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The University of Arizona's Water Resources Research
Center was formed in response to Public Law 88 -379,
cited as "The Water Resources Act of 1964." The pre-
amble to this Act reads as follows:

"In order to assist in assuring the Nation at all times
of a supply of water sufficient in quantity and quality
to meet the requirements of its expanding population,
it is the purpose of the Congress, by this Act, to
stirnulate, sponsor, provide for, and supplement pres-
ent programs for the conduct of research, investiga-
tions, experiments, and the training of scientists in
the fields of water and of resources which affect
water."

To further these purposes, Sec. 100 of the Act provided
for the establishing of an "institute" in each of the 50
States and Puerto Rico. These were to be at the land
grant institution of each State, unless otherwise provided
by act of the State legislature. Each institute was to be
funded with $75,000 for the fiscal year 1965, $87,500
in the following two years, and $100,000 per year there-
after.

The activities of these institutes were spelled out in the
Act as follows:

"It shall be the duty of each such institute to plan and
conduct and /or arrange for a component or compon-
ents of the college or university with which it is
affiliated to conduct competent research, investiga-
tions, and experiments of either a basic or practical
nature, or both, in relation to water resources and to
provide for the training of scientists through such
research, investigations, and experiments. Such re-
search, investigations, experiments, and training may
include, without being limited to, aspects of the hydo-
logic cycle; supply and demand for water; conserva-
tion and best use of available supplies of water;
methods of increasing such supplies; and economic,
legal, social, engineering, recreational, biological, geo-
graphic, ecological, and other aspects of water prob-
lems, having due regard to the varying conditions
and needs of the respective States, to water research
projects being conducted by agencies of the Federal
and State Governments, the agricultural experiment
stations, and others, and to avoidance of any undue
displacement of scientists and engineers elsewhere
engaged in water resources research."

Section 101 of the Act further provides for funds to
the institutes for specific projects in which the federal

funds are matched, dollar for dollar, with non -federal
funds.

The above funds, which can be used in cooperation
with other agencies, are awarded to the institutes and
administrative responsibility resides in the institute.

Section 200 of the Act provides funds which can be
used by private foundations, private firms and individuals,
and local, State and Federal government agencies, to
undertake research into any aspects of water problems
related to the mission of the Department of the Interior
which may be deemed desirable and are not otherwise
being studied.

In addition to the funds for the annual allotment to
each institute, the F.Y. 1967 appropriation includes
$2,000,000 for the matching grant program. 45 institu-
tions submitted 227 proposals for $6,000,000 for these
funds. 68 proposals from 34 states were judged most
worthy for the $2,000,000 support. Arizona received
two grants totalling $ 173,189. The nature of these will
be discussed later.

Congress has authorized the appropriation of up to
$5,000,000 for the Section 200 funds. To date, no appro-
priation has been made.

At the University of Arizona, our institute has been
named the Water Resources Research Center. The nu-
cleus of the Center was formed from the existing Institute
of Water Utilization. Although cooperation is still very
close, the Institute of Water Utilization no longer reports
to the College of Agriculture. Its name no longer exists
either. It is the "in- house" scientific program of the Water
Resources Research Center.

However, and this point can not be stated too often,
it is not the aspiration of the Center to develop a large,
independent research program or to be the controlling
administrative unit for all water -related activities at The
University of Arizona. Presently, the activities of the
Center relate directly to probably less than 10% of the
water -related activity on campus and "the tail is not wag-
ging the dog."

As a matter of policy, the Center will attempt research
only where it is determined that serious gaps in our
knowledge exist and that programs to fill these are ones
which the existing, departments do not wish to undertake.
Even then, it is hoped that a maximum interaction with
existing departments can be possible. After all, research
at a university is almost immoral if it does not closely

Arizona State Land Dept. "Proceedings of Tenth Annual Arizona Watershed Symposium ",
Phoenix 9/21 /66.
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relate to the student training function of the institution,
and responsibility for this can never be removed from the
academic departments.

The Center can have a very important coordinative
role, particularly as it relates to the collecting and dis-
seminating of information about the University's programs.
This becomes particularly significant at the time the pro-
posal is made for the allotment grant. Although this ap-
pears to be automatic under the Act, it is anything but
automatic. The proposal must be supported with detailed
accounting of the scientific activities to be pursued, and
the Office of Water Resources Research of the Depart-
ment of the Interior can withhold funds if the program is
not responsive to the purposes of the Act. One example
of the Center's role as a coordinative agency has been the
production of a catalogue of water resources research proj-
ects at The University of Arizona.

One particularly emphasized aspect of the Act is that
the institutes coordinate their programs with the needs of
the States and regions and with the water research activi-
ties of other local, Federal, and State agencies. Almost
every institute has a State -level advisory committee to
assist in this role. To this end, the Arizona Water Re-
sources Committee was asked to accept this responsibility
for the Water Resources Research Center. To further co-
ordination, it was proposed that the Center's program be
reviewed at the annual Watershed Symposium or other
appropriate meeting. This is the first such effort to make
the broadest awareness of the Center's aims and to offer
the opportunity for critical review and suggestions.

The Center has been active for about eighteen months.
Since the total of funds currently available in the allot-
ment program is really fairly limited ($87,500), an at-
tempt has been made to concentrate the effort on limited
objectives with the particular hope we can "seed" new
programs which can compete successfully for more gen-
eral support funds.

About 25% of the program is devoted to a continuing
effort toward increasing the runoff from desert water-
sheds. This effort is largely a part of the "in- house"
program of the Center with strong cooperative assistance
from the Departments of Agricultural Chemistry and Soils
and Watershed Management. Two approaches are being
investigated. One involves rather limited catchments to
provide stock or muncipal supplies and includes a storage
scheme. The other is for a much broader treatment of
the desert watershed with rock salt.

In the limited approach, plastic covered with pea gravel
is used as a catchment. A half -acre area was graded and
treated following a study of the yield of 8' x 16' plots and
a survey indicating that in Tucson such installations for
weed control in landscaping were in good shape after five
years. Coupled with the catchment is a 100,000 -gallon
storage reservoir built by lining an excavation with 6 mil
polyethylene and covering it with 30 mil butyl rubber sup-
ported by 5 -inch aluminum irrigating pipe. This system
should provide a firm water supply of 300 gallons per
day in a 12 -inch rainfall area at a cost of less than $3,000
for the complete system. This obviously can not be of
importance in producing irrigation water but could be of
great assistance in more limited municipal and ranch
situations.
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A broader approach for producing irrigation water is
also under study. This is based on evidence produced by
Dr. W. D. Kemper of Colorado State University that the
characteristic reduction of infiltration due to sodium salts
might be helpful in increasing runoff. In our experiment,
common rock salt, sodium chloride, is used to increase
the exchangeable sodium concentration in the soil. The
salt is spread on the surface, and the high initial infiltra-
tion of rain water carries the salt into the soil so that
sodium absorbed in the clays has been greatly increased.
The sodium absorbed in the clays remains constant as
additional rain infiltrates, but the concentration of salts
in the soil solution becomes low. The clays become highly
dispersed and block the water- conducting channels pres-
ent in the soil, drastically cutting the infiltration rate.

Initial experiments in pans demonstrated the feasibility
of the idea, and the experiment was moved on to two
one -acre plots in the Atterbury Experimental Watershed
at Tucson. Following treatment, a total of 2.90 inches of
precipitation was received. 10.3 per cent was measured
as runoff from the treated plot versus 0.4 per cent in the
control. This dramatic 25 -fold increase in the runoff is
being carefully studied on the Atterbury Watershed, and
plans are being formulated for much broader tests in
cooperation with the U. S. Forest Service.

The cost of treatment is estimated to range from $6 to
$12 per acre, depending on the amount of salt required.
It would thus appear that, if the treatment has a reason-
able life, additional water could be produced at prices
attractive for irrigation.

It is recognized that a number of unknowns exist, such
as increased erosion, effect on plant life, and duration of
the treatment. However, the initial promise appeared so
good that a major effort in this technique is justified. Mr.
C. B. Cluff of the Water Resources Research Center and
Dr. G. R. Dutt of Agricultural Chemistry and Soils are
primarily involved in this program.

In addition to this program in water harvesting, we
have five projects involving the regular academic depart-
ments but closely related to the general problem of in-
creasing the available supply.

The first of these is entitled "Prediction of Water Move-
ment in Soils of Arid and Semi -Arid Regions." It is con-
ducted in the Department of Agricultural Chemistry and
Soils under the direction of Dr. D. D. Evans. lts purpose
is to examine the flow of water and energy under condi-
tions of simultaneous water potential and temperature
gradients for the purpose of improving the prediction of
flow to evaporative surfaces. Water potential and tem-
perature gradients, quantity of flow and appropriate soil
properties will be measured and the data used to evaluate
different equations developed for predicting flow under
those conditions.

The second project is entitled "Physiological Changes
in Plants Produced by Saline Solutions." It is conducted
by Mr. J. J. Riley in cooperation with the Botany De-
partment. Its purpose is to detect, identify, and explain
the physiological changes that occur in plants irrigated
with moderate levels of saline water. Basic to the devel-
opment of higher yields with lower quality water is the
understanding of the reactions of plants to moderately
saline water.



The third project is entitled "Limnology of Impounded
Intermittent Surface Runoff," directed by Dr. W. J. Mc-
Connell of the Arizona Cooperative Fishery Unit. Out-
door water -based recreation possibilities are making small
impoundments much more attractive economically. The
principal goal of this research program is the elucidation
of the limnological role of extracts of preponderant kinds
of watershed litter carried into impoundments filled by
intermittent surface runoff.

The fourth project is entitled "Geophysical Investiga-
tions in Alluvial Basins in Southern Arizona." Under Dr.
J. S. Sumner of the Geology 'Department, its purpose is
to determine the geological structure and geohydrological
characteristics of the Tucson Basin as a type of alluvial
basin using geophysical surveying techniques. Results
from the geophysical work will apply to an interpretation
of the deep geological structure of several basins, and can
be related to the porosity and productivity of loosely
consolidated materials.

To attempt to put these and other efforts in proper
perspective, we have a fifth project, entitled "Economics
of Multiple -Use Water in Originating Watersheds in Cen-
tral Arizona." Under Dr. W. E. Martin of the Depart-
ment of Agricultural Economics, the project also has the
cooperation of the Department of Watershed Management
and the U. S. Forest Service. Its purpose is to devise an
operational model for determination of the economic opti-
mum of joint production of timber, grazing, recreation,
and outflowing water that might be produced from water
supplies available on Central Arizona watersheds.

These projects which have been enumerated comprise
the allotment grant to the University of Arizona. We also
have two matching grants, as mentioned earlier. We take
particular pride in these because they have survived an
extremely stiff competition and critical review in which
the University emerged with substantially more than a
proportional share of the program.

The first of these matching grants is entitled "Trace
and Tracer Elements in Ground Water." Dr. Gordon R.
Dutt of the Department of Agricultural Chemistry and
Soils is principal investigator. The program is a joint
effort including participation from Dr. E. S. Simpson of
the Hydrology Program, Dr. R. A. Phillips of Civil En-
gineering, and Dr. L. G. Wilson of the Water Resources
Research Center. The project is continued from a similar
grant made in F.Y. 1966. Its objectives are (1) to deter-
mine the occurrence of trace metals in ground water
aquifers in Arizona and in effluents from municipal treat-
ment plants, industry and agriculture; (2) to study the
changes in trace metal content of water moving through
the soil from recharge operations with domestic effluents;
(3) to determine the basic parameters which affect the
solubility and movement of trace metals in soil material
as a consequence of environmental changes; and (4) to
evaluate the possibilities of using trace metals concentra-
tions and alkalinity together with existing data to char-
acterize ground water and -its flow regimen.

The second of these matching grants is entitled "Eco-
nomic Implications of Water Policy in Arizona." This
program is under the direction of Dr. M. M. Kelso of the
Department of Agricultural Economics. Associated in the
effort are the departments of Anthropology, Government
and the College of Law. The hypothesis under investiga-

tion is that the content of water policy affects aggregate
economic efficiency with which water resources are de-
veloped and used and, possibly, the distribution of income
resulting therefrom. The tests of the hypothesis will deter-
mine whether modifications in water policy might, in fact,
increase the magnitude of economic rent produced by the
aggregate water input and whether such increases, if
any, will be accompanied by changes in the distribution
of that return.

Of course, the research program of the absorbed Insti-
tute of Water Utilization, funded with State and grant
monies other than that allotted by the Water Resources
Act, is also continuing. For example, Dr. L. G. Wilson
of the Water Resources Research Center as principal in-
vestigator and Dr. G. R. Dutt of the Department of Agri-
cultural Chemistry and Soils are conducting a project
entitled, "Conservation and Inland Disposal of a Blended
Industrial Waste Effluent Using Artificial Recharge Tech-
niques." This project is operating essentially with funds
granted by the Office of Saline Water of the Department
of the Interior through the Agricultural Experiment Sta-
tion, The University of Arizona. The principal objectives
of the project are to evaluate the feasibility of conserva-
tion and inland disposal of industrial waste effluent by
dilution with higher quality water and to examine the role
of artificial recharge methods in a conservation -disposal
program. Cooling tower blowdown effluent from the Tuc-
son Gas & Electric Co.'s Grant Road plant is being re-
charged at present by means of a pit located at the WRRC
Field Laboratory. Recharge will also be attempted through
use of an injection well to be installed in the near future.
Water movement is monitored during recharge by the
neutron logging technique; changes in chemical quality of
the percolating water are determined by sampling from
observation wells; and the hydrogeological and geochem-
ical characteristics of the alluvial fill being recharged are
being examined in detail. In a recent 120 -day test, about
43 acre -feet of the effluent were recharged by means of
the pit with no attempt made to maintain the initial infil-
tration rate of about 70 feet per day.

A second project being conducted by Dr. Wilson is
entitled, "Quality Improvement of Oxidation Pond Efflu-
ent by Grass Filtration, Prior to Reuse." It should be
noted that graduate students of various departments in
The University of Arizona are receiving research training
through all of the projects discussed in this paper. For
example, Mr. G. S. Lehman of the Department of Water-
shed Management is assisting Dr. Wilson with the project
being discussed. Specific objectives of the investigation
are to evaluate changes in quality of sewage effluent dur-
ing grass filtration; design requirements of filtration areas;
nature of biological community affecting treatment; eco-
nomics of treatment; and reuse potentialities of filtered
effluent. Tests are underway at present.

Mr. M. M. Fogel of the Water Resources Research
Center is conducting a project entitled, "The Disposition
of Rainfall, Runoff, and Soil Moisture on an Eighteen
Square Mile Semi- Desert Watershed." The objective of
this study is to gather and evaluate basic rainfall, runoff,
and soil moisture data from small semi -arid brush lands
found in valley floors of the Southwest. Rainfall is meas-
ured by means of 32 recording and nonrecording rain -
gages; an additional 37 plastic raingages are installed dur-
ing the period of summer storms. Runoff is measured
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from sub -watersheds, varying in size from one acre to
about 13 square miles, by means of volumetrically cali-
brated tanks and flumes. Soil moisture is determined at
six locations. Soils, geologic, and topographic maps are
available. With 10 years of data available, studies for the
area, such as depth- area -frequency relationships for rain-
fall, water balance, development of mathematical models
and /or synthetic hydrographs, have been made, are under-
way or contemplated. A noteworthy result of the study
is namely that only about 3% of the rainfall on the area
is being measured as runoff from the larger sub- watersheds.

A project of the Agricultural Experiment Station being
conducted by Mr. Fogel in cooperation with Mr. P. C.
Kangieser, State Climatologist, U. S. Weather Bureau,
and Mr. D. L. Franklin, Numerical Analysis Laboratory,
is entitled, "Climatic Patterns and Their Effects on Ari-
zona's Agriculture." The current objective of this project
is to analyze rainfall data for a network of 17 stations
to establish rainfall probabilities of occurrence for weekly
and multi- weekly periods for agricultural and forested
areas in Arizona. Rainfall probabilities were determined
using a fitted gamma distribution. A summary report for
the Western states should be published in the near future.
It is intended that the next phase will be to analyze
evaporation data for a network of stations to establish
frequency of occurrence of evaporation extremes as an
approach for obtaining extreme consumptive use values
for irrigation design.

A study supported with State and Procter & Gamble
Co. funds, being directed by Mr. C. B. Cluff of the Water
Resources Research Center, is entitled, "Evaporation and
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Seepage Control From Small Reservoirs." This project
in part involves testing various long -chain alcohols for
their efficiency in evaporation control on four ponds con-
structed for the purpose at the WRRC Field Laboratory.
A power spray dispensing system for application of diluted
pre -emulsified alcohol will be developed. The results of
a recently completed four -year investigation in evapora-
tion reduction from small reservoirs, supported essentially
with U. S. Bureau of Reclamation funds, are available in
The University of Arizona, Agricultural Experiment Sta-
tion Reports: One of the conclusions made as a result of
the study was that evaporation reduction using long -chain
fatty alcohols on less than one -acre ponds is not eco-
nomically competitive with other methods such as a float-
ing cover or physically reducing the surface area to volume
ratio by deepening the pond.

This project also involved testing various chemicals for
seepage reduction in eight specially designed seepage pits
located at the WRRC Field Laboratory. Four different
imported soil types ranging from heavy clay to sandy silt
are used in the pits. Results from these tests have not
been encouraging to date.

This, then, is The University of Arizona's Water Re-
sources Research Center and its present research program.
The effort is still young and in its formative stages. By
this exposure to a broad segment of the water -related
interests in the State, it is hoped that the effectiveness of
the program can be increased and that the program will
become increasingly responsive to the needs of the State
and the region. Communications to this end will certainly
be welcome.

_,`
Artificial recharge pit (upper left) for recharge of a blended in-
dustrial waste effluent; plots, 8 x 16 ft., (center) used to test the
effectiveness of various surface treatments for promoting runoff;
and test pond (foreground) for evaluating evaporation suppression
capabilities of various lone -chain alcohols. WRRC Field Labora-
tory near Tucson, August, 1966.
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