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RESERVOIR OPERATION FOR HYDROPOWER

1.0 INTRODUCTION

Hydropower is one of the major water uses. This forms an important part of a multi-purpose
reservoir. Reservoir operation/regulation study is an essential part of water resources planning and
management. The operating procedure (storage and releasing of water) for an individual reservoir
may generally consist of the conventional operation rules used in planning working tables of a project
reservoir. Sometimes a single rule curve may be also used.

1.1 BASIC RESERVOIR OPERATION CRITERIA

Basic Reservoir Operation Constraints

The basic reservoir operation criterion, Figure 1, is expressed in terms of simple equation,
known as continuity equation and is as follows :

S, =S+ +I,+P-EL-0-0, for all t (1)

where S, = Reservoir storage at the beginning of time t,
Inflow into reservoir during time t,

—
- -

I, = Local inflow to the reservoir from surrounding area in time t,
P, = Precipitation in the reservoir in time t,
El, = Evaporation losses from the reservoir in time t,
O, = Total out flow (release) from the reservoir in time t,
O'L = Release to natural channel from reservoir in time t, and
S, = Reservoir storage at the end of time t.
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Fig. 1 Reservoir Operation Rule Curve
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The above equation is subjected to the following constraints:

0,<8,+1I,+1 +P-El-0O,- Ymin for all t .(2)
where O, = Oa’, + Sp, for all t ..(3)
Oa't = Release from reservoir to fulfill energy demand in time t, and

Il

Sp, Reservoir spill in time t.

Water Balance of Reservoir
On yearly basis the water balance of the reservoir should be carried out as given below:

S;-Sg =CL)+ (XZP)-EEL) + (T 0a,) + (ZSp) .4
3.0 RESERVOIR OPERATION TECHNIQUES AND PRINCIPLES

3.1 Reservoir Operation with Conventional Rule

For reservoir operation the simplest operating rule is to supply all the water demanded, if
available. In this situation, the release is almost independent of reservoir content and season. If there
is sufficient water in the reservoir to meet the required releases, the reservoir empties. This simple
phenomena is called the conventional rule (Fig. 1) for reservoir operation. This is with the aid of
constraints (1), (2), (3) and a modified constraint (5) given by :

Yd = Ymin, £S5, <Y for all t ...(5a)

3.2 Reservoir Operation with Single Rule Curve

Rule curve operation (Fig. 1), with constraints (1), (2), (3) and a modified (5) by adding YT,
, may be such that as the storage of water in the reservoir decreases, restrictions may be imposed in
the uses so that the demand falls and releases are lowered. The question comes in mind whether the
water stored in the reservoir is to be used at present or to be retained for use during the possible
droughts in future. A rule curve may be defined as a diagram showing reservoir storage requirements
during the year. Reservoir operators are expected to maintain these levels as closely as possible while
generally trying to satisfy various water needs downstream. If the reservoir storage levels are above
the target or desired levels, the release rates are increased. Conversely, if the levels are below target
levels, the release rates are decreased. These release rates may or may not be specified but will
depend in part on any maximum or minimum flow requirements and on the expected inflow.

Hence, the constraint (4) is modified by incorporating the variable capacity up to Rule Curve
level. Yr, of reservoir in time t, i.e.,

Yd = Ymin, < Yr, < S, <Y for all t ...(5b)
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4.0 RESERVOIR REGULATION FOR HYDROPOWER
Regulation of a reservoir for hydropower can be done for the following cases :

(i) Regulation for dependable (firm) energy
(i1) Regulation for targeted energy
(ii1) Regulation for maximum energy

The equations governing the power release 0"t and the turbine releases OT, are given below:

(a) Dependable and Targeted Energy Regulations

Oa', < Od", |
| for all t, if sufficient water is not available.
O, =0a,; |
Oa’, = Od"t |
| for all t, if there is a reservoir spill.
OT, = Oa, |

Oa’, < OT, < OTmax,
(b) Maximum Energy Regulation
OT, = OTmax,

5.0 RESERVOIR REGULATION EXAMPLE

Table 1 shows operation of a reservoir for the regulation of a run of river hydroplant for
maximum energy generation. Table 2 shows the regulation of an U/S storage reservoir for dependable
energy. The hydroplant is located at the d/s reservoir with a fixed storage. Table 3 shows the
regulation of a reservoir for annual targeted energy.

Notations

El, reservoir evaporation in time t

I, river inflow to reservoir in time t

I local inflow to reservoir from surrounding areas in time t

O, total water release from reservoir in time t

i 1 release to natural channel (downstream riparian rights) from reservoir in time t

P, precipitation directly upon reservoir in time t
S reservoir storage in the end of time t

Sp, reservoir spill in time t

t any time
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Y total capacity of reservoir at maximum pool level

Ya, active capacity (Y - Ymin,) of reservoir in time t

Yd dead storage of reservoir

Ymin, variable capacity up to minimum pool level of reservoir in time t
Yr, rule curve (ideal storage) volume in time t

Oa"l release from reservoir to fulfill energy requirements in time t
Od’, energy demand from reservoir in time t

Sui reservoir storage at the beginning of time t

Note: S, = 301.34 ha-m, Tail water level = 3m, e = 0.85 and plant capacity= SMW.
As = 5.7613(S)*3, EL = 0.0603 As + 4.572
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