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Abstract

The heavy thunderstorm as equivalent to PMF (Probable Maximum Flood) was occurred in 2012 at 12MW
Jhimruk small hydropower project located in Pyuthan District, Lumbini Province no 5 of Nepal. Three radial
gates were operated to evacuate the reservoir level in dam. About 10kM far downstream of the existing
Jhimruk, the flood level was marked and the peak flow was validated for the flood event.

The land and properties of downstream communities were damaged by the flood during operation of the gates.
There was no early warning system installed beforehand to protect the life and property of the downstream
communities. After this event the early warning system is installed and the mechanism to predict the flood
damage during the operation of gates was established.

The article intends to discuss the various methods for solving unsteady surge wave problems of by the use of
Dam Break equations. The HEC-RAS 2D flow equations were implemented to a wide rectangular channel by
correlating the kinematic surge wave propagation to downstream with respect to time and space. The travel
time of the peaks has been evaluated from upstream to downstream for the implication of early warning flood
forecasting.
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I.  Introduction
Background of 12MW Jhimruk impounding dam

The Jhimruk Hydropower Plant is in under operation since 1994 with an installed capacity of 122MW.
The power plant has 3 Horizontal Francis turbines of each 4MW capacities. The Powerhouse of this project is
semi-underground and is located on the bank of Madi River. The Jhimruk Power Plant is a basin transfer Project
wherein water from Jhimruk River is discharged to Madi River after the generation of Power.

The power generated by the plant is transmitted to Nepal Electricity Authority (NEA) via 132kV
National Transmission line to 41kM further away to a substation at Lamahi. It also supplies power to
local through rural electrification 11kV transmission system to local consumers in Pyuthan, Rolpa and
Arghakhachi Districts in addition to NEA consumers. The project is funded by NORAD through UMN and
Government of Nepal.
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Figure 1.1 Location showing the Dam Axis of the 12MW Jhimrdk impounding dam
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Figure 1.1 Existing 1JWW Jhimek Daily
Pondaze Hydropower Project Downstream

Figure [.§ Existing 12MW Jhimek Daily
Pondaze Hidropower Project Linstream Area

Figure 1.4 Existing 11WW Jhiwrug Daily
Pondaze Hydropower Project Reservoir
Floodeatas

2 _AATFETALS AND METHODS

}1 Theoretical Foundation

The equation: whick are derved in the
following kave justified to the
HEC-FAS 2D Saimt-Yenamf equations for the
uze of Dam Ereaching case:. The Flood gate
operation of 120W [Thipmk, Project in the

event of PIVF Flood is corsidered similar to

the Diam breaching event.
The catastrophic PAF events in the 1IN
ook, I Few:ervolr 2=

Impoumding
aforamentioned can be solved 22 the principle
of 2 nagative wave, steep at the begmmme, will
daform itself much faster than in the caze for
a positive wave. A frue Soot dos: not extablish
rtzalf and noton of a wave heisht, Ah  makss
bezgphyaical)zenze than for a positive wave.
The negative wave can bowever be considerad
as being an unstzady flow of gradually vaned
fiow. The aquation of Saint- E.m;tequmm

of comtiruty aquation and the dymamic
eguation of “Graduslly Varied Unsteady

Flow (GVUF)" zkall be uzed to sobve the
negative wave propagation and asswmed that
the fmctional forces are practcally
compensated by the gravity forces, for a
rectangular chamnel, thess yields:
L i | CO {1}

de dJ

The above equations represent now a simple
nave, when Al and V' oare only dependent on
the flow depth, & these can be written as: (zee
Tazger, 1934, p 3564}

-llr!u_ﬂll"l: ! -i-r' EI--M
fr b du :lJ :llltl:

o dh

Conseguently, the e;pu‘esadnnnf* in the
above Samt-Yppant contimusty Etpatlunmd
d}nmcmmbe&hmmﬂaim
Zives §— -':Ii—] =0; and by takng the
IIJIﬂT.’-Df'ﬂ:IEt'W'DI]lEI:I:I]'.'EL'.E '|',.r

which up on meegration, renders: (h) =
+2+'gh + constantaf integration___{3)

The wpper simm, (4), corespond:s fo am

negative wave; but it could alzo be
positire; which propagates n the direction of
the imitial flow, the lowsr zEni-)
comresponds to 3 wave propasatimg meo the
opposite direction.
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Figure 2-1 Rapidly Varied Flow dus fo suddan
variation an discharge

For the evaloation of the integration constant,
(zae Favre 1935, p.29) one takez 17 = 111 and
i = hi o this part of the channel, which has
&z vt not been attzined by the wave, thus ona
geta:

Vbl = Vi £ 2Wgh ¥ 2Vghs ...
uzing the calerity of the :mall wave is given
L1’

ClhI=V+Vgh=Vi+3vghF2vgh
—i)

Thiz calerity is the velocity of propazation of
wave 2 small amplitads.

opening of gale

regative wase firom
Fe A T

4 i
POTEEVE wave from
HEEfream

G i)

ﬂqh[]—-—

Frgwre 321 Iluwstrations gf four differsns gapes
gf Rapidly wvared jflow during the gaie
OFEFETION CEIES

If on= considers & negative wave Tom
upsiream the equation is written as;

CAR) =V +gh=Vi+3gh— 2vght

B putting the references; creaation of wave; at
time t = 0, the position of the wave iz given
by x = Oif; thus, one geis: x(h) = (T +

IVgh—2vghie oo (N
N
:
-l-«.- — -

Figure I1-3 Negative wave from upsoream
GlFIHE the Sare closurs

Being an expreszion of the water surface of the
Wave, Ccomparing on betwesn these pgs, one
findz a relastion of velocity, in terms of x and

E:
¥,  Zx 2 .
thus (k) = —3‘+___—;¢g—.'q ....... -(8)
£
If ons considers now a megative wave fom
downstreamn thiz relation, above ag. i1z writisn

2

Wik} = Vi— 3Wgh + 2ght__ )

Ilow the equation no.? is @ problam of 3™ Dam
Break™ in hydraulic structures which thos can
be addrezsed, considering it to be a negative
from downstream propagating on a fctional
le=z, horizontal and a rectangular channel {sea
Strester, 1971, p.681). This iz the solotion to
the problem of 2 simple wave of Saint-}/=nant.
*“Thus, the above Szint-YWenant for the uze of
dam break sguation that could be solved by
uzing the method of characteristics, explicit
and implicit method of analy=is. ©

From the above we can summarize few points

2z follows:

DOI: 10.9790/1684-2106034553

www.iosrjournals.org

47 | Page



Downstream Flood Forecasting During Dam Breaching

1) Befare the faibme of the gate {or dam) the
water depth upstream of the dam 3 h = K
and there iz b0 water on the other sids, h =0
1} After the sudden failure point of the gate ar
the breaching opening of the dam, am
expression for the welooty at any sechon Is
obtained uwamz the above egoabon and
azzuming that 1, = 0, or

ViRl =0 - Ev_g.h + ~.-'5|fu_ A10

iit) The Calerity i given by

Celh) = —3Wgh + 2Vgh (1)
which render: in the shown fig below:
Farh=10 L= +24gh
Farh = h C: = =2gh

1) The shape of the water surface is given by
I[hJ:E.::{D—Hx"5E+3‘-"ET-L-E

e 412}

Subzaquently, oo obtains for the zection at
the gzie or failure openmg of dam breacking
point, x = 0 for all time instants ¢, flow depth
being &__= _h This flow !
as being ,,'I] ow depth remams
thu: independent of time The water surface

profile for all time mstants pirofs around this

pomtoth = _h
@ gl

v The velocity, V¥ m this sectiom, x =0 iz
obtained from the above equation O

"= —2vg (=i vALL= + i
Showing that it i3 alio independent of time.
vi) The umit discharge, g, can readily be

Cornpbed:

g=h"= "k Vg being constamt with
= -

time.

vil) In reality, the shape of the water surface,
should be modified smce doe to the fdion oo
the bed a positive wave from upseam will
establish itself in the downstream reach in the
charmal

Figure J-4 Dam Break Froblem of negaiive
Wave from dowRiiream JuriNg Eat qpeRmE
fram B iliustrate similar fo ax diom breaching)

22 Comparizon of the Negatfive surges in
Eapidly Varied Unsteady Flow
(RVTT)

Mepative mmge: ars mot stable m fomm,
becznze the upper portrons of the wave travel
faster than the lower partrors (Art 18-17, Ven
Tz Chow page 5648, If the imitial profile to the
surgs is 2ssumed to bave a steep front, it will
soon flatten out as the surge move: throush
the chammel If the height of the zurge i
moderate or zmall compared with the depth of
flow, the equations derved for a posinve
surge Cam  be  applier to determme
approximatsly the propezation of the pezaimne
surge If the height of the suree iz relatively
larze, 2 mare elaborate amalyei: i nece:sary
as follows:

The wave 1'Elﬂdﬁ'nf1temgea:|ua.}¥t_}' varies

from podnt to point. For eqampls, = iz the
nave velocify at a pomt on the surface of the
wave where the depth iz # and the velocity of

ﬂun‘tnEEgJ:mgh-ﬁmngama
interval |, the change in depth iz dh. The
vahee of dh iz pozitive for an increaze of kb and
the megative for a decreass of hlby the
momentom  principle, the comespomding
change m hydrestatic presnure should be agual

to the force to the chamze the
mormsentar of the wertical alement between b

and h 4 dh. Conzidermg 2 urit width of the
chamme] and assuming B = B =1
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o b= Lk +dhy = Zeh+ Ry (V +

Smplifyms  the above equabion and
neglecting the differential terms of kigher

dh = — "&'= gV__(14)

The whole wave front can be azsumed to be
made up of 2 large pumber of very small wane
placed one on top of the other. The velocity of
small wave at the point under consideration
may be expressed 2s

Vo=gh -V._ (15}
Similarhy, 1J:eu=l-:r::m. 2t the wave crest is
Viz= ghz -1 (1)
And, at the wanre trough,

Vi = «ghi =" (17

When the surge iz not too high, a straizht-lme
relation  betwesn Va and F

may  be
assumed. Thus, the mean velocity of the wave
may be considered to be
Eﬁ Fnl ";Fn.!
Now, elmminating ¥,
"": LI R . (18
lnteg:mungﬂ:us equan-:nnfr-:lm hto h and from

-m__I’,an-:liuhmg fort’,

V=141 x"gi'i:e—Exgh ........... (207
P--:hgfl 2vgh: =T i2l)

Tz, the wave velocity 2t the roush of the
Wave Iz

Vir = 3vgh: — Wgh: — V= _ O |
Dam Break Equation via BVUE)

Henre the Fapidly Vared Unsteady flow
negative surge dam break aquation and
derivation of the Gradually Varied Unsteady
Flow Saimt-}pnant equation from equation (9)
pIﬂT.Et-:-I:e:un:u:rEulmdm.brea-:hm
equationn.  Therefore, these cam be
mierchanzeably wuwse in Flood wawve
propezation during the cass of dam breacking
rapidhy varied unsteady flow equations,

The hydrosraph gensrated durng the

operation of the I20W Thinmuk Hydropower
flood gates 1= compatible :mmlar to the

bydropraph generated m the dam breachins
exent.

13 Implementation of HEC-RAS 2T
Flow MModel to solve and validate the
above Dam Breaching Equations

The flood zate opening modality of 12V

Thimrgk, Hydropower project bias been set up

to 2 compuier model for different food

scemaria of varous pate  opemimg  for

Timiser, )0misec and 1000m3zec

respectively to evacoate the flood from the

upsiream pondage.

Also, thiz would validate the downstream
flood propagation by 1D HEC-RAS
(Hydrological Engimeering Cemire’s Fiver
Amnalysiz System) which 3 2 mathematical
sobver based upon the finite volume method
for solving full dymamic flood wave
eguations Thiz has been widehy nzed for water
related izsues in differemt fisld of Fover
Engineerimz,  Hydropower with the
mplementation of Hydraulic Strochare in the
model itzalf

131 Computation of Dowastream Feak
Flow by the use of 2D HEC-EAS
Mpdelling

Continuity agueation
o
iy o

S RS LT TR

A HEC-BAS modsl was nm for computing
the water level 2t the dowmstream of the
barraze of Jhiprgk, hvdropower project. Far
thiz parpo:e, the modal was and then
nm for 2 discharge of 730, B00 and B30
Cgmeys. The 1D model is showan in Figure
below

DOI: 10.9790/1684-2106034553

www.iosrjournals.org

49 | Page



Downstream Flood Forecasting During Dam Breaching

Fiewe 2-6 Fiood Jnundarion Map after dam
breaching for inflow of 900 cupeess

Figwre 2-3 Fiood Bydrograph ar dowrstrean

of dam for flood inflow of 700 gymess
Tabie 2-1 Discharge at downstream of ¢

adam for iyflow of 700 cumess
Peak Values (m3s)
[ Tnffow | SecI Sec-ll | SecII
00| 638790 625.735| 274957
Time to reach Peak (h)
[ Toflow [ Sec-I Sec-Il | Sec-III
6| 7.166667 8.5 125

Figure 2-6 Fiood Byarograph & dowrsorean
of dam for flood inflow qf 900 gumess

Figure 2-7 Ficod Inundation Map qfter dam
breaching for inflow of 1000 cumiRs

Tabie 2-2 Discharge at the downsmream of
dam for tyflow af 900 CumeRs
Peak Values (m35s)

Tnffow [ Sec-] Sec-lI | Sec-III
=00 36433 | "B | 3EI54
mme to reach Peak (h
Inflow [ Sec-] Sec-IT | Sec-IIT

[ 0.8355 | 78353 10.3
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Figure 1-10 Flood Hedrograph at
downstreae af dam b Tood mfow of 1000
E'llmﬁ:r

Takle -3 Discharge of dowrsireamn gf daw
_;E:-rr.';r!a.mf'ii'ﬂﬁ'mﬁn;

Peak Values (md )

Inilow | Sec-I Sec-11 Sec-IIT
1000 | 965378 | 3924131 | 718385
Timse to reach Peak (k)

Inflow | Sec-I Sec-11 Sec-IIT

G| 6833333 15 10
1 FINDINGE OF ILLUSTRATIVE
EXAMFLE

Implication of X HEC-RAS Equation
models in the nataral rivers cross-zection
helps to evaluate flood area through a flood
plam. The verficaton of the mumencal
solution 23 described in the theoretical basis of
the dam break ion was performed in
comparizon of the result of JD HEC-FAS
model for the dowanstraam flood peak

The validation of thess results with respect to
the water level through obssrved daa
considerms the natoral mver chanmel cros:-
section from the filed mezsurement was alsa
carrved out to compare thess anabytical results.
It vas found to be the 3% of water level
variation kigher in JO) HEC-FAS than the
field obsenqation to the :imilar succes:ive
events during the flood attermation.

The resultz have also been tested a3
aforemertioned with different discretization
method: (Method of Charactenstic, Explicit
and Implicit Method) for solving the partal
differential Unsteady Flow Eguation az well
as Dam Break Equation and foand to be 3%
discrepancy  hizher flood level with the
meazured water level in ackoal field
observation.

3.1

-

Coanclusion=
The dam beeachins caze is 2 rapidly
varied problam however when the
flood wanres diffoze it would behave
like in the case of gradually vamed
unsteady fow situation
It iz concloded that the praduoally
varied msteady flow Same-§ppant
equation iz compatible to ne in the
situation of rapidly varied ursteady
flow dam break equabion.
Becase of the pradually wamed
unsteady flow dam break aquation
and the rapidly varied equation proves
tr he concurent, hence the:e
equation: are compatible to e
meerchanzeably in place of each other
for predichnz the downsirsam peak
flow in the event of dam breaching.
The mumerical model of 1D HEC-
FAEL simulation iz proved to be most
realisticalty  acomrate for the
validation of the downstream flood
wave propasation m comparizon: of
the field observation in the mabaral
river charmel during the operation of
the gate: as in the case of dam
breaching event of the reservoir
pondage.
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