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SYNOPSIS

The study of low flows or droughts in a river basin is of interest to hydro-
power and irrigation engineers, landuse managers and water resource planners
and scientists. Past studies on low flows indicated that stochastic models using
double exponential distribution function gives better fit to these type of data.
Hence in the present study an attempt has been made to fit the low flows observed
at Sambalpur and Naraj in Mahanadi Basin using the above type of stochastic
model. The stochastic models obtained for seasonal low flows for Sambalpur
and Naraj are:
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97.6 - 73.3 Ln § Ln 723 for Naraj.
Where Xi in cumecs and Ti in years.
1.0 INTRODUCTION

1.1 Study of low flow frequencies and their magnitudes are very important
in water resources planning and management. They are often required for quanti-
tative assessment of capability of a river or a stream to meet the water supply
demands and water quality requirements during-drought periods. Prolonged spells
of subnormal/deficit precipitation, low humidity. content and high evaporation
rates results in low stream flows in a river/stream over a period of time in
which surface streamflow- is sustained mainly by groundwater recharge and upstream
releases.

1.2 Earlier, many investigators have attempted to estimate low streamflows
by statistical and stochastic models. These studies indicated that stochastic
models gives better fit to these type of data and thereby better estimates.
The present paper attempts the analysis of low flows in Mahanadi basin along
the main stream at Sambalpur and Naraj by a stochastic. model using a double
exponential distribution function.

2.0 PAST STUDIES

2.1  Statistical methods have been widely used by several investigators for
estimating low flows (3,4,5,8). Gumbel (2) suggested asymptotic distribution
for drought flows and found it very suitable. He analysed droughts by the asympto-
tic theory of smallest values of limited statistical variate (3).
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2.2  The importance of low flow forecasting to the adoption of water quality
criteria has been explained by Ray and Walker (6). Dawdy et al (1) explained
results of physically based stochastic modelling of droughts. In a case study
Sharma et al (7) compared the results of Gumbel's and Stochastic models and
concluded that stochastic models gives better fit to low flow series.

3.0 DATA USED

3.1 Daily discharge measurements at Sambalpur (1926-47) and Naraj (1926-45)
have been used for the present study. From these data, the occurrence of low
flows in each year on a day, 7-day average and one month's mean minimum
flows have been compiled and are given in Table 1 and Table 2 for Sambalpur
and Narcj respectively. These data formed as data base to the model.

Table 1

One-day, 7-day average low flow and one month's average minimum flows
for Mahanadi river at Sambalpur (cumecs).

Year One-day 7-day One month
1926 51.0(6) 70.8(6) 81.8(6)
1927 51.4(4) 51.0(4) 51.0(4)
1928 51.0(4) 51.0(4) 64.4(5)
1929 25.5(5) 25.5(5) 25.5(5)
1930 25.5(6) 25.5(6) 46.5(6)
1931 25.5(5) 25.5(5) 37 8(5)
1932 51.0(5) 51.0(5) 51.0(5)
1933 90.6(5) 101.9(5) 131.1(4)
1934 90.6(5) 101.9(5) 131.1(4)
1935 101.9(6) 101.9(6) 112.7(6)
1936 90.6(4) 99.6(4) 101.9(5)
1937 90.6(6) 113.2(6 163.8(6)
1938 25.5(4) 25.5(% 40.2(5)
1939 25.5(5) 25.5(( 44.9(5)
1940 25.5(5) 25.5(0, 32.1(5)
1941 51.0(5) 51.0(5) 51.1(5)
1942 25.5(5) 25.5(5) 28.0(5)
1943 40.9(5) 45.9(5) 51.0(5)
1944 70.8(6) 82.4(6) 108.7(6)
1945 51.0(6) 51.0(6) 58.0(6)
1946 42.5(6) 44.1(6) 51.1(5)
1947 6.0(6) 7.1(6) 14.0(5)

Figures shown in the brackets are the months in which low flow occured.
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Table 2

One-day, 7-day average low flow and one month averages of minimum daily
flows in cumecs for Mahanadi river at Naraj.

Year One-day 7-day One-month
1926 85.0(6) 87.8(6) 129.3(6)
1927 85.0(5) 85.0(5) 85.0(5)
1928 85.0(4) 85.0(5) 104.3(5)
1929 56.6(5) 56.6(5) 56.6(5)
1930 56.6(5) 56.6(5) 80.4(5)
1931 56.6(5) 56.6(6) 70.3(5)
1932 85.0(6) 85.0(6) 87.9(6)
1933 141.6(5) 155.7(5) 211.0(4)
1934 90.6(6) 107.6(6) 137.0(5)
1935 155.7(6) 155.7(6) 172.0(6)
1936 141.6(4) 141.6(5) 152.6(5)
1937 141.6(6) 169.9(6) 309.6(4)
1938 56.6(4) 56.6(5) 74.0(5)
1939 56.6(5) 56.6(5) 78.6(5)
1940 56.6(4) 56.6(5) 63.9(5)
1941 85.0(5) 85.0(5) 85.0(5)
1942 56.6(5) 56.6(5) 59.4(5)
1943 79.3(5) 80.9(6) 85.0(5)
1944 113.3(6) 130.8(6) 194.6(5)
1945 85.0(5) 85.0(5) 99.6(5)

Figures shown in the brackets are the months in which low flow occured.

4.0 METHOD ADOPTED

4.1 The annual low flow is commonly defined as the lowest consecutive seven
day mean flow in the year. Usually it occurs in the same season although not
necessarily in the same month, each year and thus this value may be considered
as seasonal low flow. But it is felt that this criterion may not represent the
real drought conditions in the basin but a period of one month may be more
reliable and more realistic representative of drought conditions in the basin.

4.2 The fitted stochastic model using double exponential distribution function
of non-dimensional variable (Yi)

., KE"/L( )
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Estimation of magnitude of Xi of a low flow for a given recurrence interval
Ti is given by

R = C(Q_ ) +M+m(3-h)u{[ﬁ(ﬂ)j
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and m and c are distribution parameters, X;and < x; are the mean and standard
deviation of the Xi series. Ti = n+i/m  where n is the total number of years
of data used and m is the rank number. When series are arranged in ascending
order, the first value which is lowest will have rank 1 and the. largest value

will have largest rank number.

5.0 RESULTS

Ol The values of constants m,c, M and '9 have been computed and substituted
in equation (2) to obtain the stochastic models for all the three series of the

low flows both at Sambalpur and Naraj.

5.2 The models for Sambalpur are as follows:

xC:’f|'3'35‘3Ln{LﬂLT‘:)} for 1-day
xi = 93.8-86'4 ln J [, (T} for 7-days
x: = 563-529 La § lnlT )} for monthly

In case of Naraj they are as below:
X,z 16571124 L~ ?_LnCT()}' for 1-day

X: =147 |- 863 (n 3 by (TU_} for 7-days
Xi= 97.6- 123 (o {[n ('h')} for monthly
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