
AN EVALUATION OF FIVE APPLICATION METHODS

FOR APPLYING EVAPORATION SUPPRESSANTS

TO THE SURFACE OF SMALL WATER STORAGES

A water supply deemed adequate
in quality and quantity is a critical
factor in the maintenance and de
velopment of agriculture. Rainfall oc
currence has influenced the distribu
tion of native vegetation and regional
selection of crops on the Western
Prairies. Annual precipitation de
creases in a westerly direction be
ginning at Winnipeg, Manitoba, with
an average of 19.8 inches to an aver
age of 12.8 inches at Medicine Hat,
Alberta. An important and fortunate
feature of Prairie climate is that most
of the annual precipitation is received
during the summer months and at
a time when it is in greatest demand
for crop growth. Drought cycles fre
quently experienced in these areas
result in serious economic reversals
to agriculture and thus water con
servation measures are of general
concern. The demand for water has
given rise to the well known Prairie
Farm Rehabilitation Administration
programs to store water in dams and
dugouts for irrigation, livestock water
ing and other domestic uses.

EVAPORATION LOSSES

Summer evaporation from free
water surfaces located on the West
ern Prairies is large and varies from
an average of 26 inches near Win
nipeg, Manitoba, to 38 inches near
Medicine Hat, Alberta. In an indi
vidual year evaporation at Medicine
Hat was as high as 45 inches (4).
Evaporation in the state of Texas
(16) may be expected to vary from
approximately 12 inches per year in
the eastern to 108 inches in the west
ern part of the state. Evaporation
may exceed 90 inches in California,
38 inches in Montana and 30 inches
in Minnesota.

The rate of evaporation fiom water
surfaces is variable from location to

by

H. M. Lapp
Member C.S.A.E.

Agricultural Engineering Department
University of Manitoba

Winnipeg, Manitoba

location dependent upon climatic
controls and weather elements. Con
trols including latitude, altitude,
ground slope, surface type, topo
graphical barriers, and constituents
within the atmosphere react upon the
weather elements of radiation, tem
perature, atmospheric pressure, wind,
precipitation and humidity to make
evaporation an extremely variable
quantity. In semi arid regions, poten
tial evaporation losses frequently ex
ceed annual precipitation values.
Vast quantities of water may be
saved if any substantial reduction in
evaporation can be effected. In an
area where evaporation is 30 inches,
a saving of 25 percent would repre
sent 204,000 gallons from a reservoir
having a surface area of one acre.

A number of methods may be em
ployed to reduce evaporation from
water storages.

1. Minimize surface area and gain
capacity by excavation to a maxi
mum feasible depth.

2. Eliminate marine growth which
transpires water to the atmosphere.

3. Eliminate shallow water areas at
edges by constructing storages
with steep side slopes.

4. Provide wind breaks to reduce the
speed of air moving across the
surface of water in the reservoir.

5. Build a roof or float a cover over
the water surface.

6. Concentrate water in a single
large reservoir rather than in a
number of small storages.

7. Apply a material or chemical to
the surface of water to reduce
evaporation.

Application of these methods will,
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in most cases, be limited by the
reservoir site to one or two choices.
Employment of the several physical
methods do not offer promise of
economic feasibility. The use of a
chemical or vapor inhibiting film,
however, is common to all water sur
faces and has excited the interest of
many agencies and the author, in
searching for satisfactory chemicals
and application methods to effect a
reduction in water evaporation losses.

REVIEW OF
EVAPORATION SUPPRESSION

Work in the field of evaporation
suppression has been extensive. A
comprehensive review of studies up
to 1958 is contained in the "Review
of Literature on Evaporation Sup
pression" (15) published by the
United States Geological Survey. It
has been demonstrated that a num
ber of chemicals have the ability to
spread over the surface of water to
form a film which is an effective
agent in reducing evaporation.
Langmuir (7) in 1927 found that
hexadeconal or cetyl alcohol was an
effective evaporation retarding agent.

Cetyl alcohol spreads over the sur
face of water to form a very thin
film and if the surface area is suf
ficiently large the film will become
one molecule thick. It is, therefore,
referred to as a mono-layer, a mono-
molecular film or just as a vapor in
hibiting film.

The first extensive field studies
into the performance of monolayers
as evaporation suppressants were in
itiated by Mansfield (9). An appli
cation developed by him and known
as the "Mansfield Process" consisted
of floating hollow rafts approximately
three feet square filled with cetyl
alcohol which was dispensed through
gauze windows. The treatment used
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in arid areas of Australia reduced
evaporation up to 50 percent from
small storages. The system was sub
ject to clogging and bacterial decom
position of the supply chemical and
has been abandoned.

Investigations have been con
ducted by the United States Bureau
of Reclamation (13) at Lake Hefner,
Oklahoma and on a number of small
reservoirs in the Southwest beginning
in 1955. At Lake Hefner average
savings of 9 percent were obtained
in an 86 day test period, with savings
up to 14 percent during one two
week period. Theoretical considera
tion indicate that savings up to 35
percent should have been recorded.
Tests by La Mer and Barnes (6)
have shown that the commercial
grade of cetyl alcohol used in these
studies had a very low value of
evaporation suppression efficiency
compared to the material used in the
Australian tests. This lower efficiency
of material may explain the deviation
of measurements from the theoretical
values.

Koberg and others (14) working
with the Southwest Research Insti
tute carried out screening and field
tests on evaporation suppressing com
pounds. Octadecanol, hexadecanol,
and dodecanol were chosen as the
best chemicals and were applied
from individual shoreline dispensers
in a series of field tests conducted on
stock water ponds in Texas. Water
savings recorded were erratic and
varied from 0 to 27 percent without
defined reasons.

Field tests were conducted at Okla
homa State University by Crow (1,
2, 3) during the interval 1956-59.
Two similar ponds with dimensions
100 to 120 feet and 7 feet deep were
excavated and lined with vinyl plas
tic to eliminate seepage. The test
facilities in Manitoba were modelled
after this installation. Crow and asso
ciates arrived at several conclusions
relating to film effect.

1. In evaporation pan tests octadeca
nol was about 50 percent more
effective than hexadecanol in re
ducing evaporation.

2. Octadecanol applied as a solution
with ethanol from an individual
dispenser gave savings of 12 per
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cent only, partly due to clogging
of the dispenser.

3. The wind was the prime factor
in destroying the film or com
pressing it to prevent complete
coverage.

4. The best evaporation reduction of
25 to 35 percent occurred when
using a continuous distribution of
hexadecanol slurry, dispersed at 10
foot intervals from jets located in
a plastic pipe located on the up
wind shore. Rate and location of
discharge was controlled by wind
speed and direction.

5. Using the above system an equa
tion was developed to determine
the rate of applictaion.

R = 9.3 X 10-6U2 (1)

Where U = wind speed at 3
meters in mph.

R = the application rate
in pounds per hour
per foot of upwind
shoreline.

Studies conducted by Hobbs (5)
showed that hexadecanol loses much
of its effectiveness when water tem
peratures exced 67°F and suggested
that higher application rates would
be necessary at elevated water tem
peratures.

Pohjakas, Coulthard and Beaton
(10) found that application rates of
2% pounds per acre of hexadecanol
in gasoline solution were necessary
to achieve evaporation savings of 20
to 30 percent.

In 1961 an investigation by Wol-
beer (11) on small field storages
showed that film coverage was effec
tive only when the wind speed was
less than 10 mph.

These findings by Wolbeer were
verified by Lapp (8) in a laboratory
investigation using small test tanks
under simulated wind speeds. Sav
ings of up to 60 percent were ob
tained on laboratory tanks at wind
speeds less than 10 mph. when an
application rate of 0.4 pounds per
acre of surface of hexadecanol was
applied in a methyl alcohol solution.
These significant savings formed the
basis for continued field studies
at the University of Manitoba.

PHYSICAL PROPERTIES
OF MONOLAYER MATERIALS

A successful evaporation suppress
ant must satisfy a number of con
ditions, some of which are:

1. It must be effective in suppressing
evaporation and must be inexpen
sive compared to the value of
water conserved.

2. It must allow the free passage of
atmospheric gases through the
water surface to avoid any upset
in the natural biological balance
of the body of water.

3. It must be non-toxic to avoid pol
lution of the water.

4. It must form a continuous film
and be rapidly regenerating after
mechanical separation by wind,
dust and other agents.

Extensive screening tests conducted
by the United States Bureau of
Reclamation (12) and by the South
west Research Institute indicate that
hexadecanol (cetyl alcohol) and
octadecanol (stearyl alcohol) showed
the most promise. Both chemicals are
saturated fatty alcohols with sixteen
and eighteen carbon atoms, respec
tively, in their molecules. Octadeca
nol is up to twice as effective as
hexadecanol in evaporation suppres
sion, however, hexadecanol has super
ior spreading and regenerating prop
erties. The investigations at the
University of Manitoba have been
focused on a mixture of these two
alcohols.

Cetyl and stearyl alcohols are com
posed of long chained molecules
which stand more or less on end with
the hydroxyl groups held in the sur
face of the water and the paraffinic
end projecting out of the surface.
Thus the molecules are partly hydro-
philic and partly hydrophobic. The
presence of a monolayer requires
that escaping water molecules find
their way between the film molecules
which have their long axes parallel
and perpendicular to the water sur
face. It is the restriction to passage
of water vapor imposed by the film
which retards the evaporation pro
cess. The degree of film effectiveness
in suppressing evaporation is de
pendant upon the degree of com
pression of the film.

CANADIAN AGRICULTURAL ENGINEERING, VOl. -it), No. V MAY 1968



. I

APPLICATION METHODS

Two identical water storages were
constructed in 1963 on the Glenlea
Research Station approximately 15
miles south of Winnipeg. Both stor
ages were lined with polyethelene
and were designed to provide a body
of water measuring approximately
150 x 50 x 6.5 feet. Instrumentation
was installed to measure water sur
face temperature, ambient tempera
ture and humidity, wind speed and
direction, water level in each stor
age and precipitation. A standard
Class "A" evaporation pan was also
installed.**

In 1964 five evaluations were
scheduled and completed. The tests
encompassed a variety of physical
forms of octadecanol and hexadeca
nol and applied as daily manual ap
plication of the powder form; con
tinuously as an emulsion, methyl
alcohol based solution controlled by
wind dispensers, intermittent powder
application and continuous in powder
form regulated by wind. In all cases
individual self contained dispensers
were used since these were con
sidered to be most versatile and in
expensive.

Prior to commencement of any
studies both storages were treated
with a ppm. application of copper
sulfate to eliminate algae, and were
treated with a soil sterilant on a six
foot perimeter band. These measures
were taken as an aid to maintaining
identical conditions on both reser
voirs.

1. Manual Powder Application

A mixture of cetyl and stearyl
alcohols was applied to the test
storage over a 10 day period from
June 24 to July 3. The mixture used
for the test was manufactured by the
Proctor and Gamble Company and
marketed under the name "Save-a-
Pond". The chemical was applied in
water soluble packages, each contain
ing 0.132 pounds of evaporation re-
tardant. Three packets were applied
on the first day and one package was
added on succeeding days through
out the test. The application corres
ponded to a rate of 0.76 pounds per
day per acre. Over the test period
the average wind speed was 6.4 mph.

Figure 1. Detail of wind operated shut off clamp.

*Details of the plan of the site are available
on request.

and the average saving was 5.4 per
cent.

The soluble package method of
dispensing was convenient and sim
ple and the spreading of a monolayer
from the powder form was judged to
be satisfactory. A package dissolved
and released its contents in about 5
minutes after immersion. The best
application time is late afternoon,
when wind speed is minimum, in
order to give the material a maxi
mum opportunity to spread over the
water surface.

2. Continuous Emulsion Application

A water based emulsion contain
ing 2.5 percent cetyl alcohol, 2.5 per
cent stearyl alcohol and 0.75 percent
glyceryl monostearate, the latter an
imulsifying agent, was applied to the
test storage over a 10 day period
from July 14 to July 24. The emul
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sion was applied by two wind con
trolled dispensers located at the north
and south ends of the storage. The
dispensing system allowed liquid to
flow from a container through a
rubber tube to the water surface.
The rate of application was controlled
by a needle valve which allowed
from 2 to 10 Utres of liquid per day
to flow to the water surface. A
unique wind controlled clamping de
vice was employed to stop the flow
from the dispenser on the downwind
shore to prevent waste of material.
The wind vane controlling device
was designed to stop flow whenever
the wind altered direction over 60°
on either side of a selected direction.
Operation of the apparatus is illus
trated by Figure 1.

Monolayer formation from the
emulsion was very poor and the re
sistance of the film thus formed to
collapse from wind and wave action
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was also poor. A mean saving in
evaporation of only 0.1 percent was
obtained for the test period. From
this test it was concluded that a
water based emulsion was not a suit
able form in which to dispense cetyl
and stearyl alcohol as evaporation
retarders.

The poor results obtained were
attributed to three factors:

(a) The very small particles in the
emulsion appeared to become
waterlogged in storage and when
the emulsion was placed on the
water, many of the particles
sank without spreading.

(b) Microscopic examination re
vealed that glyceryl monostearate
forms an emulsion by coating
the surface of each cetyl or
stearyl alcohol particle to ham
per its spreading.

(~c) The most important reason for
poor spreading is a result of the
method used to form the emul
sion. It has been found that
cetyl and stearyl alcohols occur
in three crystalline phases, alpha,
sub-alpha and beta of which
only alpha and sub-alpha are
common.

The alpha phase is formed when
molten cetyl alcohol is cooled rapidly
or is in the presence of water. Stor
age in the presence of water will
cause the alpha phase to stabilize
and become dominant. The sub-alpha
phase is generally formecj if the dry
alpha phase is allowed to age for a
few days at room temperature or
below. This sub-alpha phase has
superior spreading characteristics,
and evaporation resistance when
compared to the alpha phase.

The emulsion was prepared by
melting the alcohols in the presence
of water which probably caused the
alpha phase to form and stabilize
and thus exhibit poor evaporation
retarding properties.

3. Continuous Solution Application

A methyl alcohol based solution
containing 2.5 percent cetyl alcohol
and 2.5 percent stearyl alcohol was
applied to the test storage over an
18 day interval from July 27 to
August 14. The dispensers used for
the emulsion applications were em
ployed for applications, one at the
north and one at the south end of
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the storage. The north dispenser
operated only when the wind was
60° east and west of North and South
dispenser operated only when the
wind was 60° East and West of
South. No attempt was made to pro
vide a film source when the wind
was from East or West. The wind
controlled shut off device was trouble
free in operation and gave positive

off in chemical supply when wind
speeds exceeded 6 mph.

Daily application rates varied from
0.25 to 2.4 pounds per acre per day
dependant upon wind direction and
valve setting. Average free water
evaporation over the test period was
0.125 inches per day. Differences in
evaporation between the treated and
control storages ranged from a saving
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of 24 percent to a loss of 10 percent
and were markedly influenced by
mean daily wind speed. Average
savings of 2 percent were obtained
over 12 rainfree days during the test
interval when the average wind
speed was 7.4 mph.

Water temperature in the test stor
ages was approximately 68°F and it
was significant to record a tempera
ture differential up to 3°F between
the test and the control storage. It
became evident that the presence of
the film in reducing evaporation
eliminated associated cooling effects
and there was a resulting increase in
the temperature of water in the test
storage over that in the control
storage.

Monolayer coverage was found to
be closely governed by wind speed
with full coverage up to speeds of 4
to 5 mph. after which coverage de
creased rapidly as wind speed in
creased. The relationship of coverage
and wind speed is illustrated by
Figure 2. Increased evaporation was
observed to ocur on the treated stor
age during windy periods that fol
lowed intervals of relative calm. It
appeared that the elevated water
temperature supported increased
evaporation rates at times when the
monolayer was swept from the sur
face by the wind. A correlation curve
showing the relation of savings to
wind speed is illustrated by Figure 3.

From the series of tests it was con
cluded that an effective monolayer
could be applied to a water surface
by dispensing a methyl alcohol based
solution. Wind speeds were found to
be of critical importance with the
greatest evaporation reduction of 24
percent obtained at a wind speed of
2.2 mph. Savings decreased as wind
speed increased and at no time was
a saving recorded when the average
daily wind speed exceeded 9 mph.

4. Intermittent Powder Application

A spreader developed and con
structed by Silveston* was used to
apply a finely divided powder form
of a cetyl and stearyl alcohol mixture.
The chemical used was the commer
cial evaporation retarder "Aqualoc
N.X." supplied by M. Michel and
Company Incorporated, 90 Brood

*P. L. Silveston, Associate Professor, Depart
ment of Chemical Engineering, University
of Waterloo, Ontario.

Street, N.Y. This control agent con
tains approximately equal parts of
hexadecanol and octadecanol with
small amounts of tetradecanol and
dodecanol.

The spreading of a monolayer from
this fine powdered chemical was
rapid and the resistance of the film
to wind collapse was about equal to
the monolayer spread from a methyl
alcohol based solution. Because of
convenience of storage and desirable
spreading properties, this micronized
powder was judged the best type of
film producing chemical of any field
tested on the project.

A timer mechanism on the spreader
was set to operate 12 times a day
with timing selected to provide an
increased supply of chemical during
windy afternoon periods.

In general this intermittent appli
cation of chemical, in powder form,
was found inferior to the shoreline
dispensing of a methyl alcohol based
solution. The intermittent application
did not provide a constant source of
material from an upwind direction
for repair of wind damage to the film
and therefore the monolayer col
lapsed to a varying degree a few
minutes after application. Intermit
tent application will only be effective
on storages of sufficient size that a
monolayer once generated, will not

Figure 4. Monolayer coverage from inter
mittent spreader one minute after applica
tion in 18 mph wind.

Figure 5. Coverage after 3 minutes. Film
had completely collapsed on shore after 10
minutes.
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have enough time to be blown ashore
and collapsed between applications.
This fine particle material cannot be
spread upwind and the dispenser
should be located close to the upwind
shore. The monolayer coverage ob
tained with continuous solution and
intermittent powder application re
lated to wind speed is illustrated by
Figures 4 and 5.

5. Continuous Powder Application

A prototype device for continu
ously applying dry powder, at rates
controlled by wind speed, was de
signed and built in 1964, and is
illustrated by Figure 6. Field and
laboratory tests have been conducted
and modifications completed.

OUTER CAN

AOTATIN* OISRENSCR BAR

* ORIFICE ON 3Tf OUTLET

POWDER

WATER SURMCE

WIND OPERATED POWDER DISPENSER

FOR MONOLAYER CHEMICALS

Figure 6

The prototype dispenser has a
number of desirable characteristics.

(a) The device is self contained and
requires no outside source of
power.

(b) The application rate is directly
proportional to the wind speed
thus allowing an increased sup
ply during windy periods.

(c) A continuous application is pro
vided.

(d) Dispensing can be accomplished
from the upwind shore.

(e) Orifice openings may be adjust
ed to provide a variety of rates.

(f) The applicator uses a dry finely
divided powder which appears
to be the most economical and
efficient form.
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SUMMARY OF RESULTS

1. The superior evaporation suppress
ant to date appears to be a mix
ture of approximately equal quan
tities of hexadecanol and octa
decanol.

2. A methyl alcohol based solution of
about 5 percent concentration and
a dry fine powder are suitable
forms of evaporation suppressant
for application to a water surface.
The cost of the solution form is 5
to 7 times higher than the powder
form because of the high cost of
solvent.

3. An evaporation suppressant should
be generated continuously from
the upwind shore and. at rates
proportional to wind speeds to
form an efficient monolayer for
evaporation suppression.

4. The evaporation suppressant
should be applied over the entire
evaporation season. An intermit
tent application allowed an in
crease in water temperature (due
to presence of evaporation sup
pressant monolayer) to result in
an increase in evaporation when
the film collapsed.

5. The effective film life was from
1 to 2 days after application and
is governed by biological decom
position.

6. Film coverage and evaporation
savings are directly dependant
upon wind speed. Savings during
mean daily wind speeds of 7 to
9 mph. or greater cannot be ob
tained on small storages without
the use of excessive amounts of
monolayer chemical.

7. From comparison of the five
methods investigated a continuous
application of dry fine powder
from a dispenser located on the
upwind shore was judged to be
the most practical and efficient
method of applying an evapora
tion suppressant to small water
storages.
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