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FOREWORD
About

1,000 large dams

have been constructed in

Maharashtra

upto 1982-83 for irrigation and hydro-power generation. Apart
from using the water from these dams for the beneficial purposes
like irrigation, hydro-power generation, etc. the Irrigation Department has to look after the safety of these dam structures. The
misbehaviour or failure of dams can cause substantial loss of life and
damage to property apart from resulting in substantial expenditure
on repairs. Considering the safety of dams as of paramount

importance, it was decided

by the Government

of Maharashtra

to

prepare a Dam Safety Manual for the benefit of officers and staff
of the Irrigation Department who are in charge of the maintenance
of dams, for ensuring effective watch on safety aspects of dams and
also dealing promptly and effectively with situations in case dams
show signs of distress.
2. The safety of dams encompasses various aspects which are
proposed to be detailed out in the following nine chapters :—
Chapter !—Scope, Definition and History.
Chapter 2—Identification of Causes of Failures.
Chapter 3—Safety Norms.
Chapter 4—Availability of Records for Dam Safety.
Chapter 5—Instrumentation Record.
Chapter 6—Building up of Behaviourial Record of Dams.
Chapter 7—Flood Forecasting, Reservoir
Operation.

Operation and Gate

Chapter 8—Preparedness for dealing with Emergency Situations
on Dams.
Chapter 9—Maintenance

and Repairs of Dams for Safety.

3. The present Chapter No. 7 titled
Reservoir Operation and Gate Operation” is
efforts put in by a team of experienced officers
Godia, Superintending Engineer, Dam Safety
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‘“ Flood Forecasting,
the result of strenuous
ably led by Shri J. L.
Organisation, Nashik.

FOREWORD
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ion the
4. As the Dam Safety has also to take into considerat
stions from
safety of life and property on the river banks, sugge
Department,
Revenue and Forests Department, Rural Development
Department,
Home Department and Public Works and Housing
in framing
were called for and their suggestions have been considered

this manual.

|

5.

©
It is hoped that this manual will serve as a useful guide to the

dam structures
field officers and staff in ensuring the safety of various
lexi
,
in Maharashtra State.

|

||

M. A. CHITALE,

BOMBAY :

Date 23rd December 1983.

‘Command Area Development Commissioner and
tment.
:

Secretary, Irrigation Depar

PREFACE
There are about 1,000 large dams of various types and of varying

storage capacities in Maharashtra.

Important

towns

and

cities are

situated on the downstream of some of these dams. Hence safe
maintenance and operation of dams and spillways thereof assumes
vital importance to avoid probable danger to life and property on
the downstream. Government of Maharashtra in Irrigation Department has, therefore, sanctioned the creation of a Dam Inspection
and Safety Service to look after the safety aspects of the dams in the
State as per Government Resolution No. IPM-1078/2318-IMG-II,
dated 10th September 1980.
The broad functions of the Dam
are as undel:—

Inspection and Safety Service

(1) This service is to function in an advisory capacity and has
to advise the Government in the compilation of all records and
technical data about the dams.
(2) Advise in respect of maintenance and improvements of
dams for the safety of the structure or imminent danger.
(3) Advise in respect of proper upkeep of data of the instrumentation in the structure and analysing the data so collected.
(4) Suggest proper instrumentation for future projects and
also advise regarding foundation treatments and relevant other
considerations.
(5) Advise in the preparation of Gate Operation Schedules.
(6) Evolve comprehensive
inspection schedule.

inspection

pro forma

and_

give

(7) Make recommendation to Government in all aspects
connected with the safety of dams through the Superintending
Engineer, Dam Inspectorate which is created by the Government
as a part of the Dam Inspection and Safety Service.
Pending creation of the Dam Inspection and Safety Service, the
Dam Inspectorate (now re-named as Dam Safety Organisation) has
been opened on 22nd October 1980 at Central Designs Organisation,
Nashik to look after the various functions of the Dam Inspection
and Safety Service.
As one of the priority tasks of the Dam Safety Organisation, it
was proposed to prepare a Dam Safety Manual, to ensure that, the
dams are maintained properly and safely and kept in fit condition.

PREFACE

iV

This manual is intended
safety of dams. It may not
document of guidelines.
with dams will concern

to lay down the broad requirements of
be treated as a complete and exhaustive
It is expected that, every person dealing
himself to the appropriate upkeep and

operation of the dams and ancillary works and will ensure safety
by taking adequate measures under all circumstances in consultation
with the appropriate superior officers.

While preparing this Chapter No. 7 of the Dam Safety Manual,
substantial material has been drawn from the already published
thoughts on the subject and the Circulars issued by the Government
Maharashtra and the literature published by the Central Water
of
Commission,

New

Power, New Delhi.
end. of Chapter.

Delhi

Board

and the Cental

of Irrigation and

The list of all such references is attached at the

This part is released for general guidance and judicious adoption
by the concerned officers and staff of the Irrigation Department in
Maharashtra for proper upkeep of the dams in their charge.
Suggestions from officers and engineers of the Department, if any,
Engineer,
about this manual may be sent to the oS
into
taken
be
they can
Dam Safety Organisation, Nashik, so that,
consideration at the time of future revision.

This manual is an outcome of keen interest shown by Shri M. A.
Chitale, Command Area Development Commissioner and Secretary,

Irrigation Department, in the pre

promoted the inspiration and

aration of such a document, which

ena

needed for its preparation.

Shri D. L. Garud, Chief Engineer (I) and Joint Secretary, Irrigation
invaluable
Department, scrutinised the entire draft and provided
guidance in bringing it to its present form.
Shri R. S. Gaikwad and Miss P. K. S. Naidu, Executive Engineers,
C. D, O. helped in compiling some of the topics for inclusion in
this Chapter. Shri B. B. Patil, Sub-Divisional Engineer, Shri V. D.
Bafna, Assistant Engineer (II), Shri S. G. Sant, Sub-Divisional Officer,
and Shri A. R. Gaidhani, Stenographer (Higher Grade) have also
provided active help in preparing and editing the draft chapters.

J. L. GODIA,

NASHIK :
Dated 9th November

1983-

Superintending Engineer,
Dam Safety Organisation,
Organisation,
Central Designs
Dindori Road, Nashik 422 004.
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CHAPTER 7
FLOOD

FORECASTING RESERVOIR,
AND GATE OPERATION

OPERATION

1. Introduction
1.1,

Many catastrophic failures of dams have occurred due to overtopping during

heayy floods.

The incidents of such failures of dams during the floods, entail the

worst possible combination of hydraulic and hydrological factors in the destructive
process.

1.2. The problem of floods is thus one of the most critical problems in the designs
and maintenance of dams. In case of new dams a proper estimation of the design
flood has to be made for deciding the spillway capacity. After the dam is completed
and commissioned, the reservoir operation has to be regulated in such a way that all
the floods impinging upon the reservoir can be safely routed without involving any risk
to the structure itself or any damage to the property on the downstream. The
advent of flood forecasting techniques has provided an important tool to the engineers,
in the efficient operation of reservoirs, and taking further steps in reducing the damage
duc to the floods, to the minimum.
1.3. Flood forecasting enables a short term forecast about the flood stages, likely
to be attained at different time intervals at selected points along the river course.
The forecast may be of several hours, or days, which may be used for the following
purposes

:—

(a) Warning the people likely to be affected by the imminent floods.
(6) Enabling proper operation of the reservoirs for safety of the dams
moderation of floods.
(c) Taking

works

2.

for

necessary safety steps in advance and keeping vigil on engineering

along

the river course.

Principles of Flood Forecasting
2.1. The phenomena of floods

is related

to

precipitation

in the

catchment.

Precipitation is related to changes in the weather conditions occurTing over or around

the catchment.

Sufficiently accurate methods for making quantitative forecasts

precipitation over the catchment have not become available

the precipitation
precipitation can
precipitation and
long period, it is

as yet.(6)

of

However,

can be correctly measured. The rate of run-off generated from the
also be measured at selected sites. From such measurements of
discharge at different locations for a given stream over a sufficiently
possible to develop a certain relationship between these parameters.

There are several variables, related to the climatic conditions and drainage characteristics of the area which tends to influence such relationships.
However, with

long term reliable data sufficiently accurate correlations can be developed.
F 4785—2

The

2

DAM SAFETY MANUAL

[CHAPTER 7

technique of flood forecasting makes use of such relationships between: (a) discharge and stage measurements at an upstream site and at the forecasting sites, and
(b) measurements of rainfall in the catchment and the discharge and stages at the
site where the forecasts are required.
2.2. The influence of various characteristics of the drainange basin can also be
incorporated in the relationship on the basis of suitable measurements of the related
parameters to make the relationship more accurate and versatile.
2.3. The response time required for the transformation of precipitation in the
catchment into the floods in the stream and travel of the floods along the river channel
is sufficiently large. If proper arrangements are made to measure the rainfall or
discharge and stage at an upstream site and transmit the same to the forecasting site
through a faster communication system then the forecast about the magnitude or
stage and the time of occurrence of an imminent flood can be formulated at the
required forecasting site for taking advance precautionary measures, against the
flood damage.
2.4. The basic factors determining the run-off and hydrological process in the
existing conditions of the water shed at the time of forecast can be ascertained from
the current hydro-meteorological data. Some changes in these factors is bound
to occur over the period of fore-warning as the flood approaches and this can also
be accounted for in the forecast if reliable weather forecast covering this period are
available.
2.5. The size of the drainage area, the contribution of
and the relative magnitude and variations in the travel
on the changes taking place during the course of travel
taken into account to make the forecast accurate and

floods from the tributaries
time of the floods based
of the floods, can also be
reliable.

2.6. The basic requirement of forecasts are the accuracy of time of fore-warning
and the magnitude or the limit of peak stage of the forecast flood for proper implementation of the required safety measures.
3.

Techniques and Methodology of Flood Forecasting(!)
Every drainage basin and river has its own characteristics in respect of genera~
tion and travel of the floods. The basic concepts in the formulation of a flood
forecasting system are, therefore, to know these various characteristics and the nature
of their influence on the hydrological process and suitably incorporate them in the
process or the technique of formulation of forecasts.
The various parameters(!) that are required to be evaluated for establishing
the correlations are—
(a) Rainfall distribution in the upper catchments in space and time i.e. areal
distribution and intensity in relation to time.
(b) Stage and discharge of the upstream-base stations.

(c) Stage and discharge of the forecasting station,
(d) Change in stage and discharge of the base station.
(e) Travel time at various stages.

CHAPTER 7]
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(f) The rainfall amount, intensity and duration in the intervening catchment.
(g) Topography, nature of vegetation, type of soil, land use, density of population and

urban

developmemt,

depth

of

ground

moisture deficiency of the intercepted catchment.

water

table,

and

soil

(h) The atmospheric and climatic conditions.
(i) Stage discharge

of all important

the forecasting station.

tributaries between

the base station and

(j) Contributions from the ‘various upstream controlling points such
as
reservoirs barrages and the free catchments below such controlling points.

Parameters (a) to (e) are the basic parameters used in developing the correlati
on
curves or the model. Parameters (f) and (g) can also be taken into account
by introducing the rainfall and the Antecedent Precipitation Index (A.P.I.).
Parameter
(A) is minor and may be neglected or may be considered by introducing
a suitable
parameter related to the period of occurrence. Parameters (i) and (j) may be
considered depending upon the contributions from various tributaries, and the controlli
ng
points or may be neglected if the contribution is insignificant.
Flood forecasting techniques) may be broadly classified under
(i) Empirical models.
(ii) Semi-empirical models or mathematical models.
(iii) Conceptual models.
. (iv)

following groups.

Computer simulation.

The broad features of these techniques are described below.

3.1. Empirical models.—This technique is based on the relationship develope
d
between certain variable parameters usually the time-stages of the base station
and

the forecast station using the historical

data.

The

graphical solutions, simple

correlations, multiple correlations and coaxial diagrams are evloved from the
historical hydrological data using two or more variables relating to the base gauge station
in the upper catchment and the forecast gauge station near the reservoir or
area for
which the flood warnings are required. Instruments to record the measurements
of
the requisite parameters, depending on the correlationship adopted, are installed
at the base station and the forecasting stations. The forecasts are made at the
Central
Flood Forecasting Stations from the current observation data of the base
station

with the help of a suitable correlation.

generally used. The nature of various
Appendix I, Figures 1 to 8 :—

The following types of correlations (1) are
correlation

diagrams

are

illustrated

in

(a) Correlation between Nth hour stage at the base station and (N-+-T)th hour

stage at the forecasting station where ‘T’ is the travel time between the base
station and the forecasting station.
(6) Correlation between Nt) hour and (N-+-T) hour stages of forecasti
ng
station with change in stage at the base station during ‘T’ hours as a parameter
.

F 4785—2a
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(c) Correlation between Nth hour stage at the base station and (N +T)th hour
stage at the forecasting station with N‘h hour gauge of a tribut»ry between the
base station and the forecasting station as a parameter.

(d) Correlation between Nth hour and (N-++T)" hour gauges of forecasting

station with change in level of a tributary during past ‘T’ hours and change in
level of the base station during past ‘ T ’ hours as parameters.
(e) Correlation between Nth hour and (N-+T)*® hour gauges of
station with the following parameters :—
(i) Rise or fall in stage at the upstream base station
(ii) Rainfall observed at the upstream base station.

forecasting

(f) Correlation between N‘h hour and (N-++T)'® hour gauges of the forecasting

station with the following parameters :—

(i) Rise or fall in the stage at the base station of the first tributary.

| |

(ii) Rise or fall in the stage at the base station of the second tributary.
(iii) Rainfall in the catchment.

1 |

(g) Correlation between Nth hour and (N-+-T)‘4 hour gauges of the forecasting
station with the following parameters :—
(i) Variation in the gauge at the base station.
(ii) Average rainfall in the intermediate catchment.
(iii) Antecedent Precipitation Index (A.P.I.).

.

(h) Correlation between the Nt hour and (N+-T)'h hour gauges at the fore-

casting station with the changes in gauges at the base
tributaries during the ‘ T ’ hours as the parameters.

stations

on

the

various

(i) Correlation between peak discharge at the forecasting station and rainfall
excess or rainfall excess and other parameters like A.P.I.

1

(j) Correlation between rainfall in the catchment and run off at the forecasting
station considering the rainfall data of key network stations and various parameters such as A.P.I., moisture storage and time distribution with the help of
Unit Hydrograph.

3.2. Semi-Empirical or Mathematical models.—This technique involves use of
rainfall and other hydro-meteorological data to estimate the flood forecast. This
technique helps in early formulation of the forecasts and thereby a longer warning
time is available. This technique is most suitable for forecasting floods in regions
susceptible to flash floods. The important steps“) in formulation of forecasts by
this technique are:—
(a) To estimate the amount of rainfall in the catchment.
(b) To estimate the amount of effective rainfall which will appear in the stream.
.

|

(c) To

determine

the time distribution

of this water at the point of forecast

through the developed unit hydrograph algebra for the catchment.
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The rainfall data from the key network of representative rain gauge stations is
collected. The amount of rainfall is estimated by using the available rainfall data
by simple arithmetic means or Thcisson polygon method. The design of key network of representative rain gauge stations and suitable communication channels
for quicker transmission of the data to the forecast station are the important elements
in this process,

The amount of rainfall that will appear as run-off is estimated from the rainfall
run-off relationship developed incorporating the storm characteristics such as rainfall
amount, intensity and duration and, moisture deficiency of the basin at the beginning

of the rainfall.

This relationship is developed from the past records.

Basic steps)

in development of such a relationship are as follows:—
(i) Identification of various flood events and collection of all relevant data

such as rainfall from various stations, the discharge at specified duration and

(ii)
(iii)
(iv)
(v)

basin parameters corresponding to each flood event.
Estimation of average rainfall over the basin with the help of available
rainfall record from several stations in the catchment by usinga suitable
technique.
Plotting of the discharge data to get a flood hydrograph and computation
of total direct run-off i.c. effective rainfall in mm. after judicious separation
of the base flow from the flood hydrograph.
Estimation of various required parameters such as A.P.I., moisture storage
etc., by using the normal techniques.
Plotting of the total average rainfall and effective rainfall with or without
additional parameters to get a relationship.

The relationship can also be developed by statistical Analysis.
The time distribution of this water can be achieved by using unit hydrograph.
Once a unit hydrograph has been developed for a particular site of a river, it can
be very conveniently used for the formulation of flood forecasts with the help of
actual rainfall data as collected above. However, the Unit Hydrograph method

has following limitations‘) :—

*Drainage basins having an area of more than 5,000 sq. kms. should be divided
in smaller sub-catchments for the application of Unit Hydrograph principle
to account for valley storage effects and the variation of rainfall in space
and time.
*Application
of Unit Hydrograph principle is not recommended for catchments
having an area less than 25 sq. kms.

——

*Large number of rain gauges suitably located or evenly distributed in the entire
catchment should be available to reflect the weighted rainfall of the catchment.
The shape of the hydrograph depends upon the amount and duration of rainfall
and its time intensity pattern and area distribution. There is no way of obtaining
empirical evidence about the changes in the unit hydrograph peak. In practice,
the peaks of Unit Hydrograph derived from ordinary floods are often increased

by 5 to 20 per cent (8) or suitable higher percentage depending upon the judgement
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of the hydrologist for using them for estimation of the extreme floods. This increase
is based on the belief that channel flow time shortens as the magnitude of the flood
increases. The over-flow on to the flood plains however tends to compensate this
effect to a certain extent.

3.3. Conceptual models,—-In the conceptual models) the physical or hydrological processes such as precipitation, interception, infiltration, evaporation, transpiration, detention, surface run-off, interflow and groundwater run-off are expressed

by mathematical formulations to model the entire hydrological cycle and produce
a continuous hydrograph at the flood forecasting station. The basic steps involved
in this process are:
(a) Estimating the volume of water that will run directly off the land surface
into the stream. This step utilises the rainfall run-off correlation.

(b) Forecasting distribution of this run-off in relation to time as it passes the
forecasting point. The Unit Hydrograph is generally used for this purpose.

(c) Forecasting the change in shape of the flood hydrograph as it moves downstream.

This uses stream flow routing method.

The above operations are simulated in the model in relation to the conditions
of the catchment by means of mathematical representations.
The development and operation of such models need elaborate data collection
and efficient matching communication system for further processing of the data
with the help of high speed digital computers.
4.

Operation of a Flood Forecasting System

The following steps“) are involved in the operation of a flood forecasting

and

warning system :—
(a) Observation and collection of operational data.
(b) Transmission of the data to the Central Flood Forecasting Station.
(c) Formulation of forecasts.
(d) Dissemination of forecasts.
(e) Up-dating procedures.
(f) Building up of data, post flood analysis and research.

A total flood forecasting and warning system is a multi-discipline operation
involving co-ordination of meteorological, hydrological and civil engineering
organisations, communication media and local administrative organisations. The
efficiency of the system will lie in efficient co-ordinated working of all these agencies.

The

information

regarding

general meteorological

conditions

which

give rise

to precipitation and floods can be obtained from the local or the regional India

Meteorological Department (IMD) offices. Wherever, the operational data involves
use of rain-gauge data, the same can also be supplemented or based on the data
from the IMD observatories, or the quantitative precipitation forecast (QPF) details
supplied by India Meteorological Department.
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The assistance of local administrative organisations is obligatory whenever the
problem of protection of public life and property against flood damage arises
or,
the plans relating to land use zoning are to be implemented. Where, there are important cities or towns, located on river banks further downstream of the dam, the local
administrative organisations have to play an important role in dissemination
of
forecasts to the populated area and evacuation of the low lying areas whenever
the
need arises.

The communications media and the engineering
part of the whole flood forecasting system.

organisations are an integral

4.1. Observation and collection of data.—For any flood forecasting system
a
large volume of hydrological and hydro-meteorological data is required to be
collected
in advance for development of the forecasting model. All the available historical
data about rainfall, its areal and time distribution, flood discharge, its gauges and
timings and climatological data is collected and utilized for identifying the
various
characteristics of the drainage area.
Basically only gauge discharge and rainfall data are required as the operational
data for the flood forecasting purposes. Other hydro-meteorological data such
as

evaporation, temperature, sun-shine records, wind speed, wind direction
and mois-

ture deficiency data may also be required for a more realistic

use of mathematical

or conceptual

models

is to be made

simulation

if the

for the formulation

of

operational forecasts. A representative network of operational data collecting
stations such as a stream-gauge network or a rain-gauge network or a combination
of stream-gauge and rain-gauge network at suitable sites has to be established for
this purpose as indicated below:—
(a) Stream-gauge network.—For fixing the stream-gauge network, a statistical
correlation between the upstream and the downstream gauge sites and the influence

of the river gradients are required to be established. Sometimes the zonal charac-

teristics approach is also considered to specify the homogenity of the area. In
this approach the given drainage area is divided into various climatic zones.
The simple Koppen’s climatic classification which considers temperature and
rainfall is adopted for deciding climatic zones. After determining the homogenity
by climatic classification the stream-gauge network design is determined for
each of the climatic zone separately.
The stream-gauge network density depends upon the area indicated by the
statistical as well as gradient functions and climatic zones. The optimum number
of gauges, their locations and intervals at which their readings should be taken
are all dependent on the future and immediate operational requirements.
For the purpose of flood forecasting, gauge sites on the main stream and the
various tributaries have to be located. This should be done in such a way that
most of the flow that will affect the discharge and the gauge at the forecasting
station is measured in advance and suitably accounted for in the flood forecasting
technique. In order that sufficient warning time is available, the distance between
the forecast station and last data collecting station or the gauge site should be
adequate so that it involves sufficient time of travel for the peak flow.

|

she
:
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In general, the gauge sites should be established on all the major tributaries
and at appropriate places along the main river course so that, any considerable
variations in the flow due to contribution of the intermediate catchment can be

accounted for.

may be taken:—

While selecting the gauge

sites,

the

following

precautions!)

(i) Stream banks and bed should be stable.
(ii) The gauge reach should be fairly straight, both on the upstream and down-

stream, upto a distance of at least 4 times the width of the river or 800 meties
whichever is less, and should have a uniform cross-section in general.

(iii) The site should be free from interference from any hydraulic structure
or the back water effect from any confluence or an obstruction.
(iv) At the selected site the stream flow should be in a single channel.
(v) The site should be easily accessible and should afford good communication facilities.
(b) Raingauge network® —If the raingauge data is required to be used as
the operational data for flood forecasting, then a key network of minimum
number of reporting raingauge stations is required to be established for efficient
operation of the scheme. The use of raingauge data for operational flood forecasting is most suitable for hilly catchments with characteristics of flashy floods
and for forecasting inflows into the reservoirs for reservoir regulation, It may
however be necessary to divide large catchments into smaller sub-catchments
which will fulfill the validity of the unit hydrograph principle.
If there is a network of reservoirs in the catchment then the sub-catchments
may be defined on the basis of such important controlling points, having a free
catchment not exceeding 4,000 to 5,000 sq. kms. Whenever, the free catchment

exceeds 5,000 sq. kms. it may be further divided into sub-catchments not exceeding 4,000 to 5,000 sq. kms.

The density of raingauge stations in each
recommended

in

IS:

4987-1968

eccsccealons may be adopted as

‘*‘Recommendation

for

establishing

network

The following general
of Raingauge Stations” and its further amendments.
criteria for distribution of raingauge stations as laid down in the above IS may
be adopted ;—
(i) In plains

ee

..

(ii) In elevated region above | ,000 m above
MSL with moderate precipitation.
(iii) In hilly area with heavy precipitation..

| Raingauge upto

520

sq. kms.

1 Raingauge in 260 to 390 sq.kms.
1 Raingauge in 130 sq. kms.

It is often necessary to have a minimum number of reporting raingauge stations
for efficient flood forecasting operations. This may be achieved by regression
analysis based on historical data. A minimum network of raingauge stations,
not exceeding 8 to 10 stations in cach sub-catchment and which can represent the
areal rainfall with about 90 to 95 per cent accuracy may be adequate for operational flood forecasting.
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4.2. Transmission of data.—The data from the key network of stream-gauge
and raingauge stations is required to be transmitted to the forecasting station through
the quickest possible channel.
Following types of communication
data transmission :—

systems are the most commonly

used for

(a) Land

line communication i.e. telephone and telegraphs.
(6) HF and VHF wireless sets.
(c) Telemetry system including satellite meteorburst technology.

4.3.

Formulation of forecast ‘.—Formulation of flood forecasts is done at the

Central Flood Forecasting Station of the system.

The station is located at a promi-

nent place near the dam where regulation of floods has to be made or near the flood

prone area which needs to be alerted and protected against floods, or at a suitable
site well connected with the reporting and the warning stations by communication
network. The flood forecasting station should itself be out of the flood zone,
and should afford efficient operation of the whole scheme.

The formulation of forecasts is made from the hydrological or hydro-meteorological data received from the various data collecting stations. All the arrangements for quick processing of the data and formulation of the forecast as well as
dissemination of the forecast to all the concerned stations must be readily available
at the flood forecasting station.
For all central flood forecasting stations adequately trained and responsible
technical staff must be posted on the work of formulation of forecasts. Normally
persons of the rank of Junior Engineer/Assistant Engineer|/Sub-Divisional Engineers
or higher posts must be posted for such works depending upon the importance of
the scheme.
Scrutiny of forecasts at the time of critical flood conditions by officers
of appropriate higher levels should be clearly laid down in the procedures of operation of the scheme. The concerned officers must remain at the flood forecasting
station during such emergent periods.
4.4. Dissemination of forecasts—Th3 flood forecasts that are framed should be
quickly disseminated to the various flood fighting stations. They should also be
kept informed of the progress of flood wave and any changes in anticipated situations of the forecast.

4.5. Up-dating procedures.—The basic requirements of a flood forecast are : it
should be reasonably accurate and it should enable maximum possible warning time.
Both these requirements are somewhat conflicting. The flood as it advances, may
undergo a considerable change due to contributing factors from lower area and
regulatory effects or additions from reservoirs. An over estimate of flood is likely
to cause unnecessary panic and an under-estimate may involve heavy avoidable
damage and risk.
The data that is being continuously received is used to up-date the forecast.
As the flood advances its progress in relation to warning time and any change in its
form or situation is continuously ascertained. The changing pattern of the incoming
flood is continuously disseminated to the flood fighting stations.
F 4785—3
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Depending upon the operational model and technique of flood forecasting, the
operational data will be continuously flowing to the flood forecasting station. Procedure and formats for compilation of this data as well as the details of actual floods
as observed must be clearly laid down along with the process of formulation of
forecast. This can best be done by the authority who has evolved the operational
technique and the model because it is he who is fully conversant with the limitations
of the operational model and the basic data that has been used for formulation of
the scheme and the additional factors associated with the hydrology and run-off
characteristics of the site which may not have been adequately accounted for in
the operational model for want of adequate and reliable relevant historical data.
Procedures and formats for observation and recording of such additional data at the
data collection or the Central Flood Forecasting Station or the flood fighting stations
must also be laid down along with the process of formulation of the forecast. This
data will form the basic data for future up-dating of the model to make it more
accurate and reliable. The pro forma to be used for collection of discharge and rainfall data are given in Appendix II proforma | to 3.
Adequate data such as rainfall, its areal distribution, time distribution, wind
speed and direction, river gauge and discharge data on event time base, temperature,
humidity, evaporation and soil moisture deficiency data must be collected at the
forecasting station or the flood fighting station such as the dam or the area to be
protected, to prepare the continuous hydrographs of the flood events on the actual
time base or the exact dates and timings of occurrence at sufficiently close time
intervals. It should be possible to know the time of arrival of the flood, the time of
occurrence and the magnitude of the peak, the nature of the rising and the falling
limbs of the flood hydrograph, the base flow and the separation of the flood hydrographs of the various major contributing tributaries, from this data.

4.6.

Post-flood analysis and research.— After each flood event the data of the

actual flood should be collected and its nature or variation in relation to the forecasts and the various contributing factors for such variations must be ascertained

by detailed analysis. The consistency of this data in relation to the model and its
short term and long term effects on the model and on the overall operation of the
scheme should also be studied.
Continuous record of all the flood events and post flood analysis should be built
up to provide long term data necessary for up-dating of the forecasting methods
and effective flood control.

The mode of collection and keeping record of operational and up-dating data
for the flood forecasting system is already indicated in para 4.5 above. The staff
engaged on the operation of the flood forecasting system should prepare a post
flood analysis report containing the continuous flood hydrographs at the various
data collecting, gauging and forecast sites and the regulation dams on the historical
time base of three hourly or shorter intervals. The reports should contain the
complete analysis and explanation for the variations in the forecasts and actual
flood events. These analysis reports, after scrutiny at various levels, must be submitted to the Regional Chief Engineer's office by the end of January following the end
of monsoon season. On the basis of post flood analysis reports, the Chief Engineer's
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Office should suggest or approve. short term and long term up-dating of
the operational forecast models, improvements in the method of data collection, method
of
documentation and analysis of the data and, improvements in the method
of flood
control and regulation.
Necessity for setting up of a fully automated system with facilities
for on line
analysis of real time data with the help of computers for various reservoi
rs networks
may also be studied from the records of the floods and utility of the
scheme.
5.

Reservoir Operation

Almost all the dams in Maharashtra are meant for the conservation purpose
for
utilisation of the stored water for irrigation, water supply or power
generation. The
aspect of flood control has not been considered in any of the reservoirs.
Several
major gated dams have been constructed on the rivers flowing through
important
towns and cities. These dams must serve the purpose of building up
the conservation storage efficiently without involving any risk of man-made flood
to the area on
the downstream.
This objective can only be achieved by a proper reservoir operation through carefully prepared reservoir regulation schedules, release
procedure
and gate operation schedules aided by an accurate and reliable flood forecasting
and
warning system.

6.

Principles of Reservoir Operation
6.1. Normally for irrigation, water supply and hydro-power projects it is
desirable
to fill the reservoir as early as possible during the filling period while meeting
the
normal requirements of releases for the period. While doing so it should
also be
seen that the lake level is not brought near F.R.L. too early in monsoon if
the runoff statistics shows that even by prescribing limiting lake filling levels the
lake can
be filled up after following such restrictions.

6.2.

The concept of conservation is in-built in the ungated reservoirs which
will

not spill until the F.R.L. is reached.

The aspect of moderation of floods is also more

or less in-built within the mode of functioning of the waste weir and the
substantial
flood lift normally provided for such reservoirs. The operation schedule
in such cases
is rigid and the only factor that needs to be carefully decided is the design
flood or
the adequacy of the spillway and the free board.

6.3. The adequacy of the design flood, the spillway capacity and the
free board
should be periodically reviewed in the light of observed data. Such data
should be
continuously built-up during the course of operation of the reservoir
by maintaining
tank registers with hourly observations of tank gauge, releases and
spills during
the monsoon.

6.4, In case of gated reservoirs a part of the conservation storage
space often
forms a part of the flood control Storage space. The reservoir operatio
n schedule
which may be semi-rigid or flexible in such cases has to be evolved keeping
both the
requirements in view. Any error in operation of gates may endanger
the safety of
the dam or may cause artificial floods and wasteful spills and the reservoi
r may not
fill up as required in spite of adequate rains. The flood control require
ments will
govern the reservoir operation during such period of the monsoon
when the floods
F 4785—3a
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of the monsoon
are more severe. However, as the reservoir has to be full at the end
the flood
handling
while
view
in
kept
be
also
should
the conservation requirements
a careful co-ordisituation. The reservoir operation should, therefore, involve
tion storage.
conserva
the
of
up
building
the
and
nation between the flood disposal
s and an
schedule
on
regulati
gate
and
curves
guide
g
This is achieved by preparin
of such schedules.
efficient system of flood forecasting wherever required on the basis
7.

Guide Curves

7.1.

For all the gated reservoirs guide curves (also called rule curve, conservation

schedules

or regulation

schedules) should

period and for the depletion period.

be prepared

An illustration

separately for the filling

of a typical

guide curve”

to which the reseris shown in Appendix III. The guide curves will show the limits
for achieving the
periods
specified
of
end
the
at
raised
y
voir levels should be normall
flood absorption
normal planned storage of the reservoir while availing of the

capacity to the greater possible extent during the specified periods:

The guide curves

records from
for the filling period can be developed from a study of the run-off or yield
period.
the catchment over a long

constraints of
7.2. While preparing the guide curves for the filling period the
ent periods
subsequ
various
the
during
safe moderation of peak floods likely to occur
have also to be taken into account.

7.3.
curve.

lower guide
The guide curves are made up of an upper guide curve and the

limit of the level
The upper guide curve in a conservation schedule is the upper
respective dates.
the
upto which the reservoir can be built up or maintained on
rise temporarily
to
During the period of severe floods, the reservoir may be allowed
of the officer
on
above the upper guide curve but below the M.W.L. at the discreti
the upper
between
not below the rank of Executive Engineer. The storage space
s the
indicate
r
guide curve and the allowable maximum water level in the reservoi
the
on
ion
minimum flood storage space that can be available for flood absorpt
various dates.
minimum levels
The lower guide curve in a conservation schedule indicates the
the monsoon
during
dates
various
on
d
achieve
be
upto which the reservoir filling must
between the
e
availabl
space
storage
The
r.
from the point of filling of the reservoi
storage
flood
m
maximu
the
s
indicate
level
water
lower guide curve and the maximum
dates.
various
the
on
ion
absorpt
space that can be available for flood
prepared for an
In case of multipurpose projects the guide curves are generally
benefits.
the
overall optimum result depending upon the various utilities and

the upper
7.4 The procedure for disposal of floods and surplus inflows beyond
reservoir attains
limit of stage of guide curves as well as surplus inflows after the
upper limits
The
.
schedule
filling
the
in
specified
and
the F.R.L. should be decided
to the peak
of flood discharge to be released during the various periods related
be clearly specirate of anticipated inflows during the various intervals should also
fied in the filling schedule.
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7.5. When there is separate space allocation for different uses including the
flood control, the operation for specific uses will usually be independent of each
other. The releases for each purpose should be worked out separately during
each interval of the filling period. Whenever the reservoir storage shows a tendency
to fall at the critical periods of the filling then suitable curtailments in releases for
various uses may be enforced,
7.6. For projects envisaging joint use of some of the space for flood control
as well as conservation purposes, flood control operation will usually be carried
out by using part of the conservation storage space for flood absorption during
the initial port of filling. The regulation schedule for the conservation phase will
then consist of an additional guide curve indicating levels which may not be exceeded
at any particular time of the monsoon season except for the purpose of storing
flood waters temporarily,
Normal filling and dry weather release curves for the
conservation use will be drawn as in the case of a single purpose reservoir.

7.7. In case of system of reservoirs the depletion schedules may be formulated
taking into account the reduction in storage losses and benefits of “ galper” cultivation for optimum results.
7.8.

Regulation schedules for reservoirs operated as part of a valley system should

be prepared separately for each reservoir but based on integrated plan of operation

and considerations,
Flood forecasting and routing studies would have to be carried
out for estimating flows from various parts of the basin before releases from different
reservoirs can be actually effected.
8.

Preparation of Guide Curves

The following step by step procedure may be followed for preparation of the

guide curves :—

(a) The available daily inflow data at the dam site for several years may be
compiled into ten-daywise inflow figures for all the years. The ten-daywise periods

“may

be adopted

say

Ist June to 10th June, 11th June to 20th June,

21st June to

30th June etc. The entire period from Ist June to 31st October may be considered
for this purpose.
Sometimes the period-interval is reckoned as weekly or fortnightly instead of ten-daily.

(6) From the above ten-daily run-off for various years, a run-off series for each
ten-daily period may be prepared, and the 90 per cent dependable and 75 per cent
dependable yields for the various ten-daily periods may be worked out.
(c) The requirements or withdrawals
each ten-daily period are worked out.

for the various contemplated

uses for

(d) The surplus flows available for storage or deficits, if any, during the various
ten-daily periods may be worked out at 90 per cent and 75 per cent dependabilities
by finding the difference between the respective ten-daily inflows and the ten-daily
withdrawals at the corresponding dependabilities. In case of cascade reservoirs
i.e, reservoirs on the same stream or river in series, the net inflows after meaycting
upstream use may be considered.

wir
i
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(e) The date of attainment of monsoon storage level or the F.R.L. may be
decided by working backwards from the end of monsoon or the last ten-daily
period and arriving at the ten-daily period which has a surplus inflow as worked
out under step (d) above at 90 per cent dependability.
(f) While deciding the monsoon storage level as at step (e¢) above, it may appear
that, the 90 per cent dependable inflows for all the three ten-daily periods for
October may be less than the respective ten-daily requirements and the surplus
yield for the ten-daily period may occur somewhere in September. In such a case
the monsoon storage level may have to be adopted at the end of the respective tendaily surplus period in September i.e. the reservoir must reach the full reservoir
level at the end of that particular ten-daily period.
(g) After deciding the date of monsoon storage level the data of all historical
floods occurring after that date is examined to ascertain that all such critical flood
events can be safely routed within the available flood storage space or the flood
lift and without exceeding the permissible limits of flood for the downstream river
channel. If these limits are found inadequate then appropriate procedure for
routing the severe most historical flood for the period after Monsoon storage
level is reached is evolved and incorporated in the standing operating procedure
and the reservoir regulation schedule.

_

a

(A) The storage or guide curve levels for the 75 per cent and 90 per cent dependabilities at the end of each preceding ten-daily period is then worked out by
successively deducting the 75 per cent and 90 per cent dependable surplus yields
from the respective lake full contents for each ten-daily period starting from the
last surplus ten-daily period at 90 per cent dependability. In some cases it may be
necessarily to build up or maintain the minimum operational requirements at the
earliest possible time which may also be considered.
(i) The guide curves for the 90 per cent dependable and 75 per cent dependable

——

storage levels for the various ten-daily periods are plotted, as shown in Appendix III,

Figure 1. The guide curve for the 90 per cent dependable storage levels is the
conservation method while the guide curves for the 75 per cent dependable storage
levels gives more space for flood storage. The curves may be designated as
** A-Curve ’’ and “* B-Curyve "’ respectively.

H

(j) After deciding the guide curves as above the analysis for routing of the
historical flood events for the various ten-daily periods is carried out to ascer-

tain that all such flood events can be safely routed with the

reservoir standing

at the guide curve elevations for the respectively ten-daily periods corresponding
to the A-Curve or the B-Curve. During the actual passage of floods the reservoir
level may rise temporarily above the upper guide curve but not exceeding the
M.W.L.
(k) With the above analysis the appropriate procedure for flood regulation in
all the cases is decided and specified in the standing operating procedures and
the reservoir regulations schedule.
(1) Major floods occur in most of the rivers in Maharashtra during July and
August and some part of the conservation space during this period may have
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to be utilised for flood moderation.
However, it should be seen that, it is possible
to fill up the same for conservation purpose towards the later part of the monsoon.
(m) In case of lean years if the filling guide curve falls below the curve ‘B’ then
efforts should be made to conserve the storage by curtailing the withdrawals
suitably and the procedure to be adopted for the same should be incorporated
in the Standing Operating Procedures.
\

(n) Separate guide curve for depletion period should be prepared taking into
account the ten-daily withdrawals.

(0) In case of lean years the withdrawals will have to be restricted further during the depletion period. The procedure to be followed for the same should
be incorporated in the Standading Operating Procedures.
(p) Wherever adequate hydrological data is not available for developing the
guide curves as above, the initial guide curves may be based on empirical methods
or Correlations based on similar data of other projects in the vicinity or experience
data and thumb rules. However, as the reservoir starts functioning, the hydrological data based on actual observations should be continuously collected and
built-up to form the basic data for preparing and up-dating the guide curves
for future reservoir operation.
(q) Inspite of the preparation of guide curves, it is necessary for the local
officers to keep a close watch on the developing rainfall pattern in a particular
year to decide variations, if any, needed to be adopted in the guide curves from
the points of creating desired storage while avoiding the risk due to heavy floods
reasonably.
(r) The reservoir operation data should be continuously built-up and the guide
curves should be periodically reviewed and up-dated. The proforma recommended
under I.S. 7323-1974 for maintenance of data regarding reservoir operation are
appended vide Appendix IV proforma | to 3. Proforma-1 deals with collection
of rainfall and stream flow data. Proforma-2 deals with computations of forecasting inflows based on rainfall-runoff correlation and unit hydrograph. Proforma-3
contains data relating to daily reservoir operations.

.

9.

Gate operation schedules for dams with gated spillways
The gate operation schedule must be prepared based on the site conditions, the

results of model studies and the regulation schedule of the reservoir. The gate operation schedule should clearly indicate the complete sequence and stages of operation
of various gates corresponding to various lake levels and the flood situations. These
details should also be incorporated in the Standing Operating Procedures of the
Teservoir alongwith the regulation schedule and maintenance schedule of the gates.
A typical gate operation schedule of Paithan Dam on Godavari river is shown in
Appendix V. The following general guidelines may be borne in mind in preparing
the gate operation schedule :—
(a) If the dam has got stilling basin at two different elevations then the gates
with stilling basin at lower level should be operated first. The regulation of gates
should be based on model studies. The aim will be to ensure safety of dam structure

A
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including the gate parts, hoists, energy dissipation arrangement and spillway tail
channel while letting out the desired discharge.
(b) The end gates should normally be opened first to prevent cross flows striking
- against the guide walls and junctions.
‘(c) At any time during the operation of different gates, the difference in gate
opening of any two consecutive gates should not exceed 0°5 metres.

(d) After opening the end gates, the gates at the centre should be opened and
the other gates should be opened in symmetrical manner starting from the centre
towards the end through gradual increase in the openings.
(e) While closing the gates, the gate that was opened last should be closed first.
The procedure to be followed for closing the gates would generally be the reverse
of the procedure followed for opening the gates. Complete closure of the gates
should be accomplished by gradual sebetebgp of the gates by 0°2 to 0°3 m in the

proper sequence.

(f) An efficient and reliable system of flood forecasting should be established at
the dam site to facilitated,—

(i) formulation of accurate forecasts of rate of inflow and volume of floods
at the dam site, and
(ii) regulation of the gates for efficient flood disposal.

_
7)

dll

(g) While surplussing the floods when the reservoir is at or near about the
F.R.L. towards the end of monsoon—
(i) the reservoir level should not be aowed to encroach upon the free board.
(ii) no part of conservation storage is allowed to spill towards the later part
of the monsoon,

10.. Actions to be taken by Authorities of Irrigation Department in charge of Dams

10.1. The Executive Engineers in charge of maintenance or construction of the
dams must prepare index maps of inundation area or flood banks on the downstream
as described in para 10.8 for all the dams under their control and must identify all
such flood prone areas. The reports about such areas and details of the nature of the
problems must be submitted to the Superintending Engineer, the Regional Chief
Engineers. and the Superintending Engineer, Dam Safety Organisation. The Field
Superintending Engineer should examine such reports and should direct the Executive
Engineer to formulate a suitable flood forecasting scheme for the protection of the
flood prone areas. A notification of such area and the floods problem should also
be made to the District Collector and the District Flood Co-ordination Committee.
- 10.2. Suitable flood forecasting schemes must be formulated and implemented
as a part of the Standing Operating Procedures in the following cases for safe and
efficient reservoir operation as well as for protection of property and population
in the flood prone areas:—
- (a) All dams with gross storage capacity more than 150 million m*.
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capacity more than 3000

(c) All gated dams with manual, electrical or mechanical power operated
gates irrespective of the storage capacity or the spillway discharging
capacity.
Such flood forecasting schemes should be formulated by the Executive Enggineer
in charge of the dam and must be incorporated in the Standing Operating Procedures
after the same is approved by the Regional Chief Engineer.
10.3. In the major river valleys with flood control problems and a network of
gated dams in the upper catchment, an integrated flood forecasting and reservoir
operations scheme assumes greater importance for efficient flood moderation for
safety of lower dams in addition to flood protection of the populated areas. With
an integrated scheme for flood forecasting and reservoir operation for the valley

as a whole, the flood discharges from various parts of the catchments can be suitably

staggered by adopting the measures like advance flood releases and storage of
water of high floods in the various reservoirs whereby the overall peak discharge
can be considerably reduced. The operation of advance release, for creating space
for flood absorption in the reservoirs, without loss of conservation storage or wasteful spills, can be greatly facilitated by a reliable scheme of forecasting inflows into
the reservoir i.e. the total volume of inflow, the peak rate and maximum stage that
may be reached in the reservoir. The scheme of integrated reservoir operation
for flood moderation should be prepared by the concerned Regional Chief Engineer.
10.4. The collection of hydrological data is an important operation in formula”
tion and implementation of a flood forecasting scheme as well as planning and operation of the reservoir. A representative network of river gauge and rain gauge stations
must be established in the catchment and instruments like water stage recorders
and self-recording rain gauges must be installed at all such stations as well as at
all the controlling points like weirs and storage dams on the upstream for collection of such data. Already a large network of rain gauge and river gauge stations
is existing in all the river basins in the State for collection of the hydro-meteorological data for the basin and these stations can be advantageously utilised for
preparation and operation of the flood forecasting schemes.

10.5. All the upstream dams with catchments more than 50 sq. kms. must form
operational hydrological data collecting stations for flood forecasting schemes for
the particular valley, and such stations must communicate the data about stage
of filling, balance storage space available, and spills if any, from such upper dams
to the next lower dam on the stream or the Central Flood Forecasting Station at
regular intervals of 3 to 6 hours. This time interval may be reduced to hourly or
shorter during the periods of heavy precipitation and significant spills. The maintenance in-charge of such dams must continuosly stay at the site of dam and round
the clock vigil must be maintained from the moment the lake attains the storage
of about 70 per cent of live capacity or when the weather reports and gauging date
indicate probable flood situation affecting the dam or downstream area.

F 4785—4 (2,500—7-84)
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system such as canal wire telephone and

wireless stations must be established to connect various date collecting station, with

the base station such as the reservoir or the area to be protected from floods, to enable
efficient communication of the hydrological data and the forecast details at regular
intervals.

|

|
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10.7. The simplest method of flood forecasting for flood protection works consists
of various empirical models based on gauge discharge correlations. However, for
efficient operation of reservoirs the volume of floods and time of occurrence and
intensity of peak inflow are more important. Mathematical models based on unit
hydrograph principle are, therefore, more desirable for reservoir operation. Such
models can be conveniently processed on micro computers. In the beginning when
the available data may be inadequate for a mathematical model a beginning may
be made with an empirical model based on gauge discharge correlation, however, in
due course adequate data must be built-up to enable formulation of a mathematical
model based on unit hydrograph principle. |

10.8.

In the urban areas there is a tendency for encroachment in low-lying flood

plains of the rivers through growth of slums and unauthorised constructions. Such
developments are bound to create the following problems:—
(a) Increase and complicate the problem of rescue and evacuation during
recurring floods.

|
|

(b) Create obstructions in the river regime and thereby cause further afflux in
the floods.
(c) Cause impediments in the smooth operations of upstream reservoirs by
inducing administrative and political preasure in restricting the flood discharge
from the reservoirs. Such pressures at critical moments are likely to lead to faulty
judgements in reservoir operations and may lead to disasters.
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10.9. The Executive Engineer in charge of operation and maintenance of reservoirs
or construction of new dams having populated urban and rural areas on the downstream must identify the portions of such areas located within the flood zone of the
river. He should prepare index maps and detailed maps of flood banks on the downstream river channel portion and must mark thereon the following :—
(a) Flood lines corresponding to 25 years return period outflow flood.

(4) Flood lines corresponding to 100 years return period outflow flood or the

spillway design outflow flood whichever is higher.
(c) All populated urban areas, towns, gaothans, installations and engineering
works located in the above flood zones.
:
(d) Flood plain zoning required for the area from the point of view of safe
reservoir operation and preventing unscrupulous developments and new constructions in the flood plains which are likely to aggravate the flood problems of the

area.

A specific mention may be made of all the existing structures, land developments
and crops which are considered definitely conducive to the existing flood problems
in the area,
(e) All existing roads, railway lines, communication lines and power lines passing
through the flood zones.
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(f) Course of all natural streams and nallas.

(g) Locations of all safe high plateau and mounds near the various populated
urban areas, towns and gaothans located in the flood zones.
The index maps may be prepared on plans to the scale of 1 cm=500 mor1: 50,000
or to the scale of available topographical maps.
Detailed maps of the populated areas
also be prepared. These detailed maps
city survey maps, land records maps or
or residential developments, important
also be marked on the detailed maps in

and gaotMans falling in the flood zones should
may be Prepared on the available town plans
village m@ps at 0-5 m intervals and all sectors
public buildings, hospitals and roads should
addition to the details at (a) to (g) above.

The inundation maps or the index maps and detailed maps of the flood zone skould
be approved by the competent authority in the Irrigation Department as stated
below before they are brought into further use:—
(i) Major Projects—Regional Chief Engineer.
(ii) Medium Projects—Superintending Engineer,
(iii) Minor Projects—Executive Engineer.

The approved plans should be notified to the District Collector, the District Flood
Co-ordination Committee and the local municipal or governing bodies. Such maps
in respect of major and medium projects must also be submitted to the Government
in Irrigation Department
and Revenue and Forests Department through the
Superintending Engineer and Regional Chief Engineer.
10.10.
complete
reservoir
following

The Executive Engineer in-charge of gated dams should prepare the
reservoir operation schedule for each such dam under his control. The
operation schedule must contain comprehensive instructions regarding the
aspects :—

(a) The reservoir filling, regulation and depletion schedules.
(b) Proceduies for routing of all critical floods and watching the safety of dam
during the various stages of lake filling and flood disposal.
(c) Procedures for forecasting inflows into the reservoir and the method of
collection and recording of hydrological data.
(d) Gate Operation Schedule.
(e) Complete set of precautionary steps to be followed by the Engineers in-charge
of gated dams for timely forewarning the area on the downstream regarding the
release of floods from the reservoir.
(f) Maintenance, inspection, test and repairs procedures for periodically checking the status of gates operation mechanism and their ancillary equipments and
works and carrying out the necessary repairs.
The reservoir operation schedule as above must be scrutinized and approved by the
Regional Chief Engineer for all gated dams.
The approved reservoir operation schedule as above must be incorporated in
the Standing Operating Procedures of the reservoir.
F

4785—4a
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The reservoir operation schedules must also contain detailed instructions regarding
intimation to be given to the Chairman, DFCC i.e. Collector of the concerned District
and the other concerned authorities as stipulated in the relevant Government Orders,
about the probable flood range and the area and towns or villages likely to be
affected.
11. Action to be taken by Officers of other Departments and Local Bodies
regarding Floods
A District Flood Co-ordination Committee (DFCC) should be set up in each
flood-affected district to co-ordinate the working of the flood warning system and to
take suitable precautions for evacuating the population and keeping proper vigilance
at vulnerable points.
The Collector of District should arrange to set up District Flood Co-ordination
Committees (DFCC) for the District. The functions of local irrigation officers should
be to intimate the possibilities and the nature of the anticipated floods and they
should prepare plans of flood zones for the District Flood Co-ordination Committee.
The demarcation of the flood zones may be done by the District Flood Co-ordination
Committee through the various agencies associated with the District Flood Coordination Committee.

11.1. District Flood Co-ordination Committee.—District Flood Co-ordination
Committee (DFCC) will co-ordinate the working of the flood warning system,
take suitable precaution for evacuating the population and marshalling the labour
to meet the emergency and ketp vigilance at vulnerable points. The District Flood
Co-ordination Committee may consist of the following officers subject to modifications according to local requirements :—
(a) District Collector.

(6) Chief Executive Officer, Zilla Parishad.

(c) Superintendent of Police of the District.
(d) Executive Engineers in-charge of Irrigation Works in District.

(e) Executive Engineers of Public Works and Housing Department.

(f)
(g)
(h)
(i)
(j)
(k)
(1)
(m)
(n)
(p)

A representative of Post and Telegraph Department.
A representative of the India Meteorological Department.
A representative of the Railway, if any railway works are involved.
A representative of the Road Transport.
A representative of the Regional Transport.
A representative of the Civil Supplies.
A representative of the Police Wireless.
District Health Officer.
District Commandant of Home Guards.
A representative of All India Radio and Television.

The District Collector would be the Chairman of the DFCC.
Any other person
considered useful by the Committee may be co-opted as a member by the
Committee.
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The District Flood Co-ordination Committee should establish separate committees
in town and villages which are likely to be affected within the district and instruct and
co-ordinate their working from time to time. A list of persons to whom the flood
warning are to be transmitted should also be prepared by the District Flood Coordination Committee.

sheen

eer

11.2.

Town or Village Flood Committees.—The committees should have represen-

tatives of the local administration,

local inhabitants, engineers in charge

of flood

works of the area, and local governing bodies as the members. The Assistant Collector or the Tahasildar should be the Chairman of these Committees.
Each member
should be fully conversant with the local flood problems and his duties in emergencies.

11.3. Flood data collection and forecasting arrangements —The following arrangements may be made by the DFCC for flood data collection and monitoring :—
(a) Maps to a suitable scale of the river basin showing the course of the river
and its tributaries, rain gauges, river gauging stations, locations of controlling points
like storage dams and area prone to flood damages etc. should be available with
the authorities indicated by the District Flood Co-ordination Committee.
(6) A requisite number of rain-gauge stations, river discharge gauge sites and
flood warning transmission stations should be established at suitable places in the
catchment and along the course of the river and its important tributaries. Curves
connecting gauge and discharge at the upstream gauge sites and the downstream
flood forecast sites should be available with the authorities indicated by the
District Flood Co-ordination Committee.

(d) A chart giving the names of observation sites or the warning sites and expected time of travel of flood between the various gauge sites and each town or
important village on the downstream for the critical flood stages should be avai-

lable with the authorities-indicated by the District Flood Co-ordination Committee.

(d) The gauges corresponding to the alert and the danger levels in the ‘rivers
near the various flood-prone areas should be pre-determined by the DFCC.

11.4.

Flood warning —(a) Clear instructions should be available with the officers

in charge of observations to send expeditiously the rainfall,
figures of rivers to the flood warning transmission stations.

gauge

and

discharge

(5) For efficient transmission of flood warnings it is essential to have dependable
communication arrangements which should not get disrupted or disorganised during
heavy floods or storms. Various system of transmission can be adopted such as
through telephone, telegraph and the wireless network. The common system is
mostly through telephone or telegraph messages. Since these are likely to get disorganised during heavy storms, it may be useful to install efficient wireless systems
at suitable points. In case of important discharge and gauge sites, automatic trans-

mission arrangements

may

be installed.

While installing wireless transmission

stations for flood warnings, due consideration should be paid to the range of the wireless equipment and suitable relay stations, as they may be required to be connected
to the State Control Office located at the capital of the State.
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(c) There should be instructions with the receiving stations to receive and deliver
the news relating to floods on top priority basis to the persons concerned. It is
desirable to evolve a system of easily understandable codes or abbreviations for
such messages with a view to avoid lengthy flood messages specially where the mode
of transmission is by telegram. In places where wireless transmission facilities are
available the gauge readers should despatch a written message in duplicate to the
wireless operators as soon as the river attains the alert or the danger levels, The
wireless operators should keep a copy of the message and return the other one to
the readers through the messenger duly acknowledged.
(d) The uppermost sites serve as preliminary flood warning
lower ones as the final flood warning sites. °

stations

and

the

(e) Warning should be as detailed as possible and should also give the gauge reading
and an indication whether the levels are rising or falling. The rate of rise or fall
per hour should also be intimated.
:

Lat}

| ail

11.5. Flood plain zoning.—Areas liable to flood should be well demarcated by
identification marks or stones of distinct design and colour. High spots near each
village should be determined so that people can be shifted immediately on receipt
of the flood warning. Zones should be divided into three distinct categories to
correspond to areas likely to be inundated with 25 years return period, 100 years
return period and the probable maximum flood (PMF) respectively in case of rivers
without storage dams or 25 years return period flood, spillway design flood and the
dam break flood respectively in case of rivers with storage dams as the case may be.
The three zones will correspond to prohibitive, restrictive and caution zones respectively. The villagers should be informed about such zoning as shown in plan
vide Fig. 12.
11.6. Flood relief and stock piling of materials and foodstuffs.—Local officers
in charge of relief measures should keep ready a list of available boats so that these
may be immediately requisitioned in case of emergency. A list of boatmen avoilable should also be kept ready. After requisitioning the boats a responsible officer
should be placed in charge of them. Some stock of life belts also should be kept
available at suitable sites whenever there is a threat from floods. Officers in charge
of relief should store reasonable quantities of foodgrains, particularly rice, wheat,
pulses, milk powder, sugar and salt at important points in areas where communications are likely to be cut off by floods. Some quantity of fuel should also be
kept in stock. Such a stock should be kept at a site not likely to be inundated by
floods. Medical, Public Health and Veterinary Departments should keep in stock:
sufficient quantities of medicines to meet emergencies in areas likely to be isolated
by floods. Some tents and tarpaulines should also be kept in stock.
11.7. Duties of various members of the District Flood Co-ordination Committee.—
Some of the important duties of the various officials connected with the District
Flood Co-ordination Committee are enumerated below. The local representatives should be able to educate people about the flood gauges, zoning and evacuation measures. They should also be able to help in mobilisation of labour required
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to safe places in the events of emergencies.
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people and property

(a) District Collector and Superintendent of Police of the District.—The Collector
of the District should arrange speedy transmission of messages of warning to the
people in the area likely to be affected by flood.
The Superintendent of Police of the District should see that immediately an
alert is given, an adequate number of police personnel are deputed to the site
for maintaining law and order.
(b) Engineers.—(i) The Engineer in charge of Irrigation and Public Works and
Environmental Engineering, Railways and Post and Telegraph should be responsible for the safety of engineering works in their charge.
(ii) Engineers in charge of irrigation works may be nominated by the Flood
Committees to make an intelligent study of the rainfall and flood data and forecast
the river levels which are likely to be attained and the time lag. They should
inform the Chairman of the Local Flood Committees about them.
(iii) They should also inform their departmental superiors of all the daily
happenings about flood situations and give suggestions for efficient conduct of
work.

:

(c) Maintenance of flood control embankments.—(i) The Engineer in charge
of maintenance of flood control embankments must be fully acquainted with the
instructions for maintenance of flood embankments as given in the Embankment
Manual issued by the Central Water Commission as well as in other publications and manuals issued by his Department.
'
(ii) On the occurence of a breach, he should at once contact the Chairman of
the Local Flood Committee or any other person nominated by District Flood
Co-ordination Committee for assistance. He should immediately proceed to
the site and take suitable measures for closing the breach without waiting for
any orders. He should inform the following officers by telegram and telephone :—
(1) Chief Engineer in charge of Irrigation or Flood Control Works.
(2) Superintending Engineer.
(3) Executive Engineer.
1

(4) District Collector.

(5) Chief Executive Officer (Zilla Parishad).
j

(6) Superintendent of Police of the District.
(7) Railway Authorities.
(8) P & T Department Authorities.

(iii) A proper register of breaches and leaks and also a register of dangerous
sites for flood control works should be maintained.
(d) Army.—Help from the army should normally be sought under exceptional

cases, e.g. when a certain area is threatened by serious floods and some breaches

have occurred suddenly in the embankment, which cannot be closed due to limited

of damage, if
an

0ods,
to the Protective

works,

4 narration of
how

(6) The Specia
l high mounts
and areas Occu
about should
pied during
be disinfected
:
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(g) Verify that the correlation diagrams at the foreca
sting station are the latest
and authentic.
(A) See that the necessary staff is available at all
the reporting stations and flood
fighting stations by Ist of June. Wherever season
al staff is available, this staff
should be made adequately familiar with the Opera
tions of the scheme and method
of collection and maintenance of data.
(i) See that the authentic guide curves or regul
ation schedules of all the important
reservoirs on the upstream which are to be used
for flood moderation are available,

(k) Verify that the plans for public alarm syste
m are pre-determined and neces™
sary devices such as warning systems, sirens
etc. are in good working order and
people around are familiar with the mode of warni
ngs.
13. Conclusion

Flood forecasting is indispensable in efficient
and safe operation of large reservoirs
protection

and

of flood-prone populated areas and installations
on the banks of

major rivers or on the downstream of important
dams.

A flood forecasting scheme
has already been in use in Godavari basin in Mahar
ashtra State for the protection
of Nanded

town in Marathwada region from 1976 onwar
ds.
scheme is indicated in Appendix VI as an illust
ration.
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V

(Ref. Para 9)

th fecn
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PAITHAN

DAM

SPILLWAY

Gate Operation Schedule
The gate operation schedule for 18 gates on right bay and 9 gates on left bay is
as under:—
(a) F.R.L. R.L. 464-025 mis maintained by progressive operation of 18 Nos.
of gates in the right bay till they are fully opened.

(6) For further tendency of reservoir level to go above R.L. 464:025 m all the
5 gates on left bay are opened by 0°9 m above spillway crest and maintained at
this level till the lake level reaches R.L. 464:635 m.
(c) For further tendency of reservoir R.L. to go up above R.L. 464°635 m
all the 9 left bay gates are further opened by 0:9 m. i.e. totally 1:8 m from weir
crest and maintained at that opening till lake level reaches R.L. 465°245 m.

(d) For further tendency of reservoir to rise up all 27 gates (18 -++ 9) are fully
opened and the reservoir level is allowed to go up freely till it starts falling.
*Note——A provision of extra discharging capacity corresr ondirg to discharge of 2 gates at
HFL has been made to ensure designed maximum overflow even if up to 2 gates
do not open

due to malfunctioning
at the time of such critical flood stage.

Sequence
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Further opening in the sequence is 2s above.
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VI

FORECASTING

IN GODAVARI

BASIN

Introduction

Nanded is the second biggest town of Marathwada region of Maharashtra State.
It is a business centre and also has importance due to the Shrine of Guru Govind
Singh, the tenth Guru of Sikh religion. It is situated on the bank of Godavari and
is surrounded by rivers from three sides, on two sides by Godavari and from one
side by Aasna river.

The town is periodically sustaining the flood havoc brought by Godavari river,
whenever, there is heavy rainfall in its catchment area or in its tributaries. During
the past twenty years, there were heavy floods in 1962, 1969, 1973 and 1975. In
the year 1969, there had been considerable loss of property in the town due to flood
water. About 3,354 houses were affected with a total estimated loss of Rs. 12.30
lakhs. A committee of secretaries was therefore appointed by Government in the
year 1975 to study the flood situation and to devise a scheme for forecasting the floods
and its moderation with the irrigation reservoirs constructed on Godavari river or ou
its tributaries. As per the recommendations of this committee, a flood forecasting
scheme was promulgated, which is since being implemented from the monsoon of
1976.
This scheme is of great assistance in monitoring and controlling to a certain extent
the floods in the whole Godavari valley in Maharashtra and reducing the flood
damage to flood-prone towns and installations but cannot be still said to be a
perfect scheme as modifications and refinements are continued to be made as more
data and experience are gained year after year. However, the details of the scheme
as in operation in 1981-82 is presented below for understanding the broad basic
principles of a typical flood forecasting scheme.
2.

The Problem

The river Godavari rises in the Western Ghats near Trimbakeshwar in Nasik
District, at an altitude of RL 1296 m. It flows eastwards, through
Maharashtra

State for about 688 km
about 70890 sq. km of
tributories of Godavari
Sindhphana, Dudhana

before it crosses the state border to Andhra Pradesh draining
catchment area in the Maharashtra State. The main
in Maharashtra State are Kadwa, Darna, Mula, Pravara,
and Purna rivers.

The Godavari basin is divided in IV zones for the purpose of quantitative precipitation forecast classified by the India Mcteorological Department (IMD)
as below :
Zone 1.—This

zone

covers

C. A. and

Gangapur, Waghad, Karanjwan.
upto about 2500 mm.

storage

sites of Bhandardara,

Darna,

Average annual rainfall ranges from 800 mm

Zone 2.—Below zone | upto Paithan.
to 800 mm.

Average annual rainfall between 500 mm
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Zone 3.—Below
mm to 1000 mm.

Paithan

storage
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upto Nanded.

Average

annual

rainfall

800

Zone 4.—This zone covers entire C. A. of Purna including Dudhana. Average
annual rainfall is 700 to 1000 mm.
:

Saw

SSS

The Godavari and its tributaries generally start
monsoon in the month of June. The river flood
and August which amount for nearly two-thirds
ment. In September the flow varies from about
further decreases sharply in the month of October
after February or March.

rising after onset of the south-west
is maximum in the months of July
of the monsoon yield of the catch15 to 30% of annual flow, which
till it becomes almost insignificant

A number of dams have been constructed in Godavari basin and few more are
contemplated. This includes Gangapur dam and Nandurmadhmeshwar weir in
Nashik District and Jayakwadi Project Stage I in Aurangabad District which are
completed works, On the tributaries the completed projects include Bhandardara
on Pravara, Mula on Mula and Yeldari and Sidheshwar on Purna river. The work
of Majalgaon Dam on Sindhphana in Beed and lower Dudhana Project on Dudhana
river in Parbhani District are in progress.
One thing which is to be
completed or contempleted
large portion of floods that
voirs are provided with any
required storage capacities.

pointed out here is that
on Godavari river or on
would occur if they were
specific flood absorption

though many irrigation works
its tributaries are intercepting
not there, none of these resercapacity over and above their

Floods in Godavari catchment upto Pravara confluence normally occur in early
monsoon, that is in July and August whereas in the catchment area below Paithan,
floods occur usually in late monsoon that is in September. It can be seen that Jayakwadi Dam moderates all floods above Paithan. It is clear from the above that

flood danger to Nanded town is due to floods in Godavari river from discharge let-

out or spills from Paithan,
free catchment below these
late the inflow and outflow
capacities for moderation

Yeldari and Sidheshwar dams and the floods from the
dams. It therefore becomes necessary to suitably reguof these dams when these dams are filled to their required
of floods

3. The Scheme

The system is in operation since 1976 during the monsoon period only and is
restricted to issuing flood warnings to Nanded town by observing flood discharge
in Godavari, Sindhphana, Dudhana and Purna rivers.
The main features of
flood control scheme for Godavari river below Paithan are: (i) forecasting the flood
at controlling dams depending on study of rainfall; (ii) gauging the discharge at
number of places on Godavari river and at controlling dams sites; (iii) operation
of the controlling dams during floods for achieving designed storage at the end of
monsoon; (iv) setting wireless stations at each controlling dams and at river
gauging sites for sending details such as rainfall and discharge data to central flood
control room at Aurangabad.
The details of stations in Godavari basin where data about Rainfall, river discharge and water levels etc. is collected, are given in statement I of this annexure.
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The central flood control room at Aurangabad receives all information about
floods observed at various reporting stations. The anticipated floods in various
controlling dams is estimated approx. considering the existing storage available at
central dams as well as flood situation in their downstream area and the Central
Flood Control Station (C.F.C.S.) issues guidelines to the controlling dams for
moderation of floods.
The danger to Nanded town is due to floods in catchment area of Godavari below
Paithan. the C.F.C.S. issues following instructions to control dams that is
Jayakwadi, Yeldari and Sidheshwar dams:—
(i) To deplete the reservoirs in advance.
(ii) To maintain reservoir level by letting out water by adjusting inflow equal
to outflow,

(iii) To hold the floods by raising reservoir level.

(ly) To issue warnings to Nanded town as may be necessary.
Usually six hourly data from all the stations are called from all wireless stations
and compiled in C.F.C.S., Aurangabad and at 8-00 a. m. only Rainfall data is
received from all these stations. The rainfall data is further transmitted to Chikalthana Airport, who will further transmit it to Kulaba Observatory of I. M. D. for
precipitation forecast. This rainfall forecast will be communicated back to C.F.C.S.,
Aurangabad on the same day and the C.F.C.S., Aurangabad will further transmit it
to concerned stations that is to Gangapur, Mula, Jayakwadi, Yeldari and Sidheshwar dams and Nanded town. For implementing this scheme usually, a meeting
of concerned Superintending Engineer, will be called under the chairmanship of Chief
Engineer (Irrigation), Aurangabad for getting the views to implement the scheme.
Such meeting is usually called in the last week of May.
4.

Estimation of flood

The most important and vital part of the flood forecasting system is the estimation
of probable flood at Nanded town. For this the travel time of flood is observed
and discharge correlation charts are prepared (e.g. vide Figs. 10 and 11 of this
Appendix.
From the flood studies carried out, it is noticed that the travel time of floods in

Godavari

between different stations is approximately as under:—

Serial
No.

Station

1

Paithan to Dhalegaon

2

Dhalegaon to Gangakhed

3

Gangakhed
to Nanded

..

Distance
in kms.
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Discharge correlation diagrams for, main Godavari river below Paithan upto
Nanded are developed with the help of C.D.O. The probable flood level at Nanded

at the particular time with the help of discharge correlation diagrams i is worked out
as follows : —"
"¢

(i) Piaconeae at Paithen.j is known at any particular time a

x hours).

ED Corresponding discharge at Dhalegaon can be worked out from the correlation graph. This will be the dischirge at Dhalegson at (X-+ 24) hours.
(iii) Gamsneation flood at Gangakhed can be worked out ‘similarly from
graph showing relation between Dhalegaon and Gangakhed, Add to this the
_ discharge gauged at Zari and spills at Sidheshwar. This will be the flood at Gangakhed

at X+-40

hours.

(iv) The flood worked out at Sr. No. (iii) above will be assumed to be the probable

flood at Nanded at X-48 hours. (A sample calculation showing the probable flood
worked out at Nanded on the basis of discharge let-out through Jayakwadi is

given in Appendix-B),

year

)

On the basis of study of low-lying aress of Nanded town and flood levels, alert
and danger levels are fixed for informing the local revenue authorities for taking
necessary measures such as arranging ev:.cuation of population if required. Whenever

the flood level reaches to the level of 351 m alert is given. The danger level is fixed at
R.L. 354-00 m and whenever the flood level crosses the level of 354°00 m the danger
signal is given.
For the purpose of implementation of this scheme that is for operation and maintenance of these sixteen wireless sti.tions Director, Police Wireless, Pune, appoints
the staff who will work round the clock since Ist June to 15th October, The funds

required for implementation of this scheme are placed with the Irrigation Department.

The implementing agency is the Executive Engineer, Nanded Irrigation Division,
Nanded. The annual expenditure of the scheme is to the tune of Rs. 2:00 lakhs.
As explained above, the flood forecasting system on Godavari river below Pz.ithan
was commissioned from the year 1976. The past experience of four years that is
from 1977 to 1980, has shown that by proper co-ordination and synchronisation of the
controlling dams that is at Paithan and below Paithan, floods at Nanded town can be
checked considerably. The maximum water level reached in Godavari at Nanded
during the above four years was 349-95 m, which was on 28th August 1980, Otherwise
the flood level remained well below the* alert level’. After completion of the work
of Jayakwadi Project, Stage-II at Majalgaon on Sindhphanz. river and Lower Dudhana
Project on Dudhana river in Parbhani District, it can be further hoped that danger to

Nanded town due to floods in Godavari river, would be further reduced. However
studies are being taken up to up-date the model to improve its accuracy.
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I

Statement showing the names of Wireless Stations located on Godavari river
and its tributaries
Serial
No.

E

Type of information to be communicated
to C. C. R. at Aurangabad

3

n

1

te

River

Name of Wireless
Station

4

Trimbak

Godaveri

(1) Rainfall.

Gangapur Dam

Godavari

(1) Rainfall.
(2) Lake level
(3) Inflow and outflow of Gangapur
dam.
|

Nandur-Madhmeshwar weir.

Godavari

(1) Rainfell
(2) Water level
(3) Rate of Outflow from weir.

Kotul

Mula

Mula Dam

Mula.

Ahmednagar
Newasa

Paithan Dam

eee

.

(1) Rainfall

(2) Gauge and discharge

river.
(1) Reinfall

of Mule

(2) Lake level
(3) Inflow and outflow of Mula dam.

To establish communication between
Ahmednagar and Pune.

Godavari

Gauge
re and—- discharge of Godavari

Godavari

(1) Rainfall
(2) Lake level
(3) Inflow and outflow of Paithan

dam.

Dhalegaon

10

Gangakhed

ll

Nanded.

Godavari

(1) Rainfall
(2) Gauge and discharge of Godavari river.
(1) Rainfall
(2) Gauge and discharge of Godzvari river.

Godavari

(1) Rainfall
(2) Gaige and discharge cf Godzavari.
(3) Control
room
for alerting
Revenue authorities.
Under
control of Ex. Engingeer, N. I.
Dn., Nanded.
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I—contd.

3
12

Deolgaon Mahi

Purna

(1) Rainfall
(2) Gauge and discharge of Purna
liver.

13

Purna

Yeldari Dam

(1) Rainfall
(2) Gauge and discharge of Purna
river.

(3) Inflow and outflow of Yeldari
dam.

14

Siddeshwar Dam

(1) Rainfall
(2) Lake level

..

(3) Inflow and outflow of Siddheshwar dam.

. Dudhana

15

16

Aurangabad

(1) Rainfall
(2) Gauge and discharge of Dudhana
river.
(1) Compilation of all data received
from all above Wireless Stations
and give instructions whenever
required,
(2) C. C. R. under the contre! of
Chief Engineer-(I), Aurangabad.
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II

Sample calculation showing probable discharge at Nanded Town worked out
on basis of discharge at Paithan Dam

}

Water

Discharge

en

460°63

20,090

0.00/

419.95

48.250

367.51

27,550

Date

(1) Paithan

=

=

o

55

..

‘23rd August
1980.

‘

|

Time and

(2) Dhalegaon

|

23rd August

Level

(Cusees)

—

1980.

(3) Gangakhed

..

es

..

0.00/

23rd August

}

1980.

(1) Floods of Paithan will reach Dhalegaon —
0.00 hours of 24th August 1980.
(from Graph in Fig. 1)

24 hoursi.e.

;

36,000 cusecs

(2) Floods of Dhalegaon will reach Gangakhed after 16 hours of
24th Augist 1980.
(from Graph in Fig. 2)

L

(3) Add for Siddheshwar

4

Add for Zari

36,000 cusecs
=

oe

=

.. *16,670 cusecs

as

.. *31,100 cusecs

4

*83,770 cusecs
i.e. 2346 cumecs

*Actual discharge let-out from Siddheshwar dam and Dudhana river at Zari is taken into

consideration without considering valley absorption.

Ww

This flood will reach at 0.000 hours of 25th August 1980 at Nanded and water level at Nanded
will be 349.78 m. as calculated
from the stage dischagre
table.
(Against this, actual observed level at Nanded was 344.01 m).

_Note.—Conversion
factor : 1 cusecs = 0.02832 cumecs

;

,

hlit
i
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