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B4o cdo cudi cing — Dy an Niang lugng Gié GIZ/MolIT

1 Tém tit chung

Cong ty Co phan Tu van va Xdy dung Dién 3 (viét tit [a Cong ty PECC3) duoc GIZ uy quyén
thyc hién danh gia ngudn tai nguyén gié dai han tai huyén Hai Ninh, tinh Quang Binhthudc

Chuong trinh "Po gi6 phuc vu xay dung Ké hoach dién gié va Dy an dién gié". Chuong trinh
do gi6 dugc tién hanh tai 10 dia di€ém nam rai rac ¢ cac tinh tr mién trung vao mién nam.

Tai mdi dia diém, da thuc hién do toc d6 gi6 trong vong mot nam véi thap do 80m va cam bién
do chét luong cao.

C6 thé nhan manh cac két qua sau day ddi véi dia diém tai Hai Ninh:

U Hoat dong do gi6 di thuc hién thanh cong va s6 lidu téc do gié thu duge chat luong tét,
dic trung véi ty 1é s6 liéu bi mat mat thap, chudi sb liéu dat chuan va do thiéu tin ciy cua
s liéu thap (khoang 11.9%).

U Két qua do gid duoc tom tit trong Bang 1, trong d6 trinh bay dic trung khi hau gid vé toc
d6 gio, tham s6 Weibull A, tham s6 Weibull k va cudng d6 nhiéu loan ¢ mdi d6 cao do
cling nhu cac dic trung khi hau ndi chung & dia diém do, vi du nhu nhiét do, ap suat
khong khi va d6 am:

Tbc do gio [m/s] 5.62
som Tham s6 Weibull A [m/s] 6.107
Tham s6 Weibull k [-] 1.874
Cuong d6 nhiéu loan [1 0.148
Tbc d6 gio [m/s] 5.15
s0m Tham so Weibull A [m/s] 5.797
Tham s6 Weibull k [-] 1.8449
Cuong d6 nhiéu loan [1 0.168
Toc do gid [m/s] 4.73
som Tham s Weibull A [m/s] 5.338
Tham s6 Weibull k [-] 1.873
Cudng d6 nhiéu loan [-] 0.177
] . Nhiét do 14m [°C] 27.30
Cactt'fad'f‘ " l;‘h“;“"-”“g Ap sudt 6m [hPa] 1010.0
3 (la diem do D6 4m twong ddi 14m [%] 80.70

Bang 1: Két qua hoat dong do gid tai Hai Ninh.

Pi cb gang tinh toan tuong quan dai han giita két qua do véi s6 lidu khi hau gié dai han. Tuy
nhién, nd luc nay da khong thanh cong do chat lugng cua cac ngudn sé liéu gié dai han tai khu
vuc.

Mic du khong thé tinh toan dugc twong quan dai han, Cong ty PECC3 ciing di thuc hién nghién
ctru vé khi hau gi6 dai han phu hop véi khu vue, cu thé 1a nghién ciru s lidu tir cac tram khi
tuong gan d6 dé dua ra bao cdo vé tinh dai dién ciia khoang thoi gian do lién quan dén khi hau
gio dai han cua khu vyc.
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B4o cdo cudi cing — Dy an Niang lugng Gié GIZ/MolIT

2 Boi canh va Pham vi

Danh gia ngudn tai nguyén gi6 dai han tai Hai Ninh duogc thyc hién trong khuon khd chuong
trinh “Po gid tai mot sé dia diém dé phuc vu viéc 1ap quy hoach phat trién dién gié va phat
trién cac duw 4n dién gié" thuoc Du an "Xay dung khung chinh sach va h§ tre ky thuat cho
phat trién dién gi6 ndi lwéi tai Viét Nam". Chuong trinh do BiMéitr _ yB§ o t Qn
nhiénvaAn t o”" n Lhv i mRBMY)vabic Cthngng ViiMgvadd& m
quanH1 p t 8¢ QE@M)x(phit rc) gad& Cong thuong (phia Viét Nam) thyuc hién.

Chuong trinh do gi6 bao gébm 10 dia diém nam rai rac tir Bac vao Nam. Muc tiéu cia chuong
trinh 1a nham ho tro chinh quyén dia phwong trong viéc 1ap quy hoach dién gi6 va dong thoi hd
trg C4C nha dau tu thyc hién cac du 4n dau tu dién gio.

Tinh X&-Huyén — Tinh C6 du an dién gio
tai dia diém do
hay khong?

1 Kon Dong — Mang Yang — Gia Lai Khéng
2 Eaphe —Krong Pak — Daklak Khéng
3 Xuan Hoa-Song Cau —Phu Yen Céo

4 Hai Ninh — Quang Ninh — Quang Binh | C6

5 Thanh Hai — Thanh Phu — Ben Tre Khéng
6 La Der — IA GRAI —Gia Lai Khéng
7 Da Loan- Duc Trong — Lam Dong Khoéng
8 Ea Drang — EAHLEO - Daklak Co

9 An Hai —Tuy An —Phu Yen Khéng
10 My Thanh — Phu My — Binh Dinh Khéng

Bang 2: Danh sach cac dia diém trong chuong trinh

Tai mdi dia diém do, di thyc hién do gid trong vong mdt nam véi thap do 80m va cam bién do
chat luong cao.

Céc bén thyc hién du an ¢6 vai trd va trach nhiém dugc mo ta tom tat dudi day.

Cong ty German ProfEC dugc lwa chon véi tu cach 1a cong ty tu van qudc té c6 trach nhiém
nhu sau: tu van Iya chon dia diém; cung cép cac thong sd ky thuat vé truc ngang, can quay Va vi
tri lap dat; tu van vé chién luoc lap dat; giam sét tai chd, van hanh, ghi chép tu liéu vé hé thong
dau tién va chuyén giao cong nghé trong qua trinh thyc hién cong viéc; giam sat tir xa, tu vén,
van hanh, ghi chép tu liéu vé mdi hé théng tiép theo. Nguoi dai dién va dau mdi lién lac cua
German ProfEC GmbH la 6ng Andreas Jansen, Giam ddc diéu hanh.

Cong ty PECC3 dugc lya chon 12 ¢ong ty tu van trong nudc ¢6 trach nhiém cu thé nhu sau: thiét
ké cot do, Iwra chon dia diém, giam sét lp dat cot, lap dat cac cam bién cho 10 hé thong, két ndi
dién va van hanh hé théng, gidm sat tai chd hoat dong do va thuc hién danh gia tiém ning gio va
nang luong trong vong mot nam. Nguoi dai dién va diu mdi lién lac ciia Cong ty PECC3 1a 6ng
Nguyén Hoang Diing, Truong phong Phat trién mang ludi dién.
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B4o cdo cudi cing — Dy an Niang lugng Gié GIZ/MolIT

Ong Nguyén Qudc Khanh di dugce lua chon v6i nhiém vu hd trg thue hién chuong trinh. Ong
Khanh c6 nhiém vy hd tro k¥ thuat cho Cong ty PECC3 trong qué trinh thyuc hién chuong trinh,
bao gdm nhiém vu x4y dung bao céo cudi cing vé 10 tram do gid.

Cong ty TNHH Nam Kinh 13 nha san xuét va lap dat cot do trong nude. Nguoi dai dién va dau
mbi lién lac caa Cong ty TNHH Nam Kinh 12 6ng Phan Qudc Hao, Truéng Ban Quan 1.

Mic du chuong trinh do gi6 van tiép tuc duoc thuc hién tai dja diém do, danh gia nguén tai
nguyén gié chi dugc thuc hién dua trén bo s6 liéu ndm day du ké tir ngay duoc lap dit xong. Céc
s6 liéu tham khao dai han tai cac tram khi twong gan d6 (néu c6) do chu chwong trinh cung cap.
Hoat dong danh gia duoc hd trg boi rat nhiéu tai liéu k¥ thuat vén 13 san phim cua cac budc
trude d6, va nhirng tai lidu ki thuat nay s& duoc trinh bay trong cac phan tiép theo.

Gidng nhu cac hoat dong trude ddy, danh gia ngudn tai nguyén gié nhan duge sy hudéng dan ky
thuat cua Cong ty German ProfEC nhim dam bao rang danh gia pht hop véi cac tiéu chuén lién
quan va phu hop vai thong 1¢ chung vé danh gia chuyén nghiép ngudn tai nguyén gio.

Boi vi khong thé dua vao kién thirc hién tai dé du doan chi tiét ngudn tai nguyén gio trong tuong
lai (bao gom ca anh huong cua bién doi khi hau) nén gia thiét 13 ngudn tai nguyén gid du kién s&
& muc trung binh tuong ty nhu muc ciia khoang 10 dén 20 nam trudc day.
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3 Phwong phap luan

Chuong trinh do gié dugc dua vao van hanh trong thang 5/2012. Viéc xdy dung va lap rap két
céu cot do do Cong ty Nam Kinh thyuc hién. Sau d6, cac k¥ thuat vién ciia Cong ty Nam Kinh va
Cong ty PECC3 da phdi hop lap dat thiét bj do (thiét bi va cam bién). Viéc 1ap dung két ciu va
cam bién do theo c4c tiéu chuan cu thé (IEC, IEA, MEASNET, v.v) d dugc xac nhin boi Cong
ty PECC3 va Cong ty Nam Kinh. Sau khi dua vao van hanh tai mdi diém do, mot bién ban thoa
thudn van hanh duoc ky Kkét gitta PECC3 va GIZ, ngoai ra PECC3 s€ c6 trach nhi¢m 1ap mot bao
c4o van hanh.

Lién quan dén viéc bd tri cac thiét bi do, c6 thé tham khao bao cdo (dd duoc cung cip) cb tén sau
day:

 Béo céo lip dit cac thiét bi do gio & tram Hai Ninh, Quang Binh tir 12/5/2012.

V& co ban, sy thanh cong vé mat kinh té cia mot du an dién gi6 chinh 12 van dé san luong dién
dat dugc hang nam. San luong dién thudng duoc tinh todn trong quéa trinh 1ap ké hoach du an
thong qua cac do dac va md hinh du toan san lugng dién. Néu nang suét dién dai han dat duoc
thip hon dang ké so voi con s6 du kién thi lgi nhuan giam c6 thé dan dén su pha san vé mit tai
chinh ctia du an. Do vdy, su thanh cong vé mat kinh té phu thudc vao kha nang danh gia dang tin
ciy vé san luong dién gié dai han. Can phai du bao san lugng dién trung binh trong toan bo thoi
gian thuc hién (hodc thdi gian khau hao) ctia mot du 4n trang trai dién gid voi cang it cac yéu to
bat dinh cang tdt.

bé ¢6 dugc mot co s& dang tin cdy cho danh gia san lugng dién dy kién, can phai tién hanh do
téc do gio truc tiép tai dia diém du an. Hoat dong do téc dd gio can phai duoc thyc hién it nhat Ia
trong mot nam hoan chinh. Khoang thoi gian mdt nam (néu dong y cac yéu cau vé chat lugng) sé
cho phép cung cap thong tin can thiét dé xac dinh mirc 4§ twong quan dai han va dy doan khi hau
gi0 noi chung ¢ dia diém do:

U biéukién gi6 tai cac myc do cao khéc nhau tai dia diém do

U Do trong khoang thoi gian c6 dac tinh khi hau hoan chinh

U Mitec do chiém wu thé cua gi6 theo do cao & dia phuong

Nhuoc diém ciia do dac nay 1a chi gii han trong khoang thoi gian do mot nim va & mot vi tri dia
Iy duy nhét trong khu vuc trang trai gié. Dé khic phuc nhimg vin dé nay trong phép do ngin
han, can phai thiét 1ap mdi twong quan véi diéu kién gié dai han & bt ctr noi nao co the, va dé
xéac dinh diéu kién gié cho toan bo khu vuc trang trai gid, can phai 4p dung mot mé hinh tinh
toan san lugng dién.

Can phai tao 1ap mbi trong quan dai han dé han ché anh huong cua bién dong toc do gié hang
nam. Néu chuong trinh do tde do gi6 dugc thuc hién trong nam c0 san lugng dién trén mirc trung
binh thi s& din dén tinh trang wdc tinh san lugng dién du kién & mirc qué cao so voi cac didu
kién dai han. Vi dy, néu chuong trinh do tbe do gi6 duoc thuc hién trong nam c0 san lugng dién
cao hon 10% so v&i muc trung binh thi viéc wdc tinh san luong dién hang nam (tirc la danh gia
hiéu qua kinh té) s& can ¢t vao tinh hudng ma & dé két qua s& tot hon 10% so véi diéu kién dai
han. Vi vay, mot danh gia dang tin cay vé diéu kién téc do gi6 dai han 1a cuc ky quan trong ddi
véi cac du an dién gio.
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Hinh 1 cho thdy céch &p dung do ngin han két hop v6i do dai han. Thanh ngang phia trén la
khoang thoi gian do dai han dwogc thuc hién tai Dia diém tham chiéu trong mot vai nam (6 day 1a
10 nam). Trén thanh ngang nay c6 mot phan nhé mau vang cho thiy khoang thoi gian do ngin
han (¢ day 1a mot nim) dwogc ghi lai trong khoang thoi gian gidng hét voi do ngin han dugc thuc
hién tai dia diém trang trai dién gi6 dé xudt (n Ma L i © m Thanh nging 8an do cho thay
khoang thoi gian ngian han ndy tai Pia diém du doan. Thanh ngang mau xanh luc ¢ duéi 1a du
doan dai han c6 duoc tir viée sir dung quy trinh Do - Tuong quan - Dy doan (viét tit 1a quy trinh
MCP).

a

no d"i h4n, bao g m khol[ng th i

94 95 96 97 98 99 00 01 02 03 04

PDia di ém duw \ 1
) ' .
D, Lo8&n d7i hP no ngdn h4yn M
A

)\

94 95 96 97 98 99 00 01 02 03 04
Hinh 1: Tuong quan dai han cua sé liéu do téc do gio theo quy trinh MCP

Trude hét, thiét 1ap mdi twong quan giita s6 liéu do ngan han duoc thyc hién tai Pia diém du bao
v6i bo s6 liéu thu thap tai Pia diém tham chiéu (tram do dai han) trong ciing mot khoang thoi
gian, tir d6 cho ra bo tham s twong quan, trong d6 s& kém theo it yéu t6 bat dinh hon va cac diéu
kién 6n dinh hon trong qua trinh do tai Pia diém tham chiéu. Trong budc tht hai, du doan dai
han duoc thuc hién dbi véi Dia diém du doan béng cach su dung bd tham ) tuong quan da tao
1ap va céc sb liéu do dai han ¢ dugc tir Pia diém tham chiéu.
Tom lai, can ghi lai ba loai s6 liéu cho twong quan dai han:

U Po ngéin han tai Pia diém du doan (khoang thoi gian mot nam)

U Do dai han tai Dia diém tham chiéu

U Bo sfr)’liéu ngén han tai Dia diém tham chiéu, dugc ghi lai trong cung khoang thoi gian

do ngan han tai Pia diém dyu doan.

Tramdodaihantain Ma t h ®m odnlphaikdithoi gian luu trir s lidu it nhat tir 5 d&én 10
nam va can duge dat trong khu vyc ma & do

U Gan voi dia diém do ngan han

U C6 cac diéu kién khi hau gi6 tuong tu (c6 khi hau gi6 khu vuc tuong tu)
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O hau hét cac nuée déu co chuong trinh do tde d6 gi6 cia cac co quan khi twong, sn bay hoic
cac tram quan su. CAC chuong trinh do tbc do gid nay thuong dugc thuc hién & do cao thap so
v6i mit dat (thuong & do cao tir 10m dén 15m so véi mit dat) va do d6 bi anh hudng rt nhiéu
boi dia hinh va vat can xung quanh. Vi viy, cac chuong trinh do téc do gié nay ¢6 mot nhuogc
diém 16n: ching ¢ d6 chinh xac han ché va khong dai dién cho cac d6 cao 16n hon. Uu diém
chinh cua cac chuong trinh do nay 12 sb liéu dugc ghi lai trong mot khoang thoi gian dai, thuong
la trong diéu kién hoat dong 6n dinh. Uu diém nay khién cho ching tr& nén phu hop véi twong
quan lau dai va lién két s6 liéu mién 1a s6 liéu duogc ghi lai trong diéu kién on dinh.

That khong may, day khong phai 1a truong hop cta Viét Nam vi hai ly do. Trudce tién, cac tram
do thuong dugc dit tai cac thanh phé, thi xa trong khi cac dia diém trong chuong trinh do nay lai
& kha xa. Vi vay, cac tram nay khong c6 cing ché do khi hau gid. Thir hai, cac tram nay chi co
thé phuc vu doc két qua 4 1an/ngay, do d6 khong phut hop dé co thé 1ap mdi turong quan.

Nhuoc diém nay sé& dugc danh gia trong phan vé cac yéu t6 bat dinh.

3.1  Cic yéu cau dwoc xem xét trong Phan tich tiém niing gi6

Céc hoat dong do gi6 duogc thuc hién tuan theo cac chuan qudc té hién hanh IEC 61400-121 [Noi
dung tham khao 1]. Cac tham s dugc xem xét cho phép do tdc do gid voi chét lugng cao s&
duogc gidi thidu ngan gon.

IEC 61400-121 [Noi dung tham khao 1] 1a tiéu chuan do két qua gitra toc do gid va san lugng
dién niang ctia mot tua-bin gid (dudong cong PV). Do d6, hoat dong do khong chi don thuan 1a do
tdc d6 gid ma con 1 thu thap/luu trit sb liéu can thiét va do dién nang cua tua-bin. Tuy nhién, vi
can phai c6 nhimng béo c4o dang tin cdy vé dién ning cta tua-bin gié nén tiéu chuin nay dua vao
cac yéu cau dugc chip nhan rong rai nhat lién quan dén do téc do gio.

3.1.1 Ghi chép tr li¢u vé tram do

Dé c6 thé danh gia va xir 1y s6 liéu do mot cach thich hop va tai bat ky thoi diém nao, khong thé
thiéu hoat dong ghi chép tu liéu day du vé hoat dong do tdc do gi6. Do do, Bang 3 dudi day trinh
bay nhitng diém quan trong nhat da duoc xem xét trong qué trinh do tdc do gio.

Vi tri chinh xac cia tram do T Vitridialy, toa dd UTM hodc toa do chir nhat
tuong tu

M0 ta vé bd tri/lép dat phuc vu hoat dong
do

Do cao do chinh xac

Hudng can va thiét bi do hudng gié danh dau

hudng bic (khoang cach thang goc voi cuc

béc)

1 Thiét bi ghi s6 liéu duoc st dung (may ghi biéu
dd kiéu bang, may ghi k¥ thuat sb, v.v.)

| Cac thiét bi cam bién duoc lap dat (nhiét ké, ap

ké, v.v.) trong d6 bao gdm ma sé nhan dang

= =4

Ghi chép tu ligu vé thoi gian khong do 1 Téng s6 gio khong do trong nim
trong qué trinh luu git so6 liéu Do dai mdi lin khong do

Théng tin chi tiét vé nhitng thay ddi trang | Xay dung lai

thiét bi do T Chuyén dia diém
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§ Thay dbi ving xung quanh

Bang s6 liéu (néu co) f  Sé liéu hiéu chinh vé c4c thiét bj cam bién do
duoc st dung

Thay ddi vé dudng cong va tham sb hiéu chinh
S6 luong bao c4o hiéu chinh

E ]

Bang 3: D¢ xuat ghi chép tu liéu vé tram do

3.1.2 Cot do gio

Ban than cot do gi6 ciing di tac dong dén hudéng gi6. Tac dong nay di duoc han ché & muc tdi
thiéu. Cac may do gié duoc lap dat trén cot theo cach thirc dé c6 thé han ché t6i thiéu nhat tac
dong cua cot do gid va can (boom). Do d6, may do gié da duoc lap dat & khoang cach t6i thiéu
can thiét so véi thap. Trong qua trinh hiéu chinh may do gié, truc gin cta cac may do gié dugc
dam bao tring khép véi cach lap dat ngoai troi sau ndy vé co ché diéu chinh va dudng kinh.

Cap dién ctia cam bién da duoc bao vé chéng lai anh hudng cua thoi tiét va mai mon co hoc. Cap
dugc dat trong cac ong cua truc va dugc gan co dinh vao c¢ot do gié bang cd&C mau noi ¢O khoang
cach ngan.

3.1.3 Cin (Can ngang)

Can do 1a can thiét khi thyc hién do gi6, dugc lip dat & cic dd cao khac chir khong phai chi &
dau cot do gi6. Khoang cach gitra cot do gio va may do gié da duge giit & mtc dai hon sau lan
duong kinh thap ludi cua cot do gioé [N6i dung Ref. 2].

3.1.4 Chiéu cao thap va chiéu cao do gié
Chiéu cao do gi6 1y tudong chinh 1a chiéu cao truc tua-bin gié dugc dé xut lap dit.

3.1.5 Khoang thoi gian thyc hién chwong trinh do gié

Chuong trinh do st dung ¢4t do gi6 da dugc thyc hién trong khoang thoi gian mgt nam, phu hop
v6i cac tiéu chuan lién quan va phu hop véi thong 1é chung vé danh gia ngudn tai nguyén gio
mot cach chuyén nghi¢p. Sau do, chuong trinh da dugc gia han thém mdt nam. Po trong mot
khoang thoi gian dai hon s& gilp lam gidm nhiing yéu t6 bat dinh trong du doan san lugng dién.
Tuy nhién, nhu d4 n6i & phan trén, bao céo nay chi stir dung bo s6 liéu trong mot nam.

3.1.6 Trang thiét bi

Po tdc d6 gi6 dugc thuc hién trong mot khoang thoi gian dai (2 mot nam). Vi vay, cac thiét bi
cam bién dugc lya chon phai phu hop dé su dung lau dai. Cac thiét bi nay tham chi co thé hoat
dong trong diéu kién thoi tiét khac nghiét. Céac thiét bi bao gém cac linh kién co chat lugng cao
Va c4c dic tinh dang tin cay. Sai s6 1% vé tbc do gi6 ddng nghia véi sai sd san luong dién tir 2%
dén 3%. Vi ly do nay, cac thiét bi do gié va canh quat gid da duoc hiéu chinh trong khi dong luc
(wind tunnel) cho pht hop vé6i cac muc dich vé dién gio. Bang sb liéu va sb liéu hiéu chinh cta
cam bién dd duoc ghi lai va c6 thé doc trong Phu luc E-H.
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3.1.7 Luu trit sb liéu
Chudi thoi gian duoc ghi lai bao gdm gia tri trung binh, d6 1éch chuan, gia tri toi thiéu va gia tri
t6i da cho trung binh 10 phat. Khoang thoi gian 1dy miu 1a 1/s (1Hz) theo [No6i dung Ref. 1].

V& nguyén tic, viéc truyén va doc cac s liéu do gié c6 thé duoc thuc hién theo hai cach, d6 1a
doc bang mit thuong tai dja diém do va két ndi truc tiép tir may tinh xach tay dén thiét bi thu
thap va luu trit s6 liéu hodc truyén sé litu GSM bang dién thoai di dong. Trong chuong trinh
hién nay, céc dia diém nim & xa (so v6i TP HO Chi Minh) dwoc cai dit hé thong truyén sb liu
GSM biang dién thoai di dong (tat ca co 5 diém). Trudc do, tin hiéu vién thong tai cac dia diém
da duoc kiém tra dé dam bao van hanh hé thong.

3.1.8 Bao tri va giam sat tram do gid

bé ¢6 duge bao dam sb lidu do gio dﬁy du, cong tac kiém tra va bao tri tram do va s liéu do da
dugc thyc hién mdi quy mot 1an. Do anh hudng lién tyc cua thoi tiét, cot do gio va cac cam bién
¢6 thé bi hao mon ty nhién va bi hong.
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4 Keét qua do
Bang 4 dudi diy biéu thi thoi diém bat dau hoat dong & mdi dia diém do. Thoi diém két thic
chinh 12 thoi diém két thiic danh gia ciia bao céo cudi ciing nay.

Pia diém Ngay bat dau Ngay két thiic
Hai Ninh 12.05.2012 00:00 31.05.2013 23:50
Bang 4: Khoang thoi gian dénh gia s6 liéu do gi6

Bang 5 — Error! Reference source not found.6 dudi day cho thay cac tham sé lién quan chinh
dén dac diém khi hau gi6 cuia mdi dia diém do. Gia tri tdc d6 gid trong bao cdo nay cho thiy gia
tri trung binh ham Weibull. D4i v6i mot s6 danh gia duoc thuc hién hang thang, da khong thé ap
dung ham Weibull boi vi khong phai tit ca cac khu vuc déu ¢ di s6 sb liéu do hudng gié chu
dao (khdng c6 gi6 thdi theo cac hudng nay) hoic tdc do gié do duoc quéa cao dé co thé xac dinh
ngudn gdc chinh xac cuia ham Weibull. Tuy nhién, day khdng phai 1a van dé d6i véi danh gia
hang nim (d4nh gia hang nam lién quan dén tinh todn san luong dién) boi vi trong khoang thoi
gian nay, ham Weibull c6 thé ap dung cho tat ca cic tram va C4c cung goc phuong vi.
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Bang 5 dudi ddy cho thdy hudng, ching loai, sb seri va tham sé hiéu chinh cua thiét bi do gi6 sir

dung tai tram Hai Ninh.

Cam bién Chiing loai S seri Sohieu |H.agl | Huéng Nhé&n | P9 xién | Khoang
chinh [m] c¢in quay | méac ghi cach
[°1 phia thing
bic []/ g6c
Khoang
cach
thing
géc
Hai Ninh Toa a9 (UTM WGS84) X/ Y: 688030.45 / 1916593.01
Thiét bi do
gio trén Thies Loai 1 11102430 | 10/8201 80 - - 0.04584 | 0.255
cung
Thict bi do ThiesLoai | |11102428| 10/8203 | 60 . - |0.04586| 0.241
gi6 o gilta
Thiét bi do
gi6 dudi Thies Loai 1 11102423 | 10/8208 40 - - 0.04591| 0.239
cung
Thiét bi do Huoéng gid
huéng gio | Thies4.3128.00.xxx 11100820 ) 80 140 320 ' '
Thiét bi thu
thap va luu Ammonit Meteo32 | C100645 6 - - - -
trit s lidu
Nhiét ké 1 P6312 14 - - - -
May do dg P6312 14 - - - -
am 1l
Ap ké Ap ké AB60 6 - - - -
Béang 5: Hudng, chung loai, s6 seri va tham sd hiéu chinh cua thiét bi do gi6 str dung tai tram Hai Ninh
56 lugng Month/[ 05 [06 07 [08 [09 [10 [11 [12 [01 [02 [03 [04 [05 [Téng
: Unit |12 |12 |12 |12 |12 |12 |12 | 12|13 |13 |13 |13 |13
80 m
Tbc 4o gi6 [m/s] [4.76[7.31]6.50]6.66[4.92]5.52]5.13/6.045.63[4.97 4.88]5.29[5.09] 5.62
Tham sb Weibull A [m/s] 5.36(8.23(7.30(7.51|5.57(6.24 5.80(6.836.35[5.61|5.52|5.96 [5.75| 6.36
Tham sb Weibull k [[] [2.58[2.67(2.73[2.58(2.05[2.00(2.15|1.82(2.54|2.03|1.89(1.78(2.34| 2.06
Cuong d6 nhiéu loan [-] 0.111
60 m
Tbc do gio [m/s] 4.4316.816.06(6.23|4.64|5.23(4.77(5.50(5.08 [4.5214.394.854.73| 5.20
Tham sb Weibull A [m/s] 14.99(7.67|6.81(7.045.25|5.92|5.40(6.20(5.73(5.10(4.97 [5.485.34| 5.88
Tham sb Weibull k [[1 [2.58]2.602.69(2.53|2.12|1.81(2.11(1.72|2.61(2.00|1.86(1.77 [2.33| 2.04
Cuong d6 nhiéu loan [-] 0.127
40m
Téc do gi6 [m/s] [4.01]6.16[5.49[5.64[4.24[4.80[4.33/5.09[4.74[4.01[3.93]4.38[4.29[ 4.73
Tham sb Weibull A [m/s] 14.53|6.95|6.18(6.384.80(5.4414.89(5.76 |5.34 |4.54 /4.454.95 |4.84| 5.35
Tham sb Weibull k [[1 [2.49]2.50{2.60(2.42(2.211.87 |2.13|1.79(2.64|2.03|1.89(1.80(2.31| 2.05
Cuong d6 nhiéu loan [-] 0.147
Cic tham s khi twong bd sung
Nhiét do 14m [°C] 25.91
Ap suat 6m [hPa] 1010.0
Do 4m tuong dbi 14m [%] 84.10

Bang 6: S6 liéu trung binh hang thang vé cac dac diém khi tuong gié & Hai Ninh
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Thiét bi do hudng cia tru do gié Hai Ninh bi hu tir 14/09/2012 dén 07/10/2012 va da dugc thay
thiét bi mé6i. Thiét bi do gié tAng 80m va 60m bi sd liéu do tir 25/12/2012 dén 07/01/2013 do day
truyén tin hiéu bj dut.

S6 liéu tir 12.5.2012 dén 31.05.2013, cho thiy téc do gio trung binh ghi nhan dugc ¢ d6 cao 80
m 1a 5,62 m/s voi hudéng gié chinh 14 gitta 225° - 255° va 315° - 345°. Téc d6 gi6 duge phan bd
theo phuong trinh Weibull v6i tham s6 A = 6,36 m/s va k = 2,06. Gi6 manh hon tir thang Sau
dén thang Tam va twrong d6i yéu trong cac thang con lai, dic biét hai thang Nam va Chin.
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5 Diéu chinh dai han

O trén 1a két qua do gi6 trong vong mot nam tir 12/05/2012 dén 31/05/2013, va két qua nay co
thé khong thuc sy phan anh khi hau gi6 dai han tai dia diém do. Vi vay, viéc diéu chinh dai han
cac két qua 1a can thiét. Nd lyc ndy da khong thanh cong do thiéu ngudn sb liéu do dai han chit
lwong va can thiét cho viée 4p dung quy trinh MCP. Van dé sir dung sé liéu dai han van dang con
bo ngo.

V& van dé nay, sb liéu khi twong trung binh hang nam tir cac tram khi twong gan nhat da duoc
nghién ctru dé co thé hiéu dugc mirc do bién thién.

Hinh duéi day cho thiy téc do gié hang nim tir nim 2002 dén nim 2012 tai tram M Drak, cach
dia diém do gan nhat khoang 30 km vé phia bic. N6 cho thay rang, d bién thién cua sb liéu gio
hang nam khdng 16n hon + 11,7% gia tri trung binh dai han cta tit ca cac nam.

Annual

2.5
2.0 -\ h_/—Avb‘—
1.5 N

1.0 == Annual

0.5

0,0 T T T T T T T T T T 1
2002 2003 2004 2005 2006 2007 2008 2009 20102011 2012

Mic du khoang gia tri nay khong ap dung duge cho diém do, nhung c6 thé lam mot gia thuyét
rang cung khoang bién thién véi su thay do6i toc d6 gio hang nam tai diém do. Hay n6i cach khac,
diéu nay cho thay cac két qua trén cho dia diém cé thé 16n hon hodc nhé hon 5% mirc d¢ trung
binh. Nhu vay, can thiét danh gia yéu td bat dinh, va tiép theo 1a du doan san luong dién. RO
rang la s& giam thiéu dugc cac yéu td bat dinh néu co ngudn sb liéu dai han hodc st dung phuong
phap danh gia dang tin cay hon.
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6 Cac yéu té bat dinh ciia chwong trinh do gié

Khi tién hanh do s6 liéu vé tbc d6 gio, vi nhiéu ly do khéc nhau ma co thé dan dén cac yéu td bat
dinh lién quan dén s6 liéu dugc do. Trong chuong trinh do gid, da cb ging giam thiéu cac yéu tb
bét dinh bang cach ap dung tiéu chuin va quy trinh duoc céng nhan vé thiét bi do, lap dat thiét
bi, két cau cot do cling nhu phuong phap kiém tra va diéu chinh sé liéu. Hon nira, thiét bj do gi6
hiéu chinh ciing dd dugc s dung. Tuy nhién, ké ca nhu vay thi ciing khong c6 nghia 1a yéu tb
bat dinh c6 thé bang 0. Nhimng yéu td bat dinh nay c6 thé mang tinh chéat hé thong hodc thong ké.
CAc yéu t6 bat dinh thudc vé do bién thién dai han 12 sai biét co thé xay ra vé dic diém gio trong
khoang thoi gian do so v6i gia tri dai han va 13 bat ctr yéu té bat dinh nao vé hé théng va thong
ké do quy trinh dién cac s liéu con thiéu tao ra.

Bang 7 cho thiy céac yéu té bat dinh twong ddi lién quan dén co s6 sd liéu gié & Hai Ninh:

Yéu t6 bét dinh

Nhan xét

Mirc dd bat
dinh ve toc
d gi6 [%0]

Do toc dd gio

Muc d6 bat dinh ap dung cho toan bd khoang

A . . 9
Hiéu chinh may do gi6 higu chinh trong dng Iyc hec 1.78 %
Anh hudng cua can lap thiét bi do gio o )
- Méo dang luong gid Can lap thiét bi do gio khong 1y tuong 0.6%
- Hiéu ing che bong 0.5%
Sy bat dinh cua viéc diéu chinh toc d6 qua cao
bic tinh tuong ddi cua may do giod do dac tinh khi dong hoc, bao gom céc hiéu ting 0.96%
khac vé thudc tinh may do gid
Bién thién dai han Khoang bién d¢ cua so liéu khi tugng ** 11.7%
g};}‘; thap s6 li¢u lién quan den t0c o giO UNG | b4 4¢ ginh ciia qué trinh ghi chép s6 lidu 0.1%
Téng mirc d9 bét dinh ciia co sé sb li¢u gié 11.9%

Bang 7: Bo bat dinh tuong ddi cua s6 lidu khi tugong lién quan dén toc do gio tai tram Hai Ninh. Tét ca cac gia tri
cho thiy d6 bét dinh chudn phu hop véi quy dinh ciia T chire Tiéu chudn qudc tél,

** Do tap $6 lidu thiy van khong twong quan véi s6 liéu do nén tinh theo bién do dao dong 16n nhét cua tap $6 lidu

thily van

174 chire Tigu chudn qudc té, Huong din vé mo ta d bt dinh trong do ludng, 1995
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7 Phén tich va danh gia chi tiét s6 liéu do gié
Mot bao cdo phan tich chi tiét cho mdi d6 cao do gié dugc trinh bay trong Phu luc A.

Céc yéu t6 quan trong mo ta dic tinh cua khi hau gid tai dja diém do va Phu luc trong tmg duoc
mo ta dudi day.

Do cao do gio
L 80m 60m 40m
Van dé phan tic

Thong ké ho so [ I 10
Phan bd tan suat huéng
gi6 & d6 cao 80 m
Phan b tan suét tde do
gio

Bién trinh toc do gi6
(80m) va hudng gio VI
(80m) qua céc ngay
Bién trinh toc do gi6
(80m) va hudng gio IX
(80m) qua cac thang

Bang 4: Phan tich va danh gia so liéu gio6 cho tat ca cac tram do trong Phuy luc A

\Y Vi \l
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8 Tham khao

Ref. 1 IEC 61400-121: WIND TURBINES — Part 121: Power performance
measurements of grid connected wind turbines

Ref. 2 IEA 1% Ed. 1999: Recommended Practices for Wind Turbine Testing and
Evaluation 11. Wind Speed Measurement and use of Cup Anemometry
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Phu luc A — Phén tich va danh gia chi tiét s6 liéu do gi6

I-Thong ké sb liéu do
Do cao 80m

Ngay 5.12 6.12 712 812 912 1012 1112 1212 113 213 313 413 513

1 144 144 144 144 144 144 144 0 144 144 144 144
2 144 144 144 144 144 144 144 0 144 144 144 144
3 144 144 144 144 144 144 144 48 144 144 144 144
4 144 144 144 144 144 144 144 60 144 144 144 144
5 144 144 144 144 144 144 144 0 144 144 144 144
6 144 144 144 144 122 144 144 0 144 144 144 144
7 144 144 144 144 144 144 144 27 144 144 144 144
8 144 144 144 144 144 144 144 96 144 144 144 144
9 144 144 144 144 144 144 144 144 144 144 144 144

10 144 144 144 144 144 144 144 144 144 144 144 144

11 144 144 144 144 144 144 144 144 121 144 144 144

12 144 144 143 144 144 144 144 144 144 144 144 144 144

13 144 144 144 144 144 144 144 144 144 144 143 144 144

14 144 144 144 144 144 144 144 144 144 144 144 144 144

15 144 144 144 144 144 144 144 144 144 144 144 144 144

16 144 144 144 144 144 144 144 143 144 144 144 144 144

17 144 144 144 144 144 144 144 144 144 144 144 144 144

18 144 144 144 144 144 144 144 144 144 144 144 144 144

19 144 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 142 144 144 144 144 144 144 143 144

21 144 144 144 144 144 144 144 144 144 144 144 144 144

22 144 144 144 144 144 144 144 142 143 144 144 144 144

23 144 144 144 144 144 143 144 144 144 144 144 142 144

24 144 144 144 144 144 144 144 144 144 144 144 144 144

25 144 144 144 144 144 144 144 144 144 144 144 144 144

26 144 144 144 144 144 144 144 144 144 144 144 144 144

27 144 144 144 144 144 144 144 144 144 144 144 144 144

28 144 144 144 144 144 144 144 144 144 144 144 144 144

29 144 144 144 144 144 144 144 144 144 144 144 144

30 144 144 144 144 144 144 144 144 144 144 144 144

31 144 144 144 144 32 144 144 144

% 645 100.0 100.0 100.0 100.0 995 100.0 974 79.3 994 100.0 99.9 100.0
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Do cao 60m

Day 512 6.12 712 812 912 1012 1112 1212 113 213 313 413 513

1 144 144 144 144 144 144 144 0 144 144 144 144
2 144 144 144 144 144 144 144 0 144 144 144 144
3 144 144 144 144 144 144 144 0 144 144 144 144
4 144 144 144 144 144 144 144 0 144 144 144 144
5 144 144 144 144 144 144 144 10 144 144 144 144
6 144 144 144 144 122 144 144 0 144 144 144 144
7 144 144 144 144 144 144 144 6 144 144 144 144
8 144 144 144 144 144 144 144 96 144 144 144 144
9 144 144 144 144 144 144 144 144 144 144 144 144

10 144 144 144 144 144 144 144 144 144 144 144 144

11 144 144 144 144 144 144 144 144 121 144 144 144

12 144 144 144 144 144 144 144 144 144 144 144 144 144

13 144 144 144 144 144 144 144 144 144 144 144 144 144

14 144 144 144 144 144 144 144 144 144 144 144 144 144

15 144 144 144 144 144 144 144 144 144 143 144 144 144

16 144 144 144 144 144 144 144 144 144 144 144 144 144

17 144 144 144 144 144 144 144 144 144 144 144 144 144

18 144 144 144 144 144 144 144 144 144 144 144 144 144

19 144 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 143 144 144 144 144 144 144 144 144

21 144 144 144 144 144 144 144 144 144 144 144 144 144

22 144 144 144 144 144 144 144 144 144 144 144 144 144

23 144 144 144 144 144 143 142 144 144 144 144 137 144

24 144 144 144 144 144 144 144 144 140 144 144 144 144

25 144 144 144 144 144 144 144 144 144 144 144 144 144

26 144 144 144 144 144 144 144 68 144 141 144 143 144

27 144 144 144 144 144 144 144 0 144 144 144 139 144

28 144 144 144 144 144 144 144 23 144 144 144 144 144

20 144 144 144 144 144 144 144 143 144 144 144 144

30 144 144 144 144 144 144 144 85 144 144 144 144

31 144 144 144 144 22 144 144 144

X

64.5 100.0 100.0 100.0 100.0 995 100.0 883 76.6 99.3 100.0 99.7 100.0
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Do cao 40m

Day 512 612 712 812 912 1012 1112 1212 113 213 313 413 513

1 144 144 144 144 144 144 144 144 144 143 144 144
2 144 144 144 144 144 144 143 144 142 144 144 144
3 144 144 144 144 144 144 144 144 144 144 144 144
4 144 144 144 144 144 144 144 144 144 144 144 144
5 144 144 144 144 144 144 144 144 144 144 144 144
6 144 144 144 144 122 144 144 144 144 144 144 144
7 144 144 144 144 144 144 144 141 144 144 144 144
8 144 144 144 144 144 144 144 143 144 144 144 144
9 144 144 144 144 144 144 144 144 144 144 144 144

10 144 144 144 144 144 144 144 144 144 144 144 144

11 144 144 144 144 144 144 144 144 121 144 144 144

12 144 144 144 144 144 144 144 144 144 144 144 144 144

13 144 144 144 144 144 144 144 144 144 144 144 144 144

14 144 144 144 144 144 144 144 144 144 144 144 144 144

15 144 144 144 144 144 144 144 144 144 144 144 144 144

16 144 144 144 144 144 144 144 144 144 144 144 144 144

17 144 144 144 144 144 144 144 144 144 144 144 144 144

18 144 144 144 144 144 144 144 144 144 144 144 144 144

19 144 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 144 144 144 144 144 144 144 144 144

21 144 144 144 144 144 144 144 143 144 144 144 144 144

22 144 144 144 144 144 144 144 144 144 144 144 144 144

23 144 144 144 144 144 144 144 144 144 144 144 144 144

24 144 144 144 144 144 144 144 144 144 144 144 144 144

25 144 144 144 144 144 144 144 144 144 144 144 144 144

26 144 144 144 144 144 144 144 144 144 144 144 144 144

27 144 144 144 144 144 144 144 144 144 144 144 144 144

28 144 144 144 144 144 144 144 144 144 144 144 144 144

20 144 144 144 144 144 144 144 144 144 144 144 144

30 144 144 144 144 144 144 144 144 144 144 144 144

31 144 144 144 144 144 144 144 144

X

64.5 100.0 100.0 100.0 100.0 99,5 100.0 100.0 99.9 99.4 100.0 100.0 100.0
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I1- Phan bd tin suit hwéng gié ¢ dd cao 80 m

WIND SFEED
{mis]

B -- =
B :-co
B so- 7=
1] sp-6n
] oc-zo

Caims: 0.00%
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I11-Phan b tin suit tdc dd gi6 & dd cao 80 m

8. Wind Speed Frequency Distribution
= Maximum likelihood
Least squares
™ = WAsP
ir;-\‘ Actual data
N[N
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10 Wind Speed Frequency Distribution
= Maximum likelihood
Least squares
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Actual data
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Do cao 40m
10 Wind Speed Frequency Distribution
] == Maximum likelihood
Least squares
= = WAsSP
B Actual data
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V-Bién thién theo thang ciia toc dd gié & do cao 80m, 60m va 40m
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Phu luc B — Biang hi¢u chinh Hai Ninh
Thiét bi do gi6 Thies 1¥ ¢ do cao 80m:
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Hai Nh - 10m
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche p— Deutsche WindGuard Risreakmruras
W'ndGUﬂrd Wind Tunnel Services GmbH =
The Wind Professionals Vare' DKD-K- 36801
10/8201
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
Gegenstand Dieser Kalibrierschein  dokumentiet  die
/gct 4.3351.10.000 Ruckfihrung auf nationale Normale zur
Darstellung der Einheiten in Ubereinstimmung
Hersteller . . mit dem Internationalen Einheitensystem (Sl).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Gaottingen Ubereinkommen der European co-operation for
Accreditation (EA) und der International
Typ 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der
5 : Kalibrierscheine.
Esr%;,"r‘égier"e"‘m- Body: 11102430 Fur die Einhaltung einer angemessenen Frist
Cup: 11102430 zur Wiederholung der Kalibrierung ist der
Auftr ber ) Benutzer verantwortlich.
AUTlraggens Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the

International System of Units (Si).
fuitagampmr VT10799 The DKD is signatory to the multilateral

agreements of the European co-operation for
Accreditation (EA) and of the International
Laboratory Accreditation Cooperation (ILAC)
for the mutual recognition of calibration
D der Kalib certificates.
D:‘,L”g’,‘c,,?b',a,,?,,' Hemng 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Anzahl der Seiten des Kalibrierscheines 3
Number of pages of the certificate

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bedirfen
der Genehmigung sowohl der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrieriaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Giiltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel “ c/, Datum Leiter des Kalibrierlaboratoriums Bearbeiter
Seal 9\ Date Headgf the calibration laboratory Person in gharge
28.11.2010 ok s
% E (7 S
lénﬂd‘ Dipl. Phys. D. Westermann Dipl. ing. (FH) Catharina Herold

Deutsche WindGuard Wind Tunnel Services GmbH —
Oldenburger Str. 65

26316 Varel ; Tel. ++49 (0)4451 9515 0 Wdeuord
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Seite 2
Page

10/8201

DKD-K-
36801

11/2010

Kalibriergegenstand
Object

Kalibrierverfahren
Calibration procedure
Ort der Kalibrierung

Place of calibration

Messbedingungen
Test Conditions

Umgebungsbedingungen
Test conditions

Akkreditierung
' Accreditation

Anmerkungen
Remarks

Auswertesoftware
Software version

" a i der A

Anemometer

IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
1SO 3966 — Measurement of fluid in closed conduits - 1977

Windtunne! of Deutsche WindGuard, Vare!

wind tunnel area
anemometer frontal area ?
diameter of mounting pipe ¥
blockage ratio ¥

blockage correction *

air temperature
air pressure

relative air humidity

08/2009

2 a

* Durchmesser des Montagerohrs
¢ Verhaitnis von 2j zu 1)
® Korrekturiakior durch die 3

des Prafiings inkl. Montagerohr

Anmerkung: Aufgrund der K

g durch den Prifling
der ke ist keine Korrekt:

10000 cm?
230 cm?
34 mm
0.023[]
1.000 {-]

194 °C +02K

1009.5hPa =03 hPa

303 % +20%

5.0

notig.

Remark: Due to the special construction of the test section no blockage correction is necessary

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

Deutsche WindGuard Wind Tunnel Services GmbH
Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche Sp—

WindGuard
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e 10/8201
DKD-K-
36801
11/2010

Kalibrierergebnis:

Resuit:

Test ltem (1/s) Tunne! Speed (m/s) Uncertainty (k=2) (m/s)
85.722 4157 0.05
128.015 6.113 0.05
168.171 7972 0.05
208.606 9.812 0.05
250.905 11.773 0.05
295.163 13.735 0.05
336.804 15.696 0.05
313.961 14.651 0.05
272.680 12.766 0.05
228.111 10.770 0.05
187.267 8.854 0.05
145.581 6.951 0.05
107.951 5.203 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gema8 DKD-3 ermittelt. Der Wert der
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der muttilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhaib
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncertainty assigned to the mea-surement results is obtained by multiplying the standard
uncertainty by the coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration

certificates.

Deutéche WindGuard Wind Tunnel Services GmbH Deutsche //5—-
Oldenburger Str. 65 wo d rd
26316 Varel ; Tel. ++49 (0)4451 9515 0 in GUG
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Anhang
Annex

Ba Nk - 30m

10/8201

1 Detailed MEASNET' Calibration Results

DKD calibration no.

Body no.

Cup no.

Date

Air temperature
Air pressure
Humidity

Linear regression analysis

10/8201
11102430

&
11102430 £

o

(=]

27.11.2010
184°C
1009.5 hPa
303 %

Slope 0.04584 (m/s)/(1/s) £0.00007 (m/s)/(1/s)
Offset 0.255 m/s £0.017 m/s
St.err(Y) 0.021 m/s
Correlation coefficient 0.999986
Remarks no
Calibration No: 10_8201; Body No: 11102430; Cup No: 11102430
WindQuard
15 g la1
i -
= . . 4o - E
iw = 2 . e vesil o . e o '§
- = . . 2
2 . . &
5 104
a
0 —_— - ; - SERp— .1 ]
] 50 100 150 200 250 300 350 400
sicpe 004584 Anemometer cutput s
wm- wammmm * Residmis & Windspeed

') According to MEASNET Cup Anemometer Calibration Procedure 08/1997.
Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
— DKD (German Calibration Service). Registration: DKD — K — 36801

Deutsche WindGuard Wind Tunnei Services GmbH

Oidenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche —
WindGuard
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An sang 10/8201

Annex

2 Instrumentation

Pos. | Sensor Manufa. identification Year
1 Pitot static tube Airllow 483/8 Nr. 000142 02
|2 | Pitot static be Airflow 483/8 Nr. 000143 02
3 Pitot static ube Airfiow 483/8 Nr. 000144 02
[ a | Pitot static ube Aiflow 483/8 Nr. 000145 02
15 | Pressure transducer Setra C 238 Nr. 1688081 02
[ 6_ | Pressure transducer Setra C 239 Nr. 1688082 02
|7 | Pressure transducer Setra C 239 Nr. 1688083 02
8 Pressure transducer Setra C 239 Nr. 1688084 02
S El. Barometer Vaisaia 100 A Nr. X2010004 02
1 E€i. Thermometer Gaitec KPK 1/6-ME 02
t Ei._Humidity sensor Galltec KPK 1/6-ME 02
1 Wind tunael control - - -
1 CAN-BUS/PC esd = 04
1 Anemometer =
15 | Universa Isolator Knick P2700 - 38430 05

Table 1 Description of the data acquisition system
Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibraticn set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnei of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure

5 References

[1] D. Westermann, 2008 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkeitssensoren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3] IS0 3966 1977 - Measurement of fluid fiow in closed conduits

[4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH g
Oldenburger Str. 65 Deutache ==
26316 Varel ; Tel. ++49 (0)4451 9515 0 andGUCl'd
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Do cao 60m:
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Hay' Nish - 60m
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche < — Deutsche WindGuard Rikreauarunss
H Wind Tunnel Services GmbH =z
WindGuard \ Sen
The Wind Professionals DKD-K- 36801
10/8203
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
: 11/2010
Dieser Kalibrierschein  dokumentiert  die
gbeiggnstand 4.3351.10.000 Ruckfihrung  auf nétiona!e No?nlnale zur

Darsteliung der Einheiten in Ubereinstimmung

Hersteller . . mit dem Internationalen Einheitensystem (S1).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-opetation for
Accreditation (EA) und der International
Typ 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
Type zur  gegenseitigen  Anerkennung  der
" . Kalibrierscheine.
r;g’t?;mgggnen-m. Body: 11102428 Far die Einhaltung einer angemessenen Frist
Cup: 11102428 zur Wiederholung der Kalibrierung ist der
Benutzer verantworllich.
éﬁ!};ﬁ%?ebe' Ammonit GmbH This calibration centificate documents the
D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the

International System of Units (S).
Auftragsnummer VT10799 The DKD is signatory to the multilateral
OrderfNo: agreements of the European co-operation for
Accreditation (EA) and of the International

Anzahl der Seiten des Kalibrierscheines 3 Laborator itati i
n y Accreditation Cooperation (ILAC)
Number of pages of the certificate for the mutual recognition of calibration
certificates.

B;",‘e”;}‘cg,?b’,fﬁﬁﬂ brlerung 27.11.2010 The user is obliged to have the object

recalibrated at appropriate intervals.

Dieser Kalibrierschein darf nur volistandig und unveréndert weiterverbreitet werden. Ausziige oder Anderungen bedrfen
der Genehmigung sowohl der Akkreditierungssielle des DKD als auch des ausstelienden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine GUitigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel .\)“ Ch o Datum Leiter des Kalibriertaboratoriums Bearbeiter

Seal [fQ ~ \Date Head gf the calibration laboratory Person in gharge
DKDK- 28.11.2010 e R
- S
3 e s A
’/6 6\0 Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold
rlet
T ——"

Deutsche WindGuard Wind Tunnel Services GmbH i
Oldenburger Str. 65 Deutsche e
ard

o
26316 Varel ; Tel. ++49 (0)4451 9515 0 Wdeu

32144
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Seite 2

Page 10/8203

DKD-K-
36801

11/2010

Kalibriergegenstand
Object Anemometer

Kalibrierverfahren

Calibration procedure IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
1SO 3966 — Measurement of fluid in closed conduits - 1977

Ort der Kalibrierung

Piace of calibration Windtunnel of Deutsche WindGuard, Varel
Messbedingungen
Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area * 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio * 0.023 []
blockage correction ® 1.000 [-}
Umgebungsbedingungen
Test conditions air temperature 184°C +02K
air pressure 1009.4 hPa +0.3 hPa
relative air humidity 303 % +20%
Akkreditierung
Accreditation 08 /2009
Anmerkungen -
Remarks
Auswertesoftware 5.0

Software version

e ittsftache der A Use des Wi

? Vereinfachte Q rf) des Priflings inkl. Montagerohr

¥ Durchmesser des Montagerchrs

 Verhalnis von 2) zu 1}

3 Korrekturtakior durch die Verdrangung der Strdmung durch den Prifling

Anmerkung: Aulgrund der spezielian Konstruktion der Messstrecke ist keine Karrektur notig.
Remark: Due ta the special construction of the test section no biockage correction is necessary

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

Deutsche WindGuard Wind Tunnel Services GmbH Deutsche L
Oldenburger Str. 65 ’
26316 Varel ; Tel. ++49 (0)4451 95150 WIﬂthldl'd
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-

Page. 10/8203
DKD-K-

36801
11/2010

Kalibrierergebnis:

Result:
Test ltem (1/s) Tunnel Speed (m/s) Uncertainty (k=2) (m/s)
85.591 4.165 0.05
127.776 6.087 0.05
168.694 7.986 0.05
208.597 9.811 0.05
251.498 11.781 0.05
294.374 13.735 0.05
337.104 15.683 0.05
314.145 14654 0.05
272.861 12.758 0.05
229.228 10.777 0.05
189.063 8.877 0.05
146.360 . 6.958 0.05
108.267 5.211 0.05

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgroBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation (ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhalb
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncertainty assigned to the mea-surement results is obtained by muttiplying the standard
uncertainty by the coverage factor k = 2. It has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH

Oidenburger Str. 65 o =il
rger Str.
26316 Varel ; Tel. ++49 (0)4451 95150 WindGucrd
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Anhang
Annex

Ha Nih - 60m

10/8203

DKD calibration no.

Body no.

Cup no.

Date

Air temperature
Air pressure
Humidity

Linear regression analysis

10/8203

4

11102428
11102428
27.11.2010
194 °C
1008.4 hPa
303 %

. Deurg,

1 Detailed MEASNET' Calibration Results

%\ﬁ'\nd Gua',a

'easﬂe‘

«
9 Sea\.h)zs

/
a”Unl \)“\‘“\

'} According to MEASNET Cup Anemometer Calibration Procedure 09/1 997.
Deutsche WindGuard Wind Tunne! Services is accredited by MEASNET and by the Deutscher Kaiibrierdienst
— DKD (German Calibration Service). Registration: DKD — K — 36801

Siope 0.04586 (m/s)/(1/s) £0.00005 (m/s)/(1/s)
Offset 0.241 m/s £0.012 m/s
St.err(Y) 0.013m/s
Correlation coefficient 0.999992
Remarks no
Calibration No: 10_8203; Body No: 11102428; Cup No: 11102428
WindQuard
15 o 01
£ " s
L ]
= : " £
810 .ot B e o 8
s : ’ 3
-
H . &
5 - 01
-
oL M= ; - 02
] 50 100 150 200 250 300 350 400
sicpe 004536 Anermometer output His
ot 0 908562 + Residuis wnd!
g:::lmm 21282 - spesd

Oldenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche WindGuard Wind Tunnel Services GmbH

Deutsche —

WindGuardv

35|44
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Anhang
A 10/8203

2 Instrumentation

Pos. Sensor Manufa. Identification Year
1 Pitot static tube Airfiow 483/8 Nr. 000142 02
2 Pitot static tube Airflow 483/8 Nr. 000143 02
3 Pitot static tube Airflow 483/8 Nr. 000144 02
4 Pitot static tube Airtiow 483/8 Nr. 000145 02

Pressure transducer Setra C 239 Nr. 1688081 02

Pressure transducer Setra C 239 Nr. 1688082 02

Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
9 El. Barometer Vaisala 100 A Nr. X2010004 02
10| El. Thermometer Galitec KPK 1/6-ME 02
11| Ei. Humidity sensor Galltec KPK 1/6-ME 02
12 _| Wind tunne! control - = =
13 | CAN-BUS /PC esd - 04
14} Anemometer =
15 | Universal Isolator Knick P2700 - 98430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure
The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure
5 References

{1] D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkei soren
[2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

[3]1S0 3966 1977 - Measurement of fluid fiow in closed conduits

{4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure

Deutsche WindGuard Wind Tunnel Services GmbH i
Oldenburger Str. 65 Dsutsche S——

26316 Varel ; Tel. ++49 (0)4451 95150 WindGucrd
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Do cao 40m:

Har Nink - 4Om
DEUTSCHER KALIBRIERDIENST DKD

Kalibrierlaboratorium / Calibration laboratory
Akkreditiert durch die / accredited by the
Akkreditierungsstelle des Deutschen Kalibrierdienstes

Deutsche — ~ Deutsche WindGuard o
WlﬂdGUdrd Wind Tunnel Services GmbH E,'!Q =

The Wind Professionals Varel DKD-K- 36801
10/8208
DKD-K-
Kalibrierschein Kalibrierzeichen | 36801
Calibration Certificate Calibration label
11/2010
Gegenstand Dieser Kalibrierschein  dokumentiert die
Oblgct ’ 4.3351.10.000 Rickfiihrung auf nationale Normale zur
Darstellung der Einheiten in Ubereinstimmung
Herstelier . ) mit dem Internationalen Einheitensystem (SI).
Manufacturer Thies Clima Der DKD ist Unterzeichner der multi- lateralen
D-37083 Géttingen Ubereinkommen der European co-operation for
Accreditation (EA) und der International
;YD 4.3351.10.000 Laboratory Accreditation Cooperation (ILAC)
e . zur gegenseitigen Anerkennung der
. : Kalibrierscheine.
Eg},;’,”;ﬁ,‘,{,?j"e”‘”“ Body: 11102423 Fir die Einhaltung einer angemessenen Frist
Cup: 11102423 zur Wiederholung der Kalibrierung ist der
Benutzer verantwortlich.
lc\gsf};gge,geber Ammonit GmbH This calibration certificate documents the
D-10997 Berlin traceability to national standards, which realize

the units of measurement according to the

international System of Units (S).
Auftra,?snummer VT10799 The DKD is signatory to the muitilateral
agreements of the European co-operation for
Accreditation (EA) and of the International
Laboratory Accreditation Cooperation (ILAC)
for the mutual recognition of calibration
certificates.
The user is obliged to have the object
recalibrated at appropriate intervals.

Anzah! der Seiten des Kalibrierscheines 3
Number of pages of the certificate

Datum der Kalibrierung 27.11.2010

Date of calibration

Dieser Kalibrierschein darf nur vollstandig und unverandert weiterverbreitet werden. Ausziige oder Anderungen bediirfen
der Genehmigung sowoh! der Akkreditierungsstelle des DKD als auch des ausstellenden Kalibrierlaboratoriums.
Kalibrierscheine ohne Unterschrift und Stempel haben keine Gilltigkeit.

This calibration certificate may not be reproduced other than in full except with the permission of both the Accreditation
Body of the DKD and the issuing laboratory. Calibration certificates without signature and seal are not valid.

Stempel Leiter des Kalibriertaboratoriums Bearbei
Seal Q Head gt the calibration laboratory Person in gharge
% (»ﬂ : —
,’6 "“‘\" Dipl. Phys. D. Westermann Dipl. Ing. (FH) Catharina Herold
T ——

Deutsche WindGuard Wind Tunnel Services GmbH
1
Oldenburger Str. 65 Deutsche i—

26316 Varel ; Tel. ++49 (0)4451 95150 WdeUG
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Pave” 10/8208
DKD-K-

36801
11/2010

Kalibriergegenstand
Object Anemometer

Kalibrierverfahren

Calibration procedure IEC 61400 12 1 - Wind Turbine Power Performance Testing 12 2005
MEASNET - Cup Anemometer Calibration Procedure — 09 1997
1SO 3966 — Measurement of fluid in closed conduits - 1977

Ort der Kalibrierung
Place of calibration Windtunnel of Deutsche WindGuard, Varel
Messbedingungen
Test Conditions wind tunnel area " 10000 cm?
anemometer frontal area 2 230 cm?
diameter of mounting pipe ¥ 34 mm
blockage ratio ¥ 0.023 [+]
"blockage correction ¥ 1.000 (-]
Umgebungsbedingungen
Test conditions air temperature 19.5°C +02K
air pressure 1009.8 hPa *0.3 hPa
relative air humidity 30.3% +20%
Akkreditierung
Accreditation 08 /2009
Anmerkungen 4
Remarks
Auswertesoftware 5.0
Software version
" Quer he der A ase des Wi
2y Q i { ) des Priiflings inki. Montagerohr

* Durchmesser des Montagerohrs

“ Verhdltnis von 2) zu 1)

¥ Korrekturfaktor durch die Verdrangung der Stromung durch den Prifling

A Autgrund der i Ki ktion der M ist keine Karrektur ndtig.
Remark: Due to the special construction of the test section no blockage correction is necessary

Dieser Kalibrierschein wurde elektronisch erzeugt
This calibration certificate has been generated electronically

Deutsche WindGuard Wind Tunnel Services GmbH Bk
Oldenburger Str. 65

—

26316 Varel ; Tel. ++49 (0)4451 9515 0 WindGuurd
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o 10/8208
DKD-K-
36801
11/2010
Kalibrierergebnis:
Resuit:
Testitem (1/s) Tunnei Speed (m/s) Uncertainty (k=2) (m/s)
85.521 4186 0.05
127.427 6.092 0.05
168.721 7.981 0.05
208.342 9.816 0.05
251242 11.774 0.05
294.118 13733 0.05
336.694 15.684 0.05
313735 14.64% 0.05
272.563 12.756 0.05
229.290 10.776 0.05
187.638 8.848 0.05
146.092 { 8.962 0.05
108.052 i 5179 005

Angegeben ist die erweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfakior k=2 ergibt. Sie wurde gemaB DKD-3 ermittelt. Der Wert der
MessgrdBe liegt mit einer Wahrscheinlichkeit von 95 % im zugeordneten Wertintervall.

Der Deutsche Kalibrierdienst ist Unterzeichner der multilateralen Ubereinkommen der European co-
operation for Accreditation (EA) und der International Laboratory Accreditation Cooperation {ILAC) zur
gegenseitigen Anerkennung der Kalibrierscheine. Die weiteren Unterzeichner innerhalb und auBerhaib
Europas sind den Internetseiten von EA (www.european-accreditation.org) und ILAC (www.ilac.org) zu
entnehmen.

The expanded uncertainty assigned to the mea-surement results is obtained by muitiplying the standard
uncertainty by the coverage factor k = 2. it has been determined in accordance with DKD-3. The value of the
measurand lies within the assigned range of values with a probability of 95%.

The DKD is signatory to the multilateral agree-ments of the European co-operation for Accredita-tion (EA)
and of the International Laboratory Accreditation Cooperation (ILAC) for the mutual recognition of calibration
certificates.

Deutsche WindGuard Wind Tunnel Services GmbH

Oldenburger Str. 65 poecte ]
rger Str.
26316 Varel ; Tel. ++49 (0)4451 95150 WindGuard
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Anhang

Annex Ha;‘ Nu/\)" = LIOIV’

10/8208

1 Detailed MEASNET' Calibration Results

DKD calibration no. 10/8208

Body no. 11102423 Ky
Cup no. 11102423 =
Date 27.11.2010 ;
Air temperature 18.5°C

Air pressure 1009.8 hPa

Humidity 30.3 %

Linear regression analysis

Slope 0.04591 (m/s)/(1/s) £0.00004 (m/s)/(1/s)
Offset 0.239 m/s £0.008 m/s

Sterr(Y) 0.007 m/s

Correlation coefficient 0.999996

Remarks no

Calibration No: 10_8208; Body No: 11102423; Cup No: 11102423
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') According to MEASNET Cup Anemometer Calibration Procedure 09/1997.
Deutsche WindGuard Wind Tunnel Services is accredited by MEASNET and by the Deutscher Kalibrierdienst
— DKD {German Calibration Service). Registration: DKD — K — 36801

Deutsche WindGuard Wind Tunnel Services GmbH
Oidenburger Str. 65
26316 Varel ; Tel. ++49 (0)4451 95150

Deutsche ——
WindGuard
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2 instrumentation

Pos. Sensor Manufa. Identification Year
Pitot static tube Airflow 483/8 Nr. 000142 02
Pitot static tube Airflow | 483/8 Nr. 000143 02
Pitat static tube Airtlow 83/8 Nr. 000144 02
Pitot static tube Airflow 83/8 Nr. 000145 02
Pressure transducer Setra C 239 Nr. 1688081 02
Pressure transducer Setra C 239 Nr. 1688082 02
Pressure transducer Setra C 239 Nr. 1688083 02
8 | Pressure transducer Setra C 239 Nr. 1688084 02
9 | EI. Barometer Vaisala 100 A Nr. X2010004 02
0 __| El. Thermometer Galitec KPK 1/8-ME 02
El._Humidity sensor Galltec KPK 1/6-ME 02
Wind tunnel control - - -
CAN-BUS/PC esd - 04
14 _| Anemometer -
15 | Universal Isolator Knick P2700 - 98430 05

Table 1 Description of the data acquisition system

Remark: Last Re-accreditation see page 2

3 Photo of the calibration set-up

- ” vy

Calibration set-up of the anemometer calibration in the wind Remark: The proportion of the set-up are not true to scale due to
tunnel of Deutsche WindGuard, Varel. The anemometer imaging geometry.
shown is of the same type as the calibrated one.

4 Deviation to MEASNET procedure

The calibration procedure is in all aspects in accordance with the IEC 61400-12-1 Procedure

5 References

{1) D. Westermann, 2009 - Verfahrensanweisung DKD-Kalibrierung von Windgeschwindigkei soren
{2] IEC 61400-12-1 12/2005 - Wind Turbine Power Performance Testing

3] 1ISO 3966 1977 - Measurement of fluid flow in closed conduits

[4] MEASNET 09 1997 - Cup Anemometer Calibration Procedure
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