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WATER FOR AKIMALS, HAN, AND AGRICULTURE BY UATER-ilARVESTIKC1

Gary W. Frasler

Abstract—Many methods and materials are available for con

structing uater-harvestlng systeas for supplying drinking water.

There Is not a single method or material that Is universally the

best treatoent. Runoff-farming applications of water harvesting

are technically capable of supplying many of our future needs of

food and fiber.

INTRODUCTION

There Is an Increasing public awareness that

many parts of our arid and semlarld lands can be

more effectively utilized to meet the world demands

for Increased food and fiber production If suffici
ent, economical water supplies can be found or de

veloped. Uater-harvestlng Is a technique that can

provide onsite water when needed for a variety of

uses. Water harvesting Is being used with Increas

ing frequency for providing livestock, wildlife,

and doaesttc drinking water supplies. Water-har

vesting 'runoff-farming techniques are slowly being

revitalized as a sethod of food production. While

major progress is being aide in the development of

methods and materials for water-harvesting applica

tions, many detallE still need to be worked out.

Finally, before water harvesting Is universally

used as a means of water nupply, there must be a

technology transfer of research results and design

Indorsation from the researcher to the user.

DRINKING WATER FOR LIVESTOCK, WILDLIFE, AND

DOMESTIC USES

All water-harvesting systems for supplying

drinking water have two major components, a seml-

perseable or Impermeable soil treatment or covering

tor the catchment apron, and a water storage facil

ity for holding the collected water. Both of these

components must be matched to the site conditions,

i.e., soils, climate, topography, and water re-

qulreaont6, and must pertorm to specifications un

attended without failure for long, periods. Many

treataents arc potentially suitable for the catch

ment surface, and a variety of methods can be used

for water storage. For maximum effective perform

ance, each system oust be Individually designed

considering as many of the factors as are feasible
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Catchment Treatments

During the past 20-30 years, various research

ers and users have tried almost every conceivable

method of soil treatment or membrane covering for

water-proofing catchment aprons (Frasler, 1975;

Cluff, 1975; Cooley ec al., 1975). Unfortunately,

many of these installations were failures. As a

result, many potential users of water-harvesting

developed doubts concerning the effectiveness of

this method of water supply. These failures were a

result of poor weathering performance of the treat
ments, Improper installation techniques, or Inade

quate preventive maintenance (Chlarella and Beck,

1975). Many of these Installations would be suc
cessful if Installed and maintained using presently
known criteria.

Table I Ii6ts some of the types of catchsent

treatments that have been used or are potentially

suitable when properly installed and maintained.

There are other treatments, such as salt disper

sion, which are potentially suitable for some

installations. Some of these treatments are dis

cussed in other papers in this workshop. The pre

cipitation runoff efficiency, estimated life, and

initial costs of the treatments are based on the

results of over 15 years of study at the U.S.

Water Conservation Laboratory's Granite Reef te6t

6lte near Phoenix, Arizona (Fink et al., 1979) and

the field Installation or performance evaluation of

over 50 operational units constructed In coopera

tion with and/or by private ranchers and Governmen

tal agencies (Frasler et al., 1979). The costs

shown, adjusted to 1980 prices, represent only the

Initial expense of the materials used on the catch

ment apron and do not include any allowance for

site preparation. Installation, water storage,

o.ilnten.incc or Interest.

Smoothing And Clearing

The smoothing and clearing treatment Is proba

bly :h«s oldest water-harvesting treatroeuc, dating

hack over 4,000 years (Evanarl et al., 1961)



Table I.—Potential water harvesting citchocnc
treatments.

Treatoent
Runoff Estimated Initial

Efficiency Life Cost

Land smoothing and

clearing

Water repellents

Paraffin wax

C ravel -cove red

6heetlng

Asphalt-fabric

oeobranes

Concrete, sheet metal

artificial rubber

(2)

20-35

60-85

60-95

75-95

85-95

60-95

(Years) (s/n2)

5-10

5-8

5-8

10-20

10-20

10-20

0.01-0.06

O.I5-O.2O

0.30-0.50

0.40-0.60

1.25-1.75

3.00-5.00

consisting only of grading, smooching, and some

compaction of the soil surface. The effectiveness

of the treatment for Increasing precipitation run

off 16 highly dependent upon Che soil type. Coarse,

sandy soils with high permeabilities are, general

ly, unsulted for the treatment because of relative

ly low precipitation runoff efficiencies. Finer

soils with significant quantities of a nonexpandlng

type clay can be smoothed and compacted sufficient

ly to yield significant quantities of runoff. Care

must be used with this treatcent In designing the

lengths, angles, and uniformity of catchment slopes

to minimize soil erosion (Frith, 1975; Holllck,

1975). Yearly maintenance Is required to control
weed growth and to repair any areas of potential

soil erosion. Smoothing nnd clearing has been

extensively used In Australia In the form of roaded

cotchoents (Burdass, 1975), but has not been widely

used In the United States.

Water Repellents

Many clicoical compounds can Induce a water

repellency In soils. Host of these chemicals have

not been studied enough to determine their poten

tial as water-harvesting catchment treatments (Fink

and Frasler, 1975). One material, a water-ba6ed

slllcone commercially used to waterproof concrete,
has been evaluated as a catchment treatment. This

treatacnt has been successful on soils containing

up to 152 clay. The stllcone was diluted with

water and sprayed onto the prepared catchment sur

face at a rate of 700-1,000 kg slllcone per hectare

(2-3 liters of solutlon/o2). The slllcone reacts
with the soil complex, bonding to the soil parti

cles, fortalng a water repellent layer 1-2 cm deep.

Measured runoff efficiencies were Initially 8S to

95*, but decreased to 60 to 70Z in 3 to 5 years.

The decrease in runoff was attributed to both chem

ical deterioration and a loss of treated soil by

erosion (Myers and Frasler, 1969). The treatment

does not provide any significant soil stabiliza

tion.

Studies are being conducted to evaluate addi

tives to the slllcone for stabilizing the treated

soil layer. One promising material is a long chain

water emulsion latex that Is compatible for mixing

with tin- slllconc. The latex-slllconc mixture 10X
latex, by volume (1,500 - 2,000 kg/ha), is sprayed
onto the soil surface in a single application at a

rate of 2 to 3 liters of solutlon/m2. Studies
have shown a water repellent depth of 1-2 cm and a

stabilized soil depth of 0.2-0.5 co is achieved.

This treatment Is undergoing field evaluation on
operational water-harvesting systems.

Paraffin Wax

The w.ix treatment Is basically a water repel

lent soil treatment with many of the characteris

tics of the slllcone treatment. The treatment con

sists of spraying molten refined paraffin wax

(average celling point (AHP) 52-54C) onto the

catchment surface at a rate of 1.0 to 1.5 kg/o2

(Kink et al. , 1973). This treatment Is best suited

for soils containing less than 20Z clay In clloates

where the soil temperature will exceed the AHP of

the wax during some part of the year (Frasler,

!930). Measured runoff efficiencies from the

treatment are often 80 to 99*. The wax treatment

has an advantage of a continual Increase In the

depth of the water repellent layer with time. The

wax gradually penetrates deeper into the 6oil each

time the soil temperature approaches or exceeds the
melting point of the wax. Initially, the wax

treatment will provide some degree of soil stabili

zation. With time, as the wax continues to enve

deeper into the soil, the wax coating around each

soil particle becoees thinner with less bonding
between soil particles, thus providing less soil

stabilization. This treatment Is being used for
livestock uater-harvestlng systems.

Cr.ivil Covered Sheeting

The gravel covered sheeting treatment Is sim
ply a thin Impermeable plastic sheeting (polyethyl

ene) or standard asphalt coated roofing paper cov
ered with a Liyer of gravel. The gravel holds the

mcubrane In place and provides a protective cover

for reducing wind or other mechanical damage. The

oeabrane Is placed on the catchment surface and a

1.0- to 2.0-cm layer of pea-sized (0.5 - 1.0 co

gravel is spread over the sheeting. The gravel

layer retains approximately the first 2 on of each

precipitation event, which Is usually lost to the

atmosphere by evaporation. Runoff is essentially

100! of all the precipitation in excess of 2 ma.

Minor problems have been encountered with windblown

dust trapped in the gravel, providing a seedbed for

plants (Cluff, 1975). This treatment Is a rela

tively low cost method for ony area which has a

readily available source of clean gravel.

Asphalt-Fabric Membranes

There are several types of asphalt-fabric mara-

br.ini troacrsents. One of the most widely used

tr<Nitm<:nts consists of a random weave fiberglass

uniting i;.iturated with asphalt emulsion. The fiber

glass ratting (90- to - 150-cm wide rolls) is

unrollod on the catchment surface and saturated

with nn nsphalt emulsion at a rate of 3 llters/m-.



After drying for a period of 3 to 10 days, a second

coating of rooflng-asphalt-clay enulsion Is brushed

onto the membrane at a rate of 2 llters/o^ (Myers
and Frasler, 1974). This treatment has been suc

cessfully used for catchments In the hot, arid des

erts to the colder, oountatnous regions of Colorado

* and New Mexico. In recent years, new mattings com
posed of polyester synthetics have becoce avail

able. Sone of these polyester oat tings, which are

compatible with the asphalt enulsion and have sat

isfactory weathering performance, are undergoing

evaluation- All the asphaltlc-fabric treatments

become semirigid with hardening of the naphalt.

The hardened membranes are relatively resistant to

mechanical and animal damage and weathering proces

ses. With good preventatlve maintenance and a

periodic new sealcoat of asphalt, this treatment

has a long, effective life. This treatment Is

being extensively used for furnishing drinking

water for wildlife and livestock In the United
States.

Concrete Sheet-Metal Artificial-Rubber

Most conventional construction materials are

potentially suited for usu on water-harvesting

catchments. These materials are usually relatively

expensive, but when properly installed, have long

life expectancy. Poured slabs or blown (gunlte)

concrete has been used for various types of catch

ments, properly mixed and cured concrete Is very

durable but will have shrinkage cracks when used to

cover large area6. The shrinkage cracks can lose

significant water unless they are periodically

filled with some type of mastic sealer. Runoff

fron concrete catchments will usually be 60-90X.

Sheet metal roofs have long been a method of

water-harvesting. Recently, many sheet metal catch

ments have been constructed by placing the frame

work directly on the ground. This method provides

a durable, low ualntenance runoff apron (Laurltzen,

1967). Co6ts of the roof may be prohibitive for
some Installations.

In the early 1950's, many catchment aprons

were Installed using artificial rubber (butyl) mem

branes. Many of these catchments failed because of

iepropcr installation techniques. If the artifi

cial rubber sheetings were subjected to local ten

sion stresses frum laproper placement over rocks or

other objects, the weathering properties would

often be reduced due to accelerated aging processes

(Dedrlck and Paterson, 1975). Also, butyl sheet

ings regained as flexible membranes and were sus

ceptible to mechanical damage from wind and animals

(Dedrlck, 1973). Only a United number of artifi

cial rubber catchments are still In use.

Hater Storage

Water-storage facilities for a water-harvesting

system are the iusi expensive single Item, some

times representing 50! of the total cost (Coolcy ct

si. , 1978). Any kjslc type of water storage may be

used (Dedrlck, 1975). Usually, the storage selec

tion Is determined by the availability of materials

and location access. In remote sites, primary con-

slderaclon Is the durability of the storage.

One- connonly used type of storage 1b con

structed froo sectlonallzed bolted steel plates

with a bottom of reinforced concrete or an Imperme

able liner on the Inside of the tank. Many Liners

are sensitive to sunlight deterioration. Their

llfespan Is greatly extended If the tank Is cover
ed.

One relatively low cost storage Is a plaster

ed-concrete tank. The tank, approximately 2 m high

and 10 cu thick, has two layers of concrete rein

forcing wire (20- x 20-cto) filled with concrete.

The concrete Is held in place by a second layer of

small mesh (2 cm x 2 cm) woven wire fencing. The

tank Is made waterproof by a layer of cement plas

ter (inside and outside) spread over the wire oesh.

The bottom of the tank Is wire-relnforced concrete.

Unllned earthen pits are not usually a suc

cessful method of water storage for water-harvest

ing systems. Excessive seepage losses often negate

the coat of collecting the water. Most types of

plastic and rubber sheetings and various chemical

sealants have been tried as potential impermeable

liners. One major problem Is oechanlcal damage

from wind, animals, and plants when the liners are

exposed on the soil surface. Properly Installed

burled plastic liners have been relatively success
ful (Dedrlck, 1975).

Evaporation Control

Conserving the collected water Is one of the

rnout economical methods of maintaining nil adequate

water supply. Various methods of reducing evapora

tion have been Investigated Including changing the

color of the water, mononolecular films, shading,

and floating covers (Cooley, 1975).

Many older water-harvesting systems had roofs

constructed over the storage tank. These roofs

effectively reduced evaporation, but construction

costs are often relatively expensive, and some

Installations have been damaged by hlpli winds or

excessive snow accumulations.

For vertical-walled storage tanks, the float-

Ing cover Is one of the nose effective means of

evaporation control. One type of floating cover Is

made of a low-density synthetic foam rubber. Only

minor problems have been reported such as birds

pecking the cover or wind blowing It off when the

tank Is full (Dedrlck et al, 1973). Other miterl-

als used as floating covers Include rafts of poly

styrene 6heetlng and n continuous layer of paraffin

wnx. S'elther of these methods is presently uued on

operational water-harvesting systems.

Evaporation control from sloping-side storages

Is mire difficult because of the changing surface

area with depth. As the water leval drops, float-

Ing covers become stranded upon the sides and are

susceptible to mechanical damage.



RUNOFF FARMIKC APPLICATIONS

In a runoff farming system, a small runoff

area collects water that lu directed toward the

plants and stored In the soil profile. Any type of

catchment area treatment Is potentially feasible.

The cost of the material usually determines the

type of treataent selected. Design factors for a

runoff farming application must Include the water

holding capacity and the Infiltration rate of the

soil as well a6 the temporal and quantity water

demands of the plants.

A study In southern Arizona showed Chnt by

clearing and treating strips of land to Increase

precipitation runoff and by concentrating that run

off on adjacent strips of cropped land, the average

forage yield (based on total land area) of blue

panlcgrass (Fanlcuo antldotale Retz) could be

Increased by a factor of two over yields on plots

with a solid planting of grass. With Ic38 than 125

si of precipitation during the growing season, soae

plots produced average forage yields greater than

2,500 kg/ha (850 kg/ha runoff area Included) com

pared to yields of less than 450 kg/ha on control

plots (Frasler and Schrelber, 1978). While the

potential Increase In forage yields In the studies

was significant, the costs of the treatments on the

runoff area were relatively high compared with cur

rent returns from grass In the form of increased

oeat prpductlon.

FUTURE NEEDS OF WATER HARVESTING RESEARCH

The following are areas In which further re

search Is needed to maximize the effective returns

froo water-harvestlng/runoff-farming Installations:

Information Is needed concerning the water

requirements and timing of the many crops and

plants which nay be potentially 6ulted for runoff

farming applications In arid and semlarld climates.

Studies are needed to determine the potential

Increase In yield when these crops are supplied

with additional quantities of water.

The relative expense of presently used methods

of scoring the collected water Is a major factor In

optlntzlng the relative sizes of catchment and

storages. New, effective durable mnterlols arc

needed for lining excavated pits. New types of

above ground storages are needed for use in remote,

poorly accesslblle sites.

The control of evaporation from the water

storage facility is an often overlooked but criti

cal factor. For the quantity of water saved, the

method of evaporation control can often be the most

effective cost Item. Effective evaporation control

for use on water storages with sloping sides Is rot

presently available.

Other areas needing additional studies are (1)

developing criteria or guidelines concerning the

types of soils and climate where chemical treat

ments, i.e., waxes and water repellents, are suit

ed, (2) development of low cost stabilizers for use

with chemical treatments to prevent soil erosion,

and (3) improved criteria for sizing of catchment

and storage Kiscd on rainfall probability and rela

tive cost of materials.

SUMMARY

Methods and materials are available for con

structing water-harvesting systems for supplying

drinking water for wildlife, lives cock, and domes

tic animals. There are various types of catchment

treatments and storage facilities which are poten

tially suitable. There le_ not a single method or

material that Is universally the best treataent.

Each system must be Individually designed to meet

the onslte needs and factors.

Runoff-farming applications are potentially

capable of providing a significant portion of our

future needs of food and fiber. Studies are being

conducted to evaluate runoff-farming techniques for

Increasing forage production on arid and semlarld

range lands. At present, the costs of the treat

ments are relatively high compared with the poten

tial economic returns that might be expected from

Increased meat production. The relation of food

production to water requirements of many arid and

scmlarld native plants for maximum effective pro

duction Is not known in sufficient detail to

achieve maximum benefits fron the potential of run

off-farming.
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