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FOREWORD

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

The Committee of Engineers in their report in October, 1959 had
recommended the systematic collection of requisite rainfall and runoff data
of catchments all over the country for the preparation of flood estimation
reports for hydrometeorologically homogeneous regions/zones in the country
under long term plan using the rational methodology of recommendations were
accepted by the concerned Ministries of the Government 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 overall guidance and supervision of the Research Designs and Stan-
dards Organisation in a phased manner and the Ministry of Transport (Surface)
is also collecting similar data through Central Water Commission. This data
iz 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 undexway 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 (out of 24 sub Basins proposed )
have been published and circulated to user agencies.

This report presents the studies for Mahi and Sabarmati Subzone=3(a)
which was discussed and approved by the Planning and Coordination Committee in
its 44th meeting held on 7th & 8th August, 1986 at Gandhinagar. The rainfall,
gauge and discharge data of selected catchments in Mahi and Sabarmati Subzone
was collected by the Western Railways. The rational methodology contained in
this report is recommended for estimation of 25-yr, S0-yr and 100=yr flood for
the type and relative importance of the structures,

The report is a joint effort by Central Water Commission of the
Ministry of Water Resources, Research Designs & Standards Organisation of the
Ministry of Transport (Deptt. of Railways), Roads Wing of the Ministry of
Iransport (Deptt. of Surface Transport) and India Meteorclogical Department,
in pursuance of the recommendations of the Khosla Committee of Engineers,

Review of the reports may be possible in the light of advancements in refined
techniques in due course when pertinent data becomes available,



Such studies represent . a land mark in the country in the field of
Hydrology of small and medium catchments,

34/ =
{ N.K. SARMA )
Member (Water Planning), CwC
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PREFACE

Design Engineers essentially need the design flood of a specific
return period for fixing the waterway vis-a-vis the design H.F.L. and foundas=
tion depths of a bridge, culvert and cross drainage structures depending on
their life and importance to ensure safety as well as economy. A casual
approach may lead to under-estimation or over-estimation of design f£lood
resulting in the loss and destruction of structure or uneconomlc structure
with problematic situation,

The use of empirical flood formulae like Dickens, Ryves, Inglis etc,,
has no such frequency concept except the simplicity of relating the maximum
flocd discharge to the power of catchment area with constants. These formulae
do not take account of the basic meteorologic factor of storm rainfall intensi:
besides other physiographic and hydrologic factors varying from catchment to
catchment. Proper selection of constants in these empirical formulae is left
to the discretion of design engineer involVving subjectivity.

The need to evolve a method of estimetion of design flood peak of
desired frequency knowing the physical characteristics of the catchments and
design rainfall has been recognised and a committee of engineers under .the
chairmanship of Dr. A.N. Khasla have recommended, "Systematic and sustained
collection of hydro-metecrological data of selected catchments in different
climatic zones of India for evolution of a rational approach for determination
of floocd 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 periocd of not much less than 50 vears, the
design flood should be 50 year flood determined from probability curve on
the basis of recorded floods during the peried. In case where the requisite
data, as above are not available, the design f£lood should be decided based
on the ground and meteorological characteristics cbtained on the basis
of design storm."

Economic constraints do not justify detailed hydrological and meteo-
rological investigations at every new site on a large scale and on a long term
basis for estimation of design flood with a desired return period, Regional
flood estimation studies become necessary for hydro=meteorologically homcgeneous
regions in the country. Broadly two main regional approaches are open for
adoption depending on the availability of the stoxrm rainfall and flood data,
The first approach involved long term discharge observations for the represen-
tative catchments for subjecting to statistical analysis to develop a regional
flood model. The other approach was to collect concurrent storm rainfall and
runoff data of the representative catchments over a period of 5 to 10 years to
develop & regional design storm rainfall-loss-unitgraph (runocff) model, The
latter approach in line with the recommendations of the high level committee
of engineers has been adopted in the preparation of f£lood estimation reports



under short term plan and for each of the 22 subzones out of 26 subzones in
the country under long term plan.

Systematic and sustained collecticn of hydro-meteorclogical data
for the representative catchments numbering 10 to 30 for a pericd of 5 to 10
years in each of the 22 pubzones has been carried out in & phased manner by
different zonal railways since 1965 under the supervision and guidance of
Bridges and Flood Wing of Research Designe and Standards Organisation of the
Ministry of Transport (Deptt. of Railways), Similarly the Ministry of Trans-
port (Deptt. of Surface) has undertaken the ecollection of data for 45 catch-
ments through Central Water Commission since 1979, Rainfall and runoff data
was supplied to Hydrology (Small Catchments)} Directorate of Central Water
Commigsion and rainfsll data to India Meteorological Department (IMD) for
necegsary studies, '

Hydrology (Small Catchments) Directorate of CWC has carried out the
analysis of seleécted storm rainfall and floods for the gauged catchments to
derive 1-hr. unit hydrographs on the basis of data of rainfall, gauge and
discharges collected during the monsoon season. Representative 1-hr. unit
hydrographs have been obtained for each of the gauged catchments. The para-
meters of the catchments and their respective representative unit hydrographs
have been corjrelated by regression analysis and the equations for synthetic
unit hydrographs for the subzone were derived. The leoss rate and base flow
studies were carried out. Methodology for estimation of design £lood (50-yr.
flood) for ungauged/inadequately gauged catchments has been indicated.

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

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

A, UNDER SHORT TERM PLAN
1. Estimation of Design Flood Peak {1973}
Ba UNDER LOMG TERM PLAN
1. Lower Gangetic Plains subzone-1(g) (1978}
2, Lower Godavari subzone-3(f) (1981}
3. Lower Narmada & Tapi subzone=3(b) (1982)
4. Mahanadi subzone-3(d) (1982)
5, Upper Narmada and Tapi subzone=3 (c) {1983)
6, Krishna & Penner subzone=3(h} (1983)
7. South Brahmaputra Basin subzone-2{b) (1984}

fwi)



8. Upper Indo-Ganga Plains subzone-1({e] (1584)

9, Middle Ganga Plains subzone-~1(f) [1985)
10. Kaveri Basin subzone-3(i) {1986}
11. Upper CGodavari subzone-3{e) (1986)

The present report on Mahi & Sabarmati subzone-3{a) is based on the
detailed storm rainfall and runoff studies of 19 representative catchments.
The data of each of the 20 catchments collected for a period varying from
4 to 9 years by the Western Railways under the guidance of R.D,.5.0, Besides
-the data of 130 ordinary raingauge stations maintained by IMD/States along
with data of 47 self-recording raingauge stations maintained by IMD/Railways
has been.made use of,

The Mahi and Sabarmati subzone-3(a) report deals with the estimation
of design flood of 25~yr. and 50-yr. and 100-yr, return periods for small and
medium catchments in this subzone covering the parts of Gujarat, Rajasthan and
Madhya Pradesh states based on design storm rainfall and synthetic unitgraph.
Formulae for 25-yr., 50-yr. and 100-yr. flood for easy and quick application
are given in the report for the preliminary designs only. Illustrative
example under (i) detailed and (ii) simplified approaches are also given for
application of the report. Besides a formula for fixing the waterway of
bridges and cross drainage structures on subzone-3(a) has been given. The
utility of the report under section-7 has been dealt with for the guidance of
the design engineexrs,

The report on subzone-3(a) is recommended for estimation of design
flood for small and medium catchments varying in areas from 25 to 1500 sq.km.
This report may also be used for catchment areas upto 5000 sq.km. judiciously
after comparison of available rainfall and runoff data of neighbouring catch-
ments with similar characteristics.

This report is a joint effort of Central Water Commission of Ministry
of Water Resources, R.D.S,0. of Ministry of Transport (Railways)}, Roads and
Bridges Wing of Ministry of Transport (Surface) and Hydromet Directorate of
E.M.D.

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

sd/-

{S.M.HUQ)
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, This list of symbols adopted is giwven
,tuth the units,

Dy

L]

i

Catchment Area in sSgkm.

Centre cf Gravity

Length of longest main stream along the river course in km.
Length of the longest main Stream from a point opposite

to centroid of the catchment area to the gauging site
alang the main stredm in km.

Length of the ith segment of Lesection in kmo

Depths between the river bed profile (L-Section) based on
the levels of (i-1) and ith contours at the inter-section
points and the level of the base line (datum) drawn at

the point of study in metres,

Equivalent stream slope in m/km

Unit Hydrograph

Synthetic Unit Hydrograph

Unit Rainfall Duration adopted in a specific study in hours

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

Time from the start of rise to the peak of Unit Hydrugraph
in hours, R =

Time Duration of Rainfall in hours

Base Width of Unit Hydrograph in hours

Design Storm Duration in hours

Peak Discharge of Unit Hydrograph per unit area in

cumecs per sgkm

(xi41)



Peak Discharge of Unit Hydrograph in cumecs,

%

W : Width of U.G. measured at 50% maximom Discharge

50 Ordinate (Q) in hours

W?S : Width of the U.G. measured at 75% maximum Discharge
Ordinate IQPI in hours. :

Weeq : Width of the rising side of U,G, measured at 50% of
maximum Discharge Ordinate IQF} in hours.

“2?5 : Width of the rising side of U.G. mesasured at 75% of
maximum Discharge Ordinate I:Qpll in hours

0’25‘ an : Maximum Flood Discharge with return periods of
25-yr, SO=-yr and 100-yr respectively in cumecs.

2nd 2,09

RZS’ Rsu : Point Storm Rainfall Values with return periods of
25-yr, S50-yr and 100-yr respecitveély in cms,

and Ry 54 '

E.R. : Effective Rainfall in cms

S.R.H. : Surface Runoff Hydrograph (Direct Runoff Hydrograph) -’

(D.R.H. ) J

ARF : Areal Reduction Factor

% : .Percent

-2 :  Summation

ABBREVIATIONS

Cumecs : Cubic metres per second

mm . Millimetres

cms : Centimetres

Hr. : Hour '

M : Metres

Min, : Minutes

Km. : Kilometres

Sq.km. : Sguare Kilometres; Iﬁhz

In. t Inches

Sec. : Seconds

{xiv)
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INTRODUCTION

Flood Estimation Report for Mahi and Sabarmati subzone-3(a), presented
herein, furnishes the rational methodology to estimate the design flood for
fixing the waterway of bridges, culverts and cross drainage structures.

Flood Frequency Formulae to estimate 25-yr., 50-yr. and 100-yr. flood
are glven to create interest for the users,

After the gets of N-year flood formulae, the reports consists of three

main parts, The first two parts 'A' & B' pertain to "Application of the Report"

with (A) Detailed and (B) Simplified Approach. The third part (C) is to main
repoxt of eight sections dealing with general fearures of Mahi and Sabarmati,

nature and perjod of data collected, analysis of storm rainfall and flood events

to derive the unitgraph, relationships between physiographic and unitgraph for
ungauged catchment, design storm rainfall, design loss, base flow, computation
of design flood peak, hydrograph for ungauged catchments, formulae for linear
waterway of the cross drainage structures, utility of the report and finally
asgumptions 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 1500 s5g.km, Further the re-
_port may be used for larger catchments upte 5000 sq.km. based on sound judge-
ment and considering the data of neighbouring catchments also.

SUMMARY OF FLOOD FREQUENCY FORMULAE

. 0.978,_.0.251 1.190
Qi5 = 1.005(A) (5) {325} r = 0.993
Ly 0.618 \
0.947 0.242 1.143
%0 = Ttk (8) {Rgui r = 0.947
() 0-566
0.960 0.241 1.126 r = 0.994
Q1ua = 1,161 (&) (s) {RTDDI
0.568

()

Where 925; QEDI sl E1ﬂﬂ are the 25-yr, 50-yr and 100-yr flood in cumecs
regpectively,

A is catchment area upto the point of study in sakm.

L is length of longest stream in km.



S ig eguivalent stream slope in m/km (details of estimating S are
shown in Step~2 of illugtrative example).

st, REG and R,I 00 are the design storm point rainfall values in cms.

for the design storm duration T, = T_ = 5,452 (L/ FS ’G.EEU in hrs.

The rainfall values are found a?tﬂr fbcating the catchment on the
isopluvial maps (Plates 9,10 & 11).

HNote: {i) Application of these formulae are illustrated in Simplified
Approach. '

(ii) Flood estimatés from the above formilae are to be uged for

PRELIMINARY DESIGN ONLY.

(iii) r = .correlstion coefficient



APPLICATION OF REPORT

(a) Detailed Approach

The flood estimation report for Mahi and Sabarmati subzone-3(a) may be
used for estimation of design fleod (S0-year flood) for ungauged and inadecua-
tely 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} Preparation of catchment area plan of the ungauged catchment in
question.

ii) Determination of phisingraphic parameters viz: the catchiient area
{L}, the length of -the longest stream (L) and equivalentxﬁtxeam
slope (8).-

iii) DPetermination of 1-hour synthetic unitgraph parameters i.e. peak
discharge per sq.km. {qp}, the peak discharge IQP}, the basin lag

{tp}, the peak time of U.G. t'rm}. widths of the unitgrarh at 50%

and 75% of Qp (W and W' }, widths of the rising limb of U.G.
at 50% and 75% of QP tﬂREG and HETS} and time base of unitgraph
{TB}-

iv)} Drawing of a synthetic unitgraph.

v) Estimation of design storm duration {Tn]

vi) Estimation of point rainfall and areal rainfall for design storm
duration an}-

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

viii) Estimation of effective rainfall units after substraction of
prescribed design loss rate from rainfall increments.

ix) Estimation of base flow.

x) Computation of design flood peak.



%*i) Computation of design flood hydrograph.

Step No. (xi) may not be necessary for those intending to estimate
the design flood peak only.

Illustrative Example

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

1

i} MWame & mumber of subzone Mahi & Sabarmati Subzone-3(a)
ii) PName of site (i.e.point of study) : Railway Bridge No.129

iii) Name of railway section i Dehod-Ratlam

iv) Name of Tributary : Kali Nadi

v) Shape of the catchment ' Oblong

vi) Site location : 22° 52¢ 00" (Latitude)

74° 22* 00" (Longitude)

vii) Topography Moderately steep slope

The procedure is expliined stepwise:

Step-1: Preparation of Catchment Area Plan

The point of interest (Railway Bridge site in this case) was located
on the Survey of India toposheet and catchment boundary was marked using the
contours aleng the ridge line and also from the spot levels in the plains. A

catchment area plan Fig, A-1 showing the rivers, contours and spot levels
was preparad.

Step-2: Determination of Physiographic Paramaters

The following physiographic parameters were determined from the
catchment area plant

i) Area (A) ¢ 136.36 sgkm
ii) Length of the longest stream(L): 33,50 km
iii) Equivalent stream slope (S5) : 3.26 m/km
Following methods are adopted for computation of slope($)t

(a) By Graphical Method

Draw a lengitudinal section of the longest main stream from contours
crossing the stream and the spot levels along the banks from the source to the
point of study from the catchment plan as shown in Fig. A-1. Draw a sloping



'fiing by trial on the L-section from the point of study such that the areas
‘between L-section and above and below the line are equal, Then compute the
‘slope (S) of this line, '

(b) By Mathematical Calculation

iy The computations of (S) shown in Table A-{ with reference to Fig, A-1
‘“are self-explanatory.

g
Step-3: Determination of Synthetic 1thr Unitgraph Parameters

The equations 3,9.3 to 3.9.11 in section 3.9 were used to compute, the
anitgraph parameters with the known values of A, L and S as under: 3=33¢4/

D€, = o0.43301/ )5 0704 3.9.3
= 0.433(33.50/_/3.261°-7%%.3 38 nhrs.
rounded off to 3.5 hrs.
cidd) aQ, = 1.1ﬁ1f{tpiﬂ'635 Lol
= 1.161/(3,5)9+%35 = 0.254 cumec/sgkm
i4) Wy, = 2.284/(q ) 1200 3.9.5
= 2.284/(0,254)1+00 = 4,36 hrs
1) W ;‘_1.33111%3‘3-991 3.9.6
= 1.331/0,254)%+991 = 2.52 hrs
o . 1,023
¥ v) HRSG U,Bi?f{qu 3.9,7
= n.Bz??tD.254}1'G23 = 1.860 nrs
: . 1.037
Vi) Wooe = 0.561/(qy) 3.9.8
= 0.561/(0,254)1+937 w110 Tz
vii) T, = a.a?aithO'S*z 3.9.9
= B¢3?5[3.5]ﬂ'512 = 15.90 hrs say 16 hrs
viii) T SN 3.9.10
=3,54+ 4 = 4.0 hrs
- A «9:11
ix} Qp qp x 3.9.1
= G-254 X 136-36 - 71-5“ cumecs

Step-4: Drawing of a Synthetic Unitgraph

Estimated parameters of unitgraph in Step-3 were plotted to scale on
& graph paper as shown in Fig.A-2. The plotted points were joined to draw



synthetic unitgraph. The discharge ordinates fQi} of the unitgraph at
t':i. - 1:1_ = 1 hr interval were summed up i,e.sﬂ_i ti = 378.8 cumec/hr as shown

in Fig. A-2 and compared with the volume of 1.00 cm Direct Runoff Depth over
the catchment with the formulag 0. t, = &8 A.d/t
2.78 &
where A = catchment area in sgkm
d = 1.0 cm depth

ti= tr (the unit duration of the UG) = 1,00 hr

Q.¥Axd = 136,36 x 1
& Gt ol 0.3t x 1 " 378.8

Thus the unitgraph 8¢ drawnwas found to be in order.

In case the Q. t. for the unitgraph drawn is higher or lower than
i i

the volume worked out by the above formila, then the falling limb and/or rising
\U.mb may be suitably wmodified to get the correct volume under the hydrograph,.
taking care to get the smooth shape of the unitgraph.

Step-5 : Estim Desi b=] Durati

The design storm duration {Tui = T, = 1460 hrs -

< Step-6 : Estimation of Point Rainfall and Area Rainfall

The catchment under study was located on Flate-10 showing 50-yr
24-hr point rainfall. 50-yr 24-hr point rainfall = 32.0 cm. Conversion factor
of 0,905 was read from Fig. 10 in section 4.2 for conversion of 50-yr 24-hr
point rainfall to 50-yr 16-hr point rainfall since TH = 16 hrs, 50-vr, j6-hr
point rainfall = 32,00 x 0.905 = 28,96 cm,

Areal Reduction Factor of 0.915 corresponding to a catchment area of
136.36 sgkm for = 16 hrs was interpolated Ffrom Table-4 or Fig.11(b) in
section 4.3 for converstion of point to areal rainfall., S0-yr 16-hr areal
rainfall = 28,96 x 0.215 = 26.50 cm.

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

Step-7 : Time Distribution of Areal Rainfall

S50-yr 16-hr areal rainfall = 26,50 cm was distributed with the distri-
bution coefficients (Col. 16 of Table A-2) or from mean average time distribu-
tion curve for storms of 13-18 hrs in Fig. 12 (¢) ecorresponding to t6-hrs to
get 1-hr rainfall increments as follows:



Durations Distribution Storm 1-hr rainfall increment

(hx) co-efficients rainfall (cm)
(cm) : P LA
(1) (2) (3)=(2)x26,50 [ fa)yd = —
1 0.28 7.42 . 7242
2 0,41 10.86 _ 3.44
3 0.53 14.04 3.18 -
4 0.60 15.90 1.86
5 0.66 17.49 1.59
6 0.73 19.34 . 1.85
7 0.77 20.40 1.06
8 0.82 21,73 1.33
9 0.86 22,79 1.06
10 0.88 23,32 0.53
99 0.91 24,11 0.79
12 0.94 24,91 0.80
13 0.96 25.44 0.53
14 0.98 25,97 0.53
15 0.99 26,23 - 0.26
16 1.00 26,50 0.27

Step-8 : Estimation of Effective Rainfall Units

Design loss rate of 0.45 cw/hr under section 3.11 has been-adopted.

The following table shows the computation of {-hr effective rainfall
units in col.(4) by sSubstracting the design loss rate in col.(3) from 1-hr
rainfall increments in col.(2].

Jurations " 1=hr rainfall Design loss 1-hr Effective

Rate (cm/hr) Rainfall

—(hr) {om) _{em)

{13 {2) (3) (4)

1 7.42 0.45 6.97

2 3.44 ! 2.99

3 3.18 n 2.73

4 1.86 ] 1.41

5 1.59 n 1.74

6 1.85 s 1.40

7 1.08 L 0.61

8 1.33 i 0.88

9 1.06 " 0.61

10 0.53 o 0c.08

11 0.79 " 0.34

12 0.80 " | 0.35

13 0.53 " 0.08

14 0.53 " 0.08
15 0.26 " =
16 0.27 " -




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

Step-9 : Estimatien Base Flow
The design base flow is computed by the following formulae vide seetion
3.12

q =_0,109 i}
P 1136.36)0.126 0,059 cumec/sqkm

Total Base Flow = 136.36 x 0,059 = 8,04 cumecs
Step-10 : Estimation of 50-¥Yr Flood (P

For the estimation of the peak discharge the effective rainfall units
were re-arranged against the unitgraph ordinates such that the maximm effective
rainfall was placed against the maximum U.G. ordinate, the next lower value
of rainfall effective against the next lower value of U.G. ordinate and so on
as shown in cols. (2) and (3) in the following table. Summation of the pro-
duct of U.G. ordinate and the rainfall gives the total direct runoff as
undexr:

Time U.G. Ordinate {-hr. Effective Direct Runcff
) ' Rainfall .
{cumecs) {om) {cumecs)
(1) (2) (3) _ (4)

1 9.00 0,34 3.06
2 25.00 1.14 29.07
3 58.00 2,73 158.34
4 71.50 6.97 498.35
5 61.00 2.99 182.39
B 44,50 1.41 62.74
7 32,70 1.40 45,78
8 24,50 0.88 21.56
9 18.00 0.61 10.98
10 12.70 0.61 7.75
11 9.50 0.135 3432
12 5.70 0.08 0.46
13 3,50 0.08 0.28
14 2.00 0.08 D,16
1024,24

Base Flow 2,04

50=¥r Flood Peak 1032.28 cumecs

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



Step-11: Computation of Desicgn Flood Hydroqraph

The 1-hr effective rainfall sequence shown in col.(3) of Table in
.Step-10 was reversed to obtain the critical sequence.

For computation of design £lood hydrograph, the U.G. ordinates for
{-hr interval were tabulated in col.(2) of Table A-3 against time (hrs) in col.
(1). The critical sequence of 1-hr effective rainfall units were entered
‘in col.(3) to (16) horizontally as shown in Table A-3. The direct runoff
resulting from each of the 1-hr effective rainfall unit was obtained by
mltiplying the 1-hr effective rainfall with the synthetic 1-hr U.G. ordinates
4n col. (2) and the direct runoff values were entered in vertical columns

each unit with a successive lag of f-hr since the unit duration of
‘The direct runoff were added horizontally and the total direct runoff is shown
in col.(17). The total pase fiow of B8.04 cumecs .was enTered im uol. (18).
‘Col.(19) glves the addition of col.(17) and col.(18) to get the design flood
‘hydrograph ordinates. The total discharge in col,([19) were plotted against
time in col.(1) to get the design flood hydrograph in Fig. A-3. '
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r) STMPLIFIED APFROACH
1. Flood Pormulae by Moltiple Regression Analysis Fheory

In this mltiple regression analysis, the peak discharge (0} for a
return period of N years as externally dependent wvariable was to be

where A, L, L. S axd R, are same as in Flood Peak

Fopmilae as independent variables. a, b, ¢, d ard & are miltiple
regression coefficients when a logarithwic trancformation is applied to all
variables. Principle of least Squidte was whed in the regression smalysis to
get the above relationchip,

2. 25-yr, S amd Flood Forsmlae

25-yx, EB-yzaniiDHrﬂmdnlmfﬂrmﬂtheismdnﬂ
lmgmgeﬂcﬂtchmtﬂfnrdiﬂmsimmmdhrmw
sud.unfﬁzs,g .mﬂﬁtmmmﬂmaudepuﬂmuﬂﬂmm

mwmﬁphmmmmmm“m:
];umetzml,lu Satdnetmtnlngicpummnfmintﬁtﬂmﬂinfﬂikzy

mmnimmiﬂwmm:mlmﬂmlmtmmm The:
dﬂ:l.veﬂﬂnndfnmﬂaeﬁurﬁzs.ﬂ mdﬂimﬂththﬁrrﬁpmtium&ﬂdm
of correlation [r) are as umier:

0.978,_.0.251 1.190

o, - 1.005(A) (s) ®,) o i
(1,0-618
0.947, _ 0.242 1.143
o, - 1.164(A) 5) (®p) oSN
(10556
1.161A) 9805y 0-241 5, 41,126
100
0. ; r = 0.994
b 0.568
) -

-hn:ugzs, EwmiQ‘MuEZE-Tr, S0~y amd 100~y flood in cumecs respec—
tively,

A hmdnmtuﬂmmjntpfstﬂyinmh
L is lemgth of longest main stream in ko

S is eguiwalent slope in w/km (details of estimating S are shown in
Step-2 of illustrative erample).

RZS.RSUMR‘mmtheﬂlm‘.gnstmpnithaiuf in cms for the design
Storm duration T = T, = 5.452(Lf /S) 0-360 55 ppg

The rainfall values are fouwrd after locating the catchment
on the isoplovial maps (Plates—9; 10 & 11).
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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 {QZS’ QSG and Q,I Ga]hy both the respective derived formulae

and the detailed approach for the 23 catchments shown in the following table
are within tolerable limits of + 25%,

% variation Range
{+) (=)
QRE 0.23 o 12,33 0.82 to 16.82
ESIJ 0.71 to 13.47 0.44 to 15.78
Q"m 0.75 to 12.51 0.91 to 16.52

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

3. Solution of the Problem

Illustrative example for estimation of 25-yr, 50-yr and 100-yr flood
for catchment area upto Rly. Bridge No,129 is considered for solution of the
problem by Flood Formulae (Regression Analysis). The physiographic and meteo-—
‘rologic parameters for the catchment under study are:

A =136.36 sqgkm, L =33.50 km, $'=3.26 w/km, t_ = 0.433(L/ /5)
0.512

TD L TB = B.j?5ftp} = 16 hrs

Ry = 26.24 cm, Ry = 28.96, R, = 33.48 cm

R, = 1.005(136.36) 2278 (3.26)%°251 (26,243 119% . 023.26 cumecs

33,5ty 0 61

Qg = 1.1640136.36)°:247(3,26)% 242 (25 96) 7143 . 1046.02 cumecs
(33.50) - 566

ben - 1-151figsizﬁjn'gﬁufa,zsin'241133,4511"25 = 1228,28 cumecs
(33,50)%- 568

The percentage variations in the values of st, EEB and QTM by the

detailed approach and the flood formulae with respect to the flood values by
detailed approach for the catchment undér study are +0.23, +1.34 and +0.75
respectively. Therefore, the flood values for 25-yr, S0-yr and 100-yr return
periods estimated by the respective flood formulae are reasonable for adoption
in preliminary designs,
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-.1 -0 GENERAL DESCRIPTION OF MAHL AND SABARMATI SUBZONE=3(a)
1.1 LOCATION

The Mahi and Sabarmati Subzone-3(a) lies roughly between 69° to 75°

" east Iongitude and 21° to 25° North Latitude. It covers more than half of
' Gujarat State and small parts of southern Rajasthan and western Madhya Pradesh
‘States. Some of the important towns and cities are Gandhinagar, Vadodra,
Jamnagar, Rajkot, Verdval, Porbandar, Banswara, Dohad Godhra, Deotis, Phalagsia
‘and Durgarpur. The subzone-3(a) is bounded on the north by Luni basin sub-
%‘ﬁi‘é-"fféﬂ on the south by Lower Narmada and Tapi ‘subzone-3(b), on the east by
Chambal basin subzone-1(b) and on the west by the Arablian Sea. Plate-1 shows
‘the location of Mahi and Sabarmati subzone-3(a) with the appended list of
hydrometeorological subzones of India.

1.2 "~ RIVER SvSTEM
:‘_-r.l'_'._. ;

:'. ' Plate-2 shows the river system of the subzone-3(a). The rivers flowing
in this subzone are Mahi, Sabarmati, Saraswati and a large number of coastal

: streams in Kathiawar Peninsula. The drainage area covered by each river
system is detailed as under:

5l.Vo. River Drainage area (sgkm)
T Mahi 36, 558
24 Sabarmati 22,235
3. Saraswati 2,905
4. Coastal streams of :
Kathiawar Peninsula 51,581
5. Other area 25,139
Total 1,338,418 Say 1,38,400

The total drainage area of Mahi and Sabarmati subzone-3{a) is 1,38,400
Sqkm,

The Mahi river flows for a total length of 583 km through the States
of Madhya Pradesh, Rajasthan and Guiarat before outflowing into the Gulf of
Khambhat. The major tributary of Som joins the right bank of Mahi. Along
the left bank of Mahi, Anas and Panam are the major tributaries.



The Sabarmati river outfalls into Gulf of Camhay after traversing a
course of 371 km. throwgh Rajasthan and Gujarat States. The major left bank
tributaries of Sabarmati are Wakal, Harnav, Hathmati and Watrak. Sei is a
major tributary along the right bank of Sabarmati, Wakal, Harnav and Sei drain
the upper reaches Hathmati and Watrak mostly flow in the plains.

The Saraswati flows for a total length of 144 km in Gujarat State
bhefore outfalling into the little Ramn of Kachchh,

In Kathiawar Peninsuola, Iarge mmber of streams flow readily with their
outfalls in the little Ran of Kachchh, Gulf of Kachchh, Arabian Sea and Gulf
of Cambay. Most of these streams have short courses.

1.3 TOPOGRAPHY AND RELIEF

The topography of the subzone-3({a) is mainly constituted of upper
reaches draining the parts of Aravali ranges, Vindhya ranges and Malwa
Platean, Gujarat Plains and Kathiawar Peninsula. The upper reaches of Mahi
and Sabarmati rivers vary in elevations from 300 m to 600 m. The general
elevation of Gujarat plains varies between 150 m to 300 m and that of Kathiawar
peninsula, from 0 m to 150 m along the southern fringes and 150 m to 300 m for
the remaining portion with high elevation of 300 m to 600 m in the centre and
the southern Gir ranges varying from 150 m to 300 m (Plate-3).

The Mahi rises on the northern slopes of Vindhyas at an elevation of
about 500 = in the Dhar District of Madhya Pradesh State. The Sabarmati rises
in the Aravalli hills at an elevation of 762 m in the Rajasthan State. The
Saraswati rises at an elevation of 450 m in Gujarat State.

1.4 RAINFALL

Plate—4 depicts the nomsal annual rainfall iscohyets along with the
histograms showing the mean monthly rainfall for raingauye stations at
Veraval, Almedabad, Vadodra and Rajkot. The mormal annual ischyets of 60 cm
to 80 cm cover the upper reaches of Ssbarmati. The mormal anmal rainfall
varies from 80 cu to 100 c= over the Mahi basin whereas it varies from 40 cm
to 60 cm over the Eathiawar peninsula., The major sources of rainfall is south-
west monscon duriny June to September. About 90% of the annual rainfall occurs
during the monsoon season. The maxisun mean monthly rainfall of 20 cm to 30 cm
is:i.n.:lulyduﬂngthemuﬁu-uusumasSmﬂwﬂmhismgrmGEVeraval.
Abmedsbad, Vadodra and Rajkot. The subzone lies in the semi-arid zone,

1.5 TEMPERATURE

Flate-5 shows the variations in temperature in the subzone along with
bargraphs of minimm, mean and maxionm of daily mean temperatures during
various months for the Veraval, Rajkot, Ahmedabad and Vadodra stations. The
daily wean anfmual temperature in the subzone varies between 252 to 27.5%

except for areas around Almedabad with temperatures above 27.5°c. The lowest
minimum to mean daily temperature of 13% is recorded in Jammary. The tempe-
rature increases from February onwards and reaches the maximum in May, There—
after, the temperature again begins to decrease., The maximm mean daily

temperature recorded in May over the subzome is 41% except in the coastal
station of Veraval with 31%
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1.6 SOILS

The soils in the upper and lower parts of Mahi basin are medium black.
The middle part of Mahi basin is covered with red and alluvial scils along
with laterite soils. The Sabarmati and Saraswati basine are constituted of
grey brown soils., The Kathiawar peninsula is mostly covered with shallow,
medium and black soils except the southern coastal belt of alluvial soils
and northern coastal areas of deltaic alluvial soils. Vide Plate~6.

1.7 Land Use

FPlate-7 shows the land use in the subzone, The subzone is .mostly
constituted of arable land interspersed with forests, grassland and scrub.

1.8 Irrigation

Plate-8 depicts the extent of irrigation in the subzone. Irrigation
by open well and tubewells is extensively practised in the subzone. The major
source of ilrrigation is through a large number of minor and medium storage
dams and diversion works. Some of the existing dams are Bhader, Shatrunii,
Hatmati and Mahi (Upper). The major existing proiects in the subzone are
Kadana and Mahi (lower). The area under irrigation is stated to be 318,000 Ha
as per the Irrigation Committee's Atlas (1972).

1.9 Communications
1.9.7 Railways

The following railway sections are in the subzone-3{a):

S1.No. Railway Section Railwaye
1. OKHAIKANALUS—JAMIODHPUR-PORBANDAR Western Railway
. (W.R.)
2. JAMIODHPUR=JETPUR-KHIJADI YA~DHA 5A~5T HOR-MAHUVA~
VICTOR W.R.
3. JETPUR-JUNAGADH-AMRELY ~KHI JADT YA W.R.
4, JUNAGADH-DELVADA W.R.
5. DHASA-VICTOR W.R.
6. JAMNAGAR-RATKOT-JETEUR W.R.
i NAVLAKHI -MORBI ~-WANKANER-RAJKOT-JETEUR W.R,
B, SIHOR=-BOTAD-SURENDRANAGAR-DHARNGADHRA-KANDAL W.R.
9, SURENDEANAGAR-VIRAMGAM-KATOSAN ROAD-MEHSANA-KAROSI W.R.,
10. DABHOI -BARODA-NADIAD-AHMADABAD-SABARMATT -
mm:;-:-mam-smmxmnpémm W.R.
1. BOTAD-DHOLKA-~SABARMA T W.R,
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51.Ho. Railway Section Railways

12.  SABARMATI-VIRAMGAM-KHARAGHODA Western Railway
(W.R.)

13,  AHMADABAD-HIMATNAGAR-UDATEUR W.R.

14.  GODHRA-DOHAD~RATLAM W.R,

15.  LUNVADA-GODHRA-SAILAYA-DABHOL W.R.

16,  BARODA-JAMBUSAR-KAVT W.R

17.  WANKANER-SURENDRANAGAR-SAYIA W.R.

18.  MEHSANA-KALOL-KATOSAN -ROAD-HARTT W.R.

19,  JUNAGADH-SARADIYA ' W.R.

20.  SIHOR-PALLITANA W.R.

1.9.2 Roads

The major highways in the subzone are:

1. NATTONAL HIGHWAY No,B -~ BARODA TO UDAIPUR

2. NATIONAL HIGHWAY No.BA - PORBANDAR TO AHMEDABAD AND MORBT
TO BAMANHER

3. NATIONAL HIGHWAY NO.BC - THROUGH GANDHTNAGAR

18



LIST OF HYDRO-METEOROLOGICAL SUBZONES

basin

Warmada & Tapi

19

sub=Zone MName of subzone Wame of subzone River basins included in

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

1({2) Luni basin & Thar (Luni Luni Luni river, Thar{Luni &

o & other rivers of other rivers of Rajasthan
Rajasthan & Kutch) & Kutch and Banas river)

1(b) Chambal basin Chambal Chambal river

1(c) Betwa basin & other Betwa Sind, Betwa and Kan

tributaries rivers & other South

tributaries of Yamuna,

1(d) Sone basin & right Sone Sone and Tons river &
bank tributaries other South Bank tribu-

) taries of Ganga.

1(e) Punjab plains including  Upper Indo- Lower portion of Indus,

' parts ef Indus, Yamuna, ° Ganga Plains Ghaggar Sahibi Yamuna,
Ganga and Ramganga Ganga and Upper portion
basins of Sirsa, Ramganga,

Gomti and Sai rivers.
1(£) Gangetic plains inclu- Middle Ganga Middle portion of Ganga,

. ding Gomti, Ghagra, "Plains Lower portion of Gomti,
Gandak, Kosi and others Ghagra, Gandak, Kosi and

Middle portion of Maha-
o nadi basin.
1(g) Lower Gangetic plains Lower Ganga Lower portion of Ganga,
including Subernarekha Plains Hoogli river system &
% other east-flowing Subernarekha,
rivers between Ganga &
Baitarani
2({a) North Brahmaputra basin North North bank tributaries
Brahmaputra of Brahmaputra river and
Balason river,
2{b) South Brahmaputra basin South South bank tributaries
Brahmaputra of Brahmaputra river,
z2{e) Barak and others Barak Barak, Kalden and Mani-
bur rivers,

3{a) Mahi including the Mahi and Mahi and Sabarmati
Dhadhar, Sabarmati and Sabarmati including Rupen & Mechha
rivers of Saurashtra i Bhandar, Ozat Shataranii

rivers of Kathiawad
Peninsula.
3{b} Lower Narmada & Tapi, Lowerx Lower portion of Marmada,

Tapi and Dhadhar rivers.



2

3

4

3i{e)

3{d)

3le)

3(f)

3la)
3(h})

3(4i)

4(al

4(b)

4(c)

5(a)

5(b)

Upper Marmada & Tapi
basin

Mahanadi basin inclu=-
ding Brahmani and
Baitarani rivers

Upper Godavari basin

Lower Godavari basin
except coastai region

Indrawati basin

Krishna subzone
including Panner basin
except coastal region

Kaveri & east flowing
rivers except coastal
region

Circars including east
flowing rivers between
Mahanadi & Geodavari

Coromandal coast
including east flowing
rivers between Godavari
& Kaveri

Sandy Coromar belt
(east flowing rivers
between the Kaveri &
Kanyakumari)

Konkan Coast (west
flowing rivers betwaen
the Tapi & Panaii)

Malabar Coast (west
flowing rivers between
Kanyakumari & Panaji)

Andaman and Nicobar

JEK Kumson Hills
{Indus basin)

Upper Warmada
& Tapi

Mahanadi

Upper
Godavari

Lowor
Godavari

Indrawati

Krishna

Kaveri

Upper
Eastern
Coast

Lower
Eastorn
Coast

South
Eastern
Chast

Konkan Coast

Malabar Coast

Andaman & Nicobar

Western
Himalavas

Upper portion of Marmada
& Tapli rivers

Mahanadi, Baitarani and
Brahmani rivers

Upper portion of Godavari
basin

Lower portion of Godavari
basin

Indrawati river

Krishna & Panner rivers
except coastal region.

Kaveri river (except
coastal region).

East flowing coastal
rivers between deltas of
Mahanadi and Godavari
rivers.

East flowing coastal
rivers Manimukta, South
Panner, Cheyyar, Palar,
North Fenner, Munneru,
Palleru, Cundelakama &
Krishna Delta.

East flowing coastal
rivers Manimuther, Vaigai,
Arijuna, Tamra — Parni.

West flowing coastal
rivers between Tapi &
Mahdavi rivers.

West flowing coastal
rivers between Mahdavi
& Kanyakumari

Jhelum, Upper portien of
Indus, Ravi & Beas
rivers.

20



rr T3 1
L U PLATE=1
OOV AT O el

CAWTRAL ETEN W
HYSRSLOQT 1B €0 DiAFFORATE

MAH] ANOD SABARMAT]
SUB ZONE Jiwl
LOCATION wAPF

WCALE = 00 SiLs0E 40

ARABIAN
SEA

=
r
NOTE- =
————— L z' )
. T Tem BEA TO A DebTamcE @ TepLed -
;_. AT Al AR aie e iu ﬁ M
we ATPRIPMATD BASE LINE, a% o
i =9 =
5> & = m m
2o 2" .
% . |
m T a0 e
n .
)
o e AN | %
g b= B [T T

Tl IRTERASL BOUWDANT &R COAST Lo OF Mgk o4 TrE marl Q BOVIRGRENT &F mogoh CoFTmgaT (REAE,
ALRLE wITH THE RICORD COPY CONTEES Y b SLRvET OF imfoa

HOTE:= 8 FRATES
] RESRG R TE PO Tel COMRAL T Al 6F iNTERRAL DETLLE N E Ve @TTe e PulLies LERTEL
G RAED LD MAVTY OF (RDRE AR wYTH THE & Tay R O el




1}
sUB ZONE

TARHD!

3

WOTE™ TEL TEARITOMIAL WATENS OF In0ds ERTEIsD

imTe FHE WA TH & BIFTANER OF TwpLve
HAWTICAL WRE3 MEABURED PEOW  THE : 165
-

TG
AFPFROFBMATE BASE LINE T

REAPEM YAy FOR Tl COARCCTHECRE BF INTOAMSGL DETARLE WEIEE PFON JUAWEY OF (MDA WAF Wile TR PEMSPEEON (€ WOvERMWEINT QF Lme COFT
BESITY WiTE TELQ PusLESECR B¢ CTEN  BUSYRTER  BEsEALL @F (AREL

EGAT  iREE

PLATE=- 2

MASASTHAN

EADHYA
FRADESH
=
i ]
i

LEGEND
| SUB TONE BOUNDAMY —_——
2 STATE BOUVHOARY T
3 RAILWAY LINE e .
4 HATIONAL HISHWATS e
3 MIVERS & (T3 TRIBUTARIES
& mmipaE SiTES
T TOWNS
§ HWARSHY LAND q;a_'."§

=

FOR LOCATION OF BRIDGES NEFER
TABLE W@ |

sEvEEwREEef pF AEBIE
CENTAAL WATLEA COMMIESION
HIOAQLOGY (5.C)0ImLCronar

MAHI AND SABARMATI

sum ZoMwE 3ilal
RIVER SYSTOM AHD LOCATION OF ROAD AND

mAmwiy syoEs loso smes i

LR LTt
& mmdT




.._m 5.,

[ T T b e

. "¥iOHI 40 I¥EIHAD HOAJANNS
RSl LHDIHAJOD VIGNI 40 LSO @ MOIGEIMEZS 3HL NLIM VA VIONI 40 ATANOE NO £ 0ISVE
TYALLAY M 'd 1
HEOND'N'Y "OANIINI | yppig-d o 03IV
"INIT T svE
AHdYHOD OIS AHd
UVIHdOUddY IML mMOMd OJENEYIN 3NN TYILLAYN FATIML 40
(o) ¢ INOZ 8BNS BINVASIO ¥ OL V35 THL OLNI ONZIXT VION| 40 SHILYM IVIMOLIHET L IML
£ TON 31¥7d L(2Zis1) wiONI
NISYE LLYWYYEBYS ONV IHVYIW 40 SYILY NOILVOINY! THL NON4 NMVMO NFFE SYH YW SIHL -'310M
ALVHOLIZHIO ('S Y ADONOHA AN =
z 1 o1 ]
NOISSIWNOD H3LvM TVHLNID .n..h o¥¢ oL =22 ! * *
VIONI 40 LNINNHIACD ;
e ——— < .j +- + -+ 149
ool a5 o %
e —— e 5 n®
om o o8 ol 1 ° _\6.
R AR o by
4 ¥ e
e LYHEWVHY
7l —+ @ -+ + - Tac ++.24
- WOosL — o 2 Be
E YHvOOoays
: ‘W 00E T 05! e
| W 009 ~Too0%
@. ‘N Q08 T 009
d W O0SEITT 006
Ll ' ‘sHmoOL
=,
SHIAIH
n['
= ..x._nz.__..nn iNDZ Ens
ml. i muuzumw_.._um : ; ¥ _ | | ,
Hai ...;...+|.I Pof e e _TaEL S owL oL o2l S . 0L .5
SRR LY 9 i e e T T T _

T il B A T e W SO R e e T e




WIOMI 40 TYHINID WOATAENE FIHL 40

d0 AIAHNNE HOLN OISV

5861 LHOIH ALOD ViONI 40 ‘Laoe ()
HOISEIMEIS THL MLIA d¥in YIOMI
AWAILNYHE
HSOHD %'V ~03x 03K | YHOuY 4 L 03T ¥HL - "N NLPI38 0LOWYE WONd ") HLNON- 4OV
¥Od TIVINIVY ..._:._-ﬂo.__ﬂ MYIM 3L SLHIS3N4IN  NNNI0D TYDILHEA MIVE
TIVANIVYH TVNNNY HLl1M EMOLLYE HOJ q:____uuu._h.: QvEvOvNHYe i0WrvYue AYHIA @
g b fr o S
il € INOZ 8BNS 0wz 082 ogz »
" D0G 005 aos nm
VAOL TWANMY MY ML 04 HINOW x
z.—m{m —F{qum{m Dz{ _—I—_{.E FHL M TIVAHIVE 40 FOVINIDE DY owL 0gL (1] N
0081 ooo) oooi :
BV HOLTBEIOLD'S) AD0TONAAH TI 5T
7 9] TI ]
MOISSIWMOT H3LYM TYHINTD - = . - . 2 £
YIOH! J0 LNINMHIAOS -
i
TvAvEIA T
e et Pt} STIN,IZ] =+ o =z + N s T
[+1:7] o9 [v."] o & &
&
‘ENA c o Y
ST SRS L= oS .
it e o )
3IvVas “INIT aa> : ri%..
S8s= VOVNAVHE &
I5VE 1VINdONdaY THL NOHA OIHNEYIN oS © o X lowe S
S3TIN TYOILNYN 3ATEML 40 Fowwisio |&F zu.wle + 1 J ; T, e
¥ 0L w35 IHL OLMI ONILXT VIONI g3 LA
@l -
40 SHIIVM TVINOLIMMIL IHL %, yvaoav ved® LONIMTH co e
Y A 40
80N 31vd oL} ¥ ::u:u_n ¥,
[2461) 910K 40 BYILY NOILVDIHE! SHL
( o * =+ .5
MOES NMYHO NEIE EUH dYN SIHL &2 vavaInHY o ® 4
=1310N o\ A F 4 : \, ot
. s s s - SNMOd ¢ o f.nu-\‘ ]
L= ) ..__.‘i 5 S\
e .o SMIAIN = M AnduvaNng L X ey
—— 1 ‘ AHYONADE INOL ENS i.—.ﬂ zn—l ... =+ E8L n.ﬂli_l \ !T .W + IT N‘ﬂ
[ n @
ooy N z ~ il ~ °
C U N A T
INTYA HAIM INIT TVLIAHO G m g ~57\ /) g
= 8 Hndivan .\. S N
SITNIYIAIH ok S °
| o § r i 1 [
L i iy ¥ s T O W57

‘v = 31V¥Td




L ——

HOATAUNE FHL 40

i ; =~ "YION| 40 IYBImID
SUE1 LHOINA4OD YIONI 48 'LAOD @ woiEs imule WA Hite v ViONL 40 ARANAE WD 40 GAEVE
e Y_ VALY N 1T ¥WIA THL 40 EHLNON INIHI4410 THL HO4 SIHNLVHILNIL NYRR ATIvO
QANDIND | yyouw WL "0IOVHL
avavoInHy @ 0¥ rYH @ IWAVEIA S,
[ r a r a 1.U a
JHNIVHIdWIL : - I w.ﬁ M 2 & |
b - a - Ly
4 23,8722 In0BY¥ worn R o e hpﬂw.": a0z :hmm, w.wm
s . 11 - LT ‘x
{fp) E INOZ B8NS . gLz 3,82 VA i ”-Mﬂ 2w i w%“ ks
29T — 2982 ape o

NISYE ILLYWHYEYS ONV IHYW

INOZ IWALVHEIINIL

FLVHOIOIHIO ( 2°S) ADOTIOHOAM
HOISSINNOD HILVM TVHLNID
YIONI 40 LNINNEIADD

ﬁ .uu.-lﬁ
oot [ o
nﬂﬂﬂj.-:u
a0l [] os ool
3Ivas

AN

ISVE JvIHdOWdd ¥ IHL MOMS OIUNEVIN

B3NN INIILAYME FATIML 40 FONVLIGID

¥ OL ¥35 3HL OLMI OHTLXZ WiOW
40 SHILYM IVIHOLIEMEL 3IML

‘v TOM 24V

124610 WIONI 40 SYILV NOILYOMNI 3L
HOH4 WMYHO NFT8 S¥YH Jd¥VAM SiHL

= 3LO0ON

" SMMOL
" GHIAIM

* ot AMYOMNO® INOT ENGE

S3IDN3IY34IN

o0l ¥l oLl _-.N-. t..h

synanvRY Bvovnavue
a4

]
+o "

4+

Iﬁ—
.

L2

#5'9

& - 3uVid L .




— WIGHT 40 T¥YH3INID UDAIAENE ML 40

BB AHDIW A&dDD aMl 40 iaD
e *9® @ - HOIEE /MW DS BHL Hilm J4¥W YIOH| 40 AFAHNS NO4N O3EVE

HSOA Y W ¥ AVAILAVEN d 3
“g3INIAND | HOMIG 4 0 ~0FDVHL

"ANIT ISVETLWIHJOHAA W

NOly2IidIssSy1D Tl0os 2H1 NOY3 0IPASYIM SITIN TVIILAVN
. FATIML 40 FINVASIO ¥ 0L VIS IHL OL NI ° S T, W el M SEREL

£ INOZ 8Ns ON41¥3 VION! 40 SUILYMIVIHOLINEIL JHL
"B oML (22610 WIONI 40 SWILY NOILVDINHI /H..VY,. AT -t -
NISVYE | LYWNYEYS ANV IHVYIN IHL NOMS NMVHO NIIE SYH VN SINL PN 0t t CAMYONROR INOZ Ans
- 2L0N AINIALIAEZH
"IAVHOLIIHIO [ 2 'S ADOIOHOAH 73 K7 =1 Bl gz -F? B3

HNOISSINWOD B3 LVM TYHLINID
YIONI 40 IHINNEIADD

TUETOE MTYNTIY ONY IHITVYE

"EHOS IVIANTIVY I¥iSYOSD
TUUETMOE IVIARIIY 2 IvLai3a
YT UENI0E NIVIR MOTIVHE
T T RTOE MOWTE mMaIdRN
U T UETI05 WOvVIE 43 Fa
s v 706 WROME LFND
e s P gTI0F FAIEIAVA
_E YU RTI06 MOTIIA U 03

9 -31v¥d




O EIHEUVN "SII008 HILVM

ok oa & & .

“ ONYT ALSVR

YT BNHIS @ OMVY S5YHD

Boao® @ W W @

" A83WD4

*amyt FIBVHY

. LR L R L L -1 ') Y

T T ]

N\ CABYORNOE INOZ ENE

. S3ONIUIITY.

e

qtmn.h.x. .m.. ..E d ruwﬁ_

g e

9UBI LADIWAAOD YIGNI 40 “1ADD G “YIOM| 40 I¥YNINID HOAFAHNG BHL 40
HOICEINYT & FHL Hilm 4vHW VWIGN] 40 AJAENE WD 40 OFEVYW
HSOHD N 'V AVAIANYN 4T )
“0INDINI[HONIG'd "0 *0IOVHL
“INIT FSVE
35N ANV
IvINdOHAdY IHL NOWS OBUNSYIN SITIN TVOLINVN FATIML 40
(o) ¢ INOZ NS JONVISIO ¥ 04 ¥3IS IML OLNI ONILXT VION| 40 GHILYM IVIHOLINHZL I H)
‘87ON IAV¥Id (ZL60 1 wigWl
NISYE ILLYWHYBVYS ONY IHVYIN 40 SYILY WOILVOIME! INL NOMS NMVEO NIFE GYH VYN SINL = JLON
THWHOLITIHIO (2°5) ASOTOHAAH
L 2L 1L DL 69
NOISSINWOD HILYM TWHINID a5 a¥L £ . . e .
WIONI 40 ANIWNHIADD
s 2+ + i .1z
001 0g 0 0§
“SHN oS
001 05 ool a
o
FIELE : HYOYNAYHE S
\
zz + -+ |W_.\... +7

sz

e el




06| LMD IW ADOD WIONI 40 'LAGD @

'WIOMI 40 TYHINID FOATAWAE

THL @0 NOIERINETY AWL Wilsh d¥M VIONI 40 ATANAS HO 4N 03I Sva

HEOHT %' ¥ AVAILNYN d
TO3¥IIND | yyoHY H° 1 =QIOVHL

NOILYOId Y |

. & 4 @ [ ] a " ENMOL

.WVI]. TET T ' tgHIAIM

(b} ¢ INOZ BNsS

TANIT ISVE TAVIHLONdAY THL
HOWd JIENEYIN SITIN IIIANYN FATIML

40 3DNVLSI0 ¥ OL YIS IHL OL MW ONILRT
VIOH! 40 SHILVA IVIHOLIMETL FHL

VTN T ANYONNOE 302 s s _
"L 70N 33¥14 (24617 VIONI 40 SYILY NOILYSINY|
NISY 8 |LLYWHYBYS aNY IHYW -aN3 934 FHL NO¥S HMEHO NIZE SYH dWN SIHL
ILYHOLO3HIO [ 9°S) ADOIOHAAR 3108
NOISSINNGD N3LYM TVELNZD a2 o¥d afL 2 — e =
VIONI 40 LNINNNIADD .#6
" " P TVAVHIA
B - u.uﬂﬂ.__!_u_ﬂ L-__u lTu_-..a
Ty - M IHNULTHE @ z
Ll A

3IIvas
Flat - .
- - SHNYL 'E
ﬁ ~ i i ..ﬂ.!—u._m._’ i
ﬂ. ! fTrETMaEm 3 ent

—iE8 OALvVOINBl VIHY

TRt ' SHYOTIYNYD %
NOILINHLSNGD HIONN TWNVD g
T T TIYINNIH3d -NOMN 3

T O TAVINN IR A

Al

Kl

ETUYNYI A8 O3LVOIHE] VIHY

& [ 3
anawerd\ o uvoinaviE
L] -

L . .
AR

n..fn-
e TS

iaymiLrd "
H 7 rom

e

s L]
' -__..::ﬂun LOWrY

S3ON3INI4TH

g -31v7d




hfﬂ DESIGN FLOOD, DATA AND THE METHOD ADOPTED FOR ANALYSIS

o1 Design Flood

B

e The Khogla Committee of Engineers had recommended a design floed of
+50=yr. return period for fixing the optimum waterway of the bridges, The de-
aign flood, in other words, may be defined broadly as a rational estimate of
%fibod 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
Hvailable for not less than 50 years. Whexre the yearly peak discharge re-
wds are not much less than 50 years, the 50-year flood may be obtained from
fie probability curve of peak discharges. In the absence of adequate data of
ak discharges storm rainfall and runoff data for the selected catchments shall
befcollected for a required period and detailed studies carried out to derive

{the unitgraphs for these catchments and to prepare storm rainfall maps for
vdifferent durations. In this connection, the Committee had suggested to develop
E;ﬁitable rational methodology for estimation of S0-year flood subzomewise based
fon“application of storm rainfall to unitgraph. It has been assumed that SO~year
fstorm rainfall applied to unitgraph may produce a flood of the same ¥eturn
ﬁﬁfinﬂ (S50-year) as that of storm rainfall,

Data

: Eﬁj - For cornducting the unitgraphs and design storm rainfall studies, the
Ifollowing concurrent rainfall and runoff data for a number of catchments of
“emall and medium sizes representatively located in a subzone are reguired for

a minimum period of 5 0 8 years during the monsoon season:

i) Hourly gauge data at the gauging site (bridge site), upstream and
downstream at a reasonable distance from the gauging site,

ii) Gauge and discharge data observed 2 to 3 times a day at the gaug-
ing site (bridge gite).

idi} Hourly rainfall data of raingauge stations in the catchment rain-
gauge 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.

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

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



In addition to the above, the data of gauged catchments, the rainfall

data of self recording raingauge stations maintained by India Meteorological
Department and States falling in the subzone ie also required.

Western Railways under the supervision of Research Designs and Stan-
dards Organisation had observed and collected the required data for 20 catch-
ments in Mahi and Sabarmati Basin subzone-3 (a) for a periocd of 5 to 9 years
for each of the catchments, The sizes of the gauged catchments varied from
30 to 1094 sqgkm. The location of the gauging sites at road and railway
bridges are shown in Plate-2., India Meteorological Department has collected
rainfall data of IMD's SRRGs stations, Table-1 shows the name of the stream,
bridge numbers, coordinates of gauging sites, catchment areas, number of
raingauge stations and peried of availability of data.

2.3 De on of the Method Adopted

In this report, Section~3 explains the procedure for obtaining the
Synthetic Unitgraph for ungauged catchments in sub-zone=3 (a).

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

Section=5 explaine the steaps to be followed for ohtain.tng the design
flood of 50~yr raturn period,

Section-6 deals with the formula for linear waterway of bridges and
also the guidelines for fixing the design HFL at the bridge site and the
cross dralnage structures., _

The adoption of synthetic unitgraph is recommended for estimation of
25~yr, 50-yr and 7100-yr flood for ungauged or inadequately .gauged catchments.
However, for gauged catchments with adequate data, representative unitgraph
based on actual data should be preferred for estimation of design flood.
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3.0 DERIVATION OQF SYNTHETIC UNIT HYDROGRAPHS

The synthetic unitgraph of unit Juration for a catchment under study
obtained from the relations established between the physicgraphic and unitgraph

parameters

of the representative catchments in a hydro-meteorologically homo-

genous region. In order to obtain the synthetic unitgraph, the following steps

have to be
i)

ii)

iii)

iv)

v)

vi)

ix)

x)

followed:

Analysis of physicgraphie parameters of the catchments,

Scrutiny of data and finalisation of gauge discharge rating curves.
Selection of flood and corresponding storm events.

Computation of hourly catchment rainfall.

Separation of base flow and computation of direct runoff-depth.

Computation of infiltration loss (P-index) and 1-hourly rainfall
axcess units.

Derivation of 1-hourly unitgraphs.
Drawing of representative unitgraph and measuring the parameters.

Establishing relationships between physiographic and representative
unitgraph parameters.

Derivation of 1-hour synthetic unitgraph’'for an ungauged-catchment.

The above steps are briefly described as under:

3.1 Anal raphic P ers of the Catc

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

it A

the Survey of India toposheet, the watershed boundary is marked upto

the gauging site. The area enclosed within this boundazy in the catchment

[v] in Strea L

This implies the longest length of the main river course in the

under:

3.1 C
On

area,

3.1.2

catchments,

3.1.3 Equivalent Stream Slope (S)

Longitudinal section (L-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 distances from the point of interest/gauging site.
A line is so drawn by trials from the point of interest on the I-section such
that the areas enclosed between the I-section and the line so drawn(above and
below) are equal. This line is called Equivalent Stream Slope Line. Alterna-
tively, the IL—section may be broadly divided into 3 to 4 segments representing
the broad ranges of the slopes of the segments and the following formula may
be used to calculate the equivalent slope (S):

D, =~ 4
_EL; (Dy=4Dy)

s
L2 .
(3.1)
- Where Li = Length of the ith segment in km

Di—1 Di = Depths of the river bed profile(I-Section) at the points
4 of intersection of‘(i—1)th_and i contours above the base
line (datam) drawn at the level of the point of study in

meters, o
L~ = Length of the longest stream as defined in section 3.1.2

in km,

Rapids or vertical fallijlthe I~Section shall not be considered for
computation of slope, Table-2 shows the physiographic parameters like A, L and
§ for 19 catchments considered suitable for analysis. '

3.2 Scrutiny of Data_and Finalisation of Gauge Discharge Rating Curve

The data was scrutinised fhrough arithematical checks. The gauge
(stage) vs areas curves and the stage vs velocity curves were prepared to
identify the outliers and reconcile the data in the plotted points of the
stage-discharge curves. At many places, the average trend of the stage~area-
curve and the stage-velocity- curve was used to obtain the discharges at various
devels, Where wide dispersions were not observed in the stage-discharge curve,
log-log fitting was adopted. The stages for conceivable floods were converted
into discharges initially identified with reference to rise and fall in the
stages of the river. '

3.3 Selection of Flood and Corresggnaing Storm Events

The general guidelines adopted for selection of flood events for
each of the gauged catchment are as under:

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

il) The selected flood should result from significant rainfall excess




Table — 2: BASIN CHARACTERISTICS OF SUBZONE-3(a)

S.No. Br.No. A L s L
(sq.km.} (km.) (eq)
m/ko. s
1 Bt 3 4 5 6

1. 26 1094.00 67.62 2.31 44.49
2. 340 1026.47 41.34 1.88 30.15
3. 46 580.00 67.62 1.25 60.48
4, 82 486.25 55.90 5.92 22.96
3 9 401.30 43,00 1.99 30.48
6. 945 253.00 43.44 1.64 33,92
7. 55 252.63 43,44 1.43 36,33
8. 5 230,00 53,77 3.01 30.99
9. 35 194.25 22.22 1.17 20.54
10. 69 149,42 26,48 3.29 14.60
1. 99 144,50 17.70 6.41 6.99
12. 129 136,36 33.50 3.26 18.55
13. 11 ag8.16 20.77 2.49 13.17
14. 40 94.85 16.90 8.89 5.67
15. 141 73.19 19.60 2,67 12.00
16. 95 57.70 16,20 3.47 6.70
17. 42 50.35 11.40 2,07 7.92
18. 253 48,43 10.46 3.52 5.58
19. g8 30,14 17.38 2.77 10.44
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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 obtain direct surface
runoff hydrographs and the direct runoff depth over the catchment was computed
for each of the flood events.

3.6 Computation of Infiltration Ioss (@-index) and 1-hourly Rainfall
Excess Units,

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

3.7  Derivation of 1=hour Unitgraph

A unit duration of 1-hour was adopted for derivation of unitgraphs.
The 7-hour unitgraphs were derived from the rainfall excess hyetographs and
their corresponding direct runoff hydrographs by iterative methods. The
iterations were carried out till the cbserved and estimated direct runoff
hydrographs compared favourably.

Wormally 4 to 10 unitgraphs are derived for each of the 19 ecatchments
considerad,

3.8 Drawing of Representative Unitgrachs gnd Measuring their Barameters,

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
1-hour unitgraphs were drawn from a set of superimposed 1-hour unitgraphs for
each of the 192 catchments and their parameters noted., The parameters of the
representative unitgraph illustrated in Fig.2 were measured for each of the
catchments. The parameters of the representative unitgraphs are t tp, Tm'
_qp, QP. H%u, H?S' ﬂksﬂ! wﬁ?ﬁ' and Th. These parameters for 19 catchments are
llat‘.ﬂd in Tﬂblﬂ-3.

3.9

Following simple modal was adopted for establishing the relationships
between these parameters:

P
¥ =Cx I Ry T - Y |
Where ¥ = Dependent wvariable
X =

Independent variable
C = A constant
P = An exponent

From equation 3.9.1 it follows that
Iﬂgrntﬂg(:"‘FIﬂgx P T . 1
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FIG-I

L- Section

L2

where:S = EQuivalent stream slope (m/km)

L =Length of longest stream course (km)

li=lisl2:134: .. 1n aSegment lengths (km)

e =€,€21.-..... n=CONtour elevation im!

Dy=D0sDy*D21--+Dn

*(€5 €o).(e;-€ol/(e2"€o) ""len €0l im) _
2 GOVERNMENT OF [NDIA

A =Cofchment aorea (km®) CENTRAL WATER COMMISSION

HYDROLOGY (SMALL CATCHMENTSIOTE.

PHYSIOGRAPHIC PARAMETERS

DRAWN CHECKED
R.N.SHARMA AK,.GHOSH




FIG. 2
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U.G. =Unit Graph

tr =Unit Rainfall Duration adopted in @ specific study (hrl.

Tm =Time from the start of rise to the peak of the U.G. (hr.

Qp =Peok Discharge of Unit Hydrograph lcumecs).

tp =Time from the centre of rainfall excess duration to the U.G.Peakthr|

Wso =Width of the U.G. measured ot 50% of peock discharge ordinatethr).

W75 =Width of the U.G. measured ot 75% of peak discharge ordinate (hr).

Wrs0 =Width of the rising limb of U.G. measured at 50% of peck dischargs
ordinate thr.).

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

B =Base width of Unit Hydrograoph (hrl.

A = Catchment Area(sq_km.) GOVT. OF INDIA

cumec per sq km. CENTRAL WATER COMMISSION
Ap=Qp/A = P q HYDROLOGY (S.CJ DIRECTORATE

UNIT GRAPH PARAMETERS

DRAWN CHECKED
tfﬁtﬁﬂ‘ C.L.BAJAY




"HEOHD "¥ 'V ‘WILYHE N8
“48 0FANIFHI| TIVAILAVN “L8 NMVHO

9, anvy m.‘.

NI3IMLIE NOILVII M £
[o)g INOZ BNS a3
ILVWHYHEYS ONVY THY W 005 oo os ot g
= [}
“310 [ SININHILYD 1IVAS] ABOTOHAAH
NOESINNOD 3 LVM TVYHINTD
YIOWI 40 ANINMHIADD . ]
]
oq a5
o5z | zro0l| ® 6 9| @le 0, "
0§l | 9575 €52 B aham\.\.o g
0§ 6L Tt 2 .\.\\ 05
os'z | oLe | &6 9| A" ol
082 |[00ZI| I¥v 1 0 \
o5l | L85 | ow ¥ — oz
I EREENEL 3 Sl
OSE | 5561| 621 )
0El | 68’9 | &6 1]
0G'E | 09k1| B9 o
052 | ¥6 02| G& 3 G
2 * 5
os's | 6608 & & =4 \
._ah._a_ =l gerornd;
0%+ | ce9e| S5 2 f
06t | Z65E| SF6 5
0s's | avoe| & g
o8+ 89622 28t | ]
066 | ar'08| 9@ £
a5y | sios]| eve z 901 ¥ 907 -3Tvos
05'S | Gbbe| B2 i
o v.__ lM_\ "ON ] e |
h_ S | 390188 5 .

{s4noH ] d;




HEOHD “¥ ¥ IWAILAY N d T
=48 O3NTIHI| VHLOHTY N LS NMTHD

dy, ONY 9 tsynow! 4
NIIMLIIE MNOILYIIH
(®)¢ 3INOZ BNS = t'o
pol 0% 0% 0l g
ILVWHYBYS ONY IHY W oo
310 (SINIWHILYD TITNS LADOTONOAH
MOISSIMNGD HILYM TTHLNID
VION! 40 INIWNEIADD zZo0
60°0 | 0%’z | @ 5l
1o 0ci | £82 Bl o
ge'o | 0%l Zw Ll
560 | 082 | S5 Y = oi'p
60 | 053 | Lk gl ;ff/,
ago | o0&l | ow ¥l V,// ole ¢0
50 o052 i £l H = i
P :
Br0 | 0SE | &2 z1 - 4G
i a8 50
6L0 | 061 | B8 i .___um; Bil .
gd'o 0g¢ 9 ot = Lot 5
£9°0 vz | 5¢ [ 580 =g oY
¥20 | 059 | & 8 geoo (9;) /19071 = dy o2
Se0 | osw | S5& L
oi0| o0s€ | sv6 g
GE0| 059 | € g
v50 | 0S¥ | ZHE e
IE0 | 066 | aw £
LY | S=¢ |08 ) @ 9071 X 901 -37¥ 2§
zv0 | o0ss | 9z I
IR AN3N| (EHACHI ‘aN -

dy dy | 3o0me

dp

[wy'bg /s 523WN2)




CHEOHO ¥ ¥

“AE O3WITHI

‘AwarIAYH W 1

‘WELOHTY M TAE NKMVHD

05, anv 9%
NIIMLIE NOILYTIH
fo)E INOZ @8NS

{WN bs 7 S23NND]

§ ="9id

ol

0z

ILYWHYBYS ONY IHV W 0-gi a's o'l §0 "o Go" 19"
L0 (GANTWHILYD TIRS] ADTTOHOAH
NOISSINNOD HILYM TVHINGD
VIONI 40 ININNEIAQD
(L ARR
s
292 680 [:] 6 &= ..n_
eg'2 o't | £62 g o
I &
SEE| 890 | 2¥ L1 £
Or¥ §80 6 8 mw?
coc| erol| 1#1d N W ./ma/
-4 260 ow L w
el i 180 I L]
Ll a+0 621 21
o1E| 640 | 66 i 7
LE2 L0 2] 0l
oL £90 | 5¢ & 86'0 = J
¥ 0l FZ0 1 ] nu_.nu_\,*mu.w . n._r.___.____
sz | seo | 55 L
0€€ | 020 | s¢ 8 3
c a9 SED | & [3
LR FS0 Z8 g ]
068 IED 9 E
oe's GED oOFE Z 5017 ¥ 907 =37v3S
08w Z2¥0 52 |
o
] T
mﬂ_._ b |3ooiue| M

0% m

(SYNOH)




WAl wow
o IR E L)

AvAILAY M AT
VELOHIWYR = 5 WMy H]

NIZMLEE

SLy anv %

NOlLY13Y

o £ INQZ B8NS
ILYWHYBYS ONY [HYW

201

('wy b5/ §23mWn2) dy

oS

00

109

[ 3L0(SLNINAILTD 11V WG] ADOI0HOAN
NOISSINNGD HILIVM TYHLNID
VIONI 40 ININNHIACH

9. =aid

s¥1 | 6B'0 | B &1

RN 1o £E5 2 a1 5

oLl 820 ¥ 41

[+ G880 8 o | /ﬁ/
o8l 6L0 T+ 1 g1

- a] 360 o L

502 1§70 I £1

De'2 gen 6321 21

00z | &L0 | 66 (N I
oL £EL0 69 a1

0g2 €920 L 3 ¥5°0 & J

06'd | wveo | g 8 A R

06 SE0 R L

[N oL o Gt 8 9

ooy SED & §

0572 vm..u 2B E ¥

06 ¥ T NED 5

ooE BED Ov g - o071 ¥ 9207 -3WIS

[} 1 20 8z I

_.I-m_u.ﬂtz.._. _I.Ix mr“.__-ﬂ. NL”J&E J ‘GM "5

ol

(SHNOH) §iy




"HEOHD "M 'y AVLILN YN ¢
~“AB 0JYITHI| ¥WOUY 45 NMYHO
oSy, aNv 9y

N33ML3Ig8 NOILVI3H
o) £ INOZ BNS

{'wx 'bs + §33WND)

dy

ILYWHYEYS ONY IHVYW ool o 50 ro 1030
"F10[SLNIWHILYD TIVWS] AS010HO0AH e
NOISEIWAGD MILVM TVHINID
VIOHI 40 LNARNEINO D 2
&
ze'o | so0 | @ &l )
Q80 o £S5 2 @i /f_, =15
060 | 880 | 2¥ L ™ =
| |
021 | §5°0 6 81 o't
: : _.._n:uun .
821 | 8L°0 Il gl itk S
€21 | 96D v ¥ !
E{s) a
G6'0 150 11 £! = A
[-
s8'1 | st‘'0| 62| zl G
ool | e840 66 it - os
o60| L0 | B3 ot o
o'l | £9°0 £ & lg'a * Jd o
08'z| v20 | & 8 _.mu.._.qw_\.sud.unut
02 | SE‘D 56 i
0L | oL0 ShE ]
62| s€0 [ §
aa’l 50 ZeE *
oLg 1£°0 aw £ ¥
08T | EEQ OvE Z 907 X 9207 - 31V IS
o8l ZF0 92 |
vauy  [rwesthnsl gy !
05y ms 3901um | 0" 8

L =914

GGHH

( SHNOH |




'HSOH

=A8 ODAIIHI

g "x’Y

IVAILAYH 0T

WHIQHIVHN L8 WMV HO

SLUm ONVY dp

("wy s /523WN2) ¢

NIIMIIE NOILYIIY b
(o) ¢ 3INOZ ENS
ILYWHYRYS ONY IHYW o £ @ o #0 20 oro o i L2
(v
“310(GININHIIVD 1IVNGI ADOT0NOAN
NOISSIHADD HILVM IVHINID 1
VigW| 30 LMTFNNEHIADD l/./_r 20
//, £
50| 680 | @ 61
aro| 1o | €52 | @) Ll , mm. nW.ﬂ.i o — i s et
08 0| 890 | Z ¥ Z Al 1oy~ I
3 i p— o e e
oi¢| s60 | 58 9| H%mm st — .Illlwo.q
I o i |
oo | szo | 1w | g _._—u 7
80| 960 | OF ¥ s , ma.m
oBo| i1so | i1 £ Pds Lo g
611]| BFk0 | B2 1| Z1I .
T .ﬂ.... 0's
080| 640 | 66 1l
#50| €40 | 69 X
_ - a0l
o171 £90 | s€ & <80 it J
orz| ¥zo | § 8 15019171980 =gpuy
0szZ| S0 | §5 1
550| 0L0 | G586 | 3
oo GED 1 -] 7]
0z'1| #¥s50 | z88 | »
oL | E°0 9% £ _ T - :
08'l| 650 | ovs | 2 507 ¥ 907 -231v IS
g 280 ol 1
(L -1l .!II-..-.:U- ‘O B
Sidm 94 §3gqiue | ONTIE
g —9l4

SLdp,

(S4NOH)




HEDOHED "M 'F TwalLAYH W T
“AE 0NHFHI| ¥IIvHE LG NMVHD
g8, Ny d .
L ¥
NIIMLIE NOILYIIN (GHNOH | gy
fo)g INQZ ENS
JLYWHYBYS ONY IHY W ool 0% o1 s0 o _
300 (SININHIYD TIVWG ) ADD10HOLH |
HOISSINWDD HILYM TVHLNED
VIONI 3D LNANNEIADD 2
5
pool| os2 | 8 6|
oo i| 061 | ES @ CH i
go#|| OG°1 - L
181
oo¥l| 052 | § 6 g1 Imll_._m a1
L]
000i| OS2 | I# 1 h%..nu MY
5 wm ai i
o1l O | DO® w1 Lo B v ) 0%
5 m zi| &
o006l| 062 I £ !
* 5
006I| OSE | B2 | 31 —— o
W
agol| o6 56 1 B
00Ei| 06 | 69 ol
ool 052 | 5% [ 180 = 4
oowz| osse | § | ;.a__n._“_nhm —
00%1| o5 6 i
ogop'2i| O5E | S¥E E)
00'02| ose | 6 g
0091, OFF | ZEE b
O0SE| 0§86 | 9% £
Goe¥)| GEF [0k | 3 207 X 901 -31v2S
0UEZ| DES | 92 i
TRNADEY| TEERGHY ‘OM i v
8 d, | s00i1u8| ON 8

6 -91d

8)

[sHno W)




Thus if ¥ and x are plotted on a log-log paper, one may expect a
straight line relationship.

Various trials of relationship between the physiographic parameters
{Table-2) and one of the unitgraph parameters and among the unitgraph para-
meters (Table-3) themselves for 19 gauged catchments considered suitable for
the studies were made, The relationship between physiographic parameters
L /% and U.G. parameter t_was found to be significant. Afterwards t was
related to undit peak dischgrge of the U0.G. fqpl and was related to Various
I':I.G, parameters like ”59’ W?S’ HRS{]' and WR'.-'E. The time base f'_I'HI could be
significantly correlated to t . The principle of least squares was used in
the regression analysis to geE the relationships in the form of equation 3.9.1
to predict the parameters of the synthetic unitgraph in an unbiased manner.
‘The following relationships have been derived for estimating the 71-hr
unitgraph parameters in subzone-3{a) Vide Table-4

TARLE-4: Relationship for estimating the 1-hr Unitgraph Parameters
in subzone-3(a)

Relationship Correlated Equation Fig.No.
- Coefficient(r) Ho.
(1) (2) (3) (4)
ty = n-433fo_}—s:-u'm": 0.93 3.9.3 3
a, - 1.161f'tplﬂ'635 0.85 3.9.4
. 2 3.9.
Ws,n . 2.2343’[%}1 00 0.98 9.5
0,991 0.94 3.9.6 6
w?ﬁ = 1.331;'{%} ;
1.023 0.87 3.9.7 7
Weso = G.aZ?!tqpi _
_ ,1.037 0.83 3.9.8 8
Mo .2 I].EE*I{'.{qF'_I
2 _ s.a75(¢ )9-512 0.81 3.9.9 9
P
Tm - tp + tr,fz 3.2.10
= x A 3" '11
QP % 9

The above relationships may be utilised to estimate the parameters of
1-hr synthetic unitgraph for an ungauged catchment with its known physiographic
characteristics like L, A and 5,

.10 Derivation of 1-Hour Synthetic Unitgraph for an Ungsuged Catchment

Considering the hydro-metecrological homogenity of subzone-3(a), the
relations established between physiographic and unitgraph parameters in
section 3.9 for 19 representative catchments are applicable for derivation of
1=hr synthetic unitgraph for an ungauged catchment in the same subzone.
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The steps for derivation of 1-hx unitgraph are:

il

iil

iv)

v)

wvi)

Physiographic parameters of the ungauged catchment viz catchment area
{A), Length of the longest stream (L) and equivalent stream slope (S)
are determined from the catchment area plan L/ ﬁ is calculated,

s\:.bs‘l:itst?osha value of L/_/S in the equation 3.9.3 t_ = 0,433

(L/_7%) to obtain t_ in hours. The calculated ' t_ is rounded
of to nearest half an hobr. Then Tt vt /2et ¢ W hr,

Substitute. the value of tp in the equation 3.9.4 to obtain qp in
cumec/ sgkm

"ﬂ':.&nQp = qpxkinrmmer.-s.

Substitute the value of g in the following equations 3:9.5 to 3.9.8

to obtain Wess Wogs Wogn “ong Wpes 10 ROUTs:
"s0 - 2288

{qg11.uu
Woo - L

~991

[q)}]
W =  0.82
RS0

(q y1-023
"r7s - 9*55%—3—

L 37
Substitute the value of t.p in eguation 3.9.9
T, - 5.375{tp}“'512 to obtain T, in hours.

FPlot the parameters of 1-hr unitgraph viz. Tm, TB’ QF, HED' HTE’
WREG and HR?.E on a graph paper as shown in illustration Fig.2 and

sketch the unitgraph through these points. The discharge ordinates
”2:.’ of the unitgraph at 1-hr {tr} interval are summed up and the

direct runoff depth in cm is obtained from the followihg equation
3.9.10:

0.36 x g = t
d = i‘ = s a e s s 39,10
A
d = depth of direct runcff in cm
QJ. = discharge ordinates at 1-hr interval (cumecs)
A = catchment area in sgkm
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Ini case the depth of runoff (d) for the synthetic unitgraph drawn is not
equal to 1.0 cm, then suitable modification may be made in falling and rising
limbs of the unitgraph to obtain 1.0 cm depth of runoff. The shape of the
modified unitgraph should be kept smooth.

311 Degign Loss Rate .
pDirect (surface) runoff 1s the end product of storm rainfall after infil-
tration into surface soils sub-surface and ground besides abstractions like
evaporation, evaporanspiration, soil moisture and filling up of surface
depressions. It is difficult rather impossible to record these various para-
meters at various representative locations in the catchments except by the
analysis of observed storm rainfall and flood events. Conversion of gross
storm rainfall units into effective rainfall units for application to unitgraph
is normally done by subtraction of constant loss rate (@-index) for the catch-
ment, even though the loss rates in the catchments, a complex phenomena, vary
due to soil conditions, soil cover complex and topography along with temporal
and spatial variations of storm rainfall,

Following two approaches were adopted to arrive at the design loss rate
namely {i) Modal loss Rate and (ii) Empirical Toss Rate:

1) Modal Loss Rate .

Constant loss rates were egtimated baged on various selected observed
storm rainfall and flood eyents of reagonably higher magnitudes for derivation
of unitgraphs. About 148 flood events were analysed for 19 bridge catchments.
Number of flood occasions, the constant loss rates so estimated for each
bridge catchmwent, under different loss rate ranges at intervals of 0.25 cwm/hx
were tabulated in Table-5. In other words, the fregquency (number of total
occasions) of loss rates under each loss rate ranges in Table-5 shows that the
maximum number of. occasions {fmi is 39 for loss rates range of 0.25 to 0.57
cm/hr with its lower limit of 0.25 cw/hr(l).preceded by 21 occasions {f1]
for range of 0 to 0.25 em/hr with range interval (h).

The mode is given by the formula:

Mode = L + fm = f1

2f .~ By = ;f:2 x h

0.25 + _{39 = 21}
2x 32 - 21 - 24 x D25

0.46 co/hr say rounded off to 0.45 cm/hr

The modal value of loss rate is, therefore 0.45 cm/hr which is sugges-
ted as design loss rate for conversion of gross rainfall units into effective
rainfall.

ii) Empirical Loss Rate

=

All the loss rate values upto 1.5 cm/hr were considered for design
conditions by relating with the corresponding observed storm rainfalls and the
duration by maultiple correlation.
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Loss rate formula based on 123 Hos. samples upto 1.5 cm/hr was derived
as under; 0.66
0.58(R) "
Loss Rate (cm/hr) =

{(T)0.59

The above formula may be used for computation of loss rates correspon-
ding to storm rainfall (R) in om for design storm duration (T )} in hrs.
Therefore, design storm duration ET ) is substituted in place of (T) in the
above fnrmula. .

The final loss rate formula is:

0.56 IRf] 0.66

{Tni 0.59

Loss Rate (cm/hr) =

Where Rt is the 25-yr, 50-yr or 100-yr design storm rainfall in cm for design
Etorm duration {wb} in hrs,
0.360

T, = T, = 5.452(L/_/5) in hrs.

In this formulz the loss rates will vary depending on the design
storm rainfall and duration. The formula gives higher loss rate for higher
storm rainfall and for shorter design storm duration.

In the earlier approach, a modal value of loss rate was suggested under
.the assumption that the catchment is thoroughly wet due to storm rainfall occu-
rrence preceding the design storm rainfall, Hence the Antecedent Precipitation
Index (API) was ignored. However, in the latter appruach of empirical loss
rate formula it is assumed that the loss rate occur under average conditions oy
extension of the related chserved parameters of storm rainfall and duration
for design storm rainfall and dyration to reflect the interaction of varying
hydrologic conditions of soils and soil cover complex in an indirect way.

The design engineer may adopt modal value of loss rate and also the
loss rate by the empirical formula, for estimation of flood discharges of a
catchment under study to get a comparison so as to fix the final value of
floed discharge keeping in view the exigting hydrologic conditions and also
the site conditions for the location of the structure.

3.12 Degign Base Flow

Similar studies were carried out relating average base flow rate (g )
based on analysed flood events in cumecs/sgkm for the gauged catchments wi
their catchment area (A) in sgkm. The following relationship was derived:

qh . ﬂ.109ftﬁla'125
The above base flow rate formula may be used to compute base flow
rate for ungauged catchments. The total base flow is the product of

catchment area (A) in sgkm upto the point of study with the base flow rate
{qb] in cumecs/sakm,
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4.0 DESIGHN STORM INFUT

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 con-
verted into effective rainfall and applied to the transfer function (synthetic
unit hydrograph) to obtain the response (flood. hydrograph).

4.1 Design Storm Duration

The duration of the storm rainfall which cauges the maximum discharge
in a drainage basin is called the design storm duration. The design storm
duration (T.) for a catchment is adopted egual to base peziod [T } of 1=hr
- synthetic ‘uhitgraph:

0.360
T, = 7, = 5.452 (i f5)

4.2 Rainfall Depth Duration Freguency Studies

India Meteorological Department'have conducted this study on the basis
.of 12 -self-recording raingauge stations and 130 ordinary raingaige stations
maintained by IMD/States and 35 SRRG Stations maintained by Railway in 11
bridge catchments in subzone-3(a).

[

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 anmal extreme value Series wag subjected to fregquency analysis by Gumbel's
Extreme Value Distribution and the rainfall estimates for S0-yr. return
perliods were computed, The daily values of rainfall estimates were converted
into 24-hr rainfall estimates by using the conversion factor of 1.15. These
24-hr rainfall estimates for all the stations in the Subzone were plotted on
a base map of the subzone and isopluvial map of 50-yr. return periocd was
drawn and shown in plate-10. -

The hourly rainfall data recorded by 12 SRRG stations maintained by
I.M.D, for the period were processed by fregquency analysis (partial duration
series method) and the rainfall estimates for 50-yr return period for sSpeci-
fied duration namely 1, 3, 6, 9, 12, 15, 18 and 24 hours computed.

The ratios of short duration of 1, 3, 6, 9, 12, 15 and 18 hours
rainfall estimates with respect to 24~hr 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,
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The average ratiocs for duration of 1, 3, 6, 9, 12, 15 and 18 hours
with respect to 2Z4-hr rainfall are as under:

Duration Ratia
24 1.00
18 0.93
15 0.89

12 0.85 Ratio = 50-yr T-hr point rainfall

9 0.78 S50-yr 24-hr point rainfall

6 0.70
3 0.57
1 0.36

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

The short duration rainfall estimates for various short durations
(1, 3, 6, 2, 12, 15 & 18 hours} can be computed by using the respective
ratios. The value of 24-hr rainfall estimates for a particular station for
S50=yr return period can be interpolated from Plate-10 and the short duration
rainfall estimates can be obtained by multiplying with the corresponding ratio
for that particular short duration obtained from Fig.i0.

4.3 Conversion of Point to Areal Rainfall

The short duration rainfall data of only 11 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
vears data were not recorded continuously for 4 years over the stations in a
bridge catchment. 2-yr point rainfall values for specified duration for each
station in the catchments were computed by frequency analysis, Arithematic
average of 2-yr point rainfall of all the stations in the catchment was calcu-
lated to get the 2-yr represuntative point rainfall for the catchment. Events
‘of maximum average depth for a particular duration in each year were selected
on the basis of simultanecus occcurrence of rainfall at each station in the
catchment. The areal rainfall series thus obtained was subjected to frequency
analysis of 2-yr areal rainfall depths for specified duration were computed,
The percentage ratio of 2-yr areal rainfall to 2=yr representative point rain-
fall, for the catchment was calculated and plotted against the area of the
catchment for wvarious durations. The best fit curves were drawn for specified
duration on the points obtained for the catchments., Fig. 11({a) and 11(b) give
the curves for conversion of point rainfall into areal rainfall for 1,3,6,12
and 24 hrs. The areal reduction factor (ARF) at different intervals of catch-
ment areas for the above durations are given in Table-&.

Data for bridge catchment is available only upto 1100 sgkm and point
to areal curves have been extrapolated upto 2500 sgkm on the basis of limited
ARF's obtained from bridges having area less than 1100 sgkm. Point to areal
rainfall wvalues may, therefore, be used with caution for areas more than
1100 sgkm,

4.4 Time Distribution of Input Storms

The study of time distribution of short duration rainfall has been
carried out by IMD for the following categories of duration-
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1. Rain storm of 2 tp 3 hours
2. Rain storm of 4 to & hours
3., Rain storm of 7 to 12 hours
4., BRain storm of 13 to 18 hours
%. Rain storm of 19 to 24 hours

Bhout 1286 rain storms of various durations upte 24 hours occurring
in various parts of the subzone were analysed based on 127 stations 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 stoxm dura-
tion along the abecissa, Thus five different graphs were prepared for each
station corresponding to various durations and were then examined. The ava-
rage time distribution curves for the various durations were drawn for each
station. All the average curves for the stations thus obtained were plotted
on a single graph and a single average curve for the subzone as a whole was
drawn for storms of different durations and are shown in Fig. 12(a) to (e).

4.5 25-Year and 100-Year 24-Hour Point Rainfall Ma

For those interested in the design flood (25-yr and 100-yr floocd)
25-yr and 100-yr 24-hr point rainfall maps are shown in plates - 9 & 11. To
obtain 6,9,12,15 and 18 hrs from 25-yr and 100-yr 24-hr rainfall, the ratios
given in section 4.2 may be used., Similarly, section 4.3 and 4.4 may be used
for conversion of point to areal rainfall and time distribution of input storm
raespectively. Synthetic unitgraph, design loss rate and base flow will remain
the same as in the case of 50-yr flood.

4.8 Procedure for E&timat;gn of Design Storm Rainfall

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

Step-1: Estimate Tb = TB = 5452 [I}L/E_j 0.360 {roundad off to the nearest

full hour) by substituting the known values of L and S for the catchment under
study. - :

Step—2: Locate bridge catchment area under study on the S0-yr 24-hr rainfall
isopluvial map (Plate-10) and obtain the 50-yr 24-hr point rajnfall wvalue in
ocms, For catchment covering more than one ischyet, compute the average point
storm rainfall,

Step-3: Read the conversion ratio for Th hours from Fig.10 and multiply the
50-yr 24-hr rainfall in Step=-2 by the ratio to cbtain the 50-yr Tb-hr point
rainfall.

Step-4: Convert the 50-yr Tb-hx point rainfall to S0=-yr T~hx areal rainfall

by multiplying with the areal reduction factor (ARF) corresponding to catch-
ment area and for Tn—hr duration from Table-4 or by interpclation from
Fig.11(a}) and 11(b)" in Section 4.3,
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TABLE - 6: AREAL TO POINT RAINFALL RATIO ( PERCENTAGE)

Area in Sg.Kms. 1=hr. .3-hr. B=hr. 12-hr, 24-hrs.
0 100 100 100 100 100
50 84 B9 91 96 “g97
100 74 B2 85 92 95
150 67 76 a1 a0 a3
200 63 72 78 B8 g2
250 60 69 76 87 = 21
300 5 68 75 B5 89
asp - - 74 B4 as
400 - - - 83 B7
450 - - - az B6 !

500 - - - 81 ' 85
600 - - - 80 B4
700 - - - 79 83
80D - - - 78 82

ano - - - 77 81.5
1000 - - - 76 81
1500 - - - J 74 BO
2000 - - - - 79
2500 - - = = 78




Step-5: Apply the cumulative percentage of total rainfall against the cumula-
tive percentage of storm duration curves in Fig.12 or from Table A-~2 corres-
ponding to design storm duration T to cobtain the depths at 1-hr interwval
since the unit duration of synthetic U.G. is 1-hour,

Step-6: Obtain the 1-hourly rainfall increments from subtraction of successive
1=hour cumulative values of rainfall in Step-5.
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5.0 FSTIMATION .OF DESIGN FLOOD FOR AN UNGAUGED ‘CATCHMENT-

Step-1 : Determine the {-hr Synthetic Unitgraph vide section 3.9 and 3.10.
Step-2 Determine the design storm rainfall input vide secticn 4.0
Step-3 : Adopt the design loss rate as recommended vide section 3.11.
Step-4 : Obtain the hourly effective rainfall units upto the design storm

duration T, by subtracting the design loss rate from the hourly
effective rainfall units in Step-5 of section 4.6.

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

Arrange the effective rainfall units against the 1-hourly synthetic U.G.
ordinates such that the maximum value of effective rainfall comes against the
peak discharge of synthetic U.Gi, the next lower value of effective rainfalil .
unit comes against the next lower discharge ordinate and so ‘on upto T ~hour
duration.

. The sum of the pwudﬁct_nf unitgraph ordinates and the effective rain-
fall units as tabulated above gives the SO0-year flood peak value after due
addition of base flow in Step-8,. .

However, the subsequent Steps 5 to 9 should be followed, for ccﬁﬁutatiun
of design fleod hydrograph.

Step-5 : Reverse the sequence of effective rainfall units obtained in
Step-4 which will give the critical sequence of the effective

rainfall.

Step-6 : Multiply the first 1-hour effective rainfall with the synthetic |
ordinates at 1-hr interval which will give the corresponding direct
runoff ordinates. Likewise repeat the procedure with the rest of
the hourly effective rainfall units giving a lag of 1=hr to
successive direct runoff ordinates,

Step-7 : hdd the direct runoff ordinates at 1-hr interval to get the total
direct runoff hydrograph.

Step=8 : Obtain the base flow rate in cumecs/sqkm vide section 3.12. Multiply

base flow rate in cumecs/sgkm with the catchment area under Study
to get the total base flow.

Step-2 : add the total base flow to the direct runoff ordinates at 1-hr interval
in Step-7 to get the S0-yr. flood hydrograph. Plot the hydrograph.

Likewise 25-yr. flood and 100-yr flood hydrographs are computed following
the above steps in section 4.6 and 5.0 corresponding to 25-yr and 100-yr storm

rainfall for design stormm duration Tn = TE'
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G, FORMULA FOR LINEAR WATERWAY OF HBRIDGES

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

; The linear dimensions of any hydraulic structure have a bearing on the
width of channel. The channel width in the case of stable river is mogtly con-
trolled by the nature of soll, slope and roughness .of terrain/channel bed as
also the magnitude, duration and frequency of floods over a long period in geo-
logical time. The width of the channel, therefore, repains more or less consess
tant for discharge magnitudes of different return periods, though the flood
levels and velocities vary considerably to cater to the increage in discharge
magnitudes, With this concept in view, the formulae for linear waterway re-
lated to trequency f}noda have been deve . Considering the dimension of
discharge which is L°/T, the adoption of 3/0 discharge as the ruling parameter
seems to be justifiable. Taking into account the analysed bridges in subzone-3
{(a), the following simplifed formula has been derived,

1

We= T7.28 {an‘.l /3

Where W ig linear waterway in metres and QEG is S50-year £lood discharge
in cumecs using the modal loss rate of 0.45 cm/hr.

The design eng.f.néer:s may follow the following steps while fixing some
of the primary parameters of the bridge:

i) Estimate QEO by using the methodology outlined in the report,
ii) Estimate the linear waterway using the eguation given above.

4i1) HWork out the design HFL expected for QS {using the modal loss
rate of 0.45 cm/hr) with the waterway estimated,

The linear waterway which is estimated may seem to be inadequate or ex~
cessive 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 estima-
ted wateﬁay and thereafter fix the design HFL as per normal calculations.

The abovehentioned eguation gives only guide to the possible width which may
have to be provided to pass the discharge at the bridge sgite. 1In case the
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design engineer feels that the importance of the structure warrants @ 45 OF

Q1 a0 and wanta to use those values for design purpose, then the linear waterway
may be worked ocut with the following formulae:

1/3
W = 7.69 I,QEE:I

1/3

Where Q25 and Q'iﬂo are estimated using a modal loss rate of 0.45 em/hx.

THE FORMULAE GIVEN ABOVE ARE ONLY TO BE USED FOR FIXING THE LINEAR
WATERWAY OF THE BRIDGES IN THE MAHI AND SABARMATI SUBZOHE 3 (a!. THE LaUE2Y'S
REGIME WIDTH FORMULAE WILL NOT BE APPLICABLE FOR FIKING THE LINEAR WATERWAY OF
ERIDGES IN SUBZONE-3 (a). HOWEVER, FOR DETERMINATION OF SCOUR AT BERIDGE SITES
THE LACEY'S SCOUE FORMULAE BASED ON LACEY'S REGIME WIDTH AS SPECIFIED IN THE
CODES FOR ROAD AND RATL BRIDGES SHALL BE USED.

) The relevant codeg of practice for design flood and fixing of watacway
of bridges by Indian Railway 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,

{i) Standard specifications and code of practice for Read bridges,

section 1, General Features of Design (fifth revision) by
Indian Roads Congress, 1983 clauses 103 and 104,
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7.0 COMPUTATION OF DESIGN H.F.L. CORRESPONDING TO DESIGN FLOOD

7.1 General

The design engineer has to determine the design High Flood Level
corresponding to adopted design flood for the bridges and cross drainage struc-
tures under natural and constricted conditions., This elevation is very impor-
tant in the analysis for foundations, Scour, free board, formation levels,
hydraulic forces, etc.

7.2 Stage Discharge Relationship

Btage discharge relationship is represented by stage vs discharge
rating curve of a river at the point of study. The most acceptable‘methud for
establishing stage discharge rating curve is based on observed gauges, dis-
charges and slopes covering satisfactorily the lower to upper elevation ranges,
Stage discharge relation defines the complex interaction of channel characte-
ristics including cross sectional areas, shape, slope and roughness of bed and
banks. The permanent stage discharge relation is a straight line or a combi-
nation of straight lines on a8 logarthmic plotting depending on the channel
configuration; a single straight line for a single well defined channel and a
combination of two sttaight lines for the main channel with its berm portions.
The stage discharge relation may be considered more accurate depending on the
reliable and adeguate. ohserwved gauge and discharge data of the river at the
point of study. The gauge discharge rating curve so determined may be used for
fixing the design HFL corresponding to design flood by extrapolation if neces-
sary.

While in the absence of observed gauge and discharge data at the point
of study (bridge or cross-drainage structures location), synthetic gauge dis-
charge rating curve has to be constructed by Area-Velocity Method, using the
river cross section, slope data and nature of the cross-section. The velocity
is computed by the Manning's formula.

Computation of H.F.L. is generally done with the help of Manning's
formula in which Manning's 'N' is a very important factor daffecting the dis-
harge of a river or nalla. 1In applying the Manning formula, the greatest
Jifficulty lies in the determination of the roughness co-efficient (H). In
ceality, the value of N is highly variable and depends on a number of factors,
-n selecting a proper value of N for various design conditions, a basic know-
-edge of the factors affecting Manning's roughness co-efficient should be found
rery useful. The factors that exert the greatest influence ypon the co-effi-
‘ient of roughness in natural channels are surface roughness, vegetation,
‘hannel irregularity, channel alignment, silting and scouring, obstruction,
‘dze and shape of channel, stage and discharge, seasonal change 4nd suspended
idterial and bed load.
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The wvarious values of the roughness co-efficient for different types
of channel are given in Table 5.6 "Open Channel Hydraulics" by Ven-Te-Chow.

The above procedure pertains to determination of design HFL corres-—
ponding to design flood of a river under natural conditions, With the type of
structures in position there will generally be a constriction in the waterway.
The affect of the constriction by way of raising the design HFL under natural
conditions has to be evaluated in the water elevations to arrive at the revised
design WFL under constricted conditions. The difference between upstream and
downstream water levels corresponding to design flood due to constriction in
the waterway may be termed as afflux. There are hydraulic methods for working
out the final design HFL due to constriction by the structure., The Weir for-
mula or Orfice formula of hydraulics is generally used depending on the up-
stream and downstream depths to estimate the revised design HFL under cons-—
tricted conditions.

7.3 Bark Water Eff

Sometimes it happens that the cross section of river or nalla on the
dovnstream side of a cross drainage structure may be too narrow than the cross
section at the location of a crossing site, The flood levels at the proposed
structure may also be affected by the high flood levels in the main river
joining downstream in- pruxlmity of the stream. In such cases, there will be
backwater effect due to the narrow gorge of the river as the design flood for
the crossing site will not be able to pass through the narrow gorge in the
downstream and hence there will be heading up of water on its upstream side
which ultimately affects on H,F.L. of the river at the crossing site. In the
latter case the tributary stream on which the bridge is located will be under
the inELuqnce of the backwater effect of the main stream joining downstream.
In such cases back water Study shall be essential.

7.4 Hydraulic Gradient

In the absence of any cbserved levels of water profiles for computing
hydraglic gradient, bed gradient of nallashall be considered, after verifying
that Iotal depressions are not accounted for and bed gradient is computed on a
reasonable length of atleast 300 mt. upstream and downstream of the crossing
site.

7.5 Onfavourable Crossing Site

If the crossing site is located across the river/drainage in the
unfavourable reach i.e. not complying with the usual reguirement of gauge site,
the design flood elevation shall be computed in a stralght reach downstream of
the crossing and then from back water streams, design flood elevation of the
crossing site shall he decided.

a3



8,0 UTILITY OF REPORT FOR OTHER PURPOSES

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

i) Small Dams

The Indian Standard - guildelines 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 gross sto-
rage behind the dam between 0.5 to 10 million mt. or hydraulic head (from
normal or annual average flood level on the downstream to the maximum water
lavel) between 7.5 m to 12 m. The report may be made use of for estimation of
100-yeur flood for safety of small dams. 100-year flood may be .estimated
using the modal loss rate of 0.45 ew/hr.

ii) Minox E;gés-nraingge_Wnrks

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) - 1975
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 years 24-hr point storm rainfall determined for the urgauged catch-
ments under study. :

9.0 ASSUMPTIONS, LIMITATIONS AND CONCIUSTONS

9.1 Assumptions

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

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

g.2.1 The data of 19 catchments has been considered for developing a genera=-
lised approach for a large subzone. However, for more reliable relationships
the data of more suitable catchments would be desgirable,

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

9.2.3 The approach developed mostly covers the catchments with flit to mode-
rate slopes. '

9.3 Conclusions

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

9,3.2 The report also recommends the adoption of design flood of 25-yr and
" 100-yr return periods takng into account the type and relative importance of
the structures.

9.3.3 The flood formulae with different return periods shall be used only
for p:eliminﬂry design. However, for final design, design flood shall be es-
timated by' application of storm rainfall to synthetic unit hyﬂxngraph

9.3.4 Formulae for fixing the linear waterway of cross drainage structures
on streams in Mahi & Sabarmati subzone may be used at the discretion of the
design engineer.

9.3.5 25=yx,50=yr and 100<yr flood may be estimated using modal loss rate of.0,45
cm/hr and the empirical loss rate formula. However, the design engineer may

adopt Pesign flood for a structure either using modal loss rate or empirical

loss rate formula depending on the relative importance of the structure,

25-yxr, S50-yr and 100-yr flood formulae along with respective formulae for

linear waterway of bridges are in Annexure-1 which may be used for praliminary
designs. However, for final designs, the design flood has tc be estimated using

the empirical loss rate formula as per the procedure in the illustrutive

example.

9.3.6 The report is applicable for the catchment areas ranging from 25 sgkm
to 1500 sgkm. Further the report may be used tos larger catchments upto

5000 sgkm based on sound judgement and considering the data of neighbouring
catchments also. However, individual site conditions may necessitate special
site study, Engineer-in-charge at sits is advised to take a pragmatic view
while deciding the design discharge of a bridgé.
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9.3.7 The report is also applicable to the adjoining north-western parts of
Gujarat (Kachchh area exeluding Rann of Kachchh).

9.3.8 Two different approaches have been recommended for design loss rate
in this report viz; one based on a formula and the other a fixed value. The
purpose behind this is flexibility which is essential for accommodating the
changing patterns of parameters influencing loss rate even within the subzone.
Incidentally this flexibility would cater to the changing needs of different
organisations utilising the report for varied purposes.
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1)

i)

ii)

ifd)

Where

2]

Where

Anne:mra—]-

MAHT AND SABARMATI SUBZONE - 3 (a)

25-yr, 50=-yr and 100-yr Flood Formula

(Based on Empirical Loss Rate Formula in Section 3,11 (1))

ij = 1.002 :Aﬁﬂ‘ﬂ“ {S}I}.ZE'I (Rmf! 1.134 r = 0.992

m}u.ﬁaz
- 0,955, 0,255 1.03 _

Qco= 1.141 (a)7*%3s) (Ryp) .= 0,993

‘Ljﬂ.fag?
0.970 0,257 1.106
Q1DCI 1.079 (&} (5) [Rm} r = 0,993
: -+

VA bt

symbols are same as given in (B) (2) Simplified Approach,

Equations for Linear Waterway

W o816 (2,0 V3

W = T7.76& {QEQJ 1/3

W is linear waterway in meters, Q 5 o
are 25-yr, 50-yr and 100-yr £lood

Eormula in (1) above,

soe 2nd %100
estimated by

Fd
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