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FOREWORD

The hydrologic design of rall and road bridges
across small and modlum streams, does not, in general, get as
much attention as the design of bridges across major rivers,
with +the consequence, the waterway and other parameters
provided in these bridges prove, in many a case, grossly
inadequate, The Committee of Engineers =et up by the
Govornment of India in 1957 under the chairmanship of Dr.
A.H. Khosla went inte this problem and after raviewing the
methods avallable for estimating the design flood discharge;
recopmended the 'adoption of the rationmal methodology,
invelving use of design storms and unit hydrographs for +the
aestimation of design floods. Rational methodology is not
normally adopted for =mall and medium structures partly due
toe lack of adequate rainfall and runoff data for such
analyses and partly due to the time and <¢ost involved Ln such
analyses, For overcoming these problems and as a follow up
on the recommendations of the Committee of Engineers, four
organisationa concerned with the design of bridges, wiz.,
Research, Designs and Standarda Organisation of the Hinlstry
of Rallways, ths Ministry of Surface Transport, the India
Meteorological Department and Central Water Commission have
Joined +to gether. This Jjoint effort aims at collectlon of
rainfall-runoff data for a period of about § wyears 1in Lhe
catchments of small and medium bridges, analysing the data
and developing a rational methodology based on unit
hydrograph which could bhe gonerally applied. This
methodology would enable, through a set of charts and graphs,
qulck estimation of design flood for ungauged catchments.

Fer this purpose the data collection work is heing
carried out both by the Ministry of Bailways and by the
Central Water Commission (on behalf of the Hinistry of
Surfsce Transport). Fhile the ralnfall analysis 1s beling
done by the India Heteorclogical Department, Central Water
Commission develops the unlt hydrograph based methodology.

Since it would be impracticable and grossly
erronsouns to attempt developmant of 2z single set of reference
charts and graphs for the whole country, the country has been
divided into 26 hydrologically homogenecous subzones. With
the data presently available, 22 subzones covering 81 percent
of the geographical area could be studiad. So far studies on
16 subzones have been completed and 14 reports covering these
etudies have been brought out.

_ The present report is the 15th in this serles and
covars tha studies on Chambal Sub-zone 1(b}. Tha
methodologies contained in these reports will drastically
reduce the time and cost involved in the hydrologic design of
small and medium bridges.

In order to familiarise the dasign and construction
anginmers of wvarious organisations with the methodology



developed, CHC has conducted workshops at Caleutta,
Bhubaneswar, Guwahati, FPatna and Bhopal. Similar workshops
are also being planned in other regions of the country,

I am sure that this very useful report would be

widely referred to by the designers of small and medium
bridges in this zone.

I would like to place on record my commendation of
the excellent cooperative effort of the officers and staff of

the four organisations mentioned above in producing this
report.

Hew Delhi. (" Y.D. PEHDSE }
Nowv. , 1588 Member (Water Planning)
Central Water Commission



FREFACE

Design Engineers essentlially need the design flood 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 importance to
ensure safety as well as economy. A casual approach may lead to
under-estimation or over—estimation of design flood resulting 1in

the loss and destruction of structure or uneconomic structure with
problematic situation.

The use of empirical flood formulae like Dickens, Ryves,
Inglis etec., has no such frequency concept though has the simpli-
city of relsting the maximum flood discharge to the power of
catchment area with conatants, These forumlae do not take into
account the basic meteorologic factor of storm rainfall intensity
and other physiographic and hydrologic factors varying from cat-
chment 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 engi-
neers headed by Dr. A.N. Khosla had recommended, 1in thelir
report "Systematic and sustained collection of hydro-meteorologi-
cal data at selected catchments in different climatie zonea of
India. The committee felt that design discharge should be the
maximum flood on record for a period not less than 50 years. Where
adequate records are avallable extending over a period of not much
less than 50 years,the design flood should be 50 year flood deter-
mined <from probability eurve on the basis of recorded floods
during the period. 1In case where the requisite data, as above are
not avallable, the design flood should be decided based on the

ground and meteorological characterstics obtalned on the basis of
design storm”.

Economic constraints do not Jjustify detalled hydro-
logical 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. Reglonal flood estimation
studles become necessary for hydro-meteorologically homogeneous
regions in the country. Broadly two main regional approaches are
open for adoption depending on the avallability of the storm
rainfall and flood data. The first approach needs long term dis-
charge observations for the representative catchments for subjec-
ting to statlistical analysis to develop a regional flood frequency
model. The other approach needs concurrent storm rainfall and
runoff data of the representative catchments over & perlod of 5 to
10 yeara to develop a regional design storm rainfall-loss-unit-
grarh (runoff) model. The latter approach, in line with the
recommendations of the high level committee of enginears, has been
adopted in the. preparation of flood estimation reports under short
term plan and for each of the 22 subzones (out of 26 subzones) in
the country under long term plan,



Systematic and sustainad gollection of Hydro-meteo-
rological data at the representative ocstchment numbering-10 to 30
for a period of 5 to 10 years in sach of the 22 subzones has bean
carried out in a phused manner by different =zonal railways since
1966 under the supervision and guidance of Bridges and Flood Wing
of Research Deslgns and Standarda Organisation of the Ministry of
Rallways. Similarly the Minlstry of Transport has undertaken the
collection of data for 45 cetchmanta throuah Central Water Commls-
sion since 1979, 8Such rainfall apnd runoff data was supplied to
Hydrology (Small Catchments) Directorate of Central Water Commis-
zslon and rainfall data alone to India Meteorological Department
{IND) far neceasary studies.

Hydrology (Small Catchments) Directorate of CWC has car-
ried out the analysis of selected storm rainfall and floods for
the gauged catchments to derive unit hydrographs of moatly I1-hr
unit duration on the basis of data of rainfall, gauge and dis-
charges collected during the monscon season. The bridges and
flocds wing of RDSC haz provided assistance as requlred from time
te time in intervretstion of data, removing inconsistencies and
other additional information during analysis stage. Representative
1-hr. unit hydrographs have been obtalned for each of the gauged
catchments, The characterstica of the catchments and thelr unit
hydrographs preparaed for several catchments in a subzone have been
correlated by regression analyais and the equations for synthetic
unit hydregraphs for the subzone were derived. The losz rate and
base flow studles were also carried out.

Studies of Rainfall-Depth-Duration-Frequency, point to
aresl ratlos and time distribution of storm rainfall were carried
out by Hyvdromet Cell of IMD and- results were provided to Hydrology
{SC) Dte., for preparing the full report for the subzone. The
reports are approved by the Flood Estimatlion Planning and Coordi-
natlon Committee (FEPCC) during their meetlngs. A "Foreword"” as
provided in the report by Member CHC recommanded the extensive use
of the report for eatimation of design flood from amall and
medium catchments. The reports are published by the Central
Hater Commission.

Flood Estimation Reports for the following subzones have
already been prepared, approved by FEPCC and published and circu-
lated to various S5tates and Central agenclea for the use of desian
engincers:

A, DNDER SHORT TEEH PLAN
1. Estimation of Design Flood Peak (1873)
E. UNDER LONG TERM PLAN

1. Loweyr Gangetic Plains subzone-1(g) (1878)
2, Lower Godavari subzone-3(f) (1981)



3. Lower Harmada & Tapi subzone-3(b) (1982)

4, Hahanadl subzone-3(d) (1882)
5. Upper Narmada & Tapi subzone-3(c) (1983)
8. Krishna & Penner subzone-3(h) (1983)

7. South Brahmsputra Basin subzone-2(b) (1884)
B. Upper Indo-Ganga Plains subzone—1(e) (1984)

8. Middle Ganga Plains subzone-1(f) (1985)
10, Kaverl Basin subzone-3(1) (1986)
11, Upper Godavari subzone-3(e) (1986)
1. Mahi & Sabarmati subzone-3(a) (1987)

13, East Coast subzone-4(a), (b) & (o) (1987)
14. Sone subzone-1(d) (1988)

The present report for Chambal subszone - 1(b) 1s based
on the detalled rainfall and runcff studles of 19 representative
catchments. The data at each of the 22 catchments was collected
for & period varying from 1 to 10 years by Western and Central
Railways under the guidance of R.D.5.0. Besides this, the .data of
180 ordinary raingauge stations maintained by IMD/States alon-
gwith data of 62 self-recording raingauge stations maintained by
IMD/Railwavas has been made use of in preparation of thils reporti.

The Chambal subzone- 1(b) report deals with the estima-
tion of design flood of 25-yr., B50-yr. and 100-yr. return periods
for small and medium catchments in this subzone covering the parts
of Rajasthan, M.P. and U.P. states based on design storm rainfall
and synthetic unitgraph. The report is divided into five parts.
The part I deals with the summary and contents of the approaches
of estimation. Illustartive examples covering both the approaches
are also given. General description of the subzone detailing
locatons of gauging sites, river systems, rainfall, temperature
and various types of soll are given in part 1I. It also brings
out the SO0H relstions of the subzone along with the various regre-
ssion equations for estimating @ , @ and @ The stérm

25 50 100
studies carried out by IMD are dealt in part 'III of the report,
The part IV 1is the portion where the utility of the report is
deacribed. The last part i.e. part V describes the lihixations,
assumptions and conclusions made in the report.



The report on subzone-1(b) is recommended for estimation
of design flood from small and medium catchments varying in areas
from 25 to 2500 sq. km. This report may also be used for cat-
chment areas upto 5000 sq. km. Jjudiciously after comparison loss

rate wvalues in the neighbouring catchments having more or less
similar characteristics.

This report is a joint effort of Central Water Commis-
asion of Ministry of Water Resources, "Research Designs & Standards
Organisation of Ministry of Rallways, Roads and Bridges wing of
Ministry of Transport (Surface) and Hydromet Directorate of India
Meteorological Department, Ministry of Science and Technology.

The methodology adopted and conclusions arrived at are
subject to perlodical review and revision in the light of further
data being collected and analysed as also the advancements in
theory and techniques.

(K.J. RAISINGHANI)
DIRECTOR, HYDROLOGY (SC) DTE.
CENTRAL WATER COMMISSION
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SYMBOLS

Aa far as possible well recognised letter svmbols in the

hydrological science have bean used in this report.
symbols adopted 1=z given with the units,

A Catchment Area in sq.km.
ARF Areal Reductlon Factor.
C.G. Centre of Gravity
Cumecs Cubic metres per second
oms Centimetres

D D Depths between the river bed bed profile

The

list of

i-1 1 (L-section} based on the levels of (i-1) and ith
coatours at the inter-section points and the level
of the base line (datum) drawn at the point of

study in metres.
E.R. Effective Rainfall in cms.
Hr Hour

H(SC) ,CWC Hydrology (Small Catchments) Directorate,

Central Water Commission, New Delhil.

I.M.D. India Meteorclogical Department

In Inchas

Km Kilometres

L Length of longest main stream along the river
course in km. 4

L Length of the longest maln stream from a point

c opposite to centroid of the catchment area to
the gauging site along the main stream in km.

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

i

M.0.5.T. Hinistr? of Surface Transport (Boads Wing).

M Metres
Min Minutes

mm Millimetres



and R
100

R.D.5.0,

5.0.6G.

3.R.H.
(D.R.H.)

Sec
8q
Sa. km

Peak Discharge of Unit Hydrograph in cublc metres

‘per second.

Haximum Flood Discharge with return periods of
25-yr, B0-yr and 100-yr respectively in cumecs

Peak IMscharge of Unit Hydrograph per unit area in
cumpecs per sq. km.

Point Storm Rainfall Values with 25-yr,50-yr and
100-yr return periods respectively in cm.

Research Design=s & Standards Organisation
(Ministry of Railways),Lucknow.

Equivalent stream slope 1o m/km.
Synthetic Unit Hydrograph

Surface Runoff Hydrograph (Direct Runoff
Hydrograph}

Seconds
Square

2
Square Kilometres, HKm

Time Duration of Rainfall in hours
Base Width of Unit Hydrograph in hours

Design Storm Duration in hours
Time from the start of rlse to the peak of Unit

Hydrograph in hours

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

Unit Rainfall Duration adopted in a apecific study
in hours

Unit Hydrograph
Width of U.G. measured at 50% maximum Discharge

Ordinate (@ ) in hours.
P




75

R50

RT5

Width of the U.G. measured at 75% maximum Discharge
Ordinate (@ ) in hours.
P

Width of the rising side of U.G. measured at 50% of
maximum Discharge Ordinate (@ ) in hours.

P

Width of the rising side of 0.G. measured at 75% of
maximum Discharge Ordinate (@p)in hours.

Percent.

Cunnation
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SUMMARY AND CONTENTS OF AEEEQEEEEQ _ )
1.0 ﬁpprnachas for dasign flood estimation: ~~-

i |'\-_

1. 1 & DEI&JLED &ﬂﬂ AEEEQ&EE AND ILLE&TEAIEQ EZA&E&K

f—* f',, a :trpical exanple with reference to Railnay Bridaa Cat-
chment (treatad as ungaugud ) is worked out for illustrating the
procedure, Th¢~ particulars of the catchment under study are as

.,under {4? «E MR PR T, T, E . 41

s - 1) Name & Number of sub-zone Chambal ljh}
ii) Name of site (i.e. point " Rly.Br. 221

i 2t ST of study) ) , :

A 111) Eame of Rly Section B " Guna-Maksi .

B2 piire ah P (WR)

1#} Hame of Tributary Chopan Nallah
v) Shape of catchment Fan
vi) Location Lat 24231'-ﬂu"

_ o
. Long 77-10"-08"

o4

vii) Topography Moderate slope
The procedure is explained stepwise:
Stap-l=-Exﬂna:aniﬂn of Catchment Area Plan:

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

Step-2: Determination of Phvsiographic Parameters

The following rhyslographic parameters were determined
f:a___frnm thﬂ catchmant arﬂa plan -

"‘.‘l-

T Arqa {a; ."';,'1ﬁlvﬁ ; _331.n§ sa km
f”:i"hkﬂ ?ElﬂLanEtﬁ oi ﬁhﬂ langast ' i ss.éﬁ-km
4 Y ?_,:r i3 ﬁtt‘&ﬂ.m ‘L]‘ R T I ".I 5
3 ;ﬁquiralant.stranm e TR 3. 01w '
>ﬁ_”slnpa {S} PR I, ol S
: ; ;_._.-:_. S .
i ; 1




Following methods are adopted for = computatlon of
slope(s) ' — S [ - ' i

(a) Bv Graphical Method .

Draw . .a longitudinal section of the longest main streanm
from contours crossing the stream and the spot levels along the
banks . from the sources to the point of study from the catchment
plan as shown in Fig'A-1.'" Draw a sloping line by trial to replace
the _plotted' 'L° section having different slopes such that the
areas - below and 'above the line with reference to origninal plot
{if sloping lines) are equal. Then compute the slope (5) on this

N0 oyt

] E-F;I.{'I:"“"".-' v Ao Ty % T L
(b) By Mathematical Calculation

The computations. of (S) shown in-Table A-1 with
reference to Fig A-1 gre self-explanatory. -

Stap-3=-nn;ﬁxm1na£ign.ni Synthetic (1-hr.) ﬂnixﬂ:ﬂnh Parameters

Thalfollnﬂing equations were used to compute the unit-
graph parameters with thg known values A,L and § as under

_.0.8286
1) t = 0.339/(L/5)
P
0.826
= ¢ 0.339 ( 22.26)
= 4.39 hrs -
(rounded off to 4.50 hrs.)
-0.610
i1) g = 1.261 ( tp )
P ; -0.610
= 1.251 ( 4.5 )
= 0.499 Cumecs per sq km
A -1.034
iii) W =2.215 (9 ) -
50 . P .
- =1,034
= 2.215(0.499)
= 4764 hrs-+* -
T R e S =1.057 ~1.057
“iv) WO'UT= 10190 (@ ) 0 =1.190(0.499)
ey RN P . .  .=2.48 hrs.
(1 SR T ) JEsues T i ry e, Gl
e el -1. 077 e RRECL T 0TT
' oM. = 0.834 (g ) = 0.834(0.499)
f VRS0 . P it 1,76 hisys-
A S P i
r 2



. L21.085,. e o i —1.088
vi) W = 0.502 (@ ) © T=0.502(0.499) -~ '
RT5 B .- = 1.05 hrs, )
o .0.813 0.613 -
vii) T = 6.662(t ). . =:6.662(4.5)
B p "'=716.75 hrs.

" Say 17.00 hrs.
viii) t =t +t /2

. = 4.5+0.5= 5.00 hrs

ciEsy s ; L P r + ol S 7 7
-:-?.T-!‘::- . T Eo - - . ."' et ....:__-':;:'... :_ :*— = o
Ef]_ ix) @ = g % A -= 0.499 x 361.05 ="180.16 cm "~

R P . P . .. .Rounded off =. 180.50 Cumecs. ..
t':iﬁtEP‘41—DIﬂHinE of Synthetic Unitgraph

£ :
~ - (]
; 2.0 - . Estimated parameters of unitgraph in step-3 -were plotted
“ to scale on a graph paper as shown in Fig A-2. The plotted points
ﬁﬁf: were joined 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 ti = 1002.9 m /s as shown in
Fig A-2 and compared with the volume of 1.00 cm Direct Runoff
Depth over the catchment with the Formula <Qixti = A.d/tix0.38
Where A = Catchment area in S5q. Km.
d = 1.0 cm depth

tr (the unit duration of the UG) = 1 hr.

i =
A x d 361.05 % 1

Qixty == = 1002.90
0.36 * tr 0.38 * 1

Thus the unitgraph so frawn was found to h@ in order.

_ In ocase the <Qiti for the unithraph drawn is higher or

«  lowere than the valume worked out by the above formulae, then

preferably falling 1imb and/or rising limb may be suitably

modified keeping the points of the synthetic parameters as per the
caluculation to get the correct volume of the unitgraph.

. Step-5:Estimation of Design Storm Duration .. . ¢

The  Design Storm Duration (T ) = 1.1 ¥ (tp) = =

I':'J.-" :“' :':'[:“- 3 '"“ :I'--I..'-'._' ; . =] I.":. - o .__ 'HIJ =I-:1I"i1* 14_:.5].?' T i - »
ko :'. - o et ' ' -"-'..'_‘:'I -..‘n::f'l'.gfl and:ﬁ_: ﬂ hrs-.- _._: - 1

. ‘Adjusting the design storm duration to nearest full
hour, the adopted design storm duration (T ) 'is 5.0 hrs. '
= - D y

e



Step-6: Estimation of Point Rainfall and Areal Rainfall

The catchment wunder study was located’ on  plate - §
showing 50-yr 24-hr point rainfall. The point rainfall is found
to be 29.0 ecm. Conversion factor of 0.633 was read from Fig - 10
for converting the 50-yr 24-hr point rainfall to 50-yr 5-hr point

rainfall (since T = 5 hrs).
Gy ]}., . ey
S50-yr 5-hr point rainfall = 29.0 = 0.633 = 18.36 cm.

. - Areal -reduction factor of 0.7268 corresponding to a cﬁé—
chment, .. area of 361.05 sq.km for T f:ﬁ-hr- was interpolated from
.-..‘ - . .. i :_'\- -. ,-,. I .D = 3
Table 6 or Fig A-2 or Fig "11{a)“for conversion of point to area
rainfal, Hence 50-yr 5-hr areal rainfall =18.36 x 0.726 cm =
13.33 cm. ; - e = =S 3z
Note' :. When the catchment tnder study falls between two isohyets
the  point rainfall may be computed for“the catchment' taking . into
account both the isohyets. '~ - - ifoav T i !

Step-7: Time Distribution of Areal Rainfall:
50-yr 5-hr areal rainfall = 13.33 cm was distrdbuted

with the distribution coefficients (col. 5 of Table 4-3) or from
mean average time distribution curve for .storms of 4-6 hrs in Fig

o

12 corresponding to 5-hrs to get 1-hr rainfall increments as
follows:
Dura- Distribu- Storm Hourly
tion tion coef- Rainfall rainfall
: ficient (cms) increments
1 2 ; 3 4
| 0.63 8.40 8.40
- 0.82 5 10.83 2.53
3 0.82 - S A i 1:33
4  0.98 : 13. 06 0.80
5

1.00 e £ LT £ ey 0.27

Step-8: Estimation of Effective Rainfall Units:
A design lﬁas“faté-of*ﬂﬁl?*dm?hr - as - recommended has
bpan.adoptqd.qumm g - - . I

-
L]

N PRTAEES SR e L e TR Fhipdiers gl .
The following table shows the computation of 1-hr effec-
tive rainfall units in col. (4) by subtracting the design loss
rate in col. (3) from 1-hr rainfall increments in qq;. (23,

P r By ; - e :
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vir R e TR S IO
Tl SIVE 2lad W) oo b omiugie indest hpdvosn o SR

b




ﬂ_ﬂ g e B E Ty T

Time ‘Rairifall Design loss Rainfall
e A hrﬂ.ﬁiiﬂqxﬂf " rate ﬂqfhr ! axcess

L SRGKL s T oments o . (col2- col&}
- I .u—:‘; it iy '{-c':-qs'l ) A E o (cms}
gl vaomeno S :
b —— 4 — —
¢ W wemaar s 7 U Bt 5 \ faar 8.29-
7 .ze2d 2253_ ©0.17 2.36
30 .15¢3 1.3 il RS P T
25 ovid. . 0.80: 0.17 g5 7 0.83
s .. 2 929 0.7 o5 0.10

e .j; The calumn 1£?:in above table is taken from col. (4) of
; _tahle in. Step - T a7 .

a y .
'_.atBP'B E i i.'-"fEl'.' LE'-. : : a1

Thﬂ dasign bqse flow is computed by the following

formalae
W 0.290
' ii) q = 0.207/( & ) ‘
D 0.290 '
= 0.207/(361.05)
- Rl = .17 . Cumecs per sa km

361. 05%0, 17

T tﬂ;:f: TJ%otal Base Flow
) ’ 14.44 CUNecs .

n‘

ion

Step-10: Wﬂmmmﬂm

For the eatimation of the peak discharge the effective
rainfall wunits were re-arranged against the ordinates such +that
the maximum 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 col.
((2) .and (3) in the 'following. ta le.  Summation of the product of
U.G. ordinate and tha ralnfall givas tha total diraat runoff as
.uander. o . " :

- VR gk
"; L2 R - =S

i Nk,
e £

wlepyois gl ot Ade oAy R a5 ;
=5 R PR, U L UL £ A = i
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Time 7 7 U.G. ordinate’ ° 1-hr éffec. Direct
(hes) - cumecs ~ rainfall ‘Runoff
_ SRS += el fems) = .~ (cumecs)
] e s ez R iat; [ — 4
1 139. 00 ' 1716 161.24
% .. 180.50 . 8.23 1485, 51
8 Irap. 153,007 et o vigigg 361. 08
4 7 57 115,007 T e 0)83 72.45
5 _ 82,50 Y. 010 8.25
e et Total 2088. 53
3 TERR Y Base Flow -~  14.44

e i

P il tec 80-yr Flood Pesk, 2102.97
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The 1-hr effective rainfall sequence shown in col. (3)
of Table in Step-10 was reversed to obtain the eritical sequence
as shown below:

Time in hrs Critical 1-hr effective
rainfall sequence cms

.10
.63
.36
.23
. 16

Lo Q- I
oMo o

. _For computation ' of-design flood hydrograph, the U.G.
ordinates 'for 1-hr interval were tabulated in ¢ol(2) of Table A-4
against time (hrs) in col. “(1).'“*“The critical sequence of 1-hr
effective rainfall units were entered in co0l.3 to 7, horizontally
as shown in Table A-4. The direct runoff resulting from each of
the 1-hr effective rainfall units was obtained by multiplying the
1-hr effective rainfall” with the synthetic i-hrs U.G. ordinates
in col. (2) and direct runoff values were entered in vertical
columns sgainst each unit ‘with a successive lag of 1-hr since the
unit duration of S.U.G.  is 1-hr.. " The direct runoff so obtained
are shown in col (3) to (7). The direct runoff were added horizo-
ntally 'ihq:thh.tatal-diregﬁ runoffis 'shown ' in- ' col.: (8). The
i, ke S WO Y L e T DA 7 T oLl T _5_;__-;.*-.;_ Tl "}}"T-'". . Iz { e £ 5
totalnbasg.fléﬁjhf'l4¥¢4$mifsau.ﬂiH&E&eﬂtﬁfbﬂfln col. -"( 9y, col.
(10) gives .the addition of col. ' (8) and ( 9) to get the design
flood - 'hydrograph ordindates. , The total discharge in "'col. (10)
were plotted against time in col. (1) to get the design  flood

hydrograph as shown in Fig A-3. b3 Fou "5s it
~ : Zrad
3 K. B i L ;.-j:._:; : ’
\ : e . Y -'*3
oy - b
3 (._ .||L=_'. - L ... o
oo o L Ely =7E




1.2.0 . SIMPLIFIED APPROACH AND ILLUSTRATIVE EXAMPLE ~

In the multiple regression analysis, the peak discharge
(@ ) for a return period of N years as externally :
N . ; )
dependent variable was to be

Q = aA 5 R

Where A, S and R are same as in flood Peak
" N .
‘formulae as independent variables, a,b,c, ‘and d are multiple
regression coefficients when a logarithemic transformatlion is
applied to all variables. Pripciple of least square was used in
“the regression analysis to get the above ralatianahip.

1.2.1 25-YR. 50-YR. AND 100-YR. FLOOD FORMULAE (SIMPLIFIED
APPROACH)

In the simplified approach, the 25-yr, 50-yr and 100-yr’
flood peak is only estimated on the basis of regression
relationship. Flood peak, with physlographic parameters and
corresponding 25-yr, 50-yr and 100-yr TD-hr areal rainfall as read
from the isopluvial maps (plates 9,10,11) supplied by the I.M.D.
are obtalned by substituting the corresponding parameters in the
emperical relation developed on the basis of regression analysis.
2b-yr, 50-yr and 100-yr flood values for each of the 19 gauged
catchment for different sizes were computed by detailed approach.
Serles of @ , Q and Q ; for the 19 catchments as dependent

25 50 100
variables were related by multiple regression analysis to their
respective physiographic parameters A, S and meteorclogic parame-
ter of point rainfall R , R and R as independent variables

25 50 100
applying the least square method for fitting. The derived flood
formulae for @ , Q@ and @ with thelr respective coefficient
\ A 25 50 100
of correlation (r) are as under:

0.904 -0.384 0.272 0.960 .
Q@ . =2.55 _(A) (L) (5) (R_) r = 0.997
25' ' 25 ' -
0.918  -0.415 0.279 1.010 . .
Q. =2.315 (&) - (L) (8) " s (R ). 2:=,.0,997. .
50 b . / ke o . e 50 Z'......._‘::._.\l_ ':-' _;..'.r +erd ':-Ii..'-_'..s-:...-..r_,:-'aj
. A | Cegidt , 1 =3 T ._,.",'..;:‘Iu'.,'n Bl ﬂ__l 511, o '_":_un 39’1 o -"p.-:..z?‘-.lr: ._-‘" _u- _ﬂ_sq-_ - -3
11nu”_,. I_.: - ,_.. by ",-._:: "“.:.i:“i. \__L:‘_ i ':_-.”.-\..;...'J I-'lﬂﬂ :C.I’.,Q"_."., ".1..
o g Ll [+ S Sl P T S 4 4:.!'.-_|,.-.'\F" S - P T i e L o e T S = A B

;-ﬁwirand?a3 are 25-yr; 50-yr and “100-yr:7:"
i : SOx . " V100G why  t fagsmaeagys J e A
flood in cumecs-ragpaatively. ’
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A'“fs' the catchment aréa'upto point of study ‘in saq;km.

S ‘is equivalent slope in m/km {details of estimating

S are shown in step-2 of illustrative example). e ¥t

L 1is the length of the longest main stream of the "
catchment upto the site. -

E , R and B are design storm areal rainfall
25 50 100

in cm for a design storm duration of

e AILTE |

_0.724 "
TD = 0:539 {LI!E]

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

Tha' cﬂafficiunts of cﬂrrélatiun for all the above rela-
tionships are extremely high and therefore the relationships de-

" rived are very reasonable. Further overall range of the + and
- percentage variations in the computed flood wvalues (@ ., @
25 50
and @ . ) by both the respective derived formulae and the de-
oo

tailed approach for the 19 catchments shown in the following table
are within tolerable limits of + or - 15%.

Variation - Range
{percentage) (percentage)
(+) (-)
Q 0.50 to 12.41 0.85 to 15.18
25
Q 1.13 to 11.88 1.28 to 14.38
50 3 , RO TR
. g | 1.66 to 11.80 ~ = -~ 1.36 to 14.70
100 ' T : )

The flood formulae for computation of 25-yr, G50-yr and

100-yr flood may be ipplied only for preliminary designs. A

statement showing the magnitude of 25-yr, 50-yr & 100-yr return

-ge;%udﬁfland for al the bridgﬂs used in the analysis are given at
aole ﬂ[:' "

b b Bt Bed. o f
Faraie s

o ] #
b 5

L

.- - 4
ILLHEIHAIIIE EEH&ELE T"'T.~ dd e aiﬁl.'f“‘ Al pe
"~ i e + - ;."'..."*" A

qm: 2 Illustrative axamﬁia for aﬁtimatlon of 25 yr. 50~yr and
.lﬂﬂ -yr flood for catuhmant area upto Rly. Br.""Ne. * 221 is consi-
dered for solution ‘of the problem by £lood formulae. ' The phyaioa-

. raphic’ ﬁand mﬁtﬂorologic p&ramaters fnr thﬂ catchmant undar study
are:. B .
gL - et - i .1 Jl )= ,.r_,_;




A = 361.05 sq kn 5= 3.01m/kn
L = 38.82 km

- 0.724
T = 0.539 (L//5)
D 0.724
= 0.358 (38.82//3.01) = 5.09 say 5.00 hrs.
R = 11.48 cm, é = 13.35 cm, R = 15,17 cm
25 50 100
0.904 -0.384 0.272 0.960
Q 5 = 2.55 (&) (L) (8) (RT)
2

0.804 -0.384 D.272 0.980
= 2.55 (361.05) {38.62) (3.01) (11.48)
= 1812.53 cumecs.

0.918 -0.415 0.279 1.010
Q@ = 2.315 (361.05) (38.62) (3.01) (13.33)
50
= 2114.62 cumecs.
0.911 -0.391 0.271 0.964
Q@ = 2.54 (361..05) (38.82) (3.01) (15.17)
100

= 2425_38 cumecs

The precentage variations in the values of @ ,
25

@ and Q by the detailed approach ahd the flood formulae with
50 100¢
respect to the flood values by detailed approach for the catchment
under study are -0.85, -0.55 and -0.75 respectively. Therafore,
the flood wvalues for 25-yr, 50-yr and 100-yr return perliods esti-
mated by the respective flood formulae are reasonable for adoption
in preliminary designs.

1.3.0 COMPUTATION OF DESIGN H.F.L. CORRESPONDING TO DESIGN

 fe o - GENERAL

The design englineer 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 foun-
dations, scour free board, formation levels, hydraulic forces etc.

1.3.2 STAGE DISCHARGE RELATIONSHIP
Stage discﬁarga relationship is repfesented 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

9



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 portlons. The stage
discharge relation may be considered more accurate depending on
the reliable and adequate cbserved 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 carresponding to
design flood by extrapolation if necessary.

While 1in 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 con-
structed by Area-Velocity Method, using the river cross section,
slope data and nature of the cross-section. The wvelocity 1=
computed by the Manning's formula.

Computation of H.F.L, 1s generally done with the help of
Manning s formula 1in which Manning"s "N° is a very l1mportant
factor affecting the discharge of a river or Nalla. In applying
the Manning’'s formula the greatest difficulty lies in the determi-
nation of the roughness coefficient (N). In reality, the value of
H 1is Thighly wvariable and depends on a number of factors. In
selecting a proper value of N for various design c¢onditions, a
basic knowledge of the factors affecting Manning’s roughness coef-
ficient shoud be found very useful. The factors that exert the
greatest influence upon the coefficient of roughness in natural
channels are surface roughness, vegetation, channel irregularity,
channel alignments, silting and scouring, obstruction, size and
shape of channel, stage and discharge, seasonal change and suspen-—
ded material and bed load.

The wvarious wvalues of the roughness <¢o-efficlent for
different types of channel are glven in Table 5.6 “Open Channel
Hydraulics® by Ven-Te-Chow.

The above procedure pertains to determination of desien
HFL corresponding to design flood of a river under natural condi-
tions. With the type of structures in position there will genera-
1ly be a constriction in the waterway. The effect of the constri-
ction by way of raising the design HFL under natural condlitions
has to be evaluated in the water elevations to arrive at .ths
ravised design HFL 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 formu-
la or orrifice formula of hydrauliecs is generally used depending on
the upstream and downstream depths to estimate the :aviaad dasign
HFL under constricted conditions. .

10



1.3.3 BACK WATER EFFECT

Sometimes it happens that the cross section of river or
nalla on the downstream side of across drainage structure may be
too mnarrow than the cross section at the location of a crossing
asite. The flood levels at ths proposed structure may also be
affected by the high flood levels in the main river joining dow-
nstrean in proximity of the stream. In such cases, there will be
backuater 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 efffects
on HFL of the river at the crossing site. In the latter case the
tributary stream on which the bridge is located will be under the
influence of the backwater affect of the main stream Joining
downstream. In such cases back water study shall be essential.

1.3.4 HYDRAULIC GRADIENT

In the absence of any observed leavels of water profilies
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 300mt. upstream and downstream of the crossing site.

1.3.5 URFAVOURABLE CROSSING SITE

If the crossing site 1s located across the river/drai-
nage in the unfavourable reach i.e. not complying with the usual
reguirement of gauge site, the design flood elevation shall be
computed in a strailght reach downstream of the crossing and then
from back water streams, design flood elevation of the crossing
site shall be decided.

11



| BART = 1I
GENERAL DESCRIPTIONS OF CHAMBAL SUBZONE DATA
COLLECTION AND ANALYSIS
2.1.0  GENERAL DESCRIPTION OF THE SUB ZONE
2.1.1  LOCATION

The Chambal subzone - 1(b) lies approximately between
0 0 0 0
T3 =20 and 79 longitude (East) and 22 -30 and 27 -15" latitude
(North). Plate-1 shows the location of Chambal Subzone.
Annexure - 1 shows the list of sub-zones in India.

The Chambal subzone is bounded on the north by lpper
Indo-Ganga sub zone 1l{(e) and on the east by Betwa subzone 1{e),
on the south by Lower Harmada and Tapl subzone 3(b} and Upper
Narmada and Tapl subzones-3(e) and on the west by Luni Subzone
l1{a) and Mahi and Sabarmati Subzone-3{a). This covers major parts
of Rajasthan and Madhya Pradesh and a small portion of Uttar
Pradesh. The important towns and cities in the subzone are
Indore, Ujjain, Ratlam, Guna,Gwalior in Madhya Pradesh and Jalpur,
Udaipur, Chitorgarh, Nasirabad, Kota, Swao Madhopur in Rajasthan.

2.1.2 RIVER SYSTEM

Plate-2 depicts the river system of the Chambal subzone.
Chambal,which is the principal tributary of the Yamuna, is the
main river of the subzone. Other important rivers of the subzone
are Banas from the left bank and Kali Sindh, Parbati, Xuvonu and
Kunwari from the right bank.

The drainage areas of the river system in Chambal
subzone are as under:

5. No. Hame of river/tributary Dralnage area
(sq. km. )

1 2 3

1. Main Chambal & local streams 46,073, 00
Left Bank Tributary
{1) Banas 48 ,577. 00
Bight Bank Tributaries .
(1) Kali Sindh 25,741,300
(ii) Parbati 14,122, 00
(iii) HKunu 4,507.00
(iv) Kunwari 7,610.00

Total area of Chambal Basin 1,48,630. 00
2.1.3  TOPOGRAPHY AND RELIEF

Plate - 3 shows the general topography of Chambal
aqhzone - 1(b). The river Chambal rises in the Vindhya range near
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Mhow 4in the Indore district of Madhya Pradesh at an elevation of
‘854 m. Thereafter it flows in a generally northernly direction
for a length of about 320 km in Madhya Pradesh upte its border
with Rajasthan. The river than flows through Rajasthan and re-
ceives its right bank tributaries Kali Sindh and Parbati. After
its confluence with Parbati, the Chambal forms a common boundary
brtween Madhya Pradesh and Rajasthan, Banas, the major left bank
tributary Joins the Chambal in this reach near the village
Rameshwar. The river thereafter forms the common boundary between
Madhya Pradesh and Uttar Pradesh before its enters Uttar Pradesh.
After flowing for about 46 km in UP, the Chambal outfalls into the
Yamuna. The total length of the river from its source to conflue-
nce with Yamuna iz about 960 km of which 320 km are in Madhya
Pradesh, 228 Lkm in Bajasthan, 251 km from the common boundary
between Madhya Pradesh and Rajasthan, 117 km form the common
boundary between Madhya Pradesh and Uttar Pradesh and the balance
46 km area in Uttar Pradesh.

From the source down to 1its junction with Yamuna, the
Chambal has a total fall of about 732 m of which 244 m is in the
first few km and 122 m in a distance of about 100 km from Chouras-
higarh fort to Kota city, For the rest of its course, _the river
passes through the flat fertile areas of Malwa Plateau and later
in Gangetlc Plains.

2.1.4 BAINFALL

Plate - 4 shows the nmormal annwal rainfall of the Cham-
bal subzone and the histograms of normal monthly ralinfall at
Jaipur, Udaipur, Gwalior, Indore. The south-west monsoon causes
the rainfall in the subzone from the middle of June to September.
The normal annual rainfall varies from 500 mm to 1400 mm. The
rainfall is more in Madhya Pradesh and less in Rajasthan.

2.1.,5 TEMEPERATURE

Plate-5 shows the normal annual temperature in the
subzone alongwith the histograms showing the minimum, maximum and
mean monthly temperature at Jaipur and Indore. In areas of Madhya

0 0
Pradesh +the temperature is between 22.5 ¢ to 25 ¢ except Guwalior
o 0
whare temperature is between 25 ¢ to 27.5 e, In western parts of
0 o
Rajasthan, the temperature is between 25 ¢ to 27.5 <. Mean mon-

thly temperature starts rising from March with its peak duaring
April and Hay. Again the mean monthly tempersture starts falling
from June and reaches the minimum by December and January.

2.1.6 SOIL

Plate-8 shows the soil classification in the Chambal
subzone. There are mainly three type of soil viz medium black soll
(38%), mixed red anmd black soil (21%), alluvial soil (29%). .Other
types of soill are red and yvellow soll, gray-brown soil, deep-black
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soil, laterite soil and skeletal soil, as can be seen from plate-
6.

2.1.7 LAND USE

Plate - T depicts the land use in the Chambal subzone.
The arable land in the subzone is about 52%,forest cover 23%,
grass land and scrub 195 The remaining portions are waste land,
urban area.

2.1.8 COMMUNICATIONS
2.1.8.1 Railway sections

The following railway sections partly or fully traverse
the area of this subzone - 1(b).

AJMER - INDORE VIA CHITORGARH - RATLAM
AJMER - UDAIPUR VIA CHITORGARH
BARI SADRI - MARWAR ?IA MAOLI
JAIPUR - AJMER

JAIPUR - BANDIKUI

JAIFUOR - TOD RAI SINGH

JAIFUR - INDORE VIA KOTA, NAGDA
GANGAPUR - SAWAI MADHOPUR

KOTA - GUNA

GWALIOR - SHEOPUR

DHOLPUR - GWALIOR

GUNA - INDORE VIA MAKST

MAKSI - BHOPAL

NAGDA - INDORE VIA UJJAIN - DEWAS
AGRA - UJJAIN

DHOLPUR - BHIND

2.1.8.2. Highways

The following major highways partly and fully pass
through,the subzone :

b ks bk
Lo 0O = D 00 =) 0 LN s L0 B e

Pl ]
[T S

1. JAIPUR - AJHFR

2. JAIPUR - AGRa

3. JAIPUR - BEOPAL VIA KOTA - BIAORA
4. JAIPUR -~ FATEHPUR

6. DHOLPUR - INDORE VIA GWALIOR - GUNA
6. JAIPUR - DELHI

2.2.0 DESIGN FLOOD - DATA COLLECTION AND ANALYSIS
2.2.1  DESIGN ELOOD

 The- Khosla Committee of Engineers had recommended a
design flaad of 50-year return perlod for fixing the optimum
waterway of the bridges. The design flood in other words may be
defined broadly as a rational estimate of flood discharge for the
design of safe and economic structure across a river. The commit-
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tee of Engineers had suggested that 50-year flood may be consi-
dered as the maximum observed discharge from the vyearly peak
discharge records available for not less than 50-years. Where the
yearly peak discharge records are not much less than 50 years, the
50-year flood may be obtained from the probability curve of peak
discharges. In the absence of adequate data of peak discharges,
storm ralnfall and runoff data for the selected catchments shall
be collected for a required period and detailed studies carried
out to derive the unitgraph for these catchments and to prepare
storm rainfall mwaps for different durations. In this connection,
the committee had suggested to develop a suitable rational metho-
dology for estimation of 50-year flood subzonewise based on appli-
cation of storm rainfall to unitgraph. It has been assumed that
50-year storm rainfall applied to unitgraph produces a flood of
the same return period (50-year) as that of storm rainfall.

2.2:2 DATA REQUIRED

For conducting the unitgraph and design storm rainfall
studies, the following concurrent rainfall and runoff data for a
number of catchments of small and medium sizes representatively
located in a subzone are required for a minimum period of 5 to 8
years during the monsoon season:

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

1i) Gauge and discharge data observed 2 to 3 times
a day at the gauging site (bridge site).

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

iv) Catchment area plans showing the river network,
location of raingauge stations and gauge and
discharge sites, contours, highway and railway
network, natural and man made storages,
habitations, forests, agricultural and
irrigated areas, soils ete.

v) Cross-sections at the bridge site (gauging

site) wupstream and downstream of the bridge
site.

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

In addition to the abowve, rainfall data of self-
recording raingauge stations maintained by India Meteorological
Department is also reguired.

2.2.3  DATA COLLECTED

The Hegiarn and Central Railways under the supervision
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and guidance of  Research Designs and Standards Organisations
(RDSQ) had observed and collected the required data in Section
2.2.2 for 22 catchments in the Chambal subzone 1(b) for =a
period ranging from 1 to 10 years. The size of the gauged cat-
chments vary from 26.18 saq.km to 5729.08 sq.km. Concurrent rain-
fall, gauge and discharge data for 115 bridge catchment years
from 22 catchments were avallable for study.

The locations of the gauging sites are shown in Plate-
2. India Meteorological Department has collected the rainfall
data of additlional raingauge stations maintained by IMD and states
falling in Chambal subzone-1(b). Central Water Commlssion (CHWC)
has also prepared the detailed plans of gauged catchments showing
information in 2.2.2 (iv). Table-1 shows the names of streams,
railuay bridge numbers with railway sections, thelr catchment
areas, number of ralngauge stations and the perloed of concurrent
rainfall, gauge and discharge data. R.D.5.0, has made available
the data cq}lected to CHC and IMD for carrving out the studies.

2.3.0 ANALYSIS FOR OBTAINING 1-HOUR SYNTHETIC UNITGRAPH

The sysnthetic unitgraph is a unitgraph of unit duratiom
for a catchment under study obtained from the relations
established between the physiocgraphic and unitgraph parameters of
the representative catchments in a hydro-meteorologically
homogenous reglon. In order to obtain a synthetic unitgraph the
following steps have to be followed:

i) Analysis of physiographic parameters of the
catchments,

i1) Scerutiny of data and finalisation of gauge
discharge rating curves.

1ii1) Selection of flood and corresponding storm
events.

iv) Computation of hourly catchment rainfall.

v) Separation of base flow and computation of
direct runoff-dapth.

vi) Computation of infiltration loss ({§-index)
and 1-hourly rainfall excess unit.
vii) Derivation of 1-hourly unitgraph.

viii) Drawing of representative  unitgraphs and
. measuring the parameters.

ix) Establishing relationships batwean
physiographic and representative unitgraph
parameters.

x) Derivation of 1-hour synthetic unitgraph using
such equations for an ungauged catchment.
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The above steps are briefly described as under:
2:.3:1 PHYSIOGRAPHIC PARAMETERS OF THE CATCHEMENT

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

2.3.1.1 Catchment Area(A)

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

2.3.1.2 Length of the Main Stream (L)

This implies +the Longest length of the main river
from the farthest water shed boundary of the catchment area to
the gauging site.

2.3.1.3 Eauivalent Stream Slope (5)

Longitudinal section.(L-section) of the main stream was
prepared from the values of the contours across the stream or 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 L-section such that the areas of
the L-section (profile) above and below the line are egqual. This
line is called equivalent stream slope line. Alternatively, the
L-section may be broadly divided into 3 to 4 segments representing
the broad ranges of the slopes of the segments and the following
formulae may be used to calculate the egquivalent slope (5) :

« LD +D )
< i (-1 i)

2
(L)

where Li = Length of the ith segment in km.

D » D = Elevations of river bed at
i-1 i ith intersection points of contours
reckoned from the bed elevation
at points of interest considered
- as datum, and -D(i-1) and D are the
heights of successive bed location
at contour and intersections.

L = Length of the longest stream as
defined in section 2.3.1.2 in km,

The physiographic parameters A, L, and S were esti-
mated only for 19 catchments which were found sultable for analy-
sis. These parameters are shown in Table-2.
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raphs by iterative methods. The iterations were carried out till
the observed and estimated direct runoff hydrographs compared
favourably. Normally 5 to 15 unitgraphs are derived for each of
the 19 catchments considered.

2.3.8 DRAWING OF REPRESENTATIVE UNITGRAPHS AND MEASURING
THEIR PARAMETERS

The representative unitgraph is the unitgraph which
reproduces in reascnable 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 19 catchments and thelr parameters

noted. The parameters of the representative unitegravhs
illustrated in Fig.2 were measured for each of the
catchments. The parameters of the representative unitgraphs
aret .t . T 4 @& ,a , W , H » W » W , and T .
r P m =] P 50 75 R50 RT75 B

These parameters for 19 catchments are.listed in Table -3.

2.3.9 ESTABLISHING RELATIONSHIPS BETWEEN PHYSIOGRAPHIC AND
REPRESENTATIVE UNITGRAPH PARAMETERS

Following simple model was adopted for establising the
relationships between these parameters,

"

D
c X
where ] B
Dependent wvariable
Independent variable
A constant
An exponent
From above equation, it follows that

Log ¥ = Log C + P log X

Mo =
TR TR

Thus if Y and X are plotted on a log-log paper, one may
expect a stralght line relatiopnship.

Various trials of relationship between the physiographic
parameters (Table-2) and one of the unitgraph parameters (Table-
3) for 19 gauged catchments considered suitable for the studies
were made. The relationship between physlographic parameters
[Lﬁ/gl and U.G. parameter tp was found to be significant. After-
wards t was related to unit peak discharge of the U.G. (q ) and q

P o] P

was related to various U.G. parameters like W , WR , WR , The
3 . 50 50 ¢ -

T o©ould be significantly correlated to tp. The priniciple of
B .
least squares was used in the regression analysis to get the
relationships in the form of equation 2.3.9.1 to predict the
parameters of the Synthetic unitgraph in an unblased manner. The
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following relationships have been derived for estimating the 1-hr
unitgraph parameters in the subzone - 1(b).

Relationships Equation Fig.HNo. correlation
Ho. Coefficient
(r)
1 . 2 3 i
D.8286
t = 0.339@AB) 2.3.9.1 3 0.958
P
-0.810
q = 1.251¢tp ) 2.3.9.2 4 0.817
P
-1.034 _ i
W = 2.215(qp) ' 2.3.9.3 5 0.984
50
=1. 057
W = 1.191(qp) 2.3.9.4 6 0.9868
75 ;
-1. 077 )
W = 0.834(qp) 2,.3.9.5 T 0.948
RS0
-1.065
W =0.502 (qp) L 2.3.9.6 8 0.932
RT5
0.613
TB =6.B62 (tp) 2,.3.9.7 a 0.877
T =4 +w J2 2.3.9.8
m P r
Q =q x & ' 2.3.9.9
P P

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

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

Considering the hydro-meteorological homogeneity of
subzone-1(b), the relations established between physiographic and
unitgraph parameters in section 2.3.9 for 19  representative cat-
chments are applicable for derivation of 1-hour Synthetic unit-
graph for an ungauged catchment in the same subzone.

The steps for derivation of 1-hour unitgraph are :
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i) Physiographic parameters of the ungauged
catchment viz A, L and S are determined from the
catchment area plan LA/S is calculated.

11) Substitute L/A/S in the equation 2.3.9.3

0.826 :
t = 0.339(LA/S) to obtain t 4in hours. Then
P P
T =%t + trfE = (t + 1/2) hours.

m D P
iii) Substitute t in the equation 2.3.8.4 +to

P
obtain q in cumces/per sq km
P »
0,610
q = 1.215/(t )
P P
and Qp = g x A in cumecs.
P

iv) Substitute the value of q in the following

P
equations 2.3.9.5 to 2.3.9.8 to obtain W ,W

50 75
W and W in hours.
R50 R75
1. 034
W g 2.215/(q )
50 P
1.057
W = 1.191/(q )
Th s
1.077
W = 0.834/(q )
B50 pe)
1. 085
W = 0.502/(q )
R75 P
v) Substitute the value of ¢ in equation 3.9.9
<]
0.613
T = 8.662 (t ) to obtain T in hours.
B P B ;
vi) Plot the parameters of l-hour unitgraph viz, T
m
T Q@ ; H s, W , W y and W , on a
B p 50 75 RS0 : R75

graph paper as shown in illustrative Fig. 2 and

sketch the unitgraph through these point. The

discharge ordinates (Q ) of graph at l-hour (t )
_ 1 r
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interval are summed up and the direct runoff depth in
cm. is obtained from the following egunation.

0.36 x < (@ xt)
: i

r
d o e e
A
where d = depth of direct runoff in cm.
Qi = discharge ordinates at 1-hour interval

(cumecs)

A Catchment area in sq. km.

In case the depth of runoff (d) for the synthetic unit-
graph drawn 1s not equal to 1.0 cm, then sultable modification may
be made in falling and rising limbs of the unitgraph to obtain 1.0

cm depth of runoff. The shape of the modlfied unitgraph should be
kept smooth.

2.3.11 Design Loss Bate

Direct (surface) runoff is the end product of storm
rainfall after infiltration into Surface solls, sub-surface and
ground besides abstractions like evaporation, evapotranspiration,
soil moisture and filling up of surface depressions. It is diffi-
cult rather Iimpossible .to record these wvarious parameters at
various representative locatlons in the catchment except by the
analysis of observed storm rainfall and flood events. Conversion
of gross storm ralnfall units lnto effective rainfall units for
application to unitgraph 1s normally done by substraction of
constant loss rate (P-1index) for the catchment, even though the
loss rates in the catchments, a complex phenomena, vary due to
soill condlitions, soll cover complex and topography alongwith tem-
poral and spatial variations of storm rainfall,

Following method of estimating design loss rate was
adopted:

Constant loss rates were estimated based on various
selected observed storm rainfall and flood events of reasonably
higher magnitude for derivation of unitgraphs. About 144 flood
events were analysed for 19 bridge catchments. Number of flood
occaslons for each bridge catchment under different 1loss rate
ranges at intervals of .2mm/hr were tabulated. All flood events

have been considered for estimating the model loss rate shown in
Table-4.

The modal value of loss rate of 0,17 em/hr is recommon-
ded for adoption as Design Loss Rate.

2:3. 12 DESIGN BASE FLOW

Studies were carried out relating average base flow rate
(a ) based on ‘analysed flood events in cumecs/sq km for the gauged
b
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catchments with their catchment area (A) in sq km. The following
relationship was derived:

~0,290

a = 0.20TCAY e r = 0.B34

b

The above base flow rate formulae may be used to compute
basa flow rate for ungauged catchments, The total base flow is
the product of catchment area (A) is sq km upto the point of study
with the base flow rate (g ) in cumecs/sq km.

b

. Humber of floods occations for 19 bridee catchments
under different base flow ranges are tabulated as shown in Table
= 8,
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PART II1
STORM STUDIES
3.1.1 DESIGN STORM INPUT

The areal distribution and time distribution of the
rainfall are two main metecrclogeal factors deciding the design
flood peak and the shape of the design flood hydrograph. This
input has to be converted into effective rainfall and applied to
the transfer function ( synthetic unit hydrograph ) to obtalmn the
-response (flood hydrograph).

3.1.2 DESIGN STORM DURATION

The duration of the storm rainfall which causes the
maximum discharge in a drainage basin is called the design
storm duration (T ). The design storm duration (T ) for a

D Y D
catchment adopted equal to 1. 1%t (time basin lag (t ) of 1-hr

P P
synthetle unit hydrograph) for this subzone based on sanple
studies,

0.724
T = 0.538¢( )
D
The design storm duration T obtained by the above
P n
formula may be rounded off toc the nerest full hour.
3.1.3 RAIBFALL = - ANALYS IS

India Meteorological Department have conducted this
study wutillzing the data of 11 Self Recording Raingauge Stations
and 13 Ordinary Raingauge Stations maintained departmentally, 187
Ordinary FHRaingauge Stations belonging to the States of Madhya
Pradesh, Uttar Pradesh, Rajasthan and Gujrat and 51 Self Recording
Raingauge Statlons maintained by Railwasys in their 11 bridge
catohments falling in Subzone 1(b).

The annual maximum series of one-day rainfall were for-
med for each of 180 ordinary raingauge stations in and around the
sub-zone using the rainfall records of 50 to 80 years. The annual
axtreme values serles were subjected to frequency analysis by
Gumbel s extreme value distribution and the ralnfall estimates
for one-day corresponding to 25, 50 and 100 year return periods
were computed. The daily values of 25-years, 50 years and 100
years rainfall estimates were converted into 24 hour rainfall
estimates of corresponding return periods by using the conversion
factor of 1.15, These 24-hour rainfall estimates for all the
stations in and around the sub-zone were plotted on base maps and
isopluvial maps of 25-year, b50-year and 100-year return period
were drawn. These maps are shown in plates 8, 8 and 10.
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The hourly rainfall data recorded at 11 Self Recording
Raingauge Stations maintained by India Metecrological Department
were analysed by frequency analysis (partial duration series)
method and the rainfall estimates for wvarious return pericds (viz.
2,5,10,25,50 and 100 years) were computed for duration
1,3,6,9,12,15,18 and 24 hours. The rainfall estimates correspon-
ding to duration from 1 to 18 hours for each of the 11 stations
were converted into ratios with respect of 24 hours estimates for
each of the above mentioned return periods. Averaged ratios for
various durations for each return periocd were computed for the
#whole sub-zone, It was noticed that for a specified duration the
average ratlos, except for return periocd less then 5-years were
Independent of return period. The averaged ratios for wvarious
iurations for converting 24-hour rainfall into sheprt duration
rainfall are given below :-

Duration Ratio

1 0,35
3 0.53 E0-yr T-hr Point Rainfall
8 0.87 Ratio = ——————-mmmmmmm e
9 0.74 50-yr 24-hr Point rainfall
12 0.80
15 0.85
18 0.90
24 1. 00

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

The short duration rainfall estimates for various short
duration (1,3,6,9,12,15 & 18 hrs) can be computed by using the
respectiva ratios, The value of 24-hr rainfall estimates for a
particular -ations for 25-yr,50-yr and 100-yr return period can,
be obtained B, 9 & 10 and the short duration rainfall astimatasi-offm 7l
can be obtained by multiplying with the corresponding ratlie for
that particular short durstion obtained from Fig. 10, Statement
of highest ever recorded daily rainfall atselected stations in the
subzone is at Table - 7,

3.1.4 POINT TO AREAL RAINFALL

The short duration rainfall data of 11 bridge catchments
were used for this study. The data of remalning bridge catchments
could not be utilised as the pericd of data were either less than
4 years and/or concurrent years data were mnot recorded conti-
nmaously 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 cat-
chment was calculated to get the 2-year representative point
rainfall for the catchment. Events of maximum average depth for a
particular duration in each year were selected on the basis of
simultaneous occurrence of rainfall at each station in the cat-
chment. The areal rainfall series thus obtained was subjected to
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frequency analysis of 2-year areal rainfall depths for specified
durations were computed. The percentage ratio of 2-year areal
rainfall to 2-year representative point rainfall for the catchment
was calculated and plotted against the area of the catchment for
various durations. The best fit curves were drawn for specified
durations on the points obtained for all the catchments. Fig.
1i(a) to 11(b) give the curves for conversion of point rainfal
into areal rainfall for 1,3,6,12 and 24 hours. The areal reduc-
tion factor (ARF) at different intervals of catchment areas for
the above durations are given in Table 6.

3.1.5 IIME DISTRIBUTION STUDIES

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

1) Rain storm of 2 to 3 hours
2) BRain storm of 4 to B hours
3) Rain storm of 7 to 12 hours
4) Rain storm of 13 to 18 hours
5) Rain storm of 19 to 24 hours

1163 rain storms of various durations upto 24 hours
occurring In various parts of the subzone were analysed based on
104 station’s year data. Rain storms selected at each station were
groupsd under the above 5 categories and plotted on different
graphs as dimensionless curves with cumulative percentage of the
total rainfall along the abscissa, Thus, five different graphs
were prepared for each station corresponding to various durations,
and were then examined. The average time distribution curves for
the various durations were drawn for each station. All the ave-
rage 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.

3.1.6 EROCEDURE FOR ESTIMATION OF DESTGN- STORM RAINFALL

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

Step-1: Estimate T = 0.539(L } {round off the nearest
D
full hours) by substituting the known values of L and S
for the catchment under study.

Step-2: Locate bridge catchment under study on the

‘50-yr, 24-hr isopluvial map (plate-9) and obtain
the 50-yr 24-hr point rainfall wvalue in cms. For
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catchment covering more than one isohyte, compute
the average point storm rainfall.

Step-3: Read the conversion ratio for T hours from

D
Fig. 10 and maltiply the 50-yr 24-hr rainfall in
Step-2 by the ratio to obtain 50-yr T -hr point
D

rainfall. _

Step-4: Convert the 50-yr T -hr point rainfall to 50-
yr T -hr areal raigfall by multiplying with the
area? reduction factor (ARE® corresponding to the

given values of catchment area and T -hr duration
D

from Table-8 or by interpolation from Fig. 11(a)

and 11(b) in section 3.1.4.

Step-5: Apply the cumulative percentage of total rainfall
against the cumulative percentage of storm duration
curves in Fig. 12 or from Table A - 3 corre-
sponding to design storm duration T +to obtain the

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

Step-6: Obtain the 1-tourly rainfall increments from sub-
traction of successive l-hour cumulative values of
rainfall in step-5.

Step-7: Rearangement of rainfall excess values in a specific
sequence depending upon the necessity. (Peak only
or full hydrograph)
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PART IV
UTILITY OF THE REPORT
4.1.0 ESTIMATION OF DESIGN FLOOD FOR AN UNGAUGED CATCHMENT
The following procedure is redbmmonded:

Step-1 Determine the 1-hr synthetic unitgraph vide section
2.3.1.

gtep-2 Determine the design storm rainfall input vide
section 3.1.1 to 3.1.6.

Step-3 Adopt the design loss rate as recommended vide
section 2.3. 11,

Step-4  Obtain the hourly effective rainfall units upto
the design storm duration T by subtracting
D

the design loss rate from the hourly effective
rainfall units wvide section 3.1.86.

Tabulate the 8.U.G. ordinates obtained from
Step-1 at 1-hour interval.

Arrange the effective rainfall values against the 1-
hourly synthetic U.G. ordinates such that the maximum value of
effective rainfall comes against the peak discharge of synthetic

U.G., the next 1lower valve of effective rainfall units comes
against the next lower discharge ordinate and so on upto T hour

D
duration.

The sum of the product of unitgraph ordinates and the
effective rainfall valuesas tabulated above gives the 50-yr flood
peak value after addition of base flow in Step-8 given below.

However, the subsequent Steps-5 to 9 should be foilowed,
for computation of design flood hydrograph.

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

Step-6 Multiply the first 1-hr 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 sucessive direct runoff ordinates.

Step-T7 Add the direct runoff ordinates at 1-hr interwval
to get the total direct runocff hydrograph.
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g2tep-8 Obtain the base flow rate in cumecs/sq.km vide
section 2.3.12. Multiply base flow rate in cumecs/
sq.km with the catchment areas under study to get
the total base flow.

otep-9 Add the total base flow to the direct runoff
ordinates at 1l-hr interwval in Step-7 to get the 50-
¥yr flood hydrograph. Plot the hydrograph. |

Likewise 25-yr flood and 100-yr flood hydrographs are
computed following the above steps in section 3.1.6 and 4.1.0

corresponding the 25-yr and 100-yr storm rainfall for design storm
duration T = 1.1 t .

b p
4.2.0 OTHER PURPOSES

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

i) Gmall Dams

The Indian Standard - gudelines for fixing spillway
capacity of Dams under clauses 3.1.2 and 3.1.3 of IS :11223 - 1885
recommends 100-yr floods as inflow design flood for small dams
having either gross storage behind the dam between 0.5 to 10
million mt. or hydraulic head (from normal or annual average flood
level on the downstream to the maximum water level) betwsen 7.5 m
to 12 m The report may be made use of for estimation of 100-yr
flood for safety of small dams. 100-yr flood may be estimated
using the modal loss rate of 0.17 em/hr.

ii) Minor Cross Drainacge HWorks

The Indian Standard - c¢ode of practice for design of
cross drainage works, part-1 General Features under clause 6.2 of
IS : 17784 (part-1) - 1975 recommends 10 to 25 years frequency
flood with increase afflux for the design of waterway of minor
cross drainage works. The report may be made use of for estima-
tion of 25-yr flood for fixing the waterway of minor cross drai-
nage 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 ungauged catchments under study.
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ASSOMPTIONS . LIMITATIONS AND CONCLUSIONS
Assumptions

It is assumed that 50-year return period storm
rainfall produces 50-year flood. Similar is the
case for 2b-year flood and 100-year flood.

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

Limitations

The data of 19 catchments has been considered for
developing a generalised approach for a large sub-
zone, however, for more reliable relationships the
data for more sultable catchments would  Dbe
desirable.

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

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

Conclusions

The methodology for estimating the design flood of
50-yr return period incorporated in the body of the
report is recommended for -adoption, which also holds
good for 25-yr flood and 100-yr flood.

The report also recommends the adoption of design
floed of 25-yr and 100-yr returp periods taking in
to account the type and relative importance of the
structuras.

The flood formulae with different return periods
shall be wused only for preliminary design.
However, for final design, the design flood shall be
estimated using the detailed approach in illustrative
example under Part-1I.

Formulae for fixing the linear waterway of cross
drainage structures on streams in Chambal subzone 1(b)
may be used at the discretion of the deslgn engineer.
25-yr, 50-yr and 100-yr flood may be estimated

using design loss rate of 0,17 cm/hr.
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5.3.6

The report is applicable for the catchment area

ranging from 25 sq km to 2500 sq 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 necessitate spescial
site study. Engineer-in-charge at site 1s advised
to take a pragmatic view while deciding the design

_disuharge of a bridge.
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ANNEXURE - 1

LIST OF HYDRO-METEOROLOGICAL SUBZONES

Subzone

Name of subzone

River Basins included in the
subzone

1(a)

1(b)
1({e)

1(d)

1{e)

1(f)

1(g)

2(a)

2(b)

2{c)

3(a)

3(b)

Luni

Chambal

Betwa

Sone

Upper Indi-Ganga
Plains

Middle Ganga Plains

Lower Ganga Plains

North Brahmaputra

South Brahmaputra

Barak

Hahi and Sabarmati

Lower Narmada and
Tapi ™

Luni river, Thar (Luni and
other rivers of Rajasthan
and Kuteh and Banas river).

Chambal river.

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

Sone and Tons rivers and

other South Bank Tributaries
of Gangs.

Lower portion of Indus,
Ghaggar Sahibi Yamuna, Ganga
and Upper portion of Sirsa,
Ramganga, Gomti and Sai river.

Middle porticon of Ganga, lower
portion of Gomti, Ghagra,
Gandak, Kosi and middle
portion of Mahanadl Basin.

Lower portion of Ganga, Hoogli
river system and Subarnarekha.

Horth Bank Tributaries of
Brahmaputra river and Bmlason
river.

South Bank Tributaries of
Brahmaputra river.

Barak, Kalden and Manipur
rivers.

Mahi and Sabarmati including
Rupen and Mechha Bhandar,
Czat Shetaran}l rivers of
Kathiawar Peninsula,

Lower portion of Narmada Tapi
and Dhadhar rivers.



3(c) Upper Narmada and Upper portion of Narmada and
Tapi Tapl rivers.
3(d) Mahanadi Mahanadi, Baitarani and
Brahmani rivers.
d(e) Upper Gedavari Upper portion of Godavari
Basin.
() Lower Godavafi Lower portion of Godavari
Basin except coastal region.
3({g) Indravati Indravati. river.
3(h) Krishna Krishna and Pennar rivers
except coastal region.
3(i) Kaveri Kaveri, Palar and Ponnaiyar
rivers (except coastal region).
4(a) Uppar Eastern East flowing coastal rivers,
Coastal Region between deltas of Mahanadi and
Godavari rivers.
4 (b) Lower Eastern East flowing coastal rivers,
Coastal Region Manimuther, South Pennar,
Cheyyar, Palar, North Pennar,
Hunneru, Palleru, Gundalakama
and Krishna Delta.
4(c) South Eastern East flowing coastal rivers
Coastal Region Manimuther, Vaigai, Arjuna,
Tamraparni.
S(a) Konkan Coastal West flowing coastal rivers
Region ‘betwaen Tapi and Mandavi
rivers.
5(b) Malabar Coastal Hest flowing coastal rivers
Region between Mandavi and
Kanyakumari.
6. Andaman and Nicobar
7. Western Himalayas Jhelum, Upper portion of Indus

Ravi and Beas rivers.




TaDLE - A -1

COMPOTATION OF EQUIVALENT SLOPE (5)  OF BRIDGE ¥0. ; 2211t} £.M = 36L055q[n

iRedaced Bistance | Beduced Levels | Length of Vo Helght dboove s #D) § LD D)
iStarting from | of River Bed | Hach Sageent ! Datun b 1 | i 3 i1 i)
iBridge Site ! : L 8(D): Differeoce | (M) ANOENC.
.1 (Point of Study) | H " i l ' Pttt
1 (Kn) v : {1l Beteen thhe | | |
| ! i\ ()} Datowand the | .'. |
H ' H ' fts B.L. (8t) | | H
i ] i ] i ] []
: : ; : : : :
| E : ! : : g
i 2 ; 1 ! i . 5 ' ] H 1 H

0.00 393,490 0.0 0.00 0.00 0.00

11.26 415, 14 11.26 2L LM 239.16

16.09 426.92 .8 12.82 54.06 8111

18.31 i51.20 b E.30 96.12 304.51

28.54 481,66 .13 8).14 157.08 1485, 56

31.85 S18.16 §.01 124.28 208.04 1964.54

38.62 519.68 0.97 125.78 25804 2.5

SON (L%(D +D) = 2.4l

i i1 i
L (Le(d +0}))
i -1 g2 11
2 1431.50
L .
: 3.00 Htfin -

$DATON = 393.90  i.e. BEDICRD LEVEL OF KIVER BED A" THR POINT OF SYODY
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HODRS
100 24
1.00 0.95 23
100 0.99 0.98 22
1.00 0.99 0.98 0.97 21
1,00 0.99 0.58 0.97 0.96 20
L.00 0.99 0.98 0.97 0.95 0.94 19
1.00 0.99 0.99 0.96 0.95 0.94 0,93 18
1.00 0.99 0.58 0.97 0.95 0.93 0.92 0.90 17
1.00 0.35 0.58 0.96 0.95 0.94 0.92 0.90 0.88 18
1.00 0.99 0.98 0.6 0.94 0.93 0.90 0.88 0.87 0.85 15
100 0.99 0.87 0.8 0.93 0.92 0.90 0.88 0.87 0.85 0.8 W
100 0.99 0.97 0.96 0.54 0.93 0.90 0.87 0.85 0,84 0.83 0.81 13
1.00 0,99 0.97 0.96 0.94 0,92 0.91 0,86 0.84 0.82 0.81 0.80 0.79 12
1.00 0.98 0.96 0.95 0.93 0.92 0.91 0.85 0.83 0.82 0.80 0.79 0.78 0.76 11
1.00 0.99 0.97 0.94 0.92 0.91 0.89 0.68 0.86 0.50 0.78 0.77 0.76 0.75 0.13 1

1.00 0,98 0.97 0.96 0.92 0.90 0.88 0.86 0.85 0.84 0.76 0.75 0.77 0.71 0.70 0.568 9

DISTRIBOTION CO-RFRECIENTS FOR DRSIGH STORM DORATION OF 2 -24 HOURS

A

2 n

e

21

15 19 20

1

16

12

{

3

gouRs 2

. . B

s r g

8
1
§
5
{
3
2

1.00 0.98 0.97 0.96 0.94 0.90 0.867 0.85 0.84 0.82 0.80 0.7 0.7L 0.87 0.69 0,86 0.64
1.00 0.98 0.98 0.95 0.93 0.92 0.85 0,83 0.82 0.80 0.78 0.76 0.68 0.66 0.65 0.64 0.52 0.60
LOD 0.38 0.96 0,94 0.92 0,90 0.88 0.82 0.79 0.78 0.75 0.74 0.72 0.6 0.61 0.80 0.59 0.58 0.56

1.00 0.98 0.95 0.83 0.91 0.88 0.88 0.84 0.77 0.74 0.72 0.70 0,69 0.67 0.57 0.55 0.54 0.53 0.52 0.50

1,00 0.96 0.96 0.92 0.69 0.84 0.82 0.80 0.76 0.70 0.68 0.56 0.64 0.63 0.61 0.50 0.43 0.48 0.47 0.45 0.4
1.00 0.97 0.92 0.88 0.86 0.80 0.76 0.73 0.70 0.67 0.62 0.59 0.58 0,54 0.53 0.52 0.41 0.40 0.39 0.36 0.37 0.36

& 1.000.910.85 0.82 0.78 0,72 0.68 0.64 0.81 0.58 0.54 0.50 0.48 0.45 0.44 0.42 0.40 0,31 0.30 0,29 0.27 0.25 0,24

I 0.86 0.77 0.70 0.63 0.59 0.52 0.48 0.44 0.41 0.36 0.37 0.2 0.30 0.29 0.28 0.27 0.25 0.20 0.17 0.16 0.15 0.14 0.1
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THBLE - £- 1

COXPOTATION OF EQUEVALENT SLOPR (3)

OF BRLDGE ¥0. |  22L{1b) C.L = J6LLSSqLn

‘Reduced Distance | Reduced Levels | lemgthof |  Geight dboove 1 (0 *¢0) ! L0 +0)
t6tarting from | of River Bed | Hach Segeeat | Datow I T | i 1 i -1 i}
{Bridge Site | i - ! K(D)= Differemce | (Mt} I L) B () I
.40, ! (Poiat of Study) ! : L 1 ‘ Y S
(k) L om bt L betemtie ! :
: : b () ! latoeaed the ! ! {
: : : Dol o) | : :
L] i i (] (] [ (]
E : ' i 1 H i
: | E E 5 : :
b2 oo (I 5 Y TR T
I 0w RRETTRT! T om T Twm X

2 1.2 R 1.2 2.0 22 239, 1§

11509 2612 il 2.8 54, 68 2111

TR 151.20 3.2 63.36 %. 12 309,51

S 2864 487,68 9.13 93.78 157,08 148556

6 3.6 §18. 16 9,01 104,28 21604 196454

T W6 518,58 091 12518 25004 2054

S LD +B) = WAl

T
g= (Lr(k +0 )
Pl g WAL
2 WL
L
3,00 N/Tn
ADAYON = 393,90 1.e. REDOCED LEVEL OF RIVER BED 4T TER FOIRY OF STODT
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REPRESERTATIVE 1-HOUR UMIT GRAPH PARAMETERS TABLE - 3
SU8 108K 1 (b)

SLMO. BRIDGE tpIN QPIN qp XK trIN TBIN NSO IR WIS IN WRSO IN WATS ¥
#0. HOURS  COMECS 5Q/M  HODRS  EOURS  HOURS  HOURS - HODRS = BOUAS

1 2 3 (- H g 1 § 8 10 11
! 80 2250 3600 0. 100 4100 18.80 1135 1060 .20
2 3 1050 3%5.00  0.25 L0 40.00 750 400 LT3 200
3 2 8.50 180.30 0.28 LO0  32.00 865 485 215 1.58
{ 283 550 330.00 0.5 LO00 1800 360 2.40 L.50 100
5 198 450 320,00 0.76 1.00 1500 262 140  0.98  0.68
6 221 3.50 280.00  0.78 .00 1200 260 150 L0 0.70
T 450 233.00 06T f.00 1200 330 188 L3 0.75
8 M0 350 300.00 108 Lo0 .00 210 120 100 0.60
9 47 350 135.00  0.57 LO0 f2.00 L2000 2.0 120 0.80
10 ¥ 450 9%0.00 0.62 LO0  13.00 390 210 150 080
i1 3 25 80.60 057 LO0 100 &50 250 LM 1w
12 4 250 9000 0.83 LO0 1200 285 140 0.95 045
13 495 450 3330 050 L00 1500 40 2.20 LE0 (.80
u 408 L0 800 LM .00 8.00 Le L0 075 0.45
15 1 L§0 5600  L.30 .00 7.0 1.65 105  0.85 0.5
1 306 LS50 20,00 0.6 100 1400 5.40 360 140 L20
11 118 L0 3L10 0.75 Lo 1300 249 LU 0.9 .M
18 250 .00 0.7 L0 800 310 180 140 0.80
19 m 1.0 20.00  0.76 160 10.60 330 165 090  0.45
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TABLE - 6

AREAL TO POINT RAINFALL RATIOS
(PERCENTAGES)

Area in 1-hr 3-hr 6-hr 12-hr 24-hr
sq. km.

50 87 91 93 94 g7
100 78 84 89 91 95
150 71 79 84 88 92
200 66 75 81 87 91
250 63 72 78 85 90
300 60 69 76 84 89

350 68 75 83 88
400 67 T4 32 87
450 66 = 81 87
500 65 72 81 86
600 79 85
700 78 84
800 T 83
800 77 82
1000 76 82
1500 80
2000 79

2500 T8




TABLE -7

STATEMENT OF HIGHEST RECORDED DAILY RAINFALL IN SUBZONE 1(b)

S.No. State Distriet Station Maximum Date

- Rainfall

1. Madhya Pradesh Ujjain Tarana 359.7 8.8. 1977
2. " Mohidpur 434.3 29.7. 1950
3. Ratlam Sallana 359.0 11.8. 1941
4. Mandsaur Garoth 323.9 29.86. 1945
5. Dewas Dewas 334.3 26.9, 1961
B. Rajgarh Biaora 431.8 T.7.1952
T- Shajapur Agar 321.3 8.9, 1932
8. Morena Joara 304.8 28.8,1919
9. Sehore Ashta 310. 4 11.8, 1841
10. Nimar Harsod 264.5 18.8. 1972
11. Gujrat Sabarkantha Ider 463.13 13.8, 1941
12. Rajasthan Kota Mangrol J391.7 26.6, 1933
13, Kota Chechat 393.3 29.6. 1945
14. Kota Atru 336.0 21.7. 1908
15. Kota Balram 413.2 13.8. 1987
16, Kota Shahbad 328.9 10.7. 1968
17. Bharatpur Nadboi. 320.8 2.8. 1966
18. Nagaur Parbatsar 306.8 24.7.1929
19. Ajmer Todagarh 328.9 30.7. 1947
20. Bundi Hindoldi 413.3 22.8.1942
21. Jhalawar Jhalawar 350.2 17.8. 1969
22. Jhalawar Khampur 396.2 13.7.1914
23. Sawai Sawai 356.2 11.7. 19867

Madhopur Madhopur

24, Ljmer Kekri 313.7 8.7. 1854
25, Pali Desuri 381.0 31.7. 1952




FLOOD VALUBS BY STNYBATIC UNIT GRAPE AND RLOOD PORMULAR SUB 20RK 1(b) TABLE-8

§1.00.Bridge Bo Area By S0 By Flood Formulae T Varlation ert 508 Remarks
(sq.bm.) Q25 @0 quee g2 B0 Quoo Qs @0 Qe
con cum [ ] N =i ] com cun cun [+ ]

12 1 i § 1 g 3 0w u o oron I
| 80 228733 §168.23 39364.78 10586.32 8601.59 10070.61 11278.35 -6.41 -1L.M -6
? 519 1613.60 4453.85 dBAS.01 5723.85 4839.75 5190.50 618252 -B.5% -m.M2 -840
3 72 66281 2884.T0 3309.13 M348 2T04.95 M@4.12 123 6.2 620 5.9
i 283 5B7.83 2019.40 3282.41 3691.28 2557.18 2892.16 3263.20 1241 1189 1LED
5 198 419.68 1532.51 1869.40 2038.82 1430.46 1588.31 19TD.)Y AWM 420 L3
] 201 361,05 1797.27 210297 MAOT.44 181250 2114.62 2425.38  -0.BS 055 -0.7%
1 212 MO.13 1700.38 1954.89 2249.48 ITTO.16 2049.04 25.28 410 -2 -3
] 10 27433 1285.48 1752.17 2007.26 1207.44 1653.83 1890.9% {58 5.81 51
k) 37 23110 M52.80 1620.29 1845.27 1445.88 1620.50 1844.T6 0.4 -0.04 0.03
10 39 M5.45 82079 965.31 1105.91 M3L 10 995.88 112096 -1.268 -1.28 -1.36

1 51 M0.48 91014 1019.23 1128.66 B6T.71 965.20 1078.38 472 491 AW
12 A0 10878 T22.M  8M.B3  961.88 BO3.TS 93014 107006 1021 -11.80 -1LS
i} 195  6B.30 406.68 425.24 500.51 45067 469.7Y 555.45 -10.82 -10.46 -10.98
u (06 AT.40 W0.52 486.15 5B6.51 454.29 505.88 58584 3.1 406 LB
15 1615 48315 55309 B2 45011 516,08 5TRTS 6.95 669 .01
16 W6 ATT 35020 31D ASLAT M2 M3 40533 1030 1082 10U
n 8 L4 M0T.TE 472.0 53636 0129 (8672 LM 1S9 L13 LEE
18 3 3052 3000 418.55 470.37 MILA9 0467 M08 631 AM 6D
1% M .08 17927 20025 0.10  206.51 220.04 2216 1519 -3 -14.79

.90 0212 0.5598
Q 5 {5} {ARE)
25 r E r o= 0897
0304
(L)
0.918 b.2788 1.010
'] 2.005(4) {5) ({113
1 z r o= 0.8
04148
%]
.91 0.2703 1.9638
'] 2550 {5) (ARF)
1w - : ro= 0.997
0. 3906

(L}
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FIG—1 |

Plan

Where 5 : Equivalent stream slope (m/Zkm),

L -Length of longest stream course (km.).
Lizbypitaiby coeeeeo L Segment lengths (km.),
Ciep.€j182~-wn---€, contour elevation (m),

Les

Di;ﬂc 1 Dl ¥ u‘z - - Dn
=leg-eg,le,~e ) oo -_.

Iﬂn'- "ﬂ] iml.
A = Catlchment Areal(Sq km))

GOVERNMENT OF INDIA

CENTRAL WATER COMMISSION
HYDROLOGY I SMALL CATCHMENTSIDTE.

Length of Longest Streom Course
from o point opposit tha centre
of Grovity of the Cotchmant

PHYSIOGRAPHIC PARAMETERS

to the point of Stedy ( Km.)
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U.G. = Unit Graph

fr = Unit Rainfall Duration adoptedin a specific studyihr)
T™m - Time from the start of rise to the peakof the U.G (hr)

Qp = Peak Discharge of Unit Hydrograph (cumecs )

tp = Time from the centre of effective rainfall duration to the U.G peck (hr.)

Wgo = Width ot the U.G. measured of 50% of peak dischorge ordinate { hr.)

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

WRs0o= WIdth of the rising limb of U.G. measured at 50% of peak discharge
ordinate (hr)

Wgr 7.5= Width of the rising limb of U.G. measured ot 75 % of peak
discharge ordinate (hrn)

Tg = Base width of Unil Hydrograph (hr)
A s« Catchment Area (Sq_km.)

9p *0p s A" Cumec per sq km.

OOVERNMENT OF INDIA

CENTRAL WATER COMMISSION
HYDROLOGY | SMALL CATCHMENTS DTE.
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HAME OF THE OFFICIAL ASSOCIATED
L. STAGE DISCHARGE AND RAINFALL DATA COLLECTIOHN

(A) Zonal Rallwavs (data Collection)

, ‘Sh. S.A. Padmanabhan, Dy. CE (Flcod & Water Supply) SE Rly.
Sh. K.S5. Ramaswamy, Dy. CE (B&F), Central Rly.

Sh. B.E. Diwan, Asstt. Br. Engr. (B&F), Central Rly.

Sh. K.E. Biswas, Dy. CE (Water Supply & S5), E. Rly.

8h. 8. Nandi, AEN (Flcood & Water Supply) SE Rly.

Sh. Mnas Bhattacharjee, Sr. Engineer (WS&S).E. Rly.

S5h. M.HM. Mukherjee, IOW (Flood), E. Rly.

Sh. N.P. Rao, IOW (flood), SE. ERly.

E&h. D.W. Peters, Inspector of works (Flocds), C. Rly.

5h. Durga Frasad, Inspector of works (Fleoods), C. Rly.

(b) B 38.0, (Guidance and Supervision in Data Collection)

1. Sh. 8. Thirumalai, Dy, Director Stds. (B&F).
2. &h. P.H. Gupta, IOW (B&F).

3. Sh. Inder Sain, JOW (B&F).

4. Sh. R.E. Mazumdar,. IOW (B&F).
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Sh. J.D. Mahato., UDC

3h. Mukhtiar Singh, D’'Man
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5/Shri B.K. Gupta, A.E. Ghosh - Dy. Directors.
3/8hri C.5. Agarwal, G.5, Rao & 8.K. Gandhi-Asstt. Directors.
5/8hri K.K Alch, A.P. Khanna, K.N.Roy - E.A.Ds.
8/5hri S.N. Malhotra, T.R. Arcra, S.K. Bhatia, I.5. Sokhi,
P.5. Bhatia, 5.8. Jhas, X.B. Ahuja -~ D/Man GOr. 1.

5/5hri L.P. Hautiyal, Ramesh Chander - D/Man Gr. 1I.

Shri L.K. Pant - D/Man Gr. III.

Shri 2.C. Jain - Professlonal Asstt.

© 5/8hrl Harsi Lal, K.C. Sharma, D.S. Kapoor, Neera Kakkar,
| ' . Ra)] Singh - Senior Computor.
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' ; Heelam Sehgal, Sushila, Sudesh Sharma - Jr. Computor.
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LIST OF FLOOD ESTIMATION REFORTS PUBLISHED

IMDER SHORT TEEM PLAM
1. E=stimation of Design Floocd Peak (1973)

UMDER LONG TEBRM PLAN

1. Lower Gangetic Plains subgzone-1(g) (1278)
2. Lower Godavari subzone-3(f) (1981}
3. Lower Narmada & Tapi subzone-3(b) {1982}
4. Mahanadi subzone-3(d) (19482}
5. Upper Marmada & Tapi subzone-3{c) (1983}
6. ¥F¥rishna & Penner subzone-3 (h) (1983)
7. South Brahmaputra Basin subzone-2(b) {1984}
8. Upper Indo-Ganga-Plains subzone-1(e) (1984)
9. Middle Ganga Plains subzone-1(f) (1285)
10. Kaveri Basin subzone-3 (i) {1946)
11. Upper Godavari subzone-3(e) (1986)
12. Mahi & Sabarmati subzone-3(a) (1987)
13. East Coast subzone-4ia), (b) & {c) (1287)
14. Scne subzone-1(d) {1988)
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