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WATER HARVESTING SYSTEMS FOR RETIRED
FARMLAND, AVRA VALLEY*

By C. Brent Cluff

Water harvesting is defined as the creation of artificial catchments

and reservoirs for the collection and storage of rainfall for beneficial

purposes. These purposes can range from livestock use, recreation, domestic

and industrial, as well as agricultural.

The precipitation in the Avra Valley floor averages from 250 mm (10 in.)

to 300 mm (12 in.). This is equivalent to 270,000 gallons to 325,000 gallons

per acre per year. At domestic water prices of $2.00/1,000 gallons this

is a harvestable product worth $540 to $650 /acre /year.

WATER CATCHMENT METHODS

Various economical methods of treatment of water catchments have been

developed at the Water Resources Research Center, University of Arizona,

and other places. The leading methods are listed in Table 1, in the order

of cost.

Compacted Earth

This is the simplest treatment. It consists of shaping the land into

a series of troughs and ridges using a road grader. Generally, a 5% slope

would be used with trough depression every 50 feet. Thus, a 4 -inch cut

would be made to form the trough and a 4 -inch fill would be made to form

the ridge. On cleared, retired farmland a grader should be able to complete

an acre every two hours. By equipping the grader with a laser, excellent

slope control could be achieved.

*This paper was prepared for background information for Avra Valley
Retired Farmland Reclamation study. Office of Arid Lands Studies,
and Water Resources Research Center, University of Arizona, Tucson,

October, 1981.
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TABLE 1

1981 COST ESTIMATES* OF DIFFERENT WATER HARVESTING METHODS

1. Compacted Earth

Capital
Cost/
Acre Effic.

Expected
Life /Yrs

Amortized **

Cost of Water
Acre -foot

$ 110 15 -20 3 -5 $ 285

2. Compacted Earth Sodium Treated 300 40 -60 10 -15 98

3. Gravel Covered Plastic 2,200 60 -80 30 -40 217

4. Wax Treated 2,650 80 -90 5 -10 800

5. Fiberglass Asphalt Chipcoated 4,925 85 -95 15 -20 549

6. Asphalt Rubber Chipcoated 5,460 85 -95 20 -25 493

7. Polypropylene Reinforced Mortar
Covered Plastic 11,400 90 -95 50 -60 588

*Capital cost and efficiency estimates are based on installing a 40 -acre system
on retired farmland in Avra Valley.

* *Amortized cost of water per acre foot is based on an 11 -inch average rainfall
and a CAP interest rate of 3.5% for the minimum given expected life and
minimum efficiency. (For comparison, the amortized cost of delivery per
acre -foot of the Pima County CAP allotment of 150,000 acre -feet from Cortaro
is $170. This does not include any pumping costs or the cost of moving the
CAP water to Cortaro.)
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After the catchment is shaped with a grader and smoothed using a rotary

rock rake, it is compacted following a natural rainstorm.

Low efficiency and high weed growth are the two limiting features of

the compacted earth.

Salt Treated Compacted Earth

The addition of 5 tons per acre of sodium chloride to a compacted

earth catchment prior to compaction greatly increases the efficiency and

reduces weed growth dramatically. It also eliminates the need for a

reservoir liner in most soil types. The water from a salt -treated catch-

ment is excellent quality, generally lower than 200 ppm dissolved solids.

It will carry dispersed clay, making coagulation and filtration necessary

prior to domestic or industrial use.

This method is particularly well suited for direct agricultural uses.

The land can be readily reclaimed at any time by disking or plowing the

catchment area.

Gravel Covered Plastic

This treatment would start with a salt treated, compacted earth

treatment, then a 6 -mil polyethylene liner covered with gravel would be

installed, using a plastic dispensing self -propelled chip spreader. This

treatment provides water of excellent quality for all types of uses. It

could be used directly for domestic use with very little treatment.

Wax Treated

This treatment would be made after a compacted earth treatment had

been made. Wax is applied molten, using an asphalt boot truck. The wax
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treatment should be made inthe summer when the summer sun will remelt the

wax and cause it to move into the soil profile. This treatment was developed

at the U.S. Water Conservation Lab in Tempe.

It works well on some soils but does poorly on others, so it would have

to be tried only on a small scale on Avra Valley soils before treatment of

large areas.

Water from wax treated soils would be of high quality. It would have

some sediment that would have to be removed before it could be used for

domestic purposes.

Fiberglass Asphalt Chipcoated (FAC)

A high efficiency, long- lasting treatment, which is suitable for most

soil types. This treatment was pioneered at the University of Arizona.

It differs from earlier work done at the Water Conservation Lab in Tempe,

where a heavier fiberglass was used and the catchments were not chipcoated.

A relatively thin (l0 mil) fiberglass matting is used to reduce costs.

The fabric is dispensed using a roller mounted just ahead of a spray bar

on an asphalt boot truck. Asphalt is sprayed through the material, bonding

it to the ground to form a reinforced asphalt membrane. This membrane is

then covered with a layer of 3/16 to 3/8 gravel chips, utilizing gravel

spreaders on the back of dump trucks. The treatment will support occasional

light vehicular traffic in contrast to gravel covered plastic, which

should not be driven on.

The water will have some oxidation products from asphalt that would

need to be filtered using a charcoal filter. There would be relatively

little sediment.



5

The largest application of this treatment was on a 9 -acre area at

the Black Mesa Water Harvesting Agrisystem. This is probably the largest

impervious catchment for harvesting water outside of Australia, where

several towns are using water from asphalt concrete water harvesting systems.

Asphalt -Rubber Chipcoated (ARC)

This method was also first used at the University of Arizona. About

four years ago three experimental 8 x 16 plots were installed using 0.5 gal

asphalt /yd2. Two of the three plots were chipcoated; the third was coated

with sand. The sand coating has eroded but the underlying material is

in good condition. The chipcoated treatments are working very well.

The process consists of pulverizing used rubber ties and mixing this

into asphalt at a high temperature of 350° F. About 25% of the asphalt -

rubber mixture is rubber.

Although no larger scale water harvesting catchments have been installed

using the system, it has been used for seepage control. The material has

been selected to line a 250 -acre pond at the Palo Verde Nuclear Plant.

The water quality from this type of catchment should be about the same

as the FAC catchment. The material costs are higher but it is easier to

lay down ;since no fabric is needed the pulverized rubber provides the

reinforcement. The membrane remains flexible so that it can be placed

on most soil types, including expansive clay.

Polypropylene Reinforced Mortar Covered Plastic

This type of treatment is untried on a large scale. It has sufficient

potential that it should be considered. The method has been tested using

wire reinforcement for about 20 years on the side of a reservoir. It has
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held up well except for the wire which has rusted. Using polypropylene

reinforcement would eliminate this problem. In the past the material has

been placed using hand labor or gunniting. The cost given in Table 1

is the cost of gunniting the thin concrete mortar layer onto 10 mil black

polyethylene plastic. Hopefully, these costs could be reduced by developing

a screed type of equipment for application. This would involve more

land preparation, but with the development of the laser controlled graders

and scrapers, the cost of precise shaping may not be formidable.

The resulting catchment would be a durable source of water which is

free from contamination. If properly stored this water could be used

directly in a domestic supply with very little treatment.

WATER STORAGE METHODS

Collecting water from a controlled water catchment reduces spillway and

sedimentation problems generally associated with storage of water in a semiarid

environment. However, there still remains a seepage and evaporation problem

that needs to be addressed.

Seepage can be controlled using various methods, including those used for

catchments as shown in Table 1. As indicated above, if a salt treatment is

used on the catchment a reservoir system would be self -sealing. For the

impervious treatments the reservoir would have to be lined unless seepage

could be recovered by pumping from the ground -water aquifer. In Avra Valley

most of the seepage from a large reservoir system could be recovered. Thus

surface ponds could be unlined; only evaporation would need to be controlled.

Evaporation could be greatly reduced by using compartmented reservoirs

where the water is concentrated in the smallest number of compartments to
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reduce surface area (fluff, 1977). Three to four compartments per reservoir

system would be recommended for a 40 -acre size water harvesting system.

If a higher storage efficiency were needed the "last" one or two compartments

would be protected with a floating cover, or perhaps a floating solar

collector which would be used to furnish both electrical and thermal energy

to a development. A computerized model has been developed to optimize

the design of the compartmented reservoir system.

WATER HARVESTING AGRISYSTEMS

The basic approach used is a shaped catchment with plantings in the

drainageways. This has been demonstrated at Page Ranch (Cluff et al., 1972;

Dutt and McCreary, 1974). The retired farmland will be shaped using a road

grader into a ridge and flattened configuration, as indicated in Figure 1.

The ridged areas would be treated to shed rainwater onto the adjacent flat

lands, which could be planted to various range grasses, agronomy -type crops,

high -valued horticulture crops, as well as the jojoba,guayule and buffalo

gourds. Excess water will be collected and stored in a covered or compartmented

reservoir to use back on the plants during the dry season.

The width of catchment area to planted area would be varied, depending

on the crop. One set of configurations is shown in Figure 1. Some of the

factors involved are the type of plant, use of water by the plant, and

aesthetic considerations. Other constraints are the width of equipment used

during construction and subsequent cultivation and harvesting. The row crop

should have a minimum planted width of approximately twelve feet to allow for

the use of four -row planting, cultivating, and harvesting equipment. In

addition to grazing, other harvesting methods for range grasses could be

used. These would consist of cutting and baling, or green chopping for
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feedlot feeding.

The Compacted Earth Sodium Treatment is the recommended water harvesting

method used for the agrisystem. The catchment to planted area ratio, as

indicated in Figure 1, could be increased to maximize water production for

domestic use, recharge to ground- water, establishment of a fishery, or other

recreational use.

Water harvesting plots should be established over forty acres to:

(1) determine prices; (2) determine efficiency and water quality of catch-

ment treatments; and (3) demonstrate the utility and aesthetics of the system.

The emphasis should be placed on the establishment of range grasses, desert

oil plants, buffalo gourd, guayule,jojoba, and agronomy crops. With the

exception of jojoba and guayule, production data could be obtained in a two -year

period.

RAINFED URBAN

Tucson's present water use is 140 gal /person /day or 51,100 gallons/person/

year. The rainfall from Avra Valley land could provide water for five to six

people per acre. This rainfed population could be doubled if the greywater

from the homes were used to irrigate landscape vegetation.

By using water harvesting coupled with water conservation measures,

both inside and outside the home, the retired farmland owned by the city could

support a population of 65,000 to 78,000 people. If the people occupied the

retired farmland it would reduce the rainfed population by an estimated 25

percent. Rooftops, parking lots, driveways and roads could all feed into

an insitu water harvesting system. In addition, open areas could be treated

to shed water. The treatment selected for open areas might be one of those

indicated in Table 1, coupled with vegetation to improve the aesthetics.
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The gravel covered plastic on chipcoated asphalt should be very acceptable

as a landscape treatment interspersed with vegetation. The reinforced mortar

coated surfaces would be very durable and could also be tinted to a soil tone

or other color to fit any landscaping decor.

Very little of the retired farmland in Avra Valley is suitable for dense

urban development, due to its location in the flood plains. These low -lying

lands could be used as a water catchment to provide water for urban develop-

ment outside of the flood plain.

An alternate method of development would be to establish "gentleman"

farms of various sizes that would be supported, using water harvesting.

These farms could be set up as individual units or in modules as shown in

Figure 2. The density should be high enough to repay the cost of each module

through resale of the property after development. The resale would be important

to recover capital and return the property to the tax rolls.

Each module would be operated by the families living thereon. The recom-

mended method of operation will be determined as a part of this proposal.

Some factors of operation are readily apparent. For instance, economics would

require joint ownership of equipment. Outside employment by at least one

member of each family would be essential in that the income derived from

the module would be supplemental. The module would provide considerable

employment opportunity and farm experience for the families living there.

This could be of particular value to the children.

Each module would be as self - sufficient as practical in water. Each

module could be tied into the City of Tucson's supply system, which would

remove the risk of running out of water during drought. Recharge of excess

water during wet periods could keep net withdrawal from the ground -water

table minimal. A substantial part of the food requirement could also be
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met, particularly if greenhouses were incorporated into the system.

Mobile homes could be used initially for housing. This could be

replaced with permanent housing after a prescribed period of time.

The module, as illustrated in Figure 2, would contain a 70 -acre desert

landscape area. This area would contain range grass and shrubs; the species

and method of establishment and maintenance would be determined in achieving

objectives 1 and 2. This buffer area would allow for the passage of flood-

waters and serve as a habitat for small game, in addition to maintaining the

island -type identity of each module. Further protection of homes from

floodwaters could be obtained by building on the excavated soil from the

storage reservoir. The inner area under the plan outlined in Figure 2 would

consist of approximately 90 acres, divided up into ten -acre areas, where

a variety of crops would be grown.

Deed restrictions could be placed on the land to preserve the system

for a given period of time. The same restriction could also control the

total amount of ground -water use on the parcel of land.

RAINFED INDUSTRY

The WRRC and the Office of Arid Lands Studies have studied the use

of water harvesting in conjunction with the construction of the IBM

manufacturing plant east of Tucson.

It was found that rainfall, harvested by using rooftops and parking

lots, and stored in a compartmented reservoir system would be adequate

to support the planned vegetation on the plant site, including grassed

recreation areas. By modifying the landscaped area, water harvesting could

be used to provide 100% of all the water needed in the plant (IBM Consult-

ing Report, 1980).
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Insitu water harvesting could provide sufficient water for any light

industry wanting to use retired farmland in Avra Valley. The ground -water

basin could be used for the storage, provided sufficient safeguards could

be implemented to assure that no contamination would occur and that as much

water was recharged as withdrawn over a set period of time. This period

of time would be set using a computer program which could take into

account the variation in rainfall.

SUMMARY

Water harvesting technology is available to utilize retired farmland

in a variety of ways, ranging from agricultural farms to urban industrialzed

areas. The cost of water from this type of development could exceed the

cost of ground water, but would probably be competitive with the cost of

treated CAP water. It is anticipated that any increase in water cost could

easily be offset by a reduction in land costs. It should be relatively easy

to let out contracts to private investors to minimize the amount of city

financing to develop the land. Thus, the City of Tucson could allow develop-

ment of their lands only if the development would fully utilize rainfall and

institute other water conservation practices, so that the development would

be self - sufficient and therefore not reduce the amount of water that could

be exported from Avra Valley to Tucson. This approach would be compatible

with the original purpose of farmland retirement and should be acceptable

to City of Tucson water customers in the Tucson Basin.
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