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FOREWORD

The empirical approaches generally followed for estimation of design
flood of bridges, culverts and cross drainage works may lead to erroneous con-=
clusions. Studies are under way for rational and scientific estimation of
floods of various return periods for safe and yet economic design of struc-
tures. Such studies for 8 subzones wviz. Lower Gangetic Plains - 1(g), Lower
Godavari Basin - 3(f), Lower Narmada and Tapi Basins - 3(b), Mahanadi Basin -
3(d), Upper Narmada and Tapi Basins - 3(c), Krishna and Penner Basins - 3(h),
South Brahmaputra Basin - 2(b) and Upper Indo Ganga Plains - 1(e) have heen
published in the form of Flood Estimation Reports under long term plan. The
present report presents the studies for Middle Ganga Plains subzone - 1(f).
The report was approved by the Planning & Coordination Committee in its 41st
meeting held on 30th January, 1985 at India Meteorological Department, New
Delhi.

This report is a result of a joint efforts by Central Water Commission,
Research Designs and Standards Organisation (RDSO) of the Ministry of Railways,
Roads Wing of the Ministry of Transport,and India Meteoraoleogical Department
(mMD), in pursuance of the recommendations of the Khosla Committee of Engi-
neers. The rainfall and discharge data from selected catchments was collected
by Northern, Central, North-Eastern and North-Frontier Railways under the
overall guidance and supervision of R.D.5.0. The storm studies were carried
out by IMD. The flood studies were carried out and the report was prepared in
the Hydrology (Swmall Catchments) Directorate of Central Water Commission.

The studies have been based on the data specially collected for a
period of 5 to 10 years by the Indian Railways. Crest gauge observations are
being continued by the Railways on the bridge catchments. Also the Ministry
of Shipping & Transport have organised special collection of data through CWC,
When more data becomes available, further refinements will be possible.

The joint efforts of the Railways, Roads and Water Resources Engineers
together with Meteorologists are a landmark in the country in the field of
Hydrology of small and medium catchments,

sd/-
(N.K. Sarma)

MEMBER (WATER RESOURCES), CWC
& EX=-OFFICIO ADDITIOMNAL SECRETARY
TO THE GOVERNMENT OF INDIA



PREFACE

The starting point for any activity dealing with a river is the study

of its hydrolagy. The project planners and engineers have to construct safe
and economic sStructures.

The road and railway network cross a mumber of streams with the small
and medium catchments and therefore for the design discharge of these bridges
the hydrolegy of these streams would be reguired. It is common knowledge that
in most of the cases, any hydrological record is not available for these
streams. For determining the waterway for bridges and cross drainage works,
the design flood of desired fregquency are required, but economic constraints
do not justify detailed hydrological and meteorological investigation at every
new site on a4 large scale a@nd on long term basis. Waterway should be adeguate
to pass safely the design flood, but at the same time it should not be too wide
involving higher cost. Therefore, it becomes necessary to reasonably estimate
the flood discharge of the regquired return period of stream at the point of
.gtudy with sufficient care. A casual approach can lead in extreme cases to
loss and destruction of structure due to flood of magnitude higher than

expected or over design of structures leading to uneconcmical and problematic
situation.

In the early years, design discharges were calculated by well known
empirical formulae viz: Dickens, Ryves, Inglis and Ali Mawaz Jung etc. In
these formulae, flood discharge is related to catchment areas only and effect
of all other factors are included in a constant which is to be decided by the
designer from his experience. Even intensity of the storm rainfall which is
a prime factor responsible for the flood and which varies substantially from
place to place is not included in the above formulae. The need to evolve a
method on estimation of design flcod peak of desired frequency knowing the
physical characteristics of the catchments and design rainfall has been recog-
nised and a committee of engineers under the Chairmanship of Dr. A.HN. kKhosla
have recommended, "__ Systematic and sustained collection of hydro-meteorolo-
gical data of selected catchments in different climatic zones of India for
evolution of a rational approach for determination of flood discharges". The
committee felt that design discharge should be maximum flood on record for a
pericd not less than 50 years, Where adequate records are available extending
over-a period of not less than 50 years, the design flood should be 50 year
f.ood determined from probability methods on the basis of recorded floods
during the period. In case where the requisite data, as above are not
available, the design flood should be decided based on the ground and meteoro-
logical characteristics obtained on the basis of design storm. Accordingly in
this report, a method has been based on unit hydrograph principle to derive
the design £lood. '

(v)



A procedure for estimation of design flood peak with storm rainfall and
the basin characteristics as parameters has been evolwved in the short term
plan utilising the hydro-meteorological data that was readily available. Syste-
matic and sustained collection of hydro-meteorological data from the represen-
tative catchments in the different subzones of India also have been started
gince 1965. For this purpose, the country has been divided into 7 major zones,
which are in turn sub-divided into 26 hydro-meteorologically homogenous sub-
zones., Out of 26 subzones, river and raingauging has been/is being carried out
in 22 subzones, and in each subzone 10 to 25 catchments had been selected for
this purpose. The results of the study made utilising the data of representa-
five catchments located in Lower Gangetic Plains subzorme - 1(g), Lower Godavari
subzone — 3(f), Lower Narmada .and Tapi subzone - 3(b), Mahanadi subzone 3(d),
Upper Marmada and Tapi subzone - 3{c), ¥Krishna & Penner Basins subzone - 3(h}),
South Brahmaputra subzone - 2(b) and Upper Indo-Ganga Plains subzone - 1(e)
have been brought out earlier in separate reports.

In the present report on Middle Ganga Plains subzone = 1(£) st dies
have been made on the data collected in the subzone and the methed is recom-
mended for the estimation of design flood. The gauging data of 161 bridge
years collected for 25 railway bridges during the period 1961 to 1982 has been
considered for analysis in this report. The gauging data was collected by
North-Eastern, Northern, North-Frontier and Central Railways under the super-
vision of Bridges and Flood Wing of R.D.S.0., Ministry of Railways. The
Central Water Commission is collecting the data of 4 road bridge catchments in
the subzone on behalf of Ministry of Shipping and Transport.

Hydrology (Small Catchments) Directorate of CWC has carried out the
analysis of selected storm rainfall and floods for the gauged catchments to
derive 6-=hr. unit hydrographs on the basis of data of rainfall, gauge and dis-
charges collected during the monsoon season. Representative 6=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 cor-related by regression analysis and the equation for synthetic unit
hydrographs for the subzone were derived. The loss rate and base flow studies
were carried out. Methodology for estimation of design Elood (50-yr. flood)
for ungauged/inadegquately gauged catchments has been indicated.

Rainfall-Depth-Duration-Frequency studies as well as point to areal
rainfall ratio studies and time distribution of storm studies have been made
available by Hydromet Cell of TIMD.

The present report deals with the estimation of design flood for small
and medium catchments in Middle Ganga Plains subzone - 1(f) based on 50-yr.
design storm rainfall and synthetic unitgraph. This report is recommended for
estimation of design flood (50-yr. flood) for fixing the waterway of the
bridges/culverts on streams with their catchment areas from 30 to 4,500 sq.ko.
This report can be used for estimation of 100-yr. flood, if required, with the
given 100-yr. point rainfall map. 1;

The methodology adopted and conclusions arrived at are subject to .°

periodical reviewand revisionin the lightof further data being collected and
analysed.

The views expressed in this report do not necessarily represent the
views of Central Water Commission

(8.M, HUD)
NEW DELHI DIRECTOR, HYDROLOGY (SC) DTE.
CENTRAL WATER COMMISSION
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_SYMBOLS

SYMBOLS AND ABBREVIATIONS

As far as possible well recognised letter symbols in the hydrological
science have been used in this report, The list of symbols adopted is given

below with

A

C.G.

the units,

3 Catchment Area in sg.km,

: Centre of Gravity.

3 Length of main stream along the river course in km,

t Length of the main Stream from a point opposite to centroid of
the ca;chment area to the gauging site in km. along the main
Stream,

: Length of the ith Segment of L-Section in km.

:  fThe depth of the river at the point of intersection of (i~1)
and ith contours from the base line (datum) drawn at the level
of the point of study in metres.

. Eguivalent stream slope in m/km,

: Unit Hydrography.

: 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 (hr.}

2 Time duration of rainfall in hﬂu;ﬁ.

: Base width of unit hydrograph in hours,

: Design storm duration in hours.
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ABBREVTATIONS

Cumecs

Cms

R.D.S5.0.

H(5C), CWC

I.M.D,
c.W.C.
M.0.5.T.

an

Peak discharge of unit hydrograph per unlt area in cumecs per
sg.km,

Peak discharge of unit hydrograph in cumecs,

Width of the U.G. measured at 50% of maximum discharge orxdinate
{Qp} in hours,

Width of the U.G. measured at 75% of maximum discharge orxdinate
pr} in hours,

Width of the rising side of U.G., measured at 50% of maximum
discharge ordinate [Qp} in hours.

Wir =h of the rising side of U.G. measured at 75% of maximum
di: charge ordinate pr]lin hours.,

Maximum flood peak with a return peried of 50 years in cumecs,

Areal reduction factor .
Percent

Summation,

Cubic metres per second
Centimetres

Houxr

Metres

Minutes

Kilometres

Square Kilometres, sz
Inches

Seconds

Square

Research Designs and Standards Organisation (Ministry of
Railways), Lucknow.

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

India Meteorological Department
Central Water Commission

Ministry of Shipping & Transport, New Delhi.
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INTRODUCTION

. The purpose of the'r&part entitled "Flood Estimation Report for Middle
Ganga Plains, subzone - 1(f)" presented herein is to estimate the design flood
for fixing the waterway of bridges/cross drainage structures across small and
medium streams.

~ The report consists of six sections preceded by the "APFLICATION OF
THE REPORT" with (A) detailed and (B) simplified epproaches.

The detailed apporach explains the various steps involved to estimate
the design flood peak and hydrograph in accordance with the methodology con-
tained in the report along with an illustrative example.

THE SIMPLIFIED APPROACH CONSISTS OF A SIMPLE DIRECT 50-YR. FLOOD FOR—
MULA ALONGWITH AN ILLUSTRATIVE EXAMPLE FOR THE CONVENIENCE OF FPIELD ENGINEERS
TO ESTIMATE THE DESIGN FLOOD PEAK.

Section - 1 briefly narratesz the river system, topographical features,
monsoon rainfall and temperature pattern, types of soil, land use, railways
and road commnications in the subzone. The size of the subzone is
1,771,350 sq.km. covering eastern half of Uttar Pradesh and northern parts of
Bihar.

Section - 2 comprises of the nature of data collected for 45 represen-
tative catchments in the subzone. MNorthern, MNorth-Eastern Railways.and Cen-
tral Railways had collected the data of 41 catchments under the overall
supervision of Research Designs and Standards Organisation (Railways). Central
Water Commission has also collected the data of 4 catchments on behalf of
Ministry of Transport.

Section = 3 deals with the analysis of storm rainfall and floods and
derivation of 6=hocur unitgraphs (U.G.) for each of the 25 catchments
found suitable out of 45 catchments to prepare their representative &-=hour
U.G.'s. The parameters of the representative U.G.'s were measured, The
physicgraphic parameters of the catchments were estimated. A simple modal
(¥ = C XP) was adopted to establish relationship between dependent variable ¥
and independent variable X with constant 'C' and an exponent 'F', The rela-
tionships were established with the simple model based on the sets of physio-
graphic and U.G. parameters of 25 catchments. These relations are given in
the form of eguations and also on log-log graph which shall be utilised to
estimate the parameters of synthetic U.G. for the ungauged catchments with



their known physiographic parameters. Based on the synthetic U.G. parameters,
a synthetic 6~hour U.G. is drawn. Besides, modal values of design loss rate
and base flow have alsc been suggested.

Section = 4 furnishes the methodology adepted by I.M.D. for estimating
the design storm point rainfall for 50-year return period for durations from
1 hour to 24 hours, conversion of point rainfall to areal rainfall and the
distribution of storm rainfall for various design storm duraticns. These
studies have been depicted in the isopluvial map of 50-year point rainfall for
duration of 24 hours with duration ratio curve for conversion of 24-hour point
rainfall to short duration point rainfall in the subzone. Similarly, curves
and tables for conversion of point to areal rainfall and curves for distri-
bution of design storm rainfall for variocus durations have been furnished.

Section - 5 describes the procedure for estimation of design flood
(50-year) of an ungauged or inadequately gauged catchment by the applicstion
of design storm rainfall to synthetic U.G.

Section - & deals with the assumptions made in the study along “th
conclusions. "

The report herein recommends the estimation of design flood for small
and medium catchments varying in size from 30 to 4,500 sq.km. As far as
possible, the compatibility of the physiographic parameters of the ungauged
with the gauged catchments used for the study may be kept in view.

PP P e L L R



Al

APPLICATION OF REPORT

DETATLED APFROACH

The flood estimation report for Middle Ganga Plains subzone - 1(£) may

be used for estimation of design flood (50-year flood] for ungauged and inade-
quately gauged catchments in the subzone. In order to elucidate the procedure,
an illustrative example is given below with relevant details.

The various steps necessary to estimate , the design flood peak/design

flood hydrograph are as under:

i)

ii)

iii)

iv)
v)

vi)

wiil)

viii)

ix)
x)

xi)

Preparation of cathcment area plan of the ungauged catchment in ques=-
tion.

Determination of physiographic parameters viz: the catchment area (A),
the length of the longest stream (L) and equivalent stream slope (S).

Determination of 6-hour synthetic unitgraph parameters i.e, peak dis-
charge per sg.km, {qp), the peak discharge Egpi, the basin lag {ﬁp},
the peak time of U.G. tTh}. widths of the unitgraphs at 50% and 75%
of Qp‘“fﬂ anﬂ_ﬂ'si, widths of the rising limb of U.G. at 50% and 75%

;
of QPEWRED and ”RTE;' and time base of unitgraph {TB}

Drawing of a synthetic unitgraph.

Estimation of design storm duration [Ih].

Estimation of point rainfall and areal rainfall for design storm
duration {TD}.

Distribution of areal rainfall during design storm duration ITEI to
obtain rainfall increments for unit duration intervals.

Estimation of rainfall excess units after subtraction of prescr ibed
design loss rate from rainfall increments,

Estimation of base flow.
Computation of design flood peak.

Computation of design flood hydrograph.



The Step HNo. (xi) may not be necessary for those intending to esti-
mate the design flood peak only.

Illustrative Example

The particulars of railway bridge catchment (treated as ungauged) for
illustrating the procedure are as under:

i} subzone 1{£)
ii) Hame of site Br. No. 152
iii) Name of river/tributary Dunda-Rhanraha
iv) Shape of the catchment Approx. rectangular

upto the point of study

v) Location 26:16'3[!“ (Latitude) and
. 8578'50" (Longitude)

vi) Topography Flat slope

The procedure is explained step by step.

Step = 1 Preparation of Catchment Area Plan

The point of interest (Bridges site in this case) was located on the
Survey of India's 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 main river, contours and spot levels
was prepared. )

Step - 2 t inati of S aphic Parameters

The following physicgraphic parameters were determined from the
catchment area plan:

i} Area (A) =  299.53 sq.km.
ii) Length of the longest stream = 27.03 km.

2
“ £ By By g LBk

iii) Equivalent stream slope (5) = 0.048 w/km

where Li = Length of ith segment in km.
Di’ Di = Reduced levels of the river at (i=1) and ith
-1y locations along the longest stream.

For detailed calculation of 'S' refer Table A-1.

In Table A-1, cols, (2) and (4) are the reduced distances and corres—
ponding levels along the longest stream from the point of study to the



contours across the stream or spot levels on the bank, Other columns are self-
explanatory. Prepare L-section (Fig. A=1) of the longest stream from the
point of study to source based on the data in cols. (2) and '(4).

iv) L/ /S = 27.03/_/0.048 = 123.37
Step - 3 Determination of Synthetic Unitgraph Parameters

&-hour unit duration for the unitgraph i.e. unitgraph produced due to
one cm. depth of rainfall excess in 6=hour duration has been considered.

The &-hour Synthetic U.G. parameters may be found out by using one of
the following approaches:

: (I) By .using the Synthetic Relations \
(I1) By using Coaxial Diagram.
(I) By using Synthetic Relations

Calculation of parameters of synthetic U.G. are shown in Table A-2
which are briefly explained below:

Sl.¥o.1 Calculation.of {qp}
Substitute the value of L/ /S = 123.37 as found out in (iv) of
Step - 2 in eqguation 3.9.3 to obtain the value of qp.

S1.Ho0.2 Calculation of tgp}

= A= 0.046 x 299.53 = 13.8 cum
Qp qp x ] acs

Sl. Bo. 384 Calculationof (tp, Tn and TD}

Substitute the value of %, in egquation given in col.(4) of
Table A-2 to obtain the cBrrespending value of tp. The calcu-

lated value of t is rounded off to the nearest 1-hour. '
Table A-3 shows the range of values of calculated t:.p (rounded
off to nearest 1-hour) and the corresponding values of tp' T
(peaking time) and TD (design storm duration) to be adopted for

ready reference of the users,

The calculated value of tp in 51,Ne,3 is 29.4 hours which is
rounded off to 29.0 hours. tpaf 29 hours falls in the range of
tp from 24 to 29 hours and the corresponding values to be adop-

ted for tp' Tm and ".I.'D are 27, 30 and 24 hours respectively as

seen from Sl.No. 5 of Table aA-3

'I.‘-p = 27 hrs., Tm =~ 30 hrs, and Tn = 24 hrs,



&l.No. 5,6, 7&8 Calculation of “5{]’ ﬂrsi %5'} and %{?5

Subgstitute the value of qp in respective equations in col.(4) of

W

Table A-2 to obtain the corresponding parameters of W, g2

HREO and HR?E in col.(5).

Sl.No. 9 Calculation of {TEI

ul

Substitute the adopted value of tp in eguation given in col.(4) of
Table A-2 to obtain T_, the value of which may be rounded off to
nearest mult’ple of 6-hour as shown in col.(6) of Table A-2.

{IX) usi g Coaxial Di am

Coaxial diagram based on Synthetic Relations vide equations 3,9.3
to 3.9.9 under Section-3 has been drawn in Fig.A-2 for ‘esti-a
mating the parameters of Synthetic Unitgraph. The application

of Coaxial Diagram in Fig. A-2 with respect to the above illus-
trative example is expalined as under:
i) Calculate L/ /S for L = 27.03 and 8 = 0.048

/5 = 21.03/_/f0.048 = 123.37

ii) Find out 9, corresponding to I,fﬁ = 123,37 from curve
No. 1 as shown by the dotted lines. The value of qp =
0.046 cumecs/sg.km. is read from the curve No.l.

iii) Find out tp corresponding to qp = 0.046 from curve No. 2 as
shown by dotted lines. The value of tp = 29.5 hrs is read
from curve No.2 which may be rounded off to 29.0 hrs.

iv) For arriving at adopted values of tp’ Tm and TD’ refer to Table
A=,

tp of 29.0 hrs. as estimated in (iii) above falls in the range of
24 to 29 hours in 51.No.5 of Table A-3 for which the corresponding
adopted wvalues are tp = 27.0 hrs., Tm = 10,0 hrs. and TD = 24,0
hrs.

vl Find out the values of H‘Sﬁ’ H‘?E’ wRED’ and HR?S from respective

curve Mos. 3, 4, 5 and & corresponding to qp = 0,046 as shown by
dotted lines. The values so read from the respective curves ars

as under:
HSII) = 52.2 hrs., WTE- = 27.3 hrs., wREU = 12.8 hrs., wR‘?E =.T7,7 hrs.



wi)

Step - 4

Find out the values of T_ corresponding to adopted values of

t = 27.0 hrs. in (iv) “above from Curve No. 7 as shown by dotted
Piines. fThe value of T for t = 27.0 hrs, read from Curve No., 7
is 138.0 hours, P

Thus all the parameters of 6~hour Synthetic U.G, have been estimated.
ation of 6-hour Synthetic Unit

The parameters got in Step - 3 above were plotted to scale on a graph
paper as shown in Pig. A-3, The points were joined to fit a trial Synthetic

Unitgraph.

By definition, the volume of the Unitgraph must be equivalent to

1.0 cm depth of direct runoff over the entire catchmept (A) in sqg.km.

.“‘:'

(b)

Volume of direct runcff from runoff depth (d) of 1.0 cm on the
entire catchment (A) in sq.km,

= [ 2ax1000x1 uuu] x [:9/100:[ ) expressed in cubic-
(sg.m.} 4 metreas,

I

1/100 m depth of direct runoff
over the catchment area (A) in
sg.km.

|
i

Volume of direct runoff graph (Synthetic Unitgraph) obtained from
the addition of all the unitgraph ordinates ¢t time interval
equal to unit duration {trl of U.G. -igi Xt

e igi x t. x 3600 seconds
Cubicmetre per sec.
= | ) expressed in cubic metres,
UMITGRAP K
-
g
3
O
o g3
a
T = 1 %
G
W0 1
T{HouRS)
P . 4 = Sum of the ordinates of unitgraph at t-hr.

interval (in this case 6-hr. )
{a) should be equal to (b)
i.e. A x 1000 x 1000 x /100 =EQ1 x® t % 3600
r

EE T EAN



Therefore i'ﬁi J};"I‘.GJG tr}

t
T

& in this case

It

Therefnraiﬂi B/10.36 X &) = a/2.16 | ' -
All the ordinates of Synthetic U.G. so obtained in Fig.A-3 were summed “

up at 6-hr, interval to get a total volume of 138.7 cumecs which tallied with

the computed value from Py"m.Sﬁ ty ) = 209,.53/(0.36 x &) = 138.7 cumecs. There-

fore, the 6-hour Synthetic U.G. so drawn in Fig. A-3 was found to be in order.

In case, the summed up values of all the ordinates of Synthetic U.G. )
do not tally with the computed value from A/(0.36 x t;) then some of the ordi-
nates in the rising and falling limbs or only in the falling limb of the U.G.
may be suitably changed (slightly increased or decreased) keeping at the same
time the shape of U.G. a smooth one. Normally one or two trials are carried
out to adjust the volume of Synthetic U.G. so as to obtain 1.0 cm of direct
runoff over. the entire catchment area (A) in sq.km.

Step = 5 Estimation of Design Storm Duration

The design storm duration -is
= 1.dxt  =1.1x27 = 29.7 hrs.
b »

T, is limited to 24 hrs. (due to infreguent occurrence of longer storm
duraticn). !

However, in general, T, may be adopted as per guidance given in
Table A-3,

Step - 6 Estimation of Point Rainfall and Areal Rainfall

For this catchment the point rainfall estimates of 50-year return
period for duration of 24-hour are first read from isopluvial map (Plate=8) in
Section 4.2. The value of 50-yr. 24-hr, point rainfall = 34.0 cm since the
design storm duration (TD.'! for the catchment is 24 hours,

The above point rainfall estimates of 34.00 cm was miltiplied by areal
reduction factor of 0.91 corresponding to a catchment area of 295,53 sg.km.
and 24 hours duration given in Table A-4 to obtain areal rainfall of 34 x 0.9
= 171.00 cm.

For estimation of point rainfall corresponding to the design storm .
duration {',I.'D} of the catchment less than 24 hours, the 50-year G:D_ P point
rainfall to SO-year 24-hour rainfall ratios given in Table under Section 4.2

may be applied to 50-year 24-hour point rainfall of the catchment.
Step = 7 Time Distribution of Areal Rainfall

S0-yr. areal rainfall depth (R) = 31.0 cm for design storm duration
[TDJ = 24 hrs. from Step=6 is critically distributed at 6-hr. intervals {since



thﬁ unit duration of SUG is & hours) by using the curve (e} for duration of
19=24 hours in Fig, 12 or Table A=5 as shown in the following Table which is

gelf-axplanatory:

Duration % of Cumnlative %|Distribution Cumulative &=hr.
hrs. storm of rainfall |coefficients rainfall gross
duration for col.(2) |of rainfall col.({3)x rainfall
Col.{1)x100 read from read from RAO0 ox incre-
24 curve (e) of|Table A=5. col.(4) xR ments
" Fig. 12 {cm) {cm)
1 .2 3 ) 4 . 5 6
0 e} o} 1] 0 0
& 25 70 0.7 21.70 21.70
12 50 84 0.84 26,04 4.34
18 - “75 93 ! 0.93 . 28.83 2.79
24 100 100 1.00 y 31.00 217
Total 31.00

Step - B Egtimation of Rainfall Excess Units

Col.5 of the Table in Step-7 gives the 6~hourly griss rainfall units.
A design value of loss rate of 0.3 co/hr, as recommended in Section 3.11 is
subtracted, from each of the rainfall units to get the rainfall excess units.
For 6-hours, the loss rate to be subtracted is = 6 x 0.3 = 1.8 cm.

The table below illustrates the procedure for calculation of rainfall
eXCess units

Hr. Gross rainfall Loss/6-hx, Rainfall excess cm.
col.(5) of Step=7 (1] col, (2] = col.(3)

1 2 3 a "

0 0 - -

6 21.70 1.80 19.90

12 4.34 1.80 2.54

18 2.72 1.80 0.99

24 2.17 1.80 0.37

Step - 9 Estimation of Base Flow

It has been shown in Section 3,12 that the modal value of base flow
for Middle Ganga Plains subzone = 1(f) is 0.05 cumec/sq.km.

The total base flow for the catchment of 299.53 sq.km in gquestion
= 0.05 % 299.53 = 14,98 cumecs.



Step = 10 Estimation of Design Flood (Peak only}

For the estimation of the peak discharge, the rainfall excess units
have to be re-arranged against the unitgraph ordinpates such that maximum rain-—
fall excess is placed against the maximum unitgraph ordinate, the next lowar
value of rainfall excess comes against the next lower value of unitgraph ordi-

nate and s&¢ on.

In the present case, the maximum peak discharge ordinate of U.G. was
occurring at 30th hour. The maximum 6-hourly rainfall excess unit was placed
against the peak discharge of U.G. likewise, the next lower rainfall excess
unit was placed against the next lower U.G. ordinate in the following table
and so on. Summation of products of cels. (2) and (3) gives the total direct
runsff to which base flow is added to get the total peak discharge:

Time U.G. Ordinate &-hr. rainfall excess Direct ruroff
hrs. cumecs Cm cume s

{1} ~(2) {3) (4) = (.)x(3)
24 11.8 0.37 4,37
30 13.8 19.90 274.62
B 13.0 2.54 33.02
42 11.9 0.99 11.78
i Total 323.79
Add Base Flow from Step - 9 14.98

Total Peak Discharge =  338.77 cumecs

(S0-Yr. Flood Peak)

Step = 11 Computation of Design Flood Hydrograph

The G-hour rainfall excess sequence shown in col.(3) of Table in
Step-10 was reversed to obtain the critical sequence for obtaining the maximum
peak of the design flood hydrograph as shown below:

Time Critical 6~hr. rainfall
hrs. excess sequence
(1) (z2)
6 0.9%
12 2.54
18 19.90
24 0.37

For computation of design flood hydrograph, the U.G. ordinates for
6~hour interval were tabulated in col.(2) of Table A-4 against time (hrs.)
in col.{1). The critical sequence of rainfall excess units as given
above were entered in cols.(3) to (6) horizontally as shown in Table - A.4.
The direct runoff resulting from each of the rainfall excess units was
obtained by multiplying the rainfall excess unit with the U.G, ordinates

10
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in col.(2) and the direct runoff values were entered in vertical columns against
each units with a successive lag of 6-hours, since the unit duration of U.G.

was G-hours. The direct runoff so obtain is shown in cols. (3} to (6). The
direct runoff were added horizontally and the total direct runoff is shown in
col.{7). The total bage flow of 14.98 cumecs was entered in col.{8). Col.(9}
gives the addition of cols.(7) and (8) to get the design flood hydrograph ordi-
nate.

The design flood hydrograph so obtained gives the same value of maxi-
mum peak discharge of 338.77 cumecs as computed in Step-10.

The total discharge ordinate in col.(9) were plotted against time in
col.(1) to get the design flood hydrograph in Fig. A-4,

B. SIMPLIFIED APFROACH

BE.I Direct 50-Year Flocd Peak Formula

For the field engineers interested in the S50-year flood peak only for

-preliminary assessment of waterway of bridges and cross drainage structures, a

direct 50-year flodd peak formula, an easy and simple one, has been evolved
based on the studies contained. in this report. The basic eguation for compu=-
tation of SO=-year flood peak can be expressed as follows:

N Q‘Eu - qupxh:n .---l-l-l-!----l--"'l-il{1}

50=year flood peak (ocumecs)

where QSU

%

peak discharge of unitgraph per unit area of catchment

{cumse /sq. km. )
A = gatchment area (sg.km.)
-3 = S0-year point rainfall (cm) for design storm duration ITD].

c

I

a constant factor

In the above dquation (1), the equation relating gp with the physio-
graphic parameters like L and § i.e. qp = D.dD%/fH{iﬁg ]ﬂ'455 was substituted
to get the following derived equation.

0.456
Qg = 0.409 c AR ( _/5/L) suaasna(?)
where Qsgr & and R are same as in equation (1}

L = Length of longest main stream (km)
s = eguivalent slope (m/km) of the main stream

| 4 = represents the effects of point to areal reduction factor,
temporal distribution of rainfall, design loss rate and base
flow depending on the size of the catchment.

= 0,408x%C

1"
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The 50-year storm point rainfall R(cm} pertaining to design storm dura-
0.471
tion [TD] = 1.7 % tp whers 'l:’:J = 3.065 (L/_/S ) Therefore

0,471
TD = 3.37 {B{ /5 ) .

However, the valuesof T {hrs.) to be adopted corresponding to the
calculated values of r.p rounded off to nearest one hour falling in the various

ranges of tp are suggested as undex:

tp range B

{hrs.) (hrs.) N
3 to 5 &

&6 ta 11 12

12 to 17 18 7

18 to 75 24

The 50=-year flood peaks {Qﬁaj were computed for all the 25 railway
bridge catchments listed in .Table™ - 2 of the report using the methodology -
contained therein. Individual values of K were estimated for each of the 25
catchments by substituting their values of QED' A, R, 5 and L in equation (2).
The values of K and the corresponding values of catchment areas {A) were
plotted on a graph paper and an average curve was drawn through the plotted
“points. These curves are shown in Figures B-1(a) and 1(b). The maximum
variations in the 50-year flood peak by both the methods viz. by formula and
by detailed studies were found to be + 7%, . amfl

2. application of Flood Formula

The 50-year flood formula applicable to subzone .~ i-{_ﬂ is as under:

- K aRr /5045

950 --,--.---44-{2]
The following steps are followed to compute the 50-year flood peak
from the above formula for an ungauged or inadequately gauged catchment.

Step (1) : The catchment boundary upto the point of study (proposed
cross drainage structure site) on a stream is marked on the Survey of India
toposheets. The catchment area (A) in sg.km. and the length of the longest
stream (L) in km is measured. The equivalent slope (S} in m/km of the main
stream is computed as shown in Table - A.1 of the “"APFLICATION". Prepare
the catchment plan showing the catchment boundary and river system for record.

Step (2) : £ for the catchment is calculated with the eguation

t 0.471

P = 3.085 (/_/§ )

which is rounded off to the nearest one hour,

Step (3) : Select the design storm duration I‘.TD]' from the following
table corresponding to 'tp' value falling in a particular range.

12
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‘l‘:p range TD
(hrs.) (hrs.)
3 to 5 6
& to 11 12
12 to 17 18
18 to 72~ 24

Step (4) : The point rainfall is obtained for the bridge site loca=-
tion marked on S50-year 24-hour isopluvial map (plate = B).

Step (5) : Obtainthe point rainfall (R) incm for the design storm dura-
ration (Tp) by multiplyingwith the ratioof Tp to 24 hour rainfall graph (Fig.10
vide Section 4.2) tothe 50-year 24-hour rainfall calculated in Step (4).

Step (6) : Obtain the value of K for the_'catchment area (A) in Step (1)
from the graph (Fig.B-1) of K vs catchment area (A).

Step (7) : List out the values of A, L and S from Step (1) R from
Step (5) and K from Step (6).

Ste B) : Substitute the listed values of 4, L, 5, R and ¥ in the

following S0-year flood peak formula in egquation (2) to obtain 50-year flood
peak (cumec).

0.456
2, = xan{f’s/m

3. Solution Of The Problem

The particulars of railway bridge catchment (treated as ungauged) for
illustrating the procedure for application of SO-year flood peak formala step—
wise are as under:

Details of catchment location

Subzone 1(£]}

Name of site Rly. Br, No. 152

(Point of study)

Name of river/tributary Dunda = Rhanraha

Br. site location . 26° 16 30" (N) Latitude

[

85° @' spn (E) Longitude

Step (1): The boundaries of the catchment under study aftex locating
the bridge site on the tributary from the given latitude and longitude on the
Survey of India toposheet or from any map of the area already prepared from
the toposheet were marked. Catchment area plan upto Rly. Br. No. 152 (Fig.A-1)
was prepared. The catchment area (A) in sg.km. and length (L) in km. of the

13



longest main stream upto the point of study were measured. Equivalent stream
slope (8) in m/km was calculated as shown in Step - 2 and Table A-1 - under A-
"APFLICATION", The values of A,L and § so obtained are as under:

A = 299.53 sq.km., L = 27.03 km and § = 0.048 m/km

Step (2) : Time lag (t ) was calculated with the following formula
by substituting the values of © L and § from Step (1).

0.471
| = = 3.065 U
5 ¢

= 3.065 (27.03/./0.048 )°**71 = 20.4 nrs. say 29.0 hrs.
Alternatively tp valu: of L{Q.tﬁ hrs. say 29.0 hrs. was read from Curve
No. 1 showing W/_/S s tp in the coaxial diagram (Fig. A-2) for the value of
L /5 = 27,03/_/0.048 = 123.425

Step (3) : Design storm duration ATy) 24-hours was found out from the
Table in Step (3) (B-2) corresponding to tp of 27 hours falling in tp range
of 18 to 72 hours. -

Step (4) & (5) : The point rainfall (R) = 34.0 om was obtained for
the bridge location (latitude 26°16' 30" (N) and 85°8'50" (E) on the S50-year,
24-hour isopluvial map (plate - 8).

Note: Step (4) and (5) of B.2 may have to be followed for design
storm duration {TDJ less. than 24 hours.

Step (€) : The value of K = 0.278 was read from the curve of K vs A
in Fig. B-1 corresponding to catchment area of 299.53 sq.km. '

Step (7) : The values of A, L, S from Step (1), R from Steps (4) and
{5) and K from Step (6) were listed as under:

A = 299,53 sqg.km.,, L= 27.03 km., S = 0.048 m/km
R=34,0 cm and X = 0,278

Step (8) : The values of A, L, S, R and K in Step (7) were substi-
tuted in the following S0-year flood peak formula:

Oy = KAR (/5 /u)0-4%8

- 0.278 x 299,53 x 34 {_/0.048/27.03)%+4%

= 315.71 cumecs say 316 cumecs

EED of 316.0 cumec may be adopted for preliminary designs since this value is

less by 6.87% only as compared to qu = 339.0 cumecs based on detailed
studies,

14
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TABLE A-1

COMPUTATION OF EQUIVALENT SLOPE(S)

study).

15

S1.] Reduced Reduced | Length Height [Di—‘l +Dj'_} Li (pi_1+ni}
No. distance levels of each ahove ;
starting of segment datum” * (Dy ) i
oo " i;“x it difference
ge_:ug g between the {4] %(6)
site datum & the
ith R.L.
{Kms ) (m) {Em) {m) (m) (mx¥m)
1 2 3 4 5 & 7 =
Ta o 55.79 0 0 0 0
e 10.79 56.40 10,792 o.8e1 0.61 6.58
3. -20.77 56.65 9.98 0.86 1.47 14.67
4, 22,38 56.71 1.61 0,92 1.78 2.87
L5 27.05 57.32 4.67 1.53 2.45 A1.44
i(D. _+D L%
D LD, #0.) = 35.56
i (I +D
s 21""‘ (LT e 35,56 = 0,048 m/km,
2 T31.70
L
+ Datum = 55.79 m (i.e. reduced level of river bed at the point of

WY R



TABLE A-2

COMPUTATION OF 6-HOUR SYNTHETIC UNITGRAPH PARAMETERS

51, Evaluated Unknown Synthetic Caleu~- Remarks
Ho. Parameters Para-— Relationship lated
meters value
1 2 3 4 5 G
i = 123.37 = 0.409/ 0.45€ 0,046
- YR B % Y/
{Cumec/ {See eguation 3.9.3)
Sg.Km. )
2. = X A 13.8
% % %%
(Cumecs)
.o t £ = 1.21?;{%1"”“ 29.4 adopted 27,0
= I (See S1.No.5
{Hours) (See equation 3.9.4) of Table A=3)
= 3.,085(1,4/5) %47 él}v E:ﬁﬁtitt;—
= 0. _-‘I-Ilg a value
. tp Tm Tm tp + (tx/2) 0.0 of from S1.
{Hours) Nn.??
1.104
= 1.743 52.2
5. 9, Weo Wey = 1.74 f{%} _
(Hours) {See egquation 3.9.5)
1.108 -
. qp WT.'-'_" w?ﬁ = ﬂ.ﬂﬂzr’tqp} 27.3
(Howrs) (See eguation 3.9.6)
0.928
W W = [0, 12.8
7. a, 50 asg =0 736;’th}
{Hours) (See equation 3.9.7)
8 W W = 0.478/tq )" %%% 7.7
L r RTS R75 O 9y -
{Hours) {See equation 3.9.8)
g9, 3 TH TB = 16.432x(t lﬂ'ﬁ"ﬁ 138.2 adopted 138.0
p { Hours) {See eguation PF3.5.9)
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TABLE A-3

ADOPTED VALUES OF ¢t , T AND T
p' m o

s1. Range of tp (Hrs) Adopted values {Hrs)
No .
" T
Itp caleculated vide equation tp T, 3

31.9.4 and rounded off to
nearest one hr)

1 2 3
1 3 te 5 3 &
2. 6 to 11 4 12 12
3. 12 to 17 | 15 18 18
4. 18 to 23 21 24 24
5., 24 to 29 27 30 24
6. ; 30 to 35 ' . 33 36 24
7. 36 to 41 -39 42 2
B. 42 to 47 | 45 48 24
g9, 48 to 53 51 54 24
10. 54 to 59 57 &0 24
11. 60 to 65 63 66 24
12; 66 to M 69 72 24
MB:= The value of Tb is limited to 24 hrs.

17



TAHBLE A - 4

AREAL REDUCTION FACTORS

Area i 6=hr. L 12-hr. i 1B=hr i 24-hr
.Xm.) i . 3 | i
50 0.95 0.96 1 0.96 0.97
100 0.90 0.94 0.95 0.96
150 0.87 0.92 0.94 0.95
200 _ 0.84 0,920 0.92 0.93
250 0.82 0.88 0.90 0.92
300 0.80 0.87 0.89 0.91
350 0.78 0.86 0.88 0.9
400 0.77 p.85 0.B7 0.89
450 0.76 “ D.84 - 0.86 0,88
500 0.76 0.83 0.85 0.87
600 - 0.81 0.83 "0.86
700 - 0,79 0.81 0.84
800 - 0.78 0.80 0.83
900 - 0.77 0,79 0.82
1000 - 0.76 0.78 0.81
1200 - 0.74 0.76 0.79
1400 - - 0.74 0.78
1600 - - 0.74 0.77
1800 - - 0.73 0.76
2000 - - ©0.73 0.75
2200 - - 0.72 0.75
2400 - - 0.72 0.74
4500 - - - 0.74
TAELE A - 5

Time Distribution Coefficients of Areal Rainall

Duration DESIGN STORM DURATIONS (hrs)
{hrs) [ 12 18 24
DISTRIBUTION COEFFICIENTS
24 1,00
18 1.00 0.93
12 1.00 0.90 0.84
& 1.00 0.84 0.74 0.70

g8
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1.0 GENERAL DESCRIPTION OF THE MIDDLE GANGA PLAINS SUBZONE-1(f)

1.1 Location

o The subzone - 1(£) lies between longitude 80° to 89° East and latitude
24° to 29° Worth. It covers parts of Uttar Pradesh, Bihar and West Bengal.
The Middle Ganga Plains is bounded on the North by Nepal, on the South by
Chambal, Sone and Hoogly basins (subzones - 1(c), 1{d) and 1(g), on the East by
Bangladesh and on the West by Upper Indo-Gangetic Plains (Subzone -1 {e). Plate-
1 shows the location of the subzone. The important cities in the subzone are
Kanpur , Lucknow, Allahabad, Gorakhpur, Varanasi in U. P., Darbangha, Saharsa,
Purnea and Katihar in Bihar and Siliguri and Malda in West Bengal.

1.2 Rive stem
Plate-2 shows the river system of the subzone. The main rivers flowing

in this subzone are Yamuna, Ganga, Ghagra, Gomti, Gandak, Kosi and Mahananda.
The areas covered by each of these rivers is given below.

S51l.Ho. River/Tributary Drai e area (sag.km.)
Ta Yamuna 7530
2. Ganga 14400
5 Ghagra 35950
4. . Gomati 25270
5. Gandak 26380
6. Rapti 14160
ri Kosi including Kamla 17900
8. Mahananda 16830
9. Others 12930
Total: 171350

The total area of the subzone - 1(£) is 1,71,350 sg.km.

1.2 Topography and Relief

The Middle Ganga Plains subzone - 1(f) comprises mostly of plains and
a small portion of the foothills of Tarai area in the North. The elevation in
the Tarai area exceeds 150 m. In the plain area the elevation lies between
150 m and 75m and goes on decreasing Bastwards to Bangladesh. The rivers
Yamuna and Ganga form the Southern boundary of the alluvial plains for major
part of the subzone — 1(f). The subzone includes the lower courses of Chagra,
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Gandak, Rapti, Kosi and Mahananda rivers.

The Middle Ganga Flains have thick alluvium. The low lying flood plains
adjacent to river banks are formed of new alluvium sloping towards Southeast
and Southwest.

The rivers in this subzone-1(f) have a meanaering ten:lﬂ.ru:y with wide
and shallow channels, Plate-3 depicts the physiography.

1.4 Rainfall

Plate—4 depicts the mean anmual rainfall with the Histograms showing
the mean monthly rainfall at Dehradun, Bareilly, Lucknow, Allahabad, Gorakhpur,
Varanasi and Darbhangha. The mean annual rainfall varies between 8§00mm to
1200mm in the plains and goes upto 2000 mm in the portion of foothills in the
North of the subzone. The major portion of rainfall is received between June/
July to September/October in the subzone due to Southwest monsocon.

-,

1.5 Temperature ¥l

The climate of subzone 1(f) presents extremes of hot and cold due to
its location. The temperature rises slowly till the end of March when the hot
spell begins in April and continues for next three months. From the onset of
monsoon in June/July, the temperature begins to fall as the hot winds receive
moisture. Tawards the Northwest in Tarai region, the mesn annual temperature
lies between 22,5 °cto 25% For the rest of the subzone, the mean anmual
temperature lies between 25° ¢ to 27.5°%. Flate-5 depicts the Bargraphs of
temperature at Lucknow, Gorakhpur, Allahabad, Varanasi and Darbangha.

The minimum temperature is in Jamuary (15° - 20°c) with the fall of
winter rains. The mean temperature during April is 25° - 30% for the Norther:
portion of subzone and 30° - 35° for the southern part of subzone. FPlate-5
shows the isotherms of annual temperatuzne. '

1.6  Soils

Ac shown in Plate~6, major portion of the subzone has alluvial soils of
recent origin excepting Tarai region and the plains on the North-Eastern side
between Rapti and Kosi rivers where Tarai and Calcarious alluvium soils are
encountered respectively. '

1.7 L Use

The plains of subzone -1(f) are fertile and cultivable, Most of the
parts are also irrigated. Forests are seen in a part of Tarai portion of the
subzone, Most of the land in the subzone is arable and well irrigated.
Plate-7 depicts the land use. .

1.8 Communications
1.8.1 Railways

The following railway sections partly or wholly traverse the area of
this subzone.

1. KATTHAR - SILIGURI N.F. Railway
2. GONDA - KATARTAGHAT N.E. "

22



3. GONDA — HANPARA N.E. Railway

4, GONDA = LUCKNOW ] W
5, GONDA - GORAKHPUR " "
6. LUCKNOW - KANPUR " "
7. KANPUR - KASGANT " "
. 8. MAU - AUNRTHAR " u
9. LUCKNOW - JAUNPUR N.R,
10. ALLAHABAD - RATIBARETILY N.R.
11. FRATAPGARH =~ ., VARANASI N.R.
12. SAMASTIFUR. =— DAREHANGA K.E. o
13, NARKATTAGANT - SAMASTTFUR " "
°  14. GORAKHPUR = EHATNI ‘ " n
~ “15. '  FPURNEA - SAHARSA , " "
U46..  JHANSI - KANPUR : ¥ C.R.
17. BALAMAD - SITAPUR N.R,
“ 18. _  LUCKNOW - BALAMAU N.R.
719, NARKATIAGANY - BH IKINATHAURT N.E. "
.20, GHAZIABAD -  KANPUR N.R.
21" LUCKNOW - MATLANT N.E. "
S BAREILLY > MATLANI ‘ " B
fml "23_ e VARANAST iz !II.!HI! BAD . "
1.8.2 -Highways .
The following National Highways are partly or fully passing through the
subzone
. 1. Grand Trunk Road - N.H.4.
2, Moradabad = Varanasi via Lucknow
3. Bareilly -~  Haldwani
4. Pilibhit -  Shahjahanpur
' 23



LIST OF HYDRO-METEOROLOGICAL SUB ZONES

Sub-Zone | Wame of subzone iflame of subzonei River basins included
I (designated earlier) i (designated | in the subzone.
i i now) i
1 3 - 2 i =3 i 4
1({a) Luni basin & Thar (Luni Luni Luni river, Thar (Iuni
& other rivers of Rajas- & other rivers of
than & Kutch) Rajasthan & Kutch and
Banas river)
1{b) Chambal basin Chambal Chambal river
1(ec) Betwa basin & other Betwa &ind, Betwa and Ken
tributories " rivers & other South
. tributories of Yamuna.
i
1(d) Sone basin & right {Sone Sone and Tons river &
bank tributories other South Bank briw
butories of Ganga.
1le) Punjab plains including Upper Indo- Lower portion of Indus,
parts of Indus, Yamuna, Ganga Elhinq Ghaggar Sahibi Yamuna,
Ganga and Ramganga basins Ganga and Upper portion
of Sirsa, Ramganga,
Gomti and Sai rivers,
1(£) Gangetic plains including Middle Ganga Middle Larnpn of Ganga,
Gomti, Ghagra, Gandak, Plains Lower portion of Gomti,
Kosi and other Ghagra, Gandak, Kosi
' and middle portion of.
Mahanadi basin.
1ig) Lower Gangetic Plains Lower Ganga Lower portion of Ganga,
including Subernarekha Flains Hoogli river system &
& other east-flowing Subernarekha.
rivers between Ganga
& Baitarani
2(a) torth Brahmaputra North Brahma- Horth bank tributories
basin. - putra of Brahmaputra river
and Balason river,
2(b) South Brahmaputra South Brahmapu- South bank tributories
Basin tra. of Brahmaputra river,
2(c) Barak and others Barak Barak, Kalden and
Manipur rivers.
3(a) Mahi, including the Mahi and Mahi and Sabarmati
Dhadar, Sabarmati and Sabarmati including Rupen &

rivers of Saurashtra
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Mechha Bhandar, Ozat
Shetaranijl rivers of
Kathiawad Peninsula.



v

4

2(b)

3(e)

3(d)

3(e)

3(£)

3(g)

3(h)

3(4i)

4{a)

4(b)

4(c)

5(a)

S(b)

Lower Narmada & Tapi
basin

Upper Narmada & Tapi
basin

Mahanadi basin inclu-—
ding Brahmani and
Baitarani rivers

Upper Godavari basin

Lower Godavari basin
except coastal region

Indrawati basin

Krishna subzone inclu-
ding Pennar basin except
coastal region

Kaveri & east flowing
rivers except coastal
region

Circars including
east flowing rivers
between Mahanadi &
Godavari

Coromandal coast inclu=
ding east flowing rivers
betwean Godavari &
Cauveri

Sandy Coroman belt (east
flowing rivers between

the Kaveri & Kanyakumari)

Fonkan Coast (west flowdng

rivers between the Tapd
& Panaji)

Lower Narmada
& Tapi

Upper Narmada
& Tapi

Upper Godavari

Lower Godavardi

Indrawati

Krishna
Kaveri

Upper Eastern
Coast

Lower eastern
coast
South Eastern

apast

Fonkan coast

Malabar coast (west Malabar coast

flowing rivers between
Kanyakumari & Panadji)

Lower portion of Nar-
mada, Tapi and Dhadhar
rivers,

Upper portion of Mar-
mada & Tapi rivers

Mahanadi, Baitarani and
Brahmani rivers

Upper portion of Goda-
vari basin

Lower portion of Goda-
vari basin

Indrawati river

Erishna & Pennar rivers
except coastal region

Kaveri river({except
coastal) region

East flowing coastal
rivers between deltas
of Mahanadi and
Godavari rivers

East flowing gcoastal
rivers=-Manimikta,
South Pennar, Cheyyar,
Palar, Morth Pennar,

Munneruy,
Palleru, Cundalakama
& Krishna Delta,

East flowing coastal
rivers Manmuther,
Vaigai, Arjuna,
Tamra-Parni

West flowing coastal
rivers between Tapi &
Mahdavi rivers.

West flowing coastal
rivers between Mahdavi
and Kanyakumari



1 Z 3 ' 2
6. Andaman and Nicobar Andaman &
Hicobar
T JE&K Fumson Hills Western Himalayas Jhelum, Upper portion of
{Indus basin) Indus, Ravi & Beas rivers

S Lucknow e Kanpur

B, Lucknow -  Gorakhpur wvia Faizabad

T Kanpur - Varanasi

8. Varanasi = Gorakhpur via Gazipur

9, Lucknow = Varanasi . .
10. Varansi = Shiliguri via M:,z-zaffarmr. Darbhanga and Purnea
1. Purnea - EKatihar
12. Siliguri - Malda
13. Siliguri - Darjiling
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2.0 DESIGN FLOOD, DATA AND THE METHOD ADOPTED FOR AMNALYSIS

2.1 Design flood

The Khosla Committee of Engineers had recommended a design floed of
50 year return period for fixing the optimum waterway of the bridges. The
design flood in other words may be defined broadly asa rational estimate of
flood discharge for the design of safe and economic structure across a river,
The Committee of Engineers had suggested that 50 year flood may be considered
as the maximum observed discharge from the yearly peak discharge records
available for not less than 50 years. Where the yearly peak discharge records
are not much less than 50 years, the 50 year flood may be obtained from
the probability method of peak discharges. In the absence of adequate data of
peak discharges, storm rainfall and runoff data for the selected catchments
shall be collected for a required period and detailed studies carried ocut to
derive the unit graphs for these catchments and to prepare stomm rainfall maps
for different durations. In this connection, the Committee had suggested to
develop a suitable ratinnal methodeology for estimation of 50 year flood
=ubzonewise based on application of storm rainfall to unitgraph. It has been
assumed that 50 year storm rainfall applied to unitgraph may produce a flood of
the same return peried (50-~year) as that of storm rainfall.

2.2  Data Reguired

For conducting the unitgraph studies, the following concurrent rainfall
and runoff data for a number of catchments of small and medium SiZes represen-—
tatively located in a subzone are regquired for a minimum peried of 5 to 8 years
during the monsoon season. .

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

i1} 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. Rain-
gauge stations are to be self-recording or manually operated.

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

v) Cross sections at the bridge site (gauging site) upstream and
downstream 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 Depart-
ment is also required.

2.3 Data Collected

The Northern, Central, North-eastern and North East Frontier Railway
under the supervision of Research and Designs Standards Organisation (RDS0) had
observed and collected the required data in section 2.2 for 41 catchments in
the Middle Ganga Plains subzone-1(f) for a period of 1 to 11 years for each of
the catchments, Central Water Commission on behalf of Ministry of Transport
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has also observed and collected the required data since 1981 for four catchments
in this subzone. The size of the catchments varied from 30 sg.km. to 4479 s5qQ.
%m, The location of the gauging sites at road and railway bridges in subzone =
1(f) are shown in Plate-2. IMD has collected the rainfall data of additional
raingauge stations maintained by IMD., CWC has also prepared the detailed plans
of gauged catchments showing information in section 2.2 (iv). Table-1 shows

e name, number of bridges, location of  the gauging sites, name of streams,
catchment areas, number of raingauges and period of availability of data

alongwith observational agency. RDSO has made available the data collected To
CWC and IMD for carrying out the studies.

2.4 Description of the Method Adopted

In this repor”, section-3 explains the procedure for obtaining the
synthetic unitgraph £ - ungauged catchments in subzone - 1(£).

Section-4 explains the procedure for obtaining the design storm input.

Section~5 explains the steps to be followed for obtaining a design
flood of S50=year return period. )

The adoption of synthetic unitgraph is recommended for ungauged catch-
ments or gauged catchment having inadequate data. However, for gauged catch-
ments with adequate data, representative unitgraph based on actual data should
be preferred. :



3.0 ANALYSIS FOR OBTAINING 6-HOUR SYNTHETIC UNITGRAPH

The synthetic unitgraph is a unitgraph of unit duration for a catchment
under study obtained from the relations egtablished between the physiographic
and unitgraph parameters of the representative catchments in a byﬂxu-matenrola-
gically homogencus region. In order to cbtain a synthetic unitgraph the
following steps have to be followed,

i) Analysis of physicgraphic parameters of the catchments.,

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

v) Computation of infiltration lpss ( # - index ) and 6 hourly rain-
fall excess units.

vi) Derivation of & hourly unitgraphs.
vii) Drawing of representative unitgraphs and measuring the parameters.

viii) Establishing relationships between physlographic and representative .
unitgraph parameters.

ix) Derivation of & hour synthetic unitgraph for an ungauged catchment.

The above steps are hriefly described as under :

3.1 . Analysis of Physiographic Parameters of the Catchment :

The representative catchments selected for the study were analysed for
physiographic parameters. The catchment parameters shown in Fig.1 are as under:

3.1.1 Catchment Area (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.

3.1.2 Length of the Main Stream (L)

This implies the longest length of the main river course in the catch-
ment. .

3.1.3 Eguivalent Stream Slope (8)

Longitudinal section (I-section) of the main stream was prepared from
the values of the contours across the stream and the spot levels near the
banks with respect to their distance from the point of interest/gauging site.

A line is so drawn by trials 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. Alternatively, the L-section
may be broadly divided into 3 to 4 segments representing the broad ranges of
the slopes of the segments and the following formulae may be used to calculate
the eguivalent slope (S) :
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ihi (D, 4 + Dy )

S np--lllqi;oiloiiitail“]
2
(L}
Where Li = Length of the ith segments in km.
Di—1, D_ = The depth of the river at the point of inter section of (i=1)
o and ith contours form the base line (datum) drawn at the level
of the point of study in meters.
L = The length of the longest stream pg'defined in section 3.1.2 in

kin.

cut of 45 gaug:d catchments, the physiographic parameters A, L and S
were estimated only for 25 catchments which were found suitable for analysis.
These parameters are shown in Table =2, -

3.2 Scrutiny of Data and Finalisation of Gauge Discharge Rating Curve

The data was scrutinised through arithmatical checks. The gauge
{stage) vs. area curves and the stage vs. velocity curves were prepared'tn
identify the outliers and reconcile the data in the plotted points of the stage-
discharge curves. At many places, the average trends of the stage-area curves
and the stage velocity curve was used to obtain the discharges at various
levels. Where wide dispersion were not observed in the stage-djischarge curve,
log-log fitting was adopted. The stages for conceivable floods were converted
into discharge 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
catchment 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 one cm.

144) The runoff resulting from particular storm should not be less than
about 15% of the gross rainfall.

3.4 Computation of Hourly Catehment Rainfall

The Theissen network was drawn for the rain gauge stations on the
catchment map and then Thiessen Weights wore computed. The hourly point rain-
fall at each station was multiplied with their respective Theissen weights and
added to obtain the catchment rainfall for each one hour duration during the
storm period. Six hourly catchment rainfall units were estimated by adding the
successive hourly rainfall units.

3.5 Separation of Base Flow

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

3.6 Computation of Infiltération Loss (§ Index) and 6~-hourlv Rainfall Excess
Unit

With the known values of &-hourly catchment rainfall in section 3.4 and
the direct runoff depth in section 3.5 for each flood event, the infilteration
loss (constant loss rate) by trials was estimated to obtain the direct ronoff
depth. The 6-hourly infilterationloss was deducted from the 6=hourly rainfall
to get the &-hourly raianfall excess urits, ’

.7 Derivation of & hour initgraphs

A unit duration of 6~hours was adopted for derivation of unitgraphs to
reduce computational work as the floods from the catchment with Flat slopes
were of long duration. The & hour unit graphs were derived from the rainfall
excess hyetographs and their corresponding direct runoff hydrographs by
iterative methods. The iterations were carried out till the observed and esti=-
mated direct runoff hydrographs compared favourably. Normally 5 to 15 unitgraphs
are derived for each of the 25 catchments considered.

3.8 Drawing of Representative Unitgraphs

The representative unitgraph is the unitgraph which reproduces, in
reasonable limits, the direct surface runoff hydrographs corresponding to their
rainfall excess of the storm from which it has been obtained. Representative
6 hour unit graphs were drawn from a set of superimposed 6 our unitgraphs for
each of the 25 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 unitgraph are t_, tp' Tm,gp
ap, We,. W ., Wﬁ-ﬁu, Wﬁ-?s and T . These parameters for 25 catchments are
listed in fPable-3. »

3.9 Establishing Relationchips between Physiographic and Representative
Unitgraph Parameters.

Physiographic parameters like L, Ic, S and A and the parameters of the
& hour unitgraph like wp, 0 , Ty W 0. W1 WR_5ﬂl aR-TE for 25 gauged catchments
out of 45 catchments in subgone-I{f? were éstimated as shown in Table-2 and 3
respectively. The reasons for eliminating the 20 catchments in this study are
indicated in Table-1. Following gimple model was adopted for establishing the
relationships between these parameters :

E = C xP"'-"FI""'I‘.-I---o'lll3-9-1

Where

Y = Dependent variable

X = Indgpendent variable

c = A constant -
P An exponent

From equation 3.9.1, it follows that
Log ¥ =Iog C 4+ P log Xeveveowa..3.9.2
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Thus if ¥ and X are plotted on 2 log-log paper, one may expect a
straight line relationship.

Varicus trials of relationship between the physiographic parameters and
one of ‘the unitgraph parameters themselves were made. The relationship between
the physiographic parameter {1’-"-.'”5] and unit peak discharge of the U.G.

"Eqpf! was found to be significant. Similarly the relationships between gp were
individually found to be significant with the U.G. parameters of tpy W50, W75,
Wp-30and Wi~75as dependent variables. The time base {TH) could be significantly
correlated to (tp). Principle of least squares was used in the regression
analysis to get the above relationship in equation 3.9.1 above to predict the
parameters of the synthetic unitgraph in an unbiased manner.

The following relationships have been derived for estimating the 6 hour
unitgraph parameters in the subzone 1(f).

sl. Relationship Corr, Equ. Fi
Ko. Coeff. No. No.
1. T - ﬂ.auafu,/fs',ﬂ.ﬁa 0.79 3.9.3
2. = 1.217/gpy 7034 © 0-85 3.9.4 4
3. Wog= 1.743/(gp) "% 0.99 3.9.5 5
a. W= 0.902/(qp)’*10® 0.97 3.9.6 6
5. HR50=H.?3ﬁfrqun'gza 0.86 3.9.7
- HR?SHD"”B”@}D-BQZ 0.83 3.9.8 8
7. T =16.432 x (tp)0-54® 0.85 3.9.9 9

= X
2, gp X A

& 2
Tm tp + tr/

The above relationships may be utilised to estimate the parameter of
6 hour synthetic unitgraph for &n ungauged catchment with its known physiographic
parameter L, & and S.

3.10 Derivation of & hour synthetic unitgraph for an ungauged catchment.

Considering the hydro-meteorological homogenity of subzone -1(f), the
relaticns established between physicgraphic and unitgraph parameters in section
3.9. are applicable for derivation of 6 hour synthetic unitgraph for an
ungauged catchment in the same subzone.

The steps For derivation of 6 hour unitgraph are:

i) Physiographic parameters of the ungauged catchment viz. the
catchment area (A}, length of the longest stream (L) and equivalent
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stream slope (8) are determined from the catchment area plan. ig?;——
is calculated. 3

in the .9,
ii) Substitute E{}ﬁ! n i?ﬁ;i?nn 3.9.3

qp = O.éﬂﬁfiﬂ 5 )

to obtain qp in cumec/sg.km.
Then = X A in cumec |
% %

iii} Substitute qp in eguation 3.9,4

1.034
t- = 1.217/ )
P (a,
to obtain tp in hours and then round off to nearest ‘one hour
= +
ﬁm ; tp trfz

- + = 3
1:P 6/2 {tp + ) hour

for unit duration of unitgraph (t:) = & hours.
The values of tP and I; may be adopted for calgulated value of t

falling in various ranges of tp. a8 shown in Table A-3 under AF“APPIICHI§LHT
tp and Ih is so adjusted to make Th a multiple of 6 hours without much affeecw -
ting the value of 50-year flood,

iw) Substitute qp in the following eguations 3.9.Lto 3.9.8 to obtain

"s0* W50 Wpsg and W, in hours.
W, o= 1-?43f[qp]1'1ﬂ4
We o= u-auzxtqp}1‘1“3
"RSO = 0.736/(q )% 928
Weps = 0-478/g.) 0.302
v) Substitute tp in eguation 3.9.9
TB = 16.432 %= {tp!'U'ﬁ“E to obtain ']I'B in hours.

”50' W?s’
WRED'wR?5 on a graph paper as shown in illustrative fig.2 and

vi) Plot the parameters of 6-hour unitgraph viz, Th, Th, Qp.

sketoh the unitgraph through these points, The discharge ordinates
{Qi) of the unitgraph at 6-hour {tr] interval are summed up and the

direct runoff depth (d) in cm. is obtained from the following ‘equa-
tion 3.9.10

0.36 = £Qi ® Ot

.
d - A
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H
1]
o9
n

depth of direct runoff in cm.

(i = Discharge ordinates at 6-hour interval (cumecs)

.
[

Catchment area in sq.km.

In case the depth of runoff (d) for the synthetic unitgraph drawn is
not egqual to 1.0 cm., then suitable modification may be made in falling limb
‘of the unitgraph to obtain 1.0 cm depth of runoff.

i. 1 Design loss Rate

Surface runoff cccours when the gross rainfall has met with the losses
due to infiltration, evapotranspiration etc. Since each and every parameter
can not be observed at various locations, there is perhaps no other alternmative.
tut to adopt an average value of loss rate representing all the abstractlons.

Variations due to the soil condition and topography alongwith the spa fal
variation in rainfall make it "a complex phenomenon. In this report, the
loss rate study-based on ¢ index approach using the actual data of flood
hydrographs provided guidance in arriving at the design loss rate. In Table-4
the ranges of loss rate are presented against the number of events falling in
each category for each catchment. There could perhaps be two alternatives.
Ooe was to adopt the lowest value of loss rate and the second to adopt the
modal value of loss rate. Since this report is intended at providing 50 year
estimates which may not be & very rare event when considered from design point
of view. A modal value of design loss rate of 3.0 mm per hour is recommended
for adoption.

3.12 Base Flow for Design Flood

The number of events with wvarious ranges of base flow are shown in
Table-5. Out of 158 number of f£lood events, 87 flood events fall in the range
of 0.01 to 0.09 cumecs per sqg.km. An average value of base flow of 0.05 cumec
per sg.km. is recommended for adoption in the subzone.
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BASIN CHARACTERISTICS SUBZONE - 1(f) able — 2
sl. Bridge C.A. L. 5 S / S
Mo, Ho. Sq.Km. Km. m/km . fj—g‘_
1 2 3 4 5 6
1 “ 4479.10 286.58 0.62 363.96Y
"2 ~T9 2472.40 227.20 0.126 640.06
3 AT 72,25 66.00 0,140 176.39
4 v’ T 673.40 110.50 0.125 312.54 J
5 w187 670.39 53.43 0.145 140.31 v
& 30 447,76 56,83 1.79 42,48 ¥
7 v 152 299,53 27.03 0.048 123.37 vV
8 « 48 234.11 40.63 5.099 17.99
9 33 192.40 _ ., 35.82 0.258 70.52
10 <18 -f_.?h__._a-wn.-m voo43.47 0,144 114,55
i1 «7 3(i) 146,70 34.00 0.344 57.97
12 v 85 136.70 20.53 0.276 39.08
13 ~ 20 130.00 45,00 0,70 53.79
14 8 122,24 28.96 0.319 51.27
15 ~ 66 72.26 14.89 0.65 i 18.47
16 ey 69.75 15.00 0.78° 16,98
17 w141 59.83 41.06 0.31 73,75
i8 59 = 54,39 18.02 0.583 23,60
19 ~/ 459 48.07 10.14 1.36 8.69
20 v 23 47.91 12.33 0.467 18.04
21 <3 39.30 7.75 1.37 6.62
22 4 by 34.05 13.06 0.35 22.08
23 3 32.89 6.84 0.53 9,40
24 ~ 55 32.37 13.15 0.72 15.50
25 < 83 30.56 9.65 1.203 8.80
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FIG.|

L- Section I

£ ofoi~ )i
ml=
S J.._Ez._.___
Where:S = EQUF\F?"IETFIS‘ITEM' Slope {7 km)
L =Length of longest stream course (km)
li=hilzslzs------In aSegment lengths(km)
e;=€;;€z+----... en=COntour e{eévation \m)
D, =D0sD+D2r - -Dn
s(eg €o).€1-€o) (82~ €o) " len” 801 (m)

A =Cafchment orea(km?®)

'GOVERNMENT OF INDIA
CENTRAL WATER COMMISSION
HYDROLOGY {SMALL CATCHMENTSIDTE.

PHYSIOGRAPHIC PARAMETERS]

DRAWM CHECKED
A.N.SHARMA AK.GHOSH




3 FIG. 2

Q{Cumecs)

.2 3 4 5 6

U.G. =Unit Groph :

*i.- s i = Unit Rainfall Duration adopted in a specific study (hel.

“rm - iTime from the'start of rise to the peak of the U.G:thA.

Qp =Peak Discharge of Unit Hydrograph (cumecs).

tp =Time from the centre of rainfall excess durdation fo the U.G.Peokihc)|

Wsp =Width of the U.G.measured ot 50% of peok discharge ordinatethc).

W =Widhh of the U.G. measured ot 75% of peak discharge ordinate thr).

WRs50 =Width of the rising limb of U.G. measured ot 50% of peak d‘mdm‘p
ordinate (hr.).

WR75 =Width of the rising limb of U.G. measured at 75% of peak
discharge ordinate (hr).

Tg =Base width of Unit Hydrograph (hr).

A = Catchment Arealsq km. GOVT. OF INDIA

Qp/A = cumec per sq.km. CENTRAL WATER COMMISSION
fp=ipdis g 4 HYDROLOGY (5.C) DIRECTORATE

UNIT GRAPH PARAMETERS

DRAWN CHECKED
Iﬂg;‘,"ﬂn ML C.L.BAJAJ
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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 meteorological factors deciding the design flood peak and
the shape of the design flood hydrograph. ‘This input has to be converted into
rainfall excess 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, The design storm
duration {TDJ for a catchment may be adopted as per Table A-3 depending upon

the range of tp calculated from equation 3,9.4.

4.2  Rainfall Depth Duration Frequency Studies

India Meteorological Department have conducted this study on the basis .’
of 26 self-recording raingauge stations and 208 ordinary raingauge stations |
maintained by IMD/States and 15 SRRG stations maintained by Railways in 6
bridge catchments in subzone - 1(£). ,-"'I

- The annual maximum series for all the ordinary raingauge stations in

and arcund the subzone were computed for each station from the daily rainfall
data of the stations for the period varying from 50 to 70 years of records.

The annual extreme value series was subjected to frequency analysis by Gumbel's
extreme value distribution and the rainfall estimates for S0-year return periods
were:computed. The daily values of rainfall estimates were converted into
24~hour rainfall estimates by using the conversion factor of 1.15. These 24~hour
.rainfall estimates for all the stations in the subzone were plotted on a. base .
map :bﬁiéﬁﬁé‘@ﬁihzune and isopluvial map of SO-year return period was drawn and
shown in plate-8.

The hourly rainfall data recorded by 26 SRRG stations maintained by
1.M.D. for the period were processed by frequency analysis (partial duration
series method) and the rainfall estimates for S50-year return period for speci=
fied duration namely 1,3,6,9,12,15,18 and 24 hours were computed,

The ratios of short duration of 1,3,6,9,12,15 and 18 hours rainfall g
estimates with respect to 24-hour rainfall estimates were worked out for all
the SRRG's stations in the subzone. The average value of the ratio for each
specified duration was computed for the basin assuming the basin as a unit.

The average ratios for durations of 1,3,6,9,12, 15 and 18 hours with
t - i =
respect to 24~hour rainfall are as undex B s 50 T

Duration Ratio 50-yr, 24-hr, point rainfall
24 1.00
28 0.94
15 0.89
12 .82
) 0.75
[ 0.65
3 0.50
1 0.3
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Fig.10 shows the ratios for short durations point rainfall with respect
to 24=-houx point rainfall.

The short duration rainfall estimates for various short durations
(1,3,6,9,12,15 and 18 hours) can be computed by using the respective ratios.
The value of 24~hour rainfall estimates for a particular station for S0-yr.
return period can be interpolated from Plate-8 and the short duration rainfall
estimates can be obtained by multiplying with the corresponding ratio for that
particular short duration obtained from Fig.10.

4.3 version o int Are Rainfall

The short duration rainfall data of only 6 bridge catchments were used
for this study. The data of remaining bridge catchments could not be utilised
as the period of data was less than 4 years and concurrent years data were not
recorded over the stations in a bridge catchment., 2-yr. point rainfall values
for specified duration for each station in the catchment were computed by fre-
“guency analysis. Arithematic average of 2-yr. point rainfall of all the stae
tions in the catchment was calculated to get the 2-yr. representative point
rainfall for the catchment., Events of maximum average depth for a particular
duraticn in each year were selected on the basis of simultaneous occurrence of
rainfall at each station in the catchment. The areal rainfall series thus
obtained was subjected to freguency analysis and 2 yr. areal rainfall depths
for specified durations were computed. The percentage ratio of 2 yr., areal
rainfall to 2-yr, representative point rainfall for ‘the catchment was calcu-
lated and plotted against the area of the catchment of various durations. The
best fit curves were drawn for specified durations on the points cobtained for
all the catchments. Curves pertaining to percentage ratio of areal to peoint
rainfall vs, catchment area for storm durations of 1,3 & 6 hours are shown in
Fig."11(a) and similar curves for durations of 12 and 24 hours are shown in
Fig, "11(b). The -areal reduction factor (ARF) for 1-hr., 3=hr., 6-=hr.,, 12-hr.
and 24-hr. for areas ranging from 50 to 4,500 sg.km. are given in Table-6,

4.4 Time Distribution of Input Storms

The study of time distribution of short duration rainfall has been
carried cut by IMD for the following categories of durations:

1. Rain storm of 2 to 3 hours

2. PRain storm of 4 to & hours

3. Rain storm of 7 to 12 hours

4. Rain storm of 13 to 18 hours

5. Rain storm of 19 to 24 hours

About 3240 rain storms of various durations upto 24 hours occurring in
various parts of the subzone were analysed based on 216 station year data.
Rain storm selected at such stations were grouped under the above 5 categories

and plotted on different graphs on dimensionless curves with cumulative percen-
tage of total rainfall along the ordinates and percentage of storm duration

along the abscissa. Thus, Eive different graphs were prepared for each station

corresponding to various durations and were then examined. The average time
distribution cutves for the various durations were drawn for each station. All
the average curves for the stations thus obtained were plotted on a single
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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), (b), {c), (@) and (e}.

4.5 10 ear 24-hour Point Rainfall Ma

Under earlier Section 4.2, Rainfall Depth Duration Fequency Studies
§0-yr., 24-hour point rainfall map in plate-3 and S0~year short duration point
rainfall to 50-year 24-hr, point rainfall ratios for conversion of 24-hr. point
rainfall to 1,3,6,9,12,15 and 18 hrs. were provided for estimation of S0-year
flood.

However, those interestedin the design flood (100-year flood) 100-year
24-hr. point rainfall map is shown in plate-9. To obtain 6,9,12,15 and 18 hrs.
from 100-year 24-hr, rainfall, the ratios given in Section 4.2 may be used.
Similarly, Sections 4.3 and 4.4 may be used for conversion of point to areal
rainfall and ‘time distribution of input storm respectively. Synthetic unit-
graph, design loss rate and base flow will remain the same as in the case of
S50~yxr . £lood.

4.6 Froceduré for Estimation of Design Storm Rainfall

-

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

Step (1): Estimate = 0.409/(L/ /5 Jﬂ'drﬂﬁ by substituting the known values
of L and S for the caftchment. Then substitute the calculated value of in
the equation t_ = 1.217}{%}1-“34. The value of t may be rounded off “to the
nearest one hn&r. P

The design stom duration T, is equal to 1.1, t_. For the purpose of
actual computation the values T for different ranges of t {for estimating the
50=-yr. 24-hour storm rainfall érm the izopluvial map) sholin in the following
table may be adopted.

tp range Ty
(hrs.) {hrs,)
3 to 5 6
& to 11 12
12 to 17 18
18 to 72 24

Ste 2): Locate bridge site/catchment area under study on the S0=-yr., 24-hr.
rainfall isopluvial map (plate-8) and obtain the 50-yr.24-hx. point rainfall
value.

Step (3): Read the conversion ratio for 'J.‘D hovrs from Fig.10 and multiply the
24~hour rainfall in Step-2 by the ratio to obtain the S50-year 'I‘n-hmlr point
rainfall.

Step (4): Convert the 50-yéar T -~hour point rainfall to 50-year T -hour areal
rainfall by multiplying with the areal reduction factor {ARF) corresponding to
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catchment area under study and for TD hour duration from Table-6 or by
interpolation from Fig.11{(a) and 711(b) in Section 4.4,

Step (5):Apply the cumulative percentage of total rainfall against the cumula=-
tive percentage of storm duration curves in Fig. 12(a}, (b), (e), (d) and (e}
corresponding to design storm duration, TD to obtain the depths at é-hours

interval since the unit duration of synthetic U.G. is &-hours.

Step (6): Obtain the 6-hourly rainfall increments from subtraction of Suces-
sive B=hours cumulative value of rainfall in Step-5.
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5,0 . ESTIMATION OF DESIGN FLOOD FOR AN UNGAUGED CATCHMENT
The following procedure is recommended:

Step (1): Determine the Synthetic Unitgraph vide Section 3.9 and 3.10

Step (2): Determine the design storm rainfall input vide Section 4.0

Step (3): Adopt the design loss rate of 0.3 om/hr. vide Section 3.11.

Step (4): Obtain the hourly rainfall excess units upto the design storm duration
TD by subtracting the design loss rate of 1.8 cw/6-hr. from the &-hourly rain-

fall increments in Step-6& of Bection 4.6.

Ste 5): The peak pericd {'I.'m} value is having even number (i.e. multiple bf &
since the unit duration iz 6 hours).

Pabulate the U.G. discharge values obtained from Step-1 at &-<hour
intervals,

Arrange the rainfall excess increments against the 6-hourly Synthetic
U.G. ordinates such that the maximum value of rainfall excess comes against the
peak discharge of Synthetic U.G., the next lower value of rainfall excess
increment comes against the next lower discharge ordinate and so on upto TD-
hour duration.

The sum of the product of unitgraph ordinates and the rainfall excess as
tabulated above gives the S0-year flood peak value after due addition of base
flow in Step-9.

However, the subsequent Steps-6 to 10 should be followed for computation
of design flood hydrograph.

Step (6): Reverse the sequence of rainfall excess increments obtained in Step-5
which will give the critical seguence of the rainfall excess,

Step (7): Multiply the first 6-hour rainfall excess with the Synthetic U.G.
ordinates at 6-hour interval which will give the corresponding direct runoff
ordinates. ILikewise repeat the procedure with the rest of the &-hourly rain-
fall excess increments giving a lag of 6-hours to successive direct runoff
“ordinates.

Step (B): Add the direct runoff ordinates at &é-hours interval to get the direct
runoff hydrograph.

Step (9): Obtain the average base flow of 0.05 cumec/sq.km. vide Section 3.12.
Multiply average base flow of 0.05 cumec/sq.km. with the catchment area under
study to get the total base flow.

Step ;‘I_EI‘.I: Add the total base flow to the direct runoff ordinates at &-hour
jinterval in Step-8 to get the 50~year flood hydrograph.Plot the hydrograph.

47



6.0 ASSUMPTIONS, LIMITATIONS AND CONCLUSIONS

6.1 Assumptions

6.71.1 It is assumed that 50-year return period storm rainfall produces 50-year
floecd. :

6.1.2 A generalised conclusion regarding the base flow and loss rate are
assumed to hold good during the design flood event.

6.1.3 Likely spatial non-uniformity of rainfall due to oblong shapes of most
of the catchments has been assumed to be uniform for unitgraph studies.

6.1.4 The hydrological data has been collected in various representative
catchments for periods-.generally ranging fram 2 to 11 years during the
years 1960 to 1982. Consequent to manmade changes in the catchments and
river courses, the pattern of floods had changed considerably. The
slope of the land is also very flat in most parts of the subzone and
spilling and spreading of flood water are guite common. The results of
the analysis contained in the report generally represent the above
complex conditions. Due to abgve factors, the critical design storm
duration has been judiciously limited to a maximum value of 24 hours,
The data used for storm study had also jndicated that the mmber of
storms of more than 24 hours doration are negligible. Therefore, for
values of estimated design storm duration {!I'.'D] more than 24 hours, y

the adopted design storm duration shall be limited to 24 hours.
6.2 Limitations

6.2.1 The data of 25 catchments has been considered for developing generalised
approach for a large subzone. Due to inconsistencies of data and mon-
availability of suitable floods, about 50% of the gauged patchments
could not be utilised for developing relationships. This may have
introduced some limitations in the study. However, for more reliable
relationships, data of more suitable catchments would be desirable.

6.2.2 The method would be applicable for reasconably free catchments with the
interception, if any, limited to 20% of the total catchment. For cal-
culating the discharge, the total area of the catchment has to be con-
sidered. S

6.2.3 The approach developed mostly covers the catchments with flat to
woderate slopes., For foothill catchments (steep slopes) suitable
increase in the calculated peak discharge should be given.

6,3 Conclusions

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

6.3.2 The report is generally applicable for the catchment areas ranging from
30 sqg.km. to 4,500 sq.km. However, individual site conditions may
necaessitate special site study. Engineer-in—charge at.site is advised
to take apragmative view while deciding the design discharge of a bridge.
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AREAL TO POINT RAINFALL
RATIOS ( PERCENTAGE)

TABLE - &

Area 1 hr 3 hr. & hr. 12 hx. 24 hr.
;S_q B,

50 88 a3 a5 96 97
100 80 87 20 94 96
150 T4 B2 87 92 95
200 - Vi) B4 30 93
250 - 73 82 B8 92
300 - 71 B8O a7 a1
350 - - 78 B6 90
400 - - 77 85 89
450 - - 76 B4 B&
500 - - 76 83 87

_GDG - - - B 86
700 - - - 79 84

BOD - - - 78 83

900 - - - 17 B2 -
1000 - - - 76 81
1200 - - - 74 79
1400 - - 2 = 78
1600 - = & = 77
1800 - - - - 76
2000 - - - - 75
2200 - - - - 75
2400 - - - - 74
4500 - - - e 74
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7.0 APPLICATION OF SUBZONE-1(f) REPORT TO FLAIN
AREAS OF LOWER GANGA FLAINS SUBZONE-1(g)

Lower Ganga Plains subzone-1(g), previously designated as Lower Gange-
tic Plains subzone-1(g), mainly consists of two distinct parts; hilly areas of
Damodar and Subernarekha Basins, and the remaining plain areas, Bifurcation
of hilly and plain areas in subzone-1(g) is shown in Plate-10. Report on sub-
zone-~1(g) was published and circulated since 1978, Synthetic unitgraph rela-
tions were developed for subzone-1(g) on the basis of storm rainfall and run-
off analysis of railway bridge catchments having statistical slope steeper to
moderate in the hilly areas of the subzone, Small and medium catchments in
the plain areas of subzone-1(g) could not be gauged for concurrent rainfall
and runoff data and as such the data was not available for analysis, Undexr
this constraint it was assumed that the synthetic unitoraph relations developed
for catchments with steeper to moderate slopes may be applied to the plain
areas of subzone-1(gl.

Flood Estimation Report for the Middle Ganga Plains subzone-1(£f)
comprises almost of plain areas with £lat slopes. The plain areas of lower
Ganga Plains in subzone-1{g) as demarcated in Plate-10 are alluvial plains
resembling the plain areas of the Middle Ganga Plains subzone-1({f). Isopluvial
pattexns of storm rainfall for different return periods and -for shorter dura-
tions are more or less similar for the plain areas of subzone-i(f) and 1(g).
Synthetic unitgraph relations developed for subzone-1(f) may be reasonably
assumed to apply also to the plain areas of subzone-1(g) as shown in Flate-10.

T Application of Subzone-1(f) Report

For estimation of 50-yr. flood for ungauged or :nadeguately gauged
catchments in plain areas of Lower Ganga Plains subzone-) {g), stepwise procedure
in the illustrative example (subzone-1({f)}) with the following relevant sec-
tions, plates and figur2s in the Flood Estimation Reports for subzones-1(f)
and 1(g) may be followedl.

Step Illustrative Example Report with ERelevant References

No, stepwise~1(f) Report
1 2 3
1 Preparation of catchment 1{f) catchment location in plain
area plan, areas shown in plate-10 - Sections
3.1 and 3.7.1
2. Determination of physio= 1{f) - Seections 3.1, 3.1.1 to
graphic parameters, 3.1.3
1 Determination of unitgraph 1(E)
parameters
(i) By using synthetic relations 1({£f) = Table A-2, A-3, Sections
3.8, 3.9 and 3.10.
{ii} By using Coaxial Diagram 1(f) = Fig, A-2,
4. Preparation of 6-hr. synthetic 1(£) - Section 3.10
unitgraph.
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Se Estimation of Design 1({f) = Table A=3, Section 4.1
Storm Duration.

6. Estimation of point rainfall 1{g) - point-rainfall vide Pigs,12
and areal rainfall. to 21 in conjunction with Plate-10
of 1(f} showing demarcation of
plain areas. Areal rainfall -1(f)
table under Section 4.2 or Figs.
11-A and 11-B. Table A-4,

i Time distribution of arsal 1{f} - Fig.12. Section 4.4
rainfall.

8, Estimation of rainfall excess 1 (f)=Section 3,11
units.

g, Estimation of base flow 1{f) = Section 3,12

10. Estimation of design flood 1{f) - 5tep=5 of Section 5.0
(peak only) :

11. Computation of design flood 1(f) = Steps & to 7 of Section 5.0
hydrograph.

It may be seen from the above that the methodology for estimation of
50-yr. flood for plain areas in Lower Ganga Plains (Plate-10) based on the
"Flopd Estimation Report for Subzone-1(f£)" using all its Tables, Figures and
Plate-10 may be followed except estimation of the 50-yr. point rainfall maps,
of different durations depicted in Figs. 12 to 21 in the report of Lower Ganga
Plains subzone-1(g).

Tal Application of Flood Formula in Subzone-1({f)] Report

Following 50-yr, flood formula developed for subzone-1(f) may also be
applied to the plain areas of Lower Ganga Plains subzone-1(g):

0.456

9 = 0,402 KA R (_/S/L)

50

In the above formula, R (50-yr. peint rainfall) may be obtained from

Figs,12 to 21 of 1(g) report corresponding to design storm duration T, obtained

from Table in Step (3) of "Application of Flood Formula" after caleulation of
tp in Step (2). All the other parameters like A,L and 5, and also coefficient

K are same as given in "2. Application of Flood Formula" in subzone-1(f)
report.
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