be 
r epl aceabl e f or  i ncr eased or  r educed pr essur e or  capaci t y r anges.   Dr i ve 
mot or s shal l  be sui t abl e f or  t he el ect r i c  power  avai l abl e and shal l  have 
dr i p- pr oof  encl osur es.   Each pump shal l  be dr i ven by a separ at e mot or .   
Tanks shal l  be made of  pol ypr opyl ene and mount ed on l egs.   Tanks shal l  have 
f i l l i ng and dr ai n connect i ons,  and gauge gl ass.   Each t ank shal l  be 
f ur ni shed wi t h one pump,  mount ed and pi ped wi t h bl ack i r on pi pe and 
f i t t i ngs,  wi t h suct i on st r ai ner  and st ai nl ess st eel  scr een,  and wi t h 13 mm 
1/ 2 i nch r el i ef  val ve wi t h st eel  body and st ai nl ess st eel  t r i m.   Each t ank 
shal l  have a hi nged cover .   Tank bot t om shal l  be di shed concave t o a r adi us 
equal  t o t he di amet er  of  t he t ank.   Uni t s shal l  be f or  phosphat e or  caust i c 
f eed and sul f at e f eedi ng.   Mot or - dr i ven agi t at or  shal l  be pr ovi ded.   The 
pump shal l  be desi gned t o f eed t he chemi cal  sol ut i ons i nt o t he boi l er  
f eedwat er  syst em.
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2. 9. 3   Wat er  Sof t eni ng Equi pment

**************************************************************************
NOTE:   Need f or  sof t eni ng equi pment  f or  makeup wat er  
wi l l  be as det er mi ned i n accor dance wi t h UFC 
3- 410- 01 or  UFC 3- 410- 02.   I f  wat er  sof t eni ng i s not  
r equi r ed,  del et e t he par agr aph.

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

A compl et e sodi um zeol i t e cycl e wat er  sof t eni ng syst em shal l  be pr ovi ded as 
speci f i ed i n Sect i on 22 31 00 WATER SOFTENERS,  CATI ON- EXCHANGE ( SODI UM 
CYCLE) .   Equi pment  shal l  be s i zed t o r un 24 hour s bef or e r egener at i on when 
oper at i ng at  a sust ai ned sof t eni ng r at e of  [ _____]  L/ second gpm.   Tanks 
shal l  be compl et e wi t h cover  and desi gned t o el i mi nat e t he need f or  a 
gr avel  suppor t i ng bed.

2. 10   BOI LER CONTROL EQUI PMENT

**************************************************************************
NOTE:   Posi t i oni ng t ype cont r ol  equi pment  wi l l  be 
speci f i ed f or  boi l er s wi t h capaci t i es of  13 MW 45 
MBt uh or  l ess.   Met er i ng t ype equi pment  wi l l  be used 
f or  l ar ger  boi l er s.   Posi t i oni ng t ype cont r ol s may 
be f ur ni shed f or  boi l er s wi t h capaci t y of  13 MW 45 
MBt uh or  mor e i n l i eu of  met er i ng t ype.

A cont i nuous emmi 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 MW 10 mi l l i on BTU/ HR 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  shoul d 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 es CEMS speci f i cat i ons and t o det er mi ne whi ch 
f l ue gas emmi ssi ons wi l l  be i ncl uded i n t he r equi r ed 
reports.

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

a.   An aut omat i c cont r ol  syst em shal l  be i nst al l ed f or  each boi l er  i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Al l  l ocal l y 
i ndi cat i ng i nst r ument at i on and cont r ol s shal l  be pr ovi ded and i nst al l ed 
compl et e,  as r equi r ed t o sui t  equi pment  f ur ni shed and as shown.   Al l  
r emot e i nst r ument at i on,  cont r ol s,  and t hei r  connect i on poi nt s wi l l  al so 
be pr ovi ded and i nst al l ed as i ndi cat ed.   I f  t he cont r ol s ar e 
manuf act ur ed by a manuf act ur er  ot her  t han t he boi l er  manuf act ur er ,  
i nst al l at i on of  t he cont r ol s shal l  be i n accor dance wi t h t he cont r ol  
manuf act ur er ' s i nst r uct i ons.   Aut omat i c cont r ol l er s shal l  be l ocat ed on 
t he cont r ol  r oom panel  as speci f i ed.

b.   Equi pment  shal l  oper at e ei t her  pneumat i cal l y ,  el ect r i cal l y ,  or  
el ect r oni cal l y .   Pneumat i c cont r ol  syst ems shal l  conf or m t o CAGI  B19. 1.   
Ai r  f i l t er  r egul at or  set s shal l  be i nst al l ed at  each cont r ol  val ve and 
t r ansmi t t er  i n t he syst em.   Mast er  ai r  f i l t er  r egul at or  set  on t he 
cont r ol  panel  shal l  be of  t he dual  t ype wher e one si de can be c l eaned 
and r epai r ed whi l e t he ot her  i s  i n oper at i on.   Ext er i or  cont r ol  ai r  
pi pi ng and devi ces shal l  be pr ot ect ed f r om f r eezi ng by use of  a 
r egener at i ve desi ccant  dr yer .   Each syst em shal l  be pr ovi ded wi t h a 
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sel ect or  swi t ch or  ot her  means t o per mi t  manual  cont r ol  of  t he f i r i ng 
r at e when r equi r ed.   El ect r i cal  cont r ol  devi ces shal l  be r at ed at  120 
vol t s and shal l  be connect ed as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Oper at i ng and l i mi t  cont r ol s  shal l  be wi r ed t o 
i nt er r upt  t he ungr ounded ci r cui t  conduct or .

c. [   St eam and ener gy gener at i ng equi pment  shal l  i ncl ude i nst r ument at i on 
and suf f i c i ent  met er i ng f or  account abi l i t y  i nt er f ace wi t h a f ut ur e 
Ener gy Moni t or i ng and Cont r ol  Syst em ( EMCS) . ]   I f  pneumat i c cont r ol s 
ar e pr ovi ded,  dupl ex ai r  compr essor s wi t h a dr i er  bet ween t he 
compr essor s and t ank shal l  be pr ovi ded.   Ai r  compr essor  uni t s shal l  be 
s i zed t o r un not  mor e t han 60 per cent  of  t he t i me when al l  cont r ol s ar e 
i n ser vi ce.

2. 10. 1   Posi t i oni ng Type

Posi t i oni ng t ype cont r ol  equi pment  shal l  be capabl e of  mai nt ai ni ng boi l er  
st eam pr essur e wi t hi n pl us or  mi nus 2 per cent  of  t he set  pr essur e over  t he 
compl et e r ange of  boi l er  oper at i on.   Set  poi nt  cont r ol l er s may be used f or  
on/ of f  f unct i ons onl y.   Combust i on ef f i c i ency shal l  be mai nt ai ned wi t hout  
appr eci abl e manual  adj ust ment .   Syst em shal l  be capabl e of  mai nt ai ni ng t he 
speci f i ed pr essur e pr ovi ded t hat  t he l oad does not  exceed a 15 per cent  per  
mi nut e change i n capaci t y at  any one t i me.   Mast er  t r ansmi t t er  shal l  be 
connect ed t o t he mai n st eam header  wher e t he st eam pr essur e i s t o be 
cont r ol l ed.   The si gnal  t r ansmi t t ed f r om t hi s poi nt  t o t he mast er  
cont r ol l er  shal l  be a f unct i on of  st eam pr essur e.   On mul t i pl e boi l er  
i nst al l at i ons,  a means shal l  be pr ovi ded t o base l oad on i ndi v i dual  boi l er s 
whi l e on aut omat i c,  and each boi l er  uni t  shal l  be i ndi v i dual l y cont r ol l ed.   
Pr ovi s i on shal l  be made on t he cont r ol  syst em f or  addi ng on ot her  boi l er s 
t o t he syst em wi t h onl y mi nor  wi r i ng or  pi pi ng changes on t he panel .   Each 
aut omat i c cont r ol l er  shal l  have a manual - t o- aut omat i c st at i on and i ndi cat or  
on t he cont r ol  panel  t hat  wi l l  pr ovi de f or  sel ect i ng ei t her  aut omat i c 
cont r ol  or  manual  cont r ol  and al so wi l l  pr ovi de f or  manual  oper at i on.   
Manual  cont r ol s shal l  be ar r anged t o al l ow any one or  mor e of  t he f unct i ons 
of  t he cont r ol  syst em t o be cont r ol l ed manual l y whi l e t he ot her  f unct i ons 
r emai n on aut omat i c cont r ol .   The manual  cont r ol  s t at i on shal l  be compl et e 
wi t h al l  necessar y i ndi cat or s t o f aci l i t at e changi ng f r om aut omat i c cont r ol  
t o manual  cont r ol  and v i ce ver sa.   Cont r ol l er s mount ed on t he i nst r ument  
panel  shal l  i ndi cat e and cont r ol  measur ement  i n t he ar eas shown,  and shal l  
have a manual  adj ust ment  on t he f r ont  of  t he i nst r ument .   Cont r ol l er s shal l  
be i nst al l ed compl et e wi t h wi r i ng or  pi pi ng bet ween t he cont r ol l er ,  
t r ansmi t t er ,  and t he f i nal  cont r ol  devi ce.

2. 10. 2   Equipment

Cont r ol  equi pment  and i nst r ument s shal l  i ncl ude f an cont r ol s,  t i me cl ocks,  
r el ays,  oper at i ng swi t ches,  i ndi cat i ng l i ght s,  gauges,  mot or  st ar t er s,  
f uses,  al ar ms,  and ci r cui t  el ement s of  t he cont r ol  syst em,  and ot her  
cont r ol s and i nst r ument s necessar y f or  uni t  oper at i on.   Cont r ol  syst em 
shal l  be i n accor dance wi t h FM APP GUI DE.   Oper at i ng cont r ol s and 
i nst r ument s shal l  be mount ed on one or  mor e f r ee- st andi ng cont r ol  panel s 
conveni ent l y l ocat ed and pl aced so t hat  oper at i ng per sonnel  may ef f ect i vel y 
moni t or  boi l er  oper at i ons but  not  i n a posi t i on t hat  woul d i nt er f er e wi t h 
t hose oper at i ons.   I ndi cat i ng and r ecor di ng i nst r ument s wi l l  be pr ovi ded 
f or  pr essur e,  f l ow of  ai r  and l i qui ds,  and al ar m c i r cui t r y.   
Aut omat i c- cont r ol  c i r cui t  syst ems and manual  swi t ches shal l  be i nt er l ocked 
t o pr event  hazar dous condi t i ons or  t he di schar ge of  excessi ve amount s of  
ai r  pol l ut ant s.
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2. 10. 3   Boi l er  Syst em Oper at i on

**************************************************************************
NOTE:   I f  t he f uel  bei ng bur ned cont ai ns any 
s i gni f i cant  pol l ut ant s,  some st at es may not  al l ow 
t he f l ue gases t o be vent ed t o t he at mospher e 
wi t hout  goi ng t hr ough an ai r  pol l ut i on cont r ol  
device.

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

When st eam i s demanded,  gases shal l  be di r ect ed t hr ough t he boi l er .   As 
l ong as maxi mum ener gy i s r equi r ed,  t hi s shal l  be t he mode of  oper at i on.   
I f  l ess t han f ul l  ener gy pr oduct i on i s r equi r ed,  gas f l ow shal l  be 
modul at ed t o r educe st eam pr oduct i on by t he boi l er .   Speci f i ed st eam 
pr essur e shal l  be mai nt ai ned wi t hi n pl us or  mi nus 1 pound by means of  a 
pr essur est at  and a boi l er - dr af t  r egul at or .   The pr essur est at  wi t h necessar y 
r el ays shal l  s t op and st ar t  t he f l ow of  gases by means of  t he i nduced dr af t  
f an so as t o mai nt ai n t he desi r ed st eam pr essur e.

2. 10. 4   Damper  Cont r ol

Power  uni t s f or  t he movement  of  damper s shal l  be s i zed t o oper at e t he 
devi ce t o be posi t i oned,  and shal l  be mount ed so t hat  a r i gi d mechani cal  
connect i on t o t he devi ce bei ng oper at ed can be used.   Uni t s shal l  
aut omat i cal l y  c l ose i n t he event  of  f ai l ur e of  t he oper at i ng medi um.   
Manual  oper at i on of  t he cont r ol l er  shal l  not  necessi t at e di sconnect i ng t he 
l i nkages dur i ng power  f ai l ur e or  ot her  emer gency.   Posi t i on swi t ches shal l  
be i ncl uded on f uel  and ai r - dr i ve uni t s f or  i nt er l ock wi t h saf et y syst ems.   
Ret r ansmi t t i ng devi ces shal l  be pl aced on al l  power  uni t s f or  r emot e 
i ndi cat i on on t he cont r ol  panel  of  t he posi t i on of  t he mechani sm at  any 
t i me.   I f  el ect r i c  oper at or s ar e ut i l i zed,  gear  t r ai ns on t he uni t s  shal l  
be oi l  i mmer sed.

2. 10. 5   Dr af t  Fan Cont r ol

I nduced dr af t  cent r i f ugal  f ans shal l  have out l et  damper s [ and var i abl e 
speed cont r ol ] .   [ Axi al  pr opel l er  f ans shal l  have var i abl e pr opel l er  pi t ch 
cont r ol . ]   Means shal l  be pr ovi ded f or  oper at i ng t he i nduced dr af t  f an f or  
15 mi nut es af t er  t he combust i on equi pment  has ceased oper at i on.

2. 10. 6   Soot  Bl ower

Al l  cont r ol s,  l i ght s,  swi t ches,  and i ndi cat or s pr ovi ded f or  oper at i on of  
soot  bl ower  shal l  be mount ed on t he cont r ol  cabi net .

2. 10. 7   Boi l er  Li mi t  Cont r ol s

Li mi t  cont r ol s and i nt er l ock swi t ches shal l  conf or m t o UL 353.

2. 10. 7. 1   Low- Wat er  Cut of f s

Two l ow- wat er  cut of f s shal l  be pr ovi ded t o pr event  st ar t up and t o shut  down 
t he combust i on equi pment  i f  t he boi l er  wat er  l evel  i s  bel ow t he pr eset  saf e 
l evel .   Pr i mar y i nt er l ock may be aut omat i c or  manual  r eset  t ype.   Secondar y 
i nt er l ock shal l  be t he manual  r eset  t ype.

2. 10. 7. 2   Hi gh- Pr essur e Li mi t  Swi t ch

A hi gh- pr essur e l i mi t  swi t ch shal l  be pr ovi ded t o shut  down t he combust i on 
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equi pment  when st eam pr essur e exceeds t he pr eset  saf e l i mi t .   Thi s 
equi pment  shal l  be addi t i onal  t o t he oper at i ng cont r ol s.

2. 10. 7. 3   Dr af t  Loss I nt er l ock

A dr af t  l oss i nt er l ock and an ai r f l ow swi t ch or  a suct i on swi t ch shal l  be 
pr ovi ded t o pr event  st ar t up and t o shut  down or  bypass t he combust i on 
equi pment  when ai r  i s  i nadequat e t o saf el y suppor t  combust i on.   Li mi t  and 
oper at i ng cont r ol s shal l  be pr ovi ded f or  oper at i on on a t wo- wi r e gr ounded 
br anch ci r cui t .

2. 10. 8   I nst r ument  Cont r ol  Panel

Panel  shal l  be a NEMA I CS 6 Type 4 uni t  pr ewi r ed,  of  st eel ,  weat her t i ght ,  
and conf or mi ng t o UL 50.   Unl ess encl osed i n a boot h or  separ at e r oom,  t he 
panel  shal l  al so be const r uct ed t o pr ot ect  t he i nst r ument s and cont r ol s 
f r om dust .   The boi l er  cont r ol  panel  shal l  be l ocat ed next  t o t he cont r ol  
panel  f or  t he combust i on equi pment ,  or  one panel  may be used f or  bot h.   
Wi r i ng of  al l  i nst r ument  connect or s and cabl e t er mi nat i on connect or s shal l  
be done i n t he f act or y by t he i nst r ument at i on f abr i cat or .   Al l  cont r ol s,  
i nst r ument s,  and ot her  equi pment  shal l  be f l ush mount ed at  t he f act or y and 
be assembl y- t est ed bef or e shi pment .   A l ock and t wo keys shal l  be 
f ur ni shed.   Al l  cont r ol s and i nst r ument s shal l  be i dent i f i ed wi t h 
namepl at es.   [ A t her most at i cal l y  cont r ol l ed heat er  t o pr event  condensat i on 
shal l  be pr ovi ded. ]

2. 10. 8. 1   Panel  Det ai l s

a.   I nst r ument  and cont r ol  panel  shal l  be s i zed t o cont ai n al l  cont r ol s,  
i nst r ument s,  gauges,  and met er s.   Panel s shal l  be f r eest andi ng wi t h a 
f acepl at e of  not  l ess t han 7 mm 3/ 16 i nch st eel ,  pr oper l y r ei nf or ced,  
and shal l  be f i ni shed wi t h t he manuf act ur er ' s st andar d f i ni sh coat i ng.   
The uni t s shal l  be mount ed f l ush on t he panel  as f ar  as pr act i cabl e.   
Al l  cont r ol s,  i nst r ument s,  and ot her  equi pment  shal l  be f l ush mount ed,  
each f i t t i ng neat l y i nt o a cut out ,  and compl et el y cover i ng t he cut out  
and any mount i ng scr ews or  bol t s.

b.   Back of  t he panel  shal l  be encl osed wi t h sheet  met al  and wi t h adequat e 
r emovabl e access panel s or  door s f or  mai nt enance and r emoval  of  any 
uni t  wi t hout  i nt er f er i ng wi t h ot her  uni t s.   Pr oper  l at chi ng equi pment  
and har dwar e shal l  be pr ovi ded.   Each r ecor der ,  i ndi cat or ,  and cont r ol  
uni t  shal l  be i dent i f i ed wi t h namepl at es secur el y f ast ened t o t he 
panel .   Namepl at es shal l  be bl ack over  whi t e l ami nat ed pl ast i c wi t h t he 
l et t er i ng penet r at i ng t he bl ack sur f ace t o expose t he whi t e.   Panel  
shal l  have cont i nuous r api d- st ar t  f l uor escent  l i ght  f i x t ur es mount ed 
wi t h r ef l ect or s pr ovi di ng sui t abl e shi el di ng t o i l l umi nat e al l  
cont r ol s,  i nst r ument s,  gauges,  and met er s.

c.   Al l  f i el d pi pi ng connect i ons shal l  t er mi nat e i n one bul khead- mount ed 
mani f ol d,  l ocat ed t o conf or m wi t h t he i nst al l at i on r equi r ement s of  t he 
syst em.   Al l  f i el d el ect r i cal  wi r i ng shal l  t er mi nat e i n a col or - coded 
t er mi nal  st r i p t o conf or m wi t h t he i nst al l at i on r equi r ement s of  t he 
syst em.   Al l  el ect r i cal  t ubi ng or  pi pi ng connect i ons t o cont r ol s,  
i nst r ument s,  or  ot her  devi ces on t he panel  shal l  be i nsi de t he panel  
and not  v i s i bl e f r om t he panel  f r ont .   A sui t abl e pl ug- i n st r i p shal l  
be pr ovi ded i n t he r ear  of  t he panel  f or  any r equi r ed pl ug- i n 
el ect r i cal  connect i ons of  t he i nst r ument s.   Al l  necessar y t r ansf or mer s,  
separ at e r el ays,  swi t ches,  and f uses shal l  be i nst al l ed i n a f ul l y  
encl osed j unct i on box.   A f used saf et y swi t ch shal l  ser ve t he 120- vol t  
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power  suppl y r equi r ed f or  cont r ol  c i r cui t s.

d.   I f  a pneumat i c cont r ol  syst em i s pr ovi ded,  t he panel  shal l  i ncl ude 
dupl ex ai r  suppl y f i l t er  and r egul at or  set  mount ed on t he r ear  of  t he 
panel  wi t h pr oper l y i dent i f i ed pneumat i c t er mi nal  bl ocks and l ow poi nt  
dr ai n.   Hi gh pr essur e l i nes wi l l  not  be al l owed t o ent er  t he panel .   
[ I f  packaged bur ner  uni t s wi t h i nt egr al  cont r ol s ar e f ur ni shed,  t he 
cont r ol  equi pment  may be mount ed on a separ at e panel  f or  each uni t .   
Cont r ol l er s and i ndi cat or s speci f i ed or  r equi r ed shal l  be panel  mount ed 
and t est ed at  t he f act or y compl et e wi t h r el ays,  t r ansf or mer s,  swi t ches,  
wi r i ng,  val ves,  pi pi ng,  and ot her  appur t enances.   Al l  wi r i ng and pi pi ng 
wi t hi n t he panel  shal l  be col or - coded or  ot her wi se i dent i f i ed. ]   
Ther mocoupl e and l ow ener gy s i gnal  conduct or s shal l  be compl et el y 
i sol at ed f r om power  and al ar m conduct or s,  subj ect  t o appr oval  by t he 
Cont r act i ng Of f i cer .   Vi sual  and audi bl e al ar ms shal l  be pr ovi ded t o 
pr ot ect  per sonnel  and equi pment .

2. 10. 8. 2   Recorders

Recor der s shal l  be ser vo- mechani sm t ype,  or  mul t i pl e- pen t ype.   [ Ci r cul ar ]  
[ St r i p]  char t  shal l  be pr ovi ded.   Mi ni mum char t  wi dt h i s 100 mm 4 i nches.   
Accur acy shal l  be pl us or  mi nus 1/ 2 per cent .   Each pen shal l  have a 
separ at e scal e cal i br at ed i n engi neer i ng uni t s.   Char t  dr i ve shal l  be 120 
vol t s ac.   One year ' s suppl y of  char t  paper  shal l  be pr ovi ded.   The r ecor d 
shal l  be made i n i nk on a [ 24- hour ]  [ 31- day]  char t  dr i ven by an el ect r i c  
c l ock mechani sm.   Each r ecor der  poi nt  shal l  be made wi t h a di f f er ent  col or  
i nk.   Recor der s shal l  be i nst al l ed compl et e wi t h al l  necessar y wi r i ng or  
pi pe bet ween t he r ecor der  and t he t r ansmi t t er  i n t he boi l er  r oom.   
Recor der s mount ed on t he i nst r ument  panel  shal l  r ecor d and i ndi cat e 
measur ement  i n t he ar eas shown.

2. 10. 8. 3   Panel  Di spl ay

The panel  shal l  i ncl ude vi sual  i ndi cat i on of  t he var i ous modes of  t he mai n 
syst em component s ( i . e. ,  damper  posi t i ons,  I . D.  f ans) .   As a mi ni mum,  t he 
f ol l owi ng par amet er s shal l  be di spl ayed on t he panel :

a.   Temper at ur e r ecor der  ( boi l er  i nl et  exi t ) .

b.   St eam f l ow and pr essur e r ecor der  ( pr essur e i mmedi at el y af t er  second 
bl ock val ve,  st eam f l ow t ot al i zer ) .

c.   Cl ock wi t h mi ni mum 200 mm 8 i nch di amet er  f ace ( one panel  onl y) .

d.   St eam gauge conf or mi ng t o ASME B40. 100 t o i ndi cat e boi l er  shel l  or  dr um 
pressure.

2. 10. 8. 4   Identification

Al l  f i el d i t ems shal l  be f ur ni shed wi t h a per manent  met al  t ag sui t abl e f or  
t ag number  or  ser vi ce i dent i f i cat i on;  back of  panel  i t ems shal l  be i ncl uded 
i n t hi s cat egor y.   Wi r es and cabl es shal l  be i nst al l ed wi t hout  j oi nt s or  
spl i ces except  at  t er mi nal  poi nt s.   Wi r es shal l  be i dent i f i ed at  bot h ends 
by l abel s.

2. 10. 8. 5   Syst em Di agr am

Lami nat ed,  col or - coded syst em di agr am mount ed on t he cont r ol  panel  
i ndi cat i ng al l  syst em component s and l ocat i on of  al l  sensor s and al ar m 
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poi nt s shal l  be f ur ni shed.

2. 10. 9   Pi l ot  Li ght s

Pi l ot  l i ght s shal l  be assembl ed i n a f act or y- bui l t  cabi net ,  sui t abl e f or  
f l ush mount i ng i n cut out s i n t he cont r ol  cabi net ,  compl et e wi t h ext r uded 
t r i m,  c l amps,  and sheet  met al  r ear  housi ng,  and f i ni shed i n baked bl ack 
enamel .   Component s shal l  be i nt egr at ed t hr ough appr opr i at e 
el ect r o- mechani cal  devi ces wi t h push- t o- t est  i ndi cat i ng l i ght s.   I ndust r i al  
oi l - t i ght  const r uct i on shal l  be pr ovi ded i n t he f ol l owi ng col or s f or  t he 
i ndi cat i on f unct i ons:

a.   Amber  f or  power  on t he syst em.

b.   Gr een f or  boi l er  pur ge compl et i on ( one per  boi l er ) .

c.   Whi t e or  manuf act ur er ' s st andar d col or  f or  ener gi z i ng mai n f uel  val ves.

d.   Red f or  al ar ms.

( 1)   Hi gh t emper at ur e i n combust i on chamber .

( 2)   Hi gh t emper at ur e at  i nduced dr af t  f an i nl et .

( 3)   Syst em oper at i on.

( 4)   Emer gency damper  c l osed.

2. 10. 10   Clock

Cl ock shal l  be el ect r i c  synchr onous mot or  t ype.   The cl ock shal l  be f or  
sur f ace mount i ng and sui t abl e f or  oper at i on on 115- vol t ,  60- Hz si ngl e- phase 
el ect r i c  ser vi ce.   The cl ock shal l  have a shat t er pr oof ,  cr yst al - cover ed 
whi t e di al ,  easy- t o- r ead bl ack Ar abi c numer al s,  bl ack hour  and mi nut e 
hands,  r ed sweep second hand,  and ext er nal  manual  r eset  knob at  bot t om of  
case.   The mot or  gear  t r ai n shal l  be seal ed i n a per manent  oi l  bat h.

2. 10. 11   Al ar m Annunci at or  Panel

**************************************************************************
NOTE:   Edi t  t o i ndi cat e t he number  of  poi nt s desi r ed 
and speci f i c  i t ems i n t he l i s t .

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

An annunci at or  syst em shal l  be mount ed on each cont r ol  panel .   Vi sual  
s i gnal s shal l  be backl i ght ed namepl at es f or  each poi nt .   A common audi bl e 
al ar m si gnal  and a common acknowl edge push but t on shal l  be pr ovi ded f or  
each cont r ol  panel .   A common al ar m- si l enci ng r el ay shal l  be i ncl uded i n 
t he al ar m ci r cui t  whi ch wi l l  per mi t  t he boi l er  oper at or  t o s i l ence t he 
audi bl e hor n whi l e r et ai ni ng v i sual  i ndi cat i on unt i l  t he mal f unct i on or  
abnor mal  condi t i on has been cl ear ed.   Namepl at e s i ze of  al ar m modul es shal l  
be nomi nal  70 mm 2- 3/ 4 i nches hi gh by 75 mm 3 i nches wi de i n t r ansl ucent  
whi t e acr yl i c  pl exi gl ass and al l  nomencl at ur e shal l  be engr aved on f r ont  
sur f ace i n bl ack l et t er i ng.   Fl asher  modul e shal l  be mount ed and pr ewi r ed 
wi t h s i l ence and t est  pushbut t ons.   Al ar m poi nt s and wi ndow engr avi ng shal l  
be as shown bel ow.
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ALARM POI NT WI NDOW ENGRAVI NG

LSL-[_____] Hi gh condensat e t ank l evel

LSL-[_____] Level  l ow,  condensat e st or age t ank

LSL-[_____] Pump cut - out ,  condensat e st or age t ank

PSL-[_____] Pr essur e- l ow condensat e

PSL-[_____] Pr essur e- l ow f eedwat er

PSH-[_____] Pr essur e- hi gh st eam dr um

LSH-[_____] Level - hi gh st eam dr um

LSL-[_____] Low wat er  l evel  wi t h cut of f

LSL-[_____] Second l ow wat er  l evel  cut of f

LSH-[_____] Level - hi gh deaer at or

LSL-[_____] Level - l ow,  deaer at or

PSL-[_____] I nduced dr af t  f an f ai l ur e

PSL-[_____] Boi l er  t ube cl eani ng f ai l ur e

2. 10. 12   St eam Fl owmet er s

St eam f l owmet er s shal l  be pr ovi ded t o measur e t he st eam f l ow f r om each 
boi l er  and each mai n st eam header  out l et .   Fl ow met er s shal l  al so be 
pr ovi ded t o measur e f eedwat er  f l ow t o each boi l er .   Nozzl es and or i f i ce 
pl at es shal l  be f l ange- mount i ng t ype and made of  s t ai nl ess st eel .   Or i f i ce 
pl at es shal l  be of  t he squar e edge,  concent r i c,  paddl e t ype desi gned f or  
f l ange t aps.   Condensat e pot s shal l  be pr ovi ded f or  st eam ser vi ce.   Met er s 
shal l  be desi gned t o accur at el y measur e sat ur at ed st eam at  a gauge pr essur e 
of  [ _____]  kPa psi .   Met er s shal l  be di r ect  connect ed and of  t he 
i ndi cat i ng,  r ecor di ng,  and i nt egr at i ng t ype wi t h el ect r i c  char t  dr i ves.   
I nst r ument  cases shal l  be dust - t i ght  met al l i c  or  pl ast i c,  f i ni shed i n 
manuf act ur er ' s st andar d bl ack,  and ar r anged f or  f l ush- panel  mount i ng.   Fl ow 
r ecor ds shal l  be i n t housands of  kg pounds per  hour  on an i nk char t  
r ecor der .   St eam f l ow shal l  be t ot al i zed i n kg pounds by an i nt egr at or  
havi ng not  l ess t han a s i x- di gi t  count er .   The i nst al l at i on of  st ai nl ess 
st eel  or i f i ce pl at es shal l  i ncl ude shut of f  val ves,  equal i z i ng val ves,  and 
bl owdown val ves.   Each met er  shal l  have a guar ant eed accur acy of  pl us or  
mi nus 1/ 2 of  1 per cent  whi l e oper at i ng at  20 t o 100 per cent  of  capaci t y.   
St eam- f l ow or i f i ces and associ at ed st eam pi pi ng shal l  be i nst al l ed i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and l abel ed wi t h t he 
f ol l owi ng t ags:
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Tag Number Service

FR-[_____] Uni t  Number  1,  St eam Fl ow

FR-[_____] Uni t  Number  2,  St eam Fl ow

FR-[_____] Uni t  Number  3,  St eam Fl ow

[FR-[_____]] [ Expor t  St eam,  St eam Fl ow]

[FR-[_____]] [ Domest i c St eam,  St eam Fl ow]

2. 10. 12. 1   Or i f i ce Pl at e

The or i f i ce pl at e shal l  be s i zed t o pr oduce a 25. 42 kPa 100 i nch W. G.  
pr essur e di f f er ent i al  at  t he r at ed f l ow of  t he met er  as shown on t he 
dr awi ngs.   Or i f i ce pl at es shal l  be 3. 2 mm 1/ 8 i nch t hi ck 316 or  304 SS,  
chamber ed wi t h t he shar p edge or i f i ce f aci ng upst r eam,  f i t t ed wi t h a t ab 
ext endi ng beyond f l anges showi ng bor e s i ze,  di f f er ent i al ,  and maxi mum 
f l ow.   Cal cul at i on of  f l ow shal l  be made by t he manuf act ur er  under  
ASME MFC- 3M,  or  equi val ent  by Spi nk or  Amer i can Gas Associ at i on.   Pl at es 
f or  st eam or  condensi bl es ser vi ce shal l  have a weep hol e dr i l l ed i n t hem 
when i nst al l ed i n hor i zont al  met er  r uns.

2. 10. 12. 2   Fl ow Tr ansmi t t er s

Pr essur e di f f er ent i al  and t r ansmi t t i ng component s shal l  have an accur acy of  
pl us or  mi nus 1 per cent ,  0. 15 per cent  r epeat abi l i t y ,  4- 20 mi l l i amp dc 
s i gnal  i nt o 0- 500 ohms,  ( i f  el ect r oni c)  i nt er nal  squar e r oot  ext r act or ,  
adj ust abl e zer o and span,  and equal i z i ng val ves.   Span r ange,  and wor ki ng 
pr essur e shal l  be as shown on t he dr awi ngs.   Tr ansmi t t er s shal l  be 
i nst al l ed wi t h condensat e r eser voi r s wher e r equi r ed t o pr ot ect  t r ansmi t t er  
f r om excessi ve t emper at ur e.

2. 10. 13   Boi l er  Feedwat er  Fl ow Met er s

**************************************************************************
NOTE:   For  boi l er s havi ng l ess t han 4500 kg/ hour  
10, 000 l b/ hour  st eami ng capaci t y,  a mechani cal  
f eedwat er  met er  may be pr ovi ded.   Pl ant s havi ng 
met er ed zeol i t e sof t ener s used excl usi vel y f or  
boi l er  makeup wi l l  not  r equi r e an addi t i onal  col d 
wat er  makeup wat er  met er .   Boi l er s over  4500 kg/ hour  
10, 000 l b/ hour  capaci t y wi l l  have 
i ndi cat i ng- r ecor di ng met er s and t hey wi l l  be 
i nt egr at i ng t ype wher e i ndi cat ed.

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

Fl ow met er s f or  boi l er  f eedwat er  measur ement  shal l  be Di f f er ent i al  Pr essur e 
Type,  Vent ur i  St y l e.   Vent ur i  f l ow t ubes shal l  be pound- r at ed wi t h a ser i es 
of  nozzl es ar ound t he i nner  sur f ace t o sense and aver age t he vel oci t y 
head.   Tubes 150 mm 6 i nches and l ar ger  shal l  be f l anged and smal l er  t ubes 
shal l  be i nst al l ed bet ween wel ded neck f l anges.   Smal l er  f l ow t ubes shal l  
be cor r osi on- r esi st ant  st eel  and f l anged t ubes shal l  have 
cor r osi on- r esi st ant  st eel  t hr oat  i nser t s.   Met er i ng shal l  be f or  wat er  f l ow 
[ and f eedwat er  t emper at ur e] .   The r ecei ver  f or  each boi l er  shal l  be mount ed 
on t he boi l er  i nst r ument  panel .   Equi pment  shal l  be compl et e wi t h 
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di f f er ent i al  pr essur e t r ansmi t t er ,  shut of f  val ves,  equal i z i ng val ves,  and 
bl owdown val ves as r equi r ed f or  a compl et e i nst al l at i on.

2. 10. 13. 1   I ndi cat i ng Feedwat er  Met er  Recei ver s

Met er  r ecei ver s shal l  mat ch ot her  panel  component s i n appear ance and shal l  
i ndi cat e wat er  f l ow i n [ _____] .   Wher e i ndi cat i ng f eedwat er  met er  onl y i s  
ut i l i zed,  a compani on i ndi cat i ng f eedwat er  t emper at ur e r ecei ver  shal l  be 
provided.

2. 10. 13. 2   I ndi cat i ng,  Recor di ng,  and I nt egr at i ng Recei ver s

Met er  r ecei ver s shal l  be i ndi cat i ng,  r ecor di ng,  [ and i nt egr at i ng]  f ur ni shed 
i n a dust - t i ght  met al l i c  or  pl ast i c case f i ni shed i n manuf act ur er ' s  
st andar d bl ack f i ni sh and ar r anged f or  f l ush panel  mount i ng.   The i ndi cat or  
shal l  show wi t h a poi nt er  t he r at e of  wat er  f l ow.   The r ecor d of  f l ow,  i n 
t housands of  kg pounds per  hour ,  shal l  be made i n i nk on a 24 hour ,  300 mm 
12 i nch di amet er ,  equal l y gr aduat ed c i r cul ar  char t  dr i ven by an el ect r i c  
c l ock mechani sm.   Suf f i c i ent  bl ank char t s and i nk shal l  be pr ovi ded f or  400 
days of  oper at i on.   Met er  shal l  al so r ecor d boi l er  f eedwat er  t emper at ur e i n 
degr ees C and degr ees F degr ees F on t he same char t .   [ Wat er  shal l  be 
t ot al i zed i n kg pounds by an i nt egr at or  havi ng not  l ess t han a s i x- di gi t  
counter.]

2. 10. 14   Bl owof f  Sampl e Cool er

Sampl e cool er  shal l  be a wat er - cool ed,  shel l - and- t ube or  shel l - and- coi l  
t ype heat  exchanger  wi t h st ai nl ess st eel  t ubes and cast - i r on or  st eel  shel l  
sui t abl e f or  cool i ng t he bl owof f  bef or e sampl i ng.   Cool er  shal l  be 
connect ed t o a header  and val ved so t he oper at or  can obt ai n a sampl e of  
pr oper l y cool ed bl owof f  f r om any boi l er  as desi r ed.   Cool er  shal l  be 
pr oper l y suppor t ed and shal l  have a br ass or  br onze sampl i ng cock wi t h 
l ever  or  compr essi on handl e.   A sampl i ng gl ass cont ai ner  sui t abl e f or  
handl i ng t he wat er  t emper at ur e t o be encount er ed and a hydr omet er  or  
equi val ent  devi ce sui t abl e f or  measur i ng t he concent r at i on of  sol i ds i n t he 
wat er  and r eadi ng i n par t s per  mi l l i on shal l  be pr ovi ded.

2. 10. 15   Temper at ur e I ndi cat or s

The Cont r act or  may i nst al l  any of  t he f ol l owi ng t emper at ur e measur i ng 
devi ces as i ndi cat ed.   Gauges shal l  mat ch pr essur e gauges i n appear ance and 
shal l  mat ch r equi r ement s of  t he t r ansmi t t er s suppl i ed.   Remot e t emper at ur e 
i ndi cat or s shal l  i ncl ude condensat e and st eam t emper at ur e.

2. 10. 15. 1   Thermometers

Ther momet er s shal l  conf or m t o ASME PTC 19. 3 TW,  Type 1,  Cl ass 3,  di al  wi t h 
wel l s and separ abl e cor r osi on- r esi st ant  st eel  socket s,  and t emper at ur e 
r ange sui t abl e f or  t he use encount er ed.   Mer cur y shal l  not  be used i n 
t her momet er s.   Ther momet er  shal l  be a di al ,  90 mm 3- 1/ 2 i nch di amet er  
chr omi um- pl at ed case,  r emot e bul b or  di r ect  bul b as r equi r ed,  wi t h pl us or  
mi nus 1 degr ee C 2 degr ee F accur acy,  and whi t e f ace wi t h bl ack di gi t s 
gr aduat ed i n 2 degr ee i ncr ement s.   Ther momet er s shal l  be i nst al l ed so as t o 
be easi l y r ead f r om t he oper at i ng f l oor .

2. 10. 15. 2   Thermocouples

Ther mocoupl es shal l  be sui t abl e f or  cont i nuous oper at i on and cont r ol  at  
t emper at ur es up t o 1260 degr ees C 2300 degr ees F,  accur at e t o 0. 75 per cent ,  
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and shal l  be l ong enough t o be i nser t ed 150 mm 6 i nches i nt o t he boi l er .   
Ther mocoupl es conf or mi ng t o ASTM E230/ E230M,  Type K shal l  be pr ovi ded wi t h 
an adj ust abl e f l ange and wi t h a hi gh- t emper at ur e met al  al l oy c l osed- end 
pr ot ect i on t ube sui t abl e f or  i nser t i ng i nt o t he f ur nace wi t hout  suppor t  of  
t he pr oj ect i ng end.   One hundr ed f eet  of  16- gauge compensat i ng l ead wi r e 
wi t h a weat her pr oof  br ai d shal l  be suppl i ed f or  connect i ng t he t her mocoupl e 
t o t he i nst r ument .   I nst al l ed uni t  shal l  i ndi cat e gas passage t emper at ur es 
and shal l  cont r ol  combust i on equi pment  oper at i on.   Temper at ur e shal l  be 
t r ansmi t t ed t o t he i nst r ument  i n t he cont r ol  panel  as shown.

2. 10. 15. 3   I ndi cat i ng,  Recor di ng Pyr omet er s

The i nst r ument  shal l  have a t emper at ur e r ange f r om mi nus 18 t o pl us 1316 
degr ees C 0 t o 2400 degr ees F,  and shal l  be accur at e t o wi t hi n pl us or  
mi nus 1/ 4 of  1 per cent  of  t he r ange.   Temper at ur e shal l  be i ndi cat ed on a 
l ar ge scal e wi t h pr omi nent  bl ack l et t er s on a whi t e backgr ound and shal l  be 
r ecor ded by char t  r ecor der .   The i nst r ument  shal l  have aut omat i c 
col d- j unct i on compensat i on.   A s i mpl e means of  pyr omet er  st andar di zat i on 
shal l  be pr ovi ded.   I nst r ument  shal l  not  be af f ect ed by v i br at i on,  dust ,  or  
ai r  cur r ent s when t he door  of  t he i nst r ument  i s  open.   Li ght i ng c i r cui t  f or  
110 vol t s ac shal l  be avai l abl e.

2. 10. 16   Dr af t  I ndi cat or  and Cont r ol

An i ndi cat or  cont i nuousl y showi ng pr essur e i n t he boi l er  shal l  be 
pr ovi ded.   A separ at e dr af t - cont r ol l i ng i nst r ument  mai nt ai ni ng a const ant  
bal anced ( at mospher i c)  pr essur e i n t he boi l er  shal l  al so be pr ovi ded.   
Gauges shal l  conf or m t o ASME B40. 100,  St y l e 1 wi t h a di aphr agm or  bel l ows 
act uat i ng syst em and a c i r cul ar  scal e.   Gauges shal l  have a zer o adj ust ment  
scr ew and a connect i on t o at mospher e.   Sui t abl e shut of f  cocks shal l  be 
pr ovi ded.   Gauges shal l  be r emot e r eadi ng t o t he cont r ol  panel  and shal l  be 
i nst al l ed compl et e wi t h al l  necessar y pi pi ng bet ween t he gauges and t he 
poi nt s at  whi ch t he dr af t s ar e measur ed.   Gauge pi pi ng shal l  be copper  
t ubi ng conf or mi ng t o ASTM B68/ B68M,  Type K or  L.

2. 10. 17   Pr essur e Gauges

Gauges shal l  be heavy- dut y i ndust r i al  t ype conf or mi ng t o ASME B40. 100,  Type 
I ,  Cl ass 1 or  2,  as appl i cabl e,  s t y l e as r equi r ed,  sui t abl e f or  speci f i ed 
pr essur e or  vacuum wi t h mi ni mum 115 mm 4- 1/ 2 i nch di amet er  di al ,  except  as 
ot her wi se speci f i ed.   Pr essur e gauges shal l  be i nst al l ed on t he 
l ow- pr essur e s i de of  each pr essur e- r educi ng val ve,  on t he suct i on and 
di schar ge s i de of  each pump,  on i nl et s and out l et s of  heat  exchanger s,  on 
t he f eedwat er  heat er ,  and wher e shown or  r equi r ed f or  pr oper  oper at i on.   
Pr essur e gauge shal l  be i nst al l ed on each boi l er  and shal l  have a [ 250 mm 
10 i nch]  [ 300 mm 12 i nch]  di al  f ace.   Gauges shal l  be i nst al l ed so as t o be 
accessi bl e and easi l y r ead f r om t he oper at i ng f l oor .   Gauges shal l  be 
equi pped wi t h i nt egr al  or  separ at e s i phons,  and pul sat i on dampener s and 
shal l  be connect ed by br ass pi pe and f i t t i ngs wi t h shut of f  cocks.   Wher e 
pr essur e r educi ng val ves ar e used,  upst r eam and downst r eam gauges shal l  be 
pl aced cl ose t o t he pr essur e r educi ng assembl y,  but  connect ed appr oxi mat el y 
3 m 10 f eet t her ef r om.   Oper at i ng r anges of  t he gauges shal l  be 
appr oxi mat el y t wi ce t he nor mal  oper at i ng pr essur e.

2. 10. 17. 1   Pr essur e Gauges ( Panel )

[ Thr ee]  [ _____]  150 mm 6 i nch di al  s i ze,  phenol  or  br ass,  bl ack enamel  
f i ni shed case,  gauges shal l  be f ur ni shed and i nst al l ed t o i ndi cat e mai n 
st eam,  boi l er  f eedwat er ,  and deaer at or  makeup.   Gauges shal l  be Bour don 
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t ube st y l e wi t h back connect i ons and whi t e di al s wi t h bl ack l et t er i ng.   
St eam gauges shal l  be equi pped wi t h s i phons and al l  gauges shal l  have 
shut of f  val ves at  t he panel .   Panel  ent r y shal l  be t hr ough bul k- head 
connect or s l ocat ed i n t he upper  par t  of  t he panel .   Gauge accur acy shal l  be 
at  l east  1/ 2 of  1 per cent  and nor mal  r eadi ngs shal l  be appr oxi mat el y 50 t o 
75 per cent  of  f ul l  scal e r eadi ng.   The gauges shal l  be l abel ed:

Tag Number Service Pr essur e Range,  kPa psi g

PI-[_____] Condensat e,  Suppl y Pr essur e - 69 t o 345 - 10 t o 50

PI-[_____] Feedwat er ,  Suppl y Pr essur e 0 t o 2068 0 t o 300

PI-[_____] Mai n St eam,  St eam Pr essur e 0 t o 2068 0 t o 300

2. 10. 17. 2   Pr essur e Gauges ( Local )

[ _____]  115 mm 4- 1/ 2 i nch di al  s i ze,  phenol  or  br ass,  bl ack enamel  f i ni shed 
case,  gauges shal l  be f ur ni shed and i nst al l ed f or  t he ser vi ces shown 
bel ow.   Gauges shal l  be Bour don- t ube st y l e wi t h bot t om connect i ons and 
whi t e di al s wi t h bl ack l et t er i ng.   St eam gauges shal l  be equi pped wi t h 
s i phons and al l  shal l  be i nst al l ed wi t h shut of f  val ves.   Gauge accur acy 
shal l  be at  l east  1/ 2 of  1 per cent  and nor mal  r eadi ngs shal l  be 
appr oxi mat el y 50 t o 75 per cent  of  f ul l  scal e r eadi ng.

Tag Number Service

PI-[_____] Condensat e Pump Number  1,  Di schar ge Pr essur e

PI-[_____] Condensat e Pump Number  2,  Di schar ge Pr essur e

PI-[_____] Pot abl e Wat er  Suppl y Pr essur e

PI-[_____] B. F.  Pump Number  1,  Suct i on Pr essur e

PI-[_____] B. F.  Pump Number  1,  Di schar ge Pr essur e

PI-[_____]  B. F.  Pump Number  2,  Suct i on Pr essur e

PI-[_____] B. F.  Pump Number  2,  Di schar ge Pr essur e

PI-[_____] Mai n St eam,  St eam Pr essur e

PI-[_____] B. F.  Pumps,  St r ai ner  Pr essur e

PI-[_____] Condensat e Pump No.  1,  Suct i on Pr essur e

PI-[_____] Condensat e Pump No.  2,  Suct i on Pr essur e

Gauges shal l  conf or m t o ASME B40. 100 and shal l  be of  pr essur e det ect i ng 
c l ass,  s i ngl e,  Bour don t ube st y l e,  sui t abl e f or  det ect i ng ai r  pr essur e.   
Gauges shal l  be r emot e r eadi ng t o t he cont r ol  panel .
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2. 10. 18   Feedwat er  Temper at ur e and Pr essur e Recor der

Feedwat er  t emper at ur e and pr essur e r ecor der  shal l  be i nst al l ed on t he 
boi l er  pl ant  cent r al  met er i ng panel  t o r ecor d t he deaer at ed f eedwat er  
t emper at ur e and t he pr essur e of  s t eam space i n t he deaer at i ng heat er .  
Recor der  shal l  be as speci f i ed.   Uni t  shal l  be pr ovi ded wi t h 
i nt er connect i ng t ubi ng and separ abl e socket s f or  el ement s l ocat ed i n t he 
f eedwat er  heat er .   El ect r i cal  connect i ons shal l  be t ot al l y  encl osed.   
Accur acy shal l  be wi t hi n pl us or  mi nus 1 per cent  of  t he char t  r ange.

2. 10. 19   Condensat e Fl owmet er

A 40 mm 1- 1/ 2 i nch i n- l i ne di sk met er  shal l  be f ur ni shed and i nst al l ed i n 
t he makeup l i ne t o t he deaer at or .   Met er  shal l  have a br onze housi ng,  
st ai nl ess st eel  t r i m,  and di sk sui t abl e f or  an oper at i ng t emper at ur e of  105 
degr ees C 220 degr ees F.   Met er  shal l  be equi pped wi t h a r egi st er  of  at  
l east  s i x di gi t s  and have a capaci t y of  at  l east  3 L/ second 50 gal l ons per  
minute.

Tag Number Service

FQI-[_____] Condensat e Fl ow

2. 11   TOOLS

Speci al  t ool s onl y shal l  be f ur ni shed and shal l  i ncl ude al l  uncommon t ool s 
necessar y f or  t he oper at i on,  c l eanout ,  and mai nt enance of  t he boi l er s,  
pumps,  f ans,  cont r ol s,  met er s,  speci al  pi pi ng syst ems,  and ot her  auxi l i ar y 
equi pment .   Smal l  hand t ool s shal l  be f ur ni shed wi t h a sui t abl e cabi net ,  
mount ed wher e di r ect ed.   The f ol l owi ng t ool s shal l  al so be f ur ni shed.

2. 11. 1   Tube Cl eaner

For  wat er - t ube boi l er  i nst al l at i ons,  a wat er - dr i ven c l eaner  shal l  be 
pr ovi ded wi t h t hr ee r ot ar y cut t er s,  t he necessar y l engt h of  ar mor ed wat er  
hose,  val ves,  and al l  ot her  appur t enances necessar y f or  oper at i on.   Tube 
cl eaner  shal l  be pr ovi ded f or  each si ze of  wat er t ube i n t he boi l er ,  wi t h 
one ext r a set  of  cut t er s f or  each si ze c l eaner .   Necessar y val ves and 
f i t t i ngs shal l  be pr ovi ded t o per mi t  conveni ent  connect i on of  t he c l eaner  
hose t o one of  t he boi l er  f eed pumps t o suppl y col d r aw wat er  f or  oper at i on 
of  t he c l eaner .   Pi pi ng ar r angement  shal l  be such t hat  one boi l er  f eed pump 
may be used t o oper at e t he c l eaner  wi t hout  i nt er f er i ng wi t h nor mal  
operation.

2. 11. 2   Tube Br ush

Tube br ush ( f or  f i r e- t ube boi l er  i nst al l at i ons) ,  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,  
shal l  be pr ovi ded.

2. 11. 3   Smoke Pi pe Cl eaner

Cl eaner  shal l  be pr ovi ded t o c l ean t he br eachi ng and smoke connect i ons.   
Cl eaner  shal l  have j oi nt ed handl e of  suf f i c i ent  l engt h t o c l ean br eechi ng 
and smoke connect i ons wi t hout  di smant l i ng.
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2. 11. 4   Wr enches and Gasket s

Wr enches shal l  be pr ovi ded as r equi r ed f or  openi ng boi l er  manhol es,  
handhol es,  and c l eanout s.   One set  of  ext r a gasket s shal l  be pr ovi ded f or  
al l  boi l er  manhol es and handhol es,  f or  pump bar r el s,  and ot her  s i mi l ar  
i t ems of  equi pment .   Al l  gasket s shal l  be packaged and pr oper l y i dent i f i ed.

2. 12   PAI NTI NG AND FI NI SHI NG

2. 12. 1   Pr event i ng Cor r osi on

Unl ess ot her wi se speci f i ed,  sur f aces of  f er r ous met al  subj ect  t o cor r osi on 
shal l  be f act or y pai nt ed i n accor dance wi t h t he manuf act ur er ' s st andar d 
pr act i ce.   Al l  exposed pi pe cover i ng shal l  be pai nt ed as speci f i ed i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS.   Al umi num sheat h over  i nsul at i on 
shal l  not  be pai nt ed.   Al l  met al l i c  mat er i al s shal l  be pr ot ect ed agai nst  
cor r osi on.   Wher e connect ed t o di ssi mi l ar  met al ,  al umi num shal l  be 
pr ot ect ed by appr oved f i t t i ngs and t r eat ment .   Al l  par t s such as boxes,  
bodi es,  f i t t i ngs,  guar ds,  et c. ,  made of  f er r ous met al s,  but  not  of  
cor r osi on- r esi st ant  st eel ,  shal l  be z i nc coat ed i n accor dance wi t h 
ASTM A123/ A123M or  ASTM A153/ A153M,  except  wher e ot her  equi val ent  
pr ot ect i ve t r eat ment  i s  speci f i cal l y  appr oved i n wr i t i ng by t he Cont r act i ng 
Of f i cer .   Wher e a r ust - i nhi bi t i ng coat i ng or  hot - di p gal vani z i ng i s  
speci f i ed,  any pr ot ect i ve t r eat ment  syst em t hat  wi l l  pass t he sal t - spr ay 
f og t est  i s  accept abl e.

2. 12. 2   Treatment

Al l  sur f aces of  cast i ngs,  f or gi ngs,  mol ded par t s,  st ampi ngs,  wel ded par t s,  
ext er i or  sur f aces of  t he boi l er ,  bef or e appl i cat i on of  t he i nsul at i on,  and 
al l  i nt er i or  sur f aces of  t he sheet  j acket ,  bef or e assembl y,  shal l  be 
c l eaned t o bar e met al  t o r emove oi l ,  r ust ,  sand,  di r t ,  f i ns,  spur s,  scal e,  
s l ag,  f l ux,  et c. ,  bef or e pr i mer  i s appl i ed at  t he f act or y.   Ext er nal  
sur f aces shal l  be smoot h and al l  edges shal l  be r ounded or  bevel ed,  unl ess 
shar pness i s r equi r ed t o per f or m a necessar y f unct i on.

2. 12. 3   Boi l er  Coat i ng

Boi l er  shal l  be f i ni shed wi t h one coat  of  s i l i cone al umi num heat - r esi st i ng 
( up t o 648 degr ees C 1200 degr ees F)  pai nt .   Pai nt  shal l  be appl i ed 
di r ect l y t o c l ean bar e met al  sur f aces and shal l  at t ai n a mi ni mum dr y f i l m 
t hi ckness of  1 mi l .   Af t er  assembl y,  al l  exposed sur f aces of  t he equi pment  
nor mal l y pai nt ed i n good commer ci al  pr act i ce shal l  be c l eaned t o bar e met al  
and f i ni shed wi t h t wo coat s of  s i l i cone al umi num heat - r esi st i ng pai nt ,  wi t h 
each coat  bei ng a mi ni mum dr y f i l m t hi ckness of  0. 025 mm 1 mi l .   Component  
par t s pr ocur ed f act or y f i ni shed need not  be r epai nt ed.   Mechani cal  c l eani ng 
need not  be per f or med on t he sheet  st eel  j acket  i f  t he sur f aces ar e f r ee of  
al l  mi l l  scal e and r ust .   However ,  t he sur f aces shal l  be c l eaned t o r emove 
al l  gr ease and ot her  f or ei gn mat t er .   Pai nt  shal l  not  be appl i ed when t he 
t emper at ur e i s bel ow 10 degr ees C 50 degr ees F or  above 32 degr ees C 90 
degr ees F.

2. 12. 4   Equi pment  Coat i ng

Equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous met al ,  shal l  be 
f act or y f i ni shed wi t h t he manuf act ur er ' s st andar d f i ni sh i f  l ocat ed wi t hi n 
bui l di ngs.   I t ems l ocat ed out s i de shal l  have weat her - r esi st ant  f i ni shes 
t hat  wi l l  wi t hst and 500 hour s of  exposur e t o t he sal t - spr ay t est  speci f i ed 
in ASTM B117,  usi ng a 20 per cent  sodi um chl or i de sol ut i on.   Thi s t est  may 
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be per f or med on t est  speci mens coat ed and f i ni shed i n t he same manner  as 
t he act ual  equi pment .   I mmedi at el y af t er  t he t est ,  t he speci mens shal l  show 
no si gn of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and no s i gn 
of  r ust  beyond 3 mm 1/ 8 i nch on ei t her  s i de of  t he scr at ch mar k.

2. 13   FACTORY TESTS

I ni t i al  capaci t y  and per f or mance t est s of  f act or y- assembl ed boi l er  
component s shal l  be conduct ed at  t he manuf act ur er ' s pl ant .   Any mat er i al  or  
equi pment  r ej ect ed shal l  be ei t her  r epai r ed or  r epl aced bef or e i nst al l at i on.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s  of  t he wor k,  ver i f y al l  di mensi ons 
i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es 
bef or e per f or mi ng t he wor k.   Because of  t he smal l  scal e of  t he dr awi ngs,  i t  
i s  not  possi bl e t o det ai l  al l  r uns and i ndi cat e al l  r equi r ed of f set s,  
f i t t i ngs,  and accessor i es.   I nvest i gat e st r uct ur al  and f i ni sh condi t i ons 
af f ect i ng t he wor k,  ar r ange t he wor k accor di ngl y as r equi r ed,  and f ur ni sh 
t he f i t t i ngs and accessor i es r equi r ed t o meet  such condi t i ons.   The pl ans 
ar e gener al l y di agr ammat i c and t he wor k of  t he di f f er ent  t r ades shal l  be 
coor di nat ed so i nt er f er ence bet ween condui t ,  pi pi ng,  equi pment ,  
ar chi t ect ur al ,  and st r uct ur al  wor k wi l l  be avoi ded.   Bui l di ng desi gn 
modi f i cat i ons necessi t at ed by t he pr oposed equi pment  shal l  be t he 
r esponsi bi l i t y  of  t he Cont r act or  and shal l  be appr oved bef or e pr oceedi ng 
wi t h t he wor k.

3. 2   INSTALLATION

**************************************************************************
NOTE:   Al l  per t i nent  pi pi ng and r el at ed equi pment  
suppor t s wi l l  be desi gned f or  sei smi c f or ces as 
speci f i ed i n subpar agr aph Suppor t  St eel  bel ow.

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

Equi pment  and mat er i al  shal l  be i nst al l ed as i ndi cat ed and i n accor dance 
wi t h manuf act ur er ' s i nst r uct i ons.   A manuf act ur er ' s r epr esent at i ve 
exper i enced i n i nst al l at i on of  t hi s t ype of  boi l er ,  shal l  super vi se t he 
er ect i on of  t he boi l er  and associ at ed equi pment .

3. 2. 1   Piping

Unl ess ot her wi se speci f i ed,  pi pe and f i t t i ngs shal l  conf or m t o Sect i on 
33 63 23 EXTERI OR ABOVEGROUND STEAM DI STRI BUTI ON.

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

**************************************************************************
NOTE:   Wher e i dent i f i cat i on of  pi pi ng i s r equi r ed by 
t he usi ng ser vi ce,  t hi s par agr aph wi l l  be ampl i f i ed 
t o i ncl ude appr opr i at e r equi r ement s ei t her  di r ect l y 
or  by r ef er ence t o a separ at e sect i on.   Ai r  For ce 
r equi r ement s ar e cover ed i n AFM 88- 15.

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

Al l  f er r ous met al s not  speci f i ed t o be coat ed at  t he f act or y shal l  be 
c l eaned,  pr epar ed,  and pai nt ed as speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
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COATI NGS.   Al l  exposed pi pe cover i ng shal l  be pai nt ed as speci f i ed i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS.   Al umi num sheat h over  i nsul at i on 
shal l  not  be pai nt ed.

3. 2. 3   Insulation

Shop-  and f i el d- appl i ed i nsul at i on shal l  be as speci f i ed i n Sect i on 23 07 00
 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS unl ess ot her wi se speci f i ed.   
Br eachi ng,  unj acket ed boi l er s,  [ dust  col l ect or s, ]  and i nduced dr af t  f an 
housi ngs shal l  be i nsul at ed wi t h magnesi a,  mi ner al  wool ,  cal c i um si l i cat e,  
or  appr oved mi ner al  i nsul at i on.   I nsul at i on may be ei t her  bl ock or  
bl anket .   Joi nt s i n t he i nsul at i on shal l  be f i l l ed wi t h magnesi a,  mi ner al  
wool ,  or  a sui t abl e cement .

3. 2. 4   Foundation

Boi l er  f oundat i on shal l  be const r uct ed of  [ 21]  [ _____]  MPa [ 3000]  [ _____]  
psi  concr et e as speci f i ed i n Sect i on 03 30 00. 00 10 CAST- I N- PLACE 
CONCRETE.   Anchor  bol t s shal l  be set  accur at el y and shal l  be of  adequat e 
l engt h t o i nst al l  t he boi l er .   When embedded i n concr et e,  anchor  bol t s 
shal l  be pr ovi ded wi t h pl at es wel ded on t he head and shal l  be pr ot ect ed 
agai nst  damage unt i l  t he equi pment  i s  i nst al l ed.   Pl at es shal l  conf or m t o 
ASTM A36/ A36M.

3. 2. 5   Equi pment  St r uct ur al  Suppor t

3. 2. 5. 1   St r uct ur al  St eel

Desi gn st r uct ur al  st eel  equi pment  suppor t s i n accor dance wi t h Sect i on 
05 12 00 STRUCTURAL STEEL.

3. 2. 5. 2   Suppor t  St eel

**************************************************************************
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( 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 f  sei smi c det ai l s  ar e not  
i ncl uded.   UFC 3- 310- 04 and Sect i ons 13 48 00 and 
23 05 48. 19,  pr oper l y edi t ed,  must  be i ncl uded i n 
t he cont r act  document s.

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

Desi gn suppor t  s t eel  t o r esi st  al l  appl i cabl e dead and l i ve l oads.   Desi gn 
f or  sei smi c l oads shal l  be as speci f i ed i n UFC 3- 310- 04 and Sect i ons 
13 48 00 [ SEI SMI C]  BRACI NG FOR MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 
[ SEI SMI C]  BRACI NG FOR HVAC [ as i ndi cat ed] .   Show a compl et e l oadi ng and 
suppor t  di agr am on t he det ai l  dr awi ngs.   Equi pment  suppor t s shown on t he 
cont r act  dr awi ngs ar e f or  a gener al  equi pment  l ayout  and may not  conf or m t o 
t he syst em f ur ni shed.   Pi er s and f oot i ngs may be r el ocat ed t o sui t  
equi pment  f ur ni shed i f  no i nt er f er ence wi t h ot her  f oot i ngs i s encount er ed.   
Suppor t  st eel  shal l  compl y wi t h ASTM A242/ A242M and be f abr i cat ed i n 
accor dance wi t h t he pr ovi s i ons of  Sect i on 05 05 23. 16 STRUCTURAL WELDI NG or  
f i el d bol t ed usi ng ASTM A325M ASTM A325 hi gh st r engt h bol t s.   Submi t  
manuf act ur er ' s desi gn dat a and st r uct ur al  comput at i ons f or  wal l s,  r oof ,  
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.   I ncl ude i n t he desi gn dat a manuf act ur er ' s equi pment  
desi gn dat a.
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3. 2. 5. 3   Col umn Base Pl at es

Desi gn col umn base pl at es t o bear  on a [ 21]  [ _____]  MPa [ 3000]  [ _____]  psi  
concr et e f l oor  s l ab.

3. 2. 5. 4   Anchor  Bol t s

Anchor  bol t s shal l  be ASTM A307 anchor  bol t s.   Anchor  bol t  s i zes and 
l ocat i ons shal l  be shown on t he det ai l  dr awi ngs.

3. 2. 6   St ack Suppor t

**************************************************************************
NOTE:   I ndi cat e wi nd f or ce t he st ack desi gn wi l l  
have t o wi t hst and.   St r uct ur al  desi gn wi l l  al so 
i ncl ude sei smi c r esi st ance as speci f i ed i n 
subpar agr aph Suppor t  St eel  above.

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

St ack suppor t  shal l  be i n accor dance wi t h NFPA 211,  as appl i cabl e.   
Ver t i cal  and l at er al  suppor t s f or  ext er i or  chi mneys shal l  wi t hst and wi nd 
f or ces of  [ 130]  [ _____]  km/ hour  [ 80]  [ _____]  mph.

3. 2. 7   Cat wal ks and Access Pl at f or ms

Al l  necessar y pl at f or ms,  l adder s,  handr ai l s ,  and st ai r s needed f or  saf e and 
ef f i c i ent  oper at i on and mai nt enance of  t he equi pment  shal l  be f ur ni shed and 
i nst al l ed.   They may be r el ocat ed f r om t he wal l  openi ngs and passageways 
shown i n or der  t o sui t  t he boi l er  equi pment  pr ovi ded.   Al l  r ai l i ngs shal l  
have 100 mm 4 i nch wi de t oe- boar d l ocat ed not  mor e t han 6 mm 1/ 4 i nch above 
t he f l oor  l evel .   Const r uct i on shal l  conf or m as c l ose as pr act i cal  t o i t ems 
i ndi cat ed.   Fabr i cat i on,  mat er i al s,  and coat i ngs shal l  conf or m t o Sect i on 
05 12 00 STRUCTURAL STEEL.

3. 2. 8   Cont r ol  Syst em I nst al l at i on

I nst al l  equi pment  i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons and 
appr oval  by t he Cont r act i ng Of f i cer .   Al l  cont r ol  condui t ,  wi r i ng and/ or  
t ubi ng not  speci f i ed el sewher e,  but  r equi r ed t o pr ovi de a compl et e and 
oper abl e syst em shal l  be f ur ni shed and i nst al l ed under  t hi s sect i on of  t he 
speci f i cat i ons.   Thi s shal l  i ncl ude mat er i al  and i t ems r equi r ed t o ar r ange 
t he syst em t o compensat e f or  t he act ual  f i el d condi t i ons encount er ed.   
Copper ,  st ai nl ess st eel ,  or  nonmet al l i c  t ubi ng may be used as appr opr i at e.   
Copper  shal l  be ASTM B88M ASTM B88,  Type K;  wi t h f l ar ed cast  br ass or  
wr ought  copper  f i t t i ngs.   Pneumat i c t ubi ng shal l  be 6. 4 mm 1/ 4 i nch OD wi t h 
a mi ni mum wal l  t hi ckness of  0. 762 mm 0. 030 i nch unl ess ot her wi se 
i ndi cat ed.   Wher e 9. 5 mm 3/ 8 i nch or  12. 7 mm 1/ 2 i nch OD t ubi ng i s used,  
t he wal l  t hi ckness shal l  be a mi ni mum of  1. 245 mm 0. 049 i nch.   The ext ent ,  
gener al  l ocat i on,  and ar r angement  of  t he syst em shal l  be as i ndi cat ed.   
Cont r ol  panel s shal l  be l ocat ed as i ndi cat ed and pl aced so t hat  oper at i ng 
per sonnel  may ef f ect i vel y moni t or  boi l er  oper at i ons,  but  shal l  not  be i n a 
posi t i on t hat  woul d i nt er f er e wi t h t hose oper at i ons.   Equi pment ,  
i nst r ument s,  pi pi ng,  wi r i ng,  and t ubi ng shal l  f i t  i nt o t he space al l ot t ed 
and al l ow adequat e c l ear ances f or  ent r y,  ser vi c i ng,  and mai nt enance.   
Local l y mount ed i nst r ument s shal l  be i nst al l ed i n such a manner  as t o 
pr event  i nt er f er ence wi t h mechani cal  i nst al l at i ons and t o ensur e 
r eadabi l i t y  f r om t he f r ont  ai s l es or  oper at i ng ar ea of  t he equi pment .   
I nst al l at i on of  t he i nst r ument at i on syst em shal l  be car ef ul l y  coor di nat ed 
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wi t h t he wor k of  ot her  t r ades.

3. 2. 9   Fi el d Tubi ng

Tube f i t t i ngs shal l  be compr essi on t ype and compat i bl e wi t h t ubi ng mat er i al  
( e. g. ,  br ass f or  copper  t ubi ng,  st ai nl ess st eel  f or  st ai nl ess st eel  t ubi ng,  
and nonmet al l i c  f or  nonmet al l i c  t ubi ng) .   Each connect i on shal l  be checked 
f or  pr oper  t i ght ness and i nst al l at i on.   Al l  pi pi ng bet ween pr i mar y 
connect i ons and i nst r ument s shal l  be a mi ni mum of  9. 5 mm 3/ 8 i nch OD 
t ubi ng.   Al l  copper  i nst r ument  s i ngl e connect i ng l i nes shal l  be pr ovi ded 
wi t h br ass,  ASTM B61,  20. 7 MPa 3000 psi  r at i ng,  f or ged body scr ews or  t ube 
ends.

3. 2. 9. 1   Tubi ng Suppor t s

PVC- coat ed expansi on met al  t r oughs or  epoxy- coat ed ver t i cal  uni st r ut  r acks 
shal l  be used as t ubi ng suppor t s.   No el bows,  t ees,  or  cr osses shal l  be 
used.   Wher e t he t r ough br anches or  changes di r ect i on,  a sui t abl e gap f or  
t he t r ansi t i on wi l l  be accept abl e.   The t ubi ng shal l  be unsuppor t ed over  
t he gap.

3. 2. 9. 2   Ai r  Suppl y

I nst r ument  ai r  suppl y header s shal l  be as shown.   I nst r ument  ai r  shal l  be 
di st r i but ed t hr ough t he ar ea at  nomi nal l y 620 kPa 90 psi g.   Pr essur e shal l  
be r educed t o t hat  r equi r ed at  t he i nst r ument  by a l ocal  r egul at or .   An ai r  
set  uni t  shal l  be f ur ni shed and i nst al l ed f or  each i nst r ument  t hat  has a 
pneumat i c out put  s i gnal  ( e. g. ,  t r ansmi t t er ,  t r ansducer ,  cont r ol l er s,  
posi t i oner ,  and r el ay) .   Ai r  set  uni t s shal l  have a f i l t er  r egul at or  wi t h 
i nt egr al  dr i p- wel l  and dr ai n cock and out put  gauge.

3. 2. 10   Electrical

I nst r ument at i on and power - i nt er connect i ng wi r i ng shal l  be as [ shown]  
[ r ecommended by t he manuf act ur er ]  and as speci f i ed i n NFPA 70.   Al l  
ext er nal  wi r i ng t o t he cont r ol  panel s shal l  t er mi nat e on t er mi nal  boar ds or  
on devi ces i n t he panel s.   Al l  cabl e wi r e and cabl e r uns shal l  be car r i ed 
i n condui t  or  wi r eways.   Al l  s i gnal  wi r i ng used f or  al ar m or  measur ement  of  
cont r ol  c i r cui t s  shal l  be r un i n condui t  separ at e f r om power  c i r cui t s.   
Di r ect  cur r ent  s i gnal s used f or  el ect r oni c t r ansmi ssi on may be r un i n 
mul t i conduct or  cabl es.   Wi r i ng f or  cont r ol ,  shut down,  or  i nt er l ock c i r cui t s 
may be r un i n t he same condui t  wi t h power  wi r i ng as shown.   I nst r ument s 
shal l  not  be f ed f r om l i ght i ng br anch ci r cui t s.   Ter mi nat i on of  al l  wi r es 
on i nst r ument  bi ndi ng scr ews shal l  be made wi t h sol der l ess i nsul at ed 
shoul der  r i ng- t ongue l ugs of  t he pr oper  s i ze f or  t he wi r e and bi ndi ng 
scr ew.   Lugs shal l  be pr oper l y and secur el y cr i mped t o t he wi r e usi ng t he 
t ool  r ecommended by t he l ug manuf act ur er .   Any t er mi nat i on t hat  i s  made 
i mpr oper l y shal l  be cut  of f  and a new l ug i nst al l ed.   St r i ppi ng of  al l  wi r e 
shal l  be done wi t h an appr oved st r i ppi ng t ool  or  i n such a manner  as not  t o 
damage t he conduct or .

3. 2. 10. 1   Cabl e Conduct or  I dent i f i cat i on

I dent i f i cat i on shal l  be per manent l y at t ached t o each wi r e t er mi nat i ng on a 
t er mi nal  boar d or  bi ndi ng scr ew t o f aci l i t at e mai nt enance.   I dent i f i cat i on 
shal l  be by means of  pl ast i c s l eevi ng wi t h pr i nt ed mar ki ngs,  per manent l y 
at t ached st amped f oi l  mar ker s,  or  ot her  appr oved means.   Wi r e number s shal l  
cor r espond t o wi r e number s shown.
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3. 2. 10. 2   Relays

I ndust r i al  r el ays shal l  be pr ovi ded f or  i nt er l ocki ng c i r cui t s.   Cont act s 
and coi l s shal l  be accessi bl e f or  c l eani ng and r epl acement .

3. 2. 11   St eam Fl owmet er  I nst al l at i on

Tr ansmi t t er s shal l  be mount ed at  t he or i f i ce f l anges.   I mpul se l i nes shal l  
be s l oped t o el i mi nat e l i qui d or  gas pocket s.   Met er  mani f ol ds shal l  be 
t hr ee- val ved,  except  a f i ve- val ve mani f ol d shal l  be used when t he met er  i s  
seal ed or  pur ged.

3. 3   MANUFACTURER' S SERVI CES

Pr ovi de t he ser v i ces of  a manuf act ur er ' s r epr esent at i ve who i s exper i enced 
i n t he i nst al l at i on,  adj ust ment ,  and oper at i on of  t he equi pment  speci f i ed.   
The r epr esent at i ve shal l  super vi se t he i nst al l i ng,  adj ust i ng,  and t est i ng 
of  t he equi pment .   Ensur e t hat  suf f i c i ent  l ead t i me i s gi ven t o pr event  
i nst al l at i on del ay r esul t i ng f r om l at e del i ver y of  equi pment  and mat er i al s.

3. 4   TESTING

3. 4. 1   General

Bef or e r equest i ng t he per f or mance and accept ance t est ,  f i nal  checki ng of  
syst ems i nst al l at i ons and pr el i mi nar y oper at i on t est i ng and adj ust ment s of  
al l  syst ems shal l  be conduct ed i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons and t he r equi r ement s of  t he speci f i cat i ons.   Al l  t est s 
shal l  be schedul ed i n advance and conduct ed at  t i mes appr oved.   Per f or m 
t est i ng i n t he pr esence of  t he Cont r act i ng Of f i cer .   Submi t  t est  r epor t s i n 
bookl et  f or m showi ng al l  f i el d t est s per f or med t o adj ust  each component  and 
al l  f i el d t est s per f or med t o pr ove compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed syst em.   
Each t est  r epor t  shal l  i ndi cat e t he f i nal  posi t i on of  cont r ol s.   Submi 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  
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.   Pr ovi de t he act i on 
set t i ngs f or  al l  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.   The t est  
r epor t  bookl et  shal l  i ncl ude l ogs,  t her mal  ef f i c i ency cal cul at i ons,  
t abul at ed r esul t s,  and concl usi ons.

3. 4. 1. 1   Schedul e f or  Test i ng

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  [ 20]  [ _____]  days i n 
advance of  t he i nt ent  t o t est  t he boi l er s,  and submi t  a t est i ng schedul e.   
The Cont r act i ng Of f i cer  wi l l  not i f y  t he appr opr i at e aut hor i t i es.

3. 4. 1. 2   Vi sual  I nspect i on

Exami ne each boi l er  f or  def ect s out l i ned bel ow:

a.   Par t s of  component s mi ssi ng.

b.   I mpr oper  assembl y.

c.   Par t s or  component s not  f unct i oni ng pr oper l y.

d.   Wor kmanshi p not  as speci f i ed.
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e.   Exposed edges of  met al  not  smoot h.

f .   Mat er i al s not  as speci f i ed.

3. 4. 1. 3   Repairs

Repl ace al l  def ect i ve par t s f ur ni shed and i nst al l ed by t he Cont r act or  and 
compl et e al l  r epai r s i dent i f i ed dur i ng capaci t y and oper at i ng t est s.

3. 4. 2   I nst r ument at i on Test s

Test  al l  i nst r ument  syst ems af t er  compl et i ng t he f ol l owi ng act i v i t i es:

a.   I nspect  compl et e wor k and make any nonoper at i ng checks r equi r ed t o 
assur e oper abi l i t y  i n t he manner  r equi r ed f or  t he pr ocess appl i cat i on.

b.   Check i nst r ument  ai r  l i nes and wi r i ng f or  pr oper  hookup.

c.   Test  ai r  l i nes f or  t i ght ness accor di ng t o t he r equi r ement  of  t he 
I nst r ument  Soci et y of  Amer i ca Recommended Pr act i ce I SA 7. 0. 01.

d.   Commi ssi on i nst r ument s,  cont r ol s,  i nt er l ocks,  al ar ms,  and r el at ed 
i t ems.   I ncl ude oper at i ng checks,  pr ovi s i on and i nst al l at i on of  seal s 
as r equi r ed,  checki ng and adj ust i ng set t i ngs,  st andar di z i ng and 
cal i br at i on,  and pr oof  t est s.

e.   I nst al l  r el i ef  val ves and f i l t er  r egul at or  set s.

f .   I nsul at e and wi nt er i ze i nst r ument s.

I f  al l  of  t he above cannot  be compl et ed bef or e st ar t up,  advi se t he 
Cont r act i ng Of f i cer  i n wr i t i ng 2 weeks bef or e t est i ng.

3. 4. 3   Di el ect r i c  Test s

Test  el ect r i cal  syst em f or  di el ect r i c  st r engt h.   El ect r i cal  syst em,  
excl udi ng cont r ol  and r ecor di ng i nst r ument s,  shal l  be subj ect  t o a vol t age 
of  t wi ce i t s r at ed vol t age,  pl us [ 500]  [ _____]  vol t s,  f or  a per i od of  not  
l ess t han [ 1]  [ _____]  mi nut e.   Bef or e t est i ng,  al l  i nst r ument s and 
oper at i ng mechani sms t hat  coul d be damaged shal l  be di sconnect ed.   Af t er  
t he t est ,  t he c i r cui t  shal l  s t i l l  r egi st er  a r esi st ance of  not  l ess t han 1 
megohm at  [ 600]  [ _____]  vol t s dc.   Thi s t est  shal l  appl y bet ween al l  
i nsul at ed c i r cui t s and ext er nal  met al  par t s.

3. 4. 4   Cont r ol  Test s

Tt est  boi l er  under  act ual  f i r i ng condi t i ons.   Ver i f y wi t h t he t est s t hat  
al l  cont r ol s f unct i on wi t hi n t he maxi mum and mi ni mum l i mi t s f or  t emper at ur e 
or  t i mi ng.   Unsaf e condi t i ons,  such as hi gh t emper at ur es,  shal l  be 
s i mul at ed dur i ng t he t est s by r educi ng t he set t i ngs f or  act i vat i on of  l i mi t  
and saf et y cont r ol s.

3. 4. 5   Necessar y Tempor ar y Pi pi ng

Necessar y t empor ar y t est  pi pi ng not  l ess t han [ 100]  [ _____]  mm [ 4]  [ _____]  
i nches i n di amet er  shal l  be f ur ni shed.   A st eam si l encer  t o exhaust  excess 
st eam t o t he at mospher e i n t he event  t he boi l er  l oad i s i nsuf f i c i ent  t o 
meet  t he capaci t y speci f i ed shal l  be pr ovi ded.   A cont r ol  val ve f or  
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exhaust i ng excess st eam t o at mospher e shal l  be pr ovi ded i n a conveni ent  
l ocat i on i nsi de t he boi l er  r oom.

3. 4. 6   Test  of  Deaer at i ng Feedwat er  Heat er

Test  of  t he deaer at i ng f eedwat er  heat er  shal l  compl y wi t h ASME PTC 12. 3 and 
demonst r at e t hat  t he equi pment  i nst al l ed shal l  meet  t he r equi r ement s 
speci f i ed as t o per f or mance,  capaci t y,  and qual i t y  of  ef f l uent .   Dur i ng t he 
oper at i ng t est  of  t he boi l er s,  t est s shal l  be conduct ed t o det er mi ne oxygen 
cont ent  i n accor dance wi t h ASTM D888,  Met hod A.   Boi l er s shal l  be oper at ed 
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.

3. 4. 7   Test  of  Wat er  Tr eat ment  Equi pment

Test  of  wat er  t r eat ment  equi pment  shal l  meet  t he 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 shal l  
cover  at  l east  t wo compl et e r egener at i ons and capaci t y r uns.   Boi l er  wat er  
condi t i oni ng shal l  i ncl ude chemi cal  t r eat ment  and bl owdown per i ods t o 
pr event  scal e and cor r osi on i n boi l er s and i n suppl y and r et ur n 
di st r i but i on syst ems f r om t he i ni t i al  st ar t  of  t he syst em,  t hr ough t he 
t est i ng per i od,  and t o f i nal  accept ance of  t he compl et ed wor k.   Appr oved 
chemi cal s and met hod of  t r eat ment  shal l  be used.

3. 4. 8   Hydr ost at i c Test s

Fol l owi ng er ect i on,  each boi l er  shal l  be t est ed hydr ost at i cal l y  and pr oved 
t i ght  under  a gauge pr essur e of  1- 1/ 2 t i mes t he wor ki ng pr essur e 
speci f i ed.   Fol l owi ng t he i nst al l at i on of  al l  pi pi ng and boi l er  house 
equi pment ,  but  bef or e t he appl i cat i on of  any i nsul at i on,  hydr ost at i c t est s 
shal l  be made and t he syst em shal l  be pr oved t i ght  under  gauge pr essur es of  
1- 1/ 2 t i mes t he speci f i ed wor ki ng pr essur e.   Boi l er s shal l  be t est ed and 
t he pi pi ng connect i ons i nspect ed by an NBBI - commi ssi oned boi l er  i nspect or  
f or  det er mi ni ng compl i ance wi t h al l  r equi r ement s i n ASME BPVC SEC VI I I  D1, 
and t he Cont r act i ng Of f i cer  shal l  be suppl i ed wi t h a cer t i f i cat e of  
appr oval  f or  each boi l er .   Shop f oam shal l  be appl i ed t o al l  seams t o 
det ect  l eaks.   Boi l er  shal l  not  l ose mor e t han [ 1. 27]  [ _____]  kPa [ 5]  
[ _____]  i nches wat er  gauge i n [ 10]  [ _____]  mi nut es.

3. 4. 9   Test  f or  St eam Pur i t y and Wat er  Level  St abi l i t y

Test  f or  st eam pur i t y,  i n accor dance wi t h ASTM D1066,  and wat er  l evel  
st abi l i t y  shal l  be s i mul t aneous under  t he oper at i ng condi t i ons speci f i ed.

3. 4. 9. 1   St eam Test s

St eam t est s f or  boi l er  over  [ 2. 07]  [ _____]  MPa [ 300]  [ _____]  psi g,  wi t hout  
super heat er s,  not  used f or  power  gener at i on or  l ar ge t ur bi ne dr i ve,  shal l  
be made on st eam sampl ed i n accor dance wi t h ASTM D1066,  usi ng t he 
conduct i v i t y met hod i n ASTM D2186.   The conduct i v i t y of  t he st eam cor r ect ed 
f or  car bon di oxi de and ammoni a cont ent  shal l  not  exceed 30 mi cr ohms at  18 
degr ees C.   St eam f or  boi l er s l ess t han [ 2. 07]  [ _____]  MPa [ 300]  [ _____]  
psi g,  wi t h or  wi t hout  super heat ,  used f or  power  gener at i on or  t ur bi ne dr i ve 
f or  ai r - condi t i oni ng equi pment  shal l  be sampl ed i n accor dance wi t h 
ASTM D1066 and shal l  be t est ed i n accor dance wi t h t he conduct i v i t y met hod 
in ASTM D2186.   The conduct i v i t y of  t he st eam cor r ect ed f or  car bon di oxi de 
and ammoni a cont ent  shal l  not  exceed 4. 0 mi cr ohms at  18 degr ees C 60 
degr ees F.   St eam shal l  be t est ed f or  moi st ur e i n accor dance wi t h 
cal or i met r i c met hod out l i ned i n Par t  I I  of  ASME PTC 19. 11.
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3. 4. 9. 2   Wat er  Level  St abi l i t y  Test

Wat er  l evel  st abi l i t y  t est  f i r st  shal l  be conduct ed by use of  t he manual  
bypass ar ound t he f eedwat er  r egul at or .   Test  t hen shal l  be r epeat ed usi ng 
t he aut omat i c f eedwat er  r egul at or .   Boi l er  shal l  mai nt ai n speci f i ed wat er  
l evel  st abi l i t y  under  bot h condi t i ons.

3. 4. 10   Per f or mance Test s

  Submi t  a pr oposed per f or mance t est  pr ocedur e f or  t he oper at i ng [ and 
envi r onment al ]  t est s,  30 days pr i or  t o t he pr oposed t est  dat e.   The 
pr ocedur e shal l  cont ai n 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.   The t est  shal l  not  commence unt i l  t he pr ocedur e has been 
appr oved.   The Cont r act or ' s compl et e 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,  shal l  be i ncl uded and appr oved pr i or  t o syst em 
startup.

a.   Upon compl et i on of  i nst al l at i on,  t he boi l er  and associ at ed equi pment  
and i nst r ument at i on shal l  be subj ect ed 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. [   St ack 
sampl i ng f or  compl i ance wi t h appl i cabl e emi ssi on l i mi t s i s  cover ed 
under  Sect i on 23 52 00 HEATI NG BOI LERS. ]   Test i ng shal l  be i n 
accor dance wi t h t he t est  pr ocedur es i ndi cat ed bel ow and shal l  be i n 
accor dance wi t h t he r equi r ement s of  ASME PTC 19. 10.   Al l  pr essur e 
measur ement s ar e t o be t aken i n accor dance wi t h ASME PTC 19. 2,  and al l  
t emper at ur e measur ement s ar e t o be t aken i n accor dance wi t h 
ASME PTC 19. 3 TW.   Fur ni sh al l  i nst r ument s,  equi pment ,  and per sonnel  
r equi r ed f or  t he t est s.   The Gover nment  wi l l  suppl y wat er ,  el ect r i c  
power ,  and f uel .   Two i nst r uct i on manual s shal l  be avai l abl e at  al l  
t i mes dur i ng t he t est s.

b.   An ef f i c i ency and capaci t y t est  shal l  be r un on one boi l er  of  each si ze 
i nst al l ed,  conduct ed i n st r i c t  accor dance wi t h ASME PTC 4,  abbr evi at ed 
ef f i c i ency t est ,  ut i l i z i ng t he i nput - out put  met hod,  except  f or  use of  
al t er nat e measur i ng or  met er i ng devi ces pr oper l y cal i br at ed bef or e t he 
t est ,  f or  t he pur pose of  met er i ng t he wat er  used and change i n t he 
t emper at ur e of  f l ue gas.   Combust i on gases ent er i ng t he heat  r ecover y 
boi l er  shal l  be anal yzed and r ecor ded.   Recor d CO,  CO2,  H2O,  O2,  N2,  
HCl ,  SO2 and t emper at ur e.   Wat er  met er  used i n t he t est  shal l  be 
sui t abl e f or  hot  wat er .   Ef f i c i ency shal l  be not  l ess t han speci f i ed.   
Maxi mum moi st ur e cont ent  of  sat ur at ed st eam l eavi ng t he boi l er  shal l  be 
as speci f i ed.   Ef f i c i ency and gener al  per f or mance t est s on t he boi l er s 
shal l  be conduct ed by a qual i f i ed t est  engi neer .   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 ef f i c i ency and 
capaci t y t est s shal l  be f ur ni shed bef or e t he t est .   Al l  i ndi cat i ng 
i nst r ument s shal l  be r ead at  1/ 2- hour  i nt er val s unl ess ot her wi se 
di r ect ed.   I nst r ument s r equi r ed f or  conduct i ng t he boi l er  t est s ar e 
cont ai ned i n ASME PTC 4 and ASME PTC 19. 11.

3. 5   CLEANI NG OF BOI LERS AND PI PI NG

**************************************************************************
NOTE:   Local  gui del i nes may di ct at e t he maxi mum 
di schar ge r at e f or  c l eani ng chemi cal s i nt o t he 
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sani t ar y sewer  syst em.
**************************************************************************

Af t er  t he hydr ost at i c t est s,  but  bef or e t he oper at i ng t est s,  c l ean t he 
boi l er s of  f or ei gn mat er i al s.   Wher ever  possi bl e,  sur f aces i n cont act  wi t h 
wat er  shal l  be wi r e br ushed t o r emove l oose mat er i al .

a.   The f ol l owi ng pr ocedur e may be used or  submi t  ot her  st andar d pr ocedur e 
f or  r evi ew and appr oval  by t he Cont r act i ng Of f i cer .   Fi l l  boi l er s wi t h 
a sol ut i on consi st i ng of  t he f ol l owi ng pr opor t i onal  i ngr edi ent s f or  
ever y 1000 l i t er s gal l ons of  wat er  and oper at ed at  appr oxi mat el y 200 t o 
350 kPa 30 t o 50 psi g f or  a per i od of  24 t o 48 hour s,  exhaust i ng st eam 
t o t he at mospher e:

( 1)   2875 g 24 pounds caust i c soda.

( 2)   2875 g 24 pounds di sodi um phosphat e ( anhydr ous) .

( 3)   960 g 8 pounds sodi um ni t r at e.

( 4)   60 g 1/ 2 pound appr oved wet t i ng agent .

b.   Chemi cal s i n t he above pr opor t i ons or  as ot her wi se appr oved shal l  be 
t hor oughl y di ssol ved i n t he wat er  bef or e bei ng pl aced i n t he boi l er s.   
Af t er  t he speci f i ed boi l i ng per i od,  t he boi l er s shal l  be al l owed t o 
cool ,  t hen dr ai ned and t hor oughl y f l ushed.   Pi pi ng shal l  be c l eaned by 
oper at i ng t he boi l er  f or  appr oxi mat el y 48 hour s,  wast i ng t he condensat e.

c.   Pr ovi de boi l er  wat er  condi t i oni ng,  i ncl udi ng chemi cal  t r eat ment  and 
bl owdown dur i ng per i ods of  boi l er  oper at i on t o pr event  scal e and 
cor r osi on i n boi l er s and i n suppl y and r et ur n di st r i but i on syst ems f r om 
t he i ni t i al  st ar t up of  t he syst em,  t hr ough t he t est i ng per i od and t o 
f i nal  accept ance of  t he compl et ed wor k.   Appr oved chemi cal s and met hod 
of  t r eat ment  shal l  be used.

3. 6   FRAMED I NSTRUCTI ONS

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

3. 7   FI ELD TRAI NI NG

**************************************************************************
NOTE:   Consul t  equi pment  manuf act ur er s f or  
r ecommended t i me r equi r ed t o t r ai n per sonnel  f or  t he 
pr oper  oper at i on of  t he uni t  and i nser t  number  of  
hours.

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

Pr ovi de a t r ai ni ng cour se f or  desi gnat ed oper at i ng,  mai nt enance,  and 
super vi s 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  [ _____]  
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hour s of  nor mal  wor ki ng t i me,  st ar t i ng af t er  t he syst em i s f unct i onal l y 
compl et e,  but  pr i or  t o f i nal  accept ance t est s.   Fi el d t r ai ni ng shal l  cover  
al l  of  t he i t ems cont ai ned i n t he appr oved oper at i ng and mai nt enance 
i nst r uct i ons as wel l  as demonst r at i ons of  r out i ne mai nt enance oper at i ons.   
Submi t  [ 6]  [ _____]  compl et e copi es of  oper at i ng i nst r uct i ons 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 
emer gency shut down.   The i nst r uct i ons shal l  i ncl ude t he manuf act ur er ' s 
name,  model  number ,  ser vi ce manual ,  par t s l i s t ,  and br i ef  descr i pt i on of  
al l  equi pment  and t hei r  basi c oper at i ng f eat ur es.   Submi t  [ 6]  [ _____]  
compl et e copi es of  mai nt enance i nst r uct i on l i s t i ng r out i ne mai nt enance 
pr ocedur es,  possi bl e br eakdowns and r epai r s,  and t r oubl eshoot i ng gui des.   
The i nst r uct i ons shal l  i ncl ude pi pi ng l ayout ,  equi pment  l ayout ,  and 
s i mpl i f i ed wi r i ng and cont r ol  di agr ams f or  t he syst em as i nst al l ed,  and 
ot her  i nf or mat i on necessar y f or  equi pment  mai nt enance.   Fi el d t r ai ni ng 
shal l  al so i ncl ude r ecommendat i ons f or  t ot al  st af f i ng and j ob 
descr i pt i ons.   Not i f y t he Cont r act i ng Of f i cer  at  l east  14 days pr i or  t o 
dat e of  pr oposed conduct i on of  t he t r ai ni ng cour se.

3. 8   OPERATI NG TEST

Per f or m t est  at  f ul l - scal e f or  24 hour s,  or  l onger  i f  r equi r ed by t he 
combust i on equi pment  speci f i cat i ons.   Dur i ng t hi s per i od,  t he boi l er s shal l  
suppl y t he r at ed amount  of  st eam at  t he t emper at ur e,  pr essur e,  and t her mal  
ef f i c i ency speci f i ed when t he uni t  i s  suppl i ed wi t h t he r at ed amount  of  hot  
gases at  t he speci f i ed t emper at ur e.   The ent i r e uni t  shal l  mai nt ai n t hi s 
ef f i c i ency dur i ng t he ent i r e t est  per i od.   Af t er  [ 4]  [ _____]  hour s,  
t emper at ur e r eadi ngs of  t he out er  shel l ,  t aken at  not  l ess t han f i ve r andom 
l ocat i ons,  shal l  not  exceed t he t emper at ur e l i mi t at i on speci f i ed.   Boi l er s 
shal l  al so demonst r at e t he abi l i t y  t o oper at e wel l  wi t h t he combust i on 
equi pment  and t o f ol l ow changi ng l oad demands whi l e mai nt ai ni ng speci f i ed 
st eam t emper at ur e and pr essur e based upon t he l i mi t at i ons of  t he 
equi pment .   At  t he concl usi on of  t est i ng,  t he boi l er s shal l  be i nspect ed 
f or  det er i or at i on such as s l agged or  spal l i ng r ef r act or y,  war pi ng of  par t s,  
and di scol or ed ext er i or  pai nt .

        - -  End of  Sect i on - -
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