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FOREWORD

The hydrologic design of railway and road bridges
across small and medium strears does not, in general, get as
mich attention as the design of bridges across mejor rivers,
with the consequence, the waterway and other parareters
provided in these bridges prove, in many a case,grossly
inadequate. ~The Committee of Engineers sebt up by the Govt.
of India in 1857 under the Chairmanship of Dr.A.N.Khosla went
into this problem and after reviewing the methods available
for estimating the design flood discharge, recommended the
adoption of the rational methodology involving use of design
storms and unit hydrographs for the estimation of design
flood. As a follow up of the recommendations of the
Commitiee of Engineers, four organisations concerned with the
design of bridges, namely, Research, Designs and Standards
Organisation of the Ministry of Railways, the Ministry of
Surface Transport, the India Meteorological Department and
Central WMWater Commission have joined together. This Joint
effort aims at collection of rainfall - runoff data for a
pericd of about Syears in the catchments of small and medium
bridges, analysing the data and developing a rational
methodology based on unit hydrograph which could bes generally
applied. This methodology would enable, through a set of
charts and graphs, quick estimation of design flood for
ungauged catchments, i a

For this purpose the data collection work is being
carried out both by the Ministry of Railways and by the
Central MWater Commission (on behalf of the Ministry of
Surface Transport). While the rainfall analysis is being
done by the India Meteorological Department, Central Water
Commission develops the unit hydrograph based methodology. -

Since it would be impracticable and grossly erronecus
to attempt development of a single set of reference charts
and praphs for the whole country, the country has been
divided into 26 hydrometeorclogically homogeneous sub-zones.
With the data presently available, 22 sub-zones covering 81
percent of the country’s geographical area could be studied.
So far studies on 17 sub-zones have been completed and 15
reports covering these studies have bsen brought out.

The present report is the 16th report in this series
and covers the studies on Betwa Sub-zone-1(c). “The
wethodologies contained in these reports will drastically
reduce the tine and cost involved in the hydrologic design of
small and medium bridges.

In order to familiarise the design and construction
engineers of various organisations with the methodology
developed, CWC has so far conducted Workshops at Calcutta,
Bhubaneswar, Guwahati, Patna and Bhopal. Similar workshops
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asre 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 smell and medium bridges in
thi=s zone.

I would like to place on record my commendations of the
excellent. co-operative effort of the officers and staff of
the four organisations mentioned above in producing this
report.

m,_.al‘.u--

New Dalhi (Y. D. PENDSE)
MEMBER (WATER PLANNING)
May 1989 CENTRAL WATER COMMTSSION
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FREFACE

Design Engineers essentizlly need the design flood of a
gspacific return period for fixing the wsaterwsy vis-a-vis +ths
design HFL and foundation depths of bridges, culverts and cross
drainage structures dsepending on their life and importance to
snsure safety az well 3g Sconcomy. A casual appreoach may lead to
under-estimation cor cver-sstimaticon of dssign flcod resulting .in
the lcss and destruction &©f structure or uneconomic structure with
prroblematic situztion.

The us=s cof empirical fleod formulae like Dickens, Ryves,
Inglis eta., has nc such frequency concept though has ths simpli-
city of relating the maximum flood discharge to the powsr of
catchmant arsa with constants., These forumlae do not take into
account the biasic meteorclegic factor of storm rainfall intemnsity
arnd cther physicgrarhic and hydrologic factors wvarving from cat-
chment te catchment. Proper selection of constants  in these
ampirical formulas iz left to the discretion of desigrc senginesr,
invelving 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.HM. EKhosla had recommended, it in their
report "Systematic and sustained cellsction of hydro-mesteorologi-
cal data at selected catchments in different climatic -=zones of
India, The committee felt that design discharge should be ths
maximum floed on record for a period not less than 50 years. Where
sdequats records are available sxtending over a3 period of not much
less than 50 years,the design flood should be 50 year flood deter-
mined <from probability curve on the basis of recorded Ffloods
during the pericd. In case where the regqguisite data, as above are
nct availasble, the design flocd should be decided based on the
greund and metscrclogical characterstics cbtained on the basis of
deglgn storm".

Economic constraints do not Jjustify detailed. hydro-
logical 2and meteorclegical investigations at every new =ite on a
large =cz2le and on a long term basis for estimation of design
flood with =2 desired return period. Rsgional floeod estimation
gtudiss boccome necsssary for hydro-meteorologically homogeneous
regicns in the country. Broadly two main regional approaches are
cpen  for adeopticon depending on the availability of the storm
rainfell and flccod data. The first approach needs long term dis-
charge observations for the representative catchments for subjec-
ting to statietionl analysis to davelep = regional flood frequency
model, The other appreach needs concurrent storm rainfall and
runcff datz of the representative catchments over = period of § teo
10 wyears +o develop 2 regional design storm rainfall-loss-unit-
grarh {runcff} medel, The latter zpprecesch, in lins with the
recommandations of the high level committee of engineers, has been
adepted in the preparstion of flcod sstimastion reports undsr short
term plan and for each of the 22 subzones (out of 26 subzones) in
the country under long term plan.



Sy=temztic and sustained eollection of Hydro-meteo-
rol cal ¢ dats t he represeptativa catohmant numbering 10 +¢ 30
for = pericd of o 10 yesrs in each of the 22 subzones has been

- A aut in a2 p}\g‘_ﬂd mannay h}i diffarant mano] Fni1r§u'\rrv sinoa
1885 under the supervision and guidance of Bridges and Flood Wing
of Besearch Designs and Standards QOrganisation of the Ministry of
Railwaye. Similarly the Mipistry of Transport has undertaken the
collecticon of datz for 45 catchments through Centrz! YWater Commis-
gign s=inece 1972, BSuch rainfall and runoff data was supplied to
Hyrdrology(Sm2ll Cetgohments) Directorate of Central Water Commis-
gicn and rzinfzll) dztz z2lons to India Meteorological Department
{IMD) for necessary studies,

i I:I

Hydrelegy (Small Catchment) Directorate of CWC has car-
ried out the anzlysis of selected storm rainfall and fleods for
the gsuged catohments to derive unit hydrographs of nostly 1-hr
anit doerztion on the basie of datas of reinfell, =zesume ond dis=-
charges oollested duering the monscon season. The bridges and
floods wing of RDEDQ has provided assistsnce ms required from tims
te time in interpretation of data, removing inconsistencies and

gthey pdditicone]l information during snalesis stese. Rapresentative
1-hr. unit hydrogrzrhs have been obtained for each of the Egauged
gatohments, The charastercstics of the cztchments mnd their unit
hydrographs perpared for sever | catchments in a subzone have been
correlsted by resression =na! -is 3nd tha sguastione for synthetic
unit hydrograghs for the subzone were derived. The loss rate and
bazse flow studiss were zles czrriasd out,

Studies of Rainfall-Depth-Duration-Fregquency, point to
grgal ratics and time distribution of storm rzinfall were carried
cut by Hydzomet Cell of IMD and results were provided to Hydrology

(eCY Dte,, for preparing the full report for tha subzons, The
reports z2re zpproved by the Flood Estimation Planning and Coordi-
naticn Committes (FEPCC) during their mesetings, & "Forawerd” =as
providaed in the repert by Member CWC recommended the extensive use
of +the repart for estimation of desisn flood from emall and

mediom ocatchments, Tha reports are published by the Central
Watar Commisoin

et g B et g T R

Flood Estimation Reports for the following subzones have
glrasdy basn prepared, spproved by FEPOC z2nd published and circu-
lzted to wvarious States and Central agencies for the use of desian
enginesrs:

A. UNDER SHORT TERM PLAN

¥ Estimation of Design Flood Peak (1873)
m, UNDER LONG TEEM PLAM '

L5 Lower (anpgetic Plains subzone-1(g) (1878)

2. Lower Gedavari subzmone-3(f) {1881}
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3. Lewer Marmada' & Tapi subzene-3(b) {1982)

4. Mahanadi szukzone-3(d) (1282}
5. Upper Narmads & Tapi subzone-3(c) (1383)
E. Krishna & Pennsr subzons-3(h) {1283)
¥a South Brahmeaputra Besin subzone-2(b) (1384)
£, Upper Indo-Gangs Plains subzone-1(e) (1984)
g, Middle Gangz Plzains subzons—1(f) {1885)
10, ¥averi Basin subzone-3(i) (19B8)
11, Upper Godavari sub:eneTSEEJ (13886)
12  Mahi & Sebarmeti subzone-3(a) (1987)
13.  Esst Coast subzone-4(2), (b) & (e) (1887)
14, Sone subzone-1{(4) {1888)
15, Chembal =subzeope-1({b) (1983)

he pressnt rerort for Betwa subzona - 1{2) ic based on
the detailed rainfall and runoff studies of 11 representative
acatohments The data at each of the 11 catchments was ogollected
for a pericd varying from 3 to B years by Western and Central
Esilweys under the guidance of BR.D.S5.0. Besidez this, the data of
172 ordinary rsingsuge stzations maintalned by IMD/States and data
of 27 self-recording raingesuge statione maintained by IMD/Railways
has been made use of in preparation of this report.

The Betwa subzone- 1{o) report dezls with the astimation
of design fleed of 25-yr., 50-yr. and 100-yr. return periods for
gmall snd medium catchments in this subzone covering the parts of
M. P. znd U.P. gtztes based on deslgn storm rainfall and synthetic

unitgrsph. The report is divided intec five perts. The part 1
deals with the summzry znd contents of the approaches of _.estima-
tion, Genarsl dsscription of the subzons detziling locatbons of
gauging sites, river systems, rainfall, temperature and various
typss of =201l ars given in part IT, I£ 2lsc bringe cut the SUH
relaticne of the subzone along with the various regression egqua-
tiong for estimating @ , @ and Q . Illustrative examples
25 50 100
covering both the approaches z2re alsc givan. The =torm studiss

carrisd cut by IMD are dezlt in part 11T of the report. The' part
IV 1= +theperticn vhere ths utility of the report is described.
The rt i.e. part V describes the limitations, assumptions
and igne made in the report,

=



The report on subzone-1(ec) is recommended for estimation

of degipn flocd from small and medivm oztchments varying in areas
from 25 o 2600 =2q9. km, This report may also be used for cat-
ahmant arezs upto 5000 sq. Lm, Judiciously zfter comparison loss

rate walues inp the neighbouring catchments having more or less
eimiler cheracteristics,

This report iz =2 joint effort of Central Water Commis-
Minigtry of Water uazcurces, Resasrch Deszigns & Standarde
ation of Ministry of Railways, Roads and Bridges wing of

nf ﬂ‘narﬂ-ﬂﬁ-ﬁi- {q“r'F_a_n-n} a__nﬂ “lrﬂvo«nn# Dlmhtgra'tﬂ Qf I-ﬂd...-?..

1 gioczal Depariment, Ministry of Science and Technology.

TR
H.HE E;

0 b
o "! M Hh

TIEOon
oo i
1 oet b0

The methodology adopted znd conclusicons arrived at ars
subient +to pericdiczl review and revision in the light of further
Asts heing aollectad and anslyessed ze zlso the adwvenosments in
theory =2nd tachnigues.

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

84s far as possibls well recognised letter symbols in th
hrdrologicel sciencea have bean psaed in this report. The 1ist o
eymbhols adepted is giwven with the units,

A Catchment Avrea ir =q.lm.
ARF Area) Eeduction Factor.
C.&. Cantre of Gravity
Cumens Cubic metres per second
omes Cantimatras

D 5 1. Deothe between the river bed bed profile
i-1 i (L-zection) basad on the level=z of (i-1) and ith
contours at the inter-section poipts and the level
of the base line (datvm) drawn 2t the point of
gtundy in metres.

E.R, Effective EBz2inf=1]l in oms,
Br Hour

H(SC),CHC Bydrolegy (Small Catchments) Directorate,
Cantrzl Water Commission, Mew Delhi.

I.MD, Indiz Mstecrclcgical Department

In Inches

¥m ¥ilometrss

L Length of lcngest main stream along the river
course in Em.

L Length of tle longest main stream from a point

o aspresite to sgntroid of the cztchmant arez to
the gauging site 2long the main stream in km.

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

M.O.T. Hiniﬁérr of Surface Transport {Roads Wingl.

M Matres

Min Minutes

mm Millimetree

Xiw
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F
@ ; @
25 50
and £
100
o
B
28 &O
and B
100
M.0.T,
rR.D.E.O
=
e 0. e
S.R.H.
(D.E.H.}
Sag
£q
Ca . lm
T
T
B
T
D
+
™
t
hod
.
»
o.&,

Pezk Discharge of Unit Bydrograph in cubic metres
per esscond.

Maximum Flood Discharge with return periods of
25-y», 50-yr and 100-yr respactivaly in sesxCoamen-

Peslk Discharge of Unit Hydrograph per unit area in
cumscs FSr =4. &m.

Foint Storm Rainfall Values with 25-yr,50-yr and
100-yr returp pericds respsctivaly in om, ¢

Ministry of Transport

Rosszrch Designs & Standards Organisation
(Ministry of Hailways).Lucknow.

Eguivalent stresm =slopse in m/lm.
Synthetic Unit Hydrograph

Surface Runoff Hydrograch (Diract Runcff
Hydrocgrarph)

Saconds
Sgu=re

2
Square Kilcmetrss, Em

Time Duration of Rainfall in hours

Bzee Width of Unit Hydregraph in hours
Design Storm Duration in hours
Time frem the start of rise to the peak of Unit

Hydrogrash in hours

Time from the centre of Unit Rainfall Duration te
thg Pazalt of Unit Hrdrograzrh in hours

Upit Rz=infall Duration adopted in a specific study
in_hours

nit Hydrograph

Xv



BEO

R75

it

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

Width of the U.G. measured at 75% maximum Discharge
Ordinste (8 ) in' houre,
P

Width of the rising side of U.G. measured at 50% of

meximem Discharge QOrdinste (@ ) in hours,

P

Width of the rising side of U.G. mezsured at T5% of
maximun Discharge Ordinate (@pl)in hours.

FPercent.

Summaticn

vl



1.1.0 Tetzilad S 0. H approach

inééisﬁh}‘
1.2.0 Besgres=icn forumla | éﬂuﬂéﬁﬁad approschss]

Estimaticn of wzter level corresponding te T yeazar
return period flood.

CONTENTS OF APPROACHES

A2:1.9 DETAILED SUH APPREOACH AND ILLUSTRATED EXAMPLE

4 tyrpieczal exemples with refarence to Railway Bridge Cat-
chment (trezied as vngauged )} is worked out for illpstrating the

procsdurs. Ths particulzrs of the catchment under study are as
-under:
i) Hame & Number of sub-zone Betwa 1{e)
ii) M¥Mame =f =ite {i.s. point Bly.Br. 761/1228
of study)
iii) Name of Rly Sscticn Jhansi-Manikpur
(CR}
iv] Mame of Tributary Barma
w1 SBhape of setchment Fan
L]
wil Leoaoztion Lzt 25-17'-30"
L]

Long T78-328'-03"
vii} Topegrarhy Moderate slors
The proceddre is explzined stepwise:
Step-1:-Preparation of Catchment Ares Playn:
The point of intsrest {(BEmilway Bridpe Sits in this ca=s)
was located or the Survey of India toposheet and catchment bounda-
rr was marled using ths contours along the ridoge line and =2lsco

Erem the spet lawvels in the plains. A catchment area Fig., F-1
showing the rivsers, gontours =nd spot lsvels was preparsd.



Step-2:[etermination ¢f Physicpraphic Parameters

The f£ollowing physicgrerhic parameters wers datermined
from the ocaztchmant arez plan:

17 Area (4% 154.62 sq km

2} Lenpth of the longest 23.35 Em
stream (L)

2) Eguiwvsleant stream 2.682 m/km

sleps (8)

Following methods are adopted for computation of
elope (8] .

{2) Br Graphisal Msthod

nzl sscticon of the longest main stream
stvazm 2nd theg gpot levels along the
= the point of study from the catchment
vlan 2= F=-1, Draw 3 £loping mean line by trial to
raplage the ple ' section having different slopes such that
the =zreas baleow 2nd zhave the mesn ling with refarsnce Yo origni-
n2)l plot {(of sloping lines) are equal. Then compute the slan“{E]
on this line.

{(b) By Mathematical Calculation

The computations of (5) shown in Table T-1 with
reference to Fig F-1 ars szelf-explansicry.

Step-3:-Determinabion of Svnthetie (1-hr.) Uniterach Parameter

The folleowing eguaticns are used to compute the unit-
raph paramsters with the known walues AL =nd § 2= undsr

i
r-3
—ari
L#)

-0.492
1,331 ¢ L/5)
T -0.4892
= 1,331 (B.21%)
= 0.454 Comecs per saq km

§
Lo
uz
| |

-0.944
i) & = Z.19580{q 1}
) T -0.944
= 2.12% { 0.43%4)
= 4.82 hrs
(rounded off to 4.50 ‘bhrs.) 5
=\ e2l5 -N\-c265
i) W = 2.040 (g ) =2.040(0.454)

20 o = 4.59 hrs,

(5]



-0, 8§84 -0.864

jv)y W =1.250 (q ) =1.250{0,.454)
75 = =2.47 hrs.
-0}, 868 -0 .968
w) W =0.732 (g ) = 0.739(0.454)
RED P = 1.59 hrs.
-0.813 -0D.B13
wild W = 0.800 (g ) = ,500(0.454)
RTE =3 = 0.95 hrs.
0,880 G.95%0
vii) T = 53.917(t ) = 53.817(4.5)
B o) = 17.36 hrs.
Sar 17.00 hrs.
wiii} % =X +t /2 =4.5+0.5=5.00 hrs
m = r .

= '0.451 = 154.B62
2 = = 70,20 Cumecs.

Step-4:-Drawing of Sypthetic Unitaraph

'iﬁ' Estimated oarasmeters of unitgraph in step-3 were rlotted
to sczle on 2 graph paper as shown in Fig F-2. The plotted points
were jeoined to draw synthetic unitgraph. The diechargs ordinestes
{Qi} =of the unitgraph 2t ti = tr = 1 hr interval were summed up

3
snd multiplied by tr (=1) i.e 40i ti - 129.5 m /s as shown in
Fig F-2 =znd compared with the volume of 1.00 em Direct Runoff
Denth over the catghment with the Formula <Qi¥ti =2.78 A.4/¢t1.
Where A = Catchment area in 5gq. Em.
d = 1.0 cm deapth
+i — tr (the unit duration of the UG) = 1 hr.

A *xd 154.62 ¥ 1

Qi¥ti

= 429.50

0.36 * tr 0.36 * 1
Thus the unitgreph so drawn was found to be in order.
Step-5:Estimstion of Dssisn Storm Dur cn
The Design Storm Duraticen (T )} = 1.1 ¥*(tp)

o

=1.1% 4.5
.85 gar 5.0 hrs

1



ddjusting the desipgn storm duration to nearest one hour, ths
adopted dasign storm deraticn (T ) is 5.0 hrs,

D

Et_.&-:‘_‘-s-:Esi-im;i'igg Ef_ Eﬂini- E_-:..inigil m Lrggl Eainfp'l'l

The catchment under =study was locsted on plats - 10
showing 50-vyr 24-hr point rainfall = 29.5 cm. Conversion factocr
of 0,59 waes read from Fig - 10 in ssction for econversicon of 5BO0-pr
24-hr pcint rainfzll te 50-yr 5-hr point rainfall (since T = 5

. D

bkrs) 50-yr B-hr point rainfsll — 29 .5 % (0,59 = 17.410 cm.

Arszl reducticon factor of 0,828 corresponding to a cat-
chment area of 154 .B2 sq.km for T = 5-hr. was interpclated from
D
Takle B eor Fig 11 in sacticn for conversion of point to arsal
rzinf=11 E0-yr &-hr arezl rzinfall =17.40 x0.B2R cm = 14.41 cm.

Mcte : When the catchment under study falls bstwesn twe ischrats
the point rainfzll mzy be computed for the catchment taking inte
acoount hoth the ischyete,

Step-7: Iime Digirxibution of Areal Rainfall:

50-yr B-hr arezl razinfall = 14.41 cm was distributed
with the distribution cosfficients {(ccl. & of Table 7 } or from
mezan zaverzge tims distribution curve for storms of 4-6 hrs in Fig
12(b) corresponding to S5-hre to gat 1-hr rainfall incresments as
follows:

Durz- Distribu- Storm Hourly
tion ticn cogf- Rainfall rainfall
figient {cm=) inorements
1 2 3 4
1 0.83 9.08 < 8_.0B
2 0,81 11.87 2,89
3 0,91 13.1% 1.44
1 0.97 13.98 0_87
L 1.00 12,41 0.43
Step~B: Estimztion of Effective Rainfall Units:
L design lossz razte of 0.23 cm has been adopted.

The folleowing tzahle showes the computation of l-hr effe
tive rainfzll uwnits in 2el. (4) by substracting the design =
rate in o0l. (3) from l-hr rainfzll incorements in col. (2).

N —
o
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==



Time Rainfall Design loss Buinfall
hrs insre- rzte am/hr BEXCESS
ments {onli-nall}
{=ms) , {cms )
1 2 o ”
1 .08 0,23 B.HE
2 2.89 .23 Z.38
2 1.41 .23 1.21
4 0,87 0,23 i1.64
5 0,43 n. 23 .20

maximum =
*

For the sstimation of the
211 unite were re-arran ged =
fec*1’e rzinfall was placed agaLnst

{2} in =howvs table is tzken from col., (4) =f

effect
such thet
the maximam

ive

peak discharge the
ainet the ordinstes

4
'Qrdiqu'tal ‘_':g nawt 1-'\]-131‘- 1;1}_;‘“3 ﬂf rﬂll‘tf:-‘l-‘ ﬂ'F'F-Eu-i'-lwa -nrrninsf
“naxt lower valge 2f D.G. ordinate and so on as shown in col.
ﬂnd {3} in the following tazbhle, Summation of the product of
ﬂ;ckdinate znd the rainfall gives the total direct runoff as
ider. For details yefar Table T-3,
Time .2, ardinats 1-hr affsc, Di ract
thrs) cumens rainfall Runoff
N omg ) toumeca)
1 = 3 4
4 51.0ﬂ 1.21 61.71
) 0,20 g8.85 121,27
. B HH.ED 2,36 140 .42
7 44,70 .54 o8 51
g 34,70 n.z2u 6.94
Totzal B5R 05
Gase Flow z2.78
Z0-yr Flood Peak 881 73
The 1l-hr effective rainfall sequence shown in col. (23}

1
g in Step-

t12s revarsed to obtain the critical sequencs zs



Time in hrs Criticasl 1-hr affasctive
- 1

sequence Cms

0.20
0,861
2.36
L
1

N e L3 [0 =

For computztion cof design flood hydrograph, the 7T.G.
grdinates for 1-hr interval were tabulated in ocl{2) ¢f Table T-3
agzinet time (hrs) in col. (1). The oritical seguence of 1-hr
effective rainfall unite were entersd in cel.3 t2 7, horizentally
as shown in Table T-3. The direct runcff resulting from sachk cf
the l-hr sffeotivea rainfal] units was chbiained by multiplying the
1-h» effective rainfall with the synthetic l-hrs U.G. ordinates
in ool, (2) =2nd diregt runcff values were snitered in vwertical
eelomns against each unit with a suocessive lag of 1-hr since the
unit duration of S.U.G. 1is 1-hr. The direct runoff so obtained
a2re shown in cel (3) to (7). The dirsct runcff were added horizo—
ntelly =and the total diragt runcff is shown in col. (B). Ths
totzal base floew of 2.78 m /se=c. was entered im col. ( 9), woeol.
(10) gives the edditicon of col. (8) and { 9) to get the design
flood hydrograrh ordindates, The 4total discharge in ecol. {(10)
were plotted agsinst time in col. (1) %o get ths design flood
hydrograph as shown in Fig F-3. '

1.2.0 MULTIPLE BEGRESSION AMALYSIS FOBMULA & ILLUSTATEDR
EXEMPLE

1. In ths multiple regression analysis, the peak discharce
[{~] )} for a2 return pericd of M years as externally
N

dependent varizble was to be

b o d
2@ = =24 5 E
N M

¥herse A, 5 and ® are same as in flood Peak
N
formulze =s independent variables, a,b,o, and @ are multiple
regraszsicn coefficients when a logarithemic trapsformation is=
applied to 211 yarisbles, Principle of least square was used in
the regresesion analysis to gst tha shove relationship.

1.2.1 25-¥YRB. "20-YE. AND 100-YR. FLOOD FORMULAE (SIMPLIFIED
AEFEQACH)

In the =simplified spproach the 25-yr, 50-yr and 100-yr
flood peslk iz only eetimatad on the basis _of ragraszion

&



relzticonshipe, Flood pezalk, with physicgraphic parameters zarnd
aorrssponding 25-vr, 80-yr and 100-yr TD-hr point rainfsll s= read
£from thes iscpluvizl maps (plates 9,10,11) supplied by the I.M.D.
are obtained by substituting the cerresponding psremeters in  the
emperical rslation developed on the basis of regression analysis.
oh—wy,  BO0-yr and 100-vr flecd welues for sach cof the 11 gsugsd =n

a pnoauged catchment for different sizes were computed by detailed
approach., Series of @ , Q@ =2nd Q@ |, for the 20 catchments as

25 50 100

dependent varisbles were relatsd by multiple regression analysis
+= their respsctive physiographic parameters A, 5 and meteorclocgic

navemeter of point rainfsll R , R  apd R as indepsndent
25 50 100

varizhlas applying the least squsre msasthod for fitting. The
derived flced formulze for @ , @ and @ with their respective
S 25 50 100
npafficiant of corralastion (») ars ss under:

pep .838 -0.363 0.560 1.258

Qf  =0.843 (4) (L) (S) (BT ) r =0.982

.95 y

e . D.B31 -0.357 0.520 1.160

e =0.881 (A4) (L) (S) (RT)’ r =0,998

RO

e D.B68 ~0.384 0.520 1.090 )

Q. —0,9818 (4} (L} () (BT} r ={,0889

-;GQ .

Vhare & , @ and @. are 25-yr, 50-yr and 100-yr
25 50 100

Flond in cumsces ragpectivelwr,

8 ig the catchment area upto point of study in sq.km.

lope in m/km {(details of estimating
-2 of illustrative example)

B B and B Zre design storm point rzinfall
25 50 1600
in em for 2 degign storm duration of T = 1.1%t%
n =
=0 ..944
Whers t = 2.185 (g ) r = 0D.B28
F F
-0._492
nd q =1.331 (L/5) r = 0.810
by
The razinfall values are found after locating th. <nt-
shment on the isgepluvizl] mape (Plates-9,10 & 11),
The vcogificients pof correlation for all the above v
tionshipe are extremely high =nd therefore the rela!’ sshiys
rived zres wery razsonab.e, further overall ralmnge i -



= percentage wvariaticns in the computed flood values (@ ,

and

L=
100
tziled ppproac
are within teolarable limits of +
Variztion
{roarcantama)

{+)

Qe=0_ 08 to 4, 95
=5
£ -l
S0
Do} AT4 +to B _EB

100

.30 teo 14,11

The flcod formulzes for computation of 25-yr,

2
} by both the respective derivsd formulae and

h for the 20 catchments shown in the following tabkle

18k toc - 8%.

Range
{parcentame]

1
0.01 to 7.65

1.21 to E.78
0.204 to 7.84

50-yr =nd

100-yr flood may be spplied only for preliminary designs,

ILLUSTRATED EXMAPLE

Illustraztive example for sstimation of 25-yr,
2raza upto Bl
censidered for soluticn of the problsm by
and metecrologic parameters

100-vyr f£lood for catchment
rhysiogrephic
study zare:

-

A = 154.82 Bq km

= 23.3% Im

1.331 ( L/3)

il

50-yr =znd
Br., Mo, TEI/1225
flood formulae.

for the catchment

p i
Ths
undar

Lr]
"

2.68m/km

ABA oumisq, lem,
B0 hrs

00 hrs

w



BEE —{.384 D.520 1.080
] £12.47)

= BEE.71 cumecs
The precentags variations in the waluss of @,
25
G .gnd @ by the detailsd approach and the flood formulze with

B0 100
respect to the flood waluss by detailed approach for the catchment
R =t o =0 N1 - OF 77 wacnantivaler harafava
pndaeyr sztudy are -0 01, .85 77 respactivals, T afors,
_the flocd waluss for 28~pr, 50-yr and 100-yr return periods esti-
mated by the respective flood forpulse

ip preliminary designe,

1.3:0 COMPUTATION OF DESIGN H.F.L. CORRESPONDING TO DESIGN

-

ars rezseonzble for adoption

bt The desiagn enginser has to determine the design High
Fleood Lewel corrssponding to adopted design flood for the bridges
and cress drainage structures under natural and constricted condi-
“tionz, This slsvation is wvery important in the analwvsis for foun-
daticns, scour frese board, formation levels, hydraulic forces etc,

.2 STAGE DISCHARGE BELATIONSHIP

: Stage discherge relaticonship is represented by -stage vs.
discharge rating curve of 2 river 2t the polnt of study. The most
acceptable method for estshlizhing stagzs discharge rating survs is
based on cobserved gauges and discharpges covering satisfactorily
the lower to upper elevation rangas. Stzme dischesrge relation
defines +the complex interaction of channel characteristics inclu-

ding arcese sectionzl areas, shape, slooe and roushness of bhed and
banks. The permanent stage discharge relation is a straight line
or 2 combination of straight lines on 2 logarthmic plotting dspen-
ding con the channel configuration; a single straight line for =
gingls well definsd chenpsl angd 2 combination of +twe straight
lines or ths main channel with its berm portions. The =stage
disgcharge relaticon mar bBe considerad mors zocurate depending on
the reliable and adequate cbserved gauge and discharge data of the
river at the point of studr, The gaupgs dishecarge rating curvs so
determined may bes used for fixing the design HFL corresponding to
design flood by extrapolation if necessary,

While 3in +the absence of observed gauge and discharge

data st the point of study (bridge or crose-drainage structurass

loccatien), synthetic gauges discharge rating curve has to be coa-
ttructed by Area-Velocity Methed, using the river orcss section,
loepe dsta =2nd nature of the cross-section. The wvelocity 1L
mputed by the Mennipg's formula,



Computation of H F. L. is gensrally done with the help of
Manning's formula in which Manning's 'N'(TQUGHNRDD VORGGIVIRNY) is
a2 wvery important factor a2ffecting the discharge of a river or
Malls. In applying the Menning's formulz the greatest difficulty
lies in ths determination of the roughness coefficient (N). In
reslity, the value of N is highly wvarisble and dspends on 2 number
of factors, In selecting = proper value of N for various design
conditions, =2 baszic knowledge of ths factors affecting Manning's
reughness cgeo=fficient shoud be found very useful. The factors
that exert +the grestest influance upon thes coafficiant of roup-
hness in natural channels =2re surface roughness, vegetation, chan-
nel irregularity, channel alignments, silting and scouring, ob-
struction, =size =2nd shape of channel, stage and discharge, seazo-
2l change and suspended material and bed losad,

The =kove procedure pertains to determination of design
HFL cgerrespeonding to design fleed of a river under natursl condi-
tioms. With the type of structures in position there will geners-
1iy be = constriction in the waterway. The sffact of thso constri-
cticn by wey of raiszing the design HFL under natural conditions
has to bhe evalusztad in the water alsvatione to arriva 2t the
revised design HFL under conztrictsd conditions. The differsnce
betwesen upstream 2nd downstream water 1levels corvssponding to
design flood due to sonstriction in the waterway may be termed as
(3 alil rere  arg hydraulic metheds for working out the final
design HFL due to constriction by the structure. The weir formu-'
le or crrifics formuls of hydraulics is generzlly used depending on
the upstream =2nd dotmstream depths to estimate the revised design
HFL under gconstricted oconditions,

.59 EACK WATER EFFECT

Sometimes it happens thzt the cross section of river or
nella on the downsiream sids of across drainage structurs may bs
tec narrew than the coross section at the location of a crossing
site. The flced levsls =t the proposed struocturs may 2lsc  be
2ffected by the high flood levels in the main river joining dow-
netresm in proximity of the stream, In such ceses, thers will be
backwater effect due to the narrow gorge of the river as the
dezign flood for +the cressing sits will no be able +o ‘pass
through the narrow gorge in the downstream and hene there will bs
heading up of water In ite upstream side which ultimstelyr sfffeots
cn BFL of the river at ths crossing site. In the latter case the
tributary stream on ghich the brides iz loostad will ke under tha
influsnce of the bacskwater =ffect of the main stream Jjoining
downstream. In such cases back water study shall be essential,

1.3.1 EYREAULIC CGEADIENT

In the zbssance of any chserved levels of water profiliss
for computing hrdraulic gradisnt, bead gradient of nslla shsll he
considered, after verlifyring that locoal depressions are not accoun-
ted for snd bed gredient is computed cn 2 ressonabls length of
atleast 300mt. upstream and downstream of the crossing site.

1G



-1.3.5 UNFAVOURARLE CROSSTNG

n
-y
i)

ite is lopated soress the river/drzi-

If the crossing =
s reach i,e. npot complying with the uasuzl

nz=s in the unfavpurable

requirement of gauge gitas, the design flood slevsticon shell ha
computed in = straight reach downstream of the crossing and then
Fyom hack yater stresme, design flaocd slevation of tha oressing

gits shall bs decided,
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PART = 11
GENEEAL RESCRIPTIONS OF BETWA SUBZONE DATA
COLLECTION AND AMALYSIS
2,11 LOCATTOMN

TE& Betwz suobzone - 1(c! lies spproximately between
0 o

(4]
77 to B2 longitudeS(East) and 23 +to 27 latitudés (North).
Plate-1 <chows the location of Betwa Subzone with +he appsnded
1ist of hydrometeorclogical subzones ~ of ' “India.
The Batwa subzons i=s bhounded on tha na:thigf&;@,ﬂppsr
Indo-Ganga 2nd middle Zanga plains subzones 1l{e) .and‘1(f),:on the

south by Upper Marmads snd Tapi subzone 3(c), on the asst by Scne
Subzeone 1(4) 2nd on the west by Chambal Subzonel(b) .This: subzone
1{o} covgrs parts of Madhys Pradech 2nd Uttar Pradesh. . The impor-
tant towns and cities in the subzone are Gwalior, :Shivpuri%. Bina,
Bhopal, Lalitpur, Tikamgarh, Sagzar Chhatarphrﬁﬁﬁﬁiﬁﬁﬁﬁﬁbﬁﬁﬁh;in
Madhy= Pradesh and Kungh, Jhansi, Kalpi, Orai, ‘Khairar rwi amd
T i s

iy =F
e

Maniltoor in Mttar Pradacsh, :

2.1.2  RIVER SYSTEM 5 e

Plate-2 depicts the river system of. the subzene. . Betwa
river i= the biggest river in the subzome -1 “(g2); . 5EB 2= there
z2re cther sizable rivers like Sind, Ken. The major tributaries of
Betws are Bina, Bahacra, Guhari. River Dhasan afteriiedwering its
course from zouth of the besin threwgh HadhyaPr&ﬁash%gjns Betwa
river in Uttar Pradesh. 811 the rivers traversinsetacross the
Betwz subzone finally mergs intc Yamuns, o MRS ;

Tha drainsme areag ©of ths river sis;gmfi-
subzone zrs 25 under: T

S.¥p, Hams of rivers/tributary E:;inq;aégxl

1 2

1. Betwz & its tributariss 13,312500

5, Sipd 22,035.00

a0 Ken 20,047.00 -
4. Othars 11, EEBG? i

Total: l.ﬂﬁ.iﬁﬂ;?ﬂ“

[

Say = 1,086,500 =q. km. T EEEE
The totzl drainsgs zrss of Btha Euhaqgg;alip} is

12
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= S TOPQGEAPHY AND BELIEF

Plzte - 3 depicts the generzl topography of Estuz

gphzons - 1(c). The main rivaers that flow from Scuth to NMerth of
the catohment are Sind, Betwa znd Hen, Dhzszn i= the major tribu-

tzry of river Batwus which arisinziss

g 2t an =ltituds of 160 m, Ths
generzl ground lsvel varies from 100 m, =2bove sea level at ths
northern boundary of ihe cstchment to dround B28 m., &t the - goni-
hern end of ths subacne.

The tributary which converge +to the Bstwa are Binsz

which jecins =t apn altitude of zabhout A25m Kectan at an elevstion of
425m, ©PBhadrz at 440m. z2nd Chursi =2t 210m. Similary Sin is fed by
t 33

Om a2nd Veesshali =2t 150m.
Ken gete some flow from Shyam at about 118m. and Ahni

411 the main rivers ultimately join Yamuna.

2.1.4 BAINFALL

Plate - # chows the normal annual rainfall of the Betwa
subzons and ths histogrems of normsal monthly rzinfall in  the
different parts of the subzone varies ranging from 700mm.tc 2=
T i

high 2= 1100mm, which incre=zss with the increase in the zltituds.
The meonscon 18 sprezd between the month of June and September,
Tha mongoon =Zessonsl rainfall is shount B5-90% of ths z=nnoal rain-

(=14
tn

Pla\r -5 reflects +the mezn znnual temperature of the
subzone =2long " the higtogrames chowing the minimum,maximom  and
nenthley L2 oorature at Bhopal. In accordance with the bounda-
rrr of +tha zgsubzone the southern portion hes 82 mesn minimom tampesra-

0
ure of about 2E c. Where as in the northsrn portion of the
Q
ez minimoam temperators *aouches 27.5 c.

H
o §
7]
(s

2

Plate-8 shows the so0il classification im the Betwa
subzone. Tha northen porticn of the subzone is covered with azallu-
vizl scils, the gentral srez of the suhzone is covered with mized
rad snd hlack =il Tn hatwesn these two types of zoil 2 keli of
Red zardy scil sxists which covers 10-15% of the subzone arsz.
Tha Eeopthern z2rez of subzons is coversd with mediom blacgk =oil
with =zdicining Deep black soil towards its south, A small patch
af cglkalstsl £2il alse forms the oart of zouthern boondzry of the
cztchmant
2 1.7 LLANTY TISR

Plzte - 7 delineates the l13nd uss in the Batwz

subzons, About 5O% of the subzone arez is coversd by forest with



in between patches of serable land which forms zbout 25% of the
ares, The porticn of the subszene covering 20% of =ress ars grass
land =nd gerub. The remesining peorticn of arcund 5% is waste land,

z.1.8  IBRIGATION

te = 8 gives irrigaticon practice followed in ths
one The mejor area of the zpbzone is irrigstsd by
=tin als, Betwz =river irrigates B2000 hectares of the
=, The ken canzal irrigetion‘project snd s=ind os=nal preisct
1 add L¢ the irrisaticon potential in the subzone. Some of the
= are gt Aviun, Dhasan an ﬁ Lalitpur.

L fe o o

nNICa

2
"

[
Li=]

The Betwa subzons has rail network covering the length
& breadth of ths subzone and hes ayerage roads across the basin.

2.1.2.1 Bailway Linss

The fcllowing railway lines traverse the Betwa
subzons 1{2)

S.Hc Ezilysyr Secticn Railway
1 JHANST TO GWALIOR CENTEAL RATLWAY
2 JHAMST TO BHOPAL, VIR BINA no
3 BTHNA TO GUMA WESTEEN RATLWAY
4 JHANSI TO KALPY CENTRAL RAILWAY
& JHANST TO MANIKPUR
VI BANDA Do
g BINA TQO KATNI Do
7 EHATRA TO BHIMSEN Do
2.1.2.2. Boads
The major highways in the subzone aye:-
1. SEIVPURI TO HANPUR VIA JHANSI - NATIONAL HIGHWAY
BO 2%
2, ACRA TO BIAORA VIA COMA - MYy - 3
3. JHANST TO JABALPUR - MH - 28
A, JABALPUR TO BIAORA VIA BHOPAL - MH - 12
2.2.0 DESIGN FLOOD - DATS COLLECTION FOR ANALYSIS

2.2.1 DESIGN FLOOD

The Fhosla Committee of Engineers had recommended =
dezign floed of §0-y==r return pericd for fixing ths optimum
waterway of the bridgss. The design flood in other words may be

11



defined broadly as a rational estimate of Ll discharge for the
deglion of =afe gnd sconomio shrooboars moeraee o oshegy Tl commit-
tee of Engineers had suggested that 50 year hwad may be consi-
derad z= the meximum chgarved Aicohnern (rom  the  vasrely  pazl
discharge recocrds =zvailable for not less than M vears. Where ths
graarly paslk discharge records ara nol sk Lose Lhygy G0 vases tha

§0-yezr flood mzy be chtained from the probabilily curve of psak
Aischargez. [n the sbssnce of adaquats dnly ~f poxp discharoas,
storm  ra2infzll znd ronceff data for the seloeclsd catchments =shall
be gollected for & reguirasd pericd snd duglaniled stludizsz agasesisd
cut to derive the unitgraph for these catchwents and Lo prepara

gtorm rainfall maps for diffarant doaratione Tes this aonnection,
the committese had suggested to develop a suitable rational metho-
dology for sstimstion of S50-vaasr Flood subsonayicss based on =ppli-
caticn of storm rainfall tec unitzgraph, Tt “ae been assumed +that
Efl=ywazr storm reinfall zprlied to unitoranh  soreoeduces 2 flood of

the same return psried (50-yeser)}.
2.2.8 DATS EEQUIRED

For oconducting the upitgrarh and design storm rainfzll
gtodies, the following conourrent rainfszll and runoff dats for g
number» of catchments of emz2ll and medium sizes representativsly
lcgated irn = subzone are regquirad for 2 minimum pericd of & to 8
years during the monscon season:

i) Hourly gauge data at the gauging site (bridge
sitae} rournd the zlock, ’

iidy Czauge and discharge d=tz observed 7 to 3times
2 dzy =2t the gauvging sits (bridos =ite).

1ii} Hourly rainfall datz of rzingzugs stations in
tha catchment. Baingauss stations zre Lo be
gelf-recording andfor mancz]lly operated,

the river neiworlk,
cns a2nd gauge  and
highway snd railnay

ma2n  made storages.

i Catchment zrea plans shos
lopgation of raing=ugs
discheroge =ites, contou
network, nztursl an

1 m
;
]
¥
L

habitetione, forasts, agrianitural and
irrigzted arezs, sclls eteo.

) Cross—-sactions 2%t the bridgs =it {oanging
site) upstrezm and deunstream of the bridge

=ita,

wil Lengitudinz?! section of the river upsirsam and
devnstrazm of the bridgs szits.

In z2dditien to the zbhove, zz2infall data of ==lf-
recording raingauge satations meintainad by India Metecrologicel

Department is alsc reguired.
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5. 9.7 DATSA COLLECTED

The Western and Central Railyays under the supervision
and guidance of Bessarch desgignes and Standsrds Orgenisations
(BDSOY  had obssrved znd collected the required data for 11
catahmante in the Bestwe =subkzons A{e) for a2 pericd ranging
from 3 to B yeaifs, The size of the gauged catchmenis vary from
42.7% sg.km o 2E10.72 5q.lm, Conourrent wainfall, gauge =nd
discharge datz for £9 bridge catchment vears from 11 catchments
was =zvailzblae for study.

The loczticne of the gauging sites at roads and railway
bridoas in tha Hatwz subzone-1{o} =are sghoun in Plste-2,
Indiz Metecrological Department has colliscted the rainfall datz of
additicnal vaingmauge stations maintzined by IMD apnd statee falling
in Batyz subzona-1l{c). Central Water Commission (CWC) has alse
prapared tha detailed plans of gauged catchments sheowing the river
netyorl, lonation of raingaume staticons and gauge-discharge sites,
gcontourse, hishware =2nd rz2ilway network, naturzl snd man made
storage; Table-1 shows the pemes of stresms, reilway bridege num-
hars with razilway sections, thair ostohment arazs, nunber of
rzingauge staticns and the pericd of concurrent rainfall, gauge

znd digcharme data, R.D.5.0. has mads availskle the dstz collsc-
ted to CWC apd IMD for carryving cut the studies.
2.3.0  AMALYSIS FOR OBTAINING 1-HOUS SYNTHETIC UNITGRAPH

Te derive 1 hour SUH, the following procedurss have been
adepted:

i) An2lysis of physicgraphic parameters of the
cztchments,

ii) Berwtiny of datz and firalisation of gauge
discharge rating curves.

jii) Sslecticon of flocd 22d corresponding storm
avrants .

i) Ceomputation of hourly catehment rainfall.

v} Esparation of bzse flow and ocomputaticn of
direct runcffi-depth.

vi) Computetion of infiltretion loss Uﬁ—indﬂx]
and l-hourly wainfall exocess unit.

5
{ 2o
=
T

Darivation of l-hourlr unitorach,

Nrawing of representative unitgraphs and
magsuring the parameters,

-
fy
b=
"

L

Establishing relzticonships betwean
phyzicgrarhis and repressntative unitgoraph
parzmeters.
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i
A
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x} Derivaticon of l-hour synthetic unitgraph using
such egquationes for am ungangad gatchment.

The =bove steps are briefly described as under:

2. %1 EFTNITION OF PHVSIOQRAPHTIC PARA RS OF THE
CATCHEMENT
The repressntztive catchmente salacted for the study
ware apslwsed for “Hys*“""“ﬁ‘" paramstars, Ths definstion of

catchment parameters shewn in Fig. 1 are as under :
.3,1.1 Catchment Areall)
On a2 relizble map, the watershed boundary is marked.

The 3:23 ancloged in this boundary upte the gauping sits 2y be
ref =d "'Lo 25 the catchment area.

o]

2.2.1.2 Lepath of the Msin Stream (L)

This=s implisz ths Longest lenscth of the main river
frem the farthest water shed bcoundary of the cztchment area to
tha mavnging =ite. :

2.3.1.2 Eguivalent Stream Slope (S)

Lengitudinzl secticn {L-section) of the maip stream was
craparad from the values of tha ocontoures aoross tha stresm or ths
spot  levals near ths banks with respect to their distances freom
tha point of interast/oonging site A line ig =0 drawm by trials
from the point of intarest on the L*santion such that the areas of
the L-zecticn {(profile) shove 2nd below the line ars sgusl. This
lins is zalled sguivalent streasm alope line. Alternatively., the
L-segtion mar be broadly divided inte 2 to 4 segments representing
the Yrecad ranges of the slopes of the segments and the folleowing
formulas may be ussd ts saloulats ths sguivalent slops (5)

Z LD +D )
i fi-1 1)

8 = ' cee-.-(3.1)

=

whers Li = Length of the ith segment in km.

n g == Elavyptione of rivar bad 2t
-1 i ith intersscticn points of contouors
ragkeoned from ths hed elevation
at peints of intersst considered
2g datum, z2nd D{i-1) and I} =2re the

haishts of sucosssive bed location
at sorvtovur =nd intersactions.

anath of the longest stream as
aefinad in seagticon 3.1.2. in km.

=

I =



Similarly the zlcpe 5§ for L may be calculated on above
lina. Rapids or wertical fall:s in the L-=e90tlen skall nct bTe
csonsiderad for computzticn of slope.

Detziled =tudies were carried out for 11 gauged cat
chments.

The physicorarhic pzramesters A, L, and § were esti-
mated only for 11 catchments which were found suitable for analy-
gi=. The=e parameters zre shown in Table-2Z.

2.9.8 SCRUITINY OF DATA AND FINALISATION OF GAUGE
" DISCHARGE BATING CURVE

The data was scrutinis=ed through arithmetical checks.
Wherse wide dispersicns ware observed in the stage-dischargs curve,
leg-leoz fitting was adepted. The stages for conceivable flceds
ware gonverted inteo discharges ipitially ldentified with referance
to rise zand fall in the stages of the river.

£.3.3 SELECTION OF FLOOD AND CORRESPONDING STOBM EVENTS

The gensral pguidelines adopted for selection of flceod
eventsz for ezch catchment are as under :

i} The flood should not heve unduly steopeting
water levels.

ii) The selescted flood should rasult. from
zignificant rajinfell excsssz generally pot lass
tha2n cne cm.

2.3.4 COMPUTATION OF HOURLY CATCHMENT RAINFALL

The Theis=zen network was dravm for the raingavge sta-
ticns on the cztchment map 2nd then Theissen Weights were com-
ruted, The hourly point rainfzl]l at sach station was multiplied
with their respective Theissen Welght znd =2dded to obtain the
gatohment rainfall for ezach one hour durasticon during the =storm
rericd.

2:3.9 SEPARATION OF BASE FLOW

The sslected flocd svents were plotted en the normal
grarh paper, The base flew wes =sparsted througsh the normal
procadures te cbtain divsct surface runceff hydrographs and the
direct runoff depth ecver ths catchment was computsd for sach floed
avents.

2.3.6 COMPUTATION OF INFILTRATION LOSS (O-index) AND
A-HOURLY EFFECTIVE RAINFALL DNITS

With the known values of 1-hourly catchment rainfall in

zaction 2.4 and ths direct runcff deapth in section 2.5 for each
flood event, +the infiltraticn loss (constant loss rate) by trials

g



was estimated. The l-hourly infiltr=ztion lecss was deducted frem
tha l-hourly rainfell to zet l-hourly rainfall sxcess units,

- R A DERIVATION OF 1-HOUE UNITGRAPH

& unit duraticn of l-hour was adopted for derivation cof
unitgrachs. Tha l-hour unitgrapghe wers derived from the rainfall
sxcsse hyetographs and their corresponding direct runoff hydrog-
raphs by iterztive metheods. The iterstlons wers carriad out till
tha cbkserved =nd ostimated direct runoff hydrograrhs compzred
favourably, Nermally B to 10 unitaraphs are derived for sach of
the 11 catchments considerad,

2,3.8 DEARING OF EEPEESENTATIVE UNITGRAPHS AND MEASURING
THEIE PARAMETERS

The representative unitgraph is the unitgraph which
za:;educee in resszcneble limite, the direct surface runoff
hydregrarhs corresponding to their rainfall excess of the
gtorm from which 1%t has been chtalned, Representative l-hour
unitgraphs were draun from =2 set of superimposed 1l-hour
unitoraphs for each of ths 11 catchments and their parameters

]

noted, The parameters of ithe representztive unlitgraph
illustrated in Fig.2 were measured for e=zch of the
catchments. The parzmeters of the representative unitgraphs
are % A e T R s 8 % . R . M  H » and T .

x P m b= E 50 75 RE0 R75 B

These parameters for 11 catchments are listed in Tabls -3,

2.3.8  ESTABLISHING RELATIONSHIPS BETWEEN PHYSIOGRAPHIC AND
EEPRESENTATIVE UNITGRAPH PARAMETERS

Phy=icgrarhic parameters like A,L,Lc, 5§ and the
rarzmesters of l-hcour unltgoraphe like tp, @ , T , W , W ,
P B 50 75

WR , WR for 11 gauged oatchments in svb zone-1l{o) were
50 TE

astimated 2= shown in Tables = 2 E&. 3 respsctively.

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

¥ = 0 X fmmmmmmmmmmm——mm RS ¢
where

i

Depsndent variabls

- Indepsndent varizble

- & ponstant

-~ An exporant

Frem egquaticn 3.92.1, it follows that

bog ¥ ~Log C 4+ P log X (—=—=r—r—see——em—a= *3.9.2

i B

Thus if ¥ and X z2re plotted on a log-log paper, one may
evﬂaﬂt a gtraight line relsticnship.
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Alternative studies were carried out for relating
rhreicgrephio parametsrs with the corrssponding parsmeters of
ths 1-hr representative unitgraphs of ths 11 gauged

catchments=. For instance, +the basin lag ¢t was related +o
F
LLzo/ s L , Le/ and Le/___ . Similarly g , W ,
- P g5 / Be D 50
B, W , W and T ware relsted to phrsziogrerhic parame-
75 RE0 R75 B

ters and alsc te thelr suitable unitgraph parameters.

Synthetic unitgraph relaticnehips develcpad by ragrss-—
sicn =analysis using least sguare methoed alongwith their coeffi-
clents of corrslation (r} ars listed in Anpsxurs 1. Out of the
derived relaticnships, +the relationship for gp vs 1/8 gives a
highest correlaticn coefficlients and the next higher oorrela-
tion coefficient is for tp vs.L/s. The relatien giving highest
correlation cosfficisnt ha= besn sdopted. The relaticonships for
gr ve.L/8 is euggested because of simplicity as it excludes Lc and
3¢ invelving the centre of grevity of ths oatchment. The fello-
wing relaticn ships zre suggested for determining the 1-hr synthe-
tic uniigraprh paraméters of ungaunged catchment in Bstwa subzons-
1{e):

Balstionships Egqusztion Fig.Mec. correlation
Ho. Coefficient
{r)
1 2 3 1
-0.1982
q = 1.331{L/8) 3.9.3 3 0.810
F
-0.244 .
+ — 2,185{gm) 3.9.4 T4 0.926
F .
-1.026 ' :
W = 2.04 (gr) 3.9.5 5 0.825
50
-0, 864
W = 1 .25 {gp) 3.9.86 3 0.B15
75
-0.968
W =0.739(gp) 3.9.7 T 0.874
REO
-2.6813
W =0.800{qp) 3.9.8 8 0,760
R75
0,890
B =3.21T7(tp) 3.9.8 a B.942
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Besides the above eguations, the following
agnations ara alsc used to draw the =ynthetic vnitgrarph -

T =t +t /2 3.9.10 3.5.10
o F r

Q@ —aq xA 3.9.11 3.9.11
FP F

Tha zbove relaticnships mey be utilised to estimste the
paramsters of l-hour synthetic unitgraph for an ungavged catchment
with its known physicgraphis charscteristics liks L, & =nd 5.

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

CA™

Consldering the hydro-metecroclogical homogeneity of
subzene-1(g), the relaticns establishad between physicgrarhic and
unitgrarh parasmeters in section 3.9 for 11 representative oGat-
chments =are applicsasble for derivation of l-honr Synthetic uanit-
graph for an ungsuged catohment in the same subzone,

The steps for derivaticon of l-heur unitorarh are
i} Phy=icgraphic parameters of the ungauged

catchment iz ocatchment are 4, L and 5 zre
datesrmined from the cztchment area plan.

L

Substitote L/S in the eguation 3.8.3 to obtain
qp in Cumecs/Sq.¥m.

I.—-
| &)

iii) Substitute (gp) in *he egquation 3.%2.1 to
obtain tp in hours.

= Then Tm — tp + t>/Z = tp + 1/2 hrs.

and @p —=q x & in cumecs.

F
ivw) Suebstituts the valus of g in the following
r
equatisng 3.9.5 to 3.2.5 to obtzin ¥ W
50 75
W and W in hours.
RED R7E

v} SBubstitute the valus of t in equation 3.9.9
P
te obtz2in T
B

vil Plet the parameters of l-hour unitgraph viz. T
m



T 3+ & 4y ¥® W W , and W ,  ©Bn a

U ¥
B F 50 75 BEO R7E
graph papsr and sketch the wunitgraph through
these points. The discharge cordinates (Q ) of
F
the unitgrarh at l-hour (tr) intsrvsl ars summsd
up =and the dirsct runoff epth in cm. is
cbteined from the following egustion 2,2.12.

T S 3.9.12

where d = depth of direct runoff in om.
@i = diecharge crdinates at l-heour intsrval
{cumecs)
& = Latshment arsz in sq.km,

In cass the depth of runcff (d) for the synthetic unit-
rarh drawn ic not eguzl to 1.0 em, then snitabls medification may
e made in falling and rising limbs of the unitgraph to obtain 1.0
epth cf runcff. The shape of the modifisd unitgrarh should be

o
3
oF L

[
L

g

2.2.11 Desian Leozs Rate

Dirsct (surface}! runoff is the end product of storm
rzinfall =after infiltratisn inte Surfeoes seils, sub-surfzce and
zground besides ghstractions like svaporation, evapotranspiration,
=cil meisture and filling up of =urfsacs depressicns. It is diffi-
zult rather impessible to record these wvarious parameters at
various representative lecations in the cstochmant axgept by ths
analysis of cbserved sterm rainfall and flood events. Conversion
of gress storm rainfall upite intc effective rainfall units for
application to unitgraph is normally deone by substraction of
censtant 1loss rate (f-index) for the catchment, even though the
loge rates in the cetochments, a complex phenomena, wvary dus to
soil conditicons, =il zover complex and topography sleongwith tem-\

orz]l and spatizl variations of storm rainfall.

Following method of estimating design lgss rate w.=
zdontad:

Constant loss rates wers estimated based on warious
selented obksarved sto rainfall zad fleood svents of reaszonably
higher magnitude for derivation of unitgraphs. About 85 flood
avaents wers analysed for 11 bridges ostchments, Number of fleod
cccasions  the constant less rates so estimated for each bridgs
catchmeant under different logs rats rences =t intsrvales of & mm/hr
were tabulated in Table-4. Out of 102 fleod events analysed. A
modal wvalus of 0.23 cm/hr 3= sghown in table-1 is recommended as
the design less rate for the subzons,

il
=4



2:3.12 DESIGN BASE FLOW

Similarly number of occasions with different base flow
under wvaricus intervals for 102 flood events are shown ip Table-&,
For 30 f£lood svents out of 102 the base flow rates fall under the

e |
range of 0.002 e 0.027 m /=s=q km. An average base flow rate of
0. 012 gumecs/sqg.km for this range may be adopted for estimating
the design bzsze flow for 2z catchment under study.

2
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EART 111
STORM STUDIES
3.1.1 DESIGN STOBRM INPUT

The design storm input is the rainfall of chosen return
pericd for T heur durstion,
T

The arez] distribution and time distributisn of this
rzinfall 2re two mein metecrologozl fastors deciding the design
flood pezk  and the shape of the design flood hydrograph. This
input has to hes convarted intc effactiva reinfall snd applisd to
the transfer functicn ( synthetic unit hydrograph ) to obtain the
regsponse (flood hrdrograph) .

3.3.2 DESICGN STORM DURATION

The dur=ticn ¢f the storm rainfall which causes the
maximam discharge in a drainsgs basin i= callad +the design

sterm gduratieon (T ), Alternative studies are to be carried out
D
assuming T = 1.1 % 2nd T =T for estimating 25-yr, 50-
D r n B
¥r apd 100-yr floocd., Here for 20 catchments by synthetic unit
hrdrograrph relations with loss retes 5Ff 0.23 om / hour.

2 comparison of the 25-vr fleoed, 50-yr floed and 100-
vr flood with T =1.1t%t a2nd T =T ghowed that in B0 Lo

D o D B
76% of the cases T = I L fives hirher discharge.
D b=
Thersfore, the design storm duration (T ) for a catchment in

D
adopted = 1.1 t 4in thie czse. The designer must compute both

F
TD —1.1tp and TD - TE and the value giving higher peak value
be azdopted,

3.1.3 PRAINFALL DEPTH-DURATION-FREQUENCY ANALYSIS

India Metecrclcocgical Department have oconductesd this
study utilizing the dsts of 11 Self Recording Raingange Stations
znd 20 Ordinary Raingsauge Stations maintained departmentally, 1489
Ordinarr Raingauge Stations beleonging tc the States of Madhya
Pradsgh, Uttar Pradesh, and 26 Self Recording Raingauge Stations
maintzined by Bailways in their 7hkridge cztchmsnts fz=lling in Sub-
Zena (o).

The annuzl maximum series of one-day rainfall wers ’*@f*'
med for each of 172 cordinary rmingauge steticns in end arcund ...
sub~zone weing the rzinfall records of 50 to B0 years. The annual
sxtreme wvaluss seriss were subjected to frequency anslvsis by
Gumbel’s extreme values distribution and the rainfall estimates
fer one-day <correspending to 25, 50 and 100 yeer return periods

24



wars computad. The daily wvalues of 25-years, 50 years and 100
years rzainfal]l estimstes were converted inte 24 honr rainfall
estimates of corrssponding return pericds by using the conversion
fagtor of 1,15, Thsse 24-hour rzinfall estimetes for =211 the
gtation in and sreund the sub-zone wers plotted on base maps and
igopluvial maps of 25-year, 50-yesr and 100-year return pericd
wers drawn. These maps are shown in plates 9, 10 and 11.

hourly r2infall date raceorded st 11 Self Recording
tisnes maintained by India Meteorclogical Department
by frsguency analysis (pertial duraticn =series)
2inf=2l] sstimates for various return periods (viz.
rd 100 yaars) wers computed for duration
z2nd 24 hours, The rainfall estimates correspon-
ding teo duration from 1 o 18 hours for e=zch of the 11 stations

2,5,10,25,50 =
IQRQ.1'1 5 E

PSR R Er Tl B T

were converted inte ratics with respect of 24hours estimates for

ezch of the above mentioned yeturn marisds, Avaersrad retioz for

waricus dursticnes for sach return period were computed for the

whols sub-zons. It wz2e noticed that for 2 specified duration the

avaerage ratics, exoeept for return period less then 5-years were
+

indepandant o re=turn pericd. The zvaraged ratioe for warious
durations or oconverting Z4-hour rainfall intec short duration
reinfall are given bhalow -

Duraticon Ratic

1 0,42
3 Q.50 50-yr T-hr Point Rainfall
g D.BE Batip = =
g 0.712 E0-yr Z4-hr Point rainfall
13 0,79
18 .84
18 0,80
a4 1.00
Theses ratics when maltiplied by 24-hour rainfall for a
specified retorn pericd will generate 1 hr, 3 hr, %hr, 12hr, 15hr,
1Bhr and 24hr rainfall estimates corresponding to that return
ceriod Statemant of highest sver reporded dsily r=2infsll st
selasted staticons is at tabkle T-2.
2,1,.2 POTMT TO AREAL RAINFALL
The shert durstion rainfall data of 7 bridge catchments
trara ussd for thisz stopdy, The data of remaining bridge catche-
ments could net be utilised as the period of data were either less
than 1 w¥sars zod/or copnourront vrezars data were not racorded conti-
nususly for 4 vears over the stations in a bridege catchment. 2-yr
peint rainfall values for specified duration for each staticn in

the ocatchments werse computed by fregquency analysis. Arithematic
averags of 2-yr point rainfzl]l of 511 the stations in the czi-
chment was calculated t¢ get the Z-year representative point
rainfall for the catchment. Events of maximum sversge depth for =2
partisular durzticn in eash year were selected on the basis of
simultenscus cocurrsncs of rainfall =t asach station in the cat-
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chment. The areal rainfall series thus obtained was subjected to
frequepcy analysie of Z2-year arsal rainfall depths for specified
duraticns wers computed, The percentage ratio of 2-year areal
rainfall to 2-year representative point rainfall for the catchment
was caloulated zand plotted against the area of the catchment for
various durstions. The best fit surves ware drawn for =specified
durations on the points cbiained for all the catchments. Fig.
1i{a} to 11(b) give the curves for conversion of point rainfal
inte areal rainfall for 1,3,6,12 and 24 hours. The areal reduc-
tion factor (ABF) at differsnt intervals cof catchment araas for
+the above durations are given in Takles 6.

3.1.5 TIME DISTRIBUTION STUDRIES

The +time distributicn studies have been carried cut for
ths following rainfall duraticns:

1) Rain storm of 2 to 2 hours
2) Rain storm of 1 to & hours
2) Rain s=torm cf 7 to 13 hours
43 Rain storm of 13 to 1B hours
5) Rain storm cf 19 to 24 hours

1906 rain =torms of varicus dursticns upte 24 hours
occurring in varicus parte of the subzone were analysed based on
135 s+tas+tion's year datz. Rain storms sselected at each =tation were
grouped under the avove 5 categoriss and plotted on different
orachs 2= dimensionless curves with cumulative percentage of the
tctal rainfzll along the abscissa. Thus, five different graphs
wers prepared for each station corresponding te irarious durations,
and were then examined. The averace time distribution curves for
the aricus durstionsz were drawn for esach staticn. All the ave-
rage ocurves for the stations thus obtained were plotted on a
sinzle gzrarh and a single average curvs for the subzone as 2 whale
was drawn for storms of different durations and are shown in Fig.
1z,

3.1.6 PROCEDURE FOR ESTIMATION OF DESIGN STORM RAINFALL

, The follewing progsdure is recommended to be adopted for
estimstion of critical distribution of storm rainfall tc cause the
maximem flocd Aus te rainfall of a2 specified duration:

Stap-1: E=stimate T = 1.1 tp —(rocund off the nearsst full

h i
hours) by substituting the known valuea of L and &
SXoin ¥ O KAT -0.944
for the catchment under Etud:uﬁfhﬂre tp=2.195{qp)
-0,482

gend gp = 1.331(L/8)
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Stap-Z2: Loczte bridge catchment wunder study on the
50-wyr, 24-hr iscpluvial map (plate-10) and obtain
the 50-yr 24-hr peint rainfs=ll wvalue ir cms. For
cztchment covering more than ona ischyte, compute
the averagse point storm rainfall.

Step-3: Rezd the conversion ratio for T hours from
D
Fig. 10 =nd multiply the 50-yr 24-hr rainfsll. in
Step~2 by the ratic teo cbtain B0-yr T -hr peoint
D

rajinfall,
Step—4: Convert the 50-y» T -hr point rainfall to 50-
D
vyr T -hr areal rainfall by multiplying with the

i)
areal reduction factor (ARF) corresponding to the

given values of cstchment ares and T -hr duoration
D

from Table-6 or by interpolation from Fig. 1li(a}

and 11(b) in secticn 4.3.

Stoap-5: Apply the cumulstive percentage of total rainfall
against the cumulative percentage of storm duration
curves in Fig. 12{2) te (e) or from Table 7 corre-
gponding to design storm duration T to obtain the

D
depths at l-hr intervsl sinece the unit duratior of
synthetic U.G. is 1-hour.

Step-€: Obtain tha l-hourly rainfall increments from sub-
traction of succescive l-hour cumulative values of
rainfzll in step-b.

Step—7: Rearangement of rainfall excess values in a specific
segquenos depending upon the necessity. (Peak only
ar f1ull hydrograrphl



5.1.0
5.1.1

5.1.2

5.3.0
5«-3-1

£.2.2

5.2.3

§.3.0
5.3.1

£.3.8

5.3.3

5.3.4

5'3‘5

it ie asssumed that 50-year return perlod s&storm
rainfall produces 50-year flood. Simllar is the
agsse for 25-year flood and 100-year flood,

A generalised conolusion regarding the base and
lose rate are asassumed to hold good during the
design flood avent.

Limitstlons

The data of 20 oatchmente has been considered for
developing & generalieed approach for a large =sub-
zone, howaver, for more relisble relatlonships the
data for more suitable ostchmenis would be
degirable.

The method would be applicable for resasonably free
gatohments with interception, Aif any, limited to
20% of the total ocatohment. For oaloulating the
discharge, the total srea of the ocatochment has to
be considered,

The approsch developed mostly covers the ocatchment
with flat to moderate glopss,

Conolusicns

The methodology for estimating the design flood of
50-yr return period inocorporated in the body of the
report is reoommended for adoptlon.

The report alEo recommends the adoption of design
flood of 25-yr and 100-yr return perioda taking in
to sooount the type and relatlve lmportance of the
etrustures.

The flood formulae with different return periods
=hall ba used only for preliminary design.
However, for final design, design flood shall be
estimated by epplication of storm rainfall to
gynthetio unit hydreograph.

Formulse for fixing the linear waterway of oross
drainsge struotures on streams in Betwa subzone
may be used at the disoretion of the design
encineer,

25-yr, 50-yr and 100-yr flood may be estimated
veing modal loms rate of 0.23 om/hr. 25-¥r, 50-yr
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£.3.6

5.4.0

afid t-py Fleod fsopmules alongwith respeative for-

mulae for linear waterway of bridges are in

Annexure-1 which may be used for preliminary

degigne, Hwever, for final designs,the design flood
128 to be sstimeted using the detalled procedure in

the 1llustrative example.

The repor%t is applicable for the catchment area
ranging from 25 &q km to 2600 &g km. Further the
report may be uesed for large catohments upto 5000
g2 km baeed on ecund Judgement and ocons=idering the
data of nsighbouring catohments alsc., However, in-
dividual eite oonditions may necessitate special
gite study. Engineer-in-charge at site is advised
to take a pragmatio view whils. dﬂuidinﬂ the design
diecharge of a bridge.

noope for refinement in values of dealan discharge

Wherasever it 1s rossible to derive reliable unit hydro-
grarvh/deeign storm/design loss rate value based on
looal) cbezervation data, such UG/design storm/design
lgcz2sz rate wvalues oculd be used in preference to region-
aliszed values given in this report.
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TABLE : T - |

CONPOTATION OF RQDIVALENT SLOPE (S) OF BRIDGE KO. ; 76171225 C.4. = 53.70 S5q.Miles (154.62 5q Ku]

b= 1450 Hiles (23.35 K] be = 6.10 Hiles (9.82 Fa)

‘Reduced Distance iBeduced lLavels | Lemgthof |  Height Above  J(0' 14D ) 1§ LD #D) ]
iGtarting from  jof Biver Bed | Rach Segment | Datas Vit fil i
tBridge Site | l i (D)= Differeace | (M) o4)e 6)
.+ (Point of Stady) | oL : L .'. AR |

1 (Kile) V() | i | Betueen the i H i

| : L (file) | Datusand the | : |

' | : Vo its L (R) I I
| ' i , ; i i
L] I L] I ] ] i
i : ‘r : | i -
H i : i ! i i 5 i b i T i
1 ‘ } i i | |
i H H ; H : =
1 000 586.40 0.00 .00 0.00 0.06
2 L6l G50.00 4.60 £3.60 63.60 292.56
ST 70060 .70 113,60 1720 832,84

LI P 750.00 .10 163,80 27,20 e u

i 160 400,00 1.6t 213,60 n.u 603.52

£ .50 850.00 0.90 263.60 f11.20 429,48

S (LD +D) - W68
N O

= fLe(d +D))
i t-1 i 2908, 84

2 210.25
L
13.82563 ¥t /Mile

= 0.002618 F/it
4.62 H/kn
DATON = 586.40  1.e. BEDOCED LEVEL OF RIVER BED AT YEE POINT OF STODY




TABLE T - 2

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

S.No. State District Station Maximam Date
Rainfall
300 mm
1. Hadhya Pradesh Raesein Raesein(o) 365.8 10.8. 1933
2. " Keriakherl/ 371.3 22.8.191%
Gohanganj

3. Sehore Ashta 342.5 30.8.1973
4. Jabalpur Jabalpur 342.9 30.7. 18915
5. " Bijerarogarh 365.0 1.9. 1526
6. " Pariat 381.2 25.8. 1952
T. Panna Panna 365.3 8.8.1919
8. Damoh Mala 345. 7 10.8. 1952
g, Bhilsa Basoda 360.2 31.7. 1951
10. Rajgarh Biaora 431.8 T.7.1952
11. Sagar Khurai 310.8 10.7. 1919
12. Morena Sheopur 388.0 15.7. 1979
13. Rewa Rewa 773.4 16.6, 1882
14. Satna Satna 562.5 16.8. 1882
15, Chatarpur Howgong 462.8 20.6. 1887
16. Harsingapur Harsingapur 422.1 T.9.1881
) 7 £ Shadol Umaria 385.3 19.8.1923
18, Uttar Pradesh Lucknow Malihabad 324.86 1.9.1815
19. Unnao Hasanganj 412.5 - 1.5. 1915
20. Rasbareli Solon 318.0 9.9. 1893
21, Pratapgarh Pratapgarh 355.86 27.8. 1303
22. Banda Badausa 406. 4 16.6. 1982
23. " Karwi 421.8 30.7. 1875
24, Kanpur Derapur 508.0 18.6. 1882
25. Fatehpur Khajwa 514.9 31.8,1915
26. Allahabad Allzhabad (o) 393.2 30.7.1875
27. ¥ Meja 512.1 22.6,1918
28. Jhansi Lalitpur 384.0 10.9. 1941
29. Jalaun Kunch 368.3 29.7.1881
30. Hamirpur Mandhera 334.0 30.9. 19823
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51.Ho.Bridge No Area L Le SEQ@ L/54 5
(=a. km. ) {(km) (km) (m/km)
1 2 3 4 5 B T
1 986/600 2610,72 139,75 81.79 1.33 105,075
2 22 1757.88 90, 16 36,39 0.6875 133.57
3 820 297.8% + 42,75 22.75 0.7E65 56.623
4 63T 266,40 34.40 16. 40 3.086 11,242
5 TB1/1225 154,62 23.35 9.82 2.62 8.912
5] 1145 143. 44 25.76 11.27 2.27 11,348
T 1222/1 123.03 28.26 12,08 1.84 15. 358
8 603 B5. 47 26,23 17.22 1.13 1.675
9 11- (k) 88. 00 21,20 10.80 2.6 23.212
10 1238/770 64,23 22,70 3.96 D.61 g, 154
11 650/1046 43,72 9,85 4,02 5.7T6 37.213

e A . e S i o B S L T O T S S o



BEPRESENTATIVE 1-EOOR OBIT GRAPE PARAMETERS TABLE - 3
SGB J0E 1 (C)

SL.EO. BRIDGE tpIN QP IN qpIN te DN TBIN WSO IN WS IN RSO IN WRTS IN
§0. B0UES  COMECS ©OQ/I¥  HOURS  EOORS  HODRS  HODES  EOGRS  HOORS

1 i 3 1 L] L] T ] L] 1 i
1 966/600 1450 39060  0.15 L.O0 B6.00 1428 7.0 5.00 250
: a2 650 3560 020 o0 3.0 L2000 540 330 180
3 BIo/13El 1150 s0.00 o.17 LoD 3000 1640 10.20 660 440
i 641 5.50 ME.00 051 .00 2n00  LT0 080 060 0.0
S TeL/1225 350 TR.06  0.50 Lo0 a0 500 260 180 1.00
B 145 3.50 9500 068 LD MO0 280 LG® 075 0.5
1 1222 8.50 3500 028 LO0 29.00 7.0 &G0 280  1.60
§ 603 10.50 23,00  0.27 LO0  82.00 6.80 540 330 .10
] i-8 550 M0.00 o4 LO0 1600 S0 275 228 LM
10 123770 2150 540 008 L00 12500 20.00 G.00 550 2.0
Il 650/1046 150 4250 097 LO0 600 27  LE0 L0 O
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TUBLE - 1

7148 DISTRIGUTION CO-BF8RCIENTS OF AREAL RATHRALL

SOB-IOKE 1(c)
DISTRIBOTION CO-ERFRCIENTS BOR DESICH STORM DORATION OF 2 -24 HODES

T
20 HONES

;
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1
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1
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1
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W o nn

19

§

L]
e
=
=
=
=

Loo H
1.00 0.95 23

1.00 0.98 0.97 22
1.00 0.98 0.97 0.86 21
1.00 0.98 0.97 0.9¢ 0.94 20
1.00 0.98 0.97 0.95 0.94 0.9 18
1.00 0.98 0.97 0.95 0.94 0.92 0.91 18
100 0.99 0.95 0.95 0.94 0.92 0.91 0.90 17
1,00 0.98 0.97 0.95 0.93 0.92 0.90 0.89 0.88 16
1.00 0.8 0.97 0.96 0.93 0.91 0.89 0.88 0.87 0.85 15
100 0.58 0.57 0.96 0.94 0.91 0.89 0.87 0.86 0.85 0.63 N
1.00 0,98 0.97 0.95 0.93 0.92 0.86 0.87 0,85 0.84 0.82 0.81 13
1.00 0.98 0.96 0.95 0.93 0.91 0.90 0.86 0.84 0.82 0.81 0.79 0.78
1.00 0.98 0.96 0.94 0.92 0.91 0.89 0.88 0.83 0.81 0.79 0.78 0.76 0.75 11
100 0.98 0.96 0.94 0,91 0.90 0.90 0,87 0.85 0.80 0.78 0.76 0.74 0.73 0.72 10
1.00 0.98 0.96 0.94 0.91 0.69 Q.87 0.85 0.84 0.82 0.76 0.74 0.73 0.72 0.70 0.8%
1,00 0.98 0.95 0.93 0.91 0.87 0.86 0.84 0.62 0.80 0.78 0.73 0.71 0.69 0.67 0.86 0.54
100 0.97 0.94 0.92 0.90 0.88 0.84 0.82 0.80 0.78 0.75 0,74 0.68 0.67 0.84 .0.63 0.82 0,61
1,00 0.97 0.94 0.91 0.8% 0.85 0.84 0.80 0.77 0.75 0.72 0,70 0.88 0,63 0.81 0,80 0.50 0.57 0.56
1.00 0.7 0.92 0.90 0.87 0.84 0.82 0.5 0,73 0.70 0.68 0.67 0.85 0.63 0.57 0.56 0.54 0.52 0.51 0.50

1.00 0.87 0.93 0.86 0.84 0.81 0,78 0.76 0.73 0.56 0.64 0.62 0.60 0.58 0.57 0.50 0.48 0.45 0.45 0.44 0.41

1.00 0.96 0.91 0.87 0.80 0.76 0.74 0.71 0.8 0.86 0.58 9.56 0.54 0.53 0.51 0.50.0.40 0.39 0.37 0.36 0.34 0.33
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Bourly ralofall distribotion co-effaclents are glven lo the vertical

columns for varfous desige storm durations from 2 - 24 bours.
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FIG.— 2

Unit Roinfall Duration adoptedin a specific study(hr)
Time from the start of rise to the pzak of the U.G (hr.)
Peok Discharge of Unit Hydrograph (cumecs )

Time from the centre of effective rainfoll duration to the UG peak (hr.)
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