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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  i nduced mechani cal  dr af t  cool i ng 
t ower s ( bot h packaged and f i el d- er ect ed) .

Use of  el ect r oni c communi cat i on i s encour aged.

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.  Br acket s ar e used i n t he 
t ext  t o i ndi cat e desi gner  choi ces or  l ocat i ons wher e 
t ext  must  be suppl i ed by t he desi gner .

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

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

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

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

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

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S1. 13 ( 2005;  R 2010)  Met hods f or  t he Measur ement  
of  Sound Pr essur e Level s i n Ai r  ( ASA 118)

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

ANSI / AHRI  495 ( 2005)  Per f or mance Rat i ng of  Ref r i ger ant  
Li qui d Recei ver s

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

ANSI / ASHRAE 15 & 34 ( 2016)  ANSI / ASHRAE St andar d 15- Saf et y 
St andar d f or  Ref r i ger at i on Syst ems and 
ANSI / ASHRAE St andar d 34- Desi gnat i on and 
Saf et y Cl assi f i cat i on of  Ref r i ger ant s

ASHRAE 64 ( 2011)  Met hods of  Test i ng Remot e 
Mechani cal - Dr af t  Evapor at i ve Ref r i ger ant  
Condensers

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2012)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

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

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

ASTM A48/ A48M ( 2003;  R 2012)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

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

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

ASTM C67 ( 2017)  St andar d Test  Met hods f or  Sampl i ng 
and Test i ng Br i ck and St r uct ur al  Cl ay Ti l e

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

ASTM D2996 ( 2017)  St andar d Speci f i cat i on f or  
Fi l ament - Wound " Fi ber gl ass"  
(Glass-Fiber-Reinforced 
Ther moset t i ng- Resi n)  Pi pe

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2018)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Materials

COOLI NG TECHNOLOGY I NSTI TUTE ( CTI )

CTI  ATC- 105 ( 2000)  Accept ance Test  Code

CTI  ESG- 114 ( 2007)  Desi gn of  Cool i ng Tower s wi t h 
Dougl as Fi r  Lumber

CTI  STD- 111 ( 2009)  Gear  Speed Reducer s

CTI  STD- 134 ( 2007)  Pl ywood f or  Use i n Cool i ng Tower s

CTI  St d- 103 ( 2007)  Redwood Lumber  Speci f i cat i ons

CTI  St d- 112 ( 2009)  Pr essur e Pr eser vat i ve Tr eat ment  of  
Lumber

CTI  St d- 137 ( 2017)  Fi ber gl ass Pul t r uded St r uct ur al  
Pr oduct s f or  Use i n Cool i ng Tower s

CTI  St d- 201 ( 2011)  St andar d f or  t he Cer t i f i cat i on of  
Wat er  Cool i ng Tower  Ther mal  Per f or mance

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

NFPA 214 ( 2016)  St andar d on Wat er - Cool i ng Tower s

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14)  Nat i onal  El ect r i cal  Code
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REDWOOD I NSPECTI ON SERVI CE ( RI S)  OF THE CALI FORNI A REDWOOD 
ASSOCI ATI ON ( CRA)

RI S Gr ade Use ( 1998)  Redwood Lumber  Gr ades and Uses

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

SAE J534 ( 2015)  Lubr i cat i on Fi t t i ngs

UNDERWRI TERS LABORATORI ES ( UL)

UL 723 ( 2008;  Repr i nt  Dec 2017)  Test  f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Materials

WESTERN WOOD PRODUCTS ASSOCI ATI ON ( WWPA)

WWPA G- 5 ( 2017)  West er n Lumber  Gr adi ng Rul es

1. 2   SUBMITTALS

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

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

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

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al s.   The " S"  f ol l owi ng a submi t t al  i t em 
i ndi cat es t hat  t he submi t t al  i s  r equi r ed f or  t he 
Sust ai nabi l i t y  eNot ebook t o f ul f i l l  f eder al l y  
mandat ed sust ai nabl e r equi r ement s i n accor dance wi t h 
Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.

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

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

SD- 03 Pr oduct  Dat a

Cool i ng Tower s;  G[ ,  [ _____] ]

Post ed I nst r uct i ons;  G[ ,  [ _____] ]

Demonst r at i ons;  G[ ,  [ _____] ]

Ver i f i cat i on of  Di mensi ons;  G[ ,  [ _____] ]

Remot e Evapor at i vel y- Cool ed Condenser s

SD- 06 Test  Repor t s

[ Packaged Cool i ng Tower  -  I nst al l at i on I nst r uct i ons;  G[ ,  [ _____] ]

][ Fi el d- Er ect ed Cool i ng Tower  -  I nst al l at i on I nst r uct i ons;  G[, 
[_____]]

][ Packaged Cool i ng Tower  -  Fi el d Accept ance Test  Pl an;  G[ ,  [ _____] ]

][ Fi el d- Er ect ed Cool i ng Tower  -  Fi el d Accept ance Test  Pl an;  G[, 
[_____]]

][ Packaged Cool i ng Tower  -  Fi el d Accept ance Test  Repor t ;  G[ ,  [ _____] ]

][ Fi el d- Er ect ed Cool i ng Tower  -  Fi el d Accept ance Test  Repor t ;  G[, 
[_____]]

] SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i on

Cool i ng Tower

Remot e Evapor at i vel y- Cool ed Condenser s

SD- 08 Manuf act ur er ' s I nst r uct i ons

[ Packaged Cool i ng Tower  -  I nst al l at i on I nst r uct i ons

][ Fi el d- Er ect ed Cool i ng Tower  -  I nst al l at i on I nst r uct i ons

] Remot e Evapor at i vel y- Cool ed Condenser s

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

Remot e Evapor at i vel y- Cool ed Condenser s

SD- 11 Cl oseout  Submi t t al s

Ener gy Ef f i c i ent  Equi pment  f or  Cool i ng Tower s;  S

1. 3   SAFETY REQUI REMENTS

**************************************************************************
NOTE:   Cat wal k,  l adder  and guar dr ai l  may be 
r equi r ed.   I f  so,  sel ect  t he appl i cabl e i t em and 
del et e t he ot her s and i ndi cat e on dr awi ngs t he 
sel ect ed i t em.   I f  not  appl i cabl e,  del et e t he ent i r e 
sent ence wi t hi n t he br acket s.

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

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  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  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s  not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.   [ [ Cat wal k, ]  
[ l adder , ]  [ and guar dr ai l ]  must  be pr ovi ded wher e i ndi cat ed and i n 
accor dance wi t h[  Sect i on 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS] [  
Sect i on 05 51 33 METAL LADDERS] [  Sect i on 05 52 00 METAL RAI LI NGS] [  Sect i on 
05 51 00 METAL STAI RS] . ]

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

St or ed i t ems must  be pr ot ect ed f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on shal l  be t he 
Cont r act or ' s r esponsi bi l i t y .   Any mat er i al s f ound t o be damaged shal l  be 
r epl aced at  t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  pi pi ng and 
si mi l ar  openi ngs must  be capped t o keep out  di r t  and ot her  f or ei gn mat t er .

1. 5   PROJECT/ SI TE CONDI TI ONS

1. 5. 1   Ver i f i cat i on of  Di mensi ons

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

1. 5. 2   Drawings

Because of  t he smal l  scal e of  t he dr awi ngs,  i t  i s  not  possi bl e t o i ndi cat e 
al l  of f set s,  f i t t i ngs,  and accessor i es t hat  may be r equi r ed.   The 
Cont r act or  must  car ef ul l y  i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  
el ect r i cal ,  st r uct ur al  and f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o 
be per f or med and must  ar r ange such wor k accor di ngl y,  f ur ni shi ng r equi r ed 
of f set s,  f i t t i ngs,  and accessor i es t o meet  such condi t i ons.
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PART 2   PRODUCTS

2. 1   PRODUCT SUSTAI NABI LI TY CRI TERI A

For  pr oduct s i n t hi s sect i on,  wher e appl i cabl e and t o ext ent  al l owed by 
per f or mance cr i t er i a,  pr ovi de and document  t he f ol l owi ng:

2. 1. 1   Ener gy Ef f i c i ent  Equi pment  f or  Cool i ng Tower s

Pr ovi de cool i ng t ower s wi t h a CTI  cer t i f i ed t her mal  per f or mance i n 
accor dance wi t h CTI  St d- 201,  ot her wi se ver i f y t her mal  per f or mance by f i el d 
t est i ng accor di ng t o t he r equi r ement s of  CTI  ATC- 105.

2. 2   STANDARD COMMERCI AL PRODUCTS

Mat er i al s and equi pment  must  be st andar d commer ci al  cat al ogued pr oduct s of  
a manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   The st andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use i n 
f i el d ser vi ce f or  t wo year s pr i or  t o bi d openi ng.   The t wo year  use must  
i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances 
and of  s i mi l ar  s i ze.   Pr oduct s havi ng l ess t han a t wo year  f i el d ser vi ce 
r ecor d wi l l  be accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d 
oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he manuf act ur er ' s 
f act or y t est s,  can be shown.   Thi s 6000 hour  r ecor d must  not  i ncl ude any 
manuf act ur er ' s pr ot ot ype or  f act or y t est i ng.   Recor ds of  sat i sf act or y f i el d 
use must  be compl et ed by a pr oduct  t hat  had been,  and pr esent l y i s ,  sol d,  
or  of f er ed f or  sal e on a commer ci al  mar ket  t hr ough t he f ol l owi ng 
copyr i ght ed means:  adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   
Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Syst em component s 
must  be envi r onment al l y  sui t abl e f or  t he i ndi cat ed l ocat i ons.

2. 3   MANUFACTURER' S STANDARD NAMEPLATES

Maj or  equi pment  i ncl udi ng cool i ng t ower s,  cool i ng t ower  gear  dr i ve 
assembl i es,  f ans,  and mot or s must  have 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 i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e.   Pl at es must  be f i xed i n pr omi nent  l ocat i ons.

2. 4   ELECTRI CAL WORK

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

Show t he el ect r i cal  char act er i st i cs,  mot or  st ar t er  
t ype( s) ,  encl osur e t ype,  and maxi mum r pm on t he 
dr awi ngs i n t he equi pment  schedul es.

Wher e r educed- vol t age mot or  st ar t er s ar e r ecommended 
by t he manuf act ur er  or  r equi r ed ot her wi se,  speci f y  
and coor di nat e t he t ype( s)  r equi r ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Reduced 
vol t age st ar t i ng i s r equi r ed when f ul l  vol t age 
st ar t i ng wi l l  i nt er f er e wi t h ot her  el ect r i cal  
equi pment  and ci r cui t s and when r ecommended by t he 
manuf act ur er .   Wher e adj ust abl e speed dr i ves ( ASD)  
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ar e speci f i ed,  r ef er ence Sect i on 26 29 23 VARI ABLE 
FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.   The 
met hods f or  cal cul at i ng t he economy of  usi ng an 
adj ust abl e speed dr i ve i s descr i bed i n UFC 3- 520- 01,  
" I nt er i or  El ect r i cal  Syst ems" .

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

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Manual  or  aut omat i c cont r ol  and 
pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on speci f i ed and 
cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  not  
shown,  must  be pr ovi ded.   For  packaged equi pment ,  t he manuf act ur er  must  
pr ovi de cont r ol l er s i ncl udi ng t he r equi r ed moni t or s and t i med r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s t hat  
ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.

**************************************************************************
NOTE:   Br acket ed sent ence " Mot or  bear i ngs. . . "  t o be 
used f or  Ar my pr oj ect s onl y.

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

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Mot or s must  be r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Mot or  dut y r equi r ement s must  al l ow 
f or  maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Mot or  t or que must  be capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   [ Mot or  bear i ngs must  be 
f i t t ed wi t h gr ease suppl y f i t t i ngs and gr ease r el i ef  t o out s i de of  t he 
enclosure.]   Mot or  encl osur e t ype may be ei t her  TEAO or  TEFC.

e.   [ Wher e t wo- speed mot or s ar e i ndi cat ed,  var i abl e- speed cont r ol l er s may 
be pr ovi ded t o accompl i sh t he same f unct i on. ] [ Use adj ust abl e f r equency 
dr i ves f or  al l  var i abl e- speed mot or  appl i cat i ons. ]   Pr ovi de var i abl e 
f r equency dr i ves f or  mot or s as speci f i ed i n Sect i on 26 29 23 VARI ABLE 
FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.

f .   Pr ovi de i nver t er  dut y pr emi um ef f i c i ency mot or s f or  use wi t h var i abl e 
f r equency dr i ves.
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2. 5   COOLI NG TOWER MATERI ALS

2. 5. 1   Lumber

2. 5. 1. 1   Dougl as Fi r

CTI  ESG- 114, WWPA G- 5,  Gr ade B and bet t er ,  I ndust r i al  Cl ear .   Dougl as f i r  
must  have a pr eser vat i ve t r eat ment  i n accor dance wi t h CTI  St d- 112.

2. 5. 1. 2   Plywood

CTI  STD- 134,  Ext er i or  Gr ade,  t ype and t hi ckness as speci f i ed f or  t he 
application.

2. 5. 1. 3   Pr essur e Tr eat ed Lumber

Pr essur e t r eat ed l umber  must  be i n accor dance wi t h CTI  St d- 112.   Wood 
exposed as t he r esul t  of  not chi ng,  cut t i ng,  or  dr i l l i ng must  be sat ur at ed 
wi t h t he pr eser vat i ve.

2. 5. 1. 4   Redwood

CTI  St d- 103, RI S Gr ade Use Cal i f or ni a Redwood,  c l ear  of  al l  hear t s.

2. 5. 2   Fi ber gl ass Rei nf or ced Pl ast i c ( FRP)

FRP component s must  be i ner t ,  cor r osi on r esi st ant ,  and f i r e- r et ar dant  wi t h 
a t hi ckness of  3. 66 kg per  squar e met er  12 ounces per  squar e f oot .   FRP 
component s must  cont ai n an ul t r av i ol et  ( UV)  r ay i nhi bi t or  as per  CTI  St d- 137, 
Gr ade 1 or  3.   Component s manuf act ur ed of  pol yst yr ene wi l l  not  be per mi t t ed.

2. 5. 3   Zi nc- Coat ed St eel

Component s f abr i cat ed of  z i nc- coat ed st eel  must  be not  l i ght er  t han 16 gauge
 1. 613 mm 0. 0635 i nch st eel ,  pr ot ect ed agai nst  cor r osi on by a z i nc 
coat i ng.   The zi nc coat i ng must  conf or m t o ASTM A653/ A653M,  as appl i cabl e 
and have an ext r a heavy coat i ng of  not  l ess t han 760g per  squar e met er  2. 35 
ounces per  squar e f oot  of  sur f ace.   Gal vani zed sur f aces damaged due t o 
wel di ng must  be coat ed wi t h z i nc r i ch coat i ng conf or mi ng t o ASTM D520,  Type 
1.

2. 5. 4   Pol yvi nyl  Chl or i de ( PVC)  For med Sheet s

ASTM D1784,  Type I ,  Gr ade 1 wi t h a f l ame spr ead r at i ng i n accor dance wi t h 
ASTM E84,  Cl ass A.

2. 5. 5   Hi gh Densi t y Pol yet hyl ene ( HDPE)

Component s manuf act ur ed f r om HDPE must  be seaml ess wi t h a mi ni mum t hi ckness 
of  10 mm 0. 375 i nch.  The mat er i al  must  have t he appr opr i at e i nhi bi t or s t o 
pr ot ect  t he component  f r om any UV degr adat i on.  Tanks and cool i ng t ower  
shel l s must  be seaml essl y mol ded t o mi ni mi ze wat er  l oss/ consumpt i on.

2. 5. 6   St ai nl ess St eel  Sheet s

Type [ 304] [ 316] .

**************************************************************************
NOTE:   Desi gner  shoul d consi der  l ocat i on 
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( non- coast al ,  coast al ,  ext r emel y cor r osi ve ar eas)  
when speci f y i ng cor r osi on pr ot ect i on.   Addi t i onal  
l ead t i me and cost  may be a f act or .   Desi gner  must  
consul t  l ocal  r evi ew t eam f or  gui dance on cor r osi on 
protection.

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

2. 5. 7   Concrete

Concr et e must  conf or m t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   Exposed 
concr et e must  be r ub- f i ni shed f or  smoot h and uni f or m sur f aces f r ee of  f or m 
mar ks and def ect s.   Honeycomb concr et e wi l l  not  be per mi t t ed.

2. 5. 8   Hardware

Bol t s must  be cadmi um- pl at ed,  z i nc- coat ed st eel ,  or  Type 304 st ai nl ess 
st eel .   Each bol t  must  be pr ovi ded wi t h neopr ene and cadmi um- pl at ed st eel  
washer s under  t he heads.   Nai l s must  be s i l i con br onze,  commer ci al  br onze,  
or  st ai nl ess st eel .   Har dwar e must  meet  t he sal t - spr ay f og t est  as def i ned 
by ASTM B117.   Angl e br acket s and si mi l ar  par t s must  be z i nc- coat ed st eel .   
Zi nc coat i ngs must  conf or m t o ASTM A153/ A153M and [ ASTM A123/ A123M] ,  as 
appl i cabl e,  and must  have an ext r a heavy coat i ng of  not  l ess t han 760g per  
squar e met er  2. 35 ounces per  squar e f oot  of  sur f ace.   Nai l s must  be s i l i con 
br onze,  commer ci al  br onze,  or  st ai nl ess st eel .   Subj ect  har dwar e t o a 
sal t - spr ay f og t est  i n accor dance wi t h ASTM B117.   No si gns of  cor r osi on 
must  be evi dent  af t er  1, 000 hour s cont i nuous exposur e t o a 5 per cent  sal t  
spray.

2. 6   COOLI NG TOWERS

2. 6. 1   Fact or y Assembl ed Tower s

2. 6. 1. 1   Description

The cool i ng t ower  must  be of  t he [ i nduced mechani cal  dr af t ] [  or  f or ced 
mechani cal  dr af t ]  t ype.   The cool i ng t ower  must  i ncl ude f r ames and casi ngs,  
l ouver s,  dr i f t  el i mi nat or s,  par t i t i ons,  wi ndbr eak baf f l es,  dr i f t - check 
wal l s,  col d wat er  basi n equi pment ,  f ans and f an wal l s,  bl ower s,  dr i ves,  
el ect r i c  mot or s,  access door s,  [ wor ki ng pl at f or ms, ]  i nspect i on pl at es,  and 
panels.

2. 6. 1. 2   Construction

Tower  must  be const r uct ed t o wi t hst and a wi nd pr essur e of  not  l ess t han 
1. 44 k i l opascal  ( kPa)  30 psf  on any ext er nal  sur f ace.   Fan deck must  be 
const r uct ed t o wi t hst and a l i ve l oad of  not  l ess t han 2. 87 kPa 60 psf  i n 
addi t i on t o t he concent r at ed or  di st r i but ed l oads of  equi pment  mount ed on 
t he f an deck.   [ A 15 per cent  i ncr eased l oadi ng must  be i ncl uded f or  i ce or  
snow l oad. ]

The hot  wat er  di st r i but i on syst em must  be of  t he open basi n gr avi t y  f eed 
t ype or  t he pr essur i zed spr ay header  t ype desi gn.  

2. 6. 1. 3   Tower  Fr ame and Louver s

Pr ovi de f r ame const r uct ed f r om [ gal vani zed st eel ] [ _____] .   I nt er medi at e 
st r uct ur al  member s must  be pr ovi ded f or  r i gi di t y and suppor t  of  casi ngs,  
l ouver s,  f i l l ,  di st r i but i on syst ems,  f an decks,  and ot her  equi pment .   I nl et  
ai r  l ouver s must  per mi t  f r ee ai r  passage but  no spl ashout ,  and must  be 

SECTI ON 23 65 00  Page 13



desi gned t o pr event  debr i s and sunl i ght  f r om ent er i ng t he col d wat er  basi n.

[ 2. 6. 1. 4   Ai r  I nl et  And Di schar ge Connect i ons

On f or ced dr af t  cent r i f ugal  t ype uni t s,  t he ai r  i nl et  and di schar ge 
connect i ons must  have f l anged or  l i pped pr oj ect i ons f or  connect i ng t o 
ductwork.

] 2. 6. 1. 5   Fill

The f i l l  must  suppor t  expect ed l oads wi t hout  sag or  f ai l ur e and ar r anged t o 
ef f ect i vel y br eak up t he wat er .   The f i l l  must  be manuf act ur ed and 
per f or mance t est ed by t he cool i ng t ower  manuf act ur er .   The f i l l  must  be of  
t he mat er i al s as speci f i ed.   Pol yvi nyl  chl or i de ( PVC)  f i l l  i s  sui t abl e f or  
i nl et  t emper at ur es t o 51. 7 degr ees C 125 degr ees F on cr oss f l ow t ype uni t s 
and t emper at ur es t o 54. 4 degr ees C 130 degr ees F on count er f l ow t ype 
uni t s.   Chl or i nat ed pol yvi nyl  chl or i de( CPVC)  f i l l  must  be used f or  
appl i cat i ons wher e i nl et  t emper at ur es ar e gr eat er  t han 54. 4 degr ees C 130 
degr ees F.  Fi l l  must  be i n accor dance wi t h ASTM E84,  Cl ass A.

2. 6. 1. 6   Dr i f t  El i mi nat or s 

Pr ovi de dr i f t  el i mi nat or  sect i ons desi gned and ar r anged t o ef f ect i vel y t r ap 
wat er  dr opl et s ent r ai ned i n t he di schar ge ai r st r eam.   Sect i ons must  be 
assembl ed i n easi l y r emovabl e sect i ons f or  [ f or ced mechani cal  dr i f t  t ower  
] [ and] [ count er f l ow i nduced mechani cal  dr af t  t ower ] .   Dr i f t  el i mi nat or s must  
be const r uct ed of  Pol yvi nyl  chl or i de ( PVC)  i n accor dance wi t h ASTM E84, 
Cl ass A.

2. 6. 1. 7   Col d Wat er  Basi n Equi pment .

**************************************************************************
NOTE:   Choose gal vani zed st eel ,  except  i n cor r osi ve 
envi r onment s,  choose Type 304 st ai nl ess st eel .

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

I ncl ude [ gal vani zed st eel ]  [ Type 304 st ai nl ess st eel ]  sump wi t h st ai nl ess 
st eel  r emovabl e scr een and vor t ex br eaker ,  f l oat  val ves,  and necessar y pi pe 
connect i ons and f i t t i ngs wi t hi n t he t ower .   [ Pr ovi de f l oat  val ves wi t h 
adj ust abl e ar ms.   Val ve s i zes l ar ger  t han 13 mm 1/ 2 i nch pi pe s i ze must  be 
t he bal anced pi st on t ype.   Val ve seat s and di sks must  be r epl aceabl e.  ]  
[ El ect r oni c wat er  l evel  cont r ol  must  be pr ovi ded. ]

Pr ovi de col d wat er  basi ns and casi ngs sui t abl y seal ed and f l ashed at  j oi nt s 
and connect i ons t o ensur e wat er t i ght  const r uct i on.

2. 6. 1. 7. 1   El ect r i c  Basi n Heat er

Heat er  must  be t he el ect r i c  i mmer si on t ype wi t h wat er - t i ght  j unct i on boxes 
mount ed i n t he basi n wi t h suf f i c i ent  capaci t y t o mai nt ai n t he basi n wat er  
t emper at ur e above 12. 8 degr ees C 55 degr ees F at  an ambi ent  t emper at ur e of  
4. 4 degr ees C 40 degr ees F.   Heat er  must  be compl et e wi t h cont r ol  
t her most at ,  t r ansf or mer ,  cont act or ,  and l ow wat er  l evel  heat er  pr ot ect i on.

**************************************************************************
NOTE:   Desi gner  shoul d consi der  r educed mai nt enance 
r equi r ement s associ at ed wi t h di r ect  dr i ve assembl i es.

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

SECTI ON 23 65 00  Page 14



2. 6. 1. 8   Fans,  Bl ower s,  and Dr i ves.

The t ower s must  have axi al  pr opel l er - t ype f ans havi ng not  l ess t han f our  
al umi num al l oy or  gl ass- r ei nf or ced pol ypr opyl ene bl ades or  squi r r el - cage,  
cent r i f ugal - t ype bl ower s,  as appl i cabl e.   Fans and bl ower s must  be desi gned 
and const r uct ed t o wi t hst and 50 per cent  over speed above nor mal  maxi mum 
oper at i ng speeds.

I f  bel t  dr i ves ar e ut i l i zed,  mul t i - gr ooved sol i d back s i ngl e bel t  desi gn 
must  be used t o avoi d uneven bel t  st r et ch.   Adj ust ment  must  be pr ovi ded f or  
bel t  t ensi on and dr i ve cent er s.   Bel t  dr i ves must  be desi gned and 
const r uct ed f or  150 per cent  over l oad.   Sheaves l ocat ed i n t he ai r st r eam 
must  be cor r osi on- r esi st ant  mat er i al .   Shaf t i ng f or  gear  dr i ves must  have 
f l exi bl e- t ype coupl i ngs r equi r i ng no l ubr i cat i on.   The gear  assembl i es must  
be encl osed i n an oi l  f i l l ed housi ng pr ovi ded wi t h f i l l  and dr ai n pl ugs.

2. 6. 1. 9   Tower  Pi pi ng

Pi pi ng must  be schedul e 40 PVC and conf or m t o ASTM D2996.   Fi t t i ngs f or  
ot her  pi pi ng mat er i al s must  be of  t he same mat er i al  or  equal  and of  t he 
same cl ass and gr ade as t he pi pe.

2. 6. 1. 10   El ect r i c  Mot or s

Requi r ement s ar e speci f i ed i n par agr aph ELECTRI CAL WORK.

[ 2. 6. 1. 11   Vi br at i on Cut out  Swi t ch.

Pr ovi de [ mechani cal  v i br at i on cut out  swi t ch]  [ el ect r oni c v i br at i on cut out  
swi t ch wi t h auxi l i ar y cont act s]  i n a pr ot ect ed posi t i on and most  ef f ect i ve 
l ocat i on,  i nt er l ocked wi t h t he f an wi r i ng t o el ect r i cal l y  open t he mot or  
c i r cui t  under  excessi ve f an v i br at i on.

] 2. 6. 1. 12   Performance

The f act or y assembl ed t ower  must  have Cool i ng Tower  I nst i t ut e cer t i f i cat i on 
t hat ,  i n accor dance wi t h CTI  St d- 201,  t he cool i ng t ower  wi l l  per f or m 
t her mal l y at  t he r at i ng publ i shed by t he t ower  manuf act ur er  i n hi s 
copyr i ght ed l i t er at ur e.

2. 6. 1. 13   Sound Power  Level

Sound power  l evel s,  i n deci bel s ( dB) wi t h a r ef er ence pr essur e of  0. 0002 
mi cr obar s,  of  t he cool i ng t ower  must  be not  gr eat er  t han t he maxi mum 
per mi t t ed dB l evel s f or  t he desi gnat ed oct ave band as set  f or t h i n Tabl e I  
or  Tabl e I I .   The sound power  l evel  dat a f or  t he cool i ng t ower  must  have 
been ver i f i ed i n t est s conduct ed i n accor dance wi t h ASA S1. 13.

Tabl e I .   Sound Power  Level  For  I nduced Mechani cal  Dr af t  Type

Oct ave Band ( Hz) 63 125 250 500 1000 2000 4000 8000

Sound Power  Level  
(dB)

112 112 110 108 102 98 93 90
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Tabl e I I .   Sound Power  Level  For  For ced Mechani cal  Dr af t  Type

Oct ave Band ( Hz) 63 125 250 500 1000 2000 4000 8000

Sound Power  Level  
(dB)

112 112 110 108 102 98 93 90

**************************************************************************
NOTE:   The number s shown i n Tabl es I  & I I   ar e 
r anges of  accept abl e/ r ecommended sound power  l evel s.

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

2. 6. 1. 14   Dr i f t  Loss

Dr i f t  l oss must  be not  gr eat er  t han 0. 005 per cent  of  t he wat er  c i r cul at ed.

2. 6. 2   Lubrication

The l ubr i cat i ng poi nt s must  be ext ended t o t he out s i de of  t he uni t  f or  easy 
accessi bi l i t y .   Hydr aul i c l ubr i cat i on f i t t i ngs must  be i n accor dance wi t h 
SAE J534.   Wher e use of  hi gh pr essur e l ubr i cat i ng equi pment ,  6894 kPa 1000 
psi  or  hi gher ,  wi l l  damage gr ease seal s or  ot her  par t s,  a sui t abl e war ni ng 
must  be af f i xed t o t he equi pment  i n a conspi cuous l ocat i on.

2. 6. 3   Fact or y Fi ni sh Syst em

**************************************************************************
NOTE:   Gal vani zed met al  i s  t he st andar d f i ni sh f or  
most  manuf act ur er s.   Pr ovi de f i ni sh syst ems wi t h 
3, 000 hour  sal t  spr ay compl i ance f or  sea coast  
installations

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

[ Fact or y pai nt i ng syst em]  [ Gal vani zed met al ]  must  have been pr oven t o 
wi t hst and 125 hour s i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed 
out door s must  wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Equi pment  
l ocat ed i n a sea coast  envi r onment  must  wi t hst and 3, 000 hour s i n a 
sal t - spr ay f og t est .   Sal t - spr ay f og t est  must  be i n accor dance wi t h 
ASTM B117.   For  sal t - spr ay f og t est ,  t he accept ance cr i t er i a must  be as 
f ol l ows:   i mmedi at el y af t er  compl et i on of  t he t est ,  t he pai nt  must  show no 
si gns of  bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no l oss of  adhesi on;  and 
t he speci men must  show no si gns of  r ust  cr eepage beyond 3 mm 0. 125 i nch on 
ei t her  s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
must  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   I f  
manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s  bei ng pr oposed f or  use 
on sur f aces subj ect  t o t emper at ur es above 50 degr ees C 120 degr ees F,  t he 
f act or y pai nt i ng syst em must  be desi gned f or  t he t emper at ur e ser vi ce and 
must  have been pr oven t o pass t he speci f i ed sal t - spr ay t est .

[ 2. 6. 4   Fi el d- Assembl ed Cool i ng Tower s

Fact or y f abr i cat ed,  f act or y- assembl ed t ower s whi ch ar e shi pped t o t he j ob 
s i t e i n separ at e cel l s  or  modul es must  be pr ovi ded wi t h al l  appr opr i at e 
manuf act ur er ' s har dwar e f or  assembl y i n t he f i el d.   Fact or y f abr i cat ed,  
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f i el d- assembl ed t ower s must  be assembl ed and adj ust ed at  t he j ob s i t e by a 
f act or y r epr esent at i ve.

2. 6. 4. 1   Fr amewor k,  Casi ng,  and Suppor t s

**************************************************************************
NOTE:   Packaged t ype cool i ng t ower s ar e t ypi cal l y  
const r uct ed t o wi t hst and a 1. 4 kPa ( 30 psf )  wi ndl oad.

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

Tower s must  be desi gned and const r uct ed t o wi t hst and a wi nd pr essur e of  not  
l ess t han [ 1. 4]  [ _____]  kPa [ 30]  [ _____]  pound- f or ce per  squar e f oot  ( psf )  
on ext er nal  sur f aces.   [ A 15 per cent  i ncr eased l oadi ng must  be i ncl uded f or  
i ce or  snow l oad. ]   [ Ai r  i nl et  and di schar ge t er mi nat i ons must  have f l anged 
or  l i pped pr oj ect i ons f or  connect i ng duct wor k. ]   Fr amewor k,  st r uct ur al  
suppor t s,  and equi pment  suppor t s must  be [ z i nc- coat ed st eel , ]  [ Type 304 
st ai nl ess st eel , ]  [ ai r - ent r ai ned concr et e]  [ FRP, ]  [ or ]  [ l umber ] .   Casi ng 
( ext er i or  encl osi ng wal l s)  must  be const r uct ed of  [ z i nc- coat ed st eel ]  [ Type 
304 st ai nl ess st eel ]  [ ai r - ent r ai ned concr et e]  [ FRP]  [ or ]  [ l umber ] .   
Fr amewor k desi gn f or  wood t ower s must  conf or m t o r equi r ement s of  CTI  St d- 103
 f or  r edwood const r uct i on and CTI  ESG- 114 f or  Dougl as f i r  const r uct i on.   
Not chi ng st r uct ur al  wood member s may be per mi ssi bl e onl y i f  t he member s ar e 
i ncr eased pr opor t i onat el y i n s i ze t o pr ovi de equi val ent  st r engt h.   
Mat er i al s pr ovi ded f or  f r amewor k,  casi ngs and equi pment  suppor t s must  be 
compat i bl e.   St r uct ur al  suppor t s must  be pr ovi ded i n accor dance wi t h t he 
r ecommendat i ons of  t he manuf act ur er  of  t he t ower  unl ess ot her wi se 
i ndi cat ed.   [ Col d- pour  concr et e j oi nt s i n ver t i cal  wal l s must  have a 
cont i nuous wat er - st op st r i ppi ng of  mol ded pol yvi ny l  pl ast i c (  150 mm 6 i nch 
dumbbell).]

2. 6. 4. 2   Foundations

**************************************************************************
NOTE:   For  t he desi gn of  a t ower  f oundat i on,  
i ndi cat e t he l ocat i on,  t he s i ze,  t he r ei nf or cement  
r equi r ement s,  et c.  necessar y f or  a cool i ng t ower  
avai l abl e f r om t hr ee commonl y known manuf act ur er s.   
For  smal l  r et r of i t  t ype j obs t he desi gner  may choose 
t o show t he gener al  l ayout  of  t he f oundat i on and 
r el y on t he Cont r act or  t o desi gn and const r uct  t he 
f oundat i on based on t he cool i ng t ower  t o be 
pr ovi ded.   Del et e t he l ast  t wo sent ences of  t he 
par agr aph i f  t he f oundat i on i s not  t o be desi gned by 
t he Cont r act or .

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

Cool i ng t ower  f oundat i ons must  meet  t he r equi r ement s of  t he cool i ng t ower  
manuf act ur er  and wi nd and sei smi c l oads,  wi nd and sei smi c l oads and be as 
i ndi cat ed.   Foundat i on desi gn must  be based on t he l oad condi t i ons and soi l  
bear i ng val ue i ndi cat ed.   Foundat i on cal cul at i ons must  be submi t t ed wi t h 
t he equi pment  dr awi ngs.

2. 6. 4. 3   St ai r ways and Ladder s

Pr ovi de st ai r s,  60- degr ee shi p l adder s or  st r ai ght - r ung l adder s of  st andar d 
desi gn,  st ar t i ng at  [ gr ound]  [ r oof ]  l evel  and ext endi ng as hi gh as r equi r ed 
t o gai n access t o f an decks and wat er  di st r i but i on syst ems.   St ai r ways and 
l adder s must  be hot - di p,  z i nc- coat ed st eel .   Ladder s hi gher  t han 3. 66 met er s
 12 f eet  must  have a saf et y cage.
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2. 6. 4. 4   Hand Rai l i ngs

St eel  hand r ai l i ngs must  be not  l ess t han 1067 mm 42 i nches hi gh ar ound t he 
ext er i or  of  each wor ki ng sur f ace t hat  i s  3. 66 m 12 f eet  or  mor e above t he 
gr ound,  r oof ,  or  ot her  suppor t i ng const r uct i on.   Rai l i ngs must  be not  
smal l er  t han 32 mm 1- 1/ 4 i nch z i nc- coat ed st eel  pi pe wi t h st andar d 
z i nc- coat ed st eel  r ai l i ng.

2. 6. 4. 5   Access Door s

Each t ower  must  be pr ovi ded wi t h access door s at  gr ade l evel  t o pr ovi de 
ent r y t o t he i nt er i or  f or  ser vi ce mai nt enance wi t hout  r emoval  of  t he f i l l .   
Door s must  be pr ovi ded on each endwal l  of  each cool i ng t ower  cel l .   Fr ame 
and br ace access door s t o pr event  damage when openi ng and cl osi ng.   Door s 
must  be l ocat ed adj acent  t o f l oat  cont r ol s.

2. 6. 4. 6   Louvers

Ai r  i nl et s f or  each cool i ng t ower  must  be pr ovi ded wi t h i ndi v i dual l y 
r emovabl e l ouver s ar r anged t o pr event  t he escape of  wat er .   Louver s must  be 
const r uct ed of  [ PVC]  [ f i ber gl ass r ei nf or ced pol yest er ]  [ z i nc- coat ed st eel ]  
[ Type 304 st ai nl ess st eel ]  [ FRP]  [ l umber ] .   Mat er i al s pr ovi ded f or  casi ngs 
and l ouver s must  be compat i bl e;  one mat er i al  must  not  pr oduce st ai ns upon 
t he ot her .   Louver s const r uct ed of  l umber  must  be of  a t hi ckness t o 
wi t hst and al t er nat e wet t i ng and dr yi ng wi t hout  cr acki ng or  spl i t t i ng.   Ai r  
i nt akes must  be pr ovi ded wi t h 25 mm 1 i nch z i nc- coat ed st eel  mesh.

2. 6. 4. 7   Fan Deck and Cyl i nder

Each f an must  be mount ed i n a f an cyl i nder  ( or  st ack)  t o el evat e t he f an 
di schar ge ai r .   Tot al  ext ensi on hei ght  must  not  exceed t he f an di amet er .   
Each f an cyl i nder  must  be pr ovi ded wi t h a z i nc- coat ed st eel ,  12 gauge 2. 753 
mm 0. 108 i nch wi r e mesh secur el y mount ed t o t he t op of  t he cyl i nder  i n 
accor dance wi t h manuf act ur er ' s r ecommendat i ons.   Fan decks must  be desi gned 
t o wi t hst and a l i ve l oad of  not  l ess t han [ 1. 9]  [ 2. 9]  kPa [ 40]  [ 60]  psf  i n 
addi t i on t o t he concent r at ed or  di st r i but ed l oads of  equi pment  mount ed on 
t he f an decks.   [ Fan deck and cyl i nder s must  be const r uct ed of  z i nc- coat ed 
st eel ,  l umber ,  Type 304 st ai nl ess st eel ,  or  FRP and be compat i bl e wi t h t he 
ent i r e t ower  const r uct i on. ]   [ Fan deck must  be const r uct ed of  pr ecast ,  
r ei nf or ced l i ght wei ght  concr et e,  i n mul t i pl e sect i ons,  f or mi ng a compl et e,  
v i br at i on- f r ee base f or  mount i ng f an,  speed r educer ,  dr i ve shaf t ,  mot or ,  
and f an st acks.   Fan cyl i nder s ( or  st acks)  must  be const r uct ed of  pr ecast ,  
r ei nf or ced l i ght wei ght  concr et e i n mul t i pl e sect i ons,  const r ai ned wi t h 
bands of  z i nc- coat ed st eel  conf or mi ng t o ASTM A123/ A123M,  not  l ess t han 3 
by 75 mm 1/ 8 by 3 i nches,  and bol t ed t o f or m a compr essi ve l oad on st ack 
per i met er .   Fan cyl i nder  must  be secur ed i n pl ace on t he f an deck wi t h 
Cl ass A mor t ar . ]

2. 6. 4. 8   Fans

**************************************************************************
NOTE:   When t he densi t y of  t he ambi ent  ai r  t o be 
handl ed by t he f ans di f f er s subst ant i al l y  f r om t he 
densi t y of  t he st andar d ai r  val ue of  1. 2 kg per  
cubi c m ( 0. 075 pound per  cubi c f oot )  at  21 degr ees C 
( 70 degr ees F)  and 101 kPa ( 29. 92 i nches mer cur y) ,  
t he densi t y of  t he ai r  and/ or  t he el evat i on above 
mean sea l evel  wi l l  be shown on t he dr awi ngs.
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**************************************************************************

Fans must  be t he [ cent r i f ugal ]  [ or ]  [ adj ust abl e- pi t ch pr opel l er ]  t ype,  
const r uct ed of  z i nc- coat ed st eel ,  Type 304 st ai nl ess st eel ,  al umi num or  an 
al umi num al l oy,  or  FRP.   Pr opel l er  t ype f ans must  have a maxi mum t i p speed 
of  330 m/ mi nut e 10, 800 f pm.   Fan bl ade assembl y must  be bot h st at i cal l y  and 
dynami cal l y bal anced af t er  assembl y of  t he cool i ng t ower .   Fan hub must  be 
const r uct ed of  [ z i nc- coat ed st eel ]  [ s t ai nl ess st eel ]  [ cast  al umi num]  wi t h 
adequat e sur f ace pr ot ect i on agai nst  cor r osi on.   Compl et e f an assembl y ( f an 
and mount i ng)  must  be desi gned t o gi ve maxi mum f an ef f i c i ency and l ong l i f e 
when handl i ng sat ur at ed ai r  at  hi gh vel oci t i es.   Each cool i ng t ower  f an 
must  be pr ovi ded wi t h a bal l  and pedest al  t ype v i br at i on l i mi t  swi t ch whi ch 
must  st op t he cor r espondi ng f an mot or  i n t he event  of  sensi ng excessi ve f an 
vibration.

2. 6. 4. 9   Speed Reducer s Gear s and Dr i ve Shaf t

**************************************************************************
NOTE:   Doubl e r educt i on gear  r educer  shoul d be 
consi der ed wher e l ow noi se r equi r ement  i s  a f act or .

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

Speed r educer  gear s must  be r at ed i n accor dance wi t h CTI  STD- 111.   Gear  
r educer s must  be of  t he [ spi r al  bevel ,  s i ngl e r educt i on]  [ spi r al  or  
hel i cal ,  doubl e r educt i on]  t ype.   Reducer  must  be mount ed i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons.   Each r educer  must  be pr ovi ded wi t h an 
oi l  l evel  cut of f  swi t ch i nt er l ocked t o t he f an mot or .   Each r educer  must  be 
pr ovi ded wi t h an oi l  l evel  s i ght  gl ass,  f i l l ,  dr ai n,  and vent  l i nes l ocat ed 
i n a r eadi l y accessi bl e posi t i on.   Dr i ve shaf t s must  be t he f ul l  f l oat i ng 
t ype wi t h f l exi bl e coupl i ngs at  bot h ends and have a ser vi ce f act or  of  1. 0 
or  gr eat er .   Dr i ve shaf t s must  be of  st ai nl ess st eel ,  f i t t ed each end wi t h 
f l exi bl e coupl i ngs ( st ai nl ess st eel  pl at e t ype) .   Each dr i ve shaf t  must  be 
pr ovi ded wi t h a gal vani zed st eel  guar d,  t o pr event  damage t o sur r oundi ng 
equi pment  i n case of  shaf t  f ai l ur e.   Pr ovi s i on must  be made f or  l ubr i cat i on 
of  al l  bear i ngs.   Bear i ngs must  be accessi bl e t o t he ext ent  t hat  each 
bear i ng can be l ubr i cat ed wi t hout  di smant l i ng f an.

2. 6. 4. 10   El ect r i c  Mot or s

**************************************************************************
NOTE:   Del et e t he l ast  sent ence i f  i nappl i cabl e.

Consi der  t he f ol l owi ng f or  ener gy ef f i c i ency i n 
cool i ng t ower s:

I nduced dr af t  f ans,  VFD' s and desi gni ng t o 0. 4 
per cent  wet  bul b t emper at ur e.

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

Each mot or  must  be a [ s i ngl e speed]  [ t wo speed]  [ var i abl e speed] ,  t ot al l y  
encl osed,  i nsul at i on Cl ass B,  NEMA Desi gn B,  cont i nuous- r at ed t ype whi ch 
conf or ms t o NEMA MG 1.   Mot or s must  have [ open]  [ dr i ppr oof ]  [ t ot al l y  
encl osed]  [ expl osi on pr oof ]  encl osur es and be l ocat ed out s i de t he di schar ge 
ai r st r eam.   Mot or s must  be mount ed accor di ng t o manuf act ur er ' s 
r ecommendat i ons.   [ Two- speed mot or s must  have a s i ngl e wi ndi ng wi t h 
var i abl e t or que char act er i st i cs.   ] [ Mot or s f or  var i abl e speed appl i cat i on 
must  be i nver t er - dut y t ype.   ] Mot or s must  be pr ovi ded speci f i cal l y  f or  
ei t her  pump or  f an appl i cat i on and must  compl y wi t h t he r equi r ement s of  
par agr aph ELECTRI CAL WORK.
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2. 6. 4. 11   Col d Wat er  Basi n

**************************************************************************
NOTE:   Choose zi nc- coat ed st eel ,  except  i n cor r osi ve 
envi r onment s,  choose Type 304 st ai nl ess st eel  or  FRP.

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

Basi n must  be compl et el y wat er t i ght  and const r uct ed of  [ z i nc- coat ed st eel ]  
[ Type 304 st ai nl ess st eel ]  [ FRP] .   Basi n must  be const r uct ed and i nst al l ed 
t o ensur e t hat  ai r  wi l l  not  be ent r ai ned i n out l et s when oper at i ng and no 
wat er  wi l l  over f l ow on shut down.   Each i ndi v i dual  sump must  be pr ovi ded 
wi t h an i ndi v i dual  out l et .   Each out l et  must  be pr ovi ded wi t h a 13 mm 1/ 2 
i nch st ai nl ess st eel  wi r e mesh,  secur el y mount ed t o pr event  t r ash f r om 
ent er i ng t he out l et .   Each basi n must  be pr ovi ded wi t h over f l ow and dr ai n 
val ve connect i ons.   Each basi n must  be pr ovi ded wi t h a f l oat - cont r ol l ed,  
makeup wat er  val ve as i ndi cat ed.   The makeup wat er  must  di schar ge not  l ess 
t han 50 mm 2 i nches or  t wo pi pe di amet er s,  whi chever  i s  gr eat er ,  above t he 
t op of  t he basi n.

2. 6. 4. 12   El ect r i c  Basi n Heat er

Heat er  must  be t he el ect r i c  i mmer si on t ype wi t h wat er - t i ght  j unct i on boxes 
mount ed i n t he basi n wi t h suf f i c i ent  capaci t y t o mai nt ai n t he basi n wat er  
t emper at ur e above 4. 4 degr ees C 40 degr ees F at  an ambi ent  t emper at ur e of  
[ _____]  degr ees C degr ees F.   Heat er  must  be compl et e wi t h cont r ol  
t her most at ,  t r ansf or mer ,  cont act or ,  and l ow wat er  l evel  heat er  pr ot ect i on.

2. 6. 4. 13   Hot  Wat er  Di st r i but i on Syst em

**************************************************************************
NOTE:   The gr avi t y- f l ow t ype di st r i but i on syst em 
wi l l  be t he syst em of  choi ce.   Pr essur i zed- f l ow t ype 
syst ems wi l l  t ypi cal l y  onl y be speci f i ed f or  
f i el d- er ect ed,  count er f l ow t ype t ower s 

Pi pi ng connect i ng t o a cool i ng t ower  wi l l  be 
ext er nal l y suppor t ed,  i ndependent  of  t he t ower  
st r uct ur e and pi pi ng.

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

Wat er  di st r i but i on must  be t he [ gr avi t y- f l ow]  [ pr essur i zed- f l ow]  t ype 
syst em whi ch di st r i but es wat er s evenl y over  t he ent i r e f i l l  sur f ace.   Each 
t ower  cel l  must  be desi gned so t hat  a wat er  f l ow of  140 per cent  capaci t y 
wi l l  not  cause over f l owi ng or  spl ashi ng.   The di st r i but i on syst em f or  each 
cel l  must  i ncl ude adj ust abl e f l ow cont r ol  val ves.   The ent i r e di st r i but i on 
syst em must  be sel f - dr ai ni ng and noncl oggi ng.   Pi pi ng must  be ei t her  cast  
i r on,  duct i l e i r on,  t hr eaded- gl ass- f i ber  r ei nf or ced epoxy pi pe,  
pol ypr opyl ene,  PVC or  Schedul e 80 bl ack st eel .

a.   Gr avi t y- Fl ow Syst em:   Syst em must  be pr ovi ded wi t h open basi ns whi ch 
i ncl ude a spl ash box or  baf f l es t o mi ni mi ze spl ashi ng of  i ncomi ng hot  
wat er  and hol es t hat  evenl y di st r i but e t he wat er  over  t he ent i r e 
decki ng ar ea.   Hol es used i n a wat er  basi n must  be pr ovi ded wi t h 
cer ami c or  pl ast i c or i f i ce i nser t s.

b.   Pr essur i zed- Fl ow Syst em:   Syst em must  i ncl ude pi pi ng,  f i t t i ngs,  
br anches,  and spr ay nozzl es.   Spr ay nozzl es must  be schedul e 40 PVC.   
Nozzl es must  be c l eanabl e,  noncl oggi ng,  r emovabl e,  and spaced f or  even 
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distribution.

c.   Basi n Cover :   Hot  wat er  di st r i but i on basi ns must  be pr ovi ded wi t h t he 
t ower  manuf act ur er ' s st andar d r emovabl e,  [ z i nc- coat ed gal vani zed st eel ]  
[ 304 st ai nl ess st eel ]  [ FRP]  cover s.   Cover s must  pr event  ai r bor ne 
debr i s f r om ent er i ng t he basi n.

] 2. 6. 5   Dr i f t  El i mi nat or s

**************************************************************************
NOTE:   Per  ASHRAE 189. 1,  6. 3. 2. 3( b) ,  as i nvoked f r om 
UFC 1- 200- 02,  cool i ng t ower s must  be equi pped wi t h 
ef f i c i ent  dr i f t  el i mi nat or s t hat  achi eve dr i f t  
r educt i on t o a maxi mum of  0. 002 per cent  i f  t he 
r eci r cul at ed wat er  vol ume f or  count er f l ow t ower s and 
0. 005 per cent  of  t he r eci r cul at ed wat er  f l ow f or  
cr oss- f l ow t ower s.

Del et e t he l ast  set  of  br acket ed sent ences i f  a 
f i el d- er ect ed t ype t ower  i s not  speci f i ed.

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

El i mi nat or s must  be pr ovi ded i n t he t ower  out l et  t o l i mi t  dr i f t  l oss t o not  
over  [ 0. 005]  per cent  of  t he c i r cul at i ng wat er  r at e.   El i mi nat or s must  be 
const r uct ed of  pol yvi nyl  chl or i de ( PVC) . [   El i mi nat or s sect i ons must  be 
suppor t ed on PVC or  FRP t ee sect i ons.   Tee sect i ons must  be suspended wi t h 
6. 35 mm 1/ 4 i nch br ass r ods connect ed t o st ai nl ess st eel  c l i ps embedded i n 
t he bot t om si de of  t he r oof  deck at  t he t i me of  cast i ng.   St ai nl ess st eel  
c l i ps must  be suppl i ed by cool i ng t ower  manuf act ur er  f or  i nst al l at i on by 
Cont r act or  at  t i me of  r oof  deck pour .   El i mi nat or s may be suppor t ed by 
br ass or  st ai nl ess st eel  suspensi on r ods f r om t he f an deck or  suppor t ed 
di r ect l y on concr et e beams. ]

2. 6. 6   Col d Wat er  Basi n Equi pment .

  I ncl ude sump wi t h r emovabl e scr een and vor t ex br eaker ,  f l oat  val ves,  and 
necessar y pi pe connect i ons and f i t t i ngs wi t hi n t he t ower .   Pr ovi de f l oat  
val ves wi t h adj ust abl e ar ms.   Val ve s i zes l ar ger  t han 13 mm 1/ 2 i nch pi pe 
s i ze must  be t he bal anced pi st on t ype.   Val ve seat s and di sks must  be 
r epl aceabl e.   [ El ect r i c  wat er  l evel  cont r ol  must  be pr ovi ded. ]

Pr ovi de col d wat er  basi ns and casi ngs sui t abl y seal ed and f l ashed at  j oi nt s 
and connect i ons t o ensur e wat er t i ght  const r uct i on.

2. 6. 7   Fi l l  ( Heat  Tr ansf er  Sur f ace)

**************************************************************************
NOTE:   Typi cal l y ,  bot h t he spl ash or  f i l m t ype t ower  
f i l l  wi l l  be al l owed.   Fi l m t ype f i l l  wi l l  not  be 
al l owed wher e t her e i s a hi ghl y l i kel y possi bi l i t y  
t hat  t he c i r cul at i ng wat er  wi l l  become cont ami nat ed 
wi t h debr i s ( l eaves,  et c. ) .   Debr i s i n t he 
c i r cul at i ng wat er  wi l l  s i gni f i cant l y i mpact  t he 
ef f i c i ency of  a t ower  wi t h f i l m t ype f i l l  because of  
t he c l ose spaci ng of  t he f i l m mat er i al .   Not e t hat  
hot  wat er  di st r i but i on basi n cover s wi l l  t ypi cal l y  
pr event  most  debr i s f r om ever y get t i ng t o t he f i l l  
material.
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The most  pr edomi nant  f i l l  mat er i al  i s  PVC f or med 
sheet s.   PVC f or med sheet s,  z i nc- coat ed st eel ,  or  
l umber  wi l l  be t he t ypi cal  choi ces f or  f i l l  
mat er i al .   Al umi num and/ or  st ai nl ess st eel  f i l l  wi l l  
onl y be speci f i ed wher e ei t her  hi gh i nl et  wat er  
t emper at ur es or  f i r epr oof  const r uct i on ar e 
concer ns.   PVC f or med sheet s wi l l  not  be pr ovi ded 
when t he i nl et  wat er  t emper at ur e exceeds 125 degr ees 
F.   Ti l e f i l e wi l l  onl y be consi der ed on 
f i el d- er ect ed t ype t ower s wher e economi cal l y 
justified.

Del et e t he br acket ed sent ences at  t he end of  t he 
par agr aph i f  t i l e t ype f i l l  mat er i al  i s  not  
specified.

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

Tower  f i l l  must  be t he [ spl ash]  [ or ]  [ f i l m]  t ype.   Fi l l  mat er i al  must  be 
f r ee t o expand or  cont r act  wi t hout  war pi ng or  cr acki ng.   No pl ast i c i zed 
wood cel l ul ose must  be pr ovi ded f or  f i l l  mat er i al .   Fi l l  must  be r emovabl e 
or  ot her wi se made accessi bl e f or  c l eani ng.   Space suppor t s must  be 
cor r osi on r esi st ant  and must  pr event  war pi ng,  saggi ng,  mi sal i gnment ,  or  
v i br at i on of  t he f i l l  mat er i al .   Fi l l  mat er i al  and suppor t s must  be 
desi gned t o pr ovi de f or  an even mi xi ng of  ai r  and wat er .   Fi l l  mat er i al  
must  be const r uct ed of  [ al umi num]  [ st ai nl ess st eel ]  [ t i l e of  mul t i - cel l  
desi gn,  set  wi t hout  mor t ar ]  [ PVC f or med sheet s,  z i nc- coat ed st eel ,  or  
l umber ]  i n a pat t er n,  and of  suf f i c i ent  hei ght  t o meet  t he per f or mance 
speci f i cat i ons.   [ Ti l e f i l l  must  be v i t r eous,  wi t h a l ow wat er  absor pt i on 
t hat  wi l l  pass a f r eeze- t haw t est  conduct ed i n accor dance wi t h ASTM C67.   
Ti l e f i l l  must  have a mi ni mum cr ushi ng st r engt h of  13. 8 MPa 2, 000 psi  over  
t he gr oss ar ea of  t he t i l e when t he l oad i s appl i ed par al l el  t o t he cel l s 
as t est ed i n accor dance wi t h ASTM C67.   Cast  i r on t ee sect i on l i nt el s 
suppor t i ng t he t i l e f i l l  must  conf or m t o ASTM A48/ A48M,  Cl ass 25,  3. 2 mm 
1/ 8 i nch addi t i onal  t hi ckness f or  cor r osi on.   Li nt el s must  be desi gned wi t h 
a saf et y f act or  of  2 mi ni mum. ]

2. 6. 8   Fi r e Saf et y

**************************************************************************
NOTE:   Locat e t he t ower  i n accor dance wi t h NFPA 214,  
and det er mi ne t he ext ent  and t ype of  f i r e pr ot ect i on 
r equi r ed f or  al l  s i ze t ower s usi ng t he f act or s 
i ndi cat ed i n NFPA 214.

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

Tower s must  conf or m t o NFPA 214.   Fi r e hazar d r at i ng f or  pl ast i c  
i mpr egnat ed mat er i al s must  not  exceed 25.   Pl ast i cs must  not  dr i p or  r un 
dur i ng combust i on.   Fi r e hazar d r at i ngs must  be i n accor dance wi t h ASTM E84, 
Cl ass A and UL 723.

[ 2. 6. 9   Met er s and Cont r ol s

Tower  must  be pr ovi ded wi t h makeup and bl owdown met er s,  conduct i v i t y 
cont r ol l er ,  and over f l ow al ar m.

] 2. 7   REMOTE EVAPORATI VELY- COOLED CONDENSERS

Condenser  must  be r at ed and t est ed i n accor dance wi t h t he r equi r ement s of  
ASHRAE 64.   Condenser  must  i ncl ude f ans,  wat er  pump wi t h suct i on st r ai ner ,  
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el ect r i c  mot or  and dr i ve equi pment ,  wat er  el i mi nat or s i f  r equi r ed,  
condensi ng coi l ,  l i qui d r ecei ver  i f  r equi r ed,  wat er  pan or  sump,  spr ay 
nozzl es or  wat er - di st r i but i on pan,  wat er  st r ai ner ,  wat er  make- up assembl y,  
bl eeder  wi t h f l ow val ve of  t he needl e val ve t ype s i zed f or  t he f l ow 
r equi r ed or  a f i xed or i f i ce,  encl osur e wi t h sui t abl e access door s,  and 
ai r - i nl et  and out l et  openi ngs.   No wat er  may car r y over  i nt o t he uni t  
di schar ge out l et .

**************************************************************************
NOTE:   St andar d casi ng const r uct i on i s gal vani zed 
st eel .   For  excessi vel y cor r osi ve at mospher es,  Type 
304 st ai nl ess st eel  shoul d be consi der ed.

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

2. 7. 1   Condenser  Casi ng

Encl osur e must  be const r uct ed of  not  l i ght er  t han 18 gauge 1. 311 mm 0. 516 
i nch[  hot - di p gal vani zed st eel ] [  304 st ai nl ess st eel ] ,  r ei nf or ced and 
br aced.   Access door s or  panel s sui t abl y s i zed and l ocat ed must  be pr ovi ded 
f or  access t o wat er  nozzl es or  di st r i but i on pan,  coi l s ,  and val ves f or  
c l eani ng,  r epai r ,  or  r emoval  of  t he i t em.   Access door s or  panel s must  be 
gasket ed wi t h synt het i c r ubber ,  or  equi val ent  gasket  mat er i al ,  and l ocked 
i n pl ace wi t h t humb scr ews or  cat ches.   One- hal f  i nch mesh hot - di p 
gal vani zed st eel  or  copper  ai r - i nl et  scr eens must  be pr ovi ded on each ai r  
inlet.

2. 7. 2   Ref r i ger ant  Sect i on

Condenser  coi l  must  be const r uct ed of  unf i nned copper  or  st eel  t ubes 
hot - di p gal vani zed af t er  f abr i cat i on.   The r ecei ver  must  be wel ded st eel  
and must  be f i t t ed and t est ed i n accor dance wi t h ANSI / AHRI  495.   A 
r ef r i ger ant  char gi ng val ve must  be i nst al l ed i n t he l i qui d l i ne bet ween t he 
r ecei ver  cut - of f  val ve and t he expansi on devi ce.   Ref r i ger ant  sect i on must  
be t est ed i n accor dance wi t h ANSI / ASHRAE 15 & 34 f or  t he r ef r i ger ant  
empl oyed i n t he syst em.

2. 7. 3   Fans

Fans must  be cent r i f ugal  or  pr opel l er  t ype as best  sui t ed f or  t he 
appl i cat i on.   Fans must  be di r ect  or  V- bel t  dr i ven.   Bel t  dr i ves must  be 
compl et el y encl osed wi t hi n t he uni t  casi ng or  equi pped wi t h a guar d.   When 
bel t  dr i ve i s pr ovi ded,  an adj ust abl e sheave t o f ur ni sh not  l ess t han 20 
per cent  f an- speed adj ust ment  must  be pr ovi ded.   Sheave set  must  be mat ched 
and sel ect ed t o pr ovi de t he capaci t y i ndi cat ed at  t he appr oxi mat e mi dpoi nt  
of  t he adj ust ment .   Fans must  be st at i cal l y  and dynami cal l y bal anced.   Fan 
mot or  must  be t ot al l y  encl osed t ype or  open dr i p- pr oof  and l ocat ed wi t hi n 
an encl osur e t o be f ul l y  pr ot ect ed f r om t he weat her .

2. 7. 4   Wat er  Sect i on

Wat er  el i mi nat or s must  be const r uct ed of  nonf er r ous met al ,  of  an appr oved 
nonmet al l i c  mat er i al ,  or  of  not  l i ght er  t han 24 gauge 0. 701 mm 0. 0276 i nch 
st eel ,  hot - di p gal vani zed af t er  f abr i cat i on.   Spr ay nozzl es must  be br ass 
non- cl oggi ng t ype desi gned t o per mi t  easy di sassembl y,  and must  be ar r anged 
f or  easy access.   Wat er  pump must  be br onze- f i t t ed cent r i f ugal  or  t ur bi ne 
t ype,  and may be mount ed as an i nt egr al  par t  of  t he evapor at i ve condenser  
or  r emot el y on a separ at e mount i ng pad.   Pump suct i on must  be f ul l y  
submer ged and pr ovi ded wi t h scr eened i nl et .   Wat er  pan or  sump must  be 
const r uct ed of  not  l i ght er  t han 14 gauge 1. 994 mm 0. 0785 i nch st eel ,  

SECTI ON 23 65 00  Page 23



hot - di p gal vani zed af t er  f abr i cat i on,  or  mol ded aci d- r esi st ant  
gl ass- f i ber - r ei nf or ced pol yest er .   Wat er  di st r i but i on pan must  be 
const r uct ed of  not  l i ght er  t han 16 gauge 1. 613 mm 0. 0635 i nch st eel ,  
hot - di p gal vani zed af t er  f abr i cat i on.   Joi nt s must  be wat er t i ght .   Wat er  
pan or  sump must  be pr ovi ded wi t h dr ai n,  over f l ow,  and make- up wat er  
connect i on wi t h st op val ve and f l oat  val ve.   A bl eed l i ne wi t h a f l ow val ve 
of  t he needl e t ype s i zed f or  t he f l ow r equi r ed or  f i xed or i f i ce must  be 
pr ovi ded i n t he pump di schar ge l i ne and must  be ext ended t o t he near est  
dr ai n f or  cont i nuous di schar ge.

2. 8   FABRICATION

**************************************************************************
NOTE:   For  equi pment  t o be i nst al l ed out door s,  
adequat e pr ot ect i on wi l l  be speci f i ed.   
Manuf act ur er s must  submi t  evi dence t hat  uni t  
speci men have passed t he speci f i ed sal t  spr ay f og 
t est .   A 500 hour  t est  wi l l  be speci f i ed i n a non 
cor r osi ve envi r onment .   A 3, 000 hour  t est  wi l l  be 
speci f i ed f or  sea coast  envi r onment s.

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

Equi pment  and component  i t ems,  must  have been pr oven t o wi t hst and 125 hour s 
i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed out door s must  
wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Equi pment  l ocat ed i n a sea 
coast  envi r onment  must  wi t hst and 3, 000 hour s i n a sal t - spr ay f og t est .   
Sal t - spr ay f og t est  must  be i n accor dance wi t h ASTM B117.   Cut  edges of  
gal vani zed sur f aces wher e hot - di p gal vani zed sheet  st eel  i s  used must  be 
coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o ASTM D520,  Type I .

2. 9   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 9. 1   Condenser  Wat er  Pi pi ng and Accessor i es

Condenser  wat er  pi pi ng and accessor i es must  be pr ovi ded and i nst al l ed i n 
accor dance wi t h Sect i on 23 64 26 CHI LLED,  CHI LLED- HOT,  AND CONDENSER WATER 
PI PI NG SYSTEMS.

2. 9. 2   Cool i ng Tower  Wat er  Tr eat ment  Syst ems

Cool i ng t ower  wat er  t r eat ment  syst ems must  be pr ovi ded and i nst al l ed i n 
accor dance wi t h Sect i on 23 64 26 CHI LLED,  CHI LLED- HOT AND CONDENSER WATER 
PI PI NG SYSTEMS.

2. 9. 3   Temper at ur e Cont r ol s

**************************************************************************
NOTE:   Modi f y t hi s par agr aph as r equi r ed t o 
coor di nat e t he cent r al  equi pment  cont r ol s wi t h t he 
cool i ng t ower  syst em cont r ol s.   I n pr oj ect s wher e 
t hi s sect i on of  t he speci f i cat i ons i s i nt ended t o 
pr oduce cont r ol  equi pment  f or  exi st i ng syst ems,  t hi s 
par agr aph wi l l  be r ewr i t t en t o pr oper l y i nt egr at e 
t he speci f i ed cont r ol s i nt o t he exi st i ng t emper at ur e 
cont r ol  syst em.

A sequence of  cont r ol ,  a schemat i c of  cont r ol s,  and 
a l adder  di agr am shoul d be i ncl uded on t he dr awi ngs 
f or  each cool i ng t ower  f an,  chi l l ed wat er  pump,  
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condenser  wat er  pump,  et c.  i n or der  t o def i ne t he 
over al l  syst em oper at i on.

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

Cool i ng t ower s must  be f ul l y  coor di nat ed wi t h and i nt egr at ed [ i nt o t he 
t emper at ur e cont r ol  syst em speci f i ed i n [ Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC] [ Sect i on 23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL 
FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS]  [ or ]  [ Sect i on 23 09 23. 02 
BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] ]  
[ i nt o t he exi st i ng ai r - condi t i oni ng syst em] .

PART 3   EXECUTI ON

3. 1   DEMONSTRATIONS

Cont r act or  must  conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  of  
a t ot al  [ _____]  hour s of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s 
f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance t est s.   The t r ai ni ng 
cour se must  cover  al l  of  t he i t ems cont ai ned i n t he appr oved Oper at i on and 
Mai nt enance Manual s as wel l  as demonst r at i ons of  r out i ne mai nt enance 
operations.

Pr ovi de a schedul e,  at  l east  [ 2]  [ _____]  weeks pr i or  t o t he dat e of  t he 
pr oposed t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  
t he t r ai ni ng.

3. 2   INSTALLATION

I nst al l at i on of  cool i ng t ower  syst ems i ncl udi ng mat er i al s,  i nst al l at i on,  
wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  exami nat i on,  i nspect i on,  and 
t est i ng must  be i n accor dance wi t h NFPA 70,  and i n compl i ance wi t h t he 
manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons,  i ncl udi ng t he f ol l owi ng:

[ ( 1)  Packaged cool i ng t ower  -  i nst al l at i on i nst r uct i ons

][ ( 2)  Fi el d- er ect ed cool i ng t ower  -  i nst al l at i on i nst r uct i ons

] 3. 2. 1   I nst al l at i on I nst r uct i ons

Pr ovi de manuf act ur er ' s st andar d cat al og dat a,  at  l east  [ 5]  [ _____]  weeks 
pr i or  t o t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  
hi ghl i ght ed t o show f eat ur es such as mat er i al s of  const r uct i on,  di mensi ons,  
opt i ons,  per f or mance and ef f i c i ency.   Dat a must  i ncl ude manuf act ur er ' s 
r ecommended i nst al l at i on i nst r uct i ons and pr ocedur es.   Dat a must  be 
adequat e t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.

3. 2. 2   Vi br at i on I sol at i on

I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  v i br at i on i sol at or  
l i t er at ur e must  be i ncl uded cont ai ni ng cat al og cut s and cer t i f i cat i on t hat  
t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.

3. 2. 3   Post ed I nst r uct i ons

Pr ovi de post ed i nst r uct i ons,  i ncl udi ng equi pment  l ayout ,  wi r i ng and cont r ol  
di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped condensed 
oper at i on i nst r uct i ons.   The condensed oper at i on i nst r uct i ons must  i ncl ude 
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pr event at i ve mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  
nor mal  and saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng 
t he syst em.   The post ed i nst r uct i ons must  be f r amed under  gl ass or  
l ami nat ed pl ast i c and be post ed wher e i ndi cat ed by t he Cont r act i ng Of f i cer .

3. 2. 4   Ver i f i cat i on of  Di mensi ons

Pr ovi de a l et t er  i ncl udi ng t he dat e t he s i t e was v i s i t ed,  conf or mat i on of  
exi st i ng condi t i ons,  and any di scr epanci es f ound.

3. 2. 5   Demonstrations

Pr ovi de a schedul e,  at  l east  [ 2]  [ _____]  weeks pr i or  t o t he dat e of  t he 
pr oposed t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  
t he t r ai ni ng.

3. 2. 6   Certificates

Wher e t he syst em,  component s,  or  equi pment  ar e speci f i ed t o compl y wi t h 
r equi r ement s of  AGA,  NFPA,  ARI ,  ASHRAE,  ASME,  or  UL,   pr oof  of  such 
compl i ance must  be pr ovi ded.   The l abel  or  l i s t i ng of  t he speci f i ed agency 
must  be accept abl e evi dence.   I n l i eu of  t he l abel  or  l i s t i ng,  a wr i t t en 
cer t i f i cat e f r om an appr oved,  nat i onal l y r ecogni zed t est i ng or gani zat i on 
equi pped t o per f or m such ser vi ces,  st at i ng t hat  t he i t ems have been t est ed 
and conf or m t o t he r equi r ement s and t est i ng met hods of  t he speci f i ed agency 
may be submi t t ed.   When per f or mance r equi r ement s of  t hi s pr oj ect ' s  dr awi ngs 
and speci f i cat i ons var y f r om st andar d ARI  r at i ng condi t i ons,  comput er  
pr i nt out s,  cat al og,  or  ot her  appl i cat i on dat a cer t i f i ed by ARI  or  a 
nat i onal l y r ecogni zed l abor at or y as descr i bed above must  be i ncl uded.   I f  
ARI  does not  have a cur r ent  cer t i f i cat i on pr ogr am t hat  encompasses such 
appl i cat i on dat a,  t he manuf act ur er  may sel f  cer t i f y  t hat  hi s appl i cat i on 
dat a compl i es wi t h pr oj ect  per f or mance r equi r ement s i n accor dance wi t h t he 
speci f i ed t est  s t andar ds.

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

Pr ovi de [ Si x]  [ _____]  compl et e copi es of  an oper at i on manual  i n bound 216 
by 279 mm 8 1/ 2 by 11 i nch bookl et s l i s t i ng st ep- by- st ep pr ocedur es 
r equi r ed f or  syst em st ar t up,  oper at i on,  abnor mal  shut down,  emer gency 
shut down,  and nor mal  shut down at  l east  [ 4]  [ _____]  weeks pr i or  t o t he f i r st  
t r ai ni ng cour se.   The bookl et s must  i ncl ude t he manuf act ur er ' s name,  model  
number ,  and par t s l i s t .   The manual s must  i ncl ude t he manuf act ur er ' s name,  
model  number ,  ser vi ce manual ,  and a br i ef  descr i pt i on of  al l  equi pment  and 
t hei r  basi c oper at i ng f eat ur es.   [ Si x]  [ _____]  compl et e copi es of  
mai nt enance manual  i n bound 216 by 279 8 1/ 2 by 11 i nch bookl et s l i s t i ng 
r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns and r epai r s,  and a 
t r oubl e shoot i ng gui de.   The manual s must  i ncl ude pi pi ng and equi pment  
l ayout s and si mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em as 
installed.

3. 2. 8   Connect i ons t o Exi st i ng Syst ems

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  15 cal endar  days pr i or  
t o t he dat e t he connect i ons ar e r equi r ed.   Obt ai n appr oval  bef or e 
i nt er r upt i ng ser vi ce.   Fur ni sh mat er i al s r equi r ed t o make connect i ons i nt o 
exi st i ng syst ems and per f or m excavat i ng,  backf i l l i ng,  compact i ng,  and ot her  
i nci dent al  l abor  as r equi r ed.   Fur ni sh l abor  and t ool s f or  maki ng act ual  
connect i ons t o exi st i ng syst ems.
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[ 3. 3   RELATED FI ELD TESTI NG

3. 3. 1   Test  Pl ans

a.   Manuf act ur er ' s Test  Pl ans:   Wi t hi n [ 120]  [ _____]  cal endar  days af t er  
cont r act  awar d,  submi t  t he f ol l owi ng pl ans:

[ ( 1)  Packaged cool i ng t ower  -  f i el d accept ance t est  pl an

][ ( 2)  Fi el d- er ect ed cool i ng t ower  -  f i el d accept ance t est  pl an

] Fi el d accept ance t est  pl ans must  devel oped by t he cool i ng t ower  
manuf act ur er  det ai l i ng r ecommended f i el d t est  pr ocedur es f or  t hat  
par t i cul ar  t ype and si ze of  equi pment .   Fi el d accept ance t est  
pl ans devel oped by t he i nst al l i ng Cont r act or ,  or  t he equi pment  
sal es agency f ur ni shi ng t he equi pment ,  wi l l  not  be accept abl e.

The Cont r act i ng Of f i cer  wi l l  r evi ew and appr ove t he f i el d 
accept ance t est  pl an f or  each of  t he l i s t ed equi pment  pr i or  t o 
commencement  of  f i el d t est i ng of  t he equi pment .   The appr oved 
f i el d accept ance t est  pl ans must  be t he pl an and pr ocedur es 
f ol l owed f or  t he f i el d accept ance t est s of  t he cool i ng t ower s and 
subsequent  t est  r epor t i ng.

**************************************************************************
NOTE:   I n t he par agr aph bel ow,  speci f i cat i on Sect i on 
23 09 53. 00 20,  SPACE TEMPERATURE CONTROL SYSTEMS 
ar e f or  Navy pr oj ect s onl y.

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

b.   Coor di nat ed t est i ng:   I ndi cat e i n each f i el d accept ance t est  pl an when 
wor k r equi r ed by t hi s sect i on r equi r es coor di nat i on wi t h t est  wor k 
r equi r ed by ot her  speci f i cat i on sect i ons.   Fur ni sh t est  pr ocedur es f or  
t he s i mul t aneous or  i nt egr at ed t est i ng of  t ower  syst em cont r ol s whi ch 
i nt er l ock and i nt er f ace wi t h cont r ol s f or  t he equi pment  pr ovi ded under  
[ Sect i on 23 09 53. 00 20,  SPACE TEMPERATURE CONTROL SYSTEMS]  [ Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC] [ Sect i on 23 09 23. 01 
LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL 
SYSTEMS]  [ or ]  [ Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS] .

c.   Pr er equi s i t e t est i ng:   Cool i ng t ower s f or  whi ch per f or mance t est i ng i s 
dependent  upon t he compl et i on of  t he wor k cover ed by Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC must  have t hat  wor k 
compl et ed as a pr er equi s i t e t o t est i ng wor k under  t hi s sect i on.   
I ndi cat e i n each f i el d accept ance t est  pl an when such pr er equi s i t e wor k 
i s r equi r ed.

d.   Test  pr ocedur e:   I ndi cat e i n each f i el d accept ance t est  pl an each 
equi pment  manuf act ur er s publ i shed i nst al l at i on,  st ar t - up,  and f i el d 
accept ance t est  pr ocedur es.   I ncl ude i n each t est  pl an a det ai l ed 
st ep- by- st ep pr ocedur e f or  t est i ng aut omat i c cont r ol s pr ovi ded by t he 
manufacturer.

    Each t est  pl an must  i ncl ude t he r equi r ed t est  r epor t i ng f or ms t o 
be compl et ed by t he Cont r act or ' s t est i ng r epr esent at i ves.   
Pr ocedur es must  be st r uct ur ed t o t est  t he cont r ol s  t hr ough al l  
modes of  cont r ol  t o conf i r m t hat  t he cont r ol s ar e per f or mi ng wi t h 
t he i nt ended sequence of  cont r ol .
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    Cont r ol l er s must  be ver i f i ed t o be pr oper l y cal i br at ed and have 
t he pr oper  set  poi nt  t o pr ovi de st abl e cont r ol  of  t hei r  r espect i ve 
equipment.

e.   Per f or mance var i abl es:   Each t est  pl an must  l i s t  per f or mance var i abl es 
t hat  ar e r equi r ed t o be measur ed or  t est ed as par t  of  t he f i el d t est .

    I ncl ude i n t he l i s t ed var i abl es per f or mance r equi r ement s i ndi cat ed 
on t he equi pment  schedul es on t he desi gn dr awi ngs.   Tower  
manuf act ur er  must  f ur ni sh wi t h each t est  pr ocedur e a descr i pt i on 
of  accept abl e r esul t s t hat  have been ver i f i ed.

    Tower  manuf act ur er  must  i dent i f y t he accept abl e l i mi t s or  
t ol er ances wi t hi n whi ch each t est ed per f or mance var i abl e must  
accept abl y oper at e.

f .   Job speci f i c :   Each t est  pl an must  be j ob speci f i c  and must  addr ess t he 
par t i cul ar  cool i ng t ower s and par t i cul ar  condi t i ons whi ch exi st  wi t h 
t hi s cont r act .   Gener i c or  gener al  pr epr i nt ed t est  pr ocedur es ar e not  
acceptable.

g.   Speci al i zed component s:   Each t est  pl an must  i ncl ude pr ocedur es f or  
f i el d t est i ng and f i el d adj ust i ng speci al i zed component s,  such as hot  
gas bypass cont r ol  val ves,  or  pr essur e val ves.

] 3. 4   TESTING

a.   Each cool i ng t ower  syst em must  be f i el d accept ance t est ed i n compl i ance 
wi t h i t s  appr oved f i el d accept ance t est  pl an and t he r esul t i ng 
f ol l owi ng f i el d accept ance t est  r epor t  submi t t ed f or  appr oval :

[ ( 1)  Packaged cool i ng t ower  -  f i el d accept ance t est  r epor t

][ ( 2)  Fi el d- er ect ed cool i ng t ower  -  f i el d accept ance t est  r epor t

] b.   Manuf act ur er ' s r ecommended t est i ng:   Conduct  t he manuf act ur er ' s  
r ecommend f i el d t est i ng i n compl i ance wi t h t he appr oved t est  pl an.   
Fur ni sh a f act or y t r ai ned f i el d r epr esent at i ve aut hor i zed by and t o 
r epr esent  t he equi pment  manuf act ur er  at  t he compl et e execut i on of  t he 
f i el d accept ance t est i ng.

c.   Oper at i onal  t est :   Conduct  a cont i nuous 24 hour  oper at i onal  t est  f or  
each i t em of  equi pment .   Equi pment  shut down bef or e t he t est  per i od i s 
compl et ed must  r esul t  i n t he t est  per i od bei ng st ar t ed agai n and r un 
f or  t he r equi r ed dur at i on.   For  t he dur at i on of  t he t est  per i od,  
compi l e an oper at i onal  l og of  each i t em of  equi pment .   Log r equi r ed 
ent r i es ever y t wo hour s.   Use t he t est  r epor t  f or ms f or  l oggi ng t he 
oper at i onal  var i abl es.

d.   Not i ce of  t est s:   Conduct  t he manuf act ur er ' s r ecommended t est s and t he 
oper at i onal  t est s;  r ecor d t he r equi r ed dat a usi ng t he appr oved 
r epor t i ng f or ms.   Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  15 
cal endar  days pr i or  t o t he t est i ng.   Wi t hi n 30 cal endar  days af t er  
accept abl e compl et i on of  t est i ng,  submi t  each t est  r epor t  f or  r evi ew 
and appr oval .

e.   Repor t  f or ms:   Type dat a ent r i es and wr i t i ng on t he t est  r epor t  f or ms.   
Compl et ed t est  r epor t  f or ms f or  each i t em of  equi pment  must  be 
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r evi ewed,  appr oved,  and si gned by t he Cont r act or ' s  t est  di r ect or .   The 
manuf act ur er ' s f i el d t est  r epr esent at i ve must  r evi ew,  appr ove,  and si gn 
t he r epor t  of  t he manuf act ur er ' s r ecommended t est .   Si gnat ur es must  be 
accompani ed by t he per son' s name t yped.

f .   Def i c i ency r esol ut i on:   The t est  r equi r ement s accept abl y met ;  
def i c i enci es i dent i f i ed dur i ng t he t est s must  be cor r ect ed i n 
compl i ance wi t h t he manuf act ur er ' s r ecommendat i ons and cor r ect i ons 
r et est ed i n or der  t o ver i f y compl i ance.

g.   Tower s wi t h t her mal  per f or mance not  CTI  cer t i f i ed t o CTI  St d- 201 must  
have t hei r  t her mal  per f or mance ver i f i ed by f i el d t est i ng t hat  meet s t he 
r equi r ement s of  CTI  ATC- 105

        - -  End of  Sect i on - -
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