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FOREWOQRD

A large number of bridges were designed and constructed in this country
in the latter half of the last ciéntury on the basis of technical knowledge and
with the data then available, Engineering Hydrology in this sphere had since
advanced considerably, The Govermment of India in the Ministry of Railways
decided to set up a Committee of Engineexs in March 1957 to investigate and
review the methods of estimating the design discharge from catchment areas 1in
order to determine the waterway of bhridges.

The Cotmittee of Engineers in thelr report in October, 1959 had recom-
mended the systematic collection of reguisite rainfall and runoff data of
catchments all over the country for the preparation of flood estimation
reports for hydrometeorologically homogenous regions/zones in the country under
lomg term plan-using the raticonal methodology of unit hydrograph and design
storm rainfall. The Committee's recommendations were accepted by the con-
cerned Ministries of the Govermment of India.

The rainfall and runoff data of the Railway bridge catchments has been
collected all over the country by the Ministry of Transport (Railways) under
the gverall guidance and supervieion'of the Résearch Designs and Standard
Organisation in a phased manner and the Ministry of Transport ([Surface) is
alsc collecting similar Jata through Central Water Commission. This data is
being supplied to Hydrology (Small Catchments) Directorate of Central Water

Commission for analysis and study to prepare the flood estimation reports
under long term plan.

Studies are underway for rational and scientific estimation of floods
for safe and yet economic design of structures, Such studies in the form of
Flood Estimation Reports for the ten subzones fout of 24 sub Basins proposed)
have been published and circulated to user agerncies.

This report presents the studies for Upper Godavari Subzone-3i{e),
which was discussed and approved by the Planning and Coordination Committes in
its 43rd meeting held on 2ist and 22nd January, 1986 at Pune. The rainfall,
gauge and discharge data of selected catchments in Upper Godavari was collected
by the Central Railways.

The report is a joint effort by Central Water Commission of the Minis-
try of Water Resources, Research Designs and Standards Organisation of the
Ministry of Transport (Railways), Roads Wing of the Ministry of Transport
(Surface) and India Meteorological Department, in pursuance of the recommen-
dations of the Khosla Committee of Engineers. Review of the reports may be
possible in the light of advancements in refined technigues in due course when
pertinent data becomes available.,

This represents land mark in 'the country in the field of Hydrology of
small and medium catchments,

sd/-

(M.K. SARMA)
MEMBER (WATER PLANNING), CWC



FREFACE

The design engineer essentially requires design flood for the design
of waterways and foundations of the bridges, culverts and other cross drainage
structures like acquaducts etc. for safely negotiating the design flood con-
sistant with economy and safety of the structures., The study of flood hydro-
logy of rivers, therefore, becomes absolutely necessary for estimation of
design flood at the point of study.

The road/railway and irrigation canal networks cross a large number
of small and medium size streams with bridges and cross drainage structures
on them., For determining the waterway of bridges and their depth of foundar
tions the design flood of specific frequency are reguired. Detailed hydrolo-
gical and meteorological investigations for a large number of small and
medium catchments upto each and every new site and for adequate periods is
not possible due to economic constraints. 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 required return pericd of stream at the point of
study with sufficient care. A casual approach can lead in extreme caseés to
loss and destruction of structure due to floods of magnitude higher than

expaected or over design of structures leading to uneconomical and problematic
situation.

In the early years, design discharges were calculated by well known
empirical formulae viz: Dickens, Ryves, Inglis and Ali Nawaz Jung etec., 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 fram his experience., Even intensity of the storm rainfall which is
a prime factor responsible for the floeod 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 flood peak of desired freguency 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.N, Khosla
have recommended "_ systematic and sustained collection of hydrometeorological
data of selected catchments in different climatic zones of India for eveolution
of a rational approach for determination of flood discharges”. The committee
felt that design discharge should be maximum flood on record for a period not
less than 50 years. Where adequate records are available extending over a
pericd of not much less than 50 years, the design flood should be 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
meteorclogical characteristics obtained on the basis of design storm. Accor-
dingly in this repcrt, a method based on synthetic unit hydrograph and design



rainfall has been evolved to represent physiographic and meteornlcgical charac—
teristics to estimate the design Flood.

Based on the studies made utilizing the data of representative catch-

ments, the following preliminary and subzonal reports have been brought out so
far.

Under Short Term Plan

Estimation of Design Flood Peak No.1/73 (Preliminary)

Under Long Term Flan

Sl.N0., - Subzone ’ Report . No.
1. Lower Gangetic Plains subzone-l(g) . 2/1974
2. Lower Godavari subzcne—étf] ] 3/1980
B Lower Narmada & Tapi subzone-3(b) . LNT/4/1981
4, Mahanadi subzone-3(d) M/5/1981
5. Krishna & Penner subzone-3(h} ®SB/1982
6. Upper Ngxmaaa & Tapi Subzone-3(c) UNT/7/1983
- 1 South Brahmaputra Basin subzone-2(b) SBSB/1984
8. Upper Indo-Ganga Plains subzone-|(e) - UGP/9/1584
9. Middle Ganga Plains subzone-1(f) MEERS1D7/1984
10. Kaveri Basin subzone-3(i) KEB/11/1985

The present report for Upper Godavari Basin is the culmination of the
coordinated efforts of Central Railway, Reséarch Directorate (EEF Wing) of
R.D.5.0,, Hydrology (Small Catchments) Directorate and SC&WRS Cell of Cential
Water Commission, Hydromet Directorate of India Meteoroldgical Department and
Ministry of Transport [Surface).

The present report deals with the estimation of 50-yr. flood for small
and medium catchments in Upper Godavari Basin subzone-3({e) based on 50=-yr.
design stoxrm rainfall and synthetic unitgraph. Besides, 25-yr. and 100-yr.
24~hr. storm rainfall maps of Upper Godavar:i Subzone have .been incorporated in
the report for estimation of 25-yr. amd 1DP7yr-Lflnod using the same procedure,

The report necessarily begins with 25-yr,, 50-yr. and 100-yr. flood
formulae to create interest in the users for estimation of 25-yr., 50-yr. and
100=yr. flood for ungauged catchments for preliminary designs with minimum
effort. These sets of formulae are based on multiple regression method giving
more or less the same results with lesser accuracy as compared to the detailed
method.

(i)



“Application of the Report” with an illustrative example based on (I)
simplified and (II) detailed approaches is incorporated in the report after
“Introduction” for gquick and correct understanding of the users. The basic
theory behind the flood formulae by both the methods is covered in the simpli-
fied approach.

Subsequent parts of the report deal with the general aspects of the
Upper Godavari Basin subzone, nature and availahility of data, analysis of
storm rainfall and floods, derivation of synthetic unitgraph with synthetic
unitgraph relations, base flow, infiltration losses, design storm rainfall and
procedure for estimation of desiqn flood peak as well as hydrograph. The
repﬂmt finally ends with the assumptiuns and conclusions,

This report is recummﬂﬁded for estimation of design floed (25-yr.,
50-yr. and 100-yr. flood) for fixing the waterway vis-a-vis design H.F.L. for
cross drainage structures according to their importance, resources available
and site conditions for catchment areas ranging in size from 25 to 2500 sg.km.
Further the report may be used for larger catchments upto 5000 sgq.km. based
on sound judgement and considering the data of neighbouring catchment also.

A formula for fixing the linear waterway of the bridges for the guidance of
design ‘engineers has also been incorperated. Flexibility has also been
imparted to the report by suggesting the adoption of different constant loss
rates under.gpgcial conditions at the discretion of design engineer.

Further, the report may also be used for estimation of fregquency
floocd like 100-yr. flood for safety of small dams and 10 to 25 years flood feor
the desigm pf waterway of minor cross-drainage works as per the Indian Stan-

. dards-of the Indian Standards Institution.

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

(S.M. HUQ)
i DIRECTCR (HSC)
NEW DEIHI . - CENTRAL WATER COMMISSION

C(vid) -
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SYMBOLS AND ABBREVIATIONS

SYMBOLS

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

below with

A 3

C.G. 1
L -

L 1
[

L. ]
5

D1F1, IJi 3
3 ]

o.G. ]
S.U.H. :
T -
r

t H
P

T H
m

T 3
Th a
T 1

the units.
Catchment Area in sg.km.
Centre of Gravity
Length of main stream along the river course in Ko.
Length of the main stream from a point opposite to centroid of
the catchment area to the gauging site in km. along the main
stream.
Lengthkuf the ith segment of L-Section in km.
The depth of the river at the point of intersection of (i-1) and
ith contours from the base line (datum) at the level of the
point of study in metres.
Equivalent stream slope in m/km.
Unit Hydrograph
S;;thetic 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.)
Time duration of rainfall in hours, -
Base width of unit hydrograph in hours,
Design storm duration in hours.



M.

Min.

Sq.km.

Design loss rate in cw/hr.
Design base flow rate in cumecs/sq.km.

Peak discharge of unit hydrograph per unit area in cumecs per
sq. k. '

Peak discharge of unit hydrograph in cumecs,

Width of the U.G. measured at 50% of maximum discharge (Q )} in
hours, P

Width of the U.G. measured at 75% of maximum discharge ordinate
{Qp} in hours.

Width of the rising side.of U.G. measured at 50% of maximum
discharge ordinate (QPI in hours.

Width of the rising side of U.G. measured at 75% of maximum
discharge crdinate {Qr} in hours.

25-year flood peak in cumecs.
S50-year flood peak in cumecs,
100-year flood peak in cumees,

Areal reduction facteor
Percent

Summation

ABBREVIATIONS

Cubic metres per second
Centimetres

Hour

Metres

Minutes

Kilometres

Square kilometres, sz

(xiv)



In.
Sec.
57.

R.D.5.0.
Htsc}l

I.M.D.
C.W.C.

M.0.5.T.

e

Inches '3
Seconds
Square

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

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

India Meteorological Department -
Central Water Commission

Ministry of Shipping & Transport, New Delhi.

{x=v)



’EE-&EAR, 50-YEAR AND 100-YEAR FLOOD EEAK FORMULA

(BY MULTIPLE REGRESSION ANALYSIS)

0.868 0.167 0.760 r = 0.993
Qe = 2.967 (A) (s) Boryeon 5]
tL‘;““‘“
0.871 0.162 0.718 r{é 0.994
Q4 B 3.317(A) (s) - VNp— !
4 \
0.876 0.158 0.717 r = 0,994
@i 3.568 (A) (s) Rovicran yr.i
0.443

(L)

The symbols in the above form: lae are as under:
Q50 Qo and 9100 are 25-yr. flood, 50-y-. flood and 100-yr. flood in cumecs
respectively.

A is catchment area upto the point of study in sg.km.
iz length of longest stream in km,

is equivalent =zlope in m/km.

{see step-2 of illustrative example)

RTD-ESyr.' RTD—ED yE.® RTD-1DU vE. are the design storm point rainfall

. e .

values (cm) for the design storm duration TD = 0.799 (L/_/S ) ? in hrs.
{rounded upto nearest one hour) after location of catchment under study on the
25~yr., 50-yr, and 100-yzr. T-hour storm rainfall maps (plates 9,10 and 11)
corresponding to 25-yr., S50-yr. and 100-yr. flood respectively.

Hote: (i) Application of these formulae are illustrated in B = "SIMPLIFIED
APPROACH"

(ii) Flood estimates frem the above formulae are to be used for preli-
minary designs only.

Hith loee mte formils vide section 3.1



INTRODUCTION

The purpose of the report entitled "Flood Estimation Report for uﬁhEiF
Godavari Subzone-3{e)" presented herein is to estimate the design flood for
fixing the waterway of bridges and culverts.

The report begins with sets of flood formulae based on regression

analysis to estimate the 25-yr. flood 50-yr, flood and 100-~yr. flood,with-less
e T e e L T T

After the sets of N-year flood formulae, the report consists of three
main parts. The first two parts 'A & B' pertain to "APPLICATION OF THE REEFQRTY
with (A) detailed and (B) simplified approach. The third part (¢) is the main
report of six sections dealing with general features of the Upper Godavari
nature and period of data collected, analysis of storm rainfall and flood
‘events to derive the unitgraphs, relatienships between physiographic and unit-
graph parameters of the gauged catchments to derive synthetic unitgraph for
ungauged catchment, design storm rainfall, design loss rates, base fiow,
computation of design flood peak and hydrograph for ungauged catchments,
formula for linear waterway of the cross drainage structures and finally
assumptions and conclusions of the report.

The report herein recommends the estimation of design flood for small
and medium catchments varying in size from 25 to 2500 sg.km. Further the report
may be used for larger catchments upto 5000 sq.km. based on sound judgement and
considering the data of neighbouring catchments also, '

The utility of the report for fregquency flood estimation in respect of

small dams and miner cross drainage Structures has alsoc been brought out.

(cautinued from opposite page)
The following formulae are based on design loss rate of 0.5 em/hr

: G,
3.728(0)°53(8)° P,y . 3049 r = 0,992
Qs = (1,)0-446
T R R T AP
Qs0 < :

Qo0 =
. (1)0-438

‘Explanations for _
Note:/ The symbols in he formulae are same as in the earlier
formulae on the opposite page.

= - . !



APPLICATION CF REPORT

1. (A) SIMPLIFIED APFROACH

Flood Formulae by Multiple regression Analysis
Theory

T *
In this multiple regression analysis, the peak discha:qemlﬁﬁ} for-a - -
return period of N years as externally dependent variable was found to be

B e d & f
Q“=aAL LCS RH

Where A, L, L_, S and RN are same as in Section B-1 as independent

variables, a, b, ¢, 4, e and f are multiple regression coefficients when a
logarithmic transformation is applied to all variables. Principle of least
square was used in the regression analysis to get the above relationship.

2. 25-yr, S50-yr and 100-yr Flood Formulae

25-yr peak flood values (Q.) for 17 gauged and 10 ungauged catchments

of different sizes were computed by detailed Approach. Similarly 50-yr and
100-yr peak flood values {qu and Q1Dﬂ} were computed for the 27 catchments,

The estimated values of 225, QSG and QTDU for the 27 catchments as

dependent variables were related to their respect. The physiographic parameters

: : R
A, L, S and metecrologic parameters of point storm rainfall RTD—ZS vr, Tep-s0 yr,

and RTﬂ—1UD ye as independent variables applying the least square method. The

derived flood formulae with their respective coefficient of correlation (r)
by multiple regression analysis are as under:

0.868 0.167 0.760
Q5 = 2.967(A) (s) Rep_25 ve! r = 0.993
(1,)0-431
0.871 0.16 0.718
Q.= 3.317(R) gy o4 Rop-50 yr r = 0.994
(1y0-426



_ 0.876 0.158 0.717
100 = 3-569(a) (& Fn—100yr r = 0.994

{L}ﬂ.ddﬂ

Where EZE'QSU and Q1DD are 25 yr, 50yr and 100yr peak flood wvalues in
cumecs respectively.

4 is the catchment area in Sg.Km. upto the point of study.
5 is the equivalent stream slope in m/km.
L is the length of the longest stream in km.

R .
RTD‘ZBTI| T0=50yx and ETD—1DOyr are 25yr, 50yr and 100yr point storm

rainfall values in cm. for design storm duration {TD] in hrs respectively, .
The design storm duration (T_ ) for the catchment under study is obtained

F—
by the formula '1'rr = 0,799 (L/ /5 }u'ﬁg in hrs (rounded upto nearest one

hour ).

The coefficients of correlations for all the above relationships are
extremely high and therefore the relationships derived are very reasonable.
Further overall range of the + and - percentage variations in the computed flood
IQZE, QEﬂ and Q1Dﬂl by both the respective derived formulae and the detailed

approach for the 27 catchments shown in the following table are within tolerable
limits of t 25%.,

% variation range

+ =1
st 0.31 to 24.47 0.862 to 17.76
qu 0 to 22.92 0.70 to 17.80
2 o0 0.12 to 22.85 0.51 to 17.83

The floed formulae for computation of 25yr, 50yr and 100yr flocd may be
applied only for preliminary designs.

{(3) Solution of the praoblem

Illustrative example for estimation of 25yr, S50yr and 100yr flood for
catchment area upto Rly. Br.No. 234 is considered for solution of the problem by
Flood Formulae (Regression Analysis). The physiographic and meteorologic para-
meters for the catchment under study are:

—— 0.5
A = 2227.39 sq.km., L=96.60 kn., S=1.54 w/km, T = 0.799 fﬁgi;s 9
f.e. T, = 10 hrs.
st = 12.97 cm., Rey = 14.76 cm., R1ﬁu = 16.76 cm.
2, = 2.967(2227.3999-888 (1 54)0-167 (45 9799780 _ 5497.78 cumecs
(96,6043
0.871 0.15 0,71
9., = 3:317(2227.39) (1.54)21%%  (16.76)%°7"® _ 2893.07 cumecs
(96.60+443



Q00 = 2:569(2227.39)%%7%  (3.54)%"%% (16.96)%7"7 - 3273.36 cume.
443

0
(96.8)

The percentage wariations in the values of QEE' QSG and an by the

detailed approach and the flecd formula with respect to the fleood walues by
detailed approach for the catchment under study are— 4.92,-4.68 and -6.13
regpectively. Therefore the flood values for 25 yr, 50 yr and 100 yr return

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

I1.( B ) DETATLED APFRCACH

The flood estimation report for Upper Godavari subzone<i{e) may be
used for estimation of design flood (50-year fleod) for ungauged and inadequately
gauged catchments in the subzone., In order to elucidate the procvedure, an
illustrative example is given belew with relevant details,

The various steps necessary to estimate the design flood peak/design
flood h]._rd'r_ngrﬂph are as umdler:

i) Preparation of catchment area plan of the ungauged catchment in
question,

ii} Determination of physiographic paramerers viz; the catchment area
(A}, the length of the longest stream (L), and equivalent stream
slope (S5).

111) Determination of T-heour gyrnthetic unitgraph parameters i.e. peak
discharge per sq.km. [qp}, the peak discharge [Qpl, the basin lag

II:PJ, the peak time of U.G. :Tn}, widths of the unitgraph of 50%
and 75% of Qp{'ﬁ'ﬁa and w'l'ﬁl"' widths of the rizing limb of U.G. at
50% and 75% of EP {WR.":D and wk?'jl and time base of unitgraph {TB!.

iv) Drawing of a synthetic unitgraph.
v) Estimation of design storm duration {TDJ.

vi] Estimation of point rainfall and areal rainfall for design storm
duration {"}.‘a}.

vii) Distribution of areal rainfall during design storm duration ETDH
to obtain rainfall increments for unit duration intervals.

viii] Estimation of rainfall excess units after Subtraction of prescribed
design loss rate from rainfall increments.

i%] Eagtimation of base flow,.

%) Cooputation of deaign flood peak.



xi) Computation of design flood hydrograph.

Step NHo. (xi) may not be necessary for those intending to estimate
the design flood peak only.

Illustrative Example

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

i} Name and number of subzone : Upper Godavari Subzone-3(e)
ii) Hame of site (i.e. point of
study) : Railway Br. No. 234
iii) Hame of railway section : Aurangabad - Parbhani
iv) WName of Tributary : Dudna
v) Shape of the catchment : Fan-shaped

vi) BSite location

T

19°-40"0" (Latitude)
o LTy
70704 -0 (Longitude)
vii) Topography : Mild slope
The procedure is explained Step by step.

Step=1 = FPreparation 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
contours along the ridge line and also from the spot levels in the plains. A

catchment area plan Fig. A-] showing the main river, contours and spot levels
was prepared.

Step-2 Determination of Physiographic Parameters

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

i) Area (A)

2227.39 sq.km,

ii) Length of the longest stream (L) 96,60 km.

i

iii) Equivalent Stream Slope (8) iELifni;1+ni}jL2 = 1.54 m/&km

Where Li = length of ith segment in km
”1’”1-1 = heights above datum (with reduced level at the point of

study) with respect to reduced levels of contours along the
longest stream at ith and {i-1) the locations in metres.

L = length of the longest stream in km,



For detailed caleulations 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 (longitudinal section) of the longest stream from the source
to the point of study based on the data in cols. (2) and (4) as shown in
Fig.A-1.

Step-3 : Determination of Synthetic 1-hr. Unitgraph Parameters

L, = $=hour unit duration for the unitgraph i.e. unitgraph produced

due to one centimeter depth of rainfall excess in 1-hour duration has been
considered.

The 1-hr. Synthetic U.G. parameters may oe found out by using one of
the following approaches:

{I} By using the Synthetic Reliations
(IT) By using Coaxial Diagram

() By Using the Synthetic Relations

The following relationships have been derived for estimating the 1-hour
unitgraph parameters of a catchment in the Upper Godavari subzone=3(e).

(1) e = 0.727 (v/ W (3.9.3)
0.88
ii) = 2.020/ (t ) 3.9.4)
(ii qp { B {
= .04
{iii) H5ﬂ = 2.223!(qp)1 (3.9.5)
A _ 0.96
(iv) W, = 1-3&1!(;P] {3.9.6)
_ 1.01
(v) Weeon = o.aanf{qpi (3.9.7)
: B 0.96
(vi) Wo.o = 0-54uftqp1 (3.9.8)
i 0.73
{wii) TB 1 5,435{tp} (3.9.9)
(wiid) T, = tp + € (3.9.10)
2
i = 3.9.11
(ix} Qp qp x A ( )

In the above eguations, the physiographic parameters L and 5 of the
catchment (Fig. A-1) and 1~hr. unitgraph (Fig.A-2) parameter t , tp‘ tm' qp.
W E . 23
Q1 Wegr Woge Wosp, Wpys @7d Ty for the catchment under study upto Br. No., 234
signify as under:



Y50
75
HR50
MRS

T
B

and A already explained in Step - 2.
= unit duration of unitgraph = 1.0 hr.

= time from the centre of rainfall excess (1.0 cm) in 1=hr.
unit duration to the U.G. peak in hours.

= time from the start of rise to the peak of U.G. (hrs.)
=  peak discharge of U.G. for unit area (cumecs per sqgkm)
= peadk discharge of U.G. (cumecs)

= width of the U.G. measured at 50% of peak discharge ordinate
(hr.)

= width of the U,G. on the rising side at 50% of peak discharge
ordinate (hr.)

= width of the U.G. on the rising side at 75% of peak discharge
ordinate (hr.)

= width of the U.G. on the rising side at 75% of peak discharge
ordinaate (hr.)

= Base width of the U.G. (hr.)

Using the above relationships, the 1-hr, U.G. parameters were caloulated

as under:

(i)

(ii)

(iii)

{iwv)

Calculation of tF using the eguation 3.9.3 by substituting the

value of L/ _/S = 78 estimated in Step-2.

0.5
t, = 0.727(78)°°7 = 9,503 hr.

Rounded off to 9.50 hrs.

Calculation of qp using the eguation 3.9.4 by substituting the value
of t = 9,50 hrs.
P

9 = 2.020{{9.51“'33 = 0.273 cumecs/sq.km

Calculation of Hﬁﬂ using the eguation.3.9.5 by substituting the value
of qp = 0.279 cumecs/sgkm.

Weg = 2.228/(0.279)" %" - g.40 nrs.

~

Calculation of H?S using the squation 3.9.6 by substituting the value
of qp = 0.279 cumecs/sgkm.

Wog = 1.301/(0.279)%%® _ 4,43 hes.



{v)

(vi)

(vii)

{viii)

fix)

Calculation of wnsn using the eguation 3.2.7 by substituting the
value of qp = 0,279 cumecs/sgkm.

1.0
WREQ = 0.880/(0.273) = 3,19 hrs.

Calculation of WRTE using the eguation 3.9.8 by substituting the
value of qp = 0.279 cumecs/sgkm. ¥

Weus - 0.540/(0.279)°°%% = 1.84 hrs.

Caleulation of TB using the eguation 3.9.9 by substituting the
value of tp = 9.5 hrs,

0.73

‘I:'B = 5.485(9.5) = 28.37 hrs. say 28 hrs.

Calculation of Tm using the eguation 3,9.10 by substituting the

values of r.p = 9.5 hrs. and tI = |.0 hrs.

Tm = 9.5 + k= 9,54 0.5 =10.00 hrs.

Calculation of Q0 using the eguation 3.9.11 by substituting the
P
value of qp = 0.279 cumecs/sqgkm and

A = 2227.39

Qp = 0,279 % 2227.39 = 621.44 cumecs

{II) By using Coaxial Diagram

Coaxial diagram based on synthetic relations vide equation 3.9.3 to
3.9.9 under Section-3 has been drawn in Fig. A-3 for estimating the parameters
of synthetic unitgraphs. The application of coaxial diagram in Fig.aA-3 with
respect to the above illustrative example is explained as under:

i)

ii)

iii)

iv])

Calculation I/ /S

L = 96,60 km and 5§ = 1.54 m/km as found out in Step-2 of
illustrative example.

L/ /8 = 96.60/ /1.54 = 77.84 say 78

Move vertically upwards for the value of L/ JE_ = 78 to read from
Curve-1 the wvalue of t‘p = 9,50 hrs.

Move horizontally for l'.p = 9.5 hrs. to read from Curve-2 the
value of qp = 0,279 cumecs/sqKm.

Move vertically dowmwards for qp = 0,279 cumecs/sgkm to read from
Curve-3 the value of WED = 8.40 hrs. from Curve -4 the value of
W?s = 4.40 hrs,, from Curve-5 the value of wnﬁﬂ - 3.20 hrs. and
from Curve-6 the value of "’315 = 1.80 hrs.

8



v) Move vertically upwards for tp = 9.50 cumecs/sgkm to read from
Curve=7 the value of TE = 28,40 say 28 hrs.

vi T time ) = t_ + T /2
) X [ peaking P rf‘
= 9.5+ 0.5 = 10.00 hrs.
vii) Qp {peak discharge of U.G} = qp x A
= 0.279 x 2227.39 = 621.44 cumecCs.
Step-4: Preparation of 1-hour Synthetic Unitgraph
The parameters got in Step-3 above were plotted to scale on a graph
paper as shown in Fig. A-1. 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 catchment (A) in =g.km.

{a) Volume of direct runoff from runoff depth (d) of 1.0 cm on the
entire catchment {A) in sg.kno.

= A x 1000 x 1000 x 4/700 = { ] expressed in cubicmetres
(sq.m.) (m)

1 cm = 1/100 m depth of direct runoff
over the catchment area (A) in
&g .km.

{b) Volume of direct runoff graph (Synthetic Unitgraph) obtained from
the addition of all the unitgraph ordinates at time interval equal
to unit duration I'I:I}'-af U.G. = "zQi x t

‘= Z Q. x t_ x 3600
cubicmetre per sec. gseconds
= | ) expressed in cubic metres.



(Cumecs)

£ (He)
zgi = sum of the ordinates of unitgraph at t=hr.
interval {in this case 1-hr.)
(a) should be egqual to (b)

i.e. Ax 1000 x 1000 x /100 = EQi x tr i+ J3e00

Therefore 2 QJ’. = AS(0.36 tr.'!
tr = 1 4in this case
Therefore E:Qi = A/(D.36 x 1 )= &/0.36

All the ordinates of Synthetic U.G. so obtained in Fig. A-2 were
summed up at 1=hr. interval to get a total volume of 6187.19 cumecs which
tallied with the computed value from AS(0,36 tI} = 2227.3%/(0.36 x 1) = §187,19

cumecs. Therefore, the 1-hour Synthetic U.G. so drawn in Fig. A-2 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 tr} then some of the

ordinates 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. MNormally one or two trials are
carried out to adjust the volume of Synthetic U.G. so as to obtain 1.0 ¢m of
direct runoff over the entire catchment area (A) in sg.km.

Step (5): Estimation of Design Storm Duration

The design storm duration is

TI:I = 1,7 x tP = 1.1 ¥ 9.5 = 10.45 hrs.

Adjusting the design storm duration to nearest one hour, the adopted
design storm duration tTD} iz 10.0 hrs.

Step (6): Estimation of Point Rainfall and Areal Rainfall

The point rainfall estimate for 50-year return period and for duration
of 24-hr. is read against the location of Rly. Br. No. 234 fram 50=-yr. 24-hr.

10



isopluvial map (see Plate-10 in Section 4.2). The value of 50-yr. 24-hr. point
rainfall = 18.5 cm.
The design storm duration {Tu} for the catchment is 10,0 hrs. The

point rainfall estimate for 10.0 hrs. was obtained by multiplying the 50-yr.

24-hr. point rainfall of 18.50 cm with the value of 0.798 read from Fig.10
in Section 4.2,

50-yxr. 10-hr. point rainfall = 18.50 x 0.798 = 14.76 cm.

The above point rainfall estimate of 14.76 cm was multiplied by areal
reduction factor of 0.76 corresponding to a catchment area of 2227.39 sg.km.
and for a design storm duration of 710 hrs. as interpolated from Table<6 (areal
to point rainfall ratios) or from Fig. 11(a).

50-~yr. 10-hr. areal rainfall = 14.76 x 0.76 = 11.22

Step (7): Time Distribution of Areal Rainfall

The areal rainfall estimate for S0-yr. 10-hr. areal rainfall of 11.22 cm
was distributed to give one hourly gross rainfall units by using the Distri-
bution Co-efficients for duration of 10-hrs. from Table A-3: Time Distribution
Co—efficients of Areal Rainfall as under:

Duration Distribution Storm rainfall 1=hr. rainfall
Co-efficients

(hrs.) {cm) (cm)
(1} (2) (3) (4)

10 1.00 11.22 0.22
9 0.98 11.00 0.23
B 0.96 10.77 0.34
7 0.93 10.43 0.44
L] 0.89 2.99 0.45
5 0.85 9.54 0.68
4 0.79 8.86 1.0
3 G6.70 7.85 1.45
2 0.57 6.40 2.14
1 0.38 4.26 4.26

Storm rainfall values in col. (3) for durations of 9,8,7,6,5,4,3,2
and 1 hrs. in col. (1) were obtained by multiplying the 10-hr. storm rainfall
value of 11,22 cm with the distribution coefficients in col. (2) for respective
durations. 1-hr. rainfall units in col. (4) were obtained by substraction of
successive values of storm rainfall from 1-hr. omwards in col. (3).

1"



Step (B): Estimation o infall Excess Units.

Design Loss Rate was computed by the following formila wide Section

If = 0.672 {R}O'BEE

{T]D.TTE

where (I_) is a constant loss rate in em/hr., (R) is storm rainfall in cm for
design sinrm duration (TD) in hrs,

Design storm duration TD=10 hrs. and S0-yr. 10-hr. rainfall (R) =
11.22 cm was substituted in the above formula to cbtain the design loss rate
(1) in cm/hr:

= 0.672 _(11.22)°-883 - 0.96 cm/hr.

£
{101“'773

The following table shows the computation of 1-hr. rainfall excess
units in eol. (4) by subtracting the design loss rate in col., (3) from 1-hr.
rainfall increments in col. (2}

Duration 1-hr. rainfall Design Loss rate 1-he rainfall excess
{hr.) (em) (cm/he. ) {cm)
(1 (z) {3 (4}
1 4,26 0.96 3.30
2 2.14 0.96 1.18
3 1.45 0.96 0.49
a 1.01 0.96 0.05
5 0.68 0.96 -
& 0.45 0.96 -
7 0.44 0.96 =
g 0.34 0.96 =
9 0.23 0.96 =

10. 0.22 0.96 -

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

Step (9): Estimation of Base Flow

The design base flow rate is computed by the following formula wide
Section 3.12:

q = u.uzfm}u'am

12



The catchment area (A} upto the point of study = 2227.39 sqg.km. was
substituted in the above formula to obtain the design base flow rate Iqbi

= D,y22
Iy : = 0.308 - 0-012 cumecs/sq.km,
2227.39)°°

Therefore, the total base flow for a catchment area 2227,39 sg.km., =
2227.39 x 0.012 = 26,73 cumecs,

Step (10): Estim Dasgi Fl Pe nl

For estimation of the peak discharge, the rainfall excess units have to
be re-arranged against the unitgraph ordinates such that the maximum rainfall
excess is placed against the maximum U.G. ordinate, the next lower value of
rainfall excess comes against the next lower value of U.G. ordinate and so on.

In the present case, the maximum discharge ordinate of U.G. is 621.40
cumecs at 10-hrs. vide Fig, A-2. The maximum 1-hour rainfall excess unit of
3.30 om (from Step-8) was placed against the maximum discharge ordinate of
621.40 cumecs. Likewise the lower rainfall excess unit was placed against the
next lower U.G. ordinate in the following Table and =0 on. Summation of the
products of cols. (2) and (3) gives the total direct runoff to which base flow
is added to get the maximum discharge.

Time U.G. Ordinate 1-hr. rainfall birect runoff
EXcess

(hrs.}) {cumecs) {cm) {cumecs)
9 550.00 0.49 269,50
10 621.40 3.30 2080.62
3 562.00 1.18 663.16
12 B02 0.05 25,70
Total 3008. 38
Add Base Flow from Step - 92 26.73
Tutal Peak Discharge 3035. 11

Those interested in computation of design flood hydrograph may go to
Step - 11.

Step (11): Computation of Design Flood Hydrograph

The 1-hr. rainfall excess sequence shown in col. (3) of Table in
Step - 10 was reversed to obtain the critical seguence as shown below:

13



Time Critical 1-=hr. rainfall

{hrs.) excess (cm) sequence
{11 {2)

1 0.05

2 1.18

3 3.30

4 0.49

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 rainfall seguence of 1-hr. rainfall excess
units as given above were entered in cols. (3) to (6) horizontally as shown in
Table A-3. The direct runoff resulting from each of the 1-hr. rainfall excess
units was obtained by multiplying the 1-hr. rairfall excess unit with the
synthetic U.G. ordinates in col. (2) and the direct runoff values were entered
in vertical columns against each unit with a successive lag of 1-hr., since the
unit duration of S.U.G. is T-hour. The direct runoff so obtained are shown in
cols.(3) to (6), The direct runoffs were added horizontally and the total
direct runoff is shown in col. (7). The total base flow of 26.73 cumecs was
entered in col. (8) Col. (9) gives the addition of cols. (7) and (8) to get
the design flood hydrograph ordinates. The total discharge ordinates in
col. (9) were plotted against time in col. (7) to get the design flood hydrograph
in Fig. A~-3.

14
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1.0 General Description of Upper Godavari subzone 3(e)

1.1 Location

The Upper Godavari subzone-3 (&} lies between longitude 73° 30¢ to

78° 45 Bast and latitude 17° 25' to 20° 35 North, The Godavari river system
in its upper reaches upto Manjra confluence constitutes the Upper Godavari
subzene. The Godavari river rises in the eastern side of the western ghats at
an elevation of 1067 m. It flows for a total length of 584 km in the subzone
before entering the Lower Godavari subzone-3(f). The Upper Godavari subzone
is bounded on the north by Upper and Lower Narmada and Tapi subzones-3(b) and
3(c), on the south by Krishna and Pennar subzone-3(h), on the east by lLower
Godavari subzone-3(f) and on the west by Konkan Coast sibzone-5{a). Plate-1
shows the location of Upper Godavari subzone-3(e) along with the list of
hydrometeorological subzones of India. The major portion of the subzone
covers a part of Maharashtra State and the minor portions in the scuth-east
of the subzone cover small parts of Andhra and Karnataka States. The impor-

tant towns ard cities in the subzone are Nasik, Aurangabad, Parbhani, Bidar,
Bir and Mander.

1.2 River System

Plate=-2 shows the river system of the subzone. The right bank tri-
butaries of Godavari river in the subzone are Parvara, Sindphana, Wan, Manar
and Manjra, The left bank tributaries of Godavari are Shiv and Purna.

The drainage areas covered by the tributaries of Godavari are as under:

Sl.Ne. River/Tributary Drainage areas
{sg.ka. )
1. Parvara 6761
2. Sindphana 4327
3. Wan 1042
4. Manar 2824
5. Manijra 28975
. Purna 16216
T Shiv 2424
B. Upper reaches of Godavari upto Shiv Confluence 9865
9. Local catchments 16436
Total BEBTO
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The total drainage area of the subzone is 88,870 sg. km.
1.3 Topography and Relief

The Godavarli river originates at an elevation of 1350 m. in the western
ghats. The western ghats on the western periphery generally rises from 900 m
to 1350 m. The areas in the subzone along the north-western, western and
southern boundary vary in elevations from 600 to 900 m. The rest of the area
in the subzone is a plateau ranging in elevation from 300 to 600 m. Plate-3
depicts the physiography of the Upper Godavari subzone.

1.4 Rainfals

Plate-4 exhibits the mean annual rainfall variation in the subzone
along with histogram of mean rainfall and percentage variation monthwise from
Jamiary to December at Aurangabad. Along the ghats, the mean annual rainfall
decreases from 160 to 80 cm. with the decrease in elevation. Further down
upto Murangabad the mean annual rainfall ranges from 60 to 70 cm. Thereafter
in the rest of the subzone, mean annual rainfall is of the order of B0 cm.
with a patch of heavy rainfall of 100 cm. along the eastern periphery. The
subzone experiences the south-west.monsdon during June to October with the
maximum mean monthly rainfall in July and September.

1.5 Temperature

Flate - 5 shows the mean annual isotherms along with Bargraph of
maximum and minimum daily mean temperatures at Aurangabad. The mean annual
temperature in a large part of the subzane varies from 25° g 27,50, except

in the south-western part with temperatures varying from 22.5° to 25°c. The

mean dally temperature gradually rises from 22% in Jamuary to 32% in Hay
and gradually falls down to 20% in December as seen from the Bargraph in

Plate-5, The minimum daily temperature of 12% is experienced in December,
whereas the maximum daily temperature of 4n°c is experienced in May.

1.6 Soils

Plate-6& exhibits the soils classification in the subzone. The
subzone is mostly covered with medium black soils with a strip of deep black
so0ils from east to west in the middle and red sandy soils in south-east
extremity, Patches of shallow black soils are found in north.

1.7 Land Use

Plate-7 depicts the general land use in the subzone. The subzone is
covered mostly with arable land with patches of'forests along the northern and
eastern periphery and grass land and scrub mostly along the south-western
portion. Plate-8 depicts the cultivable land in the subzone. Percentage of

arable land under multiple cropping to total arable land varies from 0 to 10
¢+ in most parts of the subzone,
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1.8.2

Eummunicﬂtigns

Railways

The following railway sections are located in the subzone:

51.No. Railway Section

1is Igatpuri - Manoad

2, Manmad - Ahmedabar

i Manmad = Secunderabad
4. Parbhani - Vikarabad
5. Latur - Tadwalla

B. Mudkhed - Bhokar

7. Purna - Hingoli
Roads

The Mational Highways located in the subzone

51.Ho. Hational Highways

1a ‘Igatpuri - Hasik - Chandor
Za Masik - Bote

3, Matala - Secunderabad

a, Secunderabad - Binnur

21

Zonal Railways

Central Railway

ara as under:
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LIST ‘GP HYDRC-METEOROTLOGICAL SUB-Z0NES

Sub-zone  Name of subzone Name of subzone River basins included in

(designated earlier) (designated now)  the subzone.
1 2 3 4

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

1(b) Chambal Basin Chambal Chambal river

1{e) Betwa Basin & other Betwa Sind, Betwa and Ken rivers
Tributaries and other South Tribu-

taries of Yamuna.

1(d) Sone Basin and Right Sone Sone and Tons rivers and
Bank Tributaries other South Bank Tribu-

taries of Ganga.

1{e] Punjab Plains Upper Indo- Lower portion of Indus,
including parts of Ganga Plains Ghaggar Sahibi Yamuna,
Indus, Yamona Ganga and Upper portion of
Ganga and Ramganga Sirsa, Ramganga, Gomti and
Basins. 5ai rivers.

1(£) Gangetic Plains in- Middle Ganga Middle portion of Ganga,
cluding Gomti, Plains. lower portion of Gomti,
Ghagra, Gandak, Ghagra, Gandak, Kosi and
Kosi and other. middle portion of Mahanadi

Basin.

(g Lower Gangetic Plains Lower Ganga Lower portion of Ganga,
including Subarna- Flains Hoogli river system and
rekha and other east- Subarnarekha
flowing rivers
between Ganga and
Baitarani,

2({a} North Brahmaputra North North Bank Tributaries of
Basin Brahmaputra Brahmaputra river and

Balason river.

2{b) South Brahmaputra South South Bank Tributaries of
Basin Br&hmaputra Brahmaputra river,

2{c) Barak and others Barak Barak, Kalden and Manipur

rivers,

3(a! Mahi, including the Mahi and Mahi and Sabarmati inclu=-
Dhadhar, Sabarmati Sabarmati ding Rupen & Mechha Bhandar,

and rivers of
Saurashtra.

22

Dzat Shetaranji rivers of
Kathiawad Peninsula.



2

3

4

3{b)

3c)

3(d)

Ile)

3{E)

3{g)

3(h)

(i)

4(a)

4(b)

4(c)

S(a)

5(b)

Lower Marmada and
Tapl Basin.

Upper Narmada and
Tapi Basin.

Mahanadi Basin
ingluding Brahmani
and Baitarani rivers,

Upper Godavari Basin.

Lower Godavari Basin.
except coastal region

Indravati Basin.

¥Krishna subzone
including Penner
Basin except coastal
region,

Kaveri & east
flowing rivers except
coastal region.

Circars including
east flowing rivers
between Mahanadi and
Godavari.

Coromandal Coast
including east
flowing rivers
between Godavari and
Cauveri,

Sandy Coroman Belt
(east flowing rivers
between Cauvery &
Kanyakumari),

Konkan coast(west
Elowing rivers between
Tapi & Panaji).

Malabar Coast(west
flowing rivers between

Lower Marmada & Tapi.

Upper Narmada
& Tapi.

Mahanadi

Upper Godavari

Lower Godavari

Indravati

Erishna

Kaveri

Upper Eastern Coast

Lower Eastern Coast

South Eastern Coast

Konkan Coast

Malabar Coast

Kanyakumari and Fanaji).

Andaman and Nicobar

JEK Fumaon Hills
(Indus Basin).

Andaman & Nicobar.

Western Himalayas
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Lower portion of Narmada,
Tapi and Dhadhar rivers.

Upper portion of Narmada
& Tapi rivers.

Mahanadi, Baitarani and
Brahmani rivers.

Upper portion of Godavari
Basin.

Lower portion of Godavari
Basin.

Indravati river.

Krishna & Penner rivers
except coastal region.

Kaveri, Palar and
Ponnaiyar rivers (except
coastal region).

East flowing coastal
rivers between deltas of
Mahanadi and Godavaxi
rivers,

East flowing coastal
rivers, Manimukta, South
Penner, Cheyyakr, Palar,
North Penner, Munneru,
Palleru, Cundalakama and
Krishna Delta,

East flowing Coastal
rivers = Manimuther,
Vaigai, Arjuna,
Tamraparni.

West flowing coastal
rivers between Tapi and
Mandavi rivers.

West flowing coastal
rivers between Mandavi
ard Kanyakumari.

-

Jhelun Upper portion of
Indus, Ravi and Beas rivers,



2.0 DESIGN FLOOD, DATA AND THE METHOD ADOPTED FOR ANALYSIS

2.1 Design Flood

The Khosla Committee of Engineers had recommended a design flood of
50-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 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 curve of pesk discharges. In the absence of adequate data of peak
discharges, storm rainfall and runoff data for the selected catchments ghall
be collected for a regquired period and detailed studies carried out to derive
the unitgraphs for these catchments and to prepsre Storm rainfall maps for
different durations. In this connection, the Committee had suggested to
develop & suitable rational methodology for estimation of 50-year flood,
subzonewise based on application of sturm rainfall to unitgraph. It has been
assumed that S0-year storm rainfall applisd to unitgraph may produce a flood
of the same return period (SO0-year) as that of storm rainfall.

2.2 Data

For conducting the unitgraphs and design storm rainfall studies, the
following concurrent rainfall and runoff data for a number 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 monsoon sSeason:

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

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

1ii) Hourly rainfall data of raingauge stations in the catchment.
Raingauge stations are to be self-recording and/or manually
operated.

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

SYMBOLS

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

below with
A t
C.G. -
L |
L 3
c
LL ¥
Byqr Py 8
5 0
C.G. X
5.U.H. :
T |
t H
P
T 1
m
T =
TB =
T t

the units.

Catchment Area in sg.km.

Centre of Gravity

Length of main stream along the river course in km.

Length of the main stream from & point opposite to centroid of
the catchment area to the gauging site in km. along the main

stream.

Lengthxof the ith segment of L-Section in km.

The depth of the river at the point of intersection of (i-1) and
ith contours from the base line (datum) at the level of the
point of study in metres.

Bquivalent stream slope in m/km.

Unit Hydrograph

Synthetic Unit Hydregraph

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 Hydrograoh (he.)
Time duration of rainfall in hours.

Base width of unit hydrograph in hours.

Design storm duration in hours.

T

SRS ey



Cumecs

Cm=

5q.km,

(13

L1

Design loss rate in cm/hr,
Design base flow rate in cumecs/sg.km.

Peak discharge of unit hydrograph per unit area in cumecs per
S0.Km.

Peak discharge of unit hydrograph in cumecs.

Width of the U.G. measured at 50% of maximum discharge (Q ) in
hours. P

Width of the U,G. measured at 75% of maximum discharge ordinate
{Qp] in hours.

Width of the rising side.of U.G. measured at 50% of maximum
discharge ordinate {Qpl in hours.

Width of the rising side of U.G. measured at 75% of maximum
discharge ordinate erh in hours.

25-year flood peak in cumecs.
S0-year flood peak in cumecs.
100=yrear flood peak in cumecs,

Areal reduction factor
Percent

Summation

ABBREVIATIONS

o

Cubic metres per Second
Centimetres

Hour

Metres

Minutes

Kilometres

Square kilometres, sz

(xiv)



In. 3 Inches

Sec. § Seconds
3G, z Sgquare
R.D.5.0, = Research Designs and Standards Organisation (Ministry of Railways),

Lucknow.

H(sC), :  Hydrology (Small Catchments ) Directorate, Central Water Commis-
cWe sion, MNew Delhi.

I.M. D, - India Meteorological Department
c.W.C. : Central Water Commission
MeOL5.T. ¢ Minmistry of Shipping & Transport, Wew Delhi.

{xv)



25~YEAHR, S0-YEAR AND 100-YEAR FLOCD PEAK FORMULA
(BY MULTIFLE REGRESSION ANALYSIS)

0.868 . 0.167 0.760 r = 0.993
Qs = 2.967(A) (S) (Rip_25 yr.)
in,y0-431
0.871 .,0.162 0.718 r = 0.994
Q50 = 3.317(A) (s) Ropos50 yr,
0,426
(L) \
0.876 0.158 0.717 r = 0,994
Qoo =  3:569 (A) (s) R5-100 vr.’
0.443

(L)

The symbols in the above formi lae are as under:

QZS' Qg and Qmu are 25~yr. flood, S0-y-. flood and 100=-yr. flood in cumecs
respectively.
A is catchment area upto the point of study in sg.km.

is length of longest stream in km.

s is eguivalent slope in m/km.
{see step=-2 of illustrative example)
2] i i i 11
RTD-EEyr.' TD-50 yr.® RTD—10G yr. are the design storm point rainfa
i —. 0,59 |
values (cm) for the design storm duration TD = 0.799 (L/ /5 )} ' ? in hrs.
{rounded upto nearest one hour ) after location of catchment under study on the
25-yr., S0-yr. and 100-yr. TD-hour storm rainfall maps (plates 2,10 and 11}
corresponding to 25-yr., S50-yr. and 100-yr. flood respectively.

Hote: {i} Application of these formulae are illustrated in B - "SIMPLIFIED
APFROACH"

{ii) Flood estimates from the above formulae are to be used for preli-
minary designs only.
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BASIN CHARACTERISTICS SUB-ZONE - 3 (e)

sl. BR., A L s L
No. Ho. Sg. Km. Km. M/Km.
' $ I
1 2 3 4 5 6
1L 234 2227,39 96.60 1.54 78
2, 76 1197.76 74.01 2,22 50
B 289 458.00 51.33 1.34 44
4. 74 409,22 53.53 1.78 40
5. 182 398.86 40.25 2.48 26
6. 172/448/2 227.14 28.18 2.5 18
¥s 66 157.55 24,62 3.21 14
8. 44 152.53 29,25 5.35 13
9. 125 141.67 23.87 6. 51 9
10. 368 136.75 22,83 3.54 12
1. 139 93.60 16.91 6.11 7
12, 295 77.70 12.87 4,03 6
13. 346 64,88 12,10 2.03 8
14, 51 61.30 15.12 4.22 7
15. 79 35,22 15.30 5. 54 5
16. 55 31.31 20.93 6.88 8
17. 100/2 25,90 6.44 15.78 2
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where S - Equivalent stream slope (m/kml.

L -Length of longest stream course (km.l

Li=Ljalpi by mommmm e L. Segment lengths (km.].

€i:ep+8)982=---=r-= e, contour elevation (ml

Di:nol DI i DE - Dﬂ

sle=elle-e.) .ocee--
° Oh ' a GOVERNMENT QOF INDIA

Legtior WHL- CENTRAL WATER COMMISSION
A = Catchmen! ArealSq.kmll  |y5a0LOGYISMALL CATCHMENTSIDTE,

PHYSIOGRAPHIC PARAMETERS
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U.G. .=Unit Graph

fr = Unit Ruinfull Duration adoptedin a specific study(hr)
™m - Time fromthe start of rise to the peak of the U.G (hr.)

Qp = Peok Dischorge of Unit Hydrograph (cumecs )

tp - Time from the centre of roinfall excess durationto the U.G peak (hr)

Wgg = Width ot the U.G.measured ol 50% of peak gischorge ordinate ( hr.)

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

Wg o= Width of the rising limb of U.G. measured at 50% of peak discharge
ordinate (hr)

Wg7.5= Width of the rising limb of U.G. measured at 75 % of peak
discharge ordinate (hr)

Te = Base widlh of Unit Hydrograph Lhr.)

A « Catchment Area (5q_km.)

Qp = Qp s A= Cumec per sq km.

GOVERNMENT OF INDIA

CENTRAL WATER COMMISSION
HYDROLOGY (| SMALL CATCHMENT ! DTE,

UNIT GRAPH PARAMETERS

9"4‘;" BY. - CHECKED BY_
N.MALH
P.N. BHALLA A. K.GHOSH
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4.0 DESIGH 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 (Th} for a catchment is 1.1 tp. sz 1.1 tp.

4.2 Rainfall Depth Duration Fregquency Studies

India Meteorological Department have conducted this study on the basis
of 15 self-recording raingauge stations and 126 ordinary raingauge stations
maintained by IMD/States and 30 SRRG sStations maintained by Railways in B
bridge catchments in subgzone 3{e).

The annual maximum Series for all the ordinary raingauge stations in
and around the subzone were computed for each station from the daily rainfall
data of the stations for the period varying from 40 to 70 years of records.

The annual extreme value series was subjected to frequency analysis by Gumbel's
extreme valus. distribution and the rainfall estimates for 50-year return
periods were computed. The daily values o rainfall estimates were converted
into 24-hour rainfall estimates by using the conversion factor of {.15. These
24-hour rainfall estimates for all the stations in the subzone were Plotted on
a base map of the subzone and isopluvial map of 50-year return period was
drawn and shown in plate=10.

The hourly rainfall data recorded by 15 SRRG stations maintained by
I.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
estimates with respect to 24-hoyr rainfall estimates were worked out for all
the SRRG's stations in the subzone. The average value of the ratlo 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
respect to 24-hour rainfall are as under:

a7



Duration Ratio

24 Serle
13“““1.00 Ratio = S50-yr., T-hr. point rainfall
15 0.9 S0-yr. 24-hr. point rainfall
12 0.87

g 0.83

& 0.78

3 0.70

1

Fig.10 shows the ratios for short duration point rainfall with respect

to 24=hour point rainfall.
-

The short duration rainfall estimates for various short durations
(1,3,6,9,172,15 & 18 hours) can be computed by using the respective ratios.
The value of 24-hour rainfall estimates for a particular station for 50-yr.
return peridd can be interpolared from Flate-10 and the short duration rainfall
estimates can be cbtained by multiplying with the corresponding ratio for that
particular short duration obtained from Fig.10.

4.3 Conversion of Point to Areal Rainfall

The short duration rainfall data of only 8 bridge catchments were used
for this study. The data of remaining bridge catchments could not be utilised
as the period of data were either less than 4 years and/or concurrent years
data were not recorded continuously for 4 years over the stations in a bridge
catechment. 2-year point rainfall values for specified duration for each sta-
tion in the catchment were computed by frequency analysis. Arithmetic average
of 2-vear point rainfall of all the stations in the catchment was calculated
to get the 2-year representative point rainfall for the catchment. Ewvents of
maximum average depth for a particular duration in each year were selected on
the basis of sSimultaneous occourrence of rainfall at each station in the catch-
ment. The areal rainfall series thus obtained was subijected to frequency
analysis of 2-year areal rainfall depths for specified durations were computed.
The percentage ratio of 2-year areal rainfall to 2-year representative point
rainfall for the catchment was calculated and plotted against the area of the
catchment for various durations., The best fitl curves were drawn for sSpecified
durations on the points obtained for all 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 hours., The areal reduction factor (ARF) at different intervals
of catchment areas for the above durations are given in Table-A-3.

Data for bridge catchment is available only upto 1200 sa.km. and point
to areal curves have been extrapolated upto 2500 'sg.km. on the basis of limited
ARF's obtained from bridges having area less than 1200 sg.km. Point to areal

rainfall values may, thersfore, be used with caution for areas more than 1200
sq.km,

4.4 Time Distribution of Input Storms

The study of time distribution of short duration rainfall has been
carried out by IMD for the follewing categories of duration:

1. Rain Storm of 2 to 3 hours
2, Rain Storm of 4 to & hours
a8



3. Rain Storm of 7 to 12 hours
4, Rain Storm of 13 to 18 hours
5 Rain Storm of 19 to 24 hours

Bbout 1480 rain storms of various durations upto 24 hours occourring in
various parts of the subzone were analysed based on 184 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 per-
centage of total rainfall along the ordinates and percentage of storm duration
along the abcissa. Thus five different graphs were prepared for each station
corresponding to various durations and were than examined. The average time
distribution curves for the various durations were drawn for each station. All
the average curves for the.stations thus cbtained were plotted on a single grapt
and a single average curve fgr the subzone as a whole was drawn for Storms of
different durations and are shown in Fig.12.

4.5 25-Year and 188=Year 24-Hour Point Rainfall Ma

For those interested in the design flood (25-year and 100-year flood)
25-year and 180-year 24-hr. point rainfall maps are shown in Plates-9 & 11,
To obtain 6,9,12,15 and 18 hrs. from 25-year and 100-year 24-hr. rainfall, the
ratios given in sSection 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
jmput storm respectively, Synthetic unitgraph, design less rate and base flow
will remain the same as in the case of 50-year flood.

4.6 Procedure 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 tp = 0,727 {h£§~—10‘59 by substituting the known values

of L, and 5 for the catchment, Caleculate the design storm duration {Th} =1.1
tp‘ The value of T, may be rounded off to the nearest 1-=hour.

Step (2): Locate bridge site/catchment area under study on the S0-yr.,24-br.

rainfall isopluvial map (plate-10) and obtain the S0-yr 24=-hr. point rainfall
value,

Step(3): Read the conversion ratio for hours from Fig.10 and multiply the

24-hour rainfall in Step-2 by the ratio to obtain the 50-year TD-hnur point
rainfall.,

Step (4): Convert the SO-year T -hour point rainfall to 50-year T.-hour areal
rainfall by multiplying with ‘the areal reduction factor (ARF) corresponding to
catchment area under study and for T ~hour duration from Table-6 or by inter—
polation from Fig.11(a) and 11(b) in Section 4.3.

Step (5): Apply the cumulative percentage of total rainfall against the cumu-~
lative percentage of storm duration curves in Fig.12 or from Table A-2
corresponding to design Storm duration T_ to obtain the depths at 1-hour inter—
val since the unit duration of Synthetic U.G. is 1-hour.
.Step (6): Obtain the {1-hourly rainfall increments from subtraction of sucdes-
sive 1-hour cumulative value of rainfall in Step-5.
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5.0 ESTIMATION OF DESIGHN 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 gtorm rainfall input vide Section 4.0,

or(bascd o st o (e 3ole
Step(3) : Adopt the design loss rate of 0.5 cm/hr.svide Section 3.11.

forTrY fap

Step(4) : Obtain the hourly rainfdll excess units upto the design storm dura-
tion T_ by substracting the design loss rate efO+5—emfihe. from the hourly
rainfaql increments in Step-6 of Section 4.6.

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

Arrange the rainfall excess increments against the 1-hourly Symthetic
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 'I'D
hour duration.

The sum of the product of unitgraph ordinates and the rainfall excess
as tabulated above gives the 50-year flgod peak value after due addition of base
Elow in Step=-9,

However, the subsequent Step-6 to 10 should be followed, for computa-
tion of design flood hydrograph.

Step 6 : Reverse the sequence of rainfall excess increments cobtained in Step-5
which will give the critical sequence of the rainfall excess.

Step 7: Multiply the first 1 hour rainfall excess with the synthetic U.G.
ordinates at 1-hour interval which will give the correspending direct
runoff ordinates. Likewise repeat the procedure with the rest of the
1 hourly rainfall excess increments giving a log of 1-hour to succes-
sive direct runoff oxdinates.

Step-8 Add the direct runoff ordinates at 1-hour interval to get the direct
runoff hydrograph.

Step-8: Obtain the base flow rate in cumec/sg.km. vide section 3,12. Multiply
base flow rate in cumec/sg.km. with the catchment area under study
to get the total base flow. o
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Step 10 ¢ Add the total base flow to the direct runoff ordinates at J-hour

interval in Step-8 to get the S0-year flood hydrograph. Plot the
hydrograph.

Likewise 25-yr flood and 100-yr flood hydrographs are computed by
following the above steps in sections 4.6 and 5.0 corresponding to 2S5-yr and
100-yr storm rainfall for design storm duration The

&1



6. FORMULA FOR LINEAR WATERWAY OF BRIDGES

Design of bridges and culverts and cross drainage structure like acqua-
ducts encompassesthe primary fixation of the linear waterway to be provided,
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
methodology to be used to estimate the flood produced from a rainfall which
would gecur with a 50-year recurrence interval. Once this estimate has been
made, the usage of this discharge wvalue would logically be the next step, A
perusal of prevalent rail and road bridge design codes suggest the formula for
Fixing the waterway,

The linear dimension of any hydraulic structure have a bearing on the
width of channel. The chammel width in the case of a stable river is mostly
contrxolled by the nature of soil, slope and roughness of terrain/channel bed
as also the magnitude, duration and frequency of floods over a long peried in
geological time., The width- of the channel, therefore, remains more or less
constant for discharge magnitudes of different return perieds, though the flood
levels and velocities very considerably to cater to the increase in discharge
magnitudes. With this concept in view, the formulae for linear waterway rela-
ted to frequency Floods have been developed. Considering the dimension of dis-
charge which is L3 / T, the adoption of 3 _/ @ discharge as the ruling para-

meter seems to be justifiasble. Taking into account the analysed bridges in
subzone 3{e), the following simplified formula has been derived:

W= 5,77 Q. 13

Where W is linear waterway in metres and QEU is S0=yr.flood dischaxge
in cumecs.

The design engineers may follow the fellowing steps while fixing some
of the primary parameters of the bridge,

(1) Estimate Qﬁu by using the methodology outlined in the report.
(2) Estimate the linear waterway using the equation given above.

{3) Work out the design HPL expected for QEU with the waterway
estimated,

The linear waterway which is estimated may seem to be in-adequate or
excessive as per the site conditions prevalent. In that case, the design
engineer is at liberty to choose a suitable waterway not much different from
the estimated waterway and thereafter fix the design HFL as per normal cal-
culations. The above mentioned equation gives only a guide to the possible
width which may have to be provided to pass the discharge at the bridge site.
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In case the design engineer feels that the importance of the structure warrants

Qz or Ql a and wants to use thoge values for design purpose, then the linear

magermy an be worked out with ‘the following formulae:

1/3

W = 6.00 1925}
]11’3

100

THE FORMULAE GIVEN ABOVE ARE ONLY TO BE USED FOR FIXING THE LINEAR
WATERWAY OF THE BRIDGES IN THE UPPER GODAVARI SUBZONE-3(e). THE LACEY'S
REGIME WIDTH FORMULA WILL NOT BE AFPLICABLE FOR FINING THE LINEAR WATERWAY
OF BRIDGES IN SUBZONE-3(e). HOWEVER FOR DETERMINATION OF SCOUR AT BRIDGE
STITES THE LACEY'S SCOUR FORMULAE BASED ON LACEY'S REGIME WIDTH AS SPECIPIED IN
THE CODES FOR ROAD AND RAIL BRIDGES SHALL BE USED.

W= 5,55 (Q

The relevant codes of practice for design flood and fixing of water-
way of bridges by Indian Hailways and Indian Roads Congress are as under:

(i) Code of practice by Indian Railways (revised 1985) sections 4.2
4.3, 4.4 and 4,5.

(ii) Standard specifications and code of practice for Road bridges,

section 1, General Features of Design (fifth revision) by Indian
Rpads Congress, 1983 - clauses 103 and 104,
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7.0 UTILITY OF REPORT FOR OTHER PURFOSES

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

(i) Small Dams

The Indian Standard - guidelines for fixing spillway capacity of Dams
under clauses 3.1.2 and 3,1.3 of IS: 11223-1985 (under print) recommends 100-
year flood as inflow design flood for small dams having either a gross storage
behind the dam between 0.5 to 10 million 3 or hydraulic head (from normal or
anmual average flood level on the dmstrgam to the maximum waterlevel) bet-

ween 7.5m to 12m. The report may be made use of for estimation of 100-year
flood for safety of small dams.

{ii) Minor Crogs Drainage Works

The Indian Standard - code of practice for design of cross drainage
works, part-1 General features under clause 6.2 of I5: 7784 (Part-1)-1875
recommends 10 to 25 years frequency flood with increased afflux 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 year, 24-hr, point storm rainfall determined for the ungauged
catchments under study,
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8.1

8.1.1

B8.1.2

B.2.1

8.2.2

B8.2.3

B.3

343-1

8.,3.3

B.3.4

ASSUMPTIONS, LIMITATIONS AND CONCLUSIONS
Assumptions

It is assumed that 50-year return periocd storm rainfall produces 50-
year flood.

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

Limitations

‘The data of 17 catchments has been considered for developing a genera-
lised approach for a large subzone. However, for more reliable rela-
tionships the data of more suitable catchments would be desirable.

The method would be applicable for reasonably free catchments with inp=
terception, if any, limited to 20% of the total catchment. For calcu-

lating the discharge, the total area of the catchment has to be consi-
dered.

The approach developed mostly covers the catchments with flat to mode-
rate slopes.

Conclusions

The methodology for estimating the design flood of 50-year return

period incorporated in the body of the report is recommended for adop-
tion.

The report also recommends the adoption of design flood of 25 year and

100 year return periods taking into account the relative importance
of the structures.

The flood Formulae with different return periods shall be used only for
preliminary design. However, for final design, flood shall be estimat-
ed by application of storm rainfall to synthetic unit hydrograph.

Formulae for fixing the linear waterway of cross drainage structures on
streams in Upper Godavari subzone may be used at the discretion of the
design engineer.

The report is spplicable for the catchment areas ranging from 25 to
2500 sq.Km, Further the report may be used for larger catchments upto
5000 sq.Km. based on sound judgement and considering the data of neigh-
bouring 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 or a
bridge.
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B.3.6

For structures with relatively greater importance requiring higher
factor safety, the design flood of 25-yr., 50-yr. and 100=-yr. return
periods may be estimated by adopting a constant loss rate of 0.5 cm/hr.
{instead of applying the loss rate formula given in section 3.171).

The inflow design flood (100-year flood) for small dams mentioned in

section 7.0 (i) may also be estimated by adopting a constant loss rate
of 0.5 em/hr.
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AREAL TO POINT RAINFALL RATIOS (PERCENTAGE) FOR SUBZONE 3 (e)

Table=4:

Area 1. hr, 3 hr. & hr. 12 hr. 24 hr.
(Sg. Em.)

1 2 3 4 5 6
50 86 90 92 97 g8
100 79 B4 aa 95 97
150 75 a1 =127 93 96
200 17 B3 92 a5
250 75 B2 90 94
oo 80 B9 a3
350 19 88 93
400 78 a7 92
450 77 86 91
500 76 8s 90
600 a3 89
J00 82 88
800 B1 88
200 80 87
1000 79 B6
1500 76 83
2000 81
2500 80
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