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SECTI ON 48 15 00

WI ND GENERATOR SYSTEM
05/17

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  wi nd gener at or  syst ems.

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

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

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

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

PART 1   GENERAL

1. 1   REFERENCES

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

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

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7 ( 2017)  Mi ni mum Desi gn Loads f or  Bui l di ngs 
and Ot her  St r uct ur es

ASCE/ AWEA RP2011 ( 2011)    Recommended Pr act i ce f or  
Compl i ance of  Lar ge Land- based Wi nd 
Tur bi ne Suppor t  St r uct ur es

AMERI CAN SOCI ETY OF SAFETY ENGI NEERS ( ASSE/ SAFE)

ASSE/ SAFE Z359 ( 2013)   Fal l  Pr ot ect i on Code

AMERI CAN WI ND ENERGY ASSOCI ATI ON ( AWEA)

AWEA O&M RP ( 2013)  AWEA Oper at i ons and Mai nt enance 
Recommended Pr act i ces

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

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

I EEE 1547 ( 2018)  I nt er connect i on and 
I nt er oper abi l i t y  of  Di st r i but ed Ener gy 
Resour ces wi t h Associ at ed El ect r i c  Power  
Syst ems I nt er f aces

I EEE 242 ( 2001;  Er r at a 2003)  Recommended Pr act i ce 
f or  Pr ot ect i on and Coor di nat i on of  
I ndust r i al  and Commer ci al  Power  Syst ems -  
Buf f  Book

I EEE 519 ( 2014)  Recommended Pr act i ces and 
Requi r ement s f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE 80 ( 2013)  Gui de f or  Saf et y i n AC Subst at i on 
Grounding

I EEE C2 ( 2017;  Er r at a 1- 2 2017;  I NT 1 2017)  
Nat i onal  El ect r i cal  Saf et y Code
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I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Circuits

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2018)  I nt er nat i onal  Bui l di ng Code

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 61400- SER ( 2014)  Wi nd Tur bi ne Gener at or  Syst ems -  
ALL PARTS

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

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

1. 2   DEFINITIONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE 100.

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  wi nd t ur bi ne t er ms used i n t hese 
speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n I EC 61400- SER.

1. 3   ADMI NI STRATI VE REQUI REMENTS

1. 3. 1   Pr e- I nst al l at i on Meet i ngs

Compl y wi t h Sect i on 01 30 00 ADMI NI STRATI VE REQUI REMENTS and hol d a 
pr e- i nst al l at i on meet i ng [ no ear l i er  t han] [ 1] [ 2] [ _____]  weeks pr i or  t o 
st ar t  of  i nst al l at i on wor k.

1. 3. 2   Scheduling

Pr ovi de a del i ver y and i nst al l at i on schedul e t o t he CO [ no l at er  t han]  
[ 30] [ 60] [ _____]  days pr i or  t o st ar t  of  i nst al l at i on wor k t o al l ow i nt er nal  
coordination.

1. 4   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  
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t he pr oj ect .

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

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

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ 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:

**************************************************************************
NOTE:   Per mi t s ar e assumed t o be obt ai ned by f i r m 
hol di ng desi gn r esponsi bi l i t y .   Ensur e t hi s i s  
c l ar i f i ed i n cont r act  bi d package.

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

SD- 01 Pr econst r uct i on Submi t t al s

Commi ssi oni ng Pl an;  G[ ,  [ _____] ]

Commi ssi oni ng Schedul e;  G[ ,  [ _____] ]

SD- 02 Shop Dr awi ngs

**************************************************************************
NOTE:  Submi t t al  i s  f or  di agr ams and i nst r uct i ons 
f r om a manuf act ur er  or  f abr i cat or  f or  use i n 
pr oduci ng t he pr oduct  and as ai ds t o t he Cont r act or  
f or  i nt egr at i ng t he pr oduct  or  syst em i nt o t he 
pr oj ect  and pr epar ed by or  f or  t he Cont r act or  t o 
show how mul t i pl e syst ems and i nt er di sci pl i nar y wor k 
wi l l  be coor di nat ed.
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**************************************************************************

Shop Dr awi ngs,  Dr awi ngs,  Schedul es;  G[ ,  [ _____] ]

**************************************************************************
NOTE:  Cont r ol  di agr am and sof t war e document at i on t o 
i ncl ude sof t war e/ Cont r act or ' s manual ,  pr ogr am 
l i s t i ng,  and appl i cabl e hi er ar chy di agr ams.  The 
sof t war e manual  must  descr i be t he f unct i ons f or  al l  
wi nd t ur bi ne syst em cont r ol  and moni t or i ng sof t war e 
and must  i ncl ude al l  i nst r uct i ons necessar y f or  
pr oper  l oadi ng,  t est i ng,  debuggi ng,  and oper at i ons.   
Sof t war e descr i pt i on must  i ncl ude t he f ol l owi ng as a 
mi ni mum:  gener al  syst em descr i pt i ons,  i ncl udi ng 
cont r ol  syst em oper at i ng phi l osophi es,  sequence of  
oper at i ons,  and i nt er f ace def i ni t i ons;  expl anat i on 
of  pr ogr am er r or  messages;  Dat a f or mat ,  ent r y 
r et r i eval ,  ar chi v i ng,  and t r endi ng capabi l i t i es.

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

Si t e Pl an Dr awi ngs;  G[ ,  [ _____] ]

Ri ser  Di agr am;  G[ ,  [ _____] ]

I nst al l at i on ands Assembl y Dr awi ngs and Det ai l s ;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Wi nd Tur bi ne Syst em;  G[ ,  [ _____] ]

Sampl e War r ant y Cer t i f i cat e;  G[ ,  [ _____] ]

Manuf act ur er  Dat a Sheet ;  G[ ,  [ _____] ]

Submi t  f or  al l  mat er i al s t o be pr ovi ded.   Submi t  dat a suf f i c i ent  
t o i ndi cat e conf or mance t o speci f i ed r equi r ement s.

SD- 05 Desi gn Dat a

Wi nd Tur bi ne Syst em;  G[ ,  [ _____] ]

Tower s/ Suppor t  St r uct ur es;  G[ ,  [ _____] ]

Foundat i ons;  G[ ,  [ _____] ]

Vi sual  I mpact  Anal ysi s & Mi t i gat i on;  G[ ,  [ _____] ]

St at i c Loadi ng and Dynami c Response Anal ysi s;  G[ ,  [ _____] ]

Noi se Anal ysi s & Mi t i gat i on;  G[ ,  [ _____] ]

Wi l dl i f e I mpact  Anal ysi s & Mi t i gat i on ;  G[ ,  [ _____] ]

Gr oundi ngs Syst em Anal ysi s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Wor k Pl an;  G[ ,  [ _____] ]
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Fact or y Test  Pl an;  G[ ,  [ _____] ]

Fact or y Test s Repor t ;  G[ ,  [ _____] ]

Funct i onal  Per f or mance Test i ng Resul t s;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Cer t i f i cat e of  Compl et i on;  G[ ,  [ _____] ]

Commi ssi oni ng Agent s Qual i f i cat i ons;  G[ ,  [ _____] ]

Sei smi c Cer t i f i cat i on;  G[ ,  [ _____] ]

Wi nd Cer t i f i cat i on;  G[ ,  [ _____] ]

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

Oper at i ons Manual s;  G[ ,  [ _____] ]

Syst em St ar t up,  Shut down,  and Emer gency Pr ocedur es;  G[ ,  [ _____] ]

Def i ni t i on and Use of  Al l  Syst em,  Command,  and Appl i cat i on Sof t war e;  
G[ ,  [ _____] ]

Al ar ms and Al ar m Pr esent at i on;  G[ ,  [ _____] ]

Recover y and Rest ar t  Pr ocedur es;  G[ ,  [ _____] ]

Cont r act or  Commands ( Cont r ol  Consol es,  I ndi cat i ng/ Cont r ol  Panel s,  
and Per i pher al  Devi ces) ;  G[ ,  [ _____] ]

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

Dat a Package 5

Cor r ect i ve Mai nt enance Manual s;  G[ ,  [ _____] ]

Pr event at i ve Mai nt enance Manual s;  G[ ,  [ _____] ]

Recommended Mul t i - Year  Oper at i ons and Mai nt enance ( O&M)  
Requi r ement s Schedul e;  G[ ,  [ _____] ]

Speci al  Tool s and Equi pment ;  G[ ,  [ _____] ]

 Speci al  t ool s i f  r equi r ed must  be i dent i f i ed by par t  number  and 
function/description.

SD- 11 Cl oseout  Submi t t al s

Tr ai ni ng Mat er i al s;  G[ ,  [ _____] ]

Tr ai ni ng Cour se;  G[ ,  [ _____] ]

Commi ssi oni ng Repor t ;  G[ ,  [ _____] ]

Decommi ssi oni ng Pl an;  G[ ,  [ _____] ]
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War r ant y;  G[ ,  [ _____] ]

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

1. 5   OPERATI ON AND MAI NTENANCE MANUALS

**************************************************************************
NOTE:   Revi ew AWEA websi t e f or  updat ed O&M 
r equi r ement s f or  wi nd t ur bi nes.

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

Submi t  Oper at i on and Mai nt enance ( O&M)  Dat a speci f i cal l y  appl i cabl e t o t hi s 
cont r act  and a compl et e and conci se depi ct i on of  t he pr ovi ded equi pment ,  
pr oduct ,  or  syst em,  st r essi ng and enhanci ng t he i mpor t ance of  syst em 
i nt er act i ons,  t r oubl eshoot i ng,  and l ong- t er m pr event at i ve mai nt enance and 
oper at i on i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA,  Dat a Package 5.  Compl y wi t h AWEA O&M RP.

I ncl ude manuf act ur er ' s st andar d wi nd t ur bi ne syst em oper at i ons manual s t hat  
i nt egr at e oper at i onal  i nst r uct i ons f or  t he i nst al l ed equi pment .   The wi nd 
t ur bi ne syst em manual  must  f ul l y  descr i be al l  wi nd t ur bi ne syst em 
oper at i onal  aspect s i ncl udi ng,  but  not  l i mi t ed t o:

a.   Cont r ol   and moni t or i ng conf i gur at i on and i nst r uct i on.

b.   Syst em per f or mance capabi l i t i es and equi pment  speci f i cat i ons.

c.   Syst em st ar t up,  shut down,  and emer gency pr ocedur es.

d.   Def i ni t i on and use of  al l  syst em,  command,  and appl i cabl e sof t war e.

e.   Al ar ms and al ar m pr esent at i on.

f .   Recover y and r est ar t  pr ocedur es.

g.   Cont r act or  commands.

h.   Det ai l ed st ep- by- st ep i nst r uct i ons must  be pr ovi ded f or  user  
i nt er f aces,  such as cont r ol  consol es,  i ndi cat i ng/ cont r ol  panel s,  and 
per i pher al  devi ces.

1. 5. 1   Pr event at i ve Mai nt enance Manual s

Pr event at i ve Mai nt enance Manual s must  i ncl ude as a mi ni mum,  t he appl i cabl e 
v i sual  exami nat i ons,  sof t war e and har dwar e t est s,  and di agnost i c r out i nes 
and r esul t ant  adj ust ment  pr ocedur es necessar y f or  per i odi c mai nt enance of  
cont r ol  equi pment .   I nst r uct i ons on how t o l oad and use t he t est  and 
di agnost i c pr ogr am and speci al  or  st andar d t est  equi pment  must  be an 
i nt egr al  par t  of  t he manual s.

1. 5. 1. 1   Cor r ect i ve Mai nt enance Manual s

Cor r ect i ve Mai nt enance Manual s must  i ncl ude as a mi ni mum,  det ai l ed l ogi c 
di agr ams and f l ow char t s must  al so be pr ovi ded,  as necessar y,  f or  
t r oubl e- shoot i ng anal ysi s and f i el d r epai r  act i ons.   For  mechani cal  i t ems 
r equi r ed f i el d r epai r s,  i nf or mat i on on t ol er ances,  c l ear ances,  and wear  
l i mi t s,  and maxi mum bol t  down t or ques must  be suppl i ed.   I nf or mat i on on t he 
l oadi ng and use of  speci al  of f - l i ne di agnost i c pr ogr am t ool s,  t est s 
equi pment ,  and any caut i ons or  war ni ngs t hat  must  be obser ved t o pr ot ect  
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per sonnel  and equi pment ,  must  al so be i ncl uded.

1. 5. 2   Spar e Par t s

Pr ovi de a spar e par t s l i s t  ( Dat a Package 5)  and Speci al  Tool s and Equi pment  
l i s t  r equi r ed f or  mai nt ai ni ng t ot al  syst em avai l abi l i t y  at  [ 95]  per cent .   
Par t s l i s t  must  i ncl ude,  as a mi ni mum,  par t  descr i pt i on,  r ecommended 
quant i t y,  shel f  l i f e,  st or age condi t i ons,  manuf act ur er ,  model  number ,  and 
est i mat ed del i ver y t i mes.   Par t s must  be i dent i f i ed on a l i s t  or  dr awi ng i n 
suf f i c i ent  det ai l  f or  pr ocur ement  of  any r epai r abl e or  r epl aceabl e par t .   
These par t s must  be i dent i f i ed by t hei r  i ndi v i dual  by t he i ndust r i al ,  
gener i c par t  number s,  and must  have second sour ce r ef er enci ng whenever  
possible.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 6. 2   Qualifications

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur e 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.   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 f or  2 year s pr i or  t o bi d 
openi ng.   The 2- year  use must  i nc l 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.   The pr oduct  
must  have been f or  sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2 year  per i od.

1. 6. 3   Drawings

Submi t  mi ni mum of  t hr ee har d copi es of  dr awi ngs f or  gover nment  appr oval  
pr i or  t o manuf act ur i ng and equi pment  const r uct i on or  i nt egr at i on.   Submi t  
Shop Dr awi ngs,  Dr awi ngs,  Schedul es at  a mi ni mum of  11 by 17 i nches i n s i ze 
usi ng a mi ni mum scal e of  1/ 4 i nch per  f oot ,  f or  t he except i on of  dr awi ngs 
not  r equi r i ng scal e.  Submi t  s i t e pl an dr awi ngs and Ri ser  Di agr am and 
gener al  desi gn not es at  a mi ni mum of  24 by 36 i nches.   Submi t  I nst al l at i on 
ands Assembl y Dr awi ngs and Det ai l s  at  a mi ni mum of  24 by 36 i nches.   Submi t  
i nst al l at i on det ai l s  at  mi ni mum scal e of  1/ 2 i nch per  f oot  f or  over vi ew and 
2 i nches per  f oot  f or  det ai l .

1. 6. 3. 1   Pr oduct  Dr awi ngs

Submi t  compl et e det ai l ed pr oduct  dr awi ngs f or  t he wi nd t ur bi ne syst em 
consi st i ng of   Shop Dr awi ngs,  Dr awi ngs,  Schedul esand Manuf act ur er  Dat a Sheet .  
I ncl ude i n t he shop dr awi ngs [ one] [ t hr ee] [ f our ]  wi r e di agr ams,  ut i l i t y  
i nt er connect i on di agr ams,  swi t chboar d and swi t chgear  dr awi ngs,  equi pment  
encl osur es,  condui t s,  moni t or s,  met er s,  and al l  ot her  accessor i es 
associ at ed wi t h t he i nst al l at i on of  t he PV syst em.  Pr ovi de equi pment  
di mensi ons,  wei ght s and st r uct ur al  mount i ng det ai l s .
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I ncl ude namepl at e dat a,  s i ze,  and capaci t y of  each wi nd t ur bi ne.   I ncl ude 
al l  assumpt i ons such as appl i cabl e wi nd speed,  snow and sei smi c l oads.   
I ncl ude appl i cabl e f eder al ,  mi l i t ar y,  i ndust r y,  and t echni cal  soci et y 
publ i cat i on r ef er ences.

1. 6. 3. 2   I nst al l at i on and Assembl y Dr awi ngs and Det ai l s

Submi t  s i t e pl an dr awi ngs,  Ri ser  Di agr am and gener al  not es and I nst al l at i on 
ands Assembl y Dr awi ngs and Det ai l s  pr i or  t o st ar t  of  const r uct i on.   I ncl ude 
suf f i c i ent  dr awi ng det ai l  f or  al l  par t s of  t he wor k t o enabl e t he 
Gover nment  t o check conf or mi t y wi t h t he r equi r ement s of  t he cont r act  
document s.   I ncl ude i n t he s i t e pl an dr awi ngs:  t opogr aphi c and ut i l i t y  
sur vey;  bor e l ogs;  soi l s  r epor t ;  s i t e pl an( s) ;  s i t e const r uct i on det ai l s ;  
st r uct ur al  dr awi ngs;  st r uct ur al  const r uct i on det ai l s ;  s i t e el ect r i cal  pl an;  
and si t e el ect r i cal  const r uct i on det ai l s .   I ncl ude i n t he i nst al l at i on and 
assembl y dr awi ngs and det ai l s :  par t s l i s t s;  assembl y dr awi ngs;  
i nt er connect i on wi r i ng di agr ams;  wi r e and cabl e schedul es;  wi r e and cabl e 
t er mi nat i on schedul es;  i nst r ument  pl an;  i nst r ument  and cont r ol  wi r e,  
condui t  and cabl e schedul es;  i nst r ument  wi r e and cabl e t er mi nat i on 
schedul e;  cont r ol  di agr ams;  cont r ol  sequence of  oper at i on;  sei smi c 
r est r ai nt  det ai l s ;  and wi nd r est r ai nt  det ai l s .

1. 6. 3. 3   " As- Bui l t "  and Recor d Dr awi ngs

Af t er  compl et i on of  const r uct i on,  submi t  " As- bui l t "  Dr awi ngs pr epar ed and 
cer t i f i ed by t he const r uct i on cont r act or ,  showi ng i n r ed i nk,  on- si t e 
changes t o t he or i gi nal  const r uct i on det ai l s  and al l  under gr ound ut i l i t i es 
measur ed f r om f i el d benchmar ks,  accur at e t o wi t hi n 1"  of  cent er l i ne of  t he 
ut i l i t y .   I mmedi at el y r ecor d f or  i ncl usi on i nt o t he as- bui l t  dr awi ngs al l  
modi f i cat i ons t o or i gi nal  dr awi ngs made dur i ng i nst al l at i on.   I ndi cat e 
adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  oper at i ng 
equi pment  devi ces.   Pr epar e " As- bui l t "  Dr awi ngs on a mi ni mum of  24 by 36 
i nches vel l um usi ng r ed i nk.

Af t er  submi t t al  and appr oval  of  " As- bui l t "  Dr awi ngs,  submi t  Recor d 
Dr awi ngs,  pr epar ed and by t he pr oj ect  engi neer ( s)  and ar chi t ect ( s) ,  of  t he 
or i gi nal  desi gn dr awi ngs r ef l ect i ng al l  desi gn changes and cont r act or  not ed 
changes i n t he " As- Bui l t "  dr awi ngs.

1. 6. 4   Fact or y Accept ance Test i ng

Pr epar e Wor k Pl an and Fact or y Test  Pl an.   Conduct  Fact or y Accept ance 
Test i ng dur i ng manuf act ur i ng of  t he wi nd gener at or s as f ol l ows:

a.   Tower :  mi l  cer t i f i cat e f or  st eel  pl at es,  di mensi onal  i nspect i on r epor t ,  
non- dest r uct i ve t est  r epor t ,  coat i ng i nspect i on r epor t ,  non- conf or mance 
r epor t s,  i nspect i on cer t i f i cat e f r om cer t i f y i ng agency;

b.   El ect r i cal  Par t s:  gener at or ,  wi nd t ur bi ne gener at or  t r ansf or mer ,  
conver t er  syst em,  and cont r ol l er ;

c.   Nacel l e:  gear  box,  l ubr i cat i on syst em,  mai n shaf t  i nst al l at i on,  yaw 
dr i ves and syst em;  bl ade pi t ch syst em,  cool i ng syst em;  and maj or  
castings.

Pr epar e Fact or y Test  Repor t s af t er  compl et i on of  t est i ng.
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1. 6. 4. 1   Wor k Pl an

Submi t  [ 6] [ _____]  copi es of  schedul es of  dat es f or  f act or y t est s,  
i nst al l at i on,  f i el d t est s,  and oper at or  t r ai ni ng f or  t he UPS syst em.   
Fur ni sh a l i s t  of  i nst r ument at i on equi pment  f or  f act or y and f i el d t est  
reports.

1. 6. 4. 2   Fact or y Test  Pl an

Submi t  [ 6] [ _____]  copi es of  f act or y t est  pl ans and pr ocedur es at  l east  
[ 21] [ _____]  cal endar  days pr i or  t o t he t est s bei ng conduct ed.   Pr ovi de 
det ai l ed descr i pt i on of  t est  pr ocedur es,  i ncl udi ng t est  equi pment  and 
set ups,  t o be used t o ensur e t he UPS meet s t he per f or mance speci f i cat i on 
and expl ai n t he t est  met hods t o be used.   As a mi ni mum,  t he t est  pr ocedur es 
t o i ncl ude t he t est  r equi r ed under  t he par agr aph ent i t l ed " Fact or y Test i ng. "

1. 6. 4. 3   Fact or y Test s Repor t

Submi t  [ 6] [ _____]  copi es of  f act or y t est  r epor t  wi t hi n [ 45] [ _____]  cal endar  
days af t er  compl et i on of  t est s.   Recei ve appr oval  of  t est  pr i or  t o shi ppi ng 
uni t .   Fact or y t est  r epor t s must  be s i gned by an of f i c i al  aut hor i zed t o 
cer t i f y  on behal f  of  t he UPS manuf act ur er  of  t hat  t he syst em meet s 
speci f i ed r equi r ement s i n accor dance wi t h t he r equi r ement s set  f or t h i n 
par agr aph ent i t l ed " Fact or y Test i ng" .   Pr ovi de t est  r epor t s i n bookl et  f or m 
t abul at i ng f act or y t est s and measur ement s per f or med,  upon compl et i on and 
t est i ng of  t he i nst al l ed syst em.   Repor t s t o  st at e t he Cont r act or ' s name 
and addr ess,  t he name of  t he pr oj ect  and l ocat i on,  and l i s t  t he speci f i c  
r equi r ement s whi ch ar e bei ng cer t i f i ed.

1. 7   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s  t o pr event  damage bef or e 
and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

1. 8   PROJECT/ SI TE CONDI TI ONS

1. 8. 1   Envi r onment al  Requi r ement s

**************************************************************************
NOTE:   An i ni t i al  v i sual ,  noi se,  and wi l dl i f e 
anal ysi s may occur  i n i ni t i al  pl anni ng st age f or  
s i t e down- sel ect ;  however ,  s i t e speci f i c  anal ysi s i s  
r equi r ed f or  t he f i nal  s i t e desi gn and sel ect ed 
turbines.

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

The wi nd t ur bi ne syst em must  conf or m t o appl i cabl e f eder al ,  st at e,  
r egi onal ,  and l ocal  r egul at i ons r egar di ng v i sual  i mpact ,  noi se pol l ut i on 
cont r ol ,  and wi l dl i f e i mpact .   Per f or m and submi t  Noi se Anal ysi s & 
Mi t i gat i on,  Vi sual  I mpact  Anal ysi s & Mi t i gat i on,  and Wi l dl i f e I mpact  
Anal ysi s & Mi t i gat i on  t o [ Cont r act i ng Of f i cer ] [ _____]  f or  r evi ew and 
appr oval  pr i or  t o mobi l i zat i on i n accor dance wi t h Sect i on 01 57 19 
TEMPORARY ENVI RONMENTAL CONTROLS.

1. 8. 2   Exi st i ng Condi t i ons

Locat i on            [ _____]
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El evat i on           [ _____]  met er s [ _____]  f eet  above sea l evel .

Sei smi c Zone        Si t e i s  i n I CC I BC

                    Sei smi c Use Gr oup [ _____]
                    I mpor t ance Fact or  [ _____]

Temper at ur e Range   [ _____]  t o [ _____]  degr ees C [ _____]  t o [ _____]  degr ees 
F

Aver age Humi di t y     [ _____]  per cent

Li ght ni ng           [ _____]  annual  aver age st r i kes

Rai nf al l             [ _____]  i n.  mean t ot al  annual  r ai nf al l

1. 8. 2. 1   Avai l abl e Ut i l i t i es

**************************************************************************
NOTE:   Ear l y ut i l i t y  i nt er connect  coor di nat i on i s 
cr i t i cal ,  as i s an appr oved power  agr eement .

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

Ut i l i t y  power  i s  pr esent l y suppl i ed by [ ut i l i t y ]  f r om a [ _____] kV l i ne 
t r ansf or med down t o [ _____] kV f or  l ocal  di st r i but i on.   Coor di nat e wi t h t he 
ut i l i t y  company f or  t he avai l abl e f aul t  cur r ent  val ue at  t he new wi nd f ar m 
t r ansf or mer  l ocat ed at  [ TBD] ,  and t o desi gn t he wi nd t ur bi ne syst em t o meet  
or  exceed t he avai l abl e f aul t  cur r ent  val ues at  t he i ndi v i dual  wi nd t ur bi ne 
poi nt s of  connect i on ( st ep- up t r ansf or mer  at  t he base of  each t ur bi ne) .  

1. 8. 2. 2   Wi nd Resour ce Dat a

The pr evai l i ng wi nd i s f r om t he [ compass di r ect i on]  wi t h aver age annual  
wi nd speeds est i mat ed t o be [ _____]  m/ s [ _____]  mph at  [ 60] [ _____]  met er s 
[ 197] [ _____]  f t  above gr ound l evel  at  t he pr ef er r ed l ocat i ons f or  t hese new 
wi nd t ur bi nes.   Peak 15 mi nut e aver age wi nd has been r ecor ded f r om t he 
[ compass di r ect i on] at  [ 25] [ _____]  m/ s [ 56] [ _____]  mph.   Summar y aver age 
annual  wi nd dat a r esul t s f r om past  wi nd r esour ce assessment s ar e i ncl uded 
i n At t achment  1 of  t hi s speci f i cat i on.   Val i dat e t he s i t e( s)  wi nd r esour ce 
char act er i st i cs and desi gn wi nd t ur bi ne syst em speci f i cal l y  f or  s i t e 
conditions.

Val i dat e t he Wi nd Far m syst em' s component s and desi gn par amet er s wi t h 
r espect  t o wi nd l oadi ng and sur vi val  wi nd speed.  [ Addi t i onal  wi nd r esour ce 
assessment  dat a i s avai l abl e upon r equest . ]   The wi nd t ur bi ne syst em wi l l  
be desi gned t o mai nt ai n st r uct ur al  i nt egr i t y and saf e oper at i on under  
speci f i ed envi r onment al  condi t i ons,  wi t hout  damage t o l i f e or  pr oper t y f or  
t he [ 20] [ _____]  year  l i f e of  t he wi nd t ur bi ne syst em.

1. 8. 2. 3   Si t e Equi pment  Li mi t at i ons

**************************************************************************
NOTE:   Ref er ence any known si t e l i mi t at i ons,  such as 
br i dge wei ght  l i mi t at i ons,  hei ght  r est r i c t i ons,  et c.

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

I dent i f y and pr ovi de any speci al  cr ane r equi r ement s f or  shi ppi ng,  
of f - l oadi ng and er ect i on of  t he wi nd t ur bi ne and i t s component s.

SECTI ON 48 15 00  Page 14



1. 9   WARRANTY

Wi nd t ur bi ne syst em must  pr ovi de r el i abl e oper at i on,  f r ee f r om 
br eakdowns( not  excl udi ng nor mal  mai nt enance) ,  f or  t he desi gn l i f e of  t he 
wi nd t ur bi ne syst em[  [ 20] [ _____]  year s] .

1. 10   CERTIFICATIONS

Pr ovi de Sei smi c Cer t i f i cat i on and Wi nd Cer t i f i cat i on,  pr epar ed by a 
l i censed pr of essi onal  engi neer  or  Nat i onal  Recogni zed Test i ng Labor at or y,  
( NRTL)  f or  al l  component s and assembl ed syst ems i n accor dance wi t h I CC I BC,  
ASCE 7 st at e and l ocal  bui l di ng codes.   Sei smi c and wi nd cer t i f i cat i ons 
shal l  demonst r at e syst em shal l  wi t hst and wi nd and sei smi c r equi r ement s as 
i nst al l ed and r emai n r emai n onl i ne and f unct i onal  af t er  a sei smi c or  wi nd 
event.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

The wi nd t ur bi ne syst em must  be f ur ni shed as t ot al l y  coor di nat ed assembl i es 
whi ch,  af t er  s i t e i nst al l at i on and t est i ng,  shal l  compl y wi t h t he desi gn 
and per f or mance r equi r ement s of  t hi s speci f i cat i on.

2. 2   DESI GN REQUI REMENTS

Al l  mat er i al s used i n const r uct i on must  be noncombust i bl e wher ever  
pr act i cal ,  and must  be new mat er i al s.

Anal ysi s of  al l  r equi r ed er ect i on equi pment  l oadi ngs ( i . e. ,  on gi n pol es,  
wi nches,  cr anes,  cabl es,  ear t h anchor s)  must  be per f or med as r equi r ed f or  
er ect i on and/ or  mai nt enance pur poses.   Ref er ence I EC 61400- SER and wi nd 
t ur bi ne manuf act ur er ' s st andar ds.   Pr ovi de UV r esi st ant  exposed cabl es and 
st ai nl ess st eel  cabl e t i es.

2. 2. 1   Gener al  Requi r ement s

Gener al  r equi r ement s f or  t he wi nd t ur bi ne syst em i ncl udes:

a.   The wi nd t ur bi ne syst em shoul d consi st  of  a [ hor i zont al ]  [ ver t i cal ] .  
axi s,  upwi nd act i ve yaw cont r ol  conf i gur at i ons,  wi t h a mi ni mum of  t hr ee 
r ot or  bl ades.

b.   Rot or  cont r ol s must  be suppl i ed t o pr ovi de an act i ve var i abl e pi t ch 
( power / t or que)  ai r - f oi l  desi gn.

c.   Oper at i onal  RPM' s must  be var i abl e,  no l ess t han [ mi nus 10] [ _____]  
per cent  t o [ pl us 5] [ _____]  per cent  of  synchr onous RPM' s.

**************************************************************************
NOTE:   80 met er  hub hei ght  has been t he st andar d.   
Newer  t echnol ogy i s al l owi ng hi gher  hub hei ght s.  
Ensur e cor r ect  hub hei ght  i s  used f or  speci f i cat i on 
and per mi t t i ng.

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

d.   Wi nd t ur bi ne hub hei ght  of  [ 80] [ _____]  met er s [ 263] [ _____]  f eet  
maxi mum,  due t o FAA hei ght  and ot her  desi gn i ssues,  and ener gy 
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pr oduct i on r equi r ement s.

e.   Rot or  di amet er  of  [ _____]  met er s [ _____]  f eet  mi ni mum t o [ _____]  met er s 
[ _____]  f eet  maxi mum.

f .   Low- vol t age r i de- t hr ough capabi l i t y  ( see I EEE dr af t  st andar d and/ or  
Eur opean REE and EON gr i d code r equi r ement s. )

g.   React i ve power  suppor t  capabi l i t y  of  [ 0. 96] [ _____]  i nduct i ve t o 
[ 0. 98] [ _____]  capaci t i ve power  f act or  r ange,  or  appr oved equal .

2. 2. 2   Controls

The wi nd t ur bi ne cont r ol s wi l l  ut i l i ze st andar d " sof t  st ar t "  t echnol ogi es 
t o mi ni mi ze t he i mpact  t o el ect r i cal  power  syst ems.   The desi gn must  
i ncl ude act i ve power  f act or  and l oad l evel i ng cont r ol s t o hel p r educe t he 
need f or  suppl ement al  act i ve VAR cont r ol  and t o st abi l i ze and/ or  mi ni mi ze 
t he syst em f r equency/ power  changes due t o wi nd var i abi l i t y  r espect i vel y.   
The desi gn r equi r ement s f or  t he wi nd t ur bi ne subsyst em component s must  be 
as descr i bed bel ow.

2. 2. 3   Enclosures

Al l  wi nd t ur bi ne equi pment ,  cont r ol s,  t er mi nat i ons,  et c. ,  suppl i ed wi t h t he 
wi nd t ur bi ne syst em,  whi ch ar e i nt ended t o be l ocat ed out s i de t he nacel l e,  
must  be l ocat ed i n NEMA 12 ( or  equal )  gasket ed mi ni mum r at ed encl osur es f or  
i mpr oved cor r osi on and envi r onment al  pr ot ect i on.   I f  t emper at ur e cont r ol  i s  
r equi r ed wi t hi n t he wi nd t ur bi ne cont r ol  encl osur es,  pr ovi de al l  equi pment ,  
devi ces,  and cont r ol s necessar y t o mai nt ai n t he r equi r ed t emper at ur e.

2. 2. 4   Rotors

Wi nd t ur bi ne r ot or s must  consi st  of  nonmet al l i c  composi t e ai r f oi l s  of  a 
desi gn r esi st ant  t o abr asi on r el at ed ef f i c i ency l osses and must  be non- EMI  
conduct i ve/ r ef l ect i ve.   The r ot or  desi gn must  be opt i mi zed t o pr ovi de 
maxi mum wi nd t ur bi ne out put  per f or mance based on t he speci f i c  wi nd r egi me 
char act er i st i cs[  gi ven i n t he suppl i ed wi nd dat a] .   Fur t her ,  t he r ot or  
cont r ol s must  be desi gned t o pr ovi de a mi ni mum of  one l evel  of  saf et y 
beyond t he pr i mar y syst ems.

2. 2. 5   Reduct i on Gear  Assembl i es

Hi gh- ef f i c i ency,  r educt i on gear  assembl i es ( i f  r equi r ed)  must  be suppl i ed 
t hat  ar e desi gned f or  l ow t emper at ur e r i se,  l ow l evel s of  v i br at i on,  l ong 
l i f e,  and l ow noi se emi ssi ons.   Fur t her ,  t he gear  assembl y desi gns must  
pr ovi de r el i abl e oper at i on,  f r ee f r om br eakdowns ( not  excl udi ng nor mal  
mai nt enance) ,  f or  t he desi gn l i f e of  t he wi nd t ur bi ne syst em[  ( [ 20] [ _____]  
years)].

2. 2. 6   Bear i ngs and Seal s

The dr i ve t r ai n must  ut i l i ze t aper ed r ol l er  bear i ng t echnol ogy,  wher ever  
possi bl e,  t o mai nt ai n par al l el i sm and axi al  t ol er ance of  t he dr i ve t r ai n 
dur i ng al l  oper at i ng condi t i ons.

Mai nt enance- f r ee seal i ng must  be i nst al l ed on al l  shaf t s t o pr event  l eaki ng 
of  gear  l ubr i cat i on and i nt r usi on of  di r t  and dust .
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2. 2. 7   Foundations

Det er mi ne soi l  and f oundat i on l oad r equi r ement s and compl y wi t h appl i cabl e 
r equi r ement s of  ASCE/ AWEA RP2011.

2. 2. 8   Tower s/ Suppor t  St r uct ur es

The t ower  must  be a f r ee- st andi ng const r uct i on consi st i ng of  t ubul ar  st eel  
( or  appr oved equal ) ,  wi t h pr ovi s i ons f or  saf el y c l i mbi ng and ser vi c i ng t he 
t ur bi ne.   The t ower  must  be pr ovi ded wi t h a cat wal k or  mai nt enance pl at f or m 
j ust  bel ow or  wi t hi n t he t ur bi ne t o pr ovi de f or  t ur bi ne ser vi c i ng as per  
manuf act ur er ' s st andar d desi gn.   Det er mi ne pr oper  hei ght  of  t ower  assembl y 
f or  opt i mum oper at i on of  t he wi nd t ur bi nes.   Tower  const r uct i on usi ng sel f  
er ect i ng cr ane syst ems ar e encour aged,  and shoul d be consi der ed i n cases 
wher e t he hei ght  l i mi t at i ons of  t he i nst al l at i on may sever el y l i mi t  t he 
per f or mance of  t he of f er ed syst em.   Est abl i sh and mai nt ai n al l  pr ecaut i ons 
wi t h r egar ds t o wi nd t ur bi ne i nst al l at i on and saf eguar di ng t he cr anes f or  
al l  possi bl e wi nd condi t i ons.   Compl y wi t h I EC 61400- SER, ASCE/ AWEA RP2011,   
and wi nd t ur bi ne manuf act ur er ' s st andar ds.

Al l  t ower  component s i ncl udi ng,  but  not  l i mi t ed t o,  or  t ube el ement s,  
anchor s,  suppor t s,  r ai l s ,  l adder s,  et c. ,  wi l l  be of  a cor r osi on r esi st ant  
st eel  const r uct i on,  or  coat ed wi t h cer t i f i ed [ 10] - year  sur f ace coat i ngs as 
per  Sect i on 09 90 00 PAI NTS AND COATI NGS.

2. 2. 8. 1   Wi nd Rat i ngs

The wi nd t ur bi ne syst em must  be capabl e t o wi t hst and wi nds of  Cat egor y 
[ 1] [ 2] [ 3] [ 4]  or  [ 5]  as def i ned by t he Saf f i r - Si mpson Hur r i cane Wi nd Scal e.  
Pr ovi de wi nd cer t i f i cat i ons f or  al l  component s and assembl i es.

The t ower  assembl y ( and al l  associ at ed component s subj ect  t o 
f l uct uat i ng/ cycl i c  l oadi ng)  must  be desi gned t o wi t hst and al l  oper at i ng 
condi t i ons f or  t he speci f i c  wi nd r egi on char act er i st i cs based on,  but  not  
l i mi t ed t o,  t he suppl i ed wi nd dat a.   St at i c l oadi ng and dynami c r esponse 
anal ysi s must  be submi t t ed f or  r evi ew,  f or  al l  l oads i mposed on t he wi nd 
t ur bi ne syst em.   The anal ysi s must  al so i ncl ude al l  r equi r ed er ect i on 
equi pment  l oadi ngs ( i . e. ,  on gi n pol es,  wi nches,  cr anes,  cabl es,  ear t h 
anchor s) ,  as r equi r ed f or  er ect i on and/ or  mai nt enance pur poses.

2. 2. 8. 2   Sei smi c Rat i ngs

Al l  st r uct ur es and st r uct ur al  el ement s must  be sui t abl e f or  Sei smi c Desi gn 
Cat egor y [ _____]  i n accor dance wi t h I CC I BC, ASCE 7,  and al l  ot her  
appl i cabl e bui l di ng codes and st andar ds per t ai ni ng t o t he er ect i on of  such 
structures.

Al l  bol t ed connect i ons must  meet  AI SC 325 st andar ds f or  l oadi ng and t or que 
specifications.

2. 2. 9   Brakes

A br ake syst em,  act i ve yaw cont r ol ,  and/ or  ai r f oi l  syst em,  i n combi nat i on 
wi t h br akes,  must  be suppl i ed as r equi r ed t o suppor t :

a.   Manual  shut down dur i ng desi gn wi nd condi t i ons;

b.   Over - speed shut down;
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c.   Par ki ng f or  mai nt enance;  and

d.   Loss of  el ect r i cal  gr i d power  dur i ng r at ed wi nd oper at i ons.

Mai n shaf t  t ype br aki ng i s t he pr ef er r ed t echnol ogy,  al t hough ot her  t ypes 
of  t echnol ogi es ar e not  excl uded pr ovi ded t hey can be shown t o meet  t he 
f unct i onal  and per f or mance r equi r ement s def i ned her ei n.   The br aki ng syst em 
must  pr ovi de mai nt enance- f r ee br aki ng oper at i ons f or  a mi ni mum of  f i ve 
year s ( i . e. ,  no new br ake pads) ,  wi t h s i gni f i cant  use of  pi t ch and yaw 
cont r ol s t o mi ni mi ze br aki ng r equi r ement s.   The br aki ng syst em must  be 
conf i gur ed t o pr event  any t ype of  r unaway condi t i ons t hat  coul d exi st  
whet her  gr i d power  i s avai l abl e or  not .   The br aki ng syst em must  be capabl e 
of  pr ovi di ng suf f i c i ent  br aki ng f or ce f or  par ki ng,  nor mal  st oppi ng,  and 
emer gency st oppi ng of  t he wi nd t ur bi ne syst em,  as descr i bed bel ow.   A 
br aki ng syst em ot her  t han t hose descr i bed bel ow may be submi t t ed f or  " or  
equal "  subst i t ut e based upon per f or mance.

2. 2. 9. 1   Par ki ng Br akes

A par ki ng br ake must  be suppl i ed capabl e of  pr event i ng r ot or  r ot at i on at  
wi nd speeds up t o t he sur vi val  wi nd speed and/ or  as r equi r ed f or  
mai nt enance suppor t ,  and capabl e of  bei ng used when t her e i s no power .

2. 2. 9. 2   Nor mal  St oppi ng Br ake Syst em

A nor mal  st oppi ng br ake syst em ( or  equal )  must  be suppl i ed t o di ssi pat e t he 
k i net i c ener gy of  t he r ot at i ng machi ner y at  t he desi gn over  speed 
condi t i on,  whi l e suf f er i ng no i r r epar abl e damage.   The br aki ng syst em must  
i ncl ude f ai l - saf e aut omat i c oper at i onal  mode i n t he event  of  a power  out  
condi t i on ( i . e. ,  l oss of  ut i l i t y  power  whi l e oper at i ng at  r at ed wi nd speed) .

2. 2. 9. 3   Emer gency Br ake

An emer gency br ake must  be suppl i ed t hat  i s  desi gnat ed t o meet  t he same 
r equi r ement s of  t he nor mal  st oppi ng br ake above.   I n addi t i on,  upon 
act i vat i on,  t he emer gency br ake must  al ar m and r equi r e manual  r eset t i ng 
pr i or  t o r esumi ng aut omat i c oper at i on of  t he wi nd t ur bi ne.

2. 2. 10   El ect r i cal  Syst ems

Per f or m an i ndependent  st abi l i t y  and r el i abi l i t y  s t udy wi t h a f ocus on 
det er mi ni ng t he i mpact s t o t he i nst al l at i on' s s i t e f aci l i t i es.   Oper at e t he 
wi nd- f ar m i n st r i c t  adher ence t o I EEE 519 gui del i nes f or  cont r ol l i ng 
vol t age,  cur r ent ,  and har moni c di st or t i ons.   Oper at e t he wi nd- f ar m wi t h al l  
t he power  condi t i oni ng equi pment  necessar y t o mai nt ai n a st abl e power  
f act or .   Oper at e t he wi nd- f ar m i n a manner  t hat  does not  di mi ni sh t he 
capaci t y of  exi st i ng i nst al l at i on f aci l i t i es.   Oper at e t he wi nd- f ar m wi t h 
appr opr i at e cont r ol s and equi pment  t hat  wi l l  aut omat i cal l y  separ at e t he 
wi nd- f ar m f r om t he i nst al l at i on,  or  t he i nst al l at i on and t he Ut i l i t y  so 
t hat  i nst al l at i on' s s i t e oper at i ons ar e not  compr omi sed i n t he event  of  
equi pment ,  and/ or  syst em f ai l ur es.   Oper at e t he wi nd- f ar m wi t h st andi ng 
agr eement s cooper at i ng j oi nt l y  i n mai nt enance pr ocesses and pr ocedur es.

2. 2. 10. 1   Equipment

Al l  gener at or s,  mot or s,  and r el at ed el ect r i cal  syst ems must  meet  t he 
r equi r ement s of  NFPA 70, I EEE C2,  and/ or  I EC r equi r ement s f or  al l  
const r uct i on.   Wi nd t ur bi ne gener at or s must  be hi gh- ef f i c i ency,  cont i nuous 
r at ed machi nes,  wi t h a mi ni mum of  Cl ass F i nsul at i on and t emper at ur e r i se.   
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The gener at or  ef f i c i ency wi l l  be a mi ni mum of  90 per cent  f or  al l  l oads 
gr eat er  t han 10 per cent  of  r at ed l oad.   The gener at or  must  i ncl ude embedded 
t emper at ur e pr ot ect i on wi t h sol i d st at e sensor s.

2. 2. 10. 2   Power  Di st r i but i on

I sol at i on br eaker s must  be pr ovi ded f or  key syst em assembl i es t o f aci l i t at e 
mai nt enance wi t hout  i nt er r upt i on oper at i on of  ot her  wi nd t ur bi ne syst ems.   
Al l  f uses,  c i r cui t  br eaker s,  power  suppl i es/ r egul at or s,  and l i ne 
condi t i oner s necessar y f or  wi nd t ur bi ne oper at i ons wi t hi n t he speci f i ed 
ser vi ce condi t i ons must  be pr ovi ded f or  al l  wi nd t ur bi ne equi pment  and 
assembl i es.   Power  t o t he wi nd t ur bi ne cont r ol  and moni t or i ng subsyst ems 
must  be di st r i but ed f r om a cent r al  poi nt  wi t hi n one of  t he wi nd t ur bi ne 
syst em cabi net s l ocat ed wi t hi n each nacel l e.   Vol t age and cur r ent  
r equi r ement s must  be i dent i f i ed and document ed i n t he submi t t al s t o 
f aci l i t at e t he desi gn and t r ansf or mer  s i z i ng.

2. 2. 10. 3   Over cur r ent  Pr ot ect i on and Di sconnect

A [ c i r cui t  br eaker ] [ swi t ch]  must  be i nst al l ed as t he pr i mar y means 
di sconnect i ng t he wi nd t ur bi ne i ncomi ng power  cabl es/ l i nes f r om t he wi nd 
t ur bi ne syst em.   The [ c i r cui t  br eaker ] [ swi t ch]  must  be capabl e of  bei ng 
l ocked i n t he open posi t i on and l ocat ed conveni ent l y f or  mai nt enance and 
oper at i ng per sonnel .   The r at i ng of  t he [ c i r cui t  br eaker ] [ swi t ch]  must  be 
s i zed per  NFPA 70 f or  t he maxi mum r at ed l oad cur r ent  expect ed at  t he wi nd 
t ur bi ne.   Al l  el ect r i cal  equi pment  suppl i ed must  be r at ed or  pr ot ect ed t o 
wi t hst and and/ or  i nt er r upt  ( wi t hout  damage)  t he maxi mum avai l abl e f aul t  
cur r ent  expect ed at  t he poi nt  of  connect i on t o t he wi nd t ur bi ne syst em.   
The f aul t  cur r ent  avai l abl e at  t he wi nd f ar m si t e i s  i ni t i al l y  est i mat ed at  
appr oxi mat el y [ _____]  kAI C symmet r i cal  at  [ _____]  kVAC at  each t ower  base,  
t o be mor e c l osel y det er mi ned dur i ng wi nd f ar m el ect r i cal  model i ng and 
design.

2. 2. 10. 4   St ep- up Tr ansf or mer

A st ep- up t r ansf or mer  may be r equi r ed and must  be pr ovi ded by ot her s i f  t he 
wi nd t ur bi ne out put  does not  mat ch t he pl anned col l ect or / di st r i but i on 
syst em vol t age of  [ 34. 5] [ _____]  kV ( wher e t he t ur bi ne i s t o be 
i nt er connect ed) ,  or  i f  t he pl anned syst em i s not  sui t abl e f or  t he wi nd 
t ur bi ne st andar d desi gn r equi r ement s.   Modi f y as appr opr i at e f or  st ep- up 
t r ansf or mer  r equi r ement s i n accor dance wi t h Sect i on 33 73 00. 00 40 UTI LI TY 
TRANSFORMERS.

2. 2. 10. 5   Sur ge Suppr essi on

Ext er nal  power  i nput  connect i ons must  be sur ge pr ot ect ed agai nst  I EEE C62. 41
Cat egor y B t r ansi ent s.

2. 2. 10. 6   Harmonics

The wi nd t ur bi ne gener at ed har moni cs measur ed at  t he wi nd gener at or  syst em 
ac out put  must  not  exceed t he l evel s r equi r ed t o conf or m wi t h I EEE 519.

2. 2. 10. 7   Grounding

**************************************************************************
NOTE:   The possi bl e exposur e t o a cor r osi ve 
envi r onment  shoul d be car ef ul l y  exami ned.  Even when 
t he cor r ect  conduct or  s i ze and t he sel ect ed j oi ni ng 
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( connect i ng)  met hod have sat i sf i ed al l  t he I EEE 837 
t est  r equi r ement s,  i t  may be pr udent  t o choose a 
l ar ger  conduct or  s i ze t o compensat e f or  some gr adual  
r educt i on i n t he conduct or  cr oss sect i on dur i ng t he 
desi gn l i f e of  t he i nst al l at i on wher e t he soi l  
envi r onment  t ends t o pr omot e cor r osi on.  Coor di nat e 
soi l  envi r onment  wi t h Geot echni cal  Engi neer .

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

Gr oundi ng must  conf or m t o NFPA 70, I EEE 80, I EEE 142, I EEE 242 and I EEE C2, 
except  t hat  gr ounds and gr oundi ng syst ems shal l  have a r esi st ance t o sol i d 
ear t h gr ound not  exceedi ng 5 ohms.   Pr ovi de gr ound gr i d f or  maxi mum 
per mi ssi bl e t ouch and st ep vol t ages as per  I EEE 80.

Pr ovi de i nner  r i ng el ect r ode ar ound t he f oundat i on and bond i t  t hr ough t he 
f oundat i on t o t he t ur bi ne t ower .   Pr ovi de addi t i onal  r i ng el ect r odes of  
gr adual l y i ncr easi ng dept h and di amet er  i n or der  t o r educe t ouch and st ep 
vol t ages at  t he edges of  t he syst em.  Pr ovi de a Gr oundi ngs Syst em Anal ysi s.

**************************************************************************
NOTE:   The possi bl e exposur e t o a cor r osi ve 
envi r onment  shoul d be car ef ul l y  exami ned.  Even when 
t he cor r ect  conduct or  s i ze and t he sel ect ed j oi ni ng 
( connect i ng)  met hod have sat i sf i ed al l  t he I EEE 837 
t est  r equi r ement s,  i t  may be pr udent  t o choose a 
l ar ger  conduct or  s i ze t o compensat e f or  some gr adual  
r educt i on i n t he conduct or  cr oss sect i on dur i ng t he 
desi gn l i f e of  t he i nst al l at i on wher e t he soi l  
envi r onment  t ends t o pr omot e cor r osi on.  Coor di nat e 
soi l  envi r onment  wi t h Geot echni cal  Engi neer .

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

2. 2. 10. 8   Equi pment  Label i ng

I nst al l  per manent  l abel s on al l  maj or  swi t ches,  cont r ol s,  el ect r i cal  
panel s,  cabi net s,  di sconnect s,  mot or  st ar t er s,  maj or  equi pment ,  or  
component s.   Weat her pr oof  l abel s must  be ei t her  l ami nat ed bl ack phenol i c 
pl ast i c wi t h whi t e engr aved l et t er s,  or  engr aved ( or  embossed)  st ai nl ess 
st eel  namepl at es.   Let t er i ng f or  panel s and equi pment  must  be mi ni mum 
[ 12] [ _____]  mm [ 1/ 2] [ _____]  i nch hi gh.   Label s must  be per manent l y 
i nst al l ed by gl ui ng or  scr ewi ng t o equi pment  cover s.   Label s must  show 
panel  or  l oad name and ci r cui t  f ed f r om.

2. 2. 10. 9   Power  Fact or  ( PF)  Cor r ect i on

Act i ve pf  cont r ol  must  be i nst al l ed as a i nt egr al  por t i on of  each wi nd 
t ur bi ne el ect r i cal  syst em,  and must  i ncl ude cont r ol  pr ovi s i ons t o mai nt ai n 
a mi ni mum power  f act or  of  [ 0. 95] [ _____]  at  r at ed l oad ( adj ust abl e r ange of  
0. 9 t o 1. 0) .   Addi t i onal  ( suppl ement al )  pf  cor r ect i on equi pment  ut i l i z i ng 
capaci t or  t echnol ogi es i s not  excl uded ( i . e.  must  be i nt egr at ed and cannot  
be i ncl uded i n l i eu of  act i ve pf  cont r ol ) ;  however ,  t he capaci t or s must  
i ncor por at e pr ovi s i ons f or  di sconnect i on and saf e cont r ol l ed bl eed of f  of  
el ect r i cal  ener gy t o suppor t  saf e mai nt enance,  as r equi r ed.

2. 2. 11   Cont r ol  and Moni t or i ng Syst ems

Wi nd t ur bi ne cont r ol  and moni t or i ng syst em el ect r oni cs ( bot h l ocal  and 
r emot e)  must  be mi cr opr ocessor - based,  pr ovi de cont r ol  of  al l  cr i t i cal  
f unct i ons,  and i ncl ude ( but  not  be l i mi t ed t o)  f ai l - saf e aut omat i c shut down 
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i n t he event  of  any component  mal f unct i on,  r ot or  over  speed condi t i on,  or  
excess v i br at i ons.   The syst em must  be desi gned wi t h on- l i ne di agnost i c 
capabi l i t i es t o al l ow t echni c i ans t o t r oubl e- shoot  subsyst em pr obl ems down 
t o t he modul e or  boar d l evel .   Pr ovi de cont r ol s f or  manual  and aut omat i c 
i ndi cat ed wi nd t ur bi ne st ar t s.   Cont r act or  cont r ol  panel s wi l l  be suppl i ed 
bot h at  gr ound l evel  and wi t hi n t he nacel l e cont r ol  compar t ment ;  and each 
wi l l  be equi pped wi t h al l  t he vendor  st andar d cont r ol  swi t ches,  i ndi cat or s,  
and met er i ng necessar y t o suppor t  nor mal  wi nd t ur bi ne oper at i ons.   I n 
addi t i on,  t he Cont r act or  panel ( s)  wi l l  i nc l ude a ser i al  communi cat i ons 
i nt er f ace or  Et her net  por t  t o communi cat e di r ect l y  t o t he wi nd t ur bi ne 
mi cr opr ocessor  cont r ol  syst em vi a[  I BM] [ _____]  compat i bl e,  por t abl e l apt op 
computer.

The wi nd t ur bi ne cont r ol  syst em must  pr ovi de nor mal  oper at i ons moni t or i ng 
t o st ar t  and st op t he wi nd t ur bi ne based on avai l abl e wi nd,  and t o suppor t  
aut omat i c shut down i n t he event  an abnor mal  oper at i ng condi t i on occur s.   
Aut omat i c shut down must  be pr ovi ded f or  t he syst em f ai l ur es i dent i f i ed 
above as a mi ni mum.

2. 2. 11. 1   Cont r ol  Syst em Modul ar i t y

Al l  syst em cont r ol s and i ndi cat or s must  be sol i d st at e,  modul ar ,  pl ug- i n 
const r uct i on,  so t hat  any modul e may easi l y be r emoved f r om t he syst em and 
r epl aced wi t hout  br eaki ng or  maki ng sol der  t ype connect i ons.   Subassembl i es 
and modul es per f or mi ng i dent i cal  f unct i ons must  be i nt er changeabl e wi t hout  
maki ng wi r i ng changes.   The number  of  t ypes and si zes of  modul es must  be 
kept  t o a mi ni mum,  i n or der  t o r educe t he ext ent  and cost  of  r equi r ed spar e 
parts.

2. 2. 11. 2   Var i abl e Speed/ Load Level i ng

To maxi mi ze r el i abi l i t y ,  i mpact  on ener gy secur i t y ,  and r educe l i f e cycl e 
cost s,  t he wi nd t ur bi ne gener at or  cont r ol  syst ems ar e pr ef er r ed t hat  
i ncl ude act i ve var i abl e speed t echnol ogi es ( var i abl e r ot or ,  pi t ch,  and/ or  
r ot or - gener at or  speeds)  and act i ve machi ne dampi ng t o r educe/ l i mi t  peak 
t or que ef f ect s due t o wi nd gust s and/ or  gr i d suppl y f l uct uat i ons.

2. 2. 11. 3   Assembl y Wi r i ng

I nt er nal  assembl y wi r i ng,  i ncl udi ng j umper s,  must  be col or  coded or  
per manent l y l abel ed usi ng heat  shr i nkabl e,  s l eeve t ype mar ker s[  [ Br ady 
B321] [ _____]  or  appr oved equal , ]  as i ndi cat ed on syst em schemat i cs.   Label  
i dent i f i cat i ons must  be t yped or  pr i nt ed.   Wi r i ng t er mi nal  st r i ps must  be 
pr ovi ded and cl ear l y i dent i f i ed f or  al l  equi pment .   Power  and si gnal  
t er mi nal  st r i ps must  be separ at ed.   Pr ovi de [ 20] [ _____]  per cent  spar e 
t er mi nal s f or  al l  el ect r i cal  connect i ons wher e possi bl e.

Label  al l  f ur ni shed cabl es,  cabl e t er mi nat i ons and connect i ons.   Cabl es and 
connect i ons must  be l ocat ed i n easi l y accessi bl e ar eas.   Si gnal  and power  
wi r i ng must  be r out ed i n separ at e bundl es and kept  separ at e by pr ovi di ng 
separ at e t er mi nal  bl ocks and connect or s.   Wi r es must  be t er mi nat ed usi ng 
cal i br at ed cr i mp r i ng l ugs.   I nt er nal  wi r i ng and cabl i ng must  conf or m t o 
NFPA 70 and I EC 61400- SER.

2. 2. 11. 4   Gr ound Level  Cont r ol s

Pr ovi de a st andar d gr ound l evel  cont r ol  panel ( s)  wi t h t he f ol l owi ng 
f unct i onal  char act er i st i cs as a mi ni mum:

SECTI ON 48 15 00  Page 21



a.   Al l ow l ocal  manual  i sol at i on of ,  or  set  i t  i n a saf e mai nt enance mode 
f or ,  t he wi nd t ur bi ne uni t  bot h f r om t he nor mal  power  suppl y and f r om 
r emot e Cont r act or  i ni t i at ed cont r ol s t o suppor t  saf e mai nt enance 
activities.

b.   Al l ow l ocal  gr ound l evel  manual  cont r ol s t o i ni t i at e shut down of  t he 
wi nd t ur bi ne syst em.

c.   Suppl i ed t o al l ow t he Cont r act or  t o access t he st andar d di agnost i c 
f unct i ons,  pr ovi de sof t war e and i nt er f ace t o al l ow di r ect  connect i on of  
a por t abl e,  l apt op comput er  t o di r ect l y access t he mast er  
mi cr opr ocessor  syst em ( or  cont r ol  i nt er f ace/ PLC,  et c. ) . [   The new 
syst em must  be capabl e of  bei ng i nt egr at ed wi t h ( i . e. ,  i nt er f ace 
di r ect l y t o) ,  and/ or  be an ext ensi on of ,  t he exi st i ng wi nd f ar m 
moni t or i ng and cont r ol  syst em. ]

d.   Al l ow gr ound l evel  moni t or i ng ( wi t hout  t he need of  t he ser i al  
communi cat i ons i nt er f ace)  of  t he f ol l owi ng st at us and met er ed f unct i ons 
as a mi ni mum ( or  equi val ent  f unct i ons) :

( 1)  Di scr et e i ndi cat or s ( l i ght s or  appr oved equal ) ,

( a)  Wi nd t ur bi ne syst em   READY,

( b)  Wi nd t ur bi ne syst em   FAULT,

( c)  Wi nd t ur bi ne syst em   ON LI NE;

( 2)  Met er s/ sel ect abl e Li qui d Cr yst al  Di spl ays ( LCDs)  ( f or  appr oval ) ;

( 3)  Gr i d Vol t age,

( a)  Li ne t o Li ne vol t s -  Phases AB,  BC,  and CA;

( 4)  Wi nd t ur bi ne out put  power ,

( a)  Ki l owat t s and ki l owat t  hour s;

( 5)  Power  Fact or ,

( a)  Per cent  PF showi ng 0. 5 -  1 -  0. 5 ( bot h l eadi ng/ l aggi ng) ;

( 6)  Rot or  RPM;

( 7)  Pi t ch moni t or i ng f or  act i ve pi t ch t ur bi nes;

( 8)  Manual  st ar t / st op;

( 9)  Emer gency st op ( l at chi ng mushr oom head swi t ch wi t h shi el d) ;

( 10)  Aut omat i c and emer gency shut down i ndi cat or s ( l i ght s or  appr oved 
equal )  wi t h shut down/ manual  r eset ;  and

( 11)  Local / r emot e sel ect or .

2. 2. 11. 5   Remot e Moni t or i ng and Cont r ol  Wor k St at i ons

**************************************************************************
NOTE:   Revi ew Agency net wor k secur i t y r equi r ement s 
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i f  an Agency r emot e t er mi nal  i s  desi r ed.
**************************************************************************

Wi nd f ar m r emot e moni t or i ng and cont r ol  ( SCADA)  wor kst at i ons ar e t o be 
i nst al l ed at  t he r emot e f aci l i t i es/ r ooms as shown i n t he cont r act  dr awi ngs 
as par t  of  t he wi nd f ar m/ t ur bi nes pr oj ect .   The r emot e moni t or i ng syst em 
must  i ncl ude t wo deskt op comput er s,  wi t h modems,  r unni ng Wi ndows oper at i ng 
syst ems,  and i nt er f aci ng wi t h t he wi nd t ur bi nes usi ng st andar d t ur bi ne 
manuf act ur er ' s suppl i ed sof t war e.   The new wi nd t ur bi nes must  have r emot e 
cont r ol  and moni t or i ng sof t war e i nst al l ed on t he wi nd t ur bi ne wor kst at i ons,  
and must  be abl e t o be accessed v i a f i ber  opt i c connect i on t o suppor t  
i nt er net  access t hr ough t he SCADA comput er  f or  moni t or i ng and r epor t i ng of  
Wi nd Far m power  pr oduct i on.   The wor kst at i ons must  be abl e t o access t he 
wi nd t ur bi nes f or  r emot e moni t or i ng and cont r ol  v i a f i ber  opt i c cabl e 
syst em.   No DOS based sof t war e al l owed i n t he i nst al l at i on of  t he new 
systems.

The new wi nd t ur bi nes must  al so have communi cat i ons accessi bi l i t y  v i a 
dedi cat ed ext er nal  f i ber  opt i c cabl e,  DSL connect i on,  sat el l i t e connect i on,  
or  ot her  f or  manuf act ur er ' s war r ant y pur poses,  dependi ng on t he 
r equi r ement s of  t he wi nd t ur bi ne manuf act ur er .   Det er mi ne,  suppl y and 
def i ne t he SCADA syst em,  f or  t he I nst al l at i on Cont r act or  t o i nst al l ,  t o 
suppor t  t he above wi nd t ur bi ne communi cat i ons and moni t or i ng har dwar e and 
sof t war e ( Pr ocur e t he f i ber  opt i c  cabl e and r el at ed component s) .  Pr ovi de 
Def i ni t i on and Use of  Al l  Syst em,  Command,  and Appl i cat i on Sof t war e.

2. 2. 11. 6   Local  Nacel l e Moni t or i ng and Cont r ol s

Pr ovi de manuf act ur er ' s st andar d wi nd t ur bi ne syst em moni t or i ng,  cont r ol s,  
and al ar ms wi t hi n t he nacel l e/ base at  t he Cont r act or  cont r ol  panel  wi t h 
abi l i t y  t o r emot e moni t or  as r equi r ed.   Al l  cont r ol s,  met er s,  LCD di spl ays,  
et c. ,  must  be l ocat ed wi t hi n NEMA 12 ( or  equal )  gasket ed encl osur es.   The 
nacel l e Cont r act or  panel  wi l l  i nc l ude ser vi ce swi t ches t o pr event  t he 
oper at i on of  t he t ur bi ne f r om t he base cont r ol  panel  when ser vi ce per sonnel  
ar e i n t he nacel l e,  as wel l  as t he basi c Cont r act or  f unct i ons i dent i f i ed i n 
subpar agr aph,  GROUND LEVEL CONTROLS of  t hi s sect i on.   I n addi t i on,  syst em 
f ai l ur es,  mal f unct i ons,  and/ or  war ni ng i ndi cat i ons must  be pr ovi ded as 
i dent i f i ed bel ow ( as a mi ni mum) :

a.   Loss of  encl osur e cool i ng ( i f  cool i ng i s r equi r ed) ;

b.   Under / over  vol t age;

c.   Under / over  f r equency;

d.   Out  of  phase sequence;

e.   Phase cur r ent  unbal ance;

f .   Excess v i br at i on;

g.   Gener at or  pr obl em,

( 1)  Gener at or  excess power ,

( 2)  Gener at or  over  cur r ent ,

( 3)  Gener at or  over  t emper at ur e,
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( 4)  Gener at or  over  speed,

( 5)  Gener at or  cool i ng f ai l ur e;

h.   Yaw syst em f ai l ur e;

i .   Cabl e over  t wi st  ( i f  cabl es ar e used) ;

j .   Hydr aul i c syst em f ai l ur e;

k.   Loss of  gear  box oi l  pr essur e;

l .   Gear  box over  t emper at ur e;

m.   Pi t ch cont r ol  syst em f ai l ur e ( as r equi r ed) ;  and

n.   Communi cat i ons syst ems f ai l ur e.

2. 2. 12   Cabl e Over  Twi st  Pr ot ect i on

I f  t he pr oposed syst em ut i l i zes cabl es bet ween t he yaw deck and t he t ower ,  
t he wi nd t ur bi ne syst em must  i ncor por at e t he necessar y cabl e t wi st  sensor s 
t o det ect  and det er mi ne t he net  number  of  nacel l e r ot at i ons t o pr event  
cabl e damage due t o over  t wi st .   I n t he event  a cabl e over  t wi st  i s  sensed,  
t he wi nd t ur bi ne syst em cont r ol s must  oper at e t o saf el y br i ng t he r ot or  t o 
a compl et e st op,  unt wi st  t he cabl e by count er  yawi ng,  and r est ar t  t he wi nd 
t ur bi ne syst em.   Thi s syst em must  be t ol er ant  of  t ot al  power  out ages and 
not  l ose t r ack of  pr evi ous t wi st  i nf or mat i on.

2. 3   PERFORMANCE REQUI REMENTS

The wi nd t ur bi ne syst em out put  per f or mance must  meet  t he mi ni mum cr i t er i a 
gi ven i n par agr aph,  DESI GN REQUI REMENTS of  t hi s sect i on ( l ess 2. 5 per cent  
t ol er ance) .   The mi ni mum annual  gr oss ener gy pr oduct i on r equi r ed t o meet  
t hi s speci f i cat i on was cal cul at ed usi ng hi st or i cal  dat a and cor r espondi ng 
di st r i but i on wi t h l ong- t er m annual  aver age wi nd speed of  [ _____]  m/ s 
[ _____]  mph at  [ _____]  met er s [ _____]  f eet  AGL,  t ower / hub hei ght  of  [ _____]  
met er s [ _____]  f eet ,  wi nd sheer  of  [ _____]  bet ween [ _____]  and [ _____]  

met er s [ _____]  and [ _____]  f eet ,  al t i t ude cur ve of  [ 1. 06] [ _____]  kg/ m3 

[ 6. 617] [ _____]  l b/ f t 3 x 10-2  ai r  densi t y.

2. 4   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

Per f or m pr e- per f or mance and per f or mance t est s,  i nspect i ons,  and 
ver i f i cat i ons i n accor dance wi t h I EC 61400- SER.

Submi t  al l  manuf act ur er ' s st andar d ai r f oi l  per f or mance and mechani cal  
st r ess/ st r engt h t est s dat a under  t he maxi mum expect ed oper at i ng condi t i ons.

Al l  wi nd t ur bi nes cont r ol s must  be t est ed t o st andar d manuf act ur i ng and 
syst ems t est s and must  i ncl ude but  not  be l i mi t ed t o:

a.   Rot or  cont r ol s ( i f  r equi r ed) ;

b.   Yaw cont r ol  ( i f  r equi r ed; )

c.   Cool i ng syst em cont r ol s ( i f  r equi r ed) ;

d.   Saf et y and shut down syst ems;  and
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e.   Br aki ng syst ems.

Pr epar e and submi t  f or  r evi ew and appr oval  a t est  pl an and pr ocedur es f or  
f act or y and si t e t est i ng.   Test s must  i ncl ude an i nt egr at ed cont r ol  syst ems 
t est  wher e a mi ni mum of  t he wi nd t ur bi ne gener at or  and associ at ed cont r ol s 
must  be t est ed as a compl et e or  mock assembl y.   These t est s must  be subj ect  
t o wi t ness by t he Cont r act i ng Of f i cer  ( or  desi gnat ed r epr esent at i ve) .   
Not i f y t he Cont r act i ng Of f i cer  at  l east  [ 30] [ _____]  wor ki ng days i n advance 
of  t he t est s.   Shoul d t he Cont r act i ng Of f i cer  el ect  not  t o have a 
r epr esent at i ve pr esent  dur i ng f act or y t est s conduct ed by Cont r act or ,  t he 
Cont r act or  must  st i l l  conduct  such f act or y t est s and i nspect i ons and submi t  
t est  dat a and r epor t s.

Dat a must  be r epor t ed as t aken dur i ng t est i ng.   Dat a f or mat  must  be such 
t hat  i t  can be i ncl uded i n per f or mance t est  dat a submi t t ed t o t he 
Cont r act i ng Of f i cer .

Fur ni sh t he Cont r act i ng Of f i cer  [ t wo] [ _____]  copi es of  al l  shop and f i el d 
t est  r epor t s ( and/ or  cer t i f i cat e of  compl i ance)  and [ t wo] [ _____]  addi t i onal  
i nf or mat i on copi es of  t hese r epor t s,  c l ear l y i dent i f i ed as such.

PART 3   EXECUTI ON

3. 1   SI TE PREPARATI ON

Eval uat e and ensur e s i t e i s  accessi bl e f or  t he s i ze and wei ght  of  pl anned 
equi pment  and f aci l i t i es.   Coor di nat e t r anspor t at i on r out es t o s i t e.

Pr epar e s i t e and l ay down ar eas i n accor dance wi t h appr oved cont r act  
documents.

3. 2   WI ND TURBI NE SYSTEM PREPARATI ON

Ensur e t he wi nd t ur bi ne syst ems,  r emot e wor k st at i ons,  cont r ol ,  power  
moni t or i ng equi pment ,  and al l  anci l l ar y i nst al l ed equi pment  ar e oper at i onal  
i n accor dance wi t h t hi s speci f i cat i ons sect i on.   Al l  t est i ng,  bot h on s i t e 
and at  t he f act or y,  must  be or gani zed and suppor t ed by appr oved 
Commi ssi oni ng pl ans.   Submi t  a Commi ssi oni ng Pl an and pr ocedur es t o t he 
Cont r act i ng Of f i cer  f or  appr oval  no l at er  t han [ 20] [ _____]  busi ness days 
af t er  appr oval  of  t he f i nal  desi gn.   The pl an must  st at e what  equi pment  
conf i gur at i on wi l l  be t est ed,  when i t  wi l l  be t est ed,  whi ch t est s wi l l  be 
r un,  any speci al  t est  equi pment  r equi r ed,  any r equi r ed s i mul at i on sof t war e,  
and who wi l l  conduct  and wi t ness t he t est s as a mi ni mum.   The t est  
pr ocedur es must  def i ne t he oper at i ng st eps and expect ed r esul t s t o 
demonst r at e compl i ance wi t h t he r equi r ement s of  t hi s speci f i cat i ons 
sect i on.   The Commi ssi oni ng Repor t  must  r ecor d al l  t est  r esul t s and 
descr i be nonconf or mance event s and cor r ect i ve act i ons.

Ensur e t hat  t he wi nd t ur bi ne component s and associ at ed subsyst em must  be 
t est ed by t he manuf act ur er  bef or e shi pment  t o ver i f y pr oper  assembl y and 
f unct i on of  al l  component s/ subsyst ems,  and t o ensur e t hat  t he f i nal  
assembl ed uni t  meet s or  exceeds t he r equi r ement s of  t hi s speci f i cat i ons 
sect i on.   Component  t est s wi l l  be per f or med and/ or  Manuf act ur er ' s Fact or y 
cer t i f i cat es of  compl i ance wi l l  be submi t t ed i ndi cat i ng t he equi pment  has 
been f ul l y  t est ed and meet s t he manuf act ur e' s st andar d desi gn 
r equi r ement s.   These t est s must  i ncl ude ( as a mi ni mum) :

a.   Ful l  Load Gener at or  Test s -  Ful l  l oad t est  must  be per f or med usi ng t he 
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f ul l  l oad namepl at e r at i ng of  t he wi nd t ur bi ne gener at or  uni t .   Ful l  
l oad t est i ng must  val i dat e t he v i br at i on,  t emper at ur e r i se,  and vol t age 
and cur r ent  out put s ar e wi t hi n st andar d manuf act ur i ng l i mi t s ( and/ or  
meet )  t he manuf act ur e' s speci f i cat i ons.

b.   Gener at or  I nsul at i on Test s -  Gener at or  i nsul at i on r esi st ance and hi gh 
pot ent i al  t est s must  be per f or med wi t h an i nsul at i on t est er .   St at or  
r eadi ngs must  be t aken at  t he gener at or  c i r cui t  br eaker / swi t ch.   Al l  
r esul t s of  i nsul at i on t est s must  be r ecor ded.   Readi ngs must  be wi t hi n 
t he st andar d manuf act ur i ng l i mi t s speci f i ed by t he gener at or  
manufacturer.

c.   Gear box/ Tr ansmi ssi on Ful l  Load Test s -  Ful l  l oad t est i ng must  val i dat e 
t he v i br at i on,  t emper at ur e r i se,  seal i ng,  audi bl e noi se,  gear  t oot h 
pat t er ns,  and l ubr i cat i on syst ems ar e wi t hi n t he l i mi t s speci f i ed by 
t he manuf act ur er .   Ful l  l oad t est  must  be per f or med usi ng t he f ul l  l oad 
namepl at e r at i ng of  t he t r ansmi ssi on or  wi nd t ur bi ne gener at or  uni t  
( whi chever  i s  gr eat er ) .

Al l  f act or y component  t est s descr i bed above may be per f or med at  t he 
manuf act ur i ng f aci l i t y .

3. 3   ERECTION

Det er mi ne al l  hoi st i ng and r i ggi ng and ot her  i nst al l at i on r equi r ement s,  and 
must  make ar r angement s,  i f  appr opr i at e,  f or  r ent  or  pur chase of  any of  
t hese speci al  i nst al l at i on t ool s.

Compl y wi t h ASSE/ SAFE Z359 Fal l  Pr ot ect i on Code dur i ng al l  const r uct i on,  
oper at i ons,  and mai nt enance act i ons.

3. 4   INSTALLATION

I nst al l ,  t est  and commi ssi on wi nd t ur bi ne syst em.   Pr ovi de det ai l ed 
i nst r uct i ons and necessar y over si ght  f or  i nst al l i ng al l  wi nd t ur bi ne syst em 
equi pment .   Not i f y t he [ CO] [ COR]  of  any er r or s i n i nst al l at i on ensur e t hat  
any and al l  i nst al l at i on er r or s ar e cor r ect ed i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons and speci f i cat i ons.   Cer t i f y  t hat  t he wi nd 
t ur bi ne syst em and wi nd t ur bi ne equi pment  ar e r eady t o oper at e.   The 
Cont r act i ng Of f i cer  must  r ecei ve [ 30] [ _____]  wor ki ng days'  not i ce of  t he 
schedul ed st ar t  up of  t he wi nd t ur bi ne syst em,  wi t h val i dat i on of  t he f i nal  
schedul e [ 21] [ _____]  days pr i or  t o st ar t up.

The scope of  t he Cont r act or ' s i nst al l at i on of  t he wi nd ener gy syst em must  
i ncl ude,  but  not  be l i mi t ed t o,  t he f ol l owi ng act i v i t i es:

a.   Wi nd t ower s i nst al l at i on and set up suppor t ,  i ncl udi ng f or  hoi st i ng,  
r i ggi ng,  l evel i ng,  et c. ;

b.   Nacel l e and r ot or  i nst al l at i ons;

c.   Cont r ol ,  moni t or i ng,  and t er mi nal  cabi net  i nst al l at i ons;  and

d.   Wi r i ng connect i ons/ hookup.

3. 5   SYSTEM I NTERFACES

Wi nd t ur bi ne cont r ol  and moni t or i ng syst em i s not  aut hor i zed t o i nt er f ace 
wi t h i nst al l at i on i nf or mat i on net wor k wi t hout  appr oved sof t war e and 
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har dwar e,  and ei t her  an Aut hor i zat i on t o Oper at e ( ATO) ,  I nt er i m ATO ( I ATO) ,  
or  I nt er i m Aut hor i zat i on t o Test  ( I ATT) .   Per manent  connect i on i s not  
al l owed wi t hout  an Appr oval  t o Connect  ( ATC)  or  I nt er i m ATC ( I ATC)  
aut hor i zat i on.  Compl y wi t h I EEE 1547.

3. 5. 1   Power  Syst em I nt er f ace

The wi nd f ar m gener at or  connect i ons t o t he s i t e power  gr i d wi l l  be f i el d 
l ocat ed as shown i n t he cont r act  dr awi ngs.   Val i dat e pr oper  vol t age dr op of  
syst em af t er  compl et i on of  t he wi nd t ur bi ne Cont r act or  submi t t al s.   Locat e 
t he wi nd t ur bi ne syst em gr ound l evel  cont r ol s t o enabl e saf e manual  gr ound 
l evel  shut down.

3. 5. 2   Di spat ch I nt er f ace

The r emot e moni t or i ng and cont r ol  syst em must  be i nt egr at ed t o al l ow t he 
[ UTI LI TY] [ Cont r act or ' s] [ User ' s]  power  di spat ch,  v i a t he mast er  wor kst at i ons 
at  t he r emot e f aci l i t i es,  t o moni t or  and cont r ol  Wi nd Far m st at us and 
r ecor d aggr egat e power  out put  and wi nd t ur bi ne st at us f r om t he Wi nd Far m 
system.

3. 5. 3   Cont r ol  Syst em I nt er f ace

The wi nd t ur bi ne syst em must  be suppl i ed wi t h a st andar d f i ber  opt i c,  DSL,  
sat el l i t e or  56 kbi t / s t o 115 kbi t / s mi ni mum ser i al  i nt er f ace 
communi cat i ons i nt er f ace [ by ot her s]  t o l i nk st andar d wi nd t ur bi ne cont r ol  
and moni t or i ng f unct i ons wi t h t he exi st i ng r emot e moni t or i ng/ cont r ol  
syst em.   The wi nd t ur bi ne communi cat i ons i nt er f ace wi l l  be capabl e of  
dr i v i ng cont r ol  s i gnal s,  f r om t he f i nal  l ocat i ons r ecommended f or  t he wi nd 
t ur bi nes t o t he r emot e f aci l i t y  wor kst at i ons.   The communi cat i ons i nt er f ace 
must  i ncl ude al l  t he st andar d sof t war e dr i ver s,  i nst al l at i on and oper at i on 
document at i on,  and pr ogr ammi ng suppor t  necessar y t o al l ow easy i nt egr at i on 
di r ect l y wi t h t he [ Cont r act or ' s] [ user ' s]  wor kst at i ons l ocat ed at  t he r emot e.

3. 6   FI NI SHI NG,  CLEANI NG,  AND PAI NTI NG

Al l  sur f ace f i ni shes,  c l eani ng,  and pai nt i ng must  conf or m wi t h Sect i on 
09 90 00 PAI NTS AND COATI NGS.   Al l  exposed sur f aces t hat  pr ot ect  mat er i al  
must  be UV r esi st ant  t o mai nt ai n appear ances t hr ough t he desi gn l i f e of  t he 
system.

3. 7   EQUI PMENT I DENTI FI CATI ON

Each pi ece of  equi pment  must  be i dent i f i ed so t hat  i t  can be easi l y  
cor r el at ed wi t h t he document at i on.   The means of  i dent i f i cat i on must  be 
uni f or m t hr oughout  t he syst em.   The i dent i f i cat i on mar k must  be per manent l y 
af f i xed t o t he par t  i t  i dent i f i es.   Thi s r equi r ement  i ncl udes i nt er nal  
wi r i ng,  t er mi nal  st r i ps,  i nput / out put  cabl es and connect or s,  i nput / out put  
modul es,  power  suppl i es,  and ot her  subsyst em component s and subassembl i es.

3. 8   NAMEPLATES

Each maj or  pi ece of  wi nd t ur bi ne syst em equi pment  must  be f ur ni shed wi t h a 
per manent l y at t ached 316 st ai nl ess st eel  namepl at e,  whi ch cont ai ns a 
mi ni mum of  t he f ol l owi ng i nf or mat i on:

a.   Tag number ;

b.   Manuf act ur er  name;
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c.   Model  number ;

d.   Ser i al  number ;  and

e.   Pur chase or der  number .

Each namepl at e must  be f ul l y  v i s i bl e when t he equi pment  i s  i n oper at i ng 
condi t i on and consi st  of  a sel f - adhesi ve l abel  havi ng [ _____]  [ 6] [ _____]  mm 
[ 1/ 4] [ _____]  i n embossed l et t er s.   Shi ppi ng cont ai ner  must  be l abel ed wi t h 
t he same dat a.

3. 9   FI ELD QUALI TY CONTROL

3. 9. 1   Manuf act ur er ' s Fi el d Ser vi ce

Pr ovi de t he ser v i ces of  f act or y t r ai ned and appr oved f i el d ser vi ce engi neer  
dur i ng syst em i nst al l at i on,  t est i ng,  and commi ssi oni ng.

3. 9. 2   St ar t  Up Ser vi ces

Car r y out  a checkl i st  of  st ar t up r equi r ement s and conduct  a ser i es of  
saf et y t est s t o ensur e pr oper  i nst al l at i on,  saf e oper at i on,  and per f or mance 
up t o speci f i cat i on.   Devel op a Commi ssi oni ng Repor t  det ai l i ng al l  
pr ocedur es,  t est i ng,  and r esul t s.

Af t er  i nst al l at i on,  pr epar e t he new wi nd t ur bi ne syst ems f or  f i nal  t est i ng 
and commi ssi oni ng.   The wi nd t ur bi ne syst ems must  be f ul l y  debugged and 
oper at i ng i n accor dance wi t h al l  r equi r ement s of  t hi s speci f i cat i ons 
sect i on.   Fi nal  st ar t - up ser vi ces must  i ncl ude,  but  wi l l  not  be l i mi t ed t o,  
t he f ol l owi ng:

a.   Fi nal  f unct i onal  checks of  al l  i nst al l ed wi nd t ur bi ne syst ems,  
aut omat ed cont r ol  modes,  and associ at ed cont r ol s and i nst r ument at i on.

b.   Fi nal  ver i f i cat i on and cal i br at i on of  al l  wi nd t ur bi ne syst em cont r ol  
and i nst r ument at i on s i gnal s and di gi t al  r eadout s.

c.   Fi nal  ver i f i cat i on of  t he pr oper  oper at i on of  al l  cont r ol l ed shut down 
f unct i ons and capabi l i t i es;  and bot h aut omat i c and gr ound l evel  
suppor t ed oper at i ng,  moni t or i ng,  and r el at ed cont r ol  f unct i ons.

d.   Al ar m syst ems.

3. 9. 3   Funct i onal  Accept ance Test i ng

Af t er  i nst al l at i on,  conduct  f unct i onal  accept ance t est i ng of  t he equi pment  
and al l  accessor i es f ur ni shed t o ver i f y t hei r  pr oper  per f or mance under  
condi t i ons of  act ual  oper at i on.   Not i f y t he CO at  l east  [ 30] [ _____]  wor ki ng 
days i n advance of  t he t est s.   Compl i ance wi t h al l  r equi r ement s of  t hi s 
speci f i cat i ons sect i on and al l  appl i cabl e st andar ds ( as amended)  must  be 
ver i f i ed by an on- si t e st ar t up/ oper at i onal  t est .

3. 9. 4   Oper at i onal  Test i ng

Suppor t  compl et e on- l i ne oper at i onal  t est i ng on s i t e t o f or mal l y commi ssi on 
wi nd t ur bi ne oper at i ons,  val i dat e war r ant i es,  per f or m t r ai ni ng,  and 
i ni t i at e mai nt enance schedul es.   The wi nd t ur bi ne manuf act ur er  wi l l  suppor t  
t he I nst al l at i on Cont r act or  who wi l l  be r esponsi bl e f or  devel opi ng and 
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i mpl ement i ng appr oved oper at i onal  t est  pr ocedur es f or  t est i ng al l  of  t he 
wi nd t ur bi ne oper at i onal  and f ai l ur e/ f ai l saf e syst ems.   A cer t i f i cat e of  
compl et i on must  be pr ovi ded at  t he concl usi on of  syst em' s const r uct i on,  
i nst al l at i on,  and commi ssi oni ng.   Coor di nat e  al l  f or mal  cor r espondence and 
r epor t i ng r equi r ed f or  appr oval  of  t he t est  pl an.   Pr oj ect  i mpl ement at i on 
must  r equi r e t he i nst al l at i on,  t est i ng,  and oper at i on of  t he wi nd t ur bi ne 
gener at i ng uni t s  i n par al l el  wi t h t he i nst al l at i on' s [ _____]  kV 
di st r i but i on syst em.   I nst al l at i on and st ar t - up suppor t  ser vi ce submi t t al s,  
t est  pl an document s,  and t est  schedul e i nf or mat i on must  be submi t t ed f or  
r evi ew and appr oval .

Per f or m and submi t  f i el d dat a r epor t s f or  t he f ol l owi ng:

a.   Ver i f i cat i on of  pr oper  el ect r i cal  power  connect i on t o al l  wi nd t ur bi ne 
syst em component s.

b.   Ver i f i cat i on of  pr oper  t er mi nat i on of  al l  syst em i nt er connect  wi r i ng 
and si gnal  t r ansmi t t er  cal i br at i ons.

c.   Ver i f i cat i on of  pr oper  wi nd t ur bi ne syst em moni t or i ng,  cont r ol s,  and 
envi r onment al  suppor t  syst em f unct i onal i t y .

d.   Funct i onal  checks of  al l  anal og and di gi t al  s i gnal s,  modems,  and dat a 
communi cat i ons syst ems associ at ed wi t h t he wi nd t ur bi ne syst em.

e.   Ver i f i cat i on of  wi nd t ur bi ne equi pment  al i gnment s,  t or ques and 
adj ust ment s,  and vi br at i on bl ock i nst al l at i ons.

f .   Funct i onal  checks ( and cor r ect i on i f  necessar y)  of  al l  l ubr i cat i on and 
cool i ng syst em l evel s and oper at i ons,  shaf t  seal s,  and or  ot her  syst em 
f l ui d l eaks.

g.   Al l  var i at i ons t o document at i on must  be document ed and submi t t ed 
i mmedi at el y t o t he CO and/ or  t he COR.

3. 10   COMMISSIONING

**************************************************************************
NOTE:   Sect i on 01 91 00. 15 TOTAL BUI LDI NG 
COMMI SSI ONI NG i s i nt ended f or  bui l di ng syst ems,  
however ,  t he basi c r equi r ement s ar e appl i cabl e t o PV 
commi ssi oni ng pr ocesses.   Sect i on 01 91 00. 15 wi l l  
need t o be t ai l or ed f or  PV syst ems when compi l i ng 
pr oj ect  speci f i cat i ons.

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

Conduct  Commi ssi oni ng,  af t er  t he syst em i s i nst al l ed and i s r eady f or  
oper at i on,  i n accor dance wi t h Sect i on 01 91 00. 15 TOTAL BUI LDI NG 
COMMI SSI ONI NG,  i t em ( 6) r enewabl e ener gy gener at i on,  t o ver i f y t hat  t he 
compl et ed and i nst al l ed syst em meet s t he r equi r ement s of  I EEE 1547.   Tai l or  
f or  non- bui l di ng syst ems.

3. 10. 1   Commi ssi oni ng Agent

I ndi v i dual  qual i f i ed i n t est i ng pr ot ect i ve equi pment  ( e. g. ,  pr of essi onal  
engi neer ,  f act or y- cer t i f i ed t echni c i an,  l i censed el ect r i c i an wi t h 
exper i ence i n t est i ng pr ot ect i ve equi pment )  must  per f or m or  di r ect l y 
super vi se commi ssi oni ng t est s.   Pr ovi de Commi ssi oni ng Agent s Qual i f i cat i ons.
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3. 10. 2   Commi ssi oni ng Pl an and Schedul e

Devel op and i mpl ement  a commi ssi oni ng pl an and commi ssi oni ng schedul e i n 
accor dance wi t h Sect i on 01 91 00. 15 TOTAL BUI LDI NG COMMI SSI ONI NG.

3. 10. 3   St ar t - up Pr e- f unct i onal  Checkl i st s

Car r y out  a checkl i st  of  st ar t up r equi r ement s and conduct  a ser i es of  
saf et y t est s t o ensur e pr oper  i nst al l at i on,  saf e oper at i on,  and per f or mance 
conf or mi ng t o speci f i cat i on.

3. 10. 4   Funct i onal  Per f or mance Test i ng

Pr epar e t est  pr ocedur es and conduct  f unct i onal  per f or mance t est i ng of  t he 
i nst al l ed syst em.   Test  on compl et i on each i ndi v i dual  wi nd t ur bi ne 
gener at or  and t hen t est  on compl et i on t he compl et e wi nd power  syst em 
pl ant .   Test  t he compl et e wi nd power  syst em f or  a mi ni mum dur at i on of  200 
hour s,  of  whi ch 150 hour s shoul d be gener at or  t i me wi t h 85 per cent  
availability.

Pr ovi de t est i ng of  t he f ol l owi ng:

a.   Col l ect or  Syst em

b.   Col l ect or  and Subst at i on Equi pment

c.   Gr ound Gr i d

d.   Mai n Power  Tr ansf or mer s

e.   Ci r cui t  Br eaker s

f .   Ar r est or s

g.   Swi t ches and Swi t chgear

h.   I nst r ument  Tr ansf or mer s

i .   Wi nd Pl ant  Rel ays

j .   Wi nd Pl ant  Ener gi zat i on 

k.   Tur bi ne Tr ansf or mer

l .   Over head Col l ect i on Ci r cui t s

m.   Fi ber  Opt i cs and Secondar y Cabl es

n.   Medi um Vol t age Cabl e Syst ems

o.   Power  Per f or mance

p.   Nacel l e Anemomet er  Ver i f i cat i on

q.   Acoust i c Noi se

r .   SCADA and Cont r ol s

s.   Back Up/ Bl ack St ar t  Gener at or ( s)

SECTI ON 48 15 00  Page 30



t .   Gr i d Synchr oni zat i on and I nt er f ace

3. 10. 5   Funct i onal  Per f or mance Test i ng Resul t s

Coor di nat e,  obser ve and r ecor d t he r esul t s of  t he f unct i onal  per f or mance 
t est i ng.   Coor di nat e r et est i ng as necessar y unt i l  sat i sf act or y per f or mance 
i s ver i f i ed.   Ver i f y t he i nt ended oper at i on of  i ndi v i dual  component s and 
syst em i nt er act i ons under  var i ous condi t i ons and modes of  oper at i on.

Document  i t ems of  non- compl i ance i n mat er i al s,  i nst al l at i on or  oper at i on.   
I mmedi at el y addr ess obser ved non- conf or mance and def i c i enci es i n t er ms of  
not i f i cat i on t o r esponsi bl e par t i es,  and pr ovi de r ecommended act i ons t o 
cor r ect  def i c i enci es.

3. 10. 6   Fi nal  Commi ssi oni ng Repor t

Pr epar e and submi t  f i nal  commi ssi oni ng r epor t .   Summar i ze al l  of  t he t asks,  
f i ndi ngs,  concl usi ons,  and r ecommendat i ons of  t he commi ssi oni ng pr ocess i n 
accor dance wi t h I EC 61400- SER.   I ncl ude t he r esul t s of  al l  t est s and a 
l i s t i ng of  t he f i nal  set t i ngs.

3. 11   CLOSEOUT ACTI VI TI ES

3. 11. 1   Demonstration

Pr ovi de hands on demonst r at i on of  wi nd t ur bi ne syst ems and cont r ol s as par t  
of  t he t r ai ni ng sessi on.   Mi ni mum demonst r at i on ar eas must  i ncl ude 
pr e- st ar t up i nspect i ons,  syst em st ar t up,  gr i d connect i on;  oper at i ons,  
oper at or  i ni t i at ed shut down,  emer gency shut down,  and ext r eme condi t i ons 
procedures.

Demonst r at e,  upon compl et i on of  f unct i onal  accept ance t est s,  t hat  al l  
c i r cui t s and devi ces ar e i n pr oper  oper at i ng condi t i on and per f or mi ng as 
intended.

3. 11. 2   Training

Pr ovi de a [ 1] [ 3] [ 5]  day compr ehensi ve t r ai ni ng cour se cover i ng oper at i ons 
and mai nt enance,  cr i t i cal  spar es,  and uni que t ool s r equi r ement s,  wi t h 
compl et e t r ai ni ng mat er i al s,  at  const r uct i on compl et i on.

Pr ovi de r ecommendat i ons and sour ces f or  advanced mai nt enance per sonnel  
t r ai ni ng and cer t i f i cat i on pr ogr ams.

3. 11. 3   Spar e Par t s

Pr ovi de a spar e par t s l i s t  i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons t hat  wi l l  ensur e [ 95] [ _____]  per cent  syst em avai l abi l i t y  
f or  f r om one ( 1)  year  t o t wo ( 2)  year s of  oper at i on f or  each wi nd t ur bi ne 
uni t ,  ( accor di ng t o opt i ons awar ded) .   The l i s t  must  i ncl ude/ i dent i f y al l  
r equi r ed gasket s,  seal s,  seal i ng mat er i al s r equi r ed f or  mai nt ai ni ng t he 
weat her  t i ght  i nt egr i t y of  t he wi nd t ur bi ne t ower  and nacel l e.

3. 11. 4   Speci al  Tool s and Equi pment

I dent i f y speci al  t ool s and equi pment  desi gned speci f i cal l y  f or  t he wi nd 
t ur bi ne equi pment  oper at i on and mai nt enance.   Speci al  t ool s and devi ces,  
i ncl udi ng any met r i c wr enches or  ot her  hand t ool s t hat  ar e not  st andar d i n 
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t he Uni t ed St at es,  r equi r ed f or  oper at i on and mai nt enance of  t he equi pment  
f ur ni shed under  t hi s speci f i cat i ons sect i on,  must  be l i s t ed and cl ear l y 
i dent i f i ed wi t h t he name of  t he equi pment .

3. 11. 5   Si t e Rest or at i on

Cl ean and r est or e t empor ar y wor k ar eas t o pr e- exi st i ng condi t i ons.

3. 11. 6   Decommi ssi oni ng Pl an

Pr ovi de a decommi ssi oni ng pl an t o Cont r act i ng Of f i cer  f or  appr oval .   
Decommi ssi oni ng pl an must  i ncl ude act i ons necessar y t o r est or i ng s i t e and 
access r oads t o nat ur al  condi t i ons and opt i on t o eval uat e st r uct ur e and 
component s f or  l i f e ext ensi on upgr ades.

3. 11. 7   Warranty

Pr ovi de syst em and maj or  component  War r ant y i n accor dance wi t h Sect i on 
01 78 00 CLOSEOUT SUBMI TTALS

3. 12   OPERATION

3. 12. 1   Nor mal  Oper at i ons

The wi nd t ur bi ne syst em must  be oper at i ng i n an aut omat i c,  unmanned mode,  
unl ess a f ai l ur e al ar m i s det ect ed i n t he wi nd f ar m cont r ol  syst em,  or  
mai nt enance i s bei ng per f or med on t he syst em.   Wi nd t ur bi ne syst em cont r ol s 
must  be pr ovi ded t o opt i mi ze wi nd t ur bi ne syst em out put s under  nor mal  wi nd 
condi t i ons,  as descr i bed i n par agr aph,  EXI STI NG CONDI TI ONS of  t hi s 
sect i on.   St andar d wi nd t ur bi ne cont r ol s must  be desi gned t o keep t he wi nd 
gener at i ng syst em oper at i onal  wi t hi n i t s  nor mal  oper at i ng l i mi t s over  t he 
desi gn l i f e of  t he wi nd f ar m syst em,  pr oduci ng ef f i c i ent ,  opt i mi zed,  
el ect r i cal  power .   Shoul d t he wi nd t ur bi ne or  i t s  cont r ol  syst em 
mal f unct i on,  t he pr ot ect i on syst em/ saf et y schemes must  mai nt ai n i t  i n a 
non- hazar dous condi t i on.   Accept abl e saf et y schemes must  i ncl ude br aki ng,  
bl ade pi t chi ng,  spoi l er s,  and act i ve yawi ng,  as r equi r ed by t he t ur bi ne 
gener at or  manuf act ur er .  Pr ovi de wi nd t ur bi ne Oper at i ons Manual s,  Al ar ms and 
Al ar m Pr esent at i on,  Syst em St ar t up,  Shut down,  and Emer gency Pr ocedur es,  and 
Cont r act or  Commands ( Cont r ol  Consol es,  I ndi cat i ng/ Cont r ol  Panel s,  and 
Per i pher al  Devi ces) .

3. 12. 2   Pr e- St ar t up I nspect i ons

Pr e- st ar t up i nspect i ons must  be per f or med pr i or  t o i ni t i at i ng wi nd t ur bi ne 
syst em oper at i ons.   To suppor t  aut omat i c oper at i ons,  t he i nspect i ons wi l l  
onl y be r equi r ed f ol l owi ng mai nt enance and/ or  abnor mal  shut downs br ought  on 
by t he aut omat i c shut down f eat ur es of  t he cont r ol s .   Pr e- st ar t i ng 
i nspect i on wi l l  be per f or med usi ng manuf act ur er ' s i nst r uct i ons and 
pr ocedur es t o ensur e t hat  t he wi nd t ur bi ne syst em i s r eady f or  on- l i ne 
oper at i ons.   The necessar y i nst r uct i ons,  pr ocedur es,  checkl i st s,  et c.  must  
be suppl i ed as par t  of  t he document at i on submi t t al s as r equi r ed her ei n.

3. 12. 3   Connect i on t o Gr i d

To connect  gr i d power  t o t he associ at ed wi nd t ur bi ne uni t ,  coor di nat e wi t h 
ut i l i t y  company gr i d oper at i ons t o c l ose t he wi nd t ur bi ne swi t chgear  
br eaker s ei t her  manual l y at  t he s i t e or  r emot el y v i a t he Cont r act or  
st at i ons.   Compl i ance wi t h i nt er connect i on agr eement  r equi r ement s i s 
mandatory.
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3. 12. 4   I ni t i at e Wi nd Tur bi ne Oper at i ons

Once gr i d power  i s suppl i ed t o t he wi nd t ur bi ne,  t he wi nd t ur bi ne cont r ol  
syst em wi l l  begi n i t s  i nt er nal  syst em di agnost i cs,  as necessar y,  t o pr epar e 
t he cont r ol  syst em f or  act i ve oper at i ons.   Al l  f aul t s nor mal l y det ect ed by 
t he cont r ol  syst em,  or  occur r i ng as a r esul t  of  aut omat i c shut down,  wi l l  
have t o be manual l y r eset  pr i or  t o al l owi ng act i ve oper at i ons.   When t he 
f aul t  i ndi cat i ons have been r eset ,  t he cont r ol s wi l l  out put  a wi nd t ur bi ne 
" READY"  i ndi cat or  t o not i f y t hat  t he wi nd t ur bi ne i s r eady t o act i vat e sof t  
st ar t  oper at i ons.

3. 12. 5   Nor mal  Oper at i ons

Fi nal  wi nd t ur bi ne connect i on t o t he gr i d f or  nor mal  on- l i ne oper at i on wi l l  
occur  when t he he ON- LI NE command i s i ni t i at ed,  ei t her  f r om t he 
Cont r act or ' s panel  or  r emot el y v i a t he ser i al  communi cat i ons/ cont r ol  l i nk.   
Nor mal  oper at i on must  i ncl ude nor mal  pi t ch,  speed,  and vol t age cont r ol s t o 
aut omat i cal l y  opt i mi ze out put  whi l e oper at i ng wi t hi n nor mal  wi nd speed 
par amet er s.   ON- LI NE oper at i ons wi l l  i nvoke nor mal  oper at i on wher e t he wi nd 
t ur bi nes wi l l  begi n sof t  st ar t  ( sol i d st at e sof t  s t ar t ,  r educed vol t age 
st ar t i ng,  or  equal )  oper at i ons ( t o r educe t he i mpact  of  connect i ng t he wi nd 
t ur bi ne t o t he gr i d)  i f  adequat e wi nd i s avai l abl e.

3. 12. 6   Nor mal  Shut down

Al l  Nor mal  shut downs must  r esul t  i n i mmedi at e or der l y shut down,  i nc l udi ng a 
f unct i onal  di sconnect  of  t he wi nd t ur bi ne gener at or  f r om t he gr i d at  t he 
wi nd t ur bi ne out put  cont r ol  ( or  equal ) .   The wi nd t ur bi ne cont r ol  syst em 
must  r emai n oper at i onal  t o mai nt ai n f ul l  cont r ol  of  t he wi nd t ur bi ne 
shut down ( appl i cat i on of  nor mal  br aki ng,  r equi r ed r ot or  and bl ade pi t ch 
oper at i ons,  act i ve yawi ng,  et c. )  as necessar y t o ef f ect  saf e ( non- damagi ng)  
shut down of  t he wi nd t ur bi ne uni t .   Pr i or  t o begi nni ng mai nt enance 
oper at i ons,  shut  down t he syst em,  appl y i ng t he par ki ng br ake,  open t he 
swi t chgear  br eaker  suppl y i ng t he wi nd t ur bi ne syst em,  open t he wi nd t ur bi ne 
l ocal  di sconnect  br eaker ,  and set  t he wi nd t ur bi ne oper at i ons swi t ch i nt o 
t he LOCAL mode.

3. 12. 7   Emer gency Shut down

Emer gency shut down pr ocedur es/ f unct i ons must  be i ncl uded as an i nt egr al  
par t  of  t he wi nd t ur bi ne basi c oper at i ng capabi l i t i es.   The emer gency 
shut down syst em must  oper at e t o di sconnect  t he wi nd t ur bi ne f r om t he gr i d 
and appl y appr opr i at e br aki ng act i ons,  r equi r e r ot or  and bl ade pi t ch 
oper at i ons,  act i ve yawi ng,  et c. ,  as necessar y t o ef f ect  saf e ( non- damagi ng)  
shut down of  t he wi nd t ur bi ne uni t  i n emer gency,  ext r eme oper at i ng 
condi t i ons,  sur v i val  wi nd speeds or  a l oss of  gr i d power  whi l e oper at i ng.   
These i ncl ude,  but  ar e not  l i mi t ed t o,  l oss of  gr i d power ,  br eaker  t r i p,  
over  speed,  cont r act or  cont r ol ,  and ot her  anomal i es.   Pr ovi de Recover y and 
Rest ar t  Pr ocedur es.

3. 12. 8   Ext r eme Oper at i ng Condi t i ons

Peak wi nd speed,  hi gh t emper at ur e,  and ear t hquakes al l  const i t ut e ext r eme 
oper at i ng condi t i ons,  whi ch may exi st  whet her  t he wi nd t ur bi ne i s i n 
oper at i on or  not .   The wi nd t ur bi ne syst em desi gn anal ysi s must  consi der  
t he ef f ect s of  ext r eme oper at i ng condi t i ons;  and t he r esul t i ng desi gn 
conf i gur at i on must  i ncl ude t he necessar y saf et y el ement s t o mi t i gat e damage 
f r om t he ext r emes ( and st i l l  ef f ect  saf e shut down) .   Cont r act or  i nspect i on 
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and manual  r eset  i s  expect ed bef or e any oper at i on f ol l owi ng an ext r eme 
event.

3. 13   MAINTENANCE

Cont r act or  t o cr eat e mai nt enance schedul e and per f or m syst em and component  
mai nt enance i n accor dance wi t h equi pment  manuf act ur er s '  r ecommendat i ons and 
AWEA O&M RP.  Pr ovi de a Recommended Mul t i - Year  Oper at i ons and Mai nt enance 
( O&M)  Requi r ement s Schedul e.

        - -  End of  Sect i on - -
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