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FOREWORTD

Em pirical approaches were followed till late sixties
for design of large number of bridges in India. Consequently
the waterway and other hydraulic parameters adopted for the design
of structures proved in many cases grossly inadeguate. The
Committee of Englneers under the Chairmanship of Dr. A.N. Khosla
eet up by the Government of India in 1959 after reviewing
the methods available for estimating the design flood discharge,
recommended the adoption of rational methodology involving use of
design storm and unit hydrograph for the estimatition of design
flood. It is not economically justifiable, to collect data and
carry out detailed hydrological and meteorclogical studiea at
every new site on a large scale. Hence a regional approach for
development of methods for flood estimation was adopted. For
this purpose the country has been divided into 26
hydrometeorclogically homogenous sub zones. Studies for 19 sub
zones have already been completed and 17 flood estimation reports
covering these studies have been brought dut.

The present report is 1B8th in the series and covears West
Coast Region of Honkan and Malabar.

The report is the result of joint efforts of Central Water
Commission(CWC), Research Design and Standards Organisation
(RDSO), India Meteorological Department (IMD) and Ministry of
Surface Transport (MOST) in pursuance of the recommendations of
the Khosla Committee of Engineers.

The rational methodology contained in this report is
recommended for estimation of floods for 25 years, S0 years and
100 years for structures having a small and medium catchmenta in
the West Coast Region.

I would like to place on record my appreciation of the
excellent cooperative efforts of the officers and staff of the
four organisations in producing this report.

hE h.{léz éi::ﬁ;___
(M.S.Reddy)

Hew Delhi Hember (Water Planning)
Dated : 6.3.1992 Central Water Commission



PREFRCE

Design engineers essentially need the design flood of a
specific return peried for fixing the waterway vis-a-vis the
design HFL and foundation depths of bridges,culverts and c¢ross
drainage struttures depending on their life and importance to
ensure safety as well economy. A casual approach may lead to
underestimation or over-estimation of design flood resulting im
the loes and destruction of structure or uneconomic structure with
problematic situation.

The use of empirical flood formulae like Dickens, Ryves,
Inglis ete., has no such freguency concept, though has the
simplicity of relating the maximum flood discharge to the power of
catchment area with constants. Thege formulae do not take into
account the basic metecrologic factor of storm rainfall component
and other physiographic and hydralic factors varying from
catchment +to catchment. Proper selection of constants in these
empirical formulae is left to the discretion of design englneer,
involving subjectivity.

Recognising the need to evolve a method for estimation
of design flood peak of desired frequency, the committee of
engineers headed by Dr. A.N. Khosla had recommended, .in thelr
report that design discharge should be maximum flood en record
for a perlod not lesa than 50 years. Where adequate records are
avallable extending over a period of not much- less than 50
years,the design flood should be 50 years flood determined from
probability curve on the basis of recorded floods during the
period. In case, where the requisite data as above are not
available, the design flood should be decided based on the ground
and meteorological characteristice obtalned on the basis of design
storme necesstliating the need of systematic and sustained
collaction of hydro-meteorlogical data at .selected catchments in
different climatlic zones of India.

Economic congtrainta do not  Juetify detailed
hydrological and meteorclogical investigations at every new site
on a large scale and on a long term baeis for estimation of design
flood with a desired return period. Regional flood estimatlion
studies thua becoms necessary for hydro-metecrologically
homogenecus regione in the country. Broadly, two main regional
approaches npamely flood frequency and hydro-meteorological
approaches are open for adoption depending on the availability of
the storm rainfall and flood data. The flret approach needs long
term discharge observatlons for the representative catchments for
subjecting to etatlstical analysis to develop a regional flood
frequency model. The other - approach needs concurrent storm
rainfall and run-off data of the representative catchments over
a pariod of 5 to 10 years to davelop a regional “"rainfall-loes-
rate-runcff (UH) model™ and long term rainfall records at a large
number of stations to develop “"design storm values®. This
approach has baen adopted in the preparation of floed astimation
reporte under short term and long term plan.
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Under Short term plan, the report on estimation of
design flood peak utilising hydro-met data available for 60
bridge catchments, spread through-out the country, was brought out
in 1973, wherein the method has been recommended for estimating the
2
design flood peak for catchment areas from 25 to 500 km. in the
country.

Under Long term plan;, country has been divided in 26
hydro-metecrclogically homoganeous sub-zones. For preparing the
flood estimation reports for these eub-zones, aystematic and
sustained collection of hydro-meteorological data at the
representative catchments, numbering 10 te 30, for a period of 5
to 10 yeara in different sub-zones has been carried out 4in a
phased manner by different zonal railways since 1965 under the
supervision and guidance of-Bridges and Flood Wing of Research
Design and Standards Organisation of Ministty of Railways.
Similarly, the Ministry of Transport had undertaken the collecticn

of data for 45 catchments through Central Water Commission eince
1979.

Regional Hydrology Studies Dte. (formerly Hydrology (SC)
Directorate) of CWC carried out analysis of selected
concurrent rainfall - and flood data for the gauged catchments to
derive unit hydrographs of mostly one hour duration on the basis
of rainfall data, gauge and discharge data collected during the
MONeoon Beason. Representative 1 hr unit hydrographs have been
cbtained for each of the gauged Latchments. The characteristics
of the catchments and their unit hydrographs, prepared for several
catchments in a sub-zone, have been co-related by regression
analysis and the equations for synthetic unit hydrograph for the

Buzone are derived for estimating design floed for ungauged
catchments.

Studies are also carried by the CWC teo arrive at
suitable recommendations for estimating loss rate and base flow
for ungauged catchments.

Studies of Rainfal1-BepthHDu:uFion-FrEquency, point to
areal ratiosz and time distribution of storm are carried out by
Hydro-met Cell of IMD utilising the data collected by RDSO and the

long term data collected by IMD from rain-gauge stations
maintained by IMD/States.

The sub-zonal reports incorporating studies carried by
CWC and IMD are prepared and published by CWC on approval of Flood
Estimation Planning and Coordination Committea.

So far, following 17 reports covering 19 sub zones have
been published:=

1. Lower Gangetic Plains Sub zone = 1{g) = 1978
& Lowar Godavari sub zone - Ity - 1981
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a. Lower Narmada and Tapl sub zone - 3{b) =~ 1982
4. Mahanadi sub zons - 3d)y = 1982
5. Upper Narmada & Tapl sub zone - 3(c) - 1983
6. Frishna & Penner sub zone - 3(thy - 1983
T South Brahmaputra Basin sub zone - 2(by = 1984
8. Upper Inde Ganga Plains sub zone - ey - 1984
9. Middle Ganga Plaine sub zone - 1(fy - l9as
10. Kaverl Basin sub zone - 3(iy = 1986
11. Upper Godavarl sub zone - I(e) =~ 1386
12. Mahi & Sabarmati eub zone =  3{a) = is87
13. East Coast sub zones = 4(a)(b) & (c) 1987
l4. Sone Sub zone - 1{d) = 1988
15. Chambal aub zone -  1(b)y - 1389
16. Betwa sub zone - i{e) - 1989
17. HNerth Brahmaputra Basin sub zone - 2{a) - 19591

The present report deals with the estimation of design
flood of 25 yr., 50 yr. and 100 yr return periods for emall and
medium catchmente in the sub-zones 5(a) and 5(b) which cover

mainly parte of Gujarat, Maharashtra, Goa, Karnataka, Kerala and
Tamil Nadu.

For preparing the report, the data of saix bridge
catchmente observed by the Southern and South Central
Rallwaysa under the guidance of RDSO and 11 catchments observed by
Cantral Water Commission on behalf of Ministry of Surface
Transport varying for a period of 2 to 9 y2are has been collected.
The report ie based on hydrological studies carried out
considering the hydro-meteorological data of 13 catchments found
suitable and storm studies caried out with the rainfall data of
278 ordinary raingauge stations and 22 S.R.R.Ga maintained by
atate Government/IMD/Rly/cwC.

The part I of the report deals with = the summary and
contenta of the synthetic unit hydrograph approach of design
flood "estimation alongwith an {illustrative example. General
daescription of the subzone detailing location of gauging sites,
river systems,é rainfall, temperature and types of =soil are given in
part II. Part III brings out the SUH relations to be used in
the sub-zones. The gstorm studies carried out by the IMD are dealt
in Part IV of the report. The procedures to compute the design
flood are described in Part V. The Part VI highlights the
limitations, assumptions and conclusions made ‘in the report.,

The report on.sub zone, 5(a) and 5(b) is recommended for
estimation of design flood from small and medium catchments
2
varying in areas from 25 to 1000 km. This report may also be
2
usad for catchmente areas upto 5000 km, judicicusly after
comparing loes-rate values in the neighbouring catchmenta having
mora or less eimilar characteristics. For catchments areas leas
2
than 25 Em. the method given in the Report No. RPF-16 published
by RDSO may be used
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This report is a Jjoint effort of Central Water
Commisslon of Ministry eof Water Resources, Research Design
Etandard Organisation of Ministry of Railways, Roads and Bridges
Wing of Ministry of Surface Transport and Hydro-met Dte., of India
Meteorological Depatment, Ministry of Science and Technology.

The method adopted and conclusions arrived at, are
subject +to periodical review and revision in the light of more
data being collected and analysed as also the advancementz in
theory and techniques.

( R. V. Godhole )
Director,Hydro. Regiocnal Stu.Dte.,
Central Water Commission.
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SYMEOLS

SYMBOLS AND ABEREVATIONS

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 units.

=

E.R.
Hr

H{RS),CWC

I.M.D.
In

Em

L
i

M.0.8.T.
M

HMin

2
Catchment Area in km .

Areal Reduction Factor.

Centre of Gravity

Cubic metres per second

Centimetres

Depths between the river bed profile

{L-section) based on the levels of ({i-1) and ith
contours at the inter-section points and the level
of the base line (datum) drawn at the point of
gtudy in metres.

Effective Rainfall in cms.

Hour

Hydrology (Region Studies) Directorate,
Central Water Commission, New Delhi.

India Meteorological Department
Inches
Kilometres

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

Length of the longest main stream from a point
cpposite to centrold of the catchment area to
the gauging site along the main stream in km.

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

Ministry of Surface Transport {Roads Wing).
Hetres

Minutes

(xv)



=]

25
and Q
100

50

P

R ,R
25
and R

100

50

R.D.5.0.

Hillimetres

Peak Discharge of Unit Hydrograph in cubic metrea
per second.

Flood Discharge with return periods of 25-yr,
S50-yr and 100-yr respectively in cumecs

Peak Discharge of Unit Hydrograph per unit area in
cumecs per sg. km.

Point Storm Rainfall Values for 2S5-yr,24-hour

50-yr 24-hour and 100-yr 24-hour return periods
respectively in cm.

Research Designs & Standards Organisation
(Ministry of Railways),Lucknow.

Equivalent stream slope in m/km.
Synthetic Unit Hydrograph
Surface Runoff Hydrograph
Direct Runoff Hydrograph
Seconds
Square

2
Square Kilometres, KEm

Time Duration of Rainfall in hours

Base Width of Unit Hydrograph in hours
Design Storm Duration in hours

Time from the start of rise to the peak of Unit
Hydrograph in hours

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

Unit Rainfall Duration adopted in a specific study
in hours

Unit Hydrograph
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50

75

RS0

R7S

Width of U.G. measured at 50% peak Discharge
Drdinate (Q ) in hours.

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

e

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

p

Width of the rising side of U.G. measured at 75% of
peak Discharge Ordinate (@ )in hours.

P
Parcent.

Summation

{xviil



PART - I

SUMMARY AND CONTENTS OF S.U.H APPROARCH

The Flood Estimation report for Konkan ({5a) and Malabar
(5b) coastal sub-Zones may be used for estimation of design flood
(25-yr, S50-yr and 100-yr) for ungauged and inadequately gauged
catchments in the subzones. In part III & V of the report,detailed
proceedure for derivation of eynthetic unit hydrograph (SUH) and
its use to compute design flood / peak is explained. The method
deacribed therein is summarised below with an illustrative example.

1.1 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 guestion.

ii) Determination of physiographic parameters viz:
catchment area (A), Length of the longest stream {L)
and eqguivalent stream slope (S).

iii) Determination of 1-hr. SUG paramsters i.e. 9., Q.

P =}
E, T, W ,W ,WR , WR ET .

3 m 50 75 50 15 B

iv) Drawing of SUH.

v) Estimation of design storm duration (TD)

vi) Estimation of point rainfall and areal rainfall for
design storm duration (TD)} and to obtalin areal rainfall
increments for unit duration intervals.

vii) Estimation of effective rainfall increments by
subtracting the prescribed design loss rate from the
areal rainfall increments.

viii) Estimation of base flow.
ix) Computation of design flood peak.
%) Computaticn of design flood hydrograph.
1.2 An example with reference to read bridge Catchment
(treated as wungauged ) is worked out for illustrating the

procedure to compute 50 yr design flood. The particulars of the
catchment under study are as fellows:

i) Name of sub-zone Malabar coastal Region 5(b)



i1) Wame of Tributary Anjarakandipuzha

iii) Hame of site (i.e. Road Br. MOT-9
point of study)

vi) Name of Road Section Virarajeudrapete -
Tellichery Road Section

v) Shape of catchment Oblong
o
vi) Location Lat 11~52+=-25"
o
Long 75-34"-40"

vil) Topagraphy Moderate slope
Procedure is explained stepwise:
Step-1l:~ Determation of physiographic parameters:

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

From the catchment area plan, the area of the
catchment (A)in 8aq km and the length of the longest mainstream{L)
in km from the farthest catchment boundary to the point of study
is measured. Centre of gravity of the catchmant is determined at
the point of intersection of the plumb lines by holding freely the
catchment area plan cut on a card-board. Length of the main
longest stream opposite to the centrte of gravity to the point of
study(L) is medsured in km.

Equivalent stream slope(S) was obtained by graphical

method as shown in fig-1 and by analytical method as shown Lin
Anx-1.

Physiographic parameters obtained are given below;
1) hrea (A) 176.00 g km

2) Length of the longest 3B.48 km
stream (L)

3) Length of the longest 20,29 km
Btream from a point
opposite C.G. of catchment
to point of study ([Leg)

4) Equivalent stream slope (5) 4.21 m/km



Step-2:- Derivation

Synthetic
equatione in para 3.

i) g

P

ii)

iii) W
50

iv) W
75

Estimated
on
of the wunitgraph

and multiplied by

a graph paper as shown in Fig A-2.
joined to draw synthetic unitgraph.

of l-hr sSynthetic Unitgraph:

Unitgraph Parameters
4.3,

are computed using

-0,4313
0.9178 (L/5)

=0.4313
0.9178 (9.14)
0.353 Cumecs per sqgq km

-1.0814
1.5607 (g )
P
-1.0814
1.5607 ( 0.353)
4.80 hrs

(rounded off to 4.50 hrs.)

-1.0896
= 1.925/(q )
P

-1.08%98
= 1.925(0.353)
= 5,98 hrs
-1.0443
=1.0189 (0.353)
=3.,02 hrs.

-1.0443

1.0189 (g
P

)

-1.1072
)

=1.1072
0.5788 [(0.353)
1.83 hrs.

Q-5788 (g
P

-1.0538
0.3469(q )

P

-1.0538
0.3469(0,353)
1.04 hrs.

0.7343
7.3804t )
P

0.7343
T.380(4.5)
22.27 hrs.
Say 22.00 hrs.

+t /2
r

= 4.5+0.5= 5.00 hrs
5

A 0.353 x 176.00

62.20 Cumecs.

parameters of unitgraph in step-2 were plotted

The plotted points were

The discharge ordinates (Qi)

1 hr interval were summed up
3

488.89m /a3

at ti tr =

tr (=1) i.e <Qi ti = as shown in



Fig BA-2 and compared with the volume of 1.00 cm Direct Runoff
Depth over the catchment,computed from the formula
Q = Axd/tix0.36

Where A = Catchment area in Sg. Km.

d= 1.0 cm depth
ti = tr (thHe unit duration of the Uy = 1 hr.
A*d 176.00 * 1
Q = = = 4BRA.B9 cum/sec
0.36 * tr 0.36 » 1

In case, the <Qiti for the unitgraph drawn ie higher or
lower then the veolume of 1 cm, the falling limb of hydrograph
may be sultably modified without altering the pointe of synthetic
parameters

Step-3: Estimation of Design Storm:

(a) Daesign storm duration:

The Design Storm Duration (T } has been adopted ae
D
1.1 * £t as this value of storm duration gives the higher wvalue of

P
flood peak (refer Section 4.1) Rounding the design storm
duration to nearest hour, its value came aes 5 hrs.

{(b) Eetimation of Point Rainfall and Areal Rainfall for
storm duration:

Catchment under study was located on Plate - 13 ghowing
50~yr 24-hr point ralnfall. The point rainfall was found to be
37.00 cm. Tha Converaion factor of 0.570 was read from Fig - 10 to
convert the 50-yr 24-hr point rainfall te G5O0-yr S5-hr  point
ralnfall (elnce T = 5 hrs). 50-yr 5-hr point rainfall is 21.10 em.

D

Areal reduction factor of 0.B8519 corresponding to the
catchment area of 176.00 ag.km for T = G5-hr. was interpolated
D
from Annex.4.2 or Fig 1l(z) for conversion of point rainfall to

areal rainfall. 50-yr 5-hr areal rainfall thus worked cut to be
18.00 cm.

Note 1 When the catchment under study falle between two Laschyets,

the polnt rainfall may be computed for the catchment taking into
account both the ischyets.



The 50-yr, S-hr areal rainfall was split in to l-hourly
rainfall increments using the time distribution coefficients given
in Annexure 4.3 (col 16) or fig 12.

A design loss rate of 0.19 cm /hr as recommended in para
3.5 was applied to get effective rainfall hyetograph.

The table given below gives the hourly effective
rainfall increments

Table - 1
(Hourly rainfall Increments)

Dura- Distribu- Storm Rainfall Effective
tion tion coef- rainfall incrementa rainfall
ficient increments
1 2 3 4 L
{cm) (cm) {cm)
1 0.50 2.00 9.00 g.81
2 0.73 13.14 4.14 3.585
3 .81 15.66 2.52 2.33
4 0.95 17.10 1.44 1.25
5 1.00 18.00 0.90 0.71

Step-4: Estimation of Base Flow:

Taking the design base flow of 0.15 cumecs per aq km as
recommended Iin para 3.6, the base flow wae estimated to be
26.40 cumecs for the catchment area of 176.00 sqg.km.

Step-5: Estimation of S0-yr Flood.
(a) Computation of flood peak

For the estimation of the peak discharge, the effective
rainfall increments were re-arranged against ordinates such that
the maximum effective rainfall is placed against the maximum U.G.
ordinate, the next lower wvalue of effective rainfall against the
next lower value of U.G. ordinate and so on, as shown in col. (2)
and (3) in the following table. Sum of the product of U.G.
ordinates and the effective rainfall increments givea tha total
direct runoff peak as under.



Table = 2

{50 year flood peak)

Time U.G. ordinate 1=-hr effec. Direct
(hrs) cumecs rainfall Runoff
{cma) (cumecs)
1 2 3 4

4 48.00 2.33 111.84
5 62.20 B.B1 547.98
6 58.39 3.e5 230.64
T 45.20 1.25 56.50
B 37.60 0.71 26,70
Total 973.66

Base Flow 26.40

50-yr Flood Peak 1000.06

(b) Computation of Design Flood Hydrograph:

Effective rainfall increments ahown in col. (3} of

Table in Step-10 was reversed to obtain the critical sequence as
shown below:

Table - 3
(Critical sequence of rainfall )

Time in hrs Critical 1-hr effective
rainfall sequence cms

0.71
1.25
3.95
B.81
2.33

"o LB

For computation of design flood hydrograph, the U.G.
ordinates were tabulated in col(2) of Annex. 1.2. The critical
sequence of effective rainfall increments were entered ln col.3 to
T horizontally. Direct runoff resulting from each of the
effective rainfall increments was obtained by multiplying
effective rainfall depths with the synthetic U.G. ordinate in



col. (2) and direct runoff values were entered in vertical columns
against each unit with a successive lag of 1-hr since the unit

duration of §.U.G. is 1-hr. Direct runcff values are shown in col
{3) to { 7). Direct runoff were added horizontally and the total
direct runoff is  shown in col. { a83. Adding
3

total base flow of 26.40 m [seec. (col. 9y, design £lood
hydrograph ordindates are given in col.10. The ordinates given
in col. (10) were plotted against time (col. 11) to get the
design flood hydrograph as shown in Fig A-3.



PART - 11

GENERAL DESCRIPTION OF KONKAN AND MALABAR SUBZONES

2.1 Location:

The Western Coastal belt comprising of the Konkan coast
o
5(a) and Malabar Coast 5(b) subzones lie approximately between 72-
o o o
30 and 78 - 00' longitudes (East) and B# and 21 latitudes
{North). Plate-1 ghows the location of Konkan and Malbar coast
Subzones and Annexure 2.1 shows the list of sub-zones in India.

The Sub-zones 5(a) & (b) are bounded by Arabian Sea in
the West, Indian ocean in the South, Sub-zone 3(b)} on the north
and four Sub-zones 3(e), 3(h), 3(i) and 4(c) on the east.

The states covered by these subzones are Gujarat,
Maharashtra, Goa, Karnataka, Kerala and Tamil Nadu. The important
towns and cities in the subzones are Daman, Bombay, Kalyan,
Ratnagri, Panajl, HKarwar, Udupi, Mangalore, Palghat, Trichur,
Cochin, Trivandrum, Kanyakumari.

2.2 River System

Plate-2 and 3 depict the river system of the Konkan
Coast 5(a) and Malabar coast S(b) subzones respactively. The Sub-
zones 5(a) & 5(b) are drained by numercus streams, rivers and
rivulets. Some of the important rivers are Damanganga, Kalu and
Savitri in sub-zone 5(a) and Kallnadi, Sharavati, WNetravati,
Beypore, Periyar in the subzone §(b). Kali Nadi is the biggest
having a drainage area of 5302.96 Sg. Km followed by Kalu,
Periyar, Netravatl and Sharavati.

The drainage areas of the river systems in Western
Coastal belt |( subzone 5(a) and 5(b) } are as under:



M—
EB.No.

Name of river/

Drainage area

tributary (eg.km.)
1 2 3
subzona 5(a) Konkan Coast:
1. Damanganga 2471.28
2. Kalu 4736.63
3. Savitri 2265,34
4. Other rivers 59941.75
Sub~-total: 69415.00
Subzone S5(b) Malabar Coast:
5. Kalinadi 5302.96
6. Sharavati 2934.65
T. Hetravati 3758.41
B. Beypore 3222.96
L periyar 4633.66
10. Achankovil 1338.81
11. Other rivers 12278.75
Sub-total: 40470.00

Total area of Konkan & Malbar coast subzone 109885.00

2.3 Topography and Relief:

Plate - 4 ghows the general topography of subzone -~
S5(a) & (b). The coastal areas have an elevation ranging from 0 to
150 metres. In western part of the region lies the gingatic
Sahyadri Hill Range, the elevation of which ranges from 300 to 900
metres. To the west of this range of hills spread from north to
gsouth lies Deccan Plateau having a mean elevation of 300 to 600
metresd. The rivera in the region have steep slopes in the upper
reaches and traverse on the coastal plains for 50 to 100 kmas
before joinlng Arablan Sea.

2.4 Rainfall:

Plate - 5 ghows the normal annual rainfall of the Sub-
zone 5(a) & 5(b) and the histograms of normal monthly rainfall at
Bombay, Mahabaleswar, Manglore and Trivandrum. 'The south-west and
North east monsoon causes the rainfall in the subzoneas from Hay to
October. The normal annual rainfall varies frem 1000 -mm to 4000
mim.,

2.5 Temperature:
Plate-6 shows the normal annual temperature 1in the

subzone alongwith the histograms showing the minimum, ' maximum and
mean monthly temperature at Bombay, Mahabaleswar, Mangalora and



Trivandrum. The variation of the mean annual temperature in the
0 0
gubzone ls between 20 ¢ to 27 c.

2.6 BSoil:

The subzones G5(a) & (b) comprise of varlety of solle as
shown in Plate = 7. Broadly they can be classified into seven
groups viz red loamy soil, red sandy soils, coastal alluvial
soils, medium black soils, laterite soil, peaty and saline peaty
soils and mixed red and black soils. Red loamy soils cover about
38 percent of the total area and are found along the coast line
from Bombay to Trivandrum. Next major soil found is Laterite
soils which cover about 28 percent of the area of the pubzones.
The laterite ecils are found along the coastal 1line from
Mahabaleswer to Trivandrum. Small patches of coastal alluvial
8oil are found near Mangalore and Chalakudy near the sea coast.
Other soila form 34 percent of the total area.

2.7 Land use:

The land use map at Plate 8 has been prepared from
the Irrigation Atlas of India 1972. The subzones 5(a) & (b) have
coneiderable area of forests which might have undergone changes in
the recent times because of more inhabitations. The main' crops
grown in the region are rice, coconut, taploca, wheat and millets.

The area under rice is the maximum when compared to other crops in
the sub-zones.

2.8 Communications:

a) Rallway sections:

The following railway sections traverse partly or fully
through the subzones - 5{a) & (b):

S5{a) 1. SURAT - BOMBAY - WR
2. BOMBAY - KALYAN — IGATPURT - CR
3. KALYAN - PUNE JN - CR
S(b) 1. MARMAGOA - LONDA - DHARWAR - SCR
2. "BELGAUM - LONDA - SCR
3. SHIMOGA - TALAGUPPA - SCR
4. ALNAVAR - DANDELI - Scr
S. MANGALORE - KANYAKUMARI - SR
6., SHORANUR - NILAMPUR - SR
7. SHORANUR - PODANUR - SALEM - BR
8. PODANUR - OTTACAMUND - SR
9. PODANUR - POLLACHI - SR
10. PALGHAT -POLLACHI - DINDIGAL - SR
11. CHALAKUDY - VALPARA - SR
12. QUILON - TIRUNALVELI - SR

10



5(a)

S5(b)

b) Highways:

The following major Highways partly or fully
through the subzonesS{a) & (b):

NH-8
"NH-3

NH-17

NH-4

NH-17A
NH-4A
NH-17
NH-47
NH-48
NH-=T

BROACH - BOMBAY
BOMBAY - NASIK
EALYAN - KARWAR

BOMBAY - PUNE - BANGALORE

VENGURLA - KARWAR

KARWAR — BELGAUM

KARWAR - TRICHUR
SALEM-TRICHUR-TRIVANDRUM-KANYAKUMART
MANGALORE - HASSAN - BANGALORE
KANYRKUMARI — MADURAT

11

pass



PART - III

— e —

SYNTHETIC UNIT HYDROGRAPH STUDIES

3.1 synthetic Unit Hydrograph (SUH) :

Hydrometeorological approach has been adopted for
developing a reglonal method for estimating design flood for small
and medium catchments in various hydrometeorclogical homogenecus
aub-zones. In this approach, the design storm after converting it
into effective rainfall (input) ie applied to the unit hydrograph
(transfer function ) to cobtain a design flood (output). It is
possibla to develop unit hydrograph Lif site specific concurrent
rainfall runoff data is avallable for 3-4 years. Collection of
adequate concurrent rainfall runoff data for every site, however
im neither practicable nor economicably feasible.In such a
eltuation the regional method for developing SUH is resorted to.
The SUH in the present study is a unit hydrograph of unit duration
for a catchment developed from relations established between
physiographic and unit hydrograph parameters of the representative
catchmente in a hydrometeorological homogenous regions (sub-
zones). Data collected and analysed for obtaining sub-zonal SUH
equations are discussed in succeding paragraphs.

3.2 Data Required:

For conducting the unithydrograph studies for
development of eguations for derivation of SUH, the following
concurrent rainfall and runoff data for a number of catchmenta of
emall and medium sizes representatively located in a subzone are

required for a minimum period of S to 8 years during the monsoon
ieagon:

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

i1i) Gauge and discharge data observed 2 to 3 times
a day at the gauging site (bridge site).

1i11) Hourly rainfall data of raingauge stations in
the catchment. Raingauge stations are to be
self-recording and/or manually operated.

The following catchment details are also reguired .

iv) Catchment area plans showing the river net-
work, locatlion of raingauge stations and gauge
and dischar-ge sites, contours, highway and
rallway network, natural and man made sto-
ragea, habltations, forests, agricultural and
irrigated areas, soils etc.

12



v) Crogs=—-secticons at the bridge site (gauging
gite}] wupstream and downstream of the bridge
site.

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

3.3 Data Collected:

The Western ,Southern and South Central railways under
the supervision and guidance of Research Designs and Standards
Organisation (RDSO) has observed and collected the data for 6
catchmenta for a period ranging from 2 to 6 years. The Central
Water Commission on behalf of the Ministry of Transport (Surface)
has also cbserved and collected the required data since 1980 for
11 catchments for a pericd of 4 to & years. The size of the
gauged catchments vary from 37 sg.km to 988 sqg.km. Concurrent
ralnfall, gauge and discharge data for 96 bridge catchment years
from 17 catchments were available for the studies. The number of

gauged catchments in sub-zone 5{a) and S5(b) are 7 and 10 respecti-
vely.

Location of the gauging sites at road and rallway
bridges in the subzones S(a) and 5(b) are shown in Plate-2 and 3
respectively. Annex.3.1 shows the names of streams, railway/road
bridge numbers with railway sections, road sections, their ecat-
chment areas, number of raingauge stations and the period of
avallability of concurrent rainfall, gauge and discharge data.

3.4 HAnalysis of Data for obtaining sub-zonal synthetic unit
hydrograph equations (one hour):

To cbtain a synthetic unitgraph, the following steps are followed:

i} Rnalysis of physiographic parameters of the
catchments.

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

iii) Selection of flood and corresponding storm
events.

iv) Computation of l-hour catchment rainfall.

v} Separation of base flow and computation of
direct runoff-depth.

vi) Computation of infilteration loss {hhlndﬂx]
and l-hour rainfall excess units.

vii) Derivation of l-hour unitgraph.

viii) Drawing of representative unitgraphs and

13



measuring the paramsters.

ix) Establishing relationships between
physiographic and representative unitgraph
parameters.

%) Derivation of l-hour synthetic unitgraph wusing
such equations for an ungauged catchment.

The above steps are briefly described as under:
3.4.1 Physiographic parameters of the catchment:

Physiographic parameters indicated in Fig., 1 are discussed in the
following paragraphs :

3.4.1.1 catchment Acea(A):

The gauging site is located on a toposheet and the
watershed boundary is marked. The area enclesed in this boundary
upto the gauging site may be referred to as the catchment area.(a)

3.4.1.2 Length of the Main Stream {L) =

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

3.4.1.3 Length of the main stream from a point near to the centre
of gravity of catchment to the bridge site (Lc) :

For finding the centre of gravity of +the catchment,
usually the boundary of the catchment is cut on 4 card board,
which is then hung in three diffreent directions in wvertical
planes and the plumb lines are drawn from the point of hanging.
The point of intersection gives the centre of gravity of the
catchment. The stream may or may not pass through the centre of
gravity but the nearest point to the centre of gravity is
considered to find the length of the main river from the centre of
gravity to the point of study.(Lc)

3.4.1.4 Egquivalent Stream Slope (S):

One of the physiographic parameter is slope. The slope
may be equivlient slope or statistical slope. In this report
equivalent stream slope has been used for developing the SUH
relation. The same can be computed by any one of the following
methoda.

(a) Graphical Method:

Longitudinal section {L-section) of the main stream was
prepared from the values of the contours across the stream or the
spot levels near the. banks. with respect to their distances Ffrom
the point of interest/gauging site. A line is o drawn by trials
from the point of interest on the L-section such that the areasg of
the L-section (profile) above and below the line are equal. This

14



line ie called equivalent stream sicpe line,

{b) Analytical Method.

L-section is broadly divided into 3 to 4 segments
representing the broad ranges of the slopes of the segments and
the following formulae is used to calculate the equivalent alope
(8} =

< L (D + D )
< i (i-1 i)

2
{ L)
where Li = Length of the ith segment in km.
D PRE! - B Elevations of river bed at
i-1 i ith intersection points of contours
reckoned from the bed elevation
at points of interest considered
ags datum, and D(i-1) and D are the
heights of successive bed location
at contour and intersections.
L= Length of the longest stream as
defined in section 3.4.1.2 in km.

Physiographic parameters A, L, Lc and S cbtained for
l3catchments , found sultable for analysis are shown in Annex.3.2

3.4.2 Unit hydrograph Studies:

3.4.2.1 Scrutiny of data and finilisatien of gauge discharge
rating curve:

The data was scrutinised through arithmetical checks.
Where wide dispersions were observed in the stage-discharge curve,
log-log fitting was adopted. The stages for conceivable floods
were converted into discharges initially ldentified with reference
to rise and fall in the stages of the river.

3.4.2.2 Selection of flood and corresponding storm events:
The general guidelines adopted for selection of £flood
events for each catchment are as under :
i) The flood should not have unduly stagnating
water levels.
iiy The selected flood should result from
significant rainfall excess generally not less
than one cm.

3.4.2.3 Computation of hourly catchment rainfall:

The Thiessen network was drawn for the raingauge stati-
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on the catchment map and then Thiessen Weights were computed. 1-
hour point rainfall at each station was multiplied by their
respective Thiessen Weights and added to obtain the catchment
ralnfall for each hour duration during the storm period.

3.4.2.4 cComputation of Infiltration loss (§-index) and 1-hour
effective rainfall units:

With the known values of l-hour catchment rainfall and
the direct runoff depth for each flood event, the infiltration
loss (constant loss rate) by trials was estimated. l-hour 4infil-
tration loss ' was deducted from 1l-hour rainfall to get
1- hour rainfall excess unitsa.

3.4.2.5 Separation of base flow:

The selected flood events were plotted on the normal
graph paper. The base flow was separated through the normal
procedure to obtain direct surface runoff hydrographe and the

direct runoff depth’ over the catchment was computed for each flood
eventa.

3.4.2.6 Derivation of 1-Hour Unitgraph:

A unit duration of l-hour was adopted for derivation of
unitgraphs. The 1-hour unitgraphs were derived from the rainfall
excess hyetographs and their sorresponding direct runoff hydrog-
rapha by iterative methods. The iteratlons were carried out till
the observed and estimated direct runoff hydrographs compared
favourably. Normally 3 unitgraphs were derived for each of 13
catchments considered.

3.4.2.7 Drawing of representative Unitgraphs and measuring their
parameters:

Set of Unitgraphs as obtained vide para 3.4.2.6
above were superimposed and an average/representative Unitgraph
(RUG) was derived. This excercise was repeated for all samples,
Each RUH was then tested by reproducing the direct surface run-off
hydrograph by applying RUH ordinates to the corresponding observed
rainfall excesses and comparing with the observed hydrograph. The
relevant parameters of RUH i.e, t , g ¥ , W ,W s W and

r p S0 75 RS0 R7TS
T ({as illustrated in Fig.2) were measured for each Catchment.
B
List showing these parameters for 13 catchments is given in
Annex.3.3

3.4.3  Establishing relationships between physiographlc and
Representative Unitgraph Parametersa:

following simple model was adopted for establishing the
relationships between RUH parameters and catchment characterstics.

16



L
_c x AE &csag®ssdE T oeor owomw - " 3-4|3il

e
I

where

Dependent variable

Independent variable

A constant

An exponent

From above eguation, it follews that
Log ¥ = Log C + P log X

-
ihnn

It

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

Varicus trials of relationship between the physicgraphic
parameters (Annex.3.2) and one of the unitgraph parameter (Annex.
3.3) for 13 gauged catchments considered suitable for the studien
were made. The relationship between physiographic parameters
(L/S) and U.G. parameter g was found to be significant. After-

P

wards t was related to unit peak discharge of the U.G. {g ) and g

P p B
was related to various U.G. parameters like W W . WR , WRB , The

50 75 50 75
T could be significantly correlated to tp. The principle of
B

least sguares was wused in the regression analysis to get the
relationships in the form of egquation 3.4.3.1 to obtain the
parameters of the Synthetic unitgraph in an unbiased manner, The
following relationships have been derived for estimating the 1-hr
unitgraph parameters in the subzones- S5{a) and 5(b}.
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Relationships Equation Fig.No.

Ne.
1 2 3
-0.4313
q = 0.9178(L/s5) 3.4.3.2 3
P -
-1.0814
t = 1.5607 (g } 3.4.3.3 4
P P
-1.0896
W = 1.9251(q ) 3.4.3.4 :
50
-1.0443
W = 1.018%(q ) 3.4.3.5 6
75 P
-1.1072
W = 0.5788(qg ) 3.4.3.6 7
RSO P
-1.0538
W = 0.3469(q ) 3.4.3.7 ' 8
R7S P
0.7343
T = 7.3801(t ) 3.4.3.8 9
B p
T =t +t /2 3.4.3.9
m P r
Q =g % A J.4.3.10
P P

Relations develeped are shown in Figures 3 to 9,
Attemptes were made to develop a confidence band which could cover
all the 13 samples and it was found that with a 95% upper and
lower  band all the 13 samples are within the band. List of
catchment and unit hydrograph parameters studied to establiah

relationships and co-effecient of correlations are shown in
Annexure=3.4

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

3.4.4 Derivation of 1l-Hour Synthetic Unitgraph for an Ungauged
catchment:

Considering the hydro-meteorological homogeneity of
subzones-5(a) and S(b), the relations established between
physiographic and unitgraph parameters in section 3.4.3 are
applicable for derivation of 1-hour Synthetic unitgraph for an
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ungauged catchment in the subzones.

The steps for derivation of 1-hour unitgraph are :

i) Physiocgraphic parameters of the ungauged
catchment viz A, L, Le and S are determined from
the catchment area plan. L/s is then calculated.

ii) Substitute L/S in the equation 3.4.3.2 to cbtain
g and this g in equation 3.4.3.3 to get ¢t

B P
in hours,

iii) Substitute the value of g /t in the

P P
equationz 3.4.3.4 to 3.4.3.8 to obtain W W

50 75
W s W and T in hours,
RS0 R75 B

iv) Plot the parameters of 1-hour unitgraph wviz. T
m

T + @ ; w s W , W sy and W ; on a
i p 50 75 R50 R75

graph paper as shown in illustrative Fig. 2 and

sketch the unitgraph through these pointsa,

Sum of discharge ordinates of tr-hr Unitgraph is
accuratety obtained by using the following equation:

< 0O = 2.78 A

< i He———
tr
Where Q = discharge ordinates at l-hour interval
i {cumecs)
.1 = Catchment area in sg.km.
tr = Unit duration in hours.

Suitable modifications can be made in falling limb
upto W  points, and a smooth Unitgraph be drawn.
50

3.5 Design Loss Rate:

; Direct (surface) runoff is the end product of storm
rainfall after infiltration into surface soils, sub-surface and
ground besides abstractions like evaporation, evapotranspiration,
801l moisture and filling up of surface depressions. It is diffi-
cult, rather impossible, to record these various parameters at
various representative locations in the catchment except by the
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analysis of cbserved storm rainfall and flood events. Conversion
of gross storm rainfall units into effective rainfall unite for
application to wunitgraph is normally done by subtraction of
conetant loss rate (Q-index) for the catchment, even though the
loss rates in the catchments, a complex phencmena, vary duea to
soil conditions, soil cover complex and topography alongwith tem—
poral and spatial variations of storm rainfall.

Loas rates computed based on observed storm rainfall
and runoff for 111 flood events analysed for 13 bridge catchments
are tabulated under different loss rate ranges at intervals of
O.2cm/hr as shown in Annex.3.5

The modal value of loss rate computed as 0.19 em/hr and
is recommonded for adoption as Design Loss Rate. The designer can
however modify +this value as per the local site conditions.

3.6 Design Base Flow:

Base flow wvalues for 111 fleod events tabulated in
different ranges are shown 4in Annex.3.6. Out of 111 flood
occasions,64 flood events fall under the range upto 0.135 - 0.185.

Base flow rate of 0.15 cumecs/sg.km may be adopted for estimating
base flow for a catchment.
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PART IV
DESIGN STORM INPUT

The point rainfall amount for the design etorm duration
and ites areal and time dlstribution are the three main
meteorcloglcal factors deciding the shape of design flood
hydrograph. ﬂﬂﬁﬂonnﬂcmmmﬂzhmhunmnmdmtw
India Meteorological Department and the results have been given in
the form of 25, 50 and 100 year 24 hour isopluvial maps, ratios
for short durations to 24 hours, ratio for point to areal values
and time distribution wvalues. Methodology adopted for analysis for
each component is discussed in subseguent paras.

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 (TD). Alternative studies were carried out asguming Td=
1.1 x tp and TD = TB for estimating 25yr, SOyr and 100yr flood for
13 gauged catchments by synthetic unit hydrograph relations with
loss rate of 0.1%cm/hour as shown in Annex.4.1. It is gseen that
in 6 catchments TD=1.1ltp gave higher discharge and remaining 7
cetchmenta  TD=TB gave the higher diascharge. It is therefore
suggested to conaider that wvalue of TD, ranging between TD= 1.1x
Tp and TD = TB, Which gives higher value of peak.

4.2 Rainfall Dapth-ﬂurafion-?requency Analysis:

India Meteorological Department have conducted this
study utilizing the data of 22 Self Recording Raingauge Stations
and 26 Ordinary Ralngauge Stations maintained departmentally, 201
Ordinary Raingauge malntained by the state governments of
Maharashtra, Karnataka, Goa, Tamil Nadu and Kerala, and 35
raingauge stations maintained by Railways,Central Water Commiseion
for recording short duration rainfall in 9 bridge catchments
falling in sub-zones 5({a) and 5(b).

The annual maximum series of one-day rainfall were for-
med for each of 227 ordinary raingauge stations in and around two
sub-zones using the ralnfall records of 50 to 80 ¥ears. The annual
extreme value series were subjected to frequency analysis by
Gumbel’s extreme value distribution and the rainfall estimates
for one-day corresponding to 25, S50 and 100 year return periods
were computed. The daily values of 25-years, S0 years and 100
years rainfall estimates were converted into 24 hour rainfall
estimates of corresponding return periods by using the conversion
factor of 1.15. These 24-hour rainfall estimates for all the
stations in and around the sub-zone were plotted on base maps and
isopluvial maps of 25-year, 50-year and 100-year return period
were drawn. These maps are shown in Plates 9, 10 & 11 for sub-
zone 5(a) and in Plates 12, 13 & 14 for sub-zone S{b).
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The hourly rainfall data recorded at 22 Self Recording
Raingauge Stations maintained by India Meteoroclogical Department
were analysed by frequency analysis (partial duration Beries)
mathod and the rainfall estimates for various return periods {viz.
2,5,10,25,50 and 100 years) were computed for durations
1,3,6,9,12,15,18 and 24 hours. The rainfall estimates correspon-
ding to these durations in respect of all the 22 stations were
converted into ratios with respect to 24 hours estimates for each
of the above mentioned return periods. Averaged ratios for
different durations were then computed for the two sub-zones taken
together for each return period. It was noticed that for a
specified duration the average ratios, except for return periods
of 5 years and less, were comparable in magnitude. The average
ratios for selected duration, based on 50-year estimates, are
given below and are recommended to be adopted for converting 24-
hour rainfall into short duration rainfall, Ratics for other
durations can be read from the graph in Fig.10.

Duration (t) in hours Ratic =
1 «32
3 -48
6 .61
9 - 70
12 .78
15 -85
18 21
24 1.00

50-year t-hour point rainfall
* Ratio = = e ———— ————————

S0-year 24-hour point rainfall

These ratios, when multiplied by 24-hour rainfall
estimates corresponding to a selected return period, will generate
l-hour, 3-hour,.. 1B-hour etc. rainfall estimates having the same
return period.

4.3 Point to Areal Rainfall:

Railway and Central Water Commission had temporarily installed and
maintained a network of 51 stations in 16 bridge catchmente in
sub-zones 5(a) and S(b) and collected hourly/half hourly rainfall
data for these locations. However, data of only 35 stations
located in 9 bridge catchments could be processed and used for
this astudy. The data of remaining 7 bridge catchments could not
be utilized as the data series were either for less than 4 years
or concurrent data were not recorded continuously for 4 yeara at
all the stations in these bridge catchments. 2-year point
rainfall wvaluee for specified durations (1,2,6,12 and 24 houras)
for each ptation in the catchments were computed by partial
duration method. Arithmetic 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 for each duration.
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As a second step, events of maximum average depth for a particular
duration in each year were then selected on the basis of
simultaneous occurrence of rainfall at all the stations 4in the
catchment. The areal rainfall series thus obtained wara
subjected to frequency analyeis and 2-year areal rainfall depths
for specified durations were computed. The percentage ratice of 2-
year areal rainfall to 2-year representative point rainfall for
the catchments were calculated and plotted against the catchment
area of the bridges for varicus durations. The best fit curves
were drawn for various durations on the basis of points obtained

from data of all the catchments. Figures 1ll(a) and 11{b}
give the curves for conversion of point rainfall of 1,3,6,12
and 24 hours into corresponding areal rainfall.The areal

reduction factors (ARF) for selected catchment sizes for the above
durations are also given in Annex.4.2.

4.4 Time Distribution Studies:

The time distribution studies have been carried out for
the following five groups of rainstorms.

1) Rain storms of 2 to 3 hours durations
2) FRain storms of 4 te 6 hours duraticns
3) Rain storms of 7 to 12 hours durations
4) Rain storms of 13 to 18 hours durations
5) Rain storms of 19 to 24 hours durations

4476 rainstorms of durations ranging from 1 hour to
24 hours, occurring at locations of self recording raingauges of
IMD in the two sub-zones, were analysed based on 332 station-year
data of self recording stations. Rainstorms selected at each
staticn were grouped under the chove § categories and plotted on
different graphs as dimensicnles: curves with cumulative
percentage of the total rainfall along the ordinate and the
percentage of the storm duration along the abscissa. Thua, five
different graphs were prepared for each station corresponding to
above durations. The average time distribution curves for various
groups of storms were then drawn for each station. Rll the 22
average curves thus obtained for a particular group of storms
were plotted on a single graph and a single average curve for the
two pub-zones was drawn for that group of storms. In this fashion
S average time distribution curves were drawn for the § groups of
stormas which are shown in Fig.12. Time distribution co-effecients

for different durations read from these curves are given in
Rnnex.4.3.

4.5 Heaviest Dally Rainfall Records:

It may often be of interest to know the heaviest recor-
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daed daily railnfall at various places in the sub-zones. Heavieat
daily recorded rainfall in each and every district of the sub-
zonea 5(a) and 5(b) have been compiled and presented in Annex.4.4.
In general, only such stations have been included in these
tables where rainfall exceeding 35 cm as recorded on a single day
(0830 houre to 0830 hours next day). Exception has been made only
in the case of those districts where not a single station recorded
rainfall exceeding 35 cm on any single day. In such cases only
one station in each district, which recorded the heaviest rainfall
of the district, has been included in these Annexures.

4.6 Computation of Design Storm Rainfall:

Following procedure is followed for computation
of storm rainfall and its distirbution.

Step-1l: Estimate T wvide para 4.1.0
D

Step-2: Locate bridge catchment under study en the
50-yr, 24-hr isopluvial map (Plate-10 or 13) and obtain
the 50-yr 24-hr point rainfall wvalue in cms. For
catchment covering more than one ischyet, compute
the average point sterm rainfall.

Step-3: Read the conversion ratio for T hours from
o
Flg. 10 and multiply the 50-yr 24-hr ralnfall in
Step-2 by the ratio to obtain 50-yr T -hr point
D

rainfall.

Step-4: Convert the S50-yr T -hr point rainfall te 50-
D
¥r T =hr areal rainfall by multiplying it with the
D
areal reduction factor (ARF) corresponding to the
given values of catchment area and T <=hr duration
D

from Annex.4.2 or by interpolation from Fig. 11(a)
and 11(b} in section 4.1.2.

Step-5: Apply the cumulative percentage of total rainfall
against the cumulative percentage of storm duration
curvea in Fig. 12 or from Annex.4.3 correspond-
ing to design storm duration T to obtain the ralnfall

L+ I
depthes at l-hr interval, since the unit duration of
synthetic U.G. is 1-hour.
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Step-6: Obtain the l-hour areal rainfall increments by sub-
traction of successive l-hour cumulative values of
rainfall in step-5.

Step-7: Obtain one hour effective rainfall increments by

substracting the desigh loss rate from one hour
areal rainfall increments.
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PART V

DESIGN FLOOD ESTIMATION

5.1. Criterla and Standiards in regard to Design Flood of
Btructures of amalland Medium Catchments.

The Khoasla Committee of Engineeers had recommended a
design flood of 50-yr return period for fixing the water way of
the bridges. Criterias and standards followed for design flood

for bridges, cross drainage structures and small dams are given
below:

a) Indian Rallway Standard - 1963 (revised in 1985)
spacifies that 50 yr flood is to be used for smaller bridges
carrying railwaye of less importance like minor lines and branch
lines. In the case of larger bridges on main lines and from
important lines, a 100-yr flood is to be adopted.

b} Indian Road Congress—~IRC 5-1970, Section I "General
Features of Design" Specifies that the water way of a bridge is to
be designed for a maximum flood of 50-yr return period.

) Indian Standaru Code of "Practice for design of
croes drainage works-I5: 7784 Part I 1975" recommends that the
water way for crosa drainage works should be designed for a 25-yr

frequency flood and the safety of the foundation and free-boards
etc. should be checked for 50-yr or 100-yr flood.

d) Central Water Commission's criteria of 1968
specifies that the diversion dams and weirs should be designed for
floods of freguency of S0-100 yrs.

e) Indian Standards Guidelines for "fixing spillway
capacity of dams under clauses 3.1.2. and 3.1.3 of IS: 11223-1985"
recommends 100-yr return period floods as inflow design flood for

small dams having either gross storage of the dam between 0.5 to
3

10 Mm or hydraulic head between 7.5 mt. ko 12 mk.

The report covers the proceedures for estimating design

flood for 25 yrs, 50 yrs and 100 yrs return period covering above
criterias.

5.2 Estimation of Design Flood by S.U.H approach.
Procedure for computing design flood peak and

design flood hydrograph for.50 yr return pericd by SUH
approcach is as under:

26



a)

Step-1

Step-2

Step-3

Step—4

Step-5

Step-6

b)

Step-7

Step-8

Step-9

Computation of Design Flood Peak

Derive the synthetic unit hydrograph as per section
3.4.4 and tabulate 1 hour U.G. ordinatees.

Obtain design storm rainfall and 1 hour areal rainfall
increments as per section 4.2,

Adopt the design loss rate as recommended vide section
3.5.

Obtain ocne hour effective rainfall values for
the design storm duration T by subtracting
o
the design loss rate from the areal rainfall wvalues.

Arrange 1 hour effective areal rainfall values against
the 1- hour U.G. ordinates such that the maximum value
of effective ralinfall against the maximum ordinate of
U.G., the next lower value of effective rainfall values
against the next lower U.G. ordinate and so on upto T

D
hour duration.

Obtain the base flow for the catchment area under study
vide section 3.6.

Obtain 50 year flood peak values by summing the product
of wunit hydrograph ordinates as tabulated for Step 1
and the effective rainfall values as tabulated in Step
5 after addition of base flow in Step 6.

Computation of Design Flood Hydrograph

For computation of design flood hydrograph, carry out
the steps from 1 te & and in addition, carry out the
following steps.

Reverse the sequence cof effective rainfall units cbtained
in Step 5 to get the critical squence of the effective
rainfall rainfall.

Multiply the first 1-hr effective rainfall with the
ordinates of U.G. to get the corresponding direct runoff
ordinates. Likewise, repeat the procedure with the rest
of the hourly effective rainfall values giving a lag of
1-hr to successive direct runoff orinates.

Add the direct runoff ordinates at 1-hr interval te get
total direct runocff hydrograph.
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Step-10 Add the base flow in Step 6 to the direct runoff
ordinates at 1-hr interval in Step-9 to get the
50-yr floocd hydrograph.

5.3 Computation of Design H.F.L. Corresponding to Design Flood:

The design engineer has to determine the design High
Flood Level corresponding to adopted design flood for the bridges
and cross drainage structures under natural and constricted condi-
tions. This elevation is very important in the analysis for foun-
dations, scour free board, formation levels, hydraulic forces etc.

Stage discharge relationship is represented by stage wva.
discharge rating curve of a river at the point of study. The most
acceptable method for establishing stage discharge rating curve is
based on observed gauges and discharges covering satisfactorily
the lower to upper elevation ranges. Stage discharge relation
defines the complex interaction of channel characteristics inclu-
ding cross sectional areas, chape, slope and roughness of bed and
banks. The permanent stage discharge relation is a straight line
or a combination of straight lines on a logarthmic plotting depen-
ding on the channel configuration; a single straight line for a
single well defined channel and a combination of two straight
lines for the main channel with its berm portions. The stage
discharge relation may be considered more accurate depending on
the reliable and adequate cbserved gauge and discharge data of the
river at the point of study. The gauge dishecarge rating curve so
determined may be used for fixing the design HFL corresponding to
design floed by extrapolation if necessary.,

In the absence of observed gauge and discharge data at
the point of study (bridge or cross-drainage structures location),
synthetic gauge discharge rating curve has to be constructed by
Area-Velocity Method, using the river cross section, slope data
and nature of the cross-section. The velocity is computed by the
Manning's formula.

Computation of H.F.L. is generally done with the help aof
Manning's formula in which roughness coefficient ("H*) is an
important factor affecting the discharge of a river or Nalla., The
value of N is highly variasle and depends on a number of factors.
viz, surface roughness, vegetaticn, channel irregularity, channel
alignments, silting and scouring, obstruction, size and shape of
channel, etage and discharge, seasonal change and suspendead
material and bed load.

The wvarious wvalues of the roughness co-efficient for
different types of channel are given in Table 5.6 "Open Channel
Hydraulics" by Ven-Te-Chow.

The above procedure pertains to determination of design
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HFL corresponding to design flood of a river under natural condi-
tionas. With the type of structures in position there will genera-
lly be a constriction in the waterway. The effect of the constri-
ction by way of raising the design HFL under natural conditions
has to be evaluated in the water elevations te arrive at the
revised design HFL under constricted conditions. The difference
between upstream and downstream water levels corresponding to
design flood due to constriction in the waterway may be termed as
afflux. There are hydraulic methods for working out the final
design HFL due to constriction by the structure, The weir Formu-
la or orrifice formula of hydraulics is generally used depending on

the wupstream and downstream.depths to estimate the revisad design
HFL under constricted conditions.

Sometimes it happens that the cross section of river or
nalla on the downstream side of across drainage structure may be
narrow than the cross section at the location aof a crossing site.
The flood levels at the proposed structure may also be affected by
the high flood levels in the main river Jjoining downstream in
proximity of the stream. In such cases, there will be backwater
effect due to the narrow gorge of the river as the design flood
for the crossing site will not be able to pass through the narrow
gorge in the downstream and hene there will be heading up of water
in its upstream side which vltimately efffects HFL of the river

at the crossing site. In the latter case the tributary stream on
which the bridge is located will be under the influence of the
backwater affect of the main stream joining downstream. In such

casesg back water study may be carried out,

In the absence of any observed levels of water profilies
for computing hydraulic gradient, bed gracdient of nalla shall be
congsidered, after verifying that local depressions are not accoun-
ted for and bed gradient is computed on a reasonable length of
atleast 300mt. upstream and downstream of the crossing site.

If the crossing site is located across the river/drai-
nage in the unfavourable reach i.e. not complying with the usual
requirements of gauge site, the design flood elevation may be
computed in a straight reach downstream of the crossing and design
flood elevation may be worked out by undertaking backwater
studies.
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6.2.2

PART VI

ASSUMPTIONS, LIMITATIONS AND CONCLUSIONS

Assumptions:

It 'is aseumed that SO-year return pericd storm
rainfall produces 50-year flood. Similar is the
case for 28-year flood and 100-year flood.

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

Limitations:

The data of 7 bridge catchments in sub zone S({a) and 6
brdige catchments in sub zone 5(b) were found
suitable. Hence eseparate relationship could not be
developed for each sub zone 5(a) and S(b).

For more reliable results it is desirable to
collect the data for more brdige catchment of-each sub
zone and develop a separate relationships for each
sub zone.

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

The approach developed mostly covers the catehment
with flat to moderate slopes.
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6.3.0 Conclusionsa:

6.3-1 The methodology for estimating the design floocd of
50-yr return perioed incorporated in the body of the
report 1e recommended for adoption, which aleo holda
good for 25-yr flood and 100-yr flood.

6.3.2 The report also recommends the adopticn of design
flood of 25-yr and 100-yr return pericds taking in

to account the type and relative importance of the
structures.

6.3.3 25-yr, 50-yr and 100-yr flood may be estimated
using design loss rate of 0.1% em/hr.

6.3.4 The report is applicable for the catchment area

ranging from 25 sgq km to 1000 sg km. Further the
report may be used for large catchments upto 5000
8g km based on sound judgement and considering the
data of neighbouring catchments alsc. However, in-
dividual seite conditions may necessitate special
site study. Engineer-in-charge at site is advlsed
to take a pragmatic view while deciding the design
discharge of a bridge.
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ANNEXURE - 1.1
SUB ZONE 5(B) BR.NO.MOT-9
' COMPUTATION OF EQUIVALENT SLOPE
€A = 176.00 sg.km , L = 38.46 Km.

B Sy Y o M

REDUCED REDUCED LENGTH OF HEIGHT

DISTANCE. LEVEL EACH ABOVE

{from point SEGMENT DATUM

S1.NO of study.) (D  +D) Liv(D  +D)
Li i-1 i i-1 i
(Km ) {m]) (Em |} {m ) { m )
1 2 3 4 5 6 7

1 0.000 18.288 0.000 0,000 0,000 0.000
2 15.768 30.480 15.768 12.192 12.192 192.243
3 20.273 42.672 4.505 24,384 36.576 164.775
4 22.848 45.720 2.575 27.432 51.816 133.426
5 26.227 60,960 3.379 42.672 70.104 236.881
] 28.962 16.200 2.735 57.912 100.584 275.097
7 30.893 91.440 1.831 73.152 131.064 253.085
B 32.502 152.400 1.609 134.112 207.264 333.488
9 33.950 228.600 1.448 210.312 344.424 498.726
10 35.076 304.800 1.126 2B86.512 496.824 §59.424
11 36.363 457.200 1.287 438.912 725.424 933.521
12 37.329 609 .600 D.9566 5%1.312 1030.224 995.196
i3 38.455 899,160 1.126 BB0.872 1472.184 1657.679
6233.642

(i 2. D + D))

i-1 i 6233.642
5 = e ——— e 2 e
2 1479.172
L
= 4.214 m/km

DATUM = 18.288 M ,i.e R.L of river bed at the point of study .



ANNEXURE - 1.2
COMPUTATION OF FLOOZ HYDROGRAPH
BR. KD, -- MOT - %
SB-ZOME 1 S(b)

TIHE 5.U.H. RAIMFALL EXCESS IN CHMS TOTAL BASE TOTAL
IN HOURS ORDIMATES-=-======ssceazoacoes ememeetemsmnee e - D.S.R.0. FLOW  FLOM
IN CUMECS  0.71 1,25  3.95  &.81  2.33 IN IN i
e ieeseaeecaeeeeaeoeoo .. CUMECS  CUMECS  CUMECS

DIRECT RUMOFF (CUMECS)

1 Fl 3 4 5 & 7 8 9 10
FErsesassSEEEES EEEE pres il S ETETNErEE R
i} 0.00 0.00 0.00 25.40  26.40
1 540 3.98 0.00 3.98 24,40 3038
2 1%.80 10,51 7.00 0.00 17.51 26,40 43,91
3 28,00 19.88 18,50  22.12 0.00 60.50  246.40  B4.90
g 4B.00 34,08  35.00 S5B.46  49.%4 0.00  174.88  25.40 208.28
5 62.20 44.16 6000 VIDLG0  130.39 0 13.05 35B.20 26,40  3B4.60
6 58.99 41.46  TTLTS 189.60  246.68 34.4B  SBR.O7  26.40  &16.37
T 45.20 32.09 72,99 245.69 &22.B8  65.24  EIA.BG 2540 BAS.20
B I7.60 26,70 56,50 230.86 SAT.9B  111.84 97366 26,60 1000.06 --->PEAK
¢ 52,00 22.72 AT.00  17B.54  514.42 164,93 ROT.60 26.40 934.00
10 ZT.E0 19.45 4D.00  148.52  I9E.21 136.05  T42.23 2440 TAB.63
" 2380 16,90  34.25  126.40 331.24  105.32 614,12 26.40 640,52
12 20,50  14.56 29.75  10B.23 281.92  BT.&1  S22.06  26.40 S48.46
13 18,00 12,78 25,83 9401 241,39 4.6 GAB.3T 26.40  4TL.TT
1% 15.60 11.08  22.50 BO.58 209.68  S3.B4  3EB.0F 2.0 414.4T
15 13,30 .46 19.50  TL00 1BD.EY 55,45 336.10 26,40 382.50
14 11.20 7.95 16.63  81.82 158.58  47.T7  292.5¢  26.40  318.9%
17 9.20 6.53 14. 00 52.56  137.44 L1.94 252 .44 25.40 27B.84
18 7.30 5.18  11L50 44,26 NI ZARS 21444 2640  20.B4
19 5.40 3.83 .13 38.36 9867  30.9% I7B.9&  26.40 P05.34
20 3.60 2.56 £.75  28.84 B1.05 26,10 145.29 25.40  171.69
21 1.80 1.28 4,50 21,33 631 21,44 112.86 26,60 139.26
22 n.00 0.00 2.25 14.22 4757 1700 B81.05  26.640 107.43
23 0.00 7.1 372 1258 5141 26,40  77.81
24 0.00  15.84 8,39 26.25 2440 S0.65
25 0.00 4.19 419 26.40 30.59

26 0.00 0.00 26.40 26,40



LIST OF HYDRO-METEOROLOGICAL SUB-ZONE

SUBZONE NAME OF SUBZONE
({designated earlier)

Hame of sub-
zone (design-

ANNEXURE 2.1

River Basina i
in the subzone

ncluded

1{a} Luni basin & thar Luni
(Luni & other rivers
of Rajasthan and Kutch)
1) Chambal Basin Chambal
l{c) Betwa Basin & Other Betwa
Tributaries
1[4 Sone Basin and Right Sona
Bank Tributaries.
1(e) Funjab Plains including Upper Indo-

parts of Indus, Yamuna, Ganga

Ganga and Ramganga
Bagins.

1(£) Ganga Plains inclu-
ding Gomti, Ghagra,
Gandak, Kosi and other

Plains

HMiddle Ganga
Plains

1{g) Lower Ganga Plains Lower Ganga
including Subarnarekha Plains
and other east-flowing
rivers between Ganga
and Baitarani.
2{a) North Brahmaputra Basin MNorth
Brahmaputra
2{b) South Brahmaputra Basin South
Brahmaputra
2(e) Barak and others Harak
ifa) Hahi, including the Mahi and
dhadhar, Sabarmati Sabarmati

and rivers of
Saurashtra.

Luni river. Thar
{Luni & Other rivers of
Rajasthan and Kutch and

Banas river)

Chambal river

Sind, Betwa and Xen
rivers and other

South Tributar
Yamuna

ies of

Sone and Tons rivers
and other South Bank

Tributaries of

Lower portion
dus Ghaggar Sa
Yamuna, Ganga

Ganga.

of in-
hibi
and

Upper portion of Sirsa,

Ramganga, Gomt
Sai rivers.

Middle Portion

i and

of

Ganga, Lower portion
of Gemti, Ghagra,

Gandak, Kosi a
middle portion
Mahanadi

nd
of

Lower portion of

Ganga, Hoogli

river

system and Subarna-

rekha.

North Bank Tributar-
ies of Brahmaputra
river and Balason

¥river,

South Bank Tri

butar-

ies of Brahmaputra

Eiver,

Barak, ¥alden
Mapnipur rivers

and

HMahi and Sabarmati
inecluding Rupen &

Mechha Bandar,

Dzat

Shetaranjli rivers of

Kathiawad Peni

nasula.



(k)

3(e)

3{d)

3(e)

3£y

ilg)

3{h}
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4{a)

4(b)

A(e)

5(a)

5(b)

Lower NWarmada and
Tapi Basin

Upper Narmada and
Tapi Basin

Mahanadi Basin inclu-
ding Brahmani and
Baitarani rivers.

Upper Godarvari Basin

Lower Godavari Hasin
except coastal region

Indravati Basin

Krishna subzone
including penner
Basin except
coastal region

Kaveri & East
flowing rivers
aexcekpt coastal region

Circars including
east flowing rivers
between Mahanadi and
Godavari

Coromandal Coast
ificluding east
flowing rivers
between Godavari
and Kaveri

Sandy Coroman Belt
{east flowing rivers
between Cauvery &
Kanyakumari).

Konkan coast (west
flowing river between
Tapi and Panaiji)

Malabar Coast (west

flowing rivers between
Kanyakumari and Panaiji)

hndaman and Nicobar

J & K Kumaon Hills
(indus Basin}).

Lower
Narmada
& Tapi
Upper
Warmada
& Tapi

Mahanadi

Upper
Godavari

Lower
Godavari

Indravati
Krishna

kaveri

Upper
Eastern
Coast

Lower
Eastern
Coast

South
Eastern
Coast

Fonkan
Coast

Malabar
Coast

Andaman &
Nicobar

Western
Himalayas

Lower portion of
Narmada, Tapi and
Dhadhar rivers.

Upper rtion of
ngmadg?and Tapi
ClVEers.

Mahanadi, Baitarani
and Brahmani rivers

Upper portion of
Gcggvari Basin.

Lower portion of
Godavari Basin.

Indravati river.

Erishna & Pennner
rivers except
coastal reglon.

Kaveri, Palar and
Ponnaiyar rivers
(excapt coastal
region).

East flowing coastal
rivers between
Deltas of Mahanadi

&k Godavari rivers.

East flnwing coastal
rivers, Manimukta,
South Pennar,
Chezﬁar, Palar,

Nor Pennar,
Munneru, Palleru,
Cundalakama and
Krishna Delta.

East flnwing coastal
rivers, Manimuther,
Vaigani, Arjuna,
Tamraparni.

West flowing coastal
rivers between Tapi
and Maudavi rivers

West flowing coastal
rivers between
Mandavi and
Kanyakumari

Jhelum, Upper
portinﬁ ng Indus,

Ravi and Beas
rivers
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AMNEXURE. 3.2
Subzones-5{a) & 5(b)
BASIN CHARACTERISTICS OF SELECTED CATCHMENTS

EesEEEEE Sraear

=EE= T I v e e = e —

51.N0 Bridge Area Sub-zone L Lc SEQ L/S
(8q. km) { Jem) (km) (m/ k)
1 2 3 4 5 5 7 8
e L e S S S ENT I D E NS e

1 HOT-6 988.00 5(h) 82.05 48.27 4.74 17.31
2 MOT-4 610.00 S5(A) 68.38 37.00 3.47 19.71
3 MOT-5 480.00 S5(A) 71.44 37.81 4.61 15.50
4 104 388.50 5(B) 50.386 29,77 0.89 56.58
5 HOT-8 327.00 5(B) 33.63 12.06 7.03 4.78
[ MOT=2 310.00 S({A) 34.75 14.48 3.10 11.21
7 HOT-1 259.00 5({h) 38.29 20.92 5.05 7.58
8 273 200.21 S(B) 24.94 12.87 5.58 4.47
9 117 189,07 5(B) 25.74 10.46 0.88 29.25
10 MOT-11 177.00 5(8) 30.59 13.68 2.32 13.19
i1 HOT-9 176,00 5(B) 38.48 20.29 4.21 9.14
12 MOT-17 62.00 5(B] 12.55 11.26 8.21 1.53

13 260 48.02 S{B) 12.87 7.24 7.62 1.69
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Subzones-5(a) & 5({b)

ANNEXURE

LIST OF PHYSICAL AND UNIT HYDROGRAPH PARAMETERS STUDIED T0O

ESTABLISH RELATIONSHIPS

- 3.4

51. Independent

Ho. variables Dependent
Phyelographic variablea
Parameters/unit Unitgraph
graph parameters Constant Parameters Exponent

2 3 4 S

LLc/ /s 1.378 gp -=0.238
Lecf fs 1.006 qp -0.473
Lc/s 0.686 gp -D.426
L/s 0.918 gp -0.431
tp 1.:137 qp -0.748
qp 1.561 tp -1.081
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SUB-20ME 5Ca) & 5(b)

ANNEXURE. &.1
Comparision of @ , Q and 0 obtained by SUH
25 50 100
method with T = Tand 7 =7.ixt
1] B i} ]
Sl.M0 Bridge Area Sub-zone 0= 1.1 * 1p 10 = TR
(5q.km) 025 o50 Q100 a2s 50 @100
1 2 3 4 5 [ T 8 9 10
Gauged Cetchments
1 MOT-6 988.00 SCA)  4285.30 4342.85 S5225.21 4309.05 &541.64 5309.85
2 HOT-4 610,00 S(A} ET95.47 3153.40 3582.44 3009.19 3427.84 3884.88
3 HWaT-5 480.00 SCAY  2470.26 . 2T26.32 2960.25 2571.06 2922.06 3178.E7
& 104 388.50 5(8) F03.93 95917 1108.91 #1992 9TE.PS  1132.24
5 HOT-8 327.00 5(8) 1781.465 1926.9B 2138.32 1EI2.07 1985.4 2199.18
& MOT -2 510.00 S(A)  1730.76 1918.38 2159.34 1823.95 2042.47 2313.16
7 Mo7-1 259.00 SCAY  1571.53  1694.54 1B61.29  1500.44 1423.37  1TOT.64
] 273 200.21 5(B}) 563.95 T94.15  BRL.34 SIT.29 TOP.BS  TTR.6&
9 117 189,07 (@) 62893 T16.40 7B4.93  &L4E.03 V40,51 B11.82
10 HOT=11 177.00 5(8) 585.9%4 665,34 68O G69.45 649.51 675.61
" HOT-9 176.00 5(8) B53.71 1000.06 1062.50 B34.52 9BR.1S 104A.3TV
12 HOT-T &2.00 5(8) 719,92 TBA.29 B3804 632.ZT 69137 TIALES
13 260 4B.02  5(B)  241.00 307.67 336.99 209.B9 272.24 297.49
Ungauged Catchments
14 4 1800.00 6317.58 TIB8.10 B8024.49 SBYE.40 6T62.00 TS589.09
15 1 593.00 IZTL.TE 3A3T.29 40346 97 3144.26 3399.01 3ITBR.LS
16 F 555.1% 2509.96 27B4.00 3068.38 23I26.41 2597.23 28TT.93
17 5 452.83 263011 2944.03 3136.55 248B.07 ETIV.IZ E9T0.32
Note : out of the 13 gauged catchments & catchments namely Mot-1, Mot-7,

Hot-9 Mot=-11,273 & 260 are showing higher walues for T0=1.1%tp than

To=T8 ard remaining 7 catchments are showing higher values for TO=TE than TO=1.1%tp
The simplified equations derived considering TO=1.1%tp & T0=TB hrs have

been mentioned in the repart (para 1.7 ).

It is suggested to compute design storm flood with To=1.1*tp & TD=T8 hrs.

whichever gives higher discharge values has to be adopted for design.
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SUB ZONE 5({a}&(b)

STATEMENT OF HIGHEST RECORDED DAILY RAINFALL

ANNEXURE - 4.4

5. HO DISTRICT STATION HEAVIEST ONE-DAY RAINFALL DATE
MAHARASHTRA STATE SUB-Z0ONE 5 (A)

1 Hasik Igatpuri 450.920 21.07.1894
2 Peint 473.70 02.07.1941

3 Trimbak 410.70 02.07.1941
4 Satara Mahabaleshwar 458.50 30.07.18986

5 Goa Mormugao 307.60 22.05.1918
& Volpoi. 503.90 13.08.1960
T Pune Khandala 516.40 19.07.1958
B8 Lonavala 493.00 02.08.1956
-] Kolhapur Radhanagari 312.40 01.07.1941
10 Bombay "Kurla 354.30 27.06.1915
11 Colaba 548.10 10.09.1930
12 Thang Hurbad 386.60 23.07.1921
13 Shahpur 441.20 06.07.1905
14 HMokhada 394.70 02.07.1941
15 Bhiwandi 469.10 17.07.1885
16 Hahim i56.60 21.09.1923
17 Vada 459,20 19.06.1953
18 Dahanu 481.00 01.09.1958
19 Kalyan 458.50 17.07.1885
20 Colaba Alibag 407 .70 23.09,1949
21 Panvel 458.50 17.07.1885
22 Pen 500.00 07.09,1973
23 Karjat 605.00 18.07.1958
24 Mathern 657.30 24.07.1921
25 Roha 629.90 18.06.1B86
256 Hangaon 460.00 05.07.1946
27 Mahad iga.e0 19.07.1923
28 Ratmragiri Ratnagiri 356.40 12.06.1951
25 Vengurla 730.50 25.06.1958
ao Halvan i70.10 03.07.1902
3 Devgad 47%.00 19.07.1977
iz Chiplan 533.40 04.06,1B82
33 Khed 391.60 16.07.1965
34 Dapoli 535.40 03.06.1882
is Mandangad 396.50 26.06.1915
36 Banda 363.00 26.07.1931
a7 Dhulia MHavapur 343.00 05.08. 1968
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16
17
18
19
20
21
22
23
24
25
26
27
28

KERALA STATE
Kottayam

Palghat
Fozhikode

Cannanore

Quilon
Ernakulam
Trivandrum
Trichur

KARNATAKA STATE

Shimoga
Chikmangalore
South Kanara

Coorg

Horth Kanara

Belgaum

Davikulam
Changanachery
Ottapalam
Vaylthri
Kuttiyadi
Tirurangadi
Fozhikode
Irikkur
Taliparamba
Tellichery
Cannanore
Karunagappalli
Karikode
Trivandrum
Mukundapuram
firingalakuda)

Hosanagar
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Mangalore
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Hercara
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Bhatkal
Siddapur
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Kumla
Ehanapur

SUB-ZONE 5 (B)
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355.60
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£33.40
419.30
617.20
468.860
379.70
378.70
383.80
A59.70
317.00
305.80
401.50
315.70

SUB-ZOME 5 (B)

B884.00
311.40
360.90
359.90
373.90
364.50
366.50
410.70
360.70
406.440

485.7

480.6

307.3

17.07.1924
22.06.1959
28.05.1941
02.07.1961
03.06.1924

119.05.1882

19.05.1882
07.07.1953
10.06.1941
22.05.1936
04.06.1924
04.06.19867
23.07.1924
18.10.1964
26.05.1933

26.06.1972
07.08,1923
08.05.1909
11.06.1941
30.07.1902
17.07.1924
07.07.1926
25.07.1924
09.07.1923
22.06.1975
08.08.1923
11.10.1987
05.08.1914
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REFEA ANNEXUNE 4-3 SHOWING TIME
DISTRIBUTION COEFFICENTS OF AREAL
RAINFALL FOR VARIOUS DURATION OF
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