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SYNOPSIS

ln.the present work,; dam break flow analysis of Hirakud dam is attempted, due to
a hypothetical failure case. For this purpose, a widely adopted computer model
: ‘DAMBRK’ is used: In this model, complete St. Venant equations in one-dimension is
used for éhannel routing. The numerical solution of the governing equations is performed
by an efficient fdur point Preismann Scheme. The required data set is prepared on the
basis of informati‘on collected from- various soutces, for unavailable data, suitable
assumed valued are used. To determine the Manning’s roughness (n), a reach located
downstream of the study area is used. The ‘outﬂow hydrograph at the dam site and
' different locations downstream of dam are presented. A sensitivity analysis is performed
to study the effects of breach width, time of breach formation vand bed roughness, on the
flood wave propagation due to dam break flow. Based on the available topographic.

information of the study area, a flood inundation map is also prepared.

(viii)



CHAPTER-I

INTRODUCTION

1.0 GENERAL

The dam is one of the most important hydraulic structures to store excess water in
the reservoir. Its main function is to release water for irrigation, and to moderate flood
flows through river and thus, to protect the downstream areas from loss of life and
property. Other important purposes include water supply, hydropower generation and
navigation etc. Usually, the downstream and adjoining areas of a dam are highly
cultivated due to high fertility of the flood plains and/or évailability of water through
canal networks and consequently become thickly populated because of various
developmental activities.

Accofding to International Committee on Large Dams (ICOLD), there are more
than 35000 largé dams existing throughout the world and many more are under
construction. In India, about 3000 major, medium and minor dams are in existence. Dams
are found to be much more vulnerable during and immediately after the construction,
especially within five to seven years and beyond this period the risk of failure decreases,
also it seems to be increased after its useful life. Every development has to pay a price,
and is so with the dams in terms of their failures. There are many instances of dam break
in India and abroad. Three major causes of dam failu-re are overtopping failure
(inadequate spillway, misuse of road embankment etc.), foundation failure (fault

movement, settlement etc.) and piping as well as seepage of embankment dams. The



overtopping failure is caused due to the rise of ‘water level in the reservoir beyond its
specified value. Settlement and fault movement are the causes of foundation failure.
Due to the presence of a dam, there is a feeling of safety and the area becémes thickly
populated, and thus, a dém becomes a potential source of disaster due to the risk of its
failure. When a dam fails, the sudden release of the reservoir water forms a catastrophic
flood and it results in the devastating Iqss of human lives as well as valuable properties in
the downstream region. |

| The chara.cterist»i_é‘s Qf a dam b1“eak ﬂo‘od ax;e different from those of an ordinary-
knatura'l run-off genérate& ﬁood. Very h'igh_ _peak,‘ dischargéisv during' a short time,
A' occurrence of bores or shéck waves, fast and- violeht ﬂooding of the banks re’sulting in
| stl‘éﬁgtwo-diménsional'effects,- presen(;e of mixed flow regimes, flooding with abnormal
| diséipation effe;:ts, and transport of debris/solici méterials éccumulatéd in the reservoir are
associéted with a dam break ﬂbod. The behavior of the bed friction causing turbulence
during such a flow is not well understood, and so with the mechanism of dam failure. It
leads to difficulties in calibrating any model to stﬁdy dam break flows. Thus, the dam
break flood analysis becomes a special problem to be dealt very carefully.

The processes involved especially during an earth dam failure are very dynamic
and complicated. A prior knowledge of this devastating flood resulting from dam rupture
can be used as a basis for rational zoning in the downstream valley of the dams as well as
in the preparation of emergency action plan (EAP) well ahead of any possible
catastrophe. Ohe of the aspects of the EAP ils to describe thé anticipated ‘dam failure
scenarios and corresponding arrival times of dam break flood waves at different locations

of interest downstream areas that could be inundated.



Dam break flood analysis is, now-a-days, a part of dam design and safety
analysis, including downstream and upstream risk evaluation. It occupies a very
important place in water resources engineering practices, and is useful in (a) establishing
the reqﬁired dam spillwgy capacity, (b) environmental and safety impact evaluation of
dams or other special structures built in a river valley, (¢) Valley planning and zoning, (d)
implementation of operational emergency and safety procedures, such as warning
systems and evacuation plans downstream dams, and (e) solving special and unexpected
problems arising from very high risk of a dam or other river obstru;tion failure.

Analysis of a dam break flood can be performed using analytical, experimental,
and/or numerical models. The advantages and disadvantages of these methods are
presented in Table 1 (Anderson et al, 1984). However, a numerical model is the most
convenient tool for fast and systematic study. Among various numerical models available
for dam break flood analysis, DAMBRK is one of the most widely used computer
programs. The significance of this model is to represent the dam failure and the
application of hydrodynamic theory to predict the dam break wave formation and its
* downstream progression. The basic computer program was first developed by Fread
(1979) and was published by National Weather Service, U.S.A. The model has wide
practical applicability and is being used by a large number of studies in the area of dam
break flow. Geometrical features of the channel and reservoir, time and shape of dam-
breach, flow in a compound cross-section, presence of other hydraﬁlic structures are
taken into account in this model. It can also function with various levels of input data

and is computationally efficient.



Table 1 : Advantages and disadvantéges of thfee methods

Approa’chés | Advantages _ ' Disadvantages
'»Analytical model 1. Handy, general in_formatiqn 1. Restricted to singlé
| which is usually in formula | - geometry and physics

form 2. »U‘sually' restricted  to
2. Used for preliminary studies linear problems.
3. ‘Computers are not eséential' '
Experimental model l.-CapabIe of being most realistic | 1. Equipment required
| 2. Scaling problems
3. Measurements difficulties
-t 4. Operating cost |
5. “Tilme consuming.
Numerical model ~ | 1. No restriction to linearity 1. Truncation errors
2. Complicated physics can be | 2. Boundary condition
treated ' » 3. problems
3. Time evolution of flow can be | 4. Computér costs
- obtained » 5. Developmeht of a code is
4. Different scenarios o time cdnsuming
5.. Less time for analysis - | 6. A number of prolcesses
. | are still not modelled
o o B | adequately. ‘

_REVIEW OF LITERATURE -

.vast. ‘There ‘are various aspects to these - -

in dam_break. flows

-Qiés'.;-‘,H(t)”wqyezf;:Q_n;ly;i_ro‘util_lg aspe S P‘re?'§¢.1,‘1~t§d_,‘llé,_re_ and other aspects are beyond the. .- a
- sédpe of this diséeﬂation. For the sake of simplicity, previous studies in dam break flows

are presented here under three categories, viz, (1) Analytical models, (2) experimental



" model and (3) Numerical models. Excellent review articles have been presented by

| ‘Basco (1989), Almeida et al. (1994) and Singh (1996).

1.1.1 Analytical Models

‘Studies to l;lldgl‘stalld the basic llncch_ani:cs' of dam l);‘cak: ﬂ'ovx.fs (DBF) are very -
old and date back té the _eérlif_:st attempt_ by Ritter in .1'892.3 ’R'itt_er derived an
- analyt'ical éolutio'n for the h.ydrodynamic pi'oble'm' of instantaneous danvbféak in a
frictionless and horizontal channei of rectangulaf shape. In ». Ritter's solu-tion, both the
reservoir and the channel was assﬁlﬁed to be infinite and the channel ddwnstream was
~ assumed to beA dry. The flow dépth (h) and velocity (u), at any place (.iowns.tream of the
dam are funcﬁons 6f di’stalilce (X) , time (t) and reservoir _wate_rv leyel (hy). The analytical B

~ solutions give_ﬁ by Ritter (1892) are ; -_

1 x\? ' ' - | ’
h 9g( Co l‘) | , o | o | | (0
=—|C, +— . ' : 2
u 3( 0+J ‘_ - | - @)

Wiigl'e, Waye celerify,} C, = \/91; . According to these equations, the ﬂow depfh and the
discharge attained‘_at th'e. dain-site 'are. constant in time and represent critical ‘ﬂOV\./-
. Qondition there. The shape of the free surface‘ is a paraboia and tﬁe tip speed is twice
~that of the disttirbénce propagated  upstream. Later, Dx‘essigr: (1952) = and
Whitham(1955) Ainclu'ded th‘e.effec-t of the bed resistance in the énélysis of DBF and
. del_‘i?ed analytical expressions ,’for the velocity - and height of the vwave—f‘ront.

Pohle(1952) considered two dimensional flow in x and z direction Using Lagrange



representation, he concluded that in the initial regime, the vertical acceleration is the
predominant parameter. When the vertical acceleration is decreasing, the effect of
channel cross-sectional geometry, bed friction and bed slope become more important and
the wave profile will then converge to one-dimensional analytical solution.

Stoker(1957) extended the Ritter solution to the case of wet-bed condilioﬁ in the
downstream. He derived analytical expressions for the surface profile in terms of the
initial depths upstream and downstream of the dam. In Stoker's solution, there are four
distinct zones, viz. two undisturbed zones, one each in the upstream and downstream
side, one drawdown =zone and one zone with a constant. bore height (Fig. 1). In
Stoker's solution, the velocity of bore propagation and the constant bore height are
attained instantaneouslj The analytical equations derived by Hunt(1982, 1987)
considered finite length reservoirs. However, Hunt's solution was bas’ed on the

assumption of a kinematic wave.

Reservoir ‘Dam

‘[ hﬁ Channel

-t.—(
v
A

=
o
v

(a)Surface profile (prior to dam-break)

Figure 1: Stoker Solution for DBF
' (Fig. 1/--contd/--
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zone-1 zone-2 zone-3 - Zone-4

(b)Surfa-ce profile (time, t, after dam-break) |

- Figure 1: Stoker’s Solution for DBF

1.1.2  Experimental Model

| The complexity of the unsteady, ﬂoW due to a dam _féilure necessitates for more
- accuate modeling, fhén the analytical models. Exp¢1'i111e11tal 1110de1i1ig is bx?e of the
' niethods to ahalyse tlnle real flow phenomenon. Some ilhporlant vpurposes of cvxpcrim.enlal
modeling are veriﬁcaﬁon of computational modeis, complete énalysis of real cé;es, and
~ more ulldefstandixlg of the 'DBF problem.' |

Escaﬁde etal.(1961) presented defailed results obtained from expreiniental_ studies
| using a 1.6 km reservoir énd 12 knl long downstream reach with fixed bed. They
ﬁresented_ihé front wave proﬁlé, due to Vt‘he su'-dden.failure of a vd.ani for different
‘conditions as well as the ‘variat'io_n of fiont wave velocity with bed roughness, iﬁitial
| reservoir head and initial channel flow. Oneloir‘l'he- complete s;:t ol‘lzlbbl'zllOl'y data on dam

break flows was collected at the U.S.A. Army Engineers, Waterways Experiment Station

1



(WES,1960). Rajor (1973) presented resulté for .dam break flows, obtained through
experimental modeling of real valleys and of p;'iSlllat_ic and non prismatic channel.

Dressler (1954) experime_ntally showed that the depth at the dam site does not
attain a constant value instantaneously as predicted by Ritter. It takes approximately nine
non-dimensional time units to reach the constant Riiter’s value. He also found that the tip
speed of dam break flow is less than 2Vghy

The DBF along an alluvial channel may change the valley geomorphology.
Simons et al. (1980) presented experimental data to assess change in flood stage,
resistance to flood, and transport of deposited sediment following failure of a dam. He
concluded that in general, when a dam fails the interaction between the water and
sediment transport and the river stability is not weil unaerstobd.

All the above experimental studies are for straight channel reaches, however, the
1lét111‘al channels are seldom straight and meander in the channel alignment produce
lateral gradients in the flow surface. Miller and Chaudhry (1989) presented the
expérimental résults for dam break flows in meandering channels. Memos (1983)
" presented on experimental results that at a paﬁial dam failure (breach width less than
valley width) three-dimensional effects are dominant during the first instance of the
break. Martin (1983) presented the results of a total dam break in a rectangular and in a
channel with divergent side walls l(dry bed). Similar observations were also presented for

convergent and divergent channels by Townson and Al-Salihi (1989) and Bellos et al.

(1992).



1.1..3 Numerical Models

A numerical model is the most convenient tool for a fast and systematic analysis
of dam brea‘k flow. Generally in a numerical model, the dam break flow is simulated by
'._.__three 0011§éque11tial stéps, i.e; (i) rbuting of' the_inﬂow hydrograph from the reservoir

inlet to the dam site, (ii) dam b.reak mechaniém and (iii) routing of the dam break flow in
the downstfc;am channel.

All the numerical models may be categorized, depending on the equations used to
model the phenomenon, nurﬁerical scheme used to solve the equations, and,

implementation of different boundary physical conditions.

Governing equations used:

Iﬁ most of the numerical models, available in literature, one diniensional
St.Venant equétions are used as the governing equations ("Fennema & Chaudhry) 1987,
Mol-ls and Molls (1998), Fread 1988). One dimensional St.Vehant equations assume a
hydrostatic pressure distribution along vertical plane. Basco (1989) pointed out
limitations to the St-.Venant equations in dam break flows analysis. In some studies, one-
dimensional Boussinensq equations are used to simulate the dam break flow (Carmo et
al. 1993, Gharangik and Chaudhry 1991, -Mohe‘lpatra and Singh 2000). Two—dimensional-
St.Venent equations i;l X,y plane are used for dam break flow analysis by some
1;esearchers (Fennema and Chaudhary 1990, Alcrudo and Gracia-Novarro 1992,
Mohapatra and Bhallamudi 1996). Two dimensional Navier ~Stokes equartions inxand z
plane to study dam break flows are also presented in literature (Hirt and Nichols 1981,

Tome and McKee 1994 and Mohapatra et al. 1999).



Nﬁmeriéal methods:

| Different Vnuniericél methods z.lvaiilable'in; the l»iteraAtu‘r;e» are (D _.meité element
_illetllod, (iij finite differen(':e’ni'ethpd) ‘and (iii) method of cllél'aéteristiés. Dgtz;ilcd :
- de}s:c'r-ip_tions of the above methdds ére a\;)avilablé in Chaudhry (l 993.).

DAMBRK model is'ﬁw'Naﬁonﬁi '_Weather"service. (NWS) da'lﬁ tbréak flood
fdrecéﬁing inodel developed by Fread (1979,1988). In this model, the expanded form of
»Stv.'Venen't ecju;ations aré used for routing of dam léreak ﬂoods in channels. This 111(;del
allows the failure timing interval and tefminal 'si"zté~ and shape of breach as input. It gives
l"the. extent of and the time of occurrencé of floo.ding in‘thé downstream valle& b)‘f»routing
f thé ;)utﬂbw' hydrograph through the \)alléy.

N SMPDBK is a éimpliﬁed vefsior_x of the da;n break flood forecasting model
presénted by Wetmore and Fread (1984)  for quick prediction of downs',.u'eénAl"ﬂoqding
’caused by a‘d.ani failure;»'l".his model is an ﬁgefuj forecastipg tool in‘ .ab_'danAl failure
enlleggéllcy when Wal11i11g res;-)onse‘time is short, little data are available and large

. computer facilities beyond one’s reach. It is also very useful for preparing disaster

Yk

e cgntipgéncy plané._i_,"l_’his model "é;')'i.lsirs.ts of three main components: (i) calculation of the

:. PeakdlSCharge ‘é-_t';,the. d,an.l’: (ii) .app>r.<h)l‘>.;.in.1ati.on of the d_ownstréam chaﬁnej as a prismatic |
channeland (lll) detérminatiqn ofthcvy':;p‘eak ﬁood at spe&v:iﬁed. cross sécﬁon:'of the
d_O\%;ﬁS;tlfealil chaI(meII. )

MIKE. 11 is a s<_jftwa_rc package‘developed ét’ the Danish Hydrapxiic Institute
.. (DHI) for the simulation of ﬂbw; sediment transpoﬁ and Watef (iuality of estual'ies,,rive.rs',
irrigation systems and similéu‘ wate-r bodies. It is developed especially for | application of

micro computers. It offers an unique and user-friendly tool for dam break flow énalysis.

10.



This model consists of a number of modules which in p_rinc_:iple operate independently
and give a rational and user friendly execution and enhance the flexibility of the
‘package. Presently, MIKE 11 is also available with MIKE — SHE. It is workable in a
window environment, the graphics facilities are excellent, and compatibility to GIS make
it a versétile softwafe_ for dam break flow. MIKE 21 also developed at Danish Hydraulic
Institute uses two dimensional St. Venant equations, governing the flow. |

TELEMAC system (Hervouet 1996) uses fmité element ﬁuethod to solve the
governing flow equations for the analysis of the dam break flows. Complicated river
geonlefl'y can be considered by this computer progran. A module solving Boussinesq
equations is also available in TELEMAC.

Besides the above computers softwares for dam break flows, some research
papers dealing with advanced techniques are presented below.

Alam et al. (1995) presented the collocation method in conjunction with Quintic
Hermite elements to solve the system of flow equation for DBF. Quntic Hermite
.elimen‘ts are used to provide the high resolution required in the solution of discontinuities
. for produqing satisfactory‘.stab.le solution. This model can simulate both sub-critical and

~ super-critical flows in differenf parts of the‘channel or in a sequence in time. |
| A general m‘athematicéll model was developed by Molls and Chaudhry (1995) to
solve unsteady, two-dimensional . depth averaged equations. This model uses boundary
fitted c.oordinates and includes effective stresses. It may be used tb analyze sub and
super- critical flows. The time differencing is abcomplished using a seéond order accurate
Beam and Warming method, while the spatial derivaties areéppxbximated by second

order accurate central finite differencing. The equations are solved on a non-staggered

11



. “grid using an alternating-direction impi_icit scheme. The model 1s used to analyze a wide.
: \_}ariety of ‘hyd_raulics problems includingh adam breek simulation. |
A c{haracteristics'.—'based upWiod, explicit holllerical scheme is developed- by Jin
al.]db Fread‘ (1997) for one-dimensional unsteady flow modeling of dam 'breal("ﬂows inlo
the (NWS) FLDWA\-/‘ model, in combination \;Vitll flie-oiriginal four point ‘imolicit ,
: soliex}ie. The new explioif scheme is ‘extensively tested-and compared with the implicit
" scheme and provides i'l.liproved versatility and accuracy in some situations,‘such as waves
due to large dam break snd other unsteady flow With near criti‘cal mixed flow regimes. A
N vtevc':h'nique' for implicit — explicit 1ﬁult_iple routihg_ is ixitro,duoed tob ihcorporate the .
. advéntages of using both schemes. .
A higil resolution time marching method V\;a'S presented by»rMinglhani aﬁd C'floson
_ ( 1998) for solvihg the two dimensional shallow water eqoations. This m_ethod uses a cell
centered fonﬁulation with “collocated data rathef ‘than a space-staggered approach.
.S’purioos oscillétionls are avoided by employing monotonic upstream scheme Iol"
: o011se1'vati011 laws (MUSCL) reconstruction Witil an approxiinete Rieinann Solver in a
two-step Runge-Kutta time steppmg schemes A ﬁmte volollle 1mplementatlon .on a.
| ’ ‘bou.ndary conformmg mesh is chosen to accurately map the complex geomet1 ies. Thesel‘
: }feat‘ulres_. en,abler the .;nodel to; deal with damﬂv break - phenomena involving flow
,diseolextinuities.f suo-critical and sﬁbef—criﬁcal ﬂoWs.v The method'is a.pplied to SeVel'él
N bo‘lelsv'ave pxopagatloxi and da;n breek flow ploblelﬁs t A ‘ |
*;‘A llstvof 23 nl'uloe‘nl'calA‘lnoc‘ie.ls fox Idam‘ bleak ﬂows is plesented in T'lb[C

. (Molmalo and Fllhppo 1992)
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Table 2 : LiSt of 23 Dam- Break Numerical Models

Sl. No. Agency ‘Name of Modes
1 USA/National Weather Service DAMBRK (original)

2. | USA/National Weather Service SMPDBK (simplified dam-Break)

3. BOSS BOSS DAMBRK

4. HAESTED METHODS HAESTED DAMBRK

5. Binnie & Partners UKDAMBRK

6. USA/COE-Hydrologic Engineering Centre HEC-Programs

7. Tams LATIS

8. Institute  of Water Resources and DKB 1
Hydroelectric Power Research (IWAR),
PR China

9. Institute  of  Water  Resources  and DKB 2
Hydroelectric Power Research (IWAR), '
PR China

10. | Royal Institute of Technology, Stockholm TVDDAM

11. Cemagrer RUBBER 3

12. | Delft Hydraulics WENDY

13. | Delft Hydraulics DELFLO/DELQUA

14. | Consultin Engineers Reiter Ltd. DYX.10

15. | ANU-Reiter Ltd. DYNET-ANUFLOOD

16. | ENEL Centro di Ricerca Hydraulics RECAS

17. | ENEL Centro di Ricerca Hydraulics FLOOD2D

18. ENEL Centro di Ricerca Hydraulics - STREAM

19. Danish Hydraulic Institute MIKE 1

20. { ETH Zurich FLORIS

21. | Danish Hydraulic Institute MIKE 21

22. | EDF-Loabratoire National Hydraulique RUPTURE

23. | EDF-Loabratoire Natioh&lﬂ'Hydraulique TELEMAC

13




1.1.4 Previous Works on Hirakud Dam

A preliminary report on dam break flow analysis of Hirakud Dam was carried out
using MIKE 11 model (Sahayam 1998). This rcport was based on one >breach condition
assumed in the earthen portion in between the two Spillways..An irllﬂO\.N hydrograph with
Q-peak = 69632 cumecs, time to peak = 54 hrs and 'time base = 216 hrs was used to study
the dam break ﬂow in this preliminary report.

The breach parameters used in the above report are: initial breach level = 195.68 m, final
breach level = 160.38 m, initial breach width = 0.1 m, final breach width = 25'0 m, breach
deve10p1i1e11t times = 3 hrs, side slope of breach =0.75.

Some illlpbl't?lllt results of th¢ above study are presented in Table 3.

Table 3. Results of earlier dam break flow study of Hirakud Dam

Chainage from dam

- Max. water level

Time of occurrence

(km) (m) hrs-min
0 167.78 79-57
6 160.29 - 80-33
30 141.75 82-12

310 38.16 106-57

In the above report, following suggestions were recommended for future studies.
1) ~ Sensitivity analysis has to be carried out assuming different breach conditions -
especially the breach width, depth and breach development time in the linear

mode.

i) A systematic study using erosion based failure mode also need to be done.

14



ii)

1.2

Studies based on the breaches on the spillway portion which will fail

instantaneously have to be also studied.

Based on all the studies a somewhat realistic breach has to be selected and
adopted based on which a detailed innundation map and emergency action plan
neeci to be prepéred.

OBJECTIVES AND SCOPE OF THIS STUDY

In the present study, an attempt has been made to study the dam break flows

resulting due to a hypothetical failure of Hirakud Dam. For the above purpose, a

numerical model ‘DAMBRK’ has been used.‘

The objectives of the study are:

i)

calibration of model pérameters suc_hu as Matming’s roughness coefticient (n) and
computational distance step size (Ax),

routing of flood wave movement due to hypothetical failure of Hirakud Dam,
upto 40 km distance downstream of the Hirakud dam,

estimation of time of travel of the dam break flow,

sensitivity analysis éhowing effects of various breach parameters and bed

roughness values, and

preparation of flood inundation map for the worst possible scenario.

Scope of the study is as given below:

Importance of dam break flow study, various issues and literature review relevant

to dam break flows are described in the present chapter. Mathematical modeling using the

governing equations (DAMBRK model) and their numerical solutions (reservoir routing,

15



dam failure, breach outflow and channel routing) have been presented in the next chapter.
A short description about the study area and data availability, are presented in Chapter-3.
Input data and computed results of the present study have been discussed in Chapter- 4.

In the last chapter, important conclusions and recommendations for future study have

been presented.

16



CHAPTER-2

MATHEMATICAL MODELING

In this dissertation work, dam break flow analysis of Hirakuad Dam is attempted.
For this purpose, a hypothetical dam failure scenario is assumed and a computer model
DAMBRK is employed. A short description of the DAMBRK model is presented in this

chapter.

2.1 DAMBRK

The DAMBAK model is the National Weather Service (NWS) dam break flood
forecasting model, developed by Fread (1979, 1988). This model consists of four main
components: (1) flow routing in the reservoir, (2) dam failure model describing temporal
and geometrical v.ariation of the breach, (3) breach outflow, and (4) flood routing through

the downstream valley.

2.1.1 Reservoir Routing

The specified hydrograph at the inlet of the reservoir is routed up to the dam
section. For the above purpose the Reservoir Storage Routing Method is used. This is a
well known method for reservoir flood routing and can be found in text books (Chaudhry
1993, Subramanya, 1989). In addition to this, if the dynamic property of the reservoir is
significant, it can be routed by dynamic routing using St. Venant equations. However, in

this case the cross-sections of the reservoir has to be provided.

17



2.1.2 Dam Failure

The failure time and terminal size and shape of the breach are given as input for
the model. The shape is s;l)c;,ciﬁed by a parameter z as shown in Figure 2, identifying the
side slope of the breach (i.e. 1 vertical :z horizontal slope). Rectangular, triangular, or
trapezoidal shapes may be specified through this pérameter. The final breach size is
céntrolled by the parameter and the terminal wicith (b) of the breach bottom. The breach’
bottom width is assumed to start at a point and then increases at a linear rate over the
failure t’imé interval (Tp) until the terminal width is attained and the breach bot§0111 has
eroded to the final elevation (hyy,) which is usually but not necessarily, the b‘ottoni of the
reservoir or outlet chann;el section. If the failure time “T}’ is less than ten minutes, the
width of the breach bottom starts at a finite value of ‘b’ rather than a point. This
corresponds to instantaneous failure. The breach may form due to overlbppihg (h > hy) or

piping (h <h,), where, h, is the dam height.

2.1.3 Reservoir OQutflow
The reservoir outflow consists of breach flow (Qy), flow through spillways (Qs),

flow above the dam (Qqg), if any, and the turbine flow (Qy).
Q=Qp+ Qs+ Qu+Q ‘ (3)

Qp and Qq are calculated using broad-crested weir formulas. Qs is either calculated
by broad-crested wier formula or specified by the spillway rating curve. Qq is specified as

input.

18
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2.1.4 Channel Routing

fn the present model, the breached outflow is routed through the downstream |
channel by dynamic wave routing. The one-dimensional St. Venant Equations for
unslteady flow arve solved by four point vPreissménn scheme. The governing equations and
the numerical scheme are given below.
Gov\en»ning equations:

The governing equations are the e);panded form of the one-dimensional St.
Venant equations. |

- Continuity equation:

00 0S,(4+A4,) »
+ < —-qg=0 4
' q 4)

Momentum equation:

0Q) opR*l4)  oh _
8t+' = +gA(6x+Sf+Se)—O )

In the above equations (Egs. 4 and 5), h = water surface elevation, Q =
discharge, x = longitudinal distance along the channel, S = sinuosity factor which vary
with h, A= active cross sectional area of flow, A, inactive cross-sectional area, q = lateral
inflow per unit distance along the channel, B = ‘momentum correction factor, g =
acceleration due to gravity, S¢= boundary friction slope, and S‘e = expansion/contraction
slope. The expansion qo;gfﬁciellt is taken as —0.05 to —0.75 and the co;it1‘aéti011 co-

efficient as 0.05 to 0.4.
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The friction slope ‘S¢’ used in Eq. (5) is calculated using the Manning’s equation.

n’Q? ; f | | | | : .' /(6)-

Where, n= Mannihg’s i‘ouglmess co_efﬁdent and R = Hydraulic radius = A/P, where P is

B  the wetted perimeter.

The above governing equations are associated with certain assumptions for their

derivations. These éssumptions‘ are (Chaudhry 1993):

The pressure distribution is hydroétatic,“this isa v‘alid aséumptiiibﬁ if the stream lines
d() not liave shatp curvatures: |

Tllé.. cliafmel bottom ‘slope is small; o tl;at the ﬂQW depths- measured normal to the
channel bottom and me‘asuréd vertically are approximately the san-lé. | |

The flow velocity over the entire channel cross section is unform.

- The channel is prismatic i.e. the channel cross section and the channel bottom slope

do not change with distance. The variation in the Cross se'ctic)n or bottom slope may .
be taken into consideration by approximating the channel into several prismatic

reaches.

. The head losses in uns'téady flow may be siinulated by using the steady, s_taté

resistance laws, such as the Manning or Chezy equation, i.e., head losses for a given

flow velocity during unsteady flow a.r'e the same as that during steady flow.

Numerical solution:

- The governing equations described in the previous sub-section, are a set of non-

linear partial differvelntialAequations (C‘haudli'r‘y 1993). For si.mp.liﬂe"d and idealized cases,
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analytical solutions of these equations are available. Therefore, solutions of these |
equations is obtained by numerical methods. The expanded St. Venant Eqs. (4-5)
constitute a system of partia] differential equations with two independent variables, x,
and t, and two dependent variables, h and Q. The remaining terms are either functions of
X, t, h, and/or Q, or they. are constants. Egs. (4-5) may be solved numerically by
performing two basic steps. First, the differential equations are represented by a
corresponding set of finite-difference algebraic equations, and second, the system of
algebraic equations is solved Satisfying the prescribed initial and boundary conditions.

In the weighted four point Preismann finite-difference scheme, the COllt?l]UOL[S X-t
region in which solutions of h and Q are souhgt, is represented by a rectangular
compl-ltational grid. The grid points are determined by the intersection of lines drawn
paréllel to the x and t axes. Those parallel to the t-axis represent locations of cross

sections. They have a spacing of Ax, which need not be constant. Those parallel to the x-

axis represent time lines. They have a spacing of At, which also need not be constant.
Each point in the rectangular network can be identified by a subscript (i) which

designates the x-position and a superscript (j) which designates the particular time levels.

The time derivatives are approximated by a forward difference approximation.

i+]

J+l Jj+l L i .
% — ki + k kf ki+| . ( 6 )
ot 2A¢

j
where k represents any variable (Q, h).

The spatial derivatives are approximated by a forward finite difference

approximation using weighting factors, 8 and 1-6.

kI g Kk
ak =9[ i+l l ]+(1 _0)[ i+] i

— 7
Ox Ax, Ax, : (7
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Variables other than derivatives are approximated at the time level where the
spatial derivatives are evaluated by using the same weighting factors.

kI kY ki + k.
k:g'__m_ [ —@)[—— L 8
[ 3 1+ 1=-0)[ 2 ] (8)

When the finite-difference operators defined by Eqs. (6-8) are used to replace the
derivatives and other variables in Eqs(4-5), the following weighted four point implicit,

finite difference equations are resulted.

[QﬂLAQ”‘} 0" +(1- 9){ v QJ} (1-0)] +

SI(A+ AN +sI A+ A0 —sl(A+ 4, ), —s](A+4,)],
: i %)
24t
| (0% /A - (B0 1 )" |
J+l J# j_ j '
((Q:) +(Qi+l) (Q:) (Qi+l) )_'_0 ‘Ax' +(] _0)
2A¢, - S 'YALI YL L _
+gAJ+l[ i+) i +Sjj_+1 +Sej+l +SiJ+|)]
I Ax, |
2 J
{(ﬂQ [ D0 =B D] % [h,” -/ +S,+S,+S,H 0 (10)
Ax, Ax,

In the above Eqs (9-10), terms with over bars represent the average quantities

between i and i+1 nodes.
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Egs. (9-10) cannot be solved in an explicit manner for the unkowns, as there are
four unknowns and only two equations. However, if Eqs (9-10) are applied to each of the
- (N-1) nodes between the upstream and downstream boundaries, a total of (2ZN-2)
equations with 2N unknowns can be forl_nulatéd. The required two additional equations,
for the system to be determinate, are obtained using boundary condiﬁons. The resulting

system of 2N nonlinear equations with 2N unknowns is solved by a functional iterative

proéedure, the Newton-Raphson method (Anderson et al. 1984).

Upstream boundary condition:

The upstream boundary is required to obtain a solutioﬁ of the St. Venant
equations. In the DAMBRK model, this is simply a specified discharge hydrograph, i.c.,
Q= QLY | (11)
In which Q is the flow at section 1 (the most upstream cross section), and QI(t), are
specified at either constant or variable time intervals. For a reqixired time 'level,

discharges are linearly interpolated from the table of discharge versus time.

Downstream boundary conditions:

In the most downstream cross section, a known relationship between flow and
depth, for each time level, must be specified. Depending on the physical characteristics
of the down stream section, this niodel allows the appropriate specification of one of the
following four downstream boundary equations, (1) single—valuéd rating, (2) generated
dynamic loop rating, (3) critical flow rating and (4) water level time series.

Initial conditions:
In order to solve the unsteady flow equations, the flow variables (h and Q) must‘

be known at all cross sections at the beginning (t=0) of the simulation. This is known as
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the initial condition of flle flow. The model assumes the initial flow to be steady and non-
uniform.. The flow at each cross section is initially computed as:

Qi = Qi1 + i1 AXiy (12)
using the known steady discharge at the upstream boundary of the channel. "q;’ is the

specified lateral inflow, at t=0, from tributaries existing between the specified cross
sections spaced at intervals of Ax along the valley. The flow depths are computed by

solving the steady state gradually varied flow equation.

Stability:

In this model, an implicit formulation is used. For 0 is greater than 0.55, this
scheme is unconditionally stable. However, to reduce large truncation errors, time step
‘At’ is computed by the model using the following equation.

At=t./M ' (13)
where, t; is the time of rise of specified hydrogaph and M = 20 till the breach is just
about to begin. Thereafter, At is calculated by

At=tvM (14)

where, ‘1’ is breach time and M = 20.

Limitations to the Model: (1?
ol S . .
There are some limitations fo the assumptions which are listed below. -
wa"/

1. Flow is one — dimensional,

2. The channel boundaries are rigid, i e. cross sections do not change shape due to

scour/deposition.

3. A constant value of Manning’s roughness co-efficient is assumed for unsteady flow.
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4: Breach parameters, such as side slope of breach, breach width and time of breach do

not represent the exact breach phenomenon.

5. The model excludes uncertainty associated with the volume losses due to infiltration

and detention. : N

Data requirement:

In this model, the input data requirement has been categorized into two groups.
The first data group pertains to the dam like the breach, spillways and physical
characteristics of the reservoir. The breach data consists of: (i) time of breach formation,

(ii) final bottom breach width, (iii) side slope of breach, (iv) final elevation of breach

bottom initial elevation of water level in the reservoir, (v) initial elevation of water level

b

in the reservoir, (vi) elevation of water when breach begins to form, and (vii) top

e —

e = e L o p—

elevation of dam.
The required spillway data are:
i) elevation of uncontrolled spillway creast,
i) = co-efficient of discharge of uncontrolled spillway,
iii) _ elevation of centre of submerged gated spillway,
1v) co-efficient of discharge of crest of dam, and
V) constant head independent discharge froni spillway/dam.
The reservoir data consists of a table describing storage features of the reservoir i.e.
surfacé area or volume versus elevation.
The second group of data pertains to the routing of the outflow hydrograph
through the downstream channel. These are;

1) inflow hydrograph ordinates and corresponding time interval to the reservoir,
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ii) total computation time,

iii) cross-section indicating varation of top width against elevation,

iv) Manning’s roughness coefficient (n),
V) expansion — contraction coefficient bewteen cross sections,
Vi) sinuosity factors, and

vii)  minimum computational distance (Ax).
The mathematical model described above is used in this work to study the dam
break flow of the Hirakud Dam due to a hypothetical failure case. Before presenting the

result of this work, the study area and data availability are presented in the next chapter.
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CHAPTER -3

STUDY AREA

3.1 THE MAHANADI RIVER BASIN SYSTEM

The Mahanadi River is one of the major rivers of the country flowing east and
draining into Bay of Bengal. Among the Peninsular rivers, it ranks second to the
Godavari in terms of its water potential and flood producing capacity. The river
originates at a distance of 6 kms from Pharsiya village near Nagri town in Raipur district

of Madhya Pradesh.

Total length of the river from the head to its outfall into the seais 851 Km out of
which 357 km of length are in Madhya Pradesh and 494 km are in Orissa. The principal —"
tributaries of the river are, the Seonath, the Koonk, the Hasdeo, the Mand, tllz/l/B, the
Ong and the Tel river. A basin map of the Mahanadi river system showing the details is
given in Fig. 3 . Total catchment area of Mahanadi river basin is 1,41,720 square km and
at Hirakud it is 83400 square km. It covers four states namely Madhya Pradesh, Orissa,
Maharashtra and Bihar, having the distribution of 73138 sq.Km, 65770 sq.Km.,. 238

sq.Km and 634 sq.km, of drainage area respectively.

3.2 HIRAKUD DAM

The objectives of the study reported in this dissertation is to examine the various
aspects of dam break flow analysis with reference to multipurpose Hirakud dam project
in Orissa, one of the pioneer achievements of the independent India which is completed

in the year 1955-56.
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!

Hirakud dam consists of 4800 m long main dam of earth, concrete and masonry
~ portion being flanked by earthen dykes in both left and right sides. The main dam from

right to left is as below.

Types
1. Mas'om'y Power dam- gravity type =289 m
2, Right concrete spillway =360 m
3. Earth dam of zoned filled type =2298 m
4. Left concrete spillway _ =500 m

5. Earth dam of zoned filled type in left= 1353 m
The maximum height of the dam in concrete portion is 61 m and that in earth
‘ portion is 59.44 m. The provision of 64 sluices of size (3.66 x 6.2) m controlled by
vertical slide gates operated from on operation gallery size 3.35 m x 6.10 m along the
body of the dam is a special feature of this project. There are 21 crest bays in the left
spillway having 15 .54 wide and 6.1 m high radial gates.

The other salient features of the project are listed in Appendix-1.

3.3 STUDY AREA
In the present dissertation work, a study area of »1ength 40 km along the river
Mahanadi, from downstl"eam of Hirakud dam, has been considered. The flood plain arca
.on both side of the river are also taken into account. The width of the river near the dam
_ site is nearly a kilomeﬁer. It rahges from 1 to 4.6 kms at downstream locations. Average
bed slope of the river in this area is 1 in 3000. The general soil characteristics of this area
consitute rocky, boulder mixed, 1"ed soil with clay base. In adjaceilt to the dam site, two

towns Burla and Hirakud, are situated. A district headquaters i.e. Sambalpur town is
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placed at a distance of§6 km from the dam site. Besides, there are small developed

villages situated in this region . The inhabitants of local area are mainly dependent on

agriculture. The agricultural land is so fertile that the quantum of food produced from the

nearby area makes the state self-sufficiency.

34 DATA AVAILABILITY

As per the requirement of this work, data have been collected from various

sources. These are listed in Table 4. However, no data is availablé for bed roughness of

the study area. The breach parameters are also not available as Hirakud dam has never

failed.
Table 4 : Available data for the dam break study of Hirakud dam
SI. No. Data | Source

1. [ Surface area and elevation for the | Chief Engineer, Designs & Dam
reservoir Safety, Bhubaneswar |

2. Spillway rating curve -do-

3. Dam elevations -do-

4. Length of dam -do-

5. Spillway length -do-

6, Spillway elevations -do-

7. Cross-section of Mahvanadi river d/s of -do-

| Hirakud '

8. Flow measurements at Tikarpara and | NWDA, Bhubneswar
Naraj for one flood event

9 Contour map of study area Survey of India, Topo Sheets

(1:50,000)

In the next chapter the results of the present study are described.
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CHAPTER -4

RESULTS AND DISCUSSION

In this chapter, the results of the present study i.e. “Dam break flow analysis of
Hirakud Dam”, due to its hypothetical failure are presented. For the purpose of
presentation, the results are described in four parts; (i) outflow hydrographs at
downstream locations, due to dam break flow, (ii) time taken for the flood wave to reach
downstream locations and duration of flooding, (iii) sensitivity analysis showing effects
of bed roughness and various breach parameters, and (iv) flood inundation map due to a
worst scenario case. Also presented are the input data used in the programme, calibration

of model parameters and routing of design flood through the spillway.

4.1 INPUT DATA

The data requirement for the mathematical model used in this study and data
availability for the study area have been presented in Chapter 2 and 3 respectivelj. In this
section the used data, both available and assumed, are presented. A case of hypothetical
dam break is considered in the present study and the flood due to this is routed upto 40
km downstream of dam. The inflow hydrograph to the reservoir is assumed (Fig. 4). In
this figure the recession limb of the hydrograph is shown. It is assumed that the rising
limb of the hydrograph results in filling the reservoir upto top of dam. It may be noted
that, the design discharge for the spillwa){ 1s 42450 cumecs and the peak discharge in the
inflow hydrograph is 60,000 cumecs. The area-elevation relationship for the reservoir is

presented in Fig. 5. Although the capacity of the reservoir (volume) corresponding to
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different elevations are available for a more accurate computation, the surface area
elevation relationship of the reservoir is provided to the modgl as input. The dischargé
through the spillway is shown as a rating curve in Fig. 6. In this figure, x-axis represents
~ the discharge in cumecs and y-axis the head in metre over spillway.

The dam is assumed to break by overtopping failure. The breach parameters are
assumed and the used values are : breach width = 250 m, time to breach =1 hr, and side
‘slope of breach = 0 which corresponds to a vertical breach section. The final level of
breach corresponds to the channel bed level (152.40 m) at dam site. The deepest bed
levels along the river, downstream of the dam, are presented in Fig. 7. The cross sections
covering the flood plain area, located at nine differeﬁt locations are presented in Fig. 8.(a-
i). In these figures, widths (m) and elevations (m) are shown in the x and y axis
1'especti§/ely. ‘O’ in the x-axis represents the ground level at the left bank of Malian_adi
river. These cross sections are obtained from different project documents and survey of
India topo sheets. The bed roughness coefficients are 0.035 and 0.050 for the main river
and for the flood plains, respectively. The computational distance step sizes (A x) aré
differexﬁ for different reaches. An input daté file used for the computer programme is

given in Appendix —2.

4.2 CALIBRATION
The model parameters i.e. bed roughness ‘n’ and distance step sizes ‘Ax’ are
calibrated before applying the model for dam break flow analysis.

4.2.1 Determination of Bed Roughness
Due to non availability of data for the study area, observed values of discharges

for one event at Tikarpara and Naraj are used to determine ‘n’. It may be noted here that,
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Figure 8: Cross sections downstream of Hirakud dam. (contd.)
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Tikarpara and Naraj are situated at distances of 200 km and 310 km from the dam site,
respectively. In the observed values, the discharge at Naraj -(downstream) is always
higher than that of Tikarpara (upstream). This may be due to contfibution form tributaries
located in between the reaches. An approximate method to take into account the effect of
tributaries’ flow is used here. First, the difference between the observed hydrograph is
calculated. Half of this amount is added to the observed hydrograph at Tikarpara. This
modified hydrograph at Tikarpara is routed upto Néraj using the mathematical model.
The computed hydrograph at Naraj is again modified by adding the half of the difference
of hydrographs obtained earlier. Different ‘n’ values are used and the best match between
the observed and the computed hydrographs at Naraj is found to be in case of ‘n’ i.e. n =
0.035. In Fig. 9, the computed discharge hydrograph obtained using DAMBRK at Naraj

is shown. In the same figure, the observed values are also presented. The match between

the two is found to be satisfactory.

4.2.2 Computational Distance Step (A x)

The results of any numerical study depend on the computational step size (A x). In
the present case, the model is executed for the study reach, using différent ‘A x’ values
(0.25, 1, 5 km). It is observed form the present numerical studies that the cffect of ‘A x” is
ve;'y' nominal on the discharge computation (Table 5). In the rest of the studies, different
A x values as defined in the input file (Appendix 2) are used. This is due to the wave
celerity criterion and/or due to expansion/contraction criteria. These values are suggestgd

by the model at the time of test runs.
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Table 5: Effect of ‘Ax’ on computed hydrograph at distance 40 km

from Hirakud dam

Time Discharge (cumecs)

(hr) A x=0.25 km A x =1 km Ax=5km
0 54492 54402 54492
1 54492 54492 55186
2 60921 60871 59707
3 84074 83810 82862
4 114090 114388 117161
5 134032 134073 134421
6 134007 134027 133948
7 131007 131065 130776
8 126918 126896 126689
9 - 122428 122455 122340
10 117925 117913 118043
11 114530 114338 114296
12 111144 110894 111417
13 107841 107747 108077
14 104704 104636 104228
15 101695 101667 100940
16 98822 98789 98160
17 96105 96093 95467
18 93566 93560 92945
19 91233 91224 90713
20 89055 89061 88817
21 86230 86220 86332
22 80456 80446 80696
23 72862 72900 73135
24 66450 66486 66805
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‘ 43 ROUTING OF DESIGN DISCHARGE

Before considering the dam break flow, a case is considered for the design
discharge through the spillway. This flow is routed in the study area i.e. upto 40 km
downstream of Hirakud dam. The reservoir water level for this case is assumed to be at
F.R.L.i.e. 192.02 m. The result of computations using DAMBRK  is pljesented in Fig. 10.
In this figure, maximum water elevations attained ;clt different locations downstream of
dam ére shown. The inundation map due to this design flood is showp in Fig 17, as dotted

line.

44 DAM BREAK FLOW

The data described in séction 4.1 are used as input to study the dam break flow.
Different results obtained from the output. of the computer programme, are described
below.

The reservoir depletion table due to the dam break flow is given in Table 6. The
resulting hydrograph due to the hypothetical dam break at the dam site is presented in
Fig. 11. In the same figure, outflow hydrographs at distances of 20 km and 40 km are also
shown. The peak discharge at the dam site is 144565 cumecs and it gradually decreases to
101648 cumecs at a distanée of 40 kms. As seen in Fig. 11, the peak discharge decrcases
and time to peak discharge increases as the dam break flood moves downstream. This
indicates the general characteristics of a flood wave propagation. The stage hydrographs,
for this dam break study, at dam site, 20 km, and 40 km are presentgd in Fig. 12. In Fig.
- 13, results of this case, for maximum water elevation are presented. A suminary of results

for this case is given in Table 7.
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Table 7: Sl_llllinary of results for dam break flow

Distance Peak Time to peak Max. water Time to
from dam discharge discharge | elevation reached | max. water
(km) (cumecs) (hr) by flood wave elevation
* (m) (hr)
0 144565 1.0 171.83 3.0
20 130987 5.8 152.90 6.1
101648 14.825 140.65 15.275
40
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4.5  SENSITIVITY ANALYSIS

In the uséd input data, many para‘meters areassumed. This may lgad to
uncertainties associated with the results. Therefore, a sensitivity analysis to study
different model parameters is performed. In this dissertation Work; breach width, time to

breach and bed roughness coefficients are considered for sensitivity analysis of Hirakud

dam break study.

| 4.5.1 Effect of Breach Width

The terminal width ‘b’ is related to the average width of breach (b), by the
following equation (ref. Fig. 2) | |

b=b-Zh, ~ ' (15)
rThe breach width and the breach time in an earthen dam depends an the material used and
grade of compaction. However, it is observed that the average breach width (b),
generally, lies between hy and 5 hg.

Effect of different breach widths (250,150 & 50 m) on maximum water level
elevation i; pres&ltf:d in Fig. 14. An increase in breach width résults in more d-isélmrge

and high water level. A dip at 25 kms is due to the presence of a steep slope at that

" location.

4.5.2 Effect ot'Breécll Time

Results are obtained ﬁsing four different breach times (0.5, I, 2 & 5 hr) for the
~dam break flow analysis. As the breach time increases, the maxi.'mu'm water levels
decrease. This decrease in water level is nominal and the_ results are presented in Table 8.

In Fig. 15, time to attain the maximum water level at different locations are presented.
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 Table 8: Effect of breach time on maximum water levels at di'ffer_ent_'

- locations . L
Distance | Maximum water elevation (m) for different
(m) breach times. (Bt) in hour
| ~|Bt=05 [ Bt=1.0 [ Bt=2.0 | Bt=5.0
0 171.87 171.83 171.74  171.41
0.99 170.58 170.55 170.46 170.14
1.98 169.66 = 169.63 . 169.55 169.25

2.999 . 168.88 168.85  168.78 - 168.51
3.999 167.92 167.89 - 167.82  167.55
4999  166.85  166.81 166.74  166.48
5999 . 16559 16556 16548  165.22°
6.832 164.55 164.51  164.44 16417
7665 . 163.58 163.55 163.47 = 163.2 '
8.498  162.69 162.66 16259  162.31.
9.331 161.89 161.86 161.78 161.51.
110.164  161.16  161.13 161.06  160.79 - -
10.998  160.52 160.49 - 160.42  160.15 -
12.088  159.65 159.62 ~159.55  159.29
112.997  158.92  158.89 158.82  158.56
14.088 - 158.05  158.02 157.96  157.7
14,997  157.35  157.33 157.26 - 157 .
15.997  156.57 156.54 = 156.47  156.22
16.996  155.75  155.72 ~ 15566 1554

17.996 154.89 154.86 . 154.79 154.55
18.996 = 153.96 153.93 1563.87 153.62
19.996 152.93 152.9 = 152.84 152.58 -

20.829 152.01 1561.98 = 151.91 151.65

21662  150.98 150.95 150.88 - 150.62

22495  149.79 149.76 149.69 149.41

23328 148.36  148.33 14825 - 147.97

24161 14646 = 146.43 146.35 146.06

124.995 142.95 142.92 142.86 142.68

25289 14347 14343 14337 - 143.17

25.583  143.51 143.48 . 143.42 143.21

25877  143.52 143.48 143.42 143.2

26.171 143.51 143.48 . 143.41 1432 -

26.465 - 143.5 143.47 143.4 - 14319

54



26,759

1435

T 143.4

143.18

| 143.47
~ |27.053 14349 14346 - 143.39  143.18
©|27.347 14349 14346 14339  143.17
~|27.641 14349 14345 143.39 - 143.17
|27.935 14348  143.45  143.38 = 143.17

. |28.229 = 143.48 14345 - 143.38  143.16
128.523  143.48 = 14345  143.38. 143.16
28.817  143.48 14345 - 143.38° 143.16
129.111 14348~ 143.45  143.38  143.16
129.405 143.48 - 14344 14338  143.16

~ |29.699 14348 14344 ' 14338  143.16
©129.994 14348 14344 14338 - 143.16
130.708  143.47 143.44  143.37  143.15
131.422  143.47  143.43  143.37 . 143.15
132136 14346  143.43  143.36 143.14
. [32.85 143.44 14341 = 14334 - 143.12
. 133.564 14342  143.38  143.31 143.09
134278 143.34  143.31 14324 143.02
134.992  143.03 143 14293  142.71
135377 14287 14284 14277 14256
35.762 14272 14268 14262 1424
36.146 14255 14252 14246  142.24

- 36.531 142.39 14236 14229  142.08
. 136.915 14223 14219 14213  141.91
137.3 - 142.06  142.03 - 141.96 141.74
[37.684  141.89 14185  141.79 14157

38.069 14171 14168 14161  141.39

- 138.453 14152 14149 14142 1412
.~ 138.838 14133 1413 14123  141.01

©139.222 14113 1411 141.03 - 1408
'139.607  140.92  140.88 = 140.81  140.58
139.991 - 140.69. ~ 140.65 .140.58 ~ 140.34
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Thus, in the case of dam break flow of Hirakud dam, time to breach has a nominal effect

~on maximum water levels and however, an increase in time to breach results in a higher

value of time to attain the maximum water levels.

4.5.3 Effect of Bed Roughness

In an open channel flow, the bed friction is the most important characteristics
governing the flow. In the sensitivity analysis of bed roughness, different cases are

considered as given in Table 9.

Table 9: Cases of studies for sensitivity analysis of bed roughness

Cases Bed roughness
River (n,) Flood Plain (ng)
1 0.05 0.05
2 0.075 0.075
3 0.050 0.075
4 0.035 - 0.05

in Fig. 16 (a), maximum water levels for cases 1 & 2 are presented for different
locations and in F1g 16(b), the corresponding values are shown for cases 3 and 4. It is
observed that an increase in roughness value increases the maximum water levels. This is
due to more resistance to the propagated flow. Though not presented here, the numerical
results show a decrease in peak discharges due to increase in roughhess. From Figure 16,

it is also inferred that the roughness values of the flood plain have a greater bearing on

the results.
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- 4.6 FLOOD INUNDATION MAP

A flood inundation map is presented in Fig. 1,7’ considering ﬂthe worst case of dam
-~ break flow. This case corresponds to the input values are: (i) breach width = 250 m (ii)
time to breach = 1 hr. (iii) ﬁ, =0.05 and (iv) Ar‘lf = 0.075. The computational model uses
one-dimensional equation. Therefore; the maximum water level at a location represents
the water level throughout the width. From the results of the model, maximum water
elevations are determined at different location. These levels are superimposed on the
contour map of the study area to pfepare the inundation map. In this .map, the times to
attain these levels are indicated within brackets. Important villages and towns are shown
in the figure. Inundation area corresponding to the design discharge from the spillway is
also marked in the same figure.This inundation map may be helpful to designers and
planners working in the field of flood disaster management, Provided analysis is carried
out using elaborate and reliable data as present study involves many simplifying

assumptions.
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CHAPTER -5

— S S

CONCLUSIONS

In this dissertation Work, dam break flow analysis for Hirakud -dam was

“performed assuming a hypothetical dam failure case. A mathematical model ‘DAMBRK’

was used for this purpose. This model employs one-dimensional St. Venant equations and

four Point Preismann scheme for channel routing. Data required for the above study was

obtained from various sources. As it was a case of hypothetical dam failure, breach

parameters were assumed. Conclusions derived from the present study are given belows.

(1)

(ii)

(iii)

| (iv)

The peak discharge at dam site is144565 cumecs against the design value of

42450 cumecs.

The maximum water levels at the dam site is 171.83 m-and at 40 ‘km distance is

-140.65 m. A sensitivity analysis for breach width shows that as the breach width

increases, both Qpeax and Hiyay. increase.

A sensitivity analysis for breach time shows nominal ‘i'ncrease in Qpeak and Hiax,
due to decrease of breach time.

Effect of roughness shows that the greater the roughness value, higher the IH.,,ax
attained. ' | ,

Flood inundation map showing important places affected, for the worst scenario
of dam break, lias been pres’ented.

The fdllowing recommendations>alje suggested for further studies.

A dam break flow model with two-dimensional equations may be used.
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(ii)
(ii)

@iv)

v)

A dam break flow model taking sediment transport into account may be used.
An accurate calibration procedure to determine the Manning’s roughness (n)

using optimization technique may be developed.

A model considering the breach mechanism may be used to determine the breach

parameters.

The present study may be extended to evaluate different losses as a function of

water levels, of the study areé,
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- Appen‘dix-' 1

'Salient Features of Hii'akud dam Project

1.0 Locatidn:

(i) Longitude - -
(i) Latitude

(ii) - District and Tahasil
(iv) River

(v) Location of dam

2.0 Main Works:
(i) . Total length of dam
" (i) Earth-cum-rock fill dam
(iii) Left Earth dam
‘(iv) Right Earth dam

(v) Length of concrete & masonry dam -

(vi) On left side
(vii) On right side

~ 3.0 Hydrology: . .
(i) Catchment area at dam site
(ii) Maximum annual rainfall
(iii) Minimum annual rainfall

- (iv] Mean annual rainfall
(v) Maximum annual runoff
(vi) Minimum annual runoff
(vii) Average annual runoff

4.0 Dam and Appurtenant works:
4.1 Water levels:

(i) Top of dam

(ii) F.R.L./M.W.L.

(iii) Dead storage level

4.2 Reservoir:
(i} Gross storage capacity
(iif Dead storage capacity
(i) Live storage capacity
(iv] Water spread area at F.R.L.
. (v) Water spread area at D.S.L.
(vi} Maximum fetch at F.R.L.

- 4.3 Spillway:

(i) Number of under sluices
(if) Size of under sluices
(iif) Sill of under sluices
. (iv) No of crest gates
(v} Sizeof crest gates
(vi) Crest level of spillway dam
_ (vii) Spillway capacity
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. 83052 E
210-32' N

Sambalpur
Mahanadi . .
15 km upstream of

‘ Sambalpur town. "~ - -

14800 m.

'3651.5 m.

1353.3 m.

22082 m.

1148.5 m.

© 499.9 m.

648.6 m.

83400 sq, km.
1808.73 mm.
940.31 mm.
1381.25 mm.
.9.09 M.Hect.M.

. 1.14 M.Hect.M.
--3.36 M.Hect.M.

.195.68 m.
1192.024m.
- 179.83 m.

8136 M.Cum.
2318 M. Cum.
5818 M.Cum.
743 sq.km.

274 sq. km.

83.2 sg.km.

64 Co
3.658 X 6.2 m each -
155.448 m. - :
34 ' -
15.54 X 6.10 m.
185.928 m.

. 42450 Cumecs.
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