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TECHNICAL, ECONOMIC AND LEGAL ASPECTS INVOLVED
IN THE EXCHANGE OF SEWAGE EFFLUENT FOR IRRIGATION WATER FOR

MUNICIPAL USE
CASE STUDY - CITY OF TUCSON

by

C.B. Cluff, K.J. DeCook, and W.G. Matlock

(Editor's note: C.B. Cluff and K.J. DeCook are Associate Hydrologists in the Water Resources Research Center, and W.G.
Matlock is Professor in the Department of Soils, Water, and Engineering, University of Arizona. )

INTRODUCTION

In many communities, irrigated agricultural areas exist
within a few miles of the wastewater treatment plant of a large
municipality. At such locations a dual transfer of water may
be effected, in which the treated wastewater would be used for
irrigation and the high quality irrigation water supply would in
turn be shifted to the municipal system for domestic use. An
investigation of the technical, economic, and legal aspects of
such an exchange system has been completed recently, with
the Tucson region as a case study. The research was done at
the University of Arizona under an allotment grant from the
Office of Water Resources Research, U.S. Department of the
Interior.

THE SETTING

In 1972 approximately 35,000 acre -feet of treated waste-
water was discharged from the City of Tucson treatment plant.
According to City projections, this will increase to 40,000
acre -feet by 1975; 52,000 acre -feet by 1985; and 70,000
acre -feet by 1995. These quantities of water represent a
valuable resource to this desert region. Technically, several
alternative uses could be made of the effluent, most of which
would require some form of advanced treatment; irrigation of
field and forage crops, however, requires no further treatment
of the present secondary treated effluent.

In past years, some of the treated wastewater has been
used for irrigating approximately 2,000 acres of land in the
Cortaro area; however, the present land owners have ceased
irrigating and the effluent purchase contract held by them is in

litigation. Meanwhile, the effluent, except for a minor quan-
tity being used on the City treatment plant farm, is being
discharged to the otherwise dry bed of the Santa Cruz River,
where it flows, at times, as much as 27 miles downstream into
Pinal County. Some of the flow is recharged through the
channel sediments, and is contributing to an increase in nitrate
concentration in ground water along the river in the Cortaro
area. This concentration of nitrates will extend into the
Marana area as the flow increases.

On the water supply side, the City of Tucson several years
ago developed a well field in Avra Valley and installed a
pipeline from there to the City reservoir, in an effort to
augment its ground -water supply. Farming interests in Avra
Valley objected, however, and the City was enjoined from
removing water from the valley, except to the extent to which
the City purchases farmland and retires it from irrigation.

ALTERNATIVE SOLUTIONS

These conditions suggest the desirability of conveying
some or all of the treated wastewater by gravity flow to Avra
Valley for irrigation use, thereby releasing an equivalent
amount of ground water for pumping to the City water
system, as an alternative to that obtained through land
purchase. The same nutrients which under present practices
are contributing to pollution of the ground -water basin as far
as drinking water is concerned would be beneficial to the
farmer who properly used the wastewater in irrigation.
Researchers at the University of Arizona Agricultural Experi-
ment Station have experimented with the use of Tucson
wastewater for forage and grain production of barley, oats,
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and wheat. The wastewater contained approximately 65
pounds of nitrogen, 22 pounds of phosphorus (50 pounds of
P2 Os ), and 26 pounds of potassium (32 pounds of K20) per
acre -foot. Three acre -feet per acre were applied to each crop.
Yields from forage and grain plots receiving wastewater were
equal to, and in most cases greater than, those supplied with
well water and recommended amounts of commercial fertilizer
or those supplied with well water plus nutrients equivalent to
the nutrient content of the wastewater. Under efficient
irrigation practices, the crop and soil will effectively utilize or
remove almost all the nutrients, including nitrate, from the
applied water.

It seems sensible, from a water management viewpoint, to
make an exchange of treated municipal wastewater, containing
nutrients valuable to the farmer, for ground water ideally
suited for municipal use. In effect, the farmer would cycle his
irrigation water through the municipal system before using it
on the farm. The proposed exchange should be of benefit to
both the farmer and the metropolitan community.

Three basic plans could be instituted in the Tucson region:
(1) exchange with an existing irrigation district; (2) exchange
with a newly organized district covering existing irrigated
lands; or (3) exchange with a proposed consolidated district
owned or operated by metropolitan agencies. To varying
degrees, these alternative plans offer the capability of distrib-
uting the bulk of the treated effluent over irrigated acreages of
crops already being grown in the area. Under each system, the
efficiency of use depends upon seasonal blending or alter-
nating of effluent with ground water, in proportions which
rely in turn upon size of irrigated area and cropping pattern. It
appears that approximately 20,000 acres would be required to
efficiently utilize the projected 1995 effluent production. Any
such system contains the inherent advantage of a water -
quantity multiplying factor due to reuse, provided losses in the
transfer system are not excessive. In the Tucson region, for
example, by exchanging 40,000 acre -feet expected to be
available in 1975, approximately 60,000 acre -feet of municipal
water could be made available.

In the three basic alternative schemes for which an
economic analysis was made, treated effluent can be delivered
to irrigated agriculture at a price less than that presently paid
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by agriculture, particularly if the nutrient value 1s Lu1,1dei d
Of the three basic alternatives studied, the Consolidated
Irrigation District -Metropolitan Operated (CIDMO) would
supply treated effluent at a cost below the other systems.
Through control of the cropping pattern, all the projected
effluent through 1995 could be used beneficially on the
19,500 -acre district.

The exchange of effluent for irrigation water would
reduce the number of farm acres that would need to be retired
to meet municipal water demand. Some of the problems
caused by retirement are (1) esthetic deterioration, since
tumbleweeds often become the dominant species on fallow
land; (2) inequities to agro- businesses not compensated for
loss; and (3) loss of tax revenues on the land under City
ownership.

The analytical methods used in the efforts cited above can
be refined to reflect changing institutional constraints with
time, and more immediately could be applied to similar
metropolitan wastewater systems elsewhere in the region, such
as Phoenix, Las Vegas, or Yuma.

REPORT COMPLETED

For further details on the study, one should contact any
of the three Principal Investigators listed above, in care of their
respective departments at the University of Arizona, Tucson,
Arizona 85721. A limited number of copies of the project
report are available upon request.

Please address your comments on the Bulletin to any of
the three editors listed below or the project investiga-
tors:

Phil Briggs, Arizona Water Commission, Suite 800, 222
North Central Avenue, Phoenix, Arizona 85004.

Jim DeCook, Water Resources Research Center,
University of Arizona, Tucson, Arizona 85721.

Ken Foster, Office of Arid Lands Studies, University of
Arizona, Tucson, Arizona 85719.
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