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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement  f or  di esel  or  nat ur al  gas f uel ed engi nes 
used as pr i me mover s f or  ver t i cal  pumps at  c i v i l  
wor ks f l ood cont r ol  pumpi ng st at i ons.   Thi s sect i on 
was or i gi nal l y devel oped f or  USACE Ci vi l  Wor ks 
pr oj ect s.

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

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

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

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

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s gui de i s i nt ended t o be used i n t he 
pr epar at i on of  pr oj ect  speci f i cat i ons al ong wi t h 
Sect i on 35 45 01 VERTI CAL PUMPS,  AXI AL- FLOW AND 
MI XED- FLOW I MPELLER- TYPE,  and Sect i on 35 45 03. 00 10 
SPEED REDUCERS FOR STORM WATER PUMPS.   The Desi gner  
shoul d edi t  t he t i t l e of  t hi s sect i on t o r ef l ect  
appr opr i at e pr oj ect  r equi r ement s.

The desi gner  i s r esponsi bl e f or  maki ng a pr i me mover  
sel ect i on f r om ei t her  an el ect r i c mot or ,  a di esel  
engi ne,  or  a nat ur al  gas engi ne.   The gui dance f or  
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maki ng pr oper  sel ect i on i s cont ai ned i n EM 
1110- 2- 3105,  " Mechani cal  and El ect r i cal  Desi gn of  
Pumpi ng St at i ons" .

The speci f i cat i on i s wr i t t en f or  a const r uct i on 
cont r act .   Under  a const r uct i on cont r act ,  t hese 
component s can be pur chased and i nst al l ed by a 
Const r uct i on Cont r act or .   A s i ngl e cont r act  al l ows 
t he Cont r act or  t o obt ai n t he most  opt i mum 
combi nat i on and be r esponsi bl e f or  t he t ot al  
per f or mance of  t he uni t ,  i ncl udi ng shaf t  al i gnment .   
Thi s al so makes i t  f easi bl e f or  t he Cont r act or  t o 
per f or m a dynami c anal ysi s of  t he pump,  speed 
r educer ,  and pr i me mover  syst em,  as descr i bed i n 
Sect i on 35 45 01,  and makes t he Cont r act or  sol el y 
r esponsi bl e f or  acqui r i ng t he necessar y dat a t o 
per f or m such anal ysi s.

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

1. 1   REFERENCES

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

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

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

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

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C39. 1 ( 1981;  R 1992)  Requi r ement s f or  El ect r i cal  
Anal og I ndi cat i ng I nst r ument s

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

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d
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ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2024)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

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

ASTM A181/ A181M ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  For gi ngs,  f or  Gener al - Pur pose 
Pi pi ng

ASTM A234/ A234M ( 2023a)  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 
Ser vi ce

ASTM B395/ B395M ( 2018)  St andar d Speci f i cat i on f or  U- Bend 
Seaml ess Copper  and Copper  Al l oy Heat  
Exchanger  and Condenser  Tubes

ASTM C533 ( 2017;  R 2023)  St andar d Speci f i cat i on f or  
Cal c i um Si l i cat e Bl ock and Pi pe Ther mal  
I nsul at i on

ASTM D975 ( 2020)  St andar d Speci f i cat i on f or  Di esel  
Fuel  Oi l s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

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

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

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

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
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Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

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

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

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

NFPA 30 ( 2024)  Fl ammabl e and Combust i bl e Li qui ds 
Code

NFPA 37 ( 2024)  St andar d f or  t he I nst al l at i on and 
Use of  St at i onar y Combust i on Engi nes and 
Gas Tur bi nes

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

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

SAE ARP892 ( 1965;  R 1994)  DC St ar t er - Gener at or ,  Engi ne

SAE J537 ( 2016)  St or age Bat t er i es

SAE J1995 ( 2014)  Engi ne Power  Test  Code -  Spar k 
I gni t i on and Compr essi on I gni t i on -  Gr oss 
Power  Rat i ng

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 1236 ( 2015;  Repr i nt  Feb 2021)  UL St andar d f or  
Saf et y Bat t er y Char ger s f or  Char gi ng 
Engi ne- St ar t er  Bat t er i es

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 
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 
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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

Layout  and Shop Dr awi ngs;  G[ ,  [ _____] ]

I nst al l at i on;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance;  G[ ,  [ _____] ]

Cool i ng Syst em;  G[ ,  [ _____] ]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e r equi r ement  f or  dynami c anal ysi s of  
engi ne,  pump,  and speed r educer  syst em,  i f  t hi s 
anal ysi s wi l l  be per f or med by ot her s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
Dynami c Anal ysi s of  Engi ne,  Pump,  and Gover nor ;  G[ ,  [ _____] ]

Pr oj ect / Si t e Condi t i ons

Onsi t e Tr ai ni ng;  G[ ,  [ _____] ]

Manuf act ur er ' s Publ i shed I nst r uct i ons

Fi el d Engi neer ;  G[ ,  [ _____] ]

Di esel Nat ur al  Gas Fuel ed Engi ne Pump Dr i ve;  G[ ,  [ _____] ]

Wel der  Qual i f i cat i ons
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I nst al l at i on;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Engi ne

  A f ul l y document ed shop t est  r epor t .

  The f i el d t est  r epor t ,  document i ng al l  dat a f or  l ubr i cat i on oi l  
t emper at ur e and f l ow,  cool i ng [ wat er ]  [ ai r ]  t emper at ur e and f l ow,  
and compl i ance wi t h speci f i ed per f or mance cr i t er i a t est ed dur i ng 
t he f i el d t est s.

SD- 07 Cer t i f i cat es

Pr essur e Vessel s

Regul at or y Requi r ement s

SD- 11 Cl oseout  Submi t t al s

As- Bui l t  Dr awi ngs;  G[ ,  [ _____] ]

Oper at i on and Mai nt enance Manual ;  G[ ,  [ _____] ]

1. 3   WELDER QUALI FI CATI ONS

Per f or m wel di ng i n accor dance wi t h qual i f y i ng 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.   Qual i f y 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 a pr evi ousl y 
qual i f i ed empl oyer  may be accept ed as per mi t t ed by ASME B31. 1. [   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 f or  pr essur e 
pi pi ng ar e speci f i ed i n Sect i on 40 05 13. 96 WELDI NG PROCESS PI PI NG. ]

Not i f y t he Cont r act i ng Of f i cer  24 hr  i n advance of  t est s,  and per f or m t he 
t est s 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  must  
appl y t he assi gned symbol  near  each wel d made as a per manent  per sonal  
r ecor d.   Submi t  a l et t er  l i s t i ng t he wel der - qual i f y i ng pr ocedur es f or  each 
wel der ,  compl et e wi t h al l  suppor t i ng dat a such as t est  pr ocedur es used,  
what  was t est ed t o,  and a l i s t  of  t he names of  al l  wel der s and t hei r  
i dent i f i cat i on symbol s.

1. 4   REGULATORY REQUI REMENTS

1. 4. 1   Gener al

Conf or m desi gn,  f abr i cat i on,  and i nst al l at i on of  t he equi pment  t o t he 
[ speci f i ed]  [ appl i cabl e nat i onal ,  st at e,  and l ocal ]  codes.   Submi t  
document at i on f or  conf or mance accor di ng t o par agr aph SUBMI TTALS.

1. 4. 2   Layout  and Shop Dr awi ngs

Submi t  l ayout  and shop dr awi ngs i ncl udi ng t he f ol l owi ng:

a.   Base- mount ed equi pment ,  compl et e wi t h base and al l  at t achment s 
i ncl udi ng anchor  bol t  t empl at e and r ecommended cl ear ances f or  
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mai nt enance and oper at i on.

b.   Compl et e st ar t i ng syst em.

c.   Compl et e f uel  syst em.

d.   Compl et e cool i ng syst em.

e.   Compl et e i nt ake and exhaust  syst ems.

f .   Layout  of  r el ays,  br eaker s,  swi t ches,  and i nst r ument at i on pr ovi ded and 
appl i cabl e s i ngl e l i ne and wi r i ng di agr ams wi t h a wr i t t en descr i pt i on 
of  t he sequence of  oper at i on.

g.   Lubr i cat i on syst em compl et e i ncl udi ng pi pi ng,  pump( s) ,  st r ai ner s,  
f i l t er s,  [ heat  exchanger s f or  l ube oi l  and t ur bochar ger  cool i ng] ,  
[ el ect r i c heat er ] ,  cont r ol s,  and wi r i ng.

h.   Locat i on,  t ype,  and descr i pt i on of  v i br at i on i sol at i on devi ces f or  al l  
appl i cat i ons.

i .   The saf et y syst em,  t oget her  wi t h a det ai l ed descr i pt i on of  i t s  
oper at i on.   I ncl ude wi r i ng schemat i cs,  saf et y devi ces wi t h a l i s t i ng 
of  t hei r  nor mal  r anges,  al ar m and shut down val ves ( t o i ncl ude 
oper at i on par amet er s such as pr essur es,  t emper at ur es,  vol t ages,  
cur r ent s,  and speeds) .

j .   Layout  of  t he engi ne cont r ol  panel  and al ar m panel .

k.   Mount i ng and suppor t  f or  each panel  and maj or  pi ece of  el ect r i cal  
equi pment .

l .   Engi ne l i f t i ng poi nt s and r i ggi ng i nst r uct i ons.

m.   Al i gnment  i nf or mat i on f or  t he engi ne,  [ gear  box]  and [ pump]  speci f y i ng 
sequences,  t ol er ances,  and t emper at ur e change ef f ect s.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  mat er i al  and equi pment  f r om weat her ,  humi di t y,  t emper at ur e 
var i at i on,  di r t ,  dust ,  and ot her  cont ami nant s dur i ng del i ver y and 
st or age.   Li f t ,  move,  and st or e t he engi ne i n accor dance wi t h 
manuf act ur er ' s r equi r ement s.

1. 6   PROJECT/ SI TE CONDI TI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d speci f y t he ambi ent  
condi t i ons wher e t he engi ne dr i ve wi l l  be 
i nst al l ed.   Maxi mum and mi ni mum ai r  t emper at ur e i s 
det er mi ned by l ocat i on.   For  i ndoor  i nst al l at i on,  
use i ndoor  desi gn maxi mum and mi ni mum t emper at ur es.   
For  out door  i nst al l at i ons use t he 99- per cent i l e 
sel ect i on f r om ASHRAE Gui de appl i cat i on t abl es f or  
t he i nst al l at i on l ocat i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Maxi mum Ai r  Temper at ur e [ _____]  degr ees C F

Mi ni mum Ai r  Temper at ur e [ _____]  degr ees C F

Raw Wat er  Temper at ur e Max.  [ _____]  degr ees C F

Mi n.  [ _____]  degr ees C F

I nst al l at i on El evat i on [ _____]  m f t  above sea l evel

Submi t  t he r ecor d of  t he sur vey of  t he exi st i ng i nst al l at i on s i t e 
condi t i ons and ver i f i cat i on of  s i t e wor k det ai l s.

1. 7   MAI NTENANCE

1. 7. 1   Ext r a Mat er i al s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Spar e par t s t o be f ur ni shed under  t hi s 
cont r act  shoul d be speci f i ed her e.   The desi gner  i s 
r esponsi bl e f or  det er mi ni ng and pr ovi di ng a l i s t  of  
spar e par t s r equi r ement s.   The f ol l owi ng i s a 
par t i al  l i s t :

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

Fur ni sh t he f ol l owi ng mi ni mum spar e par t s when appl i cabl e t o t he t ype of  
engi ne pr oposed.

UNI TS DESCRI PTI ON

[ _____] Compl et e engi ne cyl i nder  head( s)  and val ve set ,  et c.  ( i f  appl i cabl e)

[ _____] Compl et e val ve set ( s)  f or  one cyl i nder  wi t h spr i ngs,  cages,  et c.

[ _____] Cyl i nder  l i ner ( s)  wi t h al l  necessar y wat er  seal  r i ngs

[ _____] Compl et e pi st on( s)  wi t h r i ngs and connect i ng r od assembl i es

[ _____] Wr i st  pi ns wi t h r et ai ni ng r i ngs and wr i st  pi ne bear i ng shel l s

[ _____] Compl et e set ( s)  of  pi st on r i ngs f or  one engi ne

[ _____] Compl et e set ( s)  of  mai n bear i ng shel l  of  each si ze and t ype f or  t he 
cr ankshaf t  of  each engi ne r at i ng suppl i ed

[ _____] Cr ankpi n bear i ng shel l  f or  each cr ankshaf t  of  each engi ne r at i ng 
suppl i ed

[ _____] Compl et e f uel  i nj ect or  nozzl e assembl y and f uel  i nj ect or  pump assembl y

[ _____] Ai r  st ar t  mot or  ( i f  appl i cabl e)

[ _____] Ai r  st ar t  check val ve ( i f  appl i cabl e)

[ _____] Compl et e gasket s set  f or  one engi ne
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UNI TS DESCRI PTI ON

[ _____] Ref i l l s,  wi t h st or age box,  f or  al l  l ubr i cat i ng oi l  f i l t er s f or  each 
engi ne

[ _____] Ref i l l s,  wi t h st or age box,  f or  al l  f uel  oi l  f i l t er s f or  each engi ne

[ _____] Spar e l ubr i cat i ng oi l  c i r cul at i ng pump assembl y

[ _____] Jacket  wat er  pump

[ _____] Pr e- l ube oi l  pump and mot or  assembl y ( i f  appl i cabl e)

[ _____] Pr essur e t r ansducer ( s)

1. 7. 2   Speci al  Tool s

Pr ovi de one compl et e set  of  speci al  t ool s r equi r ed f or  mai nt enance.   
Speci al  t ool s ar e t hose t hat  onl y t he manuf act ur er  pr ovi des f or  speci al  
pur poses or  t o r each ot her wi se i naccessi bl e par t s.   Suppl y t ool s compl et e 
wi t h a sui t abl e t ool  box.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Gener al  Requi r ement s

Pr ovi de and i nst al l  compl et e and t ot al l y f unct i onal ,  [ t he]  [ each]  engi ne 
wi t h al l  necessar y anci l l ar y equi pment  i ncl udi ng,  but  not  l i mi t ed t o,  ai r  
f i l t r at i on,  st ar t i ng syst em,  i nst r ument at i on,  l ubr i cat i on,  f uel  syst em,  
cool i ng syst em,  and engi ne exhaust  syst em.   [ The]  [ Each]  engi ne r at i ng 
must  be i n accor dance wi t h SAE J1995.   Pr ovi de Di esel Nat ur al  Gas Fuel ed 
Engi ne Pump Dr i ve composed of  compl et e uni t s wi t h al l  component s,  
accessor i es,  and syst em i nt er connect i ons coor di nat ed,  so t hat  t he compl et e 
assembl y has t he capabi l i t i es r equi r ed,  f or  pr oper  oper at i on wi t h t he pump 
speci f i ed under  Sect i on 35 45 01 VERTI CAL PUMPS,  AXI AL- FLOW AND MI XED- FLOW 
I MPELLER- TYPE and t he speed r educer  speci f i ed i n Sect i on 35 45 03. 00 10 
SPEED REDUCERS FOR STORM WATER PUMPS.

Submi t  wr i t t en document at i on t hat  t he pr oduct s bei ng suppl i ed ar e 
appr opr i at e f or  t hi s engi ne pump dr i ve,  i ncl udi ng past  per f or mance of  t he 
dr i ve on cer t ai n t ypes of  ser vi ce,  i . e. ,  mar i ne gener at or s,  pump dr i ves,  
l ocomot i ves,  met al  shr edder s,  et c. ,  wi t h a mi ni mum oper at i on of  2, 000 hr  
per  year  of  ser vi ce wi t h a mi ni mum of  2 year s of  qual i f y i ng ser vi ce.   The 
cer t i f i cat i on of  t he uni t ' s  speed,  hor sepower ,  and dut y r at i ng t hat  f or ms 
t he basi s of  t he qual i f y i ng exper i ence i s r equi r ed f or  accept ance and must  
be wi t hi n 30 per cent  of  [ t hi s dr i ve' s r at i ng]  [ t hese dr i ves'  r at i ngs] .
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2. 1. 2   Per f or mance Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  shoul d speci f y t he ser vi ce 
r equi r ement s f or  t he pump dr i ve:   Cont i nuous,  
St andby,  or  Emer gency.   The desi gner  shoul d f ur ni sh 
pump manuf act ur er ' s dat a i ncl udi ng pump cur ves and 
pl ans unl ess t hi s speci f i cat i on i s used i n 
conj unct i on wi t h pump speci f i cat i on Sect i on 35 45 01 
as a package.   The sel ect i on of  t he engi ne speed 
shoul d f ol l ow t he gui dance gi ven i n EM 1110- 2- 3105.   
Rat ed capaci t y shoul d be based on t he pump 
manuf act ur er ' s r ecommendat i on.

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

Ser vi ce Requi r ement s [ Cont i nuous] [ St andby] [ Emer gency]

Rat ed Capaci t y 110 per cent  maxi mum kW ( hp) r equi r ed f r om 
t he pump cur ves at  speci f i ed speed pl us 
power  r equi r ed by t he accessor i es

Over l oad Capaci t y 110 per cent  r at ed capaci t y f or  2 hour s i n 
24 consecut i ve hour s

Maxi mum Speed [ _____] [ 900] [ 1, 200] [ 1, 800]  RPM

[ Char act er i st i cs of  t he pump l oad f or  t he engi ne dr i ve ar e descr i bed i n t he pump 
cur ves and pump pl ans i ncl uded i n [ _____] . ]

Si t e Ambi ent  Condi t i ons:   The si t e char act er i st i cs ar e as descr i bed i n par agr aph 
PROJECT/ SI TE CONDI TI ONS.

2. 1. 3   Ar r angement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   The engi ne shaf t  can be connect ed t o t he 
gear  box by ei t her  a f l exi bl e coupl i ng or  uni ver sal  
j oi nt  assembl y.   I n cases wher e t he engi ne i s l ar ge 
or  t he oper at i ng f l oor  space i s l i mi t ed,  a f l exi bl e 
coupl i ng woul d be mor e appr opr i at e.   Manuf act ur er ' s 
r ecommendat i ons shoul d be sol i c i t ed f or  ar r angement  
al t er nat i ves.   The desi gner  shoul d det er mi ne t he 
conf i gur at i on of  t he day t ank,  mai n f uel  st or age 
t ank,  and engi ne i nj ect i on por t s.   I f  t he mai n 
st or age f uel  t ank i s t he l owest  poi nt  i n t he engi ne 
f uel  syst em,  t hen a pump wi l l  be r equi r ed t o del i ver  
f uel  oi l  t o t he day t ank.

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

Each engi ne,  as shown and speci f i ed,  i s  t o be used as t he pr i me mover  f or  
t he ver t i cal  pump. [   Connect  t he engi ne shaf t  t o t he r educer  i nput  shaf t  
wi t h t wo uni ver sal  j oi nt s and an i nt er medi at e shaf t . ] [   Connect  t he engi ne 
shaf t  t o t he r educer  i nput  shaf t  wi t h a f l exi bl e coupl i ng. ]   Coor di nat e 
among t he manuf act ur er s of  t he di esel nat ur al  gas f uel ed engi ne,  gear  
r educer ,  and t he pump manuf act ur er  t o ensur e t he compat i bi l i t y  of  t hese 
component s i ncl udi ng,  but  not  l i mi t ed t o,  t he pr oper  f i t  of  engi ne and 
r educer  shaf t s,  t he i nt er act i on of  maj or  component s,  and cont r ol  of  saf et y 
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and al ar m si gnal s.   Suppl y f uel  f or  each engi ne by an i ndi v i dual  day t ank 
l ocat ed near  t he engi ne and i n accor dance wi t h NFPA 37.  Fuel  oi l  wi l l  be 
[ suppl i ed by gr avi t y]  [ pumped]  t o day t ank f r om out si de st or age t anks.  
Suppl y nat ur al  gas t o t he f uel  sol enoi d shut of f  val ve t o be suppl i ed on 
t he engi ne.   Use a cool i ng syst em t o mai nt ai n engi ne and l ubr i cat i ng oi l  
t emper at ur es at  t he t emper at ur es r ecommended by t he manuf act ur er .   Fur ni sh 
a st ar t i ng syst em al ong wi t h necessar y accessor i es f or  engi ne st ar t - up.   
Pr ovi de each engi ne wi t h a compl et el y i ndependent  l ubr i cat i on [ and 
pr e- l ubr i cat i on]  syst em wi t h an engi ne- dr i ven pr i mar y pump.

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment ,  compr i s i ng t he engi ne dr i ve syst em,  whi ch 
ar e t he st andar d pr oduct s of  manuf act ur er s r egul ar l y engaged i n t he 
pr oduct i on of  di esel nat ur al  gas f uel ed engi ne pump dr i ves and t hat  
essent i al l y  dupl i cat e pr oduct s whi ch have been used sat i sf act or i l y  f or  at  
l east  t wo year s pr i or  t o bi d openi ng.   An of f er  pr oposi ng an exper i ment al  
engi ne,  one havi ng a l esser  or  gr eat er  number  of  cyl i nder s t han t he 
of f er er s '  st andar d pr oduct i on engi nes,  or  one wi t hout  a demonst r at ed 
sat i sf act or y ser vi ce r ecor d as a f ul l  di esel nat ur al  gas f uel ed engi ne 
oper at i ng not  l ess t han 1, 200 hr  a year  at  not  l ess t han 75 per cent  r at ed 
l oad,  wi l l  be r ej ect ed.   Al l  pr oduct s must  be new.

2. 2. 2   Equi pment  and Per f or mance

Submi t  equi pment  and per f or mance dat a cer t i f y i ng t hat  t he engi ne and 
cool i ng syst em f unct i on pr oper l y i n t he ambi ent  t emper at ur e speci f i ed and 
pr ovi des t he f ol l owi ng desi gn and per f or mance dat a:

a.   The maxi mum al l owabl e i nl et  t emper at ur e of  t he [ cool ant  f l ui d]  
[ cool ant  ai r ] .

b.   The mi ni mum al l owabl e i nl et  t emper at ur e of  t he [ cool ant  f l ui d]  
[ cool ant  ai r ] .

c.   The maxi mum al l owabl e t emper at ur e r i se i n t he [ cool ant  f l ui d t hr ough 
t he engi ne]  [ cool i ng ai r  acr oss t he engi ne] .

d.   The magni t ude of  moni t or ed val ues def i ni ng al ar m or  act i on set  poi nt s,  
and t he t ol er ance ( pl us and/ or  mi nus)  at  whi ch t he pr ot ect i ve devi ce 
act i vat es t he al ar m or  act i on.

e.   The mi ni mum al l owabl e i nl et  f uel  t emper at ur ef uel  suppl y pr essur e.

f .   The maxi mum i mpact / dynami c l oad t hat  wi l l  be t r ansf er r ed f r om t he 
engi ne t o t he st r uct ur e.

Manuf act ur er ' s st andar d cat al og dat a i ncl udi ng a descr i pt i on and depi ct i on 
of  each engi ne and al l  anci l l ar y equi pment  i n suf f i c i ent  det ai l  t o 
demonst r at e compl et e speci f i cat i on compl i ance.   I f  st andar d cat al og dat a 
does not  cont ai n suf f i c i ent  det ai l  t o ver i f y compl i ance,  t hen submi t  
suppl ement ar y suppor t  document at i on t o ver i f y compl i ance.   Submi t  al l  dat a 
on t he engi ne manuf act ur er ' s l et t er head and si gned by a r epr esent at i ve or  
of f i c i al  of  t he manuf act ur er  aut hor i zed t o make t echni cal  r epr esent at i ons 
of  hi s company' s pr oduct s.
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2. 2. 3   Namepl at es

Pr ovi de each maj or  component  wi t h t he manuf act ur er ' s name,  addr ess,  t ype 
or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e secur ed t o 
t he equi pment .   As a mi ni mum,  pr ovi de namepl at es f or  t he f ol l owi ng i t ems:

a.   Engi nes
b.   Pumps and pump mot or s
c.   Radi at or s
d.   Heat er s
e.   Exhaust  muf f l er s
f .   Heat  exchanger s
g.   Day t anks

2. 2. 4   Per sonnel  Saf et y Devi ces

I nsul at e,  f ul l y  encl ose,  guar d,  or  f i t  wi t h ot her  t ypes of  saf et y devi ces 
al l  exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur es,  
par t s whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d 
t o oper at i ng per sonnel .   I nst al l  t he saf et y devi ces so t hat  pr oper  
oper at i on of  t he equi pment  i s not  i mpai r ed.

2. 3   MATERI ALS

2. 3. 1   Fi l t er  El ement s

Pr ovi de f uel - oi l ,  l ubr i cat i ng- oi l ,  and combust i on- ai r  f i l t er  el ement s 
whi ch ar e t he manuf act ur er ' s st andar d t ype and abl e t o f i l t er  out  
par t i c l es down t o a 25 t o 40 mi cr on si ze,  unl ess ot her wi se not ed.

2. 3. 2   Pi pe ( 150 psi  Syst em and Under )

Pr ovi de pi pe f or  s l eeves,  f uel / l ube- oi l ,  compr essed ai r ,  cool ant ,  exhaust ,  
and mi scel l aneous uses i n compl i ance wi t h ASTM A53/ A53M,  or  ASTM A106/ A106M
 st eel  pi pe.   Pi pe smal l er  t han 50 mm 2 i nch must  be Schedul e 80.   Pi pe 50 
mm 2 i nch and l ar ger  must  be Schedul e 40.

a.   Fl anges and f l anged f i t t i ngs:   ASTM A181/ A181M,  Cl ass 150,  or  
ASME B16. 5.

b.   Pi pe wel di ng f i t t i ngs:   ASTM A234/ A234M,  Gr ade WPB or  WPC,  Cl ass 150 
or  ASME B16. 11,  1360. 7 kg 3, 000 l bs.

c.   Thr eaded f i t t i ngs:   ASME B16. 3,  Cl ass 150.

d.   Val ves:   MSS SP- 80,  Cl ass 150.

e.   Gasket s:   manuf act ur er ' s st andar d.

2. 3. 3   Temper at ur e Gauges f or  Oi l  or  Wat er  Ser vi ce

Manuf act ur er ' s st andar d f l ush- mount ed,  100 mm 4 i nch mi ni mum di amet er  di al  
s i ze wi t h st andar d oper at i ng poi nt  at  50 per cent  of  t he f ul l  gauge r ange.   
Pr ovi de gauge const r uct i on and mat er i al s t hat  ar e appr opr i at e f or  t he 
i nt ended ser vi ce.

2. 3. 4   Pi pe Hanger s

MSS SP- 58

SECTI ON 41 65 10. 00 10  Page 15



2. 3. 5   Pr essur e Gauges

Manuf act ur er ' s st andar d f l ush mount ed,  100 mm 4 i nch mi ni mum di al  di amet er  
wi t h st andar d oper at i ng poi nt  at  50 per cent  of  t he f ul l  gauge r ange.   
Ensur e gauge const r uct i on and mat er i al s ar e appr opr i at e f or  t he i nt ended 
ser vi ce.

2. 4   DI ESELNATURAL GAS FUELED ENGI NE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Speci f y t he f uel  t ype i f  di f f er ent  t han No.  
2 di esel .   The r at i ng of  t he equi pment  shoul d be i n 
accor dance wi t h SAE st andar ds.   I f  t he f aci l i t y  i s  
l ocat ed bel ow 457 m 1, 500 f t  i n el evat i on above sea 
l evel  and t he i nt ake ai r  t emper at ur e i s under  38 
degr ees C 100 degr ees F,  t hen de- r at i ng i s not  
r equi r ed.

Nat ur al l y aspi r at ed engi nes ar e avai l abl e t o about  
1, 500 kW cont i nuous.   Tur bochar ged engi nes ar e 
gener al l y avai l abl e f r om 50 t o 350 kW cont i nuous.   
Tur bochar ged- af t er cool ed engi nes ar e gener al l y 
avai l abl e f r om 200 kW t o over  4, 000 kW cont i nuous.   
Engi ne suppl i er s shoul d be cont act ed f or  
r ecommendat i ons r egar di ng t he appr opr i at e engi ne 
based on t he appl i cat i on.

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

a.   The engi ne must  be a f ul l  di esel ,  2 or  4 cycl e,  compr essi on- i gni t i on 
t ype,  f or  st at i onar y appl i cat i ons and oper at e on No.  2- D di esel  f uel  
conf or mi ng t o ASTM D975.   The engi ne must  be nat ur al l y aspi r at ed,  
t ur bochar ged,  or  t ur bochar ged- af t er cool ed.

a.   The engi ne must  be a nat ur al  gas f uel ed,  2 or  4 cycl e,  spar k i gni t i on 
t ype,  f or  st at i onar y appl i cat i ons and oper at e on st andar d pi pel i ne 
nat ur al  gas.   The engi ne must  be nat ur al l y aspi r at ed or  
t ur bochar ged- af t er cool ed.

b.   Pr ovi de engi ne r at i ng as speci f i ed i n par agr aph PERFORMANCE 
REQUI REMENTS.   The engi ne must  be of  t he ver t i cal  i n- l i ne,  vee,  or  
opposed- pi st on t ype,  wi t h a sol i d cast  bl ock or  i ndi v i dual l y cast  
cyl i nder s.   Pr ovi de opposed- pi st on engi nes wi t h no l ess t han f our  
cyl i nder s.   Pr ovi de cur r ent  model s of  a t ype i n r egul ar  pr oduct i on 
compl et e wi t h al l  devi ces speci f i ed or  nor mal l y f ur ni shed wi t h t he 
engi ne.

2. 4. 1   Fuel  Consumpt i on

Do not  exceed t he f ol l owi ng maxi mum l i mi t s based on t he condi t i ons l i s t ed 
bel ow:
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SI ZE RANGE
NET kW

PERCENT OF RATED
FULL LOAD

FUEL USAGE
kg/ kWhLbs/ bhp- hr

100 -  299 75 -  100 0. 2720. 447

300 -  999 75 -  100 0. 2610. 429

1, 000 -  2, 500 75 -  100 0. 2430. 400

Condi t i ons:

a.   45 MJ/ kg 19, 350 BTU/ pound heat  val ue f or  f uel .

b.   Sea l evel  oper at i on.

c.   I nt ake ai r  t emper at ur e not  over  32 degr ees C 90 degr ees F.

d.   I nt ake ai r  bar omet er  pr essur e not  l ess t han 95. 7 kPa 28. 25 i nch of  
mer cur y.

SI ZE RANGE
NET kW

PERCENT OF RATED
FULL LOAD

FUEL USAGE
kJ/ kWhbt u/ bhp- hr

100 -  299 75 -  100 12, 3408, 700

300 -  999 75 -  100 11, 3258, 000

1, 000 -  2, 500 75 -  100 11, 3258, 000

Condi t i ons:

a.   Based on 118 oct ane nat ur al  gas wi t h a heat  val ue of  33, 500 kJ/ m3 900 
bt u/ f t 3.

b.   Sea l evel  oper at i on.

c.   25 degr ees C 77 degr ees F ambi ent  ai r  t emper at ur e at  30 per cent  
r el at i ve humi di t y.

d.   100 kPa 29. 53 i nch of  mer cur y bar omet er  pr essur e.

2. 4. 2   Cr ankcase Pr essur e Rel i ef  Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Engi nes l ar ger  t han 20 kW 27 hp must  ut i l i ze 
a pr essur e r el i ef  val ve on t he cr ankcase t o r el i eve 
pr i mar y cr ankcase expl osi ons.   The cr ankcase 
pr essur e r el i ef  val ve vent s qui ckl y and t hen r eseat s 
t o pr event  r et ur n of  ai r  and t o pr ot ect  agai nst  
secondar y expl osi ons.   The pl ans shoul d show t he 
cr ankcase pr essur e r el i ef  val ve vent  pi pi ng on 
i ndoor  engi ne i nst al l at i ons.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Pr ovi de a pr essur e r el i ef  val ve i n t he cr ankcase.   Vent  t he cr ankcase i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  except  do not  use t he 
engi ne exhaust  as t he vent i ng syst em.   Pi pe cr ankcase br eat her s,  i f  
pr ovi ded on engi nes i nst al l ed i n ei t her  a bui l di ng or  encl osur e,  t o vent  
t o t he out si de.   I f  t he engi ne i s l ocat ed out si de,  f i t  t he cr ankcase 
br eat her  wi t h a goose- neck t o pr event  r ai n ent r y.

Pr ovi de a pr essur e r el i ef  val ve i n t he cr ankcase.   Vent  t he cr ankcase i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Cr ankcase br eat her s 
usi ng t he vent ur i  ef f ect  of  t he exhaust  syst em wi l l  be al l owed onl y when 
desi gned,  i nst al l ed,  and pr ovi ded di r ect l y f r om t he engi ne manuf act ur er .   
Ot her wi se,  vent  t he cr ankcase t o t he out si de and f i t  wi t h a goose neck t o 
pr event  r ai n ent r y.

2. 5   FUEL SYSTEM

The f uel  syst em f or  each engi ne must  conf or m t o r equi r ement s of  NFPA 30 
and NFPA 37.   I ncl ude t he f ol l owi ng i t ems.

2. 5. 1   Fuel  Pump

Pr ovi de each engi ne wi t h an engi ne- dr i ven,  posi t i ve di spl acement  engi ne 
f uel  pump.   Pr ovi de pump wi t h t he capaci t y t o t r ansf er  f uel  f r om t he day 
t ank at  a r at e i n excess of  maxi mum f uel  consumpt i on st at ed i n par agr aph 
FUEL CONSUMPTI ON,  as wel l  as suppl y i ng adequat e pr essur e f or  t he f uel  
i nj ect or s.

Pr ovi de each engi ne wi t h a f uel  sol enoi d shut of f  wi r ed t o a shut down 
syst em and a f uel  pr essur e r egul at or  suppl i ed by t he engi ne manuf act ur er  
t o cont r ol  t he f uel  over  ai r  mi xt ur e t o t he engi ne.   The f uel  suppl y 
pr essur e avai l abl e at  t he s i t e i s [ _____]  kPai nch H20.   The engi ne f uel  
syst em desi gn must  be adequat e t o power  t o 110 per cent  l oad at  t he s i t e 
f uel  suppl y pr essur e as st at ed above.

2. 5. 2   Fi l t er

Suppl y a mi ni mum of  one dupl ex f i l t er  wi t h a t r ans- f l ow change- over  val ve 
f or  each engi ne.   Pr ovi de f i l t er  wi t h i nl et  and out l et  connect i ons pl ai nl y 
mar ked.   Pr ovi de an i ndi cat i ng di f f er ent i al  pr essur e gauge acr oss t he 
f i l t er .   Locat e t he f i l t er  on t he i nl et  s i de of  t he f uel  pump.   Ensur e t he 
f i l t er  i s  capabl e of  f i l t er i ng out  par t i c l es down t o 25 mi cr on si ze.

Pr ovi de each engi ne wi t h a f uel  f i l t er  l ocat ed upst r eam of  t he f uel  
sol enoi d shut of f  t o f i l t er  100 per cent  of  t he i ncomi ng gas.   Pr ovi de 
f i l t er  wi t h i nl et  and out l et  connect i ons pl ai nl y mar ked.   Pr ovi de an 
i ndi cat i ng di f f er ent i al  pr essur e gauge acr oss t he f i l t er .   Ensur e t he 
f i l t er  i s  capabl e of  f i l t er i ng out  par t i c l es down t o 5 mi cr on si ze.

2. 5. 3   St r ai ner

Pr ovi de a f ul l  f l ow st r ai ner  of  t he r epl aceabl e car t r i dge t ype bet ween t he 
engi ne and t he f uel  t ank,  upst r eam of  t he dupl ex f i l t er .   Pr ovi de an 
i ndi cat i ng di f f er ent i al  pr essur e gauge f or  upst r eam and downst r eam of  t he 
st r ai ner .   Ensur e t he st r ai ner  car t r i dge i s capabl e of  f i l t er i ng out  
par t i c l es down t o 125 mi cr on si ze.

2. 5. 4   Fuel  Gas Compr essor

Wher e t he basi c engi ne f uel  syst em desi gn r equi r es f uel  pr essur es above 
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t hat  avai l abl e at  t he s i t e,  a f uel  gas compr essor  i s r equi r ed.   Sel ect  and 
cer t i f y t hi s f uel  gas compr essor  by t he engi ne manuf act ur er  t o compl y wi t h 
bot h t hese speci f i cat i ons and t he r equi r ement s of  t he engi ne t hr oughout  
i t s l oad r ange and up t o 110 per cent  l oad.   Package t he f uel  gas 
compr essor  on t he same ski d as t he engi ne wi t h a f ul l y  pl umbed f uel  syst em 
pr ovi di ng one poi nt  f or  f uel  connect i on and j unct i on boxes as r equi r ed f or  
el ect r i cal  connect i ons.

2. 5. 5   Saf et y Bypass Val ve

Pr ovi de a saf et y bypass val ve next  t o t he pump i sol at i on val ve t o pr event  
t he bui l dup of  excessi ve pr essur es i f  t he di schar ge l i ne or  f uel  pump 
f i l t er s become cl ogged.   Thi s bypass must  pr ot ect  t he f uel  pi pi ng f r om 
over - pr essur i z i ng and wi l l  r el i eve i t  at  [ _____]  kPa psi .   The bypass 
val ve r el i ef  l i ne must  r et ur n t he f uel  t o t he engi ne day t ank.

2. 5. 6   Day Tank

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   See NFPA 37 and NFPA 30 f or  day t ank 
r est r i ct i ons on al l owabl e day t ank si zes.   The day 
t ank shoul d be l ocat ed i n c l ose pr oxi mi t y t o t he 
engi ne t o avoi d exceedi ng t he t ot al  suct i on head 
capabi l i t i es of  t he engi ne- dr i ven f uel  pump 
( par agr aph FUEL PUMP) .   Nomi nal  suct i on head 
capabi l i t i es of  t ypi cal  engi ne- dr i ven f uel  pumps ar e 
i n t he r ange of  2. 75 t o 3. 65 m 9 t o 12 f t .

Del et e t hi s par agr aph i n i t s ent i r et y i f  nat ur al  gas 
f uel ed engi nes ar e speci f i ed.

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

Pr ovi de each engi ne wi t h a day t ank l ocat ed next  t o t he engi ne.   Fi t  each 
day t ank wi t h a f uel  suppl y l i ne,  f uel  r et ur n l i ne,  l ocal  f uel  f i l l  por t ,  
di r ect  r eadi ng l i qui d l evel  i ndi cat or ,  vent ,  f i l l  l i mi t  f l oat  swi t ch 
assembl y f or  aut omat i c cont r ol  of  t he f uel  oi l  t r ansf er  pump ( i f  
pr ovi ded) ,  al ar m l evel  sensi ng devi ce,  and a dr ai n l i ne.   Pr ovi de a f uel  
r et ur n l i ne cool er ,  i f  r ecommended by t he engi ne manuf act ur er .   Pr ovi de 
each day t ank wi t h [ a [ _____]  L gal  capaci t y]  [ capaci t y suf f i c i ent  t o 
suppl y t he engi ne wi t hout  i nt er r upt i on f or  2 hr ]  [ capaci t y suf f i c i ent  t o 
suppl y t he engi ne f or  [ _____]  hr  cont i nuousl y at  100 per cent  r at ed l oad 
wi t hout  bei ng r ef i l l ed] .

2. 5. 6. 1   Dr ai n Li ne

Equi p each day t ank dr ai n l i ne wi t h a shut of f  val ve and ar r ange t o al l ow 
dr ai nage i nt o 220 L 55 gal  dr ums.

2. 5. 6. 2   Local  Fuel  Fi l l

Pr ovi de each l ocal  f i l l  por t  wi t h a [ scr ew- on cap] [ hi nged,  f i l l  cap] .   
Pr ovi de an ai r  vent  wi t h br ass scr een so t hat  t he day t ank does not  
devel op a vacuum l eadi ng t o t he col l apse of  t he day t ank as t he syst em 
empt i es.

2. 5. 6. 3   Fuel  Level  Li mi t  Devi ces

a.   Pr ovi de each day t ank wi t h a f i l l  l evel  f l oat  swi t ch assembl y devi ce 
t o:
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( 1)   I ni t i at e r ef uel i ng of  t he day t ank at  t he l ow l evel  mar k,  ( e. g. ,  
30 per cent  vol ume r emai ni ng) .

( 2)   St op r ef uel i ng of  t he day t ank at  t he hi gh l evel  mar k,  ( e. g. ,  90 
per cent  vol ume) .

b.   Pr ovi de each day t ank wi t h a separ at e l evel - sensi ng devi ce t o act i vat e 
al ar ms at  day t ank over f i l l  and day t ank empt y.   Day t ank empt y must  
i ndi cat e at  20 per cent  vol ume r emai ni ng.   Day t ank over f i l l  must  
i ndi cat e at  95 per cent  vol ume.   See par agr aph ALARM PANEL f or  f ur t her  
f unct i on r equi r ement s.

2. 5. 6. 4   Redundant  Fuel  Shut of f

To st op f uel  f l ow t o t he day t ank,  pr ovi de an aut omat i c shut of f  val ve on 
t he f i l l  l i ne of  t he day t ank and pr ovi de an aut omat i c saf et y devi ce t o 
st op t he pump suppl y i ng f uel  t o t he day t ank.   Act i vat e t he val ve and t he 
saf et y devi ce at  t he over f i l l  l evel  as def i ned i n par agr aph SAFETY SYSTEM,  
and r espond bef or e any f uel  i s  f or ced out  of  t he f uel  over f l ow l i ne.

2. 5. 6. 5   Ar r angement

Posi t i on and ar r ange t he day t ank so t hat  f uel  l evel  i n t he day t ank at  
t he day t ank empt y l evel  i s  above t he suct i on por t  of  t he engi ne- dr i ven 
f uel  pump.   Posi t i on and ar r ange t he day t ank over f l ow connect i on so t hat  
t he hi ghest  possi bl e f uel  l evel  i n t he day t ank i s bel ow t he f uel  
i nj ect or s.   The f uel  suppl y l i ne f r om t he day t ank t o t he engi ne 
connect i ons must  be wel ded st eel  pi pe.   Pr ovi de a wat er  dr ai n at  t he l ow 
poi nt  of  t he day t ank.

2. 5. 7   Fuel  Suppl y Syst em

Pr ovi de di esel  f uel  suppl y f r om t he mai n di esel  f uel  st or age t o t he day 
t ank as speci f i ed i n Sect i on 33 56 10 FACTORY- FABRI CATED FUEL STORAGE 
TANKS.   Pr ovi de nat ur al  gas f uel  suppl y syst em as speci f i ed i n Sect i on 
33 51 15 NATURAL- GAS /  LI QUEFI ED PETROLEUM GAS DI STRI BUTI ON PI PELI NES and 
Sect i on 23 11 20 FACI LI TY GAS PI PI NG.

2. 5. 8   Mai n Fuel  St or age Tank

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The l ocat i on of  t hi s t ank i s i mpor t ant  f or  
day t ank dr ai ni ng and day t ank f uel  suppl y.   The 
appr opr i at e t ype and l ocat i on shoul d be det er mi ned 
by cost s and oper at i onal  r equi r ement s and shoul d 
f ol l ow l ocal ,  st at e,  and Feder al  Envi r onment al  
Pr ot ect i on Agency r egul at i ons,  Sect i on 33 56 10 and 
NFPA- 30.

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

The mai n f uel  st or age t ank i s speci f i ed i n [ Sect i on 33 56 10 
FACTORY- FABRI CATED FUEL STORAGE TANKS] [ _____] .

2. 6   LUBRI CATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he adj ust abl e r equi r ement  f or  
pr essur e r egul at i on on t he pr essur i zed l ube oi l  

SECTI ON 41 65 10. 00 10  Page 20



syst em f or  engi nes smal l er  t han 1, 000 kW 1, 350 hp.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de each engi ne wi t h a separ at e l ube- oi l  syst em conf or mi ng t o NFPA 30 
and NFPA 37.   Pr essur i ze each syst em by engi ne- dr i ven pumps. [   Adj ust  and 
r egul at e t he syst em pr essur e as r ecommended by t he engi ne manuf act ur er . ]   
Fur ni sh a sump t ank as r equi r ed.   The l ube- oi l  pump must  dr aw oi l  f r om t he 
oi l  pan or  sump t ank t hr ough a mesh i nt ake st r ai ner  and f or ce i t  t hr ough a 
l ubr i cat i ng oi l  cool er  and a s i ngl e or  dupl ex f ul l - f l ow st r ai ner  i nt o t he 
engi ne.   Pr ot ect  t he pump by a r el i ef  val ve t o bypass t he oi l  i nt o sump.   
Bypass a por t i on of  t he oi l  f r om t he sump t hr ough a l ubr i cat i ng oi l  f i l t er  
and back i nt o t he engi ne oi l  pan or  sump.   Regul at e t he l ubr i cat i ng oi l  
t emper at ur e by means of  an aut omat i c t emper at ur e r egul at or  whi ch wi l l  
cont r ol  t he amount  of  bypass oi l  ar ound t he cool er .   Make t he syst em 
r eadi l y accessi bl e f or  ser vi ce such as dr ai ni ng or  r ef i l l i ng.   Per mi t  t he 
addi t i on of  oi l  and have oi l - l evel  i ndi cat i on wi t h t he set  oper at i ng.

2. 6. 1   Pump Fi l t er s

Pr ovi de one f ul l - f l ow,  dupl ex,  80 mi cr on f i l t er  f or  each pump.   Ensur e t he 
f i l t er  i s  r eadi l y accessi bl e and capabl e of  bei ng changed wi t hout  
di sconnect i ng t he pi pi ng or  di st ur bi ng ot her  component s.   Pr ovi de f i l t er  
wi t h i nl et  and out l et  connect i ons pl ai nl y mar ked.   Pr ovi de an i ndi cat i ng 
di f f er ent i al  pr essur e gauge acr oss t he f i l t er .

2. 6. 2   Lube- Oi l  Sensor s

Equi p each engi ne wi t h l ube- oi l  t emper at ur e and pr essur e sensor s.   Use 
t emper at ur e sensor s t o pr ovi de si gnal s f or  pr e- hi gh and hi gh l ube- oi l  
i ndi cat i on and al ar ms.   Locat e pr essur e sensor s downst r eam of  t he f i l t er s 
and pr ovi de si gnal s f or  pr e- l ow and l ow l ube- oi l  i ndi cat i on and al ar ms.

2. 6. 3   Lubr i cat i ng Oi l  St r ai ner

Fur ni sh a f ul l - f l ow,  oi l  st r ai ner  i n- l i ne,  ahead of  t he engi ne.   The 
st r ai ner  must  be as r ecommended by t he engi ne manuf act ur er .   Pr ovi de a 
bot t om dr ai n pl ug t o al l ow easy r emoval  of  t he s l udge.

[ 2. 6. 4   Pr e- Lubr i cat i on Oi l  Pump

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Nor mal l y,  engi ne si ze gr eat er  t han 350 kW 470 
hp and engi nes wi t h a per i od i n excess of  t wo weeks 
bet ween oper at i ons r equi r e pr e- l ubr i cat i on.   I f  
pr e- l ubr i cat i on i s r equi r ed,  ut i l i ze t hi s par agr aph.

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

Pr ovi de pr e- l ubr i cat i ng oi l  pump wi t h a capaci t y and head r at i ng as 
r ecommended by t he engi ne manuf act ur er .   I ncor por at e a bui l t - i n r el i ef  
val ve and di r ect l y connect  t o an el ect r i c mot or  wi t h t he mot or - pump 
assembl y mount ed on a common case i r on or  st eel  base.   Fur ni sh t he pump 
compl et e and r eady f or  oper at i on wi t h al l  cont r ol s i ncl usi ve.   Al l ow t he 
pr e- l ubr i cat i on pump t o compl et el y f i l l  t he engi ne oi l  l i nes and est abl i sh 
l ubr i cat i ng oi l  pr essur e pr i or  t o st ar t i ng.   Pr ovi de pump mot or  i n 
accor dance wi t h t he r equi r ement s of  par agr aph MOTORS.

] 2. 7   COOLI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Ther e ar e t hr ee basi c t ypes of  engi ne cool i ng 
syst ems avai l abl e.   These ar e syst ems usi ng 
l i qui d- t o- ai r  heat  exchanger s ( r adi at or s)  or  cool i ng 
t ower s,  syst ems usi ng l i qui d- t o- l i qui d heat  
exchanger s ( syst ems usi ng shel l  and t ube,  pl at e and 
f r ame heat  exchanger s)  and syst ems usi ng submer ged 
pi pe syst ems.   No mat t er  whi ch syst em i s speci f i ed,  
engi ne out l et  wat er  t emper at ur e shoul d be kept  
const ant ,  and t he di f f er ent i al  bet ween i nl et  wat er  
t o out l et  wat er  of  t he cool i ng syst em shoul d be kept  
at  about  8 degr ees C 15 degr ees F.   The r adi at or  
r equi r es f or ced ai r  t hr ough t he heat  exchanger  
causi ng hi gher  noi se l evel s.   For  an i ndoor  
appl i cat i on,  t he r adi at or  can be l ocat ed out si de 
wi t h a hi gher  pr essur e pumpi ng syst em t o del i ver  t he 
r equi r ed f l ow t o t he r adi at or .   The r adi at or  shoul d 
be mount ed l ess t han 15 m 50 f t  above t he engi ne t o 
avoi d l eakage at  t he engi ne wat er  pump seal .

When t he appr oach bet ween cool ant  and ai r  
t emper at ur es i s under  15 degr ees C 27 degr ees F,  
t ower s become mor e economi cal .   A sur r oundi ng cl ean 
envi r onment  i s r equi r ed wi t h t ower s due t o t he 
openness of  t he desi gn.   The shel l  and t ube heat  
exchanger  r equi r es an expansi on t ank t o r emove ai r  
f r om t he syst em.   The r aw wat er  suppl y syst em shoul d 
be cl osel y coor di nat ed when appl y i ng a shel l  and 
t ube heat  exchanger .

Cool i ng t ower s have l i mi t i ng wor ki ng r anges and can 
be appl i ed successf ul l y onl y i n cer t ai n c l i mat es.

The submer ged pi pe cool i ng syst em r equi r es a l ar ge 
quant i t y of  r aw wat er  and an expansi on t ank.   
Fact or s f or  consi der at i on when eval uat i ng cool i ng 
syst ems i ncl ude engi ne si ze,  space l i mi t at i ons,  
accept abl e noi se l evel s,  r aw wat er  suppl y,  
mai nt enance,  oper at i onal  r equi r ement s,  and syst em 
oper at i ng cost s.   Engi ne suppl i er s shoul d be 
cont act ed f or  assi st ance i n sel ect i ng t he 
appr opr i at e cool i ng syst em f or  t he appl i cat i on.

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

a.   Each engi ne must  have i t s own cool i ng syst em.   Pr ovi de cl osed t ype 
syst em t hat  oper at es aut omat i cal l y whi l e t he engi ne i s r unni ng.

b.   Pr ovi de cool i ng syst em wi t h an engi ne- dr i ven wat er  pump,  [ f i n- t ube 
r adi at or , ]  [ cool i ng t ower , ]  [ r emot el y mount ed f i n- t ube r adi at or , ]  
[ shel l - t ube heat  exchanger ,  expansi on t ank, ]  [ pl at e and f r ame heat  
exchanger ,  expansi on t ank, ]  [ submer ged pi pe,  expansi on t ank, ]  and an 
aut omat i c t emper at ur e r egul at i ng val ve.   The maxi mum t emper at ur e r i se 
of  t he cool ant  acr oss each engi ne i s not  al l owed t o exceed t he engi ne 
manuf act ur er ' s r ecommendat i on as submi t t ed i n par agr aph SUBMI TTALS.

c.   Pr ovi de cl osed t ype engi ne cool i ng syst em ar r anged t o pr event  r ust  and 
mi ni mi ze f or mat i on of  scal e deposi t s wi t hi n t he engi ne.   Ci r cul at e 
j acket - cool ant  t hr ough t he engi ne at  t he t emper at ur e and f l ow r at e 
r ecommended by t he engi ne manuf act ur er .   The cool ant  must  be an 
et hyl ene- gl ycol  wat er  mi xt ur e wi t h a concent r at i on suf f i c i ent  f or  
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f r eeze pr ot ect i on at  t he mi ni mum out door  t emper at ur e speci f i ed.   The 
maxi mum t emper at ur e r i se of  t he cool ant  i s no mor e t han t hat  
r ecommended and submi t t ed i n par agr aph SUBMI TTALS.

2. 7. 1   Cool ant  Pumps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e r aw- wat er  pump opt i on f or  c l osed- l oop 
syst ems.

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

Pr ovi de cent r i f ugal  t ype engi ne- dr i ven j acket  wat er  pumps. [   Raw- wat er  
cent r i f ugal  c i r cul at i ng pumps must  be [ el ect r i c mot or  dr i ven equi pped wi t h 
manual - of f - aut omat i c cont r ol l er s]  [ engi ne dr i ven] . ]   Pr ovi de each engi ne 
wi t h an engi ne- dr i ven pr i mar y pump.   Pr ovi de el ect r i c mot or  dr i ven 
secondar y pumps wi t h aut omat i c cont r ol l er s.   Pr ovi de a br onze f i t t ed,  
s i ngl e st age t ype pump wi t h r emovabl e seal  r i ngs and st uf f i ng box and 
pr oper l y s i zed f or  t he i nt ended pur pose.

2. 7. 2   Radi at or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Radi at or  l ocat i on and mount i ng det ai l s shoul d 
be shown on t he pl ans.   An el ect r i c mot or - dr i ven f an 
i s pr ovi ded on r emot el y l ocat ed r adi at or s t o 
c i r cul at e ai r  acr oss t he r adi at or .   The f an shoul d 
oper at e when t he engi ne oper at es.

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

Si ze each r adi at or  t o l i mi t  t he maxi mum al l owabl e t emper at ur e r i se on t he 
cool ant  acr oss t he engi ne t o t hat  r ecommended and submi t t ed i n par agr aph 
SUBMI TTALS,  f or  t he maxi mum out door  desi gn t emper at ur e and si t e 
el evat i on.   Use r adi at or  f abr i cat i on mat er i al s t hat  ar e cor r osi on 
r esi st ant  and sui t abl e f or  ser vi ce i n t he ambi ent  appl i cat i on condi t i ons.   
The r adi at or  may be f act or y coat ed wi t h cor r osi ve r esi st ant  f i l m pr ovi ded 
t hat  cor r ect i ve measur es ar e t aken t o r est or e t he heat  r ej ect i on 
capabi l i t y  of  t he r adi at or  t o t he i ni t i al  desi gn r equi r ement  v i a 
over - s i z i ng or  ot her  compensat i ng met hods.   I nt er nal  sur f aces must  be 
compat i bl e wi t h l i qui d f l ui d cool ant  used.   Mat er i al s and cool ant  ar e 
subj ect  t o appr oval  by t he Cont r act i ng Of f i cer .   Ensur e r adi at or s ar e t he 
pr essur e t ype i ncor por at i ng a pr essur e val ve,  vacuum val ve,  and a r adi at or  
cap.   Pr ovi de r adi at or  cpas f or  pr essur e r el i ef  pr i or  t o r emoval .   Ensur e 
each r adi at or  and t he ent i r e cool i ng syst em i s capabl e of  wi t hst andi ng a 
mi ni mum pr essur e of  48. 4 kPa 7 psi g.   Pr ot ect  each r adi at or  wi t h a st r ong 
gr i l l e or  scr een guar d.   Radi at or s must  have at  l east  t wo t apped hol es.   
Equi p one t apped hol e i n t he r adi at or  wi t h a dr ai n cock;  pl ug t he r est .   
[ Pr ovi de t he r emot e l ocat ed r adi at or  wi t h an el ect r i c mot or - dr i ven f an.   
Wi r e t he f an t o oper at e when t he engi ne oper at es. ]

[ 2. 7. 2. 1   Shel l  and Tube Heat  Exchanger

Pr ovi de a mul t i pl e pass shel l  t ype heat  exchanger  wi t h r emovabl e U- t ube 
bundl es t o f aci l i t at e c l eani ng and r et ubi ng.   The heat  exchanger  must  be 
of  suf f i c i ent  capaci t y t o cool  t he engi ne wi t h [ _____]  degr ees C F i nput  
cool i ng wat er .   Oper at e t he heat  exchanger  wi t h l ow t emper at ur e wat er  i n 
t he shel l  and hi gh t emper at ur e cool ant  i n t he t ubes.   Const r uct  exchanger s 
i n accor dance wi t h r equi r ement s of  ASME BPVC SEC VI I I  D1 and cer t i f y wi t h 
an ASME st amp secur ed t o t he heat  exchanger .   Const r uct  shel l s wi t h 
seaml ess st eel ,  wel ded st eel ,  or  cast  i r on.   Pr ovi de t ubes t hat  ar e ei t her  
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cupr oni ckel  or  i nhi bi t ed admi r al t y,  meet i ng r equi r ement s of  ASTM B395/ B395M,  
sui t abl e f or  t he t emper at ur e and pr essur e speci f i ed.   Desi gn t he shel l  
s i de and t ube si de of  t he heat  exchanger  f or  1. 03 MPa 150 psi g wor ki ng 
pr essur e and f act or y t est  at  2. 06 MPa  300 psi g.   Locat e hi gh t emper at ur e,  
l ow t emper at ur e,  and pr essur e r el i ef  connect i ons i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce.   Cool ant  pr essur e l oss t hr ough cl ean 
t ubes must  be as r ecommended by t he engi ne manuf act ur er .   Mi ni mum cool ant  
vel oci t y t hr ough t he t ubes must  be at  l east  300 mm/ sec 12 i nch/ sec and 
suf f i c i ent  t o assur e t ur bul ent  f l ow.   Pr ovi de one or  mor e pr essur e r el i ef  
val ves f or  each heat  exchanger  i n accor dance wi t h ASME BPVC SEC VI I I  D1.   
I nst al l  a dr ai n connect i on wi t h a 19 mm 3/ 4 i nch hose bi b connect i on at  
t he l owest  poi nt  i n t he syst em near  t he heat  exchanger .

] [ 2. 7. 2. 2   Pl at e and Fr ame Heat  Exchanger

The heat  exchanger  must  be a mul t i pl e pass t ype wi t h r emovabl e pl at es t o 
f aci l i t at e c l eani ng.   The heat  exchanger  must  be of  suf f i c i ent  capaci t y t o 
cool  t he engi ne wi t h [ _____]  degr ees C F i nput  cool i ng wat er .   Const r uct  
heat  exchanges i n accor dance wi t h ASME BPVC SEC VI I I  D1 and cer t i f y wi t h 
an ASME st amp secur ed t o t he heat  exchanger .   Sel ect  mat er i al s f or  t he 
pl at e and f r ames t hat  ar e appr opr i at e f or  t he ser vi ce r equi r ed.   Locat e 
hi gh and l ow t emper at ur e and pr essur e r el i ef  connect i ons i n accor dance 
wi t h t he manuf act ur er ' s st andar d pr act i ce.   Wat er  pr essur e l oss t hr ough 
cl ean pl at es must  be as r ecommended by t he engi ne manuf act ur er .   Pr ovi de 
one or  mor e pr essur e r el i ef  val ves f or  each heat  exchanger  i n accor dance 
wi t h ASME BPVC SEC VI I I  D1.   I nst al l  a dr ai n connect i on wi t h a 19 mm 3/ 4 
i nch hose bi b connect i on at  t he l owest  poi nt  i n t he syst em near  t he heat  
exchanger .

] [ 2. 7. 2. 3   Cool i ng Tower

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The maxi mum out door  desi gn t emper at ur e,  
cool ant  t emper at ur e,  and avai l abi l i t y  of  wat er  ar e 
cr i t i cal  t o t he pr oper  sel ect i on of  t he appr opr i at e 
cool i ng t ower .   Appl i cabl e ASHRAE gui des shoul d be 
consul t ed f or  appl i cat i on gui dance.

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

Si ze t he cool i ng t ower  t o l i mi t  t he maxi mum al l owabl e t emper at ur e r i se i n 
t he cool ant  acr oss t he engi ne t o t hat  r ecommended by t he engi ne 
manuf act ur er .   The Cont r act or  i s r esponsi bl e f or  t he pr oper  sel ect i on of  
syst em component s based on t he si t e condi t i ons and t he di esel nat ur al  gas 
f uel ed engi ne pump dr i ve[ s]  used.   I nt er nal  and ext er nal  mat er i al s must  be 
appr opr i at e f or  t he heat  used.   Use cool i ng t ower s i n conj unct i on wi t h a 
l i qui d- t o- l i qui d heat  exchanger  t o keep t he engi ne cool i ng i n a c l osed 
l oop wi t h condi t i oned cool ant .   Fur ni sh t he cool i ng t ower  as a compl et e 
oper at i ng syst em wi t h a l i qui d- t o- l i qui d heat  exchanger ,  a sur ge t ank,  an 
auxi l i ar y wat er  pump,  necessar y f i l t er s i n t he wat er  r et ur n l i nes,  and 
i nt er connect i ng pi pi ng and i sol at i on val ves as r equi r ed f or  mai nt enance 
and oper at i on.

] [ 2. 7. 2. 4   Submer ged Pi pe

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ot ect i on f or  t he submer ged pi pe or  coi l  
shoul d be consi der ed.   The pi pe or  coi l  shoul d be 
kept  out  of  mud or  s i l t  and away f r om t he bot t om of  
t he cool i ng pond t o ensur e maxi mum ef f i c i ency.

SECTI ON 41 65 10. 00 10  Page 24



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

Pr ovi de pi pe or  coi l  of  suf f i c i ent  l engt h t o cool  t he engi ne at  t he 
speci f i ed r aw wat er  t emper at ur e.   Use pi pi ng mat er i al s as speci f i ed i n 
par agr aph PI PE.   I nst al l  pi pe as speci f i ed i n par agr aph PI PI NG 
I NSTALLATI ON.   Al ways sl ope t he pi pe f r om t he r et ur n bend up t o pr event  
ai r  l ocks i n t he syst em.   Fur ni sh a dr ai n pl ug at  t he l owest  poi nt  of  t he 
syst em.   Connect  t he syst em so t hat  t he j acket  wat er  f l ows f r om t he engi ne 
t o t he cool i ng coi l s and t hen t o t he expansi on t ank bef or e r et ur ni ng t o 
t he j acket  wat er  pump i nl et .

] 2. 7. 3   Ther most at i c Cont r ol  Val ve

Pr ovi de a modul at i ng t ype,  t her most at i c cont r ol  val ve i n t he cool ant  
syst em t o mai nt ai n t he engi ne cool ant  t emper at ur e i n t he r ange submi t t ed 
i n par agr aph SUBMI TTALS.

2. 7. 4   Duct wor k

Pr ovi de duct wor k as speci f i ed i n [ Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON]  
[ _____]  except  use a f l exi bl e connect i on t o connect  t he engi ne r adi at or .   
Mat er i al  f or  t he connect i on must  be wi r e- r ei nf or ced f i ber  gl ass.   The 
connect i on must  be ai r t i ght .

2. 7. 5   Temper at ur e Sensor s

Equi p each engi ne wi t h cool ant  t emper at ur e sensor s.   Use t emper at ur e 
sensor s t o pr ovi de si gnal s f or  pr e- hi gh and hi gh cool ant  t emper at ur e 
i ndi cat i on and al ar ms.

Equi p each engi ne wi t h cool ant  t emper at ur e syst ems f or  bot h t he j acket  
wat er  syst em and t he i nt er cool er  syst em when t he engi ne i s t ur bochar ged.

2. 7. 6   Expansi on Tank

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Si ze of  t he expansi on t ank at  l east  15 
per cent  of  t he cool ant  vol ume i n t he t ot al  syst em t o 
t ake car e of  expansi on.

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

Fur ni sh an expansi on t ank of  no l ess t han [ _____]  L gal  f or  each engi ne.   
Pr oper l y f i t  t he t ank f or  vent ,  over f l ow,  expansi on,  and make- up l i nes.   
The t ank must  be sui t abl e f or  an oper at i ng t emper at ur e of  121 degr ees C 
250 degr ees F and a wor ki ng pr essur e of  860 kPa 125 psi g.   Const r uct  t ank 
of  wel ded st eel ,  hot - di pped gal vani zed i nsi de and out si de af t er  
f abr i cat i on,  t est ,  and st amp i n accor dance wi t h ASME BPVC SEC VI I I  D1 and 
r egi st er  wi t h t he Nat i onal  Boar d of  Boi l er  and Pr essur e Vessel  
I nspect or s.   Mount  t ank so t hat  t he bot t om of  t he t ank i s above t he t op of  
t he engi ne.   Suppor t  t ank by st eel  l egs or  bases f or  ver t i cal  
i nst al l at i ons or  st eel  saddl es f or  hor i zont al  i nst al l at i on.

2. 8   SPECI AL LI MI TATI ONS

2. 8. 1   Sound Li mi t at i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The noi se l i mi t s must  conf or m t o appl i cabl e 
l ocal  and OSHA codes.   The desi gner  i s r esponsi bl e 
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f or  det er mi ni ng code noi se l i mi t  r equi r ement s f or  
speci f i c  s i t e appl i cat i ons.   Speci f i c  i nf or mat i on 
r egar di ng appl i cabl e noi se l i mi t s shoul d be i nser t ed 
i n t hi s sect i on.   Si t e speci f i c  r equi r ement s and 
l i mi t at i ons ar e key component s i n t he cr i t er i a 
sel ect i on.   Gener al l y,  t he most  cost  ef f ect i ve 
appr oach i s t o use hear i ng pr ot ect i on i n conj unct i on 
wi t h bui l di ng and r oom i nsul at i on t o cont r ol  noi se.

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

[ _____]

2. 8. 2   Vi br at i on I sol at i on and Sei smi c Rest r ai nt s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de sei smi c r equi r ement s and show det ai l s 
on t he dr awi ngs i f  t he Gover nment  desi gner  ( ei t her  
Cor ps of f i ce or  A/ E)  i s t he Engi neer  of  Recor d.   
Del et e t he br acket ed phr ase i n t he l ast  sent ence of  
t hi s par agr aph i f  sei smi c det ai l s ar e not  pr ovi ded.   
Per t i nent  por t i ons of  UFC 3- 301- 01 and pr oper l y 
edi t ed Sect i ons 13 48 73 and 22 05 48. 00 20 must  be 
i ncl uded i n t he cont r act  document s.

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

Li mi t  t he maxi mum engi ne vi br at i on i n t he hor i zont al ,  ver t i cal ,  and axi al  
di r ect i ons t o 0. 15 mm 6 mi l s peak- peak RMS,  wi t h an over al l  vel oci t y l i mi t  
of  24 mm/ sec 0. 95 i nch/ sec RMS. [   I nst al l  a v i br at i on- i sol at i on syst em 
bet ween t he f l oor  and t he base.   The vi br at i on- i sol at i on syst em must  l i mi t  
t he maxi mum vi br at i on t r ansmi t t ed t o t he f l oor  at  al l  f r equenci es t o a 
maxi mum of  [ _____]  [ _____]  peak f or ce. ] [   Pr ovi de engi ne wi t h a 
v i br at i on- i sol at i on syst em i n accor dance wi t h t he manuf act ur er ' s st andar d 
pr act i ce. ]   Desi gn and qual i f y v i br at i on- i sol at i on syst ems ( as an i nt egr al  
par t  of  t he base and mount i ng syst em)  t o t he sei smi c f or ces speci f i ed.   
Wher e t he vi br at i on- i sol at i on syst em does not  secur e t he base t o t he 
st r uct ur e f l oor  or  uni t  f oundat i on,  pr ovi de sei smi c r est r ai nt s i n 
accor dance wi t h UFC 3- 301- 01 and Sect i ons 13 48 73 SEI SMI C CONTROL FOR 
MI SCELLANEOUS EQUI PMENT and 23 05 48. 19 [ SEI SMI C]  BRACI NG FOR HVAC[  and as 
i ndi cat ed] .

2. 9   AI R I NTAKE EQUI PMENT

Pr ovi de f i l t er s and si l encer s i n l ocat i ons t hat  ar e conveni ent  f or  
ser vi c i ng as shown on t he pr oj ect  pl ans.   The si l encer  must  be of  t he 
hi gh- f r equency f i l t er  t ype,  l ocat ed i n t he ai r  i nt ake syst em as 
r ecommended by t he engi ne manuf act ur er .   A combi ned f i l t er  s i l encer  uni t  
meet i ng r equi r ement s f or  t he separ at e f i l t er  and si l encer  i t ems may be 
pr ovi ded.   Expansi on el ement s i n ai r - i nt ake l i nes must  be [ copper ] [ r ubber ] .

2. 10   EXHAUST SYSTEM

Pr ovi de a separ at e and compl et e syst em f or  each engi ne.   Suppor t  exhaust  
pi pi ng t o mi ni mi ze vi br at i on.   Make pr ovi s i ons f or  pi pe t her mal  
expansi on.   Wher e a V- t ype engi ne havi ng mor e t han one exhaust  out l et  i s  
pr ovi ded,  use a V- t ype connect or ,  wi t h necessar y f l exi bl e sect i ons and 
har dwar e,  t o connect  t he engi ne exhaust  out l et s.   I ncor por at e 
engi ne- mat i ng and si l encer - mat i ng f l anges,  el i mi nat i ng t he need f or  
adapt er s.   Ensur e t he muf f l er  and exhaust  pi pi ng t oget her  i s capabl e of  
r educi ng t he noi se l evel  at  t he exhaust  di schar ge l ocat i on t o a poi nt  
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bel ow t he maxi mum sound l evel s speci f i ed i n par agr aph SOUND LI MI TATI ONS,  
at  a di st ance of  [ _____]  m f t  f r om t he end of  t he exhaust  pi pi ng di r ect l y 
al ong t he pat h of  di schar ge f or  hor i zont al  di schar ged exhaust ;  or  at  a 
r adi us of  [ _____]  m f t  f r om t he muf f l er / di schar ge pi pi ng,  at  45 deg apar t  
i n al l  di r ect i ons,  f or  ver t i cal l y di schar ged exhaust s,  wi t h t he engi ne 
oper at i ng at  100 per cent  of  ser vi ce l oad.

2. 10. 1   Fl exi bl e Sect i ons and Expansi on Joi nt s

Pr ovi de a f l exi bl e sect i on at  each engi ne and an expansi on j oi nt  at  each 
muf f l er .   Pr ovi de f l exi bl e sect i ons and expansi on j oi nt s wi t h f l anged 
connect i ons.   Ensur e f l exi bl e sect i ons ar e mul t i pl e- pl y st ai nl ess st eel  
expansi on bel l ows t ype wi t h st andar d 38 and 76 mm 1. 5 and 3 i nch al l owabl e 
axi al  expansi on.   Use el ement s i n t he f l exi bl e sect i ons t hat  ar e capabl e 
of  absor bi ng vi br at i on f r om t he engi ne and compensat i ng f or  t her mal  
expansi on and cont r act i on.

2. 10. 2   Exhaust  Muf f l er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Muf f l er  l ocat i ons and mount i ngs shoul d be 
shown on t he pl ans.   The desi gner  shoul d consi der  
t he use of  f i r st  cost  ver sus l i f e- cycl e cost  
anal ysi s t o det er mi ne t he appr opr i at e met al  t o use.   
St ai nl ess st eel  Ser i es 321 and al umi ni zed st eel  
shoul d be consi der ed i n l i eu of  pai nt ed st eel  
mat er i al s.

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

Pr ovi de a chamber  t ype exhaust  muf f l er .   Fabr i cat e t he muf f l er  of  wel ded 
st eel  and desi gn f or  [ out s i de]  [ i nsi de]  [ ver t i cal ]  [ hor i zont al ]  mount i ng.   
Pr ovi de eyebol t s,  l ugs,  f l anges,  or  ot her  i t ems as necessar y f or  suppor t  
of  t he muf f l er  i n t he l ocat i on and posi t i on i ndi cat ed on t he pl ans.   Do 
not  al l ow t he pr essur e dr op t hr ough t he muf f l er  t o exceed t he 
r ecommendat i ons of  t he engi ne manuf act ur er .   Fabr i cat e out si de muf f l er s 
f r om [ al umi ni zed st eel ]  [ st ai nl ess st eel ] .   Pr ovi de muf f l er  wi t h a dr ai n 
val ve,  ni ppl e,  and cap at  t he l ow- poi nt  of  t he muf f l er .   Suppl y a compl et e 
muf f l er  wi t h any necessar y soot  boxes or  i nspect i on por t s r equi r ed f or  
adequat e oper at i on and mai nt enance.   Si ze t he ent i r e exhaust  syst em 
appr opr i at el y so t hat  t he oper at i on of  t he engi ne i s not  af f ect ed by t he 
exhaust  syst em.

2. 10. 3   Exhaust  Pi pi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Exhaust  pi pi ng shoul d be si zed at  a gas 
vel oci t y of  l ess t han 25. 4 m/ sec 5, 000 f pm.   The 
exhaust  pi pi ng l ocat i on and r out i ng shoul d be shown 
on t he pl ans.

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

Sl ope hor i zont al  sect i ons of  t he exhaust  pi pi ng downwar d away f r om t he 
engi ne t o a condensat e t r ap and dr ai n val ve.   Make changes i n di r ect i on 
ut i l i z i ng l ong r adi us f i t t i ngs.   Run exhaust  pi pi ng not  cover ed i n t hi s 
par agr aph i n accor dance wi t h par agr aph PI PI NG I NSTALLATI ON.   I nsul at e 
exhaust  pi pi ng,  muf f l er s,  and si l encer s wi t h ASTM C533 cal c i um si l i cat e 
i nsul at i on,  mi ni mum of  75 mm 3 i nch t hi ckness or  an appr opr i at e t hi ckness 
t o l i mi t  t he sur f ace t emper at ur e t o val ues bel ow 80 degr ees C 175 degr ees F.   
Secur e i nsul at i on wi t h no l ess t han 9. 525 mm 0. 375 i nch wi de Type 304 
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st ai nl ess st eel  bands spaced no f ar t her  apar t  t han 200 mm 8 i nches on 
cent er .   Pr ovi de an al umi num j acket  encasi ng t he i nsul at i on.   Pr ovi de 
al umi num j acket  wi t h a mi ni mum t hi ckness of  0. 406 mm 0. 016 i nch wi t h a 
f act or y- appl i ed pol yet hyl ene and kr af t  paper  moi st ur e bar r i er .   Secur e t he 
j acket  wi t h no l ess t han 13 mm1/ 2 i nch wi de st ai nl ess st eel  bands,  spaced 
no f ar t her  apar t  t han 200 mm 8 i nch on cent er s.   Lap l ongi t udi nal  and 
ci r cumf er ent i al  seams of  t he j acket  no l ess t han 75 mm 3 i nch.   I nst al l  
j acket s on hor i zont al  l i nes so t hat  t he l ongi t udi nal  seams ar e on t he 
bot t om si de of  t he pi pe.   Pl ace t he seams of  t he j acket  f or  t he ver t i cal  
l i nes on t he of f - weat her  s i de of  t he pi pe.   On ver t i cal  l i nes,  over l ap t he 
ci r cumf er ent i al  seams of  t he j acket  so t hat  t he l ower  edge of  each j acket  
over l aps t he upper  edge of  t he j acket  bel ow.   Pr ovi de ver t i cal  exhaust  
pi pi ng wi t h a hi nged,  gr avi t y- oper at ed,  sel f - c l osi ng r ai n cover .   When t he 
exhaust  pi pe exi t s t he bui l di ng,  i sol at e t he pi pe f r om t he [ wal l ] [ r oof ]  by 
means of  t hi mbl es i n accor dance wi t h NFPA 37.

2. 11   PYROMETER

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  engi nes smal l er  t han 1, 000 kW 1, 340 hp 
del et e t hi s par agr aph.   Pyr omet er s wi t h i ndi v i dual  
t her mocoupl es ar e not  nor mal l y avai l abl e and shoul d 
not  be speci f i ed f or  engi nes smal l er  t han 1, 000 kW 
1, 340 hp.

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

Pr ovi de a pyr omet er  [ mul t i - poi nt  sel ect or  wi t h i ndi v i dual  t her mocoupl es] [  
and t her mocoupl e]  wi t h cal i br at ed l eads t o i ndi cat e t he t emper at ur e [ i n 
each engi ne cyl i nder  and t he combi ned exhaust ]  [ i n t he combi ned exhaust ] .   
For  a super char ged engi ne,  pr ovi de addi t i onal  poi nt s,  t her mocoupl es and 
l eads t o show t he t emper at ur e i n t he t ur bochar ger  exhaust  gas out l et  and 
combust i on ai r  di schar ge passages.   Pr ovi de a doubl e pol e sel ect or  swi t ch,  
wi t h an of f  posi t i on,  one set  of  poi nt s f or  each t her mocoupl e,  and a 
sui t abl e i ndi cat i ng di al .   Cal i br at e t he pyr omet er ,  t her mocoupl e,  l eads,  
and compensat i ng devi ces t o show t r ue exhaust  t emper at ur e wi t hi n ñ1 
per cent  above t he hi ghest  t emper at ur e encount er ed at  110 per cent  l oad 
condi t i ons.

2. 12   EMI SSI ONS

The f i ni shed i nst al l at i on must  compl y wi t h Feder al  and l ocal  r egul at i ons 
and r est r i ct i ons r egar di ng t he l i mi t s of  emi ssi ons such as car bon monoxi de 
( CO) ,  hydr ocar bon ( HC) ,  and ni t r os ( NOx) .

2. 13   STARTI NG SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The engi ne can be st ar t ed by ei t her  pneumat i c 
( compr essed ai r )  or  an el ect r i c st ar t i ng syst em.   
The sel ect i on of  t he st ar t i ng syst em shoul d be based 
on cost s and avai l abi l i t y  of  compr essed ai r  or  
el ect r i c power .   The st ar t i ng syst em shoul d be of  
adequat e capaci t y t o st ar t  t he engi ne under  t he 
col dest  condi t i ons encount er ed.   Gener al l y,  i n 
pumpi ng pl ant s wi t h an exi st i ng st at i on ai r  syst em 
or  wher e a st at i on ai r  syst em wi l l  be i nst al l ed,  a 
pneumat i c syst em wi l l  have t he l owest  i ni t i al  cost .   
The desi gner  shoul d ensur e t hat  t he r equi r ement s f or  
t he st at i on ai r  syst em i ncl ude an ai r  r ecei ver  of  
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adequat e s i ze t o accommodat e t he cr anki ng cycl e of  
each engi ne i n t he st at i on wi t hout  r echar ge by t he 
st at i on ai r  compr essor .   Par agr aph 2. 11. 1 ALTERNATE 
1 shoul d be del et ed when a pneumat i c st ar t i ng syst em 
i s speci f i ed.   ALTERNATE 2 of  t hi s par agr aph shoul d 
be del et ed when an el ect r i c st ar t  syst em i s 
speci f i ed.

Tor que avai l abl e f r om ai r  mot or s of  pneumat i c 
syst ems i s capabl e of  accel er at i ng t he engi ne t o 
t wi ce t he engi ne cr anki ng speed i n about  hal f  t he 
t i me r equi r ed by el ect r i c st ar t er s.   The st ar t i ng 
syst em shoul d be t he manuf act ur er ' s st andar d 
equi pment .

The st ar t i ng syst em,  r egar dl ess of  t ype,  shoul d have 
a st ar t - st op swi t ch pr ovi di ng f unct i ons i ncl udi ng 
t est i ng,  r eset ,  manual  r un/ st ar t  manual  st op,  an 
adj ust abl e cr anki ng cycl e and cool  down mode of  
oper at i on.

I f  an el ect r i c syst em i s pr ovi ded,  an adj ust abl e 
cr anki ng l i mi t  devi ce shoul d be speci f i ed t o l i mi t  
t he engi ne cr anki ng t o a speci f i ed t i me l i mi t .

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

Pr ovi de each di esel  engi ne wi t h a st ar t i ng syst em.   Pr ovi de a [ pneumat i c]  
[ el ect r i c]  syst em of  suf f i c i ent  capaci t y t o st ar t  t he engi ne at  t he 
mi ni mum t emper at ur e speci f i ed.   Pr ovi de syst em wi t h a st ar t - st op swi t ch 
whi ch pr ovi des f unct i ons i ncl udi ng t est i ng,  r eset ,  manual  r un/ st ar t ,  
manual  st op,  and adj ust abl e cr anki ng and cool i ng down oper at i on.   Ensur e 
t he st ar t i ng syst em i s t he manuf act ur er ' s st andar d equi pment .

2. 13. 1   El ect r i cal  St ar t i ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph and subpar agr aphs i n 
t hei r  ent i r et y i f  a pneumat i c st ar t i ng syst em i s 
speci f i ed.

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

Pr ovi de an el ect r i cal  st ar t i ng syst em t o oper at e on a [ 24]  [ _____] - V DC 
ut i l i z i ng a negat i ve c i r cui t  gr ound.   I ncl ude an adj ust abl e cr anki ng 
devi ce t o l i mi t  t he engi ne cr anki ng t o a speci f i ed t i me l i mi t .   Pr ovi de 
st ar t i ng mot or s i n accor dance wi t h SAE ARP892.

2. 13. 1. 1   Bat t er y

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  a ni ckel - cadmi um t ype bat t er y onl y 
when t he bat t er y t emper at ur e cannot  be mai nt ai ned 
above - 6 degr ees C 22 degr ees F.

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

Pr ovi de a st ar t i ng bat t er y syst em and i ncl ude t he bat t er y,  bat t er y r ack,  
i nt er cel l  connect or s,  spacer s,  aut omat i c bat t er y char ger  wi t h over cur r ent  
pr ot ect i on,  met er i ng,  and r el ayi ng.   Pr ovi de bat t er y i n accor dance wi t h 
SAE J537.   Desi gn cr i t i cal  syst em component s ( r ack,  pr ot ect i on,  et c. )  t o 
wi t hst and t he sei smi c accel er at i on f or ces speci f i ed i n subpar agr aph 
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VI BRATI ON I SOLATI ON AND SEI SMI C RESTRAI NTS under  par agr aph SPECI AL 
LI MI TATI ONS.   The bat t er y must  be a [ l ead- aci d]  [ ni ckel - cadmi um]  t ype,  
wi t h suf f i c i ent  capaci t y,  at  t he mi ni mum [ out door ]  [ i ndoor ]  t emper at ur e 
speci f i ed,  t o pr ovi de a mi ni mum cr anki ng cycl e consi st i ng of  t hr ee 
cr anki ng per i ods of  up t o 8 sec per  per i od wi t h 8- sec i nt er val s bet ween 
cr ank per i ods.

2. 13. 1. 2   Bat t er y Char ger

Pr ovi de a cur r ent - l i mi t i ng bat t er y char ger ,  conf or mi ng t o UL 1236,  t o 
aut omat i cal l y r echar ge t he bat t er i es.   Ensur e char ger  i s capabl e of  
pr ovi di ng bot h aut omat i c f l oat  char gi ng and equal i z i ng char gi ng of  t he 
bat t er y i nst al l at i on.   The char ger  must  be capabl e of  r echar gi ng f ul l y 
depl et ed bat t er i es wi t hi n [ 8]  [ _____]  hr  and pr ovi di ng a f l oat i ng char ge 
r at e f or  mai nt ai ni ng t he bat t er i es i n a f ul l y  char ged condi t i on.   Pr ovi de 
an ammet er  and vol t met er  on t he char ger  t o i ndi cat e char gi ng r at e and 
vol t age.   Ensur e char ger  has al ar m f unct i ons pr ovi di ng i ndi cat i ons of  l ow 
bat t er y vol t age,  hi gh bat t er y vol t age,  and bat t er y char ger  mal f unct i on.

2. 13. 2   Compr essed Ai r  St ar t i ng Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Del et e t hi s par agr aph and subpar agr aphs i n 
t hei r  ent i r et y i f  an el ect r i c st ar t i ng syst em i s 
speci f i ed.

The compl et e compr essed ai r  syst em shoul d be shown 
on t he pl ans.   Two r ecei ver s,  r edundant  pi pi ng,  and 
t wo compr essor s may be r equi r ed so t hat  st ar t i ng 
capabi l i t y  i s  not  l ost  when t ank mai nt enance i s 
r equi r ed.   Val ve ar r angement  shoul d per mi t  any 
r ecei ver  t o be r emoved f r om ser vi ce,  dr ai ned,  
r epai r ed,  or  r epl aced wi t hout  l oss of  st ar t i ng ai r  
f r om t he syst em.   The check val ves bet ween t he pl ant  
ai r  syst em and t he ai r  st ar t i ng r ecei ver s shoul d be 
consi der ed t o ensur e t hat  f ai l ur e of  t he pl ant  ai r  
syst em does not  depl et e t he backup suppl y.   The 
desi gner  shoul d anal yze var i ous st ar t i ng scenar i os 
and det er mi ne t he necessi t y of  pr ovi di ng a gasol i ne 
or  di esel  engi ne- dr i ven compr essor  f or  a bl ack- pl ant  
( no el ect r i cal  sour ces avai l abl e)  st ar t - up.

Each compr essor  shoul d have suf f i c i ent  capaci t y t o 
r ef i l l  t he ai r  st ar t i ng syst em ai r  r ecei ver  i n a 
maxi mum of  3 mi n.   Si ze t he r ecei ver  t o cr ank t he 
l ar gest  engi ne f or  15 sec at  an ambi ent  t emper at ur e 
of  21 degr ees C 60 degr ees F wi t hout  r echar gi ng.

Ei t her  t he ai r - mot or  st ar t i ng opt i on or  t he cyl i nder  
i nj ect i on st ar t i ng opt i on shoul d be used and t he 
ot her  par agr aph del et ed.

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

Pr ovi de a compr essed ai r  st ar t i ng syst em.   Use st at i on ser vi ce ai r .   
Fur ni sh a compl et e syst em wi t h oi l er s,  r egul at or s,  and sol enoi d cont r ol  
val ves.   Pr ovi de ai r  mot or  t ype syst em wi t h a wor ki ng pr essur e of  1. 03 MPa 
150 psi g or  cyl i nder  i nj ect i on t ype wi t h a wor ki ng pr essur e of  2. 07 MPa 
300 psi g.   Pr ovi de compr essed ai r  syst em pi pi ng as speci f i ed i n Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE.
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2. 13. 2. 1   Ai r  Fi l t er

I nst al l  an ai r  f i l t er  upst r eam of  t he ai r  connect i on t o each engi ne.   The 
f i l t er  must  be capabl e of  r emovi ng par t i c l es 10 mm 3/ 8 i nch and l ar ger .

2. 13. 2. 2   Ai r  Dr i ven Mot or s or  Cyl i nder  I nj ect i on

Ei t her  t ype of  ai r  st ar t i ng syst em,  ai r  mot or s or  di r ect  i nj ect i on,  i s  
accept abl e.   I f  an ai r  mot or  st ar t i ng syst em i s used,  t he cr anki ng mot or s 
must  be compl et e wi t h a sol enoi d val ve,  st r ai ner ,  and l ubr i cat or .   I f  
cyl i nder  i nj ect i on st ar t i ng i s used i t  must  be accompl i shed by admi t t i ng 
compr essed ai r  i nt o t wo or  mor e engi ne cyl i nder s t hr ough a t i mi ng val ve,  
or  t hr ough a di st r i but or  i nt o a suf f i c i ent  number  of  cyl i nder s t o ensur e 
successf ul  st ar t i ng r egar dl ess of  pi st on posi t i ons.

2. 13. 3   St ar t i ng Ai ds

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Jacket  cool ant  and/ or  l ube- oi l  heat er s ar e 
nor mal l y pr ovi ded f or  most  appl i cat i ons t o ai d 
st ar t i ng.   Ei t her  i nj ect i on or  gl ow pl ugs may al so 
be r equi r ed f or  combust i on ai r  t emper at ur es 
s i gni f i cant l y bel ow 0 degr ees C 32 degr ees F.   
Consul t  manuf act ur er s f or  avai l abi l i t y  and need i n 
t he appl i cat i on s i ze r ange.

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

2. 13. 3. 1   Jacket - Cool ant  Heat er s

Mount  a t her most at i cal l y cont r ol l ed el ect r i c heat er  i n t he engi ne cool ant  
j acket i ng t o aut omat i cal l y mai nt ai n t he cool ant  wi t hi n ñ10 deg of  t he 
cont r ol  t emper at ur e.   Oper at e t he heat er  i ndependent l y of  engi ne oper at i on 
so t hat  st ar t i ng t i mes ar e mi ni mi zed,  condensat i on i s cont r ol l ed,  and t he 
syst em ensur es dependabl e,  col d weat her  st ar t s.   Power  suppl y f or  t he 
heat er s wi l l  be [ _____]  vol t s AC.

2. 13. 3. 2   Gl ow Pl ugs

Desi gn gl ow pl ugs t o pr ovi de suf f i c i ent  heat  f or  f uel  combust i on wi t hi n 
t he cyl i nder s t o guar ant ee st ar t i ng at  an ambi ent  t emper at ur e of  - 23 
degr ees C - 20 degr ees F.

[ 2. 13. 3. 3   Lube Oi l  Heat er s

Mount  a t her most at i cal l y cont r ol l ed el ect r i c heat er  i n t he engi ne l ube oi l  
st or age t ank t o aut omat i cal l y mai nt ai n t he l ube oi l  wi t hi n ñ10 deg of  t he 
cont r ol  t emper at ur e.   Oper at e t he heat er  i ndependent l y of  engi ne oper at i on 
so t hat  st ar t i ng t i mes ar e mi ni mi zed and t he syst em ensur es dependabl e 
col d weat her  st ar t s.   Sel ect  heat er s so t hat  heat er  ski n t emper at ur es do 
not  exceed 150 degr ees C 300 degr ees F and have maxi mum heat  densi t i es of  
0. 02 W/ mm squar e 13 W/ i nch squar e.   Power  suppl y f or  t he heat er s wi l l  be 
[ _____]  vol t s AC.

] 2. 14   SAFETY SYSTEM

Pr ovi de and i nst al l  al l  syst em i t ems,  such as devi ces,  wi r i ng,  r emot e 
annunci at or  panel s,  and al ar m panel s,  as a compl et e syst em t o 
aut omat i cal l y act i vat e t he appr opr i at e s i gnal s and i ni t i at e appr opr i at e 
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saf et y act i ons.   Pr ovi de saf et y syst em wi t h a sel f - t est  met hod t o ver i f y 
i t s oper abi l i t y .   Pr ovi de al ar m si gnal s wi t h manual  acknowl edgment  and 
r eset  devi ces.   The al ar m si gnal  syst ems must  r eact i vat e f or  new si gnal s 
af t er  acknowl edgment  i s gi ven t o any si gnal .   The syst ems must  be deal t  
wi t h as an al ar m on t hat  syst em el ement .   Pr ovi de r emot e annunci at or  
panel s and al ar m panel  as speci f i ed i n par agr aph PANELS.

2. 14. 1   Audi bl e Si gnal

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Hi gh dB l evel s ar e r equi r ed f or  audi bl e 
al ar ms l ocat ed near  an engi ne.   Audi bl e s i gnal i ng 
devi ces wi t h sound l evel s i n excess of  100 dB shoul d 
be speci f i ed f or  engi ne r oom appl i cat i on,  and t he 
al ar m l ocat i on shoul d be shown on t he pl ans.

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

The audi bl e al ar m si gnal  must  sound at  a f r equency of  [ 70]  [ _____]  Hz at  a 
vol ume of  [ 75]  [ _____]  dB at  3. 1 m 10 f t .   The sound must  be cont i nuousl y 
act i vat ed upon al ar m and si l enced upon acknowl edgment .   Pr ovi de si gnal  
l ocat i ons as shown on t he pl ans.

2. 14. 2   Vi sual  Si gnal

The vi sual  s i gnal  must  be a panel  l i ght .   Ensur e t he l i ght  i s  nor mal l y be 
of f  but  act i vat es t o bl i nki ng upon al ar m.   The l i ght  must  change t o 
cont i nuousl y l i t  upon acknowl edgment .   I f  aut omat i c shut down occur s,  t he 
di spl ay must  r emai n i n an act i vat ed st at us t o i ndi cat e t he cause of  
f ai l ur e and must  not  r eset  unt i l  t he cause of  al ar m has been cl ear ed 
and/ or  r est or ed t o t he nor mal  condi t i on.   Shut down al ar ms must  be amber .

2. 14. 3   Al ar ms and Act i on Logi c

2. 14. 3. 1   Shut down

Use shut down si gnal s t o s i mul t aneousl y act i vat e t he audi bl e s i gnal ,  
act i vat e t he v i sual  s i gnal ,  and st op t he engi ne.

2. 14. 3. 2   Pr obl em

Use pr obl em si gnal s t o act i vat e t he v i sual  s i gnal .

2. 14. 4   Al ar m Panel

Fabr i cat e and l ocat e t he panel  as speci f i ed i n par agr aph PANELS,  and 
cont ai n t he f ol l owi ng f unct i ons:

FUNCTI ON OR I NDI CATI ON/ CONTROL ACTI ON ( AUXI LI ARY ACTI ON)

a.   Red emer gency st op ( push but t on or  swi t ch) / shut down engi ne.

b.   Day t ank over f i l l  i ndi cat i on ( 95 per cent  vol ume) / pr obl em ( shut down 
pump suppl y i ng f uel  t o day t ank) .

b.   Panel - mount ed det onat i on sensi ng syst em wi t h al ar m and shut down 
l i ght s.   The det onat i on syst em wi l l  sense i ndi v i dual  cyl i nder  
det onat i on and i ndi v i dual l y adj ust  cyl i nder  t i mi ng t o avoi d 
det onat i on.   The syst em must  be pr ogr ammabl e by st andar d PC wi t h 
sof t war e and oper at i ng manual  suppl i ed at  no addi t i onal  char ge.   The 

SECTI ON 41 65 10. 00 10  Page 32



syst em i nst al l ed must  have t he capabi l i t y  of  up t o 30 cr ankshaf t  
degr ees of  t ot al  t i mi ng var i at i on f or  each cyl i nder .   Beyond a 
pr ogr ammed l i mi t ,  t he syst em wi l l  act  t o shut  down t he engi ne.

c.   Engi ne over speed i ndi cat i on ( over speed i ndi cat i on poi nt  as 
r ecommended by t he engi ne suppl i er ) / shut down engi ne.

d.   Hi gh l ube- oi l  t emper at ur e i ndi cat i on ( t emper at ur e as 
submi t t ed) / shut down engi ne.

e.   Low l ube- oi l  pr essur e i ndi cat i on ( pr essur e as submi t t ed) / shut down 
engi ne.

f .   Hi gh cool ant  f l ui d out l et  t emper at ur e i ndi cat i on ( t emper at ur e as 
submi t t ed) / shut down engi ne.

g.   Pr e- l ow l ube- oi l  pr essur e i ndi cat i on ( 110 per cent  of  l ow l ube- oi l  
pr essur e) / pr obl em ( none) .

h.   Pr e- hi gh cool ant  f l ui d t emper at ur e i ndi cat i on ( 5 degr ees C 10 
degr ees F l ower  t han hi gh cool ant - f l ui d out l et  t emp.  al ar m) / pr obl em 
( none) .

i .   Pr e- hi gh l ube oi l  t emper at ur e i ndi cat i on ( 5 degr ees C 10 degr ees F
)  l ower  bef or e pr obl em ( none) .

j .   Day t ank empt y i ndi cat i on ( 20 per cent  vol ume r emai ni ng) / shut down 
engi ne.

j .   Cr ankcase pr essur e swi t ch ( adj ust abl e)  t o det ect  cr ankcase 
pr essur e i ncr ease associ at ed wi t h scor i ng of  l i ner  and possi bl e shor t  
t er m cat ast r ophi c f ai l ur e.   Shut down wi t h set poi nt  as submi t t ed.   
Set poi nt  of  t he cr ankcase pr essur e swi t ch i s t o be adj ust ed dur i ng 
st ar t - up t o pr ovi de cl ose t ol er ance pr ot ect i on wi t hout  nui sance 
t r i ppi ng.

k.   Fai l ur e t o st ar t  wi t hi n t he speci f i ed t i me i ndi cat i on/ pr obl em 
( none) .

[ l .   Compr essed ai r  l ow- pr essur e i ndi cat i on ( 80 per cent  of  wor ki ng 
pr essur e) / pr obl em ( none) .

] [ m  Engi ne bat t er y vol t age- l ow/ pr obl em ( none) .

] [ n.   Engi ne bat t er y vol t age- hi gh/ pr obl em ( none) .

] [ o.   Engi ne bat t er y char ger  mal f unct i on/ pr obl em ( none) . ]

2. 14. 5   Ti me- Del ay on Al ar ms

For  st ar t up of  t he engi ne,  i nst al l  t i me- del ay devi ces bypassi ng t he l ow 
l ubr i cat i ng oi l  pr essur e al ar m dur i ng cr anki ng[  and t he l ow cool ant - f l ui d 
out l et  t emper at ur e al ar m] .   The l ube- oi l  t i me- del ay devi ce must  r et ur n i t s 
al ar m t o nor mal  st at us af t er  t he engi ne st ar t s. [   The cool ant  t i me- del ay 
devi ce must  r et ur n i t s al ar m t o nor mal  st at us 5 mi nut es af t er  t he engi ne 
st ar t s. ]
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[ 2. 14. 6   Remot e Al ar m Panel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The r emot e al ar m panel  l ocat i on shoul d be 
shown on t he pl ans.   Del et e r equi r ement s f or  t he 
r emot e al ar m panel  wher e i t  i s  not  used.   The r emot e 
panel  may be f ur ni shed l oosel y and unmount ed,  t o be 
i nst al l ed on t he pump st at i on cont r ol  consol e by 
ot her s.

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

Pr ovi de a r emot e al ar m panel  wi t h 100 per cent  f unct i onal  r edundancy t o t he 
al ar m panel . [   Locat e amd mount  t he r emot e panel  as shown on t he pl ans. ]   
[ Pack and shi p t he r emot e panel  as di r ect ed by t he Cont r act i ng Of f i cer  f or  
i nst al l at i on by ot her s on t he st at i on cont r ol  consol e. ]

] 2. 15   GOVERNOR

Pr ovi de each engi ne wi t h a gover nor  t o cont r ol  t he r ot at i onal  speed of  t he 
engi ne i n r esponse t o changi ng l oad r equi r ement s.   Conf i gur e t he gover nor  
f or  saf e manual  adj ust ment  of  t he speed dur i ng oper at i on of  t he engi ne,  
wi t hout  speci al  t ool s.

2. 15. 1   Speed Regul at i ng Gover nor

Mai nt ai n c l ose speed r egul at i on under  al l  l oad condi t i ons.   Do not  al l ow 
t he speed var i at i on t o exceed 6 per cent  of  nor mal  speed when f ul l  l oad i s 
suddenl y appl i ed or  r emoved.   Desi gn t he gover nor  such t hat  t he engi ne 
speed may be changed by gover nor  adj ust ment  dur i ng engi ne oper at i on t o any 
speed bet ween 80 and 100 per cent  of  t he nor mal  speed ( cor r espondi ng t o 
nor mal  oper at i ng pump speeds)  wi t hi n 2 per cent .   The speed f l uct uat i on at  
any l oad i s not  al l owed t o exceed 2 per cent .   Mount  a r ai se/ l ower  speed 
cont r ol  on t he engi ne i nst r ument  boar d. [   Pr ovi de speed adj ust  cont r ol  
wi t h pr ovi s i ons f or  al l owi ng cont r ol  of  t he speed cont r ol  c i r cui t s f r om a 
r emot e l ocat i on. ]   Pr ovi de engi ne f uel  r ack ser vomot or  sui t abl e f or  
oper at i on f r om a 120- V AC sour ce.

2. 15. 2   Emer gency Over speed Gover nor  and Load Li mi t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he pump dr i ve i s out  of  ser vi ce f or  
ext ended per i ods wi t h l i t t l e or  no mai nt enance,  t hen 
t he shut down mechani sms f or  over speed shoul d pr event  
bot h f uel  and ai r  suppl i es f r om ent er i ng t he 
cyl i nder s.   I f  t he uni t s ar e wel l  mai nt ai ned and 
used f r equent l y,  ei t her  t ype t er mi nat i on shoul d wor k 
sat i sf act or i l y .

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

Pr ovi de an emer gency gover nor  wi t h over speed t r i p on each engi ne t o 
shut down t he uni t  shoul d t he speed exceed a pr edet er mi ned RPM.   Al so 
pr ovi de an al ar m si gnal  f or  r emot e i ndi cat i on.   The emer gency gover nor  
must  be i ndependent  of  t he r egul at i ng gover nor .   When t he over speed st op 
has been t r i pped,  t he shut down mechani sms must  be such t hat  t he engi ne 
f uel [  and] [  or ]  ai r  suppl y i s pr event ed i n t he shor t est  t i me pr act i cabl e 
f r om ent er i ng t he engi ne cyl i nder s.   The t r i p mechani sm may be par t  of  t he 
gover nor .   Set  t he over l oad f uel  l i mi t  at  110 per cent  of  t he f ul l  l oad as 
speci f i ed i n par agr aph DI ESEL ENGI NE.
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2. 15. 3   Gover nor  Cont r ol s Locat i on

Locat e gover nor  cont r ol  at  a poi nt  conveni ent  t o t he l ocat i on of  t he 
engi ne i nst r ument  boar d as shown on t he pl ans.

2. 16   ENGI NE I NSTRUMENT BOARD

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Al l  panel s ( i ncl udi ng t he engi ne i nst r ument  
boar d) ,  except  t he r emot e panel ,  can be combi ned.   
Del et e t he pyr omet er  devi ces f or  engi nes smal l er  t han
 1, 000 kW 1, 340 hp.   See par agr aph PYROMETER.

Use t he f i r st  subpar agr aph " f "  and f i r st  
subpar agr aph " g"  i f  di esel  engi nes ar e speci f i ed;  
use t he second subpar agr aph " f "  and second 
subpar agr aph " g"  i f  nat ur al  gas f uel ed engi nes ar e 
speci f i ed.

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

Pr ovi de engi ne i nst r ument  boar d as speci f i ed i n par agr aph PANELS,  and 
cont ai n t he f ol l owi ng i t ems:

a.   Cool ant - f l ui d i nl et  t emper at ur e di spl ay

b.   Lubr i cat i ng- oi l  pr essur e i ndi cat or

c.   Lubr i cat i ng- oi l  i nl et  t emper at ur e di spl ay

d.   Red emer gency st op ( push- but t on or  swi t ch)

e.   Run- t i me met er

f .   Fuel  met er  di spl ay

g.   Fuel - header - pr essur e di spl ay

f .   Mani f ol d vacuum di spl ay

g.   I nt ake ai r  t emper at ur e di spl ay

h.   Tachomet er  di spl ay

i .   Engi ne st ar t - st op swi t ch

j .   St ar t - at t empt  i ndi cat or  l i ght

k.   Lubr i cat i ng- oi l  pr el ubr i cat i ng pump st ar t - st op swi t ch

l .   Al ar m panel

[ m.   Pyr omet er  di spl ay wi t h sel ect or  swi t ch]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng i nst r ument at i on may be i ncl uded 
on t he engi ne i nst r ument  boar d.

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

[ n.   Ammet er  f or  st ar t i ng bat t er y char ger
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] [ o.   Vol t met er  f or  st ar t i ng bat t er y

] [ p.   Ti mer  f or  set t i ng t he st ar t i ng bat t er y char ger ' s equal i ze char gi ng 
r at e dur at i on

] [ q.   Ai r  st ar t i ng syst em pr essur e]

2. 17   PANELS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  panel s ( i ncl udi ng t he engi ne i nst r ument  
boar d) ,  except  t he r emot e panel ,  can be combi ned 
i nt o a s i ngl e panel  par agr aph.   Pr ovi de a 
panel - mount i ng l ocat i on and det ai l  f or  panel s not  
mount ed on t he engi ne base.   The desi gner  may el ect  
ot her  l ocat i ons such as adj acent  t o t he engi ne,  
et c.   Pr ovi de panel  namepl at e and i nst r ument  
namepl at e,  uni que i dent i f i er s,  or  user - pr ef er r ed 
i dent i f i er s.   Pr ovi de si zes,  mat er i al s,  and 
at t achment  pr ef er ences.

Del et e ei t her  t he anal og or  el ect r oni c i nst r ument s 
par agr aph opt i on.

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

Each panel  must  be of  t he t ype and ki nd necessar y t o pr ovi de speci f i ed 
f unct i ons.   Mount  panel s [ on t he engi ne base by v i br at i on/ shock absor bi ng 
t ype mount i ngs] [ as shown on t he pl ans] .   Mount  i nst r ument s f l ush or  
semi f l ush.   Pr ovi de conveni ent  access t o t he back of  panel s t o f aci l i t at e 
mai nt enance.   Cal i br at e i nst r ument s usi ng r ecogni zed i ndust r y cal i br at i on 
st andar ds.   Pr ovi de a panel  i dent i f i cat i on pl at e whi ch c l ear l y i dent i f i es 
t he panel  f unct i on as i ndi cat ed on each panel .   For  each i nst r ument  and 
devi ce on t he panel ,  pr ovi de a pl at e whi ch c l ear l y i dent i f i es t he devi ce 
and i t s f unct i on as i ndi cat ed.   Ensur e al l  i nst r ument s and devi ces ar e 
v i br at i on r esi st ant .

2. 17. 1   Encl osur es

Desi gn encl osur es f or  t he appl i cat i on and envi r onment ,  conf or mi ng t o 
NEMA I CS 6.   Locki ng mechani sms [ ar e opt i onal ]  [ must  be keyed al i ke] .

2. 17. 2   [ Anal og]  [ El ect r oni c]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  appr opr i at e al t er nat i ve par agr aph.

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

[ Pr ovi de anal og el ect r i cal  i ndi cat i ng i nst r ument s i n accor dance wi t h 
ANSI  C39. 1 wi t h semi f l ush mount i ng.   Panel - mount ed i nst r ument s must  [ be 
t he manuf act ur er ' s st andar d] [ have 100- deg scal es]  wi t h an accur acy of  no 
l ess t han 2 per cent .   The i nst r ument ' s oper at i ng t emper at ur e r ange must  be 
- 20 t o +65 degr ees C - 4 t o +150 degr ees F. ]

[ Pr ovi de el ect r oni c i ndi cat i ng i nst r ument s t hat  ar e 100 per cent  sol i d 
st at e,  st at e- of - t he- ar t ,  mi cr opr ocessor  cont r ol l ed t o pr ovi de al l  
speci f i ed f unct i ons.   Ensur e cont r ol ,  l ogi c,  and f unct i on devi ces ar e 
compat i bl e as a syst em,  seal ed,  dust  and wat er  t i ght ,  and ut i l i ze modul ar  
component s wi t h met al  housi ngs and di gi t al  i nst r ument at i on.   Pr ovi de an 
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i nt er f ace modul e t o decode ser i al  l i nk dat a f r om t he el ect r oni c panel  and 
t r ansl at e al ar m,  f aul t ,  and st at us condi t i ons t o a set  of  r el ay cont act s.   
Ensur e i nst r ument  accur acy i s no l ess t han 2 per cent  f or  uni t  mount ed 
devi ces,  and 1 per cent  f or  cont r ol  r oom,  panel  mount ed devi ces,  t hr oughout  
a t emper at ur e r ange of  - 20 t o +65 degr ees C - 4 t o +150 degr ees F.   Dat a 
di spl ay must  ut i l i ze LED or  back- l i t  LCD.   Addi t i onal l y,  t he di spl ay must  
pr ovi de i ndi cat i on of  cycl e pr ogr ammi ng and di agnost i c codes f or  
t r oubl eshoot i ng.   Use a numer al  hei ght  of  [ 13 mm1/ 2 i nch]  [ [ _____]  mmi nch] .

]

2. 17. 3   Par amet er  Di spl ay

Pr ovi de cont i nuous i ndi cat i on of  t he t achomet er ,  l ubr i cat i ng- oi l  pr essur e,  
and saf et y syst em par amet er s.   Speci f y a moment ar y swi t ch f or  ot her  panel s.

2. 18   BASE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   The di esel - engi ne pump dr i ve can be equi pped 
so t hat  i t  has i t s own base,  or  i t  can be on an 
i nt egr al  base wi t h t he pump and speed r educer .   Wi t h 
an i nt egr al  base,  coor di nat i on wi t h t he ot her  
equi pment  speci f i cat i ons and t he use of  t he 
st at ement ,  " sui t abl e hol es f or  anchor  bol t s" ,  shoul d 
be i ncl uded i n t he pl ans and speci f i cat i ons.

Coor di nat e wi t h t he subpar agr aph VI BRATI ON I SOLATI ON 
AND SEI SMI C RESTRAI NTS under  par agr aph SPECI AL 
LI MI TATI ONS.

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

Const r uct  t he base of  st r uct ur al  st eel .   Desi gn t he base t o r i gi dl y 
suppor t  t he engi ne,  ensur e per manent  al i gnment  of  al l  r ot at i ng par t s,  
ar r ange t o pr ovi de easy access t o al l ow changi ng of  l ube- oi l ,  and ensur e 
t hat  al i gnment  i s mai nt ai ned dur i ng shi ppi ng and nor mal  oper at i on.   Do not  
per mi t  ski ddi ng i n any di r ect i on dur i ng i nst al l at i on.   Mi t i gat e and 
wi t hst and t he ef f ect s of  synchr onous vi br at i on of  t he engi ne and pump.   
Pr ovi de base wi t h [ sui t abl e hol es f or  anchor  bol t s]  [ [ _____]  mm i nch 
di amet er  hol es f or  anchor  bol t s] .   Ensur e t he ent i r e engi ne assembl y i s 
capabl e of  wi t hst andi ng t he l oad i mposed by ear t hquake f or ces.

2. 19   MOTORS

Pr ovi de el ect r i c mot or s conf or mi ng t o t he r equi r ement s of  NEMA MG 1.   
Pr ovi de mot or s wi t h seal ed bal l  bear i ngs and a maxi mum speed of  1, 800 
r pm.   Pr ovi de mot or s wi t h dr i p- pr oof  f r ames;  ensur e al t er nat i ng cur r ent  
mot or s l ar ger  t han 373 W 1/ 2 hp ar e of  t he squi r r el - cage i nduct i on t ype 
f or  oper at i on on [ _____]  V,  [ 50]  [ 60]  Hz,  t hr ee- phase AC power .   Pr ovi de 
al t er nat i ng cur r ent  mot or s 373 W ( 1/ 2 hp)  or  smal l er ,  t hat  ar e sui t abl e 
f or  oper at i on on 120 V,  [ 50]  [ 60]  Hz,  s i ngl e- phase,  AC power .   Use di r ect  
cur r ent  mot or s t hat  ar e sui t abl e f or  oper at i on on [ 125]  [ _____]  V DC.   
Pr ovi de mot or  cont r ol l er s and st ar t er s conf or mi ng t o t he r equi r ement s of  
NFPA 70 and NEMA I CS 2.

2. 20   PAI NTI NG

Cl ean,  pr i me,  and pai nt  t he engi ne and t he accessor y equi pment  i ncl udi ng,  
but  not  l i mi t ed t o,  panel s,  val ves,  pi pi ng,  i nt ake,  and exhaust  syst em 
component s [ i n accor dance wi t h t he manuf act ur er ' s st andar d col or  and 
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pr act i ce]  [ as speci f i ed i n Sect i on [ 09 90 00 PAI NTS AND COATI NGS]  [ 09 97 02
 PAI NTI NG:  HYDRAULI C STRUCTURES] . ]

2. 21   FACTORY I NSPECTI ON AND TESTS

Pr i or  t o shi pment ,  i nspect  and t est  each engi ne at  t he f act or y i n t he 
pr esence of  t he Cont r act i ng Of f i cer  or  t he aut hor i zed gover nment  
r epr esent at i ves.   I nspect  and t est  al l  component s i ncl udi ng,  but  not  
l i mi t ed t o,  gover nor s,  i nst r ument at i on panel s,  engi ne st ar t i ng syst em,  
i nt ake and exhaust ,  l ubr i cat i on syst em,  cool i ng syst em,  and f uel  syst em.   
Compl et e i nspect i on and make al l  necessar y r epai r s pr i or  t o t est i ng.   
Unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer  or  t he aut hor i zed 
gover nment  r epr esent at i ve,  per f or m t he f ol l owi ng f act or y t est s:

a.   Si mul at ed emer gency or  over speed t r i p t est .

b.   Sust ai ned oper at i on t est  of  4 hr  at  r at ed f ul l  l oad.

c.   Sust ai ned oper at i on t est  of  2 hr  at  70 per cent  of  r at ed f ul l  l oad.

d.   Fuel  consumpt i on t est s of  not  l ess t han 1 hr  each at  70 and 100 
per cent  r at ed f ul l  l oad,  r espect i vel y,  usi ng [ t he t ype of  di esel  f uel  
speci f i ed] [ nat ur al  gas] .

e.   Oper at e engi ne at  no l oad t o demonst r at e t hat  t he gover nor  and i t s 
associ at ed engi ne mani f ol d shut of f  val ve f unct i on pr oper l y.

f .   Take t est  dat a at  30- mi n i nt er val s and r ecor d on t he manuf act ur er ' s 
di esel nat ur al  gas f uel ed engi ne t est  dat a sheet s.   The t est  dat a 
sheet s must  pr ovi de ent r i es f or  al l  dat a r equi r ed f or  t he eval uat i on 
of  di esel nat ur al  gas f uel ed engi ne per f or mance i ncl udi ng noi se and 
vi br at i on.   Subbmi t  t est  dat a f or  appr oval  as r equi r ed i n par agr aph 
SUBMI TTALS.   Do not  shi p engi ne unt i l  t he t est  dat a has been appr oved 
by t he Cont r act i ng Of f i cer .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Bef or e per f or mi ng any wor k,  v i s i t  t he i nst al l at i on s i t e and ver i f y al l  
det ai l s of  t he wor k.   For  new const r uct i on,  r evi ew pl ans and el evat i ons 
f or  adequacy and not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng of  any 
di scr epanci es.

3. 2   I NSTALLATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de an equi pment  l ayout  on t he pl ans 
whi ch al l ow cl ear  space f or  oper at i on and 
mai nt enance i n accor dance wi t h NFPA 70 and I EEE C2.   
I ncl ude r equi r ement s f or  st agi ng and a l aydown ar ea 
f or  di sassembl y or  r emoval  and r epl acement  of  maj or  
par t s of  t he engi ne.   Addi t i onal l y,  i t  i s  advi sabl e 
t o pr ovi de access t o r emove t he uni t  and/ or  maj or  
par t s of  equi pment  f r om t he engi ne r oom and t he 
bui l di ng t hr ough ei t her  door s/ passageways or  
equi pment  hat ches.   For  l ar ge uni t s,  speci f y a 
br i dge cr ane of  an adequat e capaci t y as r ecommended 
by t he engi ne manuf act ur er .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Coor di nat e t he i nst al l at i on of  t he equi pment  f ur ni shed under  t hi s sect i on 
and r el at ed pumps and gear  r educer s under  ot her  sect i ons and i nst al l  i n 
accor dance wi t h t he appr oved i nst al l at i on pr ocedur es.   Submi t  a copy of  
t he manuf act ur er ' s i nst al l at i on and al i gnment  pr ocedur es,  i ncl udi ng a 
det ai l ed descr i pt i on of  t he manuf act ur er ' s r ecommended br eak- i n pr ocedur e.

3. 3   PI PI NG I NSTALLATI ON

Do not  al l ow any sect i on of  pi pe wi t hi n a bui l di ng t o exceed 6 m 20 f t  i n 
l engt h bet ween f l anged f i t t i ngs.   Except  wher e ot her wi se speci f i ed,  
ut i l i ze f l anged f i t t i ngs t o al l ow f or  compl et e di smant l i ng and r emoval  of  
each pi pi ng syst em f r om t he f aci l i t y  wi t hout  di sconnect i ng or  r emovi ng any 
por t i on of  any ot her  syst em' s equi pment  or  pi pi ng.   Make connect i ons t o 
al l  equi pment  wi t h f l exi bl e connect or s and i sol at i on val ves.   Bend pi pe 
wi t h pi pe bender s,  and ensur e no mal f or mat i on i s v i s i bl e on bent  pi pe.   
Pr oper l y f l ash pi pes ext endi ng t hr ough t he r oof .   Suppor t  pi pi ng and 
per mi t  t o expand and cont r act  wi t hout  damage t o j oi nt s or  hanger s.   
I nst al l  dr ai n val ves of  15 mm 0. 6 i nch at  each l ow poi nt  i n t he pi pi ng.

3. 3. 1   Suppor t s

Pr ovi de hanger s,  i nser t s,  and suppor t s of  suf f i c i ent  s i ze t o accommodat e 
any i nsul at i on and conf or m t o MSS SP- 58.   Space suppor t s i n accor dance 
wi t h ASME B31. 1.   Do not  at t ach pi pi ng suppor t s t o met al  decki ng.   Do not  
at t ach suppor t s 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. 1. 1   Cei l i ng and Roof

Suppor t  exhaust  pi pi ng wi t h appr opr i at e s i zed Type- 41 si ngl e pi pe r ol l  and 
t hr eaded r ods;  suppor t  al l  ot her  pi pi ng wi t h appr opr i at el y s i zed Type 1 
c l evi s and t hr eaded r ods.

3. 3. 1. 2   Wal l

Make wal l  suppor t s f or  pi pe by suspendi ng t he pi pe f r om appr opr i at el y 
s i zed Type 33 br acket s wi t h t he appr opr i at e cei l i ng and r oof  pi pe suppor t s.

3. 3. 2   Fl anged Joi nt s

Pr ovi de Cl ass 125 t ype f l anges,  dr i l l ed,  and of  t he pr oper  s i ze and 
conf i gur at i on t o mat ch t he exhaust  out l et  of  t he engi ne.   Ensur e f l anged 
j oi nt s ar e gasket ed and made t o be squar e and t i ght .

3. 3. 3   Cl eani ng

Af t er  f abr i cat i on and bef or e assembl y,  manual l y wi pe cl ean al l  pi pi ng 
i nt er i or s of  al l  debr i s.

3. 3. 4   Pi pe Sl eeves

Fi t  pi pes passi ng t hr ough const r uct i on such as cei l i ngs,  f l oor s,  or  wal l s 
wi t h s l eeves.   Ext end each sl eeve t hr ough and secur el y f ast en i n i t s 
r espect i ve st r uct ur e and cut  f l ush wi t h each sur f ace.   Bui l d t he st r uct ur e 
t i ght l y t o t he s l eeve.   The i nsi de di amet er  of  each sl eeve must  be a 
mi ni mum of  15 mm 0. 6 i nch l ar ger  t han t he out si de di amet er  of  t he passi ng 
pi pe or  pi pe cover i ng,  and wher e pi pes pass t hr ough combust i bl e mat er i al s,  
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25 mm 1 i nch l ar ger  t han t he out si de di amet er  of  t he passi ng pi pe or  pi pe 
cover i ng.

3. 4   ELECTRI CAL I NSTALLATI ON

El ect r i cal  i nst al l at i on must  compl y wi t h NFPA 70,  I EEE C2,  and Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de vi br at i on i sol at i on f or  
al l  condui t ,  cabl e t r ays,  and r aceways at t ached t o t he engi ne.

3. 5   ONSI TE I NSPECTI ON AND TESTS

Per f or m t he t est s out l i ned i n t he subsequent  subpar agr aphs af t er  compl et e 
i nst al l at i on of  each engi ne and i t s associ at ed equi pment  and i n accor dance 
wi t h t he appr oved Dynami c Anal ysi s of  Engi ne,  Pump,  and Gover nor .   I ncl ude 
suppor t i ng cal cul at i ons wi t h t he Dynami c Anal ysi s submi t t al .

Recor d dat a t aken dur i ng r uns at  30- mi n i nt er val s and i ncl ude al l  
avai l abl e pr essur e and t emper at ur e dat a whi ch i s moni t or ed by t he 
i nst r ument at i on f ur ni shed wi t h t he engi ne.

3. 5. 1   I nst r ument s

Ver i f y r eadi ngs of  i t ems such aspanel  gauges,  met er s,  di spl ays,  and 
i nst r ument s pr ovi ded under  t he speci f i cat i on dur i ng al l  t est  r uns by t est  
i nst r ument s of  gr eat er  pr eci s i on and accur acy t han t he oper at i onal  
equi pment .   Cal i br at e i nst r ument s used i n t he t est s by a r ecogni zed 
st andar ds l abor at or y wi t hi n 30 days pr i or  t o t est i ng.

3. 5. 2   Sequence

Fol l ow t he sequence out l i ned i n subsequent  par agr aphs.   Make measur ement s 
and r ecor d al l  par amet er s necessar y t o ver i f y t hat  each engi ne meet s 
speci f i ed par amet er s.   I f  t he r esul t s of  any of  t he t est  sequences ar e not  
sat i sf act or y,  make adj ust ment s or  r epl acement s and r epeat  t he t est  
sequence unt i l  sat i sf act or y r esul t s ar e obt ai ned.

3. 5. 2. 1   Pi pi ng Test

a.   Fl ush l ube- oi l  and f uel - oi l  pi pi ng wi t h t he same t ype of  f l ui d 
i nt ended t o f l ow t hr ough t he pi pi ng,  unt i l  t he out - f l owi ng f l ui d i s 
f r ee of  obvi ous sedi ment  and emul si ons.

b.   Hydr ost at i cal l y pr essur e t est  t he l ube oi l ,  f uel - oi l  and cool ant  
pi pi ng [ and pi pi ng and pr essur e vessel s of  t he ai r  st ar t i ng syst em]  at  
150 per cent  of  t he maxi mum ant i c i pat ed wor ki ng pr essur e,  but  i n no 
case l ess t han 1. 03 MPa 150 psi g f or  a per i od of  2 hr  t o demonst r at e 
t he pi pi ng has no l eaks.   I f  pi pi ng i s t o be i nsul at ed,  per f or m t he 
t est  bef or e t he i nsul at i on i s appl i ed.

Submi t  cer t i f i cat es of  compl i ance f or  pr essur e vessel s i ncl udi ng 
of f i c i al ,  s i gned st at ement s f r om t he f abr i cat or s of  heat  exchanger s 
and expansi on t anks associ at ed wi t h t he engi ne cool i ng syst em 
cer t i f y i ng compl i ance wi t h ASME BPVC SEC VI I I  D1.

3. 5. 2. 2   I ni t i al  I nspect i on

a.   Vi sual l y i nspect  and check engi ne mount i ng bol t s f or  pr oper  
appl i cat i on and t or que.
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b.   Demonst r at e cor r ect  f unct i oni ng of  t he hi gh and pr e- hi gh l ubr i cat i ng 
oi l  t emper at ur e c i r cui t  by r emovi ng t he t emper at ur e- sensi ng el ement s 
f r om t he engi ne and i mmer si ng t he el ement s i n a vessel  cont ai ni ng 
cont r ol l ed- t emper at ur e hot  oi l  and r ecor di ng t he t emper at ur e at  whi ch 
t he el ement s act i vat e.

c.   Demonst r at e cor r ect  f unct i oni ng of  t he hi gh and pr e- hi gh cool ant - f l ui d 
out l et  t emper at ur e c i r cui t  by r emovi ng t he t emper at ur e- sensi ng 
el ement s of  t he c i r cui t  f r om t he engi ne and i mmer si ng t he el ement s i n 
a vessel  cont ai ni ng cont r ol l ed- t emper at ur e hot  cool ant - f l ui d and 
r ecor di ng t he t emper at ur e at  whi ch t he el ement s act i vat e.

3. 5. 2. 3   El ect r i c Pr ot ect i ve Devi ce Test s

Vi sual l y and mechani cal l y i nspect ,  adj ust ,  t est ,  and cal i br at e pr ot ect i ve 
devi ces i n accor dance wi t h t he manuf act ur er ' s publ i shed i nst r uct i ons.   
Document  devi ce r at i ngs,  set t i ngs,  and ot her  oper at i onal  dat a.

3. 5. 2. 4   Saf et y Run Test

Shoul d t her e be i nsuf f i c i ent  wat er  avai l abl e t o oper at e t he pl ant  and t o 
per f or m t he engi ne t est s,  t he Cont r act i ng Of f i cer  may del ay t he t est  f or  
up t o 9 mont hs.   The saf et y r un t est  consi st s of  t he f ol l owi ng sequence of  
t est s:

a.   St ar t  t he engi ne,  r ecor d t he st ar t i ng t i me,  and per f or m al l  of  t he 
engi ne manuf act ur er ' s r ecommended af t er - st ar t i ng checks and 
i nspect i ons f ol l owi ng a r easonabl e war m- up per i od.

b.   Oper at e engi ne f or  at  l east  2 hr  at  75 per cent  r at ed speed.

c.   Ver i f y pr oper  oper at i on of  al l  cont r ol s.

d.   Ver i f y pr oper  oper at i on and set  poi nt s of  al l  gauges and i nst r ument s.   
Recor d set poi nt s.

e.   Ver i f y pr oper  oper at i on of  al l  anci l l ar y equi pment .

f .   Act i vat e manual  emer gency st op swi t ch and r ecor d t he t i me t o st op t he 
engi ne.

g.   St ar t  t he engi ne,  r ecor d t he st ar t i ng t i me,  per f or m and r ecor d t he 
engi ne manuf act ur er ' s af t er - st ar t i ng checks and i nspect i ons,  and 
oper at e t he engi ne f or  at  l east  15 mi n at  75 per cent  of  r at ed speed.

h.   Manual l y adj ust  t he gover nor  t o i ncr ease engi ne speed past  t he 
over speed l i mi t .   Recor d t he engi ne RPM at  shut down.

[ i .   Mnaual l y f i l l  t he day t ank t o a l evel  above t he over f i l l  l i mi t .   
Recor d t he l evel  at  whi ch t he over f i l l  al ar m act i vat es.   Ver i f y 
shut down of  t he f uel  t r ansf er  pump.   Dr ai n t he day t ank bel ow t he 
over f i l l  l i mi t  f ol l owi ng t he t est . ]

j .   Remove t he t i me- del ay l ow- l ube oi l  pr essur e al ar m bypass t empor ar i l y  
f r om t he engi ne saf et y c i r cui t s and make an at t empt  t o st ar t  t he 
engi ne.   Recor d t he r esul t s.

k.   At t ach a mani f ol d t o t he engi ne oi l  syst em cont ai ni ng a shut of f  val ve 
i n ser i es wi t h a connect i on f or  t he engi ne' s oi l  pr essur e sensor ,  
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f ol l owed by an oi l  pr essur e gauge,  endi ng i n a bl eed val ve.   Move oi l  
pr essur e sensor  f r om t he engi ne t o t he mani f ol d and t empor ar i l y  seal  
i t s  nor mal  l ocat i on on t he engi ne.   Pl ace t he mani f ol d shut of f  val ve 
i n t he open posi t i on and cl ose t he bl eed val ve.

l .   St ar t  t he engi ne,  r ecor d t he st ar t i ng t i me,  per f or m and r ecor d t he 
engi ne manuf act ur er ' s af t er - st ar t i ng checks and i nspect i ons,  and 
oper at e t he engi ne f or  at  l east  15 mi n at  75 per cent  of  r at ed speed.

m.   Cl ose t he mani f ol d shut of f  val ve.   Sl owl y bl eed of f  t he pr essur e i n 
t he mani f ol d t hr ough t he bl eed val ve whi l e obser vi ng t he pr essur e 
gauge.   Recor d t he pr essur e at  whi ch t he engi ne shut s down.   Capt ur e 
oi l  spi l l age f r om t he bl eed val ve i n a cont ai ner .   Ref i l l  oi l  syst em,  
r emove t he mani f ol d,  and r ei nst al l  t he engi ne' s oi l  pr essur e sensor  on 
t he engi ne f ol l owi ng t he t est .

n.   St ar t  t he engi ne,  r ecor d t he st ar t i ng t i me,  per f or m and r ecor d t he 
engi ne manuf act ur er ' s af t er - st ar t i ng checks and i nspect i ons,  and 
oper at e t he engi ne f or  at  l east  15 mi n at  100 per cent  of  r at ed speed.   
Recor d t he maxi mum sound l evel  i n each f r equency band at  a di st ance of  
22. 9 m 75 f t  f r om t he end of  t he exhaust  pi pi ng di r ect l y al ong t he 
pat h of  di schar ge f or  hor i zont al l y di schar ged exhaust s.   Recor d t he 
maxi mum sound l evel  i n each f r equency band at  a di st ance of  [ 22. 9 m 75 
f t ]  [ 10. 7 m 35 f t ]  f r om t he si l encer  at  45 deg apar t  i n al l  di r ect i ons 
ar ound t he uni t .

[ o.   Sl owl y dr ai n t he f uel  f r om t he day t ank t o l ower  t he f uel  l evel  bel ow 
t he no f uel  l evel  l i mi t  and r ecor d t he l evel  at  whi ch t he audi bl e 
al ar m sounds.   Add t he f uel  back t o t he day t ank,  f i l l i ng i t  above t he 
l ow l evel  al ar m l i mi t  f ol l owi ng t he t est . ]

3. 5. 2. 5   Fi nal  I nspect i on

a.   Remove t he l ube- oi l  f i l t er  and exami ne t he oi l  and f i l t er  by t he 
engi ne manuf act ur er  f or  excessi ve met al ,  abr asi ve f or ei gn par t i c l es,  
and ot her  i ndi cat i ons of  engi ne di st r ess.   Ver i f y any cor r ect i ve 
act i ons f or  ef f ect i veness by r unni ng t he engi ne f or  8 hr  at  f ul l  r at ed 
speed,  t hen r e- exami ne t he oi l  and f i l t er .

b.   I nspect  t he engi ne and check al l  engi ne mount i ng bol t s f or  t i ght ness 
and vi s i bl e damage.

3. 6   MANUFACTURER' S FI ELD SERVI CE

3. 6. 1   Onsi t e Tr ai ni ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e v i deo t api ng i f  not  r equi r ed.

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

Conduct  t r ai ni ng cour ses f or  t he pl ant  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 consi st s of  a t ot al  of  
[ _____]  hr  of  nor mal  wor ki ng t i me and commence 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.   Cover  per t i nent  
poi nt s i nvol ved i n oper at i ng,  st ar t i ng,  st oppi ng,  and ser vi c i ng t he 
equi pment ,  as wel l  as al l  maj or  el ement s addr essed i n t he oper at i ons and 
mai nt enance manual s.   Addi t i onal l y,  i ncl ude demonst r at i ons and i nst r uct i on 
i n al l  r out i ne mai nt enance oper at i ons i ncl udi ng oi l  change,  oi l  f i l t er  
change,  ai r  f i l t er  change,  et c.   [ Submi t  t wo [ CD]  [ DVD]  copi es of  t he 
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ent i r e t r ai ni ng sessi on. ]

  Submi t  a l et t er  gi v i ng t he pr oposed dat e f or  conduct i ng t he onsi t e 
t r ai ni ng cour se[  and] [ , ]  t he agenda of  i nst r uct i on [ ,  a descr i pt i on of  t he 
v i deo t api ng ser vi ce t o be pr ovi ded,  and t he ki nd and qual i t y of  t he t ape] .

3. 6. 2   Fi el d Engi neer

Fur ni sh a qual i f i ed engi neer  t o super vi se t he compl et e i nst al l at i on of  t he 
engi ne,  assi st  i n per f or mance of  t he onsi t e t est s,  and i nst r uct  per sonnel  
r egar di ng oper at i onal  and mai nt enance f eat ur es of  t he equi pment .   Submi t  
cer t i f i cat i on t hat  t he f i el d engi neer  i s qual i f i ed t o per f or m t he 
f unct i ons.

3. 7   FI ELD PAI NTI NG

Per f or m f i el d pai nt i ng as speci f i ed i n Sect i on [ 09 90 00 PAI NTS AND 
COATI NGS]  [ 09 97 02 PAI NTI NG:  HYDRAULI C STRUCTURES] .

3. 8   MANUFACTURER' S PUBLI SHED I NSTRUCTI ONS

Post  i nst r uct i ons,  i ncl udi ng wi r i ng and cont r ol  di agr ams showi ng t he key 
mechani cal  and el ect r i cal  cont r ol  el ement s and a compl et e l ayout  of  t he 
ent i r e syst em.   The i nst r uct i on set  must  be weat her pr oof ,  l ami nat ed i n 
pl ast i c,  f r amed,  and post ed at  a l ocat i on as di r ect ed.

3. 9   ACCEPTANCE

Fi nal  accept ance of  t he engi ne wi l l  not  be made unt i l  t he Cont r act or  has 
successf ul l y compl et ed al l  t est s,  cor r ect ed al l  def ect s i n i nst al l at i on 
mat er i al ,  and/ or  i nst al l at i on pr ocedur es,  and al l  def i c i enci es i dent i f i ed 
i n on- si t e t est i ng or  r out i ne oper at i on have been cor r ect ed.

3. 10   CLOSEOUT ACTI VI TI ES

3. 10. 1   As- Bui l t  Dr awi ngs

Submi t  As- Bui l t  Dr awi ngs accur at el y depi ct i ng t he as- bui l t  conf i gur at i on 
of  t he suppl i ed,  i nst al l ed,  and accept ed di esel nat ur al  gas f uel ed engi ne 
pump dr i ve.

3. 10. 2   Oper at i on and Mai nt enance Manual

Al so submi t  an Oper at i on and Mai nt enance Manual  f or  t he di esel nat ur al  gas 
f uel ed engi ne det ai l i ng st ar t - up and oper at i ng pr ocedur es,  l ubr i cat i on 
i nst r uct i ons,  i nst al l at i on and al i gnment  pr ocedur es,  r out i ne mai nt enance 
r equi r ement s and pr ocedur es,  compl et e det ai l ed pr ocedur es f or  di sassembl y 
and r eassembl y of  t he engi ne,  par t s l i s t  f or  al l  par t s det ai l ed,  assembl y 
pl ans of  t he engi ne showi ng al l  par t s,  suppl i er s f or  al l  par t s,  set t i ngs 
and adj ust ment  f or  pr ot ect i ve devi ces,  and a l i s t  of  al l  t ool s,  handl i ng 
devi ces,  and spar e par t s f ur ni shed.

       - -  End of  Sect i on - -
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