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FOREWORD

The empirical approaches generally followed for estimation of design
flood of bridges, culverts and cross drainage works may lead to erronecus
conclusions.  Studies are under way. for rational and scientific estimation /of
floods of various return periods for safe and yet economic design of struc-—
tures., Such stud:l.es for the following nine subzones have been published in
the form of Flood Estimation Reportg:

1. Upper Indo=Ganga Plains - 1{({e)
2. Middle Ganga Plains - 1 (f-)
3. Lower Gangetic Plains - 1(g)
4, South Brahmaputra - 2(Db)
5. Lower Godavari - 3(f)
G. Lower Narmada and Tapi - 3(b)
7. Upper Narmada and Tapi - 3(c )'
8. Mahanadi | ) - 3(d)
9, Krishna and Penner : - 3(n)

The present report presents the studies for Kaveri Basin sub-zone-—
3(1). The report was discussed and approved by the Planning and Co-ordinatic
Committee in its 42nd meeting held in Southern Railways at Bangalore Cantt. ¢
13th & 14th August, 1985 and Extraordinary meeting held in Central Water Com-
mission (CWC) at New Delhi on 27th September, 1985.

This report is a result of a joint effort by Central water Commis-—
sion of the Ministry of Water Resources, Research Designs and Standards Orga-
nisation (RDSO) of the Ministry of Transport (Railways), Ministry of Transpori
(Roads) and India Meteorological Department (IMD), in pursuance of the recom-
mendations of the Khosla Committee of Engineers. The rainfall and discharge
data from selected catchments was collected by Southern and South=Central
Railways under the overall guidance and supervision of R.D.5.0. The storm
studies were carried out by IMD. The flood studies were carried out and the
report was prepared in the Hydrology (Small Catchments) Directorate of Central
Water Commission.

The studies have been based on the data specially collected for a
period of 5 to 10 years by the Indian Railways., Crest gauge observations are



being continued by the Railways on the bridge catchments. Also the Ministry
of Transport (Roads) have organised special collection of data through CWC.
when more data becomes available, further refinements will be possible.

The joint efforts of the Railways, Roads and Water Resources Engine=—
ers together with Meteorologists are a landmark in the country in the field of
Hydrology of small and medium catchments.

‘\J “D»R
) (N.K. SARMA)
MEMBER (WATER RESOURCES ), C.wW.C.
& EX~OFFICIO ADDITIOMAL SECRETARY
T0 THE GOVERNMENT OF INDIA
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PREFACE

The design engineer essentially requires design flood for the design
of waterways and foundations of the bridges and culverts for safely negotiating
the design f£lood consistent with economy and safety of the structures, The
study of flood hydrology of rivers, therefore, becomes absolutely necessary
for estimation of design flood at the point of study,

The road and railway networks cxross a large number of small and
medium size streams with bridges on them. For determ:l.nlng the’ waterway of
bridges and their depth of foundations the design flood of required frequency
are required. Detailed hydrological and meteorological investigations for a
large number of small and medium catchments upto each. and every new site and
for adequate periods is not possible due to economic constraints. Waterway
should be adequate to pass safely the design flood, but at the same time it
should not be too wide invelving higher cost. Therefore, it becomes necessary
to reasonably estimate the flood discharge of the required 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 magni-
tude higher than expected or over design of structures leading to uneconomical
and problematic situation.

In the early years, design discharges were calculated by well known .
empirical formulae vis: Dickens, Ryves, Inglis and Ali Nawaz Jung etc, In
these formulae, flood discharge is related to catchment areas only and effect
of all other factors are included in a constant which is to be decided by the’
designer from his experience. Even intensity of the storm rainfall which' is
a prime factor responsible for the flood and which varies substantially from
place to place is not included in the above formulae. The need to evolve a
method on estimation of design flood peak of desired frequency knowing the
pPhysical characteristics of the catchments and design rainfall has been recog-
nised and a committee of engineers under the chairmanship of Dr. A.N. Khosla
.have recommended " ___systematic. and sustained collection of hydrometeorological
data of selected catchments in different climatic zones of India for evolution
of a raticnal approach for determination of flood discharges". ~The comittee
felt that design discharge should be maximum fl6od on record for a period not
less than 50 years. Where adequate records are available extending over a
period of not much less than 50 years, the design flood should be recorded
floods during the period. 1In case, where the requisite data, as above are
not available, the design flood should be decided based on the ground and
meteorological characteristics obtained on the basis of design storm. Accor-
dingly in this report, a method based on synthetic unit hydrograph and design
rainfall has been evolved to represent physiographic and meteorological

characteristics to estimate the design flood.
————



pased on the studies made utilizing the data of representative catch—
ments, the following preliminary and subzonal reports have been brought out so
far.
Under Short Term FPlan

Estimation of Design Flood Peak No. 1/73 (preliminary)

Under Long Term FPlan

S,No. Subzone Report No.
1. Lower Gangetic Plains subzone~1 (-g ) 2/1974

2. Lower Godavari subzone-3(f) 3/1980

3. Lower Narmada & Tapi subzone-3(b) LNT/4/1981
4, Mahanadi subzone-3(d) M/S)1981

5. Krishna & Penner subzone=3(h) K/6/1982

6. Upper Narmada & Tapi subzone-3(c) UNT/7/1983
7. South Brahmaputra Basin subzone-2(b) SB/8/1984
B. Upper Indo-Ganga Plains gubzone-1(e) UGE/9/1984
9, Middle Ganga Plains subzone-1(f) MGP/1 0/1984

The present report for Kaveri Basin is the culmination of the coordi-
nated efforts of Southern Railway, Research Directorate (B&F Wing) of R.D.5.0.,
Hydrology (Small Catchments) Directorate and SC&WRS Cell of Central Water ’
Commission, Hydromet Directorate of India Meteorological pepartment and Roads
wing of Ministry of Transport.

The present report deals with the estimation of 50~yr. f£lood for small
and medium catchments in Kaveri Basin subzone-3(i) based on 50-yr. design
storm rainfall and synthetic unitgraph. Besides, 25-yr, and 100-yx. 24-=hr.
storm rainfall maps of Kaveri subzone have been incorperated in the report for
estimation of 25-yT. and 100-yr. flood using the same procedure.

The report necessarily begins with the 25-yr., 50-yr. and 100-yr.
flood formulae to create interest in the users for estimation of 25=yr,, 50-yr.
and 100 yr. £lood for ungauged catchments for preliminary designs with minimum
effort. These sets of formulae are based both on the direct method and multi-
Ple regressiob method giving moré oY less the same results with lesser accuracy
as compared to the detailed method.

wapplication of the Report" with an jillustrative example based on
(1) detailed and {2) simplified approaches is incorporated in the report. after
»Introduction" for quick and correct understanding of the users. The basic
theory behind the flood formulae by both the methods is covered in the simpli-
fied approach. '

(vi)



Subsequent parts of the report deal with the general aspects of the
Kaveri subzone, nature and availability of data, analysis of storm rainfall
and floods, derivation of synthetic unitgraph with synthetic unitgraph rela-—
tions, base flow, infilteration losses, design storm rainfall and procedure
for estimation of design flood peak as well as hydrograph. The report finally
ends with the assumptions and conclusions.

The report is recommended for estimation of design flood ( 25-yr.,
50-yr., and 100-yr. flood) for fixing the waterway vis-a-vis design H.F.L. for
cross drainage Structures according to their importance, resources available
and site conditions for catchment areas ranging in size from 25 to 1000 sq.Km,
Further the report may be used for larger catchments upto 3000 sqg.km, based on
sound judgement and considering the data of neighbouring catchment’ also, A
formula for fixing the linear waterway of the bridges for the guidance of
design engineers has also been incorporated. Flexibility has also been impar-
ted to the report by suggesting the adoption of different constant less rates
under special conditions at the discretion of design engineer.

Further, the report may also be used for estimation of f£requency
flood like 100-yr. flood for safety of small dams and 10 to 25 years flood for
the design of waterway of minor cross-~drainage works as per the Indian Stan-—
dards of the Indian Standard Institution,

The methodology adepted and conclusions arrived. at, are subject to
periodical review and revision in the light of further data being collected
and analysed.

(5.M. HUQ)
. " DIRECTOR HYDROLOGY (5C) DTE.
NEW DELHI CENTRAL, WATER COMMISSION
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SYMBOLS

SYMBOLS AND ABBREVIATIONS

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

with the

sunits,

-

a

a

Catchment Area in sq.kuo,

Centre of Gravity

Length of main stream along the river course in km,

Length of the main stream from a point oppo-si.te 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 metres.

Equivalent stream $lope in m/km.

Unit Hydrograph

Synthetic Unit Hydrograph

Unit rainfall duration adopted in a specific study in hours.

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

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

Time *duration of rainfall in hours.

Base width of unit hydrograph in hours.

Design storm duration in hours.



ABBREVIATIONS
Cumecs

Cns

5q.
R.D.S5.0.

H(SC), CWC

I1.M.D.
C.W.C.
M.0.S5.T.

-

»

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

Peak discharge of unit hydrograph in cumecs,

width of the U.G. measured at 50% of maximum discharge ordi-
nate (Qp) in hours.

Width of the U.G, measured at 75% of maximum discharge
ordinate (Qp) in hours.

width of the rising side of U.G, measured at 50% of maximum
discharge ordinate (Qp) in hours.

width of the rising side of U.G. measured at 75% of maximum
discharge ordinate (Qp) in hours, '

Maximum flood peak with a return period of 50 years in cumecs.
Arjal reduction factor
Percent

Summation

Cubic metres per second
Centimetres
Hour
Metres
Minutes
Kilometres
. 2
Square Kilometres, Km

Inches
Seconds
Square

Research Designs and Standards Organisation (Ministry of Railways),
Tucknow,

Hydrology (Small Catchments) Directorate, Central Water
Commission, New Delhi.

India Meteorological Department.
Central Water Commission

Ministry of Shipping & Transport, New Delhi.

(xv)



25-YEAR, 50 YEAR AND 100-YEAR FLOOD PEAK FORMULAE

(1) By Direct Method
(for loss rate = 0.5 cm/hr)
0.176
Kog (s) A R25
Q25 =
.35
(LL )0 3
c
0.176
Keo (s) A R
0 =
>0 (1n 0393
c
0.176
0 l(100 (s) A R'100
100=
0.353
(LLC)

The symbols in the above formulae are as under:

Q25, Q50 and Qwo are 25-yr. f£lood, 50-yr. fiood and 100~yr. flood in cumecs
respectively.

A is catchment area ubto the point of study in sqg.km.

L is length of longest stream in km,

Lc is length of longest stream from opposite the centre of gravity of the

catchment to'the point of study in km.

s is equivalent slope in m/km
(see step-2 of illustrative example)

K25-' KSO and K100 are the values corresponding to the catchment area (A) under

" study read from K25 v/s A, 1(50 v/s A and K v/s A shown in Figs. B-1, B-2

100

95° R50 and R1 00 are the design storxf_pglzgsraa.nfall

values (cm) for the design storm duration T, = 0.608 (LLC/_/-S ) in hrs.

and B-3 respectively. R

{rounded upto nearest one hour) after location of catchment under study on the

(xvi)



25=yr_,
corresponding to 25~-yr,, 50-yr. and 100-yr.
reduction factors (ratios) for 'I‘D(hrs.) in Figqg.
Plying the 25-yr., 50-yr.

the ratio obtained from Fig. 10 corresponding to design storm duration TD

Note

(2)

f£lood with the application of

50~yr. and 100-yr, 24-hr. storm rainfall maps (Plates 9, 10 and 11 )

10 of section 4.2 i.e. multi-

and 100-yr. 24-hr. point rainfall values in cm with

ihm.)

(i) Application of these formulae are illustrated in B~"““SIMFLIF LED
APPROACHY under sections 3 and 4.

(ii) Flood estimates from the above formulae are to be used

minary designs only,

{iii) Por familiarisation with symbols in the formulae, see the

page.

By Multiple Regression Analysis

((i} for loss rate = 0,5 cm/hr,)

1.143
. 3,209 (a)°r85" (§)0.181 “fgé’
(L)0°181 (L )0.598
[
2.604 (A)0.831 (5)0.187 (R )1.242
Q50 = . 50
(L)O'196 (L )0.556
C
3.421 (A)0'84 (3)0.1-’74 (R )1.085
Q100' 100
(L)0.123 (L )0.596
c
{(ii) for loss rate = 1.0 cm/hr, )
0 2.538 (A)O.829 (3)0.199 (R25)1.211
25
0. .
(L) 135 (L )O 666
[+
2.184 (A)0.815 (5)0.197 (R )1.311
QSO = 50
(L)O.164 (Lc)0.632

(xvii)
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0.821 0.181 1.179

200 = 2,759 (A) (s) (R100)
: . .66
(1y0-104 (1<) 567
[
((iii) for loss rate = 1.5 cm/hr. )
. ~ 2.017 (A)0'823 (5)0.220 (R25)1'17B
25
076 .
(L)O 07 (L )0 686
[
. . 1.712 (A)0.796 (5)0.216 (R50)1.312
50
0, 0.
(L) 099 (Lc) 654

In the above formulae by multiple regression analysis, the explanation

s , s £ F ad F b
for symbols A, L, L., 5, R25 R50 and R100 are same as for Floo ormulae by
DYRECT MBTHOD.

Note: (i) Application of the flood formilae based on multiple regression

analysis are illustrated in B - "SIMPLIFIED APPROACH" undex

section 7.

(ii) The values of Q50 for model values of loss rate of 0.75 co/hr.
and 1.25 cm/hr. may be obtained by averaging the wvalues of QSO
for loss rates of 0.5 cm/hr. and 1.0 cm/hr. in the former case

and, 1.0 cm/hr. and 1.5 .cm/hr, for the latter case as under :

(i) for loss rate of 0,75 cm/hr.

Q0 0.5 T %0 -1.0

2

i

(ii) for loss rate of 1.25 em/hr,

= Q50—1.0 ve

2

50 = 1.5

a - d .
similarly the values of Q25 an Q]OO for modal values of loss rate
0.75 cm/hr. and 1.25 cm/hr. could be obtained as above from the respective

values of Q25 and Q100 for 0.5 em/hr., 1.0 cm/hr, and 1.5 cm/hr.

(xviidi)



INTRODUCT ION

The purpose of the report entitled "Flood Estimation Report for Kaveri
Basin subzone -~ 3(1i)" presented herein is to estimate the design flood for
fixing the waterway of bridges and culverts.

The report begins with sets of flood formulae based on direct method
‘and by regression analysis to estimate the 25-yr. flood, 50-yr. £lood and
100-yr. flood with different loss rates of 0.5 em/hr. 1.0 ecm/hr. and 1,5 cm/hr.

After the sets of N-year flood formulae, the report consists of
three main parts. The first two parts 'A & B' pertain to "APPLICATION OF THE
REPORT" with (A) detailed and (B) simplified approach. The third part (C) is
the main report of six sections dealing with general features of the Kaveri
subzone, nature and period of data collected, analysis of storm rainfall and
flood events to derive the unitgraph, relationships between physiographic and
unitgraph parameters of the gauged catchments to derive synthetic unitgraph
for ungauged catchment, design storm rainfall design loss rates, base flow,
computation of design flood peak and hydrograph for ungauged catchments,
formula for linear water-way of the cross drainage structures and finally
agsumptions and conclusions of the report. ' '

The report herein recommends the estimation of design flood for small
and medium catchments varying in size from 25 to 1000 sq.km. Fuxrther the
report may be used for larger catchments up-to 3000 sq.km. based on sound
jud'gement and considering the data of neighbouring catchments also.

The utility of the report for frequency flood estimation in respect of
small dams and minor cross drainage structures has also been brought out.

APPLICATION OF REPORT

(n) Detgiled Approach

The flood estimation report for Kaveri Basin subzone-3(i.) may be used
for estimation of design flood (50-year flood) for ungauged and inadequately
gauged catchments in the subzone. In order to elucidate the procedure, an
illustrative example is given below with relevant details,

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

i) Preparation of catchment area plan of the ungauged catchment in
gquestion.
ii) Determination of physiographic parameters viz: the catchment area (A),

the length of the longest stream (L), length of the longest stream



iii)

iv)

v)

vi)

vii)

viii)

ix)
x)

xi)

opposite the centre of gravity of the catchment to the point under
study (Lc) and equivalent stream slope (s).

Determination of 1-hour synthetic unitgraph parameters i.e. peak dis-
charge per. sq.km. (q_p) , the peak discharge (QP) , the basin 1lag (tp) »

the peak time of U.G. (’I‘m), widthe of the unitgraph at 50% and 75% of

QP(WSO and W,75), widths of the rising limb of U.G. at 50% and 75% of
W da ti i T ).

QP (WRSO and R75) and time base of unitgraph ( B)

Drawing of a synthetie unitgraph.

Estimation of design stomm duration (TD).

Egtimation of point raknfall and areal rainfall for desigmn storm dura-
tion (TD) .

Distribution of areal rainfall during design stom duration (TD) to
obtain rainfall increments for unit duration intervals.

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

Estimation. of base flow.
Computation of design Flood peak.
Computation of design flood hydrograph.

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

Illusgtrative Example

The particulars of railway bridge catchment (treated as ungauged) for

illustrating the procedure are as under:

iii) Name of railway section

4{) Name and number of subzone : Kaveri subzone-3(i)

iiy Name of site (i.e. point of
study . : Railway Br. No. 37

e

‘Jollarpettai — Salem (S.R.)

iv) Name of Tributary + Pambar
v) Shape of the catchment : Oblong:
' 1 "
vi) Site location + 12° 24 0 (Latituae)

0 ' " (.. =
78”30 18 ~ (Longitude)

vii) Topography : Moderately steep slope

the procedure is explained step by stepa..

e

R



‘Step = 1 : Preparation of Catchment Area Plan

The point of interest (railway bridge site in this case) was located
on the Survey of India toposheet and catchment boundary was marked using the
contours along the'ridge line and also from the spot levels in the plains, A
catchment area plan Fig.A-1 showing the main river, contours and spot levels
was prepared,

Step - 2 5 Determination of Physioqraphic Parameters

The following physiographic parameters were determined from the cateh.
ment area plan:

i) Area (a)

© 294,00 sqikm,

ii) Length of the longest stream (L) = 43.00 km.
*iii) Length of the longest stream
opposite the centre of gravity
of the catchment to the point
of study (j..c) = 22.72 km.
. ‘ 2
iv) Equivalent Stream Slope (S) ={Li(i 1+Di)/L = 5.13 n/km
Where Li = Length of ith segmért in km
D,,D , _ . . .
i’ 11 . = Height= above catum (with
’ reduced level at the .wint of
study) with respect of reduced
levels of contours along the
longest stream at ith and
(i-1)th locations in metres.
L =  Length of thes longest stream 4in

km.
For detailed calculations of 'S¢ refer Table A-1.

In Table A-1, cols. (2) and (4) are tha reduced distances and
corresponding 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-explanatory. Prepare L-section (longitudinal section) of the longest
Stream from the source to the point of study based on the data .in cols, (2) and
{4) as shown in Fig. a-1. ' :

w, / /s = a3.7x272/ /543 - 436,05



.* Por finding the centre of gravity of the catchment, the catchment
boundary is marked on a thick cardboard sheet or on a very thick paper. The
cardboard sheet is cut along the boundary. The catchment plan so0 obtained on
a cardboard sheet is hung at three different points on the boundary along with
plumb line (small weight tied to a thread) and the three lines in three
different positions are marked. The inter-section point of three lines will
give the point of centre of gravity (C.G.) of the catchment.

Step - 3 : Determination of Synthetic 1-hr, Unitgraph Parameters

tr= i-hour uwnit duration for the unitgraph i.e. unitgraph produced

due to one centimeter depth of rainfall excess in 1-hour duration has beeén
considered.

The 1-hr. Synthetic¢ U.G. parameters may be found out by using one of
the following approaches:

(I) By using the Synthetic Relations
(II) By using Coaxial DPiagram

(1) By Using the Synthetic Relations

The following relationships have been derived for estimating the
1-hour unitgraph parameters of a catchment in the Kaveri subzone-3(4i):

W ot = 0.55 a , /S y0-405 (3.9.3)
(ii) 1, = 2.043/(tp)9'872 (3.9.4)
(iii) Wg, = 2.197/(%)1.067 (3.9.5)
(1v) W = 1.325/(qp)1'088 (3.9.6)
(V) Woeq= 0.799/(%)1'138 (3.9.7)
(vi) W, = 0.536/(a )17 (3.9.8)
(vii) Ty = 5.033(tp)0'733 (3.9.9)
(vidi) T == t ¥t ' (3.9.10)
(ix) Qp = 4 xA2 ' (3.9.11)

In the above equations, the physiographic parameters L, Lc and

S of the catchment (Fig. A-1) and 1-hr. unitgraph (Fig. A-2) parameter

W d
tr' tp. tm. qp, Qp, WSO' 75 WRSO’ wR?S and T]3 for the catchment under

study upto Br. No. 37 signify as ‘under:

L, Lc, S and A already explained in Step - 2.

tr = unit duration of unitgraph = 1.0 hr.



t = time from the centre of rainfall excess (1.0 cm) 4in 1-hr. unit
duration to the U.G. peak in hours.

Tm = time from the start of rise to the peak of U,G (h¥s,)

qp = peak discharge of U.G. per unit area (cumecs per sq.km)
¥

Qp = peak discharge of U.G. (cumecs)
W_50 = Width of the U.G. measured at 50% of peak discharge ordinate
(hr.)

W.. = width of the U.G. measured at 75% of the peak discharge ordinate

ihr.)
W = width of the U.G. on the rising side at 50% of peak discharge
R50 .

ordinate (hr)
WR75 = width of the U.G. on the rising side at 75% of peak discharge

ordinate (hr,)

TB = Base width of the U.G. (hr.)

Using the above relationships, the 1-hr. U.G. parameters were caleul a~
ted as under:
(1) Calculation of 1-:0 using the equation 3.9.3 by substituting the

value of LLC_/ /8 = 436.05 estimated in Step -~ 2

€, = 0.553 (436.05)9°4%% | & 48 hrs.

Rounded off to 6.50 hrs,

(i1) Calculation of qp using the equation 3.9.4 by substituting the
value of tp = 6.48 hrs.

0.872

q_p = 2,043/(6.48) = 2.043/5.101 = 0.400 cumecs/sqkn.

(iii) Calculation c:»f'w50 using the equation 3.9.5 by substituting the
value of qp = 0,400 cumeés/qum.

1,067
w50 2,197/(0,40)

(iv) Calculation of w75 using the equation 3.9.6 by substituting the

= 2.197/0.376 = 5.84 hrs.

value of qp = 0.40 cumecs/sqkmn

W, = 1.325/(0.40)1'088 ='1.325/0.369 = 3.59 hrs.

75
(v} Calculation of wRSO using the equation 3.9.7 by substituting the
value of qp = 0,40 cumecs/sqgkm,

W 50~ 0.799/(0.40)1'138 = 0,799/0,352 = 2_27 hrs.

R



. cal .
(vi) alculation of WR75 using the equation 3.9.8 by substit -iing the

value of q‘p = 0.40 cumecs/sgkm.

W, 0.536/(0.40)1'109 = 0.536/0.362 = 1.48 l':s,

R75

In

(vii) Calculation of T, using the equation 3.9.9 by substituting the
value of t = 6.48 hrs,
'I‘B = 5.083];)(6.48)0'733 = 5.083 x 3,93 = 19.98 hrs,
Say 20.0 hrs.
(viii) Calculation of Tm using the eguation 3.9.10 by substituting the
values- of,t.p = 6,50 hrs, and tr = 1.0 hr.
T, = 6.5+4 = 6.5 + 0.5 = 7.00hxs,
(ix) Calculation of ‘Qp using the __e.quation 3,.9.11 by substituting the

value of qp = 0.40 cumecs/sgkm and

A

%

294,00 sgkm.
0.40 x 294.00 = 117.60 cumecs.

i

(I1) By using Co-axial Diagram

CO-axial diagram based on synthetic relations vide equation 3.9.3 to
3.9.9 under Section-3 has been drawn in Fig. A-3 for estimating the paraneters
of synthetic unitgraphe. The application of co-axial diagram in Fig.A-3 vith
respect to the above illustrative example is explained as under :

i) Calculate LL_ / ﬁ—

L = 43.47 kn, Lc = 22,72 kn and § = 5.13 m/km as found out in
Step-2 of illustrative example.
LLC,’/ /8 - 43.47 x 22,72/ _/5.13 = 436,05

ii) Move vertically upwards for the value of LLC/_/:S— = 436,05
to read from Curve-1 the value of tp = 6,48 hrs.

iii) Move horizontally for tp = 6,48 hrs. to read from Curve-—2 the
value of a4, = 0.400 cumecs/sgkm.

iv) Move vertically downwards for q_p = 0,400 cumecs/sgkm to read from

Curve-3 the value of WSO = 5.84 hrs., from Curve-4 the -walue of

W75 = 3.59 hrs,, from Curve-5 the value of WR50 2,27 hrs. and
from Curve-6 the value of WR75 1.48 hrs.

v) °© Move vertically upwards for q_p = 0.400 cumecs/sgkm to xead from

Cuxve-7 the value of TB = 19.98 hrs. Say 20.0 hrs.

-vi) The value of tp found out in (i) above, may be rounded off to
X .
6.5 hrs.
i ti =t +t /2
Tm(peakmg ime) P r/
= 6.5+ 0.5 = 7 hrs.



vii)

Step ~ 4;

Q0 {peak discharge of UG) = qp x A
= 0.40 x 294.0 = 117.60 oumecs.

Preparation of 1-hour Synthetic Unitgraph

The parameters got in Step-3 above were plotted to scale on a graph
paper as shown in Fig.A-1, The points were joined to fit a tri al Synthetic

Unitgraph.

By definition, the volume of the Unitgraph must be equivalent to

1.0 cm depth of direct runoff over the entire catchment (A) in sq.km,

| (a)

(b)

i.e.

Volume of direct runoff from runoff depth (d) of 1.0 cmon the
entire catchment (A) in sq;km.

= Ax1000 x 1000 x a/100 = ( ) expressed in
{sq.m) (m) cubicmetres

1T em = 1/100 m depth of direct runoff over

the catchment area (A) in sq:;km.

Volume of direct runoff graph (Svnthetic Unitgraph) obtained From
the addition of all the unitgraph oxdinates at time interval equal

to unit duration (tr) of U.G. = (Qi X tr’
- _ ‘ ' 00
(Qi X tr x 36

Cubicmetre per sec. S econds
= ) expressed in cubic metres,

/' Unifgraph

-
Cumec
¢ ) 5) ot e

t (hr)

‘(Qi = Sum of the ordinates of unitgraph at t-hr. interva]_.

( in this case 1~hr.)
(a) should be equal to (b)

A x 1000 x 1000 x d/100 =$"\' Q; X t_ x 3600



A/(0.36 tr)

Therefore€ Q N

t
r

It

1 in this case

ThereforeiQi = A/(0.36 x 1) = A/0.36

All the ordinates of Synthetic U.G. so obtained in Fig.A-2 were sumed
up at 1-hr. interval to get a total volume of 816.7 cumecs which tallied with
the computed value from A/(0,36 tr) = 294.0/{(0.36 x 1) = B816.7 cumecs . There~

fore, the 1-hour Synthetic U.G. so drawn in Fig. A-2 was found to be in order,

In case, the summed up values of all the ordinates of Synthetic U.G. do
not tally with the computed value from A/(0.36 x t_) then some of the ordinates
in the rising and falling limbs or only in the "7 falling limb of the U.G.
may be suitably changed (slightly increased or aecreased) keeping at the same
time the shape of U.G. a smooth one. Normally one or two trials are carried
out to adjust the volume of Synthetic U.G. so as to obtain 1.0 cm of  direct run—
off over the entire catchment area (A) in sqg.km.

Step (5) : Estimation of Design Storm Duration

The design storm duration is

'I‘D = 1.1 xtp =1,1 x 6.5 =7,15 hrs.

Adjusting the design storm duration to nearest one hour, the adopted
design storm duration (TD) ig 7.0 hrs,

Step (6) : Estimation of Point Rainfall and Areal Rainfall

The point rainfall estimate for 50-year return period and for duration
of 24-hr. is read against the location of Rly. Br. No. 37 from 50-yr. 24-hr.
isopluvial map (Ssee Plate - 10 in Section 4.2). The value of 50-yr. 24-hr.
point rainfall = 1Z.5 cm.

The design storm duration ('I‘D) for the catchment i 7.0 hrs, The point

rainfall estimate for 7.0 hrs. was obtained by multiplying the 50-yr. 24-hr.
point rainfall of 17.5 cm with the value of 0.74 read from Fig. 10 in Section
4.2,

5¢-yr. 7-hr. point rainfall = 17.5 x 0.74 = 12.95 cm.

The above point rainfall estimate of 12.95 c¢m was multiplied' by areal
reduction factor of 0.79 corresponding to a catchment area of 294,0 =q.km, and
for a design storm duration of 17 hrs. as interpolated from Table-A-3 (areal to
point rainfall ratios) or from Fig, 11(a).

50-yr. 7-hy, areal rainfall = .12.95 x 0.79 = 10.23 cm.

Step - (7) : Time Distribution of Areal Rainfall

The areal rainfall estimate for 50-yr. 7-hr. arxeal rainfall of 10.23 cm
was distributed to give one hourly gross rainfall units by using the Distribue



tion Co-efficients for duration of 7 hrs. from Table A-2: Time Distribytion
Co-efficients of Areal Rainfall as under:

Duration Distribution ' Areal Storm rainfall 1-hr. rainfall
Co=-efficients
Thrs.) {cm) (cim)
e
1) (2) (3) (4)

7 1.00 10.23 0.1
6 0.97 9,92 0.30
5 0.94 9.62 ) 0.52
4 0.89 5.10 0.61
3 0.83 8.49 0.82
2 0.75 7.67 1.33
1 0.62 ' 6.34 6.34

Areal Storm rainfall values in Col. (3) for durations of 6, 5, {, 3, 2
and 1 hrs. in col. (1) were obtained by multiplying the 7-hr. storm rainfall
value of 10.23 cm with the distribution coefficients in col, (2) for respective
durations. 1-hr. rainfall units in col. (4) were obtained by subtraction of
successive values of storm rainfall from 1-hr. onwards in col. (3)

Step (8) : Estimation of Rainfall Excess Units

Design loss rate of 0.50 cm/hr. vide section 3.11 is subtracted from

1=hr. rainfall increments in col. (4) of Table in Step - 7 to obtain the 1-hr.
rainfall e=mcess units as under:

Duration 1-hr., rainfall Loss rate 1-hr. rainfall excess
{hr.) (cm) {(cm/hr) {cm)
(1) (2) (3) (4)
1 6,34 0.50 5.84
2 1.33 0.50 0.83
3 0,82 0.50 0,32
4 0.61 0.50 0.11
5 0.52 0.50 0.02
6 '0.30 0.50 -
7 0.3 0.50 -




Step (9) : Estimation of Base Flow

The design base flow rate vide Section 3.12 is 0.05 cumecs per sq.km.
Therefore, the total base flow for a catchment area of 294.0 sg:km. = 204.00 x
0.05 = 14,70 cumecs.

Step (10) : Estimation of Design Flood (Peak ohly)

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

In the present case, the maximum discharge ordinate of U.G. is 117.6
cumecs at 7.0 hrs. vide Fig. A-3., The maximum 1-hour rainfall excess unit of
5.84 cm (from Step-8) was placed against the max. discharge ordinate of
117.60 cumecs. Likewise the next lower rainfall excess unit was placed against
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 maximum discharge.

Time U.G. ordinate 1-hr. rainfall Direct runoff
excess
(hrs.) (cumecs) . (cm) (cumecs)
1 2 3 4
6 103.6 0.32 33.15
7 117.6 5.84 686.78
8 109.0 0.83 . 90.47
9 89.0 0.1 9.79
10 70.0 0.02 1.40
—— e
Total 821.59
Add base flow from Step-9 14.70
Total peak discharge 836.29

Those interested in computation of design flood hydrograph may go to
Step=11.

Step (11) : Computation of Pesign Flood Hydrograph

The 1-hour rainfall excess sequence shown in col. 3 of Table in Step-10
was reversed to obtain the critical sequence as shown below:

10



Time Critical 1-hr. rainfall

(hrs.) excess (em) sequence
(1) (2)

1 0.02

2 0.11

3 0.83

4 5.84

5 0.32

For computation of design flooq hydrograph, the U.G, ordinates
for 1-hr. interval were tabulated in col. (2) of Table A-4 against time
(hrs,) in col. (1). The critical Sequence of rainfall sequence ©f 1-hr,
rainfall excess units as given above were entered in cols. (3) to (7)
horizontally as shown in Table A-4, The direct runoff resulting from each
of the 1-hr. rainfall excess units was obtained by multiplying the 1=hr,
rainfall excess unit with the synthetic U.G. ordinates in col. (2) and the
direct runoff values were entered in vertical columns against each unit
with a successive log of 1-hour, since the unit duration of 8.U.G. is
T-hour. The direct runoff so obtained is shown in cols. {(3) to (7). The
direct runoffs were added horizontally and the total direct runoff is
shown in col. (8). The total base flow of 14.70 cumecs was entered in
col, (9). Col. (10) gives the addition of cols. (8) and (9) to get the
design flood hydrograph ordinates. The total discharge ordinates in
col. (10) were plotted against time in col. (1) to get the design flood
hydrograph in Fig. A-4,

11



 TABLE A-I

GOMPUTATION OF EQUIVALENT SLOPE(S)
OF BR. NO.- 37
(C.A. = 294,0 Sq.km.)

S1. JReduced dis- JReduced levels lLength of {Height above!D, 1+D,[L,(D_ +D )
No. Itance starting Jof river bed. jeach seg-‘datuni"’(Di) i-1 1 1=l i

Ifrom Bridge i 1ment ‘difference ; ;
jSite. | i Li between the { i
I 1 i ]datum & the i I
i I i lith R.L, i i
b (kme) P m [ (kns) ¥ (m) { (m) I (mxkm) __
1.1 2 1 3 i 4 I 5 1 6 J7=(4)x(6)
1. - 365.70 - - - -
2. 3,22 381.10 3,22 15.40 15.40 49.59
3. 6.44 396,34 3.22 30.64 46,04 148.25
4, 9.66 411.59 3.22 45.89 76.53 246.43
5. 13.68 426.83 4.02 61.13 107.02 430.22
6. 17.71 442,07 4.03 76.37 137.50 554,12
7. 20.12 457,32 2.41 91,62 167.99 404.86
8. 22,72 409.51 2.60 103.81 195,43 508,12
9. 24.15 472.56 1.43 106.86 210.67 301.26
10. 26.56 487.80 2.41 122.10 228,96 551.79
11. 28.98 503,05 2,42 137.35 259,45 627.87
12,. 33.00 518,29 4,02 152,59 289,94 1165.56
13. 35,42 533,54 2,42 167,84 320.43 775,44
14. 40,25 609,76 4,83 244.06 411,90 1989.48
15. 42,66 685,98 2.41 320,28 564.34 1360,06
16. 43,47 762,20 0,81 396.50 716.78 580.59
€ LD, _+D) = 2693.64
i i-1 i ————
s =<Li(Di—1+Di)
L2
= 9693, 64
2 .1
(43.47) 5.13 M/Knm

* Datum = 365,70 m (i.e, Reduced level of river bed at the
12 point of study)
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(ii) Simplified Approach

B.1 Direct 50-year Flood Peak Formula

For the field engineers interested in the 50-year flood peak only for
preliminary assessment of waterway of bridges and cross drainage structures,
a direct 50-year flood peak formula, an easy and simple one, has been evolved
based on the studies contained in this report.

Theory

The basic equation for computation of S0-year flood peak can be expressed
as follows:

= A LI
QSO C x qp X x R50 (1)
Where Q50 = 50-year flood peak (cumecs)
qp = peak discharge of unitgraph per unit area of catchment
(cumec/sq.km. ) :
= catchment area (sq.km.)
R50 = B0-year point rainfall (cm) for design storm duration (TD).
Cc = a constant factor.
In the above equation (1), the equation relating qp with tp i.e.
4, =2-043/(tp)0'872 was substituted and further the equation relating t_ with

. . . . .405° was
the physiographic parameters like L, Lc and 5 i.e. tp = 0.553KLLC)0 40

3

substituted in the earlier eguation to get the following derived equation:
¢.176

Qs0 = C x 3,422 8 <AXR
0.353 50
(L ¥ °
c
0.176
= A
Q0 KSO(S) Req
(LL )0.353
c
Where Q50, A and R50 are same as in equation (1)
L = length of longest main stream (km)
= length of longest main stream opposite the centred of
c . :
gravity of the catchment drea upto the point of study.
s = equivalent slope (m/km) of the main stream
KSO = C x 3,422 a constant factor represents the effects of point

to areal reduction factor, temporal distribution of rain-
fall, design loss rate and base flow depending on the size
of the catchment,.

16



seevwe [ |

O T, S
4aS

2,
|

F 1200 98 50

Ferioo
-~ - - N - - T T T T 1 1060
H - = - - = = T L T
ou® 3 o ® o 1 o B - 3 o .9 - z F s = - =~ ~ P
_ - <

33%s 3 R I 3 B A ¥ . o3 -+ 33 s 3 sh R e e
me g =3 *e oz - bdlid ak avw on .3 . "= o9 - e
F'%g = | 8 T T2 T T T T - - . - -3 na -1 =% {REONED LEVELIN MT.)
R LIy — = t 1 T T } = = = — = =
ro . o= o o = - o = - = - - -
b 2 e 3 s < S .5 ae -* 2% 2z o3 2 o3 ., REDUCED DISTAKCE 4M WS
CEL R b bl sz .3 = L Ng i <z . i e ®  wepuceo
3 1 |~ o= L~ 1: l= ]—__ ;3 I: T' = - on tw ", DISTANCE IN £NS)

b i i 1= e i

LONGITUCINAL SECTION OF PAMBAR RIVER AT ABCO
SCALE !
A
£ )
HMOCRITONTAL YERTICAL
" F 420 1 2 a + - [ 200 Wo ¢ 200 400 00 400 oo 1200
ruRLone s S e —— e nend 401, ¢ 5 reeT. b FLET.

)
v

Y

BR. N O.-37

LONG -7830-18"
WLATI. 12%-24.00"

i

NOTES

1,

2. H.F.L. AT GMAIGE SITE 26%.22 Mlbs.

LEGEND

i. CATCHMENT BOLINDARY ----—— - - - =~ v e,
2. RAILWAY UNE = —-——-wm——mm——— R
3 RIVER —cccesm o mmmmmm e mm—— :#“t
4 AAMGAUGE STANIONS---——-—-- -—— ®

5 COMTQURS--=- — — — === - = —=———— C\i.faoo_j
6. SPOT LEVILS = — - — ———=— —— — ==~ “i275
T CENTRE OF GRMWITY - - —— — - — —~ - Ocs
8. TOPO SHEET HEI. - — —— — - — — -~ —— 57L /6710

DETAILS OF CATCHMENT

ALL LEVELS {ORSIESPOND TQ G. T.S. DATUM

| FIG-A-I

(igi8 ECITIONE

|. AREA OF THE CATCHMENT-— — — —-294.00 Sq.km.
2. SHAPE OF CAT CHMENT— - - --—— — OBLONG
3 L. —mmeceem —m—mm— e —— - —— ~ 43.47 km.
4. LC mmmmmmmm e e m e m e —— 22 .72 k.
5 wc__----_-—_-'——_--—_.-—-—8‘86 .
6. SLOPE (EGUILIBBRIUMI—-—-—-—~———-— 5.13 m Skm
Jrame oF rawnce LOCATION STATION wTs.
MO STATION LONG LATI. t9 61 |IpG6-E9
1] KURUMANIPALI ratag.32"| 12%e0l007| 0152 -
2| oDIKUPAN 78220007 12736 a1” - G375
3. | KEMPINAYANFLL re. 20\ 18"} 12.36L00"| 0. 22) -
s BaRcuR re21 a0 | 23534 [0 s —
s|MALLARPAD re 2242 |12°30 a1 | — 0.338
6| Pupur 78"-27-00 [ 12.30.06 | 0. 207 -
1| JANGAPALL 78 2738 112724230 | 0158 -
o | avAL Anavsnanarr) | Tez27107 | i2t2si38 o usz o 2er
SCALE
5 & &« 2 0 ] 2 3
FURLDWGS e <=-q.u
ENTS.

t 05 O 3 2 L - 3
£NTS

GOYERNMENT OF INDIA
CENTRAL WATER COMMISSION
HYDROLOGY (SNALL CATCHMEMNTSIDTE.

€ AT C MENT AREA PLAN FOR
BR.NO.37 AT KM.232/12-13 ON
JALARPETTAI-SALEM SECTION.

SOUTHERN RLY, SUB ZONE 3 (1!

CR AWM BY.
S N. MALHOTRA
PN, BHALLA

CHECKED B
A M, GHOIM




| FIG. A-2

o soo 1000 1500 2000 .
20 - i to
13 ) 19
] L 18
17 Lr7
te u bis
ts -~
i3 w
- 14 L1 4 g
x o )
L1
g 13 s o
T CURVE|INDEP ENDENT| DEPENDENT
. 1 by NO. |WRIABLE VARIABLE
By :
a Lo
a '? 1w ® T . tp
w = s
eo® s @ tp qp
< z
z o - @ Up ; “50
- v
w 7 w @ AL Wrg
thrsae_ W ___ L ________ tp=6.48 ——-c—mnn -
s & ® Ap Waso
3 e ® 9p YRS
4 4 @ fp Tg
3 3
2 L 2
| L1 1 .
= ! NOTE: _
1
°b 555 s rpy = 00 — — s e o 1 FOR USE OF GOAXIAL DIAGAAM TO
| 1 [+ 14 . .-
N ESTIMATEDI®" Tg (HOURS) - FLLUSTRAT IVE EXAMPLE, SEE -3 {l)
LLg =436.08 LL L T + } .
C 0 0 0206304050607 0808 L1011 1243 1415 1.6 171D s 2.0 OF APPLIC ATION PART OF THE REPORT
rry k 1 cs
-3 i ESTIMATED'. W% (CUMECS/Sq.Km.) 2 GHECK THE VALUE ¢F tp 0BTAINED FROM
1 ] - -
qp.o,4i Tg=l2.98! . : CURYE (1) WITH THE EQUATION
1
1

0D.405
ip t 0853 (l.l.c/f§ ]

FOR ASSOLWUTE ACCURACY.

TGOVERNMENT GF. INDIA
CENTRAL WATER COMMISSION
HYOROLOGY { SMALL CATCHMENTS)DTE

KAVERI BASIN
'SUB ZONE 3¢
COAXIAL RELATIONS FOR !
LESTIMATING I- HR. SYNTHETIC .

UNITGRAPH PARAMETRES.
—

ESTIMATED "Wy, Wog o Wgao ,Warst HOUR

DRAWN BY GHEGKED av
S. N MALHOTRA|

B A.K.GHOSH.
P . N.BHALLA




rvrve 7 -5 TYAILNY N d 1

Y10 e
“AH 03%23u D + :4<!|.>Zn ”_.‘_”__n
LZE ON -39Q14d

HAVHO O HQAH LINM DILIHINAS
(NE-INOZ 8ns

NISY8 I1d3AyN

FLT (SINIWNHILYI TTUYNS) ADOTOHAAH
NOISSINNGD? HItom TvHINID

TION) 40 INIWNYIAOSE

BN JILINLNAS NrIWIE

E-¥-'9|2

"8J3NND 0L 919 =

9E'0X 00!
00°Ix00-#62 °©
eE 0 x4y
Fx v - 'o¥

W3 001 =2 p

SHMOH 00 =wy

SN0 L 918 IvioL
o 02 £
§0'9 =
0 6t €. 4y
o€ 0l
04 & wbs/s2IMNI0v'a = dy
0z 9t
gLt ) SHION 0%°1 * GLyy,
0.-v2 » o
o'l §! 'SHNOH L 2°2 .ont_g
M..Mu " SHMOM 85°C  * gz,
oo.mu m_ ‘SHNOW #8'5 T 0gy
.w.“ﬂ_." ” "$OINND 09°L11% dg
scal ) 'SHNOH 0002 = @
009 s : : ]
ses ¥ ‘SUNOHOS'9  * d
M..Mn M ‘WHDS 00962 r¥° 3
0°¢ ) SUILINVEYI '9°N JILIHLNAS
isoamna; O ]
‘$2LYNIOEO "SENoH

0z &1 8 4 9 S ¢
1

(SHNOH | UL

[T]]

| 9
L i
T

AR

Sanonoz =9; —/—

T T

&
|
|
T

T | = | o1

I O O 1 i

7 OR

I <} 4

p——— | —]

‘BaH pg-g w0y

os

]
}
|
]

Q4L

£k
o[, / o9
LTI T|

T o8

3 i oot

[+]

=dpy 031

ot

ori

% o6

e ady —

§533x3 vIMIvy ‘NI | H %

oM | » 4y |!_ ._—.TI
F——gunons sey——|

O

(s28wny)




1 .‘ 1
- ] » L N M - . L -
YIIYHE'N'd
)
HEOMD 'V aND [ VHLOHIYN N'S NAYNa tSUNOH anil
HYONYd H3AIH NO L€ ON'HE AVYMTIVY
HdVHOOHAAH AOO14 NOIs3a #2 €2 22 12 02 8 B L 91 #1 ¥l &1 2 1ol [ ] 3 14 * £ ] 1 0
' o]
{1)g INOZ—-8E NS -
NISvE I1H3AV M _/4 %
IL0(SINSNHOLYD TIYNS) 2907104 0AH : ol
NOISSIANOD HILVM TVNINIOD /._/ | o
YIONI 40 LNIWNYIAQD /
o
f/. 02 ”...
A .
ofg nu”
\ @
/ \ L B4 m
R o
\ | 5
'R
\ | x
N oS WJ
/ -] ”
\ \ os 2
/ g9
/ [« JF 8
J gL
f/\ ce
SIWNT §2°9CH " ¢
X
z
! } 3>
| \H :
/ _4 r ﬂ
[2]
/ aa
N "
Y T T g n
5 ¥ € 3 H
[E1 1al-L] ui_k\q -
| I

v -v '9ld




The S50-—Vvear storm point rainfall RSO (cm) pertaining to design storm

duration (T ) = 1.1t 0. 405
Where tp = 0.553 (LLC /_./ s )
0. 405 .
Therefore, T, = 0.608 (LLc/ /s ) - The values of I in hours (hrs.) may

be rounded off to the nearest whole number,

The 50-—year flcood peaks (QSO) were computed for all the 20 railway/road

bridge catchments listed in Table-2 of the report using the methodology contained

therein, assuming a loss rate of 0.5 cm/hr. Individual values of Ky were

estimated for €ach of the 20 catchments by Substituting their values of QSO’ A,

R, S, L and L_ in equation (2). The valuesg of K50 and the corresponding values
' c

of catchment areas (A) were plotted on a graph paper and an avexage curve was

awn through the plotted points. These curves are shown in Figure B-2, The
percentage variations between 50-yr. flood peak by formula and by detailed
studies ranged from + 0.64 to +17 and ~ 1.76 to -~ 21.38, 1n only one case out
of 20 the permi.Ssible limit of 20% variation has been exceeded by 1.38% The
50-year flood peak estimated by the formiilag may, therefore, be considered
rasonable.

) Direct 25~Yr. and 100~-¥r, Flood Peak Formulae

Similar studies fcr evolving a direct 25-yr. and 100-yr. flood peak
forulae were carried out as for direct SO0-yr. flood peak formula in Siction

B-1. The following 25-yr. and 100-yr. £lood formulae similar tc rhat of 50-yr.
flood formula were derived:
0.176
Kys (8) A Ry
2 =
25 (Lr, )0+ 353
c
and Q1 00.—-! K100 (5)0.176 A R‘IOO
(LL )0.353
a
Where A, L,, Lc and 8 are same as ip 50=-yr. flood formula
= 25=-yr. fleod in cume: =
U5 Y ’
") = 100-yr. flood in cumecs
100
K = 0 be obtained rgm K,5 v /s catchment area relat {onship
25
to Fig., B-1,
Ky 00” to be obtained frem Kion V/® catchment area re! .t .i.omehip
in Fig. B-3.
R g = 25-yr. design storm point. rainfall (cm) correspeniding in design
2

storm duratiaon TD (hrs.) to be obtained fron 25—vr. 7l-br, point

rainfall map in plate-9 multiplicd with the reduction factors
(ratios) for TD hr. duratzion as shown in Fig.10 of Section 4.2

17




R1 00 = 100-yr. design storm point rainfall (em) corresponding to
24-hr, point rainfall map in plate-11 multiplied with
the reduction factors (ratios) for TD hr, duration as shown
in Fig.10 of Section 4.2.

p in hrs. = O.GOB(LIkyfﬁgﬁgﬂ) 0.40%
D

Note: Loss of 0.5 cm/hr. was assumed for estimating 25-yr. and 100=-yx.
flood peaks for 20 Nos. railway/road bridge catchment to arrive
at the respective 25-yr. and 100—yr. £lood formulae.

The percentage variations between 25 yr. flood obtained from 23-yr.
flood peak formula and from detailed studies ranged from +0.4 to +20.9% and
~0.60 to =23.9%. In only two cases out of 20, the permissible limit of 20%
variation has deviated by +0.9% and =3,9%. The 25-yr. flood peak estimated
by the formula may, therefore, be considered reasonable for adoption.

similarly, the percentage variations between 100-yr. flood obtained
from 100-yr, flood peak formula and from detailed studies ranged from $+1.25
to +13.9% and —0.37 to -22.6% In only one case out of 20, the permissible
limit of 20% wvariation has been exceeded by 2.6%. The 100~yr. flood peak
estimated by the formula may, therefore, be considered reasonable for adoption.

B.3 Application of Direct S50-Year Flood Peak Formula

The 50-vr. flood formula applicable tO subzone-3(i) is as under:

Qs = KSO (S)0‘176 x A XRBO ---uo.n---o{?—)
0 (up, 10353
c

The following steps are followed to compute the 50-year flood peak
from the above formula for an ungauged or inadequately gauged catchment:

Ste 1 : The catchment boundary upto the point of study (proposed cross
drainage structure site) on a stream is marked on the Survey of India topo=~
sheets. The catchment area (A) in sqg.km. andd the length of the longest
stream (L), the length of the longest stream oppgsite the centre of gravity
of the catchment area upto the point of study (L )j in km, are measured. The
equivalent slope (8) in m/km of the main streamc' is computed as shown in
Table-A.1 of the "APPLICATION", Prepare the catchment plan showing the

catchment boundary and river svstem for record.

Step (2) : ¢ for the catchment is calculated with the equation T =0.608

i D

—— 0.405 . .
(LL, / / s ) which is rounded off to the nearest 1-hr.
Ste 3) . The point rainfall is obtained for the bridge site location
marked on S0-yr. 24-hr. is Isopluyial map { Plate-=10).

Step (4) = obtained the point rainfall (R) in em for the design storm
duration (T.) by multiplying with the ratio of T to 24-hr. rainfall graph
(Fig.10 vide section 4.2) to the 50 yr. 24-hr. rainfall calculated in
Step (3).

18
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Step-(5) : Obtain: the value of K for the catchment area (3) in Step
(1) from the graph (Fig.B-2) of Kg g v/s catchment area (A),

Step (6) ; List out the values of A, L, L_ and S from Step (1) R from Step(4)
and K., from Step (5).

Ste 7) : Substitute the listed values of A,L, S, R, and K. in the follow-
ing 50-yr, flood peak formula in equation (2) to obtain 50-yr. £lood peak
(cumecs) :

0.176
= K (5) XA XR

Q50 50
(LLC )0.353

50

The above procedure for application of direct 50-yr. flood peak formula
for estimating 50-yr. flood peak shall be followed for estimating 25-yr, and
100-yr. flood using their respective flood formulae in Section B—2.

B.4 Solution of Problem by Direct Flood Formulae

The particulars of the Railway Catchment (treated ag ungauged) for
illustrating the procedure stepwise for application of 50-yr, flood peak for-—
- mula are as under:

Details of Catchment Location

Subzone 3

Name of the site (point of study) Rly Br. No., 37

Name of Rly. Section ¢ Jallarpettai - Salem (SR)

Name of River/Tributary Pambar

.

Bridge sSite location : 12024| (N) Latitud e

78°301+ 18 (E) Long i tude

50 -~veatr Flcod Peak

Step (1) The boundaries of the catchment under study after loca-
ting the bridge site on the tributary from the given latitude and longitude on
the Survey of India toposheet are from any map of the area already prepared
from the toposheet were marked., Catchment area vlan upto Rly, Br. No.37
(Fig.A-1) was prepared. Catchment area (A) in sg. km., Length (L) in km. of
the longest main sStream upto the point of study and length (L ) of longest
main stream oppesite of the centre of gravity of catchment ¢ Aarea upto the
point of study were measured. Equivalent stream slope ($) in m/km. was calcu=—
lated as shown in Table A-1 with respect to L - section in Fig. A-1 under 'ar
"APPLICATTON". The values of A, L, Lc and S so obtained are as under:

A= 294,00 sg.km., L = 43,47 km., LC = 22.72 km, and § = 5.13 m./km.

ntep (2) Design storm duration (TD) for the catchment was calculated

19




with the following formula:

T, = 0.608 (LL_ / R St ]
T, - 0.608 (43.47 x 22.72 / _/5.131° %% 2 7.03 .
which is rounded off to the nearest one hour -
™o = 7.00 hrs. A-“
step (3) Point Rainfall (R) = 17,50 cm was obtained for the bridge location )

latitude (N) 12 24' and longitude (E) 78930118" on the 50-yr. 24-hr. isopluvial -
map (Plate=10). The design storm duration (T )‘ for the catchment was 7 hrs.

50-yr. 7-hr. point rainfall was worked out by multiplying the 50-yr.24hr. rain- -
fall of 17.5 cm with a factor of 0.74 corresponding to storm duration of 7-hrs.

from Fig.10 50-yr. 7-hr. rainfall = 17.5 x 0.74 = 12.95 ¢em.

Step (4} The value of K = 0.52 was read from the relationship of A v/s K in
Fig. B-2 corresponding to catchment area of 294 sq.km.

Ste 5 The values of A, I, Lc and 8 from Step-1, R from Step - 3 and
K from Step-4 were listed as undef:

Am 294 Sq.km., L = 43,47 km., Lc 22,72 km

Sm 5,13 m/km, R = 12.95 ¢cm and K = 0. 178

Ste &) The values of A, L, Le’ S, R and K in Step - 5 were substituted in
the following 50=yr. flood peak formula:

0.176

Q50 = K x (8) xAxR5O
0.353 )
(LLc)
Q = 0.178 x (5.13)%"7® & 294.0 x 12.95
>0 0.353
(43.47 x 22,.72)
QSO = 0.178 % 1.333 x 294 % 12.95
11.405
= 795,56
QSO % cumecs

The 50-yr. flood of 795.59 cumegs was computed from 50-yr. flood
formula ag against 50-yr, flood of(831.77'cuSecs by detailed method. The :
50 yr. flood by formula is less by 4.35% as against the 50-yr. flood by -
the detailed method which may be considered reasonable for adoption.

29~vYear Flood Peak

25—yr. flood peak is estimated for catchment upto Rly. Br. No. 37 -



with the fol Xl owing 25-yr., flood peak formula
0,17
78) 176 AR
K 25

= 5
Q25 — 0.353
cLL )
[

The walues of A, 1, LC and S are same as in the above example

T == 7.0 Irrs. as in the above example
D

K = 1,814 was read from Fig. B«1 for A-294 sq.km,
25
R == 25-yr, 7 hr, rainfall was obtained from the 25
25 cint rainfall map (Plate—
wuction factor of 0,740 cor

-y¥x. 24=hr,

9) after multiplication with the re-—
responding to design storm dura-—
tion TD = 7 hrs. in Fig. 10 = 15.0 x 0,74 = 11,10 cm.,

gubstitute the values of A, L, Lc s, K25 and R25 in the above formula.

0.17
Therefore, Q25 = 1,874 x (5.13) 6 X 294 x 11,10 = ©90.30 cumecs
(43,47 x 22,72)0-353
Q25 = 690.30 cumecs by formula varies by +0.8% as against
Q25 = 685.10 cumecs based on detailed studies,

100=¥ears Flood Peak

similarly 100-yr. flood peak is estimated for catchment upto Rly. Br,
No.37 with the following 100-yr., flood peak formula:

Q100 - K'IOO (S)0'176 A R
0.353

100

(,LLC)

The values of A = 294 Sq.km., L = 43.47 knm.,L

S= 5.13 m/km for the catchment upto Br.No.
flood are same.

o = 22,72 km. and
37 worked out for 50-yr.

T, = 7.0 hrs. as in the above  example
K1OO = 1.916 was read from Fig. B-3 for A = 294 sg.km.
R1 00 = 100-yr. 7-hr. rainfall was obtained from the 100~yr,24-hr.

rainfall map (plate-11) after multiplicatiornn with the reduc—

tion factor of 0.740 corresponding to design stomm duration
TD = 7.0 hrs, in Fig. 10

= 19.0 x 0.740 = 14,086 cm.,

Substitute the wvalues of A, L, Lc’ S, K

100 and R in the above
formulia:

100
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0.176

Therefore, 2,00 =1.916 x (5.13) x 294 x 14.06 = 934,25 cumecs
(43.47 = 22.72)0'35:3
2400 = 934.25 cumecs by formula varies by +1.25% as against
Q1 ov ~ 922.68 cumecs based on detailed studies.
B.5 Flood Formulae by Multiple Reqgression Analysis Theory
Theory

In this multiple regression analysis, the peak discharge (Q,) for a
return period of N years as externally dependent variable was found to be
b _c¢ d e £

QN=aAL LCS RN

Where A, L, L, S and R, are same as in Section B-1 as independent vari-

apbles. a, b, ¢, d, ¢ and f are multiple regression coefficients when a
logaxithmic transformation is applied to all variables. Principle of
least square was used in the regression analysis to get the above
relationship.

B.6 25—v¥, 4 50-yr, and 100-yr. Flood Formula by Multiple Regression Analysis.

25-yr, flood, 50-vyr. flood and 100-yr, f£lood values for each of the
20 Nos. gauged catchments were estimated assuming a loss rate of 0.5 cm/hr.
gimilarly, sets of 25-yr., 50-yr. and 100-yr. flood values were also estimated

for each of the 20 Nos. gauged catchments assuming loss rates of 1.0 cm/hr.
and 1.5 em/hr.

The estimated values of Q25, QSO and Q1 00 (with loss rate of. 0.5 cm/hr)

as dependent variables were related to their respective physiographic parameters
A, L, L, 5 and meteorologic parameters R,., R and R as independent vari-
c 25 50 100

ables applying the least sguare method. The derived flood formulae with their
respective coefficient of correlations (r) by multiple regression analysis
(with loss rate of 0.5-cm/hr., 1.0 cm/hr. and 1.5 cm/hr.) are as under:

(i) with a loss rate of 0.5 cm/hx. Coefficient of
N Formula correlation (rx)
0.8 0.181 1.143
= .29 A S R
Q5 3.299 (a) (s) (R,.) 0.99
0.598
(L)O.181 (L )
(o
0.831 0.187 1.242 0.99
.694 (A S R -
QSO - 2.6 (A) (3) ( 50) .
(L)0.196 (L ) 0.556
c
0.840 0.174 1,085
3.4 s R *
200 = 3.421 (A) (s) ( 100 0.99
0.123 .596
w© 1?2 1w
c
22 \)‘W\ﬂ .
oA
=N
FANN



(ii) with & loss rate of 1,0 cm/hr. Coefficient of

0 Formula correlation (r)
N
0.829 0.199 1.211 0.99
0, = 2.538 (a) (s) (R,g)
. .666
(L)O 135 (L )0 6
[o4
. . .3 .
Qe - 2.184 (a)0+815 (590 197 (R50)1 " 0.99
+* O. 32
(L)O 164 (L ) &
C
0.821 0.181 1.179 0,99
9100 = 2.759 (A) (s) (R100)
. «Hh67
(L)O 104 (.LC)O

(1ii) with & loss rate of 1.5 cm/hr.

(r)

Formula
QN
0. - -
Qs _ 2.017 (a) 823(8)0 220(R25)1 178
0.99
0.0 - °
(L) 76 (L )0 686
c
0.796 0.216 1.312
= 1.712 (A)Y©" s R N
Qc, ( (8) (R ) 0.99
0.099 0.654

(L) (Lc)

The @ values of specific return period N (say 25)for any other-loss
rate between 0.5 and 1.5 co/hr. may be computed by linearly interpolating bet-
ween the two adjoining values of Q. falling between the ranges of 0,5 to 1.0
and 1.0 to 1.5 em/hr, N

The Symbols in the above sets of formulae are similar to that in the
formulae derived by DIRECT METHOD under Section B.1

The coefficients of correlation for all the above relationships are ex-
tremely high and, therefore, the relationships derived are V&ry reasonable.

The f£lood values for Q2 s 0 0 and by the detailed method and by
the above formulae for three sais of conditions (assuming 0.5 em/hr., 1.0 cm/hr.
and 1.5 cm/hx.) were estimated. The percentage variations between the estimat=
ed values based on detailed studies and formulae with regpect to the estimated
value, from detailed method were worked out as under:
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% wvariation limits

17.81

(i) with loss rate of 0.5 cm/hr,
Y ~0.05 to -15.1, +0.03 to +13.1
2%, ~0.14 to -13.85, +0.36 to +13. 82
%100 -0.59 to =15.18, +0.26 to +14. 6
(ii) with loss rate of 1.0 cm/hr.
QZS -0.30 to =13.08, +2.48 to+14. 55
Q50 -0.40 to -14.33, +0.28 +o +14.68
Q00 ~0.6 to -14.9, +3,7 to +14.4
(1ii) with loss rate of 1.5 em/hr,
2,5 -1.00 to =15.35, + 1,59 to416.97
Q50 ~0.67 to =14.66, + 0.77 ¢to
Comparis

50-yr, and 100-yxr- flood formulae
for adoption.

B.7 ‘Solution ©of the Problem Ba

on of percentage variations witth respect to the maximum per-
missible limit of variation of 20% showed t
20, the variation exceeded by a nominal percent.age.

hat in only one or two cases out of
Therefore, the 25-yr.,
for three sets of conditions are reasonable

sed on Flood Formulae by Multiple Regression

Analvysis

Illustrative example for est

imation of 25=yr.,, 50=yr.

and 100-yr.flood

for catchment upto Rly.

- Br. No.37 in Section B-4 BY DIRECT FL.OOD FORMULAE is

considered for solution of the prob

The physiographic and metecorologic parametexs

are:

A = 204,00 sq. K. ,

Rso

R

= .10 cm.
25 11 [}

The

their respective 25-=yTr.,

L= 43,47 km.,

12,95 cm., R

lem by Flood Formula (Regression Analysis}_
for the catchment under study

LC = 22.72km., S = 5.13 m/km

14. .
100 4,006 cm

above parameters are substituted in the flood formulae for loss
rates of 0.5 em/hr., 1.0 cm/hr., and 1.5 cm/hr.

in Section-6 for estimating

50-yr., and 100-yr. flood values as under:

(i) with loss rate of 0.5 em/hr.
st = 3,299 (294)0'851 (5.13)0'18’l ('l‘l.'lO)L143 = 685 cumecs
(43-47)0.181 (22.72)0.598
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.83 . .
Qe = 2,694 (204)9°837 (5,13)9-187 (45 g5y1-292 _ gig o
; 55
(43.47)%°198 (25 5,,0-556
0 = 3.421 (200)°°%% (5,13)% " (14.06)%° _925 cumecs
100 0.123 0.596
(43.47) " (22.72)
(ii) with loss rate of 1,0 cm/hr.
Q25 = _2.538 (294)0'829 (5.13)0'199 (11.‘?0)1'211 = 542 cumecs
(43.47)0+135 (22.72)0506
2, = 2.188 (2042817 (5,93)%°197 (15,053 669 cumens
. .63
(43.47)%° 184 (55.7)0-632
(43.47)0-194 (22.72)0-667

(iii) with a loss rate of 1.5 cm/hr.

- 3 - -
2, = 2,017 (209)%0%%3 (5,13)%°220 (11.40)""®  _ 467 cumecs
(43.47)0’076 (22..72)0'686
Q50 - 1.712 (294)0.796 (5.13)0.216 (12_95)1.312 = 578 cumecs
(43.47)0‘099 (22.72)0‘6":’4

The estimated 925, QSO and Q1OO by both the flood formulae and detailed

ptudies along Wwith percentage variations with respect to their regpective flood
value by detailed method for three sets of loss rate conditions are as under :

Flood Discharge (cumecs) by

N Formula Detailed Method % Variation
1 2 3 4

0 (1) with loss rate of 0,5 cm/hr.

2,0 685. 28 685,10 +0.03%
Q50 835. 29 831.77 +0.42%
%00 925.08 922,68 +0,26%
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(ii) with loss rate of 1,0 cm/hr.

1 2 3 4

2s5 542,07 550, 40 -1.51%

Q4 668,76 676.12 -1.09%

Q1oo 746.35 752.30 -0.79%
(iii) with loss rate of 1.5 cm/hr,

Q55 467.04 476,90 —2.07%

250 577.73 582,48 -0.82%

The above table shows that the percentage variation is nominal and
the estimated walues of Qo5 Q50 and Q00 3*S by flood formulae are acceptw
able.

26



HSOHD '3 ‘¥ _Jq.:h:qz.m.._
— GINDIHI| VHOHY M L “NMYHa ST UwWY BS )Y YIAHY O INIFIWHDLIVD

dOO0Td H¥Y3IA-S2 HOJ JIHSNOILYTIYH
$23 EAVIHY INFWHOILYD

(''€ INOZ 8nsSs
NISY g HIAYN 082! 000r 08¢ 00§ 0s2 0
. 001
310(SINIWHILYD TV NS ] ASOTONTAH
HOISSINNOD MILYM TVYHINID ozl
VION! 40 LNIANBIAOD [0 3 |
— 08|
86" | 0001 =y
8g- 1 006 = 08"l <
1971 coe ™~ .
$9°) 004 oo h
891 0089 02z
1 L7 0%
it 00#% \ 0¥z
1g°| 00¢ -
98°1 ov2 r/l 0872
8681 g22 oe’2
261 Q02 U
96°1 081 oo’ €
86 | 09l
20°¢ 0%l
s0°2 o+l
01°2 oz
61°2 001
$2°2 06
§2°2 oe
ye°2 04
1¢°2 09
0s'2 os
85°2 ot
L9°2 o€
vi'2 62
NIVA- A {wybsivn
i -g9°91d
M - 1 a ' N =
o H ' ' 2 coa o, T
f N + . »



‘ g'¥ HSOHOS N'Y VALY N d

»

—QINOTHI [VHOYY ¥ "1~ NMYH]
Q004 HY3A-06 HO4 dIHSNOILY13Y
Omv_ n><mm<FZmIIU._.<U - {unf 'bs) w3dv LNIWHDLVD
(1)¢ ANOZ 8BNS
NISsy8 IH3IAVH 008 02 0
TI10(SINTNHILYD TTUNSI A00 10 HO K oszi oool o082 .
NOISSINNOD HZLIVYM TYHLINID - [ ool
WIiONI 40 LHNIWNEIAOD [+ XA ]
ov¥" 1
s c0o| RS 091
19°1 D06 —
[ X ooeg ] - (o] RN
CER ooz .
1Lt 009 Su oo’z
8i°1 Do6& . 02’2
TN oo //
z6°1 oog ov'2
-3 -] 0S¢ N
c0°'2 0oz |/l 09°2
z1'2 09l Y] 552
61°2 $21 ]
822 00l _|_Hﬁ 00°¢
£ s8
6¢°2 oL
sr e 09
£6° 2 oS
09°2 0%
19°% o
L2 5%
INTYATA {wibslvd
| 2-8 914




(O°'Y  HSOHY 'V
=~ Q3ANI3IHD

AVAILLNYN G
VHOMY 'H'1 "NMvHO

QOO HYFA-00! HOd dIHSNOILY13d
OO0ly sA v3uv LNIWHOLY D
{(11€3aNOZ 80S

NISva ld3Av N

"HIG{SANIWHILYD TIVAS I ASOIOHO0AH
NOISSIWNGD M3LVYM TYHINID

& wuy bS) yIyy

LNIWHIOLYD

ViONI 40 INZNNNIAOCS 052t [s1147] 064 0
00"l
68914 000l
oL 006 ezl
€271 oog .
I
941 002z °or
821 009 097
18" 1 00§ = ———
98 " ) 00 ¢ 08I
26 " | 00¢ . X
L6 ore ooz %
66" 1 §22 .
2o 2 o002 e
S0 2 (- o¥-2
60 "2 091
or- 2 081 082
2t 2 ob1 U 1log-z
L1 2 oz
v2 "2 ool 00°¢
12732 06 nE .
£ "2 o8 1 0ds
8€ "2 [« 3 Ll 1l pp'g
St "2 o9
56 " 2 og
oL 2 ot
g1 - ¢ o¢
52 ¢ S2
INTYATYH rwybst v 9
N 4 £ 5 » * AR e



"Kolar in Karanataka State and Coimbatore, Tiruchirappalli,

1.0 GENERAL DESCRIPTION OF THE KAVERI SUBZONE~3(1)

1.1 LOCATION

The Kaveri subzone-3 (gi) lies between longitudes 75°25 ¢ to 79010'
(East and latitudes 10 to 14 (North). The Kaveri river has its origin in
the Brahmagiri range of the western ghats in Coorg District of Karnataka State,
It flows eastwards for a total length of about 804 km through Karnataka and
Tamil Nadu States, before outfalling into the Bay of Bengal. Small eastern
parts of Kerala drained bv upper reaches of Kabbani, Bhavani and Amravati form-—
ing tributaries of Kaveri river fall in the western periphery of subzone-3(i).
The upper reaches of Palar and Ponnaiyar rivers flow eastwards in the north-
eastern part of subzone=3-{i). The Kaveri subzone- excludes-the lower eastern
coast subzone-4 (b). Subzone-3(i) is mostly constituted of Plateau between
eastern and western ghats. The subzone-3 (i) is bounded on the north by
Krishna and Penner Rasins subzone-3 (h), on the south by south~eastern coast

subzone-3 (<), on the east by lower eastern coast subzone~4 (b) and on the
west by Malabar cecast subzone=5 (b).

Plate-1 depicts the location of the Kaveri subzone-3 (i). Some of the
towne and cities in the subzone=3 (i) are Mysore, Bangalore, Hassan, Mercara,

Jollarpettai,
Erode and Salem in Tamil Nadu State.

1.2 RIVER SYSTEM

Plate-2 depicts the river system of the Kaveri subzone, The main tribu~
taries of the Kaveri river are Hemavati, Shimsha, Arkavati, Chinnar, Laksh-
mantirtha, Kabbani, Bhavani, Noyil, and Amravati. Besgides these, the upper
reaches of Palar and Ponnaiyar rivers drain the north-eastern part of the sube
Zone, before outflowing into the Bay of Bengal.

The drainage areas of the main tributaries of Kaveri river, Palar and
Ponnaiyar in the subzone are as under:

S$1.No.  River/Tributary Drainage are

(sg. km.)
1. Hemavati 5308,37
2. Shimsha 8413.26
3. Arkavati 4306,79
4, Chinnar 3104.89
5. Lakshmantirtha 2403.79
6. Kabbani 7511.84
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7. Bhavani : 6810.74

8. Noyil 4406.94
2. Amravati 9214,53
10. Other Kaveri areas (including 44570, 27

Palar and Ponnaiyar).

Total: 96051,42

The total drainage area of the subzone-3 (1) is 96,051 sd.km
1.3 TOPOGRAPHY

plate-3 depicts the general topography of the Kaveri subzone, The
Kaveri river originates almost at the very edge of the western ghats within
sight of Arabian Sea at a height of about 1355m and flows eastwards crossing
mountain barrier of western ghats. The river falls abocut 450m within a couxrse
of 8 km from its source, The upper reaches of the Kaveri and its tributaries
drain the western ghats before flowing over a wide plateau. The eastern and
western ghats fringe the plateau. The Kaveri subzone has a complex relief.
The general elevations of the plateau vary from 200 to 600m in the north-
western part and 600 to 150m in the south-eastern part interspersed vith higher
elevations of 3000 to 900m along the western periphery and inside the subzone,

1.4 RAINFALL

Plate—4 depicts the normal annual rainfall of the Kaveri subzone and
the histograms of normal monthly rainfall at Bangalore and Coimbatore, The
subzone experiences rainfall by both south=west and north-east monsoons during
June to September and October to December respectively., The normal annual rain-
fall generally varies with the decrease in elevation along the eastern side of
the western ghats from about 400 cm to 100 cm on the eastern side of the ghats
in the subzone. The remaining portion of the subzone experiences a normal
annual rainfall ranging from 60 cm to 80 cm.

Bangalore region experiences heavy rainfall during August to October
whereas Coimbatore region experiences the maximum rainfall during Octobex
and November,

1.5 TEMPERATURE

Flate-5 depicts the normal annual temperatures in the Kaveri subzone
along with the histograms of the minimum, maximum and mean monthly temperatures
at Bangalore and Coimbatore. In line with the general physiography of the
subzone, it is seen that the eastern portion has temperatures of the order
of 2()0 - 22.500. The central region, being of lower elevation, has temperatures

o o)
between 22.5 =~ 27.5 ¢. The east-most part being the lowest in elevation
experiences temperatures greater than 27.5°c.
1.6 SOILS

Plate-6 shows the soil classification in the Kaveri subzone, The. sub=
zone is generally covered with red sandy soils barring’a couple of areas of
red loamy soil on the eastern and northern edges. At micro level (i,e. when
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small catchments are considered) the S0il type may vary considerably from the
above mentioned groups,

1.7 LAND USE

Plate-7 delineates the land use in the Kaveri subzone. Arable land
constitutes about 60% of the subzone. About 25% of the subzone is grass land
and scrubs, the rest being forest area. Most of the arable land is benefit-
ing from irrigation by major projects like Mettar, Krishnaraja Sagar etc.

Plate-8 shows the cropping intensity in the subzone,
1.8 COMMUNICATIONS

The subzone-3 (i) has an adequate road and rail network,

1.8.1 RATLWAY LINES

The following railway lines traverse the Kaveri subzZone,

S1.No, Railway Section

Zonal Rail way

1. Dindigul - Podanur Southern Railway
2. Erode - Tiruchirappalli "
3. Salem - Bangalore Com
4, Bangalore - Banasandra "
5. Bangalore ~ Maysore "
6, Bangalore - Jxolarpettai "
7. Bangalore - Kolar "
8, Mysore - Hassan "
9. Mysore -~ Ghamrajnagar "
10, Podanur - Ootachmund "
11. Podanur - Erode "

12. Erode - Salem "

13. Salem - Attur "
-14. Salem - Jolarpettaj__ "
15, Jolarpettai - Katpadi "

16. Karpadi - Pakala "
17. Salem - Metturdam "

1.8.2 ROADS
The major Highways in the subzone are:

1. National Highway No.4 (Tumkur to Vellore)
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National
National
National
National

National

Highway No.7 (Bangalore to pindigul)
Highway No.45 (Dindigul to Thanjavur)
Highway No.46 ( Krishnagiri to Vellore)
Highway No.47 ( Salem to Coimbatore)

Highway No.48 {(Bangalore to Hassan)
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LIST oF HYDRO-METEOROLOGICAL SUB-ZONES

Sub-zone I Name of subzone I Name of subzone ! River basins ineludeqd
3 tdesignated earlier)} (designated now)l in the Subzone,
1 3 2 1 3 I 4

1{(a) Luni basin & Thar Luni, Luni river, Thar (Luni
(Luni & other rivers & other rivers of
of Rajasthan ang Rajasthan and Xutch,
Kutch) . and Banas river),

1(b) Chambal Basin Chambal Chambal river

1(e) - Betwa Basin & other Betwa Sind, Betwa and Ken
Tributaries rivers and other

South Tributaries of
Yamuna,

1(ad) Sone Basin and Right Sone Sone and Tons rivers

Bank Tributaries. and other South Bank
Tributaries of Ganga.

1(e) Punjab Plains inecluding Upper Indo~ Lower portion of Indus,
Parts of Indus, Yamuna Ganga Plains Ghaggar Sahib;, Yamuina,
Ganga and Ramganga Ganga and Upper portion
Basins. of Sirsa, Ramganga,

Gomti and Sai rivers.
1(£) Gangetic Plains ineclu- Middle Ganga Middle portion of
ding Gomti, Ghagra, Plains Ganga, lower portion
Gandak, Kosi and other. of Gomti, Ghagra, Gen-
dak, Kosi and middle
portion of Mahanadi
Basin,

1(g) Lower Gangetic Plains Lower Ganga Lower portion of Ganga,
including Subarnare- Plains Hoogli river system
kha and other east- and Subarnarekha,
flowing rivers between
Ganga-and Baitarani.

2(a) North Brahmaputra North North Bank Tributaries
Basin, Brahmaputra of Brahmaputra river

and Balason river,

2(h) South Brahmaputra South South Bank Tributaries
Basin Brahmaputra of Brahmaputra river .

2(e) Barak and others. Barak Barak, Kalden and

Manipur rivers.

3(a) Mahi, including the Mahi and Mahi and Sabarmati

Dhadhar, Sabarmati, Sabarmati including Rupen &

and rivers of Saurashtra.
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7 i 2 i 3 i a

3(b) Lower Narmada and Lowey Narmada Lower portion of Narmada,
Tapi Basin & Tapi Tapi and Dhadhar rivers.

3(c) Upper Narmada and Upper Narmada Upper portion of Narmada
Tapi Basin. & Tapi. & Tapi rivers.

3(d) Mahanadi Basin inclu- Mahanadi Mahanadi, Baitarani and
ding Brahmani and Brahmani rivers.

Baitarani rivers.

3(e) Upper Godavari Basin. Upper Upper portion of Godavari
Godavari Basin.
3(f) Lower Godavari Basin  Lower Lower portion of Godavari
except coastal region. Godavari Basin.
3{qg) Indravati Basin. Indravati Indravati river.
3(h) Krishna subzone Krishna Krishna & Penner rivers
including FPenner except coastal region.

Basin except
coastal region.

3(4i) Cauveri & east Kavari. Kaveri, Palar and
flowing rivers except Ponnaiyar rivers (except
coastal region. ' coastal region).

4({a) Circars including Upper Eastern East flowing coastal
east flowing rivers Coast rivers between deltas Of
between Mahanadi and Mahanadi and Godavari
Godavari. rivers.

4(Db) Coromandal Coast Lower East flowing coastal
inciuding east Eastern rivers, Manimukta, South
flowing rivers Coast Penner, Cheyyar, Palar,
between Godavari North Penner, Munneru,
and Cauveri. Palleru, Cundalakama

and Krishna Delta.

4(e) Sandy Coroman Belt South East flowing coastal
(east flowing rivers Eastern rivers - Manimuther,
between Cauvery & Coast Vaigai, Arjuna, Tamra-
Kanvakumari). parni.

5(a) Konkan coast {(west Konkan West flowing coastal
flowing rivers Coast rivers between Tapi
between Tapi and and Maudavi rivers.
Panaji) .
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4

5{b)

Malabar Coast (West
flowing rivers
between Kanyakumari
and Panaji),

Andaman and Nicobar

J & K Kumaon Hills
(Indus Basin),

Malabar
Coast

Andaman &
Nieobar

Western
Himalayas

West flowing coastal
rivers between Mandavi
and Kanyakumari

Jhalum, Upper portion
of Indus, Ravi and
Beas rivers.
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2.0 DESIGN FLOOD DATA AND THE M+THOD ADOPTED FOR ANALYSIS

2.1 DESIGN FLOOD

The Khosla Committee of Engineers had recommended a design flood of
50~-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 acrosSs a river.
The Committee of Engineers had suggested that 50~year flood may be considered
as the maximum observed discharge from the vearly peak discharge records
available for not less than 50 years. Where the yearly peak discharge records
are not much less than 50 year, the 50-year flood may be obtained from the
probability curve of peak discharges, In the absence of adequate data of
peak discharges, a storm rainfall and runoff data for the selected catchment
shall be collected for a required period and detailled studies carried out 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 methodology for estimation of 50-year floed sub-—
zonewise based on application of storm rainfall to unitgraph. I+ has been
assumed that 50-year storm rainfall applied to unitgraph may produce a flood
of the same return period (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 of
small and medium sizes representatively located in a subzone are required for
a minimum period of 5 to 8 vyears during the monsoon Season:

i) Hourly gauge data at the gauging site (bridge site), upstream and
downstream at a reasonable distance from the gauging site,

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

1ii) Bourly rainfall data of raingauge stations in the catchment Rain-—
gauge stations are to be self-recording and/or manually operated.

iv) Catchment area plans showing the river network, location of rain-
gauge 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 (gauging site) upstream and
downstream of the bridge site.

vi) Longitudinal section of the river upstream and downstream of the
bridge site.
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In addiion to the above, the data of gauged catchments, the rainfall
data of self-recording raingauge stations maintained by India Meteorological
Department and States falling in the subzone is also redquired,

Southern Railways and South Central Railways under the supervision of
Research Designs and Standards Organisation had observed and collected the
required data for 28 catchments in Kaveri Basin subzone-3{(i) for a period of
3 to 7 years for each of the catchments, Central Water Commission on behalf
of Ministry of Transport is also observing and collecting the reqguired data
since 1979 for two catchments in this Subzone, The sizes of the gauged catch—
ments varied from 27 to 2850 sq.km. The location of the gauging sites at
road and rallway bridges are shown in Plate-2, India Meteorological Depart-
ment has collected rainfall data of IMD's SRRGs stations., Table-1 shows the
name of the stream, bridge numbers, coordinates of gauging sites, catchment
areas, number of raingauge stations and period of availability of data,

2.3 DESCRIPTION OF THE METHOD ADOPTED

In the report, Section-3 explains the procedure for obtaining the
Synthetic Unitgraph for ungauged catchments in subzone-3(i).

Section-4 explains the Procedure for obtaining the design storm
input,

Section~5 explaing the Steps to be followed for obtaining the design
flood of 50~year return period,

The adoption of Synthetic Unitgraph is recommended for ungauged
catchments or inadequately gauged catchments, However, for gauged catch-

ments with adequate data, representative unitgraph based on actual data
should be preferred,
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3.0 DERIVATION OF SYNTHETIC UNIT HYDROGRAPH

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 the Synthetic
Unitgraph, the following steps have to be followed.

i) Analysis of physiographic parameters of the catchmentsS.

ii) Serutiny of data and finalisation of gauge discharge rating curves.

iii) Selection of flood and corresponding storm events,
iv) Computation of hourly catchment rainfall.,
v) Separation of base flow and computation of direct run—-off depth.

vi) Computation of infiltration logs (@ - index) and T-hourly rainfall
excess units.

vii) Derivation of 1-hourly unitgraphs.
viii) Drawing of representative unitgraphs and measuring the parameters.

ix) Establishing relationships between physiographic and representative
unitgraph parameters.

%} Derivation of 1-hour Synthetic Unitgraph for an ungauged catchment.
The above steps are briefly described as under:

3.1 Analysis of Physiographic Parameters of the Catchment

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

3.1.1. Catchment Area (A)

on the Survey of India toposheet, the watershed boundary is marked

upto the gauging site. The area enclosed within this boundary is the catch-—
ment area.

3,1.2 Length of the Main Stream (L)

This implies the longest length of the main river course in the catch-
ment.
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3.1.3 Length of Main Stream from Centre of Gravity of the Catchment (Lc)

This implies the length of the river from a point opposite to the
Centre of Gravity (C.G) to the gauging site.

3.1.4 Equivalent Stream Slope (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 so drawn by trials from the point of interest on the I = section such
that the areas enclosed between the L-section and the line so drawn (above and
below) are equal. This line is called Equivalent Stream Slope Line. Alterna—
tively, the L-section may be broadly divided into 3 to 4 segnents representing
the broad ranges of the slopes of the segments and the following formula may
be used to calculate the equivalent slope (S)

s =€ (L 4400 ceeeen (3
L2
Where Li = Length of the ith segment in km.
D, D, . s
i-1' 4 = The depth of the river at the point of

intersection of (i~1)ithand ith contour g
from the base line (datiim) 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.

Table~-2 shows the physiographic parametes like A, L, Lc and S for 20
catchments considered suitable for analysis.

3.2 Secrutiny of Data and Finalisation of Tauge Discharge RATEANY Curve

The data was scrutinised through arithmetical 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 not 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 quidelines adopted for selection of flood events for each
of the gauged catchment are as under:

i) The flood should not have unduly stagnating water levels.

ii) The selected flood should result from significant rainfall excess
generally not less than one cm.
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3.4 Computation of Hourly Catchment Rainfall

The Theissen network was drawn for the raingauge stations on the catch-
ment map and their Theissen Weights were computed., The hourly point rainfall
at each station was multiplied with their respective Theissen Weight and added
to obtain the catchment rainfall at one hour interval during the storm period.

3.5 Separation of Base Flow

The selected flood events were plotted on the normal graph paper. The
Basge 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 of the flood events.

3.6 Computation of Infiltration Loss (#-Index) and 1-Hourly Rainfgll
Excess Units )

With the known values of {-hourly catchment rainfall in Section 3.4
and the direct runoff depth in Section 3.5 for each flood event, the infil-
tration loss (constant loss rate) by trials was estimated to obtain the direct
runoff depth. The 1-hourly infiltration loss was deducted from the 1-hourly
rainfall to get the 1-hourly rainfall excess units.

3.7 Derivation of 1-hour Unitgraph

A unit duration of 1-hour was adopted for derivation of unitgraphs.
The 1-hour unitgraphs were derived from the rainfall excess hyetographs and
their corresponding direct runoff hydrographs by iterative methods. The
iterations were carried out till the observed and egtimated direct runoff
hydrographs compared tavourably.

Normally 4 to 14 unitgraphs are derived for each of the 20 catchments
considered.

3.8 Drawing of Repfesentative Unitgraphs and Measuring their Parameters

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
1-hour unitgraphs were drawn from a set of superimposed 1-hour unitgraphs for
each of the 20 catchments and their parameters noted. The parameters of the
representative unitgraph illustrated in Fig.2 were measured for each of the
catchments. The parameters of the representative unitgraphs are tr, t, Tm,

qp Qp’ WSO’ W75, WRSO, W s and TB. These parameters for 20 catchments

are listed in Table-3.

3.9 Establishing Relationships between Physiographic and Representative
Unitgraph Parameters .

Following simple model was adopted for establishing the relationships
between these parameters.

Y = C x R = A

38



Where

Y = Dependent variable
X = Independent variable
C = A constant

P = An exponent.

From equation 3.9,1, it follows that

Log Y

I}

Log C + P Log x rraeae3.9.2

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

the studies were made. The relationship between physiographic parameters
(LLC) S and U,G. parameter tp was found to be signiiicant. Afterwards tp

was related to unit peak discharge of the U.G. (qp}b«as related to various
.G ters like W W .
Y-G. parameters like W_, 75 and W. . The time-base (T_) could

. 5 5 .
be significantly cor-related to Ot . The7 Principle of least squares was

used in the regression analysis to §et the relationghips in the Fform of
equation 3.9.1 to predict the parameters of the Synthetic Unitgraph in an
unbiased manner., The following relationships have been derived for esti-
mating the 1=hour unitgraph parameters in the subzone-3 (i)

Relationships Correlated Equation ‘Fig.
coefficient (x) No, No.
t - 0.553(LLq,f—s)°'405 0.949 3.9.3 3
8
872
q = 2.043/(t )0-87 0.943 3.9.4 4
P p
1.067
= 2, ) . .9,

W50 197/(qp 0.285 | 3.9,5 5
W_, = 1.325/(g )1.088 0,953 3.9.6 6
75 P
WRSO _ 0_799/(qp)1.138 0.897 3.9.7 7
WR?S - 0.536/(q )1.109 0.905 3.9.8 8
T = 5,083 (¢ )0-733 0.960 3.9.9 9
B p
T =t + t /2 3.9.10
m P r

Vo= X A 3.9.11
Qp qp 1

The above relationships may he utilised to estimate the Parameters o Ff

1-hour Synthetic Unitgraph for an ungauged catchment with its known prhysiogra—
phic characteristics like L, LC, A and 5.
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3.10

Derivation of 1-Hour Synthetic Unitgraph for an Ungauged Catgchment

Considering the hydro-meteorclogical homogenity of subzone—3(i), the
relations established between physiographic and unitgraph parameter in Section
3.9 for 20 representative catchments are applicable for derivation of 1-hour
Synthetic Unitgraph for an ungauged catchment in the same subzone.

The steps for derivation of 1-hour unitgraph are:

»

i)

ii)

iii)

iv)

V)

vi)

Physiographic parameters of the ungauged catchment viz. catchment
area (A), length of the longest stream (L), Length of the longest
stream from a point opposite to the centre of gravity of the catch-
ment area to the gauging site (L) and equivalent_sStream slope (S)
are determined fromthe catchment area plan LL_ /__/S is calculated.

Substitute the value of LLC/_/; in the egquation 3,9.3 tp = 0,553

=, 0.405 . .
(LLC/_‘/S )O 5 ¢o obtain tp in hour. The calculated tp is rounded

off to nearest half an hour. Then T =t +t = (t_ + %) hoursS.
m P r P
2
substitute the value of t_ in the equation 3.9,4 to obtain q_ in
cumec/sqgkm, p p
0.872
g = 2.043/(c )%
P P

Then Q@ = x A in cumecs.
p - %

in the following equations 3.9,5 to
and W in hours.

Substitute the value of g

3,9.8 to obtain W

W W
50° 775" RS0

R75
W = 2.197
50 (q )1.067
P
W = 1,325
73 (q 11088
P
W = (.799
R i} ————
50 (a )1.138
P
W ~ 0,536
R75 () -109
P

Substitute the value of tp in egquation 3,9.,9

T = 5,083 0.73

(t) to obtain T_ in hours.
B P B

Plot the parameters of 1-hour unitgraph viz. Tm, TB’ Qp, WSO’ w75,

W W h 1 i i i
R50' "R7S on a graph paper as shown in illustrative Fig, 2 and

sketch the unitgraph through these points. The discharge ordinate
(Qi) of the unitgrarh at 7-hour (tr) interval are summed up and the

direct runoff depthin ¢mis obtained from the following equation 3.9. 10.
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d = 0,36 x-ggi Xt eenr23.9.90
A
where d = depth of direct runoff in em
Q, = discharge ordinates at 1-hour interval {cumecs)
A =

catchment area in sq.km.

In case the depth of runoff (d) for the Synthetic Unitgraph drawn is
not equal to 1.0 cm, then suitable modification may be made in falling and
rising limbs of the unitgraph to obtain 1.0 cm depth of runoff. The shape of
the modified unitgraph should be kept smooth.

3.1 Desiqn Loss Rate

Surface runoff occurs when the gross rainfall has met with the abgtrac-—
tions due to infiltration, evapotranspiration, interception, f£illing up of
surface depressions, etc. Since each and every parameter cannot be observed
at various locations in the catchment, a need, therefore, arises to adopt an
average value of design loss rate representing all the abstractions. Varia-
tions due to the soil conditionsg and topography along with the spatial varia—
tions in rainfall make this loss rate a complex phenomena. In this report,
the loss rate study based on @ -index approach using the actual data of flood
hydrographs provide necessary guidance Ln arriving at the design loss rate, In
Table-4 the ranges of loss rate are presented against the number of events
falling in such category for each catchment.

Table-4 exhibits certain modal values of loss rate for the following

three loss rate ranges occurring for 78 flood events out of a total of 108
flood events analysed:

Loss Rate Ranges Modal value No. of flecod
(mm/hr) {(cm/hr) (em/hr) events,

(1) (2) (3) (4)
1 to 10 0.1 to 1.0 0.50 53 § Cut of a total
1 to 5 0.1 £o 0.5 0.30 23 I of 108 flood
5 to 10 0.5 to 1.0 0.75 30 I events.
10 to 15 1.0 to 1.5 1.25 25 |

There could perhaps be two alternatives. One was to adopt the
lowest value of loss rate and the second to adopt the modal value of loss
rate. Since this report is intended at providing 50-year estimates which
may not be a very rare event when considered from design point of view a modal

value of design loss rate of 5.00 mm pex hour (0.5 cm/hr.) is recommended for
adoption.

Besides the loss rate of 0.5 cm/hr recommended above for adoption,
the designer has the option to choose one loss rate out of the loss rates of
0.75 em/hr, 1.0 cm/hr, 1.25 em/hr and 1.5 cm/hr (out of which 0.75 em/hr and
1.25 em/hr are modal values) to suit the relative importance of the structure s,

v
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safety, economy, site conditions, catchment wetness characteristics and sto-
rage depressions for peak flood estimation of specific return period (25-yr,
50-yr and 100-yr). Preferably the designer may check the final selection of
lose rate for an ungauged catchment by comparing its run-off factor for design
storm rainfall and direct runoff, if available, for the recoxd flood events
of neighbouring catchments in the subzone having similar physiographic and
hydrometeorologic characteristics.

3.12 Base Flow for Design Flood

The number of flood events with various ranges. of base flow are shown
in Table-5. Out of 106 number of flood events, 48 flood events fall in the
range of 0.01 to 0.09 cumecs per sq.km. An average value of base flow of 0.05
cumecs per sq.km. is recommended for adoption.
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BASIN CHARACTERISTICS TABLE = 2
SUB-ZONE-3 (i)
55'__ ;; ASo .Km. LKm . I"«':/'K.m Sm/ Km LLc
S

1. 2 3 4 5 6 7

1. 28 953.12 71.32 29.79 1.98 1509,90
2. ( 4 MOT)  423.00 48,27 24,14 14,72 303,45
3. 44" 364.18 50.14 22,94 3.1 652,23
4. a1 310,80 39.90 15.85 8.42 217,94
5, 37 294,00 43,47 22,72 5.13 436,05
6., 683 287.5 43,47 22,22 4,97 433,27
7. 18 243.15 31.86 © 16,09 13,39 140.09
8. 27 134,18 26.71 15.96 12,11 122.5
9. 172 132.56 25.76 10.87 6.90 106.60
10. 157 125,40 22.14 4.43 30.48 17.8
1. 74 104.89 17.89 8.05 19.64 26,45
12, 89 88.00 17.71 9.66 6.01 69.78
13. 26 74,72 14.89 7.25 8,41 37.22
14. 760 74.60 18.52 8.53 3.96 79.4
15, 29 70.65 21.90 13.04 13.64 77.32
16. 90 61.00 14.64 7.51 4,09 54.36
17. 532 42,00 14.50 5.60 18.63 18.81
18. 170 35.09 12.06 7.96 3.395 52,14
19. 244 29,79 15.77 6,92 7.14 40.84
20. 845 29.29 10.87 4.83 8.75 17.75
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4.0 DESIGN STORM INPUT

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

4.1 Design Storm Duration

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 is 1.1 tp.

TD = 1«1 tpl

4.2 RATINFALL DEPTH DURATION FREQUENCY STUDIES

India Meteorological Department have conducted thisg study on the basis
of 13 self-recording raingauge stations and 195 ordinary raingauge stations
maintained by IMD/States and 26 SRRG stations maintained by Railways in 8
bridge catchments in subzone-3(i).

The annual maximum series for all the ordinary raingauge stations in
and around the subzone were computed for each station from 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 frequency analysis by Gumbel's
extreme value distribution and the rainfall estimates for 50-year return
periods were computed. The daily values 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 isopluvial map of 50-year return period was
drawn and shown in plate-10,

The hourly rainfall data recorded by 13 SRRG stations maintained by
I.M.D. for the period were processed by frequency analysis (partial duration
series method) and the rainfall estimates for 50-year return period for 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 18 hours rain-
fall 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 .
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The average ratios for durations of 1,3,6,9,12,15 and 18 hours with -
respect to 24-hour rainfall are as under:

Duration Ratioc®
24 1.00
18 0.91 ' _ .
15 0.87 Ratio = gg:yz‘ gzt:rh_;: mll}ﬁtrrglx?leil .
12 0.83 Yy . poi ainfa '
9 0.78 .
6 0.71 ;
3 0.59 .
1 0.42 ‘

Fig. 10 shows the ratios for short duration point rainfall with respect .
to 24-hour point rainfall. .

The short duration rainfall estimates for varicus short durations
(1,3,6,9,12,15 & 18 hours) can be computed by using the respective ratios, The
value of 24-houx rainfall estimates for a particular station for 50=yr. return
period can be interpolated from Plate-10 and the short duration rainfall
estimates can be obtained by multiplying with the corresponding ratio for that
particular short duration obtained from Fig. 10.

4.3 CONVERS ION OF POINT TO AREAL RAINFALL

Thé short duration rainfall data of only 8 pridge catchments were used
for this study. The data of remaining bridge catchments could not be utilised
as the period of data were either less than 4 years and/or concurrent years
data were not recorded continuously for 4 years over the stations in a bridge .
catchment. 2-year point rainfall values for specified duration for each
station in the c<catchment were computed by frequency analysis. Axithmetic average .
of 2-year point rainfall of all the stations in the catchment was calculated to
get the 2-year representative point rainfall for the catchment. Events of
maximunm average depth for a particular duration in each year were selected on .
the basis of simulteneous occurrence of rainfall at each station in the catch-—
ment. The areal rainfall series thus obtained was subjected to frequency
analysis of 2-year areal rainfall depths for specified durations were computed.
The percentage ratio of 2-year areal rainfall to 2-year representative point
rainfall for the catchment was calculated and plotted against the area of the
catchment for warious durations. The best fit curves were drawn for specified °
durations on the points obtained for all the catchments. Fig. 11(a) and 11( b}
give the curves for conversion of point rainfall into areal rainfall for 1,3, 6,
12 and 24 hours. The areal reduction factox (ARF) at different intervals of
catchment areas for the above durations are given in Table-A-3,

Data for bridge catchment is available only upte 950 sq.km. and point
to areal curves have been extrapolated upto 2500 sqg.km. on the basis of limited

ARF's obtained from bridges having area less than 950 sq;m. Point to areal .
rainfall values may, therefore, be used with caution for areas more than -
1000 sq;km. ~"
» -
4.4 TIME DISTRIBUTION OF INFUT STORMS "
Cod
The study of time distribution of short duration rainfall has been T
carried out by IMP for the following categories of durations: .
1
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Rain Storm of 2 to 3 hours

Rain stoxm of 4 to 6 hours

Rain Storm of 7 to 12 howrs
Rain Storm of 13 to 18 hours

(S I P N
.

Rain Storm of 19 to 24 hours

About 2308 rain storms of various durations upto 24 hours occurring in
various parts of the subzone were analysed based on 155 station year data,
Rain storm selected at such stations were grouped under the above 5 categories
and plotted on different graphs on dimensionless curves with cumulative per-
centage of total rainfall along the ordinates and percentage of storm duration
along the abcissa. Thus five different graphs were prepared for each station
correspording to various durations and were than examined. The average time
distribution curves for the various durations were drawn for each station.

All the average cuxrves foxr the stations thus obtained were plotted on a single
graph and a single average curve for the subzone as a whole was drawn for
storms of different durations and are shown in Fig, 12,

4.5 25-YEAR AND 100-YEAR 24-HOUR POINT RAINFALL MAPS

For those interested in the design £lood (25-year and 100-year flood)
25-year ard 100-year 24-hr, point rainfallrmaps are shown in Plates-~9 & 1",
To obtain 6,9,12,15 and 18 hrs. from 25-year and 100-year 24 hr, rainfall, the
Tatios given in sections 4.3 and 4.4 may be used for conversion of point to
areal rainfall and time distribution of input storm respectively. Synthetic

unitgraph, design loss rate and base flow will remain the same as in the cage
of 50-year flocd,

4.0 FROCEDURE FOR ESTIMATION OF DESIGN STORM RAINFALL

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

0.405
Step (1) ¢+ Estimate tp = 0.553 (LLc 7 4/ 5 ) - by substituting the know

values of L, L _ and § for the catchment, Calculate the design storm duration
(TD) = 1.1 tp. The value of TD may be rounded off to the nearest 1=hour,

Step (2) s+ Locate bridge site/catchment area under study on the 50~yr,, 24-hr .
rainfall isopluvial map (Plate-10) and obtain the 50-yr., 24~hr, point rainfall
value.

%tep (3) ;+ Read the conversion ratio for TD hours from Fig. 10 and multiply
the 24-hour rainfall in Step-2 by the ratio to obtain the 50=year T -hour
rainfall. D

Step (4) : Convert the 50=year TD-hour point rainfall to 50-year TD—hour

areal rainfall by multiplying with the areal reduction factor (ARF)
Corresponding to catchment area uynder study and for TD-hour duration from

Table-& or by interpolation from Fig. 11(a) and 11(b) in Section 4.3,
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Step (5) : Apply the cumulative percentage of total rainfall against the cumu-

lative percentage of

storm duration curves in Fig. 12 or from Table A=~2 corres—

ponding to design storm duration I‘D to obtain the depths at 1-hour interval

since the unit duration of Synthetic U.G. 1S 1-hour.

Step (6) 1 obt.ain the 1-hourly rainfall increments from substraction of
successive 1-hour cumulative value of rainfall in Step-5.
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5.0 ESTIMATION OF DESIGN FLOOD FOR ANL UNGAUGED CATCHMENT
The following procedure is recommended:

Step (1) : Determine the Synthetic Unitgraph vide Section 3.9 and 3.10

Step (2) : Determine the design storm rainfall input vide Section 4.0.
Step (3) : Ado»t the design loss rate of 0.5 em/hr, vide Section 3.11,
Step (4) : Obtain the hourly rainfall excess units upto the design storm dura-—

tion TD by subtracting the design loss rate of 0.5 cm/hr. from the hourly

rainfall increments in Step-6 of Section 4.6

Tabulate the U,G. discharge values obtained from Step-1 at 71-hour in-—
terval.

Arrange the rainfall excess increments against the 1-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.

The sum of the product of unitgraph ordinates and the rainfall excess
as tabulated above gives the 50-year flood peak value after due addition of
base flow in Step-9.

However, the subsequent Step-6 to 10 should be followed, for computa—
tion of design flood hydrograph.

Step (6) : Reverge the sequence of rainfall excess increments obtained in
Step-5 which will give the critical sequence of the rainfall excess.

Step (7) : Multiply the first 1-hour rainfall excess with the Synthetic U.¢.
ordinates at 1-hour 'interval which will give the corresponding direct runoff
ordinates. Dikewise repeat the procedure with the rest of the 1 ~hourly rain-—
fall excess increments giving a lag of 1-hour to successive direct runoff
ordinates,

Step (9) : Obtain the average base flow of 0.05 cumec/sq.km./vide Section 3.1 2
Multiply average base flow of 0.05 cumec/sq.km. with the catchment area undex
study to get the total base flow.

Step (10): Add the total base flow to the direct runoff ordinates at 1-hour
interval in Step-8 toget the 50-year flood hydrograph. Plot the hydrograph,
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6.0 FORMULA FOR LINEAR WATERWAY OF BRIDGES

Design of cross drainage structure like br"idges/culverts/acquaducts
encompases the primary fixation of the linear waterway to be provided, the HFL
anticipated, number of spans to be provided, type of piers to be given, etc.,
apart from many other structural factora.. This report focusses on the methodo-
logy to be used to estimate the flood produced from a rainfall which would
occur with a 50-year recurrence interval. Once this estimate has been made,
the usage of this discharge value would logically be the next step. A perusal
of prevalent rail and rcad bridge design codes suggest the formula for fixing
the waterway.

The linear dimengion of any hydraulic structure have a bearing on the
width of channel. The channel width in the case of a stable river is mostly
controlled by the nature of soil, slope and roughness of terrain/channel bed
as also the magnitude, duration and frequency of floods over a long period in
geological time. The width of the channel, therefore, remains more or less
constant for discharge magnitudes of different return periods, though the
flood levels and velocities vary considerably to cater to the increase in
discharge magnitudes. With this concept in view, the formulae for linear
waterway related to frecquency floeds have been developed. Considering the
dimension of discharge which is 13/T, the adoption of 3_/—9_ discharge as the

ruling parameter seems to be justifiable., Taking into account the analysed
bridges in subzone 3(1), the following simplified formula has been derived:

W = 4.98 X 3_/—
Q50

Where W is linear waterway in metres and Q5Ois 50-yr. flood discharge
in cumecs.

The design engineers may follow the following steps while fixing some of
the primary parameters of the bridge.

(1) BEstimate Q50 by using the methodology outlined in the report
(2) Estimate the linear waterway using the equation given above

(3) Work out the design HPL expected for QSO with the waterway estima-—
ted.

The linear waterway which is estimated may seem to be inadequate or
excessive as per the site conditions prevalent. In that case, the design
engineer is at liberty to choose a suitable waterway not much di f£ferent from
the estimated waterway and thereafter fix the design HFL as per normal calcula-—
tions. The above mentioned equation gives only a guide to the possible width
which may have to be provided to pass the discharge at the bridge site. In
case the design engineer feels that the importance of the structure warrants
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Q25 or Q100 and wants to use those values for design purpose, then the linear

waterway may be worked out with the following formulae:

W= 502x3 j——
~225

w 4.60 x 3
Q 00

"

THE FORMUIAE GIVEN ABOVE ARE ONLY TO BE USED FOR FIXING THE LINEAR
WATERWAY OF THE BRIDGES IN THE KAVERT SURZONE - 3(i). THE LACEY'S REGIME WIDTH
FORMULA WILL NOT BE APPLICABLE FOR FIXING THE LINEAR WATERWAY OF BRIDGES TN
SUBZONE -3(i). HOWEVER FOR DETERMINATION OF SCOUR AT BRIDGE SITES, THE ILACEY'S
SCOUR FORMULAF, BASED ON LACEY'S REGTME WIDTH AS SPECIFIED IN THE CODES FOR
ROAD AND RAIL BRIDGES SHALL BE USED.

The relevant codeg of practice for design flood and fixing of water—
way of bridges by Indian Railway and Indian Roads Congress are as under:

(i) Code of practice by Indian Railways (revised 1985) sections 4,2,
4.3, 4.4 and 4.5.

(ii) Standard specifications and code of practice for Road bridges,
section 1, General Features of Design (fifth revision) by Indian Roads
Congress, 1983 - clauses 103 and 104.
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7.0 UTILITY OF REPORT FOR OTHER PURPOSES

The repoxrt may also be used for estimation of frequency flood for the
following categorxies of structures as per the Indian Standards of the Indian
Standards Instit-uation:

i) Sma ]l Dams

The Indi an Standard - guidelines for fixing spillway capacity of Dams
under clauses 3. 1.2 and 3.7.3 of IS: 11223-1985 (under print) recommends 100-=
yvear flood as inflow design flood for small,dams having either & gross storage
behind the dam »etween 0.5 to 10 million m~ or hydraulic head (from normal ox
annual average £ lood level on the downstream to the maximum waterlevel) between
7.5m to 12m. The report may be made use of for estimation of 100-~year flood
safety of small dams.

ii) Minor Cross Drainage Works

The Indi.an Standard-- code of practice for design of cross drainage
works, part -1 General features under clause 6.2 of IS: 7784 (part-1)-1975
recommends 10 to 25 years frequency flood with increased afflux for the design
of waterway of mainor cross drainage works. The report may be made use of for
estimation of 25 year flood for fixing the watexway of minor cross drainage
works. The flood of different return periods say from 10 to 20 years may be
estimated by usimng the detailed methodology given in the report on the basis
of 10 to 20 year s, 24~hr. point storm rainfall determined for the ungauged
catchments undexr study. .
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* . 8.0 ASSUMPTIONS, LIMITATIONS AND CONCLUSIONS
-

' N 8.1 ASSUMPTIONS

: 8.1.1 It i = assumed that 50 year return

period storm rainfall produces 50=-yr.
flood.

8.1.2 A gereralised conclusion Yegarding the base flow and loss rate are
assumed to hold good during the design flood event,

8.2 LIMI TATIONS

8.2.1 The ddata of 20 catchments has been considered for developing a genera-
lised approach for a large subzone. However, for more reliable rela—
tionships the data of more suitable catchments would be desirable.

8.2.2 The method would be applicable for reasonably free catchments with iri-—-
terception, if any, limited to 20% of the total catchment., For cal —

culating the dischaxge, the total area of the catchment has to be corn—
gsidexy—ed.

8.2.3 The approach developed mostly covers the catchments with flat to mod—
rate slopes.

8.3 CONCILUSIONS

. 8.3.1 The methodology for estimating the design flood of 50-yr. return pericd
incoxrporated in the body of the report is recommended for adoption,

8.3,2 The report also recommends the adoption of design flood of 25=-yr., and

100=vx. return periods taking into account the relative importance of
the s tructures.

8.3.3 This ¥eéport suggests a uniform loss rate of 0.5cm/hr., for the COmput Zg =
tion of design flood. However, the flexibility has been imparted to
the report by suggesting further the modal values of loss rates of

*0.75cm/hr, and 1.25m/hr, (also 1.0cm/hr. and 1.S%cm/hr.) for the desig—
ner to choose from with the approval of competent authority, (see

¢ gection 3.11),
. 8.3.4 The £ lood formulae with different return periods shall be used only
« for pxeliminary design. However, for final design, design flood shal 1L
", be estimated by application of storm rainfall to synthetic unit hydro —
. graph =
i 8.3,5 Formulae for fixing the linear waterway of cross drainage structuresg
- on stxeamsg in Kaveri subzone may be used at the Qiscretion of the de—
“‘ sign engineer.
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10.

The report is applicable for the catchment areas ranging from 258q. kmnAp\BO O

Further the report may be used for larger catchments upto 3000 sq.km.
based on sound judgement and considering the data of neighbouring
catchments also. However, individual site conditions may necessitate
speci al site study. Engineer-in-charge at site ig advisged to take a
pragmatic view while deciding the design discharge of a bridge.
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ADDENDUM

In keeping with the underly ing principle of further refining the
basic reports which have been published for the flood estimation of various
subzones in India as and when furthexr data is available or new ideas and
modifications are thought about and accepted in principle, it was felt that
the idea of agsigning a constant loss rate and base flow rate for the sub~zoOne
in consideration would not depict the true nature of the conditions existing.

Loss Rate and Base Flow Rate

An indepth study was taken into the various individual f£1lood events
analysed and which were subsequently used in #he final report. Tt is observed
that there are wide variations in the loss rates and base flow rates for the
cases considered. A multiple regression formulation was used to arrive at
loss rates and base flow rates for the subzone -considering various physio=
graphic and meteorologic parameters. The equations derived are as given below:

R0.611

Loss Rate = 1.120

0.355
TD

Where R = T, hr. areal rainfall in cw. and loss rate in cm/hr,

_ 0,032
% = 01004
A .
Where A = catchment area in sqg.km. and q_b = base flow rate in

cumecs /sq. km.

- 25«yr,, 50-yr, and 100-yr. Flood Formulae

Using these formulae of loss rate and base flow rate, the design
flood for a return period of 50 years was worked out and so also floods of
25 yoar and 100 year return periods. A multiple regression was also done on
these flood values relating them with the physiographic parametexrs like area,
length, slope ete. ‘@nd the point rainfall of a specified return period. The
equations thus arrived at are as given below: '

0.818(R25)1 - 565 0.260

_ _0.5734(a) (s) r=0,979

QZS
(10591




%0

24 00

Q50

Rys50

in cm. corresponding to design storm duration,

n P A4
1 "

™
#

L
[ =

0,800 1.685, .0.265

0.449(A) <R50) (3) = 1= 0,982
.5 =
(L)O 92
L

0.809 1.507,..0,261 '

= 0.626(A) (R'IOO) (5) r = 0,978
.5
()0 °7

Q50 and_Qmo are 25-yr., 50-yr. and 100-yr. flood in cumecs.

R.,. and R are 25-yr., 50-yr. and 100-yr, storm point rainfall

50 100

=, 0.405

0.608 (LLc/ / 8) in hours for the catchment.

catchment area in sq.km,

equivalent slope in m/kn.

length of longest main stream in km.

. _ n
Length of longest main sStream opposite the centre of gravity of
_the catchment to the point of study in km,

Illustrative Example

For illustrative purpose the example which have been worked out in
the main text of this report has been reworked (both by simplified and
detailed approach) as given subsegquently.

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

i)
ii)
iii)
iv)
v)

vi )‘

vii)

Name and number of subzone

Name of site (i.e. point of

Name of railway section
Name of Tributary
Shape of the catchment

Site location

Topography

: Kaveri subzone-3 (1)

.
H

'

£y

Railway Br, No.37

Jol larpettai;sal em (S.R.)
Pambar
Oblong

12° 24+ o1 (Latitude)
78° 30! 18" (Longitude)

t Moderately steep slope



The procedure is explained below:

Determination of Physiographic Parameters

The following physiographic parameters were determined f£rom the
catchment area plan: :

i) Area (A) = 294, 00 sq.kn.

I

ii) Length of the longest
stream (L)

43.00 km

iii)  Length of the longest stream
opposite the centre of
gravity of the catchment to

the point of study (Lc) = 22.72 km
: 2
i ival -y D, _+ = 5,
iv) Equivalent stream glope (S) =2ALi( i Di)/fr.. 13 m/km
where Li = Length of ith segment in. km.
D., D = Heights above datum (with reduced level at the point

of study) with respect of reduced levels of contours
along the longest stream at ith and {i~1 ) the locations
in metres, ’

For detailed calculations of 1S' refer Table A-1.

In Table A-1, columns (2) and (4) are the reduced distances and
corresponding 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 explanatory. Prepare I~section’ {longitudinal section) of the longest
Stream from the source to the point of Study based on the data in cols.

(2) and (4) as shown in Fig, aA-1,

LLc/_/ 3 = 43.47x 22.72/_/ 5,13 = 436.05

Determination of Synthetic 1-hr. Unitqgra h Parameters, Design
Storm Duration, Point Rainfall and Areal] Rainfall

The 1-hr. unitgraph parameters are to be worked out in the same
manner, as has been done in the illus trative example given in the main text
of the report (Pages 4 to 9), L

I. Simplified Appi:'oach

Using ﬁhe formula given earlier Q,y is worked out as follows:

0.800 1.685. 0,265 |
0.4202)" " (Bg) (5)
%50 © ‘ 0.592 ‘ :
(L) *
' 0, . K ‘
. 0-449 (204) 80 (15,95)1- 6855 45,0.265
(43)0-592
A3



‘II.

(For R see pagé — 20 of the main report)

S0

Similarly Q25 and Q1 00 can be worl-;ed out as:
= 2

Q25 426

Qoo = 574

Detailed Approach

Estimation of IL.oss Rate

The loss rate for this bridge catchment ig estimated by using the

equation given in the beginning of the addendum as given below:

R0.611

Loss rate = 1,120 = 2,32 cm/hr.

. 0.355
D

Estimation of Rainfall Excess Units

Using a design i-os_s rate of 2.32 cm/hr, as given above, the rainfall

excess ig worked out by subtracting the loss rate from the rainfall increments

as under:

Duration Y  1=hr. rainfall # Loss Rate | 1- hr. rainfall excess (2) &(3)
(hr) § ‘ (em) L (cm/hr) § -(cm)
1 | 2 L 34 4
1 6.34 2.32 4.12
2 1.33 2.32 -
3 0.82 2.32 -
4 0.61 2.32 -
5 0.52 - 2,32 -
6 0.30 : 2.32 -
7 0.31 2,32 0

Estimation of Base Flow

The design base flow rate is estimated by using the base flow rate

formala and values arrived at as under:

= 0,03
cl‘b 032 = 0.0181 cumecs/sq.km.

(294)071004

Total base flow = 0.0181 x 294.0 = 5.32

I

Estimation of Degign Flood (Q.,) ( peak only)

For estimation of flood peék the maximum rainfall excess is multi-
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plied by maximum U.G. ordinate, then next lower values are roul tiplied and so
on till end of rainfall excess units, The summation of thesse products added

to base flow gives the flood peak =

117.6 x 4,12 + Base Flow
472.75 + 5,32

478.07 cumecs

Peak

Qg0

Computation of Flood Hydr ograph

Working out in the manner outlined in the main tex® the full hydro=-

graph can be computed as shown in Table AD-1, The Tesultant £1ood hydrograph
is plotted in Fig. AD-1,

Variation occurrinqdue to usage of Direct Formla

The flood values for return per:.ods of 25—yr., 50=%rr . and 100=y1.
have been worked out both by detailed approach and by the sdmplified approach.
The variations between them are in general less than + 25% which is permissible
considering the Case in the usage of the formula as comparecd to the detailed
approach except in 2 cases out of 27. The table given helow shows the per-
centage variation both positive and negative for Q2 59 0 and Q

_ 100’
Floods Positive % variation - Negat-ive % variation
Q2,5 ©0.02 to 19.47 ' 2,05 to 25,00
Q50 : ~1.34 to 19.04 1.01 to 22.89
Q‘IO(J 1.35 to 19.04 .65 to 23,58

III. Formula for Linear Waterway Bridges

Since there has been some changes in. the basic equation for floods of

25-yr,, 50~yr, and 100-yr. return period. The equations £xor linear waterway
undergo some changes as is given below:

W= 5.23 x (3./Q,)
W = 5,00 x (3_/Qg, )
W =

4.77 x (3_‘/91 00)

These formulae given above are to give an idea of the linear water— .
way which should be provided to allow floods of the dimnsions of 925’ Q

and Q1 00 to pass through,_ keeping in view the general conficquration of the

river cross section.

IV. Assumptions, Limitations and conclusions

All the assumpticns, limitations and conc¢lusions h:i.ghlighted'in the
main text of the report will be applicable except for the recommendation of
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a uniform loss rate which is to be substituted by the loss rate derived by
the formula given in the beginning. Also a uniform base flow rate is not to
be considered but value derived from eguation given in the beginning of the
Addendum is to be adopted. The flood formula given in the addendum with
different return periods are final ones and shall be used only for preliminary
design. However, for final design, the design flood is to be estimated by
application of stoxm rainfall to synthetic unit hydrograph using the detailed
approach and the loss rates and base flow rates are to be calculated with the
formula shown in the addendum.
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