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' FOREWORD

The Government of India set up a Committes of Engineers in March 1957
under the chairmanship of Dr. A.N, Khosla to review, inter alia, the methods
For estimating maximum flood discharge to determine waterway and other para-
metexs of the bridges which were designed and constructed in this country in
the last century on the basis of technical knowledge and data then available.
In their report in October 1959 this Committes recommernded systematic collec—
tion of rainfall and runoff data of small and medium catchments and the use
of rational methodology of unit hydrograph and design storm rainfall., As a
follow up action, joint efforts are in progress since then by Railway Designs
and Standards Organisation, Ministry of Transport, India Meteorological
Department and Central Water Commission to collect and analyse dis-
charge and raintall data for a large number of bridge catchments. For this
purpose, the country has been divided into 26 sub-zZones, In each sub-zone,
the rainfall-runoff data for bridge catchments is being collected for a
period of about 5 years by the Railways and also by CWC on behalf of the
Ministry of Transport. While storm analysis is done by IMD, the development
of the unitgraph based methodology and preparation of flood estimation report
is being done by the Hydrology (Small Catchments) Directorate of CWC.

So far flood estimation reports based on the hydrometecrological
approach have been finalised for 15 subzones and published for 11 subzones.
Out of 26 subzones in which the country has been divided and with the planned
data collection activities, reports can be prepared for 22 sub-zones covering
81 percent of the country's geographical area. This report marks the comple-
tion of 16 subzonal reports which together cover €5 percent of geographical
area. The efforts have now been directed towards reviewing and updating these
teports on the one hand and ensuring the acceptability and utilisation of
these methods by large number of user organisations engaged in the design and
construction of railway and road bridges, cross drainage works and hydraulic
structures on small and medium catchments. In order to achieve this ocbjective,
CHC has conducted two Workshops, one at Calcutta and the other at Bhubaneshwar
for working engineesrs fo various State Organisations, to familiarise them
with the regicnal methods as brought out in the reports. Locking to the res-
ponse received for holding such Workshops, similar workshops are proposed to
be conducted in other regions ofthe country. It is hoped that the method
propagated 'in these reports would be applied extensively for estimating the
maximum flood discharge in the Coming vears.
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FREFACE

Design Engineers essentially need the design flood of a specific
return periocd for fixing the waterway vis-a=-vis the design H.F.L. and founda-
tion depths of a bridge, culvert and cross drainage structures depending on
their life and importance to ensure safety as well as economy. A casual ap-
proach may lead to under-estimation or over-estimation of design flood re-
sulting in the loss and destruction of structure or uneconomic striicture with
problematic situation.

The use of empirical flood formulae like Dickens, R}ves, Inglis ete.,
has no such frequency concept except the simplicity of relating the maximum
flood discharge to the power of catchment area with constants. These formulae
do not take account of the basic meteorologic factor of storm rainfall inten-
sity besides other physiographic ard hydrologic factors wvarying from catchment
to catchment. Proper selection of constants in these empirical formulae is
left to the discretion of design engineer involving subjectivity.

The need to evolve a method of estimation of design flood peak of
desired frequency knowing the physical characteristics of the catchments and
design rainfall has been recognised amd a committee of engineers unpder the
Chairmanship of Dr, A.N. Khosld have recommended, "Systematic and sustained
collection hydro-meteorological data of selected catchments in different
climatic zones of India for evolution of a rational approach for determination
of flood discharges, The commpitbee felt that design discharge should be maxi-
mum flood on record for & period not less than 50 years. Where adequate
records are avajilable extending over a period of not much less than 50 years,
the design flood should be 50 year flood determined from probability curve
on the basis of recorded floods during the period. In case where the reguisite
data, as above are not available, the design flood should be decided based on

the ground and metecrological characteristics obtained on the basis of design
stom".

Economic constraints do not justify detailed hydrological ard
meteorolegical investigations at every new site on a large scale and on a
long term basis for estimation of design flood with a desired return period.
Regional flood cetimation studies become necessary for hydro-metecrologically
homogeneous regions in the country. BEroadly two main regional approaches are
open for adoption depending on the availability of the storm rainfall and
flood data, The first approach involved long term discharge observations for
the representative catchments for subjecting to statistical analyeig to
develop a regional flood model. The other approach was to collect concurrent
storm rainfall and runoff data of the representative catchments over a period
of 5 to 10 years to develop a regional design storm rainfall-loss-unitgraph
({runoff) model. The latter approach in line with the recommendations of the



high level committee of engineers has been adopted in the preparation of
flood estimation reports under short term plan and for each of the 22 subzones
out of 26 subzones in the country under long term plan,

Systematic and sustained collection of Hydro-meteorological data for
the representative catchments numbering 10 to 30 for a period of 5 to 10 years
in each of the 22 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 Standard Organisation of the Ministry of
Transport (Deptt. of Railways). Similarly the Ministry of Transport (Deptt.
of Surface) has undertaken the collection of data for 45 catchments through
Central Water Commission since 1979. Rainfall and runoff data was supplied to
Hydrology (Small Catchments) Directorate of Central Water Commission and rain-
fall data to India Meteorological Department (IMD) for necessary studies.

Hydrology (Small Catchments) Directorate of CWC has carried out the
analysis of selected storm rainfall and floods for the gauged catchments to
derive 1-hr. unit hydrographs on the basis of data of rainfall, gauge and dis-
charges collected during the monsocon season. Representative I=hr. unit hydro=-
graphs have been obtained for each of the gauged catchments. The parameters
of the catchments and their respective representative unit hydrographs have
been correlated by regression analysis and the equations for synthetiec unit
hydrographs for the subzone were derived. The loss rate and base flow studies
were carried out. Methodelogy for estimation of design flood (50-yr. £lood)
for ungauged/inadequately gauged catchments has been indicated.

Studies of Rainfall-Depth-Duration-Frequency, point to areal ratios
and time distribution of storm rainfall are made available by Hydromet Cell
of IMD to Hydrology (SC) Dte., which prepares the full report for the sub=zone,
The report is approved by the Planning and Coordination Committee in its
meetings. A "Foreword" from Member (Water Planning) of CWC recommends the
extensive usSe of the report to design engineers for estimation of design flood
for small and medium catchments. The report is published in Central Water
Commission.

Flood Estimation Reports for the following subzones have been pre-
pared, got approved in PCC meetings, published and circulated to various
states and Central agencies for the use of design engineers:

A. UNDER SHORT TERM PLAN

1 Estimation of Design Flood Peak (1973)

B. UNDER LONG TEEM PLAN
Te Iower Gangetic Plains subzone - 1({qg) (1a78)
2. Lower Godavari subzone - 3(f) {1981)
3. Lower Narmada & Tapi subzone - 3(b) (1982)
4. Mahanadi subzone - 3(d) {1982)
5. Uupper Harmaéa & Tapi subzone - 3({c) (1a83)
6. Krishna & Penner subzone - 3{h) (1983)



7. South Brahmaputra Basin subzone - 2({b) (1984)

B. 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 « ie) (19886)
12, Mahi & Sabarmati subzone - 3(a) (1987)

13. East Coast subzone - 4(a), (b) & (c) (1987)

The present report on Sone subzone - 1{d) is based on the detailed
Storm rainfall and runoff studies of 15 representative catchments. The data of
each of the 15 catchments collected for a period varying from 4 to 9 years by
the Eastern Railways, South Eastern Railways and Central Railways under: the
guidance of R.D.S.0. Besides the data of 134 ordinary raingauge stations maine
tained by IMD/States alongwith data of 40 self-recording raingauge stations
maintained by IMD/Railways has been made use of.

. The Sone subzone - 1(d) report deals with the estimation of design
flood of 25-yr., 50-yr and 100-yr. return periods for small and medium catch-
ments in this subzone covering the parts of Bihar, M.P. and U,P. states based
on design storm rainfall and sSynthetic unitgraph. Formulae for 25-yr., S50-yr.
and 100-yr. flood for easy and quick application are given in the report for
the preliminary designs only. Illustrative example under (i) detailed and
(ii) simplified approaches are also given for application of the report.
Besides a formula for fixing the waterway of bridges and cross drainage
Structures on subzone-1(d) has been given, The utility of the report under
Section-7 has been dealt with for the guidance of the design engineers.

The report on subzone-1(d) is recommended for estimation of design
flood for small and medium catchments varying in areas from 25 to 1500 sg.km.
This report may also be used for catchment areas upto 5000 sg.km. judiciously
after comparison of available rainfall and runoff data of neighbouring catch =
ments with similar characteristics,

This reportis a joint effort of Central Water Commission of Ministry
of Water Resources, R.D.5.0. of Ministry of Transport (Railways) Roads and
Bridges wing of Ministry of Transport (Surface) and Hydromet Directorate of
I.M.D.

The methodology adopted and conclusions arrived at are subject to
periodical review and revision in the light of further data being collected,
analysed and advancement in sophisticated techniques.

54/~

{ S.M. HUD )
DIRECTOR, HYDROLOGY(SC) DTE,
CENTFAL WATER COMMTSSION
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SYMBOLS

s S e

SYMBOLS AND ABBREVIATIONS

~—

As far as possible well recognised letter symbols in the hydrologi-

cal science have been uged in this report. This list of symbols adopted is
given with the units.

i=12"4

L]

aw

Catchment Area in eq.km.

Centre of Gravity

"

Length of longest main stream along the river course in km.
Length of the longest main stream from a point opposite to
centyxoid of the catchment area to the gauging site along the i
main stream in km.

Length of the ith segment of L~-section in km.

Depths between the river bed bed profile (I-section) based

on the levels of (i-1) and ith contours at the inter-section

points and the level of the base line (datum) drawn at the

point of study in metres.

Equivalent stream slope in m/km

Unit Hydrograph

Synthetic Unit Hydrograph

Unit Rainfall Duration adopted in a specific study in hours

Time from the centre of Unit Rainfall Duration to the Peak
of Unit Hydrograph in hours

Time from the start of rise to the peak of Unit Hydrograph
in hours

Time Duration of Rainfall in hours

Base Width of Unit Hydrograph in hours

¢ Degign Storm Duration in hours



5q.km.

In.

SBeC.

Sq.

M.0,T. (DOR)

R.D.5.0.

H(sC), CWC

I.M.D.

M.0.T.

(L]

Minutes
Kilometres

Square Kilometres, sz

: Inches

L]

Seconds

: Square

Ministry of Transport (Deptt. of Rlys.)

Hesearch Designs & Standards Organisation
(Ministry of Railways), Lucknow

Hydrology (Small Catchments) Directorate,
Central Water Commission, New Delhi.

: India Meteorological Department

Ministry of Surface Transport (Roads Wing).



SUMMARY OF APPROACHES & CONTENTS OF THE APPROACHES,

APFROACHES

Estimation of design flood peak value of “T" years return period.

(a) Petailed S.U.H. approach

(b) Regression formula based on design flood ¢omputed using S.U.H.
approach.

Estimation of water level corresponding to "T" year return period
flood.

Estimation of approximate lineal waterway to cater tg "TV year return
period fleod.

CONTENTS OF APPROACHES

1{a) is given in the report Fage Nos.
708 g©.465 _  0.178
25

0.701 _0.484 0.202
50 = 6.214 A 5 RED

0
(b) st = 5,613A

Q

= 0.678 _0.396 0.145
Q1G0 = 10.437 A s Rtnn

Where QEE’ an and Q1DD are the 25-yr, 50-yxr and 100-yr flood in the
cumess respectively,

A is catchment area upto the point of study in sg.km.
S is the equivalent stream slope in m/km (See worked out example).

R25 - REO and RHGD are the design storm point rainfall values in cms.
for the design storm dutration Tﬁ = 1.1 x tp in hrs. The rainfall values
are found after locating the catchment on the isopluvial maps (Plates

9, 10, 11).

As given in the report 65,67, 69 pages.



3. R.. = 2.83 QZ.]S

25

Q = 3.38 92'3

50 3

Q = 3,82 Qz.:

100 3

Where D_z 13 is the 2,33 yr. flood in cumecs.

A = is catchment area uptoc the point of study in sq.kms.
F = is shape factor of catchment.

The worked out examples of the above approaches for design flood esti-
mation and lineal waterway are follow:

ILLUSTRATIVE EXAMPLE

A typical example with reference to Railway Bridge Catchment (treated
as ungauged) is worked out for illustrating the procedure. The particulars of
the catchment under study are as under:

i) Hame and Number of subzone H Sone subzone = 1{d}.

ii) Name of site (i.e. point
of study)

Railway Bridge No. 1198

iii) Wame of Railway section Itarsi - Allahabad

-

iv) Hame of Tributary Simrawal Nadi

o

v) Shape of the catchment : Fan
o I =
vi) Site location - 24 44t 12 {Latitude)
1
vii) Topography H 80° 51 53" (Longitude)

Moderately steep slope
The procedure is explained stepwise:

Step-1: Preparation of Catchment Area Plan

The point of interest (Railway Bridge site in this case) was located on
the Survey of India toposheet and catchment boundary was marked using the con-
tours along the ridge line and also from the spot levels in the plains. A
catchment area plan Fig. A-1 showing the rivers, contours and spot levels was
prepared.

Step-2. Determination of Physicgraphic Parameters

The following physiographic parameters were determined from the catch-
ment area plan:

- 2
1) Area (A) H 340,64 km



2) Length of the langest : 34.94 km.
stream (L)
3) EBquivalent stream 3 3.70 m/km,

slope (S)
Following metheds are adopted for computation of slope (5):

(al By Graphical Method

Draw a longitudinal section of the longest main stream from contours
crossing the stream and the spot levels along the banks from the sources to the
point of study from the catchment plan as shown in Fig. A-1, Draw a sloping
line by trial on the L-section from the point of study such as that the areas
between lL-section and above and below the line are equal. Then compute the
slope (5) of this line.

(b) By Mathematical Calculation

The computations of (5) shown in Table A-] with reference to Fig. A.1
are self-explanatory.

Step-3, Determination of Synthetic 1-hr, Unitgraph Parameter

The following equations were used to compute the unitgraph parameters
with the known values A, L and 5 as under:

i) tp = 0.314 ( L/ /s }1_mz

= 0.314 (34.94/ _/3.70 ) *?'% . 5.90 hrs. rounded off to
5.5. hrs.
ii) qp = 1.684 fitp]n'gaﬁ
= 1.664/(5.5)0+96° 0.321 m® sec/km"
. 0.976
iii) "50 = 2.534;(qu
« 2.3547(0.321)%97% _ 7. 68 hrs.
0.860
iv) HTE = 1.4?8!(%}
= 1.4787(0.321)%°%%0 _ 3. 93 s,
i
V) Weso o 1.u91;:qp}°‘?5°
= 1.091/00.3210% 7% . 2.56 hes.
vi) W = 0.672/(q )% 7"
P 0.719

= 0,.672{(0.321) 1.52 hrs.



0.866

vii) T, = 5.526(tp)
= 5.52605.5)%%%¢ _ 24,75 hrs Say 24 nrs.
viii) Tm = tp + tr/2

= 5.5+ k = 5,0 hrs,

ix) @ -qpxﬂ

= 0.321 x 340,64 = 109,34 Say 109.3 m>/sec.
Step-4: ng of a Synthetic-Unitgragh

Estimated parameters of unitgraph in step-3 were plotted to scale on a
graph paper as shown in Fig. A-2, The plotted points were joined to draw Eyn-
thetic unitgraph. The discharge ordinates (Qi) of the unitgraph at ti = tr =
1 hr, interval were summed up i.e. €0Qi ti = 946,2 m3/sec, as shown in Fig., A-2
ard compared with the volume of 1.00 om Direct Runoff Depth over the catchment
with the Formula #£0Qi ti = 2,78 A.d/ti.

Where A = Catchment ares in l-:m2

¢ = 1.0 cn depth

ti = tr (the unit duration of the UG) = 1.00 hr.

A x d L 340.64 x 1
0.36 x tr 0.36 x 1

Qi = = B46.2

Thus the unitgraph so drawn was found to be in order.

In case the g0i ti for the unitgraph drawn is higher or lower than
the volume worked out by the above formula, then the falling limb and/or rising
limb may be suitably modified to get the correct volume under the hydrograph,
taking care to get the smooth shape of the unitgraph.

Step-5: Estimation of Design Storm Duration

The design storm duration (T.) = 1.1 x tp = 1.1 x 5.5 = .05 hrs.
Adjusting the design storm duration Eo nearest one hour, the adopted design
storm duration {TD} is 6.0 hrs,

Step-6. Estimation of point rainfall and aresl rainfall

The catchment under study was located on plate-10 showing 50-yr. 24-hr -
point rainfall. 50-yr. 24-hr. point rainfall = 23.0 cm. Conversion factor of
0.700 was read from Fig, 10 in section for conversion of 50-yr 24-yr point
rainfall to 50-yr 16-hr point rainfall since TD = & hrs. 50-yr 6-hr point
rainfall = 23.0 x 0,700 = 16,10 cm.

Areal Reduction Factor of 0.78 corresponding to a catchment area of
340.64 km?2 for T, = 6 hrs was interpolated from Table-6 or Fig. 11(a) in



section for conversion of point to areal rainfall 50-yr 6-hr areal rainfall =
16.10 x 0.78 cm.

Note : When the catchment under study falls between two ischyets the point
rainfall may be computed for the catchment taking into account the ischyets,

Step-7: Time Distribution of Areal Rainfall

20~-yr &-hr areal rainfall = 12.56 cm was distributed with the distri-
bution coefficients (col.6 of Table A-2) or from mean average time distribution

curve for storms of 4-6 hrs in Fig. 12(b) corresponding te €é-hrs to get 1-hr
rainfall increments as follows:

Duration Distribution Storm rainfall 1=hx. rainfall

(hr) co-efficients (cm) increments
{1} (2) (3) (4)

1 0.58 7.28 7.28

2 0.77 9.67 2.39

3 0,85 10.68 1.3

4 0,92 11.58 D.87

3 0.97 12.18 0.63

51 1.00 12.56 0.38

Step-8: Estimation of Effective Rainfall Units
Design loss rate of 0.25 cm/hr under section has been adopted.

The following table shows the computation of 1-hr effective rainfall

units in col. (4) by substracting the design loss rate in col.(3) from 1=hr
rainfall increments in col. (2).

Dyration 1<Hr, rainfall Design loss T-hr, effective
(hx) {cm) Rate (cm/hx) rainfall (cm)
(1) (2) (3) (4)

1 7.28 0.25 T7.03
2 2,39 n! 2.14
3 1.01 " 0.76
4 0.87 i 0.62
5 0.63 " 0.38
6 0,38 2 0.13

The column (2) in above table is taken from col. (4) of table in Step-7.



Step-9: Estimation of 50-yr, Flood (Peak only)

For the estimation of the peak discharge the effective rainfall units
were re-arranged against the ordinates such that the maximum effective rainfall
was placed against the maximum U.5. ordinate, the next lower value of rainfall
effective against the next lower value of U.G. ordinate and so on as shown in
col. (2) and (3) in the following table. Summaticon of the preduct of U.G.
ordinate and the rainfall gives the total direct runoff as under:

Time U.G. ordinate 1-hr. Effective Direct Runoff
{cumecs ) (Rainfall {(cm)} {cumecs)
(1) (2) (3) (4)
4 68,6 0.13 8.92
5 95,0 0.76 T2.20
& 109,3 7.03 TeB. .38
7 98,0 2.74 209,72
B BE6.5 0,62 53.63
9 76.0 0.38 28.88
1141.73
Time U.G. Ordinate 1-hr, Effective Direct Runoff
{cumecs) Rainfall {(cm) (cumecs )}

B.F.

Basa flow 15.33
50-yr Flood peak 1157,06
Step-10:Computation of Design Flood Hydrograph

The 1-hr effective rainfall sequence shown in col,.(3) of Table in
Step-9% was reversed to obtain the critical sequence,

For computation of design flood hydrograph, the U.G. ordinates for 1-hr.
interval were tabulated in col.(2) of Table-A-3 against time (hrs) in col.(1).
The critical sequence of 1-hr, effective rainfall units were entered in col.3
to 8, horizontally as shown in Table A-3, The direct runoff resulting from
each of the 1-hr effective rainfall units was obtained by multiplying the 1-hr
effective rainfall with the synthetic 1-hr U.G. ordinates - in col.(2) and direct
runoff values were entered in vertical columns against each unit with a succes-
gsive log of 1-hr since the unit duration of S.U.G. is 1 hr. The direct runoff
so obtained are shown in col,(3) to (B). The direct runoff were added hori-
Zontally and the total direct runoff is shown in col.(9). The total base flow
of 15.33 m3/sec was entered in col,(10), col.{11) gives the addition of col.(9)
and col.(10) to get the design flood hydrograph ordinates. The total discharge
in eol. (11) were plotted against time in col. (1) to get the design flood
hydrograph in Fig. A-3,
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(B) SIMPLIFIED APPROACH
1. FLOOD FORMULAE BY MULTIPLE REGRESS ION ANALYS IS

In the multiple regression analysis, the peak discharge IQHI for a re-
turn period of N years as externally dependent variable was to be
b _e .4 '

= S
QN aa RH

Where A, S and R are same as in flood Peak formilae as independent
variables, a, b, ¢, and N d are multiple regression coefficients when a
logarithemic transformation is applied to all variables. Principle of least
square was used in the regression analysis to get the above relationship.

2, 25-¥R. 50=YR AND 100-YR, FLOOD FORMULAE

23-yr, S0-yr and 100-yr flood values for each of the 15 gauged catch-
ments for different sizes were computed by detailed approach. Series of Q25
L]

95 and Q 00 for the 15 catchments as dependent variables were related by

muftiplﬂ 1egreﬂsiun analysis to their respective physiographic parameters A, S

and meteorologic parameter of point rainfall 325 RED and R1ﬂu as independent
]

variables applying the least sQuare method for fitting. The derived flood

formilae for 0 Q.. and 9100 with their respective copefficient of correla-

tion (r) are aﬁS&ndEE=

0.708 0.485 0.178
st - 5-613-A w 5 - st r = D.B'EZ
qu - 6.214.A0'?n1 50.434 a 0.202
" 50 r = 0,960
0.678 _0,396 0.145
Q1ﬁn 10.437.A s Rio0 r = 0.954

Where st,QSGand Qi gg are 25-yr.50-yr and100-yr flood in cumecs respectively,

A is catchment area upto point of study in sq.km.

S is equivalent slope in m/km (details of estimating § are shown in
gtep-2 of illustrative example).

. R R_. and R are the design storm point rainfall in cms for the
#3tm Adration’d’
design stoim ation T,=1.1 =tp = 0.334 (L/ ) 1,072 in hrs.

-~ )




The rainfall values are found after locating the catchment on the
isopluvial maps (Plates-9,10 & 11).

The coefficients of correlation for all the above relationship= are
extremely high and therefore the relationships derived are very reasocnable.
Further overall range of the + and - percentage variations in the computed

flood [QZE QE{] and Q,I ﬂﬂ} by both the respective derived formulas and the de-
#

tajiled approach for the 15 catchments shown in the following table are within
tolerable limits Dfi 30%.

Variation Range

{+) (=)
Q,c 0.78 to 23.39 0.15 to 27.84
Dsu 2.81 to 23.07 0.01 to 28.13
Qwu 1.60 to 28,04 4.77 to 28.71

The flood formulae for computation of 25-yr, S50-yr and 100-yr flood
may be applied only for preliminary designs.

3. SOLUTION OF THE FROBLEM

Illustrative example for estimation of 25-yr, S0-yr and 100-yr flood
for catchment area upto Rly, Bridge No. 1198 is considered for solution of the

problem by flood formulae. The physiographic and meteorologic parameters
for the catchment under study are;:

A = 340.64 sq.km. S= 3.70m/km, tp = 0.314 ( L/ 11912 & 5.50 hes,

] S8
TI:I = 11 tp=1.1 25 50 = 6.00 hrs,
R 5= 10.37cm, Ry = 12.58, R 0o = 14.20
st = 5.613 {zdn,miu"‘?m H'?mn.qaa [10.3?1“‘”3 = 994,10 cumecs,
Q.o = 6.214 (340.60) %701 (3.90)0+489 (15 56)00202 _ 100 04 cumecs.

Q o = 10.437 (340.64)7-578 (3.90)9-396 (44 20,0145

100 = 1338.18 cumecs.

™ 3 :
e percentage variations in the values of 925 ‘-’.‘!5“ and Q1 00 bk
detailed approach and the flood formulae with respect to the flood values by

detailed approach for the catchment under study are -6.14, -0.01 and =9.,20
respectively. Therefore, the flood values for 25-yr, 5N-yr and 100-yr return

periods estimated by the respective flood formulae are reasonable for adoption
in preliminary designs,

i0
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FART-C
GENERAL DESCRIPTIONS



1 (d)

1.0 GENERAL DESCRIPTIONS OF SONE SUBZONE DATA,
COLLECTION AND ANALYSIS
1.1 LOCATION

The Sone subzone - 1(d) lies approximately between 80° and 86° 15

longitude (East) and 22° 30' to 25° 45' latitude (North), Plate-1 shows the
location of Sone subzone with the appended list of hydrometecrological sube-
zones of India,

The Sone subzone is bounded on the north by Middle Ganga plains sub-
zone~1(f), on the south by Mahanadi subzone - 3(d) and Upper Narmada and Tapi
subzone - 3(c), on the east by Lower Ganga plains = 1(g) and on the west by
Betwa subzome - 1(c). This subzone - 1(d) covers parts of Bihar, Madhya Pra-
desh and Uttar Pradesh. The important towns and cities in the subzone are
Patna, Gaya, Palamau, Deltongani, Bhagalpur, Shahbad in Bihar State, Rewa,
Raipura, Govindgarh, Ketva, Sirsi, Sarai and Ramgarh in Madhya Pradesh State
and Mughalsarai and Mirzapur in Uttar Pradesh,

P

1.2 RIVER SYSTEM

Plate-2 depicts the river system of Sone subzone. Sone river is the
biggest river in the subzone - 1(d). Besides, there are other Sizable
rivers like Tons, Harmanasa, Punpun and Fhalgu. Sone river, a major southern
tributary of Ganga, outfalls upstream of Patna. The major tributaries of Sone
river are Banas, Gopat, Rihand, Kanhar and North Koel along the right bank and
Johilla, Mahanadi and Katni along the lLeft bank. Rihand is the biggest tri-
butary of Sone river followed by North Koel.

Sone river runs a main course of abour 404 km. in Madhya Pradesh about

71 km. in Uttar Pradesh and 211 km. in Bihar State with total course of 686 km.
The drainage areas of the river SysStems in Scne subzone are as under:

S.No, Name of river/tributary Drainage area
(sg.km,)

1 2 3

1. Tons 18,730

2, Karmanasa (Ghorai) 16,025

F Sone Right Bank Tributaries
(L) Banas 3,876
(ii) Gopat 6,230
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South Bihar plains Dhadhar a tributary of phalgu with its source in the hills
almost flows in the South Bihar plains,

Sone subzone has a complex relief comprising of hills, platean and
plains. A chain of depressions known as Mokanah Tals falls aleng the southern
bank of Ganga. The spill chanals of Dhadhar outfall inte Mokamah.

1.4 RAINPFALL

Plate - 4 shows the normal annual rainfall of the Sone subzone and
the histograms of normal monthly rainfall at Rewa, Patna and Ganga. The sub-
zone experiences heared rainfall due to South-west monscon during June to
September. The normal anmual rainfall generally varies with the decrease in
elevation; from 140 to 160 cm in the hills and from 100 to 120 cm in the
plains., The monscon Season rainfall is about 80 to 85% of this annual rain-
fall mean maximum monscon rainfall is experienced during July and Aungust.

1.5 TEMPERATURE

Plate-S deplcts the nommet annual temperatures in the subzone alongwith
histograms of the minimum, maximum and mean monthly temperatures at Patna and
Ganga. In line with the general physiography of the subzone, it is seen that
the southern portion of the subzone has mean annual temperatures below 259

and the remaining portion mostly constituted of plains has mean annual tempe-

rature between 25ﬁ to—-25, T ¢. Mean monthly temperatures start rising from
March with its peak during April and May. Again the mean monthly temperature
start falling from June and reaches the minimum by December and January.

1.8 S0ILS

Plate-& shows the soil vlassificatigep in the Sone subzone, It is
mostly covered with red and yellow soils except the alluvial soils in the
South Bihar Plains and patches of medium black soils red sandy soils and
mixed red and black soils in the south west., At micro level {1,e, when small

catchments are considered) the soil type may vary considerably from the above
mentioned groups.

1.7 LAND USE

Plate-7 delineates the land use in the Sone subzone, Arable land
mostly in the plains and also a large number of patches in the remaining part
constitute about 45% of the subzone. Forests cover about 50% of the subzone,
5% of the remaining subzone is mostly grass land, scrub, wastaland morshes and
water bodies.
1.8 COMMUNICATIONS

The Sone subzone has an average road and rail network.
1.8.1 Railway Lines

The following railway lines traverse the Sone subzonae,
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10,

1.

Subzone ~ 1(d)

Rallway Section
(2)

Katni to Allahabad Central Railway

Katni to Bishrampur South Eastern Railway
Katni to Garwa via Billi Eastern Railway

Garwa to Purulia Eastern Railway
Amipur to Bilaspur South Eastern Railway
Billi to Mughalsarai Northern Railway
Allahabad to Mughalsarai Northern Railway

Mughal Sarai to Kiul via
Patna Eastern Railway

Mughal Sarai to Kiul via

Gaya Eastern Railway

Garwa to Sone east Bank Eastern Railway

Gaya to Patna Eastern Railway

Gaya to Futwah Eastern Railway

Rajair to Bukhtiarpur Eastern Railway

Manpur to Dhanbad Eastern Railway
Roads

The major highways in the subzone are:

1. Wational Highway No, 2 (Mohania to Barhi)
2, Wational Highway Mo. 31 (Barhi to Patna)
3. National Highway No. 30 (Patna to Mahania)
4, Wational Highway No. 33 (Barhi to Ranchi)
5. National Highway MNo. 7 (Katni to Varanasi)

6. MNational Highway No. 27 (Mangawan to Allahabad),
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LIST OF HYDRO-METEOROLOGICAL SUB=-ZONES

Sub-zone | Name of subzone Name of subzone | River Basins included
I{designated earlier) (designated now) I in the subzone
% 2, 3. 4.

1(a) Luni basin & Thar Luni Luni river, Thar
(Luni & other rivers (Luni & other rivers
of Rajasthan and of Rajasthan and
Kutech) Kutch, and Banas

river).

T{b) Chambhal Basin Chambal Chambal river

1(e) Betwa Basin & other Betwa Sind, Betwa and Ken
Tributaries rivers and other

South Tributaries of
Yamuna,

1{d) Sone Basin and Right Sone Sone and Tons rivers

Bank Tributaries, and other South Bank
Tributaries of Ganga.

1{e) Punjab Plains including Upper Tndo- Lower porticn of In-

parts of Indus, Yamuna, Ganga Plains dus Ghaggar Sahibi

1(£)

1{g)

Ganga and Ramganga
Basins,

Gangetic Plains inclu-
ding Gomti, Ghagra,

Gandak, Kosi and other,

Lower Gangetie Plains
including Subarnarekha
and other east-flowing
rivers between Ganga
and Baitarani.

Middle Ganga
Plains

Lower Ganga
Plains

21

Yamuna, Ganga and
Upper portion of
Sirsa, Ramganga,
Gomti and Sai rivers,

Middle portion of
Ganga, Lower portion
of Gomti, Ghagra,
Gandak, Kosi and
middle portion of
Mahanadi Basin.

Lower portion of
Ganga, Hoogli river
sSystem and Subarna=-
rekha.,



L 2. 3. 4.

4(b) Coromandal Copast Lower Eagt flowing coastal
including east Eaptexrn Fwvers, Mamimkts,
flowing rivers Coast Smth Permer, Cheyyar,
between Godavari Falay, Soxrth Penner,
and Cauveri Hnrmeru, Palleruo,

Condalsicams and
¥righnsy Delta,

4(c) Sandy Coroman Belt South Emet flowing comstal
(east flowing rivers Eastern rvers = Manimither,
between Cauvery & Coast Vaicmai, Arjona,
Kanyakumari). Tamraparoi.

5(a) Konkan coast (west Kornkan Wept-Sowing coastal
flowing river between  Coast Tivers between Tapi
Tapi and Panajil. and Beadavi rivers.

5(b) Malabar Coast (West Malabar West flowing coastal
flowing rivers between Coast rivers between Mandavi
Kanyakumari and and Eanyaicumari
Panaji).

6. Andaman and Nicobar Andaman &

Nicobar

7. J & K Fumaon Hills Western Jhelim, Upper portion

{ Indus Basin). Himalayas of Imdus, Ravi and

Beas Tivers,
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2.0 DESIGN FLOOD, DATA COLLECTION AND ANALYSIS

2.1 DESIGN FLOOD

The Khosla Committee of Engineers had recommended a design flood of
S0-year return period for fixing the optimum waterway of the bridges. The
design flood in other words may be defined broadly as a rational estimate of
flood discharge for the design of safe and economic structures across a river.
The Committee of Engineers had suggested that the design discharge may be
considered as the maximum cbserved discharge from the yearly peak discharge
records available for over 50 years. However, the present Indian Railways
substructure Code recommends that the design discharge may be computed as a
S0-year flood using records of larger than/equal to/less than 50 years. In
the absence of adequate data of peak discharges collected for a required
period and detailed studies carried out to derive the unitgraphs for these
catchments and to prepare storm rainfall maps for different durations. In this
connection, the committee had suggested to develop a suitable rational methodo-
logy for estimation of SO-year flood subzonewise based on application of stoxm
rainfall to unitgraph, It has been assumed that 50-year storm rainfall applied
to unitgraph may produce a flood of the same return period (50-year).

2.2 DATR REQUIRED

For conducting the unitgraph studieg, the following concurrent rain-
fall and runoff data for a numbéer of catchments of small and medium sizes
representatively located in a subzone are required for a minimum period of 5
to 8 years during the monsocon season

i} Hourly gauge data at the gauging site (Bridge site) round the clock.

ii) Gauge & discharge data observed 2 to 3 times a day at the gauging
site (bridge site).

iii) Hourly rainfall data of raingauge stations in the catchment.
Raingauge stations are to be self-recording or manually operated.

iv) Catchment area plan showing the river network, location raingauge
stations and gauge & discharge sites, contours, highway and railway
network, natural and man made storages, habitations forests, agri-
cultural and irrigated areas, soils etc.

v) Cross sections at the bridge site (gauging site) upstream and down-
stream of the bridge site.

In addition to the above, the data of gauged catchments, rainfall
data of self-recording raingauge stations maintained by India Meteorological
Department is also required.
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2.3 DATA COLLECTED

The Eastern South Easter and Central Railways under the supervision and
guidance of Research and Degigns Standard Organisation (RDSO) had observed and
collected the required data in section 2.2 for 19 catchments in the Ssne sub-
zone-1{d) for a period ranging from 4 to 10 years. Central Water Commi sgion
on behalf of Ministry of Transport has also observed and collected the required
data for 2 catchments for a perigd from 1980-86. The size of the gauged catch-
ments vary from 27.51 to 5815 sg.km. concurrent rainfall, gauge and discharge
data for 103 bridge catchment years from 18 catchments was available fox
study.

The locations of the gauging sites at round and railway, bridges in the
Sonme subzone-1(d) are shown in plate-2. India Meteorological Department has
collected the rainfall data of additional raingauge stations maintained by IMD
and States following in the Sone subzone-1(d). Central Water Commisgion(CWC)
has also prepared the details plans of the gauged catchments showing information
in section 2.2(iv). Table-1 shows the names of streams, Railway bridge
numbers with Railway sections, bridge sites on behalf of Ministry of Transport
their catchment areas, number of raingauge stations and the period of concurrent
rainfall, gauge and discharge data, RDSO has made available the data collected
Lo CWC and IMD for carrying out the studies,

2.4 DESCRIPTION OF THE METHOD ADOPTED

The following threemain sections deal with specific studies in the
report.

Section ~ 3 explains the procedure for obtaining the synthetic unit-
graph for small and medium catchments in the Sone subzone-1(d) Design loss and
base flow rate are also included in this section.

Section- 4 explains the procedure for obtaining the design storm rainfal
of S50-year return period.

Section-5 explains the steps to be followed for obtaining a design
flood of 50-yr. return period,

The adoption of synthetic unitgraph is recommenddd for ungauged catch-
ment to estimate the design flood.
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3.0 ANALYSIS FOR OBTAINING 1-HOUR SYNTHETIC UNITGRAPH

The synthetic unitgraph is a unitgraph of unit duration for a catch-
ment under study obtained from the relations established between the phy=sio=
graphic and unitgraph parameters of the representative catchments in a hydro-
meteorologically homogeneous region. In orxder to obtain a synthetic unitaraph
the following steps have to be followed :

i) analysis of physiographic parameters of the catchments,

ii) Scrutiny of data and finalisation of gauge discharge rating curves,
iii) Selection of flood and correspending storm events.
iv) Separation of base flow and computation of direct runoff,

v) Computation of infiltration loss (g -index) and T-hourly effective
rainfall units.

wi) Derivation of 1-hourly unitgraphs.
vii) Drawing of representative unitgraphs and measuring the parameters,

viii) Establishing relationships between physiographic and representative
unitgraph parameters.

ix) Derivation of 1-hour synthetic unitgraph for an ungauged catchment.
The above steps are briefly described as under :
3.1 ANAIXSIS OF PFHYSIOGRAFHIC PARAMETERS OF THE CATCHMENT

The representative catchments selected for the study were analysed

for physiographic parameters. The catchment parameters showing in Fig,1 are
as under :

3.1.4 ca nt A

On a reliable map, the watershed boundary is marked. The area enclosed
in this boundary upto the gauging site may be referred to as the catchment area

3.7.2 Lengths of the Main Stream (L) and (Lc)

The L is the longest length of the main river course from the farthest
watershed boundary to the point of study. Lc is the longest length of the
main river course from a point opposite to the centre of gravity to the point
of 51‘-11&?.

3.1.3 Eguival 5 s1 =]

Longitudinal section (l-section) of the main stream was prepared from
the values of the contours across the stream and the EpOTt levels near the banks
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with respect to their distances from the point of interest/gauging site. A
line is drawan by trials fromthe point of interest on the IL-section such

that the areas enclosed between the L-section and the line so drawn (above and
below) are equal. This line is called Equivalent stream slope line. Alter-
natively, the L-section may be broadly divided into 3 to 4 segments represent-
ing the broad ranges of the slopes of the segments and the following formula
may be used to calculate the equivalent slope (5).

S“ £ Li {Di_.l +1Di~ } 4---1---—{31:1}

Where I..i = Length of the ith seqment in km.

D D = Elevations of river bed at .intersection
points of contours reckoned from the bed
elevation at point of interest considered
ag datum, and D{i-1) and D_ are the
heights of successive bed incatiun at
g¢ontour and intersections.

L = Length of the longest stream as defined
in section 3.1.2 in km.

Similarly the slope Sc for Lc may be calculated on above line, Rapids
or vertical falls in the L-section shall not be considered for computation of
slope.

Detailed studies were carried out for 19 gauged catchments out of which
15 catchments have been considered for the unitgraph studies, The remaining 4 .
catchments have been excluded due to non-availability of suitable floods for
Railway Br.Nos.31 and 493 and the parameters of Rly Br,N5.171 and the road
bridge MOT(ii) do not fitin the regression analysis, The physiographic para-
meters like A,L,Lg, S and Sc for the 15 catchments are shown in Table-2,

3.2 SCRUTINY OF DATA AND FINALISATION OF GUAGE DISCHARGE RATING CURVE

The data was scrutinised through arithmetical checks, The gauge
(stage) vs. area curves and the stage vs. velocity curves were prepared to
identify the outliers and reconcile the data in the plotted points of the stage-
discharge curves. At many places, the average trend of the stage-area curve
and the stage-velocity curve was used to obtain the discharges at various levels.
Where wide dispersions wers observed in the stage-discharge curve, log-log
fitting was adopted. The stages for conceivable floods were converted into
discharges initially identified with reference to rise and fall in the stages of
the river.

3.3 SELECTION OF FLOOD AND CORRESPONDING STORM EVENTS

The General guidelines adopted for selection of flood events for each
catchments are as under :

i) The flood should not have unduly stagnating water levels,

ii) The selected flood should result from significant rainfall excess
generally not less than 1 em.
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3.4 COMPUTATION OF HOURLY CATCHMENT RAINFALL

The Theissen network was drawn for the rain gauge stations on the
catchment map and then Theissen weights were computed, The hourly point raine-
fall at each stations was multiplied with their respective Theissen Weight and
added to obtain the catchment rainfall for each 1-hour duration during the
storm period.

3.5 SEFARATION OF BASE FLOW

The selected flood events were plotted on the normal graph paper., The
base flow was separated through the normal procedures to obtain direct surface
runoff hydrographs and the direct runoff depth over the catchment wasg computed
for each flocd event.

3.6 COMPUTATION OF INFILTRATION LOSS {#-index) AND 1-HOURLY EFFECTIVE
RAINFALL UNITS

With the known values of 1-hourly catchment rainfall in section 3.4
and the direct runcff depth in section 3.5 for each flood event, infiltration
loss (constant loss rate) by trials was estimated to obtain the direct runoff
depth. The 1-hourly infiltration loss was deducted from the T=hourly rainfall
to get the J-hourly effective xainfall units,

3.7 DERIVATION OF 1-HOUR UNITGRAFH

A unit duration of T-hour was adopted for derivation of unitgraphs.
The T-hour unitgraphs were dexived from the rainfall excess hyetographs and
their corresponding direct runoff hydrographs by iterative methods. The
iterations were carried out till the observed and estimated direct runoff hy
hydrographs compared favourably. HNormally 5 to 15 unitgraphs were derived
for sach of the 15 catchments considered.

3.8 DRAWING OF REPRESENTATIVE UNITGRAPHS AND MEASURING THEIR PARAMETERS

The representative unitgraphs is the unitgraph which reproduces in
reasonable. limits, the direct surface runoff hydrographs corresponding to
thelr rainfall excess of the storm from which it has been obtained, Repregen-
tative 1-hour unitgraphs were drawn from a set of superimposed 1-hour unitgraphs
for each of the 15 catchments and their parameters noted. The parameters of the
representative unitgraphs illustrated in Fig,2 were measured for each of the
catchments. The parameters of the representative unitgraphs are tr, tp, Tm,
Qp' a5 WEU' W?E' HREO, WR?S and TB. These parameters for 15 catchments are

listed in Table-3.

3.9 ESTABLISHING RELATIONSHIPS BETWEEN PHYSIOGRAPHIC AND REPRESENTATIVE
UNITGRAFH PARAMETERS

Physiographic parameters like A, L, Lg, S and Sc and the parameters
of l1-hour unitgraphs like tp, Q0 , TE. WSD' W, _, HR509 5 for 114 gauged
catchments out of 17 catchmentspin subzone -?3: were e ted as shown in
Tables — 2 & 3 respectively.
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Following simple model was adopted for establishing the relationships
between these parameters:

¥ = ¢ x° 3.9.1

¥ = Dependent variable
X = Independent wvariable
€ = A constant

E

= An exponent

From equation 3.9.1, it follows that
log ¥ =Log C + P log X

Thus if ¥ and X are plotted an a log-log paper, one may expect a
straight line relationship,

Alternative studies were carried out for relating physiographic para-
meters with the corresponding parameters of the 1-hr representative unitgraphs
of the 15 gauged catchments. For instance, the basin lag t_was related to
LLc/ L Lo/ and Le/___ P . similarly

v s - NG

'w a "
qp , WEﬂ' 75* ¥Rso? WR'?E and TB were related to physiographic parameters
and also to other suitanle unitgraph parameters.

Synthetic unitgraph relationships developed by regression analysis
using least square method alongwith their coefficients of correlation (r) are
listed in Annexure-i1. The correlation coefficients for the relationships bet-
ween tp vs. Lo/ and tp vs, L/ and tp vs, LLc/ are 0.934,,

/s 8 /s
0.903 and 0.895 respectively as seen from Annexure-1. Out of the three rela-
tionships, the relationship for tp vs,Lc / gives a highest correlation
5

coefficients and the next higher correlation coefficient is for tp ve, L/

; =4
The relationship for tp vs. L/ is suggested because of simplicity as
<D S
it excludes Le and Sc involving the centre of gravity of the catchment, The
following relationships are suggested for determining the 1-hr synthetic
unitgraph parameters of ungauged catchment in Some subzone - 1(d):

S.No, Relationships Eg.No. Fig.No. correlation
c Coefficient (r)
1) tp = 0.314(1 / /SN .102 3.9.3 3 r = 0.903
iv) H?5= 1.47a}tqp1°'85° 3.9.6 & r = 0,942
v) “k5ﬁ 1.091/¢( JD'?EU 3.9.7 = 0.917
vi) HR?5=9.6?2f{qp}u'?Tg 3.2.8 8 r = Q0,872
‘wid
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Hesides the above equations, the following equations are also used to
draw the synthetic unitgraph :

viii) Tm = tp + tx/2 3.9.10
= A «9.17
ix) Qp t‘a']J x 3.9.1

The above relationships may be utilised to estimate the parameters
of 1-hour synthetic unitgraph for an ungauged catchment with its known
physiographic characteristics like L, A and S.

3.10 DERIVATION OF 1-HOUR SYNTHETIC UNITGRAPH FOR AN UNGAUGED CATCHMENT

Considering the hydro-meteorological homogenity of subzone-1(d), the
relations established between physiographic and unitgraph parameter in ssction
3.9 for 15 representative catchments are "applicable for derivation of 1-hour
synthetic unitgraph for an ungauged catchment in the same subzone,

The steps for derivation of 1-=hour unitgraph are :

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

ii) Substitute in the equation 3.9.3 to obtain tp in hours,
-/ s

Then Tm = tp + tr/2 = tp + % hours

iii) Substitute the value of tp in the equation 3.9.4 to obtain q, in
cumec /sq.km.

Then Qp = qp X A in cumecs.

iv) Substitute thevalue of g in the equations 3.9.5 to 3.9.8 to obtain
W i "
s0* 75" Wrso Wrys I hours

v) Substitute the value of tp in equation 3.9.9.

vi) Plot the parameters of 1~hr unitgraph viz, Tm, T, Qp' We gt oo

HREO’}W'?E’ on a graph paper and sketch the unitgraph through these

points. The discharge ordinates{Qi) of the unitgraph at 1-hr (tr)
interval are summed up and the direct runoff depth in cm, is obtained
from the following eguation 3.9.712.

a=036x £ (Q xtr) 3.9.12
A
Where d = depth of direct runoff in cm.
Q

i = digcharge ordinates at 1-hour interval (cumecs)
A = Catchment area in sq.km.

41



b BE5i v ¥ 00E 00=-ZZ-v8 00=i5=FzZ £6p  "ATW'Z Weg 318v3 suog-edes ToATI-TIDN  p
ol L9-8561 S 96 ZLE Z0-ls-Eq DE=6l-¥T Lel ¥ueg ey suos-fuebuocyTeg TEVH THUuEg *E
i il - gozie 00-20-28 0v-EL=f¢ ie *9°s TATERITYg=anddnuy Tesoy  °z
i 98-086l iz 00°Gias Do=El=z8 0¥=5Z=pzZ (IXizow uoUpTEA-YITEpUTADD pedog |
30U GBbpT
] £9-6561L g "
A . sTLT Sy=81-08 [1] " T -4 PEL H *Iua] pegRURTTY-THEIELT IWATH=TIVI®Y  “cl
99-~096 L £0°vE - L=
Zg~Z5~E8 LE~EL=¥Z 661 op ToATE RAGRE 'yl
L 29=0961 1 6" FC S5 PE LS DE=Li- -
ve oLE a9 yuePg ﬂ_ﬂn-m.ln.ﬁ_m_ﬁ.ﬂn_u..ndﬂ IBATH TRNMIEYD £l
8  o99=laBl g LE"EL 0z 1¥ 18 .
= EL=L0~EZT o €6 andswlTg JuU3eN M sepueysy 'zl
5 EL~ZTLEL ¥ La*igl 00=Ly=08 0a=Zi-¥%C gElL "HTO-pEQRUETTY-Ind TRQED TERH nETyg 1
¥ EL=0L6l E LTLot op=20-t8 SE=al=FZ opE yueg 3%z sucs-[urbuoateq FyrqEpes ol
5 YL=0LEL ¥ 00 *oet DE=-1Z-EB 0s-¥l-%z c5l ¥ 1503 uedoys-raaes H="TI"W “E
1 bL=0L6L £ 00 8¥E OE=EL=E8B oe=Li=¥Z ral H 3593 uwrdoyl-FrmIen H=-FTEUL g
EL-0LGL -
v g9-gasl v 00°6LE SE-gZ-lg Dl=pi=-tZ A B0l s g Fuyepeanddnuy Toen wdieg  *L
] za-096l £ ¥l GRE cl=-00=-c8 1 S ] - (T4 Atdra RARg=TNTY ABWTES ‘g
ag=-096l
] 4 BSEL ¥ SB"LEZ OF=EL=58 DE=9E=kZ SrE yomeo-eAEn H=xpypeug 'S
99-%9 -
B £9-LSEl Li ¥ Ort EG=lc=-08 EL=¥P-pT g6l ‘Yt o-pegEYeTTY-TeIval TPEN TeasrIun S p
i mw|_mm.w— g 0E*OFY GE-DS-EE Sp=L0=-5Z Lia Teavs TVubnp-vden PIPH RIPNH el
‘ -
L % ¥L-0LE) 4 nstals go=LE=-v8 Qo=ls-Ft ol WURE IFE SU0g-vAFD TPEN IOUSEH ¥
L 9g-0856t 8 GO ool Sp-Zo-ie QE=ba=bT {T] Tow ITHYHDS Iewu TpeEN PuTEN -t
HiEAIPUy UOIoooibed 3107 podopLeULs BODDFIg
ol (] ] L 3 5 [ T 4 L
A3 BOOTIE3E {EXES) "GH 9315 [Fo) & ET N o5
aved  ~TTTQE abnib eeIe SRS UTH'bag *oegTuTy-bag LT Jeuny AeMTTEY UYITs
Jo  <TrEat ~U'TEy jusm  Topn3IbuoT PR TIET abpyq pejesol 87 26pFaq
=on vIRad.  JO CON —yagws . — UOTIeS0T BITS S AnmyTed USTIDEE FO IaTH TESIIE FO IWEN “CN'S

L=FTEVL

(B} } ENOZENS NI SINEWHOLYD 300IMY QSLOSIEs 30 LSI7

43



0z L 00°s €5°8 oL*9l 15* LT ¥eL st
1s"g Zs's 59°L 0£°G1 £0°*pE 664 *pL
a9prs Sl*g v0*8 95" 21 ls"L2 ole YEl
Zy's zasL 68 L L6"pL L6*EL A6 Al
rAALY! vy 0L 61 OL"¥E 98" LS 1 CIAN "Lt
09°pi s0L*S 50°01 86°Z¢ oL* Lol 0¥ Qb
LitwL £6°Z s0°8 SL'pE 00" 081 551 "G
90°81 £0L°€ 058} SL*PE Tooveve val g
EL*9L 09" ¥ og Lt g8°5¢ 00" 642 ¥ 801 4
8z "8t oL" L ve' ez 16" 6% _vi'ese 126 "9
£8°L1 0Z* ¥ va' el §s"of .m.m._,‘.mm; S¥E ‘S
9L"8L OL"E sE° 8l ¥6°¥E yorove 8611 ¥
¥E LY 0B*0 ¥Z'szg vE'ZY¥ 0E" 0%y 4%} i -
9L*9g s£°T 157€Z SE£795 05°91§ zov -
LB*LE BE'T 96*8E LS"BS ~ 00°0%01L (L) Tow "l
L ] € ¥ £ R4 3
s / (/) () () ( *my*bg) “ON "oN
E . tas o1 1 vo1y sbpIg 1s

€ = FIEVL

(P) | = FNOZENS JO SOIISTHIIOVHVHD NISVH

a4



0£°0 09°0 08'0 0S"L 0'® L av*L  Zz'Ov sl veL sl
0E" L SL*L 0g£*t  g6's  0°s5) ! £EV'0  0s°vi 5'2 661 7
99° | A A 4 0% 0z*9 0*gl L LL*a DO*6g £°¢ oW £l
06°0 0Z'L  00°Z Sl 06 b 18°0  zi'09 st £6 o 4
00*z 0Z'¢ 00°% 00°6 0°fZ L 982°0 zesy 5*8 ocil "Ll
oE" L 09*L oOL*T 0L  0°sL I 95'0  00°06 §*z orz 0l
0"} 06°Z 00"t  06'S 0792 L LETD  OL*99 59 S5l ‘6
0z | OL*z 08t  Or"S  0°6L L PP'0  £9°BOL S's vel '8
0L*0 06*L 00*z 08't 0°6l b ¥S*0  0L"0S) §'s 801 'L
0s*¢ 06*y OL*®  0Z'LL 0°0s b riL*0 00OV 5L 1ze "9
] A 09'z 0s‘'z 0z'S O'tl b 8P'0  09'PYIL 'y SYE g
00" 1 OL*L 09"t  0z°L  0°cz b £2E°0  00°0t1L 5°S 8611 v
059 00*LL 0S*lz 00°vp zLlL - 950°'0  06°¥Z s"1Z L9 "€
08"y Ov*c 009  O08'8L 0°99 L ZL'0  00°g9 5°51 zov 'z
( Tameuos)
op*e 0L"Ww §'6 o088l 0s L SELTO o-ori s*el (1) zow ‘1
i1 01 3 8 L g S v 3 4 R
(sm)  (sam) (qw)  (swd) (swD) o xﬁmy O P—
Slan S am Sy 0%y i a3 &.._mv‘ dp a3 1, ‘ON*EE  "ON"TS
£~ITEYL
PL-aNOZ ENS

SHILIAVEYS HdWED IINN “¥WH-| SAIIVINISTU4ATH

45



vEl - - - £ zl bl 43 &L TFI0L

¥l - - - - [ L L z ls* Lz vZL st
¢ = = - - L - - 4 £0°vE 661 ‘i
8 - - - - L £ Z z 06°¥S oiz "EL
6l = = - - - ¥ S ok L6 EL p. 25 4
L & - - - - - L ] 98"Lsl SEbl it
z = - - - - - - z (1] B-1) ovZ ‘ot
g - - - - - - £ S 00°081 ssi *6
g, - - - - z £ - I 00°8¥Z vel o
61 - - - £ z - v oL 00°6LZ 380 L L
8 - - - - L - Z s vi*esz ize *9
S - - - - - - z £ 5B*L6Z S¥E g
L - - - - ! - v zl ¥9TOVE 861t v
g - - - - - - 3 z 0ETOPY Lo 'E
g = - - - - - - S psgls zov ‘T
v = 2 - - - - - v ovol (I)TOW "l
zl [tTor T'6 I ® L1 9 | S I v ] £ i c !

“ " “ SNOTSYDO0 GO0Td 30 HEEWAN “ “ “ 1

BACqQY n.mn_ 070%, 0'ST ) I I " | . i i

51 o' o3’ o3 0 ozl ] ( "m{*bs) I

o*sel L"o€l 0°szl 1°0Z ©3 L*sh} 0"l ©3 L'okf 0*0L °3 LS 10%s °3 10%0 i veay | ‘o |
I } | {ay/om) SIONVE 3LWE 5507 t | 3uemyoze) | *Ig |TOH"IS

P-HTEYL

pl - aNozdans
SNOISYDO0 A00T4 20 HIEWiN = (¥H/ W) STONYY SIVE S50

46



“ VL i ED €6 I i ~ ¢ Va0l -
vl - v oL - - - vel s
€ = L z = - - 661 i
8 - 3 L L - = 0Lz ‘£l
61 = : 9l o Z - A £6 "zl
L L z v - - - 9ELL “1)
€ & - 4 - - C orz ‘0L
B = v 4 - - - 551 ‘6
E = = z L 3 - PoL '8
61 - - al L z - X 801 J?
e = * L - - L 1ze "9
s - Z £ - - - S¥E 'S
Ll - z 6 v z - 8611 v
G - - £ z - - L9 b
s - - 3 L - L 29v 'z
4 = = L ! z - (1)Z0W -l
€ 8 3 g =0 ¥ 3 (4 !

shoae SINAAT G004 40 USaniN

18305 302°0 6L°0 ©3 0L*0  60°0 ©3 10°0 600°0 ©3 S00°0  500°0 ©3 L0070 10070 03 0

(MSTER0TII TavN0s Wad SogWiD) SJONvE MOTd Z5vd ‘ON*IH  *ON"1§
S~ITEVL

Pl = SHEHNS
SHOISYDDO Q0014 0 HITHON-SIONWE MOTd ISvd

47



Annexure-1

LIST OF PHYSICAL AND UNIT HYDOROGRAPH PARAMETERS STUDIED TO ESTABLISH
RELATIONSHIPS WITH THEIR COEFFICIENTS OF CORRELATION
SUBZONE - 1(d)

-3 Independent Dependent Variables Coefficient of
No. variables Unit graph correlation
Physiographic
Parameters/unit
4 5 6
1 & 80, 8 0.314 tp 1.012 0.903
2 L/_/S 5.737 gp -1.020 0.870
3 L/ A 0.562 W 0.924 0.791
4 L/_/S 0.437 W 0.775 0.724
5 L/ M5 0.332 W, 0.721 0.752
6 L/ /S 0.258 * i 0.626 0.648
7 v/ K5 1.813 ' 0.917 0.885
8 tie/ /S 0.183 tp 0.612 0.895
a LLe/ /5 9,203 qp -0.604 0.845
10 LLe/_f5 0.355 W, 0.553 0.775
11 tic/ 0.302 W 0.461 0.706
12 LLe/ 5 0.234 nﬁssﬁ 0.430 0.735
13 we/ S 0.199 R 0.365 0.619
14 1L/ 5 1.240 8’ 0.534 0.846
15 Lo/ S5 0.634 tp 1.023 0.911
16 Lo/ /S 2.825 ap ~1.031 0.878
17 Lo/ K 0.994 W, 0.969 0.827
18 Le/ /5 0,694 e 0.820 0.764
19 Lo/ S5 0.520 "ﬁso 0.755 0.766
20 e/ 5 0.386 ﬁ’-’* 0.648 0.669
21 Lo/ _f5 3.550 0.910. 0.876
22 tp 1.664 qp - 0,965 0.923
24 - 1.478 Woo ~ 0.860 0.942
25 e 1.091 who T 0.750 0.917
26 ap 0.672 WRO, = 0.719 0.872
27 tp 5,526 TB 0.866 0.937
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4.0 DESIGN STORM INPUT

The areal distribution and time distribution of the rainfall of a
given duration are two main méteorological factors deciding the design flood
peak and the shape of the design flood hydrograph. This input has to be con-
verted into effective rainfall and applied to the transfer function (synthetic :
unit hydrograph) to obtain the response (flood hydrograph). :

4.1 DESIGN STORM DURATION

The duration of the storm rainfall which causes the maximum discharge
in a drainage basin is called the design storm duration {TDJ. Alternative
studies were carried out assuming 'I‘D = 1.1 tp and Tu
25-yr, 50-yr and 100-yr flood for 15 catchments by Synthetic unit hydrograph
relations with loss rates of 0.25 cw/hr and 0.5 cm/hr. A comparison of the
25-vr flood, S0-yr flood and 180-yr flood with Tn S [ | tpand TD = TB showed |
that in 60 to 75% of the cases T_ = 1.1 tp gives higher discharge. Therefore,

D
the design storm duration {TD} for a catchment i=s adopted = 1.1 tp..

= TB for estimating

T, = 0.345 o/ &y =012

4.2 RAINFALL, DEPTH DURATION FREQUENCY STUDIES

India Meteorological Department have conducted this study for Sone
subzone - 1(d) utilizing the data of 14 self Recording Raingauge stations and
22 ordinary raingauge stations maintained departmentally, 112 Ordinary Rain-
gauge Stations belonging to Bihar, Madhya Pradesh and Uttar Pradesh States
and 26 self recording raingauge stations maintained by Railways in their
B bridge catchments falling in subzone-=1(d).

The annual maximum Series of one-day rainfall were formed for each of
134 ordinary raingauge stations in and around the subzone using the rainfall
records of 50 to 80 years. The anmual extreme value series were subjected to
frequency analysis by Gumbel's extreme values distrihutions and the rainfall
estimates for one—day correspondirg te 25, 50 and 100 years return period
were computed. The daily values of 25-yr, 50-yr and 100-yr rainfall estimates
were converted into 24-hr rainfall estimates of corresponding return periods
by using the conversion factor of 1.15., These 24-hour rainfall estimates for
all the stations in and around the subzone were plotted on base maps and iso-
pluvial maps of 25-yr, 50-yr and 100-yr return periocd were drawn. TheSe maps
are shown in Flates 9 and 10.
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The _heurly rainfall data recorded at 14 self recording raingauge sta-
tions maintained by India Meteorological Department were analysed by frequency
analysis (partial duration series) method and the rainfall estimates for
various return periods (viz. 2,5,10,25,50 and 100 years) were computed for
duration 1,3,6,9,12,15,18 and 24 hours. The rainfall estimates corresponding
to durations from 1 to 18 hours for each of the 14 stations were converted
into ratios with respect to 24 hours estimates for each of the above mentioned
return pericds. Average ratios for various durations for each return pericd
were computed for the whole subzone. It was noticed that for a specified
durations the average ratios, except for return period less than S5-year wera
independent of return period. The averaged ratios for various durations for
converting 24-hour rainfall into short duration rainfall are given below:

Duration Ratio H
(hrs)
1 0.37
3 0.58
[ 0.70 Ratio = 50-yr T-nr point rainfall
50-yr 24-hr point rainfall
9 0.80
12 0.89
15 0.94
18 0.98
ﬂ.‘tf f @

Fig. 10 shows the ratios for short duration point rainfall with respect
to 24-hr. point rainfall.

The short duration rainfall estimates for various short durations
(1,2,6,9,12,15 & 18 hours) can be computed by using the respective ratios. The
value of 24-hr rainfall estimates for a particular stations for 25-yr, 50-yr
and 100-yr return periods can be interpolated from Flates - 9, 10 & 11 and the
short duration rainfall estimatef can be obtained by multiplying with the
corresponding ratio for that particular short duration obtained from Fig.10.

Statement of highest ever recorded daily rainfall at selected stations
in the subzone is at Annexure-II.

4.3 CONVERSION OF POINT TO AREAL RAINFALL

The short duration rainfall data of 8 bridge catchments were used for
this study. The data of remaining bridge catchments could not be utilised as
the perlod of data were either less than 4 vears and/or concurrent years data
were not recorded continuously for 4 years over the Stations in a bridge

| ‘catchment. 2=-yr point rainfall values for specified duration for each station
‘dn the catchments were computed by frequency analysis. Arithematic average of
2-yr point rainfall of all the stations in the catchment was calculated to get
the 2-yr representative point rainfall for the catchment. Events of maximum
average depth for a particular duration in each year were selected on the basis
af simultaneous occurrence of rainfall at each stations in the catchment. The
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areal rainfall series thus obtained was subjected to freguency analysis of
2-yr areal rainfall depths for specified duration were computed. The percen—
tage ratioc of 2-yr areal rainfall to 2-yr representative point rainfall, for
the catchment was calculated anfi plotted against the area of the catchment
for various durations. The best fit curves were drawn for specified durations
on the points cobtained for the catchments. Fig.11(a) and 11(b) give the
curves for conversion of point rainfall into areal rainfall for 1,3,6,12 and
24 hrs. The areal reduction factor (ARF)} at different intervals of catch-
ment areas for the above durations are given in Table-6.

Data for bridge catchment is available only upto 800 sg.km. and point
to areal curves have been extrapolated uptec 2500 sSq.km. on the basis of limited
ARF's obtained from bridges having area less than 800 sg.km. Point to areal
rainfall values may, therefore, be used with caution for areas more than
800 sqg.km.

4.4 PIME DISTRIBUTION OF INPUT STORMS

The time distribution studies have been carried out for the following
rainfall durations:

1} Rain stomm of 2 to 3 hours
2) Rain storm of 4 to 6 hours
1) Rain storm of 7 to 12 hours
4) Rain Storm of 13 to 18 hours
5) Rain storm of 19 to 24 hours

1994 rain storms of various durations upto 24 hours .occurring in various
parts of the subzone were analysed based on 147 stations year data. Rain
storms Selected at each station were grouped under the above 5 pategories and
plotted on different graphs as dimensionless curves with cumulative percentage
of the total rainfall along the abscissa. Thus, five different graphs were
orepared for each station corresponding to various durations, and were then
examined., The average time distribution curves for the various durations were
drawn for each station, All the average curves for the stations thus obtained
were plotted on a single graph and a single average curve for the subzone as a
whole was drawn for storms of different durations and are shown in Fig. 12{a)
to (e}

4.5 PROCEDURE FOR ESTIMATION OF DESIGN STORM RATINFALL

The following procedure is recommended to be adopted for estimation of
critical distribution of storm rainfall to cause the maximum flood due to rain-
fall of a specified duration:

1.012

Step-1: Estimate TI:I = 1.1 tp = 0.345(L/ /35 } {rounded off the

nearest full hﬂut]_by substituting the known values of L and §
for the catchment under study.



Step -~ 2:

-

Step-3 :

Step - 4:

Step - 5:

Step - B:

Locate bridge catchment area under study on the 50-yr, 24-hour
isopluvial map (plate-10) and obtain the 50-yr 24-hour point rain-
fall value in cms. For catchment covering more than one isohyet,
compute the average point storm rainfall.

Read the conversion ratio for T. hours from Fig., 10 and multiply

the 50-yr 24-hr rainfall in Step-2 by the ratio to obtain 50-yr
TD-hr point rainfall.

Convert the 50=yr Tn-hr point rainfall to 50-yr TD—hI areal rainfall
by multiplying with the areal reduction factor (ARF) corresponding
to catchment area and for T, -hr duration from Table-4 or by inter-
polation from Fig.11{a) and 11(b) in section 4.3.

Apply the cumulative percentage of total rainfall against the
cumulative percentage of storm duration curves in Fig. 12(a) to (=)
or from Table A-2 corresponding to design storm duration T, to

obtain the depths at 1-hr interval since the unit duration of
synthetic U.G. is T-hour.

Obtain the 1-hourly rainfall increments from subtraction of succes-
sive 1-hour cumulative values of rainfall in Step-5,
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ANNEXURE - II

STATEMENT OF HIGHEST EVER RECORDED DATLY RAINFALL IN SUBZOME - 1(d)

5_No. State District Statiom Max. R/F Date
1 2 _3 4 5 6
Uttar Pradesh
3 Allahabad Maja 512.1 22,06.1916
i Varanasi Varanasi(0) 349.5 26.00.1943
. Mirjapur Chunar 318, 5 08.08.1936
4, Jaunpur Mariahu 370.8 19.07.1955
5. Ghazipur Saidpur 428.7 29.08.7940
Bhartari
6. Azamgarh Mahul 288, 8 17.09.1945
7. Rae Bareli Mocherajgani 284.7 06,09,1940
8. Faizabad Bikapur 273.3 02.08,1953
9., Sultanpur Musafirkhana 374.9 27.08.1903
10, Balia Rasra 320.0 03.10.7884
1. Fratapgarh Pratapgarh(0) 355.6 27,08.1903
Bihar
12, Gaya Arwal 266.7 22,07.1919
13. Palamau Patan 323.9 19.08.1907
14, Muzafarpar Katra 375,.9 11.07.,1933
15, Darthanga Dalsingh Sarai 417.3 05.08.1925
16. Monghur Jamalpor 370.6 29,.08,1914
17. Hazari Bagh Huntergani 467.4 01.08.1917
18, Patna Dinapur 498,49 25.06.1897
19, Ranchi Ranchi (0) 231.,1 09.10,1941
20, Shahbad Sasaram 278.9 14.08.1910
Madhya Pradesh
21, Rewa Teonthar 3N7.5 09,.09.1925
22, Satna Unchera 275.3 09.08.1919
23, Damoh Mala ) 345.7 10.08,1952
Inspection
24, Panna Panna{0} 365.3 08.08.7919
25, Chattarpuy Bijawar 287.8 09,09,1906
26, Sirguia Ambikapur 3B1.6 27.06,1945
27, Mandla Shahpura 219.4 25,06,1946
28, Sidhd Sidhi lo4.8 n2.08,1917
29, Bilaspur Bilaspur 271.8 23.08,1940
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TABLE -~ € AREAL TO POINT RAINFALL RATIOS {PERCENTAGES)

Area in sg.km. } 1=hr., } i=hr, } B=hr. ; 12=hr. : 24-hr.
50 80 B8 a3 93 97
100 73 82 88 =14] a5
150 68 17 B4 89 93
200 64 T4 B2 87 92
250 61 72 80 86 91
300 70 79 a4 90
350 69 Fil: ] a3 89
400 77 82 Ba
450 77 81 87
500 76 81 86
600 79 B85
700 78 B4
800 76 a3
900 76 81
1000 75 a1
1500 : 77
2000 16
2500 75
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5.0

ESTIMATION OF DESIGN FLOOD FOR AN UNGAUGED CATCHMENT

Step-1
Step-2
Step=-3
Step-4

Determine the 1-hr synthetic unitgraph vide sections 3.9 and 3.10,
Determine the design storm rainfall input wvide section 4.0.
Adopt the design loss rate as recommended vide section 3.11.

Obtain the hourly effective rainfall units upto the design storm
duration Th=1.1 TP by subtracting the design loss rate from the hourly

effective rainfall units in Step-5 of section 4.6

Tabulate the U.G. discharge values obtained from Step-1 at 1-hour

interval.

Arrange the effective rainfall units against the 1-hourly synthetic

U.G. ordinates such that the maximum value of effective rainfall comes against
the peak discharge of synthetic U.G., the next lower value of effective rain-
fall units comes against the next lower discharge ordinate and so on upto

T = hour duration,

D

The sum of the product of unitgraph ordinates and the effective rain-

fall units as tabulated above gives the 50-yr flood peak value after due addi-
tion of base flow in Step-8,

However, the subsequent Steps-5 to 9 should be followed, for computa-

tion of design flood hydrograph,

Step-5

Step-6

Step-7

Step—8

Reverse the sequence of effective rainfall units gbtained in Step-4
which will give the critical sequence of the effective rainfall.

Multiply the first 1-hour effective rainfall with the synthetic ordi-
nates at 1-hr interval which will give the corresponding direct runoff
ordinates. Likewise repeat the procedure with the rest of the hourly
effective rainfall units giving a lag of 1=hr to sBuccessive direct run-
off ordinates.

Add' the direct runoff ordinates at 1-hr interval to get the total
direct runoff hydrograph.

Obtain the base flow rate in cumecs/sq.km vide section 3.12. Multiply

base flow rate in cumecs/sq.km. with the catchment areas under study to
get the total base flow.
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6.0 VERIFICATION OF ESTIMATED DESIGN FLOOD BASED ON SUH MODEL

Regional frequency storm rainfall-loss-synthetic unitgraph model is
mainly based on the fundamental assumption that frequency storm rainfall applied
to synthetic unitgraph of a catchment in a region will produce the flood of the
the same frequency as that .of storm rainfall. This basic assumption has been
generally applied by the hydrologists in the various countries for developing
this approach, It would be rather desirable to verify this assumption, rather,
than the authenticity of the developed model, by the application of a suitable
regional flood fredquency model with the available data of gauged catchments
in the subzene,

In the above context regional flood frequency model for the Sone subk-
zone-1 (d) has been developed with the anmual peak discharge series varying
for periods of 11 to 25 years for 11 gauged catchments varying in sizes from

34 to 517 kmz_ Mean annual flood for return period of 2.33 yrs lf:‘z 33}, 25-yr

flood (Q,5), 50-yr flood (Qg5q) and 100-yr flood (Qqpg) values were obtained
by fitting a straight line relationship through the plotted positions based on
Werbel's on Gumbel's Extremal value 1 graph paper for each of the 11 gauged
catchments.

Following relationship between mean annual f£lood (Q ) expressed
2.33

in m.zfsec. as dependent variable and catchment axeaziﬁ} in gp® eduivalent
storm slope (5) in m/km and form factor (£f) = A/L © with Y. as"the basin length
in km as independent variables was developed by regression analysis based on
least square methed.

0.795 0.567 0.52

Q = 2,33 (a) (s) (£)

2.33

The coefficient of correlation for the above relationship is 0.86
which may be expressed very good.

The regional ratios between 25-yr, 50-yr and 100-yr flood to mean annual
flood were estimated as under:

Ry = 2.83, R = 3,38 and R . = 3.82

Combining the formula for mean annual flood (Q 3 } with the above
regional ratios, the formulae for 25-yr, 50-yr, and 113(&-91_‘34510@ are as under;

G 0
0,795 S}D 56?{5:' « 52

st = 6.59 (A) {

0 0.795 0.567 0.52

s0 = 7.87 (A) (s) (£)°°

. 0. - Q.5
Q00 = 890 (5 0795 0.567 ((,0.52



Using the gbove relationships, the 25-yx, 50-yr and 100-yr flood
values for the 11 gauged catchments as well as for another 4 catchments were
estimated and corresponding 25-yr, 50-yr and 100-yr flood based on SUH model’
were compared as shown in Table-7. A summary of the number of occasion the
25-yr,50-yr and 100-yr flood values estimated by SUH model for 15 catchments
was higher or lesser than the corresponding flood values by Regional Flood
Frequency studies based on Takle is given below:-

25=Year Flood

Humber of Cases

SUH > RFF Total SUH € RFF Total Grand Total
<-19% 20 to 40 to » BO% £ 5% 6t 2>20%
319% 79% 20%
3 7 2 - 12 11 1 3 15

50 = Year Flood

Number of Cases

SUH ¥ RFF Total SUHE RFE Total Grand Total
< 19% 20 to 40 to »>80% <5% 6 to  >20%
39% 79% 20%
3 7 2 - 12 - 2 1 3 _1s

100 = ¥ear Flood

Number of Cases

SUH 2> RFF A Total SUH < RFF Total Grand Total
< 19% 20 to 40 to ?80% <5% 6 to >20%
39% 79% 20 %
4 6 3 - 13 = 1 1 2 15

The above summary shows that the 25-yr, 50-yr and 100-yr flood values
based on S5UH are higher by 14 to 39% in 10 cases, lesser by 5 to 27% in 3 cases
and higher by 40 to 79% in 2 cases only out of a total of 15 cases as compared
to the corresponding freguency flood wvalues by REF, Since the variations in
13 ¢ases out of 15 cases in respect of 25-yr, 50-yr and 100-yr flood values
estimated by SUH as compared to RFF are within acceptable limits the regional
frequency storm rainfall-synthetic unit hydrograph model for Sone subzone-1(d)
may be considered reasonably good.
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!

The various values of the roughness co-efficient for different types
of channel are given in Table 5.6 "Open Channel Hydraulic" by Ven-Te-Chow.

The above procedure pertains to determination of design HFL correspon-
ding 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 of raising the design HFL under natural |
conditions has to be evaluated in the water elevations to arrive at the revised
design HFL under constricted conditions, The difference between ' upstream and
downetream water levels corresponding to design flood due to constriction in
the waterway may* be termed as afflux. There are hydraulic methods for work.i.tvg
out the final design HFL due to constriction by the structure. The weir "fEE=ul =
mila or orfice formula of hydraulics is generally used depending on the upstrﬂlm
and -:inwnst.tean depths to estimate the revised design HFL under constricted con-
ditmns.

7.3 BACK. WATER EFFECT

Sometimes it< happens; that the croes section of river or nalla on the
downstream side of a cross drainage structure may be too narrow than the cross
section at the location of a crossing site. The flood levels at the proposed
structure may alsc be affected by the high flood levels in the main river join-,
ing downstream in proximity of the stream. In such cases, there will be back-
water sffect due to the narrow george of the river as the design flood for the
crossing eite will not be able to paes through the narrow gorge in the “‘down=+
stream and hence there will be heading up of water in its upstream side which
ultimately effects on 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 in-
.floence of the backwater affect of the main stream joining downstream. In such
cases back water study shall be essential.

7.4 HYCRAULIC GRADIENT

In the absence of any observed levels of water profiles for computing
hydraulic gradient, bed gradient of nalla shall be conaidered, after verifying
that local depressions are not accounted for and bed gradient is computed on
a reasonable length of atleast 300 mt. upstream and downstream of the crossing
aite.

7.5 UNFAVOURABLE CROSSING S5ITE

'If the croseing site is located across the river/drainage in
the unfavourable reach i.e. not complying with the usual regquirement of
gauge site, the design flodd elevation shall be GD:IIIFH.ltEd in a straight
reach downstream of the crossing and then from back water streams, design
flood elevation of the crossing site shall be decided,



8.0 FORMULA FOR LINEAR WATERWAY OF BRIDGES

Design of bridges and culverts and cross drainage structures like
acquaducts encompasses the primary fixation of the linear waterway to be pro-
vided, the HFL anticipated, number of spans to be provided, type of piers to
be given, etc., apart from many other structural factors. This report focusses
on the het‘.hudolugy to be used to estimate the flood produced from a rainfall
which would occur with a 50-yr recurrence interval. Once this estimate has
been hade the usage of this discharge value would logically be the next step.
A perusal "of prevalent rail and road bridge design codes suggest the formula
for fixing the waterxway.

The linear dimensions of any hydraulic structure have a bearing on
the width of channel. The channel width in the case of stable river is mostly
controlled by the nature of soil, slope and roughness of terrain/channel bed
as also the magnitude, duration and frequency of floods over a long period in
geological time. The width of the channel, therefore, remains more or less
constant for discharge magnitudes of different return periods, thnugh the flood
levels and velocities vary considerably to cater to the increase in discharge
magnitudes, With this concept in view, the formmlae for linear waterway re-
lated to frequency floods have been developed. Considering the dimension of
diecharge which is 2 /T, the adoption of 3 aisct ai <fia TupAnG

parameter seems to be justifiable. Tﬂkinq—/ 2 into account the analysed
bridges in subzone-1(d), the following simplified formula has been derived,
L
W = B.60 ("50) 3

Where W im linear waterway in metres and Q

is 50-yr flood discharge
tin cumece using the modal loss rate of 0 25 om/hr,

50

The design engineers may follow the following steps while fixing some
of the primary parameters of the bridge.

i) Egtimate qu by using the methodology outlines in the report.
ii) Estimate the linear waterway using the equation given above.

iii) Work out the design HFL expected for Q__. (using the modal loss
rate of 0.25cm/hr) with the waterway Eggimted

The linear waterway which is estimated may seem to be inadequate or
excesgive as per the site conditions prevalent: In that case, the design en-
gineer is at liberty to choose a suitable waterway not much different fram the
estimated waterway and thereafter fix the design HFL as per normal calculations,
The above mentioned equation gives only guide to the possible width which may
have to be provided to pass the discharge at the bridge aite. In case the
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design engineer feels that the importance of the structure warrants 925 or
Q1uu and wants to use those values for design purpose, then the linea* water—

way may be worked out with the following formulae:

W= 9.53 1925}”3

W = 8.07 (ginnjﬂa

Where st and QIOO are estimated using a modal loss rate of 0,25 cm,

THE FORMULAE GIVEN ABOVE ARE ONLY TO BE USED FOR FIXING THE LINEAR
WATERWAY OF THE BRIDGES IN THE SUBZONE 1 (d). THE LACEY'S REGIME
WIDTH FORMULAE WILL NOT EE APPLICABLE: FOR FIXING THE LINEAR WATER-
WAY OF BRIDGES IN SUBZOMNE - 1 (d). HOWEVER, FOR DETERMINATION OF
SCOUR AT BRIDGE SITES THE LACEY'S SCOUR FORMULAE BASED ON LACEY'S
REGIME WIDTH AS SPECIFIED IN THE CODES FOR ROAD AND RAIL ERIDGES
SHALL, BE USED,

The relevant codes of practice for design floed and fixing of water-
way of bridges by Indian Railway and Indian Road Congress are as under:

i) Code of practice by Indian Railways (revised 1985) sections
4.2, 4,3, 4.4 and 4,5,

ii) IRC: 5-1985 Standard specifications and code of practice for

Boad bridges section 1, General Features of Design sixth revisgion)
by Indian Road Congress, 1985 clauses 103 and 104,

1



9.0 UTILITY OF REPORT FOR OTHER PURPOSES

The report may also be used for estimation of freguency flooed for the
following categories of structures as per the Indian Standard of the Indian
Standards Institution.

1) Small Dams

The Indian Standard - gquidelines for fixing spillway capacity of Dams
urder clausges 3.1.2 and 3.1.3 of I8 : 11223 - 1985 (under print) recommends
100-year floods as inflow design flood for small dams having either gross
storage behind the dam between 0.5 to 10 million mt, or hydraulic head (from
normal or annual average flood level on the downstream to the maximum water
level) between 7.5m to 12m, The report may be made use of for estimation
of 100-year flood for safety of small dams. 100-year flood may be estimated
using the modal loss rate of 0.45cm/hr,

ii) Minor Cross Drainage Works

The Indian Standard - code of practice for design of cross drainage
works, part-] General Features under clause 6.2 of IS : 7784 (part-1)-1975
recommends 10 to 25 years frequency £flood with increated affiux for the
design of waterway of minor cross drainage works. The report may be made use
of for estimation of 25-year flood for fixing the waterway of minor cross
drainage works. The flood of different return periods say from 10 to 20 years
may be estimated by using the detailed methodology given in the report on the

basis of 10 to 20 years 24-hr. point storm rainfall determined for the un-
gauged catchments under study,
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10.0
10.1

10.1.1

10.1.2

10.2

10.2.1

10.2:2

10.2.3

10.3

10.3.1

10.3.2

10.3.3

10.3.4

ASSUMPTIONS, LIMITATIONS-AND CONCLUSIONS
Assumptions

It is assumed that 50-year return pericd storm rainfall produces
50-year flood. Similar is the case for 25-year flood and 100 yearx
flood.

A generalised conclusion regarding the base flow and loss rate are
assumed to hold good duriag the design flood avent,

LIMITATIONS

The data of 12 catchments has been considered for developing a gene-
ralised approach for a large subzone, However, for more reliable re-
lationships the data of more suitable catchments would be desirable.

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

The approach developed mostly covers the catchment with flat to
moderate slopes,

CONCLUS IONS

The methodology for estimating the design flood of 50-yr return
period incorporated in the body of the report is recommended for
adoption.

The report also recommends the adoption of design flood of 25-yr and
100-yr return periods taking into account the type and relative impor-
tance of the sitructures,

The flood formulae with different return periods shall be used only
for ptelimina:y'desigﬁ. However, for final design, design flood shall.'
be estimated by application of storm rainfall to synthetic unit hydro-
graph.

Formulae for fixing the linear waterway of cross drainage structures
on streams in Sone subzone may be used at the discretion of the design
engineer,
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10.3.5

10.3.6

25-yr, S50-yr and 100~yr flood may be estimated using.modal loss

rate of 0.25cm/hr. 25-yr, 50-yr and 100-yr flood formulae alongwith
respective formulae for linear waterway of bridges are in Annexure-1
which may be used for preliminary designs. However, for final designs,
the design flood has to be estimated using the detailed procedurs in
the illustrative example,

The report is applicable for the catchment areas ranging from 25 sq,
km. to 1500 sg.km. Further the report may be used for larger catch-
ments upto 5000 sq. km. based on sound judgement and considering
the data of neighbouring catchments also. However, individual site
conditions may necessitate special site study. Engineer-in-charge
at site is advised to take a pragmatic view while deciding the design
discharge of a bridge.
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