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ABSTRACT

Flood Routing is a technique by which a flood hydrograph at any section in a
channel is determined from a known hydrograph at some upstream section in the same
channel. It is important in flood forecasting, design of hydraulic sfruotures estimation of
sediment /pollution transport. In this work, reaches in Narmada River are attempted to

perform the flood routing studies. For the purposé, a computer program for channel
routing 1s used. The equations governing the flow are One-dimensional Saint Venant
equations and this sélved numerically by four point preissmann’s scheme. However, the
'main limitation in the model is that the channel bed‘is.assumed rigid. Required data for
river cross-sections ‘and observed hydrographs at different locations are collected from
various sources. In the present study, ﬁrst,v- the model pérameters are calibrated using an
indirect method for conservation of water flow. Flood routing in Narmada from Mortakka
. to Mandleswar is performed for five different flood events. The contributions to the flow

from intermediate regions are considered by assuming four tributaries at equal intervals
between the measurement sites. Flood routing computations show that the computed and
observed hydrographs at Mandleswar match satisfactorily. In addition, generalized
equations are derived for the peak discharge and time to peak discharge. These equations
can predict well, the flood peaks and time to attain the peak at any place between
Mortakka and Mandleawar, using the peak and time to peak values of hydrograph at
lMortakka. In the study for the reach from Jamtara to Bermanghat., a methodology is
dev_elopedlto estimate the discharge hydrograph in two tributaries, Hiran and Sher using
the observed hydrographs at Jamtara and Bermanghat. Taking the tributary discharges
into account flood routing computations show the computed hydrograph and observed

hydrograph at Bermanghat match satisfactorily.

(viii)



Chapter-1
INTRODUCTION

L1 GENERAL

Rivérs are associated with human civilization since time immemorial. However,
all rivers exhibit floods cauéing greaf losses to lives and properties. A flood is an
unusually high stage in a river - nofmally thé level at which the river overtops its banks
| and inundates the adjoining area (Subramanya 1998). Such an event :may be generatéd by
intense rainfall, snowmelt and/or collapée of dam. The general characteristics of a flood
ﬂoﬁv are: (a) high discharge, (b) flows in flood plains, (c) change of river course, (d)
sediment transport, (e) three diménsional ﬂow.,v and, (f) {urbulénce. It is important to
- analyze the flow in a river during floods. Flow computation during flood is very much
{ essential for design of hydraulic structures,.ﬂoc_)d forecasting, preparing flood inundation
maps, estimation of sediment and pollution tfansport and river channel improvements.
The main concern to a hydraulic engineer is the modeling of the movément of abnormal

amount of water along a river.

Propagation Wof flood waves in riveré shows several distinctive phenomena; (2)
translation, (b) attenuation, and (c) distortion. Translation of the flood is simply the
recognition that the peak of the disturbance normally propagates in fhe downstream
direction. This is coupled ‘with the notion that the bulk of the water is also moving in the
downstreém direption. However, it is important to distinguish between the speed of

propagation of the disturbance and the speed of the bulk of the water. The speed of the



flood wave depends on parameters such as depth, width and velocity of the ﬂov§. In
particular, a flood wave that is in-bank will travel faster than a ﬂoéd that is over—bank‘ and
inﬁndates a wide plain. Attenuation of a flood is a decrease in the» peak between inflow
and outflow. Mofeover, it happens du.e tb storage detention, withdraWai and roughness
| +characteristics of channel. G'enerally,‘ in-bank flood experiences less attenuation than

* over-bank flood. The peak discharge of 6utﬂow may be more than that of the inflow if

| there is considerable amount of lateral flows into the main channel. In this case, the slope
and shape of the basin play an important role. Diétortion refers to change in shape of the
- wave profile i.e. discharge hydrograph at upstream and downstream. It takes place due to

storage between upstream and downstream, and, differences of wave speed in in-bank

and out-bank.

The computatiqn of the height and velocity of a flood as it prépeigates in a body of
.water is referred to as flood routing (Chaudhary, 1993). F lood routing. is a technique by
@hich é,ﬂopd hydrbgréph at any section iﬁ a channel is determined from a known
hydrograph af some upstream section vi'n the same channel. Based on the flow condition,
 there are fwo broad categories of routing, viz., (a) reservoir routing, and, (b) channel
routing. In reservoir routing, the effect of a flood wave entering a reservoir is studied to
propagate the variations of reservoir elevation and outflow with time. In channel routing,
the-change on the shape of hydrograph as it goes down a channel is studied. Information
on the peéik.discharge attenuation a}ld computing peak time are obtained by channel
, roulting. In channel routing, the water surface slope is assumed non-zero whe:eas it is

assumed zero in case of reservoir routing. .



Channel routiﬁg can be performed in threé methods; (i) experimental, (.'i'i),
analytical, and, (iii) numerical. The advantages and disadvantagés of the above methods
are given in Table}l (Andérson et al. 1984). Ahalyticall methods are only for highly
idealized cases and generalized closed form solutions are not possible due to the
complexities involved with the governing equations. Experimehtal' studies are very
helpful m a better undgrstanding of the flow phenémenon. Héwever, after the advent of
fast computersA and availability of robust numerical techniques, it be'comespopﬁlar arﬁong
. the- engineers to use numerical modeling for studies in flood rouﬁng. It may be noted here

that numerical models can hever replace experimental models.

In most of the numerical models, channel routing is done solving the one-
' dimensional Saint '\A/enant_equ‘ations. Howev.er, due %to complexities of the Saint Venant
* equations, various simplified 'apprdxi:rnations of flood wave pro_pagat_ioh are also in use.
Momgd and Yevjevich (197¢) have presented an excellent review of such methods.
Weinmann , (1979) also, presented a.review on.approximate flood routing methods. The -
simplified methods may be categorized as (a) empirical, (b) linearizatibn of the Saint
Venant équations, (c) hydrological, (d) simplified hydraulic and (e).complete hydraulic
(Fread, 1985). Emp'irical mefhods are limited in application with sufficient observations
of inflows and outflows to calibrate the essential c_oefﬁc-ients. They reqﬁire minimum
computational resources. Some empirical models aré; (a) lag models, and (b) gauge
| relations. Inlag models, concept of lag; this is defined as the difference in time between
-inflow and outflow within the routing reach. In gauge relation, the flow. at a &ownstream
point fo that at an upstrearri station is related. It is based on flow, water' elevations and

combination of each. Linearized models ignore the least important terms of momentum
' 3



equation assuming that cross section is rectangular, bottom slope are constant, no lateral

inflow and the friction slope term is linearized with respect to velocity and depth.

Table 1.1 : Advantages and disadvantages of various methods of channel routing

APPROACHES ADVANTAGES DISADVANTAGES
Experimental 1. Capable of being most realistic. | 1. Equipment’s required.
2. Scaling problems.
3. Measurements difficulties.
4. High operating cost
_ N | 5. Time consuming
| Analyﬁéal 1. It is handy and general 1. Restricted to simple
| information is in formula form. ' geometry and physics.
| 2. Used for preliminary studies. 2. Usually restricted to linear
3. Computers are not essential. problems. |
" | Numerical 1. No restriction to linearity. | 1. Truncation errors.
A 2. Complicated physics can be 2. Boundary condition
treated. | problems.
3. Time evolution of flow canbe | 3. Computer cost.
obtained, :
4. Less time for analysis.

" In hydrologic routing methods, conservation of mass (continuity equation) and an .
approximate relation between flow and storage is used. Following are some of the
hydrological models (a) Muskingum model, (b) Muskingum-Cunge model, and (c)

Kalinin-Milyukov model.

* Simplified hydraulic fouting methods use the continuity equation and a simplified

form of momentum equation. If the simplified momentum equation is the steady uniform

4



flow equation, the -routing.procedure is kinematic routing and if an additional term for the
slope of the water surface is included, the method is called diﬂusion routing. In the
‘complete hydraulic routing, all the terms of the momentum equation are u;e,ed. Sometimes
it 1s also referred as dynamic routing. The‘ above routing methods are in increasing order

of accuracy.

For the numerical solution of the partial differential equations governing the flow,
following methods may be used, (a) "Method of Characteristics (MQOC), (k) Finite
. T ’ /\

Difference Method (FDM), (c) Finite Element Method (FEM), (d) Finite 'Vcih;me Method

(FVM), (e) Finite Analytic Method (FAM), and (f) Spectral Method (SM). In MOC, the

governing equations are converted into a pair of ordinary difference equations and then

are solved by finite c»iifference‘scheme. In FDM, the igoverning equations are ref)laced by
an equivalent set of algebraic equationé and afe then solved numerically. Of the various
numerical methods, FDM have been used very extensively. It may be either explicit or
| implicit. In the explicit scheme, the differentials are expressed as a function of variables
at known time level where as in the implicit scheme they are in tefihs of variables in an
unknown time-level. In FEM, the system is divided into a num_bér df elements and partial
-differential equations are integrated within the elements. FVM and FAM are variations of
the FDM. SM is appropriate for problems with periodic boundary aﬁd studies uéing SM

for channel routing show no'significant benefits over other methods (Sinha et al., 1995).

- Out of the ‘many computati‘onal models for channel routing, the channel routing
model by Fread (1988) is widely used by field 'engineers and researchers. This uses one-

dimensional Saint Venant equations as the governing equations. The numerical solution

5



is based on the Four-point Preissmann Scheme, an implicit Finite Difference Method.
However, the points. that make it different from other models are; ease in data

preparation, consideration of field situations and computational efficiency.

1.2 REVIEW OF LITURATURE

~ In this section, a brief review on the earlier studies concerning flood routing is
presented. In addifion, prévious wqr1<s on Narmada=Basin are also given. As mentioned
earlier, flood routing can be perforrhe’d by .any_ one of the three methods, viz., 'analyti'cal,
_ exberimental and numerical. As the present work uses a numerical method, the followihg

~ paragraphs are with respect to numerical studics only.

1.2 Equations Us.ed in Flood Routing

The most important component of a numerical model is the mathefnatical A
| equatians used to.repreéent the flow phenomena. As seen in the literature, there are a
large number of equations available for channel routiﬁg. Three-dimensional Navier- _
Stokes equations provide a complete description of fluid flow at any Reynolds number.
These are Ifor uﬁlsteady flows and represent the most generalized ,eQuaﬁons. . These
equations usel the assumption of a Newtonian ﬂuid._Direct s.olution ‘of these equations can
| describe a turbulent ﬂow. Due to lack of computer space and speed, these equations
canriot be solved directly for large Reynolds numbers. Navier—Stokes._equations can bé
simpliﬁe»df to Reynolds eciuations where the velocity and pressure terms are divided into
~ their average and fluctuating parts. In addition, some sort.of turbulence modeling is
| p"e'r.formed to evaluate the Reynold stresses. Numerical solutions, for Navier-Stolkes
equations, based on various techniques (Lagrangian approéch; Euleriaﬁ 'vapproach, and,

6



Mixed Lagrangiaﬁ-Eulerian approach) are available in the literature (Hyman 198}).
Varié'us turbulence models are described by Rodi (1984). |

The theory that incorporates vertical accelerations, to a limifed extent, in
approximations to the horizontal motiqn equation is called Boussinesq Theory
(Boussinesq 1872). Many forms of tke equations attributed fo BouSéinesq are found in
literature. Variations are due ‘to the order of accuracy of terms retained and methods of
" derivation. Boussinesq Equations are also known by various other names, such as Serre
- Equation, Perigrine Equation c. Boussinesq theory can be applied to finite amplitude
'qulasi-lor.lg waves propagating in shallow water. 'Son_ae studies using Boussinesq equatioﬁs

are by Gharanzik and Chaudhry (1991), Carmo et al. (1993).

Assuming the velocity to.be aniform along a vertical direction and intégrating
, afong the depth, two-dimensional Saint Venant EQuations- can be derived freim-three- ,
dimenéional Navier-Stokes equations (Lai 1927). These equations can ber further
simplified to one-dimensional equations, neglecting the variations m transverse di_réction.
Assuming a radial flow, ’fowns’on and $alihi (1989) used one-dimensional Saint-Venaﬁt
equations in radial coordinates. Most of the numerical studies in flood routing use Saint-
Venant equatioﬁs (Chaudhry 1993). Vertically Averaged Moment (VAM) Equations are
depth averaged equations and can be derived.by taking the moment of the momentum
equations (Khan and Steffler 1996). As suggested by i’aterson and Apelt"(l988) depth
- averaged equations can be derived by assuming various forms of distribution for ihe
Qelocity in a vertical plane.v For example, they have derived .equations for four different

types of assumptions.



" 1.2.2 Flood Routing

Technical papers on flood routing are many in numbers. Only, some references,

. which are relevant to the present work, are cited in the following paragraphs.

Palaniappan et.al.,(1986),They have used a Muskingufn-Cunge method foriﬂood

routing in Narmada river from Mortakka to Gurudeswar.

Ragan (1966) investigated the numerical flood routing technique for channels
'éubjecf to Jateral inflows, in laboratory. He faﬁed one of the practical pr‘oblemsA found
© with the numerical technique. The results were highly sensitive to the values of the
Mannigs roughness céefﬁcient used to describe the channel roughness. He described that
as the percent erro.r in the roughness co-efficient increased, the_tim'e required for the
convefge the actual hydfograph increased.

'Amein?([i];"“fo’) aﬁ:empted to solve the unsteady flow equatibns by tbe method of
characteristics and it was presented for stream flow routing. The procedure was épplied to
the routing of a flood hydrograph thro.ugh a channel. He found from that the friction
forces alone can reduce flood peak and flatten out the rising and recession limbs of the

* lh}.ldrograph. Moussa and Bocquillon (1996)J developed a modified form .of diffusive
- equation Considéri_ng the two parameters of the equation. These parameters are celerity
| and diffustvity, which‘are thé' function of discharge. Keskin. and Agiralioglu (1997)
‘i aeveloped a' simplified aynamic model with a new form of momentum equation
consisting of cross sectional area and diécharge to solve the Saint Venant 'equation.for

flood routing. The channel cross-section was assumed rectangular with a constant width



and an expliéit finite difference formulation was used,. The results were compared with a
dynarﬁic model, which gave satisfactory results. Thus, they showed that the simplified

dynamic model is easier to formulate and compute.

- Fread et al. (1997) developeg an e;gplicit numerical scheme for the solution of
one-dimensional unsteady flow in hatural rivers. It was tested with the implicit scheme,
which gave accurate fesults. In some situations the scheme i.e;. implicit and explicit
fnultiplé routing was introduced to incorporate the advantages of using both thé schemes.

.Pir}g et al. (1999) developed a hydraulic flood routing method for _multibranch rivers
based on the double sweeping method by means .of imagihary channel length for the -
;imultaneous solution of the implicit finite difference scheme of Saint Venant equations.
The model provides an effective tool to handle .the problem of flood routing for

multibranch rivers and to treat the problem of weir control on flood fQuting.

1.2.3 Narmada Basin

In the comprehénsive study of Narﬁiada river basin, several studies of Narmada
hﬁd been done at National Institute éf Hydrology (NIH) for investigating the
hydrological, hydrorﬁetrological and physicél characteristics of the differencé sub basins.
The rating curve had also been developed for some of the gaugiﬁg sites located in the
.Narmada River. Singh R.D.,vl(1999). S.M.Seth et.al.(1985), They have évaluated 'r'ating

curves for some of the gauging sites on Narmada River.

Seth et al. (1990) applied the SHE model to Narmada Basin from its origin upto

Mannot. All land phase components of hydrologic cycle were considered either by finite



difference representation of the partial differential equation of mass, momentum

conservation form or in the form of empirical equations. Seth et al. (1990) has evaluated

SHE model, thich is also a deterministic, distributed and physically based
hydrological ‘modeling upto Barna basin. SETH et al. (1990) have evaluated a SHE
model, a deterministic and physically based‘h‘ydrollogical modeling to Hiran sub basin of
Narma&a which can m#ke ﬁse of all available information 1e topography, soil and land
| use and 2 new ideas on hydrological process. Jain et al (1990) application of SHE model
to Kolar sub-basin of river Narmada has been descfibed. The SHE model is a
deterministic and physically based model where in land phase components of hydrologic
cycl_e mainly considered. Tripathi et. al.(1992) In tilis paper agriculture water quality

issues on farm irrigation management, aquifer recharge and discharge, have been

discussed.for Narmada basin.

Choubey et al. (1995). cafri;ad out a land capability classification in a part of -
Narmada considéring the tekture, depth,- permeability and salinity of the soil, which is
. very important for proper management of agricultural land. Jain et al. (1995) evaluated a
flu:viél geomorphéiogic characteristic of four sub-basins of upper Narmada for
developing the hydrological models to simulate hydrological response of the basin, which
was widely used for simula;cing hydrological response of ungauged basin. Goel et.al.
' (1998), have 'developed a sysfematic methodology for multivariate modeling of flood
flows and application and validation of this methodology have been made by using daily

flows of Narmada river in Garudeswar.
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From review of papers related to Narmada- river, it is seen that most of the work
“done so far is based on rainfall and runoff, stage-discharge rating relation, flood routing
using Muskingum-Cunge method and etc. In this work, a numerical model using
complete Saint Venant equations, used to route the flood and generalized equations for
the péak discharge and ﬁme to peak discharge have been formulated. A methodology is
~ also develope.d. for finding out the tributary 6utﬂov§ using the observed flows at nearby

places in the main river.

| OBJECTIVES AND ORGANIZATION OF STUDY

The objecﬁves of the present work are; (1) calibrating the parameters of the flood
routing model. (2) flood routing iﬁ Narmada from Mortaka to Mandleswar, (3)
developing a generalized equation for peak discharge and time to peak and apply it fpr
the above study r‘eéch, and (4) developed and apply a methodology for estimating the
- discharge hydrograph of tribﬁtaries (Hiran and Sher) from observed inflow and outflow

hydrographs of a river reeich( Narmada at Jamtara and Bermiﬁghat).'

Importance of flood routing énd ;eview of literature relevant to the present work
“was presented in this chapter. Mathematical model .using the governing equations and
thei; numerical squtioﬁ is presented in chapter two. In chapter three, the study area is
de_scribed. Regults of the. present study are presented in chapter four and imﬁortant

conclusions and recommendations for future work are given in the last chapter..
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Chapter 2

MATHEMATICAL MIODELING .

In the previous chapter, impg{:ance of flood routing in various engineering
applications, review of literature and objectives of the present’study have been presented.
In this chapter, mathematical modeling using partial differential equations governing the

flow and their numerical solution is presented,

21  GOVERNING EQUATIONS

In the present work, one-dimension.al Saiﬁt Venant equations in rectangular
coordinate system are used as the governing équatibns. These equations are (Chaudhry
1993):

. Continuity Equation:

oA o0 .
—+——-q =0 1
Pl ) @

Momentum Equation:

a0 a(Q>  gdh .
KL L8 oys, -8 - 2
6t+ax[A+ 2J (s, -s,) @

In the above equations, x and f are the distance coordinate along the longitudinal
direction and time coordinate, respectively. 4 is the cross-sectional area of flow, /4 is the

flow depth, O the discharge of flow and ¢ is the lateral inflow per unit length of the
12 ’



‘channel. & s the acceleration due to gravity and S, and S are the bed slope and friction
~ slope, respectively. A Jefinition-sketch is presented in Fig.2.1.
Equations 1 and 2 are obtained makirfg the following assumptions (Chaudhry 1993).

(a) Channel bed slope is small.
at a section is hydrostatic al

or surface variation s gradu

ong vertical direction. This is true if

(b) Pressure distribution
al..

ation is small, i.e., the wat

the vertical acceler
be computed using formula

es in unsteady flows may s for-the steady

(c) The fricﬁon loss

state friction losses.

(d) The velocity distribution at a channel cross section is uniform. -

aight and prismatic.

 (e) The channel is str
Interim catchinent runoff

o~ WATER SURFACE

7

' FLOW

DEPTH

RIGID BED

Figure 2.1 Definition sketch for flow in a channel
The above assumptions are valid for most of the gradually varied flow situations.
However, the governing equations do not account for the effective stresses, which arise



due to (i) laminar viscous stresses, (ii) turbulent stress and (iii) stress due to depth

averaging.

.

Extra turbulent stress-like terms appear while depth averaging the momentum
equations because of the ﬁon—uniformity- of the v_elocity in the vertical direction. Based on
experiments in the laboratory channels, Odggrd and Bergs (1988') have shown that the
error introduced By uniform velocity éssumptioﬂs is negligible. Flo,ksfra (1977) also
~ showed that away from walls the effective stresses are dominated by the bottom stress.
.However, it should be noted that thé’se effecti‘ve stresses should be considered while
simulating circulating flows (Flokstra 1977). Fewj models are available simulating
effective stresses using turbulence closure models. However, these methods as applied in
open‘channels (Rastogi and Rodi 1978) are at best sd?c?:essﬁﬂ for fixed bed channelsj Ip
addition, their gpplication may be required only if one is interested in three-dimensional

flow structure and actual sediment movement. -

The friction slope Syused in Eq.2 is calculated using the Manning's equation.

Sp=—=ts | | 3)

In Eq. 3, » is Manning's roughness coefficient and R is the hydraulic radius

represented by the ratio of area and wetted perimeter.

22 NUMERICAL SOLUTION
"The governing equations for unsteady channel flows as discussed in the previous

section constitute a set of non-linear hyperbolic partial differential equations (Lyn 1987, _
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Chaudhary 1993). Analytxcal solutlon for these equations is available only for highly
idealized cases. Therefore, they are solved numerically. In this section, a numenoal
:scheme is presented for the solution of the above one-dimensional Saint Venant
' 3 eduations. In the présent work, a method developed By Preissman (1961) ana earlier

- adqpted by Fread (1988) has been used. This method uses the weighted four point

" Preissman implicit scheme, a finite difference method, for the numerical solution of the

goﬁerning equations. The solution sfrategy is presented in Fig. 2.2.

'i‘he Saint Venant equations are hyperbolic. partial differential equations having
tWo independent variables; x and £, and, two dependent variables, 4 and Q. The remaining,
terms are either functions of x, #, h, and/or O, or they are constants. Eqs. .1 and 2 are
l' solved numérically by performihg two basic steps. Firsf, the partial differgntial equations
are ‘represented by a corresponding set of finite difference. algebraic eduations and

second, the system of algebraic equations is solved in conformance with prescribed initial

and boundary conditions.

Eqﬁations 1 and 2 can be solved by_either explicit Qf implicit finite diffe_rence
‘techniques (Liggett and Cunge, 1975). Explicit ﬁethods, although simpler in -application,
are resfricted by mathematical stability considerations .to‘ very small computational time
steps. Such sma‘II time stepé cause the explicit methods to be very inefficient. Implicit
lmethods, on the other hand, have no restriction on the size of the time step due to

- rhathematical stability (Preissmann 1961, Amein apd Fang 1970,

15
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Figure 2.2 Flow chart for the numerical solution
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Strelkoff 1970) However, convergence considerations may. require its size to be

limited (Fread, 1974).

Of the various implicit schemes, weighted four-point scheme used by earlier
r.esearcheré (Preissmann 1961., Chaudhary and Contractor 1973 and Fread and Lewis
'1988) appears most advantageous. Because, it can readily be used with unequal distanée
| - steps and its s’;ability - convergence properties can be conveniently controlled. In this

+ scheme, the continuous x-/ region is represented .by a rectangular grid of discrete points.
' The grid points are determined by the intersection of line drawn parallel to the x and /
axes. Those parallels to‘the f-axis represent locations of ¢ross sections and they have a

spacing of AX, which need not be constant. Those p.a'rallels' to the x- axis represent time

lines and they have spacing of 4z, which also need not be constant (Fig. 2.3).

¢ A
i+l
j A
At Ax
8 .
_ > x
12 i-1 i i+l 2

Figure 2.3 Numerical grid in x and t directions
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Each point in the numerical ré‘ctangﬁlar grid can be identified by a subscript j, and

I, which designates the x-position and particular time level. The time derivatives are

approximated by a forward difference approximation centered between the i and i+1"

points along the x-axis, i.e.

W _KKE KK | @
Ot 201,

!

Where K represents any variable {, or 4. The spatial derivatives are approximated by a
forwarded finite difference approximation positioned between two adjacent time lines

according to -weighting factors of #and /-6.

o _Jrn-xm) KK ' |
a:{ o ] (- H{TJ Y

Variables other than derivatives are approximated at the time level when the spatial

derivatives are evaluated by using the same weighting factors i.e. -

In the above equations 0 is a weighting factor and selection of &is important.

{KJ‘H_*' J+1:l (1 H{Kj'*_ +l} . (6)

_' 8= 0is fully exﬁlicit and 8= 11is quy implicit. Fér 0.55 <' @ < I the scheme is stable.
* When the ﬁnite-differende operators, defined by Egs. 4-6, are uséd to replace the
derivatives and Othér variables in Egs. 1-2, the following wéighted, four—point implicit,
finite difference equations are obtained: |
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Jj+l J+l J J J+l J+l
9 A + AH-I + (1 _ 9) A + AIH + 9 Qi + QH-l
| 2 2 2

J i '
+ (1 9)[(21 ;QH-IJ q - O . (7)

@[MT_IJ '(1 9)[0’+Q.’+1} {(QZ/A):{ (O /A)”} (1-6)

[(o 14)! +(Q° /A)N} megl] c1-g)
2 2 2 ‘

(%} gA(S,~5,)=0 ®

1h

In the above equations (Egs. 7-8), the terms associated with the j t1me are for a

- known time level and j+I™ is the unknown time level. In the beginning of the program, j
. refers to the initial conditions. The equations stated above cannot be solved in an explicit
or direct manner for the unknowns since there are four unknowns and only two equati‘ons.
.However, if Eqs. 7-8 is applied to each of the N-/ nodes, a total of 2N-2 equations with
2N unknowns will be formulated. Here, N denoteé the total number of nodeé locations
. where computations are perfor‘med to find the flow variables. Thén, the other two
equétibns are obtained from boundary conditions in order tb get a solution. These 2N
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non-linear equations are solved iteratively by a fast converging Newton- Raphson method
(Chaudhry 1993).

BOUNDARY CONDITIONS:

Upstream Boundary Condition: In the pfesent mathematical model, the upstream

boundary condition plays an important role in the solution of the }go’veming equations. In

most of the cases, thisi information is obtatned from the spec'iﬁedvv hydrograph i.e. Q;= QI

(1). ‘In which the ﬂovs} at section 1 (the most ﬁp stream cross section), and QVI (t) rgpresents
- the specified flow at time (t). " The upstream flow should not be zero and the time

specification shouldA not be less than the required ti@e of flood routing:

Down stream boundary condition: In case of down stream-boundary condition, the
mo,'del uses one of the followiné four conditions. (i) Speciﬁled stage hydrogfaph, (11)
“single valued rating curve, (iii) critical flow éondition. (iv) generated dynamic loop rating

curve,

Initial Condition: The flow conditions are also_speciﬁed at the beginning of the

unsteady flow cOnditions, which is known as initial condition. The initial condition (flow
at t=0) are -speciﬁed, by aésuming a‘rsteady. non-uniform flow. The flow depth (h) 1s

specified by ﬁumerically intégrating the steady state gradually varied - flow equation.
Presence of any internal boundary requires speéial treatmenf, as governing equations are
not valid at these locations. In such cases, established empirical formula or relations
replace momentum eqhati;ﬁn.

STABILITY: Althoug‘h‘an implicit formulation is used which requires no stability
cr,iteriba, a small time step is used in the model té obtain results with small truncation

error. The time step, At is calculated by,
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At<0.075Ct(2/D)*3
where C =Wave celerity = Jg_h

g = gravitational force.
h= water depth.

© t,=time of rise of hydrograph -

Z=(1-e/jpo%s* - (20 - 2) |

In which € is the permissible error ratio (0.90<€<0.99) and 0 is the weighting

factor.

. DATA REQUIREMENT:

In this work, following data are required.
(1) Inflow hydrograph ordinates and corresponding time interval.
(2) Total computational time. |
(3) Cross-section at observed vin.ﬂow and outflow stations and their location.
4 Elgvation'corresponding to each top width of cross-section
(5) Top width corresponding to each elevation of-cross-section
(6) Manning’s roughness coefficient.
(7) Expansion and Contraction coefficient between the cross-section.
'(8) Computational distance(Ax)
- (9) Initial size of time step.(At)

(10) Down stream boundary parameter.
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LIMITATIONS:

" The limitations of the model constitute the assumptions used in the derivation of

governing equations. Some of the limitations are:

(D

(2)

)

The model assumes one-dimensional flow, but there are some instances where the
flow is more nearly two-dimensional than one-dimensional. In many cases where
the wide flood plain is bounded f)y_ rising topography, the significance -of
neglecting the transverse velocities and Water surface variations is confined to a
transition reach in which the flow changes from one dimensional to two
dimensional and back to one dimensional along the x- direction.

The model assumes a rigid bed channel, but during floods if can cause significant
scour i.e. degradation of alluvial channels. This enlargement in channel cross
sectional area is ﬁeg_lected in model since the equation for the sediment transport
and channel bed armoring are not included in the governing equations.

Bed rou;t;hness is a complex function of various flow and bed characteristics. The
uncertainty éssociated with the selection of the Mannings » can be quite
significant for the floods due to (i) the great magnitude of the flood produces flow
in portions of floodplains which are very infrequently or never before inundated,
this necessitates the selection of the # value without the beneﬁt of previous
evaluations of n from measured elevation/ discharges or the use of calibration
techniques for determihing the n values; (ii) The effect of transported debris
can also alter the Mannings #». However, the model assu‘mes a constant value of

Mannings roughness coefficient # all time level.
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Chapter 3

THE STUDY AREA

The governing equations and their numerical solution to perform the flood routing
for specific reaches in the Narmada River were presented in the previous chapter. The

study area and available data for the present study have been described in the following |

sections.

3.1 NARMADA BASIN

‘:The Narmada River situated in Central India is a west flowing river. It originates
from Maikala hills at Amarkantak in Madhya Pradesh at an elevation of 1058 m and
flows througﬁ Madhya Pradesh, Maharasfra and Gujarat. Total length of the river is 13;12
Km and the basin area is about 98796 Km®. The basin is bounded on the north by the
Vindhyas, on the east by the Maikala range, on the south by the Satpuras, and on the west
byl the Arabian Sea (Fig. 3.1). The river has 41 tributaries penetrating the catchment in
- notrh-south directioﬁs. Some of the major tributaries are Hirén, Shér, Shakkar, Tawa,
Burner, Chotta tawa and Kundi. The Narmada basin is of elongated shape. Topography of
the Narmada basin is hilly with forest cover in the upper reaches, lower reaches are flat
>with abundance of farmland. Major part of the Narmada basin consists of variety of black
soils with a large content of clay. Mixed red and black soil, red and yellow soil and
skeletal soil are observed at isolated areas. The vegetation in tbhe Narmada catchment
includes a variety of agricultural crops on the plains and forest of varying density in the

~ upland areas. The climate is humid tropical ranging from sub-humid in the east to semi-
23 '
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" arid in -the west. The average annual_rainfal_l is 1230 mm. The Southwest monsaon is the
main source accounting for 90% of the annual rainfall, of which 60% falls during the
months of Ju}y and August. There are seven important gauging sites (Mannot, Jamtara,
Bermanghat, Hosangabad, Mortaka, Mandleswar and Gurudeswar) in the main river. For
this dissertation work, the specific reach considered is from Mortaka to Mandle'swalf for

five different events. In addition, the reach from Jamtara to Bermanghat, which contains

. two major tributaries, is also attempted for one flooding event.

. 3.2 RIVER REACH FROM JAMTARA TO BERMANGHAT

The sites Jamtara‘ and Bermanghat on the main river are located at 399 Km and
510 Km away, respectively, from the source at Amarkantak. Both the sites are in Madhya
Pradesh. The major tributaries - Hiran and Sher, between Jamtara and Berminghat, join
the main river at a distance of 461 and 494 Km, respectively, from the source. The Hiran
joiﬁs the main river from right side, whereas the Sher is from the left. The lengths of
thése tributaries are 187 Km and 128 Km, respectively and their catchment areas are
4480 and 2867 sq. Km. In between Jamtara and Berminghat, there are five ordiﬁary rain
gauge sfations (Narsingpur, Lakhandon, Ghansore, Chhindwara and Patan) and two self
recording rain gauge startti‘on's (Jabqlpur and Adhartal). The reach between Jamtara and
Berminghat is in the upper plain region. Major part of this area consists of black soils
with clay and about 40% of which are under forest and reméining 60% 1is under

‘agricultural, grass and wasteland.



3.3  RIVER REACH FROM MORTAKKA TO MANDLESWAR
" The sites Mortaka and Mandleswar are situated in the main riQer Narmada at 886
Km and 926 Km away from the source. Between these fwo sites, there .are 10 ordinary
rain gauge stations (Khargone, Bhikangaon,. Lachore, Kasrawad, Maheswar, Mandu,
Manpur, Bagaud, Choral and Pataliaani). This reach is situated in the middle plain region
of the basin. This reach mainly contains black soils and mixed red yellow soils. The

vegetation in the region is an agricultural crop in the plains and forest of varying density.

3.'4 AVAILABLE DATA
The Narmada basin has been studied extensively, covering various aspects of -
' hydrology, at Nation;I Iristitufte of Hydrology (NIH), Roorkee. The data, which have been
.' used in this study, are, (1) observed flood hydrographs at Mortakka and Mandleswar for
l' five cases, and data adopted from Seth et. al. (1985),Vol.2 of Final report, and (2) river
cross-sections at Mortakka and Mandleswar have been extracted from Seth and
Palanippan (1985),(CS-6). In addition, for the study on river reach from Jamtara to
‘Bermanghat, one observed hydrograph at Jamtara and Béramanghat for the one event and

cross-sections were also taken from the same references stated above.

26



Chapter 4

RESULTS AND DISCUSSION

The study area and the available data have been described in chapter three and
results for flood routing at two reéc_hes of Narmada are presented in this chapter. The
results of the present work are presented in four parts. In the first part, calibration
' showing determination of various model parameters such as, roughness coefficient (#)
and distance step size (&) in the numgrical grid is presented. Results of flood routing
from Mortakka to Mandleswar fof five different events are presented in the second part.
The third part constitutes derivation of géneralized equations from cases of studies in part
2, for peak outflow at any. intermediate location and time to achieve this value, as
functions of inflow parameters and length. In the last paﬁ, flow hydrographs in the
tributaries (Hiran and Sher_) using observed hydrographs a1;. Jamtara and Bermanghat in

the Narmada River, are determined. Before discussing the results, the used input data for

the present study is presented in the following section.

41 INPUT DATA

In the present analysis of flood routing from Mortakka to Mandleswar in the
Narmada River, the 'iqﬂow hydrographs at Mortakka are prescribed as the measured
.“ ‘discharges at that place. These values are adopted from Seth elt al. (1985). Different

“events havé been considered for the purpose. The cross-section details at Mortakka and
Mandieswar havibeen éxtractéd from Seth and Palaniappan (1985). These two cross-

sections are presented in Fig. 4.1. As seen from this figure, the cross-sections are not
| 27
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defined at higher elevations. Thus, the present study is limited to the flow in the main

river only and higher flows involving the flood plains cannot be analyzed using these

cross-sections.

Further, three more cross-sections at equal intervals between Mortakka to
Mandles@ar are also used. These cross-sections are obtained using lAinear interpolations,
| aé no measured values are availablé. The river bed friction charaéteristics is defined by
the Manning's roughness coefficient, » and its value for the specific reach from Mortakka
to MandlesWar is 0.03. In the section for calibration, it will be shoWn that this value gives
- a bettef rﬁatch with the obséryed outflow hydrograph. The incremental step sizé, A =1
Km is uéed in this study. As the width of the_cross—sections are approximatély of the same
order, used vallues of expansion/cbntracﬁon coefficients are zero. The lateral inflows due
to the contribut_ion from the intermediate catchment area are determined by deducting the
ébsewed hydrographs at Mandleswar Aarr'ld Mortakka. An input data file used for the

computer program is presented in Appendix-i.

4.2 CALIBRATION

The' model pdrameters, sqch as distance step size, Ax, and Manning’s roughness
coefficient, n, aré calibrated 'f6r4 the reach from Mortakka to Mandleswar. on Narmada
.river. As the flood waves moves downstream, the peak discharge is reduced and the
shape of the hydrograph is flattened. However, if there is considerable amount of lateral

- flow from the intermediate catchment area, the flood peak at a downstream location may
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' be more as compared to that at a station located upstream. In the present case as seen
from the measured discharges, the lateral inflow from the area between Mortakka and
ll\/Iandleswaf is significant and therfore, the peak discharge at Mandleswar is higher than
that at Monakka. In the absence of any information about lateral inflow, it is difficult to

calibrate the model parameters. Therefore, an indirect method is adopted to calibrate the

Manning’s roughness coefficient.

42.1 Determination of Manning’s
Let 4 and C, be two stations, on the main river. Observed hydrographs at 4

and C (Q,” and ro) are available. Cross-sections at 4 and C are known. An
ﬁ intermediate station B which is located at mid point of 4 and C is assumed. The
.croés-secvtioh at B is d‘ete1mined’using lin.ear interpolation of values for cross-
slection at A and C. The observed hydrograph at B is assumed as the average of the
' -Qbéelved hydrqgraphs at A and C. Using the above information and assuming a
arbitrary » values, two flood routings, first from A to C and then from B to C are
i)elfOImed. The first set of resulté gives the computed hydrographs at station B
: ,(Q;A'B.) and at C (Q%) due to observed hydrograph at 4. The second sef of results
gives the computed hj/dl'ogl‘aph at C (QGB'C) due to the observed hydrograph at 5.
The contributions from 4 to B, B to C, and 4 to C are calculated separately. A
, ‘Check is made to verify the contribution from 4 to C equals the combination of
. chu'ib}itibn from A to B and B to C. The procedure is repeated with different »
values till the above condition 1s sﬁtisﬁed. The calibration strategy to determine

~ optimum 7 values is presented in figure 4.2.
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Figure 4, 2 Determination of Manning’s n by calibration
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" Two cases fér the reach Mortakka and Mandleswar have been considered
to .do-the calibration, following the probedure mentioned above. It ma‘y be noted
here that, A ‘refers to Mortakka and C to Mandleswar. An imaginary station, /, is
Considered Vas B. The calibrated value of Manning’s » is 0.030. Results of the
above numerical study are-presénted in Figures 4.3, 4.4, 4.5 and 4.6. In these-
F igu.re's the contributions from Mortakka (4) to Mandleswar(C) and combinations
of confributior;s from Mortakka to / and / to Mandleswar are presentéd. The

comparison shows a good match between the two hydrograph.
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.

422 Effect of Distance Time Step

- the results. For fiiis'purpqse, the modgl has been executed using different Ax values
(4x=1.0Km; 2.0 Km and 5.0 Km). It is observed that as Ar reduces the results become

closer (F igure 4.7). In rest of the studies, all the results have been obtained using Ax=1

km. -

Dischargae (cumec) .

- Figure 4. 7 Computed hydrograph at Mandleswar for different AX values
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4'.2 _' FLOOD ROUTING FROM MORTAKKA TO MANDLESWAR
| | In the present st'udy,- flood rbuting have been performed from Mortakka to -
Mandleswar for 51x events The Cress- sectlons at Mortakka and Mandleswar are
.presented in Flgure 4 I(a) (b) Observed inflow hydrocraphs at Mortakka for different
: cases are presented m Figures 4.8, 4.10, 4.12,74.14, and 4.16. Summary of this
“hydrograph are ptesented in Table 4.1. | |

TABLE-4.1 SUMMARY OF INFLOW HYDROGRAPHS AT MORTAKKA

. Cases Peak discharge(Cumecs) Time to peak (Hr)
Case 1 ‘ 5679 » 4
Case 2 _ 5243 13
Case 3 - 8824 29
Case 4 _. 20813 4
- Case 5 - 18477 21

Results obtained from the mathematical model for the above cases are presented
' ib Figtlres;4.9? 4.11, 4.13, 4.15, and 4.17. In these Figures, the outflow hydrograbh at
Mandleswar as co-mputed‘ by the model are shown. In addition, the observed hydrograph
at Mandleswar are alsc presented."FQr all the cases the vmatch is satisfactory.‘ The
sutnmary cf otltﬂcw hydrographs at Mandleswar is given in TabIe‘LiS. The results shovv
‘that it is impcrtant to consid_er the contribution from the interrtlediate catchments. One
| case (Case 1) is also studxed without consxdermg the lateral mflow from the intermediate
catchment The computed hydrograph at Mandleswar (Flgure 4.18) is underestimated
when - compared with - the__ observed hydrograph at that place.
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- Table 4.8 : Corﬁputed'and Observed Peak Outflow and Time

Observed peak

Cases - Computed peak Computed peak Observed peak
discharge(Cumecs) - time(Hr) . discharge(Cumecs times (Hr)
i ) )
Case1 . 6800 126 6776 9
Case? 6296 2280 6295 18
Case3 10335 36.55 10406 32
‘Case4 22767 - 104 22706 7
~ Caseb 19931 2310 20090 18
o477
4 50 :




43  GENERALIZED EQUATIONS:
As the flood wave moves downstream in a channel, the flood peak and time to

flood peak are changed. These values are complicated functions of distance, channel

. roughness, bed slope and inflow characteristics. These values can be accurately found out

.using' a good:ﬂood_roqting model. However, it is easier to use some simple equations.
Also, thesé relations'hips are helpful to 'ﬂ.elld engineers. In}lthe present study, simple
equations for peak -discharge and iime to attain this value, as a function of inflow
characteristics and distance, are derived for flows from Mortakka to Mandleswar. These
' generalized eAquat.ions are‘ based oﬁ noﬁ;linear regression analysis of the result obtained in
‘the previous section. For this purposé thrée intermediate sections are considered at 10
- Km., 20Km. and 30 Km.', respectively. Th¢ Cross-sections at these places are obtained
using Iinear interbolation between crdss-sections at Mortakkavand Mandleswar. Outflow

~ hydrographs have.been computed at Mandleswar and all the intermediate sections, The

derived equations are given below.

=1.106(L, )% (¢,)7**® o . ©)

Q ltg |

12-11

= 0.823(,)°*(Q,)" | o (10)

Where, L= 1/40, t=(t1*Q1)/(40’® and Q=(t1*Q1)/(40)’
L is the distance from Mortakka, in Km. Q1 is the peak discharge in cumecs at Mortakka,
- .and ti is the time to peak‘dischargé at Mortakka. Q2 and t2 is the future peak discharges

and time to peak to be finding out uéing the quation.
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" Figures 4.19 Shows the comparison of discharge between values Obtained using
. equation and mathematical model
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Flgure 4.20 Shows the comparlson of peak time between the values obtained usmg
' equatlon and mathematlcal model
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A cpmparison b:;ween the values 6bf_aiﬁed using equations (9) and (10) are presented
' agaiﬁst those obtained from f_he mathematical model (Figures 4.19,4.20). The comparison
.-shows that the equatigns can predict peak disqharge and time to attain this value at any
blace’between Moxfakka to Mandléswar'for a'known hydrograph at Mortakka. Here it
may be noted that the effects of cross-sections, bed slope and roughness afe inéluded in
the const;;nt terms in thé right hand side of the equations (9) and (10). It is important to
' ,'Arr.lention here that these equations are limited for flows confined to the main rivers as very

~ high flood values are not considered in the derivation of the equations.

. 'ESTMATION OF DISCHARQE FROMA TRIBUTARY

- Unlike the reach from Mortakka to Mandleswar, the reach between Jamtara and
: Be;rm;mghat has two major tributaries (Sher and Hiran) of Narmada River. Generally, the
. measﬁfeﬁmﬁ'isites are established on the main river and the flows from the tributaries

'rémainvur»lgagg.ed. In this section, an -attempt has been made to estimate discharge
| hyldrographl -f‘or Hiran and Sher usirfé the v’observe'd hydrograph at Jamtara and

" Be;maﬁghat.' ’i"he procedure for thié purpose is described below.

” The créss sections at Jar\n_tarav and Bgrmanghat are given in the figures 4.21(a) and
- (b). The 'Manﬁing’s roughness coefficient us¢d in this reach is 0.060. First, the volume
: vcénltﬁbution from both the trifbutéries (Hiran andv Sher) is calculated by deducting the

| .ups’creérﬁ hydfograph (‘J‘amtara). from doxx;nstream hydfograph (Bermanghat). This total

. volume is shared in the ratio of the areas for the Catchments of the tributaries. The shape
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of the hydrograph for a tributary is calculated based on the weitage factors for each time

“interval. The wéitage"’factor is de_termined usiﬁg the inverse square law for distances from

' - the lobs,erved sﬁtgs(Jamtara and 'Bermanghat). Thevprocedure is explained systematically
; '. through on tﬁe followfng éteps.

Fléod rouing takihg the hydrographs frqnf both the tributaries (Hiran and Sher)
produceé a beﬁer match of hydrographs (Observed versus Computed) at the downst;eam
station on the main river Narmada shown in the ﬁg;u_re‘4.24..

| The observed discharge .is 4056 cumecs and time to peak 26 hr. and computed
discharge is 4071 cume;:s_ alnc.i time to peak is 26 hr. The computed tributaris peak
discha‘rge. for Hiran and Sher is 719.86 and 574.06 cu.mecs aﬁd time to peak 7 hr. (both).
.,The' hydrographs for Jamtara and Ber'manghgt (observed) and hydrographs for Hiran and

- Sher are g.iven, in figure 4.22 and 4.23 respectively. |

 i STEP:
1) :VI‘ éﬁd.VZ is the volﬁme computed at Jamtéra (statioﬁ 1) and Bermanghat
(sta.ti{)n 2). ’ |
2) Volum’e from tributaries, (VT)'= V2-VI |
- 3) -Distribution of YT to,thé 'eachﬁqu_ibutary in the ratio of ind.ividualvcatchment
area of Hiran(AT_i) and Sher(ATZ).'.v | |
VT1=(AT1*VT)/(AT1+AT2) |
- v\./Tz—-—l(ATZ*VT)‘/(ATl‘vLATZ) |
Where, VT1 and VT2 is the. voluﬁe lof tributaries Hifan and Sher. and AT1

and AT?2 is the catchment area of Hiran and Sher.
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B 4) ~ Frorﬂ the Observed hydrographv at station 1 and 2, éompute percentage of area,
) "g;;d O2.for farﬁtara and Bermanghat. ie. Ol= Qi; /ZOin;, and
02=Oi2/ZOin2",.w}v1ere Oiy, Oiy is the value(each) of ordinate of hydrograph at

| Jérﬂtaré.and Bermanghat and ZOin;, 20in, is the total valﬁe of ordinates for
Jamtara ax{d Bermanghat. ‘
5) Distribufe the percentage o4f area (O1 and 02) inversely proportional to the
square of distance bf tributaries fr01.ni the station 1 and 2.for each ordinates.
OTI=(D;? *O1)/(D; +D72) +(Ds? *02)/(D/* +Dy%)
OT.2=(D12:*OII ))(_Df +D,%) HD2? *02)/(D,2 +D,%)

. "Wllere D1 and D2A is the conﬂuenqe di.stances of tributaries from Jamtara and
Bermanghat. '}'(’)T_l .and OT2 is the diétribution of observed hydrographs
ordinates (each) forJ amfara and Bénﬁanghét

6) Compute the hydrograph ordinates of tributaries Hiran(QTH) and Shef(QTS)

-' -‘i.e_:. | |

QT (OTl*VTl))ZOTl

- Qrs- (O’TZ*VTZ)/Z‘OTZ' _

' Wﬁ;ere OT1 and ‘OT2 is fhe dis.trib.ution of observed hydrograph ordinates
(each) ; VTI aﬁd VT2 is the voluﬁie'of tributaries Hiran and Sher aﬁd 20T1 and 20T2 is

) the total distribution of observed hydrograph ordinates.
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Chapter 5 |

CONCLUSION

I this_ study,' spéc;iﬁc reaches in the river Narmada was attempted for flood °
routing.b Fér the above purpose, :a computer moﬁe_l for channel routing (Fread, 1988)
using one — dimensional Saint Venant equations was used. Different model parameters
were '-calib.rated- using an indifect te_chniq{;e fof water flow conservation.

The important conclusion of the present study are given below :
1 In ‘the flood routing study. from Mortakka to Mandleswar, the computer
‘hydrégraph matches | well wit.h the obsefved hyd.rograph at Mandleswar.

Althdugh the peak discharges are approximately equal, the time to peak values

~obtained by the computational 'r‘nodel _aré always higher.

-2. . The considerations for the intermediate flows are important. These can not be
neglected.
:3...  Derived generalized equations can predict the flood peak and time to attain these

; \}alues»at any intermediate iocation;.using the information at Mortakka.

4. . The derived genéraliéed equations‘ are not valid for very high flows.

5. In ‘the flood routiﬁg ~StIUdi-es_ from Jalﬁtara to Bermanghat, a procedure 1s
déveloped to‘esti.mate th'e discharges in the two tributaries present between these
two stations.

6. | Taking the tributary flows into account the computer hydrograph at Bermanghat

matches. satisfactory with the observed hydrograph at that place.
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RECOMMENDATIONS

) Thefolldwiié rec‘ommen.dations as listed below for future studies:
1. ~ An iﬁvérse tecﬁhnique,: u'Sirig'lqptimAization rfléthoa, to determine the contribution
. from the inténmédiate catc.hxvnent area,"sﬁould‘be» d@velopnient.
. _‘ 2. A criteria, to choose v_(rhﬁher the iﬁtermedigte contributions are significant or not,
have to be deveilopéd;
| 3 - Effect of sediment flows in ﬂo,od -.rout_ir‘lg‘ studies for specific reaches in Narmada
needs to be performed.

4 A .method_ology‘to extent the results obtained_With limited data, for higher flood

values is to be developed.
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