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WATER HARVESTING SYSTEMS

A METHOD OF RECLAMATION FOR MINE TAILINGS

C. Brent Cluff

Introduction

Water harvesting, as used in this report, consists of artificially
treating the land surface so as to make it more impermeable and thereby increase
runoff from precipitation. The increased runoff can be used directly or
stored and used later for beneficial purposes. With regard to reclamation
of mine tailings these purposes could include growth enhancement of native/
indigenous or even exotic plants. Alternate systems would be the use of the
water for agriculture,industrial or domestic purposes. These uses could
either be located on or off of the tailings area.

History

The concept of water harvesting is not new, it was used on a very large
scale in the Negev desert in the Middle East as early as 2000 B.C. to provide
water for agriculture in an area receiving less than 200 mm of precipitation
annually. The treatment in the Negev was to (1) clear the soil of rocks to
enhance surface compaction during rainfall and (2) to put in collection ditches.

Over the past twenty years or so researchers at the University of Arizona,
in Tucson, the U.S. Conservation Laboratory in Tempe, Arizona, as well as other
places around the world has conducted experiments to apply modern materials and
methods to reduce costs of water harvesting systems. Several stock watering
systems have been built and served as test units for the better combination of
materials. Larger water harvesting systems have also be installed in Austra-
lia, Israel, Mexico and the United States for domestic and agricultural
purposes.

The water harvesting systems consist of the catchment and storage facil-
ities. The leading methods of constructing these facilities will be described

below:

Catchment Methods

A more complete description of the many methods of catchment construc-
tion is given by Cluff and Frobel (1978). These methods include the follow-

ing: (1) land alteration, (2) compacted earth, (3) chemical treatments of
sodium salts such as sodium chloride, sodium carbonate, sodium silicate and
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sodium polyphosphate, (4) wax treatments, (5) exposed synthetic membranes
such as rubber and plastic, (6) gravel- covered plastic, and (7) asphalt -
based catchments such as asphalt membranes and reinforced asphalt membrane-S.
The reinforcement can be plastic as in the APAC system, (asphalt- plastic-
asphalt -chipcoated), or fiberglass as in the FAC (fiberglass- asphalt -chip-
coated) system. In the ARC (asphalt- rubber -chipcoated) system pulverized
rubber tires serve as the reinforcement that prevents the cracking obtained
in the unreinforced asphalt membrane which was previously used.

None of these systems, as far as the author knows, has been used on
mine tailings for the purpose of either water harvesting or prevention of
erosion by wind and water. The compacted earth and chemical treatments would
probably not work by themselves due to the limited clay content of most
tailing areas. The sodium salts might be used if needed as an herbicide.
Land alteration and perhaps compaction would be used in connection with
other methods of making the soil impermeable. Shaping and channeling in
a tailings area would be important in runoff enhancement and erosion control.
The cost of this operation should be minimal due to the uniform soil conditions
and the close -to -flat terrain. Following the shaping and channeling any
of the impermeable treatments previously tested could be used on tailings
areas. The leading methods that would be recommended for use are (1) paraffin
wax, (2) gravel covered plastic, (3) FAC method and (4) ARC. Unfortunately,
all are based on petroleum derived products and therefore subject to price
increases greater than inflation rate. All are relatively easily applied
with the right equipment on a properly prepared subgrade.

The rate of treatment for each of the systems for tailing materials
would have to be determined before installation. For cost estimating pur-
poses the information in Table 1 is supplied.

1. Paraffin wax

Table 1.

Required Materials for Selected Water
Harvesting Catchment Treatments

Treatment
Bonding Reinforcement Gravel

Material Material Chips

3 -4 lbs /yd2 none none

2. Gravel Covered none 10 mil 65 -75

Plastic polyethylene lbs /yd2

3. Fiberglass -asphalt- 0.6 -0.7 gal /yd
2

10 mil 25 -30

chip emulsified fiberglass lbs /yd

asphalt

4. Asphalt- rubber-

chip

0.5 -0.6 gal /yd2 1.0 -1.25 lbs /yd2 25 -35

emulsified pulverized lbs /yd2

asphalt rubber tires.



The estimated time involved in construction on a suitable subgrade
is dependent on the type of equipment used and the condition of the sub -
grade. In general, it should be possible to install 3 to 4 acres per day
per asphalt distributor truck for the paraffin and ARC systems. The
paraffin is melted by the burner in the asphalt truck and applied hot. The
ARC system requires a special asphalt boot truck with a built in mixer to
keep the rubber distributed. A 1 -1/2 to 3 acre per day rate could be
achieved using a plastic dispensing chip spreader for the graveled plastic
and a fiberglass dispensing asphalt distribution truck for the FAC system.
The chip spreaders are equipped with a plastic dispenser and operated
backward so the spreader does not go on top of the graveled plastic. Using
the FAC method the fiberglass material is laid down just in front of the
spray bar. The hot emulsified asphalt bonds the fiberglass to the soil
after which it is immediately coated with chips which prevents wind damage
and greatly extends the life of the treatment.

The FAC system was used to install approximately 8 acres of catchment
in conjunction with a water harvesting agrisystem at Black Mesa in Northern
Arizona. This system was established on coal mine spoils in conjunction
with an approximate 7 acres of salt treated catchment is being used to
water 5 acres of cropped area and one acre orchard. It is being sponsored
by the U.S. Bureau of Mines with funds provided to the School of Renewable
Natural Resources and the Water Resources Research Center, University of
Arizona. Peabody Coal Company has also furnished men and equipment for
the project.

Storage Systems

Any water harvesting system should involve some surface storage. For
agri- systems this surface storage would be augmented with storage in the
soil profile. The surface storage could be used in conjunction with under-
ground storage if the right geologic conditions were available. Water har-
vested from tailings areas could be recharged into underground aquifers and
pumped as needed for multipurpose uses.

Surface storage is subject to both seepage and evaporation losses.
Seepage can be controlled for long periods of time using earth covered
membranes of various types. Many of the same methods used for catchment
construction can be used for seepage control. In some tailings areas that
have either been lined or have sealed themselves through use, seepage
control would not be needed. These various methods of seepage control are
listed in Cluff and Frobel (1978).

Evaporation control is generally much more expensive. This can
be reduced by use of the compartmented reservoir. This system utilizes
a multi -reservoir system consisting of two or more compartments as shown
in Figure 1. As the water level drops due to evaporation and consumption
a pump is used to transfer the remaining water in A to B and C, thus
reducing the evaporation rate.
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Figure 1. Schematic cross -sectional diagram of a three -compartment
reservoir showing water levels (W.L.) of various stages
in the annual cycle of operation.



The process is repeated when the available water in storage is reduced
to the point where all of it can be stored in C. A computerized study of
this system shows that it will save in excess of 50 percent of the water
normally evaporated. In reservoirs equal in depth to the annual evaporation
rate compartmentalization will turn a reservoir that dries up every year
into a permanent source of water.

An evaporation cover can be used on the "last compartment ", i.e., the
compartment that has water in it most of the time. This conjunctive use
greatly enhances the savings from both systems and is in the economical
range of municipal and industrial water and higher valued crops.

Alternative Energy Sites

Tailings areas can be used to produce both wind and /or solar power
in conjunction with water harvesting. Solar collectors could either be
placed on the water catchment or floated on the associated reservoir
(fluff and Call, 1980). The entire surface of the tailings might
be turned into an energy resource with a floating solar collector. The

floating collectors are easily tracked to follow the sun, producing
electrical energy and preventing evaporation at the same time. The

edges of the tailings area could be used for wind generation.

Summary

Water harvesting can be used to reclaim tailings areas. In most
cases this reclamation would return the land to a higher state of useful-
ness that it was in prior to its being used by mining. The costs of
water harvesting is high, but alternate reclamation methods could be
higher when all costs are included. The resulting landscape should be
acceptable to most people particularly to those benefitting from the water
produced on the area. The value of the water that could be harvested each
year per acre of tailings is now in the $100 to $200 range in most parts
of Arizona. If ten percent of sunlight is converted into electricity and
sold at retail rates, the gross return at present prices, would be from
$50,000 to $60,000 per acre per year.

At present, the cost of harvesting water and sunlight is close to the
value of the harvest. However, additional research and development could,
in the very near future, reduce these costs to a point where a profit
might be realized.
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