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Abstract: In this article, the value of storage capacity of a medium sized Karalloe reservoir is
discussed. Together with an uncontrolled weir, the Karalloe reservoir is supplying an irrigation
area. The purpose of the study is to estimate the value of reservoir storage capacity at the various
storage states and at different dependable inflow levels. The Linear Programming model is used
to optimize the irrigation benefit for various storage capacity and various dependable inflow
levels. The results are used to estimate the values of storage capacity at various conditions. The
results show that for inflow of the dry year, there is no value for the additional storage capacity.
But for inflow of the wetter years, there are significant values for adding more storage capacity.
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1. INTRODUCTION

Generally, a large sized irrigation
area is supplied by one or more river. In an
appropriate site, a weir is constructed to
divert the streamflow to the irrigation area.
If there is a possibility to build a reservoir,
then it can increase the size of the total
annual irrigated area to be served because
the water from the surplus periods can be
transferred to the deficit periods (dry
spells) by utilizing its storage room to
retain the surplus water.

Accordingly, the size of storage
capacity is the principal asset of a
reservoir. The larger is the storage
capacity, the more valuable is the
reservoir. Still, this valuable asset can be
significantly reduced by the inflow of
sediments [1, 2, 3, 4]. The presence of dry
spells in the series of streamflow actually
heighten the value of the storage capacity.
However, there is a limit where further
addition of storage capacity do not have
any benefit.

More reservoir storage capacity is
always demanded in the developing region
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with growing population [5, 6, 7]. When a
reservoir is operated with the optimal
release rule and there are still a lot of
spillout, it is the indication that more
storage capacity is desired. At the same
time, it is also the sign that the storage
capacity has a high value. In this case, any
additional storage capacity will bring
significant increase in irrigation benefit.
This condition occurs when the inflow is
high during the wet seasons and it is low
during the corresponding dry seasons, but
on average the annual inflow is relatively
high (in other words, it is the wet years).
At the lower inflow, the increment in
irrigation benefit will be also lower. At a
certain value of storage capacity, there is
no more increment in irrigation benefit.
The purpose of this study is to estimate the
value of storage capacity of the Karalloe
reservoir at various of storage capacity
and at various dependable inflow levels.

2. MATERIAL AND METHODS
To allow the study to be conducted
properly, a medium sized irrigation
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reservoir in a river is selected. This
reservoir, together with a diversion weir in
another river, is slated to provide water for
an irrigation area in the downstream.
2.1 The location of study

The medium sized reservoir to be
used in this study is the Karalloe reservoir
which is located in the Gowa Regency of
South Sulawesi Province, Indonesia. The
reservoir is slated to supply the Kerala
Irrigation area to the downstream in the
Jeneponto Regency. The Kerala Irrigation
Area is also supplied by the Kerala Weir.
The system of the Karalloe reservoir and
the Kerala Weir can be seen in the Figure
1.

Karalloe River Kerala River
C.A. 181.62 km? C.A. 103.18 km?

Karalloe
Dam/Reservoir

Kerala

Weir
Kerala
Irrigation Area

Figure 1. Karalloe Reservoir — Kerala Weir
system

As can be seen in the Figure 1,
there are two suppliers for the Kerala
Irrigation Area. The first supplier is the
Kerala Weir in the Kerala River with a
catchment area of 103.18 km2. The Kerala
Weir have not any storage capacity for
reservoir operation. The second supplier is
the Karalloe Reservoir with a catchment
area of 181.62 km2,

2.2 The system of Karalloe-Kerala

The Karalloe Reservoir has the
total storage capacity of 39.28 million m3
and the dead storage capacity of 11.02
million m3, therefore its active storage
capacity is 28.26 million m3. In the system
of Karalloe-Kerala, the Kerala Irrigation
Area is directly supplied by the Kerala
Weir using the discharge of the Kerala
River. To supplement the supply of
Kerala, a Karalloe Reservoir is to be built
in the Karalloe River. Using the active
storage capacity of 28.26 million m3, the
Karalloe Reservoir can be operated

optimally to fill the gaps in the water
supply of the Kerala Weir.

The Kerala Irrigation Area is to be
cultivated for 3 cropping seasons
annually. Each cropping season is 4
months long and divided into 8 half-month
periods. Therefore, there are 24 half-
month periods annually. The two sources
of water are also obliged to supply a
predetermined amount of municipal water
demand in the downstream area.

2.3 The optimization models
The optimization model for the
reservoir operation to be used is the Linear
Programming model [8, 9, 10]. The
objective function on the reservoir
operation optimization is to maximize the
total irrigation benefit of the 3-cropping
season annually. The constraints are the
system of equation for water balance of
the reservoir operation annually. In all,
there are 95 equations and non-equation.
The optimization is done for 6 active
storage capacities and 4 conditions of
inflow  dependability. The Linear
Programming optimization model is
formatted in accordance with the MS-
Excel 2010, with the mathematical model
is presented in the follow.
The Objective Function: Maximize C1.Aq
+ Co. A2 + C3.A3
With C;j is the unit area benefit of
season i, and A is the irrigation area of
season i.
Constraint of Reservoir Water Balance: S;
+ i = Si+1 + Oj + Pj (24 constraints)
With S; is reservoir storage at the
beginning of period i; I;, Oi, and P; are
inflow, outflow, and spillout in period
I; and Sj+1 is reservoir storage at the
end of period i.
Constraint of Irrigation Water Supply: O;
+ Ti = A.Ri + Bj (24 constraints)
With A is the irrigation area of the
corresponding season; Ti, R, and Bi
are the additional water supply from
weir, unit irrigation area water
requirement, and municipal water
requirement in period i.
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Table 1. The Benefit of Storage Capacity

Active Q26 % Q50.7 % Q753 % Q97.3 %
No.  Storage Benefit Benefit Benefit Benefit
(108 m3) (108 rp) (108 rp) (108 rp) (108 rp)
1 28.26 216,535 144,648 127,231 107,897
2 28.50 218,158 145,794 128,377 107,897
3 28.75 219,850 146,988 129,571 107,897
4 29.00 221,541 148,182 130,765 107,897
5 29.25 223,232 149,375 131,958 107,897
6 29.50 224,924 150,569 133,152 107,897
Table 2. The Value of Storage Capacity
Active Q26 % Q50.7 % Q753 % Q973 %
No. Storage Value Value Value Value
(106 m3) (rp/ms3) (rp/m3) (rp/ms3) (rp/m3)
1 28.26 6,766 4,775 4,775 0
2 28.50 6,766 4,775 4,775 0
3 28.75 6,766 4,775 4,775 0
4 29.00 6,766 4,775 4,775 0
5 29.25 6,766 4,775 4,775 0
Constraint of additional water supply from The reservoir active storage

weir: Ti < D; (24 constraints)
With Di is the potential additional water
supply from weir in period i.
Constraint of reservoir active storage
capacity: Si+1 < Ca (23 constraints)
With Ca is the reservoir active storage
capacity.

Total of the four groups of the system
constraints are 95.

3. RESULT AND DISCUSSION

The results of the solutions of the
linear programming optimization models
can be seen in the Table

Based on the values of the benefit
of storage (Table 1), the values of
additional storage can be estimated via
dividing the incremental benefit by the
incremental  storage. These values
represent how much gain can be achieved
by adding more storage capacity to a
current active storage with certain
condition of inflow dependability. The
result of calculation of value of storage
capacity can be seen in the Table 2.

capacity is 28.26 million m3. For the
purpose of estimating the value of
incremental storage capacity, the original
value is added by about 0.25 million m3 for
5 times. In Table 2, the value of storage
capacity is seemed to be constant with the
increasing storage capacity. But actually,
the value of storage capacity will decline
and eventually become zero at a certain
storage capacity. These zero-values
storage capacities for Q26% is at 50.00
million m3, for Q50.7% is at 34.48 million
ms3, for Q 75.3% is at 30.59 million m3, and
for Q 97.3% is at 14.08 million m3. Thus,
for the inflow condition of Q97.3%, the
actual storage capacity of 28.26 million m3
is already too large.

4. CONCLUSION

In the dry year (inflow
dependability of 97.3%), there is no value
for the additional storage capacity, but in
the wetter years, there are significant
values for adding more storage capacity.
This information can be useful in the
further developments of the project.
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