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THE COMPARTMENTED RESERVOIR

INTRODUCTION

The need for an efficient method of storage of water in arid zones has long
been recognized. Efforts have been made everywhere to develop small storage
tanks to provide water at critical periods. However, most of the existing tanks
have such annual or seasonal evaporation losses that they are equal or even
greater than the average depth of the tank. Thus many of these tanks are com-
pletely depleted before the end of the dry season, often with dramatic conse-
quences for human beings, livestock or agricultural activities depending on the
water supply.

Reducing the heavy evaporation and seepage losses in these tanks is an im-
portant way to increase the supply of water. Several methods have been developed
to reduce these losses but one of the most effective ways is to make the tanks
with a smaller surface but deeper. The importance of making tanks deeper has been
recognized for many years but there are several constraints for achieving depth
in tanks: (a) the gradient of the water stream, (b) the unsuitability of
dozers to work in deep pits, and (c) shallow soils. However, these constraints
can be removed by using high rise banks and water pumps. Efficiency can also
be improved by keeping the water concentrated.

With this idea in mind, Mr. Cluff, FAO Consultant, has developed the con-

cept of the compartmented tank, which is being tried out successfully in
-

Mexico, and whose main features are summarized below. For further details,
Mr. Cluff should be contacted at the following address:

Mr. C. B. Cluff
5525 N. Grande
Tucson, Arizona 85704

DESCRIPTION

The compartmented reservoir consists basically of a reservoir divided into
compartments in order to keep the water concentrated. Figure 1 illustrates a
three -compartment reservoir. The receiving compartment has been called A and
the deeper but smaller compartments B and C. This reservoir is operated as
follows: compartment A is filled naturally by the runoff of the watershed.
The compartments B and C are filled from the receiving compartment A by
means of a pump or other water -lifting device. Water is first withdrawn for
consumptive use from A until evaporation and seepage losses from B and C are
equal to the remaining water in A. At this time the pump is required to
transfer the water from A into B and C. This eliminates evaporation and
seepage losses from A. Water is then withdrawn from B until the losses in C
(which are equivalent to unused capacity in B) are equal to water remaining in
B. At this time the pump is used again to pump the remaining water from B into C.
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The use of a pump not only keeps the water concentrated but removes the
constraint of the stream gradient on the depth of the tank. This makes it
possible to make all compartments other than the receiving compartment deeper
which adds to the efficiency of the compartmented reservoir concept.

DESIGN

The compartmented tank is basically sized taking into consideration the
following parameters: hydrologic characteristics of the contributing watershed,
water demand, seepage, evaporation, and construction and operation cost. A pro-
gram for a small programable calculator has been used to reduce the time
needed to design a compartmented tank. An optimization program for a larger
computer is being developed at the University of Arizona to fully explore the
potential of the compartmented reservoir.

The sizes of the reservoirs on which this concept has been applied range
from 0.5 ha to 60 ha, and the watersheds from 5 ha to 1500 ha. There doesn't
appear to be any reason why the concept will not work for much larger reservoirs.

CONSTRUCTION

The construction of compartmented tanks does not offer major engineering
problems provided that the proper equipment is available. The height of banks
has not exceeded 6 to 7m and therefore there have been no major problems from
lack of stability if a,slope smaller than 1:2 is used. For greater slopes
the stability should be checked. However, the seepage losses through them
can be important if compaction is not properly executed. In this respect
the proper watering of the earth layers is the key factor to achieve the
desired degree of compaction.

SEEPAGE CONTROL

Several methods can be used to control seepage. One of the most effective
solutions is the application of sodium chloride in adequate rates. This method
can only be applied when soils have a clay content above 10 -15 percent. A
general guide is the application of 10 to 29 metric tons of salt per hectare.
The cost per hectare of the treatment would by US$ 180 to 350. Boyer and Cluff
describe the method in detail as well as the conditions under which it should be
utilized (see reference).

TRANSFER OF WATER

As far as possible, the transfer of water between compartments should be
made by connecting pipes or plastic syphons. However, when a sufficient head
is unavailable, the use of some water -lifting devices is necessary. The most
promising device is a low -head high capacity pump, powered by a tractor. These
pumps are available in capacities up to 5000 cubic meters per hour. One such
portable pump will be sufficient for several small reservoirs thus reducing
the capital investment per tank. For isolated reservoirs other types of pumps,
including windmills,would be suitable.
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Pumping cost is low compared to the cost of constructing the reservoir. The

cost of the water transfer in the case of Mexico amounted to US$ 0.003/m3 assuming
that all the necessary water was transferred by using low -head high capacity
pumps.

If the surface slope is greater than 2 or 3 percent, the compartments can
be placed separately down the slope and connected with a pipe. The transfer
of water can be done automatically by gravity with a savings in operating costs.

COST

The cost of a compartmented reservoir is dependent upon the construction cost,
the amount of pumping required and the cost of the treatment for seepage control.
The construction cost per unit of storage of a compartmented reservoir would be
generally less than that of a conventional tank if high rise compartments are
used. If the depth is not increased, the cost would be greater due to the
construction of the dykes dividing the reservoir, however, due to the significant
improvement in efficiency the cost per unit of water beneficially used should
be less with the compartmented tank.

The cost of seepage control by salt treatment is relatively low. Where other
methods have to be applied cost can rise considerably and it may be advisable to
look for another place where seepage problems can be solved more easily.

The construction cost is mostly dictated by the earth moving required and
therefore the cost is very much influenced by the working method and the equip-
ment used. In remote areas and where considerable unemployment exists in the
agricultural sector, the possibility of using some intermediate or even labour -
intensive technologies in the construction of the tanks should be considered.
Assuming a standard cost of US$ 0.4/m3 for earth movement in the case of Mexico
the cost of the compartmented tanks varied from 10 cents to 20 cents per m3 of
water produced. This cost is well within the economy of the irrigation water
for most crops under very arid conditions.

ADVANTAGES OF THE COMPARTMENTED TANK SYSTEM

A reservoir with a depth equal to the annual evaporation loss will have no
carry over in an arid area where rainfall occurs principally in one season. By
dividing this reservoir into two compartments, the carry over efficiency can be
increased to 25 percent. The use of three compartments will have a carry over
efficiency of 27.2 percent, four compartments will have a carry over efficiency
of nearly 29 percent. These figures have been computed taking into considera-
ation only the evaporation losses. However, these substantial savings are
further increased when a constant consumptive use is made of the waters of the
reservoirs. In this latter case the efficiency of a two compartmented tank
will go up to 32.6 percent, a three compartmented tank to 42.5 percent and a
four compartmented tank will have an efficiency of nearly 47.4 percent. If
the compartmented concept is combined with the use of deeper compartments
made possible through the use of a pump the above efficiencies will be pro-
portionately higher.

J. A. Sagardoy
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