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FOREWQRD

cetimation eof flood of various return periods for design of
~vaterways and foundations of bridges¢ and culverts having small
and medium catchments, where hydrlogical data are inadeguate or
totally absent, is extremely difficult. In such a situation,
cegional method based on hydrometeorological approach invelving
use of design storm for specified return period and synthetic
anit thrograph has been adopted as recommended by the Committee
of Engineers under the Chairmanship of Dr. A.N. Khosla set up by
the Government of India in 195%. For this purpose, the country
has been divided into 26 hydrnmetenrologica homogenous subzones.
The hydrometeorological and storm studies for 22 subzones have
been completed and 18 flood estimation reports covering 21
subzones have been published. Flood Estimation Report of Luni
<=ubzone 1(a) is under publication.

The present report is 20th in the series and deals with the
estimation of design fioud of small and medium catchments in
Indravati subzone 3(g). Rainfall - runoff data required fer unit
hydrogaph studies were not obser:ved in the subzone. Hence,
celat lonships between rhysiographic and unit hydregraph
parameters developed for Lower Gedavari subzone 3(F), Eased an
observed hydro meteorslogical data, have been adopted to derive
synthetic unit hydrographs of the catchmerits in this subzone.
Storm studies have heen carried out by the IMD based on available
leny term rainfall data.

The report recommends a meilodology for estimation of flood with
return peried of 25, 50 and 100 years for structures having small
andg  mediun catchments in the Indravati subzone, till such time
rainfall-runoff data of the representative catchments ara
svailable for evolving a better and more rational method of
arriving at the design flood.

The report is a joint =ffort of Central Water Commission (CWC),
India Metereclogical Department (IMD), Research Design and
Standard Organisation (RDS0O) of Ministry of Railways and Ministry
of Surface Transport (MOST) in pursuance of recommendations of
Khicsla Committes.

I would like to place on record my appreciation of the excellent
cocperative efforts of the officers and staff of the four
organisations in producing this report.

MSRed P
New Delhi el
(M.5.REDDY)
Dated March, 1223 Member (WP}
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PREFACE

Design engineers essentially need the design floocd of a
specific return period for fixing the waterway vis-a-vis the
design HFL and foundation depths of bridges,culverts and cross
drainage structures depending on their life and inmportance to
ensure safety as well as economy. A casual approcach may lead to
under— estimation or over-estimation of design flood resulting in
the loss and destruction of structure or uneconomic structure with
problematic situation. '

The use of empirical flood tormulae like Dickens, Ryves,
Inglis etc., has no such freguency concept, though has the
simplicity of relating the maximum flood discharge te the power of
catchment area with constants. These formulae do not take into
account the basic metecrologic factor of storm rainfall component
and other physiographic and hydraulic factors varying from
catchment to catchment. Proper selection of constants in these
empirical formulae is left to the discretion of design engineer,
involving subjectivity.

Recognising the need to evolve a method for estimation
of design flood peak of desired frequency, the committee of
engineers headed by Dr. A.N. FKhosla had recommended, in their
report that the design discharge should be maximum flood on
record for & period not less than 50 years. Where adeguate
records are available extending over a period of not much less
than 50 years,the design flood should be 50 years flood determined
from probability curve on the basis of recorded floods during the
period. In case, where the requisite data as above are not
available, the design flood should be decided based on the ground
and meteorological characteristics obtained on the basis of design

torms necessitating the systematic and sustained collection of
hydro-meteorlogical data at selected catchments in different
climatic zones of India.

Economic constraints do not Jjustify detailed
hydrological and meteorological investigations at every new site
on a large scale and on a long term basis for estimation of design
flood with a desired return period. Regional flood estimation
studies thus become necessary for hydro-meteorological
homogeneous regions in the country. Broadly, two main regional
approaches namely flood frequency nd hydro-meteorological
approaches are open for adoption depending on the availability of
the storm rainfall and flood data. The first approach needs long
term discharge observations for the representative catchments for
subjecting to statistical analysis to develop a regional flood
frequency model. The other approach needs concurrent storm
rainfall and run-off data of the representative catchments over
a period of 5 to 10 years to develop a regional “rainfall-loss-
rate-runoff (UH) model" and long term rainfall records at a large
number of stations to develop "design storm wvalues". This
approach has becn adopted in the preparation of flood estimation
reports under short term and long term plan.
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Under short term plan, the report on estimation of

design flood peak utilising hydro-met data available for 60

bridge catchments, spread through-out the country, was brought out

in 1973, wherein the method has been recommended for estimating

the design flood peak for catchment areas ranging from 25 to 500
2

km. 1in the country.

Under long term plan, country has been divided irn=o 2%
hydro-meteorologically homogeneous sub-zones.. For preparing the
flood estimation reports for these sub-zones, cyscematic and
sustained collection of hydro-meteorological +Hata a2t tle

£S5

representative catchments, numbering 10 to 30, for a neriss of
to 10 years in different sub-zones has been carried =utr ir
phased manner by different zonal railways since 1955 under Lne
supervision and guidance of Bridges and Flood Wing of Research
Design and Standards Organisation of Ministry of Railwaye.
Similarly, the Ministry of Transport had vndertaken the -2llzcrion
of data for 45 catchments through Centrai Water Commission since
1979.

Regional Hydrology Studies Dte. (formerly Hydrology ’30)
Directorate) of CWC carried out analysis ui selected concori-cat
rainfall and flood data for the gauged catclments te deriva unic
hydrographs of mostly one hour duration on the basis af rainfall
data, gauge and discharge data collected during the monsoon
season. Representative 1 hr unit hydrographs hzvz bezn obtained
for each of the gauged catchments. The characic-isties or the
catchments and their urfit hydrographs, prepared for several
catchments in a sub-zone, have been correlz.ed by regression
analysis and the eguations for syntheric unit hyvdrograph for the
subzone are derived for mstimating desigrn flood fur ungauged
catchments.

Studies are alsc curried out p. the CWC to arrive at
suitable recommendations for estimating lass rate and base Fflow
for ungauged catchments,

Studies of Rainfall-Depth-Duration-Fregquency, point to
areal rainfall ratios and time distribution of storms are carried
out by Hydro-met Cell of IMD utilising the data collected by RDSO
and the long term data collected by IMD from rain-gauge stations
maintained by IMD/States.

The sub-zonal reports incorporating studies carried out
by CWC and IMD are prepared and published by CWC on approval of
Flood Estimation Planning and Coordination Committee.
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So far, followina 19 reports covering 21 sub zones have
peen published:-

) Lower Gangetic Plains Sub zone - 1(g) - 1978
2. Lower Godavari sub zone ~ I(f£) - 1981
3. Lower Narmada and Tapi sub zone = 3(b) - 1982
4, Mahanadi sub zone s 3(d)y - 1982
5. Upper Narmada & Tapi sub zone = (e} = 1983
6. Krishna & Penner sub zone - 3(h) - 1983
Te South Brahmaputra Basin sub zone - 2(b) - 1984
8. Upper Indo Ganga Plains sub zone . l{e) — 1984
9. Middle Ganga Plains sub zone = 1) - 1985
10. Kaveri Basin sub zone - I(i) - 1986
11. Upper Godavari sub zone = 3(e) - 1986
12. Mahi & Sabarmati sub zone - 3(a) - 1987
13. East Coast sub zones - 4(a)(b) & (c) 1987
14. Sone Sub zone - 1(d) - 1988
15. Chambal sub zone - 1(b) - 1989
16. Betwa sub zone - 1(c) - 1989
17. North Brahmaputra Basin sub zone - 2{a) - 1991
18. West coast sub zones - 5(a)y & (b) 1992
19. Luni sub zone = 1{a) 1983

The present report deals with the estimation of design
flood of 25 yr., 50 yr. and 100 yr return periods for small and
medium catchments in the sub-zone 3(g) which covers parts of
Madhya Pradesh and Orissa.

Rainfall - Runoff data observed at the representative
catchment in the sub zone for a period 3 to 5 year duration 1is
essentially required for developing relationships between
physiography and unit graph parameters (SUG equations). There
being no observational site in the entire catchment of the
subzone, it was decided by the FEPCC that relations developed
between physiography parameters and unit hydrograph parameters
for the Lower Godavari sub zone 3(f), adjoining to 3(g) sub zone,
would be considered for deriving SUG of ungauged catchments in
3({g) subzone.

The present report is based upon hydrological studies
carried out for Lower Godavari sub zone 3(f£) and the storm
studies conducted by IMD with the rainfall data of 91
0.R.G stations maintained by IMD and State Governments and
11 S.R.R.G stations maintained by IMD in and around the
subzone.

Part I of the report deals with the summary and
contents of the synthetic unit hydrograph approach for design
flood estimation alongwith an illustrative example. General
description of the subzone detailing, river system, rainfall,

temperature and types of soil are given in Part TII. Part III
brings out the SUH relations to be used for ungauged catchments
in the sub-zone. The storm studies carried out by the IMD are
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dealt in Part IV of the report. Criteria and standards in regard
to design flood of structures and procedures to compute the
design flood of ungauged catchments are described in Part V. The
Part VI highlights the limitations, assumptions and conclusions.

_ The report on sub zone 3(g) is recommended for
estimation of design flood for small and medium catchments
2
varying in areas from 25 to 1000 km. This report may also be
2
used for catchments of areas upto 2500 km. judiciously after
comparing the neighbouring catchments having
more or less similar characteristics, For catchments of areas less
2

than 25 Km. the method given in the Report No. RPF-16 published
by RDSO may be used

The method adopted and conclusions arrived at, are subject to
periodical review and revision in the light of adequate data

being collected & analysed and also the advancements in theory
and techniques.

This report is a joint effort of Hydrology (Regional
Studies) Dte, Central Water Commission of Ministry of Water
Resources, Research Design Standard Organisation , Ministry of
Railways, Roads and Bridges Wing of Ministry nf Surface Transport
and Hydro-met Dte., India Meteorological Depatment of Ministry of
Science and Technology.

sd/-

NEW DELHI ( R. V. Godbole )
Director,
Hydrology(Regional Studies).Dte.
Central Water Commission.
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SYMBOLS

SYMBOLS AND ABBREVIATIONS

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

A

ARF
C.G.
Cumecs

cms

E.-R.
Hr

H(RS), CWC

I.M.D.
In

Em

M.0.5.T.

Min

2
Catchment Area in km .

Areal Reduction Factor.

Centre of Gravity

Cubic metres per second

Centimetres

Depths betwean 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.

Effective Rainfall in cms.

Hour

Hydrology (Regional Stucies) Directorate,
Central Water Commission, New Delhi.

India Meteorological Department
Inches
Kilometres

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 along the main stream in km.

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

Ministry of Surface Transport (Roads wing).
Metres

Minutes ]
(xiv)



R ,R
25
and R

100

50

R.D.5.0.

Sec

Sq
Sq.km

“iLlimetres

Peak Discharge of Unit Hydrograph in cubic metres
per second.

Flood Discharge with return periods of 25-yr,
50-yr and 100-yr respectively in cumecs

Peak Discharge of Unit Hydrograph per unit area in
cumecs per sqg. km.

Point Storm Rainfall Values for 25-yr,24-hour

50-yr 24-hour and 100-yr 24-hour return periods
respectively in cm.

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

Equivalent stream slope in m/km.
Statistical stream slope in m/km.

Synthetic Unit Hydrograph

Seconds
Square

Square Kilometres, Km?

Time Duration of Rainfall in hours

Base Width of Unit Hydrograph in hours
Design Storm Duration in hours

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

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

Unit Rainfall Duration adopted in a specific study
in hours

Unit Hydrograph
(xv)



50

5

RS0

R75

Width of U.G. measured at 50% peak Discharge
Ordinate {QP] in hours.

Width of the U.G. measured at 75% peak Discharge
Ordinate {up} in hours.-

Width of the rising side of U.G. measured at 50% of
peak Discharge Ordinate {QP} in hours.

Width of the rising side of U.G. measured at 75% of
peak Discharge Ordinate {Qp}in hours.
Percent.

Summation
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1.

PART - 1
SUMMARY OF S.U.H APPROACH
Illustrative example to estimate 50 Yr return period flood

The Flood Estimation report for Indravati  sub-Zone 3(q)

may be used for estimation of design flood (25-yr, 50-yr and 100-
yr) for ungauged and inadequately gauged catchments in the
subzone. The method adopted in this report is explained in
following parts :-

1.1.

1

Part—-III explains the procedure adopted to obtain
Synthetie Unit Hydrograph for catchmente in the subzone.

Part—-IV explains the procedure to obtain design
storm rainfall and its temporal distribution.

Part-V  explains steps to be followed for obtaining the
design flood of 25 yr /50 yr/100 yr return period.

Steps necessary to estimate design £lood peak/design
flood hydrograph are as under :

i) Preparation of catchment area plan of the ungauged
catchment.

ii) Determination of physiographic parameters viz:
catchment area (A), Length of the longest stream (L)
Length of stream from CG of the catchment (Lc)and
statistical stream slope (5).

iii) Determination of 1-hr. SUG parameters i.e. q , Q ,

e B
t, T,W ,W ,WR , WR & T .
P m 50 75 50 75 B

iv) Drawing of SUH.

v) Estimatitn of design storm duration (TD)

vi) Bstimation of point rainfall and ardal rainfall for
design storm duration -(TD) and to obtain areal rainfall
increments for unit duration intervals.

vii) Estimation of effective rainfall increments by

subtracting the prescribed design loss rate from the
areal rainfall increments.

viii) Estimation of base flow.

ix) Computation of design flood peak.



x) Cqmputatinn of design flood hydrograph.
1.1.2. Illustrative example :- -
An example of ungauged Catchment is worked out for

illustrating the procedure to compute 50 yr design flood. The
particulars of the catchment under study are as follow:

i) Name of Tributary Kotri
ii) Shape of catchment Fan
Q
iil) Location Lat 20-25'-00"
o

Long 80-48'-00"

iv) Topography Moderate slope

Procedure is explained stepwise:
Step-1:— Determination of physiographic parameters:

The point of interest was located on the Survey of India
toposheets and catchment boundary was marked. The catchment area
plan (Fig. A-1) showing the rivers, contours and spot levels was
prepared.

From the catchment area plan, the area of the
catchment (Ajand the length of the longest mainstream(L) from the
farthest catchment boundary to the point of study was measured.
Centre of gravity of the catchment was determined at the point of
intersection of the plumb lines by holding freely the catchment
area plan cut on a card-board. Length of the main longest stream
opposite to the centre of gravity to the point of study(Lc) was
measured.

Statisical stream slope(8) was obtained by graphical
method as shown in Fig-A-1 and by analytical method as shown in
Annex—-1.1

Physiographic parameters obtained are given below:
1) Area (A) 325.00 sg km

2) Length of the longest 31.37 km
stream (L)

3) Length of the longest 16.09 km
stream from a point
opposite C.G. of catchment
to point of study (Lc)

2



4) Statatical stream slope (Sst) 1.09 m/km

Step—2:- Derivation of 1-hr Synthetic Unitgraph:

Synthetic Unitgraph Parameters were computed using
equations in para 3.3.

0.45
t = 0.353 (LLc//s) = 5.5 hr.
P
-0.842
q = 1.968 (t ) =0.47 cumecs/sq km
p P
-1.018
W = 2.30(q ) = 5.0 hr
50 P
-1.007
W = 1.356 (g ) = 3,33 hr
75 p
-1.078
W = 0.954 (q ) = 2.14 hr
R50 p
-1.035
W = 0.581 (q ) = 1.27 hr
R75 p
0.90
T = 4.572 (t ) = 21.0 hr
B p
Tm =+t + 0.5 tr = 6.0 hr
P
Qp =qgp * A = 152.75 cumecs

Estimated parameters of unitgraph in step-2 were plotted
on a graph paper as shown in Fig A-2. The plotted points were
Jolned to draw synthetic unitgraph. The discharge ordinates (Qi)
of the unitgraph at ti = tr = 1 hr interval were summed up

3
and multiplied by tr (=1) i.e <Qi x ti =902.78 m /s as shown in
Fig A-2 and compared with the volume of 1.00 cm Direct Runoff

Depth over the catchment,computed from the formula
Q = Axd/ti x 0.36



Where A

Catchment area in Sqg. Km.

d = 1.0 cm depth
ti = tr (the unit duration of the UG) = 1 hr.
A * d 325.00 = 1
Q = = = 902,78 cum/sec
0.36 * tr #0.36 * 1

Note:— ( In case, the <Qiti for the unitgraph drawn is higher or
lower than the volume of 1 cm, the falling limb of hydrograph

may be suitably modified without altering the points of synthetic
parameters.)

Step-3: Estimation of Design Storm:

(a) Design storm duration:

The Design Storm Duration (T ) has been adopted as
D
1.1 * £ ( refer step 2 in Section 5.2.). Rounding the design
P
storm duration to nearest hour, its wvalue came as 6 hrs.

(b) Estimation of Point Rainfall and Areal Rainfall for
storm duration:

Catchment under study was located on Plate -10 showing
50-yr 24-hr point rainfall. The point rainfall was found to be
32.00 cm. The Conversion factor of 0.635 was read from Fig - 3 to
convert the 50-yr 24-hr point rainfall to 50-yr 6-hr point

rainfall (since T = 6 hrs). 50-yr 6-hr point rainfall was 20.32
cm. D

Areal reduction factor of 0.86 corresponding to the
catchment area of 325.00 sq.km for T = 6-hr. was interpolated
D
from Annex.4.2 or Fig 5(a) for conversion of point rainfall to

areal rainfall. 50-yr S-hr areal rainfall thus worked out to be
17.47 cm.

The 50-yr, 6-hr areal rainfall was split in to 1l-hour
rainfall increments using the time distribution coefficients given
in Annex 4.1 or Fig 4.



A design loss rate of 0.50 cm /hr as recommended in para
3.4 was applied to get effective rainfall hyetograph.

Table gives the hourly effective rainfall increments

Table — 1
(Hourly rainfall Increments)

Dura— Distribu- Storm Rainfall Effective
tion tion coef- rainfall increments rainfall
ficient increments
1 2 3 4 5
(cm) (cm) (cm)
1 0.51 B.91 8.91 8.41
2 0.71 12.40 3.49 2.99
3 0.85 14.85 2.45 1.95
4 0.93 16.25 1.40 0.90
5 0.97 16.94 0.69 0D.19
6 1.00 17.47 0.53 0.03

Step—4: Estimation of Base Flow:

Taking the design base flow of 0.06 cumecs per sq km as
recommended in para 3.5, the base flow was estimated to be
19.50 cumecs for the catchment area of 325.00 sqg.km.

Step-5: Estimation of 50-yr Flood.
(a) Computation of flood peak

For the estimation of the peak discharge, the effective
rainfall increments were re-arranged against ordinates such that
the maximum effective rainfall is placed against the maximum U.G.
ordinate, the next lower value of effective rainfall against the
next lower value of U.G. ordinate and so on, as shown in col. (2)
and (3) in the Table - 2. Sum of the product of U.G.
ordinates and the effective rainfall increments gives the total

direct runoff to which have flow is added to get total peak
discharge .



Table - 2

{50 year flood peak)

Time U.G. ordinate 1-hr effec. Direct
(hrs) cumecs rainfall Runoff
(cms) (cumecs)
1 2 3 4

1l B0.00O 0.19 15.20
2 124.00 1.95 241.80
3 152.75 8.41 1284.63
4 147.93 2.99 442.31
5 116.50 0.90 104.85
6 74,00 0.03 T
TOTAL 2091.01

Base Flow 19.50

50-yr Flood Peak 2110.51

(b) Computation of Design Flood Hydrograph:

Effective rainfall increments shown in col. (3) of
Table 2 in Step-5 were reversed to obtain the critical sequence
as showrn below:

Table — 3
(Critical sequence of rainfall )

Time in hrs Critical 1-hr effective
rainfall sequence cms

0.03
0.90
2.99
8.41
1.95
0.19

[« WS R LS




For computation of design flood hydrograph, the U.G.
ordinates were tabulated in col(2) of Annex. 1.2. The critical
sequence of effective rainfall increments were entered in col.3 to
8 horizontally. Direct runoff resulting from each of the
effective rainfall increments was obtained by multiplying
effective rainfall depths with the synthetic U.G. ordinate in
col. (2) and direct runoff values were entered in columns
against each unit with a successive lag of 1-hr since the unit
duration of 8.U.G. is 1-hr. Direct runoff values are shown in col
(3) to ( B). Direct runoff values were added horizontally and the
total direct runoff is shown in col. {( 9). Adding

3
total base flow of 19.50 m /sec. (col. 10), design flood
hydrograph ordinates were obtained as given in col.11l. The
ordinates given in col. (11) were plotted against time (col.l) to
get the design flood hydrograph as shown in Fig A-3.



3(g)

PART - II
CENERAL DESCRIPTION OF INDRAVATI SUB ZONE

2.1 Location : The Indravati Subzone 3(g) lies approximately
a a ' 0 ’ 0 '
between 80 and 83 -07 East longitudes and 18 - 15 and 20 -4
North latitudes. Plate-1 shows location of the sub— zone in map
of India. Annexure-2.1 shows the list of the sub— zones in India.

The sub-zone is bounded by sub-zone 3(f) in the West and
South, Sub-zone 3(d) in the North and 4(a) in the East.

The states covered by the sub-zone are Madhya Pradesh and
Orissa. The basin area is mostly covered by forests and as such it
does not have any important town, except Jagdalpur.

2.2 River System : Plate-2 depicts the river system in the
sub-zone. The basin is traversed by the Indravati River,
which rises at an elevation of 914 metres in the Kalahandi

district of Orissa on the Western slopes of the Eastern Ghats. It
flows westward through the Koraput district of Orissa and Bastar
district of Madhya Pradesh. 1t turns south at about 531 Kms. from
its source and joins the Godavari at an elevation of B2 metres.
Its important tributaries are the Narangi, the Baordhig, the Kotri
and the Bande on the right and the Nandiraj (Berudi) on the left.

The geophysical area of the sub-zone is 41330 Sqg.Kms. The
total drainage area of Indravati River upto its cofluence with
Godavari River is 41665 Sg.Kms. However, entire area of the sub-
zone is covered by the Indravati river.

The break up of areas covered by the tributaries in the
catchment of the Indravati river is as under :

S.No. Name of Tributary Drainage Area

Sg.Km.

(a) Right Bank
| Bande 3861
2 Kotril 6590
3 Nibra 6641
4 Gudra 2832
5 Baordhig 3449
6 Narangi 3913
7 Bhaskel 2163

(b) Left Bank
1 Nandi Raj 1699
Sub Total 31148
(c) Free drainage area 10182
Total 41330



2.3 Topograohy and Relief : Plate-4 shows the general
topography of the sub-zone. The elevation in the sub-zone varies
between 150 metres to 1350 metres and increases from West to
East. In the central portion of the sub-zone, the elevation is
around 600 meters.

2.4 Rainfall : Plate-5 shows the normal annual rainfall in
the sub-zone and the histograms showing normal monthly
rainfll at Jagdalpur raingauge station. The rainfall mainly
occurs from May to October due to South-West Monsoon. Normal
annual rainfall wvaries from 1400 to 1700 mm. in +the sub-zone.
The normal annual rainfall at Jagdalpur is 1570 mm.

2.5 Temperature : Plate-6 shows normal annual temperature in
the sub-zone along with histograms showing minimum, maximum and
mean monthly temperatures at Jagdalpur. The average temperature
in the sub_zone wvaries between 22 C to 27 C. The normal annual
temperature at Jagdalpur is 24.6 C

2.6 Solls: Plate-7 shows soils in the sub-zone. The major area
of the sub zone is covered with red sandy soil. Small area in
the central Northern portion is covered with red and yellow soil.
Towards extreme Eastern portion, red loamy so0il 1is found.
Laterite soil is found in small patches in the southern region
of the sub-zone.

2.7 Land-Use: Land use map at Plate-8 has been prepared from
‘Irrigation Atlas of India-1989'. The sub-zone is mainly covered
by forests and to a small extent by scrubs. Small cultiviable
areas are scattered in Central portion of the sub-zone where
rice and millets are grown.

2.8 Communicatiocns: The Sub-zcone has a poor communication
network. Jagdalpur is the only important railway station in the
sub-zone and is located in the Raipur-Koraput section which passes
along southern boundary of the sub-zone. Besides this, the state

highway passing through Jagdalpur - Koraput — Phulwani also passes
through the sub-zone.



ART — IT
SYNTHETIC UNIT HYDROGRAPH STUDIES

3.1 Synthetic Unit Hydrograph (SUH) :

Hydrometeorological appreach has been adopted for
developing a regional method for estimating design flood for small
and medium catchments in various hydrometeorologically homogeneous
sub—zones. In this approach, the design storm after converting it
into effective rainfall (input) is applied to the unit hydrograph
(transfer function ) to obtain a design flood (output). It is
possible to develop unit hydrograph if site specific concurrent
rainfall runoff data is available for 3-4 vyears. Collection of
adequate concurrent rainfall runoff data for every site, however
is neither practicable nor economically feasible.In such a
situation the regional method for developing SUH is resorted to.
The SUH in the present study is a unit hydrograph of unit duration
for a catchment developed from relations established between
physiographic and unit hydrograph parameters of the representative
catchments in hydrometeorologically homogenous regions (sub-
zones). Data collected and analysed for obtaining sub-zonal SUH
equations are discussed in succeeding paragraphs.

3.2 Data Required:

For conducting the unithydrograph studies for
development of equations for derivation of SUH, the following
concurrent rainfall and runoff data for a number of catchments of
small and medium sizes representatively located in a subzone are

regquired for a minimum period of 5 to 8 years during the monsoon
Eeason:

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

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

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

The following catchment details are also required .

iv) Catchment area plans showing the river net-
work, location of raingauge stations and gauge
and discharge sites, contours, highway and
railway network, natural and man made sto-
rages, habitations, forests, agricultural and
irrigated areas, soils etc.
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v) Cross—-sections at the bridge site (gauging
site), upstream and downstream of the bridge
site.

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

3.3.0 Relations between physiographic and unitgraph parameters.

There are no observational site in 3(g) sub zone for
carring out hydrological studies for derivation of S8SUG for
catchments in the subzone. The relations between physiographic
and unit hydrograph parameters for lower Godavari, subzone 3(f)
were based on hydrological studies of of 22 out 0f 27 bridge
catchments for which data were observed. As subzone 3(g) is
situated adjacent to 3(f) subzone and both the subzones are
located in the same river basin viz the Godavari basin, the
relations developed for 3(f) subzone given below, have been
recommended for deriving SUG of ungauged catchments in 3(q)
subzone.

Relationships Equation
No.
1 2
0.45
t = 0.353 (LLc//s)
p 3:3.1
-0.842
q = 1.968 (t ) 3.3.2
p p
-1.018
W = 2.30(q ) 3.3.3
50 P
-1.007
W = 1.356 (q ) 3.3.4
75 p
-1.078
W = 0.954 (q ) 3.3.5
R50 p
-1.035
W =0.581 (q) 3.3.6
R75 p
0.90
T = 4.572 (t ) 3.3.7
B p
Tm = Tp + 0.5Tr 3.3.8
Op = A * gp 3.3.9
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Plate 3 shows the location of G&D sites, catchmente area
and period for the data was available in respect of 3(f) subzone.
The details of various physiographic parameters considered for
correlation and the unit graphs parameters are given in Fig.l & 2.

3.3.1 Derivation of 1-hour SUG for ungauged catchments.

Considering the hydro-meteorological homogeneity of
subzone the relations between physiographic and unitgraph
parameters given in section 3.3 are applicable for derivation of

1-hour Synthetic unitgraph for an ungauged catchment in the
subzone.

Steps for derivation of 1-hour unitgraph are :

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

ii) Substitute LLc//s in the equation 3.3.1 to obtain
t and this t 1in equation 3.3.2 to get g

P P p
in cumecs/ sq.km.

iii) Substitute the value of g or t in the

P P
equations 3.3.3 to 3.3.7 to obtain W ,W
50 75
W y W and T in hours.
R50 R75 B

(iv) Compute Tm and Qp from equations 3.3.8 and 3.3.9

(v) Plot the parameters of l1-hour unitgraph viz. T
m

T , Q0 , W s W . W , and W y ON a
B P 50 75 RS0 R75

graph paper as shown in illustrative Fig.A-2 and
sketch the unitgraph through these points.

(vi) Obtain sum of the discharge ordinates of tr-hr
Unitgraph and compare with volume of 1Cm direct
rainfall depth over the catchment using the
following equation:

12



3(3)

< Q =% 2.78 A *d
< i —_————
tr * 0.36
Where Q = discharge ordinates at l-hour interval
i {cumecs)

A = Catchment area in sq.km.
tr = Unit duration in hours.
d = 1 Cm.

Suitable modifications can be made in recession limb
upto W points, and a smooth Unitgraph be drawn.
50

3.4 Design Loss Rate:

Direct surface runoff is the end product of storm
rainfall after infiltration into surface soils, sub-surface and
ground besides abstractions like evaporation, evapotranspiration,
goil moisture and filling up of surface depressions. It is diffi-
cult, rather impossible, to record these various parameters at
various representative locations in the catchment 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 (f—index) for the catchment, even though the
loss rates in the catchments, a complex phenomena, vary due to
soil conditions, soil cover complex and topography alongwith tem-—
poral and spatial variations of storm rainfall.

The model value of loss rate of Smm \hr for the catchment area
lerger than 75 km2 and a value of 2.0 MM/hr. for area less tham
75 km2 has been adopted for subzone 3 (f). These values of loss
rates are recommonded for catchments in subzone 3(qg).

The desingner may however, adopt any suitable value as per
local site condtions.

3.5 Design Base Flow

An average value of 0.06 cumecs/sq km has been arrived for
3(f) subzone on the basis of 165 flood events. This value of 0.06
cumecs/sq km has been recommended for catchments in subzone 3(q).
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PART IV

RAINFALL STUDIES

4.1 Introduction

The India Meteorological Department (IMD) has
conducted rainfall studies for the Subzone. The study covers
Depth-Duration Frequency analysis of rainfall data from 91
ordinary raingauge stations of IMD/States and 11 self recording
raingauge stations of IMD. The Design storm components
have been derived in the form of (i),25, 50 and 100 year 24 hour
isopluvial maps (ii) 24 hours to short duration (1 to 23
hours)rainfall ratios, (iii) Time distribtion curves for storms of
various durations (2 to 24 hours) and (iv)Point to areal rainfall
ratios for specific durations (1, 3, 6, 12 and 24 hours). The
methdology applied for analysis of each component and the
procedure for design storm estimation is discussed in the
following paras.

The results of the study serve as basic input for design
flood estimation for small and medium catchments.

4.2 Data used

The rainfall data for a fairly large number of stations
in and around the subzone for as long a period as possible have

been collected for the purpose of this study and the following
data utilised for analysis.

4.2.1 Daily Rainfall Data of 91 ordinary raingauge (ORG)
stations - 3 maintained by IMD and 88 maintained by the State
Governments of Madhya Pradash, Orissa, Maharashtra, and Andhra
Pradesh. Of these 42 stations have 50-90 years~ record while 49
stations have 25-50 years~record. This was necessary in order to
cover the areas where raingauge network is very sparse.

4.2.2 Hourly rainfall data of 11 self recording raingauge
(SRRG) stations maintained by IMD having 9-18 years record.

4.3 Depth-Duration_ Frequency Analysis
4.3.1 Analysis of ORG Data - Isopluvial maps

For each of the 91 ORG stations in and around the
subzone, a series of annual maximum one-day rainfall was generated.
The 91 station series thus formed were subjected to frequency
analysis using Gumbel~s extreme value distributionn for computing
one-day rainfall estimates for 25, 50 and 100-year return periods.
These daily rainfall estimates ( 91 * 3 ) were converted into any
24-hour rainfall estimates by using the conversion factor of 1.15.
For each return period, the 24-hour rainfall estimates for 91
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gtations were plotted on a base map and isopluvials, were drawn.
The isopluvial maps of 25,50 and 100- year 24-hour rainfall are
shown in Plates 9 ,10 & 1l1. respectively, which can be used to
derive 24 hour rainfall estimates for specific return period at
any point in the sub zone.

4.3.2. Analysis of SRRG data -
§:.3.2.1 Short Duration Ratios

For each of the 11 SRRG stations having at least 9
years record, the hourly rainfall data were subjected to frequency
analysis using partial duration series for computing estimaten of
t hour T year rainfall for t = 1,3,6,9,12,15,18 and 24-hours
and T = 2,5,10,25 and 50-years return periods. These estimates
(11*8*5) were converted into ratios with respect to the
corresponding 24-hours estimates. Average ratios (8x5) for the
subzone as a whole (mean of 11 station ratios) were then computed
for each T-year t-hour pair. It was noticed that for a specified
duration t, the average ratios beyond T = 5 years were comparable
in magnitude. As such the average ratios (8) corresponding to 10-
year t-hour rainfall have been recommended to be adopted uniZormly
for converting 24-hour rainfall into t-hour rainfall. These 8
conversion ratios for t =1, 3, 6, 9, 12, 15, 18 and 24 hours given
below were plotted on a graph at Fig. 3, which can be used to
derive conversion ratios for any duration t in general, including
the intermediate durations (see Table alongside graph ).

Conversion ratio
Rainfall Duration 10 -year t-hour rainfall
{(t) in hours -

10-year 24-hour rainfall

1 0.320
3 0.500
6 0.635
9 0.730
12 0.800
15 0.8B64
18 0.917
24 1.000

Any 25, 50 or 100-year 24-hour point rainfall in the
subzone as read from isopluvial maps in Plates 9 to 11 can be
converted into corresponding 25, 50 or 100-year t-hour rainfall by
multiplying with the t-hour ratio as read from the curve in Fig.3.

4.3.2.2 Time Distribution Curves

Based on 151 station-year data of all the 11 SRRG stations,
total of 2299 rainstorms of durations ranging from 2 to 24
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hours were analysed and grouped stationwise into the following §
catagories:

1) rainstorms of 2 to 3- hour duration
2) rainstorms of 4 to 6— hour duration
3) rainstorms of 7 to 12- hour duration
4) rainstorms of 13 to 18- hour duration

5) rainstorms of 19 to 24 -hour duration

For each station, 5 different graphs corresponding to each group
of rainstorms were prepared by plotting the cumulative percentage
of the total storm rainfall against the percentage of the storm
duration and the average time distribution curves (11x5)were
drawn. Average time distribution curve (5) for the sub-zone as
a whole were then drawn by plotting 11 station curve on the same
graph  and these are shown in Fig 4, which can be used to derive
the time distribution co-efficients of storm rainfall in the sub-
zone for rain storm of any duration. (see Ann 4.1).

4.3.3 Point to Areal Rainfall Studies

4.3.3.1 For deriving relationship between point rainfall and
areal rainfall it is essential to have rainfall observations in a
fashion which permits generating a set of co-ordinate points
between rainfall magnitude and the area covered. Such
relationships in the case of subzones for which flood estimation
reports have already been finalised, were derived from the
hourly/half hourly rainfall data of raingauge stations maintained
specially by RDSO or by the CWC on behalf of Ministry of Surface

Transport in various bridge catchments (with known catchment
areas) of the respective subzones.

4.3.3.2 In subzone 3(g), neither RDSO nor CWC have observed
any bridge data and consequently an alternate method has been
developed where S.R.R.G data and ORG. data have been
conjunctively made use of to develop graphs between areal rainfall

to point rainfall ratios (y-axis) and the area (x-axis) for storm
duration of 1, 3, 6, 12 and 24 hours.

4.3.3.3 The location map of SRRGs and ORGs inside the subzone
and in the adjoining areas was scanned to select one SRRG which is
surrounded by a close network of ORGs within a radius of about 50
kms . SRRG station Kanker, with a network of ORG stations at
Keskal, Bhannupartappur, Marmasilli, Ghattasilli, Rudri, Dhamtari
and Admabad surrounding it satisfied this requirement. Since ORG
data 1is observed and recorded once everyday at 0830 hours
IST,the SRRG data (hourly observations) need to be properly

synchronised to permit conjunctive use of the two types of
rainfall records.
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4.3.3.4 The hourly tabulations of rainfall at SRRG station
Kanker were critically examined and rainstorms of 1 hr., 3hr., 6
hr., 12 hr., and 24 hr. were selected such that their temporal
spread was confined between 9th hr. (0800 to 0900 hr.) of a day to
gth hour (0700 to 0800 hr ) of next day with the condition that
the storm rainfall was atleast about 90% of the day’s rainfall
(i.e. rainfall from 0800 hrs to 0800 hrs of next day ). Thus for
example in the case of three hour storm at least about 90% of the
day‘’s rainfall 1is recorded within the storm duration (i.e 3 hr.).

4.3.3.5 Corresponding to the short duration rainstorm
selected from the SRRG data of Kanker, the daily rainfall data of
the surrounding ORG’s was picked out. Since a day‘s rainfall at
an ORG station implies the amount of rainfall recorded from 0830
hour of the previous day to 0830 hour of the observational day,
the daily rainfall data of the ORGs were collected for the dates
on which the 24-hour period (0800 hour to 0800 hour of next day),
containing the respective storm durations, ended.

4.3.3.6 The procedure adopted above for selection of short
duration rainstorms ensures that during an observational day only
the selected rainstorms primarily affects the SRRGC location. In
order to make the ORG data of the surrounding stations compatible
with the storm data, it is assumed that the intensities of
rainfall at the SRRG location at Kanker and at any given ORG
locations bear the same ratio at all times. (This assumption is
not strictly valid). With this assumption the daily rainfall at
the ORG stations conforms to the duration ofthe rainstorms.

4.3.3.7 For each selected rainstorm, the storm rainfall ratio
with respect to the 24-hour rainfall was computed. The daily
rainfall data of ORG stations was then reduced in the same
proportion.

4.3.3.8 For each selected rainstorm a map of storm rainfall at
the SRRG and the corresponding reduced rainfall amounts at the
locations of ORG stations was prepared and analysed by isohytel
method, within a radius of 30 kms around the SRRG location, to
generate a graph between areal to point rainfall ratios on the Y-
axis and the area on the X-axis. Graphs corresponding to
rainstorms of 1 hour, 3 hour, 6 hour, 12 hour and 24 hour
durations thus obtained are shown in Fig.5 (a) and 5(b) which can
be used to derive the percentage areal reduction factors for
converting point rainfall of any duration in the subzone into
corresponding areal rainfall for any particular size of the small
catchment in the subzone (Annexure-4.2)

4.4 Heaviest daily/short duration rainfall records

4.4.1 The statistics of highest ever recorded one-day station
rainfall (24-hour rainfall ending 0830 hours of date), exceeding
30 cm., alongwith date of occurrence, in each of the 5 districts
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covering the subzone 3(g) have been compiled from the ORG data and
presented in Annexure 4.3.

4.4.2. since neither RDSO nor CWC have collected any short
duration rainfall data in the bridge catchments of subzZone 3(g),
special efforts have been made to work out statistics of heaviest
rainfall amounts, in durations of 1, 3, 6, 9, 12, 15, 18, and 24
hours (clock hours), recorded at the locations of SRRG stations
maintained by IMD in and around the subzone. The archieval of the
autographic rainfall records, in an organised fashion, commenced
from the year 1969 and, therefore, it has not been possible to
include earlier records in respect of stations installed prior to
1969. Also due to backlog in data archieval the autographic
records for recent vyears could not become available. The
statistics of heaviest short duration rainfall records based on
the available data are presented in Annexure 4.4.

4.5 Procedure for Design Storm Rainfall Estimation

For a specified design storm duration TD hours (time of
concentration) for a particular bridge catchment in the sub—zone,
the design storm rainfall and its temporal distribution im the
catchment can be computed by adopting the following procedure

Step-1 : Locate bridge catchment under study on the 50 year 24-
hour isopluvial map in Plate 10 and obtain the 50-year 24-hour
point rainfall value in cm. For a catchment covering more than
one isopluvial, compute the average point rainfall.

Step-2: Read the conversion ratio for storm duration TD from Fig
3 and multiply the 50- year 24-hour point rainfall in step -1 to
obtain 50 year TD hour point rainfall.

Step-3 Read the areal reduction factor corresponding to storm
duration TD and the given area of catchment from Fig S5(a) & (b) or
Annexure 4.2,and multiply the 50 year TD hour point rainfall in
step 2 by this factor to obtain the 50 year TD hour areal rainfall
over the catchment

Step—- 4 Read the time distribution coefficients for 1,
2...0.04.(TD-1) hours correspomding to storm duration on TD from
relevent graph in Fig. 4 or Ann—4.l1 and multiply the 50-year TD -
hours areal rainfall in step-3 by these coefficients to obtain the
cumulative depths of 1,2,...,...(TD-1) hour catchment rainfall.

step-5 Obtain the depths of storm rainfall occuring every

hour in the bridge catchment by subtraction of successive
cumulative depths of 1,2,...... (TD-1) and TD hours in step—4.
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PART-V

DESIGN FLOOD ESTIMATION

5.1. criteria and Standards in regard to Design Flood of
structures of small and Medium Catchments.

The Khosla Committee of Engineers had recommended a
design flood of 50-yr return period for fixing the water way of
the bridges. The commitee had also recommended to design the
foundation and protection work for larger discharge by increasing
the design flood for waterways by 30 % for small catchments up to
500 sq km., 25 to 20 % for medium catchments upto 500 to 5000 sg
km. , 20 to 10 % for large catchments upro 5000 to 25000 sg.km.
and less than 10 % for very large catchments above 25000 sqg km.

Criteria and standards followed for design £lood
for bridges, cross drainage structures and small dams are given
below:

a) Indian Railway Standard Bridges Substrucures and

Foudation Code revised in 1985 stipulates that all bridges shall
be designed with adequate waterway for design discharge. This
ghall normally be the computed flood with probable recurrence
interval of 50 years however at discreation of Chief
Engineer/Chief Bridge Engineer, bridge damage Lo which is likely
to have serve conseguences may be designed for flood with a
probable recurrenece interval of more than 50 years, while bridges
on less important lines of sidings may be designed for floods
with a proable recurrence interval of less than 50 years.

b) Indian Road Congress—IRC 5-1985, clause 103 of
Section I "General Features of Design" Specifies that the water
way of a bridge is to be designed for a maximum flood of 50-yr
return period. To provide for adequate margin of safety. The
foundation and protection works should be designed for larger
discharge. The recommended percentage intrease over the design
discharge specified in clasue 103 is same as suggested by the
committee of Engineers.

c) Indian Standard Code of “Practice for design of
cross drainage works-IS: 7784 Part 1 1375° recommends that the
water way for cross drainage works should be designed for a 25-yr
return period flood. To provide adequate margin of safety , the
foundation and protection works should be designed for larger
discharges. The percentage increse over the design discharge

reconmended in the code is same as suggested by the committee of
Engineers.
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d) Central Water Commission’s criteria of 1968
specifies that the diversion dams and weirs should be designed for
floods of frequency of 50-100 yrs.

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

small dams having either gross storage of the dam between 0.5 and
3

10 Mm or hydraulic head between 7.5 m. and 12 m.

5.2 Estimation of Design Flood

To obtain design flood of required return period the
effective rainfall for design storm duration is to be applied to
the unit hydrograph of a catchment. Stepwise procedure for compu-—
ting design flood peak and design flood hydrograph for T yr
return period by SUH approach is given below:—

a) Computation of Design Floed ..ak

Step-1 Synthetic Unit Hydrograph

Derive the synthetic unit hydrograph as per section
3.3.1 and tabulate 1 hour U.G. ordinates.

Step-2 Design Storm Duration

The duration of storm which causes the maximum discharge
in a drainage area is called " Design storm duration (TD)".
This has been adopted as 1.1 * Tp in case of sub zone 3(f). The
same has been recommended for obtaining design storm duration
for catchments in subzone 3(g).

Step-3 Design storm rainfall,
i) Adopt suitable Design storm durartion(td) as explained
above.
1i) Obtain design storm rainfall and hourly areal

rainfall units wvide section 4.6.

iii) Adopt design loss rate as recommended in section 3.4.

iv) Obtain hourly effective rainfall increments by
subtrating the design loss rate,
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Step—4

(1)

(i1)

(iii)

(iv)

Step-5

Step-6

Step-7

Step-8

Design flood peak:-

Arrange 1 hour effective areal rainfall values against
the 1- hour U.G. ordinates such that the maximum wvalue
of effective rainfall against the maximum ordinate of
U.G., the next lower value of effective rainfall value
against the next lower U.G. ordinate and so on upto T

D
hour duration.

Obtain the base flow for the catchment area under study
vide section 3.5.

Obtain total surface runoff by summing the product

of unit hydrograph ordinates as tabulated in Step 1
and the effective rainfall values as tabulated in Step
3.(iii).

Obtain flood peak by adding base flow to total surface
runoff as per 3.(i1).

b) Design Flood Hydrograph

For computation of design flood hydrograph, carry out

the steps from 1 to 3 and in addition, carry out the
following steps.

Reverse the sequence of effective rainfall units obtained
in Step 4(i) to get the critical sequence of the effec-
tive rainfall.

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

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

Add the base flow in Step 4(ii) to the direct runoff
ordinates at 1-hr interval in Step-7 to get the
50-yr flood hydrograph.
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5.3 Computation of design HFL:

The design engineer has to determine the design High
Flood Level corresponding to adopted design flood for the bridges
and cross drainage structures under natural and constricted condi-
tions. This elevation is very important in the analysis for fo
dations, scour, free board, formation levels, hydraulic forces etc.

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

In the absence of observed gauge and discharge data at
the point of study (bridge or cross-drainage structures location),
synthetic gauge discharge 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 roughness coefficient ('N’) is an
important factor affecting the discharge of a river or Nalla. The
value of N is highly variable and depends on a number of factors.
viz, surface roughness, vegetation, channel irreqularity, channel
alignments, silting and scouring, obstruction, size and shape of

channel, stage and discharge, seasonal change and suspended
material and bed load.

The various values of the roughness co-efficient for

different types of channel are given in Table 5.6 "Open Channel
Hydraulics" by Ven-Te-Chow.
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The above procedure pertains to determination of design
HFL corresponding to design flood of a river under natqral condi-
tions. With the type of structures in position there will genera-

1ly be a constriction in the waterway. The effect of the cuqs;ri—
ction by way of raising the design HFL under natural conditions
has to be evaluated in the water elevations to arrive at the
revised design HFL under constricted conditions. The difference
between upstream and downstream lwater levels corresponding to
design flood due to constriction in the waterway may be termed as
afflux. There are hydraulic methods for working out ﬁhe final
design HFL due to constriction by the structure. The welr formu-

la or orifice formula of hydraulics is geqerally used dgpending on
the upstream and downstream depths to estimate the revised design
HFL under constricted conditions.

sometimes it happens that the cross section of river or
nalla on the downstream side of a cross drainage structure may be
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
proximity 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 hene there will be heading up of water
in its upstream side which ultimately affects HFL of the river
at the crossing site. In the latter case the tributary/stream on
which the bridge is located will be under the influence of the
backwater effect of the main stream joining downstream. In such
cases back water study may be carried out.

In the absence of any observed levels of water profiles
for computing hydraulic gradient, bed gradient of nalla shall be
considered, after verifying that local depressions are not accoun-
ted for and bed gradient is computed on a reasonable length of
atleast 300m. upstream and downstream of the crossing site.

If the crossing site is located across the river/drai-
nage in the unfavourable reach i.e. not complying with the usual
requirements of gauge site, the design flood elevation may be
computed in a straight reach downstream of the crossing and design

flood elevation may be worked out by undertaking backwater
studies.
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PART VI
ASSUMPTIONS, LIMITATIONS AND CONCLUSIONS

6.1.0 Assumptions:

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

6.1.2 Due to nonavailability of rainfall-runoff data for 3(q)
subzone, the SUG equations developed for 3(f) subzone
have been assumed to hold good for 3(g) subzone.
Similarly model values of loss rate and base flow

recommended for 3(f) subzone have been considered for
3{g) subzone.

6.2.0 Limitations:

6.2.1 As explained in para 6.1.2 the SUG equations, loss rate
and base flow values adopted for 3(f) subzone have been
considered for 3(g) subzone. It is desirable to collect
data of suitable catchments in 3(g) subzone and
develop seprate relationships for more reliable results.

6.2.2 The method is applicable for reasonably  free
catchments with interception, 1if any, limited to
203 of the total catchment. For «calculating the
discharge, the total area of the catchment has ¢to
be considered.

6.2.3 The approach developed mostly covers the catchment
with flat to moderate slopes.
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6.3.0 Conclusions:

6.3.1 The methodology for e stimating the design flood of
50-yr return period is recommended for adoption.
This also holde good for 25-yr flood and 100-yr flood.

6.3.2 The report recommends the adoption of design
flood of 25-yr and 100-yr return periods taking in
to account the type and relative importance of the
structures. .

6.3.3 The report is applicable for the catchment areas
ranging from 25 sq km to 1000 sqg km. Further, the
report may be used for large catchments upto 5000
sq km based on sound judgement and considering the
data of neighbouring catchments also. However, in-
dividual site conditions may necesstiate special
site study. Engineer-in-charge at site is advised
to take a pragmatic view while deciding the design
discharge of a bridge.
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SUB ZONE 3(g)
COMPUTATION OF STATISTICAL SLOPE
CA = 325.00 sq.ka , L = 31.37 Ka.

____________________________________________________________________________

REDUCED REDUCED LENGTH OF

S1.N0

00 = O LN P L RO e

DISTANCE.  LEVEL

(from point

of study.)
(Kn ) (n)
2 3

0.000  333.760
0.800  335.280
16.090  343.470
17.700  350.520
25.740  365.760
28,160  381.000
30.5370  396.240
31,370 411.480

Z

(L )
( Total __1i)
( __Jsi )

EACH
SEGHENT
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ANNEXURE - 1.1
UNGAUGED CATCHMENT

HEIGHT
ABOVE
DATUM

{Col 5/c -Isi 1i/-[s

---------------------------------------------------------

15.240  6.324 2.514 0.96
15.240  19.050 4.365 0.18

total 30.10

1.090 /kn

LL}



ANNEXURE - 1.2
COMPUTATION OF FLOOD HYDRDGRAPH

UNGAUGED CATCHMENT
SUB-Z0KE = 3{q)

....................................................................................................

TIHE S.U.H. RAINFALL EXCESS IN CHS TOTAL BASE TOTAL
IN-HOURS QRDINATES===s=cmonerenecanstrssicsosincanninrasdidnbnsionasase D.5.R.0. FLOM FLOW
IN CUMECS  0.03 0.90 2.99 8.41 1.95 0.19 1IN IN IN

------------------------------------------------------ CUNECS  CUNECS  CUMECS

----------------------------------------------------------------------------------------------------

l 2 3 4 5 6 1 8 9 10 11

0 0.00 0.00 0.00  19.50  19.50
1 1.00 0.21 0.00 0.21  19.50 19,71
2 17.00 0.51 6.30 0.00 6.81  19.50  26.31
3 38.00 .14 15.30 20,93 0.00 31.31  19.50  56.87
4 80.00 2,40  34.20 50.83  58.87 0.00 146,30 19.50 165.80
3 124.00 392 72,00 113.62  142.97  13.65 0.00  345.96  19.50 365.46
& 152.75 4.58 111.60 239.20 319.58  33.15 1,33 709.44  19.50 728.94
7 147.93 4.44 137.48  370.76 672.80 T4.10 3.23  1262.80  19.50 1282.30
8 116.50 J.49 13314 456,72 1042.84  156.00 7.22  1799.41  19.50 1818.91

-0
—d
o
=
=
r3
n

L
[
P
L=
o
o
[,

442,31 1284.63 241.80  15.20 209i.01 19,50 2110.51
348.34 1244.0% 297.86  23.56 1981.75  19.50 2001.25
221.26 979.77 28B.46  29.02 1558.52  19.50 1578.02
130.07 622.34 227.17  28.11 1033.92  19.50 1053.42
B5,22 J65.B4  144.30 22.14  635.48  19.50 654.98
58.31  239.6%  B4.B3  14.06  410.54 19.50 430.04
44.25 164,00  55.57 8.27  282.71  19.50 302.21
34,39 124,47  3B.03 5.42  210.60  19.50 230.10
26.91  96.712  28.86 3. 162,64 19,50 1B2.14
20,93 75.649 22.43 2.81 126,46 19.50 145.9¢6
14,95 58.87  17.55 2.19 96.77  19.50 116.27
10.47 42,05 13.65 1.71 69.11  19.50  89.21

[ B I e o T R U T e S ————
0 sl 00 el 0% LM e fed B =
P i R P

= P Ewd LD e adD e i D 0D Gl
Lt £ LN € < & LN OO LN LN LN
O D B O D D O
(= = = T = T = T = = - T = = ]
e e e e et e Yo o
i e = P O Dl B A OO0 Ced
o S L I R e, T~ iy
e 2 B 2T I - N

L o B - O - - T — TP e -

-

0O b= LA L = Gl Eed T O e On
(=T ¥, I = = B B - L R O =]

21 0.00 0.00 okl 5.98 29.44 9.75 1.33 47.67  19.50  67.17
22 0.00 0.00 0.00 3.89  l16.82 6.83 0.95 28.48 19.50  47.98
23 0.00 0.00 10.93 3.90 0.67 15.50  19.50  35.00
24 0.00 0.00 2.54 0.38 .92 19.50 22,42
25 0.00 0.00 0.25 0.25 19.50  19.75
26 0.00 0.00 0.00 19.50  19.50

0.00 0.00 19.50 19.50
0.00
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LIST OF HYDRO-METECROLOGICAL SUB-ZONE

o e T e o o

SUBZONE HAME OF SUBZOHE

e e S L A

1(a)

1(b)

lie)

1{d)

Ie)

lig)

(a)

11b)

ey

EITY

(designated earlier)

Luni basin & thar
{Luni & other rivers
of Rajasthan and Kutch)

Chambal Basin

Betwa Basin & Other
Tributariesa

Sone Basin and Right
Bank Tributaries.

Funjab Plains including
parta of Indus, Yamuna,
Ganga and Ramganga
Basina,

Ganga Plains inclu-
ding Gomtl, Ghagra,
Gandak, Kosi and other.

Lower Ganga Plains
including Subarnarekha
and octher east-flowing
rivers between Ganga
and Baitarand.

North Brahmaputra Basin

South Bralmaputra Uasin

Barak and others

Hahi, lncluding the
dhadhar, Sabarmati
and rivers of
Saurasitra.

Hame of sub-
zone (design-
ated now)

Luni

Chambal

Betwa

Sona

Upper Indo—
Ganga
Plains

Hiddle Ganga
Plains

Lower Ganga
Plains

Harth
Nrahmapuktra

South
Brahmaputra

Barak

Hahi and
Sabarmati
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ANNEXURE 2.1

T s e e o e e O W .S 5 . e e . B . o .

River Basina included
in the subzone

Luni river. Thar

{Luni & Other rivers of
Rajasthan and Kuteh and
Banas river)

Chambal river

Sind, Betwa and Ken
rivers and other
South Tributaries of
Yamuna

Sone and Tons rivers
and other South Bank
Tributaries of Ganga.

Lower portian of in-—
dus Ghaggar Sahibi
Yamuna, Ganga and
Upper portion of Sirsa,
Ramganga, Gomtl and
Sai rivers.

Hiddle Portion of
Ganga, Lower portion
of Gomti, Ghagra,
Gandak, Hosl and
middle portion of
Hahanadl

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

Hdrth Rank Tributar-
ies of Brahmaputra
river and Balagon
river.

South Bank Tributac-
ies of Brahmaputra
river.

Barak, Kalden and
Manipur rivers.

Hahi and Sabarmati
including Rupen &
Moechha Hamdarp, Ozal
Shetaranji rivers of
Kathiawad Peninsula.



3{b)

i(c)

3(d)

3{e)

3 E)

3{g)

3(h)

3(i)

4(a)

4(b)

4(c)

5(a)

5(b)

Lower Narmada and
Tapi Basin

Upper Narmada and
Tapi Basin

Mahanadi Basin inclu-
ding Brahmani and '
Baitarani rivers.

Upper Godarvari Basin

Lower Godavari Basin
except cecastal region

Indravati Basin

Krishna subzone
including penner
Basin except
coastal region

Kaveri & East
flowing rivers
aexcekpt ecoastal region

Circars including
east flowing rivers
between Mahanadi and
Godavari

Coromandal Coast
Lhcluding east
flowing rivers
between Godavari
and “Kaveri

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

Konkan coast (west
flowing river between
Tapi and Panaji)

Malabar Coast (west

flowing rivers. between
Kanyakumari and Panaji)

Andaman and Nicobar

J & K Kumaon Hills
{indus Basin).

Lower
Narmada
& Tapi
Upper
Harmada
& Tapi

Mahanadi

Upper
GCodavari

Lower
Godavari

Indravati

Krishna

kaveri

Upper
Eastern
Coast

Lower
Eastern
Coast

South
Eastern
Coast

Konkan
Coast

Malabar
Coast

deaman &
Nicobar

Weatern
Himalayas

30

Lower portion of
Marmada, Tapi and
Dhadhar rivers.

Upper portion of
Narmada and Tapi
rivers.

-

Mahanadi, Baitarani
and Brahmani rivers

Upper portion of
Godavari Basin.

Lower portion of
Godavari Basin.

Indravati river.

Krishna & Pennner
rivers except
coastal region.

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

East flowing coasktal
rivers between
Deltas of Mahanadi
& Godavari rivers.

East flowing coastal
rivers, Manimukta,
South Pennar,
Cheyyar, Palar,
North Pennar,
Munneru, Palleru,
Cundalakama and
Krishna Delta.

East flowing coastai
rivers, Manimuther,
Vaigani, Arjuna,
Tamraparcni.

West flowing coastal
rivers between Tapi
and Maudavi rivers

West flowing coastal
rivers between
Mandavi and
Kanyakumari

Jhelum, nger
portion of Indus,
Ravi and Beas
rivers
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JHEAL REDUETION FACTEES (€] FOR POINT  TO AREAL ARADWALL = SUBIONT afg) AMMNEXURE - 4.2
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ANNEXURE -4

HEAVIEST DAILY RAINFALL RECORDED IN SUBZOMNE 3(g).

District Station Heaviest Date of

rainfali OCCUTTence .
> 30 cm

MADHYA PRADESH STATE

Durg 1. Dongarhgarh 35.09 01.08.1959
2. Ambagarh Chovki 31.1 19.08.1939
3. Khapari 30.6 19.08.1939
4. Ehara 30.1 12.08.1942
Bastar 5. Antagarh 30.8 30.06.1959
6. Kanker 30.5 05.08.1911

MAHARASHTRA STATE

Chanderpur T+ Ghorejheri 40.0 19.07.1959
B. Ahiri 31.9 14.08.1953
9. Garmusi 31.2 13.08.1949
10. Sindwahi 31.2 13.08.1949
ORISSA STATE
Eoraput 11. Potengi 54 .6 14.10.1931
12. Koraout 33 .T 25.06.1914
13‘- JEFPO‘I.—E 32-? ﬂ‘j -UB-'Q"D
14. Malkangiri 30.5 17.06.1007
Kalahandi 15. Bhavanipatne 1.9 02.07.193¢Q
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