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SECTI ON 23 72 00. 00 10

ENERGY RECOVERY SYSTEMS
01/ 08

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  ener gy r ecover y syst ems f or  power  
pl ant  i nst al l at i ons wher e a st eady sour ce of  wast e 
heat  i s avai l abl e.

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

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

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

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

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

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

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

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

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

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

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM D1066 ( 2018;  E 2018)  St andar d Pr act i ce f or  
Sampl i ng St eam

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

1. 2   SUBMI TTALS

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

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

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

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

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

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

SD- 02 Shop Dr awi ngs

I nst al l at i on

SD- 03 Pr oduct  Dat a

Cal cul at i ons

Wel di ng Pr ocedur es and Qual i f i cat i ons

Spar e Par t s

Post ed I nst r uct i ons

Per f or mance Test s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Test s

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

Oper at i on and Mai nt enance Manual s;  G[ ,  [ _____] ]
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1. 3   WELDI NG PROCEDURES AND QUALI FI CATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he need exi st s f or  mor e st r i ngent  
r equi r ement s f or  wel dment s,  del et e t he f i r st  
br acket ed st at ement .

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

[ Submi t  a copy of  qual i f i ed pr ocedur es and a l i s t  of  names and 
i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng oper at or s.   Wel d 
pi pi ng i n accor dance wi t h qual i f i ed pr ocedur es usi ng per f or mance qual i f i ed 
wel der s and wel di ng oper at or s.   Fur ni sh qual i f i ed pr ocedur es and wel der s 
i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng pr ocedur es qual i f i ed by 
ot her s,  and wel der s and wel di ng oper at or s qual i f i ed by anot her  empl oyer ,  
may be accept ed as per mi t t ed by ASME B31. 1.   Not i f y Cont r act i ng Of f i cer  24 
hour s i n advance of  t est s and per f or m t est s at  t he wor k s i t e i f  
pr act i cabl e.   The wel der  or  wel di ng oper at or  must  appl y hi s assi gned 
symbol  near  each wel d he makes as a per manent  r ecor d.   Wel d st r uct ur al  
member s i n accor dance wi t h Sect i on 05 05 23. 16 STRUCTURAL WELDI NG. ]  
[ Wel di ng and nondest r uct i ve t est i ng pr ocedur es ar e speci f i ed i n Sect i on 
40 05 13. 96 WELDI NG PROCESS PI PI NG. ]

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

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

1. 5   EXTRA MATERI ALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  f i r e- t ube boi l er s ar e speci f i ed,  del et e 
par agr aph " Tube Cl eaner ; "  i f  wat er - t ube boi l er s ar e 
speci f i ed,  del et e par agr aph " Tube Br ush. "   I f  t he 
boi l er  desi gn ut i l i zes bent  t ubes,  bot h par agr aphs 
" Tube Cl eaner "  and " Tube Br ush"  shoul d be del et ed.

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

Fur ni sh al l  speci al  t ool s necessar y f or  t he oper at i on and mai nt enance of  
boi l er s,  pumps,  f ans,  and ot her  equi pment .   Fur ni sh smal l  hand t ool s wi t h 
a sui t abl e cabi net ,  mount ed wher e di r ect ed.

1. 5. 1   Tube Cl eaner

Pr ovi de wat er - dr i ven t ype 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.   Pr ovi de t ube cl eaner  and 
r ot ar y br ush 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 .   Pr ovi de necessar y val ves and f i t t i ngs 
t o per mi t  qui ck connect i on of  t he r aw wat er  suppl y hose t o one boi l er  f eed 
pump f or  oper at i on of  t he c l eaner .

1. 5. 2   Tube Br ush

Pr ovi de 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 e t ubes.

1. 5. 3   Smoke Pi pe Cl eaner

Pr ovi de smoke pi pe cl eaner  t o c l ean t he br eechi ng and smoke connect i ons.   
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Pr ovi de cl eaner  wi t h a j oi nt ed handl e l ong enough t o c l ean br eechi ng and 
smoke connect i ons wi t hout  di smant l i ng t he syst em.

1. 5. 4   Speci al  Wr enches

Pr ovi de speci al  wr enches as r equi r ed f or  openi ng boi l er  manhol es,  
handhol es,  and cl eanout s.

1. 5. 5   Spar e Par t s

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  t he det ai l  dr awi ngs and not  l at er  t han [ _____]  mont hs 
bef or e t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a compl et e 
l i s t  of  spar e par t s and suppl i es wi t h cur r ent  uni t  pr i ces and sour ce of  
suppl y.

1. 6   OPERATI ON AND MAI NTENANCE MANUALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d r equi r e t he Cont r act or  t o 
pr epar e ( i n addi t i on t o pr ovi di ng O&M manual s f or  
each pi ece of  equi pment )  O&M manual s f or  t he 
compl et ed wor k whi ch consi st s of  di ver se equi pment  
i nt egr at ed i nt o a syst em not  cover ed by i nst r uct i ons 
f r om a si ngl e manuf act ur er ;  i n t hat  case r et ai n t he 
f i r st  br acket ed st at ement .   Remove t he f i r st  
br acket ed st at ement  when t he manuf act ur er ' s 
i nst r uct i ons ar e suf f i c i ent  t o oper at e and mai nt ai n 
t he compl et ed wor k.

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

The manual s wi l l  be appr oved by [ t he Cont r act i ng Of f i cer ]  [ _____]  bef or e 
accept ance of  t he i nst al l ed syst em.   Submi t  [ 6]  [ _____]  compl et e copi es of  
oper at i on manual  f or  ener gy r ecover y syst em out l i ni ng t he st ep- by- st ep 
pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  and shut down.   I ncl ude 
i n t he manual s t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
par t s l i s t ,  and a br i ef  descr i pt i on of  al l  equi pment  i t ems and t hei r  basi c 
oper at i ng f eat ur es.   Submi t  [ 6]  [ _____]  copi es of  mai nt enance manual  
l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r s,  
and pr ovi de t r oubl eshoot i ng gui de.   I ncl ude i n t he manual s pi pi ng l ayout ,  
equi pment  l ayout ,  and si mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em 
as i nst al l ed.

PART 2   PRODUCTS

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

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

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.   Pr ovi de equi pment  suppor t ed by a 
ser vi ce or gani zat i on t hat  i s,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  
r easonabl y conveni ent  t o t he s i t e.

2. 1. 2   Namepl at es

For  each maj or  i t em of  equi pment ,  secur e a pl at e t o t he i t em of  equi pment  
cont ai ni ng t he manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  
ser i al  number ,  and cat al og number .

2. 1. 3   Pr event i on of  Rust

Unl ess ot her wi se speci f i ed,  f act or y pr i me- pai nt  sur f aces of  f er r ous met al  
subj ect  t o cor r osi on wi t h a r ust - i nhi bi t i ng coat i ng and subsequent l y 
f act or y f i ni sh- pai nt ed i n accor dance wi t h t he manuf act ur er ' s st andar d 
pr act i ce.   Pr i me heat  r ecover y equi pment  exposed t o hi gh t emper at ur e when 
i n ser vi ce and f i ni sh pai nt  wi t h t he manuf act ur er ' s st andar d heat  
r esi st ant  pai nt  t o a mi ni mum t hi ckness of  0. 025 mm 1 mi l .

2. 1. 4   Equi pment  Guar ds and Access

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s l ocat ed wher e 
per sonnel  cont act  i s  possi bl e.   Guar d or  cover  hi gh t emper at ur e equi pment  
and pi pi ng l ocat ed wi t hi n per sonnel  cont act  or  wher e a pot ent i al  f i r e 
hazar d exi st s wi t h i nsul at i on of  a t ype speci f i ed.   Pr ovi de i t ems such as 
cat wal ks,  oper at i ng pl at f or ms,  l adder s,  and guar dr ai l s wher e shown and 
const r uct  t hem i n accor dance wi t h Sect i on [ 08 31 00 ACCESS DOORS AND 
PANELS] [ 05 51 33 METAL LADDERS] .

2. 2   HEAT RECOVERY EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Heat  r ecover y equi pment  i s c l osel y associ at ed 
wi t h t he pr i me mover  and i t  wi l l  f r equent l y be mor e 
advant ageous t o speci f y t hi s equi pment  i n t he same 
sect i on i n whi ch t he pr i me mover  i s speci f i ed.   The 
desi gner  must  i nsur e t hat  dr awi ngs def i ni ng t he 
i nt er r el at i onshi p bet ween al l  component s and desi gn 
dat a such as f l ows,  pr essur es,  t emper at ur es,  and 
heat  t r ansf er  r at e ar e i ncl uded.

Speci f y 2,  3,  4,  or  8 degr ees C 3,  5,  8,  or  15 
degr ees F f or  t he maxi mum t emper at ur e di f f er ent i al  
f or  cool ant  i n and out  of  engi ne.   Di f f er ent i al  
sel ect ed must  be i n accor dance wi t h engi ne 
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manuf act ur er ' s r ecommendat i ons.   The 2 degr ee C 3 
degr ee F)  r ange i s f or  convent i onal  ebul l i ent  
cool i ng wher e t he heat  of  evapor at i on i s used t o 
r emove t he r ej ect ed heat  f r om t he engi ne.   A 8 
degr ees C 15 degr ee F di f f er ent i al  acr oss t he engi ne 
i s desi r abl e f or  al l  ot her  syst ems but  may be 
l i mi t ed by engi ne manuf act ur er ' s r ecommendat i ons.

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

Pr ovi de a heat  r ecover y syst em t hat  i s an i nt egr at ed desi gn package 
compat i bl e wi t h t he pr i me mover  [ cool i ng]  [ and]  [ exhaust ]  syst em i n 
accor dance wi t h t he dr awi ngs and dat a sheet s.   Pr ovi de a [ di esel  engi ne 
exhaust  wast e heat  boi l er  onl y t o gener at e [ sat ur at ed st eam at  [ _____]  Pa 
psi g pr essur e]  [ hot  wat er  at  [ _____]  degr ees C degr ees F and [ _____]  Pa 
psi g pr essur e] . ]  [ di esel  engi ne [ j acket  wat er  cool i ng and heat  r ecl ai m 
syst em]  [ and]  [ l ube oi l  cool i ng and heat  r ecl ai m f aci l i t i es] . ]  [ di esel  
engi ne ebul l i ent  cool i ng syst em combi ni ng j acket  wat er  heat  r ecl ai m and 
exhaust  wast e heat  boi l er  t o gener at e up t o 105 kPa 15 psi g st eam. ]  [ gas 
t ur bi ne exhaust  heat  r ecl ai m uni t  t o gener at e [ st eam at  [ _____]  Pa psi g]  
[ hot  wat er  at  [ _____]  degr ees C degr ees F and [ _____]  Pa psi g pr essur e] . ]

2. 2. 1   Di esel  Engi ne Cool i ng

2. 2. 1. 1   Ant i f r eeze

[ For  ebul l i ent  cool i ng,  pr ovi de a cool i ng syst em sui t abl e f or  a 
combi nat i on of  wat er  and an azeot r opi c ant i f r eeze compat i bl e wi t h t he 
equi pment  ( met hoxy pr opanol )  as a cool i ng medi um,  her eaf t er  cal l ed t he 
cool ant . ]   [ For  cool i ng syst ems wher e st eam i s not  r equi r ed,  ut i l i ze an 
et hyl ene gl ycol  per manent  t ype ant i f r eeze.   Base si ze of  cool i ng syst em 
upon t he use of  an ant i f r eeze sol ut i on whi ch wi l l  pr ot ect  t he syst em down 
t o mi nus 45 degr ees C mi nus 50 degr ees F. ]   Pr ovi de a per manent  t ype 
ant i f r eeze f or  cool i ng t he l ube oi l  and auxi l i ar i es sui t abl e f or  use wi t h 
wat er ,  or  use t he ant i f r eeze sol ut i on speci f i ed above and connect  t o a 
separ at e sect i on of  t he wast e heat  condenser  f r om t he engi ne cool ant .   
Pr ovi de val ve t r i m and mat er i al s t hat  ar e compat i bl e f or  use wi t h t he 
ant i f r eeze sol ut i on.   Oper at i on of  t he cool i ng syst em must  be f ul l y 
aut omat i c whi l e t he pr i me mover  i s r unni ng.

2. 2. 1. 2   Wat er  Jacket  Temper at ur e

For  di esel  engi ne ebul l i ent  cool i ng,  pr ovi de j acket  wat er  t emper at ur e no 
l ower  t han 110 degr ees C 230 degr ees F,  nor  hi gher  t han 120 degr ees C 250 
degr ees F i n t he st eam separ at or  at  al l  l oads wi t h a maxi mum di f f er ent i al  
of  [ _____]  degr ees C degr ees F f or  cool ant  i n and out  of  t he engi ne.

2. 2. 1. 3   Const r uct i on

Wher e cool i ng syst em desi gn i s par t  of  pr i me mover  i nst al l at i on,  
component s ot her  t han t he wast eheat  condenser  and condensat e r ecei ver  or  
pump uni t s may be mount ed on t he engi ne ski d ext ensi on.   For  any 
ant i f r eeze cool i ng syst em,  pr ovi de a PVC makeup t ank wi t h an el ect r i c 
mot or - dr i ven pump uni t  as i ndi cat ed.   Mani f ol d pump t o al l ow usi ng i t  as a 
mi xi ng uni t  by shunt i ng t he f l ow back t o t he t ank.   Syst em f i l l  must  be 
[ manual ]  [ aut omat i c]  wi t h f eed i nt o t he pi pi ng syst em st eel  expansi on t ank 
connect i on l i ne as i ndi cat ed.
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2. 2. 2   El ect r i cal  Equi pment

Pr ovi de el ect r i c mot or - dr i ven equi pment  speci f i ed compl et e wi t h mot or s and 
necessar y mot or  cont r ol  devi ces.   Pr ovi de mot or s and mot or  cont r ol  devi ces 
conf or mi ng t o t he appl i cabl e r equi r ement s of  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM i ncl udi ng r equi r ement s f or  hazar dous ar ea l ocat i ons.   
Pr ovi de pr emi um ef f i c i ency i nt egr al  s i ze mot or s i n accor dance wi t h 
NEMA MG 1.

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

Fur ni sh mot or s t hat  ar e sui t abl e f or  t he vol t age and f r equency pr ovi ded.   
Mot or s 373 wat t  1/ 2 hor sepower  and l ar ger  must  be t hr ee- phase,  unl ess 
ot her wi se i ndi cat ed.   Rat i ngs must  be adequat e f or  t he dut y i mposed,  but  
not  l ess t han i ndi cat ed.

2. 2. 2. 2   Mot or  Cont r ol s

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

2. 2. 3   Heat  Recover y Si l encer  f or  Di esel  Engi ne

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The degr ee of  s i l enci ng wi l l  mat ch t he 
envi r onment al  r equi r ement .   I n a r et r of i t  
i nst al l at i on,  t he uni t  shoul d mat ch t he or i gi nal  
s i l encer  i nst al l at i on.   As a gener al  gui de t he 
at t enuat i on wi l l  be appr oxi mat el y as f ol l ows:

Type of  Si l encer At t enuat i on i n dB Measur ed at  Oct ave
Band Fr equency ( Hz)

I ndust r i al 25 250

Semi - Resi dent i al 30 250

Resi dent i al ,  
Cr i t i cal  Ar ea

35 250

Qui et  Resi dent i al 37. 5 250

I ndi cat e pr essur e r equi r ed.   For  most  l ow- pr essur e 
i nst al l at i ons t hi s wi l l  be 345 kPa 50 psi g.

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

For  each combi nat i on boi l er  s i l encer  or  suppl ement ar y s i l encer ,  r educe t he 
gener at ed sound spect r um t o st andar d commer ci al  l evel  per mi t t ed f or  
[ i ndust r i al ]  [ semi - r esi dent i al ]  [ r esi dent i al ,  cr i t i cal ]  ar ea.   Pr ovi de 
exhaust  gas boi l er  t hat  i s  a combi nat i on boi l er  s i l encer  or  a boi l er  wi t h 
a suppl ement ar y s i l encer  t o meet  t he noi se l i mi t s,  and const r uct  heat  
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r ecover y uni t  i n accor dance wi t h ASME BPVC SEC VI I I  D1 f or  [ _____]  Pa psi g 
st eam wor ki ng pr essur e.   Desi gn t he boi l er  f or  maxi mum ef f i c i ent  heat  
r ecover y under  any l oad condi t i on up t o 110 per cent  of  f ul l  l oad wi t h an 
exi t  exhaust  gas t emper at ur e not  l ess t han 165 degr ees C 330 degr ees F.   
Desi gn each boi l er  f or  cont i nuous wet  oper at i on or  f or  per i ods of  dr y 
oper at i on wi t hout  i nt er r upt i on of  t he di esel  engi ne oper at i on when l ocat ed 
and connect ed as i ndi cat ed.   Make pr ovi s i ons f or  expansi on and cont r act i on 
t o pr event  over st r essed condi t i ons i n t he pr essur e vessel  dur i ng 
cont i nuous wet  or  dr y oper at i on.   Gas si de pr essur e dr op t hr ough t he 
boi l er  exceedi ng t he r ecommendat i ons of  t he engi ne manuf act ur er  i s not  
per mi t t ed.   Pr ovi de each boi l er  wi t h st andar d boi l er  t r i m i ncl udi ng,  but  
not  l i mi t ed t o,  pr essur e gauge,  wat er  gauge wi t h t r y cocks,  wat er  l evel  
cont r ol ,  ASME- r at ed saf et y r el i ef  val ve,  sur f ace bl owof f  val ve,  bot t om 
bl owdown val ves,  and bot t om dump val ves.   I nsul at e t he shel l  as r equi r ed 
by t he par agr aph " I NSULATI ON"  and cover  t he i nsul at i on by l aggi ng.

2. 2. 4   Heat  Recover y Sect i on f or  Gas Tur bi ne

Fur ni sh uni t  consi st i ng of  a [ f i r e t ube]  [ wat er  t ube or  wat er  wal l ]  
exhaust  boi l er  equi pped wi t h an exhaust  gas bypass.   Desi gn uni t  f or  t he 
speci f i ed i nst al l at i on and pr ovi de a compl et e package wi t h t her mal  
i nsul at i on,  cont r ol s,  accessor i es,  and base.   The i nsul at i on must  be i n 
accor dance wi t h t he par agr aph " I NSULATI ON. "   I f  heat  r ecover y sect i on does 
not  meet  t he t ur bi ne exhaust  sound l evel s speci f i ed,  suppl y a 
suppl ement ar y exhaust  s i l encer  t o meet  speci f i cat i on r equi r ement s f or  bot h 
on- st r eam and bypass condi t i ons.

2. 2. 5   St eam Separ at or  Uni t

Pr ovi de uni t  consi st i ng of  a combi nat i on f l ash t ank and st eam separ at or  
uni t  of  suf f i c i ent  s i ze f or  t he engi ne cool i ng and wast e heat  r ecover y 
syst em when engi ne i s oper at ed at  110 per cent  l oad i n an ambi ent  
t emper at ur e of  [ 40]  [ _____]  degr ees C [ 105]  [ _____]  degr ees F at  [ _____]  m 
f eet  al t i t ude.   The uni t  must  be compl et e wi t h l ow- wat er  al ar m swi t ch,  
l ow- l evel  cut out  swi t ch ( set  at  a l evel  l ower  t han t he l ow- wat er  al ar m 
swi t ch) ,  pr essur e gauge,  saf et y val ve,  gauge gl ass and cocks,  vent  val ve,  
wat er - l evel  cont r ol ,  hi gh- wat er - l evel  al ar m,  condensat e- mot or  cont r ol ,  and 
bl owdown connect i on.   Posi t i on cont r ol s so t hat  cool ant  l evel  i s  v i s i bl e 
i n gauge gl ass at  al l  t i mes.  Const r uct  and cer t i f y t he vessel  i n 
accor dance wi t h t he ASME r equi r ement s and hydr ost at i cal l y t est  conf or mi ng 
t o ASME r equi r ement s.   Use st eam at  105 kPa 15 psi g f r om t hi s separ at or  
f or  [ space heat i ng]  [ and]  [ absor pt i on cool i ng]  [ _____] .   I nsul at e t he uni t  
as r equi r ed by par agr aph " I NSULATI ON. "

2. 2. 6   Condensat e Pumps and Recei ver

Fur ni sh condensat e uni t  wi t h dupl ex pumps and r ecei ver  and ski d- mount .   
Pr ovi de pump t hat  i s capabl e of  f ul l  capaci t y at  120 per cent  f ul l  s t eam 
r at e when al l  of  t he heat  i s wast ed under  110 per cent  engi ne l oad i n an 
ambi ent  t emper at ur e of  [ 40]  [ _____]  degr ees C [ 105]  [ _____]  degr ees F.   
Pr ovi de an al t er nat or  f or  aut omat i cal l y swi t chi ng t he pumps under  r esponse 
f r om t he l i qui d l evel  cont r ol  of  t he st eam gener at or  uni t s each t i me an 
ON- OFF cycl e i s compl et ed.   Pr ovi de el ect r i c mot or - dr i ven pumps wi t h 
st ai nl ess st eel  shaf t s and br onze i mpel l er s f or  oper at i on wi t h condensat e 
at  95 degr ees C 200 degr ees F.   Cont r ol  pump oper at i on t o mai nt ai n 
condensat e l evel  bet ween hi gh and l ow vi s i bl e l evel s i ndi cat ed on t he 
gl ass gauge of  t he r ecei ver .   Pr ovi de r ecei ver  s i zed t o hol d at  l east  
enough condensat e f or  15 mi nut es of  oper at i on wi t hout  r aw wat er  makeup and 
compl et e wi t h ski d mount i ng,  gauge gl ass,  f l oat - t ype makeup wat er  val ve 
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wi t h emer gency manual  val ve,  ai r  vent ,  hi gh- and l ow- l evel  cont r ol l ed pump 
swi t ch,  l ow- l evel  al ar m,  and dr ai n connect i on.   Pr ovi de ai r  vent  sui t abl e 
f or  use wi t h cool ant  sel ect ed.

2. 2. 7   Load Cont r ol  Condenser

Fur ni sh condenser  uni t  wi t h a capaci t y t o di ssi pat e t he heat  r ej ect ed by 
t he engi ne and i t s component s at  110 per cent  f ul l - r at ed l oad under  
t emper at ur e of  [ _____]  degr ees C degr ees F and at  [ _____]  m f eet  el evat i on 
f r om above sea l evel .   The maxi mum cool ant  t emper at ur es l eavi ng t he engi ne 
must  not  be i n excess of  t hat  r ecommended by t he engi ne manuf act ur er ;  
however ,  t emper at ur e di f f er ent i al  must  not  be gr eat er  t han [ _____]  degr ees 
C degr ees F f or  cool ant  i n and out  of  t he engi ne.

2. 2. 7. 1   Ai r - Cool ed Condenser

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  wi l l  sel ect  pr oper  speed,  based on 
ai r  r equi r ement s.   The l ar ger  uni t s wi l l  gener al l y 
r equi r e t he s l owest  speed mot or  but  t he t ype of  f an 
dr i ve must  al so be consi der ed.   The f an speed and 
pi t ch of  t he bl ades ar e det er mi ned f r om 
manuf act ur er ' s r at i ng dat a.

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

Pr ovi de mai n cor e uni t  sui t abl e f or  condensi ng t he vapor  gener at ed dur i ng 
engi ne oper at i on f r om zer o t o 110 per cent  of  f ul l  l oad when t her e i s no 
ut i l i zat i on of  t he st eam f or  usef ul  pur poses.   Use a secondar y cor e f or  
cool i ng t he auxi l i ar y syst em cool ant .   The condenser  must  be t he 
[ ver t i cal ]  [ hor i zont al ]  ai r  di schar ge t ype wi t h r ound t ubes.   Const r uct  
f i ns and t ubes of  nonf er r ous mat er i al s;  pr ovi de car bon st eel  header s of  
t he pl ug t ype.   Fi r ml y bond f i ns t o t ubes;  const r uct  t anks and suppor t i ng 
f r amewor k of  st eel ;  and const r uct  adj ust abl e- pi t ch f an of  al umi num.   Make 
i nl et  and out l et  cool ant  connect i ons on one si de.   I nst al l  a dr ai n cock at  
t he l ow poi nt  of  each cor e.   Pr ovi de a wel ded st r uct ur al  f r ame f or  ent i r e 
uni t ,  dr i l l d and ar r ange f or  mount i ng on a concr et e base,  and desi gn t o 
wi t hst and wi nds up t o [ 80]  [ _____]  km/ hour  [ 50]  [ _____]  mph.   [ Pr ovi de 
hai l  scr eens i n ar eas wher e hai l s st or ms ar e pr eval ent . ]  Pr ovi de r el i ef s 
t o pr ot ect  agai nst  excessi ve pr essur es and t emper at ur es devel oped i n t he 
syst em.

a.   Fur ni sh condenser   compl et e wi t h mot or - dr i ven f an or  f ans and wi t h 
f ace damper s cont r ol l ed by t he condensat e t emper at ur e.   [ Pr ovi de t wo 
f ans per  bay. ]   Avoi d excessi ve subcool i ng of  t he condensat e by 
over exposur e t o t he ai r  st r eam.   Pr ovi de f r eeze pr ot ect i on f or  al l  
modes of  oper at i on.   Do not  exceed f an t i p speed of  60 met er s/ second 
12, 000 f eet / mi nut e.

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

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

b.   Di r ect - connect  or  bel t  connect  r he f an mot or  t o t he f an and seal  
bear i ngs.   Pr ovi de mot or  t hat  i s  t hr ee- phase,  squi r r el  cage i nduct i on 
t ype,  [ 208]  [ 460]  vol t s at  60 Hz,  synchr onous speed not  t o exceed 
[ 1, 200]  [ 1, 800]  r pm.   Pr ovi de mot or  s i ze such t hat  seasonal  
adj ust ment s of  t he f an bl ade pi t ch ar e not  necessar y t o pr event  mot or  
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over l oads when ambi ent  ai r  t emper at ur e dr ops t o l owest  val ue or  r i ses 
t o hi ghest  val ue speci f i ed f or  t he pr i me mover  oper at i ng condi t i ons.   
Pr ovi de a 60 Hz,  acr oss- t he- l i ne,  encl osed t ype,  magnet i c mot or  
st ar t er  havi ng t her mal  over l oad pr ot ect i on i n each ungr ounded phase.   
I f  t he condenser  f an mot or  i s l ar ge enough t o cause a t r ansi ent  
vol t age di p of  20 per cent  or  mor e dur i ng st ar t i ng i nr ush,  use a 
r educed- vol t age t ype magnet i c mot or  st ar t er .   Make connect i ons such 
t hat  t he f an mot or  wi l l  s t ar t  aut omat i cal l y as i t s r espect i ve engi nes 
ar e st ar t ed.

c.   The di st ance bet ween condenser  and engi ne must  be [ [ _____]  m f eet ]  [ as 
shown] .   Fur ni sh compl et e uni t  wi t h a mat ched f l oat  and t her most at i c 
t r ap i nst al l at i on.   Pr ovi de ai r  f l ow f r om t he f an mot or  [ upwar d]  
[ downwar d]  [ i nwar d]  [ out war d]  t hr ough t he condenser .   Fur ni sh 300 mm 
t wel ve- i nch l engt hs of  f l exi bl e hose or  pi pe f or  al l  i nl et  and out l et  
pi pe connect i ons.   Pr ovi de a val ved vent  f or  r el ease of  noncondensi bl e 
gases.   Pr ovi de condenser  s i zed by t he engi ne manuf act ur er  f or  t hi s 
appl i cat i on.   Auxi l i ar y syst em cool ant  t emper at ur e must  not  exceed 80 
degr ees C 180 degr ees F,  wi t h a maxi mum di f f er ent i al  of  8 degr ees C 15 
degr ees F.   Mai nt ai n t emper at ur e f or  t he syst em by r egul at i ng t he 
st eam pr essur e.

2. 2. 7. 2   Wat er - Cool ed Condenser

Pr ovi de a shel l - and- t ube t ype uni t  r at ed f or  30 degr ees C 85 degr ees F 
ent er i ng wat er  and 40 degr ees C 105 degr ees F l eavi ng wat er .   Fur ni sh a 
compl et e uni t  wi t h a mat ched f l oat  and t her most at i c t r ap i nst al l at i on as 
wel l  as a subcool er  uni t  t o r educe f l ashi ng of  condensat e.   Pr ovi de a 
val ved vent  f or  r el ease of  noncondensi bl e gases.

2. 2. 8   Pr essur e- Oper at ed Cont r ol  Val ve

Pr ovi de but t er f l y cont r ol  val ve wi t h maxi mum 60 per cent  f ul l  open 
oper at i ng posi t i on f or  good cont r ol  char act er i st i cs.   Nomi nal  r at i ng must  
be 7 kPa 1 psi g wi t h pr essur e dr op at  60 per cent  of  f ul l  open posi t i on.   
For  use as a back pr essur e val ve when t her e i s no auxi l i ar y f i r ed boi l er ,  
pr ovi de met al - t o- met al  seat s whi ch do not  pr ovi de 100 per cent  shut of f  t o 
condenser .   For  use wi t h an auxi l i ar y f i r ed boi l er ,  pr ovi de hi gh 
t emper at ur e but yl  or  s i l i cone r ubber  or  EPDM seat s f or  bubbl e- t i ght  
shut of f  t o t he condenser .   Pr ovi de val ve oper at or  t hat  i s  [ el ect r i c 
pr opor t i onal  oper at or  wi t h pr essur e cont r ol  mount ed i nt er nal l y]  [ pneumat i c 
wi t h cont r ol l er  wi t h pr opor t i onal  band,  r eset  and f i l t er  r egul at or  mount ed 
on oper at or ] .   Val ve must  open on l oss of  ai r  suppl y pr essur e.

2. 2. 9   Auxi l i ar y Boi l er  f or  Suppl ement al  Fi r i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph i f  auxi l i ar y f i r ed 
boi l er  i s  not  r equi r ed.   Auxi l i ar y boi l er  i s  
r equi r ed when a const ant  sour ce of  heat  must  be 
mai nt ai ned dur i ng mai nt enance or  over haul  of  pr i me 
mover s or  t o suppl ement  heat i ng r equi r ement s dur i ng 
peak demands whi ch ar e beyond t he capaci t y of  t he 
heat  r ecover y i nst al l at i on.

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

Pr ovi de boi l er  and r el at ed equi pment  as speci f i ed i n Sect i on 23 52 30. 00 10
 HEAT RECOVERY BOI LERS .
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2. 2. 10   For ced Ci r cul at i on Pump

Wher e an engi ne- dr i ven pump i s not  pr ovi ded f or  j acket  wat er  c i r cul at i on,  
pr ovi de a separ at e el ect r i c mot or - dr i ven pump i nt er l ocked wi t h engi ne 
oper at i on as r equi r ed by t he engi ne manuf act ur er .

2. 2. 11   Heat  Exchanger s

Pr ovi de heat  exchanger s as shown.   Pr ovi de heat  exchanger s t hat  ar e t he 
shel l - and- t ube desi gn,  ei t her  U- t ube t ype or  hel i cal  coi l  t ype.   Ot her  
t ypes of  const r uct i on ar e not  accept abl e unl ess pr i or  wr i t t en appr oval  i s  
r ecei ved.   Desi gn,  f abr i cat e,  t est ,  and st amp heat  exchanger s i n 
accor dance wi t h ASME BPVC SEC VI I I  D1.

a.   Fur ni sh const r uct i on mat er i al s sui t abl e f or  t he i nt ended ser vi ce 
except  do not  use cast  mat er i al .   The manuf act ur er ' s dr awi ng submi t t al  
must  i ndi cat e t he gr ade of  mat er i al  t hat  has been used,  gi v i ng t he 
f ul l  ASME speci f i cat i on number  desi gnat i on f or  each component .   
Fur ni sh U- t ube mat er i al s as l i ght  dr awn t emper ;  f ur ni sh f ul l y  anneal ed 
hel i cal  coi l s.   Pr ovi de car bon const r uct i on mat er i al s on t he shel l  
s i de [ casi ng] .   Pr ovi de t ube si de mat er i al s t hat  ar e 90- 10 
Copper - Ni ckel  f or  t he t ubes,  t ubesheet s,  and channel  bonnet s f or  
U- t ube desi gns.   Pr ovi de t ubi ng and header s f or  t he hel i cal  coi l  
desi gnst hat  ar e 90- 10 Copper - Ni ckel .

b.   Pr ovi de ei t her  r ol l ed or  wel ded t ube- t o- t ube sheet  connect i ons and 
t ube- t o- header  connect i ons f or  hel i cal  coi l s f or  t he condensat e cool er  
and l ube oi l  cool er ,  and wel ded f or  l ube oi l  pr eheat er .

2. 2. 11. 1   Lube Oi l  Cool i ng

Fur ni sh l ube oi l  cool i ng and heat  r ecl amat i on exchanger s as par t  of  t he 
engi ne.   The desi gns must  pr ovi de f or  t he oi l  t o be on t he out si de of  t he 
t ubes and t he cool i ng wat er  on t he i nsi de.   Pr ovi de a t her mal  sensi ng uni t  
i n t he oi l  out l et  pi pi ng wher e i t  can sense t he mi xed aver age t emper at ur e 
of  t he oi l  l eavi ng t he cool er  and act uat e t he cont r ol  val ve on t he cool i ng 
wat er  f l ow t o pr event  over cool i ng t he l ube oi l .

2. 2. 11. 2   Fuel  Oi l  Pr eheat i ng

I f  f uel  oi l  pr eheat i ng i s r equi r ed,  pr ovi de t hi s heat  exchanger  as par t  of  
t he boi l er  package.   The desi gns must  pr ovi de f or  t he oi l  t o be on t he 
out si de of  t he t ubes and t he st eam or  hi gh t emper at ur e wat er  on t he 
i nsi de.   Pr ovi de a t her mal  sensi ng uni t  i n t he oi l  out l et  pi pi ng wher e i t  
can sense t he mi xed aver age t emper at ur e of  t he oi l  l eavi ng t he pr eheat er  
and act uat e t he cont r ol  val ve on t he hi gh t emper at ur e hot  wat er / st eam t o 
ensur e t hat  oi l  t emper at ur e i s i n t he pr oper  r ange f or  t he pr i me mover .

2. 2. 11. 3   Condensat e Heat  Exchanger

Hi gh pr essur e condensat e heat  exchanger  must  pr ovi de heat i ng of  domest i c 
or  boi l er  f eedwat er  whi l e r educi ng t he condensat e t emper at ur e t o mi ni mi ze 
f l ashi ng i n t he condensat e sur ge t ank.   The desi gns must  pr ovi de f or  t he 
condensat e t o be on t he out si de of  t he t ubes and t he cool i ng wat er  
( domest i c or  boi l er  f eedwat er )  t o be on t he i nsi de.

2. 2. 12   Hi gh Temper at ur e Wat er  Heat  Recover y Syst ems

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Del et e t hi s par agr aph i f  hi gh t emper at ur e 
wat er  heat  r ecover y i s not  ut i l i zed.

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

Wher e hi gh t emper at ur e wat er  i s ut i l i zed as a heat  r ecover y syst em medi um,  
pr ovi de syst em wi t h pr oper  expansi on t ank,  dump t ank,  pr essur i zat i on 
syst em,  c i r cul at i on pumps,  makeup wat er  f aci l i t i es,  cont r ol s,  uni t  
heat er s,  and pi pi ng as speci f i ed i n Sect i on 23 50 52. 00 10 CENTRAL HI GH 
TEMPERATURE WATER ( HTW)  GENERATI NG PLANT AND AUXI LI ARI ES.

2. 2. 13   Pr essur e Gauges

Pr ovi de heavy- dut y i ndust r i al  t ype gauges conf or mi ng t o ASME B40. 100,  
st y l e as r equi r ed,  sui t abl e f or  pr essur e or  vacuum speci f i ed,  wi t h mi ni mum 
152 mm 6 i nch di amet er  di al ,  except  as ot her wi se speci f i ed.   I nst al l  
pr essur e gauges on each boi l er ,  on t he l ow- pr essur e s i de of  each pr essur e 
r educi ng val ve,  on t he di schar ge si de of  each pump,  and wher e shown or  
wher e r equi r ed f or  pr oper  oper at i on.   Pr ovi de gauges t hat  ar e r eadi l y 
accessi bl e and easi l y r ead f r om t he oper at i ng f l oor .   Equi p gauges wi t h 
i nt egr al  or  separ at e s i phons and connect  by br ass pi pe and f i t t i ngs wi t h 
shut of f  cocks.   Wher e pr essur e- r educi ng val ves ar e used,  pl ace gauges 
cl ose t o t he pr essur e- r educi ng assembl y,  bot h downst r eam and upst r eam,  but  
connect  appr oxi mat el y 3 m 10 f eet  t her ef r om.   Pr ovi de oper at i ng r anges of  
t he gauges be as f ol l ows:

Gauges Oper at i ng Pr essur e,  kPapsi g Pr essur e Range,  kPapsi g

Boi l er 690- 860100- 125  0- 13800- 200

Medi um- Pr essur e St eam 34550 0- 6900- 100

Low- Pr essur e St eam 14- 352- 5  0- 2100- 30

Boi l er  Feed Pump 10342- 5 0- 13800- 200

Ot her  Pumps 140- 34520- 50 0- 6900- 100

2. 2. 14   Ther momet er s

Fur ni sh t her momet er s conf or mi ng t o ASME PTC 19. 3 TW,  Type I ,  Cl ass 3,  wi t h 
wel l s.   Do not  use Mer cur y i n t her momet er s.   Temper at ur e r anges must  be 
sui t abl e f or  t he i nt ended use.   I nst al l  t her momet er s i n t he f eedwat er  
pi pel i ne bet ween t he f eedwat er  heat er  and boi l er  f eed pump i n t he mai n 
condensat e r et ur n l i ne bef or e ent er i ng t he sur ge t ank,  and el sewher e as 
i ndi cat ed or  speci f i ed.   Ther momet er s must  have st r ai ght  or  angl e st ems as 
r equi r ed and must  be easi l y r ead f r om t he oper at i ng f l oor .

2. 3   WATER TREATMENT EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The pr oper  condi t i on of  f eedwat er  and boi l er  
wat er  i s of  maj or  i mpor t ance i n assur i ng l ong l i f e 
and mi ni mum mai nt enance of  any heat  r ecover y syst em.  
Due t o var yi ng condi t i ons i n di f f er ent  l ocat i ons,  i t  
i s  i mpossi bl e t o set  f or t h speci f i c  cont r ol  
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st andar ds.   I f  wat er  t r eat ment  i s cover ed i n anot her  
sect i on,  t he r equi r ement s shoul d be r evi ewed f or  
compat i bi l i t y  wi t h t he r equi r ement s of  wast e heat  
r ecover y syst ems.   A st udy shoul d be made as f ol l ows:

a.   I nt er nal  Tr eat ment :   Convent i onal  i nt er nal  wat er  
t r eat ment  shoul d be used al ong wi t h r egul ar  boi l er  
bl owdown.   Wat er  t r eat ment  shoul d consi st  of  
al kal i ni t y adj ust ment s and chemi cal  addi t i ons f or  
t he r emoval  of  di ssol ved oxygen and t r eat ment  of  
r esi dual  har d- scal e- f or mi ng mat er i al s.   Tr eat ment  
may al so be r equi r ed f or  s l udge di sper sal  and t o 
pr event  f oami ng.

The f ol l owi ng val ues can be used as a gui de:

pH 10. 5 -  11. 2

02 0 ppm

PO4 20- 40 ppm

TDS 3500 ppm,  max

b.   Ext er nal  Tr eat ment :   Makeup wat er  must  be 
t r eat ed t o r emove cal c i um,  magnesi um,  and t ot al  
i r on.   Speci al  at t ent i on shoul d be gi ven t o wat er  
whi ch cont ai ns suspended sol i ds,  a hi gh r esi dual  of  
i r on and sodi um chl or i de,  and di ssol ved oxygen.

c.   Condensat e Ret ur n Li ne Cor r osi on:   Cor r osi on i n 
t he r et ur n l i ne wi l l  al l ow har mf ul  i r on oxi de t o 
ent er  t he boi l er  syst em wher e i t  can adher e t o t he 
i nt er nal  sur f aces and r educe t he heat  t r ansf er .   I t  
i s  r ecommended t hat  st eps be t aken t o pr ot ect  t he 
condensat e r et ur n syst em f r om t he cor r osi ve ef f ect s 
of  oxygen and car bon di oxi de.

For  addi t i onal  i nf or mat i on concer ni ng cont r ol  of  
i nt er nal  chemi cal  condi t i ons,  r ef er  t o ASME Boi l er  
and Pr essur e Vessel  Code,  Sect i on VI I  ( Recommended 
Rul es f or  Car e of  Power  Boi l er s) ,  Subsect i on C7.

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

Wat er  t r eat ment  equi pment  i s r equi r ed and must  be as speci f i ed i n Sect i on 
23 25 00 CHEMI CAL TREATMENT OF WATER FOR MECHANI CAL SYSTEMS.

2. 4   I NSULATI ON

Appl y i nsul at i on i n suf f i c i ent  t hi ckness t o l i mi t  t he sur f ace t emper at ur e 
of  t he l aggi ng t o not  mor e t han [ 50]  [ 65]  degr ees C [ 120]  [ 150]  degr ees F 
when i n st i l l  ai r  at  s i t e maxi mum dr y bul b t emper at ur e.   Submi t  Heat  
t r ansf er  cal cul at i ons t o t he Cont r act i ng Of f i cer  t o subst ant i at e 
i nsul at i on mat er i al  and t hi ckness sel ect i on.   Pr ovi de i nsul at i on wi t h 
wat er pr oof  l aggi ng when i nst al l ed out door s.   Compl y wi t h EPA r equi r ement s 
i n accor dance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REQUI REMENTS AND 
REPORTI NG.
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

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

3. 2   I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  per t i nent  pi pi ng and r el at ed equi pment  
suppor t s ar e t o be desi gned and i ndi cat ed i n 
accor dance wi t h UFC 3- 301- 01 f or  sei smi c desi gn.

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

I nst al l  equi pment  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons and 
r ecommendat i on.   Bol t  al l  pi eces of  equi pment  i n pl ace on f oundat i ons 
unl ess t hey ar e ski d- mount ed on t he pr i me mover  base ski d.   Submi t  det ai l  
dr awi ngs consi st i ng of  a compl et e l i s t  of  equi pment  and mat er i al ,  
i ncl udi ng manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e,  per f or mance 
char t s and cur ves,  cat al og cut s,  dr awi ngs,  and i nst al l at i on i nst r uct i ons.   
I ncl ude i n t he dr awi ngs compl et e pi pi ng and wi r i ng dr awi ngs,  schemat i c 
di agr ams,  and any ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em 
has been coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Al so show 
pr oposed l ayout  and anchor age of  equi pment  and appur t enances,  and 
equi pment  r el at i onshi p t o ot her  par t s of  t he wor k i ncl udi ng cl ear ances 
r equi r ed f or  mai nt enance and oper at i on.   Use f l exi bl e connect or s t o 
connect  any pi pi ng t o t he pr i me mover .   Pr ovi de pi pi ng f or  i nt er connect i ng 
var i ous component s of  t he heat  r ecover y equi pment  conf or mi ng t o t he 
r equi r ement s of  ASME B31. 1.   Submi t  cal cul at i ons,  manuf act ur er ' s desi gn 
dat a and st r uct ur al  comput at i ons f or  wal l s,  r oof ,  f oundat i ons,  and ot her  
f eat ur es f or  speci al t y t ype of  const r uct i on,  wi t h desi gn dat a f or  l at er al  
f or ces t hat  may be encount er ed due t o wi nd l oads and sei smi c zone f or ces.

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

3. 3. 1   Boi l er  Cl eani ng

Af t er  t he hydr ost at i c t est s have been made and bef or e st ar t i ng t he 
oper at i ng t est s,  t hor oughl y and ef f ect i vel y c l ean t he boi l er  of  f or ei gn 
mat er i al s,  i ncl udi ng mi l l  scal e,  gr ease,  and oi l  deposi t s.   The Cont r act or  
may use t he f ol l owi ng descr i bed pr ocedur e or  may submi t  hi s own st andar d 
pr ocedur e f or  r evi ew and appr oval  by t he Cont r act i ng Of f i cer .  Wher ever  
possi bl e,  wi r e- br ush sur f aces i n cont act  wi t h wat er  t o r emove l oose 
mat er i al  bef or e f i l l i ng t he boi l er  wi t h a sol ut i on cont ai ni ng:

caust i c soda 11 kg24 pounds

sodi um ni t r at e 4 kg8 pounds

di sodi um phosphat e,  anhydr ous 11 kg24 pounds

appr oved wet t i ng agent ,  3785 L1000 
gal l ons wat er

230 g1/ 2 pound
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Di ssol ve chemi cal s t hor oughl y i n t he wat er  bef or e pl aci ng i n t he boi l er s.   
Oper at e t he boi l er  at  210 t o 345 kPa 30 t o 50 psi g and mi ni mum r at i ng f or  
24 t o 48 hour s,  exhaust i ng t he st eam t o at mospher e.   Af t er  t he boi l i ng 
per i od,  al l ow t he boi l er  t o cool  bef or e bei ng dr ai ned and t hor oughl y 
f l ushed out .   Cl ean pi pi ng by oper at i ng t he boi l er s f or  a per i od of  
appr oxi mat el y 48 hour s,  wast i ng t he condensat e.

3. 3. 2   Boi l er  Wat er  Condi t i oni ng

Pr ovi de chemi cal  t r eat ment  and bl owdown of  boi l er  wat er  dur i ng per i ods of  
boi l er  oper at i on t o pr event  scal e and cor r osi on i n boi l er s and i n st eam 
and r et ur n di st r i but i on syst ems f r om i ni t i al  st ar t up of  t he syst em,  
t hr ough t he t est i ng per i od,  and t o f i nal  accept ance by t he Gover nment .   
Chemi cal s used and met hod of  t r eat ment  must  be appr oved by t he Cont r act i ng 
Of f i cer .

3. 4   POSTED I NSTRUCTI ONS

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

3. 5   FI ELD TRAI NI NG

Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng st af f  member s.   
Tr ai ni ng must  be pr ovi ded f or  a t ot al  of  [ _____]  hour s of  nor mal  wor ki ng 
t i me and must  st ar t  af t er  t he syst em i s f unct i onal l y compl et e,  but  pr i or  
t o f i nal  accept ance t est s.   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 i nst r uct i ons.

3. 6   TESTS

Fol l owi ng i nst al l at i on,  t est  each boi l er  hydr ost at i cal l y and pr ove t hat  
t he syst em i s t i ght  under  a gauge pr essur e of  1. 5 t i mes t he wor ki ng 
pr essur e speci f i ed and i n accor dance wi t h appl i cabl e ASME r equi r ement s.   
Fol l owi ng t he i nst al l at i on of  pi pi ng and heat  r ecover y equi pment ,  but  
bef or e t he appl i cat i on of  any i nsul at i on,  per f or m hydr ost at i c t est s and 
pr ove t hat  t he syst em i s t i ght  under  gauge pr essur es of  1. 5 t i mes t he 
wor ki ng pr essur e speci f i ed,  but  no l ess t han t he f ol l owi ng:

Low- pr essur e l i nes 275 kPa40 psi

Medi um- pr essur e l i nes 415 kPa60 psi

Hi gh- pr essur e- st eam l i nes 1035 kPa150 psi

Boi l er  f eed l i nes  1550 kPa225 psi

The boi l er s and t he pi pi ng must  be i nspect ed by a boi l er  i nspect or  
qual i f i ed as r equi r ed by ASME BPVC SEC VI I I  D1,  ASME BPVC SEC I ,  or  
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ASME BPVC SEC I V,  as appl i cabl e.   Suppl y a cer t i f i cat e of  appr oval  f or  
each boi l er .   Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s 
per f or med t o adj ust  each component  and al l  f i el d t est s per f or med t o pr ove 
compl i ance wi t h t he speci f i ed per f or mance cr i t er i a,  upon compl et i on and 
t est i ng of  t he i nst al l ed syst em.   I ndi cat e i n each t est  r epor t  t he f i nal  
posi t i on of  cont r ol s.

3. 7   EFFI CI ENCY AND OPERATI NG TESTS

Upon compl et i on,  and bef or e accept ance of  t he wor k,  subj ect  t he heat  
r ecover y pl ant  t o such oper at i ng t est s as may be r equi r ed t o demonst r at e 
sat i sf act or y f unct i onal  oper at i on.   Conduct  each oper at i ng t est  at  such 
t i mes as di r ect ed by t he Cont r act i ng Of f i cer .   Use wat er  met er  i n t he t est  
t hat  i s  sui t abl e f or  hot  wat er .   Pr ovi de i nst r ument s,  t est  equi pment ,  and 
t est  per sonnel  r equi r ed t o pr oper l y conduct  al l  t est s;  t he necessar y f uel ,  
wat er ,  and el ect r i c i t y wi l l  be f ur ni shed by t he [ Gover nment ]  [ _____] .   
Conduct  boi l er  oper at i ng t est s,  as a mi ni mum,  cont i nuousl y at  t he 
f ol l owi ng capaci t i es f or  t he f ol l owi ng t i me:

Test  Per cent age of  Oper at i ng Capaci t y

Test i ng Ti me Wat er  Wal l  or  Wat er  Tube
Boi l er s

Fi r ebox Boi l er s

Fi r st  2 hour s 50 50

Next  2 hour s 75 75

Next  6 hour s 100 100*

Next  2 hour s 110 - -

a.   Do not  oper at e f i r ebox boi l er  above 100 per cent  of  capaci t y.

b.   Conduct  gener al  per f or mance t est s on t he heat i ng pl ant  by an 
exper i enced t est  engi neer  and t est s wi l l  be obser ved by t he 
Cont r act i ng Of f i cer .   Submi t  a pr oposed per f or mance t est  pr ocedur e,  30 
days pr i or  t o t he pr oposed t est  dat e.   I ncl ude i n t he pr ocedur e a 
compl et e descr i pt i on of  t he pr oposed t est  wi t h cal i br at i on cur ves or  
t est  r esul t s f ur ni shed by an i ndependent  t est i ng l abor at or y of  each 
i nst r ument ,  met er ,  gauge,  and t her momet er  t o be used i n t he t est s.   Do 
not  st ar t  t he t est  unt i l  t he pr ocedur e has been appr oved.   Del i ver  
t est  r epor t  i ncl udi ng l ogs,  heat  bal ance cal cul at i ons,  t abul at ed 
r esul t s,  and concl usi ons t o t he Cont r act i ng Of f i cer  as st at ed i n t he 
par agr aph " PERFORMANCE TEST REPORTS. "   [ Submi t  an anal ysi s of  t he f uel  
bei ng bur ned on t he t est  t o t he Cont r act i ng Of f i cer . ]

c.   Test  of  capaci t y of  wat er  t r eat ment  equi pment  and qual i t y of  t he 
ef f l uent  must  meet  t he r equi r ement s speci f i ed.   Per f or m t est s f or  
i on- exchange uni t s cover i ng at  l east  t wo compl et e r egener at i ons and 
capaci t y r uns.   Conduct  t est s f or  hot  pr ocess or  ot her  pr eci pi t at i on 
t ype sof t ener s cont i nuousl y f or  a per i od of  at  l east  48 hour s,  wi t h 
sampl es t aken at  2- hour  i nt er val s.

d.   Conduct  t est s f or  st eam qual i t y i n accor dance wi t h ASTM D1066 under  
t he oper at i ng condi t i ons speci f i ed.
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e.   Test  qual i t y of  st eam used f or  ai r  condi t i oni ng equi pment  i n 
accor dance wi t h t he conduct i v i t y met hod i n ASTM D2186 wi t h t he 
conduct i v i t y of  t he st eam cor r ect ed f or  car bon di oxi de and ammoni a 
cont ent  not  t o exceed 4. 0 mi cr osi emens 4. 0 mi cr omhos at  18 degr ees C 
65 degr ees F.

3. 8   RETESTI NG

I f  any def i c i enci es ar e r eveal ed dur i ng t est ,  cor r ect  such def i c i enci es 
and r econduct  t he t est s at  no addi t i onal  cost s t o t he Gover nment .

3. 9   FI ELD PAI NTI NG

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

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

Cl ean,  pr epar e,  and pai nt  f er r ous met al  sur f aces not  speci f i ed t o be 
coat ed at  t he f act or y as speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
COATI NGS.   Pai nt  exposed pi pe cover i ng as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.   Do not  pai nt  al umi num l aggi ng over  i nsul at i on.

        - -  End of  Sect i on - -
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