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MESSAGE

The starting point for any activity related to any Water Resources Project is the
study of jts hydrology. The success of a project lies in the safe and economic design of
hydraulic structures. The vagaries of the nature render it very difficult to estimate the
magnitude and proneness of flocd at any site and more so at ungauged sites. The reliable
estimation of hydrological parameters depends on the vastness and quality of the past
hydrometeorological data available at and around the project site.

The economic and time constraints -do not justify the collection of
hydronieteorological data at all locations in small and medium catchments. For an
ungauged catchment, no scientific procedures are available for the estimation of flood of
desired frequency. The empirical formulae such as Inglis, Ryves, Dickens have the
inherited limitations that these estimate only the peck flood and that the risk associated
with this estimated flood is not known in terms of its return period.

Central Water Commission in association with Ministry of Railways, India
Meteorological Department and Ministry of Transport has developed the me.hodology
for estimation of25-yr, 50-yr and 100-yr return period floods for small and medium
catchments on regional basis and brought out in the form of subzonal reports in a
planned manmner.

The present report is the revision of the flood estimation report for Krishna &

Pennar Subzone 3 (h) which was published in 1983. The technology developed has been

transferred to Water Resources Departments of many states by organizing workshops at
their locations by Central Water Commission.

I would like to place on record my appreciation for good work done by the

( "K"

Hi



FOREWORD

In the past, the estimation of flood for various return periods for design of
waterways and foundations of Railways and Road bridges, culverts, cross drainage
works, spillways of minor tanks having small and medium catchments have generally
been based on empirical formulae. These formulae were evolved with a small data base
for a particular region as available at various points of time. The estimation is extremely
difficult where the hydrological data are inadequate or totally absent. There was,
therefore, a need for evolving the design flood of small and medium ungauged
catchment.

For the purpose of evolving a method of estimation of design flood of desired
frequency on regional basis by hydmmeteorological approach, the country has been
divided into 7 zones and further into 26 hydrometeorological homogenous subzones. So
far, 21 flood estimation reports covering 24 subzones have been published.

In addition to the above, there is also periodic revision of such subzonal reports,
whenever additional data sets become available and sophisticated analysis becomes due.
The flood estimation reports of Lower Ganga Plain Subzone 1 (g), Lower Godavan
Subzone 3 (f}, Mahanadi Subzone 3 (d) and South Brahmaputra Subzone 2 (b) published
in 1978, 1981, 1982 and 1984 respectively have already been revised and published. The
present report is the revision of flood estimation report of Krishna and Pennar Subzone
3(h) published in the year 1983, It gives the method to compute design flood of 25, 50
and 100 year retumn period for ungauged catchment located in Krishna and Pennar
Subzone 3 (h).

The report is a joint effort of Central Water Commission (CWC), India
Meteurological Department (IMD), Research Design and Standards Organisation
(RDSO) of Ministry of Railways and Ministry of Surface Transport (MOST).

I would like to place on record my appreciation of the cooperative efforts of the
officers and staff of four organsiations in bringing out this report.

New Delhi, September, 2000 /"gg::

(V.V. BADAREENARAYANA)
CHIEF ENGINEER (HSO)
Central Water Commission



PREFACE

Design Engineers essentially ueed the design flood of a specific return period for fixing
the waterway vis-a-vis the design highest flood level (HFL) and foundation depths of
bridges, culverts and cross drainage structures depending on their life and importance to
ensure safety as well as economy. A casual approach may lead to under-estimation or
over-ertimation of design flood resulting in the loss and destruction of structure or un-
economic structure with problematic situation.

The use of empirical flood formulae like Dickens, Ryves, Inglis etc. has no such
frequéncy concepl, though has the cimplicity of relating the maximum flood discharge to
the catchment area wilh constants. These formulae do not take into account the basic
meteorological component of storm rainfall and other physiographic and hydrologic
factors, varying from catchment to catchment. Proper selection of constants in these
empirical formulae is left to the discretion of design engineer, involving subjectivity.

Recognising the need to evolve a method for estimating design flood peak of desired
frequency, the committee of engineers headed by Dr. AN. Khosla have recommended,
in their repori in the year 1959 that the design discharge for bridges shovid be the
maximum flood on record for a petiod of not less than 50 years. Where adequate records
are available, extending over a period not much less than 50 years, the design flood
should be the 50-years flood determined-from the probability curve prepared on the basis
of the recorded floods during that period. [n case, where the requisite data as above are
not available, the design flood should be decided bascd on the ground and
meteorological characteristics obtained on the basis of design storms necessitating the
systematic and sustained collection of hydro-meteorological data at selected catchments
in different climatic zones of India.

Economic. constraints do not justify detailed hydrological and meteorological
investigations at every new site on a large scale and on a long-term basis for estimation
of design flood with a desired return perivd. Regional flood estimation studies thus
become nccessary for hydro-meteorologically-homogeneous regions in the country.
Broadly, two nain regional approaches, namely flood frequency and
hydrometeorological approaches arc open for adoption depending upon the availability
of the storm rainfall and flood data. The first approach involves long-term discharge
data observations for the representative catchments for subjecting the data to statistical
analysis to develop a regional flood frequency model. The other approack needs
concurrent storm rainfall and run-off data of the representative catchments over a period
of 5 to 10 years to develop representative unit hydrographs of the catchments located in
the region, so that synthetic unit hydrograph may be obtained for the region (subzones)
and long term rainfall records at a large number of stations to develop design storm
valjlm. This hydrometeorological approach has been adopted for preparing of flood
estimation reports under short term and long-term plan.

vii



Under short-term plan, the report on estimation of design flood peak utilising hydromet
data available for 60 bridge catchments, spread throughout the country, was brought out
in 1973, wherein the method has been recommended for estimating the design flood
peak for catchment areas ranging from 25 to 500 sq.km. in the country.

Under. long-term plan, country has been divided into 26 hydro-meteorologically-
homogeneous subzones. For preparing the flood estimation reports for these subzones,
systematic and sustained collection of hydrometeorolopical data at the representative
catchments, numbering 10 to 30, for a period of § to 10 years in different subzones has
been carried out in a phased manner by different zonal railways since 1965 under the
supervision and guidance of Bridges and Flood, Wing of Research Designs and
Standards Organisation (RDSO) of Ministry of Railways. Similarly, the Ministry of
Transport (MOT) had undertaken the collection of data for 45 catchments through
Central Water Commission since 1979.

Hydrology (Regional Studies) Directorate, Central Water Commission (CWC) carried
out analysis of collected concurrent rainfall and flow data for the gauged catchments to
derive unit hydrographs of mostly one-hour duration. Representative unit hydrographs
are prepared for each of the gauged catchments from the selected flood events. The
characteristics of the catchments and the unit hydrographs, prepared for several
catchments in a subzone are correlated by regression analysis and the equations for
synthetic unit hydrograph for the subzone are derived for estimating design flood for
ungauged catchments. The response functions on correlation with the storm input as
studied and provided by IMD gives the estimated design flood for that ungauged
calchment. Studies are also carried out by the CWC to arrive at suitable
recommendations for estimating loss rate and base flow for ungagued catchments.

India Meteorological Department (IMD) conducts depth - duration - frequency analysis
of rainfall for each subzone to provide hydrometeorological input for estimation of
design flood.

'The subzonal reports incorporating studies carried out by CWC and IMD are prepared
and published by CWC on approval of Flood Estimation Planning and Coordination

So far, following 21-Flood Estimation Reports (FERs) covering 24 Subzones have been
published :

1. Lower Ganga Plains Subzone 1(g) (1978)
2. Lower Godavari Subzone 3 (f) (1981)
3. Lower Narmada and Tapi Subzone 3 (b) (1982)
4. Mahanadi Subzone 3(d) (1982)
5. Upper Narmada & Tapi Subzone 3 ( ¢) (1983)
6. Krishna & Pennar Subzone 3 (h) (1983)
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7. South Brahmaputra Subzone 2 (b) (1984)

8. Upper Indo-Ganga Plains Subzone 1(e) (1984)
9. Middle Ganga Plains Subzone 1(f) (1985)
10. Kaveri Basin Subzone 3 (i) (1986)
11. Upper Godavari Subzone 3 (e) (1986)
12. Mahi & Sabarmati Subzone 3 (a) (1987)
13. East Coast subzones 4 (2), (b) & (c) (1987)
14. Sone Subzone 1(d) : {1988)
15. Chambal Subzoze 1 (b) (1989)
16. Betwa Subzone 1 (C) (1989)
17.North Brahmaputra Subzone 2 (a) (1991)
18.West Coast Regior Subzone S (2) & (b) (1992)
19. Luni Subzone 1 (a) (1993)
20, Indravati Subzone 3 (g) (1993)
21, Western Himalayas zone 7 (1994)

Hydrometeorological inputs in the FERs at serial number 1 to 7 were based on Self
Recording Raingauges (SRRGs) data alone and consisted of :

(i)  Isopluvial maps for 24 hour and/or shorter duration corresponding to 50 year
return period only

(ii)  Time distribution of storm rainfall and
(iii)  Point to areal rainfall ratios,

However, in the subsequent reports, IMD modified the methodology and prepared the
hydrometeorological inputs based on conjunctive use of ordinary raingauges (ORG) and
SRRG data. It was accordingly, recommended and desired by the FEPCC to revise the
FERs at serial No. 1 to 7, so that all the reports are uniform so far as methodology is
concerned. It was further decided while updating the meteorologoical component of the
validation of hydrological studies must also be carried out to find if significant changes
are there. The hydrological study was to be revised based on the additior:al hydrological
data, collected subscquent to the preparation of the original reports. The FER for Lower
Ganga Plains Subzone 1 (g), published in 1978, Lower Godavari Subzone 3 (f),
published in 1981 and Mahanadi Subzone 3 (d) published in 1982 and South
Bramhaputra subzone 2(b) published in 1984 have already been revised where the
bydrometeorological input has been included as per revised methodology.

Present report is the revision/validation of the flood estimation report of Krishna and
Pennar Subzone 3 (h) and deals with the estimation of flood of 25 year, 50 year and
100 year return period for small and medium catchment in the Subzone. The Subzone
covers about 95% area of Krishna river basin and 65% of the area of Pennar basins
covering part of the States of Maharashtra, Karnataka and Andhra Pradesh.



The flood estimation report of Subzone 3 (h) was prepared and published in 1983. The
rainfall-runoff data of 29 catchments having catchment area between 25 5q.km.to1700
Sq.km. for a period of 5 to 10 years during the period from 1958 to 1979 have been
collected from Railways. Out of 178 bridge years data available for 29 catchments, 134
bridge years data of 21 caichments was found suitable and was utilised for the study
carried oul earlier. In the present study additional data of 36 bridge years for 3
catchments was collected subsequent to the preparation of earlier report. Thus, a total of
170 bridge year data has been used for unit hydrograph study.

IMD while updating the storm studies used the rainfall data of 456 O.R.G. stations
(292 inside the subzone and 164 around the subzone) and 24 Self Recording Raingauge
(S.R.R.G.) stations in the study.

The report covers six parts. Part-1 of the report “Introduction™ gives the summary of
the earlier and revised studies. Physiographic, climatic and hydrometeorological
features of the subzone have been explained in Part-II. Part-III brings out the Synthetic
Unit Hydrograph (SUH) relations to be used for ungauged catchments in the Subzone.

The storm studies carried out by IMD are dealt in Part-1V of the report. Criterion and
standards in regard to design flood of structures and procedures to compute the design
flood of ungauged catchments aie described in Part - V along with an illustrative
example. Part-VI highlights the limitations, assumptions and conclusions.

The report on Subzone 3 (h) is recomn..nded for estimation of design flood for small
and medium catchments varying in areas from 25 Sq.km. to 2000 Sq.km. This report
may also be used for catchmenis having areas up to 5000 Sq.km. judiciously after
comparing the neighbouring catchments having more or less similar characteristics.

"Whis report-is a joint effort of Hydrology (Regional Studies) Dte, Central Water
Commission (CWC) of Ministry of Water Resources, India Meteorological Department
(IMD) of Ministry of Science and Technology; Research Designs Standards
Organisation (RDSO), Ministry of Railways and Ministry of Transport (MOT).

(RK. GUPTA)
DIRECTOR

Hydrology (RS) Dte
Central Water Commission



CONTENT

Para No.

Foreword

Massage

Preface

Partl

INTRODUCTION

11 General

1.2 Need for revision of report

1.3 Revised study

1.3.1 Hydrological study

1.3.2 Storm Study

1.4 Procedure to estimate design flood
PART - 1l

GENERAL DESCRIPTION OF KRISHNA & PENNAR SUBZONE
21 Location

22 River System

23 General Topographical Features
231 Physiography

232 Soils

233 Land Use

24 Climatological Features

241 Rainfall Features

242 Temperature Distribution

2.5 Communication

25.1 Railways
252 Roads

PART lli
SYNTHETIC UNIT HYDROGRAPH STUDIES

3.1 Synthetic unit hydrograph (SUG)

3.2 Data required

33 Data collected v

34 Derivation of synthetic unit hydrograph

3.4.1 Physiographic parameters

342 Unit hyrdrograph parameters

343 Establishing relationships between physiographic and
representative unit graph parameters

344 Derivation of 1 hour synthetic unit hydrograph for an
ungauged catchrent

35 Testing of Equations

xi

Page No.

vl

WM ==

o~ Ot b

10
10
10
12
13

16

17



Para No.

36 Simplified Approach

3.7 Design loss rate

38 Design basze flow

PART-IV

STORM STUDIES

4.1 Introduction

4.2 Data Used

43 Depth-Duration-Frequency Analysis
431 tsopluvial maps

432 Short duration ratios

433 Time distribution curves
434 Point to areal rairfall ratios
44 Heaviest rainfall records
441 ORG Data

442 SRRG data

45 Procedure for design storm rainfall estimation

PART-V

DESIGN FLOOD ESTIMATION

5.1 Criteria and standards in regard to design fiood of
structures of small and medium catchments

52 Estimation of design flood

521. llustrative example

53 Computation of flood peak using flood formulae

54 Computation of design H.F.L

PART-VI

ASSUMPTIONS, LIMITATIONS CONCLUSIONS &
RECOMMENDATION

6.1 Assumptions

6.2 Limitations

6.3 Conclusions

6.4 Recommendation
Refaerences

LIST OF ANNEXURES, PLATES AND FIGURES

1.1 List of Hydrometeorological subzones

xii

Page No.
18
18
19

24

2LEFH

888

33

A-1, A2



Para No.
31

3.2
33
3.4
3.5
36
3.7
3.8

3.8
4.1

4.2
43
4.4
5.1
5.2

5.3

PLATES

-0 0~ k=

List of railway/Road bridge catchments in subzone 3(h)
(Krishna & Pennar Basin) and availability of G&D and

rainfall data

Physiographic parameters of selected catchments.
One Hour Representative Unit Hydrograph parameters
of Selected Catchments for Krishna & Pennar Basin
Relation between Physiographic and Unit Hydrograph
parameters Studied

Comparison of Flood Peaks based on RUGs and SUGs
Loss Rate Ranges - Number of Flood Events

Average base flow ranges for studied flood events
Flood Values by Synthetic Unit Graph and Flood

Formulae

Number of Flood Events

Statistics of Heaviest Daily Rainfall and Annual Normal
Rainfall in Subzone 3 (h)

Heaviest 24-Hours and Shorter Duration Rainfall

Recorded in Subzone 3 (h).

Time Distribution Co-Efficients (Percentage) of

Cumulative hourly Rainfall

Areal Reduction Factors (%) for Point to Areal Rainfall
List of SUG parameters obtained from equations
Computation of equivalent slope of bridge catchment

No.16.

Computation of design fiood hydrograph of bridge
catchment No.16.

Map of India showing location of subzone
River system

Physiography

Soil classification

Land use

Annual normal rainfall (mm)

Mean Daily temperature (0° C) Annual
25-year 24-hour rainfall (mm)
50-year 24-hour rainfall (mm)

100-year-24-hr rainfall (mm)

xiii

Page No.
A-3, A4,
A-5

A-6
A-T,A-8

A-9

A-10,A-11
A-12
A-13

A-14,A-15

A-16
A-17, A18

A-18, A-20
A-21
A-22

A-23
A-24
A-25

A-26

P-1
p-2
p-3
P-4
P-5
P-6
P-7
P-8
P-8

P-10



FIGURES
A1
A2
A-3

_m DO~ O W=

- 0

12(a)
12(b)

Catchment Area Plan of Bridge No.16
Synthetic unit hydrograph of Bridge No.16
Design flood hydrograph of Bridge No.16
Physiographic parameters

Unitgraph parameters

Relation between 1, and LLc/NS
Relation between g and tg

Relation between gy and Ws

Reiation between gpand W

Relation between q, and Wrso

Relation between g, and Wgs

Relation between ;and Tg

Duration Vs conversion ratio

Mean average time distribution curves of storms of

various durations

Areal to point rainfall ratio (%) for 1,3 and 6 hours
Areal to point rainfall ratio (%) for 12 and 24 hours

xvi

Page No.
F-1
F-2
F-3
F-4
F-5
F6
F-7
F-8

F-10
F-11
F-12
F-13
F-14

F-15
F-16



SYMBOLS AND ABBREVIATIONS

Symbols

As far as possible well recognised letter symbols in the hydrological science have been
used in this Reporl. The list 6f symbols adopted is given with the units.

A Catchment area in km”

ARF Area of Reduction Factor

C.G. Ceritre of Gravity

Di.jeDi Depths between the river bed profile (L-Section) based on the levels of i-

th and (i-1) th contours at the inter-section points and the level of the
base line (datum) drawn at the points of study in melres

F Shape factor of catchment (F = LY/A)

Qzs, Qs, Q,, Flood Discharge with a return period of 25-year, 50-year and
100- year And Qypp respectively in cumecs

Q, Peak discharge of Unit Hydrograph (cumecs)

e Peak Discharge of Unit Hydtograph per Unit Area in cumecs per  sq.km

Seq Equivalent stream slope (m/km)

$1.8: S lope of Individual Channel Segment (m/km)

Ts Base period of Unit Hydrograph in hours.

To Design Storm Duration (hr)

Tw Time from start of rise to the peak of unit hydrograph
(To=tp + /2)

tp Time lag from centre of unit rainfall duration to the peak of Unit
hydrograph in hours

e Unit rainfall duration in hours

U.G. Unit Hydrograph

We Minimum width of catchment area through the centre of gravity of the
catchment

iy



Wso

Width of Unit Hydrograph measured at 50% of maximum peak
discharge (Qp) in hours.

Wos Width of Unit Hydrograph measured at 75% of peak discharge (Qp) in
hours
Whrso Width of the Hydrograph at 50% of Q, between the rising limb and Q,
ordinate in hours
War Width of the Unit Hydrograph at 75% of Qp between the rising limb of
unit hydrograph and Qp ordinate in hours
% Percent
ok Summation
ABBREVIATIONS
Cumec Cubic metre per second
Cms. Centimetres
Hr. Hour
In. Inches
Min. Minutes
M Metre
Km. Kilometres
Sec. Seconds
Sq.km. Square kilometre
Y Year

Kiv



PART -1

INTRODUCTION

1.1 GENERAL

The Committee of Engineers headed by Dr. A.N. Khosla recommended developing
regional methodology for estimating design flood for small and medium catchments. On
the recommendations of the committee, the counfry was divided into 26
hydrometeorological homogeneoys subzones. The various subzones into which the
country has been divided are listed in Annexure 1.1.

Krishna and Pennar Subzone 3 (h) is one of the 26 hydrometeorologically homogeneous
subzones imto which the country has been divided, for developing the regional
methodology for assessing the design flood of small and medium catchments.

The flood estimation report of Krishna & Pennar Subzone 3(h), (Design Office Report
No.K/6/1982) was published in 1983. The present report is revision of the earlier report.
The earlier report contained the inputs for estimating the design flood of 50 year return
period only where as the present report provides inputs for estimating design floods of 25,
50 and 100 years return period.

1.2 NEED FOR REVISION OF REPORT

Rainfall maps of 50 year return period for duration of 1, 3,6, 9, 12, 15 and 24 hours were
furnished in flood estimation reports, published till 1984. These reports were based on
data of sparse self-recording raingauges network. After bringing out these subzonal
reports, India Meteorological Department (IMD) upgraded the methodology of storm
study, for preparing the isopluvial maps using rainfall data of ORG and SRRG in and
around the subzone in addition to the data within the subzone.

Flood Estimation Planning and Coordination Committee (FEPCC) in its 51" meeting
agreed to revise these reports in a phased manner, incorporating the revised isopluvial
maps prepared using ORG and SRRG data for 25, 50 and 100 year for 24 hour duration
and other corresponding inputs. It was also decided by FEPCC to also review and
revise/validate the hydrological study of these reports, utilising additional rainfall-runoff
data collected subsequent to the preparation of the reports.



1.3 REVISED STUDY

Hydrological and Storm Studies as carried out in preparing the report of 1983 and the
supplementary/additional studies carried out to revise that report is brought out in this
revised report. The brief of these studies is as under.

[3.1 Hydrological study

The hydrological study carried out earlier in 1982-83 was based on rainfall-runoff data of
21 Catchments observed for a period of S to 10 years during the period 1958-79.
Representative Unit Hydrograph (RUG) of 1-hour duration was derived from the selected
flood events from the available data. The equations relating unit hydrograph parameters
and basin parameters were developed for deriving 1-hr. synthetic unit hydrograph.

Subsequent to the preparation of the 1983 report, additional data in respect of three key
gauging sites (bridge No. 601, 98 and 353) for a period of 36 bridge years from 1979-96
was made available by Research Design and Standards Organisation (RDSO). These data
have now been utilised and integrated with the earlier studies,

Equivalent Slope has been considered as one of the physiographic parameters in the
revised study in place of the Statistical Slope. Attempts have also been made (o introduce
additional parameters P (Perimeter) and We (Width of the Catchment at the Centroid).
Recommendations regarding the suitable values of loss rate and base flow have also been
revised considering additional data. The hydrological study carried out by CWC is given
in Part-11 of the report.

1.3.2  Storm Study

The earlier report contained isopluvial maps of 50-year return period for different
duration, time distribution curves and areal to poini rainfall ratios. The present report
contains:

(i) Isopluvial maps of 25, 50 and 100 year for 24-hours based on available rainfall
data of ORG and SRRG in and around the Subzone.

(ii) Short duration rainfall ratios for converting 24 hours rainfall to short duration
rainfall.

(iii)  Time distribution curves for storms of various durations.

(iv) Point to areal ratios for different duration.

In the present study, IMD has utilised the rainfall data for a large number of stations in and
around the subzone for as long a period as possible. Ordinary Raingauge (ORG) data of
456 stations (292 inside the subzone and 164 around the subzone) and Self-Recording
Raingauge (SRRG) data of 24 stations have been utilised. The storm studies carried out
oy IMD are given in Part-IV of the report.



1.4 PROCEDURE TO ESTIMATE DESIGN FLOOD

The flood estimation report for Subzone 3 (h) may be used for estimation of design floud
(25-year, 50-year and 100-year) for ungauged or inadequately gauged catchments in the
Subzone. Part-V explains procedure for obtaining the design flood of specified return
period along with an illustrative example.



PART-II

GENERAL DESCRIPTION GF KRISHNA & PENNAR SUBZONE

21 LOCATION

The Krishna & Pennar Subzone 3 (h) lies between longitude 73°21' to 80°25' East and
latitude 13°7" to 19°25' North. The subzone is bounded on the north by Upper Godavari
Subzone 3 (e) and Lower Godavari Subzone 3 (f), on the South by Cauvery Basin 3 (i), on
the east by Lower Eastern Coast 4 (b) and cn the west by Konkan Coast 5 (a) and Malabar
Coast 5 (b). The subzone comprises part of Maharashtra, Kamataka and Andhra Pradesh.
Plate-1 shows location of Krishna & Pennar Subzone on map of India.

2.2 RIVER SYSTEM

Krishna & Pennar basins excluding their deltaic strip along the eastern coasl cover the
Krishna & Pennar Subzone. About 95% of the total areas of Krishna and 65% of Pennar
basin are included in this subzone. The Krishna river is the largest east flowing river of
peninsular India. It rises on the eastern side of Western ghat about 60 km. south of Pune
al an altitude of 1337 metres. The Krishna flows for a length of about 1400-kin through
the states of Maharashtra, Karnataka and Andhra Pradesh to outfall into the Bay of
Bengal. The right bank tributaries of Krishna are Koyna, Varna, Panchganga, Dudhganga,
Ghataprapha, Malaprabha and Tungabhadra. The left bank tributaries of Krishna are
Yarla, Bhima and Musi. Average bed slope of Krishna from its source to confluence with
Bhima and from Bhima confluence to Tungabhadra confluence are 1.43 metres per km

and 0.55 metre per km. respectively. The bed slope of Krishna from Tungabhadra
confluence to its outfall is fat,

The Pennar rises in the Chenna Kesabir hill of Nandidurg range in Karnataka State. It

flows for about 61 km in Kamataka and about 53 km in Andhra Pradesh before it outfalls
into the Bay of Bengal.

The total drainage area of the subzone is 2,80,881 Sq.km. out of which catchment area of
Krishna Basin is 2,45,026 Sq.km., which is about 87% of the total area. The drainage area
of Krishna and its tributaries and Pennar basin is given in Table 2.1 as follows:

Table 2.1
(DRAINAGE AREA)
Drainage
SL.No. Basin/Sub-basin Area
(Km’)
1 Koyana - Right Bank Tributary 1,752
2 Vama- Right Bank Tributary 2,003
3 Panchganga — Right Bank Tributary 2,604
4 Dudhganga — Right Bank Tributary 2,554
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Drainage
SI.No. Basin/Sub-basin Area
(Km’)
5 Ghataprabha — Right Bank Tributary 8,763
6 Malaprabha — Right Bank Tributary 11,818
7 Tungabhadra - Right Bank Tributary 73,113
8 Yarla - Left Bank Tributary 3,204
9 Bhima - Left Bank Tributary 70,108
10 | Musi - Left Bank Tributary 11,017
11 | Other Areas (Krishna) 58,090
12 | Area of Krishna Basin in the subzone 2,45,026
13 | Total Arca of Krishna Basin 2,58,948
14 | Area of Pennar Basin in subzone 35,855
15 Total Area of Pennar Basin 55,213
16 | Total Area of Subzone ' 2,80,881

Plale-2 shows the river system/gauge and discharge sites in the subzone.

23 GENERAL TOPOGRAPHICAL FEATURES
2.3.1 Physiography

The basin is sloping towards East in general. The altitude varies from 600m along the
North to 150 m along the East. Important citics and 1owns in the subzone are Punc,
Sholapur, Satara, Bijapur, Raichur, Hyderbad, Nalgonda, Kurnool, Kolhapur, Belgaum,
Bellary etc. The physiography of the subzone is shown at Plate- 3.

2.3.2 Soils

The subzone 3 (h) has a variety of soils as shown at Plate- ;. Two broad soil groups in the
subzone are red soils and black soils. Areas from Pune to Sholapur and Bijapur are
having black type of soil. There are small pockets of shallow black soil with very small
pockets of mixed red and black soil and red loamy soil. The portion along northeastern
side of the subzone consists of red soil. In addition, there are small pockets of laterite soil,
skeletal soil and medium black soil. The soil group has further been classified as deep
black, medium black, red, sandy and red loamy soil etc. Al micro level, this broad
classification has not been reflected properly.

233 Land Use ¢

The land use map is appended at Plate-5. The map has been prepared from lrrigation
Allas of India, 1989. It can be seen from the map that only about 20% area of the subzone
is under scrub and forest and the remaining is cultivable area. The main crops in the
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subzone are paddy, cotton, groundnuts, sugarcane, wheat millets and pulses. There are
large number of minor and medium irrigation projects besides hydropower projects in the
subzone. Tungabhadra, Nagarjunasagar and Srisailam are some of the main projects.

24 CLIMATOLOGICAL FEATURES.
2.4.1 Rainfall features

2.4.1.1 Annuval normal rainfall

The isohyetal map of annual normal rainfall for the subzone 3(h) is shown in plate-6. The
subzone receives about 75 to 80% of the annual rainfall from SW monsoon during the
monsoon season from mid June to mid October. The amount of rainfall varies from 50
cm. in SouthEastern part of the subzone to more than 300 c¢m. in the western parts. The
rainfall from the Central part of the subzone increases towards NE subzone and is of the
order of 100 cm. The western boundary receives the heaviest rainfall, Mahabaleshwar in

Maharashtra and Belgaum in Kamataka receives maximum rainfall during July in the
South West monsoon season.

24.1.2 Monthly rainfall distribution

Monthly rainfall distribution at six representative stations, viz, Belgaum, Gulbarga,
Jamalamadugu. Nalgonda, Mahabaleshwar and Pavagada is illustrated through bar charts
appended to the annual normal rainfall maps (Plate-6). In the bar charls, alphabets along
abscissa indicate names of months whereas heights of rectangles are proportional to
normal rainfall of respective months.

It can be seen from the bar charts that the period June to October constitutes the main
rainy season over the subzone. The months of April & May are also the months of good
rainfall activity. The rainfall in the months of July & August is considerable at Belgaum
& Mahabaleshwar and constitute 54% and 69% of the annual rainfall respectively.
Normal rainfall for the five months (June to October) at Belgaum, Gulbarga,
Jamalamadugu, Nalgonda, Mahabaleshwar and Pavagada is 86%, 85%, 77%, 85%, 98% &
70% respectively of the annual rainfall. It shows that lhesc slations receive 70% to 98%
of the annual rainfall during these five months.

242 TEMPERATURE DISTRIBUTION

242.1 Mean daily temperature (annual)

Mean daily temperature distribution over the subzone is shown in plate-7. The Mean daily
lemperature are worked out as average of mean maximum and mean minimum
lemperature over the year. It may be seen from the map that mean daily temperature
(annual) are lowest (< 24°C) over NW portion of the subzone. Extreme western part of
Maharashtra and some parts of Karnataka have higher mean temperature (>25°C).

increases towards eastern side of the subzone. Area of highest mean daily temperature
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(>28°C) runs along eastern side of the subzone. Khammam recorded the mean daily
tenperature 28.5°C,

24.22 Monthly Temperature variations at selected stations

Monthly wvariations of mean maximum, mean minimum and mean daily temperature for
six representative stations viz., Anantpur, Kumool, Khammam, Ahmednagar, Miraj and
Sholapur are shown graphically in plate-7 below the map of mean daily temperature. It
may be seen from these graphs that the highest maximum temperatures are observed in the
months of April or May. At Khammam, Sholapur, Kurnool and Ahmednagar highest
maximum temperature is observed in the month of May and in the month of April at Miraj
and Anantpur. Minimum temperature is observed in the month of December for the five
stations except at Miraj where it is observed in January. Mean daily temperatures are
highest in the month of May al all the stations except Anantpur at which it is observed in
the month of April. Mean daily temperatures are found lowest in the month of December
at all the six stations.

2.5 COMMUNICATION
2.5.1 Railways

The important railway sections of Southern Railways, south central Railways and Central
Railways exist in the subzone are given in Table 2.2 as follows:



Table 2.2

(Railway Section)

SI.No. Railway — Section Railway
1 Bellary-Rayadurg South-Central Railway
2 | Wadi-Secunderabad | South-Central Railway
3 Gadag-Hospet South-Central Railway
4 Hospet-Guntakal South-Central Railway
5 Bangalore-Dharmavaram | Southern Railway
6 Renigunta-Guntakal Southern Railway
7 Pune-Miraj South-Central Railway
8 | Kazipet-Vijayawada Central Railway
9 Hubli-Arsikere Southern Railway
10 Birur-Talaguppa Southern Railway
11 Kurduwadi-Miraj South-Central Railway
12 Hubli-Guntakal South-Central Railway
13 | Pune-Wadi Central Railway
14 | Londa-Miraj South-Central Railway
15 Guntakal-Vijzyawada South-Central Railway
16 | Gadak-Sholapur South-Central Railway
17 | Dhond-Raichur Central Railway
18 Dhond-Ahmednagar Central Railway
19 [ Pune-Raichur Central Railway
20 Secunderabad-Kazipet | Central Railway
21 | Dharamavaram-Guntakal | South-Central Railway

252 Roads

The important National Highways in the subzone are given in Table 2.3.

Table 2.3
(National Highway)
SL.No. Highway | Section
1 NH-4 Pune-Bangalore
2 NH4A Belgaum-Panaji
3 NH-7 Nizamabad-Bangalore
4 NH-9 Pune-Vijayawada
5 NH-13 Sholapur-Chitradurga
6 NH-50 Pune-Nasik




PART IIi

SYNTHETIC UNIT HYDROGRAPH STUDIES

3.1 SYNTHETIC UNIT HYDROGRAPH (SUG)

SUG is a unit hydrograph of unit duration for a catchment developed from relations
established between physiographic and unit hydrograph parameters of the representative
gauged catchments in hydrometeorologically homogeneous region (Subzone).

Hydrometeorological approach has been adopted for developing a regional method for
estimating design flood for small and medium catchments in various
hydrometeerologically homogeneous subzones. In this approach, the design storm after
converting it into effective rainfall (input) is applied to the unit hydrograph (transfer
function) to obtain a design flood (basin response). It is possible to develop unit
hydrograph if site-specific concurrent rainfall-runoff data is available for 5-8 years.
Collection of adequate concurrent rainfall- runoff data for every site, is however neither
practicable nor economically feasible. In such a situation, the regional method for
developing synthetic unit Hydrograph (SUG) is resorted to. Data collected and analysed
for obtaining subzonal SUG equations are discussed in succeeding paragraphs.

3.2 DATA REQUIRED

For carrying out the unit hydrograph studies for development of equations for derivation
of Synthetic UG parameters following concurrent rainfall and runoff data for a number of
catchments of small and medium size representatively located in a Subzone are required
for a period of 5 to 8 years during the monsoon season.

i) Hourly gauge data at the gauging site (bridge site).

ii) Gauge and discharge Hata observed preferably 2 to 3 times a day at the gauging
site. In the absence of this, even daily discharge data at these stations can be used.

iii)  Hourly rainfall data of raingauge stations in the catchments. Raingauge stations
may be self- recording and/or manually operated.

The following catchment details are also required.

(iv) Catchment area plans showing the river network, location of raingauge stations and
gauge and discharge sites, storages, habitations, forests, agricultural and irrigated
arcas, soils efc.

(v)  Cross-sections of the river at bridge site (gauging site), upstream and downstream
of the bridge site.

(vi) Longitudinal section of the river upstream and downstream of the bridge site.



3.3 DATA COLLECTED

South-Central Railways, Central Railways and Southern Railways under the overall
guidance and supervision of Rescarch Design and Standards Organisation, Lucknow had
collected rainfall, gauge and discharge data of 29 bridge catchments for a period of 2 to 12
years during 1958-1979. Data of 21 bridge catchments for 134 bridge years found suilable
were utilised in the sludy carried out during 1983. Additional data for 36 bridge years for 3
bridge sites shown in Table 3.1 was collected subsequent to the preparation of the report.
Thus, a total of 170 bridge year data has been used for developing co-relation between unit

hydrograph and physiographic pasameters for developing of Synthetic Unit Hydmgrdph
(SUG).

Table 3.1
(Additional data for 3 bridge sites)
SLNo. | Site | * Additional Data Bridge Years
1 601 1980-%6 17
2 98 1980-81 2
3 353 1979-95 17
Total 36 Years

Annexure 3.1 shows the name of the stream, railway bridge number, Railway section, and
catchment area, No. of rain gauge stations and period of availability of rainfall runoff data
of 29 bridge catchments having catchment areas more than 25 Sq.km. This also includes
additional data of 3 catchments, collected subsequent to the preparation of the report. I
can be seen from Annexure 3.1 that the calchment area of gauge sites lie between 29 1o
2382 Sq.km.

3.4 DERIVATION OF SYNTHETIC UNIT HYDROGRAPH

Procedure to cblain physiographic parameters and unit hydrograph parameters of the
calchments and establishing relationships between these parameters to develop SUG is
described in the following paragraphs.

34.1 Physiographic parameters.

The physiographic parameters considered in the present study are catchment area (A),
length of main siream (L), length of the main stream from a poinl near the centre of
gravity of catchment lo the observation site (Lc) and equivalent stream slope (S). The
‘paraméters-are indicated in Figure-1. Estimation of these aré explained in the following
paragraphs.
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34.L1 Catchment Area (A)

The gauging site is located on a toposheet and the watershed boundary is marked. The.
area enclosed in this boundary upto the gauging site may be referred to as the catchment
area (A).

3412 Length of the Main Stream (L)

This implies the length of the longest main stream/river from the farthest point on Ihe
watershed boundary of the catchment area to the gauging site.

3.4.13  Length of the main stream from a point near the centre of gravity of
catchment to the observation site (Lc)

For finding the centre of gravity of the catchment, usually the boundary of the catchment
is cut on a cardboard, which is then hung in three different directions in vertical planes
and the plumb lines arc drawn from.the point of hanging The point of intersection gives
the centre of gravity of the catchment. The stream may or may not pass through the
centre of gravity but the nearest point to the centre of gravity is considered to find the
length of the main river from the centre of gravity to the point of study (Lc).

34.1.4 Equivalent stream slope (S)

One of the physiographic parameters is slope. The slope may be equivalent or statistical.
In the present study equivalent stream slope has been replaced with statistical slope, used
in the previous study. Equivalent slope can be computed by the following methods.

(a) Graphical method

Longitudinal section (L-section) of the main stream was prepared from the values of the
contours across the stream or the spot levels near the banks with respect to their distances
from the point of interest on the L-section such that the areas of the L-section (profile)
above and below the line are equal. This line is called equivalent stream slope line.

(b) Analytical method

L-section is broadly divided into 3 or 4 segments representing the broad ranges of the
slopes of the segments and the following formula is used to calculate the equivalent slope
(S):

$ =[ZLi(Dm+D)Y(L)?
Where, .
L; = Length of the ith segments in kam.

Di.y..Di =Elevations of river bed at ith, intersection points of contours reckoned from
the bed elevation at points of interest considered as datum and D{i-1) and Di
are the heights of successive bed location at contour and intersections.
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L = Length of the longest stream as defined in section 3.4.1.2. in km.

Physiographic parameters A, L, Lc and S are obtained for 21 catchments used for analysis
and are shown in Annexure 3.2.

342 UNIT HYDROGRAPH PARAMETERS
3.4.2.1 Scruliny of data and finalisation of gauge discharge rating curve

Out of the 29 gauged catchments,” data of 21 catchments (134 bridge years) was found
suitable for the unit hydrograph study contained in the earlier report. The additional data
of 3-catchment viz. 601, 98 and 353 (36-bridge years) was scrutinized through
arithmetical checks and gauge and discharge rating curve(s) were developed. The hourly
discharges for the duration of the selected floods were obtained from the rating curves.

3.42.2 Selection of floods and corresponding storm events

In the previous study 157 flood events of 21 catchments were found suitable for U.G.
studies. The general guidelines followed for selecting a flood event are given below.

i) The flood should not have unduly stagnant water levels.
if)  The selected flood should result from significant rainfall excess not less than 1 cm.

28 Flood events shown in Table 3.2 were found suitable trom the additional data collected

at 3 bridge catchments. The catchments considered in the present study are the same
catchments that were found suitable in the previous study.

Table 3.2
(Selected Nood events)
EVENTS
SLNO. | SITE [ Ufiised | Addifional | rop
Earlier Events
1 601 7 26 33
2 98 ] 2 6
3 353 3 No suitable 3 |
flood |

3423 Computation of hourly catchment rainfall

The 3-caichment viz.; ‘601, 98 and 353 for which additional data was reccived the
raingauge nefwork remains the same and the station weights computed earlier were used.

3424 Separation of base flow

The selected flood events of 3 Bridge catchments were plotted on the normal graph paper.
The base flow was separated through the normal procedure to obtain direct surface runoff
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hydrograph and the direct runoff depth over the catchment was computed for each flood
event.

3.42.5 Computation of Infiltration loss (p-index) and 1-hour effective rainfall

With the known values of 1-hour catchment rainfall and the direct runoff depth for each
flood event, the infiltration loss (constant loss rate) was estimated for selected flood events
of 3 Bridge catchments viz. 601, 98 and 353.

3.4.2.6 Derivation of 1-hour unit hydrograph

The studics to derive 1-hour unit hydrograph were confined to only those flood events
found suitable from the additional data of 3 bridge catchments. The 1-hour unitgraph were
derived from the rainfall excess hyetograph, obtained by subtracting loss rate from 1-hour
rainfall and their corresponding direct runoff hydrograph.

3.4.2.7 Drawing of representative unitgraph and measuring their parameters

The representative unit hydrograph (RUG) of 3 catchments were derived utilising UGs
obtained from the additional data and unit hydrograph derived earlier. Integrated RUGs of
3 sites have been tested on observed floods. RUGs of remaining 18 sites developed earlier
were utilised as such without any modifications. Following parameters of RUGs as
indicated in Figure-Z for 21 catchments were obtained and are furnished at Annexure 3.3

(a) Time from the centre of unit excess rainfall duration to the peak of unit hydrograph in
hours (tp).
(b) Peak discharge of unit hydrograph in cubic meters per second (Qp). This is the product
of peak discharge per sq. km. (q,) and catchment area (A).
(c) Base width of unit hydrograph in hours (Tg).
(d) Width of unit hydrograph measured at discharge ordinate equal to 50% of Q, in hours
(Wso).
(¢) Width of unit hydrograph measured in hours at discharge ordinate equal to 75% of Qp
(Was). '
(f) Width of the rising side of unit hydrograph measured in hours at discharge ordinates
equal to 50% of Q, (WRg).
(2) Width of the rising side of unit hydrograph measured in hours at discharge ordinates
equal to 75% of Qp (WR).
(h) Time from the stant of rise to the peak of the unit hydrograph (Tn). This is the
summation of t, and 0.5*tr where tr is the unit duration of unit hydrograph.

343  Establishing relationships between physiegraphic and representative unitgraph
parameters,

For establishing the relationship between RUG parameters and physiographic parameters
of the catchments linear and non-linear equations were tried. A nonlinear equation as
described below was found to be the best fit.



Where

Dependent variable
Independent variable
A constant

An exponent

o

LTI

Various relationships attempted are shown in Annexure 3.4. The relationship between
Llc/VS as some of the physiographic parameters and t, as one of the U.G. parameter was
developed-and found to be significant. Similarly, q, was related to time to peak discharge
of the UG (tp:l uG parameters Wsa, Was, WRss, WRys were related to qp. The UG
parameter Tp is correlated to t,. The principle of least square errors was used in the
regression analysis to establish the relationship in the form of equation 3.4.3.1 to obtain
the parameters of the Synthetic unitgraph in an unbiased manner.

The following relationships have been derived for estimating the !-hr unitgraph parameters
for an ungauged catchment in the Subzone 3 (h) as shown in Table 3.3 as follows:
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Table 3.3
{(Recommended SUG relations)

Si. No. _ Relationship Equation No.
Based on Report of 1983 Revised Relationship
WE el P ol B
. 9T
BE :{-,'_';?'_“"’ e ‘!Rp A %29; (t) 3433
- iR “T06S
: \:’su :{2}:3;99‘.5: @)™ ‘;’m :ﬁ"‘% (4p) 3434
- TS — Qs
s [V = 070G Wiso =0753(4) 3436 |
6 ‘r‘:n?s ZS%?T (g)"" v:"“"'-" :355]53 (qP}-‘m 3.4.3.7
; FEB = ;;;;3?3 O i Tr'u = E}iﬁ{lp} i 3438
8 [Ta = t+ts2 T = L+i/2 3439
Qp = GXA ) Qp = g,Xx A 3.4.3.10

Relations developed are shown in Figures 3 to 9. Details of physiographic and unit
hydrograph parameters used to establish relationships and their co-efficient of correlation is
given in Annexure 3.4. The 25, 50 and 100 year flood peaks for 21 selected bridges have
been compulted using the new relations given in Table 3.3 and also from the RUGs of these
bridges taking critical storm duration as Tp = 1.1 * t;, as explained in para 5.2. Annexure
3.5 shows the comparison of flood peaks using S1JGs and corresponding RUGs.

It can be seen from the above table, that the coefficient of correlation has reduced in the
present study when compared 1o earlier one. This can be explained due to the reason that
the additional data for two bridge catchments has been used in developing the integrated
RUG. The RUG parameters of these two calchments are as follows:
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Bridge No. 601 Bridge No. 98

( C.A. - 398.60 Km®) ( C.A. - 3d8.40 Km")
SL As Per ey e . =
, Validation | Additional As Per Additional
e, Rqu::fr: Data Data |"feBratd)p ier Report| Data  [nicBrated

(1974-79)] (1980-93) | (1994-96) Data " (1978-79) | (1980-81)| D2
Q, | 15392 | 20900 | 1565 | 1731 204.00 191.00 | 198,00

0.39 0.52 0.39 0.43 0.58 0.55 0.57
5.5 6.5 6.5 65 25 35 25

18 18 19 24 20 10 17 14
Weo 6.8 42 5.6 5.53 45 35 4.0
Was 39 21 3.45 3.15 2.8 1.6 2.2
Wrso | 2.8 1.7 23 2.27 15 13 1.4
[Wers| 18 0.9 1.55 1.42 1.0 0.7 0.85

From the above, it can be seen that RUG parameters have changed. This may be due to
the developmental activities, change in the physiographic features of the catchment. The
effect of these two catchments have affected the overall coefficient of correlation.

It would have been better if data of all the catchments could have been collected to study
the man made changes in the subzone.

In the absence of these details, till such times the same are collected the present relations
will hold good.

344  Derivation of 1-hour Synthetic Unit Hydrograph for an ungauged
catchment.

Considering the hydro-meteorologicaily homogeneity of Subzone, the relations established
between physiographic and unitgraph parameters in section 3.4.3 are applicable for
»derivation of 1-hour synthetic unitgraph fur an ungauged catchment in the Subzone.

The steps for derivation of 1-hour unitgraph are:

i) Physiographic parameters of the ungauged catchment viz. A, L, L. and S are
determined from the catchment area plan.

i)  Obtain ty, g, Wsg, W7s WRsp WRys and Ty by substituting appropriate basin/unit
hydrograph parameters given in equations 3.4.3.2 to 3.4.3.10.

iii)  Plot the parameters of 1-hour unitgraph viz.; Ty, Ts, Qp, Wso, Wis, WRsg and WR7s
on a graph paper as shown in illustrative Figure 2 and sketch and adjust the
unitgraph through these points.

Sum of discharge ordinates of tr-hr unitgraph is obtained and compared with the
theoretical value found by using the following equation:

SQi  =[2.78%A]/tr
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Where

Q = discharge ordinates at 1-hour interval (cumecs)
A = catchment area in Sq.km.
l = Unit duration in hours.

Suitable modifications can he made in falling limb region from Wsg point to the tail of the
unitgraph and a smooth curve be drawn to make the volume equal to the volume of the
unitgraph.

3.5 TESTING OF EQUATIONS

An attempt was made to verify the equations recommended in this report by applying on a
gauged WARNA catchment (Long. 73" 52" and Lat 17 7°) where a data based unit
hydrograph is also available. As recommended in the report the unit hydrograph
parameters of the gauged catchment used in developing a synthetic unit graph should be
used if they match with the physiographic properties of the catchment in sub basin. In case
no such representative catchment is available Synthetic Unit Graph may be developed
using equations. In this particular case physiographic parameters of bridge No.16 matches
closely with WARNA catchment. So the unit graph for Bridge No. 16 was transposed t
the WARNA catchment. The physiographic parameters of WARNA and Bidge No. 16 are'
given as below:

Physiographic Parameters Wama Catchment Bridge No. 16
Calchment Area (Km®) 301.41 270.60
L (Km) 3130 35.40
Le (Km) 12.40 13.84
S (m/Km) 1.81 1.29

The unit hydrograph so developed is compared with the data based unit hydrograph. The
UG parameters are given as below:

As Per Transposed UG Of Bridge As Per Data Based
UG Paramaters No.16 Over Warna Catchment Studies
D) ' 75 25
Qp (m’/s) 217 200
Ta (Hrs) 9 i 13

The result of the two catchments is not very signiﬁcanﬂy different and thus the synthetic
relation so developed is valid for Ungauged Catchments in this region.
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3.6 SIMPLIFIED APPROACH

To quickly assess the peak of 25 year, 50 year and 100 year return period flood, a
simplified approach has been developed. The physiographic parameters and corresponding
25 year, 50 year and 100 year 24-hr. point rainfall as read from the isopluvial maps (plates
8,9,10) supplied by IMD are obtained and substituted in the empirical relation developed
on the basis of regression analysis using 25 year, 50 year and 100 year flood peaks for
each of the 21 gauged catchment for different sizes as computed by detailed approach.
The values of Qus, Qg and Qyg, for the 21 catchments so obtained are treated as
dependent variables were related to their respective physiographic parameters A, L, Le
and 24 hour pmht rainfall values at that observation site .or 25, 50 and 100 years as (Ras,
Rsp and Ryp) as independent variables using multiple regression analysis and using
method of least square for fitting. The derived flood formulae for Qas, Qsg and Qygo and
their respective coefficient of correlation ‘r' are as under. The correlation of dependent
variables Qus, Qs and Quey with independent variables were studied and it was found that slop

was not baving any significant correlation. Hence, slope was not considered in the
simplified formula,

Qs
Qs = 1.69432(A)™ (L™ (L™ R)™, r= 0980

Qiw

0.4285 (A)™™ (L)*™ (Lc)™ (Ras)' %, r= 0.980

833458 {A}ll_m (L)rﬂ.l'ﬂ. {E}Q.JIJ {le-)ﬂ.diﬁ i r= 0981

Where Qgs, Qso and Qo are 25 year, 50 year and 100 years flood in cumec respectively.

A is the catchment area upto point of study in Sq.km.
L is the length of longest main stream along the river course in km.
Le is the length of the longest main stream from a point opposite to the centroid of

the caichment area to the gauging site along the main stream in km.

Ras, Rsp,and R;gg are 24 hour point storm rainfall values in cm for 25 years, 50-yr, and
100 year retumn periods respectively.

3.7 DESIGN LOSS RATE

Direct surface runoff is the end product of storm rainfall after infiltration into surface soils,
sub-surface and ground besides abstractions like evaporation, evapotranspiration, soil
moisture and filling up of surface depressions. It is difficult, rather impossible, to
record/assess these various parameters at various representative locations in the catchment
except by the analysis of observed storm rainfall and flood events. Cuaversion of gross
storm rainfall units into effective rainfall units for application to unitgraph is normally
done by subtraction of constant loss rate (pindex) for the catchment, even though the loss
rate in the catchments, a complex phenomena, vary due to the soil conditions, soil cover
and topography along with temporal and spatial variations of storm rainfall,

In the annexure 3.6, the variation of the loss rate can be seen, There is a wide variation in
the loss rate ranging from 0.1 mm/hr to a high of 30 mm/hr. The loss so assessed is a
complex phenomenon as the estimation of catchment rainfall depends on manv
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hydrological factors such as antecedent moisture condition, size of the catchment, soil type
etc, but also the estimation of calchment rainfall depends upon the location of the
raingauge stations, which also affects the estimation of the rainfall with respect to runoff
observed at the outlet of the catchment,

As the flood potential of a catchment will depend on the loss rate, we can see from the
table that as many as 25 flood events fall under the category of 0.1-2 mm/hr. An average
of this range i.c. 1 mm/hr can therefore be recommended as the loss rate for any ungauged
catchment in this subzone,

However, the user can assess any loss rate value based on the information available to
him,

38 DESIGN BASE FLOW

Base flow values for 188 flood events inclusive of additional flood events of 3 catchments
tabulated in different ranges are shown in Aonexure 3.7, Out of 188 flood events, 111
flood events fall under the range of 0.01 - .09 cumee/Sq.km. The average base flow rate

of 0.05 cumec/Sq.km. is recommended for estimating base flow for a catchment in the
Subzone. The designer mav. however adant anv ather suitahle value as per site condition.
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PART IV

STORM STUDIES

4.1 INTRODUCTION

The India Meteorological Department (IMD) has conducted detailed rainfall studies for
Krishna & Pennar Basin, Subzone 3(h) and prepared this chapler as Storm Studies. The
study covers Depth-Duration-Frequency analysis of available daily/short duration rdinfall
data in and around the subzone. The design storm components have been derived in the
form of (i) 25,50 and 100-year 24-hour isopluvial maps, (ii) 24 hours to short duration (1
to 23 hours) rainfall ratios (iii) Time distribution curves for storm of different durations (2
10 24 hours) and (iv) point to areal rainfall ratios for specified durations (1,3,6,12 and 24
hours). The methodology for analysis of each component and the procedure for design
storm estimation is discussed in Section-4.5. The results of the study serve as basic input
for design flood estimation for small and medium catchments. Subzone 3(h) covers parts
of Maharashtra, Andhra Pradesh and Kamataka. Six districts of Maharashtra, cight
districts of Karnataka and. five districts of Andhra Pradesh are fully inside the subzone,
whereas, nine districts (two in Maharashira, three in Andhra Pradesh and four in
Kamataka) are partially inside/outside the subzone.

4.2 DATA USED

The rainfall data for a large number-of stations in and around the subzone for as long a
period as possible have been used. Ordinary raingauge (ORG) data of 456 stations (292
inside the subzone and 164 around the subzone) and self recording raingauge (SRRG) data
of 24 stations have been utilised.

4.3 DEPTH DURATION FREQUENCY ANALYSIS

43.1 ISOPLUVIAL MAPS

For each of the 456 ORG stations in and around the subzone, a serics of annual maximum
one-day rainfall was generated. The 456 stations series thus formed were subjected to
frequency analysis using Gumbel's extreme value distribution for computing onc day
rainfall estimates for 25, 50 and 100-year return periods. These daily rainfall estimates
(456 x 3) were converted into any 24 - hour rainfall estimates by using the conversion
factor of 1.15. For each return period, the 24-hour estimates for 456 stations were plotted
on the base map and isopluvial were drawn. The isopluvial maps of 25, 50 and 100 - year
24 - hour rainfall are shown in Plates 8, 9 and 10 respectively, which can be used 1o derive

24-hour rainfall estimates for specific return periods at any desired location in the
subzone.

432 SHORT DURATION RATIOS

There are 24 SRRG stations in the subzone and most of the stations are having data more
than 7 years. The hourly rainfall data were subjected to frequency analysis using partial
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dyration series for computing T - year t- hour rainfall estimates for T = 2, 5, 10, 25 and 5(
years and L = 1, 3, 6, 9, 12, 15, 18 and 24 hour. These estimates (24 x 8 x 5) were
converted into ratio with respect to the corresponding 24 - hour estimates. Average ratios
(8 x 5) for the zone as a whole (mean of 24 station ratio) were then computed for each T -
year t - hour pair. It was noticed that for a specified duration t, the average ratios beyonc
T =3 years were comparable in magnitude. As such the average ratios (8) corresponding
to 25-year t-hour rainfall have been recommended to be adopted uniformly for converting
24 - hour rainfall into t - hour rainfall. These 8 conversion ratios fort = 1, 3, 6, 9, 12, 15,
18 and 24 hours given below were plotted on graph and a smooth curve was drawn as
shown in graph at Fig.10, which can be used to derive conversion ratios for any duration
(1) in genéral, including the intermediate durations.

Duration (t) In Conversion 25-Year t - Hour Rainfall
Hours Ratio 25 - Year 24 Hour Rainfall

1 044

3 0.63

6 0.72

9 0.79

12 0.84

15 0.89

18 0.93

4 =5

Any 25, 50 or 100 - year 24 - hour point rainfall in the subzone, as read from isopluvial
maps in Plates 8, 9 and 10, can be converted into corresponding 25, 50 or 100 - year t -
hour rainfall by multiplying with t-hour ratio as read from the curve in Fig.10, or, by
making use of table alongside the graph.

433 TIME DISTRIBUTION CURVES

Based on hourly rainfall data of all the 24 SRRG stations a total of 4552 rainstorms of
durations ranging from 2 to 24 hours were analysed and grouped station wise into the
following 5 categories:

a) rainsiorms of 2t0 3 - hour duration ( 957 of all stations)

b) rainstorms of 410 6 - hour duration ( 1187 of all stations)
) rainstorms of 7 to 12 - hour duration (1215 of ali stations)
d) rainstorms of 13 to 18 -hour duration ( 568 of all stations)
e) rainstorms of 19 to 24 -hour duration ( 625 of all stations)

For each station, 5 different graphs corresponding to each group of rainstorms were
prepared by plotting the cumulative percentage of the total storm duration and the average
time distribution curves (24 x 5) were drawn. Average lime distribution curves (5) for the
sub zone as a whole were then drawn by plotting 24 station curves on the same graph and
average curves are drawn which are given in Fig.11. These curves can be used 1o derive
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the time distribution co-efficient of storm rainfall in the sub zone for the rainstorms of any
duration (Annexure 4.3)

434 POINT TO AREAL RAINFALL RATIOS

In the present study, the availability of a fairly dense network of SRRGs in the subzone
made it possible to adopt the best scientific procedure for deriving point to areal
relationship based on SRRG data and concurrent ORG data in preference to bridge data.
The data of 24 SRRG stalions in and ‘around the catchment were used. SRRG data of 24
stations were scrutinized to collect the rainstorms of various durations (t = 1,3,6,12 & 24
hrs) and about 40 rainstorms were selected. The hourly rainfall records of SRRG's and
daily rainfall data of surrounding ORG's were carefully examined for various storm

durations (5) to select t - hour representative rainstorms based on the following
considerations:

(i) A maximum central value of t-hour rainfall being nearest to the
corresponding 24-hour rainfall ending 0830 hours;

(1)  The availability of adequate concurrent data of surrounding ORG stations;

(ili)  Each duration I being entirely contained in the 24-hour period ending 0830
hours.

About 40 representative rainstorms were selected for analysis. For each represcntative
rainstorm the ratio of rainstorm rainfall to corresponding 24-hour rainfall was computed
and the daily rainfall values of surrounding ORG stations were reduced in the same
proportion.  Isohyetal maps of 40 representative rainstorms were then prepared using
concurrent rainfall values of SRRG stations and surrounding ORG stations (reduced
values) corresponding lo the date and time of each represenlative rainstorm. By
planimetering each isohyetal map around the rainstorm centre and plotling the ratios of
areal rainfall depth to point rainfall against the areas, the best fit curves (5) were drawn as
shown in the graph at Figs. 12(a) and 12(b) which can be used to derive the percentage
areal reduction factors for converting point rainfall of any duration in the subzone inlo

corresponding areal rainfall for any particular small catchment in the subzone (Annexure
4.4)

44 HEAVIEST RAINFALL RECORDS
44.1 ORG Data

The highest ever recorded one day station rainfall (24 hours rainfall ending 0830 hrs. of
date) along with date of occurrence in each of the 28 districts covering subzone 3(h) have
been compiled from the ORG data and presemted in Annexure 4.1. Normal annual rainfall
for each station is also given in the Annexure,

44.2 SRRG Data

The heaviest storm rainfall in duration of 24, 12, 6, 3 and 1 hour along with date and time
of occurrence at the 18 SRRG stations have been compiled and presented in Annexure 4.2.
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45 PROCEDURE FOR DESIGN STORM RAINFALL ESTIMATION

For a specified design storm duration Tp-hour (time of concentration), for a particular
bridge catchment in the subzone, the design storm rainfall and its temporal distribution in
the catchment can be computed by adopting the following procedure.

Step-1 :  Locate bridge catchment under study on the 50-year, 24-hour isopluvial map in
plate 9 and obtain the 50-year, 24-hour point rainfall value in em. For a catchment
covering more than one isopluvial, compute the average point rainfall,

Step-2: Read the conversion ratio for storm duration Tp from fig.10 and multiply the
50-year 24-hour point rainfall in step-1 to obtain 50-year T -hour point rainfall.

Step- 3:  Read the areal reduction factor corresponding to storm duration Tp and the
given area of catchment from fig.12 a and 12 b or Annexure - 4.4 and multiply the 50-
year Tp -hour point rainfall in step-2 by this factor to obtain the 50-year Tp -hour areal
rainfall over the caichment.

Step-4: Read the time distribution co-efficient for 1,2 ... ... oo e Tp hours
carrcsponding to storm duration Ty, from relevant graph in fig. 11 or Annexure 4.3 ant
multiply the 50 yr. Tp -hour areal rainfall in Step-3 by these co-efficient to obtain the
cumulative depthsof 1,2... ... ... ... ... ... ... Ty -hour calchment rainfall.

Step S: Obtain the depths of storm rainfall occurring every hour in the bridge catchment
by subtraction of successive cumulative depths of 1,2... .. ... e v cevvee ey T ~hours in
Step-4.

For a 6-hr storm, the time distribution coefficients obtained from fig.11 or Annexure 4.3
are given in col.(2) of Table 4. These values are multiplied by 50-yr 6-hour areal rainfall
1o obtain the cumulative depths, col. (3). Hourly storm rainfall depths are obtained by
successive differences of cumulative storm rainfall depths as given in Table 4.

Table 4
‘ime Cumulative Hourly
Hour Distribution Rainfall Depth Rainfall
Coefficient (%) (Cm) Depth
(Cm)
| 2 3 4
1 59 5.6 5.6
2 76 7.2 16
3 86 8.2 1.0
4 94 8.9 0.7
5 98 9.3 0.4
6 100 9.5 0.2




PART -V

DESIGN FLOOD ESTIMATION

5.1  CRITERIA AND STANDARDS IN REGARD TO DESIGN FLOOD OF
STRUCTURES OF SMALL AND MEDIUM CATCHMENTS

Khosla Committee of Engineers had recommended a design flood of 50-year return period
for fixing the waterway of the bridges. The committee had also recommended to design
the foundation and protection work for larger discharge by increasing the design flood for
waterways by 30 % for small catchments upto 500 Sq.km., 25 to 20% for medium
catchments upto 500 to 5000 Sq.km., 2( to 10% for large catchments upto 5000 to 25000
Sq.km. and less than 10% for very large catchments-above 25000 Sq.km.

Criteria and standards followcd for design flood for bridges, cross-drainage structures and
small dams are given below:

a) Indian Railway Standard Bridges Substructures and Foundation Code revised in 1985
Stipulates that all Railway bridges should be designed with adequate waterway for
design discharge. This shall normally be the computed flood with probable recurrence
interval of 50 years. However, at the discretion of Chief Engineer/Chief Bridge
Engineer, if a bridge is likely to have severe consequences, it may be designed for
floods with a probable recurrence interval of more thah 50 years, while bridges on less
important lines or sidings may be designed for floods with a probable recurrence
interval of less than 50 years.

b) Indian Road Congress - IRC 5-1985, clause 103 of Section-1 “General Features of
Design™ Specifies that the waterway of a road bridge is to be designed for a maximum
flood of 50-yr return period. To provide for adequate margin of safety, the foundation
and protection works should be designed for' larger discharge as computed under
clause 103. The recommended percentage increase over the design discharge specified
in clause 103 is given under clause 110.1.2 of IRC-5-1985. These recommendations

are the same as given in the report of the Committee of Engineers and are reproduced
as under :

Sl. No, | Catchment Area Increase In Design Discharge

1 Upto 500 Km*® 30 percent to 25 percent decreasing with
increase in area.
2 500 to 5000 Km* 25 percent lo 20 percent decreasing with
increase in area,
3 5000 to 25000 Km*® |20 percent to 10 percent decreasing with
increase in area
4 Above 25000 Km”® | Upto 10 percent

¢) Indian Standard Code of “Practice for design of cross drainage works - 1S; 7784 Part-1,
1975" recommends that the waterway for cross drainage works should be designed for
a 25 yr. return period flood, To provide adequate margin of safety, the foundation and
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protections works should be designed for larger discharges. The percentage increase
over the design discharge recommended in the code is same as suggested by the
Committee of Engineers and reproduced in para (b) above.

d) Central Water Commission’s criteria of 1968 specify that the diversion dams and weirs
should be designed for floods of frequency of 50-100 yr.

¢) Indian Standards Guidelines for “fixing spillway capacity of dams under clauses 3.1.2
and 3.1.3 of IS : 11223-1985" recommends 100 yr. return period flood as inflow

dcsign flood for small dams having either gross storage of the dam bejween 0.5 and 10
Mm” or hydraulic head between 7.5 m and 12 m.

52 Estimation of Design Flood

To obtain design flood of required return period the effective rainfall for design storm
duration is to be applied to the unit hydrograph of a catchment.

«‘rocedure for computing design flood peak and design flood hydrograph for T-year return
period by SUG approach is as under.

Step -1: Synthetic unit hydrograph

Desive the synthetic unit hydrograph as per section 3.4 .4 and tabulate in 1-hour U.G.
ordinates.

Step -2: Design storm duration

The duration of storm, which causes maximum flow in a river at a specified location, is
called “Design Storm Duration”. The SUG of 21 catchments have been derived using the
parameters computed from recommended equations given in Table-3.3. Annexure 5.1
shows the computed UG parameters. It has been studied that the critical storm duration
which causes severe floods in small and medium catchments as used in this subzone is

equal to 1.1*tp. The flood peaks of 25 yrs, 50 yrs and 100 yrs return period is computed
for this storm duration,

It is therefore, recommended to adopt the value of Design storm duration (Tp) as 1.1%p.
The design engineer may adopt the value of Tp as 1.1*1p or any other values which gives
the maximum value of discharge.

Step -3 : Design storm rainfall

i) Adopt suitable design storm duration (Tp) as explained in Step-2.

i) Obtain design storm rainfall and hourly areal rainfall units vide section 4.5.

iii) Adopt design loss rate as recommended in section 3.7.

iv) Obtain hourly effective rainfall increments by subtracting the design loss rate.
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Step —4:
(8) Design flood peak

i) Arrange 1 hour effective areal-rainfall values against the 1 hour U.G. ordinates
such that the maximum value of effective rainfall falls against the maximum
ordinate of U.G., the next lower value of effective rainfall against the next lower
U.G. ordinate and so on upto Tp hour duration.

ii) Obtain the base flow for the catchment area under study vide section 38

iii)  Obtain total surface runoff by summing the product of unit hydrograph ordinates
and effective rainfall consecutively.

iv)  Obtain the total flow by adding the base flow to ﬂmmmputa:d total Surfam runoff
in step (iii) above. This will give the peak value of the flood

b) Design flood hydrograph.

For the computation of design flood hydrograph, carry out the steps from 1 to 3 and in
addition, carry out the following steps.

Step-5:

Reverse the sequence of effective rainfall units obtained in Step-4(s, 10 gel the critical
sequence of the effective rainfall units.

Step —6:

Multiply the first 1-hr effective rainfall with the ordinates of U.G. to get the corresponding
direct runoff ordinates, Likewise, repeal the procedure with all the hourly effective
rainfall values giving a lag of 1-hr each time to successive direct runoff ordinate.

Step -7:

Add the direct runoff ordinates at 1-hr interval horizontally to get total direct runoff
hydrograph.
Step -8:

Add the base flow as given in Step-4 (i) to each direct runoff ordinales at 1-hr interval in
Step-7 to get the 50-year flood hydrograph.

5.2.1  lllustrative example.

1. Bridge No.16 at mile 11/12-13 on Hubli-Arsikere section, Southern Railway has been
marked out as ungauged catchment for illustrating the procedure to compule 50-year
design Flood, The catchment plan is enclosed at figure A-1.

The particulars of the catchment under study are as follows:

(i) Name of Subzone : Krishna & Pennar.
(i1) Name of Tributary : Bennihallah
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(iii) Name of Railway Section : Hubli - Arsikere

(iv) Shape of calchment : Normal.

(v) Location : Lat 15-13'
Long 75 -18'

(vi) Topography : Moderate slope.

Procedure is explained below:
Step-1: Physiographic Parameters

Physiographic parameters obtained are given below:

1) Area (A)-Refer fig, A-1. = 270.60 Sq.km
2) Length of the longest stream (L) = 3540 km
3) Length of the longes! stream from a point opposite to C.G.(Lc) = 13.84 km
4) Equivalent stream slope (S.q) = 129 m/km

The computation of equivalent Slope is shown at Annexure 5.2
Step 2: 1 hr Synthetic Unitgraph

Synthetic unitgraph parameters as givén below were computed using equation in para
3.4.3:

Table 5.1
(Synthetic UG Parameters)
SI.No. SUG Parameters
1 ap = 0.996(t,)" = 0.472 cumecs/sq.km
2 | 1,=0325(LLeVS)™ = 4.895 hrs rounded to 4.5 hrs
3 Wio = 2.389 (g;) =5.32 hrs
4 Wis =1415(q) ™ =3.16 hrs
5 WRs= 0.755g) = = 1.89 hrs
6 | WRys= 0558(g) ™ = 1.26 hrs
T [ Ta= 73920, = 16hrs
8 T = tp+t2 = 5,00 hrs where tr =1.0 hr
9 Qp=gpx A = 127.7 cumecs

Estimated parameters of unitgraph in Step 2 were plotted on a graph paper as shown in
Fig.A2 The plotted points were joined to draw synthetic unitgraph. The discharge
ordinates (Qi) of the unitgraph at ti = tr=1 hr interval were summed up and multiplied by
tr=1 i.e. Qi x & = 751.7 cumecs and compared with the theoretical volume of 1.00 cm.
direct run off depth over the catchment, computed from the formula as below:
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Q = (Axd)(tx0.36).
Where, A = Catchment area in Sq.km.
d

1.0 cm. depth.
t; = t,=1 hr. (the unit duration of UG)

Q=Axd = 27060x1 = 751.7 camec.
036xtr 036x1

Note: In case, $Qi*ti for the unitgraph drawn is higher or lower than the volume of 1 cm,
the falling limb of hydrograph may be suitably modified without altering the points of
synthetic parameters such that the sum of all the ordinates under the UG is equal to
theoretical value as computed above.

Step 3: Estimation of design storm

a) Design storm duration
The design storm duration (Tp) has been adopted as 1.1 x t,

The value of 1.1x¢, =1L1x45
= 495

Rounded off to nearest full hour = 5.00 hrs.

. Design Storm Duration (Tp) = 5.00 hrs.

b) Estimation of point rainfall and areal rainfall for storm duration

The site under study was located on plaie 9 showing 50 year, 24 hr point rainfall. The
point rainfall was found to be 15.50 cm. The conversion factor of 0.69 was read from
Fig.10 to convert the 50 year-24 hour point rainfall to 50 year, Tp (5.00) hrs point rainfall.
50 yrs, 5 hr point rainfall thus worked out to be 0.69 x 15.50 cm = 10.70 cm.

Areal reduction factor of 0.7746 corresponding to the catchment area of 270.60 Sq.km. for
Ty, = 5.00 hour was interpolated from Annexure 4.4 or fig.12(a) for conversion of point

rainfall to areal rainfall. 50 yr, 5.00 hr. areal rainfall thus works out to be 0.7746 x 10.70
cm = 8.29 cm.

The 50 yr., 5.00 hour areal rainfall has been split into 1-hour rainfall increments using
time distribution coefficients given in Annexure 4.3 or figure 11. The hourly ordinates are
given in Table 5.2.

- A design loss rate of 0.1 cm/hr, as recommended in para 3.7 was applied to gel effective
rainfall hyetograph,
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Table 5.2

(Hourly effective rainfall increments)

'D“mm Distribution | Storm | Rainfall Loss E;’::fl;“ I
Co-efficient Rainfall | Increments | Rate/Hour Rainfall

(hr) (cm) (cm) (cm) (cm)

1 2 3 4 5 6

1 0.62 5.14 5.14 0.10 504
2 0.81 6.71 1.57 0.10 1.47
3 0.91 7.54 0.83 0.10 0.73
4 0.97 8.04 0.50 0.10 0.40
5 1.00 8.29 0.25 0.10 0.15

Step 4: Estimation of base flow

Adopling a design base flow of 0.05 cumec per Sq.km. as recommended in para 39 the

base flow for the calchment under study was cstimated to be 0.05 x 270.60 = 13.53

cumecs for the catchment under study.

Step 5 : Estimation of S0 year flood peak

(a8) Computation of Flood Peak.

For estimation of the peak discharge, the effective rainfall increments were rearranged
against ordinates such that the maximum rainfall is placed against the maximum
U.G.ordinate, next lower value of effective rainfall against next lower value of U.G.
ordinate anu su on, as shown in col.2 & 3 in Table 53. Sum of the product of U.G.
ordinates and effective hourly rainfall gives total direct surface run off to which base flow

is added to get total peak discharge.
Table 5.3
(50 year Flood Peak)
Time S.U.G. T-Hour Direct Runoff
(Hours) Ordinates Effective {Cumec)
(Cumec) Rainfall (Cm)
1 2 3 4
4 109.00 0.73 79.57
5 127.60 5.04 643.10
6 114.00 1.47 167.58
7 93.00 0.40 37.20
8 71.50 0.15 10.72
Total 938.17
Add Base Flow 1353 |
Peak discharge (Q J= | 951.7 0 cumec ||
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(b) Cumputation of design flood hydrograph

Effective hourly rainfall shown in col.(3) of Table 5.3 in Step S were reversed to obtain
critical sequence as shown in Table 5.4 as follows:

Table 5.4
' (Cr_llinl Sequence of Rainfall)

Time | Critical 1-Hr. Effective Rainfall Sequence
(Hrs) (Cm)

i 2
|_
|

1

1 0.15
2 0.40
3 1.47
4

5

5.04
0.73

For computation of design flood hydrograph, the U.G. ordinates were tabulated in col.2 of
Annexure 5.3. The critical sequence of effective rainfall increments was entered in col.3
to cal.7 horizontally, Direct run off resulting from each of the effective rainfall depths
with the U.G. ordinates in Col (2) were entered in columns against each unit with a
successive lag of 1 hour. Direct runoff values were added horizontally and total direct
runoff is shown in col.8. Total hydrograph ordinates were obtained by adding base flow
of 13.53 m3/s to col.8 and are given in col.10. Design Flood Hydrograph was plotted

against time as shown in Fig.A-3. The peak of the flood hydrograph obtained was 951.70
m3/sec which tallies with the Peak shown in table 5.3.

53. COMPUTATION OF FLOOD PEAK USING FLOOD FORMULAE

For estimation of 25 yr., 50 yr., and 100 yr., the same bridge catchment No.16 is
considered for selection of the problem by flood formulac. The physiographic and
meteorologic parameters for the catchment under study are:

Catchment area (A) = 270.60 Sq.km.
- Length of the longest stream (L) = 35.40 km,

Length of the longest stream from a point

opposite to C.G. of catchment to point of study (Lc) = 13.84 km.

Equivalent slope (Seq) = L29 m/km.

25 yr., 24 hr point rainfall (Ras) = 15,00 cm

50 yr., 24 hr point rainfall (Rs) = 1550 cm

100 yr., 24 hr point rainfall (R;n0) = 19.00 cm
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QE = 0.4285 (A}ﬂ.?ﬂ-l 0272 { ;"2

’gl- A2

= 0.4285(270.60)™" (35.40) " (13.84)*** (15.0)"
= '937.67 cumec

Qs = 1.69432 (A)*™
= 1.69432 (zm.ﬁu}lg’ﬂ) (35.40)° "-!'“ (13. 34)33“' (15.5)"7
= 99%).03 cumec

Qi = 8.33488 (A)" ™ ( LM lﬂm o) r="0.981
= 833488 (270.60)™ (35.40)"% (13. 84)"3” (19)*1¢

1223.26 cumec

The percentage variations in the values of Qas, Qsp and Qyop as 2stimated by the detailed
approach and as estimated by the flood formulae for the catchment under study are shown
in Table no.5.5.

Table No. 5.5
( Comparison of Results)
Variation With
Br. | S By SUG By Flood Formula Respect to SUG
no, | Aw (%oge)

-

Qus Q. | Qi Qs Qso Qo | Qs | Qs | Qumo

16 [ 2706 | 91924 | 95170 | 117450 | 937.67 | 990.03 | 1223.26 |-2.00 | -4.03 -4.15

The variation is within acceptable limit. Therefore, the flood values for 25 yr., 50 yr. and
100 yr. return periods estimated by the respective flood formulae are reasonable for
adoption in preliminary designs.

54 COMPUTATION OF DESIGN H.F.L

The Design Engineer has to determine the design High Flood Level corresponding to
adopted design flood for the bridges and cross drainage structures under natural and
constricted conditions. This elevation is very important in the analysis for foundations,
scour, free board, formation levels, hydraulic forces etc.

Stage discharge relationship is represented by stage vs. discharge rating curve of a river at
the point of study. The most acceptable method for establishing stage discharge rating
curve is based on observed gauges and discharges covering satisfactorily the lower to
upper elevation ranges. Stage discharge relation defines the complex inleraction of
channel characteristics including cross sectional areas, shape, slope and roughness of bed
and banks. The permanent stage discharge relation is a straight line or a combination of
straight line on a logarithmic plotting depending on the channel configuration; a single
straight well defined channel and a combination of two straight lines for the main channel
with its firm portions. The stage discharpe relation may be considered more accurate
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depending on the reliable and adequate observed gauge and discharge data of the river al
the point of study. The gauge discharge rating curve so determined may be used for fixing
the design HFL corresponding to design flood by extrapolation if necessary.

In the absence of observed gauge and discharge data at the point of study (bridge or cross-
drainage structure location), synthetic gauge discharge rating curve has to be construcied
by Area-Velocity Method, using the river cross section, slope data and nalure of the cross-
section. The velocity is computed by the Manning's formula.

Computation of HFL is generally done with the help of Manning’s formula in which
roughness coefficient (‘n’) is an important factor affecting the discharge of a river or
Nalla. The value of *n’ is highly variable and depends on a number of factors viz., surface
roughness, vegetation, channel irregularily, channel alignments, silting and scouring,
obstruction, size and shape of channel, stage and discharge, seasonal change and
suspended material and bed load.

The various values of the roughness co-efficient for different types of channel can be
obtained from any standard textbook on channel hydraulic. The above procedure pertains
to determination of design HFL corresponding to design flood of a river under natural
conditions. With the type of structures in position there will generally be a constriction in
the waterway. The effect of the constriction by way ef raising the design HFL under
natural conditions has to be evaluated in the water elevation to arrive at the revised H.F.L
under constricled conditions. The difference between upstream and downstream water
levels corresponding to design flood due to consiriction in the waterway may be termed-as
afflux. There are hydraulic methods for working out the final design HFL due to
constriction by the structure. The weir formula or orifice formula of hydraulics is
generally used depending on the upstream and downstream depths to estimate the revised
design HFL under constricted conditions.

Sometimes it happens that the cross section of river or nalla on the downstream side of a

cross drainage siructure may be narrow than the cross section at the location of a crossing
site.

The flood levels at the propased structure may also be affected by the high flood levels in
the main river joining downsticam in proximity of the stream. In such cases, there will be
backwatér effect due to-the narrow gorge of the river as the design flood for the crossing
site will not be able to pass through the narrow gorge in the dowustream, There will,
therefore, be heading up of water in its upstream side which ultimately affects HFL. of the
river at the crossing site. In the latter case the tributary/stream on which the bridge is
located will be under the influence of the backwater effect of the main stream joining
downstream. In such cases backwater study may be carried out..

In the absence of any observed levels of water profiles for computing hydraulic gradient,
bed gradient of nalla may be considered, after verifying that local depressions are not

accounted for and bed gradient is computed on a reasonable length of atleast 300 m,
upstream and downstream of the crossing site.

If the crossing site is located across the river/drainage in the unfavorable reach i.e. not
complying with the usual requirements of gauge site, the design flood elevation may be
computed in a straight reach downstream of the crossing and design flood elevation may
be warked out by undertaking backwater studies.
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PART VI

ASSUMPTIONS, LIMITATIONS,CONCLUSIONS &
RECOMMENDATION

6.1 ASSUMPTIONS

1t is assumed that 50-yr. return period storm rainfall produces SU-yr. flood. Similar is the
cuse for 25 yrand 100-yr, Mood.

A generalised conclusion regarding the base Mow and loss rate is assumed 10 hold good
during the design flood event,  The calchments used in the analysis are trealed as
homogencous,

6.2 LIMITATIONS

I The method would be applicable for reasonably free caichments with interception,
if any limited 10 20% of the total catchment. For calculating the discharge the total
area of the catchment has to be considered.

2. The generalised values of base flow and loss rate has been assumed to hold good
for the whole Subzone. The designer may adopt other suitable values of base Mow
and loss rate as per site conditions.

3. The data of only 21 catchments have been considered for developing a peneralised
approach.  However, for more reliable results, the data of more calchments
unilormly distributed would be desirable.

6.3 CONCLUSIONS

The methodology for estimating the design flood of 50-yr, rewrn period incorporated in
the body of the report is recommended Tor adeption. This also holds good for 25-yr. flood
and TOO yr. Nood.

The report also recommends the adoption of design Nood of 25 yr. and 100-yr. relurn
periods tuking into account the type and relative importance of the structures. The report is
applicable Tor the catchment arcas ranging from 25 Sy, km. 1o 1506 Syq. km.  Further the
report may be used for farge catchments upto 5000 Sy. km. based on sound judgement and
considering (he data of neighbouring catchments also. However, individual site conditions
may necessitale special study. Engincer-in-charge at site is advised 1o take a pragmatic
view while deciding the design discharge of a bridge.

64 RECOMMENDATION

. In case the physiographic parameters of the ungauged catchment matches with any
the gauged catchment the unit hydrograph parameters of the gauged calchments can
be proportionately transposed to the unganged catchment wd UG so derived be
adjusied.

2. When the parameters of ungauged catchment do not match with any of the gauged
calchment preference can be given (o guuged calchment close lo location of
ungauged catchment.

3. When none of the above two conditions are fulfilled go in for the use of

recommended relations.
13
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Annexure 1.1

LIST OF HYDRO-METEOROLOGICAL SUB ZONES

Sub Name Of Subzone Name of Subzone | River Basins Included
Zone (Designated Earfier) (Designated Now) | In The Subzone
Luni river and Thar (Luni
Luni basin and Thar (Luni & other rivers of

1(a) |and other rivers of Rajasthan | Luni Rajasthan and Kutch and
and Kuich). ’ Banas rivers)

1(b) Chambal Basin Chambal Chambal river.

Sind, Betwa and Ken |
Betwa Basin &  other rivers and other South

1) | Tributaries. Hetwry tributaries of Yamuna,
Sone & Tons rivers and

1(d) Sone Basin and Right Bank Sone other South Bank
tributaries. tributaries of Ganga.

Lower portion of Indus,
Punjab Plains including parts Ghaggar, Sahibi Yamuna,

1(e) | of Indus, Yamuna, Ganga and gﬁhdﬂ Ganga Ganga and Upper portion

Ramganga Basins. : of Sirsa, Ramganga,d
Gomii and Sai rivers.
Middle portion of Ganga,

Ganga plains  including | _ .. Lower portion of Gomli,

1(f) | Gomti, Ghagra, Gandak, Kosi :‘g:sl‘ Ganga | Gyagrs, Gandak, Kosi
and others. ! and middle portion of

Mahanadi.
Lower Ganga Plains .

1) including Subarnarekha and | Lower Ganga Hm“r partion ok G“ng“:i
other cast-flowing rivers | Plains. 50;3' ":,;; el
petween Ganga and Baitarani. iznimols .

North North Bank iributaries of

2(z) | North Brahmaputra Basin Bra - Brahmapuira rivers and

; Balason river.
. South South Bank wibutanes of

2.0) | Soutb Brabmaputra Basia Brahmaputra Brahmaputra river.

Barak, Kalden and

2 (c) | Barak and others Barak Manigs iivers;

Mahi And Sabarmati
I . . Including Rupen And
MaN, Iidig TR Ly And | Machhu, Bhadar, Ozat,

3(a) | Dhadhar, Sabarmati And . & :

Rivers Of Saurashira, Sabarmati. Shetranji  Rivers Of
Kathiawad Peninsula.

Al



River Basins included in

Sub- Name of Subzone Name of Subzone
Zove | (Designatedearfier) | (Designated now) the Subzone
Lower Mammada and Tapi | Lower MNarmada ' | i o
3 Basin and Tani Narmada, Tapi and
i Dhadhar rivers.
3 (¢ Upper Narmada and Tapi | Upper Narmada & | Upper portion of
©) | Basin Tapi Narmada and Tapi rivers.
Mahanadi Basin including ' 3
G s : ] Mahanadi, Baitarani and
3{d) :I::s“m and Baitarani | Mahanadi it e
- s Upper portion of
3(e) | Upper Godavari Basin. Upper Godavari Godavari Basin,
Lower Godavari Basin cxcept . |Lower  portion  of
30 coaslal region. Lower Godavar) Godavari Basin.
3 (g) | Indravati Basin Indravati Indravati river.
Krishna Subzone including g .
x ; Krishna and Pennar rivers
3k Pennar Basin excepl coastal | Krishna & Pennar excepl coastal region.
region.
: SO Kaveri Palar and
., | Kaveri & Easl flowing rivers £ 4 ;
3i) ixcepl Opasial 1eion, Kaveri Ponnaiyar rivers except
coastal region.
: . : East flowing  coastal
C:m wiltng e Upper Eastern | rivers between Dellas of
300 {howing e, betwocs Coast. Mahanadi and Godavari
Mahanadi and Godavari. ;
rivers,
East flowing coastal
; ’ rivers, Manimukta, South
{Iﬂmmand_a! C'.mm aclning Lower  Eastern | Pennar, Cheyyar, Palar,
4 (b) |east flowing rivers beiween
Godiveit and Eavas coast. Morth Pennar, Munneru,
" : Palleru, Cundalakama and
Krishna Delta.
Sand " |East flowing coastl
'y Cumr!wudal e South Eastern | rivers, Manimuthar,
4() | Qowing  vivers Sebueen Coast, Vaigai, Arjuna,
| Cauvery and Kanyakumari) Tamraparni.
Konkan Coasl (west flowing West flowing coastal
5(a) |river between Tapi and | Konkan Coast. rivers between Tapi and
Panaji) Mandavi rivers,
Malabar Coast (west flowing West  flowing  coastal
5(b) | rivers between Kanyakumari | Malabar Coast. rivers between Mandavi’
and Panaji) and Kanyakumari.
Andaman and
6 | Andaman & Nicobar Nicobar.
Thelum, Upper portion of
J & K. Kumaon Hills (Indus | Westemn - ey s
7 Basin) Himalayss. In“f:;i Ravi and Beas

A-d
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Annexure- 3.2

PHYSIOGRAPHIC PARAMETRS OF SELECTED

CATCHMENTS
from
Calchment | Lesgi Ceatrold of the Equivaleat

Ares (] Catchment to the Slope

e | e ) L Outlet (Seq)
(SgKm) | (Km) (L m/lan

(Km) .

| g5 k] [| ] )
1 | 53 | 168992 | 54.06 2253 234
2 63 1357.15 | 5632 2735 1.92
3| 200 555.37 | 4183 20.91 5.13
4 | 328 43760 | 3700 19.30 552
5 | s01 398.60 | 36.20 16.73 212
6 98 34840 | 3138 15.29 6.95
7 16 27060 | 35.40 13.84 1.29
8 169 23087 | 26.96 1288 3.30
9 | 313 22045 | 26.72 13.68 1.96
10| 202 171.70 | 1930 9.85 5.08
1 |215¢i)| 16732 | 2,332 11.26 3.32
12| 18 13152 [.23.74 - 10.46 3.01
13 | 365 11960 | 16.00 7.00 494
14 | 353 11825 | 2654 15.69 . 412
15 | 771 | 11823 |18.10 885 192
16 | 53() 10245 | 2124 8.61 9.21
17 | 253 10098 | 16.49 8.05 2.78
18 | 166 9127 | 16.89 7.24 6.07
19 123 64.75 16.09 7.24 323
20 | 384 62.16 | 14.96 9.65 9.91
21 | 404 29.78 | 10.70 6.44 11.83
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Annexure 3.4

RELATION BETWEEN PHYSIOGRAPHIC AND
UNIT HYDROGRAPH PARAMETERS STUDIED

SLNo. X Y A B R
1 LLeAS b | 0325 | 0447 |0.750
2 tp g | 099 | (0497 [ 0.733
3 % Wso | 2389 | () 1.065 | 0973
4 9 Wz | 1415 | (-) 1.067 | 0.861
5 4 WRs | 0753 | (-)1.229 | 0597
6 . WRys | 0558 | (-)1.088 [ 0.510
7 to Te | 7392 | 0524 | 0.860

NOTE : Equation is of the formof Y =A * X"
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Annexure - 3.7

AVERAGE BASE FLOW RANGES FOR STUDIED FLOOD EVENTS
( In Cumec per sq. Km.}

o | wumcs | s [ o Touno [ o0 | 28 | o
" 0.005 0,003 0.19 ABOVE
1 2 3 4 5 6 7 8
1 53(i) 2 1 2 : = 5
2 63 4 3 = S : 7
3 200 5 1 - [
) 2150) 4 - 3 ; 7
5 328 - 2 1 - 3
6 601 18 1 14 3 3
7 08 : 1 3 : - 4
8 6 2 1 1 = -
9 169 1 5 1 : 7
10 313 ) 3 1 - - 13
11 202 1 1 2 - - 4
12 18 - 10 2 12
13 365 i 2 2 1 26
14 353() ; 4 » - 4
15 771 : 7 1 - 8
16 53(i) - 9 - E 9
17 253 - 5 3 1 )
18 166 - - 6 - 1 7
19 123 : : 11 1 1 13
20 384 - ; 3 1 - 4
21 404 : 2 : 1 3
Total | 46 17 1 10 4 188
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Annexure 3.9

NUMBER OF FLOOD EVENTS

SL.No. Br. No. No. of Flood Events
1 53(ii) 5
2 63 7
3 200 6
4 328 3
3 601 33
6 o8 6
7 16 4
8 169 5
9 313 14
10 202 4
11 215(i) 7
12 18 12
13 365 25
14 353 3
15 771 6
16 53(ii) 9
17 253 9
18 166 7
19 123 13
20 384 4
21 404 3

Total 185
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HEAVIEST 24-HOURS & SHORTER DURATIONS RAINFALL

Annexure

42

RECORDED IN SUBZONE 3 (h)
Highest Observed . Date & Time
State/District | SRRG Station | Storm Rainfall “"ﬂ’::;““ of ‘I:{‘:f:
{mm) Occurrence
1 2 3 4 5 6

TAKA e

1. Shimoga | 1. Agumbe 443 24 T 22776 | (20-20)

282 12 -do- (08-20)

172 6 -do- (08-14)

123 3 255.75 | (16-19)
100 g 12887 | (11-12) |

2. Bangalore 1. Bangalore 131 24 4-5.10.77 | (20-20)
131 12 -do- (20-08)

118 6 -do- (23-05)

100 3 20980 | (21-24

a2 [ S.10.77 (01-02)

3. Belgaum I.Belgaum 225 24 27-28.6.83 | (06-06)

125 12 27.6.83 | (02-14)

122 6 14.6.79 (06-12)

114 3 -do- {06-09)

77 ] 6484 (15-16)

4 Bellary 1 Bellary 110 24 12-13.784 | (3-19)

i 89 12 341083 | (1503

B0 6 11-12.9.83 | (21-03)

72 a 11.5.83 (21-24)
59 I 4.887 (20-21) |

2. Hospel 147 24 11-12.979 [ (23-23)

147 12 ~do- (23-11)

122 6 12.9.79 (00-06;

&0 3 1686 (02-03)

54 1 19989 | (22.23)
S.Chitradurg | 1.Chilradurg B4 24 24-25.9.80 | (22-22) |

T 74 12 -do- (22-10)

74 6 —do- (22-04)

74 3 -do- (22-01)

64 I 249380 | (23-79)




[ State/District

SRRG Station

Highest Observed | Duration | Date & Clock
Storm Rainfall (Hr) Time OFf Hour
{mm) Occurrence
1 2 3 F) 5 6
6.Dharwar 1.Gadag 135 24 45673 | (03-03)
76 12 ~do- (20-08)
75 6 -do- (02-08)
70 3 14.9.7 (02-05)
50 1 4.6.73 (20-21)
7. Tumkur 1. Gubbi 144 24 1-2.10.84 | (04-04)
139 12 -do- (14-02)
108 3 1.10.84 | (17-23) |
91, 3 29.9.80 (20-23)
51 1 28582 | (23-24)
8.Hassan 1. Hassan 89 24 26-27.9.78 | (15-15)
85 12 | 7-8.10.89 | (15-03)
~_B5 3 7.10.89 (16-22)
76 3 “do- (16-19)
59 1 ~do- (17-18)
9.North Kanara | 1.Honawar 307 24 15-16.6.86 | (13-13)
262 12 2.10.88 (03-15)
195 3 ~do- (06-12)
121 3 “do- (09-12)
100 1 7.9.84 (03-04)
10. Bijapur 1. Hungud 109 24 36-27.09.89 | (07-07)
85 12 560887 | (16-04)
77 6 340081 | (20-02)
70 3 25.06.87 | (02-05)
61 i -do- (02-03)
MARARASHTRA
1.Pune 1.Dhond 107 24 27-28.6.74 | (19-19) |
95 12 -do- {(19-07)
87 6 do- (19-01)
67 3 74.10.74 | (18-21)
. 60 1 6.6.14 (14-15)
2.Scngh 1.Sangli 114 24 17-18.10.75 | (22-22)
103 12 23-24.9.80 | (17-05)
103 6 23980 | (17-23)
94 3 “do- (18-21)
59 1 -do- (18.19)




State/District SRRG Station Highest Duration | Date& | Clock |
Observed (Hr) Time Of Hour
Btorm Rainfall Occurrence
{mm)
1 2 3 a 5 3
'ANDHRA PRADESH —
1. Anantpur 1.Ananipur 164 24 25-269.74 | (3-3)
164 1 269.74 | (11-23
163 3 do- (17-22
135 3 -do- (18-21)
100 1 10678 | (18-19)
2.Cuddapah 1.Cuddapah 93 24 13-14.9.76 | (2222
76 12 10.682 | (0I-13)
76 6 -do- (01-07) |
70 3 -do- (01-04)
64 1 229.78 | (05-06)
3.Mehboobnagar | 3.Mehboobnagar 239 24 12-135.79 (zz-zz}'|
173 12 13579 | (10-2%) ]
114 6 229.81 | (11-23)
92 3 “do- (17-20)
54 1 3874 | (0001)
4.Raichur 1.Raichur 169 24 6-7.10.75 | (15-15)
162 12 -do- (1503)
121 6 6.10.75 |'(15-21)
91 3 23.4.77 | (03-06)
a7 1 do- | (03-04) |
S.Gunlur T.Rentachintala 80 2% 783.75 | (16-16)
80 12 —do- (16-04)
20 6 73.75 (16-22)
80 3 —do- (16-19)
65 1 31571 | (17-18)

A-21
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Annexure 5.2

COMPUTATION OF EQUIVALENT SLOPE OF BRIDGE
CATCHMENT NO. 16

- =l e
ﬂ' “;I::“ m Dii'll.nl;ﬂl Li (Dni-1 + Di)
o, RD RD RL RL L) (D) (Ksm.m)
(Miles) | (Km) | (Feet) | (Metres) (Km) (m)

1 2 3 4 5 6 7 8 9

i 0 L] 20000 | 609.60 1] 0 0 0

2 BS0| 13.68 | 2050.0 | 62484 | 1368 | 1524 | 1524 208.48

3 15.50 | 24.94 | 21000 | 64008 | 11.26 | 3048 | 45.72 514.81

4 20000 | 32.18 | 21500 ( 65532 7.24 4572 | 76.20 551.69

5 2200 | 3540 | 2180.0 | 66446 | 3.22 54,86 | 10058 323.87
ESum 1598.85

Datum (i.e. R.L. of river bed al point of study ) = 609.60m

Slope =
LE

ELi (D + Dy

1598.85

(35 40)°

= 1.28 mKm




Annexure 5.3

COMPUTATION OF DESIGN FLOOD HYDROGRAPH OF
BRIDGE CATCHMENT NO. 16

Ealnfall Fxcess ln Cm
Hours um 015 | 040 | 147 | S04 | 5 :;;"n g{;ﬁ T‘ﬁ,ﬁ“
{ﬂ’fl} Direct Rumoll (m/s} {m’/s) {m/s)

1 1 3 4 5 [ 7 B [] 0

o | 000 | 000 0.00 13.53 13.53
1 | 600 | 090 | .00 050 | 1353 14.43
2 1800 [ 270 | 240 | 0.00 5.10 13.53 18.63
3 5050 | 893 | 7.20 | BEZ | 0.00 2495 | 1353 38.48
4 10900 | 1635 | 23.80 | 2646 | 3024 | 0.00 | 96.85 | 1353 110.38
5 127.60 | 19.14 | 43.60 | 8747 | 9072 | 438 | 24531 | 1353 | 25884
6 11400 [ 17.10 | 51.04 | 160.23 | 299.88 | 13.14 | 541.39 | 1353 | 554.92
7 9300 | 1395 | 45.60 | 18757 | 54936 | 43.43 | 839.92 | 13.53 853.45
8 7150 | 10.72 | 37.20 | 167.58 | 643.10 | 79.57 | 938.17 | 1353 | 95L70
9 5300 | 795 | 28.60 | 136.71 | 574.56 | 93.14 | 84097 | 1353 | 85450
10 3650 | 548 | 21.20 | 10511 | 46872 | 8322 | 683.72 | 1353 | 69125
11 2550 | 3.83 | 1460 | 7791 | 360356 | 67.89 | 52459 | 1353 | 53812
12 1730 | 260 | 1020 | 53.66 | 267.12 | 5219 | 38577 | 1353 | 39930
13 1130 | 1.70 | 692 | 37.49 | 18396 | 38.69 | 268.75 | 1353 282.28
14 6.70 101 | 452 | 2543 | 12852 | 2664 | 186.12 | 13.53 199.65
15 280 | 042 | 268 | 1661 | g§7.19 | 1861 | 12552 | 13.53 | 13905
16 000 o000 | 102 | 985 | s695 | 1263 | 8055 | 13.53 94.08
7 000 | 412 | 3376 | 825 | 4613 | 13.53 59.66
18 000 | 1411 | 489 | 1900 | 1353 32.53
19 000 | 204 2.04 13.53 15.57
20 0.00 0.00 13.53 13.53




X e g i . T T b
e — et PLATE-T
1 ﬁFl}llHlE'm f.-—J;' r.-" . -
e | \',__ i GOVERANENT OF maia
= s “1 nm tRsl DREETOR
oRaTE |
=~ l'
' SRNAGAR LOGATION MAFP OF
P » o KRISHNA AND PENNER BASINS
L T L [ SUB- ZONE 2h}
38 B 2 1 -]
}\ f\.“) =15
£ g
SMLA
= 6 b & H
v E N I N
& ﬁ'] 3 | '\i‘ P
i N e i j,r' \\’ T gy Pt
| - ' \  oELH A \ ' byl
28 - '\_...—-"‘ \ [] \N . A L‘.\_,.L . i -1
q / ~ Mo, e v i A el ]
£ Fw P N S T iﬁ_ﬁ(anuuu | A
! la /. ompuR >4 Pt A e o
i 3 LUCKNOW ¢ Vo e
... / I b Fd e 1 PATHA {? l"i\-._"\l..---' . a h‘
; / o e “w. | SHLLOWG _
al 1'. / f | C i - Th_-"\ 'IJ e ]
o f.f‘t. - | !N /D I~ A “awcLaesk _ﬁg c ! 24
- \ BHOPAL s lg : g '\—-J
T GANDHNAS Nt o ["M-J“ A i "h-"r-\ J
T pliuerie S o | coourtat &M {
P B - i R
3b < 3 b h I MYANMAR
) e 3 s /
rad-— 20
M UMEA
AHABIAN
8-  sEA “lie
PaAS B
iZ HOTE, &
. Pt TEMEITOR Ry maTERS = ol i
c. e EXTERE ovl) Tanl LEATE & ¢ ISTANCE z *
_a-«.. BF Tepivh WUTEL b LS MEASURET T
'.;;::‘-..- FROM Ti1E APPROPRIATE BASE LiME ?i-%
%,%, SCaLE = i .
"y o} I e wa ssa e J - %
- “TRIFVANTHAPUR ] N _‘E-l'
T2
' o C E A N Yy J
L 1 | | | |
ra= TB* ag” B4* BE* g2 .
THE EXTEFHAL BOURDARY ARG COAST LINE OF oW OW THE NAPS AGREE T} GovERRMERT OF UrDis COPYREHT 1930
WITH THE RECORY COPY CEATFIED BY THE SUPVEY OF INDWA . iy

L P MAUTITAL, . & PANT,D/WAN OLE



PLATE No= 3,

Z

REFERENCES:-
ALTITUDE IN METRES

© 7o 50

5‘\\\\\ 150 TO 300

200 1O 800

s° S o ABOVE 600

MOTE:- THIS MAP HAS BEEN DRAWN FROM
IRRIGATION ATLAS OF INDIA

(YEAR 1989) PLATE nNQ-1(8.

EOVERNMEIMT OF InDis
KILOMETRES CENTRAL WATER COMMISSION

HYDROLOGY (R-5) DIRECTORATE

FLOOD ESTIMATION REPORT
ENGLISH MILES KRISHNA AND PENNER BASINS
= B S e—————f SUB ZONE - (3(h)
50 o 50 Voo 150 200 PHYSIOGRAPMHY

DRAWN . PANT EHEEHED- BAJAJ




. PLATE N2 4.

26" (¢ sl 20

SOIL CLASSIFICATION UNIT

DEEP BLACK SOILS

220 \MEDIUM BLACK SOILS

:3°.] MIXED RED & BLACK SOILS

MAHABALE-
SHWAR

- LATERITE SOILS

NS
o SHALLOW BLACK SOILS

© RED SANDY SOILS

L .--ll
LT RED LoAMY SOILS

16"

WP 1| SKELETAL 501LS

NOTE=THIS MAP HAS BEEN DRAWN
FROM IRRIGATION ATLAS OF
INDIA (YEAR 1972)PLATE NS

GOVERMNMENT OF INDIA
CEMTRAL WATER COMBMISSION
HY DROLOGY {Re) DIRECTORATE

Te?
e e e a0 200 300 FLOOD ESTIMATION REPORT
]
- KRISHNA AND PENNER BASINS
Gt aatine - SUB ZONE — 3 {(h )
B s to 150 200 SOIL CLASSIFICATION

L _P. NAUTIYAL | C.L.BAJAJ,




PLATE -5
N
REFERENCES —
ST = Tl E QO REST
=y S B e ait
L O mi, TS .
Rl CQFeS W, 207 & L MILLETS & COTTON
+ XS PR Ly
B EOTN 1 ?t GBS SO MILLETS—-OILSEEDS
= VIS N R e — : 7 ILL =
AN easioeal 2\ AN NALBONDA ‘
e Ry A Oy =, T\ e
= AR Eu3 AL TN N “¥iI| WHEAT _SUGARCANE
e ?4{ BN ARJUNA SAGAR
. & 5] T ‘."':a {2/ W.E. PROJECT E=—=-=| MILLETS
o g T B T N SRt |6 77777 MILLETS — PULSES
W ,:.::*_:‘:: : P b ’ H=HTH- i ‘-+_- i H.E,PHOJEE o ///:ri.f -
>* ,___'::“ st ¥ P : BD
T | 4 e RICE - MILLETS
- SRRy e 5
} o —lPr—
n=gl 4 —
it - — —l NOTE - THIS MAP HAS BEEN DRAWN FROM
AP S RS " = IRRIGATION ATLAS OF INDIA(YEAR.I989)
g anias Ay madis dad . PLATE - 23,
Pl L) g e
1 ; + .’:'ﬁ\,a-\ T _:.'.
..,... ™ r'_-q -:-:‘ ___'?_ ..__: .,:;_ —
ASNIR B Tl
Voo ol e GOVERNMENT OF INDIA
+ R i o CENTRAL WATER COMMISSION
' S CALE HYDROLOGY (R. S.) DIRECTORATE
. FLOOD ESTIMATION REPORT
K{iLOMETRES (== = . — e— e | SUB ZONE - 3 L h)
LAND USE
50 ) i 150 200
ENGLISH MILES cCx=—== ?—-———-=_—51- E—uﬁlﬁ_______l DRAWN — CHECKED
L.K. PANT | C.L. BAJAJ




WHMTHN W P B |
=af @FFIRER =il HmvVEd
farw) TIVAMIVE G0N 3 ¥IAT001

WY L =3I NOT B nE
SHISYE WINNTY QMY YNHSIHN

BV W0 INIO IR AL TYHCIDIN ) ADOVORALH
HOMEIMMDY PRAVE TVRINES

FIAR| 40 ANTRRRIADD

Wi AB O3iNWdNE STIVIANISOE]
= JLON

(Frwnrismy |10~ ¥240F STDOINE 40 MOILWIDT P0G

& et LT ]

gt mea e QAR
X ==reeeess FilE TESIEE
Ce e e dBvONADE R AR E

TYIRIETI e

/
bE
af*
2
o
™ N.-.iu
&
5
[ L -
.¢w_....| iy

0L-31v

-1

£
avk

.E..T R

« )

®eieioiiis guass (A)T |

m_._zi_u

L X

1

o B EEE ._.Ih..:..]

o T

g




sty Tl

Ll LTS SO T AR BT
ol Ao s R

B ER  Ge W id 5B A IERL

e T T R g e

sergmances ik

5 Baud mem e iedwsssen,

bt v gl Ty i
n BAEEA GPATOER
i vl ey
e T
i OPETREL E Lisaa sscwe s g
T

DETARS &F Tii EATCRunT e we Sao

[ T T — -
R oo L )

P N T

ale T, e e

PR T T

(O TR ] T vp—

- kT

i
e T T i =

:

:

o MAEY g g wdrs

]
P

e ™)

oA
I EEE T
L — =

—

[ Se—————
T T -
SIRRIAT AN 8§ e i

AT WLE Bl -0 OF W AR LT -
TIDN SERITrdEs BAa e
SN TOMT - 3h

CATCRslNT anld Puik FOm BADST s ofll




rYrvae "9
T AR O3N23HI

ANvrd "W "7
= AW NMYWO

‘81 TON 324i1HE
HdYHOOHQAH LINA JILIHINAE
N1 E -3 NDZ @nNS

SNISYE Y3INNId 7 YNHSIEN

310 (EIIONLS TYNCIDTH 1 ADOTOH OAH
NOISGIMNDD HILV M T¥YuiNgd
VIONMI 40 ININNWIAON

,.-u_-lau
o L 19d
0

o "3
eL'®
0K "1
ag "L
oF"e 3
oF ‘B &
0 'E %
0" 'I &
0o ‘g8
00 -®Ii
as "LETi
o0 80
o ‘e g
LR
o0 'R
.-
S3LVNIOND

Iviad

i
al
vl
i
7l
it

o

N oA v ®w W ~ 8 @

FENOH

BUNOW wI'E » iy %
BNMOM ZE°9 » n_n_l 1
SMNOH O'91 °* W, 1
SHNOW 09 * E.__ v
m!___.i:u-:_n . a
SHNON BTe g v
B3IMND 9°LE| ¢ dg %
WNOW 0D"1 = C
‘WH0E BOLE Y YIEY D

SILYNIOND 6°N°E WADH =1

EY 014

SXENNI O LTIGL v

gE0O X 00°
-
DOl X 9°0LZ loz
gco X 4 P
P XY 'ox
Wy o0’y * P ‘i

BUNOW B3°1 »  Gowy 11
EHNOH §@"1 += OF Ny ‘0I

SHILIMVYEYd DN JILTHINAS

SENCH NI

INid

L 9 5§ v£E XTI
LI I I B B

.-._.“ /

BUNOH ¥ 29, |

o

ol
ol
ot
or
o8
o9
oL
o
o8
ool
ol
ozl
of|
orl
osi

pripivy = |

_ _l.!-

3 HJ- .w 7 _.

SHNO Wi IWIL

S2ANN2 NI 39EYHDSIA




“ped

H3I'Y "W "N IVAILAY N "d "7
=AB QINITHI —AQ NMVHO

‘gl ON 390188 40
HdYHO0HOAH GO0 NOISIT

IM}) E -3INOZ @NS

SHNOH NI IWIL

ﬂmﬂ_n_fﬁ_ﬂ_n_ﬂnﬂ_ﬂ_:ﬂ_nﬂh.u_.ni_ﬂﬂ_

SNISYH H3NN3I4 g wNHSIEA

210 (EIIONLE WHOIDINILDOTONTAH
NOIGEINNDD HILVM TVHLTID
YigM) 40 LHIWNN WTIAODY

wy 'ES 09 0LZ - VIHY LNIWHILYD

¥y3d Q00 NDISIO 40 NOLLYLNdWOD
HOJ4 £°6 -IHNXINNY HIJIH - 3LON

iHv¥3Id QOCT4 NDISIO
S2IWND OLIEE *dp

Y T Ol4

g ¥ £ Z 1
‘0 Ml ANIL

(EHILIMILNTD )

S2FWND NI JOMVYHISIAO

TIvdNIvY FAILITA43




whera:S = EQuivalent E‘lﬁreum slope (m7/ km)
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x. 4 Shri K.K. Aich Extra Assll, Direclor
4, Shri A.P. Khanna Exira Assit. Director
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LIST OF FLOOD ESTIMATION REPORTS PUBLISHED

A. UNDER SHORT TERM PLAN

1. Estimation of Design Flood Peak (1973)
. UNDER LONG TERM PLAN

~ Lower Ganga Plains Subzone 1 (g) (1978)
2—~Tower Godavari Subzone 3 () L~ (1981)
3.~Lower Narmada and Tapi Subzone 3 (b) o (1982)
4. Mahanadi Subzone 3(d) ~~ (1982)
5. Upper Narmada & Tapi Subzone -.3/( c)— (1983)
" Krishna & Pennar Subzone 3 (h) (1983)
7. South Brahmaputra Subzone 2 (b) e (1984)
8. Upper Indo-Ganga Plains Subzone 1(e)~ (1984)
9, Middle Ganga Plains Subzone 1(f),_— (1985)
10;Kaveri Basin Subzone 3 (i) Sae - (1986)
11. Upper Godavari Subzone 3 () o+~ (1986)
12. Mahi & Sabarmati Subzone 3 (a) < (1987)
~East Coast subzones 4 (a), () & (¢} (1987)
14. Sene Subzone 1(d) &~ (1988)
" Chambil Subzone | (b) v~ e (198Y)
16, Betwa Subzone | (C) 7 (1989)
17.North Brahmaputra Subzone 2 {a)‘-/ - (1991)
48-West Coast Region Subzone 5 (a) & (b)_—~" (1992)
" \19-Funi Subzope 1 (a) (1993)
'20: Indravati Subzone 3 (g) ~ (1993)
I (21 Western Himalayas zone 7 il (1994}

. REVISED UNDER LONG TERM PLAN
1. Lower Ganga Plains Subzonc 1(g) +(1994)
2. Lower Godavari Subzone 3 (f) (1995)
3. Mahanadi Subzone 3(d) (1997)
4. South Brahmaputra Subzone 2(b) (2000)
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