[V R MRS P T et 5 DB e e g A I i i o e

Py oo

1 ()

FOREWORD

The empirical approaches gensrally followed for estimation of design
; flood of bridges, culverts and cross drainage works may lead to erronecus con-
e clusions. Studies are under way For rational and scientific estimation of
, “loods of various return periods for safe and yet economic design of structures.
&Such studies for the following seven sub-zones have been published in the form
of Flood Estimation Reports.

1) Lower Gangetic Plains - g
?) Lower Godavari - 3(£)
3) Lower Narmada and Tapl - ale)
L 4) Upper Narmada and Tapi - 3le)
IL 5) Mahanadi = 3(d) '
. i 6) Krishna and Penner ~ 3th)
i ] 7) South Brahamputra - 2({b)

¥ The present report presents the studies for Upper Indo-Ganga Plains
auﬁuzunq - 1 {e} The report was approved by the Planning and Co-ordination
Cogmittée in its 40th meeting held in R.D.S.0. (Railways) at Lucknow on 2jrd
and, 24th July, 1984.

-"'- i ..-__;-1'

This report is a result of a joint effort by Central Water Commissian,
Rescarch Designs and Standards Orgsnisation (RDSO) of the Ministry of Railways,
Roaﬂs Wing of the Ministry of Transport, and India Meteorological Department
‘,l, in pursuance of the recommendations of the Khosla Committes of Engi-

5. The rainfall and discharge data from selected catchments was collected
srthern, North Eastern and Western Railways under the overall guidance and
‘yision of RDSO. The storm studies were carried out by IMD. The flood

es were carried out and the report was prepared in the derﬂlﬂgv {Small
gents} Directorate of Central Water Commission.

I.\.l

i The studies have been based on the data specially collected for a
periqﬂ of 5 to 10 years by the Indian Hailways. Crest gauge cbservations are
heinglcontinued by the Railways on the bridge catchments. Also the Ministrg,nf

» Shipp: & Transport have organised special collection of data through CWC.:7%7%
-fﬂhen more data becomes available, further refinements will be possible. ﬁ:~
: i
; o
T ‘The joint efforts of the Railways, Roads ‘and Water Resources Engineers:s . -
togethﬁr with Meteorologists are a landmark in the country in the field of ;4“

r. of small and medium catchments.
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PREFACE

The starting point for any activity dealing with a river is the study
‘T its hydrology. The project planners and engineers have to construct safe
and etonomic structures.

The road and railway net-work cross a number of streams with the small
and medium catchments and therefore for the design discharge of these bridges
the hydrology of these streams would be required. It is commen knowledge that
in most of the cases, any hydrological record is not available for these
streams. For determining the waterway for bridges and cross drainage works,
the design flood of desired freguency are required, but economic constraints
do not justify detailed hydrological and meteorological investigation at every
new site on a large scale and on long term basis, Waterway should be adeguate
to pass safely the design flood, but at the same time it should not be too
wide involving higher cost. Therefore, it becomes necessary to reasonably
estimate the flood discharge of the reguired return period of stream at the
point of study with sufficient care. A casual approach can lead in extreme
cases to loss and destruction of structure due to floods of magnitude higher
than expected or over design of structures leading to un-economical and proble-
matic situation.

In the early years, design discharges were calculated by well known
empirical formulae viz: Dickens, Ryves, Inglis and Ali Nawaz Jung etc. In
these formulae, flood discharge is related to catchment area only and all
other factors are included in a constant which is to be decided by the desig-
ner from his experience. Even intemnsity of the storm rainfall which is a prime
factor responsible for the flood and which varies substantially from place to
place is not indicated in the above formulae. The need to evolve a method on
estimation of design flood peak of desired frequency knowing the physical
characteristics of the catchments and design rainfall has been recognised and
a committee of engineers under the Chairmanship of Dr. A.N. Khosla have recom-
mended, "---Systematic and sustained collection of hydro-meteorclogical data
of selected catchments in different climatic zones of India for evolution of a
rational approach for determination of flood discharges. The committee felt
that design discharge should be maximum flood on record for a period not less
than 50 years. Where adeguate records are available extending over a period
of not less than 50 years, the design flood should be 50 year flood determined
from probability curve on the basis of recorded floods during the peried. In
case where the requisite data, as above are not avallable, the design flood
should be decided based on the ground and meteorclogical characteristics
obtained on the basis of design storm". 1In this report, a method has been
based on unit hydrograph principle to derive the design flood.



A procedure for estimation of design flood peak with characteristics
of rainfall storm and the basin characteristics as parameters has been evolved
in the short term plan utilising the hydro-meteorological data that was
readily available. Systematic and sustained collection of hydro-meteorolo-
gical data from the representative catchments in the different sub-zones of
India also have been started since 1365. For this purpose, the country has
been divided into 7 major zones, which are in turn sub-divided into 26 hydro-
meteorologically homogeneous sub-zones, Out of 26 sub-zones, gauging has been/
is being carried out in 22 sub-zones, and in each sub-zone 10 to 25 catchments
had been selected for the collection of data. The results of the study made
utilising the data of representative catchments located in Lower Gangetic ~~
Plains subzone - 1(g), Lower Goedavari subzone - 3(f), Lower Narmada and Tafpi
subzone - 3(b)}, Mahanadi subzone - 3(d), Upper Narmada and Tapi subzone - ile)
and Krishna & Penner Dasins subzone - 3(h) have been brought out earlier in
separate reports. 1In the present report on Upper Indo-Ganga Plains subzone -
1(e) studies have been made on the data collected in the subzone and the method
recommended for the estimation of design flood for subzone - 1(e) is given.
The gauging data of 137 bridge years collected for 23 railway bridges during
the period 1961 to 1982 has been considered for analysis in this report.. The
gauging data was collected by Northern and North-eastern Railways under the
supervision of Bridges and Flood Wing of R,D.S.0., Ministry of Railways. The
Central Water Commission has collected the data of 2 road bridges in the sub-
zone on behalf of Ministry of Shipping and Transport.

Hydrology (Small Catchments) Directorate of CWC has carried out the
analysis of selected storm rainfall and floods for the gauged catchments to
derive 2-hr. unit hydrographs on the basis of data of rainfall, gauge and dis-
charges collected during the monsoon Season. Representative 2-hr. unit hydro-
graphs have been obtained for each of the gauged catchments. The parameters
of the catchments and their respective representative unit <hydrographs have
been cor-related by regression analysis and the equation for synthetic unit
hydrographs for the sub-zone were derived. The loss rate and base flow
studies were carried out. Methodology for estimation of design flood (50 yr.
flood) for ungauged/inadequately gauged catchments has been indicated.

Rainfall-Depth-Duration-Freguency studies as well as point to areal
rainfall ratio studies and time distribution of storm studies have been made
available by Hydromet Cell of IMD.

The present report deals with the estimation of design flood for small
and medium catchments in Upper Indo-Ganga Plains subzone - 1(e) based on 50-yr.
design storm rainfall and synthetic unitgraph. This report is recommended for
estimation of design flood (S50-yr. flood) for fixing the waterway of the

bridges/culverts on streams with their catchment areas frow 25 sg.km. to 2500
sg.km.

The methodology adopted and conclusions arrived at are subject tO

periodical review and revision in the light of further data being collected
and analysed.

The views expressed in this report (GGG rcpresent the
views of Central Water Commission.

sd/-
New Delhi (s.M. HQ)
DIRECTOR, HYDROLOGY (SC) DTE.

CENTRAL mm;' COMMISSTON
(wi)
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SYMBOLS

SYMBOLS AND ABBREVIATIONS

Ac far as possible well recognised letter symbols in the hydrological

science have been used in this Report. The list of symbols adopted is given
below with the units.

A
C.G.

Di=1, Di

50

u.G,

50

Catchment Area in sqg.km.
Centre of Gravity
Length of main stream along the river course in km.

Length of the main stream from a point opposite to centroid of
the catchment area to the gauging site in km. along the main
stream.

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

The depth of the river at the point of intersection of (i-1)
and ith contours from the base line (datum) drawn at the level
of the point of study in meters.

Maximum flood peak with a return period of S0 years in cumecs.

Peak discharge of unit hydrograph per unit area in cumecs per
sq.km.

Peak discharge of unit hydrograph in cumecs.

Equivalent stream slope in m/km.
Synthetic Unit Hydrograph.

Time duration of rainfall in hours.
Base width of unit hydrograph in hours.
Design storm duration in hours.

Time from the centre of unit rainfall duration te the peak of
unit hydrograph in hours.

Unit rainfall duration adopted in a specific srudv in hours.

Unit Hydrograph.

Width of the U.G. measured at 50% of meximun discharge ordinate
{QP] in hours.

(=i}



W
75

5 8"

50

AHBREVIATIONS

-

Cumecs
Cns
itr. |

5

Min.
faz.

5q.Km.
L.

Sec.

R.B.5.0.

H{ZC ', CHC.

I.M.D. :

C.W.C. .

Width of the U.G. measured at 75% of maximum discharge ordinate
fﬁpl in hours.

Time from the start of rise to the peak of Unit Hydrograph (hr).

Width of the rising side of U.G. measured at 50% of maximum
discharge ordinate {ij in hours.

Width of the rising side of U.G. measured at 75% of maximum
discharge ordinate IQP} in hours. i

Arial reduction factor

FPercent

Summation

Cubic metres per second
Centimetres
Hoar
Meatres
Minutes
Kilometres
“guare Kilometres
aches
Seccnds
Square
Research Designs and Stanc.xds Organisation (Ministry of Railways),

Lucknow.

Hydrology (Small Catchmerits) Directorate, Central Water
Comnmission,, New Delhi.

India Meteorological Department,

Central Water Commission.

{xii)



INTRODUCTION
FLOOD ESTIMATION IN UPPER INDO-GANGA PLAINS SUBZONE 1(e)

The purpose of thejrepnrt entitled "Flood Estimation Report for Upper
Indo-Ganga Plains, subzone - 1 ()", presented herein is to estimate the design
flood for fixing the waterway of bridges/cross drainage structures across small
and medium streams.

The report consists of two parts namely abstract part giving the appli-
cation of the methodology in the report with an illustrative example and the
detailed part explaining the six main sections on the methodology. The six
sections of the detailed report are briefly summarised below.

Section - 1 briefly narrates the river system, topographical features,
monsoon rainfall and temperature pattern, types of soil, land use, railways and
road communications in the subzone. The size of the subzone is 2,26,000 sg.km.
covering parts of the States of Punjab, Haryana, Uttar Pradesh, Rajasthan be-
gides Union Territories of Delhi and Chandigarh.

Section - 2 comprises of the nature of data collected for 42 represen-
tative catchments in the subzone. WNorthern and North-eastern Railways had
collected the data of 40 catchments under the overall supervision of Research
Degigns and Standards Organisation (Railways), Central Water Commission has
also collected the data of two catchments on behalf of Ministry of Transport.

Section - 3 deals with the analysis of storm rainfall and floods and
derivation of two hour unitgraphs (U.G.) for each of the 23 catchments found
suitable out of 42 catchments to prepare their representative 2-hour U.G's.
The Parameters of the representative U.G.'s were measured. The physiggraphlc
parameters of the catchments were estimated. A simple model { y _ o yxP ,Wwas

adopted to establish relationship between dependent variable ¥ and independent
variable X with constant C and an exponent *P'. The relationships were estab-
lished with this simple model based on the sets of physiographic and U.G.
parameters for 23 catchments. These relations are given in the form of equa-
tions and also on log-log graph which shall be utilised to estimate the para-
meters of synthetic U.G. for the ungauged catchments with their known physio-
graphic parameters. Based on the synthetic U.G. parameters, & synthetic 2-hour
U.G. is drawn. Besides, model values of design loss rate and base flow have
aleo been suggested.

Section - 4 furnishes the methodology adopted by I.M.D. for estimating
the design storm point rainfall for S0-year return period for daration from
1 hour to 24 hours, conversion of point rainfall to areal rainfall and the dis-
tribution of storm rainfall for wvarious design storm durations. These stu=-
dies have been depicted in the isopluvial map of S50=-year point rainfall for
duration of 2d hours with duration ratio curve for conversion of Z4-hour
point rainfall to short duration point rainfall in the subzone.



Similarly, curves and tables for conversion of point to areal rainfall and cur-

ves for distribution of design storm rainfall for various durations have been
furnished.

Section - 5 describes the procedure for estimation of design flood
(50-year) of an ungauged or inadeguately gauged catchment by the application of
design storm rainfall to synthetic U.G.

Section - 6 deals with the assumptions made in the study aleong with
conclusions.

The report herein recommends the estimation of design fleood for small
and medium catchmeénts varying in size from 25 sg.km. to 2,500 sqg.km. keeping
in view the compatibility of parameters of the ungauged and gauged catchments.

The "Application" of the report has been presented after the Introduc-

tion with a worked out problem along with graphs and tables to create interest
for the users.



ABSTRACT

{A) AFPLICATION

The Flood Estimation Report for Upper Indo-Ganga Plains subzone-1(e)
may be used for estimstion of design flood (50-year flood) for ungauged and in-
adeguately gauged catchments in the subzone. In order to elucidate the proce-
dure, an illustrative example is given below with relevant details.

The various steps necessary to estimate the design flood/design flood
hydrograph are as under:

i} Preparation of catchment area plan of the ungauged catchment in
guestion.

ii} Determination of physicgraphic parameters wviz; the catchment area
{n), the length of the longest stream (L) and equivalent stream
slope (5).

iii) Determination of 2-hr. synthetic unitgraph parameters (for the
specified unit duration) i.e. the unit peak discharge (g _}, the
peak discharge (Q_ ), the basin lag (t ), the period of U G. (Tm),
widths of the Punitgraph at 503 P and 75% of Q, (Vg and W, 3
widths of the rising limb of U.G. at 50% and 75% uE Q ?WREG

R?Ej and time base of unitgraph {T ¥,

iv} Preparation of a synthetic unitgraph.
v} Estimation of design storm duration ITD}.

-wi) Estimation of point rainfall and areal rainfall for design storm
duration {TD}.

vii)] Distribution of areal rainfall during design storm duration tTD}
to obtain rainfall increments for unit duration intervals.

vwiii) Estimation of rainfall excess units after subtraction of design
loss rate from rainfall increments.

ix} Estimation of base flow,
%) Computation of design flood peak .
#i) Computation of design flood hydrograph,



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

ILLUSTRATIVE EXAMPLE

The particulars of a road bridge catchment (treated as ungauged) for
illustrating the procedure are as under:

i) Subzone - 1 (e)
ii}) Hame of =ite : 2 (M.Oo.TL)
iii) Name of the river/tributary : Ghaggar

iv) Shape of the catchment upto : Oblong
the point of study

v) Location : 30°_ 544 y (Latitude) and 76°-44 E (Longitude)
vi) Topography : Moderate steep slope.
The procedure is explained step by step.

Step - 1: Preparation of Catchment Area Flan

The point of interest (Bridge Site in this case) was located on the
Survey of India's toposheet and catchment boundary was marked using the con—
tours along with ridge line and also from the spot levels in the plains., A
catchment area plan Fig., A-1 showing the main rivers, contours and spot levels
was prepared.

Step - 2: Determination of Physiographic Parameters

The following physiographic parameters were determined from the catch-
ment area plan:

i} Area (A) 1126.0 sqg.km

ii}) Length of the longest stream = 81,42 kms,

2
L. (D o
iii) Equivalent stream slope § =N i 4-1 * D) /L 5.14 m/km

Where L; = Length of ith segment in kms.

D, D = Reduced levels of the river at (i-1) and

] .
2. ith location along the longest stream,
For detailed calculation of *S*', refer Table A-1.



In Table A-1, cols. (2) and (4) are the reduced distances and corres-
ponding levels along the longest stream from the point of study to the contours
across the stream or spot levels on the bank., Other columns are self-explana-
tory. Prepare L-Section {?ig- A=1) of the longest stream from the pnlnt of
study to source based on the data in cols. (2) and (4).

iv) x/,ﬁ:_ - 81.42/ 4/5.14 = 35.91 /

Step — 3: Determination of Synthetic Unitqraph Parameters

Twe hour unit duration for the unitgraph i.e. unitgraph produced due
to one cm depth of rainfall excess in two hour duration has been considered.

The two hour synthetic U.G. parameters may be found ocut by using one
of the following approaches:

i} By using the synthetic relations
ii) By using coaxial diagram

i) By using Synthetic Relations

Calculation of parameters of synthetic U.G. are shown in Trale A.2
which are briefly explained below.

51. No. 1 : Substitute the value of'&/'_Jgd = 35,91 as found out in (iv) of

step - in H;u-atiﬂ‘n 3.9.3 to obtained the value of qp.

Sl Ne.- 2 = = X A
Qp qp
51. Wo. 3,5,: Substitute the value of g _ in respective equations in col. (3!
6, 7 & 8 of Table A-2 to obtain the corresponding parameters in col. (3).
51l. HNo.d : T =t +¢ /2=t +2/2 =1t +1
o P r P p

The unit duration {tr} is 2.0 hrs.

51, Hﬂ.‘:‘lf : Substitute the value of tp in egquation 3.9.8 to obtain TE'
The values of T‘B may be rounded of to nearest even number.

ii) By using Coaxial Diagram

The synthetic relations have been transferred on one graph sheet in
Fig. A~2 in such a way that with the known values of L, S, L/ /S’ the values
of q_ can be found out., Similarly with the known value of y the other para-
mete like t W 50 H‘JS' wRED' %75 canbe directly read from the respective re-
ly .ons [guqus,. Again with the known value of t_, the value
T_ 1is read from the respective relation. The values so obtaifed are
iimifar to the calgulated in Table A-2.



Step - 4 Preparation of 2-hr. Synthetic Unitgraph

The parameters got in Step - 3 above were plotted to scale on a graph
paper as shown in Fig., A-3. The points were joined to fit a trial synthetic
unitgraph, By defination, the volume of the unitgraph must be equivalent to
1.0 cm depth of direct runoff over the entire catchment (A) in sg.km.

(a) Volume of direct runoff from runoff depth (d) of 1.0 cm eon the
entire catchment {A) in sg.km,

= A X 1000 X 1000 X d/100 = | } expressed in cubicmetres
{EQ-H] {m)

1 em = 1 m depth of direct
100

runoif over the catchment
area (A) in =sg.km,

{b) Volume of direct runoff graph (Synthetic Unitgraph) obtained
from the addition of all the unitgraph ordinates at time interval
t in hrs. equal to unit duration (t,) of U.G. = ipi t

=0, x t x 3600 = ( ) expressed in cubicmetres

/TN

{ cubicmetres/sec) (sec)

nifgraph
Q
(Gwmees) T t
g %
P |
o t(he)

; = Sum of the ordinates of unit graph at t-hr. interval
(in this case 2 hr,)

6



{a) should be equal to (b).

i.e A % 1004X 1000% /100 =D, x t x 3600
dzlcm
Therefore 73 R = A/0.36 t

All the ordinates of the synthetic U.G. so drawn with slight adjust-
ments in Fig. A-3 were summed up at 2-hr. interval to get a total volume of
1564 cumecs which tallied with the computed value From A/0.36 ¢t = 1126
(0.36 x 2) = 1564 cumecs. Therefore, the 2-hr. synthetic U.G. so drawn in
Fig. A-3 wes found to be in order,

In case, the summed up values of all the crdinates of synthetic U.G.
do not tally with the computed value from A/0.36 t, then some of the ordinates
in the rising and falling limbs or only in the falling limb of the U.G. may
be suitably changed (slightly increased or decredsed) keeping at the same time
the shape of U.G. a smooth cne, MNormally one or two trials are carried out to

adjust the volume of Synthetic U.G. so as to obtain 1.0 gn. of direct runcff
over the entire catchment area (A} in sg. km.

Step = 5: Estimation of Design Storm Duration

The design storm duration is

TD = 1.1 % tp =1.1 %210 = 11.0 hrs.

Adjusting the design storm duration to nearest even hour the adopted
design storm duration is 12.0 hours.

Step - G: Estimation of Point Rainfall and Areal Rainfall

The point rainfall estimated for =0-¥€ar return period for a duration
of 24-hr. are first read from isopluvial map (Plate = § in Section 4.2). The
value of 50-year, 24-hr, point rainfall = 25.0 cm,

The design storm duraticn (T_ ) for the catchment is 12.0 hrs. The point
rainfall estimateof 21.0 cm for 12.0 hrs. wasobtained by multiplying the 50-yr.,
24-hr. point rainfall of 25.0 cm with the value of 0.84 read from Fig. 10 in
Section 4.2.

S0-yr., 12-hr. point rainfall = 25 x 0.84 = 21.0 cm.

The above point rainfall estimates of 21.0 cm was multiplied by areal
reduction factor of 0.765 corresponding to a catchment area of 17126.0 sq.km
given in Table-6 or from Fig. 11 (2) or 11 (b) 0.765 X 21 = 16.06 cms.

Step = 7: Time Distribution of Areal Rainfall

The areal rainfall estimate for S50-year return period for a design
storm duration of 12-hrs. got in Step — 6 above was distributed to give 2-hour

gross rainfall wunits as shown in the following table by using Fig.12 in
Section 4.4.



Hr. % age of storm Cumulative Comulative  2-hourly gross

duration % of total rainfall rainfall incre-
rainfall col.3 x pa/ wments.
100
1 2 3 4 5
0 0o - )
2 16.66 58 79.31 9.3
4 33,33 74 11.88 2.57
& 50.00 86 13.82 1.94
8 66,66 g2 14.78 0.96
10 83.33 95 15.26 0.48
12 100,00 100 16.06 0.80

Total 16.08 v

Step — 8: Estimation of Rainfall Excess Units

Col.5 of the Table in Step - 7 give . 2 2 hourly gross rainfall units.
A design value ofloss rate of 0.3 cm/hr. i: subtr-acted from each of the unitk

to give the rainfall excess units. For 2Z-hours, the loss rate is to be sub-
tracted.

=2 % 0.3 =10,6 cm,

The table below illustrates the procedure-for calculation of rainfall
excess units:

Hr. Gross rainfall Loss/ Rainfall excess
{col.5) af 2=hr. cm
Step - 7 em col.(2) - co1.(3)
1 2 3 4
0 o = -
2 a.31 0.60 8.7
4 2.57 0.60 1.97
-1 1.94 0.60 1.34
B 0.96 0.e0 0.36
10 0.48 0.60 =
i2 0,80 0,60 0,20

Step - 9 Estimation of Base Flow

!

It has been shown in Section-3.12 that the model value of base flow for
Upper Indo-Ganga Plains subzone -~  y(e) i 0,05 cumecs/sq,km,



The total base flow for the unganged catchment of 11280 sq.km. in
question = 0,05 x 1126.0 = 56.3 cumecs,

Step - 10, Estimation of Design Flood (Peak only)

For estimation of the peak discharge, the rainfall excess units have
to be re-arranged against the unitgraph ordinates such that maximum rainfall
excess is placed against the maximum unitgraph ordinate the next lower value
of rainfall excess comes against the next lower value of unitgraph ordinate
and so on. -

In the present case, the maximum peak discharge ordinate of U.G. was
occurring at 11th hour. The 0.G6. ordinates at 2«hour interval from the peak
hour of 11th were read from Fig. A-3 near the neighbourhood of the peak and
tabulated as under. The maximum 2-hourly rainfall excess unit was placed
against the peak discharge of U.G. Likewise, the next lower rainfall excess
unit was placed aga the next lower U.G. ordinate in the following table
and so on, Summation of the products of cols (2)and (3) gives the total direct
runoff to which base flow is added to get the total peak discharge.

Time U.G. Ordinate 2=hr, rainfall Direcst
hrs, Cumecs excess runoff
cm, cumecs

1 2 3 4 =(2) . (3)

9 172.0 1.34 230.38
11 223.0 B. T 1942,.33
13 198.0 1.97 390,06
15 187.0 0.36 60,12
17 135.0 0.20 27.00
Total 2649 _ 89
Add Base Flow from Step - 9 56.30

Total Peak Discharge 2706.19

Step - 11: Computation of Design Flood Bydrograph

. The 2-hour rainfall excess sequence shown in col.3 of Table in Step-10
was reversed to obtain the eritical sequence as shown below:

Time hrs. Critical 2 hour rainfall
(1) {2) excess sequence
0.20

0.36
1.97
8.M

1.34

L= - - - RS XY




For computation of design flood hydrograph, the U.G. orxdinates for
2-hour interval were tabulated in col.(2) of Table A-3 against time (hrs.) in
col.(1). The critical seguence of rainfall excess units as given above were
entered in cols. (3) to (7] horizontally as shown in Table A-3, The direct
runcff resulting from each of the rainfall excess units was obtained by multi-
pPlying the rainfall excess unit with the U.G. ordinates in cols (2) and the
direct runoff values were entered in vertical columns against each unit with a
successive lag of 2-hours, since the unit duration of U.G. was 2-hours. The
direct runcff so obtained is shown in ecols, (3) to (7)., The direct runoffs
were added horizontally and the total direct runoff is shown in col. (8).

The total base flow of 56.3 cumecs was entered in col, (9}, Col, (10) gives
the addition of cols. (8) and (9) to get the design flood hydrograph ordinate,

The design flood hydrograph so obtained does not give the same value
of maximum peak discharge since the peak period of the U.G. [T ) is at odd
hour (i.e. 11,00 hours). In this case the maximum peak discha%ge of 2706, 29
cumecs computed in  Step - 10 was entered in Table A-3 between the maximum
discharge values of the rising and the falling limbs i.e. between 10 hrs, and
12 hrs.

The total discharge ordinate in.col., (10) were plotted against time in
col. (1) to get the design flood hydrograph in Fig. A-4,

10



TABLE=-A~1: COMPUTATION OF *S*

sl. Reduced Reduced Length Height (b, _4#9,) L (D, ,+D )
Ho. distance levels of each above =(4) x (6)
starting of segment datum =
from River I& spifference
gauging bed between the
site Ist & the ith
R.L.
D,
1
{Kms) (m) {Km) (m) (m.Km, )
1 2 3 4 5 [ i
1. 8] 265,50 (4] 0 0 ]
2. 17.38 281.01 17.38 15.51 15.51 269,56
3. 34.92 300,09 17 .54 34,59 50.10 ‘878,73
i. az.m 319.72 2.09 54,22 B8.81 185,61
5. 54.38 500.76 17.37 235,26 289 .48 a028.27
6. 60.50 e09_.57 6.12 344,07 379,33 3545,50
7. 70.80 761.96 10.30 496,46 840,53 BB657 .46
2. T4.66 914,36 3.B6 648,86 1145.32 4420.94
9. 79.36 1066,75 4.50 801,25 1450.11 6525,50
0. 79.94 1219,14 0.78 953,64 1754.89 1368.81
1. 80.77 1371.53 0,83 1106.04 2059.67 1709.53
2. 81.42 1447.73 0.685 1182.23 2288.29 1487 .37
"“‘1*%-1 +Di.’n
= 34077.38
s=:aLi|‘,n 1¥0.) = 34077.3 = 5.14 w/km.
—L =1 i 5ese.2ie —
52

*Datum = 265,50 m (i.e. reduced level of rivar bed at the
point of study)

11



TABLE-A-2:COMPUTATION OF PARAMETERS OF Z2-HOUR SYNTHETIC UNITGRAPH

Adopted

5l.No. Known Para- Unknown Parameter Synthetic Calculated
meter Relationship wvalue value
1 2 3 4 5 &
1, ?/,r— =35,91 _ =2.030/ =0,198 0.198
a2 %p % 0.649 % s
(Cumec/Sg.km, ) (L. 5.} .
(See egn.3.9.3)
2. o x A =222.95 223,00
qP {cumecs) pqqp~ QP v
3. q t tp=1,858/ tp= 9,97 10.0
P P " 1,038
(Hours) (g} "
(See .3.9.4)
4, tp Tm 'Ihutpﬁﬁf?,ﬂ Tm=11,0 11.0
{Hours)
2. w =2 =11.
qp 50 HEU 3 :;;,f “‘_il] 1.0 7 11.0
{Hours) qul -
(See Egn.3.9.5)
E. = =
a W W L.;‘;gr‘ W= 6.10 7 6.10
{Hours) {gqp) *
(See BEqn.3.9.6)
T qp WR WR__=0.812/
50 50 E
P () 0-297 W =3.53 / 3,53
(See Bqn.3.9.7)
8. = =
qp WRTE WRTEUD;;?E;’ WH?E 218 o 2.18
(Hours) {gp) "
{See BEqn.3.9.8)
P R s 17t TR e g0
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(8) COMPUTATION OF 50-YEAR FLOOD PEAK BY FLOOD FORMULA

I) S50-Year Flocd Formula

The magnitude of S50-year flood peak (Q ﬂ} in cumec for small and medium
catchments £alling in the subzone-1(e)} may be ~ calculated from the following
formula:

o] = KxXAXRX 50'324
LG.E49
Where A = Catchment area in =g.km.
R = 50-year ',I:]:l hour point rainfall in cm,
8 = Eguivalent stream slope of the longest river in m/km,
L = Length of the longest stream in km.
K

= A coefficient, the value of which is dependent on the
catchment area as undex:

C.A, ® value
8
25 1.70
100 1.51
500 1.32
1000 1.15
2500 1.00

The K value corresponding to the catchment area under study falling in
between the above range of catchment areas is interpolated linearly between the

K values corresponding to that particular range of catchment areas.

I1) Applieation of 50-year Flood Formula

The following steps may be followed for estimating the S50=year flood
peak with the application of f£lood formula:

Step-i) Measure the catchment area 'A' in sg.km., length of the longest
stream ‘L' in lm and eguivalent slope 'S' in m/km after marking the
catchment boundary on the toposheet upto the point of study,

Step-ii) Calculate design storm duration tTD} in hours f£rom the following
formula:

T, = 0.98(/_/ -s y0-6737

The wvalue of TIJ s0 obtained is rounded off to the nearest whole number,

Step-iii) Mark the catchment boundary on the S0-year, 24-hour isopluvial map
(FPlate-9 of the report) and record the 24-hour point rainfall wvalue.
Obtain the conversion ratio from the table of 24-hour to short
duration ratio shown in figure-10 of the report corresponding to
design storm duration (T ) and apply the ratio to 24-hour point
rainfall to get the design storm rainfall R in cm. for Ty hour
duration.

14



step—iv Estimate the value of K for the catchment area under study from
the table of catchment areas vs values of K shown in B(L).

Step~v Then substitute the values of ¥K.,A,S,L and R in the §_. formula to
get 50-year flood at the point of study for the river catchment,

III) Illustrative Example

Application of S0-year floﬁd formula to road bridge ecatchment No.2(MOT)
for which detailed studies are shown in (A) application, is as undex:

Name of river/tributary ¢ Ghaggar

30°24 ' N{Latitude)
76°44 E (Longitude)

Location on toposheet

Step=i The catchment boundary on the Survey of India  toposheet for the
Foad Br. Catchment No, 2 (MOT) as shown in Pigure-A 1 was marked,
Following catchment parameters were estimated,

A = 1126.0 =sg.km.
L = Bl1.42 km
3 = 5,14 m/km
Step-ii The design storm duration ITDI for the catchment was calculated

from the following formula:

0.6737
'::D 0,98 u‘.g/,r‘ s b} 0.6737
0.98 { 81 -4}/{ 5,14 )
10.94 hrs. say 11 hours.

]

]

Step-iii The catchment boundary for Br, MNo,.2(MOT) was marked on the >0-year
24=hr. isopluvial map (Plate-9 of the rxeport) and the 24-hr. point
rainfall value for the catchment was found to be 25 cm. Since the
design storm duration (T ) for the catchment under study was 11 hr.,
a ratio of 0.84 was obtained from Fig.10 of the report corresponding
to design storm duration of 11 hrs, for conversicn of 24 hrs. point
rainfall to 11 hrs., design storm duration point rainfall.

Step=iv The value of constant K corresponding to catchment area of 1126.0
sq.km., was interpolated from the range of value of K for catchment
areas between 1000 and 2500 sq.km. from the table given in B(I) as

under:

A K
{sq bum, ) -
1000 1.15
2500 1.00

K = 1.15 = (1,15 = 1,00) = 71126
1500

15



0,15
= 1.15 = 1500 x 1126

= 1.15 = 0.0126 = 1.1374 say 1.137

Step—v The above values of K,4,5,L and R were substituted in the flood
- formula as under:
0. = 1.137 % 1126'% 21 x (5,14)%3%
=9 0.645
{81.42)""°

26885.50 x _1.70
17.38

2629.77 say 2630 cumec

L}

Thus 50-yr. flood peak from the flood formula works out to 2630 cumec
as against 2706 cumec. from the detailed studies in (A) Application. The 50-
vear flood peak estimated by the flood formula is less by 2.81% as compared to
the 50-year flood peak estimated from the det+*led studies. This percentage
difference may be considered nominal for preliminary designs.
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1.0 GENERAL DESCRIPTION OF THE UPPER INDO-GANGA PLATNS
SUB-ZONE - 1 (e)

1.1 LOCATION

The_subzone - 1(e) lies roughly between longitude 74° to 81° East and
latitude 26° to 33° North. It covers almost entire Haryana and Punjab, Union
Territories of Delhi and Chandigarh, Western Uttar Pradesh and eastern border
areas of Rajasthan. The important towns and cities in the subzone are Delhi,
Chandigarh, Amritsar, Ferozepur, Aligarh, Mathura, Agra, Bareilly, Etawaha,
Alwar, Hissar, Rohtak, etc. The Upper Indo-Ganga Plains subzone - 1{e) is
' bounded on the north by J&K Kumaon Hills zone - 7, on the south by Luni basin
and Thar subzone - 1(a), Chambal basin subzone - 1(b) and Betwa Basin
subzone - 1(c), on:the east by middle Ganga Flains subzone - 1(f) and on the
west by Pakistan. Plate - 1 shows the location of subzone - 1(el.

L RIVER SYSTEM

Plate - 2 shows the river system of the subzone - 1({e). The rivers
flowing in this subzone are Ravi (Sakki N), Beas, Sutlej, Ghaggar, Yamuna,
Ramganga, Ganga, Gomti, Sahibi and Banganga. The flat reaches of these
rivers are almost covered in this subzone. The area coversd by each river
system is detailed as under:

S51.No. River Drainage area
(sa.km. )
L Ravi (Sakki N) 4,667
2, Beas 5,859
3. Sutles 25, 540
d, Yamuna and other plain
areas 82,630
s. Ghaggar 23,637
E: Ganga 30,748
7s Gomti 5,007
8. Sahibi and Banganga 19,381
9. Ramganga 28, 531

Total 2, 26,000

The total area of subzone-1(e) is 2,26,000 sq.km.
1.3 TOPOGRAPHY AND RELIEFP

The Upper Indo-Ganga Plains subzone - 1(e) have been built up in the
northwest by the Ravi (Sakki N), Beas, Sutlej and Ghaggar and the remaining
area by the Yamuna, Ganga, Ramganga,Gomti, etc., There is a small mountainous
area in the northern Partof Punjab varying in elevation from 450 to 600 m,
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Areas with elevations less than 150 m are located in the southeast of the
subzone, The general elevation of the remaining area is between 150 m to
300 m, Sahibi, Banganga and Gambhir rivers originate from the hills in the
South of the subzone. Plate-3 shows the physiography of the subzone,

The thickness of the alluvium varies greatly from area to area, and is
the maximum in the Ganga plains and the minimum in the western plains.
Towards the northern, there is a narrow marshy tract called Tarai, a part of
which lies in this subzone, The low lying flood plains adjacent to the river
banks are formed of newer alluvium, The general slopes are mainly in two
directions i.e, the sputheast and the southwest,

The general slopes of the rivers in the plains seldom exceed 0,38 m,
per km, The rivers are of meandering type and the river courses are normally
wide and shallow. The plains in the Punjab State are Fflat with the

exception of Hoshiarpur tract where the general elevation varies between 300 m
to 400 m.

1.4 RATNFALL

Plate - 4 depicts the mean annual rainfall isohyets along with the
histograms showing the mean monthly rainfall for raingauge stations at
Amritsar, Hissar, Delhi and Bareilly in the subzone. The mean annual raine
fall in the northern areas near the hills is 100.0 em. The middle and southern
areas in the subzone experience the mean annual rainfall varyving from 80.0 cm
to 60.0 cm, The mean annual rainfall in the south western parts varies from
30,0 cm to 40.0 ecm. The subzone lies in the semi arid zone based upon the
Thornwait's moisture index classification. The major portion of rainfall comes
from southwest monsoon in the subzone.

1.5 TEMPERATURE

The climate of subzone - 1{e) presents extreme of both heat and cold due
to its geographical position. The temperature rise slowly till the end of
March and the hot spell begins with April for the next three months. The
temperature begins to fall gradually from July onwards as the hot winds receive
the moisture. The minimum temperature is in January with the fall of the
winter rains. #Plate - 5 ghows the variation in temperature in the subzone.
Plate = 5 alsc depicts the bar graphs of temperature for Hissar, Delhi and
Bareilly in the subzone showing the maximum and minimum daily mean temperature
for the different months of the year. The mean annual temperature varies from
22.5% to 25.0%. in the plains except the northern parts adjacent to the
foothills and Tarai area with mean annual temperature of below 22,5°¢ and south
eastern areas with mean anmial temperature of above 25,0%. The paximum and
minimum daily mean temperature in large parts of the plains during the monsoon
season from June to September varies from 33.0% to 40.0° and 25.0% to 28.0°%
respectively.

1.6 50ILS

Plate - & shows the soil classification in subzone-1(e). The plains of
Yamuna, Ganga, Ramganga, Gomti and upper parts of Ravi, Beas, Sutlej and
Ghaggar are covered with recent alluvial soils. The plains in the middle
‘reaches of Beas , Sutlej and Ghaggar are covered with calcareous soils of

.
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alluvial origin. The saline and alkaline soils are also found in some parts
of the plains covered with alluvial soils old alluvial soils cover the areas
lying in the northwest part of the subzone between Sutlej and Ghaggar. The
areas near the southwest boundary in the subzone are covered with desert

and grey brown soils. The areas adjacent to the northern boundary are
covered with brown hill soils, Tarai socils are found in the Tarai area in
the northern parts.

1.7 LAND USE

The plains of the subzone - 1{e) are fertile and cultivable. Most
of these parts are alsoc irrigated. The northwest and scuthwest portions
comprising of 50%,0f the subzone are intensely irrigated to an extent of 80%,
The intensity of irrigation in 25% of the area is 20% to 60%, Porests lie
in the northwestern, southern and northeastern areas, Plates - 7 & 81
show the land use in the subzone,

1.8 COMMUNICATIONS

1.8.1 The following railway sections traverse the area in the
subzone - 1(a)

5.No. Railway Sections Railways
1. Amritsar — Ludiana-Najibabad-Moradabad-
Bareilly-Sitapur Horthern Railway (NR)
2. Ferozepur-Bhatinda-Delhi-Ghaziabad-Moradabad HiR.
3. Hindumalkate~Bhatinda-Hissar-Rewari NYR
4, Pathankot-Jullundur-Ferozepur-Fazilka H.R.
S Ludhiana=-Dhuri-Jakhal-Hissar-Churu H.R.
By Kalka-Ambala-Delhi-Rewari N.R.
T Saharanpur-Meerut-Ghaziabad-Khurja-Hathras-
Tundla-Kanpur H.R.
8. Meerut-Hapur-Khuria N.R.
9. Majibabad-Moradabad~Chandausi-Bareilly H.H.
10, Wangal dam - Sirhind MN.R.
11. Dera Babananak = Amritsar-Lahore N.R.
12. Rajpura-Dhuri-Bhatinda - Bikaner N.R.
13. Pathankot-Amritsar N.R.
4. Ludhiana-Ferozepur H.R.
15. Najibabad-Gajralla N.R.
6. Farrukhabad-Shikahabad N.R.
17. Barhan - Etah H.R.
18. Narivana-Kurukshetra N.R.
19. Jind - Panipat H.R,
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2

k]

4

3{d)
3{e)
3(F)

(g}
3(h)

3{4i)

4(a)

4(b}

4{c)
5(a)
5(b)

6.

Mahanadi basin including
Brahmani and Baitarani rivers

Upper Godavari basin

Lower Godavari basin except
coastal region

Indrawati basin

Krishna subzone including
Panner basin except coastal
region

Kaveri & east flowing rivers
except coastal region

Circars including east
flowing rivers between
Mahanadi & Godavari

Coromandal cost including
east flowing rivers between
Godavari & Kaveri

Sandy Coroman belt(east
flowing rivers between the
Kaveri & Kanyvakumari)

¥onkan Cpast (west flowing
rivers between the Tapi &
Panaiji)

Malabar coast (West flowing
rivers between Kanyakumari &
Panaji)

Andaman and Nicobar

JEK Kumson Hills(Indus basin)

Mahanadi

Upper
Godavari

Lower
Godavari

Indrawati
Kxrishna

Kaveri

Upper
Eastern
Coast

Lower
eastern
Coast

South
Eastern
Coast

Konkan Coast

Malabar
coast

Mzhanadi, Baitarani and
Brahmani rivers.

Upper portion of Godavari
basin,

Lower portion of Godavari
basin.

Indrawati river:

Krishra & Panner rivers
except coastal region.

Kaveri river(except
coastal region).

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

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

East flowing coastal
rivers Manimuther,Vaigai,
Arjuna, Tamra - Parni,

West flowing coastal
rivers between Tapi &
Mahdavi rivers,

West flowing coastal
rivers hetween Mahdavi

-~ & Kanyakumari .

Andaman &
Nicobar

Western
Himalayas
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Jhelum, Upper portion of
Indus, Ravi & Beas rivers.
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2,0 DESIGN FLOOD, DATA AND THE METHOD ADOPTED FOR ANALYSIS

2.1 DESIGHN FLODOD

The Khosla Committee of Engineers had recommended a design flood of
SQ-year return period for fixing the optimum waterway of the bridges. The
design flood in other words may be defined broadly as a rational estimate of
flood discharge for the design of safe and economic structure across a
river, The Committee of Engineers had suggested that 50-year flood may be
considered as the maximum observed discharge from the yearly peak discharge
records available for not less than 50 years. Where the yearly peak
discharge records are nmot much less than 50 years, the S50-year flood may be
obtained from the probability curve of peak discharges. In the absence of
adequate data of peak discharges, storm rainfall and runoff data for the
selected catchments shall be collected for a required period and detailed
studies carried cut to derive the unitgraphs for these catchments and to
prepare storm rainfall maps for different durations. In this connection,
the Committee had suggested to develop a suitable rational methodolegy for
estimation of 50-year flood, subzonewise based on application of storm rain-
£all to unitgraph. It has been assumed that 50-year.storm rainfall applied
to unit graph may produce a flood of the same return pericd (50-year)as that
of storm rainfall,

2.2 DATA

For conducting the unitgraphs and design storm rainfall studies, the
following concurrent rainfall and runoff data for a number of catchments aof
small and medium sizes representatively leocated in a subzone are required for
a minimum period of 5 to B years during the monsoon Season:

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

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

iii) Hourly rainfall data of raingauge stations in theé catchment.
Raingauge stations are to be selfrecording and/or manually
opexated.

iv) Catchment area plans showing the river network, location of
raingauge stations and gauge and discharge sites, contours,
highway and railway network, natural and man made storages,

habitations, forests, agricultural and irrigated areas, soils,
etc.



v) Cross sections at the bridge site (geuging site) upstream and
downstream of the bridge site,

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

In addition to the above, the data of gauged catchments, rainfall data
of self-recording rainoauge stations maintained by India Meteorological
Department is also reguired.

The Northern and the North-sastern Railways under the supervision of
Research and Designs Standards Organisation (RDSC) had observed and collected
the reguired data in Section 2.2 for 40 catchments in the Upper Iado-Ganga
Plains subzone = j{e) for a pericd of 3 teo 12 years for each of the catch=-
ments. Central Water Commission on behalf of Ministry of Transport has also
observed and collected the reguired data since 1981 for two catchments in
this subzone. The sizes of the gauged catchments varied from 25.26 sq.km. to
2425.54 sq.km. The location of gauging sites at road and railway bridges in
subzone - i1(e) are shown in plate-2, IMD has collected rainfall data of
additional raingauge stations maintained by-IMD, CWC has also prepared the
detailed plans of the gauged catchments showing the information in Section
2.2(iv). Table - 1 shows name, number of bridge, location of gauging sites,
name of streams, catchments areas, mutber of raingauvges and perind of availa-
bility of data along with observational agency. R.D.5.0. has madez availables
the data collected to CWC and IMD for carrving out the studies.

2.3 DESCRIPTION OF THE METHOD ADOPTED

In this report, Seéction-3 explains the procedure for obtaining the
synthetic unitgraph for ungauged catchments in subzone - 1(e).

Section - 4 explains the procedure for obtaining the design storm
i"mt .

Section = 5 explains the steps to be followed for obtaining a desian
flood of 50-year return period,

The adoption of synthetic unitgraph is recommended for ungauged
catchments or gauged catchments having inadequate data, Howaver, for gauged

catchments with adegquate data, representative unitgraph based on actual data
should be preferred,
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3.0 DERIVATION OF SYNTHETIC UNIT HYDROGRAPHS

The Synthetic Unitgraph is a unitgraph of unit duration for a catch-
ment under study obtained from the relations established between the physio-
graphic and unitgraph parameters of the representative catchments in a hydro-
meteorologically homogenous region. In order to obtain a Synthetic Unitgraph
the following steps have to be followed:

i) Analysis of physiographic parameters of the catchments.
ii) fScrutiny of data and finalisation of gauge discharge rating
curves.

iii) Selection of flood and corresponding storm events,
v} Computation of hourly catchment rainfall.
v) Separation of base flow and computation of direct runoff-depth.

vi) Computation of infiltration loss ( f-index) and 2-hourly
rainfall excess unit.

vii) Derivation of 2=hourly unitgraphs.

viii) Drawing of representative unitgraphs and measuring the
parameters.

ix) Establishing relationships between physiographic and
representative unitgraph parameters.

x) Derivation of 2-hour Synthetic Unitgraph for an ungauged
catchment.,

The above steps are briefly described as under:
3. ANALYSIS OF PHYSIOGRAPHIC PARAMETERS OF THE CATCHMENT

The representative catchments selected for the study were analysed for
physicgraphic parameters. The catchment parameters shown in Fig.l are asunder:

3.1.1 Catchment Area ([A)

On a reliable map, the watershed boundary is marked. The area enclosed

in this boundary up to the gauging site may be referred to as the catchment
area.



3.1.2 [+ =) Stream (L

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

3.1.3 uivalent Stre s s

Longitudinal section (L-section) of the main stream was prepared from
the values of the contours across the stream and the spot levels near the
banks with respect to their distances from the point of interest/gauging site.
A line is s=o drawn by trials from the point of interest on the L-section such
that the areas of the L-section (profile) above and below the line are equal.
This line is called eguivalent Stream Slope Line. Alternatively, the Le-sec=
tion may be broadly divided into 3 to 4 segments representing the broad

ranges of the slopes of the segments and the following formulae may be used
to calculate the equivalent slope (S):

Ii.ii‘i'....lt3l1}

] :K Li {‘1}1_1+D11

i

2
L
whers Li = Length of the ith segment in km.

Di-l. By = The depth of the river at the point of inter-—
section of (i-1) and ith contours from the
base line (datum) drawn at the level of the
point of study in meters.

L = The length of the longest stream as defined

in section 3.1.2 in km.

Cut of 42 gauged catchments, the physiographic parameters A, L and
S were estimated only for 23 catchwents which were found suitable for
analysis. These parameters are shown in Table - 2.

3.2 SCRUTINY CF DATA AND FINALISATION OF GAUGE DISCHARGE RATING CURVE

The data was scrutinised through Aarithmetical checks. The gauge
(stage) vs. area curves and the stage vs. velocity curves were prepared to
identify the outliers and reconcile the data in the plotted points of the
stage-discharge curves. At many places, the average trend of the stage-area
curve and the stage-velocity curve was used to obtain the discharges at various
levels., where wide dispersions were observed in the stage-discharge
curve, log-log fitting was adopted. The stages for conceivable floods were

converted into discharges initially identified with reference to rise and
fall in the stages of the river.

3.3 SELECTION OF FLOOD AND CORRESPONDING STORM EVENTS

The general guidelines adopted for selection of flood events for
each catchments are as under:

i) The flood should not have ynduly Stagnating water lavels.

L
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ii) The selected flood should result from significant rainfall
excess generally not less than one cm.

iii) The runoff resulting from particular storm should not be less
than about 15% of the gross rainfall.

3.4 COMPUTATION OF HOURLY CATCHMENT RAINFALL

The Theissen network was drawn for the raingauge stations on the
catchment map and then Theissen Weights were computed. The hourly point
rainfall at each station was multiplied with their respactive Theissen Weight
and added to obtain the catchment rainfall- for each one hour duration during
the storm pericd. Two hourly catchment rainfall units were estimated by
adding the successive hourly rainfall units.

3.5 SEPARATION OF BASE FLOW ' f

The selected flood events were plotted on the normal graph paper.
The Base Flow was separated through the normal procedures to obtain direct
surface runoff hydrographs and the direct runoff depth over the catchment
was computed for each flood events.

3.6 COMPUTATION OF INFILTRATION LOSS (@-INDEX) AND 2-HOURLY RAINFALL
EXCESS UNIIS

With the known values of 2-hourly catchment rainfall in section 3.4
and the direct runoff depth in section 3.5 for each flood event, the
infilteration loss (constant loss rate) by trials was estimated to obtain the
direct runoff depth. The Z<hourly infiltration loss was deducted from the
2-hourly rainfall to get the 2-<hourly rainfall ewxcess units,

3.7 DERIVATION OF 2-HOUR UNITGRAFH

A unit duration of 2-hours was adopted for derivation of unitgraphs
to reduce computational work as the floods from the catchments with flat
slopes were of long duratiomn. The 2-hour unitgraphs were derived fxom the
rainfall excess hyetographs and their corresponding direct zunoff hydro-
graphs by iterative methods. The iterations were carried out till the
observed and estimated direct runoff hydrographs compared favourably.

Mormally 5 to 15 unitgraphs are derived for each of the 23 catchments
considered.

3.B DRAWLHG OF REPRESENTATIVE UNITGRAFHS AND MEASURING THEIR PARRMETERS

The representative unitgraph is the unitgraph which reproduces,
in reasonable limits, the direct surface runoff hydrographs corresponding
to their rainfall excess of the storm from which it has been obtained.
Representative 2-hour unitgraphs were drawn from a set of superimposed 2-hour
unitgraphs for each of the 23 catchments and thelr parameters noted. 'The
parsmeters of the representative unitgraph illustrated in Fig.2 were measured
for each of the catchments, The parameters of the representative

i T M W o
unitgraphs axre T tp' m' IE}:-' qp. 50" 75" "as0' "Rys and Tg. rhese

parameters for 23 catchments are listed in Table -3,
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3.9 ESTABLTSHING RELATIONSHIPS BETWEEN PHYSIOGRAFHIC AND
REFRESENTATIVE UNITGRAPH PARAMETERS

Physiographic parameters like L, Lo, § and A and the parameters of the
1 W
2~hour unitgraph like tp, ﬂp, TB' Wsup 25 HRSD' “R'J'S’ for 23 gauged catchmets

out of 42 catchments in subzone - 1(e) were estimated as shown in Tables - 2
and 3 respectively. The reasons for eliminating the 19 catchments in this
study are indicated in Table - 1. Following simple model was adopted for
establishing the relationships between these parameters:

Y Ecxp 'I'l""l.l'llliivs'-g"‘
where

¥ = Dependent variable

X = Independent variable

c = A constant

P = An exponent.

From equation 3.9.1, it follows that
Log ¥ = log C + P Log X ceiecesssnnsassacsasnsasnn 32952

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

Various trials of relationship between the physiographic parameters
and one of the unitgraph parameters and among the unitgraph paramaters
themselves were made, The relationship between the physiographic parameters
(L/_/S) and unit pesk discharge of the U.G.(gp) was found to be significant.
Similarly, the relationships between gp were individually found to be
significant with the U.G, parameters of tp, W50, W75, WR50 and WR75 as
dependent variables. The time base (TB) could be significantly correlated
to (tp). Principle of least squares was used in the regression analysis to
get the above relationship in equation 3.9.1 above to predict the parameters
of the Synthetic Unitgraph in an unbiased manner.

The EFollowing relaticnships have been derived for estimating the
2=hour unitgraph parameters in the subzone -1(e).

51. No. Relationship Corr. Equ. Fig.
Coeff. Nog, NP.
1. a, = 2.0/ /5)°% 0.80 3.9.3 3
1.038
2, t = 1.85 0.90 3,9.4 4
o aitqp}
0.990
3. “ED 2.21?{(qp} 0.99 3.9.5 5
a, W = 1.47?!{%10'5“ 0.98 3.9.6 6
0.907
6. Wos = ﬂ.ﬁﬂﬂf{qp}u'791 0.86 3,9.8 8
. 0.779
Ty = 7.744 leJ 0.91 3.9.9 9




I=-3"8vl

CNIVE  FLvnBeIavHI i segi z 6L op v viloowkog| ¥ 08 | "H'N ‘ vONUYHE -NNJATOHAS NYEG  INONW] I
oa T | gL-TtH z 1] Of Of M| 0O ¥R 0C| ()66 | ‘H'N *WYD TYINYN = ONIHBIE iavw i¥ona| ‘e
oa £ | 99-v06 ' 06 oF #5 5L 00 0 e 1L | HN CHHYHEYMYN - YEYMOYH d YIVH v o
1= L |- £ LE) 00 PO SL|00 6% OF| ([1JCE | TH'N "WNJrOYTd - VNVIHOMT ‘HO AYEVO| ig
‘Bn wod wiavuinswn conare| ¢ | ot/Ssar " we ? Tomioz e byl (u)e | WM HNOTeWEO - wYSHYVY vuhnvd| ‘%
L L TP T i _ ¥i - eRLi i ui o0 I wLjovon 1w S5 | W' LONNYHIVE - HNONOTING | “30HD WIYMUEONM | "I
S . . T |'e? mﬂun.. £ okl 00 GF §L)|00 6T 1T oL H'H HAJEVIHEOH ~HnaNmInG FOHD WIVHEVN| 98
——— oo £ |‘o® n.-_._.: € okl o0 OF L) 00 6¥ OF a8 ‘BN YWNJIToWId - YHIHGNT WO IYMOEEYPE| '6E
ol L 4 &L =M 1] i 00 €0 BL|0D 96 LT -1 "N VIONNL- OveYIZvHD ‘H3 HEYD DY) e
oq T | -2 z 6z 00 LV SLIOE € 16| [1)59 | “H'N “Svclygwv-4nannmne ‘Sv3g - Mvy| “te
1<} L [FE8 4 1 € €57 00 L€ 94| oK ¥2 OC 141 H'N CYNVIHONT - YTy ENY F0HI JHNONYL| "TE
od e S E 7 657 00 OFiLlo8 Z€ 43 oL | THIN s R Tids YRARYE | iE
9N HOA TIBVLNSMA 500074 S | ss-3as * oLz of §vLiL|oE Ev 97 911 | "s'M TIHT30 - OvavOvHOW ovavuiove| ‘o
‘£QO0%d ON L | we-n981 * itz 00 57 5|00 81 O 172 | "N CYONLLYHE - vilnarve WO wInYNYHO| ‘62
oa L ZL =996 € o9z OC FTEL| OE 27 ¥2 BEQH | "WN T ATHaNVE-avavavHOW NYIN Vu03a| 2
oa T | fe-ziel € LEC 0% ¥ 5L OF I 6T BLT | "W'N 'VONILVHE  TvHNVE NVED Yidbve | ‘13
ca * 69-798 z £ 113 OC 35 9L| 00 &1 O€ FET UN HNINYHYHYE - yIVENY ‘W eONYL| sz
T . r q“w...n-um_ £ 2 7] 00 LS ¥L| 00 SE IE|  -0Z1 | W N MYSLIMWY - BNANMTIAT YTTon - unswn| ‘sz
‘9N wod ﬁnﬁ_:nzn _ﬂﬂmﬁu 5 FL-evsl| ol ¥THE 00 LE 84| 00 90 (2T £ [UN'OYEVIHINEYYY- OYEYHONING veuie | 2
BISAMIYNY  NOISEINOTY W04 UIWIAISNGS L1ON wI00IEE . @
] EL=a961 i sz o1 K&L| of 35 B .14 2N T W% ~HndloNg iNzg| w1
* _.,-ww:._ i L1 0o ¥¥ EL| 00 I Lx al WIN T VEZINMY - IHYMIY ONvoW | 9t
* L B Y T &% §% T 04| 04 €0 sz I8 21 |5 OVAYOVROW ~ndNYHYHYS ‘H Wwanvs | iz
] 9= 108 [ & LE 0 9L T6 ¥E LT[ (l0m) VHNGHYHE - LindloN HYHM | ‘o2
i L7 =17481 ¢ cL Ok of 6£| BI IE BT SIC | "M 3N LHGOII- YENdroHe viLvavn | st
] EL-896)| 7 14 of I¢ 24| 00 S OF 162 | "¥'N "VIVOHY - MNdNYHYHVE FOHZ 1HWY | B
7 | gr=1%81 T gol 0L KL 00 95 0F| (IPOL | "H'N “WYD TIYONYN - ONIHEIE OYHHONE | ‘L1
i -ﬂﬂwﬂﬂq E 301 &0 LTEL| OE of ez k] W3 N THVAODHLY W - YHNdroNE ‘W NYINYHOIO | W
% n._hh.,.hﬂ__.. S el oo vEoi| oo o of| (H)E6 | "H'N ‘WYA TVONYN =TNHEIE MNYMEIE | ‘st
E xuﬂ.uu-ﬂ_ £ osi o0 8% 6L | 00 &5 07 BOZ | "W'IN' LHEIMN = YVHNdroHa M3oNvd | "W
] L9 -T960 T 299 Of KP LL| 0F €2 €2 291 | "H'N "HNINYHYHYS - QvaviZvHD YT1IVN vaHenw | &
£ Ly -gei 7 anl 00 16 2L 0o ¥ of 672 TN YIVENY - iH130 FOHI = WY | 21
£ Se=1L 9960 € o0&l ¥Zioo8| #ves ez (M) s "H'N " HNdANYL - LiHgid Yangowp | n
L i -89 £ L6 oEToOGL| 00 5 k| (I)66 'HN * BYELIHWNY - BRARNTINT WTIWN 1LLvd | o)
Fx wL-8361 v IzE 00 BE LL| OO 96 62 LOCTI | HN "OVEVIVHOW-HNdNYEYHYE NYONIH| §
S BL-GLEI| & oFv o0 11 eL| 00 ¥E 62 T [N HNANY HYHYE -OVEVaYHON NITYH | g
% a9-2361| 9§ TS 2T L¥ LL| WY e B2 Il "N fundYH = yrune ovovdiave | L
o1 |‘eo-tee] o 18 | oo evie| og 9 w2 68 | 'W'N ‘OVEVIZVHD -QvEVOVHON ‘W own| e
v | #9-u2el| o1 716 00 @¥ EL| o€ LO of ot "H'N FIYHEYE - IHNHG 30K MYNNS | ©
£ £9=1861 £ 821l (oo vt L] 00 ¥T O (LoW) T VNYIHGNT - HNd NV Y YHYE dveowHo | ‘¥
2 qnumm“h-_ [ B0E! 00 Lo 64] oo 10 83 oo¥ HUIN T PNYSEYN - A EuvE Iawn los | ¢
L | zL-9201| B zloz LEto 6] coor 42| (I)001 | "WN"  wng (HEYN= wawTvl igov | T
] “nnuﬂ_ L S#? o0 IvgL| 00 §1 JE T | CHN"YWNYIHONT - HYSLENY MNI38 FLIHM | "
SISATYNY NOSINOIH BO4  JIHWIAIENDD E3O0IHE ¥
T ol [ @ i £l 5 - £ 3 [
{wy we )| $ M A3a 136 e 930
SHOLYLS
Toave ondionot | SonuY)
ALITIG MY 'ON 345 | 038 Ovod SaNoz Avmlivi
SHVIA | —VTIVAY 40 ¥ iuy ol JON HE | Wl O3iv301 §©1 3IDOIEE WYIELE ‘on
VNI 40 on wAvD PN | LNIWHILYD | -L¥I0T TLIS T 0 |[AemTive — FHINM HOLLIIE 40 FWVN 40 INVN 5
TIvdNIVE  ONY  F9WVHISIO 'I9NVS 4o ALMIEVTIVAY  vivd QnY
(sHv1d YINFD - 00Nl HIddn) (3} INOZENE NI SLNIWHILYD FO0IHE AvWIIVE QILII1ET 40 LEN
——n



TABLE -2: BASIN CHARACTERISTICS OF SUBZONE -1 (e}

51. No. Br.No. A L S5{q) _L_
Sq.km, k. m/km /s
1 20 2425.54 96. 60 0.629 121.82
2 104 Q1) 2072.0 125,19 0.870 134.21
3, 400 1908.00 200.80 0.257 396.09
4, Ghaggar 1126.00 81.42 5.14 35.91
5. 181 911.68 144.90 0.901 152,61
6. 89 814.75 97.40 0.39 155.96
7. 124 511.53 54.74 0.465 88, 23
8, 1244 440,00 64.50 6.280 25.74
a, 1307 322,20 56.32 3.65 29.48
10, 99 (i) 296, 61 49.88 0.422 76.78
11. 65 190,11 32.2 11.43 9.52
5 229 187.96 47.75 0.974 48,38
13y 166 165.76 27.48 0.61 35.18
14. 288 160.086 36,70 0,492 52,32
15. 93(ii) 140,66 28,60 3.60 15.07
16. 2 106.40 61.98 0. 3861 183.16
17. 104 (1) 104,58 23,90 4,363 11.44
18. 291 96.41 36.20 1.08 34.83
19, 315 73,04 28,34 0.128 79.21
20, Khar 55.00 17.00 5.8 7.06
- 1231 49,47 16.19 2,41 10.43
22, 184 35.87 9.45 4.37 4.53
23. 50 25,26 15.0 2.0 10,61
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Where : S =Egquivalent stream slopel M /km )
L =Length of longest sieam course (km )

Il =1},l2,05..m.c Iy = Segment lengths (km)
8 =¢ 185 3........8q = Contour elevations(m)
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Q (Qumecs)

G.

Fig: 2

\ 2 3 4 5 &
= TBhr _,a-_JI

= Unit Graph
= Unit Rainfoll Duration adopted in a spaecific study (hr)

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

= Peak Discharge of Unit Hydrograph (Cumacs )

= Time from the Gentre of cainfall excess duration to the U.G. Peak(hr)

Wgq = Width of the U.G. measured at 50 % of peok discharge ordinate (hr,)

Wos

= Width of the U.G. measured at 75 % of peak discharga ordinate(hr.)

wﬂﬁﬂ; Width of the rising limb of U.G.measured at 50% of peak dlscharge

ordinate (hr.)

wn?s = Width of the rising Iimb of U.G. measured at 75% of peak discharge

s

A

9p=Qp/A= Cumec per Sq.km.

ordinate (hr.)
= Base width of Unit Hydrograph (hr.)

= Gatchment Area (Sq. km,) GOVT. OF INDIA

CENTRAL WATER COMMISSION
HYDROLOGY (S.C) DIRECTORATE

UNIT GRAPH PARAMETERS

[DRAWN BY AVNISH KUMAR
CHECKED BY. A. K, GHOSH
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T
m

‘qpr

tp + trfE

The above relationships may be utilised to estimate the parameters of
2-hour Synthetic Unitgraph for an ungauged catchment with its known physio-
graphic parameter L, A and 'S,

2.10 DERIVATION OF 2-HOUR SYNTHETIC UNITGRAPH FOR AN UNGAUGED CATCHMENT

Considering the hydro-meteorological homogenity of subzone =1(e),
the relations established between physiographic and unitgraph parameter in
Section 3.9 for 23 representative catchments are applicable for derivation of
2=hour Synthetic Unitgraph for an ungauged catchment in the same subzone.

The steps for derivation of 2-hour unitgraph are:

i)

ii)

iii)

iv)

v)

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

Substitute L/ _/S in the equation 3.9.3

q, = 2.030/(1/ _/5)0+849
to obtain qh in cumecs/sqg.km.

Then = ®x A in cumecs,
%%

Substitute qp in equation 3.9.4

1.038
t = 1.858/{q ) "
P %
to obtain tp in hours
T =t +t/2=1{t + 1) hours.
m P T P

Substitute qp in the following equations 3.9.5 to 3,9.8 to

obtain wSﬂ' “?5' wnﬁn and WR?E in ?ﬂurs

0,990
WSD = z.m'{{qpl
0.876
H&E - 1.47?ftqp}
0,907
“ﬁ5n = u.a12ftqp)
W = u.ﬁnﬁffqplu'?g1

Substitute tp in equation 3.9.9

0,779
B

to obtailn Th in hours,

T = 7.744 (t )
P

56



i Plot the parameters of 2-hour unitgraph viz: 1;. TB. Qp, WED'
“?5' “ﬁﬁo' Wﬁ?ﬁ on a graph paper as shown in illustrative
Fig,2 and sketch the unitgraph through these points. The
discharge ordinates fQil of the unitgraph at 2-hour ltr]

interval are summed 0p and the direct runoff depth (d) in em
is obtained from the following eguation 3,9.10

= 0,3
a 6 ® Qi x tr

O g o 1~ g 1
a .

where d = depth of direct runoff in em.

Q; = Discharge ordinates at 2-hour interval(cumecs).

A

il

Catchment area in sg. km.

In case the depth of runoff (d} for the Synthetic Unitgraph drawn is
not equal to 1.0 em, then suitable modification may be made in falling limb of
the unitgraph to obtain 1.0 cm depth of runoff,

an DESIGN 10OSS RATE

Surface runoff occurs when the gross rainfall has met with the
abstractions due to infiltration, evapotranspiration, interception, filling up
of surface depressions etc.. Since each and every parameter cannot be
ohserved at various locations in the catchments, a need therefore arises to
adopt an average value of design loss rate representing all the abstractions.
Variations due to the soil conditions and tepography along with the spatial
variations in rainfall make this loss rate a complex phenomena. In this
repoxt, the loss rate study based on @-index approach using the actual data
of flood hydrographs provide necessary guidance in arriving at the design
loss rate, In Table-4 the ranges of loss rate are presented against the
number of events falling in each category for each catchment, There
could perhaps be two alternatives., One was to adopt the lowest value of loss
rate and the second to adopt the model value of loss pate., Since this report
is intended at providing S0-year estimates which may not be & very rare
event when considered from design point of view, a model value of design loss
rate of 3,0 mm per hour is recommended for adoption,

3.12 BASE FLOW FOR DESIGN FLOOD

The number of events with various ranges of base flow are shown
in Table-~5, Out of 179 number of flood events, 126 flood events fall in the
range of 0.01 to 0.09 cumees per sg. km. An average value of base flow of
0.05 cumecs per sg. km. is recommended for adoption in the subzone.
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4,0 DESIGN STORM INFUT

The areal distribution and time distribution of the rainfall of a
given duration are two main meteorclogical factors deciding the design flood
peak and the shape of the design flood hydrograph. This input has to be con-
verted into rainfall excess and applied to the transfer function (Synthetic
Unit Hydrograph) to obtain the response (Flood Hydrograph).

4.1 DESIGHN STORM DURATICN

The duration of the storm rainfall which causes the maximum discharge
in a drainage basin is called the design storm duration. The design storm
duration (Td) for a catchment may be adopted as 1.1 times tp (basin lag time)
i,e. ™d = 1.1 x tp. The estimated design storm duration {TD] exceeding 24
hours shall be limited to 24.0 hrs.

4.2 RAINFALL DEPTH DURATION FREQUENCY STUDIES

India Meteprological Department have conducted this study on the basis
of 19 self recording raingauge stations and 145 ordinary raingauge stations
maintained by TMD/States and 15 SRRG stations maintained by Railway in 6 bridge
catchments in subzone 1(e).

The annual maximum series for all the ordinary raingauge stations in
and around the subZone were computed for each station from the daily rainfall
data of the stations for the period varying from 50 to 70 years of records,
The annual extreme value series was subjected to Gumbel's extrems value dis-
tribution and the rainfall estimates for 50 year return periods were computed.
The daily wvalues of rainfall estimates were converted into 24 hour rainfall
estimates by using the conversion factor of 1.15. These 24-hour rainfall
estimates for all the stations in the subzone were plotted on a base map of
the subzone and jisopluvizl map for S0-year return period is shown in plate-9

The hourly rainfall data recorded by SRRG stations for the pericd of
5 years to 38 years were processed by fregquency analysis (partial duration
series method) and the rainfall estimates for 50-years return period of speci-
fied duration namely 1,3,6,9,12,15,18 and 24 hours were computed.

The ratios of short duration of 1,3,6,9,12,15 and 1B hours rainfall
estimates with respect to 24-hour rainfall estimates were worked out for all
the SRRG's stations in the subzone. The average value of the ratio for each
specified duration was computed for the basin assuming the basin as a unit.

The average ratios for durationsof 1,3,6,2,12,15 and 18 hours with
respect to 24-hour rainfall are as follows:



Duration Ratio = 50-yr. T-hr.point rainfall

S50-yr. 24-hr. point rainfall

24 1.0
18 0.93
15 0.89
12 0.B4
9 0.77 -
6 0.68
3 0.56
1 0.34

Fig. 10 shows the ratios for short durations point rainfall with res-
pect to 24-hour point rainfall.

The short duration rainfall estimates for various short durations
(1,3,6,9.12,15 & 18 hours) can be computed by using the respective ratios.
The value of 24-hr. rainfall estimates for a particular station for SO0-yr.
return period can be interpolated from plate 9 and the short duration rain-
fall estimates can be obtained by multiplying with the corresponding ratioc
for that particular short duration obtained from Fig.10.

4.3 CONVERSION OF POINT TO AREAL RATNFALL

The short duration rainfall data of only 6 bridge catchments were used
for this study. The data of remaining bridge catchments could not be utilised
as thejpericd of data were less than 4 years and concurrent years data were
not recorded over the stations in a bridge catchment. 2-yr. point rainfall
values for gpecified duration for each station in the catchment were computed
by Erequency analysis. Arithmetic - average of 2Z-yr¥. point rainfall of all the
stations in the catchment was calculated to get the 2Z-yr, representative
point rainfall for the catchment. Events of maximum average depth for a
particular duration in each year were selected on the basis of simultaneous:
occurrance of rainfall at each station in the catchment. The areal rainfall
series thus obtained was subjected to freguency analysis and 2-year areal
rainfall depths for specified duration were computed. The percentage ratio of
2-yr. areal rainfall to 2-year representative point rainfall for the catchment
was calculated and plotted against the area of the catchment for various dura-
tions. The best fit curves were drawn for specified durations on the points
obtained for all the catchments. Areal to point rainfall ratios versus catch-
ment area curves for design storm durations of 1,3 and 6 hrs. are shown in
Fig.17{a) and similar curves for durations of 12 and 24 hrs. are shown in
Fig.11(b}. The areal to point rainfall ratios alse called Areal Reduction

Factors (ARF) read from the curves in Figs.11{a) and 11(b) alsc shown in
Table-6.

4.4 TIME DISTRIBUTION OF INPUT STORMS

The study of time distribution of short duration rainfall has been
carried out by IMD for the following categories of durations:

1. Rain storm of 2 to 3 hours

&Y



TABLE-6 |AREAL TO POINT RATNFALL
JRATIOS (PERCENTAGE)

Area 1 hr. 3 hr. & hr. 12 hr. 24 hr.
(Sg.¥m.}

50 88 92 g5 96 98
100 80 88 91 94 96
150 73 84 8a 92 94
200 68 s1l 86 90 93
250 63 78 85 89 ai
300 60 76 84 88 90
350 - 74 83 87 89
400 = 73 82 86 88
450 - 73 81 85 87
500 - 72 80 84 86
600 - - - 82 as
700 - - - 80 83
800 - - = 79 82
900 = 2 - 78 &1
1400 v - - 77 81
1200 - - - 76 80
1400 - - - - 79
1600 - - - - 78
1800 - = = - - 77
2000 - - - - 77

§I2500 - = = - 77
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2. BRain storm of 4 to & hours

3. Rain storm of 7 to 12 hours
4. Rain storm of 13 to 18 hours
5, Rain storm of 19 to 24 hours

About 5000 rain storms of various durations upto 24 hours gecurring in
various parts of the subzone were analysed based on 600 station year data.
Rain storm selected at each stations were grouped under the above 5 categories
and plotted on different graphs as dimensionless curves with cumulative per-
centage of storm duration along the abecissa. Thus, five different graphs were
prepared for each stations corresponding to various duration and were then
examined. The envelope and average time distribution curves for the various
durations were drawn for each station. All the average and envelope curves
for the stations thus cbtained were plotted on & single graph and a single
average and 2 single envelope curve for the subzone as a whole were drawn for
storms of different durations and are shown in Fig.12.

4.5 ‘100-YEAR 24-HOUR POINT RAINFALL MAE

Under sarlier section 4.2: Rainfall Duration frequency studiecs, S0-yr.
24-hour point rainfall map in plate 9 and 50-year short duration point rainfall
to 50-year 24-hr. point rainfall ratics for conversion of 24-hr. point rain-
fall to 1,3,6,9,12,15 and 18 hours were provided for estimation of 50-vear
flood.

However, those interested in the design Fflood from 100-year short
duration rainfalls upto 24 hours, 100 year 24 hour point rainfall map is
shown in plate-10. To obtain 1,3,6,2,12,15 and 18 hrs. from 100-year 24 hour
rainfall, the ratios given in section 4.2 may be used. Similarly sections
4.3 and 4.4 may be used for conversion of point to areal rainfall and time
distribution of input storm respectively.

4.6 PROCEDURE FOR ESTIMATING THE DESIGN STORM RATNFALL

The following procedure is recommended to be adopted for estimation of

critical distribution of storm rainfall to cause the maximum flood due to the
rainfall of a specified duration:

Step=1

Having estimated tp vide section 3.9, calculate the design storm dura-
tion Tn = 1.1 tp {(hrs.)

Step - 2

locate catchment under study on the 50-yr. 24 hr. rainfall isopluvial
map (plate 9) and cbtain the 50-yr. 24 hr. point rainfall value.

Step = 3
Read the conversion ratio for T hrs. from Fig.10 and multiply the
24 hr. rainfall in step-2 by the ratio Ec obtain the S0-yr. TD-hr. point

rainfall.
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Step-4

Convert the 58-yr. T -hr. point rainfall to 50-yr. T -~hr. areal rain-
fall by multiplying with the areal reduction factor (ARF) cugzespunding to
catchment area under study and for T_-hr. duration from Table-6 or by inter-—

polation from Figs. 11{a) and 11(b) Din section 4.3 for the duration T _ hours

and catchment area under study. 2
Step-5

Apply the cumulative percentage of total rainfall against the per-
centage of average design storm duration curve in Fig.12 corresponding to
design storm duration, T_ to obtain the dspth at 2-hrs. interval since the
unit duration of synthetic U.G. in 2-hrs.

Step-6 !

Obtain the 2-~hourly rainfall increments from subtraction of
sugcessive 2Z-hrs. cumulative value of rainfall in Step-5.
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5.0 ESTIMATION OF DESIGN FLOOD FOR AN UNGAUGED CATCHMENT

The following procedure is recommended:

Determine the synthetic unitgraph vide section 3.9
Determine the design storm rainfall input vide section 4.0
Obtain the design loss rate of 0.3 cm/hr. vide section 3.11.

Obtain the hourly rainfall excess units upto the design storm duration
T, by subtracting the design loss rate of 0.6 cm/2-hr. from the 2-hourly rain-
fgll increments in step-6 of section 4.6.

Step-5

{i} The peak period (Tm) value having even number (i.e, multiple of 2
since the unit duration is 2 hours)

Tabulate the U.G. discharge values obtained from Step-1 at 2-hour
intervals. '

Arrange the rainfall excess increments against the 2-hourly synthetic
U.G. ordinates such that the maximum value of rainfall excess comes against the
peak discharge of synthetic U.G., the next lower value of rainfall excess
increment comes against the next lower-dischargeordinate and so on upto T ~hr.
duration. B .

{ii) The peak period (Tm) value having odd number (i.e, not a multiple of
2 hrs. since the unit duration is 2 hrs.) e

Tabulate the U.G. discharge values from the peak period of U.G. at
2 hours interval, - >

“Arrange the rainfall excess increments against the 2-hourly, synthetic
U.G. ordinates such that the maximum value of rainfall excess comes against the
peak discharge of synthetic U.G., the next lower value of rainfall excess
increment comes against the next lower discharge ordinate and so on upto T, hr.
duration. :



Step = &

Reverse the sequence of rainfall excess increments obtained in Step-5
(i} or (ii) as the case may be which will give the critical seguence of the
rainfall excess.

Step - 7-

Multiply the first 2-hour rainfall excess with the synthetic U.G.
ordinates at 2-hours interval which will give the corresponding direct runcff
ordinate. Likewise repeat the procedure with the rest of the Z-hourly rain-
fall excess increments giving a lag of 2-hours to obtain successive direct
runoff ordinates,

Step - B

Add the direct runoff ordinates at 2-hr. interval to get the direct
runoff hydrograph.

Step =9

Obtain the average base flow of 0.05 cumec/sq.km. vide section 3.12,
Multiply average base flow of 0.05 cumec/sg.km, with the catchment area under
study to get the total base flow.

Step - 10

Add the total base flowto the direct runoff ordinates at Z-hour inter-—
val in step-8 to get the 50-year flood hydrograph. Plot the hydrograph.

Note : Where the peak pericd of U.G. is at odd hours.
Step-11

Tabulate the U.G. values at 2-hr. interwval as explained in step-5'(ii)

Arrange the rainfall excess increments against the 2-hourly synthetic
U.G. ordinates such that the maximum value of rainfall excess comes against
the peak discharge of synthetic U.G., the next lower value of rainfall excess

increment comes against the next lower discharge ordinate and so on upto

TD hour duration.

Step=12

Multiply the discharge ordinates of U.G. and the corresponding rainfall
excess units at 2-hr. interval in step-11 to obtain the consecutive direct
runoff values, Then add the direct runoff values to get the direct runoff
peak. Add the total base flow obtained in Step-9 to get the total peak dis-
charge.

Step-13
The total peak discharge obtained in step-12 should be plotted on the
hydrograph in step-10 between the maximum wvalues of the rising and recession

limb of the plotted hydrograph. Then draw a smooth curve through these three
points to get the complete flood hydrograph.

74



6.0 ASSUMPTIONS, LIMITATIONS AND CONCLUSION
6.1 ASSUMPTIONS

6.1.1 It is assumed that rainfall excess increments derived from depth dura-
tion curves obtained from the storm Isopluvial maps of a particular return
pericd will yield the flood of the same return period.

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

6.1.3 Most of the catchments in the subzone are of elongated shape and flat.
Because of the non-availability of the long term peak discharge data of undis-
turbed catchments, no other procedure except the unit hydrograph procedure
will hold good for the catchment in question, despite the fact that due to
elongated shapes of the catchments s spatial nonuniformity of rainfall may be
more pronounced,

6.1.4 The hydrological data has been collected in various representative
“catchments for periods generally ranging from 2 to 9 years during the years
1962 to 1980. Consequent to man made changes in the catchments and river
courses, the pattern of floods had changed considerably. The slope of the
land is also very flat in most parts of the subzone and spilling and spreading
0f flood water are quite common. The results of the analysis contained in
the report generally represent the above complex conditions. Due to above
factors, the critical design storm duration has been judiciously limited to a
maximum value of 24 hours. The data used for storm study had also indicated
that the number of storms of more than 24 hours duration are negligible.
Therefore, for values of estimated design storm duration {T_ ) more than 24
hours, the design storm duration shall be limited to 24 hnu%s.

6.2 LIMITATIONS

6.2.1 The data of 23 catchments has been considered for developing generali--/ "
sed approach for a large subzone. Due to inconsistancies of data and of non-
availability of suitable floods, about 50% of the gauged catchments could not

be utilised for developing the relationships, This may have introduced some
limitations in the study. However, for more reliable relationships, data of
more suitable catchments would be desirable. '

6.2.2 The method would be applicable for reascnably free catchments with

interception, if any, limited to 20% of the total catchment., For calculating
the discharge, the total area of the catchment has to be considered.

6.2.3 The approach developed mostly covers the catchments with flat to mod-
erate slopes. For foothill catchments (steep slopes) sultable increase in
the calculated peak discharge should be given,



6,3 mrntwsxm

6,31, 'Ih; -methodology* for estimating - the design flood of S50-year return
period j.nnnrrpu:.t;d in the body of the report is recommended for ad-:lpr.i.an

6.3.2 The nport is gqnerally appli.cab:l.u for the catchment areas rlngim
, from 25 sq.km, to 2500 sg.km, - However, certain unusual site conditions inay
necessitate individual site study. Engineer-in-charge at site is advised

to take a pragmatic view while decidi.ng the desion dinchnrq-uf a bridge,

.
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