(&2 COMMONWEALTH AGRICULTURAL BUREAUX 36)

Rainfall Collection for Agriculture
in Arid and Semiarid Regions

“Proceedings of a workshop hosted by the University of Arizona, USA
and the Chapingo Postgraduate College, Mexico

Edited by G. R.DUTT,C.F HUTCHINSONand M. ANAYA GARDUNO

\ R
AR

R RN
R

S

AR

\.,‘ »“: i
R

4

‘H




ail L’)é]

WATER FOR ANIMALS, MAN, AND AGRICULTURE BAY UATER-HARVESTINCl

Gery W. Frasier2

Abstract--Many methods and materlals are available for con-
structing vater-harvesting systems for supplying drinking vater.
There 1is not a single method or materlal chat (s universally the
best treatment. Runoff-farming applications of water harvesting
are technically capable of supplying many of our future needs of

food and fiber.

INTRODUCT [ON

There {s an increasing public awareness that
wany parts of our arld and semlar{d lands can be
sore 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. Water-harvesting {s a technique that can
provide onsite wvater when needed for a variety of
uses. Water harvesting is being used with increas-
ing frequency for providing livestock, wildlife,
and domestic drinking wvater supplies. Water-har-
vesting ‘runoff-farming techatques are slowly being
revitalized as a method of food production. While
oa jor progress is belng wide in the development of
methods and materials for water~harvesting applica-
tions, many details st{ll need to be worked out.
Finally, before water harvescting 1is universally
used as a weans of water snupply, there must be a
technology transfer of research results and destgn
information from the researcher to the user.

DRINKING WATER POR LIVESTOCK, WILDLIFE, AND
DOMESTIC USES

All wvater-harvesting systems for supplying
dricking water have two mijor components, a scoi-
perceable or fopermeable soil treatment or covering
for the catchment apron, and a water storage facil-
ity for holding the collected water. Both of these
components must be matched to the site condittions,
i.e., solls, climate, topography, and water re~-
quirexsents, and must perform to specifications un-
attended without fallure for long, perfods. Many
treatzents are potentially suitable for the catch-
ment surface, and a variety of methods can be used
for viter storage. For maximum effective perform-
ance, each system must be {ndividually designed
considering as many of the factors as are feasible
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(Frasier, 1975).

Catchment Treatments

During the past 20-30 years, various research-
ers and users have tried almost every conceivable
wmethod of soil treatment or membrane covering for
water-proofing catchoent aprons (Frasier, 1975;
Cluff, 1975; Cooley et al., 1975). Unfortunately,
many of these installatfons were fatlures. As a
result, many potentfal users of wvater-harvesting
developed doubts concerning the effectiveness of
this method of water supply. These fallures were a
result of poor weathering performance of the treat-
ments, lmproper installatfom techniques, or inade-
quate preventive wmaintenance (Chfarella and Beck,
1975). Many of these finstallations would be suc~-
ceasful {f {nstalled and maintalned using preseatly
known criteria.

Table 1 lists some of the types of catchsent
treatments that have been used or are potentially
suitable when properly installed and mafntained.
There are other treatments, such as salt disper-
sion, which are potentially suftable for some
installations. Some of cthese treatments are dlg-
cussed in other papers in this workshop. The pre—~
cipiration runoff efficiency, estimated life, and
inftial costs of the treatments are based on the
results of over 15 years of study at the U.S.
Water Conservation Laboratory's Gran{te Reef test
si{te 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 mater{als used on the catch-
ment apron and do not include any allowance for
site preparation, (installation, water storage,
maintenance or interest.

Smoonthing and Clearing
The smoothing and clearing trecatment {s proba-

bly the oldzst water-harvesting treatmenc, dating
back over 4,000 years (Evanarl et al., 1961)



Table l.~-Potentisl water harvesting catchuent

treatoents.
Treatoent Runof f Est{mated Initial
Efficiency Life Cost
) (Years) (5/w?)
Land s=moothing and
clearing 20-35 5-10 0.01-0.06
Water repellents 60-85 5-8 0.15-0.20
Paraffin wax 60-95 5-8 0.30-0.50
Gravel-covered
sheeting 75-95 10-20 0.40-0.60
Asphalt-fabric
meabranes 85-95 10~20 1.25-1.75
Concrete, sheet metal
artificial rubber 60-95 10-20 3.00-5.00

consisting only of grading, swoothing, and sowe
compaction of the soill surface. The effectiveness
of the treatment for increasing precipitation run-
off i highly dependeat upon the sofl type. Coarse,
sandy soils with high permeabilities ares, general-
ly, unsuited for the treatment because of relative-
ly low precipication runoff efficiencies. Finer
sofls with sigrnificant quantities of a nonexpanding
type clay can be smoothed and compacted sufficf{ent-
ly to yleld significant quantities of runoff. Care
aust be used with this treatment {n designing the
lengths, angles, and uniformity of catchment slopes
to oinimize soll erosfon (Frith, 1975; Hollfek,
1975).  Yearly wmaintenance is required to control
weed growth and to repair any areas of potential
soll erosion. Smoothing and clearing has been
extensively used in Australia in the foram of roaded
catchments (Burdass, 1975), but has not been widely
used in the United States.

Water Repellents

HMany chemical compounds can induce a water
repellency {n soils. Most of these chemicals have
not been studied enough to determine their poten-
tial as wvater-harvesting catchment treatments (Fink
and Frasier, 1975). One materfal, a water-based
s{licone commerctally used to waterproof concrete,
has been evaluzted as a catchment treatment. This
treataent has been successful on sotls containing
up to 15X clav. The sfilicone was dtluted with
water and sprayed onto the prepared catchment sur-
face at a rate of 700-1,000 kg silicone per hectare
(2-3 liters of soluction/m2). The silicone rescts
with the soil complex, bonding to the soil parti-
cles, foroing a water repellent layer 1-2 cm deep.
Measured runoff efficiencies were tnitially 85 to
95X, but decreased to 60 to 70% in 3 to S5 years.
The decrease fn runoff was attributed to both chea~
fcal deterforation and a loss of treated soil by
erosion (Myers and Frasier, 1969). The treatment
does not provide any signifficant soill stabiliza-
tion.

Studles are belng conducted to evaluate addi-
tives to the silicone for stabilizing the treated
soil layer. One promising material 1s a long chalin
water emulsion latex that Is compatible for mixing

vith the silicone. The latex-silicone mixture, 10X
later by volume (1,500 - 2,000 kg/ha), f{s sprayed
onto the soll surface in a single application at a
rate of 2 to 3 liters of solution/w?, Studies
have shoun a water repellent depth of 1-2 cm and a
stabilized soil depth of 0.2-0.5 ca s achieved.
This treatment s undergoing field evaluat{on on
operational water-harvesting systems.

Paraffin Wax

The wax treatment is basfcally a water repel-
lent so0ill treatment with many of the characteris~
tics of the si{licone treatment. The treatment con-
sists of spraying molten refined paraffin wax
(average melting poilnt (AMP) 52-S4C) onto the
catchment surface at a rate of 1.0 to 1.5 kg/w?
(Fink et al., 1973). This treatment {s best suited
for sofls containing less than 20X clay in climates
vhere the soil temperature will exceed the AMP of
the wax during some part of the year (Frasier,
19803}, Measured runoff efficlencles from the
treatzent are often 80 to 99%. The wax treatment
has an advantage of a continual ftncrease {n the
depth of the water repellent layer with time. The
wax gradually penetrates deeper into the soll 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 wmove
deeper into the soll, the wax coating around each
soil particle becomes thinner with less bonding
betwveen soll particles, thus providing less sofl
stabil{zatfon. This trestment is being wused for
livestock water-harvesting systems.

Gravel Covered Sheeting

The gravel covered sheeting treatment s sim-
ply a thin tmpermeable plastic sheeting (polyethyl-
ene) or standard asphalt coated toofing paper cov-
ered vith a layer of gravel. The gravel holds the
menbrane {n place and provides a protective cover
for reducing wind or other mechanfcal damage. The
vezbrane is placed on the catcheent sutface and a
l.0- to 2.0-cm layer of pea-sized (0.5 - 1.0 c¢n
gravel 1is spread over the sheeting. The pgravel
layer retains approximately che first 2 am of each
precipization event, which 1is usually lost to the
atmosphere by evaporation. Runoff s essent{ally
100X of all the precipftration in excess of 2 ma.
Minor problems have been encountered with windblown
dust trapped i{n the gravel, providing a secdbed for
plants (Cluff, 1975). This treatment {s a rela-
tively low cost method for any area which has a
readtly available source of clean gravel.

Asphelt~Fabric Membranes

There are several types of asphalt-fabric mem-~
bran: treatments. One of the most widely used
treatments consists of a random weave fiberglass
witting saturated wich asphalt emulsion. The fiber-
plass matting (90- to =- 150-cm wide rolls) s
unrolled on the catchment surface and saturated
with an asphalt emulsion at a rate of 3 liters/m2.
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After drying for a period of 3 to 10 days, a second
coating of roofing-asphalt-clay eculsion {s brushed
onto the oembrane at a rate of 2 liters/m?l {Myers
and Frasier, 1974). This treatment has been guc=
cessfully used for catchaents tn the hot, arid des-
erts to the colder, mountainous regions of Colorado
and Nev Mexico. In recent years, new mattings com=-
posed of polyester syanthetics have becose avail-
able. Some of these polyester mattings, wvhich are
compatible with the asphalt emulsion and have sat-
isfsctory wveathering performance, are undergoing
evaluation. All the asphaltic-fabric treatments
become semirigld with hardening of the aaphalc.
The hardened oembranes are relatively resistant to
mechanical and animal damage and weathering proces-
ses. With good preventative maintenance and a
perfodic new sealcoat of asphalt, cthis treatment
has a long, effective life. This Ctreatment {s
being extensively used for furnishing drinking
vater for wildlife and livestock 1in the United
States.

Concrete Sheec-Metal Artificial-Rubber

Most conventional construction materlals are
potentfally suited for wuse on water-harvesting
catchoents. These materials are usually relatively
expensive, but when properly installed, have long
11fe expectancy. Poured slabs or blown (gunite)
concrete has been used for varlous types of catch-
ments. Properly amixed and cured concrete is very
durable but will have shrinkage cracks when used to
cover large areas. The shrinkage cracks can lose
significant wacer unless they are perfodically
filled with some type of mastic sealer. Runof £
from concrete catchments will usually be 60-90%.

Sheet metal rovofs have long been a wmethod of
water-harvesting. Recently, many sheet metal catch-
ments have been constructed by placing the frame-
vwork directly on the grounrd. This method provides
a durable, low wmaintenance runoff apron (Lauri{tzen,
1967). Costs of the roof my be prohibitive for
some installations.

In che early 1950's, many catchment aprons
vere Installed using artificial rubber (butyl) mem-
branes. Many of these catchments falled because of
leproper finstallation techniques. 1If the arc{f{-
cial rubber shee:fngs were subjected to local ten-
sion stresses frum laproper placement over rocks or
other objects, the weathering propertles would
often be reduced due to accclerated aging processes
(Dedrick and Paterson, 197S5). Also, butyl sheect-
ings resained as flexible mimbranes and were sus-
ceptible to mechanical damage from wind and animals
(Dedrick, 1973). Only a limited number of artifi-
¢lal rubber cicchoments are still in use.

Water Storage

Water-storage facilities for a water-harvesting
system are the wost expeasive single {tem, some-
tices representing 50% of the total cost (Cooley et
al., 1978). Any basic type of water storage may be
used (Dedrick, 1975). Usually, the storage selec-

tlon !s determined by the availability of materlials
and location access. In remote sites, primary con-
sideratfon is the durability of the storage.

On¢  commonly used type of storage is con~-
structe¢ from sectionalized bolted steel plates
vith a botton of reinforced concrete or an imperme-
able liner on the inside of the tank. Many llpers
are sensitive to sunlight deterforation. Thelir
lifespan 16 greatly extended if the tank {s cover~
ed.

One relatively low cost storage is a plaster~
ed-concrete tank. The tank, approxi{mately 2 m high
and 19 cw thick, has two layers of concrete reiln-
forcing wire (20~ x 20~cm) filled with concrete.
The concrete {s held in place by a second layer of
small mesh (2 co x 2 cm) woven wire fencing. The
tank is made waterproof by a layer of cement plas-
ter (inside and outside) spread over the wvire mesh.
The bottom of the tank is wire-reinforced concrete.

Unlined earthen pits are not usually a sue-
cessful method of water storage for water-harvest-
ing systems. Excessive seepage losses often negate
the cost of collecting the water. Most types of
plast{z and rubber sheetings and varf{ous chemical
sealants have been tried as potential impermeable
liners. One m3jor problem is mechanical damage
from wind, an{mals, and plants when the liners are
exposed on the soil surface. Properly installed
buried plastic liners have been relatively success-
ful (Dedrick, 1975).

Evaporation Control

Conserving the collected vater (s one of the
mORL econonical methods of maintaintng an adequate
water supply. Various methods of reducing evapora-
tion have been fnvestigated including changing the
color of the water, momomolecular films, shading,
and flnating covers (Cooley, 1975).

Many older water-harvesting systems had roofs
coastructed over the storage tank. These roofs
effectively reduced evaporatlon, but construction
costs are often relatfively expensive, and some
fnstallatfons have been damaged by high winds or
excessive snow accumulations.

For vertical-valled storage tanks, the float~-
ing cover fs one of the mast effect{ve means of
evaporation control. One type of floating cover is
mide of a low-density synthetic foam rubber. Only
minor problems have been reported such as birds
pecking the cover or wind blowing 1t off when the
tank {3 full (Dedrick et al, 1973). Other mter!{-
als used as floating covers f{nclude rafts of poly-
styrene sheeting and n continuous layer of paraffin
wax., Nelther of these methods is presently used on
operational water-harvestiag systems.

Evaporatinn control from sloping~side storages
is more difficulc because of the changing surface
area with depth. As the wvater leval drops, float~
Ing covers become stranded upon the sides and are
susceptible to mechanical damage.



RUNOFF FARMINC APPLICATIONS

In a runoff farming system, a small runoff
area collects water that 15 dlrected toward the
plants and scored in the soll profile. Any type of
catchment area treatment is potentially feasible.
The cost of the materials usually determines Cthe
type of treatment selected. Design factors for a
runoff farming application must include the water

holding capacity and the {nfi{ltration rate of the -

sofl as well as the temporal and quantity water
demands of the plants.

A study In southern Art{zona showed that by
clearing and treating sctrips of land to {increase
precipitation runoff and by concentrating that run-
off on adjacent strips of cropped land, the average
forage yleld (based on cotal land area) of blue
panicgrass (Fanicum antidotale Retz) could be
increased by a factor of two over yields on plota
vith a eoltd planting of grass. With less than 125
oo of precipitation during the growing season, soze
plots produced average forage yields greater than
2,500 kg/ha (850 kpg/ha runoff area included) coa-
pared to ylelds of less than 450 kg/ha on control
plots (Frasier and Schreiber, 1978). While the
potential increase in forage yields {n the studies
vas significant, the costs of the treatments on the
runoff area were relatively high compared with cur-
rent returns from grass n the form of increased
meat productian.

FUTURE NEEDS OF WATER HARVESTING RESEARCH

The following are areas {n which further re-
search is needed to maximize the effective returns
fros vater-harvesting/runoff-farming installations:

Information 1s needed concerning the water
requirements and ciming of the many crops and
plants which may be potentfally suited for runoff
faroming applications in arid and semiarid climstes.
Studles are aneeded to determine the potential
increase in yleld when these crops are supplied
with addicional quantities of water.

The ralative expense of preseantly used methods
of storing the collected water is a m jor factor in
optinizing the relative slzes of catchment and
storages. New, effective durable aeaterials are
needed for lining excavated pits. New types of
above ground storages are nceded for use in remote,
poorly accessibile sites.

The c¢ontrol of evaporation from the water
storage facility is an often overlooked but criti-
cal factor. For the quantity of water saved, the
sethod of evaporation control can often be the most
effective cost item. Effective evaporation control
for use on vater storages with sloping sides is rot
preseatly avallable.

Other areas needing additional sctudles are (1)
developing criterfa or guidelines concerning the
types of solls and climace where chemical treat-
ments, {.e., waxes and water repellents, are suit-
ed, (2) development of low cost stabllizers for use

vith chemfcal treatments to prevent soil erosion,
and (3) improved criteria for slzing of catchment
and storage based on rainfall probabllity and rela~
tive cost of materials.

SUMMARY

Methods and materials are avallable for con-
structing water-harvesting systenms for supplying
drinking water for wildlife, livestock, and domes-
tic animals. There are varfous types of catchment
treatments and storage facf{lities which are poten-
tially suftable. There {8 not a single method or
miter{al that {s wuniversally the best treatment.
Each system must be {ndividually designed to meet
the onsite needs and factors. :

Runoff-farming applications are potentially
capable of providing a significant portion of our
future needs of food and fiber. Studies are belng
conducted to evaluate runoff-farming techniques for
increacing forage production on arid and semiarid
rangelands. At present, the costs of the treat-
ments are relatively high compared with the poten-
tial economic returns that night be expected from
{ncreased meat production. The relation of food
production to water requirements of many arid and
semiarid native plants for maximum effective pro-
duction {s aot known {in sufficient detail to
achieve miximum benefits from the potential of run-
of f-farwing.
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