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1.0—Introduction

The primary function of a resetvoir is to provide
storage and control of water and distribute it with respect
to time. The input and output of the system, the storage
capacity and the losses of the system, should be suitably
combined to produce an optimum performance.

Impounding reservoirs are normally required for two

functions:— :

(i) to impound water for beneficial uses,
(ii) to retard and control flood flows.

These two functions may be suitably combined to some
extent by cateful operation.

The purpose of this paper is to coavey a method of
operation concerning the former function, during critical
conditions. Impounding treservoirs of the former func-

.tion are usually used for the purpose of irrigation, hydro--

power generation and water supply. The method of
operation under critical conditions would differ for each
of the above uses. ' -
Water requitements for municipal, recreational and
industrial or power uses should be determined by popu-
lation projections with per capita requirements and are
largely independent of hydrologic considerations. On the
other hand the requirements for irrigation should usually
be determined by combining estimates of potentially
irrigable land area with estimates of probable consump-
tive use per unit acea. The outflow from a reservoir is
pethaps the only variable which could bz easily con-

trolled in considering the other variables such as inflow, .

losses and reduction in storage due to silting etc.

When the estimates of available water and the various
items of watet use and water loss are assembled, the
reservoir capacity is usually determined by an operation
study. This is a simulation of the reservoir operation
which would take place during a critical period if specified
tules are followed. .

2.0—Factors Causing Critical Conditions

2.1—Drought Conditions

A chief factor concerning critical conditions would
be the occurrence and the duration of droughts. Droughts
may be local, confined to a single basin or area or they
may bs widespreid coveting -many provinces or even
parts of the world. Low precipitation and high variability
usually occur together because in areas where the total
annual rainfall is small, it is usually due to a relatively
small number of storms or rainy periods. Furthermore
since the number of occurrences is small it is natural that
the variability will be high. In Sri Lanka the two mon-
soon periods have failed to be consistent throughout, in

intensity.and duration. The severity of droughts may be

measured by various parameters: such as deficiencies in
rainfall, decline in soil moisture, reduction in ground-
water levels etc.
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. 2.2—Forest and Range Cover Effects

There are cettain variables such as rainfall, climate,
geology and soil that eannot be controlled directly by
man’s activities. ‘There are however other influences
such as vegetation and forests which can be manipulated
to supply a degree of control of rates and amount. of
run-off, erosion and sedimentation etc.

_Various available information on the hydrologic beha-
viour of forest lands and the relationship of land use to
water yield has indicated the impact of:

(a) rainfall,

(b) direct interception of a part of the precipitation by
the aerial portions of the plants,

(c) dissipation of soil moisture by transpiration,

(d) reduction in the loss of soil moisture by evapo-
ration,

(e) binding the soil a‘gainst erosion and

() holding back of some of the moistuze by the ‘blotter’
effect of the litter.

The use or the misuse of forests and vegetation on the
land may have a very great effect on water production in
both quantity and quality. Therefore consideration has
to be given when excessive 1ogging, cultivation, burning
and grazing of forest lands are made.

2.3 Sedimentation

Erosion, transportation and deposition of sediment
are natural processes which have occurred throughout
geologic times. These amounts vary greatly depending
upon geologic, climatic, physical, vegetative and other
conditions. Sedimentation of a reservoir created by a dam
constructed on a natural water coutse is inevitable.

The ptoblem of sedimentation in reservoirs in Sri
Lanka has not bzen significant, however this could be
confirmed only by field investigations.

The distribution and deposition of sediment in a rese-
voir is dependent upon several interrelated factors such
as nature of sediment, inflow-outflow relation, shape of
reservoir and the reservoir operation in general.
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2.4 Evaporation .
Evaporation losses can be -substantial in shallow
. reservoirs or in reservoirs storing a'long-term supply.
-Evporation-losses are normally calculated for the surface
area exposed to evaporation duting draw down, and this
is normally taken as two-thirds of the maximum atea of
the reservoir.

Although it would be useful to correlate evaporation
data with climatic conditions, this is not possible due to
insufficient information and therefore it is necessary to
usc average values for computing losses during droughts..-
- By combining appropriate rainfall data with maximal
evaporative losses, net evaporative losses for drought
.periods of various frequencies atid durations could be

estimated., -

2.5 Seépage and Other Losses

Losses due to seepage, and leaks in the transmission
and distribution systems contribute largely towards the
depletion of the supply. For various reasons such as pooxr
construction control, differential settlement cracks etc.
leakages first commence 'as a small seep. '

~ As water seeps through compacted soil of an embank-
ment or the natural soil of a foundation, the pressure

head is dissipated in overcoming the viscous drag forces
which resist the flow through the small soil pores. - The -

seeping water then generates erosive forces which tend
to pull the soil particles with it in its path of travel through
and under the dam. :

Usually seepage losses are small and pethaps only 10%
of the outflow. Some of the methods adopted to reduce
scepage is’ to have cut-off walls, Bentonite blankets,

grouting etc, .

A further loss would be due to leakages which occur
in the transmiission and distribution systems. The exist-

ence of a leak may be known or suspected, but its exact’

location may be difficult to discover. However there ate

various methods of investigations which can be em-

ployed.

" 2.6 Outflow Demand
The rate of draw-off from a reservoir is usually

determined by the mass flow curve analysis, depending

on the expected inflow and reservoir capacity. . Once the

designed rate of draw-off is established it will have to be’

frequently confirmed depending on the variation of
reservoir capacity and rainfall pattern.

Furthermore outflow demand increases with other
" factors such as. populition changes, industrialisation,
losses in the distribution -systems etc. Although.an
optimum value of the safe continuous maximum draw-off

could be determined to a single reservoir, during times .

when the storage is less than expected (for the particular
time of the year), measures will have to be taken to pre-
‘vent a crisis. ' .
.3.0 Reservoir Analysis _ .

A generalised reservoir system, consists~of a sto-

chastic input y(t) and a reservoir with 3.maximusi-capa-

<4

city Q, in which the quantity of -water stored"4s, G(t).
A ‘release x(t) is allowed to fmee _
requirements, The fundamedtal’problem of operatio}
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Thg ctitical operation of a reservoir is necessary due to
the high' variability of inflow into the reservoir. It is

 therefore necessary to establish a critical stofage relation-
* ship c(t) which would be dependent on.the following

in the case of impounding reservoirs usedyputely for the
purpose of water supply. :

(i) deaw-off levels,

*+ () frequency of droughts,

(iii) reliability of other sources,
. (iv) utexpected output demands etc.

- The performance of a reservoir has to be optimised both

individually and also as an integral component of 2 system
of reservoirs and other. sources. S

" During normial operation of such a system, if output

levels have been properly designed, there will be the high

inflow months in which water must be spilled for lack of
available storage space. ' ‘ : ’

The critical storage curve would differ for each reser-
voir depending on its use. This curve should be reviewed

‘periodically as more hydrological data become available.

This is necessary due to the presence of the factors men-
tioned in section 2.
Once the critical storage curve is available-the reservoir
operition should be based so that within the period of

study the storage does not fall below the critical value.
In a very small reservoir the analysis may have to be
based on daily data as a drought of a few weeks duration .

. could overtax the reservoir. On the other extreme are |
- reservoirs with a capacity of several times the annual

inflow, storing water for several years and 2 critical
drought period measured in years.

With the availability of high specd computers it ia
possible to construct a precise numerical definition of the
ctitical operation as a function of

(i) the target output x(t), . )
_ (ii) the maximum active storage Q, and -
(iii) the historical sequence y(t) of input.

For best results the target output of firm releases should ~ -
be distributed from month to month so as to at least
approxithate the normal seasonal demand characteristics.

The first step in determining the functional critical
petiod is to normalise all quantities in terms of the mean

"annual discharge 3. Thus, x(t), Q etc. are expressed in

unjts of y.

The analysis could be modified depe-nding on the use of
the reservoir and the cruciality of the output level.

4.0 -Appliéation of the Critical Operation
Case Study — Kalatywawa 1976 _
Since hydrological data is available for Kalatuwawa
reservoir for the current year the suggested methodology
is applied to elucidate the application of the method and
highlight the desirability of the net result.
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‘The supply of watér to Colombo and its suburbs should
be studied by considering all three sources namely Kala-

Y OF WATER TO CITY OF COLOMBO AND IS

tuwawa, Labugama and the Kelani. (Fig. 1 indicates how e -
this has taken pla.ce during the past 2} years). 3500 SUBURBS o "

The aim of this section is-to apply the critical operation g _ | ) \
method to the Kalatuwawa reservoir only to obtain an TOTL SuPRLY
optimum performance of the reservoir by ensuring that 3 2500 ‘ N U
the storage level does not fall below the critical storage =7 /. LABUGAMA
curve unless two consecutive monsoon periods have 3 D
completely failed. 3 A e

A study of the Kalatuwawa resetvoir and its catchment El isoof : / \ / . \
with the available limited data has been carried out. When 7 P
the Kalatuwawa scheme was originally designed the 1000} / o S e
expected safe uniform draw-off' had been fixed at 20 s — 4
M.G.P.D. Studies indicate that the procedure of main-  soof Lo 7 -
taining a constant uniform outflow throughout is not 2 g er et 5a #% ar 207 San W% I1oh 20 pAKQ
satisfactory method of operation and that the original
designed uniform outflow at .20 M.G.P.D. seems to be
much in excess of what the reservoir could safely deliver Fig. 1
continuously. ot

A major limitation in this study has been the non- - o "
availability of inflow data to the reservoir. However this » . KALATUWANA OPERATION - [976

has been computed by considering the storage changes
and by assuming the outflow as recorded by the meters
to be correct. Another major assumption made in the
study is the adoption of the original bed contour survey, 3

25

thus neglecting the possibilities of reduction in storage zpof-

due to sedimentation. The study revealed a total capacity
of 3200 MG as against a capacity of about 3900 MG,

———— ACTUAL OPERATION

SUGGESTED OPERATION

indicated by the original designérs and 3580 MG as men- | e Lo o]

tioned in the UNDP (WHO) report of 1972. Another ...

limitation in this study has been the inability to ascertain “'Of -

the accuracy of the outflow recordets. )

_ With the hydrological analysis for the years 1968-1973 | -I_,-\JJ’J\

Qndusiye) being available, a msthod of regulating the . ) ) . )

reservoir was presented at the SLAAS session 1974 under MR "MID_ | ‘ . D D D s D6 D o MD PERICD

the title “The study of the Kalatuwawa reservoir and ‘its
catchment™. - '

KALATUWAWA  RESERVOIR . ¥
. ABOVE .

LAST DRAW OFF
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4.1 Kalatuwawa Operation 1976

This section attempts to make a comparison between |
the situation which existed in 1976 and what would have
been if the method of critical operation was adopted
during the year. -
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Fig. a

+ 'The hard line in figure 3 indicates-the water level and
storage chariges from spill level which was reached in
mid-Dzscember 1975. The outflow pattern during these
months are indicated by the hard line in figure 2. This
outflow has been at an average of about 19.5 M.G.P.D.
from mid Dzcember 1976 till about early June 1976 and
a sudden reduction to about 2.5 M.G.P.D. which occuzred
in mid-June when the water level was at the alarming low
level of about 4-5 feet abdve the last draw-off point.

A major factor adopted in the suggested operation is

. that the water level is maintained above the 1st draw-off

at all times except when the first monsoon has completely
failodd. At such an event the rate of outflow is further
regulated so that there would be a limited supply, till the

" next monsoon. This period between the two monsoons

should be such that the critical storage would reach the
list draw-off only after the second monsoon has failed.
With the above criteria the reservoir outflow could have,
been regulated as indicated by the broken line in figure 3
from mid January itself. This would have resulted with
water level at the 2nd draw-off during mid-July which
would have been 13 ft. above the last draw-off point. In
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" VARIATION - 1976

——e—— ACTUAL VARIATION
me<-m---= SUGGESTED VARIATION

IST. DRAW OFF

26.0[-344

34.0r336 -
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Fig. s

doing so (as seen in figure 2) the lowest rate of outflow by
this method would-have been 9.5 M.G.P.D. during mid-
July which is nearly 2-3 times the supply which was made
available in mid-July 1976.

What really happened was that the water level was as

low as 7 feet above the last draw-off point and contained
only 345 MG.’ of storage; furthermore the supply deple-
ted to a very low value of 3 M.G.P.D. -

Table (1) indicates reservoir operation for the months
mid-Decembér to mid-August 1976. Sequence of com-
putation is as shown in chart (1), -

: .\
§.0 Conclusions

Planning for the operation of reservoirs is an essential
feature of project design. It is necessary that a schedule
or a guide for reservoir operation is developed in a preli-
minary form at the operation planning stage, so that the
information would enable to determine in advance at
optimum performance. ' '

If the only purpose of the teservoir is the release of
cofiservation storage, and if it is essential that the regu-
. lated ‘output is never less than a specified minimum

amount, the operation plan is simple, but should be care-
fully followed to avoid a crisis. Such a plan should be"

based on the critical storage curve for the particular
reservoir which has to be predetermined and refined as
often as possible on gaining actual operating experience.

The critical opetation method should be considered
for intervals as short as possible. " 'The success and the
eff=ctiveness of this method of operation would be evi-
dent when the plan is applied well in advance and pre-
ferably right through the year, once it is established that
a particular reservoir,is prone to critical conditions.

The role of hydrology in reservoir studies should not
be 9nly at the early stages of the analysis but should be
continued to estimate precipitation changes, sedimentation
studies, evaporation studies etc. i
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L) New stuge (MG) of the end o monh f fere was ne infiew
All) Actud  storage M) os ohserved at the end o the monh
Fin Net inflow (NG). i.e. differencetotween XD () end AlD)

om Designed dmw oft (MGPD) < .
ot Safe.max drow ofHMFD) - cerent hem  designed dnw o B(D)
NSU) Mol st (M)t te mie of O duing he meoy
tl1) thtd  sorage (MG) o estima®d for sch monh .

Tabie (1)

The output demand at the initial operation of a reset-
voir would be very different after several years and steps
would be necessary in certain cases to augment the avail-
able supply by combining with other soutces.

Wherever possible measures should be takes to avoid
the use of traditional forms of energy for pumping in the
light of the present energy crisis. ‘Gravity flow methods
should be considered even at the expense of high initial
costs as running .costs would be negligible. -

The annual critical operation plan for a particular
reservoit should be reviewed each year with the increase
of hydrological data and techniques. :
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