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2 Modi Khola %4 | 2P4Y A+
A Study on the Hydraulic Experiments of
Modi Khola Hydroelectric in Nepal

L I

SONU J.H. and PARK C.K

Abstract | This study is concerned with the hydraulic experiments of Modi Khola Hydroelectric in Nepal.
The experimental domain consists of the intake structure and the settling basin. The intake structure was
made by the undistorted model with the scale of 1:20, the settling basin by the distorted model with the
scale of 1:10(vertical) and 1:15(horizontal). Based on the movable bed model theory, the ‘Anthracite’(p.=
1.48) is chosen as a model material. According to the model tests, the installation of the guide wall with
proper height and the proper control of the flushing gate are required for the effective flushing in the in-
take structure. In the settling basin a more proper design of the inlet in order to constrain the turbulence
flow is required for an efficient sedimentation and the installation of another flushing pipe near the maxi-
mum sedimental area is required. Since the trap efficiency is measured about 95%, it is concluded that the
design of the settling basin i1s proper.
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Table 1. Summary of Modi Khola Hydroelectric Project

Structure

Hydrological Features

Catchment Area

Mean Annual Precipitation
Annual Total Inflow
Longterm Average Flow
Design Flood(100 year)

. 510knf

: 3,461mm

0 1,429 X 105m®
. 45.3m/sec

. 1,161me/sec

Power Generation

Design Turbine Discharge(Max)

Average Discharge
90% Firm Discharge

. 25me/sec

. 18.7m*/sec

: 10.07m/sec

Firm Peak Discharge(2hour)

: 12.5m/sec

Diversion Weir .
— Design Flood

— Height x Width
— Flushing Gate(Slhide Type)

: 3.5m x33.0m
© 2 nosx3.0m (W)x3.8m(H)
: 1,161 m*/sec

— Side Spillway

— No. of Flushing Pipes
— Discharge in Pipes(total)

— Design Head : 9.45m
— Type . Vertical Gravity(Side— Located)
Intake Structure — Height Width » 8.7m x23.5m

— Control Gate(Roller) . lnos x4.8m(W) x3.3m(H)

Box Culvert B Length . + 347m
— Design Discharge . 27.5m/sec
— Type : Dufour
— No. of Bays . 2(Two)
— Nominal Size of Trapped Particles : 0.2mm

Settling Basin — Size 0 100m (L) X10m (W) x5.0m(H)

:34m (W) x1.0m(H)
. 2ea(¢=60cm)
. 2.5m/sec

t}. Modi KholaZ}te] 48-&% @A4L 4 (1)
74 #ow, FF-FAEE #A4(sediment rat-
ing curve)& 21(2)¢ Zth. Modi Khola7}e] 4=
2o 549 2RURRYAQ AT 728D 3
ARl 229 8542 Table 13 .
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(de 7% (Re) (Lvde (3 oy =
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APt I8 (p.)'=2.6581 7Hgstd 3
AR F2E 289 3o (Ly)x=10, (Lu):=
150122 A(10) o2 FE RFALY HFL (o))"
~1.20|3, HET FZE 2y &Ho] (L)=
200122 (L)"=1.18 A4tE7] d&d o9 7}
H-e- ZEALE ddsteiof gt ey HESY
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Table 2. Two Different Types of Material in Prototype

Type Component Material w=d”
Type 1 Sample 1 Suspended & Bedload 0.6mm
Type 1 Average of Sample 2,3 Bed Material 17mm

Table 3. Model Scales

Pare Name Model Type Scale=
Part 1 Intake Structure Part Undistorted Lg=20
Part 1 Settling Basin Part Distorted (Ly)r=10

(Lu)e=15 |
Table 4. Calculated Particle Diameters(d50)
Part Material
Scale ds dr dm
(Table 3) (Table 2)

Settling (Ly)g= 10 Type 1 1.684 0.6mm 0.4mm
Basin (Ly)g= 15 Type 1 1.684 17mm 10mm
Intake L= 20 Type 1 0.143 0.6mm 4.2mm
Structure Type 1 0.143 17mm 11%mm

FAFPe wPAE Wyt 2.07-2.149) FREE
YR Abgdt] gk WEs} 2 FRES ol 48
o A& FYstrldle ALdd 259 it &
& Ao)E Bolz| ufid, £ AT HFo
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= ARG 53 By o] IS BT
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7 FRET PN 2T LPeIde] Zax)
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#2218 Zlolrh. o]gd Aol sl Frix] i
47 & F&Ae H4E 04moli 2FARY A
2 10mm<Ql Anthracite& Agjs}512} e}, o]}
2 A9 A FEE AN A

Arol FFHQA JHE thx I&
HrT 722 Ao 38H
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HAtel & 2EE 7 dolok 31, BRI
7 81Eof| FUT o nEAE dA&How
& 5= Qlojok st} oleidh TR EAIHL
LE Fig ZEE 9 7Uuolo] HEE AN
o 2A HAEY 5 Ak ALE FAFFER ) A
8+ Fig. 1o vdehd Stk fAFERE A
AAN, FAH-7], Aole] ME, wE ZEE
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FAEEAA o FEEHE Z¥A] g 4
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AREh NLE FEFFIFFAE e F7i4
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Fig 1. Schematic of Sand Feeder

FAHE718} Auolo] WEAL)S] HA(T)S =4
3= Aolx, AT ZEEDJ o8 WEFHHSL
=(S)E ¥gA7lE Aotk +2o] 5mm, 15mm
Q W AFALE g9} MELLE SAteld] HAH F
/d(calibrated curve)& t}&-3} Zo] &g}

g,=16.56991 %S — 0.078, T=>5mn (15)

g,=74.07047 %S — 7.11725, T=15mm  (16)

3. 2| 2 48
31 AEe Y % W8

FYURYAYP] JqL A HAFT 7REA A
AR FzEe FEdgor pAE Yot HEF
TFEES F oty B F£FE AFde
TzEzA AL 7IEAEE o], AXE 95
£ (flushing gate), AMARA< (flushing area) &
Z 3oy BE TRAIA F= guide wall, 1g
i HFE 9% 452 (intake canal) 2 FAH
th. 4 25 AMGE(box culvert)& F3l
AARA R AZ== 74§22 Fig. 29 vehd
At

WA F2ES Hg5d B @A Adle &

YTelE 7 FAAE FFE AL

AbE Aol 71FA 0.2mm oldRl FARE HAA
e TREEA AR AZEo] Sl Ao
7} 100m, Zo] 10m¢] Boz2d 72 F2E otk
oF 20m 9| Y+ FETE /AL deH, F
FE ol
olgr B¥e FEEHR F45& Eo|7|9% tran-
quilizer7} A= Elo] glom f&7 Fole HA
g fFARE wl &t iAbgke|Z7E HA| s o] Ut
Fig. 3o A F2E9 7} F-E0] vehd Ut

B Age J &L wA Ay 72E FH &
%, FA 2 #3E FHsr ZFA AR
(flushing gate)o] &&S HAsH HEFET 7=
& F99 F5AZ(local scour) @ frALE A 5
A BE 9 AAT AAbet A5 AAREA 275
m/sE A7) A HAG FERA UHE 2
Aot Blolvh, B AR FxEAA 7]EA ©
2 FAPE AAE HA BHY {F(25m/s) S &
2|3t7] skl FARAE -8 AAEHASA S o
& HEsted 94 JAA dFdA Y #4, ¢
At e A FAA S FAa & (trap ef-
ficiency) & Z3st™ o]} § wjAl sho]Z e} ul
Aag AEStaA}
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Fig 2. Part of Intake Structure
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Fig 3. Part of Setlling Basin
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Excavated Head Water Model
Cistern |~ |Pump] Tank > Supply |——>| Head
Tank Pipe Tank

Sand Stilling Rectangular
Feeiler Basin Weir

Y Y
Upstream Setlling
£ Topographyl Basin
Intake Weir &
Structure Flushing Gatej Flushing
l l Pipes
Box Downstream| \4
Culvert Topography Device
Collecting]
! ! e
Rectangular | Regulating
Weir Gate
Paft of Intake Struture Part of Setlling Basin
Excavated
v Stilling Cistern
>|_Basin_| > | Tank

Fig 4. OQutline of Water Circulation System

ME2sE %S ZHSE Ao gz Axs o Al ASE BEARE 7] R¥oEd A
5 o B 324 et &Fols 3le WxEr} 1.4891 Anthracite® A H, ¢

A A BEHS B3 BEE AR/ 08 F7HA ¥e9] AnthraciteE F2

th SAFE RS AuE SAEFARE ol &8ty Alztste] Agsth HEYZ ] 0.6mm] An-



thracitet= fAFEFEAl o3 m¥sdd I35
e, o|R& R FHAN FHAlel 2FHAY B
izl "ok el Y EYAe] 10mme! Anthra-
citee Rt v ZeRed], olRe B
ol sPEe] YAz o)§Hrh

4. 4@ H 2
41 H47 PxB

HeF T2EY He AAFEHE 27.5m/s¢H)
ol ERIMES 9% WAHSF 25m/s9f AAME-
F 2.5m/sE T Aotk A FEHE
FZ g AARFEY) AR E B AR
TxE2 RUAG. AN F2 AT FEHR
28 27.5m/s, 45m/s, 2m/sE2A] Z} F-3kd] of
3 ZF ZHAM 74 @ 75 S A= of
2} Table 58 Zt}. f&Fol & F4lo] F7hs}
o} old] we} #H4=&E(intake canal)9] f&o] ¢t
& & F AL, BFTFH] BF HFER
FUEE 275m/s9] B¢ v & &R Y
skt

Hgt oA /%2 J1F FHA FE ¢
(eddy) 7t WA slxigt thAl 2 F&3lHT}. AlA} 4
Aol Ao} f-3-2 Ao} A AV} o
o2 e Fadtth AAdde] f8& s
Jate] 79l MAdHE o] F&  guide
wall A7} da g, P27 guide wallo] ¥

Bogkk F1Rk 19935 28 115

A Ady B A3 W 21 wole &
Foll A9 doiet 2 4amy o A ESA} 7}
2 Holdth HFT F2EY RIAEA U] 7t
4 Fa3% R Adre AARHA 27.5m/
s& AT A$ FpT FFRE AAV HEEL
Atk metA f-3Fo] 27.5m /sl A F-E 100 ®l
T 35 F3F 1161m/s74A] st AL A9
9] ¥ glo] Fel7b 7l Wi, /% 27.5
m/s A8 FHo2 wEAR FEEHPA F
o] ot oty GF BEFe] HPET TE
Boll A= e AxE Egi2ste] 1009 Rl
2E5Y 16lm/sA S HFT FREC vlHE
gake 2AsH). ol& 3l 7199 (contri-
bution region)ojzkz N'd& A&t 7]
ol H4T FRE FPPoz YL F=
AR 384 £& ovdit). Table 62 571%]
3ol il rdgde] Arg SAT Aol
th. of A#E Hol feFo] Frigte] what 7oy
o] 3 Aoz AL, £& FAES ¢
Atk olE FEFo] FUI wet HeF T2
29 FHosdn FREY 0] AAsA &F
& 9ugch 27.5m/s9t 130m/s A 9-9f F&F 4
71edgd 42 Fig. 59 vjeht Qi

2H FFHEol 275m/s8 B9 B AE
(local scour)e] HAWELA] Ftor 1 o wE 7
S BEAZH FHAE GAsETE AR S
A FAE | FFo] E55 HAs 71 e
H 3 HpT F2Ee] ARF HAPE J5E

Table 5. Measured Depth and Velocity at Intake Structure

) Depth(m) Velocity(cm/s)
Discharge(m*/s) - -
Flushing Area Flushing Area Intake Canal box culvert
27.5 3.56—4.00 33.23—-71.73 95.21—-238.24 346.72
45 3.90—4.40 54.98—-72.73 160.75—-162.74 -
92 4.62—5.26 82.73—115.23 105.75—159.23 268.73
* Table?] gt& +HE f&o WE BT A,
Table 6. Length of Contribution Region
Q(me/s) 27.5 45 76 92 130
L(m) 44 27 21 9 4

L : Lengths of contribution region measured from right bank of main channel
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Table 5. Flow Pattern near Intake
Structure (a) Q=27.5m/s
(b) Q=130/mes
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oA AlgHA st ole@ EAlEYE %

7198 A wiALES] A ezde] B i) BAAE frdHeE A% #AFZ2ESFE(con
£ Ao Me 2F FRA e vjArE-] EEe] trol gate) 9] FEZRZA] o3 27.5m/sE §X&
& A¥eg 53 ZAsYd. viAleE(flushing v JK3Fe JAAA] S HRAE FUE A5
gate) ¥} FHFFAFLFE (control gate) o] FEZZ} Z(side spillway)E Za ¥gidch. AxpR| 9]

WL ol Table 73 2. A, FENY f3e dEsded FdT A
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Fig 6. Cross Sectional Velocity Profile at Point of 5m

Table 7. Gate Opening Height
L Discharge Flushing Gate Control Gate
Q<120m /s closed H,=8.4%Q*
27.5<Q<120m /s H,=0.03%Q-0.792 full-opened
Q>120m/s full-opened H,=46593164 % Q3¢
Table 8. Sieve Analyses in Three Divided Parts
Diameter Part at N
Part near Inlet ) Part near Qutlet
(mm) Max. Deposit
= 0.85 17.78% 29.86% 10.21%
> 0.425 77.63% 84.97% 51.33%
> 0.250 94.46% 93.71% 91.63%
> 0.150 98.89% 98.73% 98.57%
> 0.075 99.95% 99.98% 99.89%
< 0.075 100% 100% 100%
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
T L T
5.00 -1 5.00
C)
4.00 -1 4.00
3.00 -1 3.00
2.00 - 2.00
1.00 -1 1.00
unit @ cm/sec
0.00 i I 1 1 ] 1 ! 1 0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

»

L

ket
>

—1

< >

fi"v:i“—v
v . & '
&

x

>
R

—cec

Fig 7. Flow Pattern in Setlling Basin
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Fig 8. Efficiency in Settling Basin
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ST @ Aoz oldld Fud FYTE A
AEge BolmaE R a4t Atk fUT
2 3 30m SFAel 7P we S B
AL, WA BHALS] AAEAHE o]
el WA FARRHAT A, Hrh A
o, 527 Ae]) YAREES 2ABG. o1F A
ool et AW wAAe) YAREE Table 83
zon, HNE mgae) 93as1E A A
o, §YT A, §2T A £o2 PEYS ¢
& slth @mgo] Wt $4% AAAY 4AE 9
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