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FOREWORD .~ -

S th'gives.me great pleasure o khoW-‘thét.’the"fépdrt;”WEStim&tion of

: Deéign-Fl@dd'Peak" - A method based on unit hydrograph’ principle, - has been
very well received by the various Engineering Organisations and  Institutions
in the country, and the increasingfﬂdémand for it has  called for the / second
reprinty - : B o : i

T THe repbrt,ﬁfirstﬂpublisheadin'1973,'has utiliZedlthe 'stadéfﬁiéchargé

- and rainfall data of 60 'railway bridge catchments spread all over the vountry,

The initial. effort put in to bring out this publicaticn déservés“app:ec;atibn;;”"
as it has for the first. time, given a rational method ‘of - computing design

floodfdisdhétgefformdrainage.areas,betweeﬁ 23 to 500 sq.knms., thereby idispen;t{;;:;ff
‘sing with the empirical approach. T e o '

fWithathe\bASSEge~of time,"gaﬁgeqdiscﬁarge and.shoft,duratidﬁ-'iaihfailf

héata has become available - for more than 400 bridge catdhménts.ffo_ ut£lising
this data, the Hydrology Directorate (Small Catchments) of the ' Central - Water =
. Commission isg endeavouring to bring out, under a.Long Term Plan, a: series of & -

reports on the 'methOQ-of_ design flood estimation in hydro-metéarclegically
homogeneous regions of the country,. Twenty Six such regions have been identiw.

fied, and-:'upto now, reports  for ~the leernfGangétib“Plaiﬁsf(qu;Zone_1(g)h-4'
. Lower Godavari. Sub-Zone (sub-zone 3(£)),; - Lower 'Nafmada~“and-vTapi“ Sub~Zone

(Sub=Zone 3(b)) and Mahanadi Sub-Zone (Sub-Zone 3(d)) have beén published, Tt
is“deSifable'that'for_drainage.areas in the.regions’ for. which - such:  regional
reports havé;bEenlpubriShedj the methods suggested therein are. adopted, ..

O (H.S. KRISHNASWAMY)
MEMBER (WATER RESOURCES), C.W.C.
& EX-OFFICIO ADDITIONAL SECRETARY
- TO THE GOVERNMENT OF INDIA
S NEW DELHI ‘




PREFACE
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The later half of the 1ast century witnessed the -
flrst 1moact of 1ndustr1al revolution in this country. Thls‘ )
dtought in its wake con51derable improvement in the commun1— .

“cation systems._There are many thousands of bridges built” at

,"of these. bridges. However, the mult1p11c1ty of authority -
”5”and multlfarlous control w1thout ~coordination of " efforts
"naturally had thelr 11m1tatlons and the- bridges constructed
;suffered from lack: of standardisation and uniformity.  After .
'tlndependence, when most ‘of- these communlcatlon llnks becamet

. ed profltao;e to review the methods of design of bridges in
o fthe llght of. tne latest knowledge and -expérience gained 'and - ..

.. 'to, formulate. standards which - should generally gulde the =
Lvlde51gn of hrldges in tuture.,

'*:thlsrt_ne on these' communlcatlon media. Some of them" are
ﬂ_tﬂ_standlng for over a century now - bearing  testimony tovthe
‘:, 1ntu1t1on, skill and sound. judgement of the Englneers in

India who did ploneerlng work in the design and construction

the resoonelblllty of’ the Union. Government, it was consider<

w1
sl

o Government of Indla app01nted a Commlttee' of
”Q;Englneers under. the Chalrmanshlp of Dr. A. N. Khosla who con-
:sidered the various aspects of bridge’ design and submltted'

»ethelr‘report in’ 1959.~ ‘The Commltteel made . valuable recom-

- mendations. It has been recognlsed that the ba51c factor in

‘:the degign of a brldge is the assessment of flood discharge . -

to be safely passed through the structure. The necessity of

. systematic and sustained collectlon of hydro—meteorolog1cal

data has- been stressed.  Short Term and ‘long Term plans for

) -ach1ev1ng the ohjectlves have been suggested. For implemen-

' -tlng these plans, the Commlttee_ recommended the setting up
‘ of speczallst cells, on & permanent basis, in Ministry oij

Rallways,. Mlnlstry of Transport, India Meteorological
Department ~and Central Water and Power Commission. In

pursuance of the reconmendatlons of - the Commlttee ~of
‘Engineers, Flood Estimation DireetOrate in CiW.& P.C. has

been eéstablished in 1965. The Planning and Coordinating

'f“chm1ttee was constituted  for - planning = and allocatlng

‘the work and for reviewing and approving for publlcatlon thel

‘results of the tudles of the various cells.
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- The work under.the_‘Short Terﬁ Plan has since been
completed. The method evolved for estimating the design.
flood peak for small drainage basins of areas from 25 to

500 sq. km. is presented in this report. The Planning and
Coordinating Committee during the 2lst Meeting held in

August, 1972 have given their approval and recommended the

“method for application pending development of better and
. improved methodology under the Long Term Plan.

This report is based on the studies carried out by
Flood Estimation Directorate of C.W. & P. C. in respect of

Unit Hydrograph Analysis, Rainfall-Runoff relatlons and”
.general methodology to be adopted for estlmatlng the de31gn

flood. Rainfall _depth—duratlon frequency studies _made_by
Hydromet Cell of India Meteorological Department have also
been included in this report in a summary form. The basic.

data for amalysis has been supplied by Bridges & Flood Wing

fo Research Designs and Standards Organisation of Ministry

.of Railways. The report constitutes Chapter VI of the com-
prehensive report being brought out by Ministry of Railways.

The views expressed and thé conclusions arrived at -are

- subject to periodical review and revision in the 1light of
further data being collected and analysed. The views ex-

pgessed in this report do not necessarily represent the_
views of Central Water and Power Comm15$1on.

.Strenuocus work done bY“thee Offigers and staffuef
Flood Estimation Directorate for bringing out this report is
acknowledged. Considerable effort put in by Shri P. Rama-
krishna Rao, Dy. Director in carrying out the studies and in

l drafting the report needs special mention.

sd/-
| | - (GURCHARAN SINGH)
NEW DELHI-110022 - DIRECTOR (FLOOD ESTIMATION)
FEBRUARY, 1973. CENTRAL WATER & POWER COMMISSION




"CONTENT S

1. INTRODUCTION |

.2. ' DESIGN FLOOD DEFINED

3. OUTLINE OF THE METHOD

4. TUNIT HYDROGRAPH PARAMETERS

5. POINT. RATNFALL VALUES

6. AREAL TO POINT RAINFALL RATIO
7.  ESTIMATION OF RUNOFF

8. EFFECT OF TEMPORAL DISTRIBUTION OF RAINFALL
EXCESS - ; - ‘ .

9.  BASE FLOW

10. CONCLUSION

APPENDIX I - ILLUSTRATIVE EXAMPLE

APPENDIX IT - ISOPLUVIAL MAPS OF MAXIMUM RATNFALL
OF 50 YEAR RETURN PERIOD

vi

S 14

19

- 25

31

32

34

36

ks




1. ITNTRODUCTION

The flood peak and the time distribution of run-
off from a drainage basin during a rainfall storm depend on
the meteorological conditions and on the physical charact-
eristics of the basin. To find a formula or to evolve &
method that makes it possible to predict, with reasonable
accuracy, the flood peak knowing the meteorological fea-
tures of a rainfall storm and the physical characteristics
of the drainage basin is a task engaging the attention of
hydrologists all over the world.

For. determining the waterway and  foundation
design floods of desired frequencies for bridges and cross
drainage works across innumerable number of small streams,
economic considerations do not Jjustify, even on a moderate
scale, detailed hydrological and meteorological investi-
gations at every individual site. It would be of immense
value if formulae of general wvalidity could be evolved in
which only significant parameters of limited number appear
characterising the basin system (such as area of the basin,
slope and length of the main stream) and the rainfall storm
(such as depth, duration and frequency) that could be
easily evaluated.

Earlier attempts in India resulted in the empiri-
cal formulae developed on the basis of limited experience
or study made with liberal assumptions.

Dickens

. 4,
0= CA;/- with € = 400 +o 1400

This formula is used widely in North and Central

India.




A n2/3 |
Q = CA for. maxlmum flood peak

.\‘

Thls formula is w1de1y used in ' South Indla with
the value of € varying from 450 to 2700. '

Inglis

0 CA/ (A+4) / | fer_fanéshaped‘baEins'With-

]

c 7000.
' Thls formula 15 used in Western Ghat reglon.

Nawab All . Nawaz Junq
: Q _ (a—b log A)

where a = 0.89 to 0.92 and b = 1/14 to 1/16 |

'For Tunga Bhadra Rlver Ba31n. a = 0. 92 b = 1/14 and
1750. ‘ _

These formulae made use of only one parameter viz. ‘the arca

A of the drainage basin in sq. miles. The constant con- .
necting the maximum flood pesk and the area of the basin is’
manipulated in an attempt to account for the host of 1nter—
related factors which impart different- flood: produc1ng pot-

- ential. Judgement involved in the evaluatlon of these co-'
efficients’ imposed a serlous - limitation on- the scope of
these formulae. : |

In view of the complex nature of the condltlons
- obtaining in drainage basins and rainfall storms, the re-
lationships with area alone as a parameter w111 not be adeq-
uate. The prdblem is two-fold:

i) to select a minimum humber of vparameters that
truly represent the basin response to the
storm,

ii) to account for the tcomplexities of the pat—
' terns of the rainfall storms.
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Unit hydrograph represents the response of the
drainage basin to a storm of unit rainfall excess. in this
report, a method of estimating the flood peak from small
drainage basins based on the unit hydrograph principle is

described,




2. .,DESIGN FLOOD DEFINED | - ;

The estlmatlon of flood peak of a given frequency
due to a design rainfall storm is difficult to achieve due
to the fact that each element in the estimation Procedure-
1ntroduces ‘some joint brobability making the ' frequency of
the flood different from that of the rainfall storm. If
‘average values of all except one parameter are used to es--
timate the design ' flood, it is considered reasonable to
expect that the flood will have more or less . the same fre-
quency. as that of the parameter. Thus, the design flood is
- defined (Chow V.T.,1964%) as the maximum peak.rate of. run-
off that would occur under the average physiographic con-
i dltlons of the drainage basin due to a rainfall storm of a
‘glven frequency and of various- durations,

The Khosla Committee of Englneers designated the
flood ' with a 50-year return period as the design flood to
be adopted for the design of waterway of brldges Hence, -
- the storm rainfall with a 50-year return period is taken as

the de51gn storm. :

For the design of foundations, however, the Commit-
tee felt that. it will be prudent to provide an adequate
margin of safety and suggested the adoption of a higher
flood which is 30% over the design flood for watexrway for
small catchments upto 200 sq. miles. -

*Chow-V.T.:- Handbook of Applied Hydrology, Mc Graw Hill
- Inc. 1964 Section 25, page 24.°




3. ©  OUTLINE OF THE METHOD

"The unit hydrograph method assumes that the basin
response to the storm is linear and hence the. flood ‘hydro-
graphs produced by storms of fixed duration but varying
volumes of rainfall are substantlally similar. - The method
has the intrinsic advantage in that the runoff from any
de51gn storm could ‘be obtalned by s;mple super—pQ81t10n
principle. ' o

The steps involved in the estimation of flood peak
utlllslng the unit: hydrograph principle are schematlcally
shown in Fig.1 knowing the point rainfall (Rp) of desired
.duratlon and- frequency, the corresponding areal rainfall
(Ra) is cbtained by multiplying with areal to point rain-
fall ratlo (p) ‘and the rainfall excess is obtained by
. applying the loss rate. The maximum flood discharge (Qmax)
is then equal to the base flow (Qo) plus the product of the

'__volume of rainfall excess and the peak value of unit hydro—

graph (Qtc) of the same duration (tc) as the rainfall ex-
cess., . To allow for the effect of non—unlform distribution
* of rainfall excess in time and space, a factor could be
introduced at the end. '

: Thus, for estlmatlon of peak rate  of runoff 'the_'
following factors are to be determined or estlmated°

a) Unit hydrograph parameters:
i) Qto, the peak value ef‘tc hours U;G,

- ii) te,  the dura%xon' of ralnfall excess of
design storm.




b) Design'rainfall stoxrm parameters:

i) Point rainfall of desired frequency and of
- duratlon of tc hours

'ii) Areal to point rainfall ratio, p.
iii) Loss rate or runoff factor.
c) Base—flow.

!

The procedure for evaluating the above ~ factors for -

'ba51ns‘for which rainfall and runoff data 1s. available_is

described in the following paragraphs. Correlations have
been developed for use in estimation of design £lood peaks

" in case of ungauged ba51ns.

~
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4. - UNIT HYDROGRAPH PARAMETERS

" Unit hydrograph (UG) is to be derived from the
Short Term observed rainfall-runoff data as per the stan-
. dard procedures. In the absence of observed data, syn=-
thesis of unit hydrograph or. estlmatlng the requlred U.G.
parameters using the empirical relationships derlved on the
basis of the analysis of gauged basins may be resorted to.

Sixfy drainage basins of different shapes and

'areas (from 10 to 200 sg. miles}) have been analysed. The
basins selected represent different climatic conditions and

do not contain any major-tank or flood control structures.
~ The location of these basins is shown in Fig. 2. The char-
acteristics of the basins analysed and the U.G. parameters
~are given in Table 1. As the rainfall data were available
at one hour interval, it has been possible to derlve unit
hydrographs of one hour duratlon. : :

_The' U.G. .parameters selected are 'defined as
under : o o '

i) tp is the time measured in hours from cen-
troid of rainfall excess to the peak of
hour U.G. ‘

Is

ii) @p is the peak rate of l-hdur_U.G. in cusecs.

iii) Otp-is the peak rate of tp hour_ U.G. in
cusecs. :

iv) op = Op/A in cusecs/sq. miles.

v) dtp =0tp/A jn cusecs/sq. mile, where A is the .

area of the drainage basin in sq. miles.
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The basin'characteristics choseén are'defines as under:

iy A is the area of the dralnage basin in sq.

“,mlles.

: iif' L is the '1ength of the main stream in miles
- from the upstream water‘ divide to the bridge
s1te. : :

iii) Lc is the 1ength of the main‘ stream in miles
from the . bridge. site to a pdint on the main

stream near the Centre of grav1ty (CG) of ‘the

: catchment area..

-iv)' W 1s the" mlnlmum. w1dth of the catchment ;'in
- mlles measured at C. G. of the catchment.

'V)"Sst is the welghted mean 'slope of the maln_

stream as a ratio glven by the relation:

Sst_fr -
' 11181 '-+ 12/82 +_;'.

" Where sl, S, 33 are the. slopes of the main stream

- in the reaches . of. 1engths 1., 1.1 aeecennse. into
~which the length, L of the main Stream is divided.

- vi) SLC is the weightéed mean slope of the main

stream as a ratio given by the relatlon'
, 2

SLC = e
R 1 )
.1‘1/8_12 + l2/e2%+.

Where s., sz,s are the  slopes - of the main stream in

l reaChes Of lenghts 11 12 ¥ 1 teracne .. e me lntO Wthh the )

: 1ength, Lc of the main stream 1s d1v1ded.

The results of the attempts to correlate the U. G.
parameters viz., tp( time measured from the ‘centroid of

rainfall excess to the peak of a short duration U.G.), .. and

Otp (peak of tp hr U.G.) w1th the catchment characterlstlcs_ X

are dlscussed belcw-=_




4;1 :§§timation of Otp’

A plot of - Otp vs. A with  SILC as - parameter is
shown in Fig. 3. It is 'seen that the effect of SLC - on
Qtp is not- 51gn1f1cant for catchments with high stream
slopes v1z.,' SLC gtreater than 0. .0028 (or 16 £t/ mile). .
However, for. catchments ' with SLC less than 0.0028, the st— - .
ream slope is a significant factor. The parameter SLC is S
‘preferred to Sst for. the reagon that ' the estimates of the.
former are comparatlvely more rellable.-“”

.The dlfferent equatlons, f1tted by ' regression
 analysis, are given in Table 2. Data of catchments with
area less than 30 8q. miles have not been utlllsed for
~developing the relations, as rainfall and runoff data at "
‘short durations - required for der1v1ng ~a reliable. unit
hydrograph are not availabie. ‘A few brldge data, which do &
not . follow the general trénd,have also been excluded from
the analysis. A critical examination of data of these
catchments would be necessary to. enable to flnd the reason
for thelr devzatlon from the general trend. :

. The follow1ng equatlons nﬁy be adopted for Y- 2
tlmatlng Qtp-' '

- #i} = For. catchments w1th SLC less than 0.0028

“ii) Fbr catchments with SLC. greater than 0. 0028

Otp = 320 A3/4..".. P R 1

The constants and indices as ‘obtained by regression analys— _
is have . been rounded off such that the final results do = =
not materlally change. . -

A plot of the observed vs. estlmated values of Qtn e
‘for all the 60 bridge catchments is shown in Fig. 4. The o
scatter of plotted p031tlons is 1arge. waever, such scatt-
" er is not uncommon in similar hydrological studies. |
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The scatter cannot be entlrely attrlbuted to the errors in
‘data. The main reason for such high variation may be due
“to the fact that the man's activities resulting in dlfferent
degrees of interference against free drainage ' such as the
existence of (i) minor irrigation tanks (iid) bridges and
culverts w1th 1nadequate waterway. or with embanked roadways_
and rallways across the trijbutaries and main stream,(111 ).
bunding .for irrigation of areas  in. ‘the  catchment etc.
These obstructions would be responsible for different deg- .
rees of attenuation of the peaks of the ° hydrographs .
FUrther, some catchments are drained by shallow stream with
flood plalns. A detalled study of the effects of these
factors is. beyond the. scope of this- report._ :

‘ The relatlons derlved are valid for catchments in
whlch the flood is contained within the banks of the stream.
For streams w1th significant flood plains, these relatlons

tend\to overéstimate the de51gn flood peak. ‘

--4.2‘ _ Estlmatlon of tp

: The plot of tp vs. Qgtp is shown in Fag. 5. It is
seen that the follow1ng equation, found by regression ana-
lysis, is the best representatlon of the data of the 60
brldge catchments' :

tp = 233/qtp

0.9

3y

Corr. coeff. r = 0.94 TO 0.97
‘Standard-deviation: loge— = 0.0744

e = 1 19

The reason for the scatter may be attributed to the

fact that . the estlmates

of ‘tp are not unbiased as the

ralnfall excess

beginning of direct surface runoff or the:
for measuring tp are not well deflned.- Since the. observa-_
‘tions
the estlmates is’ pOSSlble-

a The equatlon (3) is preferred to. other normal types‘A

of relatlons in vogue (correlatlng tp with basin character-
istics) for the reason: that the errors in: the estimation of
gtp. and tp would be compensatory in nature. The_effect of

12
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overeestimatiqn of gtp is to under-estimate the-value of tp.'
Further, the equation (3) gave high correlation with minimum
standard error. . : :

4.3 Duration of Rainfall Excess

The duration of rainfall excess (tec) that produces
the design flood beak depends on thé‘shape of the U.G. or’
U.G. Parameters, on the meteorological characteristics and
on the soil complex "and soil moisture conditions of the
basin. Studies revealed that the duration (tc) varies frem
tp to 1.2. tp and can be taken as equal to 1.2 tp without
appreciable . error for conditions obtaining in Indian catch-
ments. The error in estimating tc is less important since
the rainfall value-varies_approximately,as'(tc)n,_n varying
from 0.2 to 0.5. The error in the estimated . flood peak
would be of the order of + 10% due to the error of + 30%
in te. ' o S

Thus, the duration of rainfall excess (tc) can be
estimated using the;equaﬁion: :

tc - 1.2 tp =280/qtp0'9 "- - - L] L ] -. (4)
As the reduction in'peak rate (gtc) of tec hr. U.g.
over ‘the peak rate (qgtp) of tp hr. U.G. is insignificant,

- it can be assumed that:

dtc = gtp

13
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5.  POINT RAINFALL VALUES o | N -

The India Meteorological Department, New Delhi, have
evaluated the extreme point rainfall values of different
durations for different return periods and have prepared
isopluvial maps covering the entire country.

One hour extreme . rainfall values corresponding to
return periods of 2,5,10,25 and 50 years have been computed
based on a fairly long series of data from about 100
self-recording raingauge stations. Maximum rainfallamounts
“in 1 hour from each year of record for a particular station
-were listed. The annual maximum series thus formed was
treated by Gumbel's extreme value technique for obtaining
the rainfall extreme values for different return periods.
‘Similarly, rainfall values for duratlons of 15 min, 30 mln,
" 45 min. 3 hrs, 6 hrs, 9 hrs, 12 hrs and 15 hrs for return
periods of 2, 5, 10, 25 and 50 years have been computed
from the autographic data of rainfall from about 60 sta-
tions distributed over the country and having”data-for at
least 5 years. Observational day maximum rainféll for re-
turn periods of 2,5,10,25,50 and 100 years has been comput-
ed using records of about 1600 ralngauge stations  having
daily data for at least 50 years.

For intermediate durations, the maximum rainfall
values can be picked up from depth—duratlon-frequency curv-
es. ‘The maximum rainfall values, for different durations
and for different return periods estimated from the isoplu-
vial maps, may be plotted on logorithmic paper and smooth
‘curves may be drawn through these points. While drawing the
smooth curves, much weight may not be given to the  points-
representing the maximum ralnfall values for 12 hrs and 15
hrs durations.

‘ Isopluvial maps for return periods of 50 years have
. been appended for ready reference. Maps for other return
periods ‘can be had from India Meteorological Department.

14




5.1  Ad4justment Factors for Point Rainfall

The values given by India Meteorological Department
on the isopluvial map for 24 hrs. duration are observation-
al day rainfall amounts. For obtaining the maximum con-
' secutive 1440 minutes rainfall amounts, the values given
on this map need to be increased by 15% as per the results
of detailed study made by I.M.D. No such adjustment is to
be made to the values read from the isopluvial maps for
durations of 15 min, 30 min, 45 min, 1 hr, 3 hrs, 6 hrs,
9 hrs, 12 hrs_and 15 hrs. '

Further, the data for the frequency analysis of
point rainfall considered has been based on the annual
maximum for each_duration. These maxima for any year may
belong to different storms with the result that a - rainfall
intensity-duration frequency curve constructed from these

data show greater amounts for all durations than the = cor-

responding within-storm amounts for total storm depths of
the same frequency. :

From a study of the rainfall-runoff data for a-
large number of drainage basins of areas upto 200 sq. miles
it is seen that the maximum flood peaks are invariably
produced by storms of long duration of owver 12 hrs. con-

taining high intensity spells, whereas low peaks are pro-

duced by short duration storms though the intensity may be
higher. Thus, the design rainfall value of the required
duration and frequency should be the within-storm rainfall
value. ' :

_ © India Meteorological Department made a study to
estimate the adjustment factors for converting the - point
rainfall values read from IMD maps to within storm values

utilising the available data of selected self-recording

stations situated in different climatic. zones of  India. .

The adjustment factor (ratios of within storm values to

among . storm values) are calculated for return periods of 2,

5, 10, 25 and 50 years. The results of study, given in

* U.S. Weather Bureau: "Rainfall Intensity - frequency
o ' regime" Tech. ' Paper No. 29 (pt.3)
-=1957-58. o
15

‘N




Table 3, show that the return period has significant effect
on the adjustment factor. The adjustment factor varies
from 0.70 to 1.0 depending on the duration and the return
period. However, for a 50-year return neriod, the factor
is nearly 1.0 for all durations. Further, it is also ob-
served that the highest maximum rainfall values at each
station are the within storm values. As the design stoxm
is of 50 year return period, the adjustment factor is 1.0
for purposes of design flood estimation. Thus, the de>th-
duration curve based on the maximum point rainfall wvalues
read from the isojluvial maps for different durations and
for a return oeriod of 50-years represents the cumulative
rainfall depth-duration curve of the design storm.

16
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6. AREAL TO POINT RAINFALL RATTO

Data of 12 dense networks have been studied. The
networks selected are for drainage basins with areas vary-
ing from 40 to 300 sqg. miles. Number of raingauge stations
~and the length of record available are given in Table 4.
The locations of networks are shown in Fig.6.

- For each raingauge station, hourly rainfall data
are available. Annual series of maximum 3 hrs and 6 hrs
voint rainfall recorded by each of the raingauge stations.
in the network are formed and treated by Gumbel's extreme
values technique for obtaining the rainfall extreme values
for a 2-year return veriod. - When the length of the record
is less than 4-years, partial series have been formed. The
mean of the 2-year point rainfalls of all raingauges within
the basin will be the representative »oint rainfall for
the network.:

‘ Areal rainfall values have been compouted by Theis-
sen Polygon method.  Annual series of maximum 3 hrs and 6
hrs areal rainfalls for each drainage basin .are formed and
the extreme values for a 2-year return period are obtained.

The ratios of Areal rainfall of 2-year return
period to the representative voint rainfall of 2-year re-~
turn period for durations of 3 hours and 6 hours are com-
puted for each network (Tables 4 & 5) and Plotted against
the area of the basin. These blots are shown in Fig. 7 & 8.
Mean curves are drawn through the plotted positions. It is
vossible to fit the following single equation to the mean
curves representing the relationship between the ratio and
the area:

-~

P = exo (-a3pl/2, o oo - (5)
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‘Where p = aréal to point raihfall_ratio.

A - area of the basin in sg. miles and

T duration of storm in hours.

< ' : ! N . S
The scatter of the plotted positions 'with respect
to the mean curves is considerable. Reliable estimates
would require a greater number of networks with reaéonable

length of record and synchronised continuous readlngs of a

'closer network of ralngauges.

It'ls assumed that the tlme of the year, return
nerlod and magnitude of storm shape ‘and orientation of the
area etc. have no significant ' effect on the' relationship.
Detailed studies have been taken up by IndlaiMeteorologlcal
Department and pendlng completlon ‘of these studies, equa~:
tion (5) or Table A prepared ‘on the basis of eguation 5
may be used to estimate the areal to point rainfall retic.
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7. ESTIMAT_ION..oF_'_RIJﬁoEF .

:7,1_ Init1a1 Loss

Inltial loss nay. be deflned as that portlon of a '

.rstorm,Whlch is intercépted - by vegetatlon held in depres-

- sioh storage,. lnflltratlon at-a hlgh rate or "is lost

through the stream bed and banks prior to the commence-
“ment of surface runoff. Snyder ‘has -defined initial loss as

'.the "maximum amount of prec1p1tatlon that can occur under_"
specific conditions without producing runoff”. \As - design

"storm is expected to be a long duration storm that occurs

‘during rainfall season only, it lS con51dered reasonable to’
' assume that the initial loss is met by the spells’ of ' rain-
fall prior to the high intensity spells. Thus, initial
‘loss for these hlgh intensity spells of desrgn storm may be

assumed to be ‘Zero.

(

7.2 “. Loss Rate-

' ‘ _ The factors affectlng runoff in a" draznage basin
., vary from storm ‘to storm" considerably. Hence, a - direct

plotting of rainfall versus runoff of the individual ‘storms

results in a wide scatter of the plotted p01nts giving no

- satisfactory correlation. The relation may improve by con-
sidering factors such as initial soil molsture condition,
' storm duration, soil type and. vegetal cover, Such detalled
.analyses are, however, beyond the scope of the study envi-

saged under the short term-plan of the Khosla Committee of

=dEng1neers and have been deferred for the Long . Term plan.

From a study of the ralnfall-runoff data for .a

.large mumber of drainage basins of areas from 10 to 200. sq.,

-mlles, it is observed that-‘

i) MaX1mum flood peaks are: 1nvar1ably produced by

.:.25.




storms of long 'duration_of.'OVer 12 hrs con- -
-taining high intensity spells, whereas 'low

peaks are . produced . by-short duration storms

though the intensity is higher. Even in the .
case of lohg duration storms, higher peaks are

produced if high 1ntens1ty spells are_preceded

by low intensity spells. It may be reasoned

that most of the initial rainfall is absorbed
in wetting the soil and that rainfall - immedia-
tely preceding ' the high- 1nten51ty spells is

31gn1f1cant for. small basins in' producing ‘high'

flood. peaks.

oo dd) The plots of total rainfall'of long duration
. . stormis against the runoff -with soil type as a-
parameter showed goed correlatlon.. The reason

. for. good. correlatlon may be attributed to  the

fact that the time of the year (flood season)

as a parameter is implied 1n the ana1y51s. It

would be reasonable to assume that such condi-

© tions exist at the tlme of - occurrence of the-_

des1gn storm.

Ralnfall runoff data 'of three dralnage baslns with

K

clayey type of soils are given in Table 6. and of three .
dralnage basins with loamy soils in Table 7. only storms‘

which produced flood peaks of the maghitude of the mean
© annual flood peak and above have been selected. As the
number of storms producing high peaks in small for indivi-

~dual basins, the data of basins of similar soil characteri-

stics ‘have been comblned to enable- derlvatlon of ‘relations:
“-ship. between ralnfall and runoff : : ' 3 '

The relatlonshlps obtalned by regress1on analysls
are as under: T -

" Clayey soils, - 'R = o. a7 ul-22
|  Corr. Coeft,r = 0.98
n*Saﬁdeloam-SQils.-R.= 0.33 m*18

Corr._Coeft., Y = 0 85
Where R = Total, dlrect surface runoff in inches.

'H = Total storm rainfall in inches.
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For other types of soils, the relationship may be

,obtalned by judicious interpolation and extrapolation based

. on relative permeabllltles. The - following relationshlps
~ (Table-B) for different soil tybes may be consldered as
'acceotable._ _ .

TABLE - B~

ESTIMATION OF RUNOFF

“Tvpe'of‘Soils!_ ___Runoff

S | o1,

1. \ ,Sandy 50115 o - 0.30 H 2
' ' ‘Ssandy" loam - w R =
| o O | o o 1.2
2 -CoastaL alluvium . 0.40 H
' ' 'Silty loam | R
3. ' Red soils. -~ o.50 B2
C - Clayey loam - o |
‘Grey & Brown alluvium

4- ‘ Black cotton soils o 0.55 H "7
B i . Clayey soils SR :

5. ] ﬁlHilly soils o -_"'__‘O.GO‘HI'?;

o ﬁ-Index approach to runoff estimation is a. simple
jtool and it represents the combined effects of interception,
~ depression storage and infiltration. The loss rate repre-

sented by @-Index will be lower than the actual rate in.

the initial stages and will be higher than the loss rate
- reached at the end of the storm. It is assumed that high
“intensity spell producing the design flood peak is preceded
. and succeeded by low 1nten51ty spells and it is considered

reasonable to take the loss, rate for the ‘high intensity

.

svell as equal to @g~Index for purposes of estimation of .

-runoff from the hlgh 1ntens;ty spell responszble for design
:flood peak. . o : :

As dlscussed in para 5 1 the depth—duration curve

,fér g return perlod of So—years represents the cumilative

29




rainfall of the de31gn storm.s HEnce, the= dlfference bet—
'-ween the max1mum rainfall values for . duratlons of 2 hours;-
”and 1 hour glves ‘the 'ralnfall during the' 2nd hour°_31m1-

larly ‘the dlfferencesl of ralnfall values of 3 hours and
2 hours durations gives the contribution during the 3zd
‘hour and 80 on. By keeping the high intensity spell at the-
middle, the rainfall hyetograph of the desigh storm can be
‘constructed. (Knowing the runoff ~from the ¥elationship
given in Table B, appropriate to the - type of the . soil,
ﬁ*Index can be estlmated o e

It is seen: fram Tables 6 and 7 that the duratlon of
ralnfall stoxrm produc1ng hlgh flood peaks is. generally over
. 15 hours for sub-humid regions. \Further,‘lt is observed
" from: depth—duratlon curves for on.return period of 50-years
that out of the ralnfall ‘of ‘24 hrs duration over B80% occurs
in 12 hrs in sub—humld -and humid reglons and over 90% in
arid and’ semi-arid regions. Hence, the _estlmated ﬁ—Index
“value reduces only. ‘s8lightly with the increase in the dura-

“tion of the design, storm heyond 12 hours and thus, it would -

'sufflce if an apbrox1mate estimate of the _duration of the
design storm is: made.i For purposes of the -estimation of @-
Index, the duration of ‘the de81gn storm may be taken as 24
‘hrs as the maximum ¥ainfall estlmates for thlS duratlon are
- statistically more rellable. X
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8. EFFECT OF TEMPORAL DISTRIBUTION OF RAINFALL EXCESS

The temporal distribution of rainfall excess is
assumed to be rectangular. However, if the rainfall excess
is distributed in such a way as to give the maximum peak
rate, then the increase in flood neak owver that with re-
ctangular distribution would be of the order of 2% to 20%
depending on the duration of rainfall excess and the shape
of the unit hydrograph. On the basis of studies on
drainage basis with different U.G. shapes it is concluded
that the following multiplying factors (Table C) would take
into account the effect of non-uniform distribution of
rainfall excess in time:

TABLE - C

ADJUSTMENT OF DESIGN FLOOD PEAK FOR
TEMPORAL DISTRIBUTION OF
RAINFALL EXCESS

Duration of | Upto i 3 hrs | 6 hrs | 9 hours
rainfall excess} 3 hrs § - to 1| to § to

| J 6 hrs | 9 hrs fl2 hours
Adjustment : 1.05 d 1.10 i 1.15 i 1.20
factor i to . ¢ to : to ! to

i 1.10 g 1.15 i 1.20 : 1.25

31




9. . BASE me

A study of a large number of small drainage ba51ns
in Indla revealed that the base flow during the flood sea-
son is varying from 5 to 40 cusecs/sg.mile depending on the
meteorological zone in which the basins are located. How-
ever, when compared to the ‘peak of the high floods, base

flow constitutes a amall percentage. Hence an approximate

estimate of base = flow would be adeguate. 'The following

‘estimates for base ‘flow'(Table-D) based on the observed

data on various basins, are considered reasonable:

TABLE - D
RECOMMENDED BASE PLOW ESTIMATES

Recommended base
Sub—-Zones flow estimates
(cusecs/sq.miles)

1. I-a (Luni basin)

I-b (Chambal basin)

I-d (Sone basin)

I-e {Punjab plains)

I-f & (Gangetic

g plains)
IIT-¢ {(Upper Narmada_andrTapi‘ 5
‘basins) :

III-e (Uoper Godavari Ba51n)
III-h (Krishna basin) '
III-i (Cauvery basin)
VII  (J&K, Kumaon Hills)

2. - I-g (Betwa basin)
IIT-a (Mahi and Sabarmati ba31n)
III-b (Lower Narmada and Tapl
basin)

10
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Table D {Contd.)

- - o Recommended base
Sub-Zones . - flow estimates

' ' (cusecs/sqg. miles)

ITI-f (Lower Godavari basin)
III-g (Indravati basin)
IvV-a, (East Coast)

‘b&c _
VI (Tarai)
3.  III-d _ (Mahanadi basin)
- V-a {West coast) : 20
& b :
4, - Il-a (Brahmaputra basin)
bé&c : . . 40
33
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10. CONCLUSION

For the estimation of design flood peak, the empi-
rical formulae in vogue in different regions of the coun-
try have serious limitations in that the f£requency concept
is completely absent and hence, the risk involved in ac-
cepting the flood estimate is indeterminate., Further,
these formulae made use of only one parameter viz. the
area (A) of the catchment. The constant connecting the
maximum flood peak and the area (A) of the catchment has
to account for a host of inter-related factors involved in
the complex process of the transformation of rainfall into
runoff by the basin system. _Judgement involved in select-

ing the constant vitiates the utility of these formulae
for general use. '

The standard procedure outlined in this chapter has
been evolved on a ratignal basis taking into account . the
various aspects of the rainfall runoff process. The methoad
‘may be adopted for estimating the flood peak of desired
frequency for small drainage basins from 10 to 200 sg.miles
in area. However, in the statistical .sense, the sample
size utilised for estimating the rainfall parameters and
the parameters representing the basin response is too
small to ensure adequate reliability in the estimates.
Hence, it is essential to check whether the results obtain-
“ed by this procedure are reasonable

The crest gauges giving the maximum flood levels
are being observed systematically since 1958 for some brid-
- ge catchments for which reliable stage-discharge curves
have been developed. With the help of these crest gauges,
it would be possible to form annual series of maximum flood
neaks and to estimate the flood peak of 50-year return
veriod by frequency analysis after the data for over 20
years is collected. The estimate thus obtained can be com-~
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pared with the estimate obtained by the procedure outlined
in this report and a review of the procedure, if necessary
can be made in due course of time.

The procedure is recommended, as an interim measure
for adoption till such time a better method is evolved under
long term plan.

Note:

Subsequent to this publication the following reports
for estimation of 50 year flood under Long Term Plan have
been brought out, which is recommended for application for
respective sub-zones, I-g and 3-f shown in the map of India
at appendix IvV.

1. Report on Hydrometeorclogical studies for Lower
' Gangetic Plains (sub-zone I-g)
2. Flood Estimation Report for Lower Godavari sub-zone

( sub=zone 3~f)

Further the following subzonal reports under Long Term Plan
have been finalised and are expected to be published which
is also shown in the map of India at appendix IV.

1. Flood Estimation Report for Lower Narmada and Tapi
Basgsin (sub-zone 3b)

2. Flood Estimation Report for Mahanadi sub-zone
- (sub=-zone 3-d)
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APPENDIX - I

ILLUSTRATIVE EXAMPLE

Problem:

It is required to estimate the design flood peak of

50-year return period for the design of waterway of railway
‘bridge No.604 (Itarsi-Nagpur Section, Sub-zone 3-f) across

the Jam river. The drainage basin Plan is shown in Fig.o9.
Data

(é) Area of the drainage_basin ubto the location of

the bridge No. 604 (measured from Survey of India Topo

Sheet 1" = 1 mile), A = 131.48 sq. miles,

(b) Length of the main stream from the centroid of

the drainage basin to the bridge site (measured from Survey
of India Topo Sheet 1" = 1 mile}, Le = 12.7 miles.

(c) Weighted mean slope of the stream, SLC

Le

1 ' 1
11/312 + 12/522 + ..

Where s., s TTrttessecsecveces. .. are the slopes of the
main st¥eam in the reaches of lengths 1, 1 crecsene.. into

which the length Lc of the main stream f{s divided.From

the survey of India Tooo - Sheet (1" = 1 mile), the lengths
of the reaches of the stream between the contours crossing

the stream have been measured. The details of calculation

for arriving at the value of SLC are given in the table (i).

It is assumed that the bed slove in the reach between two

Successive contours is uniform.
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TABLE (i)
SLOPE PARAMETER

RD | EL . 0 Length {Difference | Slope S %
(miles){ (feet) § of reachiin elevaf_4ﬁﬁ(%) o - §1/s
. i (miles) {tion (feet)}) B
o LR 0(5) = {4)x100 4 -
(1) § (2) ¢ (3) § _(4) (3)x5280) ()
0 1297.80
5.9 © 1350.00 5.9  52.20 0.1676 14.00
11.9  1400.00 6.0 50.00 0.1578 - 15.08
12.7  (1414.8) 0.8 14.80 0,3433 1.37
14.6  1450.00 1.9 o
| __Total: - 30.45

SIC = (12.7/3045)2= 0.174% = 0.00174

(d) Soil type and topography: Clayey black Cotton
soils Undulating country with steep slopes.

Unit Hydrograph Parameters

‘would give:

Ote

(bltc =

(a)' SincejSLC is less than 0.0028, equation - (1)

16000834 (s10)?/3

16,000 (131.48)% % x(0.00174)2/3
8986 = 9000 cusecs (say)

280 / (th/AjO'g from equation (4)
280_(68;345)0'9 |
280/44.79

6.2513 = 6.3 hrs (say)

37




Design Rainfall Storm

From the isopluvial maps of I.M.D., the point rain-

fall values of 50 year return period for various durations
are read. The value for duration of 24 hours is to be in-
creased by 15% for obtaining the consecutive 1440 min.
maximum point rainfall wvalue. A log plot of these values
is shown. in Fig. 10. A smooth curve representing the
depth-duration curve is drawn. Areal to point rainfall
ratios are taken from Table A and areal to point rainfall
hyetograph for the design storm is then constructed. The
computations are shown in Table (ii).

Loss Rate

_ As the type of soil c¢btaining in the catchment is
clayey black cotton soil, the following relationship may be
adopted for estimating the xrunoff from a long duration.
storm :

- R = 0.55 Hl'z

From Table (ii) areal rainfall of 24 hours duration and 50
years return period, H = 180.19 mm = 7.094 inches.

Runoff, R = 0.5 (7.094)1°2 =.5.?73 inches =146.65 mm.

A uniform loss rate is applied to the design storm
hyetograph given in Col. 6 of the Table (ii) such that the
rainfall excess obtained is equal to the estimated runoff
of 146.65 mm (5.773 inches). The hyetograph of the design
storm and the rainfall excess hyetograph obtained are shown

in Fig. 11. It is seen that the duration of rainfall

excess is 24 hrs. and that the uniform loss rate = 1.398 mm
/hr = 0.055 inch/hr. :
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RAINGAUGE STATIONS

. KATOL

2 METPANJRA
21° '
I5

3 SAONGA
4 BHILWAR GONDI
5 KOMNDHALI

6 DHANOL!

2°
ol
/ . 7
78]30 78°|45
Bosed upon Survey of Indjo mapwith the permission @ Government of indio,
of the Surveyor General of Indig Copyright , 1978
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TABLE (11) )
DESIGN STORM HYETOGRAPH

{ Point ralnfall } Areal to } Areal} Hour 1y

nDuratlon | volume (mm) of  § point rain-{ rain-} ‘areal
j ' - | 50-yr.ret. perlod ¥ fall ratio } fall § rainfall
., 7 Lt Read | Read from | from -1 (mm) | of desi-~
0 27 ¥ from depth dura{ Table A [ 1} gn storm
' 1. zMD § tion curve] = - ! i '
'--—fggaps F(fig. 30) § ﬁ B i .
‘15 Mln. 3%?50 50 . -
300" =70 70 0.408 28.56 . = =
45. " T80 - go | - = =
1 hr = 90 90 -~ 0.531 47.79. 47.79
2. " . - 110 © 0.639 70 .29 22.50
3 " . 125 125 0 0.694 - 86.75 16.46
4 - 35 0.729°  '98.42 11.67 -
5 " 0 . 142.5 0.753  107.30° 8.88
6 " Uy 140 150 0.772 115.80 = '8.50
6.3" - o - © 117.585 -
7. m - R ' ' - (121-75)* .5.95"
8 " e = . (127.70) s§.95
9 " 140 165 . 0.810  133.65 5.95
10 hr - = = (137.97) 4.32
- - = o (142.29) | 4.32
S 12" - 150 176. ©'0.833  146.61 ' 4.32
3 - o= (150.10)  3.49
4 " B - (153.59)  3.49
15 " 160 - 185 . . . 0.849  157.07 - 3.48
i6 " . - . - - (160.11) 3 g4
7o - - - (163.14)  3.03
18 " - 193 - 0.861 ' " 166.17  3.03
19 v L L . - (168.85) 2.68
20 " L . | - (171.53) © 2.68 -
21 - 200 - 0.871 - 174.20 - 2.67
22 " = - (176.20)  2.00
-23 0" o - = (178.20) - 2.00 -
24 " - 195x1.15 205 .0.879  180.19 1.99

'*'Values shown in brackets are 1nterpolated values.
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B

Estlmatlon of De31gn Flood Peak

(a)

'Duratlon of " hlgh _1nten31ty spell responsible for

“'design flood peak te = 6.3 hrs.

(b)

(o) -

@

\ke)

(£)

From Col. 5 of Table (11), areal rainfall VOlume of

50 year return - period and of duration of 6 hrs.

115.80 and' of duration of 7 hrs = 121.75 mm. By

‘interpolation, areal rainfall volume of 6.3 hrs =.
-115.80 + (121. 75 - 115 .80) 0,3 =115.80 + 1,785 =

117.585 mm,

Applying a loss - rate efll.398 mm/hf; max.-rainfallk
excess volume of 6.3 hrs duration. :

117.585 - 6.3 x 1.398
117;535_.-;‘8'807

"108 78 mm = 4.283 inches

Peak value of unlt hydrograph of 6.3 hrs duratlon,_
Qtc = 9000 cusecs..

Peak of the flood hydrograph due to a rainfallﬁex;~
cess of 4. 283 1nches and of duratlon of 6.3 hrs.
= 9000 x 4.283 = 38, 547 cusecs, -

Adjustment factor to accaunt for “the" effect of tem-.
poral distribution of rainfall excess = 1.15 (from

‘Table C). Hence, peak of the - design flood hydro-

. graph. excludlng ‘base flow = 1 15 x 38, 547 = 44 329_

"(g)a

Results
'(i)'

(id)

cusecs.

Addlnq base flow @ 10 cusecs/sq. mile (v1de Table D)
the design flood peak works out to: :

Q = 44,329 + 1,310 = 45,639 cusecs.

'aay 45,600 cusecs.

'Flood peak. for de31gn of’ waterway of the brldge
45,600 cusecs : :

Flood peak. for de51gn of foundatlons of the brldge
= 30% over 45,600 cusecs as recommended by the

_Qdmmittee of. Engineers = 59,280 cusecs.
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Check

_ ‘ The catchment is being
1959,  The annual max1mum flood peaks observed are tabula-

ted below. *

I

systematlcally gauged since

Date

 13-9-59

. 27-7-60

| 24-8-61
© 8-8-62
- 25-8-63

. 6=-8-64

21-9-65

Flood Peak

Discharge (cfs)

14,500

13,600

34,870

22,200

16,500

: . 20,600
- 10,250

1

..~ The annual series of the maximum ‘observed flood
discharge is treated 'by Gumbel's extreme value technique

for obtalnlng the design flood peak of 50—year return pe-
is shown in Fig. 12, It is seen
that the flood peak of 50-year return period is 38,000

lesser order as the one estimated

riod. The Gumbel's plot

cusecs which is somewhat

" by the method evolved in.

this report. This appears to be

“moré reasonable for the fact that already a value of 34,870

- ofs in 1961 within a small

41

- sample of seven observations.
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APPENDIX~- II]

CoNveRrsion of vamious EQUATIONS
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