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ABSTRACT. Mean monthly and annual rainfall for the Godavari basin up to Paithan dam site have been
worked out by the ischyetal method. Mean annual rainfall has been found to be of the order of 29 inches,

The study has revealed that in the central parts of the catehment coefficient of variability is the highest and is of
the order of 40 to 44 per cent for monsoon (June to October) rainfall.

Seventy-three heaviest rain spells, one for each year of the 73-year period (1891 to 1963), have been studied Ly
depth-duration method as well as by the Gumbel's statistical method and the design storm rainfall depths have
been worked out for the return periods of 100, 200, 500 and 1000 years,

1. Introduciion

The rainfall study of the upper Godavari basin
has been made to determine the design storm depths
required for estimating the spillway design flood.
These studies help the design engineers in fixing
the spillway capacity of the proposed dam. In the
past, inadequate spillway capacities of dams have
been responsible for causing dam disasters during
abnormal floods. The collapse of Kadam dam in
August 1958, Panshet dam in July 1961 and the
protective bund of the Kharagpur hill lake in
Bihar in October 1961, are but a few instances of
dam disasters in recent years in this country. It i,
therefore, essential that while constructing major
reservoirs or dams, their spillway capacities should
be carefully estimated on the basis of analysis of
past recorded rain storms in that region. To avoid
any future catastrophy due to dam failures it is
also necessary that the spillway capacities of the
existing old dams in the country should he re-
estimated on the basis of later data.

2. The Upper Godavari basin up to Paithan dam site

The Godavari-rises at an altitude of 3500 ft
a.8.]. in the Sahyadri range of the Western Ghats
near the town of Trimbuk in the Nasik district
(Fig. 1). In its upper reach up to Paithan dam site
the Godavari drains an area of 8400 sq. miles
which is about 7 per cent of the total drainage
area of the entire basin. The major tributaries in
its upper reach up to Paithan are —

(¢) The Darana — Tt originates from the hills
near about Igatpuri and joins the main river 40
miles down stream from the source.

(#1) The Kadwa — It drains the northern
portion of the Sahyadri range and joins the main
stream near about Niphad.

(i72) The Pravara and the Mula — The Goda-
vari receives the combined water of the Pravara
and the Mula rivers which drain the Akola hills
in the sonthwest, at Toka which is about 135 miles
from its source,

(tv) The Shiv — This tributary drains the
western slopes of the Ajanta range of hills in the
northeast and joins the main river near about
Gangapur.

3. Ralngauge network

The existing network of reporting rainganges in
and around the basin whose data are available
are shown in Fig. 1. There are 27 reporting rain-
gauges within the basin but the daily rainfall data
from 1891 are available in respect of 17 stations
only. On the basis of existing network of raingauges
within the basin, one raingauge represents about
310 sq. miles of the basin area.

The following five meteorological observatories
maintained by the India Meteorological Depart-
ment, with the date of their installation, are funec-
tioning in and near the basin —

Aurangabad October 1801 1 loeated

Chikalthans October 1951 within
Nasik November 1939 | the basin
Malegaon May 1877

Ahmednagar February 1890

There is only one self-recording raingange
within the basin upto Paithan that is Chikalthana
Observatory, the recording raingauge of which
has been functioning since 15 October 1951.

4. Mean monthly and annual rainfall

Monthly and annual normal rainfall data (1901
to 1950) of about 100 raingauge stations in and
around the basin were utilised for drawing mean
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Fig. 1. Upper Godavari eatchment upto Paithan dam site

monthly and annual isohyetal maps. While drawing
the isohyetal maps due weight was given to the
orography of the basin as can be seen from Fig. 1.
However, it may be mentioned that due to sparse
network of rainganges over and near the Western
Ghats, the isohyetals drawn over this region may be
taken as tentative. Mean monthly and annual
isohyetal maps of the basin were first drawn and
monthly and annual rainfall was obtained by
planimetering of the monthly and annual isohyetal
maps. At Fig. 2 mean annual rainfall map of the
basin is reproduced. From an examination of this
map the basin may broadly be divided into follow-
ing three rainfall zones —

(2) Heavy rainfall zone — This zone runs almost
parallel to the Western Ghats on the lee-side and
has a width of 15 to 20 miles. In this zone rainfall
steeply decreases from west to east from about 140
inches near Igatpuri to about 50 inches in the plains
area. Total area of this zone is about 650 sq. miles
which is about 8 per cent of the total basin area

upto Paithan. Apparently, the bulk of run-off
in the upper reaches comes from this zone.

(1) The Central zome of low rainfall — This zone
islocated in the middle of the basin and is enclosed
by an isohyetal of 20 inches, This zone is the region
of lowest rainfall within the basin. The area of this
zone is about 1000 sq. miles and represents roughly
12 per cent of the total basin area.

(i77) The Intermediate zome of moderate rainfall —
The remaining portion of the basin comprising of
about 6750 sq. miles (i.e., 80 per cent of the total
basin area) falls in this category. Rainfall in this
region varies 20 to 50 inches annually.

The month-wise distribution of catchment rain-
fall based on rainfall data of the period 1901 to
1950 is shown in Table 1. From this table it is evi-
dent that the hasin receives more than 90 per cent
of the annual precipitation during the southwest
monsoon months of June to OLtOb(‘l‘ Normally,
monsoon sets over this region by about 10 June and
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Fig. 8. Coefficient of variability of monsoon rainfall (June—October)

withdraws in the beginning of the first week of
October. It also shows that July is the chief
rainy month of the year during which about 25
per cent of the annual rainfall is received. Contrary
to expectations, the hasin receives more rainfall in
September than in August.

5. Variability of rainfall over the basin

While working out the mean montly and annual
rainfall of the basin it has been noticed that hoth
annual and monsoon rainfall varies considerably
over the basin from year to year. In order to have
an idea of the rainfall variability over the basin

coefficients of variability (€' = oM x100) were
calculated for 36 rainfall stations in and near the
basin using the data for the period 1901 to 1950,
Coeflicients of variability were determined for
individual stations for the annual as well as for the
monsoon (June to October) rainfall, It was, however,
noticed that there was not much difference between
the annual and monsoon coefficients of variability
at individual stations. Fig. 3 shows the isolines
of coefficient of variability for the monsoon (June
to October) period. It can be seen from this figure
that the coefficient of variability is the highest in
the central parts of the basin and is of the order of
40 to 44 per cent. Variability along the Western
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Fig. 4. Depth-duration curves for heavy rain spells over the Godavari hasin up 19 Paithan dam site
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TABLE 1

Mean monthly and annual rainfall (inches) for the Godavari basin upto Paithan
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Mean Per cent of Mean Per eent of
rainfall annual rainfall annual
(inches) (inches)
Jan 0-2] 07 Aug 5-51 19-2
Feb 010 "3 Sep 6-37 92.2
Mar 0-11 04 Oct 1-97 69
Apr 024 0-8 Nov 1:24 4-3
May 0-62 2.2 Doe 0-23 08
Jun 4-584 16-9 Annual 2873 100
Jul 7-29 25-4 Jun to Sep 24-01 83:7
Jun to Oct 25-98 90-6
TABLE 2
Highest rainfall amounts (inches) in 24-hr at raingauge stations in the upper Godavari basin
Highest, Highest
Station rainfall Date Station rainfall Date
(inches) (incheg)
Akola 5-3 25-7-1952 Niphad 51 2.7-1941
Aurangabad 0-7 2.9-1891 Parner 50 14-9-1902
Bolthan -0 14-10-1951 Pathardi G5 12-9-1926
Chandor 53 3-11-1031 Pimpalgaon 9:-4 25-7-1052
Dindori 70 2.7-1041 Rahuri 61 19-11-1946
Taatpuri 17-7 21-7.184 Sangamner 4-9 15-9-1889
Koparagaon 13-0 15-10-1951 Shivgaon 0-9 7-9-1934
Nasik (i 28] 21-9-1923 Sinnar 6-6 23.9-1901
Nevisa BB 9-9-1950 Trimbuk 16-2 2.7-1941
Yeola 10-9 15-10-1951

(thats varies from 20 to 25 per cent. In the north-
castern part of the catchment coefficient of variabi-
lity is of the order of 25 to 30 per cent.
6. The highest 24-hr point rainfall within the basin

The available daily rainfall data of all raingauge
stations within the hasin was examined to deter-
mine the highest 24-hr rainfall received at indi-
vidunal station from 1891 onwards. Table 2 gives the
highest 24-hr rainfall amounts received at the 19
raingauge stations within the basin for which long
term rainfall records are available. Tt is seen that
the upper reaches of the Godavari basin point
rainfall are of the order of 18 inches (Igatpuri)
and 16 inches (Trimbuk) in 24 hr. Tt is interesting
to note that the heaviest falls in 24-hr generally
oceurred either in July or September and oceasion-
ally in October and November, hut none in the
months of June or August.

7. Design storm analysis

Considering the orography of the basin, design
storm has been worked out by the depth-duration
method taking the catchment up to Paithan as the
unit of study. For undertaking depth-duration
analysis, daily rainfall data of nearly 100 reporting
raingauges in and around the basin was examined
for the period 1891 to 1963 for all the major rain
spells, Finally, for each year of 73-year period, one
heaviest rain storm was selected for detailed iso-
hyetal analysis. Fig. 4 shows the depth-duration
curves of these 73 rain storms for duration of 1-day,
2-day and 3-day. It is seen that the rain storms of 1
to 3 July 1941 (curve No. 51), 18 to 20 November
1946 (curve No. 56), 10 to 12 September 1933
(eurve No. 43) |, 28 to 30 September 1947 (curve
No. 57), and 28 to 30 September 1954 (ewrve No.
64), produced maximum depths of rainfall over the
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Fig. 5. Total storm isohyets (inches) for 1 to 3 July 1941

basin for different durations. The envelope depth-
duration curve shown in Fig. 4 gives the maximum

depth of rainfall over the basm for durations of

l-day, 2-day and 3-day, Figs. 5 and 6 sLow total
isohj-'etn.l patterns of the J']ll:\“ 1941 and September
1933 rain storms over the upper Godavari hasin.

The maximum rainfall depths over the hasin as
obtained from the envelope depth-duration curve of
Fig, 4 are as follows —

Storm duration Maximum rainfall Percentage of
(days) dopth (inches) 3-day depth
One L3 G4
Two DD 892
Threo G-7 100

8. Frequency analysis of storm rainfall data

The weighted average rainfall data of 73 rain
storms was subjected to frequency analysis using
Gumbel’s (1954) method. Fig. 7 gives the computed
lines of maximum, storm rainfall for difterent return
periods and durations. For each of the computed
lines the formal theoretical relationshps are as
follows —

Duration Relationships

1-day Y, 1:2023 L 07180 B,
Sday Y, 19671 1 0-8620 5,
3-day ¥,= 2:4542 4. 0-9832 §,

where Y is the extreme rainfall value in inches
for the respective durations and b is the reduced
variate related to the return period 7' years by the
relation b= —loglog {7'/(—1)}. From the com-
puted lines of Fig, 7 rainfall depths for different
durations have heen picked up for return periods
of 100, 200, 500 and 1000 years. The values are
given in Table 3.

[t can De seen from Table 3 that the maximum
rainfall values obtained from the depth-dwration
envelope curve of Fig. 4 almost correspond with the
100-year values obtained by frequency analysis
method. Tt can also be seen from this table that
percentage ratios of 1-day, 2-day rainfall depths
to 3-day depths for various retuan periods are more
or less of the same order as for the envelope values,
Taking the envelope values as the base, percentage
ratios of 200, 500 and 1000-year values to envelope
values were also determined and the same are shown
in Table 4.

It is noticed that 1-day envelope values should
be increased by about 16, 33 and 44 per cent to
obtain 200, 500 and 1000-year values of design
rainfall respectively. In other words to obtain 1000-
year values of design storm, the envelope depths of
1-day and 2-day duration may be increased by 44
per cent and of 3-day depth by 37 per cent. It is
also seen from Table 4 that percentage ratios for
each return period do not differ much from one
duration to another. The highest percentage ratios
for each return period may be taken for this
catchment as the conversion factors for obtaining
design rainfall depth of 200, 500 or 1000-year
return period from the envelope rainfall depths.
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Fig. 6. Total storm isohyets (inches) for 10-12 September 1933
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-
9. Conelusions (#2) Coefficient of variability of rainfall is the

highest (of the order of 40 per cent) in the central

From the foregoing the following conclusions ¢ : . :
egoing lowing conclusions can parts of the catchment which receive mean annual

be broadly drawn— rainfall of 20 inches or less. Coefficient of variability
(4) The mean annual rainfall of the Godavari 1s comparatively less over the western and eastern
basin up to Paithan dam site is of the order of 29 parts of the basin. !
inches. Total monsoon rainfall (June to October) (199) The envelope curve of depth-duration
is about 90 per cent of the annual rainfall. July is analysis (D.D.) for various durations correspond to
the rainiest month, during which nearly a quarter of 100-year design storm (Gumbel’s aralysis). It is
the annual rainfall is received. The hasin as a also noticed that for this catchment, the design
whole receives more rainfall in September than in storm-depths for different durations for a return

August. period of 1000 years can be obtained by increasing
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TABLE 3
Maximum rainfall depths (inches) for different durations and return periods

Storm Rainfall depths (inch) altained 1.day, 2-day rainfall depths (CGumb-

duration by Gumbel's method for reinm, el's method  as percentage of 3

weriods (vear e hv er day depths for return periods

100 M) 500 1000 method ‘ LM 200 500 T

1-dax §-3 1] -7 | t-3 4 05 6B 7

2 day ) G- 73 70 ] o | | S5 S0

bodlay 70 77 Nl | -7 Jand Jom HLL | LR
TABLE 4 the D.D. envelope curve vi lues by about 44 per cent
Percentage ratios of 200, 500 and 1000-year storm rainfall for 1 and 2-day and 37 per cent for 3-dayv durations

depths to envelope values for different durations respect wvelv.
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