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2975 m 3098 m

® BAIJRO

DUNAO SHP 2 x 750 KW
(Under Construction by Uttarakhand
Jal Vidyut Nigam Ltd.)
POND LEVEL 1095.5m EL
TAIL WATER LEVEL :10325m EL

SANTOODHAR - | SHP
2 x 1000 KW

POND LEVEL 733.0m EL
TAIL WATER LEVEL :702.6 m EL

® | ANSDOWNE

BYALIGAON SHP

2 x 1125 KW
SANTOODHAR - Il SHP <3 FohD LEVEL 628.0m EL
PAURI ® 2 x 1000 KW % SATPUL| | TAIL WATER LEVEL :606.0m EL
POND LEVEL is89.0m EL | 2
TAIL WATER LEVEL :566.2m EL 10.70 Km
i &z MARORA DAM
E 2 NAYAR HEP 3 x 5666 KW
o
o <) POND LEVEL 516.0 m EL
; TAIL WATER LEVEL :458.5m EL
<
z

POWER HOUSE NEAR KHANDASAIN VILLAGE

Alaknanda River

~ 6.0 Km

Bhagirathi River e GANGA _—
) 3
Vyas Ghat RISHIKESH

Dev Prayag AR

NOTE: Distances shown are approximate

SCHEMATIC DIAGRAM SHOWING HYDRO-ELECTRIC PROJECTS UNDER CONSTRUCTION
& UNDER PLANNING IN THE NAYAR RIVER VALLEY

HI™ Nayar River 7}“}@@?‘??% "?Jfg'l'[ﬁ'

VIEW OF THE DIVERSION DAM SITE FOR BYALI GAON SHP

Byaligaon SHP i#i-




VIEW OF THE DIVERSION DAM SITE FOR SANTOODHAR - | SHP

Santoodhar- I SHP 3

VIEW OF THE DIVERSION DAM SITE FOR SANTOODHAR - Il SHP

Santoodhar-II SHP ##hH




FLOW DURATION CURVE FOR NAYAR RIVER DISHCRAGE
GAUGED AT BUNGA GAUGING SITE

400

350

300

250

200 A

150 +

100

—— 10 YEARS

50% Dependable Year
75% Dependable Year
90% Dependable Year

River Discharge in cumec

50 A

0 10 20 30 40 50 60 70

River Flows Available for the %Time of year (Equalled or
Exceeded)

100

FLOW DURATION CURVE FOR NAYAR RIVER
DISCHARGE GUAGED AT BUNGA GAUGING SITE

Nayar Riveri;tﬁiiﬁﬁﬁﬁhﬁﬂ(ﬁﬁﬁw%ﬁf Bunga Gauging)

Characteristics Byasl:_?;\on Santoscﬁli;ar —1 Santogggar — 1l
Maximum discharge (cumec*) 198.51 120.19 165.18
Minimum discharge (cumec*) 1.02 0.62 0.85
50% dependable discharge (cumec*) 6.47 3.91 5.30
75% dependable discharge (cumec*) 4.35 2.63 3.61
90% dependable discharge (cumec*) 3.10 1.86 2.56
mzfli(?um Flood (cumec*) for flood 1010 35 285
Maximum Flood (cumec*) (Dicken’s) 2402 1648 2092

Dicken’s empirical formula is given in equation
Q =C.A%75
Where, Q = Flood discharge in cumec
C = A constant varying between 11 and 14
A = Catchment area in square kilometer

For the Himalayan area, it has been found that a value of 14 for the constant C is

appropriate, and hence adopted.

%ﬁi Ey?f9J7 EHHR 0 50% dependable discharge

Cumec=cms




Nayar River = {f SHP ﬁ@fﬁ,aﬁ%?ﬁi[%

TURBINE & GENERATOR

The average net head available for the three SHPs are as under:

Byaligaon | Santoodhar — | | Santoodhar — Il
SHP SHP SHP
Average Net Head 16.80 m 26.40 m 18.80 m
Maximum Net Head 18.00 m 27.00m 19.60 m
Minimum Net Head 16.40 m 26.00 m 18.30 m
U0 C AT (P gees (Hgfif:)?::al) (H'(:J:?zrt]ncrifal) (Hggfmal)

Nayar River = | SHP éﬁ?‘ij‘@ﬁb*ﬂﬁﬁéﬂi

Turbine Parameters and Setting

Byaligaon Santoodhar — | | Santoodhar — Il

SHP SHP SHP

No. of units & unit output | 2 x 1225 KW | 2 x 1000 KW | 2 x 1000 KW
Turbine rotational speed, 500 500 500

rpm
Specific speed, rpm (in
KW-m units) 506 271 425.5
Runner Diameter (mm) 1150 860 1100
Suction Head, m (-) 0.92 (+) 3.72 (+) 1.06




Nayar River = [ SHP ‘Hﬁ%?ﬁl&:{%

PROJECTED FINANCIAL PERFORMANCE

PARAMETERS:
% Debt to equity ratio : 70:30
% Return on equity 1 14%
% Construction Period . 2 years
% Licensing Period : 40 years

% Average annual energy production with 95%

availability

Nayar River = {fst SHP f355e v 3 (— )

PROJECTED FINANCIAL PERFORMANCE
. Byaligaon | Santoodhar — || Santoodhar — Il
Characteristics SHP SHP SHP
Average Annual Energy, | g g, 106 9.1 x 106 8.9 x 106
kWhr
Net Energy available for
sale, kwhr 9.75 8.95 8.79
Plant Load Factor 50.23 51.84 50.92
ESOTEEE PO COst, | gqe o 180.92 176.92
Rs. Million
Sale price, Rs./kWhr 3.47 3.37 3.29
Levelised sale price,
Rs /KWhr 3.00 2.89 2.85

ﬁ%t PRs(HIREES) 1 3 2=40"1
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Nayar River = {ff SHP P35 ¥Rl % (2 )
2.3 GRP Pipe ¥ EY] J%FﬁIFlrl VR [ S

GRP(Glass fiber Reinforced polyester)iﬁ@?ﬁﬁﬁ){ﬁ[ﬁl&gj: S A
M TEIIE 2 SR 70 VR POSTERORTRI S E ALY g
T R0 PR | 2 RO (8 ﬁ;gg/ﬁ[%gﬁm P TR B
PR I FFEATR = TRLRT R SIS PSR e B9 ST
P R

GRP Pipe 7 “f<] 3 i AV fH e o i fl pd o ' RLPNEL GRP Pipe Mfz
(AR~ TR ’?”W’ﬁp@” F*%J‘;FE PO = R L 1 E it s
Be N Sk g[m’Wﬁ%aﬂWﬁ Eﬁdﬁ%yWWiﬁ*%
270 A7) Py ST R M GRP Pipe © 4 Jafphy /A = [l | 1 Fedty
GRP Pipe " 55 {7. R 517 GRP Pipe J/ i il A ~ & i =i vis i -

FIRI 147 B

)

Fuf’?rgl : Vangpollen Hydropower
E‘F.ﬁ’ 700~ 800mm

FOEIY  6-32bar
BRI ¢ 46°

”ﬁ?"%’%ﬁ ﬁfﬁ : 3300kW

2HC)
Fﬂ’?ﬁ, : SAFA hydro power station

? %+ 2200~2400mm
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PV 6-10bar
=~ 1250 N
PRI R - 2200Kw
A ¢ Francis

FHI=)

Fq’?ﬁﬁﬁ LANGFJORDEN hydro power station
AT ¢ 500~ 1200mm

PV ¢ 32bar

=284 L

SAMIANTIT

GRP Pipes in Penstocks, case studies

Vangpollen Hydropower
Norway

DN700/800mm.
PN6-32bar.

Slope up to 46 °.
Installed 1989

(3,3MW, horisontal
Pelton~14,9GWh)

GRP Pipe & PSSR T~ )

12



ANMILANTIT

GRP Pipes in Penstocks, case studies

SAFA hydro power station,
Norway

DN2400/2200mm L=250m
PN6/10
Installed 2005

Difficult access downside the
plant required installation with a
crane on a barge.

Pipes painted black after
installation for the environmental
reason.

(2,2MW, 2 Francis turbines, 20GWh)

GRP Pipe T B 8RR TI(Z )

SAMIANTIT

GRP Pipes in Penstocks, case studies

LANGFJORDEN
hydro power station,
Norway

DN1200mm L=284m
PN32 (Static pressure 26bar)
Installed 2005

Pipeline on fundaments in
a tunnel from a pressure

shaft in the mountain.

Manhole DN1200/500 PN32

GRP Pipe " RS SR (= )

13



AnMLanNTIT
GRP Pipe, product range.
EMS

SYST
* DN100 - 4000mm

* PN1-6-10-16-25-32bar
» Standard length:

6 and 12 meter (1-18)

e Full fittings program

SAMIANTIT

Performance standards for GRP pipes

American Society for Testing and Materials
ASTM D3517, ASTM D3754, ASTM D3262

AWWA American Water Works Association
AWWA C950 and design manual AWWA M45

ISO International Organization for Standardization
ISO 10639, ISO 10467

CEN Comité Européen de Normalisation EN 1796,
EN 14364

Local, national standards and regulations.

GRP Pipe i 1= i

14



ANMILANTIT

Why GRP Pipes in Penstocks?

Long service life

» Corrosion-resistant material.

* Low maintenance costs.
* Low Life Cycle Cost

Less head loss
*Best hydraulic characteristic

L ow friction coefficient

GRP Pipe " P B SR VIR~ )

SAMIANTIT

Why GRP Pipes in Penstocks?

Economical

» Competitive with other “traditionally” used materials
» Low installation cost, easy to assemble
» Low operating costs and long service life!

GRP Pipe T%E'JE?E{‘JJ%”ET@%!T(: )

15



ANMILANTIT

Why GRP Pipes in Penstocks?

GRP pipes has a unique
feature for cold and hot
climate.

*The mechanical properties
remain the same from +30 to -
60.

eIt doe's not get brittle when it is
cold.

*The pipe can be installed
above ground without any
special UV protections!

GRP Pipe JEF |HHY] J%‘Fh El!j

2.4 Eﬁ: BT

h RGO 03 L R ACTR S Rl TR T A
ﬁ[rﬁgr‘%ﬁﬁ , ﬁp;ﬁ—ﬁﬁg\; BRI SR - S B ﬁﬁ'ﬁ
1 % S T PR S 7 IR T8 i 4 il %

16



53 3 I’EI%@@?F' J
3.1 TR R 2

rilﬁ#@@iﬂéﬁfll - B PR 'l?ll Fiasf- %:’l’\j’ﬁ?i’ﬂf‘,%%@ﬁh?l
Y turboinstitut il - F il T B PR (IR AT g -
L[IF“_Q ) /’T':Z[“ ﬁ%jﬁigi = E E| 60 = I//jﬁa[ F,JF—%’;EJ EE e E‘Jﬁ—f{:‘&?éﬁ' )
FJ’ I‘Ef’f?ﬁ%k’ﬁlf%a I~ 5% F%%WJ’@?JT“%’TE'W@?{J?%BHF&[ B RAG VS
(internationl IEC standard 60193)fI7} -

P39t turboinstitut il AR AL BT (Computational Fluid
Dynamics)*‘Jf&'l,ﬂ/m‘ﬁ?ﬁ@“ﬁj%ﬁ 20 F U’ﬁiﬁ’ﬁ g fl [ﬁﬁ ﬁﬂwl
e G AR BT B ] o AT AR R R VR (A= ]
TR AR AR T SE T B[RS S AR (S T (Y R TR
VRGN R EEY T o F VEIRSEASN T O 2 SR

turboinstitut ° ﬁJNFE'H'rEIT
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turboinstitut ° ﬁJNﬂiﬂp'

turboinstitut > fil~ B S 'Elﬂrjﬁjﬂb%zﬁjﬂﬁﬁ
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Basic data:

Head H BZ2m
max

Flow rate Q. 1.8 m¥s

Torque M__, 2000 Nm

Power P__, 450 kKW

Rotation speed n_ 2000 min™

Basic principles:

+ Guide vane torque with strain
gauge mounted on guide vane
pivots (on four guide vanes),

* Runner blade pivot torque with
strain gauges built in (on one
blade),

e SR~ B

19



Visual observation of the model

Basic principles:

* Determination of visual
cavitation characteristics at
different operating
conditions

* Recordings made by photo
and video equipment

A TR~ U

Number of proc. cores. 2048
RAM 4TB

Hard disk 10TB+
Cluster network Infiniband

Weight cca 3.5t

Linpack test ETNops

turboinstitut 2 il 1=

20
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7 B7%E 300

1. 75084000
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Water . Volume| Fraction

7.543-001

5. 0&7e J.]-f]

R LR~ SRS R i (cavi tation ) FELE-

3.2 /1 B B

RO B LR (1Rl 2 g ) Er(Bistrica ¥ He
Savica) » [MEVHIIIE I - S AT SR g fED) - F R~ G T
R ey U e SRS Eu e e T RR
RS T ]S B -

3.2.1 Bistrica Filr

AT R SO AR T RS
EEEERS 600 2T N R O RGE > TR 2.5m(B)x2. 5 m(H) > 3[R
Az %ﬁﬁ?‘fﬁf— ?thﬁﬂﬁ'lﬂf'ﬂ > AT BBRS 1450 3 NV RIS T (D=1400mm) -
ﬁé‘ﬁgﬁ’éﬁg I,EIJE%EJQ AL A SIS 2. Sems 2 1. Sems 3 R IS
%EEFILTA '?J(*vb[ 2%[%@[4 w;tg;n l_’?jﬂ% ég?_ﬁé;[/@*ﬁ;;ﬁ” 100
SN [Eﬂf.fJééﬁngH%‘. (D=1400mm) I KETpVELEV A5k -
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Bistric " A f
PR T S R b IERUAR H R U B2 TR A SR R BP9t
B! Jﬂ SRRV ARET o MR SR T B R ) SRR
RO W0 1A PR > He B Y R ) U RURLY R -

Bistricaf R RS I
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Bistrica Frilr " ?Ff

Bistrica %’%’réﬁ%?ﬁ? ﬁw’ﬁﬂ[“ :

"Hﬁfﬁ&};#l(Francia spiralna) "Hﬁfﬁ&}%#Z(Francia spiralna)
OBERIHE ¢ 165K OHERIHEI © 995KN
O F & <l 2. 5cms O} & E-f<El 1. 5cms
OBFFIpH = 75 N OFFH-Ipp = 75 ~ N
OYEGE 2 10001 pm OYEGE = 10001 pm
O©F5 1 92% OF 1 92%

RS H# 1 SRS 42

@]+ 1920kVA @i+ 1310kVA

Oy : 1000rpm Oy 1000rpm

OFEs: 6.3kV OFHs: 6.3kV

Ot - 176A O+ 1204
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= AESES

Ok 1 3300kVA

©— NI = VIR 6.3/20Kv
O+ 95A

3.2.2 He Savica Bt
BT ST 100 5 VR 0 T SRR S R
%F’?b?ﬁr%: [0 B (0 A IR ™ T B IR 22588
e T T R R R AR S PR AR A A Y T

(Triglav national park) °

R PR ) 4 ﬁﬁﬁmﬁl,ﬂ pe L o S # 2 IS S » S I w4
5 | ARSI 2 AR A -
AT 2007.5. 27 FEFEEEE] 1000000000kWh °

He Savica éﬁ’ﬁ IE'*JFLFI'W
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He Savica FEflrs PJ’W
(i * 2RI | RE)
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He Savica fHA% 4
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He Savica Fq’?ﬁﬁ' A

He Savica F;iqﬁ@ﬁ%ﬁ? ;* /LR
RS (4 )

OERIFE + 1260kW

O£+ 0.75cms

OFFFI<PH : 255.88 71

© §EH  600rpm

G (2 10

©zh= © 2200kVA

OfEtgh : 600rpm

OFHs: 6.3kV

= AR

©3F : 2500kVA

O~ wiRIFE/ = HRIFHES: 6.3/20Kv
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