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EVAPORATION CONTROL FOR
INCREASING WATER SUPPLY

C. Brent Cluff*

ABSTRACT /SUMMARY

A summary of the leading methods of evaporation control is presented.
Eight categories of evaporation control were discussed. The three leading
categories of evaporation control discussed were the monolayer, the reduc-
tion of the surface- area -to volume method and floating vapor barriers.
These methods are less expensive and appear to have a wider range of
application than destratification, wind barriers, shading the water
and floating reflective barriers. The other method of evaporation
control discussed was the use of sand or rock -filled reservoirs. This
method was found to be effective but limited to smaller size reservoirs.
The use of fatty alcohol to form monolayers will work on larger reservoirs
using either the airplane or a pipeline carrying the alcohol in slurry
or an emulsified form. An airplane was used to distribute alcohol
on the 12,000 hectare Vaal Dam in Africa during an extreme drought.
The estimated cost was $0.021 /m6. The method is less cost -effective
on smaller reservoirs due to rapid removal of the material by the wind.

The reduction of surface -to- volume ratio can be accomplished
through the use of proper site selection or if in flat terrain through
the use of the compartmented reservoir. The concept of the compart-
mented reservoir can be used on existing reservoirs but more easily
on new ones since it involves the use of construction equipment. The
proper use of the compartmented reservoir concept should result in a lower
unit cost of water saved than any other presently known evaporation
control method.

The use of floating vapor barriers of foamed rubber or wax -

impregnated expanded polystyrene seemed to have a wider range of use
than other floating vapor barriers. The recent development of the
wax -impregnated expanded polystyrene for evaporation control is
described. The paper describes it to be one of the most promising
floating vapor barriers in terms of cost effectiveness and
weatherability. Developed at the University of Arizona, this material
can be used in large 1.2 x 2.4 m sheets connected together by couplers
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or rubber straps or as smaller floating squares that would be less
prone to vandalism.

There is considerable merit to the use of the compartmented system
with a floating vapor barrier in the "last" compartment to have water
in it. This should increase the dependable water from a compartmented
system at a relatively low cost.



EVAPORATION CONTROL
FOR INCREASING WATER SUPPLIES

C. Brent Cluff*

INTRODUCTION

Reducing surface evaporation may be the most economical way of in-
creasing water supplies in arid lands. The water thus saved is essentially
distilled and is normally at the head of existing distribution systems
and can be easily utilized. Evaporation loss is perhaps the major
deterrent to fully utilize erratic flood flows in arid lands. The other
water loss, seepage, can more easily be controlled using several available
methods. In some cases, seepage loss can be recovered through wells
located in the vicinity of the reservoir.

The amount of research funding that has gone into evaporation control
is negligible compared with its potential. There was considerable
activity following W. W. Mansfield's successful field test of a monolayer
formed by long chain alcohol in 1953. For over a decade following this
test various researchers tested the material in several parts of the
world. Now over two decades have passed since the monolayer was first
field tested. As far as the author knows, there are no commercial appli-
cations of long chain alcohol for evaporation control at the present time.

The author knows of only three research centers in the United States
who have continued research in evaporation control since the 1960's. This
research began with the use of monolayers but has since been centered
primarily on floating reflective and /or vapor barriers. These three
centers are the Agricultural Engineering Dept., Oklahoma State
University; the U. S. Water Conservation Laboratory, Agricultural Research
Service; and the Water Resources Research Center, University of Arizona.
The findings of this research, along with others who have periodically
looked into the problem, will be summarized below.

Methods of Evaporation Control

There are eight leading methods that have been tested for evaporation
control. These are (1) minimizing the surface -to- volume ratio, (2) destra-
tification, (3) surface films, (4) wind barriers, (5) sand or rock- filled

C. Brent Cluff is an Associate Hydrologist at the Water
Resources Research Center, University of Arizona.
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reservoirs, (6) shading the water surface, (7) floating reflective covers,
and (8) floating vapor barriers.

(1) Minimizing the Surface -Area to Volume Ratios

One method of minimizing the surface to volume ratio is to select
a natural site where this is accomplished at low cost. This is difficult
in flat terrain but under these conditions the concept of the compart-
mented reservoir can be used (Cluff 1977a, 1977b). Using this concept
the reservoir is divided into separate compartments with low dikes and a
portable high -capacity pump is repeatedly used to keep the water concen-
trated and thus minimize its exposure to the atmosphere. This method,

when feasible, requires the use of construction equipment. It is much
easier to compartmentalize a reservoir at the time of initial construction
than later, however, there are many reservoirs where retrofitting would
be beneficial.

(2) Destratification

One method of destratification consists of pumping air from the
bottom of the reservoir to form air bubbles which carry the colder water
to the surface. This reduces the evaporation loss. This works best
on deeper reservoirs where the water in the deeper stratum would be
cold most of the year. A test in California on a 130 acre lake resulted
in a 15 percent reduction in May, June and July and a 9 percent increase
in September, October and November. The net savings was only 6 percent
(Frenkiel, 1965). Another method that might be used is making releases
by drawing the surface water off, leaving the colder water in storage.
This, however, would increase water loss downstream.

(3) Monolayers

The use of long -chain alcohol to form monolayers was first field
tested in 1955 in Australia where W. W. Mansfield reported a reduction
of evaporation up to 30 percent. Theoretically, it requires approximately
0.023 kg of alcohol to cover a hectare of water. Practically, it has been
found to require closer to 0.057 kg, but even at that rate, one kilogram
of alcohol will cover about 17.5 hectares of water surface.

The biggest detriment to the use of a monolayer is wind. Even a

slight breeze will blow the monolayer off the pond. When the wind
dies down the monolayer will tend to reform but evaporation is highest
when the wind is blowing. This reduces the overall savings to less
than 10 percent.

The effect of wind on monolayers suggests that the larger the
reservoir the more economical the system of evaporation control becomes.
The bigger the lake the longer is the residual time that a given amount
of alcohol remains on the water. Various types of dispensers using
alcohol in powder, solution and emulsified form have been tried in order
to apply material to the upwind shore in proportion to wind speed.
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Various types of raft dispensers have been tried for both powdered
and semi -solid emulsified materials. The raft dispensers that were
developed were simple in design but failed to supply sufficient material
due to plugging. The best system that was developed at the University of
Arizona was a propeller- driven dispenser, which applied alcohol in a
fluid emulsion form proportional to wind speed. This wind -activated
emulsion dispenser proved to be efficient in applying material as needed
to replace that removed by wind. This resulted in savings up to 30 per-
cent in tests on small ponds. The chief disadvantage of this system
is that one dispenser would be required for each 9 m of shoreline. Thus
a relatively large number of dispensers would be needed for each small
reservoir.

For a square reservoir the cost of preventing water from evaporating,
using the wind activated emulsion dispenser system, was estimated in
1966 to be more than $0.90 (U.S.) per cubic meter for reservoirs less than
0.4 hectare in size, dropping down to $0.70 (U.S.) per cubic meter for
a 1.6 hectare reservoir. The cost was not less than $0.40 (U.S.) per cubic
meter until the size of the reservoir was increased to greater than 6
hectares. These costs include material, maintenance and capital recovery
costs for the dispensers (Cluff, 1966).

On larger reservoirs, pipelines feeding the alcohol from the upwind
shore have been used in tests (Dressler, 1969; Reiser, 1969). Reiser esti-
mated the cost at $0.04 (U.S.) per cubic meter for a 40 hectare reservoir
dropping down to $0.002 per cubic meter for a 4,000 hectare reservoir.
Another method that can be used on large reservoirs is the dispensing of
alcohol by means of a crop- dusting airplane. This was initially investi-
gated by Hansen and Skogerboe (1964). The method was used on a commercial
scale on the 12,000 hectare Vaal Dam in South Africa during a period of
severe drought (Bester, 19S7). The estimated cost was $0.021 (U.S.) per
cubic meter.

(4) Wind Barriers

Very little research has been done in this area. Crow (1967), in
one test during a period of relatively high winds, achieved a 9 percent
savings using wind baffles that were 0.27 m high and spaced on a 4.4 m
spacing. Using the same baffles with a monolayer of fatty alcohol
increased the savings to 31 percent. Cooley (1970) has done an energy
budget analysis that indicates that reduction of wind velocity alone
usually would not produce large savings. Vegetative shielding in some
cases may utilize more water from the reservoir than it would save in
the form of evaporation reduction. Some reduction may be achieved by
placing excess excavated bank material on the upwind side of a small
reservoir.

(5) Sand or Rock -Filled Reservoirs

This type of reservoir has been successfully utilized in many
parts of the world. Most sand -filled reservoirs are built in stages with
each stage.or level being filled naturally with sand carried by the
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flowing water before the next stage is built. This reduces the amount
of silt and clay trapped by the dam (National Academy of Sciences, 1974).
Other sand -built reservoirs have not been planned but have developed
naturally by the construction of dams across intermittant streams carry-
ing large amounts of sand. The author knows of two reservoirs of this
type on the Papago Reservation near Kitt Peak, west of Tucson, that are
perhaps more efficient in their present sand -filled state than originally
envisioned. In general, reservoirs that can be filled naturally with
sand require a moderately steep gradient and a large supply of sand.

Colorado State University has extended the concept of the sand -filled
tank by creating shallow plastic -lined storages in relatively flat
terrain and then hauling the sand in to fill the small reservoirs
(Smith and Corey, 1976). The major disadvantage noted in sand -filled
reservoirs is the weed and phreatophyte growth that must be controlled.

Rock has been used instead of sand to fill three small plastic -
lined reservoirs in Arizona. A commercial rock picker was used to
collect the rocks around the reservoir site. Earth -filled, used -rubber

tires were used to cushion the plastic prior to filling with rocks.
It is important that the rocks be as uniform in size as possible to
maximize the porosity. The use of rock reduces the available storage by
50 to 60 percent. However, it provides an essentially vandal- proof, eva-
poration -free water storage. The resulting water is of excellent quality.
The limiting factors in the use of this method are the availability
of rock and the necessity of using sediment -free water (Cluff et al., 1972).

(6) Shading the Water Surface

Suspended shades have successfully reduced evaporation loss by an
amount close to the percent of shade cover (Crow, 1967; Drew, 1972). The

chief advantage to shading over floating methods is that the cover does
not impede the gas exchange primarily of oxygen and carbon dioxide be-
tween the water and the atmosphere. Also, it is relatively easy to
direct the runoff from a suspended shade into the water body (fluff,
1967). The disadvantage is that a suspended shade is more difficult
to maintain than floating covers. Most available synthetic materials
have been found to oxidize at a faster rate when kept under the tension
required to maintain the suspension between supports. Natural materials
such as cornstalks, bamboo, etc. suspended above the water's surface
have been used to provide shade. The limitation with this method is
that the water is contaminated as the decaying organic cover drops
into the reservoir (Intermediate Technology Development Group Ltd., 1969).

(7) Floating Reflective Covers

This category, for the purpose of this paper, includes the use of
dyes in addition to floating reflective powders and particles that do
not form a vapor barrier. This type of cover reduces evaporation pri-
marily by reducing the energy input into the system.

Yu and Brutsaert (1967), as reported by Cooley (1974), used shallow
evaporation pans to show the effect of color and reflectance on the
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evaporation rate. White pans evaporated 35 to 50 percent less than
similar black pans. Cooley (1974) also reported that Gainer et al. (1969)
had savings of only 10 to 15 percent using dye or an oil and dye mixture.
The oil was used with the dye so that only the upper layer of water
would have to be treated.

Various types of floating powder and particles have been tried
including white spheres (Block and Weiss, 1959), and solid plastic
pellets (Salyer, 1964). Rogitsky and Kraus (1966) tested foamed
polystyrene powder, foamed polystyrene flakes, foamed polystyrene
spheres, and foamed polyurethane hemispheres, in evaporation pans. The

evaporation reduction ranged from 26 to 57 percent with the greatest
reduction coming from the 25 cm diameter polyurethane hemispheres. These
larger particles were obviously also serving as a vapor barrier in
addition to an energy barrier. Myers and Frasier (1970) found that poly-
styrene beads were more resistant to discoloration from dust and algae
than chopped styrofoam and perlite. The beads were much smoother and
the dust and algae did not accumulate. In a six month test on a small
insulated pan they achieved an efficiency of 39 percent using the beads.
The foam and perlite, although less expensive, became coated with dust
and algae and saturated with water, causing some of it to sink.
Cooley and Cluff (1972) obtained a 19 percent savings using perlite on
a 390 m2 reservoir for a 9 month period. This was done at a cost of
$0.36 (U.S.) per cubic meter of water saved. During this test it was
necessary to periodically add perlite to the water to replace that which
had sunk. This requirement made this method uneconomical.

The author conducted a test beginning in February 1972, in which
styrofoam was run through a 0.6 cm screen in a feed mill and the
particles applied to the 390 m2 pond used in the perlite test. For

one month the evaporation savings ran about fifty percent. Over one
weekend the pond encountered a heavy dust storm; the styrofoam lost
its water repellancy and became wetted and coated with dust. The
evaporation savings dropped to about 10 percent, making the method
impractical.

(8) Floating Vapor Barriers

Various types of vapor barriers have been used. The more success-
ful ones have been foamed rubber, paraffin wax, which has been remelted
by the sun to form a continuous cover, and expanded polystyrene rafts
(Cooley, 1974).

Dedrick et al. (1973), reports installation of continuous foamed
rubber on a tank in Utah in 1971. More have been installed since that
time. After more than five years they are still in serviceable condition.
The floating cover is a low -density, closed -cell synthetic rubber
available in five foot rolls. Various thicknesses up to 1.2 cm are
available but the 0.6 cm has been the thickness most frequently used.
Small holes are drilled through the cover so that it is self draining.
Instruction for installation of the foamed rubber are available (Dedrick,
1976). Dedrick (1976) reports material costs of less than $0.30 (U.S.)
per ft2 with cost of evaporation control at $0.25 (U.S.) per m3

in a 2.3 meter evaporation zone. Both the continuous wax and
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the rubber foam have been applied only to vertical sided tanks.

Most of the work in evaporation control at the Water Resources
Research Center, University of Arizona, has been centered around
maximizing evaporation savings through the use of floating vapor barriers.
Many different types have been tested over the last ten years. Rafts
made of polyethylene were first tried. First frames of styrofoam and
then wood were used to support the edges of the polyethylene. Frames
had to be more than three inches high to eliminate flooding but the
higher the frame the higher the wind resistance.

To reduce the height of the frame a "moat raft" design was tried.
This raft consists of a smaller frame inside a larger frame, connected
at the corners with open water in between. The water prevented waves
from reaching the inner frame which was attached to polyethylene or
other economical film. A small 0.6 to 1.2 m model successfully with-
stood flooding in winds up to 9 m /sec (Cluff, 1967).

A 7.8 x 7.8 m moat raft with a 0.6 m wide outer frame of 2.5 cm
styrofoam and an inner frame of 3.1 cm PVC pipe was constructed in April,
1972. It served as a support for an inner sheet of polyethylene, and
was built for a cost of $0.13 (U.S.) per m2. This raft successfully
resisted flooding by waves on a 3600 m2 reservoir. However, it fell
easy victim to turtles and frogs who punctured the polyethylene and the
raft was flooded from below. Floating concrete slabs, 60 x 60 x 5 cm,
constructed with a chopped expanded polystyrene aggregate such as were
used in tests in South Africa were tested (Engineering News Record,
1966). The specific gravity was about 0.8 percent which prevented the
slabs from piling up. The slabs are painted white to aid in reflection
of sunlight. The slabs were relatively expensive as compared to the
foam sheets. In addition, the slabs became water saturated which
reduced their efficiency.

At this time research emphasis shifted back to the styrofoam raft
which was first tested at the University of Arizona in 1966. Individual
floating styrofoam rafts were first tried. The rafts were equipped
with an extruded plastic edging which extended below the bottom of the
raft. This caused a negative pressure to be formed thus preventing
removal by wind. Later, due to increasing costs, the method was dropped
in favor of coupling the rafts together to form a continuous blanket.
Couplers were made of 5 cm sections of 3.75 cm PVC pipe split on one side.
The sections of pipe can be used as "C" clamps and are opened up and
placed in the middle on each side of the 1.2 x 1.2 m sheets. The
raft is then tied together, one row at a time, before being pushed out
on the water.

Various surface treatments have been tried and discarded. The one
used predominately over the past five years has been an asphalt and
gravel chip- coating. An assembly line was established to reduce the
cost of coating. The total cost of this raft system was estimated to
be $1.15 (U.S.) per m2 ( Cluff, 1972). It was found that this type of
coating held up for two to three years. Its life could be extended
if the asphalt chip- coating was painted with white acrylic paint.
White acrylic vinyl paint has also been successfully used directly
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on the foam (see Figure 1).

Early in this testing program Dow styrofoam was used. This is a

closed -cell, extruded polystyrene that does not absorb water. About 1972

a shift to molded expanded polystyrene was made because it was available

in larger sheets and was less expensive. After a period of time it was

found that the low- density expanded polystyrene did absorb water. At

first this was thought to be a benefit since it would add weight to
the cover and reduce the chance of wind damage. Later it was found

that the absorption of water greatly weakened the foam. It also was

found to reduce the efficiency since eventually the water vapor began

passing through the foam. This loss could be lessened by using appro-
priate surface treatments but none were found to stop it completely.

In looking for a way to waterproof and weatherize expanded poly-

styrene the author, in the fall of 1975, began dipping the foam in

molten wax. Later, pressure was applied to the waxing process and
it was found that low- density expanded polystyrene could be completely

impregnated with wax increasing the specific density from 0.016 up to

0.224. The maximum attainable density is still much less than that
of water so there is ample flotation. This impregnation greatly in-

creases the strength properties of.the foam in addition to water-

proofing and weatherproofing the expanded polystyrene. A patent has

been applied for since the material has many potential uses in the
construction industry in addition to its use for evaporation control.

There are various types of waxes available so that several different
types of wax -impregnated expanded polystyrene can be made.

Small pieces of paraffin- wax -impregnated polystyrene have been
exposed for a year with little or no weathering effect. Cooley (1974)

has been using paraffin wax blocks for several years and reports

excellent weathering properties. Since the wax completely permeates
through the entire thickness of the foam the weathering properties of

the combined material should be similar to those of the wax. The

wax -impregnated foam is an excellent insulation material. Thus it serves

as both a vapor and energy barrier. An evaporation savings proportional

to the area covered will be obtained. The temperature of a partially
covered body of water has been observed to be close to the same as
the adjacent control reservoir using expanded polystyrene.

A pressurized system that will saturate 1.2 x 2.4 m sheets has

been successfully completed at the Water Resources Research Center at

the University of Arizona. Preliminary tests indicate that it has the

capability of wax saturating 200 to 400 m2 of 2.5 cm thick foam per

hour. The wax -impregnated foam will cost about twice as much as the

parent material at the medium attainable densities but it should be

possible to use thinner sheets since the waxed material is much stronger.
The sheets can either be clamped together using sections of PVC pipe

described earlier or connected with straps of butyl or hypylon rubber.

The use of the straps will make it possible to accordian fold the waxed

sheets so that they can be quickly deployed in times of drought or
be easily stored during periods of excess rainfall. Both types of

connectors can be used on larger reservoirs provided some type of

wave energy dissipation is used to protect the outer perimeter of



¡: 11'
i . .

. .._- . :..,Mrw
Ï` ,°' ë

....:.,...._
";

Figura I. Coupled expanded polystyrene
asphalt -chipcoated (CEPAC) raft.

Above: Water Harvesting Agrisystem at Page
Experimental Ranch.

Below: One of three test ponds at the WRRC
Field Laboratory, University of Arizona.



the system.

The use of smaller pieces should be possible since the wax -
impregnated foam is much heavier than the parent material. A test using
0.20 m squares on the 390 m2 pond has been started and initial results
are encouraging. These smaller pieces should be used in areas subject
to vandalism. They are also recommended for smaller tanks or reservoirs
with circular or irregular water surfaces. It appears that this type
of treatment can also be used on larger reservoirs. The smaller
pieces can be easily cut using a standard table saw. This is another
advantage of adding the wax to the foam, it is much easier to cut
with a saw. However, the wax makes it difficult to cut the foam with
a hot wire. This is the r ethod now used. Material costs could be as
low as $1.10 (U.S.) per m for the 1.2 cm thickness.

DISCUSSION AND CONCLUSIONS

In the past there has been very little anyone could do to economically
reduce evaporation loss. The fact that a suitable reservoir site was
not available generally has ruled out the development of many projects
due to the high evaporation loss.

The joint use of the compartmented reservoir with floating covers
such as foamed rubber wax - impregnated -expanded polystyrene should make
it possible to store water in flat terrain at a cost low enough for con-
ventional agriculture.

The use of a floating cover without the concentrating effect of
the compartmented reservoir would probably not be economically justified
for conventional agricultural use except in times of drought. The cost
of water saved would be low enough to use for domestic and industrial
supplies or high valued crops.

The paper outlined many different methods that have been tried,
most without success. Although many things have been tried, most tests
have been done with modest budgets except perhaps for the work done
in the area of monolayers. Both government and industry have not applied
much effort to the economical solution of this problem. Lack of indus-
trial interest is due primarily to the fact that there is no existing
market. If any one method of evaporation control outlined here proves
to be successful to the point that it is commercially viable, industry
will probably become interested and come up with even better methods.
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