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ABSTRACT. The study deals with the application of simulation technique in reservoir planning
in the context of existing Krishna Raj Sagar reservoir in Karpataka State. The study reveals that a
storage capacity of the reservoir of 1200 M.C.M. may even be enough as compared to the existing
capacity of 1240 M.C.M. to get more benefit to satisfy the modernisation demand of 1850 M.C.M.
without, much irrigation deficit, and spill from the reservoir. The reason being that the high cost
of reservoir for greater capacity is out weighing the benefit gain in supplying more water to meet

the irrigation deficit. -

1. Introduction

In achieving the optimal design in reservoir plan-
ning, usually three techniques (Srivastava 1976 and
Jacoby & Loucks 1972) mathematical programming,
simulation and a combination of these are generally
used, The mathematical model is an abstract ideali-
zation of the system. There will be approximations
and simplifications to fit into the model certain mathe-
matical forms. Simulation is a descriptive technique
(Hufschmidt & Fiering 1966). A simulation model
incorporates the quantitative relationship among the
variables and describes the out come or the response
of the operating system under a given set of inputs
and operating conditions. Most planners resort to
simulation because, as it dealts effectively for the large
complex problem, without much simplification and
approximation of the real problems. The water resour-
ces planning is one such example. In simulation there
is freedom to test different combinations of structures
and targets. The simulation approach is essentially a
search technique which resembles the trial and error
approach used in traditional operation studies, There
is no such flexibility for the operating procedure which
is once fixed in the programme. Limited hydrological
inputs in simulation model in reservoir planning may
not represent the true configuration of the series of

hydrologic events. This can be overcome by generated
synthetic stream flows sequences for sufficiently long
periods (Fiering 1967). In the well-known Harvard
Water Programme, simulation techniques were applied
te the economic analysis of water resource systems
design (Maass er al. 1962). The U.S. Army Corps
of Engineers simulated the Columbia river system
using 25 storage dams and 45 runs of the river facili-
ties (Lewis & Shoemaker 1962). The report of a
seminar (1969) indicates that the simulation techni-
que have gained wide acceptance in the actual design
and operation of water resource projects. Four multi-
purpose reservoir in Narmada river system were
simulated using systematic and random samplings
(Srivastava 1976).

2. The Cauovery basin system

The Cauvery river (Modernization of K. R. Sagar
system 1970) is an inter-state river system Howing
through, Karnataka, Kerala and Tamil Nadu as shown
in Fig. 1. The basin is bounded on the west by the
Western Ghats, on the east and south by the Eastern
Ghats, and on the north by the ridges separating it
from Thungabhadara and Penner basins. It is rectan-
gular in shape, maximum length and breadth being
360 km and 200 km respectively. The basin has a

*The paper was presented in the symposium “Indo-French school on recent Advances in Computer Techniques in Meteorology
L]

Biomechanics & Applied Systems” held at LLT., New Delhi, February 1980,
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Fig. 1. Cauvery river basin map

TABLE 1

Monthly average flows for 40 years of river flows, percent irrigation
requirement and Madras requirement at K.R. Sagar dam

Percentage of Madras re-

annual irri- ) quirements
Month gation re- Average river from reser-
quirements flows™* voir*
(h (2) (3 (4)
January 5.4 32.40 135
February 4.6 24.687
March 5.6 14.39 '> 36
April 5.5 24.16 .
May 4.0 8406 )
June 4.9 398.12 1366
July 10.3 2145.937, 1840
August 13.3 1600.47
September 12.4 598.00 1640
October 11.4 544 .45 655
November 12.5 190.41 653
December 10,1 94.13 196

*In million cubic metres.

total catchment area of 87,900 sq. km. The annual
rainfall varies from 508 mm to 2,415 mm over the
catchment. The catchment area upto the K. R. Sagar
dam site is 10,360 sq km and an estimated yicld of
6,846 million cubic metres (M.C.M.). The cropping
pattern is paddy, sugar cane, and semi dry crops. The
average monthly river flows and the monthly percent
distribution of annual irrigation requirement at K. R,
Sagar dam are given in Table 1.

3. Identification of the problem

There is an abundant water potential available at
the existing K. R. Sagar dam of about 6,846 M.C.M.
The utilization at present is only 1,650 M.C.M. The
utilization of water resources was restricted duc  to
1924 agreement clauses between the princely States

of Mysore and Madras (Rep. Irrg. Comm, 1972).
This 1924 agreement was in force upto 50 years, ie.,
upto 1974. There is a great demand irom the farmers
in the command of K. R. Sagar dam for further exten-
sion of the canals and to give assured water to the
lands in the tail end of Visveswaraiah canal. The
present K. R, Sagar dam is already 55 years old and
from the existing base width of the dam, it is found
that there is no scope for further increasing of the
reservoir capacity. Only scope is to increase the com-
mand area with higher withdrawals through the existing
canal system., A scheme known as Modernization of
K. R. Sagar system has been proposed by Karnataka
Government (1970) under which it is proposed to
increase the utilisation from 1,650 to 1,850 M.C.M.
and to supply assured water to the tail end of canal
system,

The simulation studies (Sundar 1979) of K. R, Sagar
dam were carricd out firstly, to know that how best
and by now further irrigation facilities can be provi-
ded in the proposed new scheme. Secondly, to see
the applicability of simulation in the reservoir plan-
ning.

4. Search techniques

Having noted earlier that the simulation is a trial
and error technique rather than an analytic process
which converges to a global optimum, it is useful to
ask how the analysis procecds from trial to trial and
how reliable are the results of a given number of
trials. In other words, ask first if the iteration should
continue, and if so, to which next sample point (or
trial design). This is the general question of search
techniques. Systematic, random and hybrid samplings
are the threec most commonly used search techniques
(Srivastava 1976, Maass er al. 1962 & Meta System
1975).

Systematic sampling — In this system of sampling
the decision variables are sub-divided into a number of
steps or increments, the step-size depending primarily
on the number of variables involved, the speed with
which the computation can be performed and some
judgement about the sensitivity of sysiem response
to small changes in the design variables. A coarse-mesh
would be suitable for some variables, particularly those
to which system response is sluggish, other variables
would necessarily have to be subdivided on a finer
grid. Except in most simple situation use of syste-
matic sampling procedure is highly infcasible,

Random sampling — Random sampling Lechnique is
very much useful under two dimensional decision prob-
lems in which it is desired to maximize the response,
measured in the third coordinated dimension, The
difficulties involved in such a procedure is that random
sample chosen may be on infeasible zones, and the
total number of combination samples may be inade-
quate. In this technique ranges are selected for each
variable. Combination samples are chosen at random
by assigning values to all variables at random, within
the ranges specified for them,
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Hybrid sampling — This technique is a combination
of systematic and random techniques. The basic
strategy is very simple. A random sample is investi-
gated, and the outcomes are ranked. Of all the out-
comes, the top few (say 2 or 3) combination samples
which resulted in maximum net benefits are selected
for further investigation by hybrid sampling. A local
optimum can be reached from each of the top few
selected starting designs. There is no guarantee that
ihe best of these optima is a globul optimum, even if
the initial 2 or 3 combinations converge to the same
local optimum. This hybrid scheme uiilizes derivatives
of the benefit, B (response surface), with respect to
the several decision variables in the multi-dimensional
space, and design changes or steps arc made in the
direction of the largest derivative. A more general
technique blends the several derivatives so that the
step occurs along the gradient and is, consequently,
more efficient in terms of convergence to a local opti-
mum.

Let a decision vector contains m variables (xy, x2,..x,,
such . that the net benefit, B. can be written as a
tunction

B f (255 Xis ses oo )

Suppose dx; isadded to each variable in turn, and com-
pute dB/dx; for all variables. It is then required that the
step in any direction be proportional to the improve-
ment attained in that direction. Thus,
= ¢ (dBdx )

L

X o—x,
i T

where x'; is the succeeding value of x;. The question

is how to calculate ¢, the constant of proportionality.
If b is a given constant corresponding to the step size
in mulii-dimensional space, its magnitude is the familiar
Euclidean distance

m

b= [z(.\;'—.\-gz]i—_- ¢ [Z(dB/’d\-,-)Z]'l'

i=|

where upon

c=b [Z(dsfdx.-\.z ] “i

Cost-benefit functions — For the simulation model
of the reservoir, along with the hydrologic data, the
cost-benefit functions are required as input into the
model. These functions are capital cost of reservoir,
Fﬂgit'n.ll cost of irrigation works, irrigation benefit, loss
In irrigation benefit due to irrigation deficit, and opera-
tion and maintenance cost, These developed function
are given in Fig. 2, '

Establishing an operating procedure — The operating
procedure may be based on the inflow pattern of the
Cauvery river into K. R, Sagar dam. The following
characteristics (Modernization of XK. R. Sagar system
1970) will establish the operating procedure.

_ (i) the hydrological character of the basin, which
is dependent on the rainfall and the topography, is
such that Cauvery river will be in floods during June
tolOctot‘Jcr months, the reservoir will be full and will
spﬂl during these months. The reservoir will start deple-
ting from November to May; (ii) the irrigation with-
drawals from the reservoir will be less during monsoon

month from June to October, and high during non-
monsoon months from November to May; (iii) as per
the 1924 agreement clauses (Rep. Irrg. Comm, 1972)
between the Madras and the Karnataka States, water
has to be let out from the K. R. Sagar reservoir for
Madras in the manner given in Table 1.

Operating procedure — The operation of reservoir
will be carried out using the operating procedure, that
is, rules for storing and releasing water from the reser-
voir in each month in the following manner:

(i) the simulation will start in the month of June
in the first year of the study, and the initial reservoir
content in the month will be equal to the dead storage,
i.e., zero live storage; (ii) the releases from the reser-
voir in any month will be made from the total z;vai.l—
able water, i.e., sum of the initial reservoir content in
the month plus the inflow minus the evaporation from
reservoir during the month; (iii) the continuity equa-
tion will hold good in each month; and (iv) the reser-
voir content in any month cannot be more thap the
reservoir capacity.

5. Computations

Simulation calculations were carried out using the
developed computer programme consisting of the main
programme, three subroutines and one function sub-
programme. Two design variables, i.e., reservoir capa-
city, and annual irrigation requirement were sampled
using systematic, random and hybrid sampling techni-
ques. Number of sampled combinations were simula-
ted and tested. Analysis period was for 40 vears for
which the river flows were taken from the report
(Modernization of K. R, Sagar system 1970).

In the first systematic sampling the ranges for re-
servoir capacity and annual irrigation requirement
selected are given in Table 2, keeping in view the pre-
sent existing reservoir capacity and the future proposed
irrigation requirement of 1,240 M.CM. and 1,850
M. C. M. respectively, In all 24 combinations were
simulated and it was observed from the results that
the net bencfits (present worth) obtained in all the
combinations were negative. This was due to the fact
that the Madras requirement, Table 1 was much more
than the inflows resulting in heavy deficiencies in irri-
gation under K. R, Sagar dam. To avoid these defi-
ciencies, fresh trials were taken without the Madras
irrigation requirement and an average annual spill
from K. R. Sagar dam of the value of nearly 3,000
M.C.M. was assumed as the new annual irrigation
requirement for Madras. The monthly irrigation
requirements at Madras were distributed in the ratio
of average monthly flows. With the modified Madras
irrigation requirement second systematic sampling was
tried. The ranges of variables are given in Table 2.
These ranges were selected in this fashion because
the first systematic sampling had higher ranges and
limits for annual irrigation target. However, the ranges
and limits for the reservoir capacity were kept very
near to the existing capacity as there is no possibility
of its being changed. The results of 5 top combination
samples which resulted in maximum net benefits in the
second systematic sampling are given in Table 3, from
SI. Nos, 1 ot 5.
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Fig. 2 Irrigation and reservoir, cost and
benefit functions

TABLE 2

Ranges of variables for systematic and random samples

Systematic sample

Variable Range

(1) 4)

1,230-1,240

1,200-1,250%**

1,000-1,300%*

Reservoir
capacity*

Annual irriga-
gation
requirement®

1,800-2,300** 1,550-1,850%** 1,600-1,850

Random sample
e ——

*In million cubic metres (M.C.M.).
**First trial.
x*Second trial.

TABLE 3

Values of variables and results of various samplings®**

Average Average
annual  annual

irrigation spill from
deficit* reservoir®

Annual
irrigation
requiremant®

Net
benefit**

S1, Reservoir
No>.  capacity®

(n (3)

| 1,200.00 1,850.00

1,210.00 1,850.00 876.00

1,220.00 1,850.00 144.80 872.00

1,230.00 1,850.00 14317 868,00

1,240.00 1,850.00 141.67 864.00 180.38

1,238 .00 1,840.00 137.90 870.00 179.82

1,238.65 1,848.73 141.37 865.00 180.44

1,239.23 1,841.70 138.41 869,00 179.81

1,235.01 1,832.42 133.63 875.00 179.44

134,69 890.87 181.05

10 1,210.00 1,820.00

###§] Nos. | to § are from systematic sampling, SI. Nos. 6 to 9
are from random sampling, and Sl. No. 10 from hybrid sampling.
*[n million cubic metres (M.C.M.), **Present worth in 1upees

crores.

In the random sampling a closer ranges of variables
were tried. The ranges of variables, and the results
of 4 top combination samples which resulted in maxi-
mum net benefits from SI. Nos. 6 to 9, arc given in
Table 2, and in Table 3, respectively, For the hybrid
sampling the initial values of the variables were selec-
ted based on the highest net benefit combination got
from random sampling in Table 3. These values were
1.239 M.C.M. for reservoir capacity and 1,849 M.C.M.
for annual irrigation requircment. The results of the
30th iteration in the hybrid sampling are given in
Table 3, at SI. No. 10.

Response of K. R. Sagar dam system — It can be
casily observed from the results obtained from the
simulation run by the three search techniques that
the net benefit (present worth) increases with
lower reservoir capacity and higher annual irrigation
requirement. Average annual irrigation deficit is also
on the increase, whenever there is a combination of
lower reservoir capacity with higher annual irrigation
requirement. The spillage is also considerable for lower
capacities. Fig. 3 shows that how the net benefit, the
percentage average annual irrigation deficit, and the
percentage average annual spill from the reservoir
change with the change in reservoir storage for the
proposed new annual irrigation requirement of 1,850
M.C.M. There is a fast decrease in the net benefit
as compared to other two items. Fig. 4 gives these
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Fig. 3. Variation in net benefit, irrigation deficit and spill
with reservoir capacity

variations for the existing reservoir capacity of 1,240
M.C.M. with changing annual irrigation requirement.
In this case there are marked variations in all the
three items. After further modernisation the K. R.
Sagar dam would spill and would be emptied for 137%
and 14% of the times respectively during its life,

Support for use of simulation — From the results
as shown in Fig. 4, it is seen that if the annual irriga-
tion target is kept constant and the reserveir capacity
is increased the net benefit decreases and the variation
is rapid. Same is the case with the average annual
irrigation deficit and the average annual spill from
reservoir, but the variation arc slow. These behaviour
seem to be due to the fact that the cost of reservoir
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Fig. 4. Variation in net benefit, irrigation deficit and spill with
annual irrigation requirement

is quite large as compared to the loss in irrigation
benefit due to the irrigation deficit. Now, compare the
combination of the new proposal at serial no. 5
(systematic sampling) in Table 3 having a reservoir
capacity of 1,240 M.C.M. and annual irrigation
requirement, of 1,850 M.C.M., which gives a net
benefit of Rs, 180.384 crores with the combination
at serial no. 1 having 1,200 M.C.M. reservoir capacity
and 1,850 M.C.M. annual irrigation requirement
which gives a net benefit of Rs. 184.431 crores. This
comparison means that the new proposed annual irri-
gation requirement of 1,850 M.C.M. may as well be
satisfied, even giving more net benefit, with a lower
reservoir capacity than the existing capacity of 1,240
M.C.M. This could only be answered effectively by
using simulation technique, as done here, Therefore,
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it is evident that if the planning of reservoir by simula-
tion studies would have been carried out before cons-
truction of this reservoir, it would have been more
appropriate.

Simulation which predicts the behaviour of the
system in more detail or rather is more a descriptive
than any of the mathematical techniques may provide
answers to many such problems as discussed above
which other methods of planning may fail to do so.
In the light of the above findings the simulation techni-
que may be a powerful tool for reservoir planning.

6. Conclusion

Simulation study was carried out here to sce the
applicability of it in the reservoir planning. An exis-
ting system of K. R. Sagar dam was analyzed for its
future development. Three sampling techniques, namely,
systematic, random and hybrid were used to explore
the response (net benefit) surface. It was found that
a lower capacity of 1,200 M.C.M. may only be re-
quired to satisfy the future annual irrigation require-
ment of 1,850 M.C.M., whereas the existing reser-
voir capacity is already in excess (1,240 M.C.M.)
(see Table 3). This behaviour may only be predicted
by simulation, making it the most feasible method for
reservoir planning.
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Notations
B net benefit (response surface):

L a constant or Euclidean distance uorrespor'gding to the step
size in multi-dimensional space of m variables:

¢ a constant of proportionality:
dB/dx; derivative of the net benefit with respect to X

dx; step size of change in X such that Jx = .\"l_ X
i

m  number of variables in the decision vector;

xi ith variable of the decision vector containing m variables;

¥ succeeding value of x and
I

(), #2,. ... xm) @ decision vector containing m variables.




