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EXECUTIVE SUMMARY
Agency for Non-hnuentionol Energq and Rural Technologg (ANEKI),

Triaandrum vide thei letter No. 4431/WRA/ANERT/2OO9 dated

22.11.2011 had approached Natbnal Instifiie of Wind Energy (I,|IWE),

Cheruai for to*aq up Wind Monitoring study at Chelamala (Aligarh

Uniuersity), Malopuram distrbt, Keralo- This report giues the resulLs of the

detoiled analysis canrbd. out obout the wind charucteristics at CheLamola

(Aligarh UniuersiQ), Malapuram distrbt, Kerala-

The location Chelomala (Aligarh Uniaersitg), Malapuram uas

selected for the study in May 2O12 based on the Indi-an Wind atlos. The

Wind Monitoring station at the proposed location was ammissioned on

13.12.2012 tuith a 8Om tallguyed fitbular mast uith ittstrufll.r.nta,tions at

8Om south, 78m soutlq SOm and 2Om leveLs. Wind speed sensors

(Anemometer) were fixed at oil the four levels mentioned aboue and the

wind direction sensors (uind vane) were frxed at 78m & 48m buels. Tun

year data allection was ompleted in the month of Deember 2014 and

the data recouery rate b 99.99%.

Bosed on the andgsis of Tun gear data allected at Chelamalq the

Mean Annual Wittd. Pounr Densifu (MAWPD) at 80m level for the perbd

from January 2013 to December 2013 is found to be 94.15 W/m2 and

January 2014 to December 2014 is found to be 92.47 W/rn2. The

predombnnt wind direction is found to be North West for both 2.O13 and.
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REPORT ON WIND MONITORING STUDY AT CHELAMALA
(ALIGARH UNIVERSITY), MALAPURAM DISTRICT, KERALA

1,0, BACKGROUND

M/s. Agency for Non-Conventional Energy and Rural Technology

(ANERT), Trivandrum vide their letter no. 443UWRA/ANERT/2009 dated

22.Ll.20ll - approached NIWE to measure wind characteristics by

establishing a Wind Monitoring stations at Chelamala (Aligarh University),

Malapuram District, Kerala. Based on their request, NIWE submitted a

project proposal on 28.09.2012 for the aforesaid study with 80m tall tubular

met mast.

A Wind Monitoring Station was commissioned on 13.L2.2O12 and data

collection was carried out till December 2OL4. This report gives the results of

the wind monitoring study carried out for two year.

2.0, OBJECTIVE

> To establish a 80m height wind monitoring station at Chelamala,

Kerala

> To Collect wind data at various levels for 2 years, analysis of data

> Preparation and submission of wind monitoring study report.

3.0. SITE DESCRIPTION

The site is located at inside the campus of Aligarh University, at

Chelamala village, Malapuram District-Kerala and is approximately 13km West

from Kadampuzha town. The orography of the site is slightly undulated terrain

with majority of simple grassland with few shrubs, bushes and scattered trees.

The geographical co-ordinates and elevation details of the site are given

in the Table 1
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The location details of the site and the mast are given in Fig 1 & Fig 2:
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FIGURE 1 : DISTRICT MAP OF MALAPURAM
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TABLE 1: GLOBAL POSMON AND O USEFUL INFORMANON OF CHELAMAIA

WIND MONITORING STATIO N

i

Latitude 10055',21.48',N

Longitude 76014'.53.4" E

Elevation 206 m AMSL SOI Topomap No.58-81

State Kerala

District Ma lapura m

Taluk Perunthulmanna

Village Chela ma la

Nearest town Perunthulmanna

Nearest Railway station Cherukara

Nearest Airport Kozhikodi

Orography An isolated NW. so oriented ridge in
otherwise, undulated terrain

Soil Laterite Soil

Earthquake Zone III

tand Use Open scrub

Physiographic Division Semi-complex terrain

Nearest NIWE mast

location

KADAMPUZHA- 13kms aerially towards
West
Latitude- 1 0o56'00"Longitud e-7 60 07'OO"

Nearest wind farm in

operation Nil

,lirrd Regute Affirprt 1tnit
Fml Rqrt on lllttd l,lot @ tutioo at Cffitnab (AIEE h UnlyqtLy) Xqab lu

,r/s AflRri lriaodruA July mrz
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4.0. DESCRIPTION OF THE MASTS &INSTRUMENTAT]ON

A 80m tall guyed tubular wind mast was commissioned on L3.L2.20L2.

A picture of the mast mounting arrangements and a panoramic view taken

from the site is presented below (Fig 3).

FIG 3. WEW OF MET I,IA5T

Anemometers (wind speed sensors) were fixed at 80m south, 78m

south, 50m and 20m and the Windvane (wind direction sensors) were fixed

at 78m and 48m levels, The outputs from the sensors were connected to an

automatic sophisticated data logger system that was kept about 1,5m above

ground level in locked weather proof housing. The data logger used was

5UNRWaMlhrlt
E -l Rqt d, tffi ,aqrrb*rj lbtt * CM (M, UrrMU) Xs?b lw

n/t A Rt lrffisq,Wml?
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imported from M/s. Second Wind Inc, USA. The sensors used were imported

from M/s. NRG systems Inc, USA and the anemometers used were calibrated

at M/s. SOHANSEN.DK. Denmark.

The calibration certificates for the instruments used are given in Annexure 3.

TABLE 1: DETAILS OF WIND SENSORS USED IN THE SITE

Sensors Height
Sensor serial

Number
Slope offset

Anemometer

80m south

78m south

50m

20m

179500166137

179500166138

179500166139

179s00166140

o.76492

o.7625L

0.76301

0.76425

o.3L972

o.3248r

0.31949

0.31450

Wind Vane
78m

48m

60s

606

Tem perature

sensor
10m 003

Pressure Sensor 8m L8L76

5,0. DAIA MEASUREMENT

In the data logger, wind speed and directions were sampled at l sec

and 10 minutes average values were logged. Analysis was performed with

10 minutes average data as per International Electro technical Commission

(IEC) standard. Data was stored in removable storage devices (Compact

Flash Card) which were collected once in a month regularly by NIWE along

Ut rd R,3rye.srprt lr t
E el RqrtoD Wlrrd r4orrrdr9 i.n.t tu tDb (Al94n Urrffif) Xd-ab ft

,t/E AnAi tuin ntut n t,rtf I
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with the battery replacement. Data was manually validated to remove outlier

events due to failed instruments and repeated values. Periodic quality check

on the data was also carried out to avoid incorrectness in the computation

and analysis. The collected data was compiled and interim report was sent to

the client regularly as per the terms and conditions prescribed in the project

proposal.

Monthly and Daily Mean Wind Speed values for the four heights (20m,

50m, 78mS and 80m S) are shown in Figure 8 of Annexure-1

6.0. DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Chelamala,

Malapuram as per the project terms & conditions and Two-year data

collection was completed in the month of December 2014.As the data

collection at the location was for Two year, the customer had been informed

by NIWE in December 2014 that the data collection would be completed and

terminates in the month of lanuary 2015.

Analysis of the wind data has been performed using Mat lab, MS Excel

and Windographer. The data have been checked for quality& correctness,

analyzed and details of the analysis / results are given in f,449xg13;.[. The

consolidated annual wind data and wind data summary tables for the wind

characteristics at Chelamala are given in Table 4 & Table srespectivelyof

Annexure- 1.

Mean Hourly Wind Speed, Monthly Mean Wind Speed and Monthly

Wind Power Density values are shown graphically in Figure 4 to 6 of

Annexure-1.The Mean Hourly Wind Speed tables for the four heights viz.,

20m, 50m, TSmsouth and SOmsouth are given in Table 6, 6A, 58 & 6C of

Annexure-l. The graphical representations for the same are given in Figure

4,4A and 48 ofAnnexure-l.

*Utuo/laE*lm
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7,0, RESULTS

The data recovery rate is 99.99olofor the period of measurement. The

comparative details of various parameters are as follows,

Year

Mean Annual wind Power Density(Wmz)

At height
20m

(AGL)

At height
50m

(AGL)

At height
78m south

(AGL)

At height
80m south

(AGL)

20L2-20L3 23.L7 62.r1 93.38 94.15

2013-2014 23.39 59.75 90.6s 92.47

Year

Mean Annual Wind Speed (m/s)

At height
20m

(AGL)

At height
50m

(AGL)

At height
78m south

(AGL)

At height
80m south

(AGL)

zot2-2013 2.72 3.89 4.49 4.49

2013-20L4 2.77 3.79 4.40 4.44

Year

Mean Annual

Temperature
oc

Air density
Kglm'

Power law

20t2-20L3 26.44 7.I47 0.36

zoL3-20L4 26.57 1.t47 0.34

wlrrd Rre,ryEA€tp,t |tnlt
E rd Pqrt 4rtryffi Xqnb*U tut*n 4 M (A[gt-h lhrwl) t(qzla lo.

,t/5. A AT, tuivar.hvtn, tW turz
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7,1. WIND FREQUENCY DISTRIBUTION

A common method of displaying a year wind data is a wind frequency

distribution, which shows the percentage of time that each wind speed occurs.

Table 7, 7A, 78 and 7C of Annexure-l show the month wise percentage

frequency distribution for the four measurement heights viz.,2Om,50m, 78m

south and 80m south.

Joint frequency distribution is another way to display the data, where the

wind is classified by speed and also by direction. Table 8, 8A and 88 of

Annexure-1 show the joint frequency distribution for 50m, 78m south and 80m

south heights.

7.2, WIND ROSE

Two wind vanes have been installed at the site to measure the 10

minutes mean values of the wind direction, Monthly and Annual wind roses

have been calculated to show the predominant wind direction at all the three

heights. Figure 7,7A,78 & 7C of Annexure-l show the monthly wind roses at

80m south, 78m south and 50m heights. From the wind roses, it is revealed

that the wind is flowing predominantly from North West (NW) directions.

7,3. WIND SHEAR PROFILE

The wind shear profile at the site is useful to understand the wind speed

variation with height. Figure 9 &10 of Annexure-lshows the Daily wind shear

and Monthly wind shear profiles. The Vertical wind shear profile based on the

measured data is given in Figure 11 of Annexure-l.

7,4, TURBULENCE iNTENSITY (TI):
Turbulence Intensity is the basic measure of the turbulence of wind.

Typically, l0o/o of TI is desired for minimal wear of wind turbine components.

The turbulence intensity related graphs are shown in Figure 12 of Annexure-1.

The Mean Turbulence Intensity for the period of January 2013 to

UH@arEE*m
lrt d Rqtt oa ffr ,rqrMl gffi.r.f Cffi (4rf, lMty) W lt

n/r. A al rrffiurr,.Mf n ,
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December 2013(at 80m AGL) at 15m/s is 0.14 (14olo) and January 2Ol4 to

December 2014(at 80m AGL) at 15m/s is 0.18 (18o/o).

7,5, LONG TERM DATA FOR THE STUDY AREA

MERRA (The Modern Era Retrospective-Analysis for Research and

Applications) data have been made available for the site asTable-4 and

Figure-6. The latitude and longitude of the MERRA grid point nearby the

study site is given below. This information gives the wind pattern during the

period of lan 2004 to Dec 2014 at 50m AMSL in the region of interest. This

reanalysis data is helpful in understanding the long term variability of wind

speed in the region of interest.

Latitude Range: 09o 45' 30.2"
Longitude Range: O77' tO' 41.3"
*AMSL - Above Mean Sea Level

TABLE 3: I+IERRA RANALYSIS DATA FOR CHELAI4ALA (Aligah University), KERAU
NUARY 2OO4 - DECEMBER 2014,
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8,0, CONCLUSION

Based on the analysis of Two year data collected at Chelamala, the

Mean Annual Wind Power Density (MAWPD) at 80m level for the period from

January 2013 to December 2013 is found to be 94.15 W/m2 and January

2014 to December 2014 is found to be 92.47 W/m2.

The mean annual average wind speed at 80m level for the period from

January 2013 to December 2013 is found to be 4.49 m/s and January 2014

to December 2014 is found to be 4.40 m/s. The predominant wind direction

is North West (NW) for the both years.

It has been observed from the analysis and the computation of WPD at

80m level, that the site is not having promising wind power potential for the

development of large-scale wind power projects at the area of interest,

2oo4 2@5 2@5 2@7 2@8 2m9
Ycar

WeryaAars*m
frrl @ dt,lW rbrbrt? !ffir tc M (garr affit) rs* lo|
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CHELAMALA

STATE

DISTR'CT

TALUK

VIIJAGE

UT'TUDE

LONGITUDE

EI'fVAT'ON

INSTRUI/,ENTS USED

PER'OD OF DATA

cot tAtsstoNED oN

TIAST HEIGHT

IAEASURED WIND SPEED
AT EOm south AGL
(Jonuory 2Ol2 to December 2O13)

IAEASURED WIND SPEED
AT 7Em south AGL
(January 2Ol3 to December 2013)

I/EASURED l/,ND SPEED
AT shn AGL
(Jonuory 2013 to December 2Ol 3)

ITEASURED WIND POWER
DENSITY AT EOm south AGL
(January 2013 to December 2013)

TTEASURED WIND POWER
DENSITY AT 7Em south AGL
(January 2013 to December 2O13)

T/EASURED Wi/ND POWER
DENSITY AT ,Om AGL
(January 2O13 to December 2013)

TIEASURED W'ND SPEED
AT EOm south AGL
(Januory 2O11 to December 2Ol1)

KERAIA

IIAIAPURAIA

PERUNTHUIJIIr'.IINA

CHEAIAAIA

1e55',21 .18" N

76"r1' 53.1" E

206IA ATASL

NOilAD-z

JA|IUARY 2013 to DECETABER 2011

13112t2012

EOm

1.19 mls

1.19 mls

3.89 mls

91.15 Wtnl

93.3E Vtlm2

62.11 Wm'z

1.11 mls

l4
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1.4O ttls

3.79 mls

92.17 Wl,rf
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ĉ{l!c
i.=
.>3
to

=

EoE

Eo

Eo

Eoqt

EE

Eo

o
oz-!gtr

33E
E
E
l

=-
ura
IJ
(,c
lrl

=ul
CTz
!
o
tI
f

U!

=

=o
E

=

lt
<t
EI
3l
!
IJI

I
E@

II
I



Or

l!
oY

E

6
E

!q
!t!
=
Eo
ala

c
-9
l!

os
or\
6.{5->;rc
3
c
0to
EIoc
tc
a
f
E
a,
E

(,

Jo
o
oc
!c
;

ot{
o
-o
Eo
oo
o

o
ao)c
o
Go
co
!
ID

o

$

.!

a

ro
+
o)

lri

rr)
rr')

q

q

d!

o1

r/'!

{
ql

tD
.ri

a

q

(1

a

I

6?

N

nl
+
N
+

Eacc

LnN@@@orFo(nFr.o
+ + r'i tvi + + '..i lri + di rri rri

qq9','laq\\n'r'lca
rYt ao N an st Ln Ln rn <l (n .r| ur

NI\.'l @ <t rO O1 F. i'{ N lO st
sanln(nt6!nrn9lY)anra

aqq.1 4(l?o).!.!qt q
t rvt dt \t <t l'l Ln (o 3 rn (n l,t

o$sln0NmLnorooo\
ln\lst€<rl,l(olott<t<l\t
.!qqqq4d!9n'J'!an
rn La st st \t ro (o (o l,) t $ Ln

O@F-lrO*Oln1/1OOr<t
u.t rn rr.t La L/1 r, ro (o rn Lo + ra

a 4q.'1 n.!noqeeqo!<t ur rn ro (o ln \o lo rr1 Ln $st
oqqoqaoltnqq\nc
.n <t ur (D (O ln (o l'- lO rn <t <l

r'{ N F rn (t! (n l, N Fl m dt N
ln<tt(o(oLn@Florn(n<l

.!qq4n.'tqeqccq
(n st ln l^ lo Ln ro io ra Lrl m rn

(vl F. ra rnrY| @ N1r1 @ It FIN
.'i ,'i di s rri rri ro 6 t e .'i .ri

qqn\qq0cqn40lq
(n (n lYt .n <l Ln u) (o <t an l\l lYl

0q a oqq.1 9'J,!\\.!nqrn (n N N € <l La Ln (n art rn ln

qa\'4\cqr!aqf!n
manNN(n<l<lr^.nr!an9

9q q n.1 I q09 q.!0q.!
\td)NNlnrYt$tNNi\tSt

qoqqqlcqa,/tolan9
l/1 <f aYl Fl N <t Ln \l (\l lr{ (n <t

n qdlq 9.1 n ryfl 0qq9
loLnoN.n{v'tLarnd$rn

qqcqqq\990)o)9
|.,1 l,1 Nr\l (n tt ut r^.n f\l .tl lo

q'4cqq\aq\oq\n
ln <t Na! ll) st Lo rn (n N rY, lo

4c!.!q\ca9c.!ncLn <l ri .n (l| sr Lo ln (n (n an u.!

OTONOOI'-(o(OOH<fF
|J1,n ai .n lY| t rn .rl (n iYt an l^

roNotNooroio6rrnNN
s rYi .i rYi s t rri rci s .ri di r/i

n.!q.!no!9oq6?4q\<lrndao<t ll r, l^$anrnLa

@.rtF-<lNFlst@lt<fi'{N
(YtanNanstrnr,1rn<llr1(nr,t

<-B=83==isEEx

o

ot

ao

F

(o

o

oro

tao

Fo

rD
o

o

<to

o

o

o

oo
EFzo
=

out
ltlc
oz

=ac
Do-z
uI

=

rc

E
F

lt
<t

=l5l
!
rJl

E

c

rEtv

C,E
tat
2gt
c!z
3
o<vi
=!-()

=
z
9F
2

Eo6
;
I
tat

Io
z
EI

i
I
t

i



O
N

n
l!
o

t
i,
at
Ea
,o!I
=-!a
E!
E

i
co?n
atc:or\
6.{
=i!:
E
3
C
o

oc
a,
ec

ac

C

t
E

at

og
lo
a,e
!c
E

o
a{
ara
E
a,

o
o

o
e
!ca
n
oo
c
o
!o
a
.o

E
a!
T
E
Ilr|-Eo
2gl

,r!
st

+

a

ro
+
o)
rt

.!

I

q

q
rn

d!

ctr
+
1r1

+

s
q!

I

a

Gq

t
(r,
a

+
.!

.Y

t!
I

.!

N

E:t
C

rn r{ ro or @ o i\ ctr ln F. @ (n
t t .rt rrt \t ro ra l,l sl .fl rtl <t

@(oFLn{i'{@FNrn\llYl
(n lY! a{ ln <f rrt rn l,1 <l |rl .n Ln

NrO!-{@tlstCtlFOF.Fl')
I an lY) an \t Ln rn rn <l (n lr! L

st@f\NrntCnNNqlr\Ot
t.nl'lt$rar,t@\tlr|(nt

or rn <t $ o rYr <l rn (lt H o ot
<'rtrtt!t6rO(o<fl'ttt
.!qq\qqdlqn49q
rn rn <r \l rn ut to (o rn <t t an

o€qt(o@rndlnl,lo(n\t
ui ra rn !r1 rn rn ro @ Ln rn { rrt

<tlnolFr(nN@@.n(O(
<tu1 rnlo(o rnloror, tat rt

Fq)@rnOrFFrOr{Fr{6t
lY| \t rn \o (o rrt (D F (o rn <t <l

r.l a! F l,t O <t 1,.t Gr Fl fi, atl l!
tYtslst(oFr,t@F@rn.n<t

.{ ctr ot lo |rt (Yt (o ao (o o rYl F
dtana'Ln(o lato (o Ln rn d] lrl

lYlFrnrnlYlFNC@stOF
tnlYttntLnrnloro<l<l.l'o

ro rnNF @ ooott\l rn0t@
anan(n(ntrn1^|,)tanNatl

6+o.lOF{l^slNNFIF{@
(rt art i\ dl <t <l rn rn an lYl (n atl

o! rl @ t\ F Ft rn G{ Lrt cn 6a ..r
rYt rYt N N ln <l <? rn (o N |rt <t

l^ ro ao (n ar, rn an 6 f\ N cn l\l
<t|rtNNrnm<lt11 NN<l
qq.1 q qq q'/l o).rt.,1 'rlul <l (n N N $ rJl sl N l! an <t

l\ .Yl ar! F sl N N ?'{ an @ Fl rA
rD rrt d) r\t aYt <t ln r,t d, N <t lr'l

oroo@roF(oarl\t@o<l
rr1 utNr\l rit rn rn lnN<t ro

r,rlFot@@\t<lroFF.'{
Ln <t r\t 11 an t6 1,l(nNaYl(O

qn.!q\qsqoqnn\
l'|<t(nln.n<l rn rn an |rt l'l !n

Ol 6NO @aO rn lO (O Fl ra rO
<l(Yllrt(nln{6lnlnd)mra

rn Fl ot N or o cr o r< art N ro
<l rYr r\l .n 6n rn rn @ t an lYl ul

.lFl@NNOTlo@ln<lOF
slmNlYltlna^rn<tomul

oor\<tNr-{torNtr.rto
an dr .{ .n tt r^ art Ln lt lrl ln r,l

=E=83==if;EiE

g,

o

(,r

G

F

ro

tt

o

oro

oo

Fo

lDo

o

o

o

o

o

oo
-F2
o
=

ou!
uJE
oz

=
=cDo
z
ut

=

o
ut
ao

F

t
t

./A-\
i€)i\s74

IE
z
o
=3
ossA

-(,

=
zI
F
z

Id5
3
ul

!
i
t



N

!
oY

E
2o
E
G
a
o.
!o
=!
l!
E
!oE
o
c
-9
o

tac
OF

6N
!:c

=co
0g
c,
i
E
g
c
f
c
{,
E

a)

o
a0
o
ol
!
C

;

o

4t
E

a,6
o

o
t
tc
G

o
c
o
!o
G
@

q

4

q

q

.l
t

9\t
q

ot
+
q
rn

oq
t
,r'!

n

oq

rr!

.r)
(Yt

I(n

.ri

t)

t:

q

@
.ri

tl

q

4

4

Eacc

<h F (n Ln C, r-{ l'\ (h (O r-l r.l lr1
an .n (n rn <t <t <t st ln o an *

(\lO('rF{N?irn(.lnONaO
di di .i di rYi g $ e r"i .i .i +
slN(O|nF.\t@(Df!OrON
.i rn a\| an an <t <l <t rn N ('t <l

\adlqoqn\gd!..!cari.n(nl,ln\f<trnlnlr)rnsl

dlqqqncneqecq
t\tlr)aYt\ttt6rn<trotl|sl

rn ur ln N ln (o N lYt N @ ao rtr
$t{$t€'riui+.'i.'i+
q n.1 qn9qa\dtcq
st r^ rrl Ln rn <l ra rn <t <t st st

gIOlaF(oslNOl!'l(OF{st
di rri rri 'ri lri + rri 'ri t i + + +

aqq.1 qol .!n a n qoq
an sf rn (o(o \l r/t ro lr1 ln rn(n
qq4.!'r-1 q4cao!.1 eNst sr rD (o st rn ro ur <l .i d,

qq\ce9\nq9na
l\l rY, m Lrl Ln t u) ro ln sl (n rn

qu!ccqqaqaqotq
(nlYt.n<f<ttlJ]l,)s\rN(Yt

.r) .9.1 9dla n q q.1 \e(nriand)<ttrnll1lYt(nNan

4.!qqoqo!enqe0q9rn nr, N N ri ..t ll r,) (n .\t N (n

'4.!q'49'4o)4q'4qoq(n (Yt N N aYt r.i an <l rn N N rn

o rn .r't t.l oorr,lFr Nqr(o o)
q di c.,i .i di .i .ri { ..i .i .i di

qq\qann4noq9n
Ln <t a\r !-r r\l (n $ ("t N fi .\l I

NF.r-{NTONc|O!trirAO
rri + di .i .i,Yi t .+ .i .i di d
rYrrJ)FrJlOt\s.lN(oNrnF
rri t .i r.i .ri lri { 9 .i .i di rri

gtOrn(oNOrnlYl@FlNrA
+ + r.i ci di rYi s I r.i .i 'ri ti
qqq\..!o)caqqr:.!
strnNNrnd)<l<tNr{Nrn

(nNqtFNCn<lt4cn9oN
$rnNN(ndt$<tN.{."tra

OOr(o@NOFCO('ITO@r'l
$ .i ri r.,i rri a { + rYi ..i ..i rri

(o @ rn or rn o ra r\ Ln F ro f.r
di .i ..i ..i di rr q + ..i ..,i ci rri

nqaqqn.!\a\9n.YtNNrnrnt{stanNNl^

<f;=83==:f;EiH

l{

ot{

o

o

F

ID

c

oto

6o

t\o

loo

o

o

o

t{o

o

oo
EFzo
E

oululc
oz

=
=cDo-z
ut
E

ao
(c

6
b

lt
<ts
1
!lul

o
et
utz
ut
oz
;
;z
!-L'

=
2I
F
z

Eo
*
F
IIgl-
Eo
zgJ;i



N
N

!
.,!
t
Io
Ea
=o.n
a

=!a
E
!
E

l!
C
.e
o

ec
OF

6r{
=E!:
E
3
ao
toco
c,
E
E
g
t
f
c
a,
E

o

o
to
oc
t
E
3

o
t,
.o
Eo
oo
o

o
a
,
Cl!
l.
no
co
tto
no

Eo
::
F-I
a
c,o
z

\
a{

.1
N

.!

a
N

og
t\

n

,4
(o

\
lr!

o)

o)

q

a

q

q
N

q
N

c
N

.i

.tl

at?

l\t

.!
N

at'l
N

.!

.!
N

.,1
N

.i
El
C
tr

0q\a'4qoqnaancn
NNNNNI!'N'NNNN{YI

q oq.1 ta '4 l: oq oqaq.,,l
N Fl r{ r'l l\t l! 11 N !-a .'{ l\l (n

.i O rn Ctt \l r\ O O F ln !'r 
^ll{ N r{!-{ N(\ 11 (\l !'{ i{ N (Y,

rO .rl Fl 6l rO @ O l\l @ @ .'l CD

N(\lN(\lNNNri'l-{i'{NN

o6(oLnor@N<t!not(n
rYt a{ N r\l r{ N iY, rYl N N 6l N

6td)i-aOFrO.ornOanON
ai (n llo lYt rYt an lYl an N r\ N fi)

N Cn -{ Ol O r'a !l O att r{ cl N
ao(n+(Yl<t(r|6rvlm ln |'l .n

gt (rl t (O 1'| N N ln Ot ra O c'{
Nlnll<lslnrYt<triaid)(n

F(O<lFllnOF(DlnN@r\
N(n<lrarn(n.ntl<l<lNlt

.n lt F (, rn ul F{ (lt € Fr st Crl

NlYtanl,lrn(n<lst<l<tNN

toorncnrolYlooolrtF
N lr,| rYt rt <l an <t <t \t trl l\lN
\OFl\(oN@.{(O(O€att(g
N N N ail \t iYt <l rt arl lYl N N

aOFlrtOtlOtOll!FtONF
NGtNr\trYtrnrn<'a.lNNN

q 9dla.1 q 9ot qdt coq
lYtNr\tN dtm(n|'l NN r\l r\l

( (D O @ rD tO q) tl t r{ <t O
N(tNFlN6lNanNNNan

F{ rn Ot rrt (n r{ <l O rO rn N Fl
(n r\l t.l r< N N N arl i-l Fl N rrl

(Yl(o@Fr@OUllYl(nNdr{
ar, N r{ Fl r'l N N 6l ri r{ N |rl

aD qr N Fr rn (l'r r\a an .n o st \t
lrl r\ N F{ i"l i{ N (\l Fl i{ (\l at1

loG{ost@Fr(D<tanNul@
6r, lYl a,l Fl i{ N 6l N t-'l r'{ lt ln

(n {O (O lrl Ot ll tn It Fl .nF
6n tt d t-.1 NN NN r-l i{ NtYl

dr(oF{o<lrrr(Dra\loro
dti{ FrFrN 11 r!dFrFrNdl

ot tYt F an ot <l <l @ ln m r\l L
NNFlFlFlNl\tlNFIF{i\dt

oN(o<tot<tFotNslFlst
11 N r'{ t'{ Fl N N l! r"{ Fl N lYl

(O O rn 6 F{ \l (O O O <t Ot lvl
N (\ .'l .'l N l\l N t\| r\l r'l !i ln

d @ + lo N lrt ra ctr ot an oi dt
11 i.t Fl F{ at fY 

^a 
l\a Fl .'{ .'{ arl

<E=E3=iisEEx

o
6a

o

ao

F

o

oro

oo

Fo

!oo

o

o

o

o

o

oo
-F2o
=

o
trlutA
oz

=
=cfo-z
lrI

=

IJ
rD

-to
F

I
*.

I
AE

z
oz

=o<
w4

Fu
z
J

zo
t-
2

st
<ta
st
rl
lJl

i
i
t



N

!o
o
-

l!o
E|!
t
o.
-go

=
-go
Eg
oE

o
co
|!

Uc
I t'.

o-E;
!,

=Eo
toeq,
d,

6
E
l!
g'
E

Eo
E

o

o
3o
o
G
!
E

=

\,
a,

E
or
or
*i
o

Eot
Ec
qJ

ltl
N

ou

E
ot
o\
6
o
o
Eo
\
!c
AJ

,I

o
4.,
Brc
trq

llt
Fl
CI

o
-o
Eo(,
oo
o
rrt
F{o
at!
=Eo
o
t!6
c
o
Eo
t!
to

Eoo
fi-
9
UII
0Eorhzut

I

BEqq{EusxssRrBBBssBsB
-S53SS".+6i .icj cj c, cj dct o o o ocj

eEqq4ssaR=ERSTBBSBBBB
"i I P P I oi d,ri ui + -i d ci ct ci o ci ct ci ci ci

q e E -R Q s s s s s H = r 8 I 8 8 8 I 8 8
S=E 5 

=N 
di r.,i .ici ct o ctdcto o oo c, ci

4qqSEEeSREBBSBBBBBBSB
E I 5 

= 
I 

= 
+ .i o ct ct d o ct ct ct o o o o o

ilqEEfr6nePRrBs8BBBB888
P 

= 
5 5 5 I ": "i .j d ci ct c, ci d o d ci ci ci ci

KRSqEiQs88E3888888888.'i,/i d P I P P "i'ri .i d ci cj ct ct ci c, o c, o c;

to orI *Il 5S-r(oFFN(oFrooooooo\t ln 1 -i':': !: N (n Or F r{ O O O O O O O O O.i d 
= 

I 
= 

P S "d e .i ct ct ci ci d ct d cj d ct ci

BtsEqE€seheBs:BB8s8B88
"i oi P 

= = 
: d { c,i .i c, d o o o o o ct ct o o

BBE66Q:ssgs=sB88B8BBB
"i d 5 I I I d'i .i ct ci ci o o d ct ct c, c, o c;

B{qqflEasesBB88B8B88B8d : R 3 P I ".. "i o d d c, ct d d c, ci ci ci ci ci

Eq8{€*sseBNPB8B8BB888
I 3 N 3 S rd r..i .i ci ci ci o o o o o o ct ci o

RDiEQirssrERIsBsBsssB
"i S33I3 "i"i.,,i .iciciociddooooo

sEEqfrEssFHBFeB888888B
"i = = 

E 5 I d { .i .i ci d ci ci c, d ci ci ci ci c;

-oooooooooooooooooooo-;ni+nr++;E+q+++FiF?E+cqccqqqcq6qqqqqqqccqqo F{ N m + rn (c) F - "i I = 
: : 

= = 
I I E E R

J

zz
m

oo
llt

oz

cl
Eo

co

aa
?l
E5

?lI
=

m

E
J

(rt

o

=
Fl

o.

m

o

lrt
Fl
!ol!

trt
Fl
E
l!

J
,aS-2e<JlrlEs i-

c!
EI
Lr.t
A
IA
62

=l!o
2o
F
f
!o
cl,F
E
(Jz
l
cl
UIe
l!

(,
Fz
UI
gE
UIE

ltrJ
@

F

zz
lrt
I
I
c,c
uJz
l!
oz

=o
l{

f
E
tnz
J

z
o

2

5t
<I

=lsl
urlII9l

!
E

'@
s



N

-go
o

J2o-
Eo
5c
|!
E
E
sr!E-
.EoE

o
E-
.9
l!

Ec-
9r:
OEE; -trfE-

=Eo-
toco
G,

t-c
E

E

Co
E

tr-

o
ao-
a,c
E
E

=-

GU

c(J
Ch or

3*
o\
-o\Ogr
E*ioo

}Ege
uit
riC
io,oi
q, qJ

Portr!CFr

rlo
ol!
Eo
IJoo
o

o
at!tc|!
l!
oo
C
o
!o
o6

Eo
E
I
-
Eo
zul

r3EEBEsnDBhx3s8888888
"i "i I P 5 * oi "i .i .i ci d ci ci c, o o ci ci d ci

NEqiEuesFhsnsPgBsBSsB
* 

= 
I : I oi q, F ro $ c.i ct ct c, o ci o ci ci c, o'

qqEfrisusssssBBBBBSsBs
I P R P P qt + .'i .i .i ci ci o d ci ct ct d d ct o

qEaRQB*aRBBB8B8888BBB
I : I I E S "i .i ci o ci ci ci ci d o o o o ct o

e9Dqfi QasRNr8588888888n "i : P R I d "i ..i ct ci ci ci ci o c, o o o o o

sRsiEEAflsBDs888888888
.i ci d 

= 
I F P 

= 
ui c,i ci ct o c, ci ci o d c, ct ci

rr < ro I 9 i 9 o r^ (o tlr o N Fr o o o o o o oo.,r <t Y s{,': g: rn ( ?-r q) Fr o o o o o o o o o.j'yi F I E P I oi { ..i ci c, ct ct ct ci ci ci ci ci ci

rn rn !r 9 M ro ev rh N N N ra N H o r-r o o o oN.n,: - Y - ra or r,t m N <t -r o o o o o o o o
"i ", : P N I "i o ci .i o ci ci ci c, ct o ct o o o

$BqE4{e;88RP888888888
..i "i : X N 

= "i 
{ .i ci ci d ct d ct ci o d ci ct c;

EBqiQ{sp5838888888888
"i 3 R N 5 

= "d "i ci ci ct ci ct d ct o d o o o o

eqnBisxnsbsPBBBsBSEEEd I S R I c,,ri .i .i d o o o o ci ci o ct ct ct ci

8EEqf;€nuRR98S38888888
.d 3 5 3 5 S ", { ri .i ci ci ci ci o o o ci ci ci d

srqflEEeas8xs888888888
"i "i 5 g I 

= 
n: "i .i .i ci ci o ci ci d d o c, d o

qcqqqqqcc::R33;3R8333
F{ l\l m t l,l (O F tO Ot Y t'{ -{ F{ F{ F{ H ti d -{ al l\l444444444ts44qqqq4444qor F'r N.n <r r^ (o r\.o 

"i I = 
s P s I I I P I R

J

zz

Fl

oo

c{

oz

d

o
trt

o.o

c{
!0
I

dt
FlI,

-l
c

nl
c{

o

=
llt
Fl

c

t!

=
Fl
5oIT

tr!cl
Eo

J
,aS^
3Fte2-

clul
lrt
o-tt
oz

=t!o
2
9Fl
ao
e
F

6
Ez
l
olrtc
EI
lo
Fzul
c,lr|A

uI
o
F

zz
ut
Et
c,
ol
utz
lr|
clz

=o
lrJ

3
EF
1A

=
zo
F
z

st
<trl
sl
u4
-lrJt',@i;



N

-go
o-
E
J4o
Eo
tc
.Eo

=!o
E
-go

t!
c
o
|!

!0c
9n
EEE;
!r3g-

=cotococ
t!c

=tf
to
E

ru

q,

fo
a,
G
!s
3

cu

{
E(Jort9 -,,'6\
o\!o.\
Oo)
E.ioo
tiE
g{
rrj €Ftc
iaJoi
or lri
P"rtri
QFr

ntr{o
o
-o
Eo
o6
o

o
to:
Co
o
oo
co
!o
lEo

E
C'r/l
FIIulI
0co
2ul

BqqE{SesKPsEBBBsBsBsB
.i S 5 3 I I ". $ .i .i cj cj ct d ci cj ci ci o cj c,

Rqqq4fresersxhPBB88888
"i I I I I I "j "j ui $ .i d d d d ci d d c; ci ci

P {l E 9 i ro.r rn co to o o La o o o o o o o o-i .: .:': .: (o N t'! =t or .r, r{ o o o o o o o o o
I 3 N 5 

= 
F: .'i'.i .j ct ci ct cj cj cj ci ci cj cj ci ci

EqqqEissRBssBBsBBssBB
= 

p 5 3 I 
= = .i cj ci c, c, d d o ct ct ct ct ct ct

EEEE€QreeFssBBB8B8888
P 

= 
P 5 5 P ". "i .i ci d ci d ct o o o o o c, o

sh\q86fr;BBBRBBBsBBssB
"i s I I I 5 P "i ui .i ct ci ct d ci d ci ci ci ci d

sR{iEE{nDBBPBBBBBSBsB
"i d 

= = = 
I I.d + .i d ci o o o o o o o o o

ssQqflEenP=BsBs8Bs8888r oi I 3 3 : d { ri .i d ci ct d ct ci ci ci ci ci ci

Rxq?Qfirnr$ee888888888
"i qt 5 N I P d -i .i ct ci ci ci ci ci ci ci ci ci ci c;

6XfiifiQE;rssB8B88BBB88d 
= 

R I I I "., "i c, d d o o o ct o d o c, o ct

qiqilQsssBRsPBB88B8888
I * S P I ct'd ci .i ci ci ci ci ci ci ci ci ct ct ci ci

DEq$frtuuRPhseBBBBssBB
"i H P 3 I I d "i ci .i ci ci o cj o o o o o o o

BAqqt4=sRssNsB888888Bd 3 
= 

I 5 3 "t $ .i .i ci ci ci ct ct ci ci ci ci ci ci

^ooooooooooooooooooooY;il;inE;F6:iS+++FFF+FFgqCCqCCqgoCeqqqqCCqqq
or F{ 11 (r1 + rn @ r\ - "i I = 

s g s 5 I : 
= 

g R

J

,zz

c{

oo

F{

oz

o

ro

cl
EI

f
3

c
3

l!

=
rl
c

Fl

o

=

.Clolr

n!
c{
c
t!

J
,a3-
3Ec-
"=-

o
EI
tr.l
6.
IA
ct2

=t!o
2o
F
l
!o
cl,F
6
(Jz
fdut
0ct!
ul
(9

zul
0c
UI
A

@

lrlJ
co

F

azz
lr!
-(,
c,
c,lrlzlrl
clz

=o
tg
l
E
lrtz

z
o

z

5l
<t

=lsl
-lrJl

,i#



\0
N

so
o

4,,
E
!o-
E
l!
aq
o
l!

=
-gl!E.
.E
a,
E

.!c-
o
l!

EE.
I r'.tToFE: -!,c!

=Co_to
o.
oc
t!c

c

co
E

lr-

o
Jo-
alc
!s3-

ou

{
E(j
(,r o,

3*
5E.. oiOOrg.ioo
tc

EErri €Flc
iq,aI
qJ qJ

P o'r
o!
CF{

nl
ct

olt
Eo
oo
o

clo
ao5t|!
o
.!o
Eo
!o
o
.o

Eo

IIul

co
z

RsqqEEfr+BhsseBEE88888
"i d I I 5 : 3 d di .i ct ct o ct ci ct ci d d o ci

REBqfiBunBssBsRbBsBBBB
= = 

P I I I n. r.. F. d.ri .i o ci ci ci o d c, ct o

qA{RESSnBBREBSBsBsBBB
5 : I I P oi'ri ci.i .i ci ci ci c, ct o o o o ci ci

8qiq8ies58r5888888888d 5 I P I 5 d "i ci ct ci o ct ct ct d ci ci ct d o

ReEq€fr isBBBB88BB88888
"i n- P I g I 

= "i 
.i ct ci ci ci ci ci ct o ct o o o

6=9rqqqil$R33888888888.i .i'ri .ri 
= 

E N 3 cd .ri .i d o ct ct c, ci ci ci ci ct

E8sEq6Ailn*sN=88888888
ci .i ui P P I 5 * F di .i d ct ct o o o ct ci ci ci

;SEBBEEnBPSBBBSBBsBsE
",i "i I I R 3 I d di .i .i ci ct ci d ci o o ct o o

xRqqqqqBBEKPBB8888888.i r 
= 

I R I 3 "i .i ci ci ci ci d ci ct o ct o o ci

R5EqEdUss3s8888888888
,d "i : R 3 I oi "i ct c, o o ci ci ct d d d c, c, o

BEEqfin;TSBSNBSBBBBBBB
.d : R I 

= 
oi rri.i .i d ct ct c, cj o o ci ci ci ct c,

sbqE{flssR8hsN38888888
": ai P I 5 $ ": ='ri .i ct ci ci ci ci ci o ct c, o o

e96qfifrsa33r$s58888888
{ d P P 

= 
I qi d.yi ci .i ci ct ci ci ci ci c, ci c, ct

ccgqcqcqc:::3333R333:n + .'p T + 9 r) qo P H n n f f f f f f f | $9qqqcqcgcdqqqqq9ccqqc
Cr Fl i\ lY) { rn (O F O Oi O F{ l\,l m \l l.fl rO N OO Ol Q.{ d ri r.l -{ F{ F{ F{ F{ Fl |\l

J

,zz

rl
oo

9oz

cl
6o
{n

co
dt

s
=

c{

=

dtr{
t5

o

=

q

rl
o
E

!otl

E

Fl
eo

J
,aS
3fr(r=

6
utlrlA
oz

=t!o
z
9
f
ao
02F
6
L'2
ua
D
o

c
A

IIJ
.o

F

zzul
-LI
c,
c,
lrtz
UI
oz

=o
t!
f
E
Itlz
J

2o

z

urc
l!

19

2

sl
<t
=lsl
-lrJl

i
i
:

E

E
,. 

,



t_-
N

!
l!
o:z

=J!o
Eo
,
CI
!o
=
-eo
E!
c,E(,
l!
cI
t!

q!
E
ol\
?o6r{
=E!3c

=Eo
E
oAo
0l
t
E
E2cl
co
E

o

o

=o
o
G
tc

=

ou

*EG
o\ o,
O)hcixsE*or
OOr
E F.i
oo
).i
ES

seuit
r.l S:oroI
or lr.i

P"rGiE r..r

r-{o
o
!
Eol,o
cl
o
lrt
o
ar!
3
Eo
r!
oo
E
o
!o
o
@

Eo
r,!
t:
-IltI
eo
zlrl

q
oo

4o

q
ao

e
N

q
N

N

\

.i

ci

N
oi

o)
N

(o

a!
+

E
oF

t

\ q e .'! n.i! \ q q l: ('l.1 q q q q q q q I(o O F. O @ N r. <t H O O O O O O O O O O O
..1 r.{ (\l r-{ ?.1

(o Or lY) <t (o O @ l- r- @ ro O O O O O O O O OI n.1eq q a n n I q qqq q q qq q q
o -{ N t\ 6t.{ o o o o o o o o o o o o o o

Ln <t rn Fi.! F ( @ st F ro Fl O O O O O O O O
'r! n q n n I 4 I 1 c q q q q q q q q q q
O r{ N \f <f N H O O O O O O O O O O O O O

Fl N C) r-l l'. rO N O 6 O =t i-{ O O O O O O O Oto.t to qt @ lo N @ d..r O O O O O O O O O Ocj .i.i e + di.i c, o d o o o ci o d ct o d ci

qi @ F Fl O Ol ?i in (o r{ O O O O O O O O O O(O O N F (o Ol Fr $ O O O O O O O O O O O Oct .i ci.,,i ri .i .i ci ci ctdd ct ci d oci ci ci ci

F lr) F. Or lr) F @ <l N O O O O O O O O O O O,4 0).! \ n? n c q q q q q c c q q I q q q
O o F{ O O ()OO O o O oo O O O O O O o

(o Ot (O ln L <l N -{ Fr O O O O O O O O O O Out q|: a n qqq q9qc q q q qq q q coooooooooooooooooooo

F <f sl Oi Fl u1 ra Fl -I Ft O O O O O O O O O O.! a u-1 arl'lnqqqqqqqqqqqqq9o oo o o oo o oo oo o c, o oo o o o

sl N o.a N ro o lY' r\r F !.{ o o o o o o o o ora ql (.o F (o !-{ i-{ on \t o o o o o o o o o o o
ci ci .i .i ..i .i -i ci c, ci ci ct ci c, ci ci o o o o

\t \t N r.r rr O F F <t Ot vt st O O O O O O O Oq q'r't a.! q \ q a.! n q q q q c q q q q
O Fl Fl Fl r.l r-{ O O O O O O O O O O O () O O

rr C) @ F N N ln @ gl F d -l O O O O O O O ost (0 rn t (n d !-.r o o o o o o o o o o o o o
c, ct c, ci ci ct d o ct ct ct ci ci d ci c, o o o c;

Ut l.rt lA ul r.{ tt N (n (n -I FI O O O O O O O O Orn <t N Fl ri o o o o o o o o o o o o o o o
ci ci c, ci d d c, ci ci ci d ci o o ct ci ci d ci cj

la CO F N iO O + O Ln lYl f\r N O r< O O O O O Oqcq \ a.! n n9q q q cqq I q q q qoooooooooooooooooooo

J

2z
ta
ll!
ln
F{
nl
l,

r,lo
r,lo
t,t
ra

la
ra

rn

rn

l^
6r

Or

rn
ro

]n
ro

r,l

tt

I,i
c)

C)

r,l

ttt

r,lrt
rrt

r,lr{
r,la

E

Eoo

ot
Erl
lrrl
AI
tltl
6l
2l
3l
u.l
ol
2l
ol
hltl
.ol
cl
FIt l
6l
UI
2lt!l
f,l
ollrrl
trl
FI2l
ol

s

=5ut
L'

zz
EJ
-(J
(9
c,
utz
3
oz

=o
t!
f
E
ttlz

zo

z

ao
l!Jo
F

^oooooooooooooooooooY;nnii6;+6EFsT+FFiF+Ecqgqqcqqc6qqqqqqqqqco !-r N..) <r rn u) N - d I 
= 

: : 
= 

5 P I P g
I
i
I

Il
f

,fE\

iGil
'\;'',-

I



@
N

!t!
-
li
l2o-
E
l!
a
o.!l!
=!
l!
t-
!
a,3u
l!
c
.9
o

ea-
E

=OF

tE
tE=
!g
E

=E
tocoE
o
Ett
!
E
f_
Eo
E

a,

o
ao-
t
G
Ec
5-

d
c,

\E
or
or
i
o

Eo
Q
!cq,

Lr.r

N

s
E
orol
c;
o
o
E

e
tc
e,r

n

o
q,
(rl
co
G

o
o
!
Eo
oo
o

o
ao,
El!
o
oo
co
!o
.!o

E
.E

4(,
ut

4o
zuttt)

q
oo

n

q
t\tt\l

co6l

I
F

o)
N

+
t\a

c(\l

a

o
ct

.1
N

I

ln{

(o

o
F

fr o (D ro (n o ro (D ro or o (n N o o o o o o o
l^ @ o ro r\ ur o io lrr rr c) o o o o o o o o o

!-{ F{ !-{ -{ !-{

d) a! d) l\ N Ol F Fl r\ @ a{ (O FT O O O O O O Orn O Oi rO N N N lD t N ?.1 O O O O O O O O O
ci ..i .i .i .i .i .i ci o ci o d c, c, ct o o ci ci ct

+ <l (\l O N O Fr @ rn F O l'l N -r O O A O O O4 C q 4 0! n q \ \.Y q q q q q q q c q q
O O N ro s ( N r'{ O O O O O O O O O O O O

r.o Fr F.i @ O ql Ot N @ N tt N O O O O O O Out( Ot O @ l\ nl (O N N Fl O O O O O O O O O
ci d .i,'i.ri q di j ci ct ct o d o c, ct ci ci d c;

ah r-.r <r ot !.{ @ F @ .{ .n O O O O O O O O O O.n (o.n l.,1 (n O F.n F{ O O O O O O O O O O O
ci d .i ; .i .i ci ci ci o ci ci ci ci ci o o ci o ci

ah O cl O trt lYl @ <' r{ d O O O O O O O O A O.n 6 @ r, N Fr 6 o o o q q q C q q C q q q
c, o ct ci ci c, ct o o ci ci c, o o ci ct ct o o o

ssssN885888888888888
ci ci c, o ct ci ci d o ct ci ci ct o c, ci d o c, o

fts038RP8858888888888
ci ci ci o c, c, o ci ci c, c, ci ci ci o o o ci ci c,

rn O O t\ N 6r, r{ Ctl O Fr t .n.r O O O O O O Oa q4 \\"rn q q4 n q c c q9 999 9
O O -r -r Fl H il r{ O O O O O O O O O O O O

$sR:833fr$$Rr53888888
o ci -i .i ci o o c, ct o ci ci c, ct ct ci ci ct c, ct

8H9Spe88838338888888
d ci d ct c, c, o o ci c, o o o ci d o o ci ct ct

S{friTEqqqqEE6EEEBEBE
d ci o c, ci ci ci ct ci d ci d o c, ct ct ct o o o

393$SSeS=53888888888
ci ci ; ci ci ci ci ct o o ci ct ct ct ci ci ci ct c, ci

fzz
rnrt
rrt
rn

ln

rao
Ito
r,i
t1

ra
r,i

la

rn

la
ot

rn
ol
UT
iD

t,llo

r,|
d)

lri
dt
c{

o

I,io
ta

la

1,ltt

laa
rn

ta

I,iri

E

Eoo

o1
UJ

E
Fz
o

6

aul
UI

o
Do

azzul
-(J
I
c,
UIz
3
oz

=o
ul

=E
ti

=
zo

z

o
lrr
ao

F

cqcqqqqqe=::33;3R833
Fl l\l |rn <l r,! \O l\ O Ch Y F{ .r -{ Ft FtH-{ F{ Fl 11r'i-r'ir'i'rtrF.Qqccqqqqqocqqqqqqcqcd ....r.Yr s ur (o F\ - ; g : : I : 5 g 5 P g

5

=s[l-

I
i
I.ffiI;



Or
N

so
o-

2o
E
l!
ac
!t!
=so
EsoE(,
o
E
!
o

E
c,

ClF

ER
=->;i
E

=to
toc
a,
G
l!s
II2
E
l
Eo
E

o

(,

f
o
oc
!c

=

d
t

E
or
or
.i
o

Eo+
!s
0r

N

06

{
E
or
or
6
o
o
Eo
G,tc
a,

IU

6
!t
5lt
trq

cr

o,
Eol,oo
o

C'

eo
5g
o
r!
oo
c
o
!o
o
ao

E
C'o
FI
9ut

eo
zut

q
oo

n

c
N
6l

oq
o
a{

I
F

o)
t\

N
ari

q
N

a

q
o

N

I

14

E
oF

N rn (o <t.n o @ l,) @ o or st N o o o o o o o
ui @.n to F rn o (o rn N o o o o o o o o o o

-l ?.1 r-l !"1 t'{

(O N N O (rt t{.n La Ot Ol \t @ N O O O O O g Qrn 6 0 L^ (o.n.n o + N ?i o o o o o o o o o
d : ..i.{.i .i ..i d o ci ci ci o ct ct ci d ct o ci

\l aO Ot.tt l.- <lr N O F @ @ dl N Fl O O O O A Q,4C Ca o!.1 o)\\nqcqqqqcc99
O 6.r.o <t t N F{ O O O o O O O O O O O O

ca + r-{ r\a rn tl Fr a'r rn lrl !-{ t r-r cr o o o o o o
'.n6oFr.n.!.n ro qry.1 gqqCq qq q q
ct o ..i.'i di { tri .i o ci ci ct o ct ct ci d ci o o

dt r:o .rr 6 H (El N 6 Fl rn O O O O O O O O O O.^ (o m 6 rn O F..Yl Fr O O O O O O O O O O O
ct ct .i .i .i .i ci ci ci d ct o c, ci ci o o ci ci ci

.at rn rn a'! lYl lYt @ t N r{ O O O O O O O O O Om @@ < N Fr O OO OOO OOOOO O O O
ci ct o o ci ci ci d o ci ci ci o ci ct ci ci o o c;

th .\r <r 6 ri 6 rn Fr..T o O O O O O O O O O O
f.l ln ln < N O O O O O O O O O O O O O O O
oooooooooooooooooooo

oo F. + a\ r\r o G{ o o o o o o o o o..i A @ (o m N F.r o o o o o o o o o o o o o
c, d ci ci ct o o o ci d ct o ct ci ct o d o ci d

Gi (olnO Ot -l11 st qr aO (o <t r-l O OOO OQO
l,1 @ + F lr, (n Fr O @ !n r.r o o o o o o o o o
ci ct .i .j j .i .i -i c, ct ci ci ci c, c, ct ci ci ci c,

-l o o alt oo t c, tO ltl O @ lrt (O N O O O O O Ora ah N o @ 6 \o rn <t <l N -r o o o o o o o ()
ci ci .i j ct o o ci ci ct ct o o ci ci ct c, ci ci ci

O O l.o Fl (i Ln (O ln <l <t tt l\l -T O O O O O O O4iaqn4qqqqqccqqqqqqqoooooooooooooooooooo

o .a at\ rn a (O <r r\r (\l N Fr O Fr C) O O O O O Oii s.{ -r G{ O O o o () O O o o O () c) O O o
ci c, ci ct c, ct ci ci ci o o o ci d ct o o ct ci ci

I\ O rn .n Fr l\r <l dl O l\ t l\r r-{ C, O O O O O O
sf rO O () (g dl Fl r{ H C) O O O O O O O O O O
ct ci .i d ct o o o ct ci ct ci ci ct ci ci ct ci o o

J

lzz
rna
r,lr{

ra
Fl

r,lo

6
r,!
ra

rn
ta

r,l

t6

1,!
oi

r,l
ol
t,l
rD
?l
laio
F{
r,l

rn
r{
rno
Fl

rto
rn

a,!

lr!!'

t,la
tli
Fl

t6
Fl
rna

E

Eoa

2z
uJ+I
(J,
ot
EIz
=oz

=o
UJ

f
E
1A2

zo

z

oul
EIrvt
6z

=o
zo
F
D
.o
EFt^
6
IJztrl
fd

too
UIJ
lo

i

i

ltlet!
F

=o

cccqqqcqe::R3333R333n +oll f P9 t 099 H I f I I f f f f f ICCqqCqqqCoCeqgqeCqCgo F{ r\l Gi <r ln 'o i\ o d g 
= 

S g 
= 

: g } p g

s

=5
UI-tJ

I
i
Iffi,



I

,tsr
i.'.{\YirS=/
+a*

5.0

0.0

5.0

.00

0.0

.05

0.0

110.0

5.0

0.0

10.0

NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

JAN.13
10.0

FEB-13

E

E
i

E

s
=

13 5 7 911131517192123
rime (horirs)

13 S 7 911131517192123
]'inE (hou.s)

MAR-13 APR-13

13 5 7 911131517192123
nme (hours)

13 5 7 911131517192123
Iime (hol,rs)

E

t

=

E

E

=

a
E

;
s

=

E

: 0.0
E;

G
E

&

=

10.0
MAY-13

G
E s.o

.* o.o
E

=
1 3 5 7 911131517192123

Iime {hours)

JUN-13

7357911131517192123
Ilme (hoursl

AUG.13

10.0

5.0

0.0

JUt-13 10.0

0.

0.0

01

.00

E

E

=

E

!

=

{
E

e

;

1 3 5 7 91LL37577792723
Iim. (hours)

13 5 7 911131517192123
Im€(houR)

10.0 sEP-13 ocT-13

1 3 5 7 911131517192123
Iirn {hours}

13 s 7 911131517192123
]'i.rE lhourl

NOV-13 qo.0
g

DEC-13

E o.oi
1 3 5 7 9 7773r5D192723

Iim€ (hosrs)
13 5 7 911131517192123

rime (ho'rrs)

SE SOR HEIGHT: EOm

FIGURE /I: I4EATI HOURI.Y WIND SPEED
(JAI{UARY 2013TO DECE]T|BER 2013)

Wind nesource Ass€ssmcnt unh
FlnalRapo.t or Wind Monitorint stadon at Chdamala, Malaprram Dlrtrlct, Kerala

Juh ZO17

10.0

o.o

10.0

0.0

30



.ii ff
NATIONAT INSTITUTE OF WIND ENERGY

CHENNAI

JAN-13
10.0

FEB-13

a
E

e

t

E

E

=

G
g

t
.E

=

E

t
E
3

E

t

=

.o

0.0

5

0

5.0

10

g

8.

E
3

E

8.

;

e
E

t

=

E

t
s]

a 10.0
g

Ii o.o
.E;

0.0

0.0

0.0

.05

1

1357 911131517192123
Iim! (harrs)

l3 5 7 911131517192123
rnYE (ho(|rt,

MAR.13 APR-13

MAY.13 JUN-13

0.0

r0.0

5.0

o.o

5.0

13 5 7 911131517192123
'Iime (hou]s)

13 5 7 911131517192123
Iirrc (hours)

10.0 to.o

5.0

0.0

^ 10.0{
E

t
3 o.o
E

=

13 5 7 911131517192123
I]nle (hounl

13 5 7 911131517192123
Iim. (hour!)

JUr-13 10.0 AUG-13

0.0

1 3 5 7 9 77711577t92121
Tim€ (tlo'rrs)

13 5 7 911131517192123
Iimc (hourr)

10.0 sEP-13 ocr-13

o.o

13 5 7 911131517192123
Iilrl. lhqr6)

13 5 7 911131517192123
Tllnc (tBrrsl

NOV-13 DEC-13q0
E

10.0 o

0.0

t
t0.0

13 5 7 911131517192123
lim.lhoursl

13 5 7 911131517192123
rirn (ttal6)

SE SOR HEGHTT 7Em
FIGURE .IA3 }IEAII HOIJRLY WIHD SPCED

(rAxuARY 2013 TO DECEHBER 2013)

wlnd Rc$urca Aslaacment Unh
FlnrlRcport on wlnd Monitorlng statlon rt cll.Lmab, MaLPurrm Dlttrh, fcrah

July 2017
J.L

'i@



,rs,Ig)
T{ATION |{STITUTE OF WIND ENERGY

CHENNAI

JAN.13 FEB.13

13 5 7 911131517192123
Iime (hours)

r 3 5 7 9 7773t577192723
nm€ lhou6)

MAR-13 APR.13

0.0

010.

5.0

0.0

10.0

5.0

10.0

5.0

0.0

5.0.05

0.0

E

=

E

E

=

E

=

10.0

.05

0.0

10.0 
I

13 5 7 9 71737577L92723
Tim! (horrrs)

13 5 7 9 71t37577792723
Tlme{hou13)

MAY-13 JUN.1310.0

0.0

E

s
=

E

E
3

E

E

=

10.0
a
E

3 0.0

=

E

t

E

=

10.0
E

;

{
E

E

=

0.0

0.0

1 3 5 7 9 t113L577792123
]]m. (hou6)

13 5 7 911131517192123
I'i.n€ (hou6)

JUr-13 AUG.13

13 5 7 9 17737577792123
Tim€ (ho{rrs)

1 3 5 7 911131517192123
Iime lhours)

sEP-13 ocT-13

13 5 7 911137577t92123
Iime (hoursl

13 5 7 911131517192123
Iirp (houB)

NOV-13 DEC-13

00.

00.

E

!

=

10.0010

Q10
E

0.0

5.0 0-

13 5 7 9 777315t7792123
nme {hours)

13 5 7 911131517192123
Timc {hours)

SE SOR, HEIGHT: som
FIGURE 4Br lrlE^ll HOURT-Y WII{D SPEED

(TAIIUARY 2013 TO DECEiT|BER 2013)

Wind Resource Asscssment Unit
FinalReDort on Wind Monltorlnt statjon at Ch€lamah, M.lapuram Dlst.lct, Xerala

,uly 2017

L



{e\oP/
fi*

NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

Monthly M!.n wlnd sF.d(my's|

6.00
5.00
4.00
3.00
2.OO

1.00
0.(x)

SE SOR HEGrT3 som

Monthlv iilc.n wLd 5p..d(m/31

7.00
5.OO

5.00
4.00
3.00
2.00
1.00
0.00

SEllslOR HEIGHT: 78 m

,{drrhly Mr.n Whd sFcd{m/r}
7.00
5.OO

5.00
4.00
3.OO

2.00
1.OO

0.00

Moidc

SEISOR HEIGHT3 8Om

FIGUNE 5: iIOI{T}ILY IIEAT{ WI D SPEED
(rAxuARY 2013 TO DECEIIIER 2013)

Wlnd RGsourGC AtsassmCEt Unh

Fh.nalort on Wlnd Monltorlnt stadon .t ChGtrmaL, M.LPur'm oBukt, f'r'b
,uh 2017

G
g
!

i
!ct

E
!
A
!

=

E
!

c
!

=

EPE"egE=:',c'8!E
Morrlhs

EfEEgEEHSS!E
moidl.

EfE"egEEg.r'8EE

33

l



1 /ti\
i.(t,iii
"rv/ NATIONAL II{STITUTE OF WIND ENER.GY

CHENNAI

wlnd po{rlr d.iriaM\irlm')

20.m
0.00

SE SOR HEIGHT: 5Om

wlnd poulr de,EiMvm'l

E
t
E

o

t
!!
3

120.00
lm.00
80.m
60.00
40.m

Efg"i9E=:'s'8EE
Month3

200.00

150.00

o02m

150.0O

100.00

E

'I
C

o

t
!
C

5

E
i

t
o

,
!!
3

100.0o

s0.m

0.00

Ef!"EEE=e*s'8EE
Montht

SENSOR HEIGHT: 78 m

t^,lrd porcr deidh,nlr/ml

50.m

0.00

EfE""9E=e*,g'8EE
Mondis

SE SOR HEIGHT3 mm
FIGURE 6: MOiITHLY ]IIEAX WI]ID PIOWER DE SITY

(rArlUARY 2013 TO DECEIT|BER 2013)

Wind R$ourc€ Aslessment Unit
FinalRcport on Wind Monitorin! rtation at Chehmah, Malapuram Distrld, ferala

lttll2Ol7
34



{6';.F,/ NATIONAL INSTTTUTE OF WIND ENERGY
CHENNAI

35.0!t

JAN-13

r.0ta

FEB.13

20.0x

MAR.13

t5.on

APR-13

35.0!a

MAY-13

35.0t

JUN-13

o.0*

JUr-13

55.0!r

AUG-13

15.0ta

sEP-13

5,0!a

ocr-13

50!t

NOV-13

/D.07r

DEC-13

FIGURE 73 WIiD ROSE
SE g)R llEGllT: (8Om An.nlomcEr and 78m Wlnd vanc)

(ranuar, 2013 b lrccemDer 2013)

Repon on wlnd Monltorlng nadon .t chcl.mal., Mrl.puram Dlstrld, fcr.l., July 201,

35



--'t

i.'l\)i
'F/ NATIONAL INSTITUTE OF WIND ENERGY

CHEl{NAI

35.0!t

JAN.13

0!t

FEB.13

a).0rr

MAR-13

35,0L

APR.13

35.0t4

MAY-13

15.0t

JUN.13

uD.0*

JUt-13

55-0tr

AUG-13

35,0%

sEP-13

25.0X

ocr-13

25.0't(

NOV-13 DEC-13

FIGURE 7A: WIrD ROSE
SEI{SOR HEG}IT: (78m Arcmometer and 7tm Wlnd yane)

(ranuary 2013 to D€cember 2013)

Report on Wind Monitoring station Ctelam.h, tlalapuram Distrlct, Kerala, July 2017

36



/,zss
i.g) T{ATIONAL INSTITUTE OF WIND ENERGY

CHENNAI

10!(

JAN-13

:8.0!a

FEB-13

20,ott

MAR-13

r,ota

APR.13

!40!a

MAY-13

:8.0t(

JUN.13

35.01

,UL-13

$.0!t

AU6-13

35.0!i

sEP-13

25.0!t

ocl-13

:x).0'l

NOV-13

15,0tt

oEc-13

FIGURE 783 WI D ROSE
Scl{s'OR HEIG}IT: (tom AneNnomGtE .!d.l8m Wlnd vanc)

(ranuary 2013 b lrelilbcr 2Of3)

RGDort on Wind Monltorlnt tt tioo .t Orcl.rrl.ll, lt hPur.m Dlilrlct, [crd., JulY 2017

31



','4,'\t-q='j NATIONAT INSTITUTE OF WIND ENERGY
CHEI{I{AI

hd oircctroo fr.ql'c,

FIGURE 7C: A UAI- wIt{D ROSE
SENSOR HEIGHT: (8Om Anemometer and 7tm Wind yane)

(January 2013 to lrecember 2013)

Report on Wind Monitoring station at Ch€lamala, Malapuram Dist.ict, Kerala, July 2017

38



-fUNlz.iglr NATIONAT INSTITUTE WIND ENERGY
CHENNAI

+i xrwE

7.m

5.00

5.00 -

4.00 -

3.m

2.m

l.@ -

0.@ 

-_--
Jan Feb Mar Apr May Jun ,ul Aug S€p Oct Nov Dec

IIOi'THLY IIEA'{ WI]ID SPEED
(rAfluARY 2013 TO DECE BER:r013)

.+8OmN

+80ms
-+Y)m
i+2Om

- 8llm

- sl)rn

-mm

o

5

g
I
Aa

E

I

3

0
Jln F.b ldry Apr M.v Jsl Alc sap od Dac

wlnd Rc'ourc! Ascessmcnt Unh
FlnalRcDo.t on Wlnd Monhorlry na on .t ChcLrn l., M.l.pur.m Dlstdct, l(crala, rulY 201,

39



I

NATIONAT INSTITUTE WIND ENERGY
CHENNAI

E
ta
E
=5,.

e

2

- 
TArnAvg

- 
s1om Avg

- 
2O,m Avg

I
6

o o 6 12 la 24
}lour of l}rlr

FIGURE 8: iIOI{THLY WII{D SPEED AI{D DAILY WIND SPEED - CHEI.AI{ALA
(rAIituARY 2013 TO DECEitBER;1013)

vYL S|€.rme

l

!

t

i

FIGURE 9: DALY WII{D SHEAR.CHELA]IIALA
(JANUARY 2013 TO DECEIBER rO13)

t$ad Siafim

Ar. M.y Jun Jul

E

10..
i

lo*

FIGURE 10: I.IOI'ITHLY WIND SHEAR- CHELAIIALA
(JAI{UARY 2013 TO DECEMBER2013)

Wind Resourcc Assessmcnt Unit
FinalReport on Wind Monitoring station at Chelamala, Malapuram lxslrict, Kerala, July 2017

T*-

40

i +i rrm

0



NATIONAL INSTITUTE WIND ENERGY
CHENNAI

{i urw

5"
Itil .c

II
b

t
t""
a

t".

Id WIrd Sa4d (r!.)

FIGURE 11: VERTICIIWI D stlE R- CHELAIIIALA
(rAI{UARY 2013 TO DECEHBERjrO13)

Irrblcaca {10!r

Tritublca !t lo llt06

0a

0.t

0.0 d

0rt

03

2

i
E

I
II
Ef

Wind Rcfourcr Ass65mcnt Unit
FinalRepon on Wlnd Monitoring natlon at Ch€lam.la, M.l.pu.aD Distslct, Kcrala, July 2017

4t

r"%4,-1!U=rc



I

.f4*u
ilg)3
i fi xrvrr

NATIONAL INSTITUTE WIT{D ENER.GY
CHENNAI

dIl m

0.50

0.45

0./t0

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.m

+Seriesl

7 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17

FIGURE 12: TURBULA CE II|TEI{SITY - CHELAHAI.^
(JAXUAnY 2013 rO DECITBER:!013)

Wlnd Rrrourcc Assc6smGrt Unh
FlnCRaport on Whd Monltorln3 st.tbo .t ChGLm.h, Mrl.pur.m Dlstrlct, Xcral., July 2017

42

I



)

IIod Year

Jan 2Ol4 r l)ee 2Ol1

43



!n
v
dE
6
E
c
4
-!n.
.g'
tr
E!o
L'
6
a
.9

ltt
oa
Er
=o-e
!:c'

=ao
tocoI
Ett
af
ao
E

o

o
P
o
o
c,
!a

=

$
CI

o
!
E
OJ

oo
o
rtrlo
at!,c(!
t!
t!6
t
o
Eo
(E
@

s

d

6

$

t\
d

.,i

qeei

'.i.i.i.i
cn9\

o9.!nn',':9eoq

4ad1 nlq9nn

q9 4 ul

qncqdl qaa

.j.i^i.i

.1
^i+F;

.lq q I40q44

EE E EEEEEEEEE

n

c;

ci

nl
o

ci9a

5S&BRs:3

annq

rydlqq

nid.i;

naaa

ffR
uiln

l!
?o3 ^ EE

X -ao ;$l!!t
ts5ocos 3 Eu
l! -9o>H

i- 
=is*E U::F EOEs E 5sri + l! <ri! = =<rr=9

s SoE 8$

.j

.j

.1

n

n

.i

n

c;

Io

q
C'

to
=2
to6
o
]oE
!c

=->t
co

=

j

BxBr*=f*ilIE
!E=!o

EsxIE*E****ESRIsE.A-.;.i* o

;4.=
EssxtH-sBhs
SBSB ci ;.i.i.i

^!eqol

qaolo)

ndlc4

3 .l ,''l 4
i;999

E
tooctn
Ec

=to
0,

=.>
c
o

=

d

c;

o

\

q

ci

d

fzz

rt
Fl

uJo
rt

oz
rt
F{

bo
+rl
4
ut

rt
F{
(,
l

F{Il
rt
zf
<t

=+r{
4A

tl
c,

=
+
Fl
Co
utt!

rtrl
z

lrliJ1
ao

F
a
ulF
EI
Jo
.A2
o(J

rt
UJ

ao

l-

z
=lll
(J

(!,
4
l!
=lll
oz

=lto
l!Ff

hz

=o
E
z

I

5t
<t
=lsl
EI
rJt

EE
:,
+g



lr)

t!
*
$I
E!s
!\t
$I
EtIt
G

Et
I
El!..
st!{
s
Et
Bt

E
S

s
E!I

II
6

It
s

tt
o

Eo
oo
o
tt

oaao
G

o
Co

o

Bz

=z

o
Y!Fo

E:
Io

€BfeSso

HFE:Eso

ro
d

rD
o

or
ro
0

{

o
1

or

ni

H H B B =)==Za.-r [l

H H H = =2/= E U,-r gl

ooooo^oo^oei!nn{q!;6|1)n-q!
*5:E59EtiB:.iip3:3 S R r N eH S X : S : E S h I $ S B E r :

9 E S E T 3 9 R} 3 T 3 i E i 3 H E 
= 

R i F J 3i.trn+6tor.PotO.'!dooorioOO9CrH'.rd,i;.6 Irld"iiG - c N.t.{ir=O.t
oI

o

ooo^QooaooooQq!a6Iq|!-i!..'!le
di'FdH.t;irooo-ooolr

F € or c rr c @ <t ro - a! ll a! <' ro S 6 rl o <r d < F- rl

i EEEs FJETS* 3T E93S RP f =F 
T Fd.t.'l9.;r(or.PotOooo<?.ioO9O!'{,A.ni6<5 I ol"li Gb,6+ rl

6HN'r

8393e33s33RrEr,-593tt3:;
.r +o!tro !{ + F- + d tt I,t + o € rn .o ra.{i!o irn i(o Erd!F.i6r.{or ! ro ri.a!-r <t Er@PEiii SpIrEf Ei Ed5* E= ! s !*

6ociqqloo9O!-.r-.i,i.a6otr6"ii.i..c

F iD (O la .n rO aO rO lo rn .n r^
dcicictctodciddcio

F

FoTFOF-loF\r/|I,t(ttf\tO@I^1,lF.6rDrO.n
dcidddcicicictoctci

OaOO.{r-r@l\atoFr!6!oFr(o(oNorFFral,t@
cicioctctciciooddc;

.{iflrl000lri l' o tt or (h o| ro F\ F,l ao F-,,i + + .ri di +',i + + .ri .'i e

.t!!fo.^{r\\oH<N(<tOrOoitOoro
ui + .,i ni ni +,/i < + di tri +

Odr<tNr,)ltF-ttO.a,)drt'rraO@OlrOqH
tt.nmttam.nlt

E0c

EoF

Eo

PEE6] E-
PE
=ar,cr=.,E&E

o
E

Qg
Eg!o
ruo
8qt!is
*Ee;fg

E
a
-9
o
Eoo
!t
l!
!
Cl!

co

=
!ot,c
!tcE^
c{.
3EE-
.>E
Co
E

Eo€

E
aaF

Eo

Eo
aa

EoF

Eo

F
a
oz

s=
rr,!E
eio
FG,

=
=,

l{

-
=lI
I(,
(,c
ut

=ut
o
=
=lto
rJ

=t-
h
=

zo

=

sl
<t
=lrl
-l(rl

I
E@



\o

E

o

a

o

I

ri++d+uivi++diFi!

++n;nidiaedidi.idi€

trr<fo

rro<rorrFodd+<.t{;ui{+.i+;

oi66

ui vi 6 qi vi ui,i di + .i di €

.!a.!\qqqnnr:9q

or@o6

\q09!4aqu!.!r:44

ui di di .i di r'i,i e + .i {,i

acqaaanqdlo9q4

l,\d6.uinini..idi{d++di+vi

t.ouidi.i.i+d,;ui+,isi

4qql:qqqc9s!.!n6!to6

F,idi..idiedui6+rl'

6 e di .i di + ui vi ui d; di di

@<6d

q\oqeqqnq9qqoq

d@o6

=E=E==i:f;ElE

o

o

o

o

o

o

o

o

o

oo

!

!'
l2o
E

,
!
E
!
E

t

co

t
=
ed5->;Ec
=co
to
o.
c
e
E
c
=
C

E

o
)o
e
ttc

=

o

o
=3

=cfoI
z
E

,nA\
I'IfrN\\'4f\Fr':

azzlr'-
I
c,
z
oz

=o
F
f
EF
z

2o
F
z

z
E

I

z
2o
=

5
E
5
E

E!
ci

I



t_-

E
E
o

t

o

!!

!'
t
o
E

tc

-

Et
.J

r
c
Et
eN
=E!4
C

=co
t
A
G

!
a
=a
E

o
e
!
a
,

E

F
9

o
z

j

q

q

.,i

q

.!

q

9qn4\aaei:^cdl n
6ie6

eridiniii{ddidi.idi€

ar:e9!qnqleq.!

uisiddui,i,idia..:di.i

r:!o)..:.94q=ecQq

{di,i,i;uiui!?n;€'

(o06

adidiii id{a.idiui

.r4aqq.,li\nlqc

!r:4!aeq9.!eq4

n an qq o! 9q i.,l |4n

cieq.9cqn.!..1 .!qa

!qer:qcqq\9.!q

! '4 c_1 .!!4ql:a\\n lotrta

qd!qr:.!q.9\niqr:

@tdd

o!qnqn!!|:nenai

ui di ni ..i d; { d e e .,j ni ni

nc2n.!eq.99nq9a

<$EE==i:f;giE

o

o

o

o

o

E

o

o

o

oo

Eo
=

o
E
o2

=clo
E
z

=

zz
EIaI
IE
z
EI
oz

=o
lrlFf
EF
2

2o
F
z

5
E
5
-

I
i
I

I
E
':

'6.\
1Sl,



@

E

6

a

a

.1

c

q

q

q

t

q t 4ca.1 oloqq99.!

aqqenoqd:ad!qa.!

oqd!oqqcqqqc\\!'l

d:9c.!co)!F:\o9nd!

t.1 o) o,t r:.1 ^1 n4e9q

q a ut dt.1 q.!.1 qdt !')a

r:teqaryd!!)"ta9a

q94nca\cg)9qn

.!qq9.!':!acq.!o).Y

.qn*eie\dle^l .:4)

Qqtqaqoq!r:nqa

+ di di di di + + di di ..i di {

e.,latq9!tcqdlnaa

qsqe.!q.9.:!nq09

\!'lqqoqnntTtq|:

qqq9aq.1 o) .,1 .1 9o)

\q.,lncqqndlqqq €6€rt

duid;;.iniqs9r!s

60dF
6edi;..idiui+ui{tdi

v:4\qqn.1 qe9qq

.l .q4nr:.!o:Qe6l:n)9

.q\!tnqoqqqqn.!4

.!qtceto!qecna

cqn.!oqoqnnq\nul

q4r:q.1 .:nqtnr:!)

i$=E===:f;EEH

o

o

o

o

o

o

o

o

o

oo

!Fzo
=

l

t

!g

E

6
E
cto!
E
.E

E

E

co

c

ecl
E4c
3
o
too.
c

=
=c
E

d

a
o

c
!
E
3

o

oz

=
=cl
ot
z
E

zz
ul
It,
I
c,
z
ur
o
=
=o
lr'Ff
EF

=
zo
F
z

i

L

i

@

/fE\
ic).\}ii{

E

I
FII

o
z

5
E
3
t;ii



Or

E

o

a

o

!

6

.i

c

q

c

n

6!

qqoq94cn|9qq9q

09nnnqaqcn?4.!q

-9!!d!..jqnqq.te.9

gqqo:9qu:F:a4q.!

4d!9dlcq!q.1 aqn

a 9e'1 d:q4qn44q

!oq!lqqqq\.lacq

N6FO

nqqq.!9ee94ul ..9

(,lolFo

olqq!lqan4cFlqc?

+ di .i .j -i .a ni di d; ni di di

OIONF

a.!ninol\o:.9qo9e

or(nrso

o:r:r:4q\qc.!F:qq

ocr66

<EgE===:mEiE

o

o

o

o

o

6

o

o

o

oo

I
Eo
=

!

t'E

6
E

to!
E
t
E!
a

E
.9

t

Bi.EI!<c

=co
t
6.
c
ic
!:c
f
E

E

f

oa
!c

=

o
c
CT2t
c
fo
E
z
E

22
ur
-,ll
loc
2
ut
6z
3
o
Ff
EF

=
zot
2

E

1:

II
I

o
z

s
E
s
E

:,1+!

,f2*.
r'lEiT1\\',4,
\;J,:



a

so
o-

6
Et!
,og
o
E
g
o
E
!o3(.,
o
Eo
o

oog

9n
ECI

=2:tf

=co
t
oooc
l!
Etl

El
ct
E
q,

a,

Jo
c,c
!
C

=

ou

{cg
or o,
O)6dx
o\!or
Ool
E-ioo

}E
seqj€
ric
iqroi
Ar !u
Portrie r.r

ll
CI

o
-o
Eo
oo
o
!t
ct

a
lE

=cl!
t!
Ga
to
!o
o
!o

Eo
@

i'I
9
trrI
c,o
UI2
ut

L

J

lzz
+
q,
6
a

oz
ttr{
IJo
+rl
c
a,

a
E
=

rl
d
f
f

rl
c
f

+Fl

l!

=
t?

c

ar{
o

=
t'
i{
ltot!
ttr{
co

J
,aS-
3Et
"=-

o
UT4
6z

=t!o
2o
F
f
to
n
F

6
(,z
ld
0alt

I

zlrl
e
urc

RBBE9{€;KBSHBBSsBsBBB
"i "i : S I S I d di .i d d ct d o o ci ci c, c, c;

ii N qi Ln Lo rYt o o N o (o o F an st o o o o o ol:\\',1 \ n eq qolI q.!.1 qq99qqq
st q) rn ur (n r.{ o @ L^ .Yt F{ o o o o o o o o o o

r-{ !-.1 r-.1 t-.1

Ln (o <t rn !-{ (o ro o F $ N rJ1 or o o o o o o o oO O m @ @ ot rO F{ O N \t l\'l O O O O O O O O O
ci di tri ti + .i F + ..i .i ct ct o o d ct ci d d o o
-l !-.1 Fl F{ r-l i-.1

O ur o m N N Or o H (tr F \t c) c) c, c) O O O O O<l F @ @ Fl lYl N N @ N O O O O O O O O O O Orrt.ri oi F .i oi .ri .i ct o c, ci o o o o ct ct ct o o
d ..1 r{ Fl F{

rrl st <l (o (,1 0F-<lro@..{ornc)oooooooI q,J',! o) n I .!'.'t q "! n q c q q q q q q c q
<t(oorN( c,t (o @ N o o o o o o o o o o o o

Fl -l r{ Fl

\t rO.n H (o LA N @ -r ln <t sl t O O O O O O O Oq \ n q.1 q 09 C'4 q e q C q q q q C q q q\l Ln o rr') o o.n (o N o o o o o o o o o o o or<HNNt-.1

rrl (,1 rn <t F r/1 Nqr@lr) oln.n dt F ooo o o oanoqa'r1 q449q.1 4.1 .1 qqccqqc
O rr.n Or (O Fr O m O.rt Fl O O O O O O O O O O

FINNFI

rr1 (o L.) (n ot i1 @ Fr tyt rt <t @ (tt N o o oooo orYr d o \t Ln F O.! O Ot (n cr O O O O O O O O O
rri d ci.6 F di di d'rir.i .j ci o o o o d d ct o c,

?.{ Fl t-{ ..{ Fl Fl

I\ rr1 6r N (o N (o (r'r <l € Ol TT N O O O O O O O ON O F- (o (o @ N @ F Fl O G'l O O O O O O O O O.yi.d r. .i .i'ri F: ..i c, ci ci ci o o o o o ct ct d c,FINNF{

rO Ln @ Fl F F O lrl r\l (Il l\. N O O O N O O O O O4 q9 '/t c,4o!.1 anqqqqqqqqqqqcn r/) o,r ol ryt ri r.E,.rr o o o o o o o o o o o o o
i{ r-{ Ft Ft f.l

qt <t (n O G{ @ Fr <t F (n rn O ln C) O O O O O O Ol,) qr (O.n Ol F. m t-{ lrt € @ rO F{ O O O O O O O O
t .ict qt ui ct qi r .,,i .iciciooooooooc;

-l a\{ -l -l Fl

N <f (n rn Fr in F. t un Fr Ln F\ N o o o o o o o o
'4 n 'r't 4 q \0qo!.1 na9qe9qqqqqq(n o rJ'r @ (o st o\ <t ri N o o o o o o o o o o or.l H -l ..1 .-{

o o a ra F t o F N rn <f Ln o N o o o o o o oF. O O @ rn O Fr (D rn (o @ O N C, O O O O 6 O O.i ui ci .q ui .i ci oi oi ro .,,i .io c, o crctci ct o o
Fl F{ F{ -l i.l

ooooooooo-,:99CCC9CCg gC
;ni+n6;+6Ei+T++FiF?f+oooooooooAoooooooooo6
Cr t-{ N (Y, <t l, (o F. € d q n.! d! q A (() F.O Ot O

F{ F.l F{ r-{ Fl r-,1 r-.1 i-l r-{ !i 6l

lrlJ
EO

F

zzt!I(,
(!,
ol
UJz
UJ

oz

=IIo
ut
f
E
ttlz

zo

z

sl
<l
=III
EI

!ti,ftr



3o
a,

t
2a-
Eo
:
o.oE-
E
!oc
t!
EEu
o
c-o
o

Uc-
9r:
EO
ONE: -!=as

=c
tococ
t-
E

E

co
E

o

=o-
1lc
!
C

,-

s
QJt
or(}l

-i
o

Eot
\it
Or

qr
N

ou

{
Or
Or
e;
o
o
E
a

Es
q,t

x
ET

6
tJ
fitot

aclo
o
-o
Eo
oo
o
t
o
toa
E.!
.!
r!o
t
o
!o
o
lo

E
co

E
(!,
lr|

c,o
z
rrr

RFEAE9fl;RBRhbBs888888d "i : P P S I d di .i d ci o ct ct ct cj ci ci c, o

REqIEiSS$ssRNs8888888
"i "i P P P 

=.d.d'ri 
tli .i ct ci o ct o ci ci ci ct c,

rBEqftS;srDseBB8888BB8
oi P I P P I ". "i.ri .i ci ct o ci ci d c, o ct o ci

q8EqSsssRNbr88BBB8888
P I E 5 : oi,,i..i ct ci d o d o o o ci d ci o ct

sBsii6EeRs:8888888888
+'ri oi I 3 E I d .i ci o ct o o ci ci o o o o c;

ss{qQEEs$Fe3388888888
= "i I : R I : d .,i o ci ci ci ci ct o ci ci ci c, o

snhRqEEEsE:B==5888888d .i di oi I R R I ci ..i .i ci ci ci d c, ci ci ci d o

sBEiE€finBNBEBB8888888; "i I I P P E oi rri di .i ci ct ci ci d o o o ci c;

sHfi4{{ss3=P5S88888888; d I I i I ut "i ci ci o o o ci ci d ci ci ci d ct

f, qABEQsseebssBBBSEssE
"i P R E P 

=,ri,'i 
ci ci o ct o ci ci d o o ci ci d

eiqqSQenR$R3b88888888r. $ R 5 : I d "i .i .i ct ci o ci ci ci ct ct ci ci d

Eit6EEusPsse88888888E+ I 5 5 S : "i ; di .i ci ci ci d c, c, o ci d d d

RtsEEEEaEsKEEP88888888
^i ri 3 : I P oi I oi ro.i c, o ci c, d ci ci d o c,

qqqqcqqqc=:R3333R333:
nq.?T?9t??= f f tf f tf ! !ttc c qc qc q qc o c c qc c q c c c9 

-qci .i.i.ri < ln (o r. to ; I 
= 

: P : I P : 3 I R

J

l22

tt

oo
acl

oz
tt
6o
a
co

a
d
!9

Qcl!,

rt
c3

!t

t!
E
t
c

i?
c{g
(!

=
Q

.oot!

E

rl
Et!

-S
3freE

a
UT
trt
6-

6z

=t!o
z
9Ff
ao
d,
F

6
bz
EI
Do
0alt
lrr

J
to

F

azz
t!
4
l\J

(!,
c,t!zl!
oz

=o
t!
f

vtz

zo

z

c,

2
ut
gE
u,lE

st
<t

=lsl
-lrJt

,#.\ Ei,.\ *i



N
LN

g
t!
q,
:a

li
2o
Eo
aq
g
l!

=
-eo
Eg
o

.c,(J

o
t
-9
l!

u
E

.9 r..
EoOa{E:
!fa-

=Eo
t
ottoc
t!c

,acf
c(,
E
q,

(,

ao
{,c
Ec

=

€
{ES
c'r 0r9 -,,'6\
o\&or
OOr
E-ioo

bs
BPi:qui€
ncio,oiqr rU
I c.r

s!qF{

o
o
!
Eo(,
oo
o

o
ao3to
G
(E
6
Co
Eo
t!
@

E
C)|,i
t:
-I
ut
-
cco
zt!r^

I

PEEqiflusBFxEB8B8B8888
"d = 

P 3 5 S ": + .i ci ci ci d o ci d ci ci ci o ci

RflqtQQsssRRK=8BB8BBBBd S S I 
= = "t ", 

r'i .i d c, d d d ci o ci ci o o

sEeEft6nsBh$eBBB88BB8B
"i I S I I $ .., .'i tri .i cj cj ci ct d c, ct ct ct d ci

EqqEilBRDNBrBBBB888888
E I I S 

= 
d c.i ct d o ct o ct ci cj cj ci ci ci cj cj

.r n PII 99 o ro@sro N Nc)oo ooo o o!.{ N.- \. -: -t Fr (c| Ln O O O O O O O O O O O O

"t d I R N 5.d.i ct o o o d d ct o d ct ci o o

EBqAEGSTSNBBSBBBBBBBB
F. q, I R N: ", ..i dct ct ct ci ci ci ctd o o ct ci

8$BXEEESxBS=B8BBB88B8
'i di d P R R P ": 6i d d cj c, o o o cj c, d ci ct

BsqqEQE+sRsB88BBB88BB
". "t S P p S 

= "i.i 
ci d d ct c, ct c, o o o o ci

BEifiEEesNBBs888BB8888
"i P R X E 3 "i -i ct ct ct c, ct ci d d ct d d o o

BdEEQcSSRSBBBBBSBBBss
3 

= 
N 5 S qt + .i ct d d ct o ci ci d ci ci ci c, c,

BEEE4esnsssBBBBBBBssB
"i 5 R I I oi {r, ..i .i ci ci ci o ci c, o o ct ct d o

sfrq&E\;+s$B8888BBBBBBd 
= 

S R 5 P "i "i .i ct ct ci cj cj ci ci d d d ct ct

bxqEfiqqEEssPssssBBsBs
"i "t S 5 S I 

= 
3 d.i ct ct o ci d ci ci cj ci ci c,

^ooooooooooooooooooooY;+niiF++6eiiq++FFT+EFoooooooooAooooooooooo
O -{ l\ (n <f rn (l) N O Oi O Er N (n st rn (O F 6 Or O

r-l F{ F{ F{ F{ F{ F{ !-{ !-{ F{ N

J

fzz

+.{
oo
a
F{

oz
t
Fl

Io
t
Fl
q
(,

It
E
f

rtctI
f

It
Fl
t
3

rl
r!

=
tr{
A

It

o

=
tt
r-l
llot!

ttrl
Eo

J
,a3^5rirr=-

o
UI
uJ
4ttt
o
=
=tlo
zo
F
f
ao
02FI6
IJzul
foul4
l!
u,t(,
Fz
UII
oE
utc

I

I

zzul
I
LI
(!,
G
utz
ut
oz

=l!o
UJ

f
E
lrt

=
zo

z

l

l

ao

ut
J
.o

F

5t
<t
>tll
srl
-lrJl

E!

ft



(n

!o
o

l3o-
Er!
tct!t-
!l!c
t!t3(,
.!

o
l!

EC-

9r:
EO
ONE: -!tas

=co-
tooo
E
l!
Etl

E

co
E

o
l

oc
tc

ou

S.rg
Or or9 -,"6\
o\*o\
O('r
6*ioo

}E
EEtdt
r.l Elq,oi
o, lri
9 tr
tr!C r.r

i'
ct

o
!
Eo
o6
o
t
o
al!
3
Eo
t!
oo
Eo
!o
o
.o

E
C'

FII
LlI
0cottlz
ut

qDiiBssnBBBsBsBBssBBB
I R K I : ui .i d ci ci ci d ci ci d ci d d o o ci

BEqqErsussBBsBsBsBBBBd 5 K X 3 d .i c, o c, o o o ct ci ci ci ci d ct o

9 t! n f! Q o -r or c.r o o o o o o o o o o o o
"l Y {: *: 1 0 ln 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I R X R I { o o ct ci ci d ci cj d c, ct o o o ci

lo Q !Q S.o Fr (h <r N o o o o o o o o o o o o-l el El sl m (o N 6 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R I ut .i ct d o o o o o o ci ct ci ct ci o ci

L + i! !! h.o -r rv o o o o o o o o o o o o o
I 3 K p S 6 .i ct o o o o o o ci ci ct ci o ct o

!! I I 9 ro or rn N o o o o o o o o o o o o!. !. -.: -1 ":N or to o ooo oo ooo oo o
S R R R 

= 
+ ci ci ci o ct ct o ct o o ci ci ci ci ci

sflnqErssNEBsBsBBsBBBs
"i 5 R X 5 .6'ri ci ci ci ci ci ci d o o o o o ci c;

EE{RQs*:BsBBBBBBssBBB
: 

= 
R I I d .i ct o o ct ci ci ci ci d ci o o o ci

EfrEtEsse8B8B88BBBB8s8
= 

R R 5 3 t'i ct c, ci ci ci ct d d o ct ci ct ci d ci

iqqtEsilssBBSBBBsBsBBB
= 

N R S F'ri .j ci d o o o ci ci d ct d ct o o d

qBqfi4sursB8BBBBB88888
P R R 

= 
3 d .,i ci ci ct ct ci c, ci ci ci c, ct ct o ci

BqqhfrsrsBB88B88888888
- E F n :'/i c, c, o ci ci ci ci ci o o ct ci ci ci c;

o !! \ !! I i ro or <r o o o o o o o o o o o om e: Y Y el Y Fr t O O O O O O O O O O O O O

"i 3 N F R 5 "i c, d o o o o ct ci ci c, o o ci ci

^oooooooooooooooooooo-';;;+;EX;;ET+S++FFT+F{9Cqqqcqcc6qeqgeqeqcqco !-{ r\ dr tt !n (o F - "; I = 
I 3 

= 
3 P 5 

= 
I R

J

lzz
t
Fl
I
a,
cl

tt
Fl

oz
t
d

o
a
o.o

€
!05

t
FlI
5

t'

c
f

rt
Fl

l!

=
rt.{
c

€
Flg
o

=
t
Fl
.oot!

rt
tl
Eo

J
-S3*uE

c!lql
u,
a.ttl
6z

=t!o
z
9Ff
ao
d,
F

6
Uzul
l
ct
UI
oEt!
l!(,
Fz
(,
OC

A

u,rJ
aa

F

zz
lrr
-Itl
(!,
c,
lrtz
EI
oz

=o
t{
f
E
tiz

zo

z

E

3t
<t
=lsl
EI!rlei



g
o
0,-

6
E
l!
ao
!o
E
so
Eg
osI
|!
EI
o

eoc
9r:
t:O
ON
E -:.!f

=Eo
t
oltoE
Ec
a!
g
c

co
E

o

o

=o
oE
tt
.E

=

d
tlt
(ll
or
.i
o

tr
ot

.E
c
aJ

IJJ

N

!u

E
or
o,t
ci
o
o
E

e
!ts

QJ

,i

a
qJ
tr,toq

dt
Flo
o3
EoiJoo
o
(lt
Flo
er!
3
Et!
o
lE
at
co
!o
l!
ao

Eo
r.,l

F
I(,
UI

Gotttz
EI

o
oo

ao

e(o

d

4o

.!

q

q

\

q

q)

.i

@
+

a0

oF

o oQ \ n dl ul a o 6 (o N r.r o o o o o o o o
.d 

= 
I I I I F. + i ci ci ci d ct o o ct o o c;

t € O q} N <l <t @ @ Fl cl O O O O O O O O Occenqnan9qqqqcqq9qqq
Cl H N.\ Gr Fr O O O O O O O O O O O O O O

O m.i (n O (n N ('l N st l\l cl d O O O O O O O\.! a 'J] I oc a q n q q q q q e q q q q q
Cr Fl ft rn rn N F{ O O O O O O O O O O O O O

(O F .'l @ @ O Fr O rr1 + !'l Fl O O O O O O O OF N nD Ot N -l rO rO.{ O O O O O O O O O O O
ci .i c,,i di+.ri.ictctooooooooooo

(o @ (o N (O @ sl O (O rY' r-r C) O O O O O O O Ot\ cr Ot Fl @ (n @ (n O O O O O O O O O O O O
ci ..i i cj ..i ..i ci ci o o o o o o o o c, o o o

(O O (O (O qt Lr.l t\ FI N O O O O O O O O O O O\ q.! q + nqq q q qqq q qqq q q q
O Fl Fl O O O O O O O O O O O O O O O O O

O @ Fr (o @ ro N ti Ft O O O O O O O O O O Oqqqqnqqgqccqeqccc9qc
o o F{ O O O O O OO O OO O O O O O O O

@ r\ (O F{ @ € aO N O O O O O O O O O O O O(''! a \ \ e n q q q c c q q c q q q q q q
oooooooooooooooooooo

Fl st rn O ro @ N F sf d aD O O O O O O O O Oln l'\ <l Ol N Ol st O (n.l O O O O O O O O O O
o ct .j .j ..i .j .i .j ci ci ct c, c, ci ci ci c, d ci ci

t O d sl <l O (,1 (n Cr! 1,1 N (O r-l O O O O O O O4 q a \ 4 d'l n q \.''!.1 q q q q q q q q q
o o F{ !.{ r{ i-{ r-.r r-{ o o o o o o o o o o o o

qr 6 ln sl.-r N + r,t 6 ro N -r o o o o o o o oq oq \ ul dl.!.! n q q q q c q q q c q q qoooooooooooooooooooo

(O rn F\ rn @ d N O O O O O O O O O O O O Or\ (o.n l{ O O O O O O O O O O O O O O O O
d o d ct c, c, o o o o o o o ct c, c, ci ct ct ci

rn a\ r\ c) qr (o (o N -{ o o o o c' o o o o o o.1.! q \ 'Y! n q q q q C q q C q q q C q q
.'l .'1.'l O O O O O O O O O O O O O O O O O

J

fzz
r,)rt
rn
F{
nl
rn
F{

rn6

rno
la
u)

ul
I,)

r,l

1,l

ut
or

rngr

la
ro
Fl
|.l'tlo
r{
l,l
n)r{
rn
dt
Fl
t
CI

uro
Fl
ra

|Ii

I.,i!t

lnr'
t,lr{

u)r{
lnrt

E

!ooo

ctl
u.rl
urlAI

6l
2l

=lrrl
ol
2l
ol
FIlt6l

.El
r! tll
.o 6l
Eal

zl
url

=lo1UI
dllrI
Fi2l
o

azzt!
I
IJ
(!,
Gt{z
=ctz

=o
ul
f
E
vtz

zo

z

I

I

^oooooooooooooooooooY;+iiiE;E6E;q+++HiT?FqqCqqCqqqoCCCCqqqqqq
o Fr r\ rY) st rn ro F - "; P 

= 
: 3 s I s 5 3 I

s
E
5ul-u

I

li
a)
tFi

l

I
i
I

'E.t
lii,\,))
lN""r



LN

Io
o

.J

l2o-
El!
tco

=!och-t-u
o

-9
o

t0c-
9n
gc,
ONE: -!5i-

=c
too
a,
G
t-
E

-c

co
E

o
f

oc
!c

=-

a
*.cg(h .rorh
ciX.o\., orOOrg*i
oo

!E
ger.t
F{S
lorots
O, Lli

P"roiqFr

t
o
o!
E
0t(,
oo
o
a
o
ao5
Eo
l!
oo
co
!o
o
.o

Eo
E
c,
ul

0coti
-lrt

coo

q

t\
ai

.1
F

(D

t!

a

a

@
oi

q
N

c
6l

\

(E

oF

.! n n q n a \ q 0q q \.i! n q q q I q q q
(o or <t r^ lo <t o ro rn F{ o o o o o o o o o o

-{ ?'l Fl r"l r_l

.n Or !n N N N F N tt O l'- Fi O O O O O O O Oro o o rr1 l,l m € N rn.t O O O O O O O O O O
ci .i .i r,i .i ..i .i ci ci ci d ct o c, ct c, o ci ci ct

€ @ F qt or tt rn o r{ @ l\ N Fr c{ Fl o o o o oaqqqq\\9l:nqqqqqqqqccO Fl r! N <t m N r'l O O O O O O O O O O O O

N r"r t ro..{ CD t r-r r\ O F C{ d O O O O O O O
'r1 

o) \."!d!9t.1 '4n q qq q qqq9c q
O O H N.i (n r! F{ O O O O O O O O O O O O

ro N tr r\ o! @ arr @ cD ro rt o o o o o o o o orr1 t-d-{ (b r\ rn N () () OO OOO OO O OO
o ct .i .i o ci ci c, ct ct o ci o o o o o c, ct ct

c{ (O |rt O Or <t F 6t cl Fl O O O O O O O O O OI \q\.',!.1 qcq qqqqq qc q qcq
oooooooooooooooooooo

<r <l' l\l (O rn 6 .\l r\l FrO F. OO OO OO O OO!i lo € r. N o o o o o o o o o o o o o o o
o c, o o ci ci ci c, ct c, o o o ci ci d ct ct o o

rn Ft .b o <r ah I\ O .rt O O O O O O O O O O ON <l ro (. rO.{ G< r-r o o o o o o o o o o o o
ci ci ci o o ci ci ci ci o ct o o ct o o ci ct o ct

m l\ <r \o In l\ (n <l l\a Fr q (p Fr o o o o o o o.n rn N @ Fr O F S d rO Fr O O O O O O O O O
o ct .i .j .i.i .j .i .i ci ci ci ct ci ci d d c, o o

i.r o 6r o F rn l.,) \t <l Or N rt m -{ O O O O O OIq n.r!nqq q q'.,1 n'!n q qq q qq qq
O O F{.< i-l Fl Fl O O O O O O O O O O O O O

rD F{ @ N (o'fr o,o - - 3 I 8 I 8 8 8 I I I4q'49r!nnqqqoooooooooooooooooooo

F. r^ r^ r{ 6 rr1 Fr o O O O O O O O O O O O O(l, (o \r N o o o o o o o o o o o o o o o o
c, ci o c, ci ci o ct o ct o o ci ci ci d ct o o o

6r !.{ o tr rn o o o ^ - 8 8 8 8 I 8 I 8 8 8\0q.!o!4.'!qqqqoodooooooooooooooooo

J

fzz
t)t
I,l

l,i

Ito
rn
ao

r,i
ra

la
rrt

r^

ra
oi

ot

t
ro
c{
la
ro

6

r/t
cn
d
rao;{

o
t

rn

rna

ttt
I,i

t,l

lat

E

Eoo

out
utA
oz

=t!

zz
ut
-u
I
c,t{z
3
oz

=o
t{
f
E
Itlz
J

zo

z

(Jz
trt

ut
OE
l!
F2

o
EIJ
.o
F

5

=5
uJ-|J

qqqqsqqqcg::33;3R333
Fl r\lan<lrnlOFq)91 Y ri r{ Fl F{ F{ Ft Fl -l Fl a\l

CqqqCCCCqoCqqqCCqqqqor F.6r .l1 <rr^(oF@oi 9:I*S995PE
I
i
I

,t@,;



\o

!
l!
ov
E

6
El!
Jq
o
o
E
!o
Eo
o

l!
c
-9
o

Ec
OEg :.4tCl
ONEa

i=E-

=co
tococ
t!
=

2cf
co
E

o

l,

5o
1lc
!
E

=

d
q,

E

ou

E
Or('l
ei
o
o
Eo
\
!is
o,

,I

o
qJ
qr
E
trq

olq)
.i
o

Eot
tc
a,

lrr
N

o
o
!
Eo
o6
o

o
ar!,to
l!
oo
Eo
!o
o
ao

E
C'
co

-I
tat
E
OEo
=ul

c
8

ol

F
oi

c
F

d

,/)

rYi

a
tal

q

@
oi

c

q

F
+

o
oF

F O r{ O 6 u) F. (O O O 6 rn i_r O O O O O O O
6 O) <t ro (o <t o (o rYr N o o o a o o o o o o

Fl Fl F{ Fl Fl

Ln Ln I to q).tl N O F N O N O.'{ O O O O O O9qq a a d!,409.1 ryn q qq qq9 cqqcr r{ r-{ 11 N^rrrcroooooooooooo

O O\ sl rO O l\ lY, @ NO Fi\.l rri-IFTOOOOOri1 dr 6 oo N F l\ r,1 F N O O O O O O O O O O
ct o .i .i r .ri ..i .i ci ct c, ci ci ct ct d ci ct ci c,

O <l (n (o F rn l,,| |,) N N (O !'{.r O O O O O O Oqq\aa4qn4-1 qq eq qqq q qq
O O Fr 

^l 
dl (n N Fl O O O O O O O O O O O O

r-{ l, O Ft 01 @l\@ Oft1 
^rOO 

OOO OOOOrJ.ll\Ni\l@Nrr1 N riO O OOOOO OOOO
o ci .j ..i ci ci ci ct ct o o ct o ct o o c, o o o

rll N rl Fa N <l F l\t Fr Fr o o o o o o o o o ol/t N att t\ ln r{ O O O O O O O O O O O O O O
ct ct o o ct o o ci ci ci d ct ci d ci d ci ci ci ct

O lrl Fl @ F @.n N Fr O O O O O O O O O O Oaqq\nqqqcccqqccqqcqqoooooooooooooooooooo

ln F F F{ lal O @ Fl rn O O O O O O O O O O Ori c q 0q I nt n n q q q q q q q q q c q coooooooooooooooooooo

..lnOlO<l l, l\.rl lnOt @@N EIOO O OOO.n |n i O c{ O N t Fr ro.r O O O O O O O O O
ci ct .j ..i .i ri .i .i .i ci ci ci ci ci ci ci ci ci ci ci

F. Fl Lrl \ll tl < an Ut 6l l,t (n C| \l Fr O O O O O O
lYl O -{ l\a Fl O O al! q, rO dl .-{OOOOOOOO
O O -l F{ Fl Fl Fl O O O O O O O O O O O O O

Ft rt O N rO lY| O F ll) r"l r'{ O O O O O O O O Orn rO (O !l N t-{ Ft O O O O O O O O O O O O O
ct c, ct ct ct ct ct o ci o o ct ct o ct c, c, ct ct c,

N lt (n t O tYl Fl O O O O O O O O O O O O Orn (O tt l\l Fl O O O O O O O O O O O O O O O
ci d ct ci ci ci d d c, ci ct ci ci ci ci ci ci d ci ct

< d ut tt lo o\ o lo rY, l\t o o o o o o o o o orO O N qr l,,l l\l i"l Cl O O O O O O O O O O O O
ci ci .i ci ci o o o ci ct o o c, ct o o d ci ci ci

J

zz

a
ln

ra

1,l
co

r,l
.o

rn
It

ratt
r,i

ra

It
o!
c{

r,l
or

r,i
rD

1A
ro

I/l
c't

t,l

rao
lr!cl
t

r,l

r,la

ra
?

s)a

E

Eoo

6I
url
utl
!.1
utl
6l
zl

=l
ol
zl
ol
F3
a6gE

5E6cl
FE

2
EI

dtrlc
F

=o

zz
ut
-u
I
c,t!z
=oz

=lto
UJ

f
E
thz

zo

z

^oooooooooooooctoooocrY;ni+68+F6:ii++FFFF?ECqqeCqCCgoqCqCqqqccqo F{ N Gl <f rn (o r\ - "i I = 
: 3 

= 
p I I P g

5
E
5ul-u@;



I

I

,.

fr rrE
NATIONAL INSTITUTE OF WIND ENERGY

CHENNAI

JAN.14 10.0 ,
FEB.14

.0

10-0 -

E

E

=

E

=

E

!;

^ 10.{g

E0.
=

5.0

o

5.0

0.0

10.0

o.o

E

t

E

;

E

-

13 5 7 9 7771t577t92123
Iim€ {hours)

7357911131517192123
Ime (hou.s)

MAR.14 APR.14

5.0

00.

0

.o

0.0

0.

5

1

13 5 7 911131517192123
Iiric (hoursl

13 5 7 911131517192123
T m.lhooR)

10.0
MAY.14

E

=

5

0

.0

.0

1 3 5 7 911131517192123
Iime (hou6)

JUN-14

13 5 7 911131517192123
Iirl. (hours)

AUG-14

.05

lo.0

0.0

JUt-14 10.0

0.0

^ 10.0

3

? o.o
!

=
3

E

E

=

5.010.0

00.

13 5 7 911131517192123
Iirn (horr6)

13 5 7 911131517192123
Tim. {hours)

sEP-14 ocT-14

I 3 5 7 911131517192123
Iim. (hours)

13 5 7 911131517192123
Tim! llEUrs)

NOV-14 o0.0g
DEC-140t

I

0.00 lff t
13 5 7 911131517192123

rimc {hours)
l3 5 7 911131517192123

Time (hou6)

SENSOR HEIGHT: 8om
FIGUnE 4: l,lEAN HOURLY WII{D SPEED
(,A]{UARY 2014 TO DECEUIER 2014)

wlnd Resource Ass€ssnent Unlt
Final Report on wind Monltoring statlor at Chelamah, Mahpuram Dlstrlct, (arala

July 2017 57



{vr,\'.}7
ffff

NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

JAN.14 FEB-14

L357 911131517192123
nm. (hourl)

r 3 5 7 911131517192123
lim.lhounl

MAR.14 APR.14

E

=

n
E

I

=

G
E

t

=

^ 10.0

E

ti o.o

=

E

t

=

E

=

0.0

5.0

0.0

I

g

t.

!
3

.o

s

0

10.0

.o

10.0 
-t

10.0

0.0

E

t
E
3

1

E

t
g

=

g

x

!
3

0.0

.0

1

5.0

0.0

5

0.0

0.0

.05

13 5 7 911131517192123
Tim. (hou.3)

1 3 5 7 911131517192123
lirr {lldlrs}

10.0
,uN-14

Ero
t 0.0

E

=

13 5 7 911131517192123
TtrE (hdl6)

MAY.14

13 5 7 911131517192123
Iirn lhours)

JUt-14

sEP-14

0.0 AUG-14

13 5 7 911131517192123
Iiitc (lEurs)

13 5 7 911131517192123
TlIn. (hosn)

ocT-1410.0

0.0

5.0

00.

7357911131517192123
Tim. (tldrrt)

13 5 7 911131517192123
nm.ltEu.rl

NOV-14 DEC-14

13 s 7 911131517192123
Iim. (l|ou6)

13 5 7 911131517192123
nm. {hosrt}

SE SOR HEIGHT! 7EM
FIGURE 4A: ltlE^tl HOURI-Y WII{D SPEED

(TA UARY 2014 rO DECEI,IBER 2014)
wlnd Rcaourcc Ass.ssmcnt Unh

Flnal Repon on Wlnd Monltodn! st tbn at ChcLmaL, Mdepur.m Dl6trh, fcrlle
Juh 2017

10.0

0.0

o0.0g

3
E o.o,

58



I

..r{\
i.((:1il)iIt=/
. @!!,4

NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

JAN-14
4.0

FEB-14

.0

MAR-14

i

I

E

!!

=

E

=

E

=

2.O

o

s.0

0.0

.0

0.0

2.0

0.0

5

E

!
3

.o5

0

13 5 7 9 L7737577792723
Tim€ (hours)

13 5 7 91171L517792123
rime lhou6)

5.0
APR.14

E

!

=

0.0

13 5 7 9 L7L1t5t7t92t23
Time {hours)

E

=

E

,E

=

{!

t 0.0
s
=

.0

10.0

7357911131517192123
I'im€ (ho{Jrs)

MAY-14
4.0

JUN-14

AUG-14

t357911t37577792123
Tim€ (hours)

I 3 5 7 917131577792723
I'lme {hours)

5.0 JUt-14
E

=

0.0

1 3 5 7 911131517192123
Iime (hours)

10.0 sEP-14

E

E

=

0.0

1 3 5 7 911137517792723
]'ime (hours)

5.0 NOV-14
E

=

0.0

13 5 7 9 71737517792723
Iime lhours)

7 3 5 7 9 77737577792123
]'ime (hours)

5.0 ocT-14
E

5
0.0

13 5 7 917731571792123
Iime (hours)

.0 DEC-14

5.0

5

0.0

13 5 7 911131517192123
nme {hours)

SE SOR HEIGHT: som
FIGURE 48: l,lEAN HOURIY WIND SPEED

(lAllUARY 2014 TO DEGEITIBER 2014)

Wind Resourte Assessment Unit
Final Report on Wind Monitoring station at Chelamala, Malapuram District, l(erala

July 2017 59



ffff
NATIONAT INSTITUTE OF WIND ENERGY

CHENNAI

Monthly M..n Wind Specd(m/sl

6.00
5.00
4.00
3.00
2.00
1.00
0.00

sE SOR HEIGHT3 50m

Moitht ile.n wfd sp..4rv3l
7.00
6.00
s.00
4.00
3.00
2.OO

1.00
0.00

EEg"e$E=a*SEEE

E
!

!
E
3

a
E
!

c
!
E
3

EfE"eEE=:-s'8EE
Moith!

Mo.ifis

SENSOR HEIGHT: 78 m

Morlrnry M..n Wt.!d Sp.Gd(m/s)

a
E

!

=

7.00
5.00
5.00
4.00
3.00
2.00
1.OO

0.00

EfE"egE=E,s'8!E
Mor6s

SE SOR HEIGHT: tOM
FIGURE 5: iIO THLY IIEAI{ WI O SPEED

(,AI{UARY 2014 rO DECEIBER 2014)

Wind Rcsou.c€ Assassmcnt Unit
Final Report on wind Monitoring stadon et Clhchmala, Malapuram Didrict, Xcr.la

.luly 2017 50



I

^rZr,\

wy
{rt*.E

NATIOI{AL INSTITUTE OF WIND ENERGY
CHENNAI

Wind power densiMrym'!l
120.00

1m.00
80.m
50.00
40.00

20.m
0.oo

SE SOR HEIGHT: 50m

wind powc. denrity(Wm')

0.00

Mondis

wind powcr d€ rity(w/m1

0.(x)

SE SOR HEGtlT3 80m
FIGURE 6I MOiITHLY MEA WI D PIOWER DE SITY

(rAI{UARY 2014 TO DECEMBER 2014)

Wind Resource Assersment Unit
Final Report on Wind Monitoring station at Chelamah, Malapuram District Kerala

,t ttt 2Ot7

i.
E

]
nc
o
3

;

E
t
i
c
o
!
!c

=

EfE""9i=e-s'8EE
Month

200.00

150.00

oo

.00

100.

50

EPgEgE=is'8EE

SE SOR HEIGHT: 78 m

E
t
E

o

;

=

o0200

150.00

1m.00

50.m

ESs"h9
M

c=Ed.H>or<E3dr3
ontrs

61



{6r*rP/" NATIONAT INSTITUTE OF WIND ENERGY
CHENI{AI

JAN.14

5.0!t

FEB.14

20,0v,

MAR-14

!.0r,

APR-14

35'oli

MAY-14

350'n

JUN.14

rt5.o,ra

JUL-14

{.0'i

AUG-14

ltolt

sEP-14

15.0!t

ocr-14

25.0!a

NOV-14

ro.0x

DEC-14

FIGURE 7: WI]{D RoSE
SEIISOR HEIGHT: (E{rm AnemometEr and 7Em wind vane)

(ranuary 2014 to lr€.sttD€r 2014)

Repon on Wind Monito.iu rtation at chelam.la, M.l.pur.m District, Xerala
JulY 2Ou

62

N



I

i@ NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

.o.0L

.tAN-14

25.ota

FES-14

20.0r,

MAR.14

N
35'04

APR.14

15.0!t

MAY-14

l5.0ra

JUN-14

45.0i

JUt-14

/E.Ola

AUG-14

!5.0!r

sEP-14

ti0lt

oc[-14

zs.0t

NOV-14

35.0ta

DEC-14

FIGURE 743 WUID ROSE
SEI{SOR. HEG}IT: (78m AnemomcE and 78m Wind vane)

(ranuary 2ola to December 2Ol4)

Report on wind Monhorlng statlon .t chelr]nala, Malapuram Dlstrkl, (erah
,uly 2017

63



.rE*
'.t i ))i.N,./ NATIONAL INSTITUTE OF WIND ENERGY

CHENNAI

15.0!t

JAN-14

20.0L

FEB-14

15.0!t

MAR.14

r.0r,

APR-14

10*

MAY-14

r.0!a

JUN-14

o.0ta

JUt-14

r,0!r

AUG-14

3toa

sEP-14

r5,0v!

ocr-14

r.0ta

NOV-14

35,0ra

DEC-14

FIGUR,E ,B: WII{D ROSE
SE]iSOR HEIGHT: (50m Anqtromcbt and 48m wlnd Yanc)

(Jlnusry 201a to lrccc|trbcr 2014)

Rcport on Wlnd t onlrorlnt it tlon .t cllclamala, Malapuram Dlnrkt, [cr.la
Jub 2017

64



/Z\I.
"JgJ

NATIONAL INSTITUTE OF WIND ENERGY
CHENilAI

wad lrecdoe tr.{elcy

FIGURE 7CI AITNUAL WI D ROSE
SEI{SOR HEIG}IT: (80m Anemometer and 78m Wind vane)

(lanuary 2014 to Dec€mber 2014)

Repoft on llrind Monitoring station at Olelanrala, Malapuram District, Xerala
Juh 2017

l

65



t' ,
NATIONAT INSTITUTE OF WIND ENERGY

CHENNAI

7.00

6.00

5.00

4.m

3.00

2.00

1.00

0.00

+80mN
+80ms
+som
-)+2Om

Jan Feb Mar Apr May lun lul Aug Sep Oct Nov Dec

ITIOHTHLY llEAr{ WII{D SPEED
(TANUARY 2014 TO DECEI,IBER 2014)

Uon lrlfind
6

Profle

JEn Feb Mar AP. i,lEy Jun Jul Aug sep od Nov Dec

wlnd Resourc! Asscssment Unit
Fklal Rcporl on Wild Morittorlrlg sradon.t Chelamah, MaLpul-.m Dlstrlct, fcr.h

July 201,

- 80m

- 78m

- 50m

- anm5

0

a
E
EaacD
B
E
F
EII

3

2

56

tlj:rri

\*
1



--t

{@i

e

NATIONAL INSTITUTE OF WIND ENERGY
CHENNAI

tliumll trrind Protrle

- :9rn Avg

t
5
!

I
T
E
5I

5

0

4

I

12
8qr oa tbt

18 21

FIGURE 8: ITIOIITHLY WII{D SPEED Ar{D DALY wI D SPEED - GHEIIIIIALA
(JA UARY 2014 TO DECEMBER 2014)

Pro}

,b.

FIGURE 9: DAILY WIIID S}IEAR-CHEI-A!,|A|I
(rAI{UARY 2O1.r TO DECE BER 2014)

0!o

FIGURE 10: lrlOl{THLY WII{D SHEAR- CHEIII{AII
(TANUARY 2014 TO DECEI|BER 2014)

Wind Resource Assessment Unit
Fln.l Rcpon on Wlnd Monhorlnt statlon at Chclamal., Malapur.m District, Xerah

tuv 2017

o0

t
t"
I
T

- s.p

oI
I
I
I

t,

r

61



.z$
{E}

NATIONAL INSTITUTE OF WIND ENER.GY
CHENNAI

wltdSn€lrP'oft

23
L.nw Sa.d Inll

FIGURE 11: VERTICALWI D S}IEAR. CHEI.,,AIIAI.A
(raNuaRY 2014 TO DECEHBEn 2014)

g'
t-
5
It.
t

o!

0!

o0

['
IOI
!, z

wlnd Rcsourcc Asscssmcnt Unit
Fln.l Report on whd Monhorlnt tdon.t Chelemah, M.Lpur.lll Dlstrlct, Xar.L

JulY 2017

I

58

It



L

'r@)
NATIONAL INSTITUTE OF WIND ENERGY

CHENNAI
rtlOm

3
!
i
I

0.5

0.45

0.4

0.35

0.3

0.25

o.2

0.15

0.1

0.05

0

+Seriesl

7 2 3 4 5 6 7 8 910 11 12 13 14 15 16

FIGURE 12: ruRBUtltlCE IrIE]{SITY - CHElll,l LA
(!A,{UARY 2014 TO DECEHBER 2014)

,

wlnd Rcsourcc Ass65mrnt Unlt
En l R.pon on Whrd Monhorlnt fitlon .t 6cl.mah, MaLpu.am Dlstrkt, f.rala

July 2017

t

69



I

70

NATIONAL INSTITUTE WIND ENERGY
CHENNAI

{a rrwE 
-

Annexure -2

Site Photographs

lnndR@ureAwm.t tunlt
ttatbrpl t rfrarE of lJlnd Enagy, drqrnal

tuly 2Or7

@r



I

rr

hb
.rl tl -d!{ E
r,t Y- ro
bxR
E{ i;
E H.E
H E.gJJIII

E
IE

OA
6-E
gs

ii.-ugE
.! lrl
fiE

o!io
!o
o
Eo
otI
o
EcoLgl
o
oEo
ol'
!
otoli
t{

o

,{,iw
r,-!l

'ili

i)



l

-lN



-l

I

NATIONAL INSTITUTE WIND ENERGY
CHEI{NAI

*t uwe

Annexure-3

Calibration Repofts

lft rdRr5oureAsr,gtt Unit
lffirnl ladatE d Wlrrd E ragy, Chanai

ttDmrz
-13

iffi,(F-3



Svend Ole Hansen ApS VVIND

Fl'lGlNEERlllG
tLU]D
trY NAt\'l /iS

SC] JORGFI.lS AI ( E; DK :615 KO8EI,]HAVN V OENI.IAHI(

TEL (-i51 33 25 38 3! Ftu: ,+45r -1-l 25 38 39 \1'VfW SaHAl.jSE|r OK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Ccrlilicale trumber: I I 0:.0906 DrIe of issue: February 9- 201 I

T)pe: NRG F40 Serial numbcr: 179500166137

lU.huf.ctur€rr NRG Svstems. I I0 Com lerce Srreel. Ilinesburg. Vermont 05461. USA

Clictrt: f(RG Syslems, Inc.. I l0 Riggs Road. Ilinesburg. VT 05461, USA

Anenromeler receiycd: December 16,2010 Ancmomeler crlibrated: February 8,201 I

C.libr2led by: bja Celibr.tion procedurc: IEC6l400-12-t. MhASNFIT

Cerliliclle pr.prred by: jsa Approred by: Calibration mgrnea. soh

CrlibratioD equslion obleiDed: r {m,'r-076492 ll}lzli O3lg72 ';'-'- /' \-1' !4 '
Standrrd uncerl2in+-, slopr: 0 00 t 57 Strndard uncerlainr!-, ofrset: 0 05 I 84

Cor'.ri.hce: -0 0000186 (rn s)1/'l lz Co.mcient of.orrelation: p = 0-9999t6

Absolute mrrimum de\i.tior: -0.(X9 m/s ar l5 222 nys

Brromclric pressure: l0l4.l hPa Relrtive humidilvi 2l 6o/ii

Succession Velocit_Y

pressule, q

lP"l

Temperature in Wind

wind tuDnel control room velocity. I

t'cl t"cl lrll/sl

Frequency.

f.

tllrl

Deviarion

d.

lmrsl

l;ncertaintv

u, (k=2)

Inr/s]
2

4

6

E

t0
t2

ll-lasr
lt
9

1

5

-l

l-6rsl

9. E2

| 5.24

21.E3

29.62

38.63

48 98

60.49

72 8E

t6.48

l0t 90

I t?.66

135.34

t54.23

28.4

28.1

28.1

28.0

28.0

21.9

21.9

21.9

28.0

28.1

2t 2.

28.3

2t.6

23.8

23.8

23.1

21.7

21.1

2i.1

21.1

211

73.1

23 '7

2lr
21.8

2-1. t

4 tol
5.105

6.Ul
'1.|1
8. r27

9. t5t
t0. t69

IL162
t2. t62
t3 203

14.202

t5.222

16.256

4.91'12

6.2684
't.5184

8.8'1 t'7

to.2002

I1.5269

l2 84t8

14. I 660

I5.4838

16 8060

tE 1550

t9.5461

20.8281

-0.026

-0.008

-0.005

0.0 r I

0.005

0.014

0.026

0 007

-0.002

0 02E

,0 005

,0.049

0.004

0.02t

0.032

0.037

0.012

0 0,1t

0 05.1

0.060

0 0(,J

00?l
0.o77

0 081

0.0E9

0.095

II 0

0

E

;
a

0

00 6 IE 21 6 21I2
Frequency. l. It17]

t2
Frcquenc\. f [Hz-]

r8

) ,"i,'
( .11 Rc8 tu 4!.1

A.credrl.r on ro lS() I-1015

-. '\Y-- ;IEIffiA
t.',.:\'.:



EQUIPMENT USED

Serial oumber D€scriplion

t256

Boundary Iayet wind lunnrl

Control cup anemomclcr

Mounling tube. D = 25 mm

PTl00 lemperature sensor, \,und tunnel

PTl00 temperature selrsor. control room.

PPC500 Fumess pressure manomcler

tIMW? lU llumidity transrniltcr

PTU I 00AVaisala analoSue blromeler

Pirot lube

Computer Board 16 btl A/D dala acquslllon board

PC dedicated lo dala acquisition

rl

t2

e90401I

x465001t

x4350042

P

00t551

Traceable calibralions ofthe equrpxncnr are carricd out by exlemal accrediled instrtulimsl Fumess (PPC500)

and saab Melech. A real-rrme analysis module wtthin rhe da!a acquisition soflwate delects pulse frequmcy.

photo ofa cup anemomerer in the wind tunnel The shom anemometer is ofthe same l'?c as the calibrated me

UNCERTAINTIES

lle d(rcumented unceltainl:.' rs lhe lotal conrbrned uncenarnt) al 9570 confidence le\el (k=2) in acco(lance

\rith EA-4/02. Tte uncenainly at l0 n/s comply wirh the requirements in lhe MEASNET pl(xdure thal

prescflbes an absoluLe uncenarnry less than 0l m/s al a mean u'ind velcxity o! 10 m/s, thal ls I9'o See

D$umenl 9? 00 00{ "MEASNET'Tcsl teport un the calbralron canrpargD' for turther delarls

(lerliticelr number: I 1.02 0906

'll€le m!\l nol b. r€F odoced lrc.fl rn tuU. arlhout th. oFProlal 'f S O tiansn ApS PaBr ? of2

E=.

a,

r jr,::;.i.r



Svend Ole Hansen ApS
SC] .]oRGEI']S ALLE i I]K T615 KOEENHAVN V DF}JI,t'\FX

TfL t-r:r 3:2i 33 35 FAx. l-45r 3:2:38 3i ff!!\i,SoHAr,JsE.t DK

VrilN D

Er.tGrNtEal\t
FL(]IL)

DYi!A|,,1 (]S

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Cerlilicale number: 11.0:.090i Dete ofissuc: february 9. 20l l

TJ"pc: 
^'-RG 

e40 Scrial Dumbrr: l?9500166131i

itl.nuf.cturcr: NRG Systems. ll0 Contrnerce Slreet. Ilrnesburg. Vemront 0J461. LISA

Client: NRC Syslems. Inc., I l0 Riggs Road. Hinesburg, \T 05.161, LISA

ADemomeler rcceiyed: December I 6. 2010 A nemometer c.librated: Februfiy 8, 201 l

C.librated b!': bja Crlibr.tion procrdure: IEC 61400-12-1. MEASNET

('crtilicalc prepared by: jsa Approrrd by: Calibrarion engineer. soh

L,.,, L /-.,Calibralionequ.tion obl.ined: r'[m/s] =0 76251 f IHz]+ 0 12481

Stand.rd unccrlaitrt), slope:0.00177 St.nd.rd un..flaint), ollset: 0 05750

Cov. ri2nce: .0.0000236 ( r s),,Tlz Coem(ient of .orreletion: p = 0 999981

Absolut€ maxirnum derirtioD: -0.03? m/s al4.l23 nlis

Brromelric pressure: l0l4-l hPa Rel.tirr humidit!':21 66 i,

Succcssion Velociry

pressue, q

lP"l

Temperature in Wind

xrnd tunnel controlroom velocity. r

fcl f Cl [r'Vs]

F equenc)

f
tllrl

De\iation

d

lm/sl

[]ncertarnlv

tu. ([=2)

lr/sl
2

4

6

8

t0

t2

Il'lasl

9
'7

j
l

l-firsr

9.92

15.27

2t.96

29.61

3E.65

4t.82

60.3 t

'7 2.66

86 65

t 01.63

I I8, 14

I 3 5.41

t54.03

4.123

5lrl
6.110
'7.t25

8 t 30

9. t11

r0.t55

lt t41

tz.t'l5
ll.!t8
11221

t 5.229

t6 249

0.028

0.032

0.037

o 042

0 0.1ti

0.054

0.060

0 065

0.07t

0.o77

0 0El

0.089

0.095

28.5

284
2t.2

2E.2

28. r

28.0

2E.0

280
2E.I

28.l
285
281

2l t
218
238

23.1

23.'.|

21.6

2l 5

237

2)1
236

2l. t
2i8
2t8

5.0296

6.3125

1.62t2
8.9035

I0.20 t4

l 1.5120

12.8479

14. t 668

15.5 I 49

16.E'.l10

I t.2514

r 9.5659

20.9139

-0.037

-0.025

-0.006

0.011

0.021

0.0t9

0.034

0.020

0.020

-0.005

-0.020

-0 015

-0.023

0

0

E

0

t0 6 t6 21t2
Frequency. i IH4

21

a Al Rr! tu t5l
Ac(.!drlauon r. lS() liUlS

6 I2 IE
Frequenc). f [[12]

M
'1ai.t



EQUIPMENT USED

Scrial numbrr l)esc plion

1256

Boundary laver t*'rnd tunnel

Control cup anemomeler.

Mounting lubc, D - 25 mm

PTl00 lemperalure sensor, wind tunnel

PT100 tempetarure smsor. control roonl

PPC500 Fumess pressurc maoomeler

Llt!'lW7l U Humidrry lransmrncr

PTB I 00AVaisala analoSu€ baromeler

Piror tubr

Computer Board. l6 bit AID data acqulsltron board

PC dedi@led lo dala acquisinon

rl
t2

990.103 I

x4650018

x4t 50042

Pt I

00t551

Traceable cal,brations or the equlpmml are carried our b) cxlsmal accredlted innitutions: FrrDess (PPC500)

and saab Metech A real-time analysis module wilhtn lhe dala acquisition sofluarc delecls pulse ftequency

Pho(oofacupanemometerinthewnc|lunnel,Tlesho*nanemometaistrfthesametlpeasthecallbraled(,r€

UNCERTAINTIES

l-he dcumenred uncenainr) is the lolal combrned uncenarnt, ar 9570 confidence level (k:2) rn accordance

\rllh EA-4/02 The uncenainty al l0 ft/s (on)pty *'ith the requrrements in lhe MEASNET procedure thal

prescnbei an absolute uncertarnly lcss lhan 0l m's al a mean \\lnd velocll! of l0 m/s' lhal is I9'o Sec

D(|cumenl97O0.00.lN'EASNET-Testrop(,rlonlhccalihralrmcampar8n"forturtherdetail:i

( ertificetc number: I 1.01.0907

rhrs !r hhcarr mui nol h. r.Produ..d .rc<r{ rn tull *ilh'ul lh' aPfl'\al ol \



Svend Ole Hansen ApS V\/ ND
ENGINEERING
FLUID
DYNAh4ICS

SCI JOBGEIJS ALLE 7 TJK ]615 KOEENHAVN V L,EN}',IARK

TEL: {+45) 33 25 38 36 FAX: i*45) 33 25 38 3-o \^,4r'fl,{ SOHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Cerlificate Dumbrr: ll 02 092'7 l)ete of issue: February 10. 20ll

Type: NRG i140 Serial trumber: 179500166139

Manufactureri NRG Svstems, I I0 Comm€rce Sreet, Hinesburg. vermonl 05461. trSA

Clieht: NRG Syslems, lnc.. I l0 Riggs Road. Hinesburg, \T 05461, USA

Anemomeler receited: December 16. 2010

Calibreted b!-: rff

Certilicsle prepared by: Jsa

Anemometer c.libraled: February 9, 201 I

Calibration procedure: IEC 61400-12-1, MEASNET

Approved by: Calibration engineer. soh

4,--i (&'l*-,,-.
Crlibration equatioD obtainedr v [ny's] = 0.76301 f[Hz] + 0.31949

Srendsrd uncert.iDt!, slope: 0 00181 Standard urcertaint), ollsel:0 05985

Covrrience: -0 0000247 (rtls)'zlHz Coellicicnt of.orrel.tion: p= 0.999982

Absolute marirEuE deri.tioB: -0.035 n/s al4.l0l rn/s

Brrometric pressurer l02l 5 hPa Relative humiditv: 20.4?;

Succession Velocity

pressure, q

IPa]

Frequency,

f.

tlLl

Deviation,

d.

["r/.]

Uncertainty

u. (k=2)

tn/s]

Temperature in Wind

wind tuhnel controlroom velaity, u

t'cl fcl t-/.1

4

6

8

l0
12

I3-last

9

1

5

l
l-firsl

9.82

15.22

2t.'t3

29.62

38.79

4E 88

60 45

72 95

86.60

l0l.t4
I t1 .61

135.51

1s3.92

4. t0t
5. 101

6.097

7.tt6
8. 143

9.140

10.164

I1. t66

12.168

11.152

14 189

I 5.231

16.211

5.0024

6 2974

7.5 853

8.895?

t0.2355

I L5 t69

12.8554

14.1 890

r 5.5026

16.8295

t8.2200

19.5545

20.8861

-0.0t 5

-0.0r9
-0.010

0.009

0.014

0.033

0.035

0.021

0.020

-0.008

-0.032

-0 009

-0.0t8

0.028

0.032

0.031

0.043

0.048

0.054

0.060

0.066

0.0'12

0.071

0.081

0.090

0.096

10.4

30.1

10.2

30.I

10.0

10.0

29.9

10.0

30.r

10.2

10.3

10.4

30.6

244
24.3

24.3

24.3

24.2

24.2

24.2

24.2

24.3

24.3

24.3

24.4

0

0

E E

0

00 6 r8 24 24l2
Frequency. f [H"-]

6l2 lE
FrEquenc.v. f [Hz)

!1.:/;,, 1r ..1r Iri ,-, .tr..,:'

CAL Re! u {52

Ac.redilluon ro ISO Ir0l5

-..lt7i:.tffit:,2/r='\-::
''l,i':,"1

\-:]:]



EQUIPMENT USED

Serial numbcr Description

1256

Boundarl lar-er wind tunnel

Conlrol cup anmlomeler

Nrounling lub€. I) - 25nrn)

PT 100 lemperalure smsor. \und tunncl

PT 100 lemperaturc smsor. control roonl

PPC500 Fumcss prcssure manomelel

IIN'lW7I U tlumrdrl! transmitler

PTBI 00AVaisala analogue baronreler

Pilot rubr

Compuler Board t6 brl A'D data acqulsitron board

PC dedieled to dala acquisinon

rl

l2

99040i I

x.{650038

x4l5({)42

P

001551

Traceable cahbrattons ofthe equLpmml are carricd out by exlemal accredjted instltullonsi Fumess (PPC500)

and Saah Metech. A real,rime anallsis module $ithin lhe dala acqr.rrsition software detects pulse fiequency

PholoofacupaDclrrometerinthe*,indlunnclThesho*.nancmomelerisoflhesamel}Peaslhecaliblaledonc

UNCERTAINTlES

The docunrented uncenalnt\ rs lhe toral con)blnrd uncenarnry at 959i, confidtnce lerel (t=2) ln accordan(e

rr1th EA-1/02 Thc uncenarntl al l0 nr's conrPly.. \rth the requlrements in the MEASNET procedure lhal

prescnbes an absolutt uncertaintl less lhan 0l m's al a mean *'rnd velocltl of t0 nr/s' lhal ts l% See

I)ocumenl 9? fi) ff)4 MEASNFT Test lcporl on lhe cahbralton eamPargn' tor turther details

( rrlil'i(alt rumbtr: ll 02 ()92i

b.,errod!.ed r\(clrtr tull ertho!rrh.arrr.\rlot\ O Ilt'qnAfSIhr:.errilc!lc n\i:r no,

irr--
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Svend Ole Hansen ApS
SCT, JORGENS ALLE 7 DK 16]5 KOEEIJHAVN V, DENMARK

TEL: (+t5r 33 25 38 38 FAX: (+45)33 25 38 3-G \MYVW.SCHAIISEN DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

VVIN D

ET.{GINEEBING

FLUID
DYNAI\4]CS

Certificatenutrber:11.02.0937 Dateofissue:Februaryl0,20ll

I'ype: NRG #40 Senal number: 179500166140

Manuf.cturer: NRG S)'slems. I l0 Commerce Streer. Ilinesburg, Vermont 05461, USA

Client: NRG Systems, lnc.. I l0 Riggs Road. Hinesburg, VT 05461, USA

Anemometer reccived: December 16, 2010

Crlibraled b!': jj
Certilicale prepared Dy: jsa

Anemom.ler .alibr{red: February 10, 201 I

Crtibration proccdure: IEC 61400- I 2-1, tYtEASNET

Approled by: Calibration engineer. soh

4,.-J- (& L '"-

i

C.libration equrtioD obtein.d: v [rnls] = 0.76425 f[Hz] + 0 31450

Stendrrduncert.iDt),slope:0.00188 Stand2rduncerlainty'oltser:0.06304

Col.riante:-0.0000266(rnls)lfiz Co€flicienlo{.orrelation:p=0.999981

Absolute m2ximum deri.tioD: 0.M3 ds at l0 158 m/s

B.rometric pr.ssurc: 1019.6 hPa Rel.tive humiditr: I 9.59'i,

Succession Velocily

pressrre. q

lPal

Frequency,

f.

tllzl

Der.iation,

d.

[rrL's]

Uncertainty

u. (k:2)

ln/sl

Temperahre in Wind

wind tunn€l control room velocity, v

t'Cl t'cl [n'ls]
2

4

6

8

10

t2

l3-lasr

ll
9

1

5

3

I -firsl

9.'11

l5.17

21.63

29.45

38.29

48.60

60.13
'72.56

86.38

r00.96

lt7.t8
t34.6 t

153.3 I

4.099

5.106

6.095

7.| t

8.10?

9. r33

10.158

I1.159

t2.l't8
r3 t68

t 4.202

t5.2

16.240

5.0084

6.2952

7.5586

8.8850

t0. t7%

I L 5102

t2.8230

t4. t517

15.4918

l6.E3 r5

l8. t8l4
t9.5323

20.863 t

-0.043

-0.020

0.004

0.005

0.0t3

0.022

0.043

0.025

0.0t9
-0.0t0

-0.008

-0.031

-0.019

0.028

0.032

0.017

0.041

0.048

0.054

0.060

0.066

o.o'72

0.0?8

0.084

0.090

0.096

1t .2

Il.t
t0.9
30.8

30.1

30.'7

30.6

30.1

10.8

10.9

ll.0
ll.l
3t.4

24.0

24.0

24.0

23.9

23.9

21.9

21.9

21.9

23.9

21.9

24.0

24.0

24.0

II 0

0

E

6
-0

00 6 t8 21
l

t2
Frequenc!. f [rrz]

.'.\"- -2.

iiffi,4'z'ft=:
.i,rl.r,l,l.

612 l8
FrEquenc). f. [H,]

21

cAl ReB.M 152

A.cr.dru0on Lo ISO Il0l5
\-



EQUIPMENT USED

Scrial numba, Description

t256

Boundary layer \\ind lunnel

Control cup anemometer.

Mounting rube, D = 25 mnt

PTl00 lernpsature smsor. uind tunnel.

PTl00 tempcraNre sensor. control roonl

PPC500 Fumess pressure maDomcl.r

IINrWT l U HumidiO transmitrer

PTBI 00AVarsala analoSue batomeler.

Pirot lube

Computer Board. 16 bil .d/D dala acqusilion board

PC dedicaled to data acquisition.

ll
t2

99H01 I

x46500,18

x4l50042

PII

00155t

Traceabte calibralions ofthe equipmenl are carted oul b) exlemal accredited rn$i$tions: Furness (PPC500)

and Saab Metech A real-time analysis module wilhin the da[a acquisillon sollwar€ delecls pulse ftequmcy

Pholo of a cup anemomeler in (he wind tunnel The sho\*m anemotneter is of (he same t)?€ as lhe caliblaled one

UNCERTAINTIES

The documented uncenainly rs lhe !o(al combrned uncerlaint) at 959'o confidenc€ level (k=2) ur accordance

wirh EA-4i02 The uncerlarnl) al I0 m/s comply trith the requiremenls ln lhe MEASNET procedure lhal

prescribes an absotute uncerblnlt less than 0.1 nv's al a nlean \ind \]el(rcilv of l0 mrs lhat is I -q'o' See

Documenr 97.00.m.4 "MEASNF-T -Test reporl on the calibrdtroo campaiSn" l-or flrlher delarls

Cerliticatr numher: I I 02.09.'7

Ihbcorrfrsr.mu\r nor b. reProduc.d e\cePr rn tull. crdrour rht allro\'l oiS o I Palt I of 2

rr:l

'a'


