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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  packaged hot  wat er  and st eam boi l er  
syst ems ( oi l ,  gas or  combi nat i on oi l / gas f i r ed)  of  
up t o 6000 kW 20, 000, 000 Bt uh out put  capaci t y.   The 
hot  wat er  boi l er  syst ems oper at e at  wat er  
t emper at ur es bel ow 120 degr ees C 250 degr ees F and 
wat er  wor ki ng pr essur es l ess t han 1100 kPa 160 psi .   
The st eam heat i ng syst ems oper at e up t o 100 kPa 15 
psig.

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

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

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

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

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

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 13/ CSA 4. 9 ( 2017;  Er r at a 2018)  Gas- Fi r ed Low Pr essur e 
St eam and Hot  Wat er  Boi l er s

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

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C606 ( 2015)  Gr ooved and Shoul der ed Joi nt s

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2011;  Amendment  2012)  Speci f i cat i on f or  
Fi l l er  Met al s f or  Br azi ng and Br aze Wel di ng

AWS B2. 2/ B2. 2M ( 2016)  Speci f i cat i on f or  Br azi ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

ASME I NTERNATI ONAL ( ASME)

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

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

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

ASME B16. 15 ( 2013)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250
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ASME B16. 18 ( 2012)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 20 ( 2017)  Met al l i c  Gasket s f or  Pi pe Fl anges

ASME B16. 22 ( 2013)  St andar d f or  Wr ought  Copper  and 
Copper  Al l oy Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2013)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 3 ( 2011)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 34 ( 2017)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

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

ASME B16. 4 ( 2011)  St andar d f or  Gr ay I r on Thr eaded 
Fi t t i ngs;  Cl asses 125 and 250

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

ASME B16. 9 ( 2012)  St andar d f or  Fact or y- Made Wr ought  
St eel  But t wel di ng Fi t t i ngs

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

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

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

ASME BPVC SEC I V ( 2010)  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 ( 2010)  BPVC Sect i on I X- Wel di ng and Br azi ng 
Qualifications

ASME BPVC SEC VI I I  D1 ( 2015)  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 PTC 10 ( 1997;  R 2014)  Per f or mance Test  Code on 
Compr essor s and Exhaust er s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A105/ A105M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons
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ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
Strip

ASTM A183 ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  Tr ack Bol t s and Nut s

ASTM A193/ A193M ( 2016)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A234/ A234M ( 2018)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Service

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 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A53/ A53M ( 2012)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A536 ( 1984;  R 2014)  St andar d Speci f i cat i on f or  
Duct i l e I r on Cast i ngs

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

ASTM B32 ( 2008;  R 2014)  St andar d Speci f i cat i on f or  
Sol der  Met al

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2011)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM B828 ( 2016)  St andar d Pr act i ce f or  Maki ng 
Capi l l ar y Joi nt s by Sol der i ng of  Copper  
and Copper  Al l oy Tube and Fi t t i ngs

ASTM B88 ( 2016)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube
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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 C34 ( 2017)  St andar d Speci f i cat i on f or  
St r uct ur al  Cl ay Loadbear i ng Wal l  Ti l e

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

ASTM D1784 ( 2011)  St andar d Speci f i cat i on f or  Ri gi d 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Compounds

ASTM D2000 ( 2012;  R 2017)  St andar d Cl assi f i cat i on 
Syst em f or  Rubber  Pr oduct s i n Aut omot i ve 
Applications

ASTM D596 ( 2001;  R 2011)  Repor t i ng Resul t s of  
Anal ysi s of  Wat er

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)

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

ASTM F876 ( 2017)  St andar d Speci f i cat i on f or  
Cr ossl i nked Pol yet hyl ene ( PEX)  Tubi ng

COMPRESSED AI R AND GAS I NSTI TUTE ( CAGI )

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

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

EXPANSI ON JOI NT MANUFACTURERS ASSOCI ATI ON ( EJMA)

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

HYDRONI CS I NSTI TUTE DI VI SI ON OF AHRI  ( HYI )

HI-004 ( 1995)  Radi ant  Fl oor  Heat i ng

HYI-005 ( 2008)  I =B=R Rat i ngs f or  Boi l er s,  
Baseboar d Radi at i on and Fi nned Tube 
(Commercial)
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MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

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

MSS SP- 58 ( 2009)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

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

MSS SP- 71 ( 2011;  Er r at a 2013)  Gr ay I r on Swi ng Check 
Val ves,  Fl anged and Thr eaded Ends

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 78 ( 2011)  Cast  I r on Pl ug Val ves,  Fl anged and 
Thr eaded Ends

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

MSS SP- 85 ( 2011)  Gr ay I r on Gl obe & Angl e Val ves 
Fl anged and Thr eaded Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2014)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

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

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 31 ( 2016)  St andar d f or  t he I nst al l at i on of  
Oi l - Bur ni ng Equi pment

NFPA 54 ( 2018)  Nat i onal  Fuel  Gas Code

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)  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
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U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

UNDERWRI TERS LABORATORI ES ( UL)

UL 1738 ( 2010;  Repr i nt  Nov 2014)  Vent i ng Syst ems 
f or  Gas- Bur ni ng Appl i ances,  Cat egor i es I I ,  
I I I  and I V

UL 296 ( 2017)  UL St andar d f or  Saf et y Oi l  Bur ner s

UL 726 ( 1995;  Repr i nt  Oct  2013)  Oi l - Fi r ed Boi l er  
Assemblies

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

UL FLAMMABLE & COMBUSTI BLE ( 2012)  Fl ammabl e and Combust i bl e Li qui ds 
and Gases Equi pment  Di r ect or y

1. 2   SUBMITTALS

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

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

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

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

SECTI ON 23 52 00  Page 12



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  Dr awi ngs

SD- 03 Pr oduct  Dat a

Mat er i al s and Equi pment

[ Ener gy St ar  l abel  f or  r esi dent i al  gas f i r ed hot  wat er  boi l er  
pr oduct ;  S

][ Ener gy St ar  l abel  f or  r esi dent i al  oi l  f i r ed hot  wat er  boi l er  
pr oduct ;  S

] Spar e Par t s

Wat er  Tr eat ment  Syst em

Boi l er  Wat er  Tr eat ment

Heat i ng Syst em Test s

Fuel  Syst em Test s

Uni t  Heat er s

Welding

Qualifications

Fi el d I nst r uct i ons

Tests

SD- 06 Test  Repor t s

Heat i ng Syst em Test s

Fuel  Syst em Test s

Wat er  Tr eat ment  Test i ng

SD- 07 Cer t i f i cat es
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Bolts

Cont i nuous Emi ssi ons Moni t or i ng

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

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

Wat er  Tr eat ment  Syst em;  G[ ,  [ _____] ]

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

1. 3   QUALI TY ASSURANCE

**************************************************************************
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 
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.   I f  t he need exi st s 
f or  mor e st r i ngent  pi pe wel di ng r equi r ement s,  del et e 
t he sent ences i n t he f i r st  set  of  br acket s.

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

Submi t  a copy of  qual i f i ed wel di ng 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,  at  l east  
2 weeks pr i or  t o t he st ar t  of  wel di ng oper at i ons.   [ Boi l er s and pi pi ng 
shal l  be wel ded and br azed i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance- qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and 
wel der s shal l  be qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng 
pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s qual i f i ed 
by anot her  empl oyer  may be accept ed as per mi t t ed by ASME B31. 1.   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,  and t he t est s shal l  be 
per f or med at  t he wor k s i t e i f  pr act i cal .   The wel der  or  wel di ng oper at or  
shal l  appl y t he per sonal l y assi gned symbol  near  each wel d made as a 
per manent  r ecor d.   St r uct ur al  member s shal l  be wel ded i n accor dance wi t h 
Sect i on 05 05 23. 16 STRUCTURAL WELDI NG. ]   [ Wel di ng and nondest r uct i ve 
t est i ng pr ocedur es f or  pi pi ng ar e speci f i ed i n Sect i on 40 05 13. 96 WELDI NG 
PROCESS PI PI NG. ]

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

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

1. 5   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  t he det ai l  dr awi ngs and no l at er  t han 2 mont hs 
pr i or  t o t he dat e of  benef i c i al  occupancy.   Submi t  Det ai l  Dr awi ngs 
consi st i ng of  equi pment  l ayout  i ncl udi ng i nst al l at i on det ai l s  and 
el ect r i cal  connect i on di agr ams;  combust i on and saf et y cont r ol  di agr ams;  
duct wor k l ayout  showi ng t he l ocat i on of  suppor t s and hanger s,  t ypi cal  
hanger  det ai l s ,  gauge r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y  
c l assi f i cat i on,  and st at i c pr essur e and seal  c l assi f i cat i ons;  and pi pi ng 
l ayout  showi ng t he l ocat i on of  gui des and anchor s,  t he l oad i mposed on each 
suppor t  or  anchor  ( not  r equi r ed f or  r adi ant  f l oor  t ubi ng) ,  and t ypi cal  
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suppor t  det ai l s .   I ncl ude on t he dr awi ngs any i nf or mat i on 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  and t o show equi pment  r el at i onshi p t o ot her  par t s of  t he wor k,  
i ncl udi ng c l ear ances r equi r ed f or  oper at i on and mai nt enance.   I ncl ude i n 
t he dat a a compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces 
and sour ce of  suppl y,  and a l i s t  of  t he par t s r ecommended by t he 
manuf act ur er  t o be r epl aced af t er  1 and 3 year s of  ser vi ce.

PART 2   PRODUCTS

**************************************************************************
NOTE:   I n or der  t o compl y wi t h UFC 1- 200- 02,  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 ASHRAE 90. 1 basel i ne.   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)  Sect i on 23. 203 ener gy 
consumi ng pr oduct s and syst ems 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 
pr oduct s as l ong as t hese r equi r ement s ar e 
nonpr opr i et ar y.  The ENERGY STAR pr oduct  r equi r ement s 
ar e avai l abl e on t he web at  
www.energystar.gov/products .  Wher e ENERGY STAR 
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.

ENERGY STAR El i gi bi l i t y  Cr i t er i a Ver si on 3. 0 
r equi r es t hat  r esi dent i al  boi l er s of  l ess t han 90 kW 
300, 000 Bt uh ener gy i nput  suppl y i ng l ow pr essur e 
st eam or  hot  wat er  f or  space heat i ng appl i cat i ons 
have a mi ni mum AFUE of  90 per cent  f or  gas- f i r ed t ype 
or  87 per cent  f or  oi l - f i r ed t ype.   Boi l er s i nt ended 
onl y f or  commer ci al  appl i cat i ons and/ or  wi t h an 
i nput  r at i ng of  90 kW 300, 000 Bt uh or  hi gher  ar e not  
el i gi bl e f or  Ener gy St ar .

Due t o l i mi t ed manuf act ur er  and boi l er  s i ze opt i ons 
f or  FEMP st at ed ef f i c i ency r equi r ement s,  t hi s 
document  i ncl udes boi l er  ef f i c i ency r equi r ement s i n 
conf or mance wi t h ASHRAE 90. 1.   ASHRAE 90. 1 r equi r es 
t hat  l ow and medi um pr essur e boi l er s used pr i mar i l y  
i n commer ci al  space heat i ng appl i cat i ons meet  t he 
f ol l owi ng t her mal  ( Et )  or  combust i on ( Ec)  
efficiencies:

Nat ur al  Gas- f i r ed Hot  Wat er  r at ed at  88 -  732 kW 
300, 000 -  2, 500, 000 Bt uh capaci t y ,  Et  = 80 per cent .

Nat ur al  Gas- f i r ed Hot  Wat er  r at ed gr eat er  t han 732 kW
 2, 500, 000 Bt uh capaci t y,  Ec = 82 per cent .

Nat ur al  Gas- f i r ed St eam ( excl udi ng nat ur al  dr af t )  
r at ed at  90 kW 300, 000 Bt uh capaci t y and l ar ger ,  Et  
= 79 per cent .
Nat ur al  Gas- f i r ed -  Nat ur al  Dr af t  St eam r at ed at  90 
kW 300, 000 Bt uh capaci t y and l ar ger ,  Et  = 77 per cent .

#2 Oi l - f i r ed Wat er  r at ed at  88 -  732 kW 300, 000 -  
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2, 500, 000 Bt uh capaci t y,  Et  = 82 per cent .

#2 Oi l - f i r ed Wat er  r at ed gr eat er  t han 732 kW 
2, 500, 000 Bt uh capaci t y,  Ec = 84 per cent .

#2 Oi l - f i r ed St eam r at ed gr eat er  t han 90 kW 300, 000 
Bt uh capaci t y and l ar ger ,  Et  = 81 per cent .

I ncl ude al l  equi pment  ef f i c i enci es on t he equi pment  
schedul es on t he dr awi ngs.

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

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  
2 year s pr i or  t o bi d openi ng.   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 s i t e.   Submi t  manuf act ur er ' s cat al og dat a i ncl uded wi t h 
t he det ai l  dr awi ngs f or  t he f ol l owi ng:

a.   Radi ant  f l oor  heat i ng syst em i ncl udi ng t ubi ng,  j oi nt s,  and mani f ol d f or  
r adi ant  f l oor  heat i ng syst ems.

b.   Dat a showi ng model ,  s i ze,  opt i ons,  et c. ,  t hat  ar e i nt ended f or  
consi der at i on.   Dat a submi t t ed shal l  be adequat e t o demonst r at e 
compl i ance wi t h cont r act  r equi r ement s.   Dat a shal l  i ncl ude 
manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons and manuf act ur er ' s  
r ecommendat i ons f or  oper at i on and mai nt enance cl ear ances f or  t he 
following:

( 1)   Boi l er s
( 2)   Uni t  Heat er s
( 3)   Fuel  Bur ni ng Equi pment
( 4)   Combust i on Cont r ol  Equi pment
( 5)   Pumps
( 6)   Fi t t i ngs and Accessor i es
( 7)   Fuel  Oi l  St or age Syst em
( 8)   Wat er  Tr eat ment  Syst em

2. 1. 2   Asbest os Pr ohi bi t i on

Asbest os and asbest os- cont ai ni ng pr oduct s wi l l  not  be al l owed.

2. 1. 3   Nameplates

Secur e a pl at e t o each maj or  component  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  or  ser i al  number ,  and 
cat al og number .   Al so,  di spl ay an Ener gy St ar  l abel  as appl i cabl e.   Each 
pr essur e vessel  shal l  have an appr oved ASME st amp.

2. 1. 4   Equi pment  Guar ds

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  shal l  be f ul l y  encl osed 
or  guar ded i n accor dance wi t h OSHA r equi r ement s.   Hi gh t emper at ur e 
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equi pment  and pi pi ng exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a 
pot ent i al  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.   Cat wal ks,  oper at i ng pl at f or ms,  l adder s,  and 
guar dr ai l s  shal l  be pr ovi ded wher e shown and shal l  be 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. 2   BOILERS

**************************************************************************
NOTE:   A sel ect i on wi l l  be made bet ween hot  wat er  
and st eam ser vi ce.   Al so sel ect  bet ween f i r et ube,  
wat er  t ube,  cast  i r on,  and condensi ng t ype boi l er s.   
Condensi ng t ype boi l er s shoul d onl y be consi der ed 
f or  hot  wat er  ser vi ce.   Nat ur al  dr af t / at mospher i c 
bur ner s wi l l  not  be used f or  any boi l er  exceedi ng 
300 kW 1, 000, 000 Bt uh out put .   I nappl i cabl e 
r ef er ences shal l  be del et ed.   A Li f e Cycl e Cost  
Anal ysi s shoul d be per f or med t o det er mi ne t he 
appr opr i at e t ype of  boi l er .

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

Each boi l er  shal l  have t he out put  capaci t y i n k i l owat t s ( kW)  Br i t i sh 
t her mal  uni t s per  hour  ( Bt uh)  as i ndi cat ed when f i r ed wi t h t he speci f i ed 
f uel s.   The boi l er  shal l  be f ur ni shed compl et e wi t h t he [ oi l ]  [ gas]  
[ combi nat i on oi l / gas]  bur ni ng equi pment ,  boi l er  f i t t i ngs and t r i m,  
aut omat i c cont r ol s,  [ [ f or ced]  [ i nduced]  dr af t  f an, ]  [ nat ur al  
dr af t / at mospher i c bur ner , ]  el ect r i cal  wi r i ng,  i nsul at i on,  pi pi ng 
connect i ons,  and pr ot ect i ve j acket .   The boi l er  shal l  be compl et el y 
assembl ed and t est ed at  t he manuf act ur er ' s pl ant .   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 duct wor k.   However ,  t he boi l er  saf et y devi ces 
shal l  not  be s i zed f or  a 10 per cent  excess capaci t y.   The boi l er  and i t s 
accessor i es shal l  be desi gned and i nst al l ed t o per mi t  r eady accessi bi l i t y  
f or  oper at i on,  mai nt enance,  and ser vi ce.   Boi l er s shal l  be desi gned,  
const r uct ed,  and equi pped i n accor dance wi t h ASME BPVC SEC I V.   Each boi l er  
shal l  be of  t he [ f i r et ube]  [ wat er t ube]  [ cast  i r on]  [ condensi ng]  t ype and 
desi gned f or  [ wat er ]  [ st eam]  ser v i ce as speci f i ed her ei n.   The boi l er  
capaci t y shal l  be based on t he r at i ngs shown i n HYI-005  or  as cer t i f i ed by 
t he Amer i can Boi l er  Manuf act ur er s Associ at i on,  or  Amer i can Gas Associ at i on.

2. 2. 1   Fi r et ube Boi l er

Boi l er  shal l  be sel f - cont ai ned,  mul t i pass,  packaged t ype,  compl et e wi t h al l  
accessor i es,  mount ed on a st r uct ur al  st eel  base.   When t he boi l er s ar e 
oper at i ng at  maxi mum out put ,  t he heat  i nput  r at es shal l  not  be gr eat er  t han 
21 Kw/ squar e met er  6, 700 Bt uh per  squar e f t  of  f i r esi de heat i ng sur f ace.

2. 2. 2   Wat er t ube Boi l er

**************************************************************************
NOTE:   Sel ect  bet ween st andar d,  f i nned,  or  
bent / f l exi bl e t ube boi l er .   I f  bent  or  f l exi bl e t ube 
boi l er s ar e not  sel ect ed,  r emove al l  r ef er ences t o 
bent  or  f l exi bl e t ube boi l er s.   St andar d wat er  t ube 
boi l er s ar e st eel  t ube boi l er s t hat  have 
hi st or i cal l y  been used f or  most  heat i ng 

SECTI ON 23 52 00  Page 17



appl i cat i ons.   Fi nned t ube boi l er s ar e t ypi cal l y  
smal l  boi l er s ( r esi dent i al  t ype)  t hat  ut i l i ze a 
f i nned t ube ar r angement .   Bent  or  f l exi bl e t ube 
boi l er s ar e st eel  t ube boi l er s wi t h bent  t ubes t hat  
exper i ence mul t i pl e wat er  t ube passes.   
Bent / Fl exi bl e t ube boi l er s t ypi cal l y  r equi r e l ess 
space t han st andar d wat er  t ube boi l er s.   The bent  or  
f l exi bl e t ubes ar e al so easi er  t o r epl ace t han t he 
st andar d wat er  t ubes;  however ,  t he i nt er i or  sur f ace 
of  t he t ubes cannot  be c l eaned mechani cal l y;  t hey 
can onl y be chemi cal l y c l eaned.   Bent  or  f l exi bl e 
t ube boi l er s al so have a hi gher  r at i o of  heat  out put  
t o heat i ng sur f ace ar ea.

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

The boi l er  shal l  be a [ st andar d]  [ f i nned]  [ bent  or  f l exi bl e]  t ype of  wat er  
t ube boi l er .   Boi l er  shal l  be sel f - cont ai ned,  packaged t ype,  compl et e wi t h 
al l  accessor i es,  mount ed on a st r uct ur al  st eel  base.   [ The boi l er  heat i ng 
sur f ace ar ea f or  bent  or  f l exi bl e t ube boi l er s shal l  be at  l east  0. 03 
squar e met er s/ kW 4 squar e f eet / boi l er  hor se power .   [ The heat  i nput  r at e 
f or  f i nned t ube st eam boi l er  or  hot  wat er  gener at or  shal l  not  be gr eat er  
t han3. 5 kW 12, 000 Bt uh based on i nt er nal  heat i ng ar ea.   ] Bent  or  f l exi bl e 
t ube boi l er s shal l  be pr ovi ded wi t h s i ngl e or  mul t i pl e downcomer s f or  
c i r cul at i on wi t hout  t he need f or  ext er i or  pumpi ng.   The t ubes f or  bent  or  
f l exi bl e t ube boi l er s shal l  be desi gned f or  r epl acement  wi t hout  r equi r i ng 
wel di ng or  r ol l i ng of  t ubes.   Any speci al  t ool s r equi r ed f or  bent  or  
f l exi bl e t ube r emoval  or  i nst al l at i on shal l  be pr ovi ded wi t h t he boi l er . ]

2. 2. 3   Cast  I r on Boi l er

Boi l er  shal l  be of  t he r ect angul ar ,  sect i onal  t ype,  sel f - cont ai ned,  
packaged t ype,  compl et e wi t h accessor i es,  mount ed on a st r uct ur al  s t eel  
base.   Cast  i r on sect i ons shal l  be f r ee of  l eaks under  al l  oper at i ng 
condi t i ons.   Access shal l  be pr ovi ded t o per mi t  c l eani ng of  i nt er nal  t ube 
surfaces.

2. 2. 4   Condensi ng Boi l er

**************************************************************************
NOTE:   Due t o t he sul f ur  cont ent  of  f uel  oi l ,  
condensi ng boi l er s shoul d onl y be consi der ed i f  
nat ur al  gas i s used.

The l ower  t he r et ur n t emper at ur e of  wat er  ent er i ng 
t he boi l er  t he hi gher  t he r esul t i ng boi l er  
ef f i c i ency.   ( See ASHRAE HVAC Equi pment  and 
Appl i cat i ons Handbook) .   The r et ur n wat er  
t emper at ur e shoul d be at  or  bel ow t he dew poi nt  of  
t he f l ue gas t o r esul t  i n t he f or mat i on of  
condensat e.   Thi s condi t i on may not  occur  wi t hi n a 
st eam heat i ng syst em.   Ther ef or e,  condensi ng boi l er s 
shoul d onl y be used f or  hot  wat er  ser vi ce.   I n 
addi t i on,  t he wat er  di st r i but i on syst em and heat i ng 
coi l s shoul d be desi gned f or  hi gher  t emper at ur e 
differentials.

Condensi ng boi l er s may be i n t he f or m of  f i r e t ube 
boi l er s wi t h pul se combust i on,  copper  f i r e t ube 
boi l er s,  or  mul t i pl e heat  exchanger  boi l er s.   The 
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mi l i t ar y speci f i cat i ons l i s t ed i n t he pr ecedi ng 
par agr aphs concer ni ng f i r e t ube and wat er  t ube 
boi l er s do not  appl y t o condensi ng boi l er s.

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

Each boi l er  shal l  be a sel f - cont ai ned packaged t ype,  compl et e wi t h 
accessor i es,  mount ed on a st r uct ur al  st eel  base or  a st eel  base whi ch i s 
i nt egr al  t o t he boi l er  shel l .   Each boi l er  shal l  conf or m t o t he commer ci al  
desi gn used by t he manuf act ur er  and shal l  per mi t  f r ee t her mal  expansi on 
wi t hout  pl aci ng undue st r ess on any par t  of  t he boi l er .   Each boi l er  whi ch 
exper i ences t he f or mat i on of  condensat e wi t hi n t he f l ue gas shal l  be 
speci f i cal l y  desi gned f or  condensi ng appl i cat i on.   Each boi l er  shal l  
wi t hst and t he cor r osi ve ef f ect s of  condensat e f or  each par t  whi ch may be i n 
cont act  wi t h t he condensat e at  al l  possi bl e oper at i ng condi t i ons.   Each 
boi l er  shal l  be pr ovi ded wi t h a separ at e ai r  i nt ake,  exhaust ,  and 
condensat e dr ai n.   Each boi l er  shal l  be desi gned t o wi t hst and t he wat er  
t emper at ur e di f f er ent i al s ant i c i pat ed at  t he r equi r ed oper at i ng condi t i ons 
wi t hout  exper i enci ng any damage due t o t her mal  shock.

2. 2. 5   Modul ar  Conf i gur at i on

**************************************************************************
NOTE:   A modul ar  conf i gur at i on i s  a ser i es of  smal l  
cast  i r on t ype and/ or  condensi ng t ype boi l er s.   The 
smal l er  boi l er s ar e mani f ol ded t oget her  t o pr ovi de 
heat i ng f or  l ar ger  l oads.   Thi s ar r angement  may be 
economi cal  when heat i ng l oad var i ances ar e 
expect ed.   Del et e t hi s par agr aph i f  a modul ar  
conf i gur at i on i s  not  desi r ed.

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

Modul ar  boi l er s shal l  be of  t he [ cast  i r on]  [ and]  [ condensi ng]  t ype.  
Modul ar  boi l er s shal l  have t he capabi l i t y  of  i ndependent  oper at i on.   Upon 
f ai l ur e of  any modul e,  t he r emai ni ng modul es shal l  be capabl e of  oper at i ng 
at  t hei r  desi gned capaci t y.   The si ze of  t he i ndi v i dual  modul es shal l  be as 
indicated.

2. 2. 6   Hot  Wat er  Heat i ng Boi l er s

**************************************************************************
NOTE:   Hot  wat er  heat i ng boi l er s wi l l  oper at e at  
pr essur es not  over  1100 kPa 160 psi  and at  
t emper at ur es not  above 120 degr ees C 250 degr ees F 
at  or  near  t he boi l er  out l et .   I f  a pr essur e above 
200 kPa 30 psi  i s  sel ect ed,  t he boi l er  may be 
r equi r ed t o be manned 24 hour s a day.   Consul t  AR 
420- 49 f or  boi l er  at t endance r equi r ement s.   Fi l l  i n 
bl ank spaces t o def i ne oper at i ng condi t i ons,  under  
t he l i s t ed subpar agr aphs whi ch ar e not  appl i cabl e t o 
t he desi gn.   I ndi cat e t he el evat i on of  t he pr oj ect  
s i t e and out door  ambi ent  ai r  t emper at ur e r ange 
expect ed at  t he pr oj ect  s i t e.   Si t e condi t i ons 
af f ect  f an sel ect i on,  boi l er  desi gn,  and st ack 
desi gn.   Sel ect  appr opr i at e boi l er  t ypes.   Al l ow 
adequat e space ar ound each boi l er  t o per mi t  
accessi bi l i t y  f or  oper at i on,  mai nt enance,  and 
ser vi ce ( i ncl udi ng space f or  t ube r emoval ) .   A 
mi ni mum cl ear ance of  1200 mm 4 f eet  ar ound t he 
boi l er  wi l l  be r equi r ed unl ess modul ar  boi l er s ar e 
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speci f i ed.   Some modul ar  boi l er s i nst al l at i ons 
r equi r e l i t t l e or  no r oom bet ween t he i ndi v i dual  
boilers.

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

The hot  wat er  heat i ng boi l er  shal l  be capabl e of  oper at i ng at  t he speci f i ed 
maxi mum cont i nuous capaci t y wi t hout  damage or  det er i or at i on t o t he boi l er ,  
i t s  set t i ng,  f i r i ng equi pment ,  or  auxi l i ar i es.   The r at ed capaci t y shal l  be 
t he capaci t y at  whi ch t he boi l er  wi l l  oper at e cont i nuousl y whi l e 
mai nt ai ni ng at  l east  t he speci f i ed mi ni mum ef f i c i ency.   The boi l er  desi gn 
condi t i ons shal l  be as f ol l ows:

a.   Boi l er  desi gn pr essur e [ 200]  [ _____]  kPa [ 30]  [ _____]  psi g.

b.   Oper at i ng pr essur e at  boi l er  out l et  [ _____]  kPa psi g.

c.   Hot  wat er  t emper at ur e [ 70]  [ 80]  [ _____]  degr ees C [ 160]  [ 180]  [ _____]  
degr ees F.

d.   Temper at ur e di f f er ent i al  bet ween boi l er  di schar ge and syst em r et ur n 
[ _____]  degr ees C degr ees F.

e.   Wat er  pr essur e dr op [ 70]  [ _____]  kPa [ 10]  [ _____]  psi g.

f .   Out door  ambi ent  ai r  t emper at ur e [ _____]  degr ees C degr ees F ( max) ,  
[ _____]  degr ees C degr ees F ( mi n) .

g.   Si t e el evat i on [ _____]  m f eet .

h.   Maxi mum cont i nuous capaci t y [ _____]  kW Bt uh.

i .   Rat ed capaci t y [ _____]  kW Bt uh.

j .   Maxi mum exhaust  st ack t emper at ur e [ _____]  degr ees C degr ees F.

**************************************************************************
NOTE:   Ener gy ef f i c i ency dat a f or  r esi dent i al  
boi l er s pr ovi ded i n i t em " k"  bel ow i s f r om Ener gy 
St ar  Pr ogr am Requi r ement s Pr oduct  Speci f i cat i on f or  
Boi l er s,  El i gi bi l i t y  Cr i t er i a Ver si on 3. 0.   Ener gy 
ef f i c i ency dat a f or  commer ci al  boi l er s pr ovi ded i n 
i t em " k"  bel ow i s f r om ASHRAE 90. 1 Tabl e 6. 8. 1F.

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

k. [   Resi dent i al  gas f i r ed hot  wat er  boi l er s wi t h a capaci t y l ess t han 90 kW
 300, 000 Bt u must  have an Annual  Fuel  Ut i l i zat i on Ef f i c i ency of  at  
l east  90 per cent ,  and must  be Ener gy St ar  Label ed.   Pr ovi de pr oof  of  
Ener gy St ar  l abel  f or  r esi dent i al  gas f i r ed hot  wat er  boi l er  pr oduct . ] [   
Resi dent i al  oi l  f i r ed hot  wat er  boi l er s wi t h a capaci t y l ess t han 90 kW 
300, 000 Bt u must  have an Annual  Fuel  Ut i l i zat i on Ef f i c i ency of  at  l east  
87 per cent ,  and must  be Ener gy St ar  Label ed.   Pr ovi de pr oof  of  
Ener gy St ar  l abel  f or  r esi dent i al  oi l  f i r ed hot  wat er  boi l er  pr oduct . ] [   
Hot  wat er  boi l er s wi t h a capaci t y  l ess t han 90 kW 300, 000 Bt uh must  
have an Annual  Fuel  Ut i l i zat i on Ef f i c i ency of  at  l east  80 per cent . ] [   
Gas f i r ed boi l er s wi t h a capaci t y  of  gr eat er  t han or  equal  t o 90 kW 
300, 000 Bt uh and l ess t han or  equal  t o 733 kW 2, 500, 000 Bt uh must  have 
a t her mal  ef f i c i ency of  at  l east  80 per cent  when f i r ed at  t he maxi mum 
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and mi ni mum r at i ngs al l owed by t he cont r ol s. ] [   Gas f i r ed boi l er s wi t h 
a capaci t y of  gr eat er  t han 733 kW 2, 500, 000 Bt uh must  have a combust i on 
ef f i c i ency of  at  l east  82 per cent  when f i r ed at  t he maxi mum and mi ni mum 
r at i ngs al l owed by t he cont r ol s] [   Oi l  f i r ed boi l er s wi t h a capaci t y of  
gr eat er  t han or  equal  t o 90 kW 300, 000 Bt uh and l ess t han or  equal  t o 
733 kW 2, 500, 000 Bt uh must  have a t her mal  ef f i c i ency of  at  l east  82 
per cent  when f i r ed at  t he maxi mum and mi ni mum r at i ngs al l owed by t he 
cont r ol s. ] [   Oi l  f i r ed boi l er s wi t h a capaci t y of  gr eat er  t han 733 kW 
2, 500, 000 Bt uh must  have a combust i on ef f i c i ency of  at  l east  84 per cent  
when f i r ed at  t he maxi mum and mi ni mum r at i ngs al l owed by t he cont r ol s. ]

**************************************************************************
NOTE:   Mi ni mum boi l er  ef f i c i enci es wi l l  ei t her  be 
pr esent ed i n t hi s speci f i cat i on or  on t he desi gn 
dr awi ngs.   Del et e boi l er  ef f i c i enci es i n t he 
speci f i cat i on i f  ef f i c i enci es ar e shown on t he 
dr awi ngs.   I f  t he ef f i c i enci es ar e shown on t he 
dr awi ngs,  r ef er ence t he appl i cabl e st andar d.

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

2. 2. 7   St eam Heat i ng Boi l er s

**************************************************************************
NOTE:   St eam boi l er s wi l l  oper at e at  pr essur es bel ow 
100 kPa 15 psi .   I n case of  i nst al l at i on of  a smal l  
boi l er  wher e t he omi ssi on of  t he wat er  col umn i s 
st andar d i n some manuf act ur er s,  t he wat er  col umn 
r equi r ement  and ot her  i nappl i cabl e wor ds wi l l  be 
del et ed.   However ,  i f  t he wat er  col umn r equi r ement  
i s  del et ed f r om t he speci f i cat i on,  a v i s i bl e wat er  
col umn shal l  be i ncl uded i n t he ext er nal  pi pi ng 
ar r angement  t o t he boi l er .   The boi l er  f eed wat er  
pi pi ng shal l  cont ai n a l oop or  t r ap.   The bot t om 
por t i on of  t he t r ap shal l  be bel ow t he ant i c i pat ed 
wat er  l evel  wi t hi n t he boi l er .   Al l  pi pi ng 
ar r angement s wi l l  be shown on t he dr awi ngs.   Del et e 
t hose subpar agr aphs whi ch ar e not  appl i cabl e t o t he 
desi gn.   I ndi cat e t he el evat i on of  t he pr oj ect  s i t e 
and t he out door  ambi ent  ai r  t emper at ur e r ange 
expect ed at  t he pr oj ect  s i t e.   Si t e condi t i ons 
af f ect  f an sel ect i on,  boi l er  desi gn,  and st ack 
desi gn.   The f eed wat er  t emper at ur e shal l  be 
sel ect ed t o avoi d t her mal  shock.   Typi cal  r anges ar e 
bet ween 10 degr ees C 20 degr ees F and 20 degr ees C 
40 degr ees F bel ow t he boi l er  out l et  t emper at ur e.  
The boi l er  manuf act ur er  shoul d be consul t ed f or  
pr oper  sel ect i on.   Sel ect  appr opr i at e boi l er  t ypes.  
Al l ow adequat e space ar ound each boi l er  t o per mi t  
accessi bi l i t y  f or  oper at i on,  mai nt enance,  and 
ser vi ce ( i ncl udi ng space f or  t ube r emoval ) .   A 
mi ni mum of  1200 mm 4 f eet  ar ound t he boi l er  wi l l  be 
required.

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

The boi l er  shal l  be pr ovi ded wi t h a wat er  col umn wi t h gauge gl ass and 
f i t t i ngs i ncl udi ng wat er  col umn and gauge gl ass dr ai n val ves of  t he 
st r ai ght  t hr ough t ype.   The st eam heat i ng boi l er  shal l  be capabl e of  
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oper at i ng at  t he speci f i ed maxi mum cont i nuous capaci t y wi t hout  damage or  
det er i or at i on t o t he boi l er ,  i t s  set t i ng,  f i r i ng equi pment ,  or  
auxi l i ar i es.   The r at ed capaci t y shal l  be t he capaci t y at  whi ch t he boi l er  
wi l l  oper at e cont i nuousl y whi l e mai nt ai ni ng at  l east  t he speci f i ed mi ni mum 
ef f i c i ency.   Desi gn condi t i ons shal l  be as f ol l ows:

a.   Boi l er  desi gn pr essur e 200 kPa 30 psi g.

b.   Oper at i ng pr essur e at  boi l er  out l et  [ _____]  kPa psi g.

c.   St eam t emper at ur e 120 degr ees C 250 degr ees F.

d.   Feedwat er  t emper at ur e [ _____]  degr ees C degr ees F.

e.   Out door  ambi ent  ai r  t emper at ur e [ _____]  degr ees C degr ees F ( max) ,  
[ _____]  degr ees C degr ees F ( mi n) .

f .   Si t e el evat i on [ _____]  m f eet .

g.   Maxi mum cont i nuous capaci t y [ _____]  kg pounds of  st eam per  hour .

h.   Rat ed capaci t y [ _____]  kg pounds of  st eam per  hour .

i .   Maxi mum exhaust  st ack t emper at ur e [ _____]  degr ees C degr ees F.

**************************************************************************
NOTE:   Ener gy ef f i c i ency dat a f or  commer ci al  boi l er s 
pr ovi ded i n i t em " j "  bel ow i s f r om ASHRAE 90. 1 Tabl e 
6.8.1F.

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

j .   [ Gas f i r ed boi l er s wi t h a capaci t y l ess t han 90 kW 300, 000 Bt uh shal l  
have an Annual  Fuel  Ut i l i zat i on Ef f i c i ency of  at  l east  75 per cent . ] [   
Oi l  f i r ed boi l er s wi t h a capaci t y  l ess t han 90 kW 300, 000 Bt uh must  
have an Annual  Fuel  Ut i l i zat i on Ef f i c i ency of  at  l east  80 per cent . ] [   
Gas f i r ed boi l er s ( al l ,  except  nat ur al  dr af t )  wi t h a capaci t y of  
gr eat er  t han or  equal  t o 90 kW 300, 000 Bt uh must  have a t her mal  
ef f i c i ency of  at  l east  79 per cent . ] [   Gas f i r ed nat ur al  dr af t  boi l er s 
wi t h a capaci t y gr eat er  t han or  equal  t o 733 90 kW 300, 000 Bt uh must  
have a t her mal  ef f i c i ency of  at  l east  77 per cent . ] [   Oi l  f i r ed boi l er s 
wi t h a capaci t y gr eat er  t han or  equal  t o 90 kW 300, 000 Bt uh must  have a 
t her mal  ef f i c i ency of  at  l east  81 per cent  when f i r ed at  t he maxi mum and 
mi ni mum r at i ngs al l owed by t he cont r ol s. ]

**************************************************************************
NOTE:   Mi ni mum boi l er  ef f i c i enci es wi l l  ei t her  be 
pr esent ed i n t hi s speci f i cat i on or  on t he desi gn 
dr awi ngs.   Del et e boi l er  ef f i c i enci es i n t he 
speci i cat i on i f  ef f i c i enci es aar e shown on t he 
dr awi ng.   I f  t he ef f i c i enci es ar e shown on t he 
dr awi ngs,  r ef er ence t he appl i cabl e st andar d.  

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

2. 3   FUEL BURNI NG EQUI PMENT

**************************************************************************
NOTE:   I ncl ude al l  t he r equi r ed dat a f or  pr oper  
desi gn of  t he boi l er .   Del et e al l  r ef er ences t o 
f uel s whi ch wi l l  not  be used.   When f i r i ng f uel  oi l ,  
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i nc l ude ni t r ogen and sul f ur  cont ent  of  f uel  f or  
emi ssi on r equi r ement s.

Revi ew t he Cl ean Ai r  Act  Amendment  of  1990 ( CAAA)  
and ot her  appl i cabl e Feder al ,  st at e,  and l ocal  
r egul at i ons ear l y i n t he desi gn phase t o det er mi ne 
t he appr opr i at e emi ssi on l i mi t at i ons and moni t or i ng 
requirements.

The CAAA does not  r equi r e t he appl i cat i on of  l ow NOx 
bur ner  ( LNB)  t echnol ogy f or  boi l er s wi t hi n t he s i ze 
r ange of  t hi s speci f i cat i on.   The CAAA l i mi t s SO2 
emi ssi ons f or  f uel  oi l  f i r ed boi l er s over  10. 55 gJ 
10, 000, 000 Bt u t o 21. 5 kg/ nJ 0. 5 l b per  mi l l i on Bt u 
i nput  or  t o f i r i ng oi l  wi t h l ess t han 0. 5 wei ght  
per cent  sul f ur .   However ,  st at e i mpl ement at i on pl ans 
may pl ace l i mi t s on NOx and par t i cul at es and mor e 
st r i ngent  r equi r ement s on SO2.

Many opt i ons ar e avai l abl e t o r educe NOx emi ssi ons.  
The ni t r ogen and sul f ur  cont ent  of  f uel  oi l  shoul d 
be speci f i ed i n t he f uel  pur chase cont r act .   
Rest r i ct i ons on t he ni t r ogen cont ent  wi l l  l i mi t  f uel  
f l exi bi l i t y .   A car ef ul  anal ysi s of  pr oposed NOx 
r educt i on t echnol ogi es must  be per f or med t o account  
f or  any r equi r ed changes t o auxi l i ar y equi pment  and 
t o i dent i f y f ut ur e i ncr ease i n O&M cost s.   I mpor t ant  
quest i ons t hat  shoul d be answer ed and be a par t  of  
t he eval uat i on i ncl ude t he per f or mance of  NOx 
r educt i on over  t he ent i r e l oad r ange,  per f or mance 
dur i ng backup f uel  f i r i ng,  and per f or mance over  t he 
l i f et i me of  t he uni t .

The maj or i t y of  NOx cont r ol  t echni ques can be 
def i ned as combust i on modi f i cat i ons.   The goal s of  
combust i on modi f i cat i on i ncl ude r edi st r i but i on of  
ai r  and f uel  t o s l ow mi xi ng,  r educt i on of  O2 i n NOx 
f or mat i on zones,  and r educt i on of  t he amount  of  f uel  
bur ned at  peak f l ame t emper at ur es.

Combust i on modi f i cat i ons pr i mar i l y  deal  wi t h t he 
cont r ol  of  f uel  and ai r .   Ver t i cal  st agi ng i ncl udes 
over f i r e ai r  ( OFA)  por t s above t he mai n combust i on 
zone.   Hor i zont al  st agi ng use r egi st er s or  ot her  
devi ces t o i nt r oduce ai r  at  di f f er ent  poi nt s al ong 
t he f l ame.   Fuel  st agi ng est abl i shes a f uel  r i ch 
zone above an ai r  l ean mai n combust i on zone.   Bur ner  
Out  of  Ser vi ce ( BOOS)  t echni ques di r ect  f uel  t o 
l ower  bur ner  l evel s,  whi l e oper at i ng upper  bur ner s 
wi t h ai r  onl y.   Fl ue Gas Reci r cul at i on ( FGR)  r educes 
O2 avai l abl e t o r eact  wi t h ni t r ogen and cool s t he 
f l ame.   I n addi t i on t o l ow NOx bur ner s ( LNB) ,  OFA 
and BOOS ot her  combust i on modi f i cat i on t echni ques 
i ncl ude f uel  bi asi ng,  l ow excess ai r  ( LEA)  and f uel  
r ebur ni ng.   Oi l  f i r ed bur ner s have successf ul l y  used 
advanced oi l  at omi zer s t o r educe NOx wi t hout  
i ncr easi ng opaci t y.   Oi l / wat er  emul si on i s a 
t echni que t o r educe NOx on smal l er  i ndust r i al  
boilers.
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Consi der at i on wi l l  be gi ven t o t he uni que 
i nst al l at i on and space r equi r ement s of  var i ous NOx 
r educt i on syst ems.   LNB may or  may not  r equi r e 
pr essur e por t  modi f i cat i ons.   FGR i nvol ves r out i ng 
l ar ge duct wor k.   OFA i s ver y ef f ect i ve and i nvol ves 
modi f i cat i on t o pr essur e par t s.   Fuel  st agi ng 
r equi r es pr essur e por t  modi f i cat i ons f or  r ebur n f uel  
i nj ect i on and/ or  OFA por t s.

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

Boi l er  shal l  be desi gned t o bur n [ gas]  [ oi l ]  [ combi nat i on gas and oi l ] .  
Each boi l er  shal l  compl y wi t h Feder al ,  st at e,  and l ocal  emi ssi on 
r egul at i ons.   As a mi ni mum,  t he f ol l owi ng emi ssi on r equi r ement s shal l  be 
met:

NOx -  [ [ _____]  kg/ j oul e l b/ mi l l i on Bt u i nput ]  [ par t s per  mi l l i on ( ppm)  
cor r ect ed t o 3 per cent  02] .

SO2 -  [ [ _____]  kg/ j oul e l b/ mi l l i on Bt u i nput ]  [ par t s per  mi l l i on ( ppm)  
cor r ect ed t o 3 per cent  02] .

Par t i cul at e -  [ [ _____]  kg/ j oul e l b/ mi l l i on Bt u i nput ]  [ par t s per  
mi l l i on ( ppm)  cor r ect ed t o 3 per cent  02] .

2. 3. 1   Burners

**************************************************************************
NOTE:   I f  No.  4,  5,  or  6 oi l  wi l l  be one of  t he 
f uel s,  r equi r ement s f or  bur ner s and accessor i es f or  
t hese heavy oi l s  wi l l  be i nser t ed i n t he pr oj ect  
specification.

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

2. 3. 1. 1   Gas and Combi nat i on Gas- Oi l  Fi r ed Bur ner s and Cont r ol s

Bur ner s shal l  be UL appr oved [ mechani cal  dr af t  bur ner s wi t h al l  ai r  
necessar y f or  combust i on suppl i ed by a bl ower  wher e t he oper at i on i s 
coor di nat ed wi t h t he bur ner ]  [ nat ur al  dr af t / at mospher i c bur ner s] .   Bur ner  
shal l  be pr ovi ded compl et e wi t h f uel  suppl y syst em i n conf or mance wi t h t he 
f ol l owi ng saf et y codes or  st andar ds:

a.   Gas- f i r ed uni t s wi t h i nput s gr eat er  t han 0. 117 MW 400, 000 Bt uh per  
combust i on chamber  shal l  conf or m t o UL 795.   [ Gas f i r ed uni t s l ess t han 
3. 66 MW 12, 500, 000 Bt uh i nput  shal l  conf or m t o ANSI  Z21. 13/ CSA 4. 9.] 
[ Si ngl e and mul t i pl e bur ner  gas- f i r ed uni t s gr eat er  t han or  equal  t o 
3. 66 MW 12, 500, 000 Bt uh i nput  shal l  conf or m t o NFPA 85.]

b.   Combi nat i on gas and oi l - f i r ed uni t s shal l  conf or m t o UL 296.   
[ Combi nat i on gas and oi l - f i r ed uni t s l ess t han 3. 66 MW 12, 500, 000 Bt uh 
i nput  shal l  conf or m t o ASME CSD- 1. ]  [ Si ngl e and mul t i pl e bur ner  
combi nat i on gas and oi l - f i r ed uni t s equal  t o or  gr eat er  t han 3. 66 MW 
12, 500, 000 Bt uh i nput  shal l  conf or m t o NFPA 85.]

2. 3. 1. 2   Oi l - Fi r ed Bur ner s and Cont r ol s

Oi l - f i r ed bur ner s and cont r ol s f or  oi l - f i r ed uni t s  f i r i ng No.  [ _____]  oi l  
shal l  be at omi zi ng,  f or ced- dr af t  t ype i n conf or mance wi t h UL 726. 
[ Oi l - f i r ed uni t s  l ess t han 3. 66 MW 12, 500, 000 Bt uh i nput  shal l  conf or m t o 
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ASME CSD- 1. ]  [ Oi l - f i r ed uni t s gr eat er  t han or  equal  t o 3. 66 MW 12, 500, 000 
Bt uh i nput  shal l  conf or m t o NFPA 85.]

2. 3. 1. 3   St eam or  Ai r  At omi zer

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  s t eam or  ai r  
at omi zat i on i s not  used.

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

[ St eam]  [ or ]  [ ai r ]  at omi zer  shal l  be of  t he i nsi de mi x t ype ut i l i z i ng 
[ st eam]  [ or ]  [ ai r ]  mi x i ng wi t h t he oi l  i nsi de t he nozzl e.   No movi ng par t s 
shal l  be r equi r ed wi t hi n t he at omi zer  assembl y.   Uni t  shal l  be capabl e of  
compl et el y at omi zi ng t he oi l  t hr ough a mi ni mum capaci t y r ange of  4 t o 1 
wi t hout  changi ng nozzl es or  spr ayer  pl at es and when suppl i ed wi t h [ st eam]  
[ or ]  [ ai r ]  at  a maxi mum pr essur e of  [ 100]  [ _____]  kPa [ 15]  [ _____]  psi g.   
Capaci t y of  uni t  shal l  be adj ust abl e.   Uni t  shal l  be f ur ni shed wi t h a 
bl owout  val ve so t hat  [ st eam]  [ or ]  [ ai r ]  may be bl own t hr ough t he oi l  
passages t o c l ear  t hem of  any accumul at i on.   A di f f user  desi gned t o 
st abi l i ze t he f l ame shal l  be mount ed near  t he f ur nace end of  t he at omi zer  
i n such a posi t i on t hat  oi l  wi l l  not  st r i ke i t .

2. 3. 1. 4   Mechani cal  pr essur e at omi zer

**************************************************************************
NOTE:   I f  mechani cal  pr essur e at omi zat i on i s not  
used del et e t hi s par agr aph.

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

Mechani cal  pr essur e at omi zer  shal l  oper at e sol el y by t he use of  oi l  
pr essur e and shal l  have no movi ng par t s wi t hi n t he at omi zer .   Uni t  shal l  be 
capabl e of  compl et el y at omi zi ng t he oi l  t hr ough a mi ni mum capaci t y r ange of  
4 t o 1 wi t hout  changi ng nozzl es or  spr ayer  pl at es and when f ur ni shed wi t h 
oi l  at  a const ant  pr essur e of  [ _____] .   A const ant  vol ume of  oi l  shal l  be 
suppl i ed t o t he at omi zer .   Var i abl e capaci t y shal l  be obt ai ned by adj ust i ng 
cont r ol  val ve.   A di f f user  pr ovi ded t o st abi l i ze t he f l ame shal l  be mount ed 
near  t he f ur nace end of  t he at omi zer ,  but  i n such a posi t i on t hat  oi l  wi l l  
not  st r i ke i t .

2. 3. 2   Dr af t  Fans

**************************************************************************
NOTE:   I f  nat ur al  dr af t / at mospher i c bur ner s ar e 
ut i l i zed,  al l  dr af t  f an par agr aphs wi l l  be del et ed.  
Sel ect  bet ween f or ced dr af t  and i nduced dr af t  f an or  
a combi nat i on of  bot h.   I n most  appl i cat i ons,  a 
f or ced dr af t  f an wi l l  be adequat e.   Fan bear i ngs on 
i nduced dr af t  f ans must  have adequat e means t o 
pr event  over heat i ng and pr ovi s i on f or  l ubr i cat i on.  
Choi ce of  t ype of  cool i ng wi l l  depend on 
avai l abi l i t y  of  wat er  f or  t he par t i cul ar  s i t e.  
Wat er - cool ed bear i ngs ar e gener al l y used f or  i nduced 
dr af t  f ans but  ai r - cool ed,  seal ed- t ype bear i ngs ar e 
avai l abl e;  however ,  t hei r  use must  be appr oved by 
t he f an manuf act ur er  f or  t he appl i cat i on i f  
speci f i ed.   For ced dr af t  f ans ar e t ypi cal l y  ai r  
cooled.

**************************************************************************
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Fans conf or mi ng t o AMCA 801 [ f or ced- dr af t ]  [ and]  [ i nduced- dr af t ]  shal l  be 
f ur ni shed as an i nt egr al  par t  of  boi l er  desi gn.   Fans shal l  be cent r i f ugal  
wi t h [ backwar d- cur ved bl ades]  [ r adi al - t i p bl ades]  or  axi al  f l ow t ype.   Each 
f an shal l  be s i zed f or  out put  vol ume and st at i c pr essur e r at i ng suf f i c i ent  
f or  pr essur e l osses,  excess ai r  r equi r ement s at  t he bur ner ,  l eakages,  
t emper at ur e,  and el evat i on cor r ect i ons f or  wor st  ambi ent  condi t i ons,  al l  at  
f ul l  combust i on t o meet  net - r at ed out put  at  nor mal  f i r i ng condi t i ons,  pl us 
an over al l  excess ai r  vol ume of  10 per cent  agai nst  a 20 per cent  st at i c 
over pr essur e.   Noi se l evel s f or  f ans shal l  not  exceed 85 deci bel s i n any 
oct ave band at  a 0. 914 m 3 f oot  st at i on.   [ For ced dr af t  f an bear i ngs shal l  
be ai r  cool ed. ]  [ 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 out l et  t emper at ur e i n t he boi l er .  I nduced dr af t  f an 
housi ngs shal l  be pr ovi ded wi t h dr ai n hol es t o accommodat e t he dr ai nage of  
condensat i on.   I nduced dr af t  f an bear i ngs shal l  be [ ai r - cool ed]  
[ wat er - cool ed] .   I nduced dr af t  f an scr ol l  sheet s and r ot or  bl ades shal l  
have pr ot ect i ve l i ner s. ]

2. 3. 2. 1   Dr af t  Fan Cont r ol

[ For ced- dr af t  cent r i f ugal  f ans shal l  have i nl et  vane cont r ol s or  shal l  have 
var i abl e speed cont r ol  wher e i ndi cat ed.   I nl et  vanes shal l  be sui t abl e f or  
use wi t h combust i on cont r ol  equi pment . ]   [ I nduced- dr af t  cent r i f ugal  f ans 
shal l  have out l et  damper s and shal l  have var i abl e speed cont r ol . ]  
[ I nduced- dr af t  f ans shal l  have i nl et  vane cont r ol s . ]   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 .

2. 3. 2. 2   Dr af t  Fan Dr i ves

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

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

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 I I ,  
Di v i s i on 1,  Gr oup F,  hazar dous l ocat i on conf or mi ng t o NFPA 70] .   [ Mot or  
st ar t er  shal l  be [ magnet i c acr oss- t he- l i ne]  [ r educed vol t age st ar t ]  t ype 
wi t h [ gener al  pur pose]  [ weat her - r esi st ant ]  [ wat er t i ght ]  [ dust - t i ght ]  
[ expl osi on- pr oof ]  encl osur e and shal l  be f ur ni shed wi t h f our  auxi l i ar y 
i nt er l ock cont act s. ]

2. 3. 3   Dr af t  Damper

**************************************************************************
NOTE:   Sel ect  bet ween manual  and aut omat i c damper s.   
Nor mal l y,  manual  damper s ar e adequat e f or  s i ngl e 
boi l er s l ess t han 600 kW 2, 000, 000 Bt uh capaci t y.   
Sel ect  aut omat i c damper s f or  modul ar  boi l er s.

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

Boi l er s shal l  be pr ovi ded wi t h [ manual ]  [ aut omat i c ]  damper s,  dr af t  hoods,  
or  bar omet r i c damper s as r ecommended by t he boi l er  manuf act ur er  t o mai nt ai n 
pr oper  dr af t  i n t he boi l er .   Dr af t  damper  shal l  be pr ovi ded i n a conveni ent  
and accessi bl e l ocat i on i n t he f l ue gas out l et  f r om t he boi l er .   Aut omat i c 
damper  shal l  be ar r anged f or  aut omat i c oper at i on by means of  a [ damper  
r egul at or ]  [ f ur nace dr af t  r egul at or ]  [ damper  mot or ] .

SECTI ON 23 52 00  Page 26



2. 3. 4   Ductwork

**************************************************************************
NOTE:   I n col der  c l i mat es,  t emper i ng of  combust i on 
ai r  may be r equi r ed.   Add an appr opr i at e par agr aph 
f or  t emper i ng combust i on ai r ,  i f  r equi r ed.   Del et e 
t hi s par agr aph,  i f  a pl enum chamber  i s not  needed.

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

Ai r  duct s connect i ng t he f or ced- dr af t  f an uni t s wi t h t he pl enum chamber  
shal l  be desi gned t o convey ai r  wi t h a mi ni mum of  pr essur e l oss due t o 
f r i c t i on.   Duct wor k shal l  be gal vani zed sheet  met al  conf or mi ng t o 
ASTM A653/ A653M.   Duct s shal l  be st r ai ght  and smoot h on t he i nsi de wi t h 
l aps made i n di r ect i on of  ai r  f l ow.   Duct s shal l  have cr oss- br eak wi t h 
enough cent er  hei ght  t o assur e r i gi di t y i n t he duct  sect i on,  shal l  be angl e 
i r on br aced,  and shal l  be compl et el y f r ee of  v i br at i on.   Access and 
i nspect i on door s shal l  be pr ovi ded as i ndi cat ed and r equi r ed,  wi t h a 
mi ni mum of  one i n each sect i on bet ween damper s or  i t ems of  equi pment .   
Duct s shal l  be const r uct ed wi t h l ong r adi us el bows havi ng a cent er l i ne 
r adi us 1- 1/ 2 t i mes t he duct  wi dt h,  or  wher e t he space does not  per mi t  t he 
use of  l ong r adi us el bows,  shor t  r adi us or  squar e el bows wi t h 
f act or y- f abr i cat ed t ur ni ng vanes may be used.   Duct  j oi nt s shal l  be 
subst ant i al l y  ai r t i ght  and shal l  have adequat e st r engt h f or  t he ser vi ce,  
wi t h 38 x 38 x 3 mm 1- 1/ 2 x 1- 1/ 2 x 1/ 8 i nch angl es used wher e r equi r ed f or  
st r engt h or  r i gi di t y.   Duct  wal l  t hi ckness shal l  be 16 gauge ( 1. 5 mm0. 0598 
i nch)  f or  duct s 1500 mm 60 i nches or  l ess and 12 gauge ( 2. 66 mm0. 1046 i nch)  
f or  duct s l ar ger  t han 1500 mm 60 i nches i n maxi mum di mensi on.   Addi t i onal  
duct wor k shal l  be i n accor dance wi t h Sect i on 23 00 00 AI R SUPPLY,  
DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEM.

2. 4   COMBUSTI ON CONTROL EQUI PMENT

**************************************************************************
NOTE:   I f  s t eam boi l er s ar e not  ut i l i zed,  al l  
r ef er ences t o st eam pr essur e cont r ol l er s shal l  be 
del et ed.   I f  hot  wat er  boi l er s ar e not  ut i l i zed,  al l  
r ef er ences t o wat er  t emper at ur e cont r ol l er s shal l  be 
deleted.

Cont r ol s f or  f ac i l i t i es wi t h oper at i ng Ener gy 
Moni t or i ng and Cont r ol  Syst ems ( EMCS)  wi l l  be 
speci f i ed t o be compat i bl e wi t h exi st i ng EMCS 
cont r ol s.   Del et e r ef er ence t o mul t i pl e boi l er s i f  a 
s i ngl e boi l er  i s  used.

Del et e " pneumat i c cont r ol s"  f or  new syst ems.   Use 
onl y pneumat i c cont r ol s f or  exi st i ng pneumat i c 
cont r ol s syst ems t hat  r equi r e new par t s be pur chased.

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

Combust i on cont r ol  equi pment  shal l  be pr ovi ded as a syst em by a s i ngl e 
manuf act ur er .   Fi el d i nst al l ed aut omat i c combust i on cont r ol  syst em 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 under  
t he di r ect  super vi s i on of  a r epr esent at i ve of  t he cont r ol  manuf act ur er .  
[ The boi l er  wat er  t emper at ur e shal l  be cont r ol l ed by a wat er  t emper at ur e 
cont r ol l er . ]   [ The boi l er  pr essur e shal l  be cont r ol l ed by a st eam pr essur e 
cont r ol l er . ]   The equi pment  shal l  oper at e [ el ect r oni cal l y ]  [ ei t her  
el ect r i cal l y  or  pneumat i cal l y  as appl i cabl e] .   On mul t i pl e boi l er  
i nst al l at i ons,  each boi l er  uni t  shal l  have a compl et el y i ndependent  syst em 
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of  cont r ol s r espondi ng t o t he l oad and t o a pl ant  mast er  cont r ol l er .   I f  
r ecor di ng i nst r ument s ar e pr ovi ded,  a 1 year  suppl y of  i nk and 400 bl ank 
char t s f or  each r ecor der  shal l  be f ur ni shed.

2. 4. 1   Pneumat i c Cont r ol s

I f  pneumat i c oper at i on i s pr ovi ded,  a r egener ant  desi ccant  ai r  dr yer  uni t  
shal l  be pr ovi ded.   Boi l er  shal l  shut  down on l oss of  cont r ol  ai r  
pr essur e.   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.   The mast er  ai r  f i l t er  r egul at or  set  on t he 
cont r ol  panel  shal l  be 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  oper at i ng.   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.

2. 4. 1. 1   Ai r  Compr essor  Uni t

The ai r  compr essor  uni t  shal l  be el ect r i c- mot or  dr i ven,  
pol yt et r af l uor oet hyl ene or  car bon r i ng t ype aut omat i c ai r  compr essor .   The 
compr essor  uni t  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.   The ai r  compr essor  uni t  shal l  be 
compl et e wi t h necessar y accessor i es i ncl udi ng aut omat i c pr essur e cont r ol  
equi pment ,  r el i ef  val ves,  check val ves,  ai r  f i l t er s,  moi st ur e t r aps,  and a 
r ecei ver  wi t h ampl e capaci t y f or  emer gency oper at i on of  t he cont r ol s f or  15 
mi nut es af t er  compr essor  shut down.   Compr essor  speed shal l  not  exceed 900 
r pm.   Mot or  speed shal l  not  exceed 1750 r pm.   The compr essor  ai r  i nt ake 
shal l  be pr ovi ded wi t h a l ow dr op t ype ai r  suct i on f i l t er / s i l encer  sui t abl e 
f or  out door  i nst al l at i on.

2. 4. 1. 2   Ai r  Recei ver

**************************************************************************
NOTE:   The condensat e dr ai n l i ne wi l l  be l ocat ed i n 
such a manner  as t o pr event  f r eezi ng.

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

The ai r  r ecei ver  shal l  be const r uct ed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1f or  unf i r ed pr essur e vessel s f or  1379 kPa 200 psi  
wor ki ng pr essur e,  and shal l  be equi pped wi t h i nl et  and out l et  connect i ons,  
val ved dr ai n connect i on,  mi ni mum 150 mm 6 i nch di al  pr essur e gauge,  pop 
saf et y val ves,  and r egul at or  connect i ons.

2. 4. 2   El ect r i cal  cont r ol s

El ect r i cal  cont r ol  devi ces shal l  be r at ed at  [ 120]  [ 24]  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.

2. 4. 3   Wat er  Temper at ur e Cont r ol l er

**************************************************************************
NOTE:   I f  hot  wat er  boi l er s ar e not  ut i l i zed,  t he 
f ol l owi ng par agr aph wi l l  be del et ed.   Consi der at i on 
wi l l  be gi ven t o t he ut i l i zat i on of  out s i de ai r  
r eset  cont r ol s.   Out si de ai r  r eset  cont r ol  i s  
t ypi cal l y  used f or  boi l er s whose pr i mar y l oads ar e 
due t o space heat i ng appl i cat i ons.   I nf or mat i on on 
out door  ai r  r eset  cont r ol s f or  space heat i ng 
appl i cat i on i s l ocat ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and UFC 
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3- 410- 02 or  i nact i ve UFC 3- 540- 02N (
http://www.wbdg.org/ccb/DOD/UFC/INACTIVE/ufc_3_540_02n.pdf
) .   Consi der at i on wi l l  be gi ven t o t he use of  
cont r ol  based on r et ur n wat er  t emper at ur e r at her  
t han suppl y wat er  t emper at ur e.

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

The cont r ol l er  shal l  be of  st ur dy const r uct i on and shal l  be pr ot ect ed 
agai nst  dust  and dampness.   The t her most at i c el ement  shal l  be i nser t ed i n a 
separ abl e socket  i nst al l ed [ i n t he upper  par t  of  t he boi l er  near  t he wat er  
out l et ]  [ i n t he boi l er  r et ur n pi pi ng] .   [ Fi xed posi t i on ( on- of f )  and t hr ee 
posi t i on ( hi gh- l ow- of f )  cont r ol l er  shal l  oper at e on a 5. 56 degr ee C 10 
degr ee F di f f er ent i al  over  an adj ust abl e t emper at ur e r ange of  appr oxi mat el y 
60 t o 104. 4 degr ees C 140 t o 220 degr ees F. ]   [ Modul at i ng cont r ol l er s shal l  
cont r ol  t he f uel  bur ni ng equi pment  t o mai nt ai n set  boi l er  wat er  t emper at ur e 
wi t hi n 2 per cent . ]  [ Cont r ol l er  shal l  be f ur ni shed wi t h necessar y equi pment  
t o aut omat i cal l y  adj ust  t he set t i ng t o sui t  t he out s i de weat her  
condi t i ons.   The out s i de ai r  r eset  cont r ol l er  shal l  be oper at ed i n such a 
manner  t hat  t he oper at i ng t emper at ur es r equi r ed by t he boi l er  manuf act ur er  
ar e not  compr omi sed. ]

2. 4. 4   St eam Pr essur e Cont r ol l er

**************************************************************************
NOTE:   I f  s t eam boi l er s ar e not  ut i l i zed t he 
f ol l owi ng par agr aph wi l l  be del et ed.

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

The cont r ol l er  shal l  be of  st ur dy const r uct i on and shal l  be pr ot ect ed 
agai nst  dust  and dampness.   The sensi ng el ement s of  t he st eam cont r ol l er  
shal l  be i n di r ect  cont act  wi t h t he st eam.   [ Fi xed posi t i on ( on- of f )  and 
t hr ee posi t i on ( hi gh- l ow- of f )  t ype cont r ol l er s shal l  oper at e on a 6. 9 kPa 1 
pound di f f er ent i al  over  a pr essur e r ange of  0 t o 103. 4 kPa 0 t o 15 psi g. ]  
[ Modul at i ng cont r ol l er s shal l  aut omat i cal l y  mai nt ai n,  wi t hi n 2 per cent ,  t he 
desi r ed st eam pr essur e by r egul at i ng t he bur ner . ]

2. 4. 5   Boi l er  Pl ant  Mast er  Cont r ol l er

**************************************************************************
NOTE:   I f  onl y one boi l er  i s  ut i l i zed,  t he f ol l owi ng 
par agr aph wi l l  be del et ed.   A mast er  cont r ol l er  wi l l  
be pr ovi ded f or  appl i cat i ons i nvol v i ng mul t i pl e 
boi l er s and f or  boi l er s ar r anged i n a modul ar  
configuration.

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

A boi l er  pl ant  mast er  cont r ol l er ,  sensi t i ve t o a [ t emper at ur e t r ansmi t t er  
i n t he r et ur n wat er  header  f or  t he boi l er ]  [ s t eam pr essur e t r ansmi t t er  i n 
t he boi l er  st eam di schar ge header ]  shal l  be f ur ni shed t o pr ovi de 
ant i c i pat or y s i gnal s t o al l  boi l er  cont r ol l er s.   Boi l er  cont r ol l er s shal l  
r eact  t o ant i c i pat or y s i gnal s f r om t he pl ant  mast er  cont r ol l er  as necessar y 
i n r esponse t o t he boi l er  [ t emper at ur e]  [ pr essur e]  i ndi cat i on t o mai nt ai n 
t he pr eset  [ t emper at ur e]  [ pr essur e] .   An aut omat i c- manual  swi t ch shal l  be 
pr ovi ded t o al l ow t he sequence of  boi l er  l oadi ng t o be var i ed t o di st r i but e 
equal  f i r i ng t i me on al l  boi l er s i n t he pl ant .   The pl ant  mast er  cont r ol l er  
shal l  l oad t he boi l er s one at  a t i me as t he pl ant  l oad i ncr eases.
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2. 4. 6   Boi l er  Combust i on Cont r ol s and Posi t i oner s

**************************************************************************
NOTE:   A pi l ot  i s  r equi r ed f or  al l  oi l  f i r ed boi l er s 
over  875 kW 3, 000, 000 Bt uh.   However ,  a pi l ot  i s  
r ecommended f or  al l  f i r ed boi l er s.

Sel ect  bet ween f i xed r at e ( on- of f ) ,  t hr ee posi t i on 
( hi gh- l ow- of f ) ,  and modul at i ng cont r ol s.   Combust i on 
cont r ol s wi l l  be f i xed- r at e,  on- of f  f or  gr oss 
out put s up t o 200 kW 700, 000 Bt uh;  hi gh- l ow- of f  or  
f i xed- r at e on- of f ,  dependi ng on ant i c i pat ed l oad 
pr of i l e,  f or  gr oss out put  f r om 200 t o 600 kW 700, 000 
t o 2, 000, 000 Bt uh;  hi gh- l ow- of f  or  modul at i ng,  
dependi ng on ant i c i pat ed l oad pr of i l e,  f or  gr oss 
out put  f r om 600 t o 1200 kW 2, 000, 000 t o 4, 000, 000 
Bt uh;  modul at i ng f or  gr oss out put s above 1200 kW 
4, 000, 000 Bt uh.   Modul ar  boi l er s wi l l  be f i xed- r at e 
on- of f  f or  each modul e.   Del et e i nappr opr i at e 
paragraphs.

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

a.   [ Gas]  [ Combi nat i on gas- oi l  f i r ed]  boi l er  uni t s  shal l  be pr ovi ded wi t h 
[ f i xed r at e ( on- of f ) ]  [ t hr ee posi t i on ( hi gh- l ow- of f ) ]  [ modul at i ng]  
combust i on cont r ol s wi t h gas pi l ot  or  spar k i gni t i on.   Modul at i ng 
cont r ol s shal l  be pr ovi ded wi t h a means f or  manual l y cont r ol l i ng t he 
f i r i ng r at e.

b.   Oi l  f i r ed boi l er  uni t s shal l  be pr ovi ded wi t h [ on- of f ]  [ hi gh- l ow- of f ]  
[ modul at i ng]  combust i on cont r ol s wi t h [ di r ect  el ect r i c  spar k i gni t i on 
syst em]  [ spar k i gni t ed [ No.  2 oi l ]  [ nat ur al  gas]  [ l i qui f i ed pet r ol eum 
gas]  pi l ot ] .   Modul at i ng cont r ol s shal l  be pr ovi ded wi t h a means f or  
manual l y cont r ol l i ng t he f i r i ng r at e.

c.   Modul at i ng cont r ol  f unct i on shal l  be accompl i shed usi ng posi t i oni ng 
t ype cont r ol s.   Ai r  f l ow r at i o and f uel  cont r ol  val ve shal l  be 
cont r ol l ed by r el at i ve posi t i ons of  oper at i ve l ever s on a j ackshaf t  
r espondi ng t o a [ wat er  t emper at ur e cont r ol l er ]  [ s t eam pr essur e 
cont r ol l er ] .   Posi t i oni ng t ype combust i on cont r ol  equi pment  shal l  
i ncl ude dr af t  cont r ol s wi t h synchr oni zed f uel  f eed and combust i on ai r  
suppl y cont r ol s,  whi l e and shal l  mai nt ai n t he pr oper  ai r / f uel  r at i o.   
The desi r ed f ur nace dr af t  shal l  be mai nt ai ned wi t hi n 0. 25 mm 0. 01 i nch 
of  wat er  col umn.

d.   [ Fi xed r at e on- of f ]  [ Hi gh- l ow- of f ]  cont r ol s f or  boi l er s wi t h capaci t i es 
up t o 600 kW 2, 000, 000 Bt uh shal l  use a [ wat er  t emper at ur e cont r ol l er  
i n a t emper at ur e wel l  i n di r ect  cont act  wi t h t he wat er ]  [ st eam pr essur e 
cont r ol l er  i n di r ect  cont act  wi t h t he st eam] .

2. 4. 7   Combust i on Saf et y Cont r ol s and Equi pment

**************************************************************************
NOTE:   Pr ovi de f eed wat er  r egul at or  wi t h l ow- wat er  
cut of f  on c l ose coupl ed boi l er s ( i . e.  shor t  suppl y 
and r et ur n l i nes wi t h l ow pi ck- up l osses)  under  1200 
kW 4, 000, 000 Bt uh gr oss out put  wi t h no pr ocess 
l oads.   Pr ovi de pump cont r ol l er  wi t h l ow- wat er  
cut of f  f or  al l  ot her  boi l er s.   Low- wat er  cut of f  wi l l  
r equi r e a manual  r eset  unl ess a suppl ement ar y 
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l ow- wat er  cut of f  i s  pr ovi ded.   A suppl ement ar y 
l ow- wat er  cut of f  i s  r equi r ed f or  boi l er s ut i l i z i ng a 
pumped condensat e r et ur n syst em.   St at e and l ocal  
codes may al so r equi r e suppl ement ar y l ow- wat er  
cut of f s.   When a suppl ement ar y l ow- wat er  cut of f  i s  
pr ovi ded,  i t  wi l l  r equi r e manual  r eset  and t he 
i ni t i al  l ow- wat er  cut of f  wi l l  not  r equi r e manual  
reset.

I ncl ude t he manual l y oper at ed shut of f  swi t ch i n t he 
cont r ol s dr awi ngs,  set  poi nt  schedul es and pl ans.

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

Combust i on saf et y cont r ol s and equi pment  shal l  be UL l i s t ed,  
mi cr opr ocessor - based di st r i but ed pr ocess cont r ol l er .   The syst em shal l  
i ncl ude mount i ng har dwar e,  wi r i ng and cabl es,  and associ at ed equi pment .   
The cont r ol l er  shal l  be mount ed compl et el y wi r ed,  pr ogr ammed,  debugged,  and 
t est ed t o per f or m al l  of  i t s  f unct i ons.   The cont r ol l er  shal l  pr ocess t he 
s i gnal s f or  compl et e cont r ol  and moni t or i ng of  t he boi l er .   Thi s shal l  
i ncl ude mai nt ai ni ng boi l er  st at us,  st ar t i ng and st oppi ng al l  cont r ol  
f unct i ons,  sequenci ng cont r ol  f unct i ons and si gnal i ng al ar m condi t i ons.   
The pr ogr am shal l  be document ed and i ncl ude cr oss r ef er ences i n descr i pt i on 
of  coi l s  and cont act s.   Mi cr opr ocessor  shal l  be abl e t o per f or m sel f  
di agnost i cs and cont ai n a message cent er  t o pr ovi de oper at or  wi t h st at us 
and f ai l ur e mode i nf or mat i on.   Cont r ol l er s f or  each boi l er  shal l  be mount ed 
on a separ at e,  f r ee st andi ng panel  adj acent  t o t he boi l er  or  f or  packaged 
boi l er s on t he boi l er  suppor t i ng st r uct ur e.   Cont r ol  syst ems and saf et y 
devi ces f or  aut omat i cal l y  f i r ed boi l er s shal l  conf or m t o ASME CSD- 1.   
El ect r i cal  combust i on and saf et y cont r ol s shal l  be r at ed at  120 vol t s,  
s i ngl e phase,  60 Hz 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.   A 100 mm 4 i nch di amet er  al ar m bel l  shal l  be 
pr ovi ded and shal l  be l ocat ed wher e i ndi cat ed or  di r ect ed.   The al ar m bel l  
shal l  r i ng when t he boi l er  i s  shut  down by any saf et y cont r ol  or  
i nt er l ock.   I ndi cat i ng l i ght s shal l  be pr ovi ded on t he cont r ol  panel .   A 
r ed l i ght  shal l  i ndi cat e f l ame f ai l ur e,  and a gr een l i ght  shal l  i ndi cat e 
t hat  t he mai n f uel  val ve i s open.   The f ol l owi ng shut down condi t i ons shal l  
r equi r e a manual  r eset  bef or e t he boi l er  can aut omat i cal l y  r ecycl e:

a.   Fl ame f ai l ur e.

b.   Fai l ur e t o est abl i sh pi l ot  f l ame.

c.   Fai l ur e t o est abl i sh mai n f l ame.

d.   [ Low- wat er ]  [ suppl ement ar y l ow- wat er ]  cut of f .

e.   [ Hi gh t emper at ur e cut of f ]  [ Hi gh pr essur e cut of f ] .

2. 4. 7. 1   Low- wat er  Cut of f

**************************************************************************
NOTE:   I f  s t at e or  l ocal  codes or  r egul at i ons 
r equi r e a second cut of f ,  a separ at e suppl ement ar y 
l ow- wat er  cut of f  of  t he f l oat  t ype or  el ect r ode t ype 
may be pr ovi ded.   Del et e suppl ement ar y l ow- wat er  
cut of f ,  i f  second cut of f  i s  not  r equi r ed.   Del et e 
f eedwat er  r egul at or  and pump cont r ol l er  f or  wat er  
heat i ng syst ems.

**************************************************************************
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Low wat er  cut of f  shal l  be f l oat  act uat ed swi t ch or  el ect r i cal l y  act uat ed 
pr obe t ype l ow- wat er  cut of f .   Fl oat  chamber  shal l  be pr ovi ded wi t h a 
bl ow- down connect i on.   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 .   A 
saf et y shut down due t o l ow wat er  shal l  r equi r e 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 bur ner .   The 
cut of f  shal l  be i n st r i c t  accor dance t o ASME CSD- 1.

2. 4. 7. 1. 1   Feedwat er  Regul at or  wi t h Low- Wat er  Cut of f

Regul at or  shal l  be an appr oved desi gn s i zed f or  t he appl i cat i on.   A 
r egul at or  shal l  be pr ovi ded f or  each boi l er .   The f eeder  shal l  be so 
ar r anged t hat  wat er  wi l l  be f ed t o t he boi l er  aut omat i cal l y  when t he wat er  
l evel  i n t he boi l er  dr ops bel ow a pr eset  poi nt  and wi l l  act uat e t he al ar m 
bel l  when t he wat er  l evel  r eaches t he l ow danger  poi nt .   The boi l er  f eeder  
shal l  be ar r anged so t hat  t he bur ner  and f or ced- dr af t  f an wi l l  s t op 
whenever  t he wat er  l evel  dr ops bel ow a pr eset  danger  poi nt .   The boi l er  
f eeder  shal l  be const r uct ed so t hat  t he f eedwat er  val ve and seat  ar e 
i sol at ed f r om t he f l oat  chamber  t o pr event  over heat i ng of  t he f eed wat er  
and pr eci pi t at i on of  scal e on ei t her  t he val ve or  seat .   Each f l oat  
mechani sm,  val ve,  and seat  shal l  be const r uct ed of  an appr oved,  dur abl e,  
cor r osi on- r esi st ant  st eel  al l oy.   Val ve seat s shal l  be r emovabl e and 
r enewabl e.   The r egul at or  shal l  be equi pped wi t h a l ar ge,  sel f - c l eani ng 
st r ai ner .   The dr ai n val ve on t he r egul at or  shal l  be t he gat e or  ot her  
st r ai ght - t hr ough t ype.

2. 4. 7. 1. 2   Pump Cont r ol l er  wi t h Low- Wat er  Cut of f

Cont r ol l er  shal l  be a desi gn appr oved by t he boi l er  manuf act ur er .   A pump 
cont r ol l er  shal l  be pr ovi ded f or  each boi l er  whi ch i s used f or  space 
heat i ng and pr ocess st eam l oads or  l ong di st r i but i on l i nes.   Pump 
cont r ol l er  shal l  cont r ol  t he oper at i on of  t he bur ner ,  f or ced- dr af t  f an,  and 
pump.   Pump cont r ol l er  and l ow- wat er  cut of f  shal l  have a f l oat - oper at ed 
mer cur y swi t ch ar r anged t o st ar t  and st op t he pump at  pr eset  boi l er  wat er  
l evel s.   I f  t he wat er  l evel  i n t he boi l er  r eaches t he l ow danger  poi nt ,  a 
second mer cur y swi t ch shal l  shut  down t he bur ner  and act uat e t he al ar m bel l .

2. 4. 7. 1. 3   Suppl ement ar y Low- Wat er  Cut of f

Suppl ement ar y l ow- wat er  cut of f  of  t he [ el ect r i cal l y  oper at ed pr obe t ype]  
[ f l oat  act i vat ed t ype]  shal l  be pr ovi ded i n addi t i on t o t he l ow- wat er  
cut of f  r equi r ed above on each boi l er .   Suppl ement ar y l ow- wat er  cut of f  shal l  
be mount ed di r ect l y i n t he boi l er  shel l  and shal l  be set  bel ow t he 
l ow- wat er  cut of f  r equi r ed above.

2. 4. 7. 2   Wat er  Fl ow I nt er l ock

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  a hot  wat er  boi l er  
i s  not  ut i l i zed.

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

Hot  wat er  boi l er  l i mi t  cont r ol s shal l  be pr ovi ded t o i ncl ude pr ot ect i on f or  
l ow boi l er  wat er  f l ow and hi gh boi l er  wat er  t emper at ur e.   The l i mi t  
cont r ol s shal l  be i nt er l ocked wi t h t he combust i on cont r ol  syst em t o ef f ect  
boi l er  al ar m and shut down.   The cont r ol s shal l  not  al l ow boi l er  st ar t up 
unl ess hot  wat er  f l ow i s pr oven.
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2. 5   PUMPS

2. 5. 1   Fuel  Oi l  Pumpi ng and Heat i ng Set s

**************************************************************************
NOTE:   Thi s par agr aph may not  be needed i f  t he f uel  
does not  r equi r e heat i ng.   Thi s par agr aph shoul d be 
coor di nat ed wi t h Sect i on 33 56 10 FACTORY- FABRI CATED 
FUEL STORAGE TANKS and any bur ner  mount ed pump.   
Sel ect  t ype I :   s i mpl ex uni t  or  t ype I I  dupl ex 
uni t .   I ndi cat e t he desi gn r equi r ement s of  
f i l t er / basket  st r ai ner  l ocat ed ahead of  el ect r i c  oi l  
heat er  i n or der  t o mat ch char act er i st i cs of  f uel  oi l  
t o be ut i l i zed.  Sel ect  s i ngl e f i l t er / basket  st r ai ner  
f or  boi l er s bel ow 60 kW 200, 000 Bt uh.

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

The i nt egr at ed,  shop- f abr i cat ed oi l  pumpi ng and heat i ng set  shal l  be 
[ s i mpl ex]  [ dupl ex]  and be UL appr oved.   Two posi t i ve di spl acement  oi l  
met er s shal l  be pr ovi ded.   One met er  shal l  be l ocat ed on t he f uel  suppl y 
l i ne.   The ot her  met er  shal l  be l ocat ed on t he f uel  r et ur n l i ne.   Each set  
shal l  i ncl ude an el ect r i c  oi l  heat er  of  adequat e capaci t y t o heat  t he 
speci f i ed f uel  oi l  t o i gni t i on t emper at ur e at  l ow boi l er  l oad unt i l  enough 
[ hot  wat er ]  [ st eam]  i s gener at ed t o oper at e t he heat  exchanger .   The 
el ect r i c  heat er  shal l  be cont r ol l ed by magnet i c st ar t er  wi t h a 
manual l y- oper at ed On- Of f  swi t ch i n ser i es wi t h a t her most at i c cont r ol .   
When oi l  t emper at ur e i s r ai sed t o pr oper  l evel  and mai nt ai ned by t he [ hot  
wat er ]  [ st eam]  heat er ,  t he el ect r i c  heat er  shal l  be di sconnect ed 
aut omat i cal l y  by t he t her most at i c  cont r ol .   Fuel  pumps shal l  be 
el ect r i c- mot or - dr i ven.   Each pump shal l  have t he capaci t y of  not  l ess t han 
[ _____]  L/ s gpm at  a di schar ge pr essur e of  [ _____]  kPa psi g wi t h a suct i on 
l i f t  of  3. 74 kPa 15 f eet .   A [ dupl ex]  [ s i ngl e]  f i l t er / basket  st r ai ner  
syst em shal l  be i nst al l ed ahead of  t he el ect r i c  oi l  heat er  and f i nal  
di schar ge f i l t er / st r ai ner  syst em.

2. 5. 2   Hot  Wat er  and Boi l er  Ci r cul at i ng Pumps

**************************************************************************
NOTE:   Boi l er  and hot  wat er  c i r cul at i ng pumps must  
be sel ect ed at  t he most  ef f i c i ent  poi nt  of  t he pump 
cur ve whi ch wi l l  gener al l y  l i e on t he s l oped por t i on 
of  t he cur ve.

I f  separ at e pumps ar e not  needed t o pr ovi de wat er  
f l ow t o t he boi l er s,  del et e t he r equi r ement  f or  
boi l er  c i r cul at i ng pumps.   The f l ow swi t ch or  
pr essur e swi t ch wi l l  onl y be needed f or  t he pump 
whi ch pr ovi des f l ow t hr ough t he boi l er .   Pi pe 
suppor t ed pumps ar e t ypi cal l y  avai l abl e up t o 1. 5 kw 
2HP.   Cl osed- coupl ed pumps ar e t ypi cal l y  avai l abl e 
up t o 3. 7 kw 5HP.

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

Ci r cul at i ng pumps f or  hot  wat er  shal l  be el ect r i cal l y  dr i ven s i ngl e- st age 
cent r i f ugal  t ype and have a capaci t y not  l ess t han i ndi cat ed.   [ Boi l er  
c i r cul at i ng pumps shal l  be suppor t ed [ on a concr et e f oundat i on wi t h a cast  
i r on or  st r uct ur al  st eel  base]  [ or ]  [ by t he pi pi ng on whi ch i nst al l ed]  and 
shal l  be [ c l osed- coupl ed shaf t ]  [ or ]  [ f l exi bl e- coupl ed shaf t ] .   The boi l er  
c i r cul at i ng pumps shal l  be [ hor i zont al  spl i t  case]  [ ver t i cal  spl i t  case]  
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t ype] .   [ Hot  wat er  c i r cul at i ng pumps shal l  be suppor t ed [ on a concr et e 
f oundat i on wi t h a cast  i r on or  st r uct ur al  st eel  base]  [ or ]  [ by t he pi pi ng 
on whi ch i nst al l ed]  and shal l  have a [ c l osed- coupl ed shaf t ]  [ or ]  
[ f l exi bl e- coupl ed shaf t ] .   The hot  wat er  c i r cul at i ng pumps shal l  be 
[ hor i zont al  spl i t  case]  [ ver t i cal  spl i t  case]  t ype] .   The pump shaf t  shal l  
be const r uct ed of  cor r osi on- r esi st ant  al l oy st eel ,  s l eeve bear i ngs and 
gl ands of  br onze desi gned t o accommodat e a mechani cal  seal ,  and t he housi ng 
of  c l ose- gr ai ned cast  i r on.   Pump seal s shal l  be capabl e of  wi t hst andi ng 
115 degr ees C 240 degr ees F t emper at ur e wi t hout  ext er nal  cool i ng.   The 
mot or  shal l  have suf f i c i ent  power  f or  t he ser vi ce r equi r ed,  shal l  be of  a 
t ype appr oved by t he manuf act ur er  of  t he pump,  shal l  be sui t abl e f or  t he 
avai l abl e el ect r i c  ser vi ce,  and shal l  conf or m t o t he r equi r ement s of  
par agr aph ELECTRI CAL EQUI PMENT.   Each pump suct i on and di schar ge connect i on 
shal l  be pr ovi ded wi t h a pr essur e gauge as speci f i ed.   The [ boi l er ]  [ hot  
wat er ]  c i r cul at i ng pump di schar ge heat er  shal l  be pr ovi ded wi t h a [ f l ow 
swi t ch]  [ pr essur e swi t ch] .   [ Fl ow swi t ch uni t  shal l  be a sel f - cont ai ned 
swi ngi ng vane t ype t o i ndi cat e f l ui d f l ow. ]  [ Pr essur e swi t ch uni t  shal l  be 
a sel f - cont ai ned snap act i on t ype t o i ndi cat e f l ui d pr essur e. ]   Swi t ch 
shal l  be a SPDT wi t h 120- vol t ,  15- amper e r at i ng.

2. 5. 3   Condensat e Pumpi ng Uni t

**************************************************************************
NOTE:   I f  s t eam i s ut i l i zed,  onl y one t ype of  
condensat e r et ur n uni t  wi l l  be r equi r ed;  del et e 
ei t her  t he condensat e pumpi ng uni t  or  t he vacuum 
pumpi ng uni t .   Del et e t hi s par agr aph i f  hot  wat er  i s  
utilized.

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

Each pump shal l  have a capaci t y not  l ess t han t hat  i ndi cat ed when 
di schar gi ng agai nst  t he speci f i ed pr essur e.   The mi ni mum capaci t y of  t he 
t ank shal l  be as i ndi cat ed.   The condensat e pumpi ng uni t  shal l  be t he 
[ s i ngl e]  [ dupl ex]  [ hor i zont al  shaf t ]  [ ver t i cal  shaf t ]  t ype as i ndi cat ed.  
The uni t  shal l  consi st  of  [ one pump]  [ t wo pumps]  wi t h el ect r i c  mot or  dr i ve,  
and a s i ngl e r ecei ver ,  al l  mount ed on a sui t abl e cast - i r on or  st eel  base.  
The mot or  may be mount ed on t he t op of  t he r ecei v i ng t ank.   Pump shal l  be 
t he cent r i f ugal  or  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  appr oved cor r osi on- r esi st i ng met al .   Pump shal l  be f r ee 
f r om ai r  bi ndi ng when handl i ng condensat e of  t emper at ur es up t o 93 degr ees C
 200 degr ees F.   Pump shal l  be di r ect l y connect ed t o sui t abl e dr i p- pr oof  
encl osed mot or s.   Recei ver  shal l  be cast  i r on or  not  l ess t han 4. 75 mm 3/ 16 
i nch t hi ck bl ack i r on or  st eel  and shal l  be pr ovi ded wi t h al l  t he necessar y 
r ei nf or ced t hr eaded openi ngs,  i nc l udi ng condensat e r et ur n,  vent ,  over f l ow,  
and pump suct i on connect i ons.   I nl et  st r ai ner  shal l  be pr ovi ded ei t her  
i nt egr al  i n t he t ank or  separ at e i n t he i nl et  l i ne t o t he t ank.   Vent  pi pe 
shal l  be gal vani zed st eel ,  and t he f i t t i ngs shal l  be gal vani zed mal l eabl e 
i r on.   Vent  pi pe shal l  be ext ended t hr ough t he r oof  and shal l  be pr oper l y 
f l ashed.   The pump,  mot or ,  and r ecei v i ng t ank may be mount ed on a s i ngl e 
base wi t h t he r ecei ver  pi ped t o t he pump suct i ons.   A gat e val ve and check 
val ve shal l  be pr ovi ded i n t he di schar ge connect i on f r om each pump and a 
st r ai ner  and gat e val ve shal l  be pr ovi ded i n t he suct i on l i ne t o each pump 
except  wher e pumps ar e di r ect l y mount ed on t op of  t he r ecei ver .

2. 5. 3. 1   Cont r ol s f or  Space Heat i ng St eam Loads Onl y

**************************************************************************
NOTE:   For  l oads wher e space heat i ng i s onl y par t  of  
t he st eam l oad,  del et e t hi s par agr aph.
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**************************************************************************

An encl osed f l oat  swi t ch compl et e wi t h f l oat  mechani sms shal l  be i nst al l ed 
i n t he head of  t he r ecei ver .   Each condensat e pump shal l  be cont r ol l ed by a 
f l oat  swi t ch whi ch shal l  aut omat i cal l y  st ar t  t he mot or  when t he wat er  i n 
t he r ecei v i ng t ank r eaches t he hi gh l evel  and st op t he mot or  when t he wat er  
r eaches t he l ow l evel .   The mot or s shal l  be pr ovi ded wi t h magnet i c 
acr oss- t he- l i ne st ar t er s equi pped wi t h gener al - pur pose encl osur es and 
t hr ee- posi t i on,  " Manual - Of f - Aut omat i c"  sel ect or  swi t ches i n t he cover .  
Aut omat i c al t er nat or  shal l  be pr ovi ded f or  dupl ex uni t s.

2. 5. 3. 2   Space Heat i ng and St eam Loads or  Di st r i but i on Li nes

**************************************************************************
NOTE:   For  space heat i ng l oads onl y,  del et e t hi s 
paragraph.

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

The condensat e pump shal l  be pr ovi ded wi t h an appr oved f l oat - act uat ed val ve 
or  wat er  f eeder  i n t he col d- wat er  makeup connect i on ei t her  ext er nal  t o or  
i nt egr al  wi t h t he r ecei ver .   Wher e a de- aer at i ng f eedwat er  heat er  i s  not  
i ncl uded,  t he condensat e pumpi ng uni t  shal l  be cont r ol l ed aut omat i cal l y  by 
a pump cont r ol l er  wi t h l ow- wat er  cut out  on each boi l er .   The pump 
cont r ol l er  and l ow- wat er  cut out  shal l  have t wo f l oat - oper at ed mer cur y 
swi t ches ar r anged t o st ar t  and st op t he condensat e pump at  pr eset  boi l er  
wat er  l evel s.   One swi t ch shal l  cont r ol  t he oper at i on of  t he condensat e 
pump by st ar t i ng t he pump when t he wat er  i n t he boi l er  r eaches a pr eset  l ow 
l evel  and by st oppi ng t he pump when t he wat er  i n t he boi l er  r i ses t o a 
pr eset  hi gh l evel .   The second swi t ch shal l  r i ng an al ar m bel l  and 
s i mul t aneousl y shut  down t he bur ner .   Rel ays shal l  be pr ovi ded i f  
necessar y.   A mi ni mum 100 mm 4 i nch al ar m bel l  wi t h bel l - r i ngi ng 
t r ansf or mer  shal l  be i nst al l ed wher e di r ect ed.   A gat e val ve and a check 
val ve or  a st op- check ( nonr et ur n)  val ve shal l  be i nst al l ed i n t he f eed l i ne 
bet ween t he boi l er  and t he pump adj acent  t o t he boi l er  connect i on.   The 
condensat e pump mot or  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 conf or mi ng t o t he 
r equi r ement s of  par agr aph ELECTRI CAL EQUI PMENT.   Wher e t wo or  mor e boi l er s 
ar e pr ovi ded,  a pump cont r ol l er  and l ow- wat er  cut out  shal l  be i nst al l ed at  
t he nor mal  wat er l i ne of  each boi l er .   An aut omat i c  f eed val ve shal l  be 
i nst al l ed i n t he f eed l i ne t o each boi l er .   When any boi l er  r equi r es wat er ,  
t he pump cont r ol l er  shal l  open t he f eed val ve by act uat i ng an end swi t ch 
whi ch,  i n t ur n,  oper at es t he condensat e pump.   When t he nor mal  wat er  l evel  
i s  r est or ed,  t he pump cont r ol l er  shal l  c l ose t he f eed val ve,  and t he end 
swi t ch of  t he val ve shal l  s t op t he condensat e pump.

2. 5. 3. 3   Rat i ng and Test i ng

The pump manuf act ur er  shal l  submi t  a cer t i f i ed t est  r epor t  cover i ng t he 
act ual  t est  of  t he uni t  and cer t i f y i ng t hat  t he equi pment  compl i es wi t h t he 
i ndi cat ed r equi r ement s.

2. 5. 4   Vacuum Pumpi ng Uni t

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  hot  wat er  i s  
utilized.

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

The vacuum pumpi ng uni t  shal l  be a combi nat i on ai r  r emoval  and condensat e 
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r et ur n uni t  consi st i ng of  [ a s i ngl e pump,  el ect r i c  mot or ,  and r ecei v i ng 
t ank]  [ pumps,  el ect r i c  mot or s,  and ot her  f unct i oni ng par t s i n dupl i cat e and 
a s i ngl e r ecei v i ng t ank]  as i ndi cat ed.   Two i nt er connect ed s i ngl e uni t s 
wi l l  be accept abl e i n pl ace of  a dupl ex uni t .   The uni t  shal l  be ar r anged 
f or  aut omat i c oper at i on.   Wher e dupl i cat e pumps ar e used,  one pump shal l  
ser ve as a st andby.   Wher e i t  i s  st andar d wi t h t he manuf act ur er ,  separ at e 
pumps may be used f or  ai r  r emoval  and condensat e r et ur n i f  bot h pumps ar e 
mount ed on a common r ecei ver .   The r ecei ver  shal l  be const r uct ed of  cast  
i r on,  or  of  not  l ess t han 4. 75 mm 3/ 16 i nch t hi ck bl ack i r on or  st eel .   The 
pumpi ng uni t  shal l  be br onze f i t t ed t hr oughout  wi t h br onze shaf t s or  wi t h 
shaf t s pr ot ect ed by br onze sl eeves.   Pumps,  mot or s,  and r ecei ver  shal l  be 
mount ed on a s i ngl e base and pr ovi s i on shal l  be made f or  cat chi ng t he dr i p 
f r om t he st uf f i ng boxes.   Accessor i es shal l  consi st  of  a compound gauge,  a 
pr essur e gauge i nl et  st r ai ner ,  t her momet er ,  wat er  l evel  gauge wi t h 
st opcocks,  adj ust abl e vacuum r el i ef  val ve,  ai r  di schar ge and condensat e 
di schar ge check val ves,  and compani on f l anges f or  al l  f l anged connect i ons.  
The di schar ge l i ne f r om each pump shal l  be pr ovi ded wi t h a nonsl am check 
val ve and a gl obe val ve.   Each mot or  shal l  have a dr i ppr oof - t ype 
encl osur e.   Ful l y aut omat i c cont r ol s shal l  be pr ovi ded f or  each pump 
mot or .   Cont r ol s shal l  consi st  of  a f l oat  i n t he r ecei v i ng t ank,  a f l oat  
swi t ch,  an adj ust abl e vacuum swi t ch,  an aut omat i c,  magnet i c,  
acr oss- t he- l i ne t ype st ar t er  wi t h gener al - pur pose encl osur e,  and a 
t hr ee- posi t i on sel ect or  swi t ch i n t he cover .   The sel ect or  swi t ch shal l  
pr ovi de f or  [ " Aut omat i c, "  " Fl oat , "  " Vacuum, " ]  [ " Aut omat i c, "  " Fl oat , " ]  and 
" Cont i nuous"  oper at i on of  t he pump.

2. 6   COLD WATER CONNECTI ONS

Connect i ons shal l  be pr ovi ded whi ch i ncl udes consecut i vel y i n l i ne a 
st r ai ner ,  r educed pr essur e pr i nci pl e backf l ow pr event er s,  and wat er  
pr essur e r egul at or  i n t hat  or der  i n t he di r ect i on of  t he f l ow.   The r educed 
pr essur e pr i nci pl e backf l ow pr event er s shal l  be pr ovi ded as i ndi cat ed and 
i n compl i ance wi t h Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.   Col d wat er  
f i l l  connect i ons shal l  be made t o t he wat er  suppl y syst em as i ndi cat ed.   
Necessar y pi pe,  f i t t i ngs,  and val ves r equi r ed f or  wat er  connect i ons bet ween 
t he boi l er  and col d wat er  mai n shal l  be pr ovi ded as shown.   The pr essur e 
r egul at i ng val ve shal l  be of  a t ype t hat  wi l l  not  st i ck or  al l ow pr essur e 
t o bui l d up on t he l ow si de.   The val ve shal l  be set  t o mai nt ai n a t er mi nal  
pr essur e of  appr oxi mat el y 35 kPa 5 psi  i n excess of  t he st at i c head on t he 
syst em and shal l  oper at e wi t hi n a 15 kPa 2 psi  t ol er ance r egar dl ess of  col d 
wat er  suppl y pi pi ng pr essur e and wi t hout  obj ect i onabl e noi se under  any 
condi t i on of  oper at i on.

2. 7   RADI ATORS AND CONVECTORS

Radi at or s,  convect or s and associ at ed equi pment  shal l  be i n accor dance wi t h 
Sect i on [ 23 57 10. 00 10 FORCED HOT WATER HEATI NG SYSTEMS USI NG WATER AND 
STEAM HEAT EXCHANGERS]  [ 23 70 03. 00 10 HEATI NG AND UTI LI TI ES SYSTEMS,  
CENTRAL STEAM] .

2. 8   RADI ANT FLOOR HEATI NG SYSTEMS

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  r adi ant  f l oor  
heat i ng syst ems ar e not  r equi r ed.

Al t hough t hi s speci f i cat i on deal s wi t h heat i ng wat er  
pr oduced by boi l er s,  ot her  sour ces of  heat  such as 
sol ar ,  domest i c wat er  heat er s,  wast e heat ,  or  heat  
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pumps may al so be used f or  r adi ant  f l oor  heat i ng.

The r adi ant  f l oor  heat i ng syst em shoul d be desi gned 
i n accor dance wi t h t he l at est  edi t i on of  t he ASHRAE 
Syst ems and Equi pment  Handbook,  HI - 004,  and t he 
Radi ant  Panel  Associ at i on' s ( RPA)  St andar d 
Gui del i nes f or  t he Desi gn and I nst al l at i on of  
Resi dent i al  Radi ant  Panel  Heat i ng Syst ems.

Al l  pi pe l ayout s,  zones,  pi pe s i zes,  and pump si zes 
shoul d be c l ear l y shown on t he dr awi ngs.   The 
desi gner  shoul d pr ovi de a cr oss sect i onal  det ai l  of  
t he i nt egr at ed f l oor  and pi pi ng syst em t hat  c l ear l y 
shows t he f l oor  desi gn.   Fl oor  i nsul at i on,  f l oor  
cover i ngs,  f l oor  l oad bear i ng char act er i st i cs,  and 
mani f ol d access panel  shoul d be coor di nat ed wi t h t he 
ar chi t ect  and st r uct ur al  engi neer .   The met hod of  
i nsul at i ng t he f l oor  i s  di f f er ent  f r om t ypi cal  
const r uct i on.   I f  t he i nsul at i on i s not  pr oper l y 
desi gned,  t he syst em wi l l  not  wor k.

The dr awi ngs shoul d al so addr ess t he desi r ed cont r ol  
sequence f or  t he r adi ant  heat i ng syst em.   The 
dr awi ngs shoul d i ndi cat e whi ch l oops wi l l  r equi r e 
t emper at ur e cont r ol ,  i n or der  f or  t he manuf act ur er  
t o pr ovi de a pr oper  mani f ol d.   Var i ous cont r ol  
st r at egi es can be f ound i n HYI  400 and t he RPA 
st andar d gui del i ne f or  t he Desi gn and I nst al l at i on 
of  Resi dent i al  Radi ant  Panel  Heat i ng Syst ems.   The 
cont r ol  sequence shoul d consi der  t he r equi r ed 
c i r cul at i on of  wat er  t hr ough t he boi l er .   Hi gh mass 
r adi ant  f l oor  heat i ng syst ems do not  t ypi cal l y  
r espond qui ckl y t o a change i n l oad due t o t he 
t her mal  mass of  t he f l oor .   Ther ef or e,  ni ght  set back 
cont r ol  i s  not  f easi bl e f or  hi gh mass f l oor  r adi ant  
heat i ng syst ems,  unl ess l ong dur at i ons of  unoccupi ed 
spaces occur  such as i n a chapel .

Radi ant  f l oor  heat i ng syst ems use l ower  wat er  
t emper at ur es t han st andar d convect i on heat i ng.   
Ther ef or e,  t he boi l er  may exper i ence a wat er  
t emper at ur e t hat  i s  l ower  t han r ecommended by t he 
boi l er  manuf act ur er .   I f  t hi s occur s due t o t he 
desi gn and sel ect i on of  boi l er ,  a mi xi ng val ve or  
ot her  cont r ol  devi ces shoul d be pr ovi ded t o mai nt ai n 
t he r ecommended wat er  t emper at ur e f or  t he boi l er .

Sever al  f l oor  desi gns can be used f or  r adi ant  
heat i ng.   The f ol l owi ng exampl es i ndi cat e a f ew 
possibilities:

Sl ab- on- gr ade:   t ypi cal  concr et e f l oor  syst em wi t h 
t ubi ng i mbedded i n concr et e.

Thi n- s l ab syst em:   t ubi ng i mbedded i n a t hi n l i ght  
wei ght  concr et e on t op of  a wooden sub- f l oor .

Above f l oor  pl at e syst em:   t ubi ng i nst al l ed i n 
channel s wi t h r ef l ect i ve met al  bar r i er s above a 

SECTI ON 23 52 00  Page 37



wooden sub- f l oor .   The t ubi ng i s t hen cover ed wi t h 
t hi n sheet s of  pl ywood.

Bel ow f l oor  pl at e syst em:   t he t ubi ng i s i nst al l ed 
bel ow t he wooden sub- f l oor  usi ng r ef l ect i ve met al  
barriers.

Bel ow f l oor  suspended t ube syst em:   t he t ubi ng i s 
suspended wi t hi n t he i nt er st i t i al  space bet ween a 
wooden sub- f l oor  and i nsul at i on.   ( Sel dom used due 
t o hi gher  wat er  t emper at ur e r equi r ement s) .

Bel ow f l oor  st apl e- up syst em:   t he t ubi ng i s st apl ed 
t o t he under si de of  a wooden sub- f l oor .   Thi s syst em 
i s avai l abl e;  however ,  t he bel ow f l oor  pl at e syst em 
i s mor e ener gy ef f i c i ent .

I f  out door  ai r  i s  r equi r ed f or  vent i l at i on,  a 
separ at e make- up ai r  syst em shoul d be i nst al l ed.

I n accor dance wi t h t he St andar d Mechani cal  Code,  t he 
t emper at ur e of  t hese heat i ng syst ems shoul d not  
exceed an oper at i ng t emper at ur e of  60 degr ees C ( 125 
degr ees F) ,  when t he pi pi ng i s used i n gypsum 
assemblies.

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

The r adi ant  f l oor  heat i ng syst em shal l  i ncl ude al l  pi pi ng,  mani f ol ds,  
val ves,  pumps,  expansi on t ank,  pr essur e r el i ef  val ves,  and cont r ol s t o 
pr ovi de a compl et e and oper at i onal  heat i ng syst em.

2. 8. 1   Tubing

The t ubi ng mat er i al  shal l  compl y wi t h ASTM F876.   The pi pi ng shal l  be 
pr ovi ded wi t h a f act or y appl i ed oxygen bar r i er  wi t h a di f f usi on r at e t hat  
does not  exceed 0. 1 gr ams per  cubi c met er  per  day.   The pi pi ng shal l  be 
r at ed at  689 kPa 100 psi  and 82. 5 degr ees C 180 degr ees F.

2. 8. 2   Joints

The mani f ol d manuf act ur er  shal l  be consul t ed t o det er mi ne t he pr oper  j oi nt  
f or  connect i on of  t ubi ng t o t he mani f ol d.   The j oi nt s r equi r ed t o connect  
t he t ubi ng t o t he mani f ol d shal l  be compr essi on t ype f i t t i ngs usi ng cr i mp 
r i ngs,  a combi nat i on of  i nser t s and O- r i ngs,  gr i pper  t ype f i t t i ngs usi ng a 
r et ai ner  r i ng and O- r i ngs,  or  as ot her wi se r ecommended by t he mani f ol d and 
t ubi ng manuf act ur er .

2. 8. 3   Manifold

The desi gn and const r uct i on of  t he mani f ol d shal l  be compat i bl e wi t h t he 
t ubi ng manuf act ur e' s r equi r ement s.   The pi pi ng mani f ol d mat er i al  shal l  be 
compat i bl e wi t h t he pi pi ng mat er i al .   The mani f ol d shal l  be capabl e of  
pr ovi di ng t he number  of  c i r cui t s as i ndi cat ed on t he dr awi ngs.   The 
mani f ol d shal l  be sui t abl e f or  an oper at i ng pr essur e of  689 kPa 100 psi  and 
82. 5 degr ees C 180 degr ees F.   Bal anci ng val ves shal l  be pr ovi ded f or  each 
ci r cui t .   I sol at i on val ves shal l  be pr ovi ded f or  each suppl y and r et ur n 
connect i on.   Each mani f ol d shal l  be pr ovi ded wi t h an ai r  vent .   The 
mani f ol d shal l  al l ow f or  t he measur ement  of  t emper at ur e f or  each ci r cui t .   
The mani f ol d shal l  be pr ovi ded wi t h al l  r equi r ed mount i ng har dwar e.
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2. 9   UNI T HEATERS

**************************************************************************
NOTE:   I ndi cat e capaci t y of  uni t  heat er s and heat i ng 
and vent i l at i ng uni t s on dr awi ngs.   Show t ypi cal  
pi pi ng det ai l s  on dr awi ngs f or  t hese uni t s.

I n cr i t i cal  ar eas wher e maxi mum noi se l evel  l i mi t s  
ar e r equi r ed,  t he sent ence i n br acket s wi l l  be 
r et ai ned and t he br acket s del et ed.   The maxi mum 
accept abl e noi se l i mi t s f or  t hese cr i t i cal  ar eas 
wi l l  be det er mi ned i n NC l evel  or  dbA and shoul d be 
i ndi cat ed on t he dr awi ngs.   The sent ence i n br acket s 
wi l l  be del et ed f or  noncr i t i cal  ar eas.   Sound val ues 
wi l l  be sel ect ed by t he desi gner  based on a st udy of  
t he desi gn goal .   The ASHRAE Handbook,  Fundament al s,  
shows t he r ange of  sound pr essur e val ues f or  speech 
communi cat i ons as bei ng 50 dB f or  f ai r ,  44 dB f or  
ver y good,  and 38 dB f or  per f ect  speech 
intelligibility.

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

Heat er s shal l  be as speci f i ed bel ow,  and shal l  have a heat i ng capaci t y not  
i n excess of  125 per cent  of  t he capaci t y i ndi cat ed.   [ Noi se l evel  of  each 
uni t  heat er  f or  ar eas not ed shal l  not  exceed t he cr i t er i a i ndi cat ed. ]

2. 9. 1   Pr opel l er  Fan Heat er s

Heat er s shal l  be desi gned f or  suspensi on and ar r anged f or  [ hor i zont al ]  
[ ver t i cal ]  di schar ge of  ai r  as i ndi cat ed.   Casi ngs shal l  be not  l ess t han 
0. 912 mm 20 gauge bl ack st eel  and f i ni shed wi t h l acquer  or  enamel .   
Sui t abl e [ st at i onar y]  [ r ot at i ng ai r ]  def l ect or s shal l  be pr ovi ded t o assur e 
pr oper  ai r  and heat  penet r at i on capaci t y at  f l oor  l evel  based on 
est abl i shed desi gn t emper at ur e.   Suspensi on f r om heat i ng pi pes wi l l  not  be 
per mi t t ed.   [ Fans f or  ver t i cal  di schar ge t ype heat er s shal l  oper at e at  
speeds not  i n excess of  1, 200 r pm,  except  t hat  uni t s wi t h 84. 4 MJ 80, 000 Bt u
 out put  capaci t y  or  l ess may oper at e at  speeds up t o 1, 800 r pm. ]  
[ Hor i zont al  di schar ge t ype uni t  heat er s shal l  have di schar ge or  f ace 
vel oci t i es not  i n excess of  t he f ol l owi ng] :

Uni t  Capaci t y,  L/ s cf m Face Vel oci t y,  m/ s f pm

Up t o 472 1000 4. 06 800

473 t o 1416 1, 001 t o 3, 000 4. 57 900

1417 3001 and over 5. 08 1, 000

2. 9. 2   Cent r i f ugal  Fan Heat er s

Heat er s shal l  be ar r anged f or  f l oor  or  cei l i ng mount i ng as i ndi cat ed.   
Heat i ng el ement s and f ans shal l  be housed i n st eel  cabi net s of  
sect i onal i zed st eel  pl at es or  r ei nf or ced wi t h angl e- i r on f r ames.   Cabi net s 
shal l  be const r uct ed of  not  l i ght er  t han 1. 27 mm 18 gauge bl ack st eel .   
Each uni t  heat er  shal l  be pr ovi ded wi t h a means of  di f f usi ng and 
di st r i but i ng t he ai r .   Fans shal l  be mount ed on a common shaf t ,  wi t h one 
f an t o each ai r  out l et .   Fan shaf t  shal l  be equi pped wi t h sel f - al i gni ng 
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bal l ,  r ol l er ,  or  s l eeve bear i ngs and accessi bl e means of  l ubr i cat i on.   Fan 
shaf t  may be ei t her  di r ect l y connect ed t o t he dr i v i ng mot or  or  i ndi r ect l y 
connect ed by adj ust abl e V- bel t  dr i ve r at ed at  150 per cent  of  mot or  
capaci t y.   Al l  f ans i n any one uni t  heat er  shal l  be t he same si ze.

2. 9. 3   Heat i ng El ement s

**************************************************************************
NOTE:   For  pr oj ect  desi gns r equi r i ng ai r - suppl y and 
di st r i but i on syst ems,  consi der  us i ng t he opt i onal  
choi ce of  r ef er enci ng Sect i on 23 00 00 AI R SUPPLY,  
DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEM f or  
t he equi pment  i n t hi s par agr aph.

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

[ Heat i ng coi l s and r adi at i ng f i ns shal l  be of  sui t abl e nonf er r ous al l oy 
wi t h [ t hr eaded]  [ br azed]  f i t t i ngs at  each end f or  connect i ng t o ext er nal  
pi pi ng.   The heat i ng el ement s shal l  be f r ee t o expand or  cont r act  wi t hout  
devel opi ng l eaks and shal l  be pr oper l y pi t ched f or  dr ai nage.   The el ement s 
shal l  be t est ed under  a hydr ost at i c pr essur e of  1. 38 MPa 200 psi g and a 
cer t i f i ed r epor t  of  t he t est  shal l  be submi t t ed t o t he Cont r act i ng 
Of f i cer . ]   [ Heat i ng coi l s shal l  be as speci f i ed i n Sect i on 23 00 00 AI R 
SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEM f or  t ypes 
i ndi cat ed. ]   Coi l s shal l  be sui t abl e f or  use wi t h wat er  up t o 121 degr ees C 
250 degr ees F.

2. 9. 4   Motors

Mot or s shal l  be pr ovi ded wi t h NEMA 250 gener al  pur pose encl osur e.   Mot or s 
and mot or  cont r ol s shal l  ot her wi se be as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

2. 9. 5   Mot or  Swi t ches

Mot or s shal l  be pr ovi ded wi t h manual  sel ect i on swi t ches wi t h " Of f , "  and 
" Aut omat i c"  posi t i ons and shal l  be equi pped wi t h t her mal  over l oad 
protection.

2. 9. 6   Controls

Cont r ol s shal l  be pr ovi ded as speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC.

2. 10   HEATI NG AND VENTI LATI NG UNI TS

Heat i ng and vent i l at i ng uni t s and associ at ed equi pment  shal l  be i n 
accor dance wi t h Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND 
EXHAUST SYSTEM.

2. 11   AI R HANDLI NG UNI TS

Ai r  handl i ng uni t s and associ at ed equi pment  shal l  be i n accor dance wi t h 
Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEM.

2. 12   FI TTI NGS AND ACCESSORI ES

Boi l er  f i t t i ngs and accessor i es shal l  be i nst al l ed wi t h each boi l er  i n 
accor dance wi t h ASME BPVC SEC I V,  unl ess ot her wi se speci f i ed.
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2. 12. 1   Soot  Bl ower s

**************************************************************************
NOTE:   Soot  bl ower s wi l l  nor mal l y  be r equi r ed on 
l ar ge wat er  t ube uni t s bur ni ng No.  5 or  6 f uel  oi l .   
Manuf act ur er s of  boi l er s shoul d be consul t ed t o 
det er mi ne i f  soot  bl ower s ar e appl i cabl e f or  t he 
desi gn cont empl at ed.   Smal l  uni t s  ar e usual l y 
manual l y c l eaned.

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

Wher e i ndi cat ed,  each boi l er  shal l  be pr ovi ded wi t h soot  bl ower s usi ng 
[ compr essed ai r ]  [ s t eam]  as t he bl owi ng medi um.   The soot  bl ower  syst em 
shal l  be t he aut omat i c sequenci ng and i nt er mi t t ent  puf f  t ype.   The soot  
bl ower  uni t s shal l  be sequenced aut omat i cal l y  usi ng successi ve st eps by 
t hei r  cont r ol l er ,  each st ep i nvol v i ng no mor e t han a 70 kPa 10 psi  dr op i n 
ai r  pr essur e at  t he r ecei ver .   Af t er  one uni t  i s  oper at ed i n successi ve 
st eps t hr ough i t s cycl e,  t he cont r ol l er  shal l  shi f t  t he oper at i on t o t he 
second soot  bl ower  uni t ,  and so on,  unt i l  al l  uni t s on t hat  boi l er  have 
been oper at ed,  af t er  whi ch t he cont r ol l er  shal l  be shut  down aut omat i cal l y  
by t he sequence cont r ol s.   The soot  bl ower  heads shal l  have el ement s of  
sui t abl e mat er i al  f or  t he hi ghest  t emper at ur es encount er ed i n t he boi l er .  
The sequence t i mer  shal l  have pr ovi s i on f or  manual  sel ect i on of  t he soot  
bl ower  uni t s t o be used.   Soot  bl ower  syst em f or  oi l  f i r ed boi l er s shal l  
conf or m t o NFPA 85.

2. 12. 1. 1   Ai r  Compr essor  Uni t

The ai r  compr essor  uni t  shal l  conf or m t o ASME PTC 10 except  as speci f i ed 
ot her wi se.   Compr essor  speed shal l  not  exceed 900 r pm.   Mot or  speed shal l  
not  exceed 1750 r pm.   The ser vi ce ai r  r equi r ement s shal l  be as i ndi cat ed 
wi t h r ecei ver s s i zed as i ndi cat ed.   The uni t s shal l  be sui t abl e f or  
heavy- dut y ser vi ce ( soot  bl owi ng) .   The compr essor s shal l  be s i mpl ex t ype,  
s i ngl e- st age,  doubl e- act i ng,  wi t h wat er - j acket ed cyl i nder ,  f i t t ed wi t h 
i nt ake and di schar ge val ves of  t he l i ght wei ght  f eat her ,  di sc or  pl at e t ype,  
and shal l  be pr ovi ded wi t h necessar y cont r ol s,  wat er - cool ed af t er cool er ,  
moi st ur e separ at or ,  dr i ve,  r ecei ver ,  r el i ef  val ves,  and cool i ng wat er  
cont r ol s as r equi r ed.   The compr essor  ai r  i nt ake shal l  be pr ovi ded wi t h an 
ai r  suct i on f i l t er / s i l encer  sui t abl e f or  out door  i nst al l at i on.   The f i l t er  
shal l  have a col l ect i on ef f i c i ency of  99 per cent  of  par t i c l es l ar ger  t han 
10 mi cr ons.   The f i l t er  body and medi a shal l  wi t hst and a pr essur e of  850 kPa
 125 psi .   The af t er cool er  shal l  be t he shel l - and- t ube t ype desi gned f or  
ai r  f l ow t hr ough t he t ubes wi t h st eel  shel l  i nt er nal  baf f l e pl at es.   The 
cool i ng capaci t y  of  t he af t er  cool er  shal l  be s i zed f or  t he t ot al  capaci t y 
of  t he compr essor .   The moi st ur e separ at or  shal l  be pr ovi ded wi t h an 
aut omat i c wat er  di schar ge t r ap and l evel  gauge.   Cool i ng wat er  cont r ol s f or  
r egul at i ng compr essor  cyl i nder  wat er  t emper at ur e and af t er - cool er  wat er  
t emper at ur e shal l  be t her most at i c  val ve t ype and shal l  be i nst al l ed wi t h a 
t hr ee- val ve bypass i n t he wat er  out l et  l i nes ahead of  open si ght  dr ai n 
f unnel s.   The compr essor  shal l  be equi pped wi t h adj ust abl e,  pr essur e t ype 
unl oader  cont r ol s sui t abl e f or  cont i nuous compr essor  oper at i on.

2. 12. 1. 2   Ai r  Recei ver

The ai r  r ecei ver  shal l  be a ver t i cal  t ype const r uct ed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1 f or  unf i r ed pr essur e vessel s f or  1379 kPa 200 psi  
wor ki ng pr essur e,  and shal l  be equi pped wi t h f l anged i nl et  and out l et  
connect i ons,  val ved dr ai n connect i on,  mi ni mum 150 mm 6 i nch di al  pr essur e 
gauge,  pop saf et y val ves,  and r egul at or  connect i ons.
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2. 12. 2   Cont i nuous Emi ssi ons Moni t or i ng

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

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

a.   Cont i nuous Emi ssi ons Moni t or i ng Syst em ( CEMS)  equi pment  shal l  be 
pr ovi ded as a syst em by a s i ngl e manuf act ur er .   A CEMS,  meet i ng t he 
r equi r ement s of  appl i cabl e f eder al ,  St at e of  [ _____]  and l ocal  
r egul at i ons,  shal l  be pr ovi ded f or  each boi l er  i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and under  t he di r ect  super vi s i on of  t he 
CEMS equi pment  manuf act ur er .   Bef or e accept ance of  t he i nst al l at i on,  
t he Cont r act i ng Of f i cer  shal l  be f ur ni shed a wr i t t en t est  r epor t  whi ch 
pr ovi des document at i on t hat  t he CEMS equi pment  passed f act or y and f i el d 
cer t i f i cat i on t est  r equi r ed by f eder al ,  st at e,  and l ocal  r egul at i ons.   
Submi t  wr i t t en cer t i f i cat i on by t he boi l er  manuf act ur er  t hat  each 
boi l er  f ur ni shed compl i es wi t h Feder al ,  st at e,  and l ocal  r egul at i ons 
f or  emi ssi ons.   The cer t i f i cat i on shal l  al so i ncl ude a descr i pt i on of  
appl i cabl e emi ssi on r egul at i ons.   I f  any boi l er  i s  exempt  f r om t he 
emi ssi on r egul at i ons,  t he cer t i f i cat i on shal l  i ndi cat e t he r eason f or  
t he exempt i on.

b.   The r epor t ed dat a shal l  i ncl ude [ sul f ur  di oxi de ( SO2) ]  [ oxi des of  
ni t r ogen ( NOX) ]  [ car bon di oxi de ( CO2) ]  [ and]  [ par t i cul at e mat t er  ( PM) ]  
and ot her  i nf or mat i on r equi r ed by Feder al ,  st at e,  and l ocal  
r egul at i ons.   SO2 r epor t i ng shal l  be based on [ anal yzer  measur ement ]  
[ f uel  f l ow and per cent  sul f ur  cal cul at i on] .   Ni t r ous oxi des,  car bon 
di oxi de and par t i cul at e mat t er  r epor t i ng shal l  be based on anal yzer s.

c.   The CEMS equi pment  shal l  i ncl ude t he cent r al  pr ocessi ng uni t ,  pr i nt er ,  
har d di sk dr i ve,  and f l oppy di sk dr i ve.   The f l oppy di sk dr i ve shal l  
f unct i on as a r ecor der .   The manuf act ur er  shal l  pr ovi de t he sof t war e t o 
gener at e t he r equi r ed r epor t s i n a f or mat  accept abl e t o t he Feder al ,  
st at e and l ocal  r egul at or y agenci es.  The oper at or  i nt er f ace t o t he CEMS 
equi pment  shal l  be v i a CRT scr een.

2. 12. 2. 1   Gaseous Emi ssi on Moni t or s

Ext r act i ve or  i n s i t u gaseous moni t or s shal l  be pr ovi ded.   A combi nat i on of  
ext r act i ve and i n s i t u moni t or s i s not  accept abl e.   Gas moni t or s shal l  
i ncl ude aut omat i c cal i br at i on checks.   An al ar m hor n and annunci at or  shal l  
be pr ovi ded t o al ar m when any moni t or  par amet er  i s  out  of  r ange or  a 
gaseous moni t or  mal f unct i ons.   The sur f aces t hat  ar e exposed t o t he 
cor r osi ve gas of  t he boi l er  shal l  be const r uct ed of  noncor r osi ve mat er i al s 
such as 316 SS,  t ef l on or  hast el l oy.

a.   I n s i t u moni t or  shal l  be mount ed on t he duct wor k at  t he l ocat i on [ shown 
on t he pl ans]  [ r ecommended by t he manuf act ur er ] .   The si t u syst em shal l  
not  be af f ect ed by t he pr esence of  par t i cul at e mat t er  i n t he f l ue gas.
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b.   Ext r act i ve syst ems shal l  be [ wet ]  [ dr y]  [ di l ut ed] .   Anal yzi ng equi pment  
f or  t he ext r act i ve syst em shal l  be l ocat ed i n a wal k- i n cabi net .   The 
equi pment  shal l  be ar r anged t o pr ovi de access f or  mai nt enance.   
Ext r act i ve syst em sampl i ng bet ween t he pr obes and t he anal yzer s shal l  
be heat  t r aced t o mai nt ai n t he t emper at ur e r ecommended by t he 
manuf act ur er  when t he ambi ent  t emper at ur e i s [ _____]  degr ees C F.   
Pr obes shal l  be mount ed on t he duct wor k at  t he l ocat i on [ shown on t he 
pl ans]  [ r ecommended by t he manuf act ur er ] .

2. 12. 2. 2   Fl ue Gas Fl ow Moni t or

Fl ue gas f l ow moni t or  shal l  ut i l i ze t he pi t ot  t ube pr i nci pl e t o measur e t he 
f l ow.   The pr obe shal l  be an acr oss- t he- duct - aver age pi t ot  t ube and shal l  
be desi gned and l ocat ed t o obt ai n r epr esent at i ve measur ement .   Di f f er ent i al  
pr essur e t r ansmi t t er s shal l  be used t o sense t he di f f er ence bet ween t he 
st at i c and t ot al  pr essur e of  t he f l owi ng gas st eam.   Cal i br at i ons shal l  be 
st abl e.   Li nes shal l  be ar r anged t o pr event  col l ect i on of  condensat e.   A 
pur ge syst em shal l  be pr ovi ded as r equi r ed t o keep t he pi t ot  pr essur e t aps 
clear.

2. 12. 2. 3   Par t i cul at e Mat t er  Moni t or

Par t i cul at e mat t er  ( opaci t y)  moni t or  based on t he pr i nci pl e of  
t r ansmi ssomet r y shal l  be pr ovi ded.   The t r ansmi ssomet er  shal l  i ncl ude 
aut omat i c s i mul at i on of  zer o opaci t y and upscal e check of  cal i br at i on whi l e 
t he boi l er  i s  i n ser vi ce wi t hout  di smount i ng t he uni t .   The cal i br at i on 
check shal l  i ncl ude anal yzer  i nt er nal  c i r cui t r y and el ect r oni c c i r cui t r y.  
An al ar m hor n and annunci at or  shal l  be pr ovi ded t o annunci at e excess 
opaci t y and any syst em mal f unct i on.   Uni t s shal l  be pr ovi ded wi t h f ans t o 
keep t he sendi ng and r ecei v i ng l enses pr essur i zed and bl own cl ean at  al l  
times.

2. 12. 2. 4   Wiring

The CEMS equi pment  shal l  be pr ovi ded wi t h pl ug- i n pr ef abr i cat ed cabl e f or  
i nt er connect i on bet ween component s.   Power  suppl y t o t he equi pment  shal l  be 
2- wi r e,  120 vol t  nomi nal  or  l ess,  60 Hz,  wi t h one si de gr ounded.   
El ect r i cal  devi ces 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.

2. 12. 3   Tankl ess Wat er  Heat er

**************************************************************************
NOTE:   I f  t he syst em wi l l  not  be used t o heat  
domest i c hot  wat er  del et e t hi s par agr aph.

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

A seaml ess copper  i mmer si on t ype t ankl ess wat er  heat er  of  t he speci f i ed 
capaci t y shal l  be i nst al l ed i n t he boi l er .   The heat er  shal l  be equi pped 
wi t h an appr oved wat er - t emper i ng val ve whi ch shal l  be set  t o suppl y hot  
wat er  at  appr oxi mat el y 60 degr ees C 140 degr ees F.   I nst ead of  t he 
i mmer si on t ype coi l ,  an appr oved ext er nal  shel l  and t ube t ype or  pl at e t ype 
heat  exchanger  may be i nst al l ed as speci f i ed i n Sect i on 23 57 10. 00 10 
FORCED HOT WATER HEATI NG SYSTEMS USI NG WATER AND STEAM HEAT EXCHANGERS.

2. 12. 4   Convent i onal  Br eechi ng and St acks

**************************************************************************
NOTE:   Del et e t hi s par agr aph f or  condensi ng boi l er s.
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**************************************************************************

2. 12. 4. 1   Breeching

Each boi l er  shal l  be connect ed t o t he st ack or  f l ue by br eechi ng 
const r uct ed of  bl ack st eel  sheet s not  l ess t han 1. 2 mm 0. 0478 i nch t hi ck 
nor  l ess t han t hi ckness of  st ack,  whi chever  i s  l ar ger .   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.   The cl ear  di st ance bet ween any 
por t i on of  t he br eechi ng sur f ace and any combust i bl e mat er i al  shal l  not  be 
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 hi nged and gasket ed c l eanout s shal l  
be pr ovi ded,  whi ch wi l l  per mi t  c l eani ng t he ent i r e smoke connect i on wi t hout  
di smant l i ng.   Fl exi bl e- t ype expansi on j oi nt s shal l  be pr ovi ded as r equi r ed 
and shal l  not  r equi r e packi ng.

2. 12. 4. 2   Stacks

**************************************************************************
NOTE:   Fr equent l y boi l er  out l et s ar e desi gned t o 
suppor t  no mor e t han t he wei ght  of  a 6 m 20 f oot  
st ack sect i on,  when i nst al l ed di r ect l y above t he 
boi l er  out l et .   Ensur e t hat  t he st ack i s pr oper l y 
supported.

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

[ I ndi v i dual  st ub st acks shal l  ext end above t he r oof  t o t he hei ght s 
i ndi cat ed.   I ndi v i dual  st ub st acks shal l  be [ 6]  [ _____]  m [ 20]  [ _____]  f eet  
i n hei ght  when assembl ed on t he boi l er  and measur ed f r om t he gr ound l i ne.   
St ack sect i on shal l  be sheet  st eel  havi ng a t hi ckness of  not  l ess t han 2. 47 
mm 0. 0972 i nch. ]   [ Pr ef abr i cat ed doubl e wal l  st acks syst em shal l  ext end 
above t he r oof  t o t he hei ght  i ndi cat ed.   The st acks shal l  be [ 6]  [ _____]  m 
[ 20]  [ _____]  f eet  i n hei ght  when assembl ed on t he boi l er  and measur ed f r om 
t he gr ound l i ne.   The i nner  st ack shal l  be [ 304 st ai nl ess st eel ]  [ 316 
st ai nl ess st eel ]  havi ng a t hi ckness of  not  l ess t han 0. 89 mm 0. 035 i nch.   
The out er  st ack shal l  be sheet  st eel  havi ng a t hi ckness of  not  l ess t han 
0. 635 mm 0. 025 i nch.   A met hod of  mai nt ai ni ng concent r i c i t y bet ween t he 
i nner  and out er  st acks shal l  be i ncor por at ed.   The j oi nt s bet ween t he st ack 
sect i ons shal l  be seal ed t o pr event  f l ue gas l eakage. ]   A 7. 92 mm 0. 3125 
i nch di amet er  hol e shal l  be pr ovi ded i n t he st ack not  gr eat er  t han 150 mm 6 
i nches f r om t he f ur nace f l ue out l et  f or  sampl i ng of  t he exi t  gases.   A 
met hod shal l  be pr ovi ded t o seal  t he hol e t o pr event  exhaust  gases f r om 
ent er i ng t he boi l er  r oom when sampl es ar e not  bei ng t aken.   Each st ack 
shal l  be pr ovi ded compl et e wi t h r ai n hood.   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. 12. 5   Di r ect  Vent s

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  condensi ng boi l er s 
ar e not  used.   A convent i onal  st ack i s not  needed 
f or  condensi ng boi l er s due t o t he l ow exhaust  ai r  
t emper at ur e.   Pr ecaut i ons shoul d be t aken due t o t he 
aci di c condi t i on of  t he condensat e.   The l ocat i on 
and si ze of  t he vent s shoul d be shown on t he 
dr awi ngs.   Consul t  NFPA 54,  UL 1738,  and avai l abl e 
vendor  dat a t o desi gn t he vent s.   The vent s can be 
mount ed on t he r oof  or  ext er i or  wal l  wi t h pr oper  
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separ at i on.   The vent s shoul d be ext ended above t he 
t ypi cal  snow l evel .   Vent s shoul d be l ocat ed i n such 
a manner  as t o pr event  vandal i sm and t o pr event  
di schar ge of  condensat e acr oss wal kways.

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

Di r ect  vent i ng shal l  be used f or  condensi ng t ype boi l er s.   Bot h t he ai r  
i nt ake and exhaust  vent s shal l  be s i zed and l ocat ed as i ndi cat ed on t he 
dr awi ngs and as r ecommended by t he boi l er  manuf act ur er .   A separ at e 
combust i on ai r  i nt ake vent  and exhaust  vent  shal l  be pr ovi ded f or  each 
boiler.

2. 12. 5. 1   Combust i on Ai r  I nt ake Vent

The combust i on ai r  i nt ake pi pi ng shal l  be const r uct ed of  Schedul e 40 PVC i n 
accor dance wi t h ASTM D1784.   The vent  shal l  be sui t abl e f or  t he t emper at ur e 
at  t he boi l er  combust i on ai r  i nt ake connect i on poi nt .   Each i nt ake shal l  be 
pr ovi ded compl et e wi t h bi r d scr een.

2. 12. 5. 2   Exhaust  Vent

The exhaust  vent  pi pi ng shal l  be const r uct ed of  Schedul e 40 CPVC or  
st ai nl ess st eel  conf or mi ng t o UL 1738 and t he boi l er  manuf act ur er ' s 
r ecommendat i ons.   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.   The exhaust  vent  shal l  be sui t abl e f or  t he maxi mum 
ant i c i pat ed boi l er  exhaust  t emper at ur e and shal l  wi t hst and t he cor r osi ve 
ef f ect s of  t he condensat e.   A 8 mm 0. 3125 i nch di amet er  hol e shal l  be 
pr ovi ded i n t he st ack not  gr eat er  t han 152 mm 6 i nches f r om t he boi l er  f l ue 
out l et  f or  sampl i ng of  t he exi t  gases.   A met hod shal l  be pr ovi ded t o seal  
t he hol e t o pr event  exhaust  gases f r om ent er i ng t he boi l er  r oom when 
sampl es ar e not  bei ng t aken.   Each exhaust  st ack shal l  be pr ovi ded compl et e 
wi t h bi r d scr een.

2. 12. 6   Expansi on Tank

**************************************************************************
NOTE:   I f  a hot  wat er  heat i ng syst em i s not  ut i l i zed 
del et e t hi s par agr aph.

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

The hot  wat er  pr essur i zat i on syst em shal l  i ncl ude a di aphr agm- t ype 
expansi on t ank whi ch wi l l  accommodat e t he expanded wat er  of  t he syst em 
gener at ed wi t hi n t he nor mal  oper at i ng t emper at ur e r ange,  l i mi t i ng t he 
pr essur e i ncr ease at  al l  component s i n t he syst em t o t he maxi mum al l owabl e 
pr essur e at  t hose component s.   The onl y ai r  i n t he syst em shal l  be t he 
per manent  seal ed- i n ai r  cushi on cont ai ned i n t he di aphr agm- t ype t ank.   The 
si zes shal l  be as i ndi cat ed.   The expansi on t ank shal l  be wel ded st eel ,  
const r uct ed,  t est ed,  and st amped i n accor dance wi t h ASME BPVC SEC VI I I  D1 
f or  a wor ki ng pr essur e of  [ 850]  [ _____]  kPa [ 125]  [ _____]  psi  and 
pr echar ged t o t he mi ni mum oper at i ng pr essur e.   The t ank' s ai r  chamber  shal l  
be f i t t ed wi t h an ai r  char gi ng val ve and pr essur e gauge.   The t ank shal l  be 
suppor t ed by st eel  l egs or  bases f or  ver t i cal  i nst al l at i on or  st eel  saddl es 
f or  hor i zont al  i nst al l at i ons.   The t ank shal l  have l i f t i ng r i ngs and a 
dr ai n connect i on.   Al l  component s shal l  be sui t abl e f or  a maxi mum oper at i ng 
t emper at ur e of  120 degr ees C 250 degr ees F.
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2. 12. 7   Ai r  Separ at or

Ext er nal  ai r  separ at i on t ank shal l  be st eel ,  const r uct ed,  t est ed and 
st amped i n accor dance wi t h ASME BPVC SEC VI I I  D1 f or  a wor ki ng pr essur e of  
[ 850]  [ _____]  kPa [ 125]  [ _____]  psi .   The capaci t y  of  t he ai r  separ at i on 
t ank i ndi cat ed i s mi ni mum.

2. 12. 8   Filters

Fi l t er s shal l  conf or m t o ASHRAE 52. 2.

2. 12. 9   Foundat i on ( Set t i ng)  Mat er i al s

2. 12. 9. 1   Firebrick

Fi r ebr i ck shal l  be ASTM C27 cl ass as r ecommended by boi l er  manuf act ur er .

2. 12. 9. 2   Tile

Ti l e shal l  be ASTM C34,  Gr ade LBX.

2. 12. 9. 3   I nsul at i ng Br i ck

I nsul at i ng br i ck shal l  compl y wi t h ASTM C155.

2. 12. 9. 4   Ref r act or y Mor t ar

Ref r act or y mor t ar  shal l  compl y wi t h ASTM F1097.

2. 12. 9. 5   Cast abl e Ref r act or i es

Cast abl e r ef r act or i es shal l  be ASTM C401.   The mi ni mum modul us of  r upt ur e 
f or  t r ansver se st r engt h shal l  be not  l ess t han 4136 kPa 600 psi  af t er  bei ng 
heat  soaked f or  5 hour s or  mor e at  a t emper at ur e i n excess of  1371 degr ees C
 2500 degr ees F.

2. 12. 10   St eel  Sheet s

2. 12. 10. 1   Gal vani zed St eel

Gal vani zed st eel  shal l  be ASTM A653/ A653M.

2. 12. 10. 2   Uncoat ed St eel

Uncoat ed st eel  shal l  be composi t i on,  condi t i on,  and f i ni sh best  sui t ed t o 
t he i nt ended use.

2. 12. 11   Gaskets

Gasket s shal l  be nonasbest os mat er i al  i n accor dance wi t h ASME B16. 20,  f ul l  
f ace or  sel f - cent er i ng t ype.   The gasket s shal l  be of  t he spi r al  wound t ype 
wi t h gr aphi t e f i l l er  mat er i al .

2. 12. 12   St eel  Pi pe and Fi t t i ngs

2. 12. 12. 1   St eel  Pi pe

St eel  pi pe shal l  be ASTM A53/ A53M,  Type E or  S,  Gr ade A or  B,  bl ack st eel ,  
st andar d wei ght .
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2. 12. 12. 2   St eel  Pi pe Fi t t i ngs

Fi t t i ngs shal l  have t he manuf act ur er ' s t r ademar k af f i xed i n accor dance wi t h 
MSS SP- 25 so as t o per manent l y i dent i f y t he manuf act ur er .

2. 12. 12. 3   St eel  Fl anges

Fl anged f i t t i ngs i ncl udi ng f l anges,  bol t s,  nut s,  bol t  pat t er ns,  et c.  shal l  
be i n accor dance wi t h ASME B16. 5 c l ass 150 and shal l  have t he 
manuf act ur er ' s t r ademar k af f i xed i n accor dance wi t h MSS SP- 25.   Fl ange 
mat er i al  shal l  conf or m t o ASTM A105/ A105M.   Fl anges f or  hi gh t emper at ur e 
wat er  syst ems shal l  be ser r at ed or  r ai sed- f ace t ype.   Bl i nd f l ange mat er i al  
shal l  conf or m t o ASTM A516/ A516M col d ser vi ce and ASTM A515/ A515M f or  hot  
ser vi ce.   Bol t s shal l  be hi gh st r engt h or  i nt er medi at e st r engt h wi t h 
mat er i al  conf or mi ng t o ASTM A193/ A193M.   Submi t  wr i t t en cer t i f i cat i on by 
t he bol t  manuf act ur er  t hat  t he bol t s f ur ni shed compl y wi t h t he r equi r ement s 
of  t hi s speci f i cat i on.   The cer t i f i cat i on shal l  i ncl ude i l l ust r at i ons of  
pr oduct  mar ki ngs,  t he dat e of  manuf act ur e,  and t he number  of  each t ype of  
bol t  t o be f ur ni shed based on t hi s cer t i f i cat i on.

2. 12. 12. 4   Wel ded Fi t t i ngs

Wel ded f i t t i ngs shal l  conf or m t o ASTM A234/ A234M wi t h WPA mar ki ng.  
But t wel ded f i t t i ngs shal l  conf or m t o ASME B16. 9,  and socket - wel ded f i t t i ngs 
shal l  conf or m t o ASME B16. 11.

2. 12. 12. 5   Cast - I r on Fi t t i ngs

Fi t t i ngs shal l  be ASME B16. 4,  Cl ass 125,  t ype r equi r ed t o mat ch connect i ng 
piping.

2. 12. 12. 6   Mal l eabl e- I r on Fi t t i ngs

Fi t t i ngs shal l  be ASME B16. 3,  t ype as r equi r ed t o mat ch connect i ng pi pi ng.

2. 12. 12. 7   Unions

Uni ons shal l  be ASME B16. 39,  Cl ass 150.

2. 12. 12. 8   Threads

Pi pe t hr eads shal l  conf or m t o ASME B1. 20. 2MASME B1. 20. 1.

2. 12. 12. 9   Gr ooved Mechani cal  f i t t i ngs

**************************************************************************
NOTE:   Gr ooved mechani cal  f i t t i ngs wi l l  not  be 
al l owed f or  st eam pi pi ng or  condensat e pi pi ng or  hot  
wat er  pi pi ng above 110 degr ees C 230 degr ees F.

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

Joi nt s and f i t t i ngs shal l  be desi gned f or  not  l ess t han[  862 kPa 125 psi g]  
[ _____]  ser vi ce and shal l  be t he pr oduct  of  t he same manuf act ur er .   Fi t t i ng 
and coupl i ng houses shal l  be duct i l e i r on conf or mi ng t o ASTM A536.   Gasket s 
shal l  be mol ded synt het i c r ubber  wi t h cent r al  cavi t y,  pr essur e r esponsi ve 
conf i gur at i on and shal l  conf or m t o ASTM D2000 f or  c i r cul at i ng medi um up t o 
110 degr ees C 230 degr ees F.   Gr ooved j oi nt s shal l  conf or m t o AWWA C606.   
Coupl i ng nut s and bol t s shal l  be st eel  and shal l  conf or m t o ASTM A183.
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2. 12. 13   Copper  Tubi ng and Fi t t i ngs

2. 12. 13. 1   Copper  Tubi ng

Tubi ng shal l  be ASTM B88M ASTM B88,  Type K or  L.   Adapt er s f or  copper  
t ubi ng shal l  be br ass or  br onze f or  br azed f i t t i ngs.

2. 12. 13. 2   Sol der - Joi nt  Pr essur e Fi t t i ngs

Wr ought  copper  and br onze sol der - j oi nt  pr essur e f i t t i ngs shal l  conf or m t o 
ASME B16. 22 and ASTM B75/ B75M.   Cast  copper  al l oy sol der - j oi nt  pr essur e 
f i t t i ngs shal l  conf or m t o ASME B16. 18 and ASTM B828.

2. 12. 13. 3   Fl ar ed Fi t t i ngs

Cast  copper  al l oy f i t t i ngs f or  f l ar ed copper  t ube shal l  conf or m t o 
ASME B16. 26 and ASTM B62.

2. 12. 13. 4   Adapters

Adapt er s may be used f or  connect i ng t ubi ng t o f l anges and t o t hr eaded ends 
of  val ves and equi pment .   Ext r act ed br azed t ee j oi nt s pr oduced wi t h an 
accept abl e t ool  and i nst al l ed as r ecommended by t he manuf act ur er  may be 
used.

2. 12. 13. 5   Thr eaded Fi t t i ngs

Cast  br onze t hr eaded f i t t i ngs shal l  conf or m t o ASME B16. 15.

2. 12. 13. 6   Br azi ng Mat er i al

Br azi ng mat er i al  shal l  conf or m t o AWS A5. 8/ A5. 8M.

2. 12. 13. 7   Br azi ng Fl ux

Fl ux shal l  be i n past e or  l i qui d f or m appr opr i at e f or  use wi t h br azi ng 
mat er i al .   Fl ux shal l  be as f ol l ows:   l ead- f r ee;  have a 100 per cent  
f l ushabl e r esi due;  cont ai n s l i ght l y aci di c r eagent s;  cont ai n pot assi um 
bor i des,  and cont ai n f l uor i des.   Si l ver  br azi ng mat er i al s shal l  be i n 
accor dance wi t h AWS A5. 8/ A5. 8M.

2. 12. 13. 8   Sol der  Mat er i al

Sol der  met al  shal l  conf or m t o ASTM B32 95- 5 t i n- ant i mony.

2. 12. 13. 9   Sol der  Fl ux

Fl ux shal l  be ei t her  l i qui d or  past e f or m,  non- cor r osi ve and conf or m t o 
ASTM B813.

2. 12. 13. 10   Gr ooved Mechani cal  Fi t t i ngs

**************************************************************************
NOTE:   Gr ooved mechani cal  f i t t i ngs wi l l  not  be 
al l owed f or  st eam pi pi ng or  condensat e pi pi ng or  hot  
wat er  pi pi ng above 110 degr ees C 230 degr ees F.

**************************************************************************
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Joi nt s and f i t t i ngs shal l  be desi gned f or  not  l ess t han [ 862 kPa 125 psi g]  
[ _____]  ser vi ce and shal l  be t he pr oduct  of  t he same manuf act ur er .   Fi t t i ng 
and coupl i ng houses shal l  be duct i l e i r on conf or mi ng t o ASTM A536.   Gasket s 
shal l  be mol ded synt het i c r ubber  wi t h cent r al  cavi t y,  pr essur e r esponsi bl e 
conf i gur at i on and shal l  conf or m t o ASTM D2000,  f or  c i r cul at i ng medi um up t o 
110 degr ees C 230 degr ees F.   Gr ooved j oi nt s shal l  conf or m t o AWWA C606.   
Coupl i ng nut s and bol t s shal l  be st eel  and shal l  conf or m t o ASTM A183.

2. 12. 14   Di el ect r i c  Wat er ways and Fl anges

Di el ect r i c  wat er ways shal l  have t emper at ur e and pr essur e r at i ng equal  t o or  
gr eat er  t han t hat  speci f i ed f or  t he connect i ng pi pi ng.   Wat er ways shal l  
have met al  connect i ons on bot h ends sui t ed t o mat ch connect i ng pi pi ng.   
Di el ect r i c  wat er ways shal l  be i nt er nal l y l i ned wi t h an i nsul at or  
speci f i cal l y  desi gned t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   
Di el ect r i c  f l anges shal l  meet  t he per f or mance r equi r ement s descr i bed her ei n 
f or  di el ect r i c  wat er ways.

2. 12. 15   Fl exi bl e Pi pe Connect or s

Fl exi bl e pi pe connect or s shal l  be desi gned f or  861. 8 kPa 125 psi  or  1034. 2 
kPa 150 psi  ser v i ce.   Connect or s shal l  be i nst al l ed wher e i ndi cat ed.   The 
f l exi bl e sect i on shal l  be const r uct ed of  r ubber ,  t et r af l uor oet hyl ene r esi n,  
or  cor r osi on- r esi st i ng st eel ,  br onze,  monel ,  or  gal vani zed st eel .   
Mat er i al s used and t he conf i gur at i on shal l  be sui t abl e f or  t he pr essur e,  
vacuum,  and t emper at ur e medi um.   The f l exi bl e sect i on shal l  be sui t abl e f or  
ser vi ce i nt ended and may have t hr eaded,  wel ded,  sol der ed,  f l anged,  or  
socket  ends.   Fl anged assembl i es shal l  be equi pped wi t h l i mi t  bol t s  t o 
r est r i c t  maxi mum t r avel  t o t he manuf act ur er ' s st andar d l i mi t s.   Unl ess 
ot her wi se i ndi cat ed,  t he l engt h of  t he f l exi bl e connect or s shal l  be as 
r ecommended by t he manuf act ur er  f or  t he ser vi ce i nt ended.  I nt er nal  s l eeves 
or  l i ner s,  compat i bl e wi t h c i r cul at i ng medi um,  shal l  be pr ovi ded when 
r ecommended by t he manuf act ur er .   Cover s t o pr ot ect  t he bel l ows shal l  be 
pr ovi ded wher e i ndi cat ed.

2. 12. 16   Pi pe Suppor t s

Pi pe suppor t s shal l  conf or m t o MSS SP- 58.

2. 12. 17   Pi pe Expansi on

2. 12. 17. 1   Expansi on Loops

**************************************************************************
NOTE:   Whenever  possi bl e,  expansi on l oops,  of f set s,  
and bends shal l  be ut i l i zed i nst ead of  expansi on 
j oi nt s t o absor b and t o compensat e f or  expansi on and 
cont r act i on.   Coor di nat i on wi l l  be made wi t h sei smi c 
br aci ng.   Sei smi c br aci ng shoul d not  i nt er f er e wi t h 
t her mal  expansi on.

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

Expansi on l oops and of f set s shal l  pr ovi de adequat e expansi on of  t he mai n 
st r ai ght  r uns of  t he syst em wi t hi n t he st r ess l i mi t s speci f i ed i n ASME B31. 1.   
The l oops and of f set s shal l  be col d- spr ung and i nst al l ed wher e i ndi cat ed.   
Pi pe gui des and anchor s shal l  be pr ovi ded as i ndi cat ed.
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2. 12. 17. 2   Expansi on Joi nt s

Expansi on j oi nt s shal l  pr ovi de f or  ei t her  s i ngl e or  doubl e s l i p of  t he 
connect ed pi pes,  as r equi r ed or  i ndi cat ed,  and f or  not  l ess t han t he 
t r ansver se i ndi cat ed.   The j oi nt s shal l  be desi gned f or  a [ hot  wat er ]  
[ st eam]  wor ki ng pr essur e not  l ess t han [ _____]  kPa psi g and shal l  be i n 
accor dance wi t h appl i cabl e r equi r ement s of  EJMA St ds and ASME B31. 1.   End 
connect i on shal l  be f l anged.  Anchor  bases or  suppor t  bases shal l  be 
pr ovi ded as i ndi cat ed or  r equi r ed.   Sl i di ng sur f aces and wat er  wet t ed 
sur f aces shal l  be chr omi um pl at ed or  f abr i cat ed of  cor r osi on r esi st ant  
st eel .   I ni t i al  set t i ng shal l  be made i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons t o compensat e f or  an ambi ent  t emper at ur e at  t i me of  
i nst al l at i on.   Pi pe al i gnment  gui des shal l  be i nst al l ed as r ecommended by 
t he j oi nt  manuf act ur er ,  but  i n any case shal l  not  be mor e t han 1. 5 m 5 f eet  
f r om expansi on j oi nt ,  except  i n l i nes 100 mm 4 i nches or  smal l er  gui des 
shal l  be i nst al l ed not  mor e t han 600 mm 2 f eet  f r om t he j oi nt .   Ser vi ce 
out l et s shal l  be pr ovi ded wher e i ndi cat ed.

2. 12. 17. 2. 1   Bel l ows- Type j oi nt

Bel l ows- t ype j oi nt s shal l  be f l ex i bl e,  gui ded expansi on j oi nt s.  The 
expansi on el ement  shal l  be st abi l i zed cor r osi on r esi st ant  st eel .   
Bel l ows- t ype expansi on j oi nt s shal l  conf or m t o t he appl i cabl e r equi r ement s 
of EJMA St ds and ASME B31. 1 wi t h i nt er nal  l i nes.   Gui di ng of  pi pi ng on bot h 
s i des of  expansi on j oi nt  shal l  be i n accor dance wi t h t he publ i shed 
r ecommendat i ons of  t he manuf act ur er  of  t he expansi on j oi nt .   The j oi nt s 
shal l  be desi gned f or  t he wor ki ng t emper at ur e and pr essur e sui t abl e f or  t he 
appl i cat i on but  shal l  not  be l ess t han 1135 kPa 150 psi g.

2. 12. 17. 2. 2   Fl exi bl e Bal l  Joi nt

Fl exi bl e bal l  j oi nt s shal l  be const r uct ed of  al l oys as appr opr i at e f or  t he 
ser vi ce i nt ended.   The j oi nt s shal l  be t hr eaded,  gr ooved,  f l anged,  or  
wel ded end as r equi r ed and shal l  be capabl e of  absor bi ng t he nor mal  
oper at i ng axi al ,  l at er al ,  or  angul ar  movement s or  combi nat i on t her eof .   
Bal l s and socket s shal l  be pol i shed,  chr omi um- pl at ed when mat er i al s  ar e not  
of  cor r osi on- r esi st ant  st eel .   The bal l  t ype j oi nt  shal l  be desi gned and 
const r uct ed i n accor dance wi t h ASME B31. 1 and EJMA St ds.   Fl anges shal l  
conf or m t o t he di amet er  and dr i l l i ng of  ASME B16. 5.  Mol ded gasket s shal l  be 
sui t abl e f or  t he ser vi ce i nt ended.

2. 12. 17. 2. 3   Sl i p Type Expansi on Joi nt

Sl i p t ype expansi on j oi nt s shal l  be EJMA St ds and ASME B31. 1,  Cl ass 1 or  
2.   Type I I  j oi nt s shal l  be sui t abl e f or  r epacki ng under  f ul l  l i ne pr essur e.

2. 12. 18   Valves

Val ves shal l  be Cl ass 125 and shal l  be sui t abl e f or  t he appl i cat i on.  
Gr ooved ends i n accor dance wi t h AWWA C606 may be used f or  wat er  ser vi ce 
onl y.   Val ves i n nonboi l er  ext er nal  pi pi ng shal l  meet  t he mat er i al ,  
f abr i cat i on and oper at i ng r equi r ement s of  ASME B31. 1.   The connect i on t ype 
of  al l  val ves shal l  mat ch t he same t ype of  connect i on r equi r ed f or  t he 
pi pi ng on whi ch i nst al l ed.

2. 12. 18. 1   Gat e Val ves

Gat e val ves 65 mm 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80 
br onze r i s i ng st em,  t hr eaded,  sol der ,  or  f l anged ends.   Gat e val ves 80 mm 3 
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i nches and l ar ger  shal l  conf or m t o MSS SP- 70 cast  i r on br onze t r i m,  out s i de 
scr ew and yoke,  f l anged,  or  t hr eaded ends.

2. 12. 18. 2   Gl obe Val ves

Gl obe val ves 65 mm 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80, 
br onze,  t hr eaded,  sol der ed,  or  f l anged ends.   Gl obe val ves 80 mm 3 i nches 
and l ar ger  shal l  conf or m t o MSS SP- 85,  cast  i r on,  br onze t r i m,  f l anged,  or  
t hr eaded ends.

2. 12. 18. 3   Check Val ves

Check val ves 65 mm 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80, 
br onze,  t hr eaded,  sol der ed,  or  f l anged ends.   Check val ves 80 mm 3 i nches 
and l ar ger  shal l  conf or m t o MSS SP- 71,  cast  i r on,  br onze t r i m,  f l anged,  or  
t hr eaded ends.

2. 12. 18. 4   Angl e Val ves

Angl e val ves 65 mm 2- 1/ 2 i nches and smal l er  shal l  conf or m t o MSS SP- 80 
br onze,  t hr eaded,  sol der ed,  or  f l anged ends.   Angl e val ves 80 mm 3 i nches 
and l ar ger  shal l  conf or m t o MSS SP- 85,  cast  i r on,  br onze t r i m,  f l anged,  or  
t hr eaded ends.

2. 12. 18. 5   Bal l  Val ves

Bal l  val ves 15 mm 1/ 2 i nch and l ar ger  shal l  conf or m t o [ MSS SP- 72]  [ or ]  [
MSS SP- 110] ,  duct i l e i r on or  br onze,  t hr eaded,  sol der ed,  or  f l anged ends.

2. 12. 18. 6   Pl ug Val ves

Pl ug val ves 51 mm 2 i nch and l ar ger  shal l  conf or m t o MSS SP- 78.   Pl ug 
val ves smal l er  t han 51 mm 2 i nch shal l  conf or m t o ASME B16. 34.

2. 12. 18. 7   Gr ooved End Val ves

**************************************************************************
NOTE:   Gr ooved end val ves wi l l  not  be al l owed f or  
st eam pi pi ng.

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

Val ves wi t h gr ooved ends i n accor dance wi t h AWWA C606 may be used i f  t he 
val ve manuf act ur er  cer t i f i es t hat  t hei r  per f or mance meet s t he r equi r ement s 
of  t he st andar ds i ndi cat ed f or  each t ype of  val ve.

2. 12. 18. 8   Bal anci ng Val ves

Bal anci ng val ves shal l  have met er  connect i ons wi t h posi t i ve shut of f  
val ves.   An i nt egr al  poi nt er  shal l  r egi st er  t he degr ee of  val ve openi ng.  
Val ves shal l  be cal i br at ed so t hat  f l ow r at e can be det er mi ned when val ve 
openi ng i n degr ees and pr essur e di f f er ent i al  acr oss val ve i s known.   Each 
bal anci ng val ve shal l  be const r uct ed wi t h i nt er nal  seal s t o pr event  l eakage 
and shal l  be suppl i ed wi t h pr ef or med i nsul at i on.   Val ves shal l  be sui t abl e 
f or  120 degr ees C 250 degr ees F t emper at ur e and wor ki ng pr essur e of  t he 
pi pe i n whi ch i nst al l ed.   Val ve bodi es shal l  be pr ovi ded wi t h t apped 
openi ngs and pi pe ext ensi ons wi t h shut of f  val ves out s i de of  pi pe 
i nsul at i on.   The pi pe ext ensi ons shal l  be pr ovi ded wi t h qui ck connect i ng 
hose f i t t i ngs f or  a por t abl e met er  t o measur e t he pr essur e di f f er ent i al .   
One por t abl e di f f er ent i al  met er  shal l  be f ur ni shed.   The met er  sui t abl e f or  
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t he oper at i ng pr essur e speci f i ed shal l  be compl et e wi t h hoses,  vent ,  and 
shut of f  val ves,  and car r y i ng case.   I n l i eu of  t he bal anci ng val ve wi t h 
i nt egr al  met er i ng connect i ons,  a bal l  val ve or  pl ug val ve wi t h a separ at el y 
i nst al l ed or i f i ce pl at e or  vent ur i  t ube may be used f or  bal anci ng.

2. 12. 18. 9   Aut omat i c Fl ow Cont r ol  Val ves

**************************************************************************
NOTE:   I n any f aci l i t y  wher e t echnol ogi cal  and 
occupancy r equi r ement s i ndi cat e t hat  l oad i mbal ances 
cannot  be t ol er at ed and t her e i s a need f or  
aut omat i c cont r ol  ensur i ng const ant  hydr oni c f l ow,  
t he desi gn wi l l  i ncor por at e aut omat i c f l ow- cont r ol  
val ves i ndi cat i ng t hei r  l ocat i on and capaci t y on t he 
dr awi ngs.   The r equi r ed pump head wi l l  be shown on 
t he dr awi ngs.

Ut i l i ze el ect r i c  mot or  cont r ol s f or  new syst ems;  
t hus,  del et e br acket ed sel ect i on " or  pneumat i c t ype 
as appl i cabl e"  f or  pr oj ect s i nvol v i ng new syst ems.

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

I n l i eu of  t he speci f i ed bal anci ng val ves,  aut omat i c f l ow cont r ol  val ves 
may be pr ovi ded t o mai nt ai n const ant  f l ow and shal l  be desi gned t o be 
sensi t i ve t o pr essur e di f f er ent i al  acr oss t he val ve t o pr ovi de t he r equi r ed 
openi ng.   Val ves shal l  be sel ect ed f or  t he f l ow r equi r ed and pr ovi ded wi t h 
a per manent  namepl at e or  t ag car r y i ng a per manent  r ecor d of  t he 
f act or y- det er mi ned f l ow r at e and f l ow cont r ol  pr essur e l evel s.   Val ves 
shal l  cont r ol  t he f l ow wi t hi n 5 per cent  of  t he t ag r at i ng.   Val ves shal l  be 
sui t abl e f or  t he maxi mum oper at i ng pr essur e of  850 kPa 125 psi  or  150 
per cent  of  t he syst em oper at i ng pr essur e,  whi chever  i s  gr eat er .   Wher e t he 
avai l abl e syst em pr essur e i s not  adequat e t o pr ovi de t he mi ni mum pr essur e 
di f f er ent i al  t hat  st i l l  al l ows f l ow cont r ol ,  t he syst em pump head 
capabi l i t y  shal l  be i ncr eased.   Val ves shal l  be sui t abl e f or  120 degr ees C 
250 degr ees F t emper at ur e ser vi ce.   Val ve mat er i al s shal l  be same as 
speci f i ed f or  t he heat i ng syst em check,  gl obe,  angl e,  and gat e val ves.   
Val ve oper at or  shal l  be t he el ect r i c  mot or  t ype[  or  pneumat i c t ype as 
appl i cabl e] .   Val ve oper at or  shal l  be capabl e of  posi t i ve shut of f  agai nst  
t he syst em pump head.   Val ve bodi es shal l  be pr ovi ded wi t h t apped openi ngs 
and pi pe ext ensi ons wi t h shut of f  val ves out s i de of  pi pe i nsul at i on.   The 
pi pe ext ensi ons shal l  be pr ovi ded wi t h qui ck connect i ng hose f i t t i ngs f or  a 
por t abl e met er  t o measur e t he pr essur e di f f er ent i al  acr oss t he aut omat i c 
f l ow cont r ol  val ve.   A por t abl e met er  shal l  be pr ovi ded wi t h accessor y k i t  
as r ecommended f or  t he pr oj ect  by t he aut omat i c val ve manuf act ur er .

2. 12. 18. 10   But t er f l y  Val ves

But t er f l y  val ves shal l  be 2- f l ange t ype or  l ug waf er  t ype,  and shal l  be 
bubbl et i ght  at  1135 kPa 150 psi g.   Val ve bodi es shal l  be cast  i r on,  
mal l eabl e i r on,  or  st eel .   ASTM A167,  Type 404 or  Type 316,  cor r osi on 
r esi st i ng st eel  st ems,  br onze,  or  cor r osi on r esi st i ng st eel  di scs,  and 
synt het i c r ubber  seat s shal l  be pr ovi ded.   Val ves smal l er  t han 200 mm 8 
i nches shal l  have t hr ot t l i ng handl es wi t h a mi ni mum of  seven l ocki ng 
posi t i ons.   Val ves 200 mm 8 i nches and l ar ger  shal l  have t ot al l y  encl osed 
manual  gear  oper at or s wi t h adj ust abl e bal ance r et ur n st ops and posi t i on 
i ndi cat or s.   Val ves i n i nsul at ed l i nes shal l  have ext ended neck t o 
accommodat e i nsul at i on t hi ckness.
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2. 12. 18. 11   Dr ai n val ves

Dr ai n val ves shal l  be pr ovi ded at  each dr ai n poi nt  of  bl owdown as 
r ecommended by t he boi l er  manuf act ur er .   Pi pi ng shal l  conf or m t o 
ASME BPVC SEC I V and ASTM A53/ A53M.

2. 12. 18. 12   Saf et y Val ves

Saf et y val ves shal l  have st eel  bodi es and shal l  be equi pped wi t h 
cor r osi on- r esi st ant  t r i m and val ve seat s.   The val ves shal l  be pr oper l y 
gui ded and shal l  be posi t i ve c l osi ng so t hat  no l eakage can occur .  
Adj ust ment  of  t he desi r ed back- pr essur e shal l  cover  t he r ange bet ween 15 
and 70 kPa 2 and 10 psi g.   The adj ust ment  shal l  be made ext er nal l y,  and any 
shaf t s ext endi ng t hr ough t he val ve body shal l  be pr ovi ded wi t h adj ust abl e 
st uf f i ng boxes havi ng r enewabl e packi ng.   Boi l er  saf et y val ves of  pr oper  
s i ze and of  t he r equi r ed number ,  i n accor dance wi t h ASME BPVC SEC I V,  shal l  
be i nst al l ed so t hat  t he di schar ge wi l l  be t hr ough pi pi ng ext ended [ t o t he 
bl owof f  t ank]  [ t o a l ocat i on as i ndi cat ed] .   [ Each di schar ge pi pe f or  st eam 
ser vi ce shal l  be pr ovi ded wi t h a dr i p pan el bow t o pr event  accumul at i on of  
wat er  on t he val ve.   A s l i p j oi nt  shal l  be pr ovi ded bet ween dr i p pan el bow 
and r i ser . ]   [ Each di schar ge pi pe f or  hot  wat er  ser vi ce shal l  be pi t ched 
away f r om t he val ve seat . ]

2. 12. 19   Strainers

Basket  and " Y"  t ype st r ai ner s shal l  be t he same si ze as t he pi pel i nes i n 
whi ch t hey ar e i nst al l ed.   The st r ai ner  bodi es shal l  be heavy and dur abl e,  
f abr i cat ed of  cast  i r on,  and shal l  have bot t oms dr i l l ed and t apped wi t h a 
gat e val ve at t ached f or  bl owdown pur poses.   St r ai ner s shal l  be desi gned f or  
[ _____]  kPa psi g ser vi ce and [ _____]  degr ees C degr ees F.   The bodi es shal l  
have ar r ows cl ear l y cast  on t he s i des i ndi cat i ng t he di r ect i on of  f l ow.   
Each st r ai ner  shal l  be equi pped wi t h an easi l y r emovabl e cover  and sedi ment  
scr een.   The scr een shal l  be made of  0. 795 mm 22 gauge t hi ck [ br ass sheet ]  
[ monel ]  [ cor r osi on- r esi st ant  st eel ]  wi t h smal l  per f or at i ons number i ng not  
l ess t han 6, 150/ squar e m 400/ squar e i nch t o pr ovi de a net  f r ee ar ea t hr ough 
t he basket  of  at  l east  3. 30 t i mes t hat  of  t he ent er i ng pi pe.   The f l ow 
shal l  be i nt o t he scr een and out  t hr ough t he per f or at i ons.

2. 12. 20   Pr essur e Gauges

Gauges shal l  conf or m t o ASME B40. 100 and shal l  be pr ovi ded wi t h t hr ot t l i ng 
t ype needl e val ve or  a pul sat i on dampener  and shut of f  val ve.   Mi ni mum di al  
s i ze shal l  be 90 mm 3- 1/ 2 i nches.   A pr essur e gauge shal l  be pr ovi ded f or  
each boi l er  i n a v i s i bl e l ocat i on on t he boi l er .   Pr essur e gauges shal l  be 
pr ovi ded wi t h r eadi ngs i n kPa psi .   Pr essur e gauges shal l  have an 
i ndi cat i ng pr essur e r ange t hat  i s  r el at ed t o t he oper at i ng pr essur e of  t he 
f l ui d i n accor dance wi t h t he f ol l owi ng t abl e:

Oper at i ng Pr essur e ( kPa)  ( psi ) Pr essur e Range ( kPa)  ( psi )

519- 1030 76- 150 0- 1400 0- 200

105- 518 16- 75 0- 690 0- 100

14- 104 2- 15 0- 210 0- 30 ( r et ar d)
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2. 12. 21   Thermometers

Ther momet er s shal l  be pr ovi ded wi t h wel l s and separ abl e cor r osi on- r esi st ant  
st eel  socket s.   Mer cur y shal l  not  be used i n t her momet er s.   Ther momet er s 
f or  [ i nl et  wat er  and out l et  wat er  f or  each hot  wat er  boi l er ]  [ t he f eedwat er  
f or  each st eam boi l er ]  shal l  be pr ovi ded i n a v i s i bl e l ocat i on on t he 
boi l er .   Ther momet er s shal l  have br ass,  mal l eabl e i r on,  or  al umi num al l oy 
case and f r ame,  c l ear  pr ot ect i ve f ace,  per manent l y  st abi l i zed gl ass t ube 
wi t h i ndi cat i ng- f l ui d col umn,  whi t e f ace,  bl ack number s,  and a mi ni mum 225 
mm 9 i nch scal e.   The oper at i ng r ange of  t he t her momet er s shal l  be 0- 100 
degr ees C 32- 212 degr ees F.   The t her momet er s shal l  be pr ovi ded wi t h 
r eadi ngs i n degr ees C F.

2. 12. 22   Ai r  Vent s

**************************************************************************
NOTE:   Ai r  vent  l ocat i ons wi l l  be i ndi cat ed on 
dr awi ngs;  di st i ngui sh bet ween manual  and aut omat i c 
ai r  vent s.

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

2. 12. 22. 1   Manual  Ai r  Vent s

Manual  ai r  vent s shal l  be br ass or  br onze val ves or  cocks sui t abl e f or  t he 
pr essur e r at i ng of  t he pi pi ng syst em and f ur ni shed wi t h t hr eaded pl ugs or  
caps.

2. 12. 22. 2   Aut omat i c Ai r  Vent s

Aut omat i c ai r  vent s shal l  be 19 mm 3/ 4 i nch qui ck- vent i ng f l oat  and vacuum 
ai r  val ves.   Each ai r  vent  val ve shal l  have a l ar ge por t  per mi t t i ng t he 
expul s i on of  t he ai r  wi t hout  devel opi ng excessi ve back pr essur e,  a 
noncol l apsi bl e met al  f l oat  whi ch wi l l  c l ose t he val ve and pr event  t he l oss 
of  wat er  f r om t he syst em,  an ai r  seal  t hat  wi l l  ef f ect i vel y c l ose and 
pr event  t he r e- ent r y of  ai r  i nt o t he syst em when subat mospher i c pr essur es 
pr evai l  t her ei n,  and a t her most at i c member  t hat  wi l l  c l ose t he por t  agai nst  
t he passage of  s t eam f r om t he syst em.   The name of  t he manuf act ur er  shal l  
be c l ear l y st amped on t he out s i de of  each val ve.   The ai r  vent  val ve shal l  
be sui t abl e f or  t he pr essur e r at i ng of  t he pi pi ng syst em.

2. 12. 23   St eam Tr aps

**************************************************************************
NOTE:   The desi gn engi neer ,  when desi gnat i ng st eam 
usi ng equi pment  or  speci al  st eam appl i cat i ons,  wi l l  
i ndi cat e t he t ype of  st eam t r ap r equi r ed i n 
accor dance wi t h t he f ol l owi ng dat a:

a.   I nver t ed Bucket  Tr aps:   Thi s t ype of  t r ap 
cont i nuousl y vent s ai r   and car bon di oxi de at  st eam 
t emper at ur e and i s r ecommended f or  modul at i ng 
l oads.   The bucket  f l oat s on st eam t o c l ose t he 
out l et  and s i nks i nt o condensat e t o open t he 
condensat e out l et .   Any t r apped ai r  i s  di schar ged 
f i r st  i nt o t he condensat e r et ur n l i ne and i s 
f ol l owed by condensat e di schar ge.   Thi s t ype of  t r ap 
has t he l ongest  l i f e on syst ems under  modul at ed 
cont r ol .   When l ar ge amount s of  ai r  ar e ant i c i pat ed,  
an ext er nal  t her most at i c ai r  vent  shoul d be 
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i nst al l ed on a l i ne bypassi ng t he t r ap t o bl eed ai r  
f r om t he st eam l i ne and di schar ge i t  t o t he 
condensat e r et ur n l i ne.   Thi s syst em wi l l  gi ve 
opt i mum per f or mance at  l ow st eam pr essur es wi t h 
maxi mum dependabi l i t y .   These t r aps wi l l  handl e 
condensat e f r om f an coi l  uni t s wher e condensat e must  
be l i f t ed t o r et ur n l i nes l ocat ed above t he 
equi pment .   They oper at e best  at  near  f ul l  l oad 
condi t i ons wher e l oads do not  var y over  a wi de 
r ange.   Bef or e oper at i on,  t r aps must  be pr i med by 
f i l l i ng t hem wi t h wat er .

b.   Ver t i cal  Open- Top Bucket  Tr ap:   Tr ap 
const r uct i on i s mor e compl ex t han i nver t ed bucket  
t ype but  i s  sui t abl e f or  appl i cat i ons havi ng wi de 
var i at i on of  l oad and pr essur e and i s r ecommended 
f or  const ant  pr essur e syst ems.   Bucket  s i nks i nt o 
condensat e when condensat e r eaches t op of  t r ap and 
t he di schar ge por t  opens.   Af t er  di schar ge,  t he 
bucket  f l oat s on i ncomi ng condensat e keepi ng t he 
di schar ge por t  c l osed.

c.   I mpact - Oper at ed Tr aps:   These t r aps depend on 
st eam vel oci t y t o keep t he di sc c l osed.   As st eam 
vel oci t y decr eases,  t he di sc l i f t s  of f  t he seat  and 
al l ows f l ow of  condensat e.   These t r aps al l ow some 
st eam l eakage and do not  vent  ai r  at  l ow pr essur e.  
They ar e not  r ecommended f or  ser v i ce l ower  t han 69 
kPa ( 10 psi g)   or  wher e back pr essur e may exceed 50 
per cent  of  i nl et  pr essur e.   These t r aps ar e l ess 
expensi ve and have poor  per f or mance i n t he pr esence 
of  di r t .

d.   Ther most at i c  Tr aps:   These t r aps ar e 
bel l ows- act uat ed and cont r act i on of  bel l ows at  a f ew 
degr ees bel ow sat ur at ed st eam pr essur e al l ows 
condensat e ai r  and noncondensabl e gases t o be 
di schar ged.   As st eam r eaches t he bel l ows t he 
expansi on of  t he bel l ows cl oses t he di schar ge por t .   
These t r aps can al so be ut i l i zed t o vent  ai r  f r om a 
st eam syst em and can be used i n conj unct i on wi t h an 
i nver t ed bucket  st eam t r ap pr evi ousl y descr i bed.

e.   Fl oat  and Ther most at i c Tr ap:   These t r aps 
pr ovi de opt i mum per f or mance on modul at i ng syst ems at  
l owest  f i r st  cost .   Wher e st eam pr essur es modul at e 
down t o zer o,  l ar ge amount s of  ai r  may be 
l i ber at ed.   They ar e i deal  f or  dr i ppi ng ends of  
st eam r i ser s,  heel s of  up- f eed st eam r i ser s,  bot t oms 
of  down- f eed st em r i ser s.   These t r aps ar e al so 
i deal  f or  f an coi l  uni t s and uni t  heat er s.

f .   Any t r ap sel ect ed must  be s i zed f or  t he expect ed 
condensat e l oad wi t h an appl i cabl e saf et y f act or  
appl i ed f or  t he par t i cul ar  t ype of  equi pment  
ser vi ced.   Manuf act ur er ' s appl i cat i on manual s shoul d 
be consul t ed t o assi st  i n s i z i ng t r aps.   Saf et y 
f act or s var y f r om 2: 1 t o 10: 1.   An aver age 3: 1 
saf et y f act or  val ue wi l l  cover  most  appl i cat i ons.
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g.   Ser vi ce l i f e bet ween r epai r s or  r epl acement  of  
t r aps may be a det er mi ni ng f act or  i n t he choi ce of  
t r aps.   One manuf act ur er  of  al l  t ypes of  t r aps 
of f er s t he f ol l owi ng exper i ence r ecor d:

Type of  Tr ap Aver age Ser vi ce Li f e Bet ween
Repl acement  or  Repai r s

(months)

I nver t ed bucket  t r aps 42

Fl oat  and t her most at i c t r aps 24

Ther most at i c t r aps 24

I mpact - oper at ed t r aps 19

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

2. 12. 23. 1   Ther most at i c Tr aps

Ther most at i c t r aps shal l  conf or m t o t he r equi r ement s of  ASTM F1139 and 
shal l  be i nst al l ed i n t he r et ur n connect i on f r om each r adi at or  and 
el sewher e as i ndi cat ed.   Dr i p t r aps f or  mai ns,  r i ser s,  and s i mi l ar  l i nes 
shal l  be i nst al l ed wi t h a cool i ng l eg of  1. 50 m 5 f eet  of  uncover ed 19 mm 
3/ 4 i nch pi pe.   The capaci t y of  t r aps shal l  be based on a pr essur e 
di f f er ent i al  of  15 kPa 2 psi .   The t r aps shal l  be desi gned f or  a st eam 
wor ki ng pr essur e of  100 kPa 15 psi g but  shal l  oper at e wi t h a suppl y 
pr essur e of  appr oxi mat el y 15 kPa 2 psi g.   The t r aps shal l  be angl e or  
st r ai ght - t hr ough pat t er n wi t h uni on i nl et  connect i ons as i ndi cat ed.   The 
t r ap bodi es and cover s shal l  be br ass.   Val ve mechani sms and seat s shal l  be 
monel ,  st ai nl ess st eel  or  har d br onze and shal l  be r emovabl e f or  ser vi c i ng 
or  r epl acement .

2. 12. 23. 2   Fl oat - and- Ther most at i c Tr aps

Fl oat - and- t her most at i c t r aps shal l  conf or m t o t he r equi r ement s of  ASTM F1139
 and be desi gned f or  a st eam wor ki ng pr essur e of  100 kPa 15 psi g but  shal l  
oper at e wi t h a suppl y pr essur e of  appr oxi mat el y 34 kPa 5 psi g.   The t r ap 
capaci t y shal l  be based on a pr essur e di f f er ent i al  of  15 kPa 2 psi g.   Each 
f l oat - and- t her most at i c t r ap shal l  have a cast  i r on body and shal l  be 
pr ovi ded wi t h a har d br onze,  monel ,  or  cor r osi on- r esi st i ng st eel  val ve seat  
and mechani sm,  an open-  or  c l osed- t ype f l oat  of  br ass or  equal l y 
cor r osi on- r esi st ant  met al ,  and a cor r osi on- r esi st i ng st eel  t her most at i c ai r  
vent ,  al l  of  whi ch can be easi l y r emoved f or  i nspect i on or  r epl acement  
wi t hout  di st ur bi ng t he pi pi ng connect i ons.   The i nl et  t o each t r ap shal l  
have a br ass or  st ai nl ess st eel  s t r ai ner ,  ei t her  as an i nt egr al  par t  of  t he 
t r ap or  as a separ at e i t em of  equi pment .

2. 12. 23. 3   I nver t ed Bucket  Tr aps

I nver t ed bucket  t r aps shal l  conf or m t o t he r equi r ement s of  ASTM F1139 and 
be desi gned f or  a st eam wor ki ng pr essur e of  100 kPa 15 psi g but  shal l  
oper at e wi t h a suppl y pr essur e of  appr oxi mat el y 35 kPa 5 psi g.   Each t r ap 
shal l  have a cast  i r on body and shal l  have a cor r osi on- r esi st ant  st eel  
val ve and seat  and a br ass or  cor r osi on- r esi st ant  st eel  bucket ,  al l  of  
whi ch can be easi l y r emoved f or  i nspect i on or  r epl acement  wi t hout  
di st ur bi ng t he pi pi ng connect i ons.   The i nl et  t o each t r ap shal l  have a 
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br ass or  st ai nl ess st eel  st r ai ner ,  ei t her  as an i nt egr al  par t  of  t he t r ap 
or  as a separ at e i t em of  equi pment .

2. 13   ELECTRI CAL EQUI PMENT

**************************************************************************
NOTE:   Sel ect  st andar d ef f i c i ency f or  mot or s used 
l ess t han 750 hour s per  year  and hi gh ef f i c i ency f or  
mot or s used over  750 hour s per  year .   The ef f i c i ency 
of  each mot or  wi l l  be i ndi cat ed i n t he equi pment  
schedules.

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

El ect r i c mot or - dr i ven equi pment  shal l  be pr ovi ded compl et e wi t h mot or s,  
mot or  st ar t er s,  and necessar y cont r ol  devi ces.   El ect r i cal  equi pment ,  mot or  
cont r ol  devi ces,  mot or  ef f i c i enci es and wi r i ng shal l  be as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Mot or s whi ch ar e not  an 
i nt egr al  par t  of  a packaged boi l er  and whi ch ar e i nt egr al  i n s i ze shal l  be 
t he pr emi um ef f i c i ency t ype i n accor dance wi t h NEMA MG 1.   Mot or s whi ch ar e 
an i nt egr al  par t  of  t he packaged boi l er  shal l  be t he hi ghest  ef f i c i ency 
avai l abl e by t he manuf act ur er  of  t he packaged boi l er .   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 ons and 
ot her  appur t enances necessar y f or  t he mot or  cont r ol  speci f i ed.   St ar t er s 
shal l  be f ur ni shed i n [ gener al  pur pose] [ wat er t i ght ] [ expl osi on- pr oof ,  Cl ass 
I ,  di v i s i on I ]  encl osur es.   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  
s i gnal  devi ces r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng 
r equi r ed f or  cont r ol s and devi ces but  not  shown shal l  be pr ovi ded.

2. 13. 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 
375 W 1/ 2 hp and l ar ger  shal l  be t hr ee- phase,  unl ess ot her wi se i ndi cat ed.   
Mot or s shal l  be of  suf f i c i ent  capaci t y t o dr i ve t he equi pment  at  t he 
speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e r at i ng on t he mot or .

2. 13. 2   Mot or  Cont r ol s

**************************************************************************
NOTE:   The mot or  cont r ol s shal l  be pr oper l y 
coor di nat ed wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Coor di nat e wi t h t he el ect r i cal  
desi gner  f or  power  f act or s,  ser vi ce f act or s,  and 
desi r ed t ype of  cont r ol .

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

Mot or  cont r ol l 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.   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  
devi ces r equi r ed f or  t he oper at i on speci f i ed and any wi r i ng r equi r ed t o 
such devi ces 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.   Sol i d st at e var i abl e speed cont r ol l er s shal l  
be ut i l i zed f or  f r act i onal  t hr ough 7. 46 kW 10 hp r at i ngs.   Adj ust abl e 
f r equency dr i ves shal l  be used f or  l ar ger  mot or s.

2. 14   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.
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2. 15   TOOLS

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

2. 15. 1   Br eechi ng Cl eaner

A cl eaner  shal l  be pr ovi ded t o c l ean t he br eechi ng.   The cl eaner  shal l  have 
a j oi nt ed handl e of  suf f i c i ent  l engt h t o c l ean t he br eechi ng wi t hout  
dismantling.

2. 15. 2   Tube Cl eaner

I f  a wat er t ube boi l er  i s  bei ng f ur ni shed,  a wat er - dr i ven t ube cl eaner  wi t h 
t hr ee r ot ar y cut t er s and r ot ar y wi r e br ush compl et e wi t h t he necessar y 
l engt h of  ar mor ed wat er  hose,  val ves,  and ot her  appur t enances necessar y f or  
oper at i on shal l  be pr ovi ded.   Tube cl eaner  and r ot ar y br ush 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  r eady connect i on of  t he c l eaner  hose t o a hi gh- pr essur e 
pump f or  col d wat er  suppl y t o oper at e t he c l eaner .

2. 15. 3   Tube Br ush

I f  a f i r et ube boi l er  i s  bei ng f ur ni shed,  a t ube br ush,  wi t h st eel  br i st l es 
and j oi nt ed handl e of  suf f i c i ent  l engt h t o c l ean f ul l  l engt h of  f i r et ubes,  
shal l  be pr ovi ded.

2. 15. 4   Wrenches

Wr enches shal l  be pr ovi ded as r equi r ed f or  speci al t y f i t t i ngs such as 
manhol es,  handhol es,  and cl eanout s.   One set  of  ext r a gasket s shal l  be 
pr ovi ded f or  al l  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 .   Gasket s shal l  be packaged and pr oper l y  
identified.

2. 16   FUEL OI L STORAGE SYSTEM

The f uel  oi l  s t or age syst em shal l  be as speci f i ed i n Sect i on 33 56 10 
FACTORY- FABRI CATED FUEL STORAGE TANKS unl ess not ed ot her wi se.   A [ hel i cal  
wound coi l  const r uct ed of  25 mm 1 i nch seaml ess st eel  t ubi ng]  [ pl at ecoi l  
suct i on bel l  heat er  const r uct ed of  car bon st eel  not  l i ght er  t han 1. 9 mm ( 14 
gauge)  14 gauge]  shal l  be pr ovi ded i n each t ank f or  No.  6 f uel  oi l  and 
i nst al l ed ar ound t he suct i on end of  t he oi l  l i ne.   The coi l  i n each t ank 
shal l  have capaci t y t o heat  t he f uel  oi l  f r om [ _____]  t o [ _____]  degr ees C 
degr ees F,  dur i ng t he maxi mum demand of  al l  oi l  bur ner s connect ed t o t he 
t ank.   The coi l  shal l  ut i l i ze [ st eam at  [ _____]  kPa psi g]  [ hot  wat er  at  
[ _____]  degr ees C degr ees F]  as t he heat i ng medi um.   The heat i ng coi l  i nl et  
and out l et  connect i ons and t he f uel - oi l  suct i on and r et ur n pi pi ng 
connect i ons shal l  be at t ached t o t he same t ank manway cover .   An addi t i onal  
manhol e l ocat ed above t he heat er  shal l  be pr ovi ded f or  r emoval  of  t he 
heat er  as a uni t .

2. 17   BOI LER WATER TREATMENT

**************************************************************************
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NOTE:   The chemi cal  pi pi ng wi l l  be i ndi cat ed on t he 
dr awi ng.   Pi pi ng f or  ext er nal  chemi cal s wi l l  be 
connect ed t o t he boi l er  f eedwat er .   Pi pi ng f or  
i nt er nal  chemi cal s wi l l  be connect ed t o t he boi l er  
dr um.   I f  s t eam i s used f or  cooki ng or  
humi di f i cat i on,  a separ at e heat  exchanger  wi l l  be 
r equi r ed due t o envi r onment al  const r ai nt s wi t h t he 
use of  ami nes.   The f ol l owi ng i t ems wi l l  not  be 
r equi r ed f or  hot  wat er  boi l er s:   wat er  sof t eni ng 
syst em,  chemi cal  f eed pumps,  t anks,  i nj ect i on 
assembl i es,  wat er  met er s,  wat er  t r eat ment  cont r ol  
panel ,  and sequence of  oper at i on.   The chemi cal  shot  
f eeder  wi l l  not  be r equi r ed f or  s t eam boi l er s.

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

Submi t  [ s i x]  [ _____]  compl et e copi es of  t he pr oposed wat er  t r eat ment  pl an.   
The pl an shal l  i ncl ude a l ayout ,  cont r ol  scheme,  a l i s t  of  t he exi st i ng 
wat er  condi t i ons i ncl udi ng t he i t ems l i s t ed i n t hi s par agr aph,  a l i s t  of  
al l  chemi cal s,  t he pr opor t i on of  chemi cal s t o be added,  t he f i nal  t r eat ed 
wat er  condi t i ons,  and a descr i pt i on of  envi r onment al  concer ns f or  handl i ng 
t he chemi cal s.   The wat er  t r eat ment  syst em shal l  be capabl e of  f eedi ng 
chemi cal s and bl eedi ng t he syst em t o pr event  cor r osi on and scal e wi t hi n t he 
boi l er  and pi pi ng di st r i but i on syst em.   Submi t  [ 6]  [ _____]  compl et e copi es 
of  oper at i ng and mai nt enance manual s f or  t he st ep- by- st ep wat er  t r eat ment  
pr ocedur es,  i ncl udi ng pr ocedur es f or  t est i ng t he wat er  qual i t y .   The wat er  
shal l  be t r eat ed t o mai nt ai n t he condi t i ons r ecommended by t he boi l er  
manuf act ur er .   Chemi cal s shal l  meet  r equi r ed f eder al ,  st at e,  and l ocal  
envi r onment al  r egul at i ons f or  t he t r eat ment  of  boi l er s and di schar ge t o t he 
sani t ar y sewer .   The ser vi ces of  a company r egul ar l y engaged i n t he 
t r eat ment  of  boi l er s shal l  be used t o det er mi ne t he cor r ect  chemi cal s and 
concent r at i ons r equi r ed f or  wat er  t r eat ment .   The company shal l  mai nt ai n 
t he chemi cal  t r eat ment  and pr ovi de al l  chemi cal s r equi r ed f or  a per i od of  1 
year  f r om t he dat e of  occupancy.   Fi l mi ng ami nes and pr opr i et ar y chemi cal s 
shal l  not  be used.   The wat er  t r eat ment  chemi cal s shal l  r emai n st abl e 
t hr oughout  t he oper at i ng t emper at ur e r ange of  t he syst em and shal l  be 
compat i bl e wi t h pump seal s and ot her  el ement s of  t he syst em.

2. 17. 1   MakeUp Wat er  Anal ysi s

**************************************************************************
NOTE:   A wat er  anal ysi s may be avai l abl e f r om t he 
user .   I f  an anal ysi s i s  not  avai l abl e,  an anal ysi s 
wi l l  be per f or med dur i ng t he desi gn,  and appr opr i at e 
dat a wi l l  be ent er ed.

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

The makeup wat er  condi t i ons r epor t ed as pr escr i bed i n ASTM D596 ar e as 
follows:

Dat e of  Sampl e [_____]

Temperature [ _____]  degr ees C degr ees F

Si l i ca ( Si O2) [ _____]  ppm ( mg/ 1)

Insoluble [ _____]  ppm ( mg/ 1)
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I r on and Al umi num Oxi des [ _____]  ppm ( mg/ 1)

Cal ci um ( Ca) [ _____]  ppm ( mg/ 1)

Magnesi um ( Mg) [ _____]  ppm ( mg/ 1)

Sodi um and Pot assi um ( Na and K) [ _____]  ppm ( mg/ 1)

Car bonat e ( HCO3) [ _____]  ppm ( mg/ 1)

Sul f at e ( SO4) [ _____]  ppm ( mg/ 1)

Chl or i de ( C1) [ _____]  ppm ( mg/ 1)

Ni t r at e ( NO3) [ _____]  ppm ( mg/ 1)

Turbidity [ _____]  nt u

pH [_____]

Resi dual  Chl or i ne [ _____]  ppm ( mg/ 1)

Tot al  Al kal i ni t y [ _____]  epm ( meq/ 1)

Noncar bonat e Har dness [ _____]  epm ( meq/ 1)

Tot al  Har dness [ _____]  epm ( meq/ 1)

Di ssol ved Sol i ds [ _____]  ppm ( mg/ 1)

Fluorine [ _____]  ppm ( mg/ 1)

Conductivity [ _____]  mi cr o- mho/ cm

2. 17. 2   Boi l er  Wat er  Li mi t s

**************************************************************************
NOTE:   The mat er i al  cont ai ned wi t hi n t he f i r st  set  
of  br acket s wi l l  be used f or  st eam boi l er s.   The 
mat er i al  cont ai ned wi t hi n t he second set  of  br acket s 
wi l l  be used f or  hot  wat er  boi l er s.

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

The boi l er  manuf act ur er  shal l  be consul t ed f or  t he det er mi nat i on of  t he 
boi l er  wat er  chemi cal  composi t i on l i mi t s.   The boi l er  wat er  l i mi t s shal l  be 
as f ol l ows unl ess di ct at ed di f f er ent l y by t he boi l er  manuf act ur er ' s  
recommendations:
[

Causticity 20- 200 ppm

Tot al  Al kal i ni t y ( CACO3) 900- 1200 ppm
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Phosphate 30- 60 ppm

Tanin Medium

Di ssol ved Sol i ds 3000- 5000 ppm

Suspended Sol i ds 300 ppm Max

Sodi um Sul f i t e 20- 40 ppm Max

Silica Less t han 150 ppm

Di ssol ved Oxygen Less t han 7 ppm

Iron 10 ppm

pH ( Condensat e) 7 -  8

][
Sodi um Sul f i t e 20- 40 ppm

Hardness Less t han 2 ppm

pH 9. 3 -  9. 9

]

2. 17. 3   Wat er  Sof t eni ng Syst em

**************************************************************************
NOTE:   The makeup wat er  anal ysi s and t he boi l er  
manuf act ur er ' s r ecommended f eed wat er  condi t i ons 
wi l l  be used t o det er mi ne t he need f or  a wat er  
sof t ener .   UFC 3- 230- 03 cont ai ns gener al  gui dance 
f or  t he sel ect i on.

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

The wat er  sof t eni ng syst em shal l  be as speci f i ed i n Sect i on 22 31 00 WATER 
SOFTENERS,  CATI ON- EXCHANGE ( SODI UM CYCLE) .

2. 17. 4   Chemi cal  Feed Pumps

**************************************************************************
NOTE:   The r equi r ed maxi mum pump f l ow r at e wi l l  be 
shown on t he dr awi ngs.   The f l ow r at e wi l l  depend 
upon t he makeup wat er  f l ow r at e and t he chemi cal  
composi t i on of  t he makeup wat er .   A wat er  t r eat ment  
company shoul d be consul t ed f or  det er mi ni ng t he 
pr oper  maxi mum pump f l ow r at e.

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

One pump shal l  be pr ovi ded f or  each chemi cal  f eed t ank.   The chemi cal  f eed 
pumps shal l  be posi t i ve di spl acement  di aphr agm t ype.   The capaci t y of  t he 
pumps shal l  be adj ust abl e f r om 0 t o 100 per cent  whi l e i n oper at i on.   The 
di schar ge pr essur e of  t he pumps shal l  be not  l ess t han 1. 5 t i mes t he 
pr essur e at  t he poi nt  of  connect i on.   The pumps shal l  be pr ovi ded wi t h a 
pr essur e r el i ef  val ve and a check val ve mount ed i n t he pump di schar ge.
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2. 17. 5   Tanks

**************************************************************************
NOTE:   A wat er  t r eat ment  company wi l l  be consul t ed 
t o det er mi ne t he number  of  t anks r equi r ed.   The 
number  wi l l  depend on t he s i ze of  t he boi l er ,  makeup 
wat er  f l ow r at e,  and makeup wat er  composi t i on.   A 
wat er  l i ne wi l l  be pr ovi ded near  t he t anks f or  t he 
mi xi ng of  chemi cal s.

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

The t anks shal l  be const r uct ed of  [ hi gh densi t y pol yet hyl ene]  [ st ai nl ess 
st eel ]  wi t h a hi nged cover .   The t anks shal l  have suf f i c i ent  capaci t y t o 
r equi r e r echar gi ng onl y once per  7 days dur i ng nor mal  oper at i on.   A l evel  
i ndi cat i ng devi ce shal l  be i ncl uded wi t h each t ank.   An el ect r i c  agi t at or  
shal l  be pr ovi ded f or  each t ank.

2. 17. 6   I nj ect i on Assembl i es

An i nj ect i on assembl y shal l  be pr ovi ded at  each chemi cal  i nj ect i on poi nt  
l ocat ed al ong t he boi l er  pi pi ng as i ndi cat ed.   The i nj ect i on assembl i es 
shal l  be const r uct ed of  st ai nl ess st eel .   The di schar ge of  t he assembl i es 
shal l  ext end t o t he cent er l i ne of  t he pi pi ng.   Each assembl y shal l  i ncl ude 
a shut of f  val ve and check val ve at  t he poi nt  of  ent r ance i nt o t he wat er  
line.

2. 17. 7   Wat er  Met er

The wat er  met er  shal l  be pr ovi ded wi t h an el ect r i c  cont act i ng r egi st er  and 
r emot e accumul at i ve count er .   The met er  shal l  be i nst al l ed wi t hi n t he 
makeup wat er  l i ne,  as i ndi cat ed.

2. 17. 8   Wat er  Tr eat ment  Cont r ol  Panel

**************************************************************************
NOTE:   The MAN- OFF- AUTO swi t ch shoul d be del et ed f or  
cont i nuousl y f ed syst ems.

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

The cont r ol  panel  shal l  be a NEMA 12,  s i ngl e door ,  wal l - mount ed box 
conf or mi ng wi t h NEMA 250.   The panel  shal l  be const r uct ed of  [ st eel ]  
[ s t ai nl ess st eel ]  wi t h a hi nged door  and l ock.   The panel  shal l  cont ai n,  as 
a mi ni mum,  t he f ol l owi ng f unct i ons i dent i f i ed wi t h a l ami nat ed pl ast i c 
nameplate:

a.   Mai n power  swi t ch and i ndi cat i ng l i ght

b.   MAN- OFF- AUTO sel ect or  swi t ch

c.   I ndi cat i ng l amp f or  bl ow down

d.   I ndi cat i ng l amp f or  each chemi cal  f eed pump

e.   I ndi cat i ng l amp f or  t he wat er  sof t ener

2. 17. 9   Sequence of  Oper at i on

**************************************************************************
NOTE:   Manual l y set  f l ow r at es shoul d onl y be used 
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when f l uct uat i ons i n st eam demand and makeup wat er  
ar e not  expect ed.   Typi cal l y ,  aut omat i c bl owdown 
wi l l  be economi cal  f or  boi l er s wi t h capaci t i es 
gr eat er  t han 2. 9 MW 10, 000, 000 Bt uh.

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

The f l ow r at e of  chemi cal  addi t i on shal l  be based upon [ met er i ng t he makeup 
wat er . ]  [ a manual  set t i ng. ]   The boi l er  shal l  be pr ovi ded wi t h [ cont i nuous 
bl owdown. ]  [ aut omat i c bl owdown based upon conduct i v i t y or  boi l er  l oad. ]  The 
r equi r ed r at e of  chemi cal  f eed and boi l er  bl owdown shal l  be det er mi ned by 
t he wat er  t r eat ment  company.

2. 17. 10   Chemi cal  Shot  Feeder

A shot  f eeder  shal l  be pr ovi ded as i ndi cat ed.   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.   The f eeder  
shal l  be f ur ni shed wi t h an ai r  vent ,  gauge gl ass,  f unnel ,  val ves,  f i t t i ngs,  
and pi pi ng.

2. 17. 11   Chemi cal  Pi pi ng

**************************************************************************
NOTE:   I f  s t eel  pi pi ng i s sel ect ed,  an i nt er i or  
coat i ng may be r equi r ed dependi ng upon t he chemi cal s 
used.

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

The pi pi ng and f i t t i ngs shal l  be const r uct ed of  [ schedul e 80 PVC]  [ st eel ]  
[ s t ai nl ess st eel ] .

2. 17. 12   Test  Ki t s

One t est  k i t  of  each t ype r equi r ed t o det er mi ne t he wat er  qual i t y  as 
out l i ned wi t hi n t he oper at i on and mai nt enance manual s shal l  be pr ovi ded.

2. 17. 13   Gl ycol  Feed Syst em

Desi gn t he Gl ycol  f eed syst em t o aut omat i cal l y  mai nt ai n t he desi r ed gl ycol  
cont ent  of  t he c l osed wat er  r eci r cul at i on syst em( s) .   Each syst em shal l  
consi st  of  t he f ol l owi ng component s:

2. 17. 13. 1   Suppl y Tank and St and

I ncl ude a 200 l i t er 50 gal l on cr oss l i ned pol yet hyl ene t ank and st eel  
suppor t  st and.   The t ank shal l  have a cover  and bot t om out l et  f i t t i ng f or  
pump suct i on.   Equi p t he t ank st and wi t h a pump mount i ng pl at f or m and 
suppor t  f or  t he cont r ol  panel  and l evel  swi t ch.

2. 17. 13. 2   Gl ycol  Pump

Rot ar y gear  t ype of  br onze const r uct i on wi t h a capaci t y of  0. 114 l i t er / sec
1. 8 gpm at  275. 8 kPa40 psi .   The pump shal l  have a 0. 35 kw1/ 3 hor sepower ,  
1/ 115V/ 60hz mot or  and i nt er nal  pr essur e r el i ef .   Pr ovi de t he pump wi t h a 
di schar ge check val ve and shut of f  val ve.

2. 17. 13. 3   Pr essur e Swi t ch

The pr essur e swi t ch shal l  be adj ust abl e over  t he r ange of  20. 7 -  103. 4 kPa3 
-  15 psi  wi t h a 42. 4 kPa6 psi  di f f er ent i al  and have cont act s r at ed f or  115V.
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2. 17. 13. 4   Level  Swi t ch

Equi pped wi t h N/ O and N/ C cont act s t o act i vat e upon sensi ng a l ow l evel  
condition.

2. 17. 13. 5   Cont r ol  Panel

The cont r ol  panel  shal l  be i nst al l ed i n a NEMA 1 encl osur e wi t h t er mi nal  
st r i p and shal l  i ncl ude a r ed l ow l evel  al ar m l i ght ,  l ow l evel  al ar m bel l  
and s i l ence but t on,  f ul l  vol t age mot or  st ar t er  f or  t he gl ycol  pump,  and a 
Hand- Of f - Aut o sel ect or  swi t ch.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h det ai l s  of  t he wor k,  ver i f y di mensi ons i n t he 
f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng any wor k or  or der i ng any mat er i al s.

3. 2   ERECTI ON OF BOI LER AND AUXI LI ARY EQUI PMENT

**************************************************************************
NOTE:   Consul t  boi l er  manuf act ur er s f or  f oundat i on 
r equi r ement s.   Del et e t he r equi r ement  f or  packi ng 
t he j oi nt  bet ween t he boi l er  and f l oor  wi t h 
nonasbest os r ope,  i f  not  r equi r ed.   Thi s packi ng i s 
t ypi cal l y  not  r equi r ed f or  smal l er  uni t s.

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

Boi l er  and auxi l i ar y equi pment  shal l  be i nst al l ed i n accor dance wi t h 
manuf act ur er ' s wr i t t en i nst r uct i ons.   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 .   Thi s j oi nt  
shal l  be packed wi t h sui t abl e nonasbest os r ope and f i l l ed wi t h sui t abl e 
compound t hat  wi l l  not  become sof t  at  a t emper at ur e of  40 degr ees C 100 
degr ees F.   Boi l er s and f i r i ng equi pment  shal l  be suppor t ed f r om t he 
f oundat i ons by st r uct ur al  st eel  compl et el y i ndependent  of  al l  br i ckwor k.  
Boi l er  suppor t s shal l  per mi t  f r ee expansi on and cont r act i on of  each por t i on 
of  t he boi l er  wi t hout  pl aci ng undue st r ess on any par t  of  t he boi l er  or  
set t i ng.   Boi l er  br eechi ng shal l  be as i ndi cat ed wi t h f ul l  pr ovi s i on f or  
expansi on and cont r act i on bet ween al l  i nt er connect ed component s.

3. 3   PI PI NG I NSTALLATI ON

Unl ess ot her wi se speci f i ed,  nonboi l er  ext er nal  pi pe and f i t t i ngs shal l  
conf or m t o t he r equi r ement s of  ASME B31. 1.   Pi pe i nst al l ed shal l  be cut  
accur at el y t o sui t  f i el d condi t i ons,  shal l  be i nst al l ed wi t hout  spr i ngi ng 
or  f or c i ng,  and shal l  pr oper l y c l ear  wi ndows,  door s,  and ot her  openi ngs.  
Cut t i ng or  ot her  weakeni ng of  t he bui l di ng st r uct ur e t o f aci l i t at e pi pi ng 
i nst al l at i on wi l l  not  be per mi t t ed.   Pi pes shal l  be f r ee of  bur r s,  oi l ,  
gr ease and ot her  f or ei gn mat er i al  and shal l  be i nst al l ed t o per mi t  f r ee 
expansi on and cont r act i on wi t hout  damagi ng t he bui l di ng st r uct ur e,  pi pe,  
pi pe j oi nt s,  or  pi pe suppor t s.   Changes i n di r ect i on shal l  be made wi t h 
f i t t i ngs,  except  t hat  bendi ng of  pi pe 100 mm 4 i nches and smal l er  wi l l  be 
per mi t t ed pr ovi ded a pi pe bender  i s used and wi de sweep bends ar e f or med.   
The cent er l i ne r adi us of  bends shal l  not  be l ess t han 6 di amet er s of  t he 
pi pe.   Bent  pi pe showi ng k i nks,  wr i nkl es,  f l at t eni ng,  or  ot her  
mal f or mat i ons wi l l  not  be accept ed.   Vent  pi pes shal l  be car r i ed t hr ough 
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t he r oof  as di r ect ed and shal l  be pr oper l y f l ashed.   Unl ess ot her wi se 
i ndi cat ed,  hor i zont al  suppl y mai ns shal l  pi t ch down i n t he di r ect i on of  
f l ow wi t h a gr ade of  not  l ess t han 0. 2 per cent  1 i nch i n 40 f eet .   Open 
ends of  pi pel i nes and equi pment  shal l  be pr oper l y capped or  pl ugged dur i ng 
i nst al l at i on t o keep di r t  or  ot her  f or ei gn mat er i al s out  of  t he syst ems.   
Pi pe not  ot her wi se speci f i ed shal l  be uncoat ed.   Unl ess ot her wi se speci f i ed 
or  shown,  f i nal  connect i ons t o equi pment  shal l  be made wi t h mal l eabl e- i r on 
uni ons f or  st eel  pi pe 65 mm 2- 1/ 2 i nches or  l ess i n di amet er  and wi t h 
f l anges f or  pi pe 80 mm 3 i nches or  mor e i n di amet er .   Uni ons f or  copper  
pi pe or  t ubi ng shal l  be br ass or  br onze.   Reduci ng f i t t i ngs shal l  be used 
f or  changes i n pi pe s i zes.   I n hor i zont al  hot  wat er  l i nes,  r educi ng 
f i t t i ngs shal l  be eccent r i c t ype t o mai nt ai n t he t op of  t he l i nes at  t he 
same l evel  t o pr event  ai r  bi ndi ng.

3. 3. 1   Hot  Wat er  Pi pi ng and Fi t t i ngs

Pi pe shal l  be bl ack st eel  or  copper  t ubi ng.   Fi t t i ngs f or  st eel  pi pi ng 
shal l  be bl ack mal l eabl e i r on or  cast  i r on t o sui t  pi pi ng.   Fi t t i ngs 
adj acent  t o val ves shal l  sui t  val ve mat er i al .   Gr ooved mechani cal  f i t t i ngs 
wi l l  not  be al l owed f or  wat er  t emper at ur es above 110 degr ees C 230 degr ees F.

3. 3. 2   Vent  Pi pi ng and Fi t t i ngs

Vent  pi pi ng shal l  be bl ack st eel .   Fi t t i ngs shal l  be bl ack mal l eabl e i r on 
or  cast  i r on t o sui t  pi pi ng.

3. 3. 3   Gauge Pi pi ng

Pi pi ng shal l  be copper  t ubi ng.

3. 3. 4   St eam Pi pi ng and Fi t t i ngs

Pi pi ng shal l  be bl ack st eel .   Fi t t i ngs shal l  be bl ack,  mal l eabl e i r on,  cast  
i r on or  st eel .   Fi t t i ngs adj acent  t o val ves shal l  sui t  val ves speci f i ed.  
Gr ooved mechani cal  f i t t i ngs wi l l  not  be al l owed f or  st eam pi pi ng.

3. 3. 5   Condensat e Ret ur n Pi pe and Fi t t i ngs

Pi pi ng shal l  be bl ack st eel .   Fi t t i ngs shal l  be mal l eabl e i r on,  cast  i r on,  
or  st eel .   Gr ooved mechani cal  f i t t i ngs wi l l  not  be al l owed f or  condensat e 
piping.

3. 3. 6   Joints

Joi nt s bet ween sect i ons of  st eel  pi pe and bet ween st eel  pi pe and f i t t i ngs 
shal l  be t hr eaded,  gr ooved,  f l anged or  wel ded as i ndi cat ed or  speci f i ed.  
Except  as ot her wi se speci f i ed,  f i t t i ngs 25 mm 1 i nch and smal l er  shal l  be 
t hr eaded;  f i t t i ngs 32 mm 1- 1/ 4 i nches and up t o but  not  i ncl udi ng 80 mm 3 
i nches shal l  be ei t her  t hr eaded,  gr ooved,  or  wel ded;  and f i t t i ngs 80 mm 3 
i nches and l ar ger  shal l  be ei t her  f l anged,  gr ooved,  or  wel ded.   Pi pe and 
f i t t i ngs 32 mm 1- 1/ 4 i nches and l ar ger  i nst al l ed i n i naccessi bl e condui t  or  
t r enches beneat h concr et e f l oor  s l abs shal l  be wel ded.   Connect i ons t o 
equi pment  shal l  be made wi t h bl ack mal l eabl e- i r on uni ons f or  pi pe 65 mm 
2- 1/ 2 i nches or  smal l er  i n di amet er  and wi t h f l anges f or  pi pe 80 mm 3 i nches
or  l ar ger  i n di amet er .   Joi nt s bet ween sect i ons of  copper  t ubi ng or  pi pe 
shal l  be f l ar ed,  sol der ed,  or  br azed.
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3. 3. 6. 1   Thr eaded Joi nt s

Thr eaded j oi nt s shal l  be made wi t h t aper ed t hr eads pr oper l y cut  and shal l  
be made per f ect l y t i ght  wi t h a st i f f  mi xt ur e of  gr aphi t e and oi l  or  wi t h 
pol yt et r af l uor oet hyl ene t ape appl i ed t o t he mal e t hr eads onl y and i n no 
case t o t he f i t t i ngs.

3. 3. 6. 2   Wel ded Joi nt s

Wel ded j oi nt s shal l  be i n accor dance wi t h par agr aph GENERAL REQUI REMENTS 
unl ess ot her wi se speci f i ed.   Changes i n di r ect i on of  pi pi ng shal l  be made 
wi t h wel di ng f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe t o f or m el bows and 
t ees or  ot her  s i mi l ar  t ype const r uct i on wi l l  not  be per mi t t ed.   Br anch 
connect i ons may be made wi t h ei t her  wel di ng t ees or  f or ged br anch out l et  
f i t t i ngs,  ei t her  bei ng accept abl e wi t hout  s i ze l i mi t at i on.   Br anch out l et  
f i t t i ngs,  wher e used,  shal l  be f or ged,  f l ar ed f or  i mpr oved f l ow 
char act er i st i cs wher e at t ached t o t he r un,  r ei nf or ced agai nst  ext er nal  
st r ai ns,  and desi gned t o wi t hst and f ul l  pi pe bur st i ng st r engt h.   Socket  
wel d j oi nt s shal l  be assembl ed so t hat  t he space bet ween t he end of  t he 
pi pe and t he bot t om of  t he socket  i s  no l ess t han 1. 5 mm 1/ 16 i nch and no 
mor e t han 3 mm 1/ 8 i nch.

3. 3. 6. 3   Gr ooved Mechani cal  Joi nt s

Gr ooved mechani cal  j oi nt s may be pr ovi ded f or  hot  wat er  syst ems i n l i eu of  
uni ons,  wel ded,  f l anged,  or  scr ewed pi pi ng connect i ons i n l ow t emper at ur e 
hot  wat er  syst ems wher e t he t emper at ur e of  t he c i r cul at i ng medi um does not  
exceed 110 degr ees C 230 degr ees F.   Gr ooves shal l  be pr epar ed accor di ng t o 
t he coupl i ng manuf act ur er ' s i nst r uct i ons.   Pi pe and gr oove di mensi ons shal l  
compl y wi t h t he t ol er ances speci f i ed by t he coupl i ng manuf act ur er .   The 
di amet er  of  gr ooves made i n t he f i el d shal l  be measur ed usi ng a " go/ no- go"  
gauge,  ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er  or  ot her  met hod 
speci f i cal l y  appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe shal l  
be measur ed and r ecor ded f or  each change i n gr oovi ng t ool  set up t o ver i f y 
compl i ance wi t h coupl i ng manuf act ur er ' s t ol er ances.   Gr ooved j oi nt s shal l  
not  be used i n conceal ed l ocat i ons.   Mechani cal  j oi nt s shal l  use r i gi d 
mechani cal  pi pe coupl i ngs,  except  at  equi pment  connect i ons.   At  equi pment  
connect i ons,  f l exi bl e coupl i ngs may be used.   Coupl i ng shal l  be of  t he 
bol t ed t ype f or  use wi t h gr ooved end pi pes,  f i t t i ngs,  val ves,  and 
st r ai ner s.   Coupl i ngs shal l  be sel f - cent er i ng and shal l  engage i n a 
wat er t i ght  coupl e.

3. 3. 6. 4   Fl ar ed and Br azed Copper  Pi pe and Tubi ng

Tubi ng shal l  be cut  squar e,  and bur r s shal l  be r emoved.   Bot h i nsi de of  
f i t t i ngs and out s i de of  t ubi ng shal l  be c l eaned t hor oughl y wi t h sand cl ot h 
or  st eel  wi r e br ush bef or e br azi ng.   Anneal i ng of  f i t t i ngs and har d- dr awn 
t ubi ng shal l  not  occur  when maki ng connect i ons.   I nst al l at i on shal l  be made 
i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Mi t er i ng of  j oi nt s 
f or  el bows and not chi ng of  st r ai ght  r uns of  pi pe f or  t ees wi l l  not  be 
per mi t t ed.   Br azed j oi nt s shal l  be made i n conf or mance wi t h AWS B2. 2/ B2. 2M 
and CDA A4015 wi t h f l ux.   Copper - t o- copper  j oi nt s shal l  i ncl ude t he use of  
copper - phosphor ous or  copper - phosphor ous- si l ver  br azi ng met al  wi t hout  
f l ux.   Br azi ng of  di ssi mi l ar  met al s ( copper  t o br onze or  br ass)  shal l  
i ncl ude t he use of  f l ux wi t h ei t her  a copper - phosphor ous,  
copper - phosphor ous- si l ver  or  a s i l ver  br azi ng f i l l er  met al .   Joi nt s f or  
f l ar ed f i t t i ngs shal l  be of  t he compr essi on pat t er n.   Swi ng j oi nt s or  
of f set s shal l  be pr ovi ded i n al l  br anch connect i ons,  mai ns,  and r i ser s t o 
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pr ovi de f or  expansi on and cont r act i on f or ces wi t hout  undue st r ess t o t he 
f i t t i ngs or  t o shor t  l engt hs of  pi pe or  t ubi ng.   Fl ar ed or  br azed copper  
t ubi ng t o pi pe adapt er s shal l  be pr ovi ded wher e necessar y f or  j oi ni ng 
t hr eaded pi pe t o copper  t ubi ng.

3. 3. 6. 5   Sol der ed Joi nt s

Sol der ed j oi nt s shal l  be made wi t h f l ux and ar e onl y accept abl e f or  l i nes 
50 mm 2 i nches and smal l er .   Sol der ed j oi nt s shal l  conf or m t o ASME B31. 5 
and CDA A4015.

3. 3. 6. 6   Copper  Tube Ext r act ed Joi nt

An ext r uded mechani cal  t ee j oi nt  may be made i n copper  t ube.   Joi nt  shal l  
be pr oduced wi t h an appr opr i at e t ool  by dr i l l i ng a pi l ot  hol e and dr awi ng 
out  t he t ube sur f ace t o f or m a col l ar  havi ng a mi ni mum hei ght  of  t hr ee 
t i mes t he t hi ckness of  t he t ube wal l .   To pr event  t he br anch t ube f r om 
bei ng i nser t ed beyond t he dept h of  t he ext r act ed j oi nt ,  di mpl ed dept h st ops 
shal l  be pr ovi ded.   The br anch t ube shal l  be not ched f or  pr oper  penet r at i on 
i nt o f i t t i ng t o assur e a f r ee f l ow j oi nt .   Ext r act ed j oi nt s shal l  be br azed 
usi ng a copper  phosphor ous c l assi f i cat i on br azi ng f i l l er  met al .   Sol der ed 
j oi nt s wi l l  not  be per mi t t ed.

3. 3. 7   Fl anges and Uni ons

Fl anges shal l  be f aced t r ue,  pr ovi ded wi t h 1. 6 mm 1/ 16 i nch t hi ck gasket s,  
and made squar e and t i ght .   Wher e st eel  f l anges mat e wi t h cast - i r on f l anged 
f i t t i ngs,  val ves,  or  equi pment ,  t hey shal l  be pr ovi ded wi t h f l at  f aces and 
f ul l  f ace gasket s.   Uni on or  f l ange j oi nt s shal l  be pr ovi ded i n each l i ne 
i mmedi at el y pr ecedi ng t he connect i on t o each pi ece of  equi pment  or  mat er i al  
r equi r i ng mai nt enance such as coi l s,  pumps,  cont r ol  val ves,  and ot her  
s i mi l ar  i t ems.   Di el ect r i c  pi pe uni ons shal l  be pr ovi ded bet ween f er r ous 
and nonf er r ous pi pi ng t o pr event  gal vani c cor r osi on.   The di el ect r i c  uni ons 
shal l  have met al  connect i ons on bot h ends.   The ends shal l  be t hr eaded,  
f l anged,  or  br azed t o mat ch adj acent  pi pi ng.   The met al  par t s of  t he uni on 
shal l  be separ at ed so t hat  t he el ect r i cal  cur r ent  i s  bel ow 1 per cent  of  t he 
gal vani c cur r ent  whi ch woul d exi st  upon met al - t o- met al  cont act .   Gasket s,  
f l anges,  and uni ons shal l  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
recommendations.

3. 3. 8   Br anch Connect i ons

**************************************************************************
NOTE:   Sel ect  t he appr opr i at e t ype of  br anch 
connect i ons and del et e t hose whi ch ar e not  r equi r ed.

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

3. 3. 8. 1   Br anch Connect i ons f or  Hot  Wat er  Syst ems

Br anches f r om t he mai n shal l  pi t ch up or  down as shown t o pr event  ai r  
ent r apment .   Connect i ons shal l  ensur e unr est r i c t ed c i r cul at i on,  el i mi nat e 
ai r  pocket s,  and per mi t  compl et e dr ai nage of  t he syst em.   Br anches shal l  
pi t ch wi t h a gr ade of  not  l ess t han 8 mm i n 1 m 1 i nch i n 10 f eet .   When 
i ndi cat ed,  speci al  f l ow f i t t i ngs shal l  be i nst al l ed on t he mai ns t o bypass 
por t i ons of  t he wat er  t hr ough each r adi at or .   Speci al  f l ow f i t t i ngs shal l  
be st andar d cat al og pr oduct s and shal l  be i nst al l ed as r ecommended by t he 
manufacturer.
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3. 3. 8. 2   Br anch Connect i ons f or  St eam Syst ems

Br anches shal l  be t aken f r om t he suppl y mai ns at  an angl e of  45 degr ees 
above t he hor i zont al ,  unl ess ot her wi se i ndi cat ed.   The br anches f r om r et ur n 
mai ns shal l  be t aken f r om t he t op or  s i des,  unl ess i ndi cat ed ot her wi se.  
Br anches shal l  pi t ch up f r om t he mai ns t owar d t he undr i pped r i ser s or  
r adi at or  connect i ons wi t h a gr ade of  not  l ess t han 8 mm i n 1 m 1 i nch i n 10 
f eet .   Connect i ons t o ensur e unr est r i c t ed c i r cul at i on,  el i mi nat e ai r  
pocket s,  and per mi t  t he compl et e dr ai nage of  t he syst em.

3. 3. 9   St eam Connect i ons t o Equi pment

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  s t eam connect i ons 
ar e not  r equi r ed.

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

St eam suppl y and r et ur n connect i ons shal l  be pr ovi ded as shown.   
Connect i ons shal l  be made wi t h mal l eabl e- i r on uni ons or  wi t h st eel  f l anges,  
t o mat ch equi pment .   Val ves and t r aps 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.   The si ze of  t he suppl y and r et ur n 
pi pes t o each pi ece of  equi pment  shal l  not  be smal l er  t han t he out l et s on 
t he equi pment .

3. 3. 10   St eam Ri ser s

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  s t eam r i ser s ar e not  
required.

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

The l ocat i on of  r i ser s i s appr oxi mat e.   The exact  l ocat i ons of  t he r i ser s 
shal l  be appr oved.   Downf eed r i ser s shal l  t er mi nat e i n a di r t  pocket  and 
shal l  be dr i pped t hr ough a t r ap t o t he r et ur n l i ne.

3. 3. 11   Ai r  Vent s f or  St eam Syst ems

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  a st eam syst em i s 
not  ut i l i zed.

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

Aut omat i c bal anced pr essur e t her most at i c ai r  vent s shal l  be i nst al l ed at  
t he ends of  t he st eam l i nes and wher e shown on t he dr awi ngs.   The vent s 
shal l  be r at ed f or  862 kPa 125 psi  st eam ser vi ce.   The out l et  of  t he vent  
shal l  be r out ed t o a poi nt  desi gnat ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   The i nl et  l i ne shal l  have a gat e val ve or  bal l  val ve.

3. 3. 12   Fl ar ed,  Br azed,  and Sol der ed Copper  Pi pe and Tubi ng

Copper  t ubi ng shal l  be f l ar ed,  br azed,  or  sol der ed.   Tubi ng shal l  be cut  
squar e,  and bur r s shal l  be r emoved.   Bot h i nsi de of  f i t t i ngs and out s i de of  
t ubi ng shal l  be c l eaned t hor oughl y wi t h sand cl ot h or  st eel  wi r e br ush 
bef or e br azi ng.   Anneal i ng of  f i t t i ngs and har d- dr awn t ubi ng shal l  not  
occur  when maki ng connect i ons.   I nst al l at i on shal l  be made i n accor dance 
wi t h t he manuf act ur er ' s r ecommendat i ons.   Mi t er i ng of  j oi nt s f or  el bows and 
not chi ng of  st r ai ght  r uns of  pi pe f or  t ees wi l l  not  be per mi t t ed.   Joi nt s 
f or  f l ar ed f i t t i ngs shal l  be of  t he compr essi on pat t er n.   Swi ng j oi nt s or  
of f set s shal l  be pr ovi ded on br anch connect i ons,  mai ns,  and r i ser s t o 
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pr ovi de f or  expansi on and cont r act i on f or ces wi t hout  undue st r ess t o t he 
f i t t i ngs or  t o shor t  l engt hs of  pi pe or  t ubi ng.   Pi pe adapt er s shal l  be 
pr ovi ded wher e necessar y f or  j oi ni ng t hr eaded pi pe t o copper  t ubi ng.   
Br azed j oi nt s shal l  be made i n conf or mance wi t h CDA A4015.   
Copper - t o- copper  j oi nt s shal l  i nc l ude t he use of  copper - phosphor ous or  
copper - phosphor ous- si l ver  br azi ng met al  wi t hout  f l ux.   Br azi ng of  
di ssi mi l ar  met al s ( copper  t o br onze or  br ass)  shal l  i ncl ude t he use of  f l ux 
wi t h ei t her  a copper - phosphor ous,  copper - phosphor ous- si l ver ,  or  a s i l ver  
br azi ng f i l l er  met al .   Sol der ed j oi nt s shal l  be made wi t h f l ux and ar e onl y 
accept abl e f or  l i nes 50 mm 2 i nches or  smal l er .   Sol der ed j oi nt s shal l  
conf or m t o ASME B31. 5 and shal l  be i n accor dance wi t h CDA A4015.

3. 3. 13   Copper  Tube Ext r act ed Joi nt

An ext r act ed mechani cal  t ee j oi nt  may be made i n copper  t ube.   Joi nt  shal l  
be pr oduced wi t h an appr opr i at e t ool  by dr i l l i ng a pi l ot  hol e and dr awi ng 
out  t he t ube sur f ace t o f or m a col l ar  havi ng a mi ni mum hei ght  of  t hr ee 
t i mes t he t hi ckness of  t he t ube wal l .   To pr event  t he br anch t ube f r om 
bei ng i nser t ed beyond t he dept h of  t he ext r act ed j oi nt ,  di mpl ed dept h st ops 
shal l  be pr ovi ded.   The br anch t ube shal l  be not ched f or  pr oper  penet r at i on 
i nt o f i t t i ng t o assur e a f r ee f l ow j oi nt .   Ext r act ed j oi nt s shal l  be br azed 
usi ng a copper  phosphor ous c l assi f i cat i on br azi ng f i l l er  met al .   Sol der ed 
j oi nt s wi l l  not  be per mi t t ed.

3. 3. 14   Supports

Hanger s used t o suppor t  pi pi ng 50 mm 2 i nches and l ar ger  shal l  be 
f abr i cat ed t o per mi t  adequat e adj ust ment  af t er  er ect i on whi l e st i l l  
suppor t i ng t he l oad.   Pi pe gui des and anchor s shal l  be i nst al l ed t o keep 
pi pes i n accur at e al i gnment ,  t o di r ect  t he expansi on movement ,  and t o 
pr event  buckl i ng,  swayi ng,  and undue st r ai n.   Pi pi ng subj ect ed t o ver t i cal  
movement  when oper at i ng t emper at ur es exceed ambi ent  t emper at ur es shal l  be 
suppor t ed by var i abl e spr i ng hanger s and suppor t s or  by const ant  suppor t  
hanger s.   Thr eaded r ods whi ch ar e used f or  suppor t  shal l  not  be f or med or  
bent .   Suppor t s shal l  not  be at t ached t o t he under si de of  concr et e f i l l ed 
f l oor s or  concr et e r oof  decks unl ess appr oved by t he Cont r act i ng Of f i cer .

3. 3. 14. 1   Sei smi c Requi r ement s f or  Suppor t s and St r uct ur al  Br aci ng

**************************************************************************
NOTE:   Pr ovi de sei smi c r equi r ement s,  i f  a Gover nment  
desi gner  ( ei t her  Cor ps Of f i ce of  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  no sei smi c 
r equi r ement s ar e pr ovi ded.   Sect i on 13 48 00,  
pr oper l y edi t ed,  must  be i ncl uded i n t he cont r act  
documents.

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

Pi pi ng and at t ached val ves shal l  be suppor t ed and br aced t o r esi st  sei smi c 
l oads as speci f i ed i n Sect i on 13 48 00 SEI SMI C PROTECTI ON FOR MI SCELLANEOUS 
EQUI PMENT [ and ] [ as shown on t he dr awi ngs] .   St r uct ur al  st eel  r equi r ed f or  
r ei nf or cement  t o pr oper l y suppor t  pi pi ng,  header s,  and equi pment ,  but  not  
shown,  shal l  be pr ovi ded i n t hi s sect i on.   Mat er i al  used f or  suppor t s shal l  
be as speci f i ed i n Sect i on 05 12 00 STRUCTURAL STEEL.

3. 3. 14. 2   Pi pe Hanger s,  I nser t s,  and Suppor t s

**************************************************************************
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NOTE:   Det ai l s  of  pi pe suppor t s i n t r enches wi l l  be 
shown on t he dr awi ngs.   Mechani cal  and el ect r i cal  
l ayout  dr awi ngs and speci f i cat i ons f or  cei l i ng 
suspensi ons shoul d cont ai n not es i ndi cat i ng t hat  
hanger  l oads bet ween panel  poi nt s i n excess of  225 N 
50 pounds shal l  have t he excess hanger  l oads 
suspended f r om panel  poi nt s.

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

Pi pe hanger s,  i nser t s,  and suppor t s shal l  conf or m t o MSS SP- 58,  except  as 
modi f i ed her ei n.

3. 3. 14. 2. 1   Types 5,  12,  and 26

Use of  Types 5,  12,  and 26 i s pr ohi bi t ed.

3. 3. 14. 2. 2   Type 3

Type 3 shal l  not  be used on i nsul at ed pi pe whi ch has a vapor  bar r i er .   Type 
3 may be used on i nsul at ed pi pe t hat  does not  have a vapor  bar r i er  i f  
c l amped di r ect l y  t o t he pi pe,  i f  t he c l amp bot t om does not  ext end t hr ough 
t he i nsul at i on,  and i f  t he t op c l amp at t achment  does not  cont act  t he 
i nsul at i on dur i ng pi pe movement .

3. 3. 14. 2. 3   Type 18

Type 18 i nser t s shal l  be secur ed t o concr et e f or ms bef or e concr et e i s 
pl aced.   Cont i nuous i nser t s whi ch al l ow mor e adj ust ment  may be used i f  t hey 
ot her wi se meet  t he r equi r ement s f or  Type 18 i nser t s.

3. 3. 14. 2. 4   Type 19 and 23 C- Cl amps

Tor que Type 19 and 23 C- cl amps i n accor dance wi t h MSS SP- 58 and have bot h 
l ocknut s and r et ai ni ng devi ces f ur ni shed by t he manuf act ur er .   Fi el d 
f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  accept abl e.

3. 3. 14. 2. 5   Type 20 At t achment s

Type 20 at t achment s used on angl es and channel s shal l  be f ur ni shed wi t h an 
added mal l eabl e- i r on heel  pl at e or  adapt er .

3. 3. 14. 2. 6   Type 24

Type 24 may be used onl y on t r apeze hanger  syst ems or  on f abr i cat ed f r ames.

3. 3. 14. 2. 7   Hor i zont al  Pi pe Suppor t s

Hor i zont al  pi pe suppor t s shal l  be spaced as speci f i ed i n MSS SP- 58 and a 
suppor t  shal l  be i nst al l ed not  over  300 mm 1 f oot  f r om t he pi pe f i t t i ng 
j oi nt  at  each change i n di r ect i on of  t he pi pi ng.   Pi pe suppor t s shal l  be 
spaced not  over  1500 mm 5 f eet  apar t  at  val ves.

3. 3. 14. 2. 8   Ver t i cal  Pi pe Suppor t

Ver t i cal  pi pe shal l  be suppor t ed at  each f l oor ,  except  at  s l ab- on- gr ade,  
and at  i nt er val s of  not  mor e t han 4500 mm 15 f eet ,  not  mor e t han 2400 mm 8 
f eet  f r om end of  r i ser s,  and at  vent  t er mi nat i ons.
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3. 3. 14. 2. 9   Type 35 Gui des

Type 35 gui des usi ng st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE)  or  
gr aphi t e s l i des shal l  be pr ovi ded wher e r equi r ed t o al l ow l ongi t udi nal  pi pe 
movement .   Lat er al  r est r ai nt s shal l  be pr ovi ded as r equi r ed.   Sl i de 
mat er i al s shal l  be sui t abl e f or  t he syst em oper at i ng t emper at ur es,  
at mospher i c condi t i ons,  and bear i ng l oads encount er ed.

a.   Wher e st eel  s l i des do not  r equi r e pr ovi s i ons f or  r est r ai nt  of  l at er al  
movement ,  an al t er nat e gui de met hod may be used.   On pi pi ng 100 mm 4 
i nches and l ar ger ,  a Type 39 saddl e may be wel ded t o t he pi pe and 
f r eel y r est ed on a st eel  pl at e.   On pi pi ng under  100 mm 4 i nches,  a 
Type 40 pr ot ect i on shi el d may be at t ached t o t he pi pe or  i nsul at i on and 
f r eel y r est ed on a st eel  s l i de pl at e.

b.   Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he Type 35 gui de shal l  i ncl ude a pi pe cr adl e wel ded t o t he 
gui de st r uct ur e and st r apped secur el y t o t he pi pe.   The pi pe shal l  be 
separ at ed f r om t he s l i de mat er i al  by at  l east  100 mm 4 i nches or  by an 
amount  adequat e f or  t he i nsul at i on,  whi chever  i s  gr eat er .

3. 3. 14. 2. 10   Hor i zont al  I nsul at ed Pi pe

Except  f or  Type 3,  pi pe hanger s on hor i zont al  i nsul at ed pi pe shal l  be t he 
s i ze of  t he out s i de di amet er  of  t he i nsul at i on.

3. 3. 14. 2. 11   Pi pi ng i n Tr enches

Suppor t  pi pi ng i n t r enches as i ndi cat ed.

3. 3. 14. 2. 12   St r uct ur al  St eel  At t achment s

St r uct ur al  st eel  at t achment s and br acket s r equi r ed t o suppor t  pi pi ng,  
header s,  and equi pment ,  but  not  shown,  shal l  be pr ovi ded under  t hi s  
sect i on.   Mat er i al  and i nst al l at i on shal l  be as speci f i ed under  Sect i on 
05 12 00 STRUCTURAL STEEL.   Pi pe hanger  l oads suspended f r om st eel  j oi st  
bet ween panel  poi nt s shal l  not  exceed 22 kg 50 pounds.   Loads exceedi ng 22 
kg 50 pounds shal l  be suspended f r om panel  poi nt s.

3. 3. 14. 3   Mul t i pl e Pi pe Runs

I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  a c l i p or  
c l amp shal l  be used wher e each pi pe cr osses t he base suppor t  member .  
Spaci ng of  t he base suppor t  member  shal l  not  exceed t he hanger  and suppor t  
spaci ng r equi r ed f or  any i ndi v i dual  pi pe i n t he mul t i pl e pi pe r un.   The 
cl i ps or  c l amps shal l  be r i gi dl y at t ached t o t he common base member .   A 
c l ear ance of  3 mm 1/ 8 i nch shal l  be pr ovi ded bet ween t he pi pe i nsul at i on 
and t he c l i p or  c l amp f or  pi pi ng whi ch may be subj ect ed t o t her mal  
expansion.

3. 3. 15   Anchors

**************************************************************************
NOTE:   Anchor s wi l l  be coor di nat ed wi t h sei smi c 
br aci ng.   Sei smi c br aci ng shoul d not  i nt er f er e wi t h 
t he t her mal  expansi on desi gn.

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

Anchor s shal l  be pr ovi ded wher e necessar y t o l ocal i ze expansi on or  t o 
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pr event  undue st r ai n on pi pi ng.   Anchor s shal l  consi st  of  heavy st eel  
col l ar s wi t h l ugs and bol t s f or  c l ampi ng and at t achi ng anchor  br aces,  
unl ess ot her wi se i ndi cat ed.   Anchor  br aces shal l  be i nst al l ed i n t he most  
ef f ect i ve manner  t o secur e t he desi r ed r esul t s,  us i ng t ur nbuckl es wher e 
r equi r ed.   Suppor t s,  anchor s,  or  st ays shal l  not  be at t ached wher e t hey 
wi l l  i nj ur e t he st r uct ur e or  adj acent  const r uct i on dur i ng i nst al l at i on or  
by t he wei ght  of  expansi on of  t he pi pel i ne.

3. 3. 16   Valves

Val ves shal l  be i nst al l ed wher e i ndi cat ed,  speci f i ed,  and r equi r ed f or  
f unct i oni ng and ser vi c i ng of  t he syst ems.   Val ves shal l  be saf el y 
accessi bl e.   Swi ng check val ves shal l  be i nst al l ed upr i ght  i n hor i zont al  
l i nes and i n ver t i cal  l i nes onl y when f l ow i s i n t he upwar d di r ect i on.   
Gat e and gl obe val ves shal l  be i nst al l ed wi t h st ems hor i zont al  or  above.  
Val ves t o be br azed shal l  be di sassembl ed pr i or  t o br azi ng and al l  packi ng 
r emoved.   Af t er  br azi ng,  t he val ves shal l  be al l owed t o cool  bef or e 
reassembling.

3. 3. 17   Pi pe Sl eeves

Pi pe passi ng t hr ough concr et e or  masonr y wal l s or  concr et e f l oor s or  r oof s 
shal l  be pr ovi ded wi t h pi pe s l eeves f i t t ed i nt o pl ace at  t he t i me of  
const r uct i on.   A wat er pr oof i ng c l ampi ng f l ange shal l  be i nst al l ed as 
i ndi cat ed wher e membr anes ar e i nvol ved.   Sl eeves shal l  not  be i nst al l ed i n 
st r uct ur al  member s except  wher e i ndi cat ed or  appr oved.   Rect angul ar  and 
squar e openi ngs shal l  be as det ai l ed.   Each sl eeve shal l  ext end t hr ough i t s 
r espect i ve wal l ,  f l oor ,  or  r oof .   Sl eeves t hr ough wal l s shal l  be cut  f l ush 
wi t h wal l  sur f ace.   Sl eeves t hr ough f l oor s shal l  [ be cut  f l ush wi t h f l oor  
sur f ace]  [ ext end above t op sur f ace of  f l oor  a suf f i c i ent  di st ance t o al l ow 
pr oper  f l ashi ng or  f i ni shi ng] .   Sl eeves t hr ough r oof s shal l  ext end above 
t he t op sur f ace of  r oof  at  l east  150 mm 6 i nches f or  pr oper  f l ashi ng or  
f i ni shi ng.   Unl ess ot her wi se i ndi cat ed,  s l eeves shal l  be s i zed t o pr ovi de a 
mi ni mum cl ear ance of  6 mm 1/ 4 i nch bet ween bar e pi pe and sl eeves or  bet ween 
j acket  over  i nsul at i on and sl eeves.   Sl eeves i n wat er pr oof i ng membr ane 
f l oor s,  bear i ng wal l s,  and wet  ar eas shal l  be gal vani zed st eel  pi pe or  
cast - i r on pi pe.   Sl eeves i n nonbear i ng wal l s,  f l oor s,  or  cei l i ngs may be 
gal vani zed st eel  pi pe,  cast - i r on pi pe,  or  gal vani zed sheet  met al  wi t h 
l ock- t ype l ongi t udi nal  seam.   Except  i n pi pe chases or  i nt er i or  wal l s,  t he 
annul ar  space bet ween pi pe and sl eeve or  bet ween j acket  over  i nsul at i on and 
sl eeve i n nonf i r e r at ed wal l s shal l  be seal ed as i ndi cat ed and speci f i ed i n 
Sect i on 07 92 00 JOI NT SEALANTS.   Met al  j acket s shal l  be pr ovi ded over  
i nsul at i on passi ng t hr ough ext er i or  wal l s,  f i r ewal l s,  f i r e par t i t i ons,  
f l oor s,  or  r oof s.

a.   Met al  j acket s shal l  not  be t hi nner  t han 0. 1524 mm 0. 006 i nch t hi ck 
al umi num,  i f  cor r ugat ed,  and 0. 4 mm 0. 016 i nch t hi ck al umi num,  i f  
smooth.

b.   Secur e met al  j acket s wi t h al umi num or  st ai nl ess st eel  bands not  l ess 
t han 9 mm 3/ 8 i nch wi de and not  mor e t han 200 mm 8 i nches apar t .   When 
penet r at i ng r oof s and bef or e f i t t i ng t he met al  j acket  i nt o pl ace,  a13 mm
 1/ 2 i nch wi de st r i p of  seal ant  shal l  be r un ver t i cal l y  al ong t he 
i nsi de of  t he l ongi t udi nal  j oi nt  of  t he met al  j acket  f r om a poi nt  bel ow 
t he backup mat er i al  t o a mi ni mum hei ght  of  1000 mm 36 i nches above t he 
r oof .   I f  t he pi pe t ur ns f r om ver t i cal  t o hor i zont al ,  t he seal ant  st r i p 
shal l  be r un t o a poi nt  j ust  beyond t he f i r st  el bow.   When penet r at i ng 
wat er pr oof i ng membr ane f or  f l oor s,  t he met al  j acket  shal l  ext end f r om a 
poi nt  bel ow t he back- up mat er i al  t o a mi ni mum di st ance of  50 mm 2 i nches
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 above t he f l ashi ng.   For  ot her  ar eas,  t he met al  j acket  shal l  ext end 
f r om a poi nt  bel ow t he backup mat er i al  t o a poi nt  300 mm 12 i nches 
above mat er i al  t o a mi ni mum di st ance of  50 mm 2 i nches above t he 
f l ashi ng.   For  ot her  ar eas,  t he met al  j acket  shal l  ext end f r om a poi nt  
bel ow t he backup mat er i al  t o a poi nt  300 mm 12 i nches above t he f l oor ;  
when passi ng t hr ough wal l s above gr ade,  t he j acket  shal l  ext end at  l east
 100 mm 4 i nches beyond each si de of  t he wal l .

3. 3. 17. 1   Pi pes Passi ng Thr ough Wat er pr oof i ng Membr anes

I n addi t i on t o t he pi pe s l eeves r ef er r ed t o above,  pi pes passi ng t hr ough 
wat er pr oof i ng membr anes shal l  be pr ovi ded wi t h a 1. 6 mm 4 pound l ead 
f l ashi ng or  a 0. 55 mm 16 ounce copper  f l ashi ng,  each wi t hi n an i nt egr al  
ski r t  or  f l ange.   Fl ashi ng shal l  be sui t abl y f or med,  and t he ski r t  or  
f l ange shal l  ext end not  l ess t han 200 mm 8 i nches f r om t he pi pe and shal l  
set  over  t he membr ane i n a t r owel ed coat i ng of  bi t umi nous cement .   The 
f l ashi ng shal l  ext end above t he r oof  or  f l oor  a mi ni mum of  250 mm 10 i nches.   
The annul ar  space bet ween t he f l ashi ng and t he bar e pi pe or  bet ween t he 
f l ashi ng and t he met al - j acket - cover ed i nsul at i on shal l  be seal ed as 
i ndi cat ed.   Pi pes up t o and i ncl udi ng 250 mm 10 i nches i n di amet er  whi ch 
pass t hr ough wat er pr oof i ng membr ane may be i nst al l ed t hr ough a cast - i r on 
s l eeve wi t h caul k i ng r ecess,  anchor  l ugs,  f l ashi ng c l amp devi ce,  and 
pr essur e r i ng wi t h br ass bol t s.   Wat er pr oof i ng membr ane shal l  be c l amped 
i nt o pl ace and seal ant  shal l  be pl aced i n t he caul k i ng r ecess.

3. 3. 17. 2   Opt i onal  Modul ar  Mechani cal  Seal i ng Assembl y

At  t he opt i on of  t he Cont r act or ,  a modul ar  mechani cal  t ype seal i ng assembl y 
may be i nst al l ed i n t he annul ar  space bet ween t he s l eeve and condui t  or  
pi pe i n l i eu of  a wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng 
speci f i ed above.   The seal s shal l  i ncl ude i nt er l ocki ng synt het i c r ubber  
l i nks shaped t o cont i nuousl y f i l l  t he annul ar  space bet ween t he 
pi pe/ condui t  and s l eeve wi t h cor r osi on- pr ot ect ed car bon st eel  bol t s ,  nut s,  
and pr essur e pl at es.   The l i nks shal l  be l oosel y assembl ed wi t h bol t s t o 
f or m a cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a pr essur e pl at e under  
each bol t  head and each nut .   Af t er  t he seal  assembl y i s pr oper l y 
posi t i oned i n t he s l eeve,  t i ght eni ng of  t he bol t  shal l  cause t he r ubber  
seal i ng el ement s t o expand and pr ovi de a wat er t i ght  seal  bet ween t he 
pi pe/ condui t  and t he s l eeve.   Each seal  assembl y shal l  be s i zed as 
r ecommended by t he manuf act ur er  t o f i t  t he pi pe/ condui t  and s l eeve i nvol ved.

3. 3. 17. 3   Opt i onal  Count er f l ashi ng

As al t er nat es t o caul k i ng and seal i ng t he annul ar  space bet ween t he pi pe 
and f l ashi ng or  met al - j acket - cover ed i nsul at i on and f l ashi ng,  
count er f l ashi ng may consi st  of  st andar d r oof  coupl i ng f or  t hr eaded pi pe up 
t o 150 mm 6 i nches i n di amet er ,  l ead f l ashi ng s l eeve f or  dr y vent s wi t h t he 
s l eeve t ur ned down i nt o t he pi pe t o f or m a wat er pr oof  j oi nt ,  or  a 
t ack- wel ded or  banded- met al  r ai n shi el d ar ound t he pi pe,  seal ed as 
indicated.

3. 3. 17. 4   Fi r e Seal

Wher e pi pes pass t hr ough f i r ewal l s,  f i r e par t i t i ons,  or  f l oor s,  a f i r e seal  
shal l  be pr ovi ded as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 3. 18   Bal anci ng Val ves

Bal anci ng val ves shal l  be i nst al l ed as i ndi cat ed.
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3. 3. 19   Ther momet er  Wel l s

Pr ovi de a t her momet er  wel l  i n each r et ur n l i ne f or  each ci r cui t  i n 
mul t i c i r cui t  syst ems.

3. 3. 20   Ai r  Vent s

I nst al l  ai r  vent s i n pi pi ng at  al l  syst em hi gh poi nt s.   The vent  shal l  
r emai n open unt i l  wat er  r i ses i n t he t ank or  pi pe t o a pr edet er mi ned l evel  
at  whi ch t i me i t  shal l  c l ose t i ght .   An over f l ow pi pe f r om t he vent  shal l  
be r un t o a poi nt  desi gnat ed by t he Cont r act i ng Of f i cer ' s r epr esent at i ve.   
The i nl et  t o t he ai r  vent  shal l  have a gat e val ve or  bal l  val ve.

3. 3. 21   Escutcheons

Pr ovi de escut cheons at  al l  f i ni shed sur f aces wher e exposed pi pi ng,  bar e or  
i nsul at ed,  passes t hr ough f l oor s,  wal l s,  or  cei l i ngs except  i n boi l er ,  
ut i l i t y ,  or  equi pment  r ooms.   Escut cheons shal l  be f ast ened secur el y t o 
pi pe or  pi pe cover i ng and shal l  be chr omi um- pl at ed i r on or  chr omi um- pl at ed 
br ass,  ei t her  one- pi ece or  spl i t  pat t er n,  hel d i n pl ace by i nt er nal  spr i ng 
t ensi on or  set scr ews.

3. 3. 22   Drains

A dr ai n connect i on wi t h a 25 mm 1 i nch gat e val ve or  19 mm 3/ 4 i nch hose 
bi b 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 .   I n addi t i on,  t hr eaded dr ai n connect i ons wi t h t hr eaded cap or  pl ug 
shal l  be i nst al l ed on t he heat  exchanger  coi l  on each uni t  heat er  or  uni t  
vent i l at or  and wher ever  r equi r ed f or  t hor ough dr ai ni ng of  t he syst em.

3. 3. 23   St r ai ner  Bl ow- Down Pi pi ng

St r ai ner  bl ow- down connect i ons shal l  be f i t t ed wi t h a bl ack st eel  bl ow- down 
pi pel i ne r out ed t o an accessi bl e l ocat i on and pr ovi ded wi t h a bl ow- down 
valve.

3. 3. 24   Di r ect  Vent i ng f or  Combust i on I nt ake Ai r  and Exhaust  Ai r

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  condensi ng boi l er s 
ar e not  used.

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

The i nt ake ai r  and exhaust  vent s shal l  be i nst al l ed i n accor dance wi t h 
NFPA 54 and boi l er  manuf act ur er ' s r ecommendat i ons.   The exhaust  vent  shal l  
be s l oped 20. 8 mm/ m 1/ 4 i nch/ f t  t owar d t he boi l er ' s  f l ue gas condensat e 
col l ect i on poi nt .

3. 4   GAS FUEL SYSTEM

Gas pi pi ng,  f i t t i ngs,  val ves,  r egul at or s,  t est s,  c l eani ng,  and adj ust ment s 
shal l  be i n accor dance wi t h t he Sect i on 23 11 25 FACI LI TY GAS PI PI NG.   
Submi t  pr oposed t est  schedul es f or  t he heat i ng syst em and f uel  syst em 
t est s,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.   NFPA 54 
shal l  be compl i ed wi t h unl ess ot her wi se speci f i ed.   Bur ner s,  pi l ot s,  and 
al l  accessor i es shal l  be l i s t ed i n UL FLAMMABLE & COMBUSTI BLE.   The f uel  
syst em shal l  be pr ovi ded wi t h a gas t i ght ,  manual l y oper at ed,  UL l i s t ed 
st op val ve at  t he gas- suppl y connect i ons,  a gas st r ai ner ,  a pr essur e 
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r egul at or ,  pr essur e gauges,  a bur ner - cont r ol  val ve,  a saf et y shut of f  val ve 
sui t abl e f or  s i ze of  bur ner  and sequence of  oper at i on,  and ot her  component s 
r equi r ed f or  saf e,  ef f i c i ent ,  and r el i abl e oper at i on as speci f i ed.   
Appr oved per manent  and r eady f aci l i t i es t o per mi t  per i odi c val ve l eakage 
t est s on t he saf et y shut of f  val ve or  val ves shal l  be pr ovi ded.

3. 5   FUEL OI L SYSTEM

Fuel  oi l  syst em shal l  be i nst al l ed i n accor dance wi t h NFPA 31,  unl ess 
ot her wi se i ndi cat ed.

3. 5. 1   Pi pi ng and St or age Tank

Fuel  oi l  pi pi ng and st or age t anks shal l  be i nst al l ed i n accor dance wi t h 
Sect i on 33 56 10 FACTORY- FABRI CATED FUEL STORAGE TANKS,  unl ess i ndi cat ed 
otherwise.

3. 5. 2   Fuel - Oi l  St or age Tank Heat i ng- Coi l  Pi pi ng

Suppl y and r et ur n pi pi ng and f i t t i ngs f or  t he heat i ng coi l  shal l  be 
i nst al l ed i n accor dance wi t h par agr aph PI PI NG I NSTALLATI ON.   The [ hot  
wat er ]  [ st eam]  suppl y l i ne t o t he heat i ng coi l  shal l  be pr ovi ded wi t h an 
aut omat i c t emper at ur e- cont r ol  val ve,  a st r ai ner  and a t hr ee- val ve bypass.  
The r et ur n l i ne f r om t he coi l  shal l  be pr ovi ded wi t h a [ check val ve]  [ st eam 
t r ap]  and a bl ock val ve.

3. 5. 3   Aut omat i c Saf et y Shut of f  Val ve

Oi l  suppl y l i ne t o each oi l  bur ner  shal l  be equi pped wi t h an aut omat i cal l y  
oper at ed val ve desi gned t o shut  of f  t he oi l  suppl y i n case of  f i r e i n t he 
i mmedi at e v i c i ni t y of  t he bur ner .   The val ve shal l  be t her moel ect r i cal l y  
act uat ed or  t her momechani cal l y act uat ed t ype and shal l  be l ocat ed 
i mmedi at el y downst r eam of  t he manual  shut of f  val ve at  t he day t ank i nsi de 
of  t he bui l di ng.   I f  a day t ank i s not  used,  t he aut omat i c saf et y val ve 
shal l  be l ocat ed i mmedi at el y downst r eam of  t he bui l di ng shut of f  devi ces 
wher e oi l  suppl y l i ne ent er s t he bui l di ng.   A t her moel ect r i cal  or  
t her momechani cal  det ect i on devi ce shal l  be l ocat ed over  t he oi l  bur ner  t o 
act i vat e t he val ve.   A f i r e shut of f  val ve may be combi ned wi t h ot her  
aut omat i c shut of f  devi ces i f  l i s t ed i n UL FLAMMABLE & COMBUSTI BLE.

3. 5. 4   Earthwork

Excavat i on and backf i l l i ng f or  t anks and pi pi ng shal l  be as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.

3. 6   RADI ANT FLOOR HEATI NG SYSTEM

The r adi ant  f l oor  heat i ng syst em shal l  be i nst al l ed i n accor dance wi t h 
HI-004 ,  unl ess ot her wi se i ndi cat ed by t he t ubi ng manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Dur i ng t he i nst al l at i on,  al l  t ubi ng shal l  be 
pl ugged on each end t o pr event  f or ei gn mat er i al s f r om ent er i ng t he t ubi ng.   
Al l  t ubi ng shal l  be checked f or  abr asi ons pr i or  t o i nst al l at i on.   Tubi ng 
wi t h excessi ve abr asi ons t hat  damage t he oxygen bar r i er  coat i ng wi l l  not  be 
accept abl e.   Tubi ng wi t h any abr asi on t hat  i s  gr eat er  t han 10 per cent  of  
t he mi ni mum wal l  t hi ckness wi l l  not  be accept abl e.   Al l  t ubi ng embedded or  
conceal ed by t he f l oor  shal l  be i nst al l ed wi t hout  j oi nt s.   The bendi ng 
r adi us of  t he t ubi ng shal l  not  exceed t he val ues r ecommended by t he t ubi ng 
manuf act ur er .   The t ubi ng shal l  be i nst al l ed i n such a manner  as t o evenl y 
di st r i but e t he heat  acr oss t he f l oor .   Tubi ng shal l  not  be pl aced near  heat  
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sensi t i ve mat er i al s such as wat er  c l oset  seal s.   I sol at i on val ves shal l  be 
i nst al l ed on each si de of  each t ubi ng mani f ol d.   The mani f ol d and f i t t i ngs 
shal l  be accessi bl e f or  mai nt enance.   Af t er  t he syst em i s f i l l ed wi t h wat er  
or  gl ycol ,  al l  ai r  shal l  be vent ed f r om t he syst em.   Af t er  t he syst em i s 
al l owed t o st abi l i ze at  t he oper at i ng t emper at ur es of  t he heat i ng f l ui d,  
t he syst em shal l  be vent ed agai n.

3. 6. 1   Concr et e Sl ab const r uct i on

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  s l ab const r uct i on i s 
not  r equi r ed.   The t ype of  i nst al l at i on under  t he 
s l ab shoul d be coor di nat ed wi t h t he ar chi t ect  and 
st r uct ur al  engi neer .

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

I n ar eas wher e t ubi ng must  cr oss expansi on j oi nt s,  cont r ol  j oi nt s,  or  ot her  
cr ack cont r ol  measur es,  t he t ubi ng shal l  be i nst al l ed bel ow t he j oi nt s.   
The t ubi ng shal l  be f ast ened t o t he r ei nf or c i ng st eel  i n accor dance wi t h 
t he t ubi ng manuf act ur er ' s r ecommendat i ons.   The t ubi ng shal l  be pr essur i zed 
pr i or  t o and dur i ng t he concr et e pour  t o ensur e syst em i nt egr i t y.

3. 6. 2   Wooden Fl oor  Const r uct i on

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  a wooden f l oor  
const r uct i on i s not  r equi r ed.

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

Tubi ng shal l  be f ast ened t o t he wood subf l oor i ng i n accor dance wi t h t he 
dr awi ngs and t he t ubi ng manuf act ur er ' s r ecommendat i ons.   The met hod of  
at t achi ng t he t ubi ng t o t he f l oor i ng shal l  not  cause abr asi ons on t he 
tubing.

3. 6. 3   Penet r at i ons t o Fi r e Rat ed Assembl i es

Wher e pi pe pass t hr ough f i r ewal l s ,  f i r e par t i t i ons,  or  f l oor s,  a f i r e seal  
shal l  be pr ovi ded as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 7   COLOR CODE MARKI NG AND FI ELD PAI NTI NG

**************************************************************************
NOTE:   Desi gner  wi l l  coor di nat e col or  code mar ki ng 
wi t h Sect i on 09 90 00.   Col or  code mar ki ng f or  
pi pi ng not  l i s t ed i n Tabl e 1 of  Sect i on 09 90 00 
wi l l  be added t o t he t abl e.

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

Col or  code mar ki ng of  pi pi ng shal l  be as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.   Fer r ous met al  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 COATI NGS.   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. 8   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 
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t o 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 .

3. 9   TEST OF BACKFLOW PREVENTI ON ASSEMBLI ES

Backf l ow pr event i on assembl i es shal l  be t est ed i n accor dance wi t h Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE.

3. 10   HEATI NG SYSTEM TESTS

**************************************************************************
NOTE:   Whenever  possi bl e,  t he t est i ng of  heat i ng 
syst ems wi l l  be done under  adver se wi nt er  condi t i ons 
and l ow out s i de t emper at ur es.   The t est  dat a 
i ncl uded wi l l  be modi f i ed as r equi r ed t o sui t  t he 
par t i cul ar  heat i ng syst em.

Sel ect  a 4 hour  hydr ost at i c t est  f or  r adi ant  f l oor  
heat i ng syst ems i n accor dance wi t h HYI  400.   Al l  
ot her  syst ems shoul d be t est ed f or  2 hour s.

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

Submi t  t he Qual i f i cat i ons of  t he f i r ms i n char ge of  i nst al l at i on and 
t est i ng as speci f i ed.   Submi t  a st at ement  f r om t he f i r ms pr oposed t o 
pr epar e submi t t al s and per f or m i nst al l at i on and t est i ng,  demonst r at i ng 
successf ul  compl et i on of  s i mi l ar  ser vi ces of  at  l east  f i ve pr oj ect s of  
s i mi l ar  s i ze or  scope,  at  l east  2 weeks pr i or  t o t he submi t t al  of  any ot her  
i t em r equi r ed by t hi s sect i on.   Bef or e any cover i ng i s i nst al l ed on pi pe or  
heat i ng equi pment ,  t he ent i r e heat i ng syst em' s pi pi ng,  f i t t i ngs,  and 
t er mi nal  heat i ng uni t s shal l  be hydr ost at i cal l y  t est ed and pr oved t i ght  at  
a pr essur e of  1. 5 t i mes t he desi gn wor ki ng pr essur e,  but  not  l ess t han 689 
kPa 100 psi .   Submi t  pr oposed t est  pr ocedur es f or  t he heat i ng syst em t est s 
and f uel  syst em t est s,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
testing.

a.   Bef or e pr essur i z i ng syst em f or  t est ,  i t ems or  equi pment  ( e. g. ,  vessel s,  
pumps,  i nst r ument s,  cont r ol s,  r el i ef  val ves)  r at ed f or  pr essur es bel ow 
t he t est  pr essur e shal l  be bl anked of f  or  r epl aced wi t h spool  pi eces.

b.   Bef or e bal anci ng and f i nal  oper at i ng t est ,  t est  bl anks and spool  pi eces 
shal l  be r emoved;  and pr ot ect ed i nst r ument s and equi pment  shal l  be 
r econnect ed.   Wi t h equi pment  i t ems pr ot ect ed,  t he syst em shal l  be 
pr essur i zed t o t est  pr essur e.   Pr essur e shal l  be hel d f or  a per i od of  
t i me suf f i c i ent  t o i nspect  al l  wel ds,  j oi nt s,  and connect i ons f or  
l eaks,  but  not  l ess t han 2 hour s.   No l oss of  pr essur e wi l l  be 
al l owed.   Leaks shal l  be r epai r ed and r epai r ed j oi nt s shal l  be r et est ed.

c.   Repai r  j oi nt s shal l  not  be al l owed under  t he f l oor  f or  f l oor  r adi ant  
heat i ng syst ems.   I f  a l eak occur s i n t ubi ng l ocat ed under  t he f l oor  i n 
r adi ant  heat i ng syst ems,  t he ent i r e zone t hat  i s  l eaki ng shal l  be 
r epl aced.   I f  any r epai r  i s  made above t he f l oor  f or  f l oor  r adi ant  
heat i ng syst ems,  access shal l  be pr ovi ded f or  t he i nst al l ed j oi nt .   
Caul k i ng of  j oi nt s shal l  not  be per mi t t ed.

d.   Syst em shal l  be dr ai ned and af t er  i nst r ument s and equi pment  ar e 
r econnect ed,  t he syst em shal l  be r ef i l l ed wi t h ser vi ce medi um and 
maxi mum oper at i ng pr essur e appl i ed.   The pr essur e shal l  be hel d whi l e 
i nspect i ng t hese j oi nt s and connect i ons f or  l eaks.   The l eaks shal l  be 
r epai r ed and t he r epai r ed j oi nt s r et est ed.
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Upon compl et i on of  hydr ost at i c t est s and bef or e accept ance of  t he 
i nst al l at i on,  submi t  t est  r epor t s f or  t he heat i ng syst em t est s.   Upon 
compl et i on of  t est i ng compl et e wi t h r esul t s,  bal ance t he heat i ng syst em i n 
accor dance wi t h Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC 
SYSTEMS and oper at i ng t est s r equi r ed t o demonst r at e sat i sf act or y f unct i onal  
and oper at i onal  ef f i c i ency.   The oper at i ng t est  shal l  cover  a per i od of  at  
l east  24 hour s f or  each syst em,  and shal l  i ncl ude,  as a mi ni mum,  t he 
f ol l owi ng speci f i c  i nf or mat i on i n a r epor t ,  t oget her  wi t h concl usi ons as t o 
t he adequacy of  t he syst em:

a.   Cer t i f i cat i on of  bal anci ng.

b.   Ti me,  dat e,  and dur at i on of  t est .

c.   Out si de and i nsi de dr y bul b t emper at ur es.

d.   [ Temper at ur e of  hot  wat er  suppl y l eavi ng boi l er ]  [ St eam pr essur e] .

e.   Temper at ur e of  [ heat i ng r et ur n wat er  f r om syst em at ]  [ condensat e f eed 
t o]  boi l er  i nl et .

f .   Quant i t y of  wat er  f eed t o boi l er .

g.   Boi l er  make,  t ype,  ser i al  number ,  desi gn pr essur e,  and r at ed capaci t y.

h.   Fuel  bur ner  make,  model ,  and r at ed capaci t y;  ammet er  and vol t met er  
r eadi ngs f or  bur ner  mot or .

i .   [ Ci r cul at i ng]  [ Condensat e]  [ Vacuum]  pump make,  model ,  and r at ed 
capaci t y,  and ammet er  and vol t met er  r eadi ngs f or  pump mot or  dur i ng 
operation.

j .   Fl ue- gas t emper at ur e at  boi l er  out l et .

k.   Per cent  car bon di oxi de i n f l ue- gas.

l .   Gr ade or  t ype and cal or i f i c  val ue of  f uel .

m.   Dr af t  at  boi l er  f l ue- gas exi t .

n.   Dr af t  or  pr essur e i n f ur nace.

o.   Quant i t y of  wat er  c i r cul at ed.

p.   Quant i t y of  f uel  consumed.

q.   St ack emi ssi on pol l ut ant s concent r at i on.

I ndi cat i ng i nst r ument s shal l  be r ead at  hal f - hour  i nt er val s unl ess 
ot her wi se di r ect ed.   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 and bal anci ng.   Obt ai n necessar y nat ur al  gas,  wat er  
and el ect r i c i t y as speci f i ed i n t he [ SPECI AL CONTRACT REQUI REMENTS] [ Sect i on 
01 50 00 TEMPORARY CONSTRUCTI ON FACI LI TI ES AND CONTROLS]   Pr ovi de necessar y 
quant i t i es of  pr opane gas or  No.  [ _____]  f uel  oi l  when pr opane gas or  f uel  
oi l  i s  r equi r e f or  t est i ng.   Oper at i ng t est s shal l  demonst r at e t hat  f uel  
bur ner s and combust i on and saf et y cont r ol s meet  t he r equi r ement s of  [
ASME CSD- 1]  [ ANSI  Z21. 13/ CSA 4. 9]  [ NFPA 85] 
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3. 10. 1   Wat er  Tr eat ment  Test i ng

The boi l er  wat er  shal l  be anal yzed [ pr i or  t o t he accept ance of  t he 
f aci l i t y ]  [ a mi ni mum of  once a mont h f or  a per i od of  1 year ]  by t he wat er  
t r eat ment  company.   Submi t  a wat er  qual i t y  t est  r epor t  i dent i f y i ng t he 
chemi cal  composi t i on of  t he boi l er  wat er .   The r epor t  shal l  i ncl ude a 
compar i son of  t he condi t i on of  t he boi l er  wat er  wi t h t he manuf act ur er ' s 
r ecommended condi t i ons.   Any r equi r ed cor r ect i ve act i on shal l  be document ed 
wi t hi n t he r epor t .   The t est  r epor t  shal l  i dent i f y  t he condi t i on of  t he 
boi l er  at  t he compl et i on of  1 year  of  ser vi ce.   The r epor t  shal l  i ncl ude a 
compar i son of  t he condi t i on of  t he boi l er  wi t h t he manuf act ur er ' s 
r ecommended oper at i ng condi t i ons.   The anal ysi s shal l  i ncl ude t he f ol l owi ng 
i nf or mat i on r ecor ded i n accor dance wi t h ASTM D596.

Dat e of  Sampl e [_____]

Temperature [ _____]  degr ees C degr ees F

Si l i ca ( Si O2) [ _____]  ppm ( mg/ 1)

Insoluble [ _____]  ppm ( mg/ 1)

I r on and Al umi num Oxi des [ _____]  ppm ( mg/ 1)

Cal ci um ( Ca) [ _____]  ppm ( mg/ 1)

Magnesi um ( Mg) [ _____]  ppm ( mg/ 1)

Sodi um and Pot assi um ( Na and K) [ _____]  ppm ( mg/ 1)

Car bonat e ( HCO3) [ _____]  ppm ( mg/ 1)

Sul f at e ( SO4) [ _____]  ppm ( mg/ 1)

Chl or i de ( C1) [ _____]  ppm ( mg/ 1)

Ni t r at e ( NO3) [ _____]  ppm ( mg/ 1)

Turbidity [ _____]  nt u

pH [_____]

Resi dual  Chl or i ne [ _____]  ppm ( mg/ 1)

Tot al  Al kal i ni t y [ _____]  epm ( meq/ 1)

Noncar bonat e Har dness [ _____]  epm ( meq/ 1)

Tot al  Har dness [ _____]  epm ( meq/ 1)

Di ssol ved Sol i ds [ _____]  ppm ( mg/ 1)

Fluorine [ _____]  ppm ( mg/ 1)
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Conductivity [ _____]  mi cr o- mho/ cm

I f  t he boi l er  wat er  i s  not  i n conf or mance wi t h t he boi l er  manuf act ur er ' s 
r ecommendat i ons,  t he wat er  t r eat ment  company shal l  t ake cor r ect i ve act i on.

3. 10. 2   Boi l er / Pi pi ng Test

**************************************************************************
NOTE:   I f  a st eam boi l er  i s  not  used,  del et e t he 
r ef er ence t o condensat e pi pi ng.

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

At  t he concl usi on of  t he 1 year  per i od,  t he boi l er  and condensat e pi pi ng 
shal l  be i nspect ed f or  pr obl ems due t o cor r osi on and scal e.   I f  t he boi l er  
i s  f ound not  t o conf or m t o t he manuf act ur er ' s r ecommendat i ons,  and t he 
wat er  t r eat ment  company r ecommendat i ons have been f ol l owed,  t he wat er  
t r eat ment  company shal l  pr ovi de al l  chemi cal s and l abor  f or  c l eani ng or  
r epai r i ng t he equi pment  as r equi r ed by t he manuf act ur er ' s r ecommendat i ons.  
I f  cor r osi on i s f ound wi t hi n t he condensat e pi pi ng,  pr oper  r epai r s shal l  be 
made by t he wat er  t r eat ment  company.

3. 11   CLEANING

3. 11. 1   Boi l er s and Pi pi ng

Af t er  t he hydr ost at i c t est s have been made and bef or e t he syst em i s 
bal anced and oper at i ng t est s ar e per f or med,  t he boi l er s and pi pi ng shal l  be 
t hor oughl y c l eaned by f i l l i ng t he syst em wi t h a sol ut i on consi st i ng of  
ei t her  0. 5 kg 1 pound of  caust i c soda or  0. 5 kg 1 pound of  t r i sodi um 
phosphat e per  190 L 50 gal l ons of  wat er .   The pr oper  saf et y pr ecaut i ons 
shal l  be obser ved i n t he handl i ng and use of  t hese chemi cal s.  The wat er  
shal l  be heat ed t o appr oxi mat el y 65 degr ees C 150 degr ees F and t he 
sol ut i on c i r cul at ed i n t he syst em f or  a per i od of  48 hour s.   The syst em 
shal l  t hen be dr ai ned and t hor oughl y f l ushed out  wi t h f r esh wat er .  
St r ai ner s and val ves shal l  be t hor oughl y c l eaned.   Pr i or  t o oper at i ng 
t est s,  ai r  shal l  be r emoved f r om al l  wat er  syst ems by oper at i ng t he ai r  
vents.

3. 11. 2   Heat i ng Uni t s

I nsi de space heat i ng equi pment ,  duct s,  pl enums,  and casi ng shal l  be 
t hor oughl y c l eaned of  debr i s and bl own f r ee of  smal l  par t i c l es of  r ubbi sh 
and dust  and t hen vacuum cl eaned bef or e i nst al l i ng out l et  f aces.   Equi pment  
shal l  be wi ped c l ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  spot s 
r emoved.   Tempor ar y f i l t er s shal l  be pr ovi ded f or  f ans t hat  ar e oper at ed 
dur i ng const r uct i on,  and new pr ovi de f i l t er s af t er  const r uct i on di r t  has 
been r emoved f r om t he bui l di ng,  and t he duct s,  pl enum,  casi ngs,  and ot her  
i t ems speci f i ed have been vacuum cl eaned.   Per f or m and document  t hat  pr oper  
" I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on"  pr ocedur es have been f ol l owed;  
pr ovi de document at i on showi ng t hat  af t er  const r uct i on ends,  and pr i or  t o 
occupancy,  new f i l t er s wer e pr ovi ded and i nst al l ed.   Syst em shal l  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs shal l  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s shal l  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  shal l  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans shal l  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.
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3. 12   FI ELD TRAI NI NG

**************************************************************************
NOTE:   The number  of  hour s r equi r ed f or  gi v i ng 
i nst r uct i ons f or  oper at i on and mai nt enance wi l l  
depend on t he compl exi t y of  t he syst em speci f i ed.  
The bl ank wi l l  be f i l l ed wi t h t he appr opr i at e 
number .   When t he syst em i s t o be i nst al l ed at  a 
l ocat i on wher e exper i enced Gover nment  engi neer s ar e 
on dut y,  del et e t he ent i r e par agr aph.

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

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od shal l  consi st  of  a t ot al  of  
[ _____]  hour s of  nor mal  wor ki ng t i me and shal l  s t ar t  af t er  t he syst em i s 
f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance t est s.

a.   The f i el d i nst r uct i ons shal l  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved oper at i on and mai nt enance manual s,  as wel l  as demonst r at i ons 
of  r out i ne mai nt enance oper at i ons and boi l er  saf et y devi ces.

b.   Submi t  syst em l ayout  di agr ams t hat  show t he l ayout  of  equi pment ,  
pi pi ng,  and duct wor k and t yped condensed oper at i on manual s expl ai ni ng 
pr event at i ve mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  
nor mal ,  saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng 
t he syst em,  f r amed under  gl ass or  l ami nat ed pl ast i c,  at  l east  2 weeks 
pr i or  t o t he st ar t  of  r el at ed t est i ng.   Af t er  appr oval ,  t hese i t ems 
shal l  be post ed wher e di r ect ed.

c.   Submi t  [ s i x]  [ _____]  compl et e oper at i on and mai nt enance i nst r uct i ons 
l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
shut down,  and r out i ne mai nt enance,  at  l east  2 weeks pr i or  t o f i el d 
t r ai ni ng.   The manual s shal l  i ncl ude t he manuf act ur er ' s name,  model  
number ,  par t s l i s t ,  s i mpl i f i ed wi r i ng and cont r ol  di agr ams,  
t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on ( i ncl udi ng 
addr ess and t el ephone number )  f or  each i t em of  equi pment .   Each ser vi ce 
or gani zat i on shal l  be capabl e of  pr ovi di ng [ 4]  [ _____]  hour  onsi t e 
r esponse t o a ser vi ce cal l  on an emer gency basi s.

d.   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. 13   FUEL SYSTEM TESTS

Submi t  t est  r epor t s f or  t he f uel  syst em t est s,  upon compl et i on of  t est i ng 
compl et e wi t h r esul t s.

3. 13. 1   Fuel  Oi l  Syst em Test

The f uel  oi l  syst em shal l  be t est ed i n accor dance wi t h Sect i on 33 56 10 
FACTORY- FABRI CATED FUEL STORAGE TANKS.

3. 13. 2   Gas Syst em Test

The gas f uel  syst em shal l  be t est ed i n accor dance wi t h t he t est  pr ocedur es 
out l i ned i n NFPA 54.

        - -  End of  Sect i on - -
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