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FOREWORD

This f rew rd is inc uded f r inf r ati na purp ses and is n t part f Standard Pr cedures
f r Mete r gica Measure ents at a P tentia Wind Turbine Site, AWEA 8.1 - 1986.

This standard is ne in a series f standard d cu ents being prepared by the A erican Wind
Energy Ass ciati n (AWEA) t faci itate unif r practices and c unicati n in the
techn gy f wind energy c nversi n. T c ntinue t be f service t th se rganizati ns
and individua s wh use it, this d cu ent sh u d n t be static -- especia y in view f the
rapid ev uti n f wind energy techn gy. Suggesti ns f r i pr ve ent wi be we c ed
by the Ass ciati n. Address a c rresp ndence t AWEA Standards Pr gra , 122 C Street,
NW, F urth F r, Washingt n, DC, 20001, USA.

AWEA 8.1 - 1986 was deve ped by the Siting Subc ittee f the AWEA Standards
Pr gra . The purp se f this subc ittee has been, and c ntinues t be, t deve p
criteria f r the design f wind energy c nversi n syste s (WECS) .
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1 .0 Sc pe

This d cu ent pr vides pr cedures and eth ds f r btaining ete r gica easure ents at
a site that has been pr p sed f r wind energy use . Standards are pr vided f r ete r gica
easure ent syste s and insta ati n, perati n, and ca ibrati n f equip ent. Guide ines f r

sa p ing strategies, data pr cessing and site eva uati n practices are given in the appendices .

Genera wind turbine siting guide ines are n t inc uded here. References presenting this t pic
are given in "App icab e D cu ents" .

This d cu ent d es n t c ver standards f r interp ating nearby data t the site, r f r
extrap ating sh rt-ter data int a ng-ter c i at gy. Nu erica sche es f r vertica
extrap ati n f data are a s exc uded. H wever, guide ines f r btaining the st
representative easure ents f r the site and f r rec rding these easure ents during se ected
peri ds f the year t btain annua esti ates are given in Appendix C .

F r the purp ses f this d cu ent, wind energy utiizati n is defined as the use f sing e units
r arrays f u tip e units f wind turbines f any size greater than 1 kW f r purp ses f gene-

rating e ectricity. A th ugh any f the guideines in this d cu ent are app icab e f r a types
f wind energy utiizati n, this d cu ent e phasizes pr cedures f r c ercia wind energy

pr jects .

2.0

	

App icab e D cu ents

2 .1 AWEA Ter in gy Standard AWEA 5 .1 - 1985

2 .2 Hiester, T . R. and W. T . Penne , 1981 . The Mete r gica Aspects f Siting Largf
Wind Turbines . PNL-2522, Pacific N rthwest Lab rat ry, Rich and, Washingt n .

2 .3 Weg ey, H. L., et a . 1980. A Siting Handb k f r S a Wind Energy C nversi n
Syste s. PNL-2521 Rev. 1, Pacific N rthwest Lab rat ry, Rich and, Washingt n.

2 .4 Penne , W. T. 1983 . Siting Guide ines f r Uti ity App icati n f Wind Turbines .
AP-2795, Research Pr ject 1520-1 . E ectric P wer Research Institute, Pa A t ,
Ca if rnia .

3.0 Significance and Use

This d cu ent pr vides standard pr cedures f r btaining re iab e, ca ibrated, and representative
ete r gica data fr a site pr p sed f r wind energy use . Adherence t this pr gra wi

pr vide c parabiity f easure ents a ng different sites and ensure that the data va ues are
rea and traceab e t standards estab ished by the Nati na Bureau f Standards. The data base
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deve ped fr this easure ent pr gra wi enab e the user t :

•

	

Esti ate energy pr ducti n f wind syste s ver diurna and nth y cyc es fr
the insta ed equip ent.

•

	

Identify p tentia turbu ence and/ r site-specific wind characteristics wind turbines
ight enc unter.

•

	

Esti ate n-peak, id-peak, and ff-peak energy pr ducti n fr the wind turbine
site . .

4 .0 Descripti n f C p nents f Wind Measure ent Syste s

4.1 Wind Sens rs

Wind sens rs easure the wind speed and directi n . The st c n type f
sens rs f r easuring the h riz nta wind speed c p nent are cup r pr pe er ane-

eters . A wind vane is used t easure wind directi n. Pr pe er ane eters
a s are used t easure the wind c p nents in three rth g na directi ns. These
"uvw" ane eters can pr vide a easure f the vertica c p nent f the wind .

4.1 .1

	

Ane eter

A cup ane eter and wind vane c u d be independent sens rs separated
by a few feet, r the cup and vane c u d be unted n the sa e vertica
axis. When pr pe ers and vanes are used, the pr pe er is attached t the
vane. Because in this case the tw sens rs are n t t ta y independent,
structura r echanica fai ure f the vane can cause err ne us wind
speed data. A s , there ay' be err rs intr duced by the vane's resp nse
t wind directi n, as pp sed t cups that are essentia y n n-directi na .

The r tati n f ane eters is used t generate . a signa that is
pr p rti na t wind speed. In st cases, the signa is e ectrica ,
a th ugh s e ane eters pr duce echanica signa s. These signa s
ay be c ntinu us r inter ittent. C ntinu us signa s per it the wind

speed t be deter ined at any instant . Inter ittent signa s can n y be
used t deter ine the average wind speed during a specific interva ,
depending n sa p ing rate .

N te: An exa p e f a c ntinu us signa w u d be the utput f a s a
DC generat r. If an ane eter is c nnected t a DC generat r, the
utput f the generat r can be disp ayed using a v t eter r a eter.

The need e f the v t eter wi rise and fa with each wind gust, and the
average wind speed is ref ected by the average p siti n f the need e. An
exa p e f an inter ittent signa w u d be a fashing ight . An
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4.2

	

Signa C nditi ners

ane eter can be c nnected t the ight switch s that the nu ber f
ight fashes ver a predeter ined ti e peri d equa s the average wind
speed . N inf r ati n w u d be avai ab e n the speed during gusts
during that peri d. Other eth ds f btaining inter ittent signa s
inc ude use f reed switches r ph t ce ight-ch ppers .

4 .1 .2

	

Wind Vanes

Wind vanes pr duce c ntinu us signa s; h wever, there are tw types f
signa s . One type re ates the signa s t discrete directi n sect rs (i. e .,
n rth, n rthwest, etc.). As ng as the wind c ntinues within the sect r,
the signa re ains c nstant even th ugh there ay be s a directi n
fuctuati ns. The ther type re ates the signa t the instantane us wind
directi n .

Signa c nditi ners can supp y p wer t sens rs when required, and receive the
signa fr the sens r and c nvert it t a f r that can be used by a rec rder r
disp ay . Signa c nditi ning equip ent is ften inc uded in the rec rder r
disp ay equip ent.

4.3

	

Disp ays

4.3.1 Dia s

The inf r ati n is read direct y by need es r p inters .

4.3 .2 Digita Disp ays

Inf r ati n is presented direct y by nu era s and etters .

4.4

	

Rec rders

4.4.1 E ectr echanica C unters

E ectr echanica c unters rec rd n y the t ta a unt f wind passing
the sens r ver a specified ti e interva . T esti ate wind speed f r
e ectr echanica c unters, it is necessary t deter ine e apsed ti e and
divide the t ta a unt f wind passing the sens r by the e apsed ti e .
F r exa p e:

Average wind speed ( ph) = i es f wind passagete apsed ti e (h urs)
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4.4.2 E ectr nic St rage Data L ggers

In their si p est f r , e ectr nic data ggers can c bine a nu ber f
accu u ated signa s, each with certain wind data . At the end f the
bservati n peri d, the c ntents f the accu u at rs can pr vide a variety
f statistics n wind, such as wind speed frequency distributi ns r

sequentia wind speed averages representative f predeter ined ti e
interva s. M re c p ex data ggers ay be used t rec rd wind speed
by directi n and/ r ti e f day. Data ggers that perf r e ectr nic
ca cu ati ns using the input signa s and then rec rd the resu ts f the
ca cu ati ns are ca ed "s art" data ggers .

4.4 .3 Chart Rec rders

In a chart rec rder, the signa fr the sens r ves a pen r ther
arking device back and f rth acr ss a piece f paper, which is typica y
ving at speeds between 2 and 15 centi eters (I and 6 inches) per h ur.

The trace is a c ntinu us wind rec rd in which ti e f ccurrence is
deter ined by p siti n a ng the chart .

4 .4.4 Magnetic Tape r S id State Rec rders

Rec rders can be used t rec rd ti e sequentia raw data r t rec rd data
that have been pr cessed by the data gger. In the sec nd case, a arge
part f the data ana ysis ay be c p eted bef re rec rding . This
prepr cessing reduces the a unt f data st red n the tapes, but ay
i it the f exibi ity f further data ana ysis, because the raw "ti e se-
quentia " data have been st . On the ther hand, if the syste n y
rec rds the raw data, the sa p ing frequency ust be high en ugh t
ensure that sufficient sa p es are rec rded f r statistica ana ysis .

4.5 Wind Measure ent Data Syste s

Wind easure ent data syste s are defined n the basis f data st rage
capabiity as sh wn in Tab e 1 .

C ass I Syste s: : These syste s d n t have any data st rage capabi ity. If data
are t be c ected, an bserver ust nit r the syste and anua y rec rd the
data.

C ass II Syste s : These syste s characterize the wind with a sing e nu ber .
Wind-run d eters are exa p es f these syste s. Other instru ents in this
c ass rec rd avai ab e energy in the wind (pr p rti na t the su f the cubes
f instantane us wind speed sa p es) r extractab e energy (assu ing a wind tur-
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bine's cut-in, rated, and cut ut wind speeds are kn wn). The ti e between
readings f these instru ents ust be kn wn t use the resu ts .

C ass III Syste s : These syste s st re data in a sequentia r accu u ated f r
that retains inf r ati n ab ut the individua wind bservati ns, inc uding date and
ti e. As a resu t, C ass III syste s rec rd, st re, and accu u ate re data than
the ther syste s. The data fr these syste s can be su arized in re than
ne f r f r ana ysis. As ng as the rec rded data are n t st, fexibi ity in

ana ysis is retained, even after data c ecti n is c p eted. Data c ected by
these syste s can be used even if the detai s f data ana ysis were n t deter ined
bef re the data c ecti n .

These syste s are suitab e f r any wind turbine siting app icati ns and pr vide
re inf r ati n n wind characteristics than C ass II syste s. C ass III syste s

are particu ar y usefu if diurna ad atching is i p rtant, because the data can
be rganized by ti e f day. Many f these syste s are designed f r unattended
perati n in re te cati ns and c ntain their wn p wer s urces .

The su ary and ana ysis f data fr C ass III syste s require the hand ing f
arge quantities f data. These syste s genera y require re attenti n t ain-
tain the sa e eve s f data rec very as C ass I and II syste s. H wever, because
f the c ntinu us nature f the data rec rd btained fr these syste s, s ftware

pr gra s can be designed t btain su aries f wind statistics ver any ti e
peri d desired. Many C ass III syste s have interna pr gra s that su arize
the data in vari us ways bef re rec rding the .
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DESCRIPTION OF THREE MAJOR CLASSES OF
WIND MEASUREMENT SYSTEMS

C ass St rage Capabi ity Rec rding Mediu

	

Pri arv App icati n

	

C ents

I

	

N ne

	

Manua rec rdss by bserver Rea ti e, instantane us data

	

L west c st,but hu an fact r
c u d intr duce bias err r

II

	

Sing e register

	

C unter r E ectr nic

	

Week y, nth y averages

	

Mini u syste
f r average speed r annua

energy utput

III

	

Mu tip e register,

	

Magnetic tape/

	

Su arized bin data,

	

Raw data retained
pr cessed and

	

s id state/

	

detai ed statistica

	

f r further
sequentia

	

strip chart

	

data ana ysis

	

pr cessing;s e interna
pr cessing;data st rage
dependent n s phisticati n
f pr cessing and gging

syste s .
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5 .0

		

Mini u Require ents f r Standard Site Measure ent Pr cedures

5 .1

	

Data Use

I ustrati ns f different easure ent strategies that can be used f r vari us
achine eva uati ns are sh wn in Appendix A .

5 .2

	

Mini u Data Require ents

Data sha c ver the wind speed range fr 0 t 45 /s (0 t 100 ph). In the
wind speed range f 4.5 t 20 /s (10 t 45 ph), res uti n f the data sha be
at a ini u f 0.5 /s (I ph) . Data sha be rec rded n a c ntinu us basis
f r at east ne year, even if wind turbines are insta ed bef re that peri d.
During that year, a vaid data rec very g a f at east 90% sha be estab ished .

F r the purp ses f this d cu ent, "va id data" are easured data that are
representative f the unkn wn quantities within the ca ibrati n t erances f the
instru entati n used and that w u d be c nfir ed by redundant easure ents .

5 .3

	

Maxi u Wind Measure ent Syste Inaccuracy

The wind easure ent syste c nsists f tw pri ary subsyste s: The physica
subsyste (ane eter and wind vane sens rs) and the e ectr nic subsyste
(signa c nditi ning, rec rding devices, and a cab ing and c nnect rs) : The
vera axi u wind speed syste inaccuracy sha be +-2% f the true wind

speed . The axi u wind directi n syste . inaccuracy sha be +-5 degrees . -
These syste inaccuracies sha app y ver the te perature range specified by the
anufacturer.

5 .3 .1 Physica Subsyste Measure ent Inaccuracy

Under steady airf w c nditi ns in a wind tunne the physica subsyste
c ntributi n t the axi u wind speed inaccuracy sha be +-2% f the
true wind speed f r the range f 4.5 t 27 /s (10 t 60 ph).

N te: Under n r a use in the at sphere, the inaccuracy f cup and
pr pe er ane eters has n t been d cu ented, but ay be greater than
wind tunne inaccuracies due t unsteady wind effects .

The physica subsyste c ntributi n t the axi u wind directi n
inaccuracy sha be +-5 degrees f the true wind directi n f r the range
f 4.5 t 27 /s (10 t 60 ph) ver the active part f the sens r. The

sens rs sha have a "dead band" (in which n easure ent is p ssib e)
f ess than 10 degrees .
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5 .3.2 E ectr nic Subsyste Measure ent Uncertainty

The e ectr nic subsyste c ntributi n t the inaccuracy f wind speed and
wind directi n easure ents sha be neg igib e f r the range f 4.5 t 27
/s (10 t 60 ph).

N te: Sh u d the e ectr nic subsyste easure ent inaccuracy be
significant, the t ta syste easure ent inaccuracy sha sti be ess than
-2% f r wind speed and +-5 degrees f r wind directi n .

5.4

	

Syste Reiabi ity

In assessing syste re iabiity, data sses can resu t fr a functi ns f
sens rs, pr cess rs, and data rec rders .. As a resu t, the data c ecti n pr gra
sha inc rp rate the qua ity assurance pr cedures specified -in Secti n 7 f this
d cu ent.

Missing data rec rds sha be c ear y arked. Data pr cessing pr cedures sha
be estab ished that ensure that issing data are n t fact red int statistica
averages .

N te: In s e cases, issing data gaps need t be fi ed s that a c p ete data
set is avai ab e. Pr cedures f r fiing issing data are bey nd the sc pe f this
d cu ent .

6 .0 Insta ati n f Measure ent Syste s

6.1 Wind Energy Site Characteristics

Bef re se ecting a site f r wind energy easure ents, and u ti ate y f r wind
energy use, c nsiderati n sha be given t ca t p graphy and bstructi ns, and
preferred cati ns that ay experience wind enhance ent. References are given
in the App icab e D cu ents secti n that pr vide detai ed guidance n the siting
f wind turbines inc rp rating these c nsiderati ns .

6 .2 Representativeness f Measure ent Syste L cati ns

Measure ents sha be taken as c se t the intended turbine cati n as p ssib e
and at the anticipated hub height ( r, f r a vertica -axis achine, the equat r
height) f the r t r. At a ini u , the ane eter sha be at a height f at
east 33 feet (10 eters) .

8
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T ensure representativeness f the p anned wind turbine site, ane eters
insta ed f r site eva uati n purp ses sha be in exp sures si i ar t the turbines .
F r exa p e, if turbines are t be sited a ng a ridge crest, the ane eter sha
be insta ed n the sa e crest. Use f is ated hi s f r ane eters, when the
turbines are subsequent y insta ed in wer terrain, ften eads t unrepresentative
easure ents . Measure ents sha be taken in an pen area, free f heavy

vegetati n and structures. If sens rs ust be cated near an bstructi n, the
cati n sha be a h riz nta distance at east ten ti es the height f the bstruct-

i n .

R ft p cati ns sha n t be used f r wind easure ent syste s un ess the
generat r wi a s be n t p f the r f at near y the sa e height as the ane -
eter.

F r arge achine insta ati ns, r f r u tip e insta ati ns, r f r c p ex
terrain areas, re than ne easure ent cati n and/ r eve ay be necessary .
Due t the change f wind speed with height that n r a y ccurs in the
at sphere, and the f uctuati n f the agnitude f this change with ti e,
ane eter heights ust be at the turbine hub r equat r height t av id the
intr ducti n f uncertainties in the representativeness f the easure ents due t
this phen en n . Mu tip e eve s f easure ents are beneficia when the exact
hub height f the turbine is n t kn wn, r if the turbine height ust be
pti ized .

6.3

	

Insta ati n and Ca ibrati n f Wind Measuring Syste s

6.3 .1 'Inspecting the Equip ent

Bef re they are insta ed, easure ent syste s sha be given a functi na
check and ca ibrati n .

Signa c nditi ning and rec rding/disp ay equip ent sha be checked by
putting si u ated signa s c rresp nding t sens r utputs f r kn wn wind
speeds r directi ns int the signa c nditi ning equip ent and c paring
the rec rding/disp ay equip ent's utputs t the kn wn speeds r
directi ns. The check sha be perf r ed f r signa s representing zer ,
as we as three r f ur additi na wind speeds (e . g., 10, 20, and 30
ph), and f ur wind directi ns (0, 90, 180, and 270 degrees) .

N te: When appr priate, t rque watch va ues can be used t easure the
starting speed f a sens r f r c paris n with anufacturers'
specificati ns, if avai ab e. A t rque watch is a device that. i s used t
easure the a unt f drag f the r tating shaft f the ane eter .



6.3 .2

	

Insta ati n

The chart speed f strip chart rec rders sha be verified t be within
anufacturer's specificati ns by running the rec rder a ini u f ne

h ur, and then easuring the a unt f chart trave .

T av id the effect f t wers and cr ss-ar s n sens rs, the sens rs sha
be unted n a ast ab ve their supp rt. Wind sens rs sha be p aced
at a distance at east three structure dia eters fr attice-type t wers and
at east six structure dia eters fr s id t wers . Sens rs sha be
riented int the prevai ing wind directi n.

The supp rting structure sha be designed t withstand the wind ading
expected f r the site (structura standards f r this ading are avai ab e
fr t wer anufacturers) . The structure sha be free f vibrati n and

ti n induced by the wind. The structure sha inc ude ightning
pr tecti n equip ent t pr tect the sens rs and data gging equip ent .
The structure sha be adequate y secured against vanda is , unauth rized
t wer ci bing, and ther hazards . A necessary warning signs and
wnership tags sha be c ear y visib e. If the supp rting structure is 60
eters (200 feet) r higher, r is near an airp rt, pr per FAA per its

sha be btained, and the t wer sha be ighted acc rding t regu ati ns .

The ane eter and wind vane sha be a igned t assure that the
appr priate axes are vertica (cup ane eters) and/ r h riz nta
(pr pe er ane eters and wind vanes) .

The wind vane sha be a igned by ne f the f wing eth ds : I)
Drive a survey r-type stake int the gr und ab ut 60 eters (200 feet)
fr the sens r t ward true n rth and visib y a ign the "n rth" ark n
the sens r t the stake; 2) Identify an existing and ark at the true n rth
r ther kn wn directi n p siti n fr the sens r and a ign acc rding t

1) ; r 3) Use a c pass t a ign the "n rth" ark t agnetic n rth then
adjust the sens r's a ign ent f r agnetic deviati n. Bef re insta ati n,
sens r n rth sha be aigned with the supp rting cr ss ar , since . the
cr ss ar is easier t ine up with the reference p int .

6.4

	

Operating the Equip ent f r Site Eva uati n

A sa p ing strategy f r site eva uati n f r a wind turbine r wind turbine array
sha bee designed t inc rp rate inf r ati n n the turbu ence characteristics f
the site, f uctuati ns in winds that affect turbine perating strategies, the diurna
and seas na variabi ity, and the interannua variabi ity f the winds . . Exa p es
f data ana ysis and rep rting pr cedures ay be f und in Appendix A .
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7.0

	

Standard Operating Pr cedures

The successfu c p eti n f a fie d nit ring pr gra depends n the adherence t
a set f Standard Operating Pr cedures. These pr cedures define a necessary steps t
perf r syste ca ibrati ns, d cu ent site visits, identify and c rrect syste pr b e s,
and pr vide f r pr per rec rd keeping f a the steps inv ved fr c ecting data t
su arizing the resu ts with the assurance that the resu ts are accurate and traceab e t
kn wn standards. The Standard Operating Pr cedures sha inc ude, at a ini u ,
pr cedures f r the f wing activities .

7.1

	

Site Visits

At a ini u , the f wing steps sha be taken during each r utine site visit :

•

	

Rec rd the date and ti e .
•

	

Visua y inspect the sens rs, and d cu ent (and c rrect, if p ssib e) any
irregu arities .

• Visua y inspect the sens r supp rt, inc uding guy wire tensi ns, trueness
f the supp rt in the vertica , and c nditi n f gr unding syste . C rrect

as needed .
Check the p wer s urce r batteries. Rep ace batteries n a schedu ed r
as needed basis and d cu ent changes .

•

	

Check the rec rder r data gger perati n acc rding t anufacturer's
specificati ns .

• Where appr priate, check "0" and "fu sca e" spans n signa
c nditi ning equip ent, and adjust where necessary . D cu ent "as
arrived" and "as eft" c nditi ns .

• Ann tate the rec rding ediu t identify the in f r ati n rec rded, the
date and ti e that data rec rding started, and the ti e that it -was
c p eted .

•

	

D cu ent any acti ns taken during e ergency r r utine visits. The
pers n perf r ing the site visit sha be identified in the g each ti e .

7.2

	

Rec rd Keeping Pr cedures

A rec rd sha be kept f r descripti ns f the status f the instru ent syste .
This rec rd sha inc ude the anufacturer and de nu ber, and seria nu bers
f a pieces f equip ent. References t the equip ent sha a ways inc ude the

seria nu ber .

7 .2.1 Site Inspecti ns

Each site inspecti n sha be d cu ented in the rec rd.

	

This
d cu entati n sha inc ude the pertinent features f the inspecti n
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pr cedures isted in Secti n 7.1 . Where c rrective acti n was required,
this sha be n ted in the rec rd, and the date f the acti n sha be
d cu ented if different fr the date f the inspecti n.

7.2.2 Instru ent Inspecti n

The rec rd sha c ntain a c p ete hist ry f the instru ents used in a
easure ent pr gra fr the ti e the instru ents are received unti the

pr gra is c p eted. Initia entries sha describe the instru ents, the
pre- insta ati n inspecti n and ca ibrati n, the easure ent site, the
insta ati n, and any reca ibrati ns. Sufficient inf r ati n sha be
c ntained s that the easure ent pr gra c u d be rec nstructed at a
ater date .

A rec rds sha be initia ed by the pers n aking the entry . The initia s
sha be c rre ated t individua s .

7.3

	

Sens r Caibrati ns

Sens r ca ibrati ns sha be d ne with equip ent traceab e t Nati na Bureau f
Standards. Caibrati n rep rts sha be fact red int any p st-pr cessing f data.

7.3 .1 Fie d Ca ibrati ns

Instru ents and rec rders that can be fie d ca ibrated sha be ca ibrated
t anufacturers' specificati ns at east twice a year . This ca ibrati n
sha c nsist f an e ectr nics check f the signa c nditi ning and rec-
rding equip ent .

N te: Adequate steps sha be taken t assure that the bearings and DC
generat rs have n t deteri rated . t the p int f affecting the sens r
ca ibrati n. C nsequent y, the Standard Operating Pr cedures sha
inc ude pr visi ns f r checking and rep acing the sens rs at appr priate
interva s . .

7.3 .2

	

Lab rat ry Ca ibrati ns

Sens rs sha be re ved and tested in the ab rat ry n a regu ar y
schedu ed interva . Sens rs sha be refurbished with new bearings and/ r
ther parts as needed . Sens rs sha be reca ibrated by appr priate
easures t ensure that the equip ent is perating within the
anufacturer's specificati ns .

1 2
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Appendix A

EXAMPLES OF DATA ANALYSIS AND REPORTING PROCEDURES

A .1

	

Data Ana ysis

A wide range f sa p ing strategies and data pr cessing pr cedures is avai ab e
depending n the kind f rec rding equip ent used in the c ecti n pr gra . Data
gger sa p ing frequencies and averaging ti es are partia y deter ined by the wind

turbine app icati n and uti ity purchase rate structure . As a resu t, advance p anning
sh u d be d ne t deter ine the st appr priate and usefu strategy .

F r C ass III syste s, data sh u d be sa p ed appr xi ate y nce every ne t three
sec nds, averaged ver a peri d n t t exceed ne h ur, and then st red in bins t btain
a variety f inf r ati n . A s inc uded in this sa p ing strategy sh u d be a ca cu ati n
f turbu ence ver the averaging peri d, as defined in AWEA's Ter in gy Standard .
A C ass III syste sh u d rec rd the f wing inf r ati n :

•

	

The ean wind speed and directi n.

•

	

Turbu ence data .

S ftware ay be required t pr duce the type f inf r ati n isted f r C ass III syste s .
F r st C ass III syste s current y avai ab e, this type f sa p ing strategy sh u d
a w f r appr xi ate y ne nth f data c ecti n bef re the rec rding ediu needs
t be refreshed r rep aced fr the syste . Fr this basic sa p ing and rec rding
strategy, su arized utput f C ass III syste s sh u d be as f ws:

•

	

Mean wind speed f r each rec rding peri d n t t exceed ne h ur.

•

	

A wind speed frequency hist gra in 1 s (2 ph) speed interva s .

•

	

A j int distributi n f wind speed and directi n in 2 /s (5 ph) speed interva s and
22 .5-degree directi n interva s .

•

	

A j int distributi n f wind speed versus ti e f day in 2 /s (5 ph) speed interva s
and ti e interva s n t t exceed 3 h urs .

•

	

A j int distributi n f wind directi n versus ti e . f day in 22 .5-degree interva s and
3-h ur ti e interva s .

•

	

Inf r ati n ab ut turbu ence .

•

	

Maxi u peak gust and sustained (based n averaging interva ) wind speeds .
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A .2 Data Rep rting F r ats

Tab e A-1 su arizes inf r ati n that sh u d be rep rted n a r utine (preferab y
nth y) basis f r the vari us c asses f data easure ent syste s .
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TABLE A-1

ROUTINE (PREFERABLY MONTHLY) REPORTING RECOMMENDATIONS
FOR VARIOUS CLASSES OF INSTRUMENTATION SYSTEMS

C ass

	

C ass II

	

C ass III

M nth y/annua ean wind speed

	

X

	

X

Wind speed frequency distributi n

	

X
and cu u ative frequency distributi n

Wind directi n frequency distributi n

	

X

Mean speed/directi n by ti e f day

	

X
(n t re than
114 day
incre ents)

Vertica shear f speed by

	

X
directi n and ti e f day*

Turbu ence

	

X

Maxi u gusts

	

X

Requires at east tw eve s f instru entati n n t wer
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Appendix B

EXAMPLE PROCEDURES FOR ENHANCING DATA
REPRESENTATIVENESS AT A SITE

B.1

	

Extrap ating On-Site Data t L ng-Ter Statistics

It is bvi us y i practica t sa p e at a pr p sed wind turbine site ng en ugh t
btain inf r ati n n interannua variabi ity, and perhaps even seas na variabiity .

Wind easure ent strategies, based n the kn wn statistica characteristics f high-wind
sites, have been deve ped, and are rec ended here t btain inf r ati n n the
ike y ng-ter variabi ity f a site .

F r a sing e seas n r year f easure ents at the wind turbine site, the ng-ter wind
speed f r the c rresp nding seas n, r the ng-ter annua wind speed f r a sing e year
f easure ents, wi be within +-10% f the sing e seas n r year bservati n with

ab ut 90% c nfidence (References 1, 2, and 3) .

When a nearby ng-ter reference stati n is avai ab e, and the diurna and seas na
wind patterns at the reference stati n and easure ent stati n are si i ar, the sh rt-ter
site data can be adjusted t the c i at gica stati n using the f wing re ati nship :

If a nu ber f different sites in a wind turbine array are t be nit red, an inter ittent.
easure ent strategy can be used at each site t axi ize instru ent usage (Reference

3). . Based n resu ts qu ted in (3) it is rec ended that at east tw t three nths
f inter ittent easure ents be ade at each cati n f r a peri d f at east three

years. This wi pr vide a data set that wi give at east the sa e, if n t higher, c nfi-
dence f the ng-ter esti ate at a sites than ne year f c ntinu us easure ents at
each site .

B.2 Specia Measure ents f r Site Eva uati n

B.2 .1 Turbu ence Measure ents

F r site eva uati n f r arge wind turbines r wind turbine arrays, specia
turbu ence easure ents ay be desirab e t deter ine re precise y the types
f ads wind achines ight experience at the site . It is rec ended that a

specia easure ent pr gra using high qua ity, sensitive wind sens rs and
s phisticated data ggers be undertaken f r sh rt peri ds f ti e . Detai ed
descripti ns f these pr gra s is bey nd the sc pe f this d cu ent .

B.2.2 Kite Ane eter Measure ents
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Kite ane eters can be used in the site eva uati n pr cess t btain inf r ati n
n the spatia representativeness f the easure ent stati n(s) insta ed at the site.
F r these studies, it is rec ended that kite ane eter studies be ade at
different ti es n each f 2 t 3 days per nth, three t f ur ti es per year.
The studies sh u d inv ve at east tw kites, which are first f wn t gether t
btain a re ative c paris n n the read ut f each . Then ne kite is f wn

c ntinu us y, c se t the easure ent stati n and at the sa e height as the
ane eter f the easure ent stati n, whi e the ther is f wn at the sa e
height at severa pre-deter ined cati ns ar und the site. These cati ns sh u d
be representative f the cati ns where wind turbines w u d be insta ed. At
each cati n, at east three 10- inute easure ent peri ds are rec ended,
with a 3- t 5- inute break between each peri d . During each easure ent
peri d, readings appr xi ate y every 15 sec nds sh u d be taken . At the
c nc usi n f the easure ents, a va ues. within each 10- inute easure ent
peri d sh u d be averaged and c pared with the "c ntr " kite ane eter.

A kite ane eter can a s be used t esti ate the vertica variati n f the wind
speed at the easure ent stati n, and at any cati n within the site . These
easure ents sh u d a s be d ne f r severa h urs n 2 t 3 days per nth,

3 t 4 nths per year, using the sa e sa p ing strategy as bef re. A "c ntr "
kite at the easure ent stati n is rec ended f r this practice as we .
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