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PREFACE

In recent years, there have been somewhat indiscriminate deve-
lopment of urban settlement and industries in the flood plains. This
has led to considerably more damage due to floods besides the loss
to crops and other property in the flood plains. To reduce or eli-
minate such damage there is need for taking up both short term and
long term structural and non-structural measures of flood control

and flood plain management.

This report presents a typical study for flood plain zoning
of downstream area of Machhu Dam-II in Gujarat State. The maximum
flood elevations due to 100, 200, 500 and 1000 years return period
flood, 1979 flood, design flood and dam break flood from Machhu Dam-1I,
etes have- been computed using the National Weather Services DAMBRK
model developed by Fread (1984) and the same have been
marked on contour map of scale 1:15000. The area inundated downstream
of Machhu Dam-II based on maximum flood elevation criteria, due to

these floods has also been assessed to the extent possible.

This report entitled: 'Flood Plain Zoning for Downstream
Area of Machhu Dam-II', is part of the work programme of Flood Studies
Division of the Institute. The study has been carried out by Shri

M.K.Santoshi, Sc.'B' under the guidance of Dr. S.M. Seth , Sc. 'F'.

(SATISH CHANDRA )
DIRECTOR
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ABSTRACT

This report presents a typical study for flood plain zoning
of downstream area of Machhu Dam-II in Gujarat State. This study
uses the National Weather Services DAMBRK Model developed by Fread
(1984)to compute the maximum flood elevation due to dam break flood
of Machhu Dam-II downstream of the dam. The routing option of DAMBRK
model using dynamic wave theory is used to compute the maximum flood
elevations due to floods with different peaks, which includes 100,
200, 500 and 1000 years return period floods, 1979 flood, design
flood and dam break flood from Machhu Dam-II and floods with peak
8765.3, 9734.9, 10956.3 and 11879.7 cumecs, representing earlier
estimates of 100, 200, 500 and 1000 year floods. The maximum flood
elevations due to floods as mentioned above are computed at about
half km interval along the reach of 39.65 kms downstream of the dam
and the same have been marked on contour map on both the sides of
river reach at corresponding locations. These maximum flood elevation
marks at different downstream location have been Jjoined by straight
lines indicating the limits of the inundated areas due to the corres-
ponding flood. The inundated areas within these limits have also
been measured to assess the total inundated area due to the correspon-
ding flood downstream of the dam. It is seen that dam break flood
affects the maximum area (160.40 sg.km.) along the reach and 100
years unrevised flood affects the minimum area (37.287 sq.km.) along
the reach. The quantitative results are however dependent upon accura-
cy of available information regarding river cross sections and contours

in the flood plain, and assumptions made for routing of flood wave.
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i8] INTRODUCTION

Every year floods play havoc in our country. The magnitude
of the flood depends upon the intensity of the rainfall, itsduration
and also the ground conditions where the heavy spell of rainfall
occurs. Erosion and silting which are increasing due to deforestation
lead to reduction in conveyance capacity of river channels, and thus
accentuate the flooding. Flood plains are generally heavily populated,
since they are very fertile and are easily accessible. In recent
years, there have been somewhat indiscriminate development of urban
settlement and industries in the flood plains. Thishas led to consi-
derably more damage due to floods besides the loss to crops and other
property in flood plains. There is need for taking up both short
term and long term structural and non-structural measures of flood

control and flood plain management.

Flood management includes all planning and actions needed
to determine, implement and devise plans for the best use of flood
plains and their water resources for the welfare of the country.
With increasing population and overall development in economic sphere
coupled with exploitation of water and land resources in the flood
plains, comprehensive flood plains management programme will have
to be formulated for their optimal use. For reduction of flood damage
both structural and non-structural methods are employed. Structural
methods such as dams, embankments and levees, diversion works etc.
tend to modify floods and their peaks. The non-structural methods
such as flood plain regulations, flood proofing, flood forecasting
and warnings etc. modify susceptibility to flood damage and disruption

and messues such as flood insurance, flood fighting, post flood recovery
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etc. tend to modify the impact of flooding.

One of the important aspect associated with the
non-structural measures for a flood plain is to aésess
the flood hazard at each specific location for existing
conditions and future condition involving modifications
in runoff characteristics. This is characterised by the
elevation and spatial area delineation of specific exceed-
ance interval flood events. Keeping in wview all such
measures, flood plain zoning provides for management,
control and regulation of developmental activities and
encroachments in the flood plains. Flood plain zoning
means restricting/regulating aﬂy human activity in the
flood plains of a river where the plains are affected
by over flow of water from the channels and streams.
Generally the terms flood plain includes water,channel,
flood channel and area of nearby low land susceptible
to flooding by inundation. The flood plain =zoning has
the short terms objective and preventing more damage
from flooding and in the long term to reduce and evenf elimina-
te such damage. Surveys have to be carried out for determining the
nature and extent of flood plains of rivers. Such surveys form the
basis of establishing flood plain zones. This includes delineation
of the areas which are subjected to flooding including classification
of land with reference to relative risk of flood plain use
intended to safegqguard the health, safety and prbperty
of the general public.

The hydrological computations include:

(a) Consideration of a specific reach of river having
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gauge and discharge measurement sites at upstream and

downstream ends;
(b) Establishment of rating curves for both sites,

(c) Division of the reach into sub-reaches with consis-
tent parallel water surface profiles for the range of

discharges,

(d) Establishment of rating curves for sub-reaches
(in cases where stage computations are _ not made as a

part of flood routing computations).

(e) Selecting and calibrating appropriate flood routing
technique,
(£) Carrying out flood frequency <analysis to estimate

flood peaks for different return periods,

(g) Determining corresponding flood hydrographs for

different return period floods,

(h) Routing of flood hydrograph through the river
reach and computing flood levels for different return

periods for each subreach.

(i) Marking the corresponding flood 1limits for each
flood on the contour map of the basin area covered by

the river reach,

5] Taking into consideration existing land use within

these limits, compute stage v/s damage function,

(k) Decide about limits of flood plains for restricting

different types of land uses for future activities.



Flood frequency analysis is a tool used to estimate
the frequencies of future floods. In this approach the
sample data are used to fit frequency or probability
distributions which in turn are used to extrapolate from
recorded events to design events either graphically or
analytically. The sample data can be either annual flood
series or partial duration series. In annual flood series

highest floods for each year are considered while 1in

partial duration series all the floods above a particular
threshold are considered. The only restriction about
partial duration series 1is that the floods considered
should be independent. Generally in field practice annual
flood series is considered. Commonly used probability
distribution for flood frequency analysis include log
normal - two parameter distribution, log normal -3 parameter
distribution, extreme value type 1 distribution, Pearson
type III distribution and log Pearson type III distribu-
tion. Various methods for estimation of the parameters
of these distributions are available in literature. Among
these the method of moments and method of maximum likelihood
are more popular. In frequency analysis goodness of
fit of wvarious distribution is examined based on some
statistical criteria. The two most commonly used tests
of goodness of fit are the Chi-square and Kolmogrov-Smirnov
Eests. An additional check on goodness of fit may be
made by computing the sum of squares of differences bet-

ween observed and computed event magnitudes. Once the

distribution of sample data is decided the floods of



various return periods can be estimated from the sample

data. The standard errors of flood estimates increase

as the return period increases.

Another method of carrying out flood frequency
analysis is to first transform the data to normal distri-
bution using power transformation, carry out the frequency
analysis and again transform the results to original
domain. Thus, adopting such measures with appropriate
legislation the disaster due to floods occuring in the
area can be avoided and damage caused by floods could

be minimised upto the extent possible.

The rating curve i.e. the relationship between
stage and discharge can be developed and used to find
out stage or flow as the case may be when measurements
are not available at shorter interval and for complete
duration of flood. When the observed values of discharges
are plotted against the corresponding stages, it gives
a relationship that represents the integrated effect
of a wide range of channel and flow parameter. The combined
effect of these parameters is termed as control. If the
stage discharge relationship for a gauging station 1is
constant and does not change with time the control 1is
said to be permanent. It is called shifting control if
it changes with time. This problem generally arises
in case of alluvial rivers and for large and instanta-
neous floods such as dam break flood. One of the most
important factor in this <case is unsteady flow effects

of a rapidly changing stages. Thus the rating curve is



estabiished for such effects and then used to obtain
corrected flows. Routing is used to predict the temporal
and spatial variations of a flood wave as it traverses
a river reach or can be employed to predict the outflow
hydrograph from a watershed subjected to a known amount
of precipitation. Routing techniques can be <classified
into two categories - hydrologic and hydraulic routing.
Hydrologic routing employs the equation of continuity
with either an analytic or an assumed relationship between
storage and discharge within the system. Hydraulic rout-
ing, on the other hand uses, both the equation

of continuity and momentum equation. This particular
form utilises the partial differential equations for
unsteady flow in open channels. It more adequately descri-
bes the dynamics of flow than does the hydrologic-routing
technique.  Hydraulic Routing techniques are helpful
in solving river routing problem, overland flow or sheet

flow and in systems simulation of a composite watershed.

The purpose of the report is to assess the area
affected by the floods of different years return period
and different peaks as well as year 1979 flood, Design
Flood and dam break flood for Machhu Dam-II. The informa-
tion may be used by the flood control authority to warn
the public 1living in flood plains which are likely to

be affected by such floods and can take appropriate safety

measures.



2.0 REVIEW

It is one of the fascinating hydrological problem
to study, how to reduce damages (direct and indirect)
caused by flood using short term and long term structural
and non-structural measures of flood control and flood
plain management. Some of important studies carried
out or methods used to solve such problems, by different
researchers or organisations, either in published or

unpublished form have been reviewed as follows:

A Minister's committee on Flood control (1964)
recommended that more attention should be paid to the
methods of flood control other than embankment like minor,
medium and major storages, canalisation, inter-basin
diversion and to such non-physical measures like flood
warning and forecasting, flood plain zoning and flood
insurance. A minister's committee on flood and flood
relief (1972) made same recommendations on the strategy
for flood protection including that the action should
be taken by the various state Governments for preparation
of maps of the different river basins, demarketing therein
the areas where human habitation will have to restricted

by administrative measures.

Johnson (1970) presented the 'State flood-plain
management activities including necessity for flood damage
reduction, early flood plain management, 1960 flood control
act, regulation of flood plain uses, administration and

legal problems and concern with social aspects. He stated

7



that primary emphasis was placed on corrective measures
which includes dams and reservoirs, levees, channel impro-
vements, watershed treatment and other structural measures
The 1960 flood control act say that flood plains cannot
be wisely managed, of course, without first being adequa-
tely identified. Johnson also stated that state govern-
ment is confronted with a number of administrative and
legal problems relating to implementation of flood plain

regulations and management measures.

Ministry of Agriculture and Irrigation (Deptt.
of Irrigation) Govt. of India, circulated a model bill
for flood plain zoning to the State Governments in July

1975, including the following aspects:

a) Flood zoning authority and its power

b) Surveys and delineation of flood plain area

c) Notification of limits of flood plains

d) Prohibition of restriction on the use of the flood
plains.

e) Compensation

f) Power to remove construction after prohibition

The final report of the working group ‘on Flood
control, as brought in 1978, by the Ministry of Agricul-
ture and Irrigation recommended sOme important points
with regards, to the strategy for flood protection inclu-
ding that in connection with flood plain regulation and
management the basic work of detailed surveys and prepara-

tion of contour maps should be carried out in the central



sector and the State Government should demarcate the

areas liable to flood of different frequencies and inten-
sities both on maps as well as on ground and enforce

necessary land use regulation.

In the fourth conference of State Ministers of
Irrigation (1979) several resolutions were passed on
floods and flood protection. Those rélating to important

flood control strategy are summarised below:

i) Completion of the work of preparation of master
plans for flood control and drainage within the
frame work of overall development of water resources.

34 Preparation of detailed contour maps in respect
of flood prone area be expideted by taking up
the work in the central sector and to take steps
to demarcate flood zones corresponding to various
flood frequencies and intensities.

iii) Necessity of administrative and 1legal steps to
be taken immediately by the concerned authorities
to regulate development activity in the flood
plain. The other points were regarding the new
embankment Schemes and anti erosion works to be
taken for protection of town, industrial areas
and a group of thickly populated village abadis,
railway lines and roads where relocation is not

possible on techno-economic grounds.



Davis (1979) developed and tested analytical metho-

dologies for application in comprehensive flood plain
information studies. The methodology permits and encourages
comprehensive, systematic, practical assessments of present
and alternative future basin-wide development as reflected
by alternative land use patterns .and physical works in
terms of flood hazard, economic damage potential and
selected environmental consequences. The analysis methodo-
logies were centred about integrated use of computerised
spatial, gridded geographic and resources data files.
The methodology was applied to Trail Creck in Clarke

County, Georgia.

Ford (1980) stated that the goals of non structural
flood control planning are formulation, evaluation, selec-
tion and implementation of a practicable management plan
that provides optimal protection from adverse effects
of flooding. Many alternative flood control measures
can be dismissed by the planner on the basis ' of judgement,
but a substantial number will require detailed analysis
before a suitable plan can be selected. Software develop-
ed at HEC allows efficient data storage 1in a structure
oriented data bank and provides for selective retrieval
and manipulation of data from an interactive terminal.
Thus the planner is able to propose nonstructural measures
and to evaluate rapidly the economic and technical feasi-
bility of these measures in an interactive scheme that

allows the required input from the planaer.
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R.B.A. (1980) under' Lines of Remedial Action'
states that it is possible to have recourse to the follow-

ing measures of protection and flood control -

s Feasibility of Embankments to keep the flood out

of areas which are otherwise subject to inundation.
e Storage reservoirs, preferably on the tributaries
3, Detention basins where the excess of flood water

may be stored for a short time

4, Diversion of water of one river 1into thz other

Bt Increasingy the slope of the river by cutting down
loops.

6. Dredging &dnd  channelling of the river where water

way has been reduced due to silting.

Besides these, some other measures like revetmznts
and spurs will be necessary to safeguard any particular
town exposed teo the danger of being eroded. After callec-
tion of requisite data, the choice of a appropriate method

or combination of methods can be made.

R B (1980) describes the different methods
of flood management and states that each flood situation
is different and we should have different alternative
adjustment from which to choose. These adjustments were
classified in four groups, each of which represents an
attempt either to deal with the flood waters or the acti-

vities that would be affected by them. These groups

are:
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i) Attempts to modify the flood

ii) Attempts to modify the susceptibility to flood
damage.

iii) Attempts to modify the loss burden

iv) Bearing the loss.

Methods of modifying the floods can be grouped under

the following three heads.

i) Construction of flood control or protection works.

1) Adoption of measures which will cause reduction
of floods.

1idl) Alteration of precipitation patterns through weather
modification.

Flood control or protection works are further classified

as under:

a. Embankments and flood walls or dowl walls.
b. Reservoirs
€. Natural detention basins
dic Channel improvements
e. Emergency flood ways
£ River diversions
g. Inter basin transfer
I, Bank stabilisation and anti erosion m=asuares
1 Ring bunds and
e Under ground storags reservoirs
Flood modification, acting alone,. leaves a residual
flood 1loss potential. It can also encourage a false

12



sense of security landing to in appropriate use of lands
in area that are directly protected and often in adjacent
area as well. For this reason measures to modify the
possible flood should usually be accompanied by measures
to modify the susceptibility to flood damages by land
use regulations. Modification of the susceptibility to
damages of property and activities in flood plain 1is
usually carried out by flood plain management, devealop-

ment and redevelopmant policies, structural changes,

flood proofing, disaster preparedness response plans
and flood forecasting and warnings. This strategy is
expressed as actions to avoid dangerous, un-economic,

undesirable or unwise use of flood plains.

Flood plain management covers land use regulations,
statutes, zoning ordinances, sub-division regulations,
Govt. purchase of property and relocation. The purpose
of land use regulation within a Flood hazard area are
two—fold (i) to ensure that the existing hazard and flood
damage potential are not increased and (i1i) to ensure
that new developments are not themselves subjected to
serious damage. The flood zone concept assumes that
the river channel and flood plain are one unit and flood
plain is really a part of the- river channel which 1s

used to transient water only in frequently.

The outer limits are taken to ke the estimated
boundaries of the largest flood to be expected. The degree

of hazard decreases away from river channel and the =zones
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are defined, each with its own group of regulation and
its own special set of planning devices to take into

account of this variability of hazard.

The modification of the loss burden is actually
a strategy for mitigating the losses by means of actions
designed to assist the individual and the community in
the preparatory, survival and recovery phase of floods.
This category comprises - i) emergency measures and ii)
redistribution of losses. The emergency action consists
mainly of i) evacuation ii) flood fighting and iii) public
health measures. The approach of redistribution of losses
to modify the burden by spreading is over a larger seg-
ment of community than that immediately affected it more
evenly over the time. The common methods of this approach

are disaster relief, tax remission and flood insurance.

The report of High Level Committee on flood 1957,
indicated the necessity of a new thinking on the ultimate
nature of the problem regarding providing flood protection.
The central Flood ntrol Board, in its 7th meeting held
in May 1958, under the Chairmanship of the Union Minister
in charge of Planning) Irrigation and power who was also
incharge of flood control, noted the vital recommendation
of High Level Committee that absolute or permanent immunity
from flood damage was not physically attainable by known
methods of flood control and hence flood plain zoning,
flood forecasting and warning, and like measures should,

therefore, be given due importance.
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El-Jabi and Rousselle (1983) presented a stochastic

model based on the recent development in the theory of
extremes value to describe the flood occurrence. The
model was applied to the 'Rivers des Prajries' assuming
that the exceedences (Flood peak and/or stage above a
given base flow and/or stage base stage) are independent
and identically distributed in the +time interval for

a given year and season.

Veissman and Welty (1985) stated that the nonstruc-
tural approaches to flood damages reduction generally
refers to all other adjustment than structural approaches
employed to modify the exposure of people to flood. This
includes both measure to modify the susceptibility to
flood damage and disruption and measures to modify or
reduce adverse impacts of floods on the individual or
community. They described the following methods under
nonstructural approaches to flood damage reduction such
as, Flood plain regulation, Development and Redevelopment
Policies, Flood Insurance, Flood proofing, flood forecas-
ting and response systems, Disaster Preparedness, and
Relief and Rehabilitation. It was specifically mentioned
that, in 1973 congress strengthened the National Flood
Insurance act of 1968, by passing the flood disaster
protection act, which required communities to participate
in the flood insurance programme in order to obtain any
form of federal financial assistance for land acquisition
or construction in any flood designated area or federally

funded relief for flood victims.
5]



Mistry (1986) discussed the flood warning disse-
mination and flood forecasting system that has been set
up in the state to warn the people in the flood plain

zones.

Bisaria (1986) discussed the trends in flood damages
during the last 33 years. The total flood damages evalua-
ted 1in monetary terms comprise the damages to crops,
houses, and public utilities. An analysis was made to
indicate the varying extend to which these losses (at
constant prices) have contributed to the total damage
during the years. He also stated that a programme of
flood control was launched at the national level in the
year 1954. This has provided reasonable protection to
an area of 13 million ha by March 1985 out of total flood
prone area of 40 million ha as assessed by Rashtriya
Barh Ayog (1980). The analysis of the damage data could
be a vpointer for areas needing attention. The trend
of flood damages in the light of investiments in flood
control sector and their effect on economic welfare,

need to be studied and discussed.

Chandra and Perumal (1986) explained a generalised
methodology for estimating annual flood damage to house
and property component of a given river reach and its
use in our country was suggested in the planning stages
of flood control studies. They also mentioned that in
order to understand the severity of the flood problem

and to compare benefits and costs of a flood management
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measures, there 1is need for development of procedures

to estimate flood damage.

Patel and Purohit (1986) made at attempt to identify
the causes of the flood damages, historic events of the
floods and flood damages in the country as well as in
Gujarat State. The measures to mitigate the flood damages
through structural and non-structural flood plain managé—

ment were also been discussed.

Ganga Flood Control Commission, Patna (1986) gave
some suggestions indicating the classifications tha¥f

could be made for collection of flood damage.

Rangachari (1986) summarised the picture of flood
damages 1n India as reflected by the data reported by
the States. The existing system of data collection and
compilation agencies were discussed. The methodology
and procedures followed for the data collection were
discussed under broad headings like crop damages, damage
to private houses dnd properties, loss of 1lives, damage
to public property and indirect damages. The many reco-
mmendations of the Rashtriya Barh Ayog 1in respect of
these issues were discussed and it was concluded that,
by and large, these recommendations had not been satis

factorily taken into account.

Chandra and Perumal (1987) brought out in brief
the problems of flood and its extent 1in our country.
The measures adopted in practice for the management of

floods in various parts of our country have been brought
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out. The flood problem was discussed from the hydrological

point of wview and the required hydrological analysis
for wvarious flood management measures was indicated
Although the strategies of modifying the flood and reducing
the impact of flooding are widely practiced .in our country,
the strategy of reducing the susceptibility to damage
has not been given much attention. Therefore, thz2y brought
out 1in detail the measures available under this strategy
paying due emphasis to the improvements required in the
adopted measures under this strategy and other measures
to be practiced in managing floods.

Hegde (1987) made an attempt to inaicate the types of
measures that have been taken and also proposed to be
taken direct and indirect to minimise the losses due
to flood disasters. Floods cannot be controlled totally
at any cost, and have to be lived with. However, with
improved science and technology flood disaster areas

can be better managed and the possible losses minimised.

El-Jabi and Rousselle (1987) described an integra-
ted approach which includes consideration of the hydrologic,
hydrodynamic, physical and economic components of the
total system, and stated that hydrologic and economic
information must be integrated in flood plain management.
On the basis of thzse components, they proposed a theori-
tical model which provides a rational procedure for estima-
ting flood damages from projection of economic develop-

ment within area. The wutility of the model was also

18



demonstrated by applying it to a flood-prone region in

Southern Que bee, Canada.

Das and Lee (1988) presented a new methodology
to calculate economic losses from hypothetical, extreme
flood events, such as PMF, using economic data compiled
from already available secondary sources such as U. S.
census data on magnetic tape, utilizing microcomputer
and other electronic media. Estimates of land elevations
were obtained from topographic maps and flood elevation
were estimated using a dam breach and flood routing (DAMBRK)
model (Fread, 1984). The calculations were performed at
a disaggregate spatial scale by various land wused and
industrial classification categories. Depth-damage func-
tions, which provides, an estimate of damages as a propor-
tion of the existing value of the structure were estimated
statistically. Computer software (DAMAGE) was used to
combine economic, flood elevation, and depth damage informa-
tion to compute economic losses for different possible

flood stages and for different inflow events.

Sukegawa (1988) traced the history of flood control
in Japan and stated that in planning, flood control measures,
the degree of protection to be achieved is calculated
in terms of return period of the project storm, which
may be 50,100 or 200 vyears. A hydrograph of the project
storm 1is produced by extrapolation from historical data
and proportions of the project flood are then assigned

to wvarious control measures. The most common of these
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measures are levees, channel improvements, flood ways,
reservoirs and retarding basins. In addition, sophisticated
prediction and warning systems are being developed to

allow effective evacuation of threatened areas.

Refsgaard et. al. (1988) presented a general mathe- -
matical modelling system for real time forecasting and
flood control planning. The system -comprises a lumped
conceptual rainfall runoff model, a hydrodynamic model
for river routing, reservoir and flood plain simulation,
an updating procedure for real time operation and a compre-
hensive data management system. The system was applied
for real time forecasting of the two 20,000 sz (Yamuna
and Damodar) catchments in India as well as for flood
control modelling at the same two catchments in India.
In another project the system was established for the
entire Bangladesh with a coarse discretization and for
the south East Region of Bangladesh with a fine model

discretization.
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3.0 PROBLEM DEFINITION

The objective of this study is to assess the area
affected by the Floods with peak 8765.3, 9734.9, 10956.3,
11879.7 and 17149.8 cumecs, 1979 Flood, design flood and
dam break flood for Machhu Dam-II and also to mark the
limit of areas affected by these floods on contour map
of scale 1,;15,000, downstream of Machhu Dam-II simulating
the flood wave movement by dynamic wave routing technique
as adopted in DAMBRK model, using the information available

for the study.

The extent of flooding on both sides of river
reach has also been studied for hydrographs for revised

estimates of 100, 200, 500 and 1000 year return periods.
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4.0 METHODOLOGY

This study wuses the National Weather Service's
DAMBRK model (Fread, 1984) to compute the maximum stage
reached d/s of Machhu Dam-II due to Dam break flood, [Refer
user manual of NWS (Fread, 1984)] and for computation
of peak stages reached d/s of Machhu Dam-II due to 100,200,
500 and 1000 years return period floods, year 1979 flood
and design flood hydrograph for Machhu Dam-II, the routing
option of DAMBRK model using dynamic wave theory is used.
This option simulates the movement of flood wave through
downstream channel using the complete unsteady flow equa-
tions, for the one dimensional open channel flow, alter-

natively known as Saint Venant's equations.

The Saint-Venant unsteady flow equations consist

of a conservation of mass equa:ion, i.e.,

a(A+Ao)

9A = = ot szl
— + 5t q 0 (1)

and a conservation of momentum equation, i.e.,

2
30 3(Q~/A) oh =
- + B + gA (ax + Sf + Se) + L 0 T2 2

Where A is the active cross-sectional area of flow, Ao
is the inactive (of f-channel storage) cross-sectional
area, X 1s the longitudinal distance along the channel
(valley), t is the time, g is the lateral inflow or outflow
per linear distance along the channel (inflow is positive
and outflow is negative in sign), g 1is the acceleration
due to gravity, Sf is the friction slope, and Se is the
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expansion-contraction slope. The friction slope is evaluated

from Manning's equation for uniform steady flow, 1i.e,

2
n”|0lo Coof3)
2.21 A%R%*/3

in which n is the Manning coefficient of frictional resis-
tance and R is the hydraulic radius defined as A/B where
B 1is the top width of the active cross-sectional area.

The term (Se) is defined as follows:

s - _kb (o/m)°
e 2 g AX A G 1)

in which k is the expansion-contraction coefficient varying
from 0.0 to * 1.0 (+ if contraction, - 1if expansion),
and A (Q/A)2 is the difference in the term (Q/A)2 at two
adjacent cross-sections separated by a distance Ax. L
is the momentum effect of lat:ral flow assumed herein

to enter or exit perpendicular to the direction of the

main flow. This term has the following form : 1) lateral
inflow, L=0; 2 ) seepage lateral outflow, L = -0.5 g Q/A;
and 3) bulk lateral outflow, L = -gQ/A.

Equations 1-2 were modified by Fread (1975; 1976)

to better account for the differences in flood wave proper-
ties for flow occurring simultaneously in the river channel
and the over bark flood plain of the downstream valley.

As modified equation 1-2 become:

a(KCQ) 4 a(K1Q ) i a(KrQ)
BXC ax1 dx

Q Q>
o
|
Q
1l
(=)
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2D 2
20, a2 Q®/a) , axP/an . akZ 0%/
- .
9 9 X o J X9 BXI_
ah 9h
& gAc[ axc k Sfc i Se] i gA1 [ R g Sfl]
)
+gAr[gx—h E8e. 1 ne= 0 . (6)
el
in which the subscripts (c), (1), and (r) represent

the channel, left flood-plain, and right flood-plain
sections, respectively. The parameters (KC; Kys Kr)
proportion the total flow (Q) into channel flow,
left flood-plain flow, and right flood-plain flow,

respectively. These are defined as follows:

o 1
R = T+ K ik - (7)
1 12
Kk
K. = 1
1 1 + k., + k ...(8)
1 Tn
kr
Ry = T+ k, 7k e (9)
I
in which
9 L Ba ey By 273 M
ky = 5 = = A [ ] [X ]
c i c C 1
... (10
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vimcs 211)

Equations 10-11 represent the ratio of flow in the
channel section to flow in the left and right flood-
plain (overbank) sections, where the flows are expressed
in terms of the Manning equation in which the energy
slope 1is approximated by the water surface slope
(Ah/Bx).

The friction slope terms in equation (6) are

given by the following:

2
o v, rlc| KCQI Ko Q < (1 2}
= 2,21 BB

2
n il K8l Ky

. . G
£1 2.21 a2 r 4/3
1
2
. o TR RiRae .. (18)
fr 2.21 a2 g 4/3
1= X

In equation 5 the term A is the total cross-

sectional area, i.e.,

A = A + A, +A + A oie e 0 1050)
(6 1 1 o

Where AO is the off-channel storage (inactive)

dafseid s

Equations (1) - (2) and (5) - (6) constitute
a system of partial differential equations of the hyper-

bolic type. They contain two independent variables,

x and t, and two dependent variables, h and Q;
25




the remaining terms are either functions of X, t, h
and/or Q, or they are constants. These equations are
not amenable to analytical solutions except in cases
where the channel geometry and boundary conditions
are uncomplicated and the non-linear properties of
the equations are either neglected or made linear.
The equations may be solved numerically by performing
two basic steps. First, the partial differential equa-
tions are represented by a corresponding set of finite
difference algebraic equations and second, the system
of algebraic equations is solved in conformance with

prescribed initial and boundary conditions.

Egs. (1), = (2} and (5) - (6) can be solved by
either explicit or implicit finite difference techniques
(Liggett and cunge, 1975). Explicit methods, although
simpler in application, are restricted by mathematical
stability considerations to very small computational
time steps (on the order of a few minutes or even seconds)
Such small time steps cause the explicit methods to
be very inefficient in the use of computer time.Im-
plicit finite difference techniques Amein and Fang,
1970: Strelkoff, 1970), however, have no Eeskrictions
on the size of the time step due to mathematical stabi-
lity; however, convergence considerations may require

its size to be limited (Fread, 1974 a).

Of the various implicit schemes that have been

developed, the "weighted four-point" scheme appears
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most advantageous since it can readily be used with
unequal distance steps and its stability convergence
properties can be easily controlled. In the weighted
four-point implicit finite difference scheme, the conti-
nuous x-t region in which solutions of h and Q are
sought, is represented by a rectangular net ef discrete
points. The net points are determined by the inter-
section of 1lines drawn parallel to the x and t axes.
Those parallel to the x axis represent time lines;
they have a spacing of At, which also need not be cons-
tant. 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

time line.

The time derivatives are approximated by a forward
th

difference quotient centered between the 1 and aE=o|
points along the x axis, i.e.,
5% J+1 - j
be By TRy o B B
Bt = A T 2ss 16
J

where K represents any variable.

The spatial derivatives are approximated by
a forward difference quotient positioned between two
adjacent time lines according to weighting factors

of 8and 1-8 di.e.,

j+1 i+1 j '
Kis1 = K K . = KJ
i aK +1 :
(1) —= =if & L = it1 1
o [ T 1 + (1-9) [ e ]
1 X
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(ii) Variables other than derivatives are approximated
at the time level where the spatial derivatives

are evaluated by using the same weighting factors,

J+1 3 ]
i K = Keoq

2

K£+1 i K

(1ii) K = 0 | 5

+ (1-90)

.(18)

A 8 weighting factor of 1.0 yields the fully
implicit or backward difference scheme used by Baltzer
and Lai (1968). A weighting factor of 0.5 yields the
box scheme used by Améin and Fang (1970). The influence
of the 6 weighting factor on the accuracy of the computa-
tions was examined by Fread (1974a), who concluded
that the accuracy decreases asﬁe departs from 0.5 and
approaches 1.0. This effectl becomes more pronounced
as the magnitude of the computational time step increases.
Usually, a weighting factor of 0.60 is used so as to
minimize the loss of accuracy associated with greater
values while avoiding the possibility of a weak or
pseudo instability noticed by Baltzer and Lai (1968),
and Chaudhry and Contractor (1973); however, g may be
specified other than 0.60 in the data input to the

DAMBRK model.

When the finite difference operators defined
by equation (16)-(18) are used to replace the derivatives
and other variables in equation (1) - (2) the following

weighted four-point implicit difference equations are
2R



obtained:

J+1 J+1 ]
Qs = D= . Q -Qs
, S| 1 el o Rl st
e [ Bx; ] -9 a5+ (1-8) I —fggj———l
5 gl 5 it U J
- v (A+AO)i (A+A )z +1 (A+AO)i {A+Ao)i+1
=U Ry AXD
J
= 0 o IS
F+1 J+1 ] j+1 2 J+1
R Ql+1)+ . /mi-e/m
2N 0 AX .
L
J+1 g
h - h: :
+ [ S Ly gzl s Ilyg gy
AX 5 f
e ¥ ol
(0 /A)1+1 (o~ /A hi+' hi
( + g A ( fA—gg————
Ay i
J J =
+ S + 8o ) ] 0 (20)
where:
A= (Ai + Ai+1) L2 o (212)
5, = n® 4| 8l/(2.2 B &3 e (22
QN = (Ql F Q1+1) S e (2.3
R = A/B . (24
B = (B, # Bi+1) Vi .(25)
The terms associated with the jth time line

are known from either the initial conditions or previous

computations. The initial conditions refer to values

2.9



of h and Q at each node- along the x axis for the first

time line ( j = 1).

Equations (19) - (20) cannot be solved in an

explicit or direct manner for the unknowns since there

are four unknowns and only two equations. However,
if equation (19) - (20) are applied to each of the
(N-1) rectangular grids between the upstream and down-

stream boundaries, a total of (2N-2) equations with
2N unknowns can be formulated ( N denotes the total
number of nodes). Then, prescribed boundary conditions,
one at the upstream boundary and one at the downstream
boundary, provide the necessary two additional equations
required for the system to be determinate. The resulting
system of 2N non-linear equations with 2N unknowns
is solved by a functional iterative procedure, the

Newton-Raphson method (Amein and Fang, 1970)

Computations for the iterative solution of the
non-linear system are begun by assigning trial values
to the 2N unknowns. Substitution of the trial values
into the system of non-linear equations yields a set
of 2N residuals. The Newton-Raphson method provides
a means for correcting the trial values until the resi-
duals are reduced to a suitable tolerance level. This
is usually accomplished in one or two iterations through
use of linear extrapolation for the first trial values.
If the Newton-Raphson corrections are applied only
once,i.e., there is no iteration, the non-linear system

of diffgrence equations degenerates to the equivalent
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of a quasi-linear formulation which may require smaller

time steps than the non-linear formulation for the

same degree of numerical accuracy.

A system of 2N x 2N 1linear equations relates
the corrections to the residuals and the Jacabian coeffi-
cient matrix composed of a partial derivatives of each
equation with respect to each unknown variable in that
equation. The coefficient matrix of the linear system
has a handed structure which allows the system to be
solved by a compact quad-diagonal Gaussian elimination
algorithm (Fread, 1971), which is very efficient with
respect to computing time and storage. The required
storage is 2N x 4 and the required number of computa-

tional steps is approximately 38N.

The DAMBRK model has the option to use either
equation (1) - (2) or equations (5) - (6). The former
is a somewhat simpler treatment in which a total or
composite cross-section is used, whereas the latter
set wutilizes a more detailed representation of the
flow cross-section. Egs. (5) - (6) are recommended
when the channel is sufficiently large to carry a signi-
ficant portion of the total flow and the channel has

a rather meandrous path through the downstream valley.
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5.0 APPLICATION

The methodology as described in Section 4.0
is applied to the reach about 40 km long downstream
of Machhu Dam-II. The important towns on the reach
to be affected by different floods are Morvi and Malia,
located respectively at 8.246 and 37.007 kms downstream
of Machhu Dam-II. The wunrevised floods of 100,200,
500, and 1000 years return periods with peaks 8765.3,
9734.9, 10956.3, and 11879.7 cumecs respectively were
readily available for this study. These floods were
estimated considering the wunit hydrograph and storm
depth of desired pericd in absence of long term data
of observed peak floods of Machhu River. Recently while
the study was in progress, the revised peaks of 100,200,
500 and 1000 years return period floods as 12707, 14037,
15590157 and 17150 cumecs respectively were provided
by the Gujarat Irrigation Department. The flood hydro-
graphs with these peaks were computed considering the
ratio of flow at different times, to peak flow as in
case of unrevised return period floods. The flood hydro-
graphs of 1979. flood (peak = 13098.8 cumecs), Design
flood (peak = 26319 cumec) and dam break flood (peak
=86885.6 cumecs, as computed by DAMBRK Model) were
also available. The hydrographs with revised and unrevi-
sed peaks of 100, 200, 500 and 1000 year return period
flood, design flood, 1979 flood and dam break flood

are given in Table 1-3 and also shown in ‘Fig. 1-5.
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A contour map covering the details of about 40Kmlong

reach downstream of the Machhu Dam-II was made available
by Gujarat Irrigation Department with 0.5 m interval
contours at the scale 1:15,000, however, the details
are missing on right side of river reach from 0.0 to

3.0 km. downstream of dam site.

In this study, six cross-section details are
available at locations 1.303, 9.348, 17.393, 25.438,
33.290, and 39.65 km. downstream of Machhu Dam-II.
The cross-sections are specified by location and table
of top width and corresponding elevations. In the case
of first three cross-sections, measurements on the
top widths have been made upto HFL marks noted on both
sides of banks and in case of last three sections,
the top widths were not measured upto the HFL marks.
noted on both sides of the banks. The Manning's roughness
coefficient and expansion-contraction coefficients
for different reaches downstream of the Machhu Dam-II
have been take as mentioned in NIH report, Case Study

No. 16.

Using the data available as mentioned above,
maximum flood elevations were computed at various sec-
tions downstream of Machhu Dam-II, for above mentioned
different floods and accordingly the areas affected
by different floods were marked as well as assessed

respectively.
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TABLE 2

¢ Flood Hydrograph at Machhu~II Dam- 5ite

. T e g g L wa ==

Design flood
ordinate

5518. 5
5801.5
6226.0
6792.0

7560
9339.0
9905.0
11037.0
12735.0
16272.5
20376.0
25753.0
26319.00
19810, 0
14150,0
8914.5
5377 .0
3254.5
1981,0
1132,0
566.0
1415

1979 Flood
ordinate

C“ /SeC)

18?.12
374, 24
623,76
997.99
1497.01
2245, 52
3243,46
4615.79
6362, 23
8607.81
11227.60
13098.85
11857..70
9979,99
5364, 26

3742,53
2745, 10
2122,50
1621, 59
1248,03
810.79
561,47
31«87
124,52
13.20
113,20

35

Dam-break
Time
(nhrs)

N - O

EYE S S O S CIRIES DI
] O v & W

= =k A D
. . -] (-] )
PN =2 O VMO0

== S 3
@ °
£ W

-
L]
o

1.6
157
1.8
1.9
2,0
2,2
2.4
2.6
2,8
3.0
3e2
3.4
3.6
3.8
4,0

— .= ™

flood
Di scharge
(=2 15)

7893:!36
8641,348
11193. 584
16159.13
23919839
34701.969
48563,253
65472,672
82485,925
86885,612
80868.608
68574, LOS
56562, 135
46270,018
37577.363

30305, 196
24055,821
18876, 269
16061, 807
14393, O4

13300, 293
11992.833
11278,625
10818,722
11465,717
13498, 477
12279.993
10742,708
9355, 414

8263, 571

8021.097



TABLE 3 : FLOOD HYDROGRAPHS CORRESPONDING TO DIFFERENT
PZAK FLOODS AT MACHHU- II DAM SITE

ST T T e e ) e e e o = e e e e e e L S

Time Ordxnates of flood hydroqraphs in cumécs with peaks
(hours) 8765.3 9374.9 10956.3 11879.7
Cumecs Cumecs Cumecs Cumecs
:l . * " . ° e e 2 e . -3 . "a * e —.go_ has e ™
0 160.7 162.7 165, 2 16702
2 35243 376.9 409.7 434 4
4 785.0 862..3 959,9 1036.9
5 1348.4 1493, 3 1674.7 18171
8 2048,0 2288,9 2591.7 2825.4
10 2789,.2 3117.8 3532.0 3862.6
12 3399..1 3806,.3 4320, 2 L720.4
14 L4006,0 4483,0 5079.5 5534.6
16 5261.0 5873.3 £629.2 7202.9
18 6762.5 7527.8 B4B1.5 9209..3
20 7913.5 8801.0 99504, 1 10742.3
22 8765.3 9734.,9 10956..3 11879, 7
24 8580,8 9532.8 ol s 2 11620.0
26 7383.7 B215,7 9211.3 9985,0
28 5904, 2 6572.3 3571 T9%2.1
30 4458,9 4965.5 5534.0 5990.5
32 3130.8 3472.4 3848.5 4160, 1
34 2107.7 , 2321.7 2565.6 2762,6
36 1447,.5 1577.7 17319 1852,5
38 1049.9 1132.8 1255..0 1311. 4
40 789..5 843,9 . 910, 4 962, 2
42 612,9 649, 4 693.9 728.4
L& 491.0 515,35 545, 3 568.5
48 13C. & 130. 4 130..4 30.4
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6.0 RESULTS

The results obtained such as peak stage, area
inundated and width of water spread along the reach
due to various floods as mentioned above are tabulated

in Table 4-7 and discussed as follows:
6.1 Dam Break Flood

It is the severe most flood among all the flood
events with peak 86886.6 cumecs, used for the analysis.
It affects the area downstream of the dam throughout
the reach. The total area affected by dam break flood
on left and right side of 39.65 km long river reach
are 95.326sqg. km. and 65.075 sg. km. The maximum extent
of water spread by the flood is 6.12 km. at location
8.50 km. and minimum extent of water spread is 3.21
km. at location 12.57 km. The peak stages computed
at 0.0 km. and at downstream end of the reach (at 39.65

km.) are 56.97 m and 11.97 m respectively.
6.2 Design Flood

This is the second severe most flood among floods
used in this study. This flood also affects the area
throughout the 39.65 km. 1long river reach downstream
of the dam. The total area affected by the flood at
left and right side of the reach are 76.716 sg. km.
and 57.22 sg. km. The maximum ’water spread by this
flood is 5.52 km. at location 34.2 km. and minimum-

waterr spread is 2.04 km. at 12.57 km. The peak stages
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computed at 0.0 km. and at 39.65 km. are ile= 82, and

11.76 m respectively.

~

6.3 1000 Year Flood (Revised)

This flood also affects the downstream area
on both the sides of the reach. The area inundated
on left and ,right side of the reach are 46.171 sqg.
km. and 26.571 sg. km. respectively. The maximum water
spread by the flood along the reach is 5.925 km. at
35.12 km. location and minimum water spread is 1.71
km. at location 8.5 km. The peak stages computed at
0.0 km. and at 39.65 km. are 51.24 m and 11.503 km.

respectively.
6.4 1979 Flood

This represents observed flood in 1979 at Machhu
Dam-II site and due to which failure of Machhu Dam-IT
had taken place. This flood remains within the banks
of river upto first 19 km. of river reach downstream
of the dam. The total area affected by the flood for
remaining river reach on left and right sides is 37.49
sg. km. and 31.05 sg. km. respectively. The maximum
water spread due to the flood is 5.52 km. at 37.84
km. location and minimum water spread is 2.16 km. at
1RIEA8 .km. location. The peak stage computed for the
flood at 0.0 km. and at 39.65 km. are 47.70 m and 11.06

m respectively.
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6.5 100, 200, 500 and 1000 Year Return Period Floods
with Unrevised Peaks

100 and 200 years flood remains within the
bank upto river reach 21.6 km. while 500 and 1000
year floods remain within the banks upto 18.0 km. of
the river reach. The total area affected by the 100
200, 500 and 1000 year floods are 37.287 sqg. km., 43.921
sq.km., 57.231 sqg.km. and 54.588 sg. km. respectively.
The maximum water spread by these floods is 4.26 km.
4.335 km, 4.83 km. and 5.115 km. respectively while
the minimum water spread is 1.815 km. 1.95 km., 0.87
km. and 2.07 km. respectively. The peak stages computed
at 0.0 km. for these floods are 45.63 m., 46.15 m,
46.74m and 47.17 m .respectively and the peak stages
at 39.65 km. are 10.74 m, 1083 m, 10.94 m and 11.02

m respectively.
Comparison

It can be inferred from results given 1in Table
6 that dam break flood affects the maximum area 160.40
sq. km. throughout the reach and 100 years unrevised
flood affects the minimum area (37.287 sg. km.) along
the reach. The areas affected by other floods used
in this study lie in between these two figures. It
can also be observed from results given 1in Table 4
and 5 that peak stage decreases as the distance increa-

ses downstream for all the flood events studied.
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TABLE 44 MAXLMUF FLOUD ELEVATIONS DOWNSTREAM OF MACHHU LAM=II
bue TV VARLICUS FLUODS

TUNKEVLISED FLUOUUY PEAK UF

4 i e oo e o B o g = § i o o !
DIST=!TUU Yr ¢UU Yr 50U Yr TLUU Yr 19Y7Y UESLGN DAM BREAK
ANLE ¢ t ! FLOOD FLOUD FLOOD
tkm )¢ (m2 ! tm) ! (m) ! (m) (m) (m) (m)
o - ] = Q-
UaUU a45.023 46415 46.T4 L4Ta1T 4lef0 51,83 26.97
Uadd 44.0U 45.12 &5 <70 46.15 46450 SUB3 55. 1%
1.70 435.60 44.1¢ G b 45.1U0 4547 4Y.B4 54457
Cadd 42.0¢ 43,12 43,66 44.U8 44.45 4EBS 5535
J.4U 47.0U 42.14 42,66 43.U8 43a44 4T .86 52e12
4e¢> 4HU.0B 41.17 4107 42.UY 42.44 4Lba.tS SU8Y
S.MTU  39.75 40.cU 4UaTU 47.10 41.45 45.84 49 .65
SavU  35.77 39.24 S s lle 4U.1¢ 4U.4¢& 64,80 48.5%
d.0Uu 37.081 38.206 SBaTY I¥.15 SY.b40 4.7 47 .11
Ta65 3b.85 37 .¢7 STalS T3.135 3845 42457 T
Ba5U 35.38U 56423 3671 STl Ikl 41«38 44 429
Ya3b 34.63 35.uU 35e o 35.95 36.26 4U.0U 42 59
10.16 33.5u 33.v4 24.50 Ju.8Y 35.c¢ 3ZE.9( 47 . 5Y
1096 32.37 32.56 33.48 33.89Y JF4.ls5  S7.vU 40. 2L
1Meff 31.27 31.84 Fland 32.95 ZJach 56,88 39 .04
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7.0 CONCLUDING REMARKS

This typical study emphasis on hydrological aspects
of flood plain zoning. The flood events used for assess-
ing the area affected by the different peaks of floods
ranges from 8765.3 cumecs to 86886.6 cumecs also includes
the dam break flood, which is the severe most flood
in all possible flood events. The area affected by
the different floods has been assessed assuming the
boundaries of flood area as straight line and the pattern
of water spreading in transverse direction of river
has been assumed as at linear rate, which may not be
really occur in actual flood events. Before carrying
out the study or making the limit/boundary of the area
affected by a flood event, a survey of the area, for
which floéd plain zoning 1is to be done, 1is required.
Moreover, the accuracy of the results could be increased
if the contour map was available containing the contour

at lesser interval.

Hydrological study on these lines enable dema-
rcation of flood inundation zones corresponding to
different flood peaks. This information can be utilized
for damage assessment after detailed survey of land
use and property in respective zones, and also for

regulation of future development.

The flood plain zoning has the short term object-

ive of preventing more damage from flooding and in
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long term to reduce and even eliminate such damage.

This may be considered as alternative to structural
measures and more attention should be paid for wuse
of such measures in future practices. For balanced
flood control program a combination of structural measures
wherever necessary to contain flood water, with non-
structural measure such asflood plain zoning for limi-
ting flood plain development and flood control 1is. nece=x

ssary.

The gqguantitative results are however dependent
upon accuracy of available information regarding river
cross sections and contours in the flood plain, and

assumptions made for routing of flood wave.
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