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ABSTRACT

Tucson, Arizona, with a 1950 population of 64,000 and a projected

population exceeding 800,000 by the year 2000 remains one of the fastest

growing areas in the United States. This growth has created an ever

increasing demand for water with resulting increased impacts on local

aquifers. Continued water-level decline, decreased pumping capacities,

and potential land-surface subsidence have heightened the need for alter-

native water resources. Central Avra Valley is a recommended source

area.

A hydrologic evaluation of central Avra Valley was conducted

and a proposed well field was identified. Comparison of present hydro-

logic conditions with those existing in 1952 show that the water table has

declined more than 150 feet in certain areas of Avra Valley. A storage

coefficient of 0.15 was selected based on previous investigations, and

aquifer transmissivity values of 35,000 gpd/ft (4,700 ft 2 /day), 50,000

gpd/ft (6,700 ft 2 /day), and 150,000 gpd/ft (20,000 ft 2 /day) were assigned

to the proposed well field. Ground-water quality meets all domestic re-

quirements.

Water-level declines from 20 wells each discharging at 1,000 gpm

(134 ft 3 /min) over a 10-year interval ranged from less than 20 feet to

more than 96 feet. These results suggest that the proposed well field

could be used to meet projected demands for water through the year 2000.

viii



CHAPTER 1

INTRODUCTION

During the last 20 years the City of Tucson has been character-

ized as one of the fastest growing urban centers in the United States.

During this period the local population served by the municipal water

utility has increased from about 180,000 people in 1960 to 435,000 in 1980.

As in other rapidly expanding urban areas the provision of basic services

such as an adequate water supply has been both complex and costly. One

factor that makes the City of Tucson unique, however, is the basic nature

of its water supply.

The City of Tucson develops its entire municipal water supply

from ground water pumped from the alluvial sediments deposited in the

Tucson basin and Avra Valley. Demand for this supply has steadily in-

creased to the point where ground-water pumpage is significantly greater

than natural recharge rates. This imbalance between inflow and outflow

has resulted in steadily declining water levels in wells throughout the

basin.

It has been recognized by many investigators that in order to

provide an assured supply of water for the future the City must consider

importation of water from external source areas. The Central Arizona

Project is one such plan that would provide a significant increase in avail-

able water for the community. Current plans call for initial deliveries to

the Tucson area to begin in 1987. However, the water utility must not

1
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rely completely on this project as the sole solution to its long-term water

supply problems. Alternative solutions must be evaluated as a contigency

in the event the Central Arizona Project is late or does not arrive at all.

The subject of this thesis is the proposed development of an addi-

tional well field in the central portion of Avra Valley designed to augment

available ground-water supplies. The well field would serve as a source

area on its own or could be used as a blending source for future Central

Arizona Project water, which would most likely require treatment prior to

local distribution.

The thesis begins with a general geologic and climatic description

of the area and identifies the present extent of the source areas for the

water being utilized by the City. The effect of long-term ground-water

overdraft is discussed, and a section that describes future population and

demands for water within the utility's service area is presented.

The following two chapters briefly outline the principal historic

events and legal decisions that pertain to the development of water re-

sources from Avra Valley. Several of these events have had a profound

impact on the City's efforts toward increasing the importation of Avra

Valley water to the Tucson basin. The extent and nature of the present

holdings and production facilities in Avra Valley are also documented.

A chapter that presents the existing hydrologic conditions

throughout Avra Valley follows. Current and historic water levels are

documented, and a discussion of aquifer coefficients is presented. A sec-

tion on ground-water quality for the major portion of Avra Valley is also

included. Based on these data there follows a chapter in which a location

for a proposed well field and recommendations for construction techniques
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are outlined. Following this a chapter details the impact on the local

ground-water system resulting from an assumed stressing of the aquifer

under a selected operational mode. Concluding the thesis is a discussion

of the significance of these impacts and what they mean in terms of future

development of water from Avra Valley.



CHAPTER 2

BACKGROUND

Numerous factors have combined to make Tucson one of the fast-

est growing population centers in the United States. Attendant with this

high growth rate has been a steadily increasing need to locate and de-

velop additional municipal water supplies. To enhance the reader's un-

derstanding of the complex and unique nature of Tucson's water supply

a brief discussion of several controlling factors is presented in the follow-

ing text.

Climatic Setting 

Both Tucson and Avra Valley have a semiarid climate with an an-

nual mean temperature of 67.3°F. Temperatures range from a low monthly

mean temperature of 50.0°F during January to a high monthly mean of

86.1°F during July. However, the summers, although hot, are not nearly

as oppressive as in other locations within the State. In terms of climatic

relief from this semiarid environment, precipitation plays a relatively minor

role. Annual precipitation for Tucson averages about 11 inches, whereas

the annual potential pan evaporation as measured at the University of

Arizona station exceeds 80 inches (Laney, 1972). Due to this imbalance,

rainfall does not provide a dependable surface-water supply adequate to

meet the needs of the area's rapidly increasing population.

Approximately half of the annual precipitation occurs during the

summer "monsoon" season in July and August. Rainfall occurring during

4
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this period is typified by intense localized thunderstorm activity, which

results in rapid runoff of short duration in local drainages. Most of the

balance of the precipitation takes place during the winter months. Rain-

fall occurring during the winter tends to be less intense, more widely

distributed, and of longer duration than that which occurs during the

summer. It is the local surface-water runoff from the winter events that

provides the most significant quantity of recharge along the major washes.

Due to the moderate and highly variable precipitation throughout

the region, the local demand for water is met completely by development

of ground-water sources. In that regard, the City of Tucson is one of

the largest communities in the world to do so.

Geologic Setting of Avra Valley 

Avra Valley lies some 15 miles west of Tucson, Arizona, and is

located within the northern extent of the Sonora Desert. This region is

a part of the Basin and Range physiographic province of Arizona. Typ-

ical of basins located in this part of the State, Avra Valley is a wide,

alluvial valley, which is bordered on the west by the Silverbell and

Roskruge Mountains and on the east by the Tucson Mountains (fig. 1).

The generalized geologic environment of Avra Valley is similar to

that of other basins located in the Basin and Range province. Typically,

the mountains bordering these basins consist of dense, nearly imperme-

able bedrock with relatively shallow bedrock pediment surfaces extending

out toward the center of the valley. The central portion of these valleys

is typically filled to great depths with alluvial sediments of varying

permeability.
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On the western border of Avra Valley the bedrock complex making

up the Roskruge Mountains consists primarily of andesites and rhyolites,

excepting the northeastern slopes where a volcanic and sedimentary com-

plex of Cretaceous age predominates. To the north the Silverbell Moun-

tains are predominantly made up of volcanic and sedimentary units of Cre-

taceous age or younger, although Precambrian granites and scattered

outcrops of dibase ranging in age from younger Precambrian to Tertiary

are also found. The Tucson Mountains on the eastern border of Avra

Valley represent a complex structure of sandstones, metamorphosed shales,

limestone, and conglomerates of Tertiary age. Outcrops of andesite, rhy-

olite, and granite can be found at the northern end of the Tucson

Mountains.

Most of the rocks that make up the bordering mountain ranges

are very dense and nearly impermeable. As such, their greatest signifi-

cance is the fact that they act as an impermeable boundary to hold the

ground water in the alluvial sediments deposited in the center of the

basin between these mountain ranges.

Present Source Areas for Water 

Approximately 50 percent of the total quantity of water pumped

to meet the demands of the City of Tucson is obtained from the Interior

well field (fig. 2). Many of these wells were not constructed by the City

but were obtained by acquisition of private water companies during the

last 30 years. The City has also conducted well drilling programs in

those areas of the Tucson basin that have proved most productive.

The Southside and Santa Cruz well fields are located south of the

City along the Santa Cruz River extending to an area northeast of
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Sahuarita, Arizona (fig. 2). Presently, the 13 Southside wells supply

about 3 percent of the total annual pumpage, and the 26 Santa Cruz wells

supply about 21 percent of the total. Both well fields are topographically

and hydrologically upgradient from the City and are extremely important

from an operations viewpoint.

West of Tucson in southern Avra Valley the City operates 20

wells, which presently provide 25 percent of the total annual supply.

The location of this field is also shown on figure 2. Water produced from

this well field is transported to the City of Tucson via a 42-inch transmis-

sion line located along Valencia Road to the Martin Reservoir near Park

Avenue and Valencia Road. As will be developed in the balance of this

thesis, it is Avra Valley that may well serve as a potential water-supply

augmentation source to meet future needs of the City.

Water-table Decline 

Figure 3 taken from Wright and Johnson (1976) portrays the

total decline in the water table between 1947 and 1977 for the Tucson

basin and from 1952 to 1977 for the Avra Valley basin. The large decline

area in the Tucson basin south and west of Sahuarita, Arizona, has re-

sulted from the combined pumpage by local agricultural and mining

interests. The maximum decline here is more than 150 feet. The water-

table decline near the Southside well field due to local pumping approaches

100 feet in some wells. On the City's east side there is an area of local

water-table decline amounting to 100 feet over the period of record.

Figure 3 also dramatically depicts the extent of lowered water

levels in Avra Valley, which have resulted from the extensive and con-

tinual pumpage to supply the demand of agriculture in the north and
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central parts of the valley. Maximum decline in the water table now ap-

proaches 160 feet in the northern portion of Avra Valley.

It is interesting to note the rather minimal impact that pumping

by the City from its south Avra well field has had on the local water

levels. To a certain extent this is due to the legal restrictions which limit

the amount of water that can be withdrawn for importation to the Tucson

basin. Additionally, restrictions in the distribution system have pre-

vented moving larger quantities of Avra Valley water. The City has been

progressively making the necessary system modifications to allow in-

creased importation from the existing Avra Valley source area as time goes

on. The maximum design capacity of the Valencia Road transmission line

is about 30 million gallons per day (mgd) or approximately 33,000 acre-

feet per year.

Decline in Well-field Capacities 

Basinwide declines in water level, increased competition for local

ground-water resources, and decreased pumping plant efficiencies result

in an annual loss of well production capacity of about 6 mgd for the City.

This decline in well capacity added to the increased demand created by an

average annual growth of 3 percent must be replaced to maintain the capa-

bility of providing adequate water service throughout the system. As will

be seen, the four principal well fields have been affected by local declines

in the water table to differing degrees.

Interior Well Field 

The Interior well field supplies about 50 percent of the total water

pumped by the City. Most of the 211 wells located in this field are
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considered to be for local service as they provide water directly to the

distribution system in the populated areas within the main service area of

the City.

Figure 4 shows that the overall production capacity for this field

has increased slightly since 1968. While this is true in the absolute, there

are several points that should be made in this regard. The pronounced

peak in the overall production capacity that occurred in 1975 reflects the

purchase of several private water companies and their associated wells.

Today, however, there are few private water companies that if included

in the City system would result in any significant increase in overall sup-

ply. Also, beginning in 1975, the City has conducted several production

well drilling programs designed to maintain or increase production capa-

bilities in the Interior well field. However, replacement drilling sites in

favorable hydrologic areas within the Interior well field area that have the

same expectation for success as those in the past are becoming hard to

locate.

Southside Well Field 

The Southside well field presently consists of 13 wells and con-

tributes approximately 3 percent of the total supply required by the City.

This well field has suffered a large total water-level decline as was shown

on figure 3 and has a decline rate that has ranged between 4 and 7 feet

per year in recent years. As may be seen in figure 5, this decline has

had an adverse effect on the overall production capacity of the well field.

Since 1968 the well field has shown a steady loss in production capacity,

which by 1979 amounted to about 8,000 gallons per minute (gpm). The

overall density of wells located in this area generally precludes new well
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construction of new wells to increase the supply. Presently, this field is

used primarily for peaking requirements during the months of high water

use.

Santa Cruz Well Field 

Figure 6 graphically represents the impact that upstream compe-

tition for ground water had on this well field. Since 1968 the overall

production capacity has declined to about 12,000 gpm. This is particu-

larly significant if one considers that six new wells were added to this

well field during 1975. It is clear that local development of the available

supply far exceeds nature's ability to recharge the aquifer under the cur-

rent pumping regimen. This situation is not expected to improve in either

the short or long term.

Avra Valley South Field 

Production capacity for the Avra Valley field has been continually

increased with the addition of each new well, as can be seen on figure 7.

It is this increased production capacity that has compensated for the

losses in capacity incurred in the Southside and Santa Cruz well fields in

the Tucson basin. Increased reliance on the existing Avra Valley well

field and on the well fields proposed in this thesis can be anticipated as

the projected demands for water in the Tucson area become a reality.

Projected Demand for Water 

Collectively, the moderate climate, recreational opportunities, and

the natural beauty of the high desert have resulted in a phenomenal

growth rate for the region. With a sustained annual growth rate of ap-

proximately 3 percent, Tucson continues to be one of the fastest growing
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communities in the United States. Attendant on this growth, however,

are problems associated with providing adequate water service to the

region.

Shown on table 1 are population projections for Pima County and

the water service area of the City to the year 2000 together with the re-

sulting average daily demand associated with these anticipated population

levels. Column 1 shows the population projections to the year 2000 as

developed by the Arizona Department of Economic Security in May 1979.

These population numbers have been adopted by the Pima Association of

Governments (PAG) to the year 2000 and are used by all planning agencies

in Pima County. They serve as the basis for all long-term water planning

conducted by the City.

Columns 2 and 3 of table 1 show the expected total service area

population and the retail service populations for the municipality to the

year 2000. Inspection of these two columns show them to be identical un-

til the year 1990, at which point the total service population begins to

exceed the retail service population. The reason for this is that by 1990

the municipal water utility will begin to wholesale water to large outlying

water companies rather than acquire them as retail customers. Adoption

of this policy is expected to minimize future rate increases to existing

customers and to provide for a more rational expansion of the area.

Column 4 reflects the projected number of active service connec-

tions the water utility will have in the future. This projection was made

by assuming 3.7 people per active retail service and dividing that figure

into the projections for the retail service populations. The value of 3.7
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Table 1. Projections for populations and water-service demand to the
year 2000 for the Tucson area. -- From Davis (1979)

Total

	

Populations	 Commercial,	 Average
,	End	 Industrial,	 Daily

	

of	 Pima	 Total	 Retail	 Active _,	 Institutional	 Demand l
	Year	 bCounty a Service Servicec Services'	 Acreagee	 (mgd)

(1)	 (2)	 (3)	 (4)	 (5)	 (6)

1978	 502,700	 427,295	 427,295	 115,485	 12,036	 60.5
1979	 521,300	 443,105	 443,105	 119,785	 12,482	 62.8
1980	 539,800	 458,836	 458,830	 124,008	 12,925	 65.0

1981	 561,900	 477,615	 477,615	 129,085	 13,454	 67.6
1982	 572,600	 486,710	 486,710	 242,543	 13,710	 68.9
1983	 583,700	 496,145	 496,145	 134,093	 13,976	 70.3
1984	 594,900	 505,665	 505,665	 136,666	 14,244	 71.6
1985	 606,300	 515,355	 515,355	 139,285	 14,517	 73.0

1986	 614,500	 522,325	 522,325	 141,169	 14,713	 74.0
1987	 623,500	 529,975	 529,975	 143,236	 14,929	 65.1
1988	 632,500	 537,625	 537,625	 145,304	 15,144	 76.1
1989	 641,500	 545,275	 545,275	 147,371	 15,359	 77.2
1990	 655,500	 622,725	 557,175	 150,588	 17.542	 88.2

1995	 727,100	 690,745	 618,035	 167,036	 19,458	 97.8

2000	 818,600	 777,670	 695,810	 188,057	 21,907	 110.1

a. From Arizona Department of Economic Security, 1979; adopted by
Pima County Association of Governments September 27, 1979.

b. Assumed to be 85 percent of County population until 1990; for
1990 and beyond assumed to be 95 percent of County population.

c. Assumed to be 85 percent of County population.

d. Assumed to be retail service divided by 3.7 persons.

e. Assumed to be retail service divided by 35.5 persons.

f. Sum of 105 gallons per capita per day x total service population +
1300 gallons per acre per day x total commercial, industrial, and institu-

tional acreage.
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has been historically valid for Tucson and so represents a reasonable as-

sumption for the future.

The anticipated level of commercial, industrial, and institutional

development in the area is shown in column 5 of table 1. These numbers

have been generated by dividing the total service population by an as-

sumed 35.5 people per commercial, industrial, institutional (CII) acre.

Once again, this constant of 35.5 people per CII acre has been consistent

in prior years within the water service area of the City and has been used

to project future development.

Column 6 of table 1 represents the average daily demand in mil-

lions of gallons per day (mgd) created by the total service population and

the total CII acreage expected within the area. However, this represents

only the average daily requirement. Both daily and seasonal peaks in

water use must be considered to arrive at the well capacity required to

meet the needs of the utility.

In table 2 the average daily demand as developed in table 1 is

equated in accordance with the stated assumptions to the total amount of

well capacity required to meet the projected peak demand conditions of the

system. It is this peak well capacity requirement that will require source

augmentation in future years.

That future water-supply augmentation will be required by Tucson

is a widely held concept by nearly all knowledgeable water-resources in-

vestigators. Others, however, argue that generally accepted estimates

for water in storage indicate that the region could continue well into the

next century before water importation would become a necessity. There
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Table 2. Projections for capacity water demand and ground-water
source requirements to the year 2000 for the Tucson

area. -- From Davis (1979)

End
of

Year

Demand, mgd Ground-water Source
Requirements, mgd

Average
Day

Avg Day
Peak Montha

Peak
Dayb Totalc Wellsd Augmentatione

1978 60.5 90.8 121.0 127.1 127.1
1979 62.8 94.2 125.6 131.9 131.9
1980 65.0 97.5 130.0 136.5 136.5

1981 67.6 101.4 135.2 142.0 142.0
1982 68.9 103.4 137.8 144.7 144.7
1983 70.3 105.5 140.6 147.6 147.6
1984 71.6 107.4 143.2 150.4 150.4
1985 73.0 109.5 146.0 153.3 153.3

1986 74.0 111.0 148.0 155.4 155.4
1987 75.1 112.7 150.2 118.3 93.3 25.0
1988 76.1 114.2 152.2 119.9 94.9 25.0
1989 77.2 115.8 154.4 121.6 96.6 25.0
1990 88.2 132.3 176.4 138.9 113.9 25.0

1995 97.8 146.7 195.6 154.0 114.0 40.0

2000 110.1 165.2 220.0 173.5 123.5 50.0

a. Assumed to be 1.5 times average day demand.

b. Assumed to be 2.0 times average day demand.

c. Pre-1987 = peak day demand + 5 percent reserve; 1987 and beyond
= average day peak month demand + 5 percent reserve.

d. Pre-1987 = total ground-water supply requirement; 1987 and be-
yong = total ground-water supply requirement - augmentation requirement.

e. Increased over time to meet demand caused by growth. Well
capacity to remain fairly uniform. Tucson's initial ground-water augmen-
tation requirement will be 25 mgd in 1987 and will increase to 100 mgd in
2030. Economics and capacity requirement will dictate supply alternative
phasing.
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are, however, other important factors that increase the need for water-

supply augmentation.

Tucson should begin to actively manage its available water sup-

plies for several reasons. Water levels are declining over much of the

Tucson basin. As this decline continues, basinwide users face escalating

costs for lifting ground water to the land surface. It is the desire of the

City to attempt to reduce rapid and excessive water-level decline areas

and to evenly distribute pumping so as to minimize the impact on the aqui-

fer as a whole.

Subsidence of the land surface as a result of declining water levels

is a distinct possibility in the Tucson basin. Nearby basins with similar

geology have experienced significant land-surface subsidence. If differ-

ential subsidence occurred in the incorporated Tucson area, large damage

costs could be the result. This possibility must be recognized and dealt

with effectively in a responsible manner. To do this, the City is system-

atically reducing its pumpage from the Interior well field while increasing

the percentage of water pumped from outlying well fields thus minimizing

potential effects of land-surface subsidence in the more populated areas of

the Tucson basin.

Table 3 incorporates the principal features of the adopted opera-

tional management philosophy concerning the various well fields utilized

by the City. Projections were developed for expected pumpage require-

ments from each of the exisitng well fields as well as the quantity of water

that must be augmented if Tucson is to adhere to a rational water manage-

ment policy. One alternative augmentation source that will be discussed

is the development of additional ground-water supplies from Avra Valley.
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Table 3. Projections for average well pumpage and augmentation
requirement to the year 2000 for the Tucson

area. -- From Davis (1979)

End
of

Year

Average
Demand

(mgd)

Average Well Pumpage, mgd

South
Avra Valley

Santa Cruz,
Southside Interior

Augmentation
Requirement

1978 60.5 10 4 15.6 34.5
1979 62.8 13 4 15.6 33.8
1980 65.0 16 15 34.0
1981 67.6 18 14 35.6
1982 68.9 20 14 34.9
1983 70.3 22 14 34.3
1984 71.6 24 14 33.6
1985 73.0 25 14 34.0

1986 74.0 25 14 35.0
1987 75.1 25 14 16.1 20
1988 76.1 25 14 17.1 20
1989 77.2 25 14 18.2 20
1990 88.2 25 14 29.2 20

1995 97.8 25 12 30.8 30

2000 110.1 25 12 33.1 40

Operating Assumptions 

1. Tucson Water will continue its maximum pumpage from the Santa
Cruz and Southside well fields.

2. Pumpage from south Avra Valley will be increased to meet growth-
related demand up to a maximum of 25 mgd.

3. Pumpage from the Interior well field will be maintained until aug-
mentation source delivery in 1987.

4. After augmentation source delivery, Interiorpumpage will be
initially reduced one for one.

5. Goals for the Tucson basin in conjunction with the economics of
utilizing augmentation water versus pumping ground water from the
Interior well field will dictate amounts used from each source.

6. Interior pumpage assumed to be limited after 1990.



CHAPTER 3

CITY OWNERSHIP IN AVRA VALLEY

The concept of developing additional supplies of water in Avra

Valley for export to the Tucson metropolitan service area is not new.

Plans on the part of the City for developing Avra Valley ground water

and transporting it to the Tucson basin have been considered for many

years. The realization of this concept, however, has evolved through

varied and complex historical and legal developments, which have dictated

the nature of the importation project.

Historical Development 

Prior to 1948 most of Tucson's water supply was pumped from

wells situated along the Santa Cruz River in the general location of the

present-day Southside well field and out to the western limit of the City.

Other supplies were obtained from the "Mesa" wells, which extended north

and east of the City in a general semicircular arc centered near the

present-day intersection of Broadway and Campbell Avenue.

During the period 1945-1958 it had become apparent that Tucson

was growing quite rapidly; additional water supplies and associated water

production facilities would soon be required. To meet this need, the City

retained the Phoenix firm of Yost and Gardner in 1948 to prepare a com-

prehensive report on all potential water supplies available within a rea-

sonable distance of the City.

22
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The result of their report was a prioritized listing of potential

water resources, starting with the expansion of the Santa Cruz well field

to as far south as Sahuarita, Arizona. A second development would locate

additional wells south and east of the existing "Mesa" wells, extending to

the Davis-Monthan Air Force Base and north to the Rillito River.

The third recommended plan was the development of one or more

well fields in Avra Valley with an emphasis on locating wells near "Three

Points." This plan was complete with a recommended 50-inch transmission

main to transport the water to the Tucson basin along an alignment one

mile south of Valencia Road. The fourth concept was additional develop-

ment of wells in the Santa Cruz basin near the northeast and southeast

perimeters of the basin.

During this same general time period the financial ability of the

City to provide for major capital improvements was severely restricted.

An imposed limitation on expansion of the annual budget and a 15 percent

general obligation bond limitation prevented development of major systems.

Shortly thereafter, in the early 1950s, the concept of capital financing

using revenue bonds was perfected with the result that the City could

proceed with development plans in Avra Valley.

Before the City could begin, however, they found it necessary to

contest ground-water development in the "Three Points" area. This de-

velopment was made possible by a modification of the Taylor Grazing Act

that allowed Federal lands to be used for agricultural purposes. After

protracted negotiations, the City was issued right-of-way leases and po-

tential well sites. Thus, the City acquired well sites on Federal lands

from 1951 through the 1960s, culminating with the issuance of patent
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deeds to the City of Tucson by the United States Bureau of Land Manage-

ment in 1966. Most of these sites are still retained and available for use

by the City.

Initially, water from the Tucson basin was supplied to residential

development in Avra Valley under a policy established by the City during

the late 1950s in concert with the Arizona Corporation Commission to the

extent that the City was reserved the right to serve about ten sections in

the eastern part of the valley (Tucson Water and Sewers Department, 1970).

These areas included Drexel Heights, Tucson Estates, and large tracts of

Federal lands along the Ajo Highway released for sale to veterans. By

1960, substantial quantities of water were being transported from the

Tucson basin to Avra Valley, the exact reverse of the proposed plan to

import Avra Valley water for the use of Tucson basin water users.

Legal Constraints 

Statutes associated with the allocation of surface water were

adopted by the Arizona Territorial Legislature in 1864 and the State of

Arizona Legislature in 1919. In each of these statutes percolating ground

water was specifically ignored. These statutes proved woefully inadequate

in dealing with the complex problems of water management as the State be-

came more and more dependent on development and use of unregulated

ground water. In response to growing concerns for ground-water deple-

tion, the Arizona State Legislature adopted the Critical Ground Water Act

of 1948, more commonly referred to as the Ground Water Code of 1948.

This code was later amended in 1954 and again in 1968.

The principal feature of the code was the prohibition of drilling

new irrigation wells within designated critical ground-water areas without
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the necessary permits as issued by the State Land Department. The code

defined and established critical ground-water areas as "and ground water

basin, or any designated subdivision thereof, not having sufficient ground

water to provide a reasonably safe supply for irrigation of the cultivated

lands in the basin at the then current rate of withdrawal" (Arizona Revised

Statutes, 1948, §45-301). As a result, much of Avra Valley was included

in the Marana Critical Area, which was established by the State on

October 15, 1954.

The statute did not prevent drilling of domestic supply wells or

replacement of irrigation wells whose production capacities had diminished

with time. Also, no limits were imposed on pump capacity or the amount

of water that could be placed on the land for crop irrigation. To this

point in time there appeared to be no major obstacle preventing Tucson

from implementing its proposed import program for Avra Valley water.

In the 1952 opinion of the Arizona State Supreme Court in Bristor

v. Cheatham (1952) the rights to percolating ground water were held to

be publicly owned. However, in 1953, after rehearing the case, the Court

reversed its 1952 decision and held that all percolating ground water

would remain the private property of the owner of the land overlying the

ground-water resource (Bristor v. Cheatham, 1953). Thus, this decision

established the requirement that to develop ground water one had to own

the land above it. Because the City had acquired title to numerous drill-

ing locations and easements in Avra Valley, their proposed import plan

was intact. The only limitation of the 1953 decision was that any ground

water developed must be put to a "reasonable use." The term "reasonable

use" was not anywhere defined in the 1953 decision.
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With this background, the City went ahead with its import plan.

Six wells were drilled near the intersection of Sandario Road and Ajo Way

and a large 42-inch-diameter transmission main was constructed during

1968 and 1969 at a total cost of $3,100,000, of which total the City was

responsible for $1,600,000. The transmission line has a design capacity

of about 30 mgd. The first six wells had a combined capacity of 8 mgd.

The City's efforts to implement this new import system, however,

resulted in a series of three lawsuits, commonly referred to as Jarvis I,

II, and III (Jarvis v. The State Land Department and the City of Tucson,

1969, 1970, 1976). While not preventing the importation of Avra Valley

water, the decisions dictated the mechanism by which future supplies

would be obtained and established the amount of water that could be

transferred. In 1969, the Arizona Supreme Court ruled in Jarvis I that

the City would not be allowed to pump and transport any water from Avra

Valley to the Tucson basin. This decision was modified by the 1970

Jarvis II decision, regarding which Chalmers (1974, p. 50-51) stated:

. • . the court declared that Tucson could acquire presently-
cultivated lands in the valley and by retiring them could obtain
the right to pump from the basin an amount of water not to ex-
ceed the annual maximum historical amount used in irrigating
the retired lands.

The Jarvis III decision in 1976 made an attempt to further quan-

tify the amount of water that could be transported to the Tucson basin

from lands removed from production by the City. The State Supreme

Court ruled (upon the facts established with the Court) that the consump-

tive use of water by agriculture in Avra Valley is approximately 50 per-

cent of the total amount of water pumped. In addition, the court made

the interpretation that the "annual maximum historical usage" limitation
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as developed under the facts of Jarvis II meant the average annual his-

torical usage. These interpretations significantly reduced the potential

amount of water that could be transferred by the City. Petitions to re-

hear the case were denied by the Court.

Presently, there is a great deal of effort being expended by the

Ground Water Management Study Commission to redraft a new ground-

water code to deal with the continuing overdraft conditions and the insti-

tutional stumbling blocks that have thwarted effective water resources

management in the Tucson area. The outcome of these efforts are un-

known as of yet; however, it is anticipated that as the need for addition-

al ground-water supplies continues to grow, the City will do whatever is

legally necessary to assure additional supplies from Avra Valley as well as

from any other feasible augmentation source.

Property Acquisitions 

In the wake of the precedent-setting Jarvis decisions the City of

Tucson resolved to pursue an active program of property acquisition in

Avra Valley. Elements of the decisions rendered by the Arizona State

Supreme Court dictated that the City purchase lands that had a docu-

mented history of agricultural usage and retire these lands from active

production in order to establish the right to transport ground water from

Avra Valley to the metropolitan Tucson service area.

Starting with the initial farm property purchase in March of 1971

and ending with the most recent purchase in January of 1979, the City

has purchased a total of 13,131 acres of farmland in Avra Valley for the

express purpose of establishing water rights. The dates of sale and pos-

session together with the tabulated acreage figures for each of the farms
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purchased by the City of Tucson in Avra Valley are presented in table 4.

Of significant importance is the fact that not all of the acquired acreage

could be legally used to support and establish the City's ground-water

transfer rights. Each farm consisted of a certain amount of acreage that

had not historically supported crops. Consequently, only 10,880 acres

of the Total 13,131 acres purchased were used to establish the quantity

of ground water that could be legally transferred to the Tucson basin.

The farm property acquisition policy implemented by the City

has been controversial and has generated considerable opposition from

the agricultural community and their political representatives. In that

regard it should be mentioned that all of the farm purchase agreements to

this point in time have been initiated by the individual farm owner's ap-

proaching the City with offers to sell rather than as a result of threat of

condemnation or other legal action on the part of the City. In each in-

stance a negotiated price per acre was agreed upon as were individual

sale agreements. Several farms were leased back to the prior owner for

periods of up to one year to allow farming activities to continue, but for

most farms all agricultural use of the property ceased on the date of sale

listed in table 4.

Due in part to the fact that the City did not pursue an active

condemnation program in Avra Valley but relied on individuals to respond,

the ownership of City lands is somewhat random as illustrated in figure 8.

The figure also reveals that much of the farm property purchased by the

City of Tucson extends from the south-central portion of T. 14 S., R.

11 E., to an area west of Marana in T. 11 S., R. 10 E. In between there

are numerous working farms that have not yet been acquired. Future



29

Table 4.	 City-owned Avra Valley property. -- Data from files of
Tucson Water

Map
Desig-
nation

Purchase Possession
Farm Property	 Date	 Date

Acreage

Non-
Total Cultivated cultivated

A Hill 3-71 3-71 317 307 10
B Growers Finance 5-72 5-72 1,580 1,428 152
C Flying F Bar 11-72 11-72 706 660 46
D Boyd Morse 1-75 1-75 310 303 7
E Comiskey 8-75 8-75 496 371 125
F Gin Farm 12-75 12-75 477 437 40
G Weinstein 1-76 1-76 148 92 56
H Trust 205 1-76 1-76 349 261 88
I Hurst Estate 12-76 12-76 463 296 167
J Levkowitz 1-76 1-76 160 152 8
K Davison 1-76 1-76 650 628 22

L Double Z-S 1-76 1-76 494 453 41

M John Kai 3-76 3-76 633 470 163

N Ed Anway 3-76 10-76 640 469 171

0 James Glover 2-76 10-76 187 159 28

P 98 Farm Company 3-76 12-76 313 263 50

Q Cactus Milewide 3-76 12-76 1,373 1,287 86

R Cactus-Avra 3-76 12-76 1,604 1,540 64

S Wallis 5-77 5-77 1,278 811 467

T Simpson 6-79 6-79 636 221 415

U Anway 1-79 1-79 317 272 45

Total Farm Purchases 13,131 10,880 2,251
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well fields in the northern part of the valley and to a certain extent in the

central valley will require the purchase of additional farms adjacent to

those already controlled by the City to allow for cost-effective design of

the collection systems and proper well spacing.

With the purchase of individual farms in Avra Valley the City also

acquired title to numerous agricultural wells used by the farmers to sup-

ply their cropped acreages. It was the original intent of the water utility

to convert these wells from prior agricultural service to municipal supply

wells. After a well inspection program was conducted by the City it be-

came apparent that most of the purchased farm wells could not be cost

effectively rehabilitated to the level required by Health Department

regulations.

A listing of the purchased agricultural wells appears in table 5,

which documents the presently available basic data such as location, total

depth, and construction for these wells. More than 40 farm wells have

been acquired as of January 1979, but only 10 have been converted to

municipal supply status by the City. All converted wells are located in

the south Avra Valley well field situated near the intersection of Sandario

Road and Ajo Way and are shown in figure 9 together with newer wells

drilled by the City. Altogether, this array of wells makes up the pres-

ent Avra Valley well field.

Existing Avra Valley Well Field 

The wells identified in figure 9 represent the present network of

wells that make up the south Avra Valley well field. As previously men-

tioned, only 10 agricultural wells were suitable for conversion to municipal

service. The remaining 15 wells that make up this well field were drilled
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Figure 9. South Avra Valley well field
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either on contract with the City or by the City itself. Most of these wells

are large diameter with capacities ranging from several hundred gallons

per minute to more than 1,900 gpm. These are the wells that have been

used to pump the ground-water entitlement in Avra Valley for transfer to

the Tucson basin.

The history of ground-water production from the Avra well field

is given in table 6. Note that the designation AV-10 has not been used in

this well field. The data include the year each well became operational

and the annual quantity of ground water pumped from each well. It can

readily be seen that significant withdrawals began in 1974 when eight

wells became operational and that production was increased over time as

more wells were brought on line.

Overall pumpage from this well field has been moderate and, as

would be expected, the resultant impact on the local ground-water table

has been minimal in comparison to other locations in Avra Valley where

crop irrigation is still practiced. For the period of record from 1952

through December 1979, the average total decline in the water table in

the immediate vicinity of the Avra Valley well field amounted to about 45

feet. This can be compared to presently active agricultural areas in

northern Avra Valley where the total decline of the water table is more

than 150 feet over the same period. Since the well field became opera-

tional in 1969, the water table decline in the immediate area has been

about 20 feet.

Current strategies regarding the operation of the south Avra

Valley well field call for increased production over time. As presented in

table 3, pumpage from the south Avra field for 1980 is projected to be 16
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mgd and will be increased to 25 mgd in 1985. South Avra is then pro-

jected to produce at that level through the year 2000.
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CHAPTER 4

PRESENT HYDROLOGIC CONDITIONS

Historically, nearly all of the water used in Avra Valley has been

supplied by the local ground-water aquifer. This aquifer system consists

of permeable alluvial sediments underlying the valley floor and has proved

to be capable of both storing and yielding large volumes of ground water

to wells. It is this ground-water reservoir system, which has served local

users in the past, that will be counted on as a source of supply for future

uses as proposed in this thesis.

Development of ground water in Avra Valley began during the

1920s near Marana where a small number of wells supplied water to about

6,000 acres of land (White, Matlock, and Schwalen, 1966). Water use con-

tinued to expand, particularly during the years following World War II

when large tracts of lands were made available to qualifying Armed Ser-

vices veterans. This development reached a peak in the early 1950s. By

1954, there were over 100 large-capacity irrigation wells serving water to

about 30,000 acres of cropped land. As discussed earlier, the alarming

impacts this demand for increased ground-water supplies had on local

ground-water levels led to the designation of Avra Valley as one of the

first critical ground-water areas within the State.

Water-level Contours 

In an alluvial basin such as Avra Valley the direction of ground-

water movement and its rate of flow are controlled by a number of

39
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interrelated factors. Under virgin conditions, the local aquifer system

was considered to be in a state of hydrologic equilibrium with long-term

inflow roughly being equaled by long-term outflow. Ground water flowed

from areas of high hydraulic head to regions of lower head within the

aquifer system. Flow lines constructed at right angles to the water-table

elevation contours indicate that the slope and general movement of the

ground water were to the northeast near Robles Junction (also known as

"Three Points") and then turned to the north near Ryan Field. Too, the

slope of the ground-water surface generally paralleled the configuration

of the land surface and, for the most part, followed the trend of the major

surface drainage system, Brawley Wash (White and others, 1966).

A water-table contour map (fig. 10, in pocket) for the base year

1952 was constructed using water-level measurements (or estimates) from

a selected number of representative wells in Avra Valley. These measure-

ments were obtained through the data collection program -maintained by

the University of Arizona Department of Soils, Water, and Engineering,

which initiated such measurements for Avra Valley in 1952. A comparison

of the 1952 water-level contours shown on figure 10 with the 1940 water-

level contours (White and others, 1966) indicates that stresses on the

aquifer system created by increased ground-water withdrawals had begun

to alter the flow patterns established prior to the onset of significant

ground-water development. Water-level contours northwest of Ryan Field

are seen displaced to the south in figure 10, whereas overall a slight but

uniform up gradient migration of individual water-level contours are seen

throughout the valley. In general, the changes in water-table elevation
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between 1940 and 1952 were slight and were mainly in the central valley

areas corresponding to the greatest amount of development.

During December 1979 and January 1980 water-level measurements

were obtained throughout Avra Valley in the same wells used to construct

figure 10. The resultant water-table elevation map (fig. 11, in pocket)

shows that during the 28-year interval between 1952 and 1980 considerable

change has occurred in the water table throughout Avra Valley.

Within Tps. 11, 12, and 13 S., R. 10 E., and Tps. 12 and 13 S.,

R. 11 E., dramatic changes to the water table resulted in flow patterns

that are vastly different from those developed from the data for 1952

(fig. 10) and 1940 (White and others, 1966). Intense development of

ground water in these areas has had a significant impact on the aquifer

system. Major dewatering of the upper alluvial sediments resulted in

widespread decline in well capacities and led to many efforts to deepen

wells over the years. On a relative basis, impacts on the flow system

were most apparent in the northern half of the valley.

Although individual water-level contours in the southern half of

Avra Valley have shown a consistent migration to the south, the effect on

the ground-water flow direction has been minimal. Ground water in the

Three Points area still moves northeasterly toward Ryan Field at which

point the ground-water flow gradually swings toward the north. Some

steepening in ground-water surface near Three Points is shown by com-

parison of figures 10 and 11. This is believed to be due principally to

continued ground-water withdrawals in the Ryan Field area between 1952

and 1980. The 1980 water surface in the vicinity of Three Points is some-

what steeper than the 1952 water surface, but the overall configuration of
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water-level contours has changed little from the 1940 water surface re-

ported by White and others (1966). Significant increases in ground-water

pumpage from the aquifer system in and near Three Points would most

likely change the flow path of the ground water as it has elsewhere in

Avra Valley. Such development, however, has not occurred and may not

take place for some years to come. Accordingly, it may be assumed that

ground-water underflow into Avra Valley from Altar Valley located to the

south will approximate the same average annual rate as it has in the past.

This underflow has been estimated to be about 9,000 acre-feet per year

(Brown, 1976) to 10,000 acre-feet per year (Turner, 1959).

The individual water-level measurements used to plot the water-

table elevation maps shown on figures 10 and 11 are given in table 7 for

reference by the reader. Additionally, the differences between the 1952

and 1980 water-level measurements have been calculated and plotted as

figure 12 (in pocket).

Referring to figure 12, it becomes readily apparent that the heavy

pumpage of ground water in the northern portion of Avra Valley has re-

sulted in significant water-level decline. In the western portion of Tps.

12 and 13 S., R. 10 E., a water-level decline in excess of 150 feet was re-

corded during the interval between 1952 and 1980. Much of the northern

part of the valley experienced a water-level decline in excess of 100 feet.

The decline in the central part of the valley averaged about 100 feet,

whereas in the area immediately north and west of Ryan Field an average

water-level decline of about 45 to 50 feet occurred during the same inter-

val. The decline in the Three Points area is seen to be generally less

than 25 feet, once again reflecting the minimal ground-water pumpage in
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Table 7.	 Water-level data for Avra Valley wells

Location Well Name

Collar
Elevation
(ft above

MSL )

1952 1980

Change in
Water Level

1952-1980
(ft)

Depth to
Water

(ft)

Water
Table

Elevation
(ft)

Depth to
Water

(ft))

Water
Table

Elevation
(ft)

(D-11-10) 8ddd 1886 152 1734 244.0 1642 - 92
15aad 2 WR - 20 1900a 207.1 1693
15aad i Simpson 1909a 217.5 1691
22add 1914 169 1745 230.6 1683 - 62
22dd d 19208 164 1756 306.0 1614 -142
25dda 1955 186 1769 310.0 1645 -124
27cdc Hurst 1922 158 1764 263.1 1659 -105
27daa 1936 b180b 281.5 1654 -102
29dbc El Blanco 1940a 196b 1744 296.2 1644 -100

(D-12-10) 4dcc Brfttain North 1963a 184b 1779 292.2 1671 -108
9dcd Brfttain South 1984a 174b 1810 3-3/1 1681 -129

12bcd Gin North 1990 188 1802 306.0 1684 -118
12cdb Gin Center 19958 b20 8b

285.3 1710 - 77
12cdc Gin South 1998 209b 1789 283.0 1715 - 74
20d dd 2022 192 1830 340.3 1682 -148
23acd 2023 196 1827 260.0 1763 - 64
31bda Flying E Bar North 20648 376.9 1687

33cdc Kai West 2068 b20 9b
364.8 1704 -156

33cdd WR-17 20688 356.8 1711

33ddd Kai East 2067 205 1862 349/9 1717 -145

(D- 12-11 )18dcc Glover West 2011 197 1814 243.9 1767 - 47

20aaa 2016 223 1793 361.0 1655 -138

30dcc Comiskey West 2051 301.6 1747

30dcd WR-16 South 20578 260.9 1766

30ddd Comiskey East 2055a 192b 1863 306.4 1748 -114

(D-13-10) 5ddd 1 Anway 2090 223b 1867 375.0 1715 -152

5ddd 2 WR-42 20848 352.2 1731

6ddd Flying E Bar South 2084 218 1866 371.8 1712 -154

20bcd WR-19 21338 407.3 1726

20ccd Trust 205 2148 262 1886 420.9 1727 -159

22ccc Illegal Well 2169a 294b 1875 430.4 1739 -136

22cdd Avra #4 2169 b286b 425.0 1744 -139

23dcc Avra #2 2167a 261 1906 399.1 1767 -138

26ccd Avra #1 2192a 272 1920 402.4 1790 -130

26dcd Avra #3 21888 392.3 1796

(D-13-11) 4daa 2203 b320b 432.6 1770 -113

1 lacd 2374 240b 2134 316.9 2057 - 77

16adc 2295 b380b 497.1 1798 -117

30ccc Davison East 2186 b253b 372.6 1813 -120

31ccc Milemdde #1 2192 269b 374.1 1818 -105

31cdd Milemdde #3 2213 268b 1945 365.8 1847 - 98

(D-14-10) 2ddd WR-29 22428 404.8 1837

(D-14-11) 4caa 98 Farm 2261 b294b 374.6 1886 - 81
Sccd Wallis North 2235a 269 1966 354.2 1881 - 85
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Table 7. Water-level data--Continued

Location Well Name

Collar
Elevation
(ft above

MSL)

1952 1980

Change in
Water Level

1952-1980
(ft)

Depth to
Water
(It)

Water
Table

Elevation
(ft)

Depth to
Water
(ft)

Water
Table

Elevation
(ft)

(D-19-11) 6ccd Milewide #9 2235 b27 3b
368.6 1866 - 96

6dcc Milewide #3 2238 b27 3b
365.2 1872 - 95

7bad Milewide #5 22428 365.6 1876
7bba WR- 28 22358 367.9 1867
8ccc Wallis South 22588 280 1978 355.0 1903 - 75

22cbb AV-18 2283 b274b
335.2 1998 - 61

27aad AV-17 2308 b294b
346.1 1962 - 52

27bc AV-19 2301 b280b
336.4 1965 - 56

27dcb AV-21 2303 332.3 1971
28dcc AV-19 2316 b293b

396.1 1970 - 53
29ddd AV-13 2318 b294b 346.6 1971 - 53
33bdd AV-22 2323 341.5 1981
33ccc AV-23 23308 b27 5b

399.5 1986 - 69
33dcd AV-24 2329 339.6 1989
34aad AV-16 2318 b28 0b

340.0 1978 - 60
34bbc AV-15 (old) 2312 275 2037 336.0 1976 - 61
39ccc AV-25 2322 b28 0b

335.0 1987 - 53

(D-15-10)33ca 2525 155.6b 2369 169.8 2355

(D-15-11) 5ccd 2365 305b 2060 342.5 2022 - 38

9aaa AV-12 2348 346.7 2001

lladd AV-8 2388 b335b
373.1 2015 - 38

llbbb AV-11 2361 319b 2092 359.9 2001 - 91

12ccc AV-9 2912 390.5 2022

15aaa AV-6 2405 b338b 376.7 2028 - 39

15bbb AV-5 2392 b30 8b 358.8 2033 - 51

15ccc AV- 1 2437 336b 2101 362.1 2075 - 26

15ddd AV-2 2452 b36 1b 387.5 2069 - 27

20aaa AV- 7 2932 311b 2121 346.6 2085 - 36

22ccc AV-9 2502 b358b 377.9 2129 - 20

22ddd AV-3 2515 b380b 396.5 2119 -	 16

a. Land surface elevations taken from U.S. Geological Survey topographical quadrangle maps.

b. Estimate.
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this part of the valley. These decline values, however, do not accurately

reflect changes in ground-water pumpage that have taken place during

the last few years in various locations within Avra Valley and the resul-

tant effect on the rate of water-table decline.

Comparison of water-table elevation contours on figure 11 with

contour maps constructed in 1974 by Matlock and Morin (1976) shows that,

in general, the present water levels throughout much of Avra Valley have

stabilized relative to 1974 levels. In fact, some wells have shown slight

recovery in static water level during this interval. The areas showing

the most noticeable rise in static water level since 1974 lie within T. 11 S.,

R. 10 E., the eastern half of T. 12 S., R. 10 E., and the western half of

T. 12 S., R. 11 E. The noticeable rise in recent water levels in T. 11 S.,

R. 10 E., is most likely the result of recharge occurring from the Santa

Cuz River, which runs diagonally across the area. The recovery of water

levels in the eastern half of T. 12 S., R. 10 E., and the western half of

T. 12 S., R. 11 E., are not as easily explained. Most probably the rise

in static water levels in these areas since 1974 is the combined effect of

the presence of a perched water table and deep percolation resulting from

irrigation return flow. All outward indications are that the decline in

water table in the southern part of Avra Valley has slowed considerably

and, in some areas, has effectively stopped. This is due, in part, to the

City's program of farmland acquisition and subsequent retirement from

active production.

Coefficient of Storage 

Previous investigators have determined that the average annual

ground-water recharge to Avra Valley is insignificant compared to the
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total amount of ground water withdrawn from the aquifer on an annual

basis. It is thus evident that most of the pumped ground water and that

projected to be pumped will be withdrawn from storage in the acquifer-

water that has been emplaced in the alluvial sediments subjacent to the

valley floor over geologic time.

The volume of water that an aquifer releases or takes into storage

per unit surface area per unit change in head normal to that surface is

referred to as the "coefficient of storage" (S). When multiplied by 100,

S can be expressed as a percentage. The storage coefficient is one of the

aquifer parameters used to determine and predict the effects future with-

drawals will have on any given aquifer system. A number of investiga-

tors have made estimates of the storage coefficient for Avra Valley at dif-

ferent times for varying purposes. No studies involved with this thesis

were oriented toward refining the previous work of others in this regard.

Studies by Turner (1959) indicated that storage coefficient values

ranged between 8 and 10 percent for the first 300 feet below the 1957-58

water table in the area between Three Points and Ryan Field. Subsequent

investigations by White and others (1966) obtained a value of 15 percent

for the Avra Valley sediments to a depth of about 1,000 feet below the

1965 water level. Work conducted by Osterkamp (1973) supports the 15

percent value for the storage coefficient in the sediments to a depth of

1,200 feet.

Coefficient of Transmissivity 

An aquifer yields or transmits water to a well at a rate that is a

function of the transmissivity (T) of the aquifer. This term, as well as

others that describe and define the hydrologic parameters of an aquifer
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system, is discussed by Ferris and others (1962). The coefficient of

transmissivity is generally defined as the rate of flow of ground water,

in gallons per day, through a vertical strip of the aquifer material ex-

tending over the full saturated thickness of the aquifer under a hydrau-

lic gradient of 100 percent. It is fundamental to have a representative

value for the transmissivity of an aquifer in order to evaluate future

effects of pumping from existing or proposed facilities. The ratio of the

coefficient of storage to the coefficient of transmissivity of an aquifer

system determines the rate and extent of development of the cone of de-

pression around a well that is producing some given quantity of water.

Various sources were used to obtain estimates for the regional distribution

of aquifer transmissivity values for Avra Valley.

The 13,000 acres of farm land purchased by the City in Avra

Valley (table 4) roughly corresponds to about a third of the total agri-

cultural land in the valley. As the City purchased and acquired these

lands pump tests were conducted wherever possible on each of the irriga-

tion wells located on these properties. Most tests were conducted by City

personnel during 1977 through 1978, and the results appear in Table 8.

It should be mentioned that these initial tests were oftentimes done at the

convenience of the individual farmer and more importantly were at the

mercy of the existing pump equipment and condition of the well. For the

most part, the tests were not long term but were usually for a period of at

least 24 hours. Some, however, were of shorter duration. Even with

the problems associated with the short pumping duration and equipment

failures, data were obtained to supply transmissivity, specific capacity,

discharge, drawdown, and ambient water quality for 22 of the farm wells.
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Researching the data files of the Arizona State Land Department

and the U.S. Geological Survey provided little data dealing with construc-

tion and test information for individual farm wells. Responding to this

lack of knowledge regarding physical data for individual farm wells, the

City instituted a program that provided for cleaning out and conducting

video camera surveys in each of the farm wells to determine the depth,

perforated intervals, and overall construction and condition of each well.

As part of this effort, seven wells strategically located throughout the

valley were selected for a controlled aquifer test with which to obtain up-

to-date transmissivity and water-quality data. The wells selected were

the Hurst well, (d-11-10)27cdc; Comiskey, (D-12-13)38dda; Avra,

(D-13-10)23dcc; Milewide, (D-13-11)31ccc; 98 Farm, (D-14-11)4caa;

Milewide, (D-14-11)7bad; and AV-18, (D-14-11)22cbb. The results of

these tests conducted during 1979 are included in table 8.

Generally, when the City had completed construction of each of

the production wells in the south Avra well field a pump development and

well test was performed. It is unfortunate, but much of the data obtained

from these efforts was found to be unsuitable for developing the necessary

log plots to obtain transmissivity values because of poor water-level mea-

surements and repeated equipment failures. Values that were clearly not

reasonable were evaluated and given minimum weight. The reasonable

values were combined to obtain average values. The data from these

tests are also included in table 8.

The data assembled in table 8 were used to develop a map that

depicts the regional distribution of aquifer transmissivities throughout

Avra Valley. The resulting contours are shown on figure 13 (in pocket).



Table 8. Hydrologic characteristics of the Avra Valley aquifer

Location Well Name

Transmissivitya
Specific
Capacity
(gpm/ft)

Discharge
(gpm)

Drawdown
(ft)

Date
Measured

(month/yr)
Drawdown
(gpd/ft)

Recovery
(gpd/ft)

(D-11-10)23ddd 195,000 189,000 30.9 1850 59.8 3/77
27cdc Hurst 13,000 59,000 13.5 550 47.8 4/77

59,000 19.0 1001 71.5 4/79

(D-12-10) 9ddd W-5 13,000 18,000 10.3 350 34.0 9/75

33ddd Kai 18,000 8,000 6.2 870 141.1 3/77
(9,000) 6.2 870 141.1 3/77

(D-12-11)18dcc Glover 23,000 28,000 12.9 470 36.3 3/77

30dcc Comiskey 11,000 729 2/76
(21,000) 729 2/76

30dda Comiskey 7,000 9.1 284 2/76
7,950 9.0 1001 111.2 7/79

(D-13-10) 5ddd Anway 102,000 60 6/57

23dcc Avra 10,000 11.3 618 54.7 2/77
99,000 33,000 22.1 1007 95.6 3/79

26ccd Avra 12,000 19.7 1970 100.3 2/77

26dcd Avra 7,000 14,000 17.5 1350 76.5 2/77
(20,000) (32,000) 17.5 1350 76.5 2/77

(D-13-11)30ccc Davison 2,000 56,000 4.9 760 156 7/76

31ccc Milewide 75,000 53,000 23.1 1000 43.3 2/79

31cdd Milewide 59,000 98,000 39.2 1495 38.0 2/77

(D-19-11) 4caa 98 Farm 378,000 15.9 1001 63 2/79

Sccc Wallis 50,000 317,000 30.4 1800 59.0 3/77

6ccd Milewide 28,000 49,000 18.0 1380 74 2/77

7bad Milewide 66,000 96,000 25.6 1007 39 3/79

Bccc Wallis 27,000 59,000 24.1 1620 67.1 3/77

22cbb AV-18 281,000 36.4 1012 27.7 2/79

27bcc AV-19 109,000 91.6 1955 35.0 4/74

28bbb AV-20 80,000 204,000 60.6 1865 30.6 12/73
(299,000) 60.6 1865 30.8 12/73

28dcc AV-19 36,000 109,000 38.6 1336 34.6 12/73

29ddd AV-13 62,000 37,000 25.8 1500 58.2 1/75

33bdd AV-22 213,000 163,000 38.5 1900 36.5 5/75
(185,000) 38.5 1900 36.5 5/75

33dcd AV-24 90,000 69,000 28.2 1221 43.3 1/76
(85,000) 69,000 28.2 1221 43/3 1/76

34bbc AV-15 141,000 33,000 9.0 800 88.4 1/75
(old well)

34bbc AV-15 60,000 95,000 27.5 1409 50.0 3/75
(new well) (289,000) (289,000) 27.5 1904 50.9 3/75

39ccc AV-25 23,000 82,000 27.6 1652 59.8 1/76

(D-15-10)33--- 40,000b 6/58

(D-15-11) 9aaa AV-12 282,000 264,000 28.4 1557 54.9 12/74

Iladd AV-8 161,000 37.5 824.2 22.0 3/74

llbbb AV-11 344,000 38.0 1851 48.7 11/73

12ccc AV-9 396,000 305,000 39.3 1500 51.2 7/75

15bbb AV-5 87,000 78,000 18.5 1350 72.0 3/67

15ccc AV-1 30,000 51,000 18.8 2410 128 11/65

20aaa AV-7 59,000 75,000 13.0 726 55.8 3/68
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Table 8. Hydrologic characteristics—Continued

Location Well Name

Transmissivity a
Specific
Capacity
(gpm/ft)

Discharge
(gPm)

Drawdown
(ft)

Date
Measured

(month/yr)
Drawdown
(gpd/ft)

Recovery
(gpd/ft)

(D-15-11)20aaa AV-7 59,000 75,000 13.0 726 55.8 3/68
(58,000) (138,000) 13.0 726 44.8 3/68
24,000 195,000 11.3 895 79.2 11/73

22ccc AV-4 10,000 13,000 6.6 950 143 8/66
9,000 1/67

(D-16-9)28--- 46,000b 11/57

(D-16-10) 9--- 77,000b 5/65

8--- 44,000b 5/65

a. A value in parentheses indicates a late curve fit.

b. Value obtained from White and others (1966).
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After a review of the assembled data the decision was made to utilize,

wherever possible, the information obtained during the recovery portion

of each well test. At the time it was believed that entrance losses were

seriously affecting the slope of the drawdown curves. Additionally, ac-

curate drawdown measurements during the pumping phase of many of

the tests were very difficult to obtain. The well casings were coated with

years of accumulated oil and residue making the use of electrical sounders

difficult. Jagged edges of mills knife perforations cut or snagged many

of the sounders. Throughout the tests, however, it was observed that

water-level measurements were generally more accurate during the recov-

ery phase of each test than during the pumping phase. Accordingly, use

of the recovery portion of the semi-log plots in most of the well tests

minimized these effects and resulted in more reasonable transmissivity

values. Comparison of the transmissivities obtained from the drawdown

curves with those obtained during the recovery portion of each test indi-

cated that the the recovery T values normally ranged from about the same

to eight times larger than those obtained from the drawdown data, al-

though occasionally the reverse was true.

The distribution of the resulting transmissivity values for Avra

Valley is given on figure 13 (in pocket). Comparison of the values shown

on figure 13 with those obtained by Moosburner (1969) indicates that the

recent values for Tps. 11 and 12 S., R. 10 E., are much lower than those

of Moosburner. In each instance, however, figure 13 and Moosburner's

work are consistent in showing that these areas have a much lower trans-

missivity value than the aquifer in T. 13 S., R. 10 E. The work developed

by Moosburner shows the area of highest transmissivity to be located in
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the southeast quadrant of T. 13 S., R. 10 E. and the southwest quad-

rant of T. 13 S., R. 11 E. This representation differs somewhat from

figure 13. However, much of the data in this report was not available to

Moosburner when his report was written. In essence, the area of high

transmissivity shown in Moosburner's work is included in the high T

value area on figure 13. However, this zone of high transmissivity has

been extended south to include the south Avra well field near Ryan Field.

The correlation of the analog model values developed by Moos-

burner with the actual values obtained through more recent well tests

is reasonably good, considering the availability of aquifer test data at

the time of Moosburner's work and the effect that continued dewatering

of the upper sediments in the northern part of the valley has had on

aquifer productivity.

Quality of the Ground Water 

Prior to the development of a potential ground-water source it is

necessary to establish the acceptability of that source from a chemical

quality viewpoint. Simply stated, the water quality must be suitable for

the stated use or at least must be economiclly treatable before develop-

ment can proceed.

Historically, the ground water of Avra Valley has been used to

support the vast agricultural development in the study area. For that

purpose the quality of the native ground water was and continues to be

acceptable. With low total dissolved solids and moderate to high hardness,

the ground water of Avra Valley was found to be highly suitable for crop

irrigation from the very first. However, the proposal of this present
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study is to use additional ground water from Avra Valley as a municipal

supply for the City of Tucson.

A great amount of chemical quality data has been obtained over

the years by each of several agencies collecting water-resources data.

The results of these efforts indicate that, with the exception of a small

area northwest of Three Points (Osterkamp and Laney, 1974) where the

ground water has a high concentration of fluoride, the ground water in

Avra Valley to a depth of 800 feet is generally suitable for domestic

consumption.

To further support these early water-quality studies, water sam-

ples have been routinely collected during the development and testing

phases of all City of Tucson water well construction projects. Addition-

ally, recent studies conducted by the water utility in wells throughout the

valley resulted in up-to-date chemical analyses for samples from selected

farm wells purchased by the City. The results of these analyses are

shown in table 9.

A review of the data presented in table 9 indicates that, for the

most part, the existing ground water in Avra Valley has a relatively low

total soluble salt concentration, has acceptable fluoride and nitrate levels,

and, while generally hard, is judged as an excellent municipal supply

augmentation source from the quality viewpoint.

The sample analyses in table 9 represent water from wells located

over the entire length of the valley whose depths ranged from 385 to

1,900 feet. Water-quality analyses from sections of the aquifer system

deeper than 1,900 feet were not available except from limited sampling

conducted during tests performed by the City of Tucson in the middle
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1960s between Three Points and Ryan Field (Halpenny and Greene, 1965).

These sample analyses indicated deep ground water with fluoride concen-

trations in excess of 4 ppm; however, the areal extent of such water was

not determined. Recent sample analyses listed in table 9 reflect fluoride

concentrations that are in compliance with the existing regulations of the

Safe Drinking Water Act.

From a review of past and recent chemical analyses it is evident

that the existing ground-water system in Avra Valley is suitable for do-

mestic consumption. As with all such supplies, continued monitoring will

be done to detect significant changes in ground-water quality to ensure

compliance with all applicable regulations.



CHAPTER 5

PROPOSED WELL FIELD

Selection of the individual wells that constitute the proposed well

field in Avra Valley was based partly on consideration of the hydrologic

parameters presented in Chapter 4 and partly on the distribution of the

property owned by the City in Avra Valley. These two concerns were

the principal factors in locating the proposed wells.

Well Locations 

By reference to figure 8 it can be readily seen that the only area

of Avra Valley where large parcels of contiguous lands are presently

under City ownership is in the central portion of the valley north of the

Papago Indian Reservation. In this location the City purchased and

controls farm lands formerly held by the Wallis, Milewide, Avra, Davison,

and 98 farms. The area represents the only place in the valley where

enough property is presently available to effectively locate an augmenta-

tion well field for the purpose of developing significant quantities of

ground water for transport to Tucson. Of more importance, however,

is the fact that this area offers hydrologic advantages over other regions

in Avra Valley as identified earlier in this present work.

Review of the information portrayed on figure 12 shows that this

central Avra Valley area has generally experienced significantly less

water-level decline than other areas in the more northern portions of the

valley. From all available information the productivity of the aquifer in
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this central location apparently ranges from moderate to very good. The

distribution of regional transmissivity values on figure 13 shows the

northwest portion of T. 14 S., R. 11 E., to be extremely high with trans-

missivities in excess of 300,000 gpd/ft (40,000 ft 2 /day) near the Wallis

and 98 farm properties. Moving to the northwest, aquifer transmissivity

values can be seen to decline to about 35,000 gpd/ft (4,700 ft 2 /day) in

the vicinity of the Avra farm in the southeast quadrant of T. 13 S., R.

10 E. A review of the available driller's logs from wells located in this

area indicated that the productive aquifer may extend to depths in excess

of 800 feet, thus giving the area a reasonably assured supply for long-

term production. Water-quality analyses from local farm wells as shown

on table 9 indicate that the local ground water meets all necessary require-

ments under the Safe Drinking Water Act.

The proposed wells were located to take the greatest advantage

of the existing City ownership of lands in the central valley area and to

spread the effects of future pumping over as wide an area as possible.

The number of wells required was determined by the requirement of being

able to produce 30 mgd (4,000,000 ft 3 /day) during peak pumpage periods

at an assumed average well production capacity of 1.5 mgd (200,000 ft 2 /day).

The selection of this well capacity rate was based on the production his-

tory of the existing farm wells in the area and on past experience with

long-term well capacities in the south Avra Valley well field. Actual ca-

pacities of wells ultimately constructed in this area may be in excess of

the 1,000 gpm (200,000 ft 3 /day) rate; however, it is believed that for the

purpose of calculating the long-term effects of pumping, the assumed rate
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will adequately reflect prolonged production averages throughout the use-

ful life of the well field.

In consideration of the foregoing factors, 20 well locations were

identified within what is generally referred to as the central Avra Valley

area. These locations are shown in figure 14. Each well was given an

arbitrary number from 1 to 20. Table 10 provides a listing of the identi-

fied well locations according to the Bureau of Land Management's system

of land subdivision.

Additional privately owned farms still exist in the area of the

proposed well field and, in fact, are contiguous to those lands the City

now owns. Should additional well capacity be required above and beyond

that provided in the proposed well field such additions could be accom-

modated with relative ease and minimum expense for expanded collector

systems. Costs for the required land acquisition, however, would be

considerable and would require advance financial planning.

Well Construction 

Experience shows that well construction plays a major role in the

longevity and overall efficiency of wells in general but particularly in the

Basin and Range province. The investigation conducted by the City

during the recent development and testing program on the seven farm

wells constructed by the cable-tool method indicated that most of these

wells are unacceptable from the points of view of operation efficiency and

sand production. These tests showed unusually large entrance losses re-

sulting from the minimal percent open area common to torch-cut or saw-cut

perforations in casing as installed with the cable-tool process. Further-

more, most of the productive sediments are fine to coarse sands and
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Table 10. Proposed location of wells

Well Number	 Well Location

1
	

(D-13-10)22abb

2
	

23aaa

3
	

23dbb

4
	

22dcc

5
	

26aaa

6
	

26ccc

7
	

26ddd

8
	

(D- 13-11)30bcc

9
	

30add

10
	

31bcb

11
	

31ada

12
	

31cdd

13
	

(D14-11) 6bbb

14
	

5bbb

15
	

5aaa

16
	

7bbc

17
	

5ccc

18
	

5ddd

19
	

8ccc

20
	

8ddd



62

gravels, which can easily enter the well through coarse or wide slots cut

in the casing.

Accordingly, it is recommended that the 20 proposed wells be

drilled using the reverse-circulation rotary method and be constructed

using a properly sized and graded gravel pack opposite continuous slot

wire-wound well screens in all productive zones of the aquifer. This

recommendation corresponds to current city philosophy concerning con-

struction practices and will result in essentially sand-free wells whose

operating efficiencies can be expected to decay much less rapidly than

wells constructed by the cable-tool method. This is not to say that good

wells cannot be drilled using cable-tool methods but rather that from the

viewpoint of a municipal water system where efficiency and maintenance

costs are critical, the reverse-circulation gravel pack well is the pre-

ferred method of construction.



CHAPTER 6

PROJECTED IMPACTS OF PUMPING

Assessment of the impacts on the aquifer system resulting from

the operation of the proposed well field requires quantifying the hydro-

logic parameters and selecting the operational mode of the individual wells.

Data developed in earlier chapters of this thesis served as the foundation

for the required selections.

Hydrologic Parameters 

The first parameter to be quantified was the distribution of aqui-

fer transmissivity values throughout the proposed well field. Figure 13

(in pocket) depicts the regional distribution of aquifer transmissivity

values developed with the data obtained in recent tests conducted on wells

located throughout Avra Valley. As shown on figure 13 the area of the

proposed well field encompasses transmissivity values that range from

over 300,000 gpd/ft (400,000 ft 2 /day) to about 35,000 gpd/ft (4,700

ft 2 /day). By referring to figures 13 and 14 it was determined that a

transmissivity of 35,00 gpd/ft (4,700 ft 2 /day) was representative for

proposed wells 1 through 7, whereas a transmissivity value of 50,000

gpd/ft (7,700 ft 2 /day) was representative for proposed wells 8 through

13 and 150,000 gpd/ft (20,000 ft 2 /day) for proposed wells 14 through 20.

It should be recognized that these values are not exact but

rather they represent an average transmissivity value for that part of

the proposed well field within which the identified wells are located.
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Actual transmissivity values may be found to differ somewhat from the

areal distribution shown in figure 13 when these proposed wells are ac-

tually constructed. Projections of aquifer response resulting from future

pumping would then require recalculation.

The second parameter of importance is the storage coefficient.

For the area under consideration a storage coefficient of 0.15 was chosen

and has been used in all subsequent calculations for the present work.

Although the actual value for the coefficient of storage is subject to peri-

odic review, the value of 0.15 receives the most widespread support from

those who have specifically investigated that aquifer parameter (White

and others, 1966; Matlock and Morin, 1976).

Well-field Operation 

Having established the hydrologic parameters for the aquifer, it

was next necessary to select the operational criteria that would govern

the well field itself. In Chapter 5 it was determined that 20 wells each

producing at a rate of 1,000 gpm (134 ft 3 /min) would be necessary to

produce the required supply of 30 mgd (4,000,000 ft 3 /day). Accordingly,

for all calculations of projected drawdowns it was assumed that each well

in the proposed well field was producing at an average rate of 1,000 gpm

(134 ft 3 /min).

The factor of pumping time was next addressed. In evaluating

the future effects of pumping it was necessary to establish a time frame

within which to monitor those effects. Due in part to the uncertainty as-

sociated with the vertical distribution of both the storage coefficient and

aquifer transmissitivies throughout the aquifer, it was decided to study
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the effects of continuously pumping the proposed well field for a period

of 10 years.

Analysis Methodology 

The probable effects on the aquifer resulting from the proposed

pumping regimen were calculated by using the Theis (1935) nonequilib-

rium equation. This equation as derived by Theis was based on the sim-

ilarities between the hydrologic conditions in an aquifer system and the

flow of heat in an equivalent thermal system. Jacob (1950) subsequently

rederived the equation from strictly hydraulic concepts. Use of the

equation in aquifers that meet the required assumptions allows the rela-

tionships between drawdown, time, and radial distance to be identified

for assumed values for discharge rate and storage and transmissivity co-

efficients.

Specifically, the nonequilibrium equation is based on these as-

sumptions:

1. The aquifer system is homogeneous and isotropic.

2. The aquifer is of infinite areal extent.

3. The well penetrates and receives water from the entire saturated

thickness of the aquifer.

4. Transmissivity is uniform in all directions and at all times.

5. The real well is replaced by a mathematical "line sink" of in-

finitely small diameter.

6. Water from storage is discharged instantaneously with decline in

head.



66

Some discussion, however, is warranted regarding the use of

three transmissivity values for the proposed well field. As developed

earlier in this chapter, a transmissivity value of 35,000 gpd/ft (4,700

ft 2 /day) was assigned to wells 1 through 7, 50,000 gpd/ft (6,700 ft 2 /day)

to wells 8 through 13, and 150,000 gpd/ft (20,000 ft 2 /day) to wells 14

through 20. Although such a distribution violates assumptions 1 and 4

above, from a practical viewpoint calculations can be made that are suf-

ficiently accurate to be useful for a preliminary analysis such as this.

For any given discharge rate, drawdown for wells in the 35,000

gpd/ft (4,700 ft 2 /day) transmissivity zone will be deeper and more lo-

calized than drawdowns for wells in the higher transmissivity zones of

50,000 gpd/ft (6,700 ft 2 /day) or 150,000 gpd/ft (20,000 ft 2 /day). Com-

paring figures 15 and 16 shows that the maximum possible error in calcu-

lating interference between two wells that are one mile apart will be about

1.5 feet (7.0 ft - 6.0 ft). Figures 16 and 17 show that the maximum error

will be about 3.0 feet (6.0 ft - 3.0 ft). At two miles, however, there is

virtually no difference between drawdowns calculated using figures 15 or

16 and only about one foot of difference between figures 16 and 17. In-

spection of figure 14 shows that, for the most part, the distance between

proposed well locations and individual grid points exceeds two miles.

Because of this relationship, calculated incremental drawdowns at points

in lower transmissivity zones resulting from pumping wells located in

higher transmissivity zones will be underestimated while drawdown in

higher transmissivity zones resulting from pumping wells in lower trans-

missivity zones will be overestimated. From a practical viewpoint, these

differences are sufficiently small to allow this method of analysis.
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Having established the aquifer storage coefficient and transmis-

sivity values and assumed an average discharge rate for each well it is

possible to theoretically calculate the drawdown at any point on the de-

veloping cone of depression for each well in the proposed well field.

It was recognized that the number of repetitive calculations using

the Theis equation necessary to describe the cumulative drawdown from

each of 20 wells at every point in the grid system would be quite large.

Accordingly, three graphs were drawn to aid in these calculations. A

distance—drawdown graph for each of three discharge rates and for dis-

tances ranging from 0.1 miles (528 feet) to 10.0 miles (52,800 feet) was

developed for each of the three assumed transmissivity zones within the

proposed well field. In each instance the storage coefficient was assumed

to be 0.15 and the period of continuous pumping was assumed to be 20

years (3,650 days). The resulting graphs appear as figures 15, 16,

and 17 for the transmissivity zones of 35,000 gpd/ft (4,700 ft 2 /day),

50,000 gpd/ft (6,700 ft 2 /day), and 150,000 gpd/ft (20,000 ft 2 /day), re-

spectively. These graphs allowed the tabulation of over 1,100 drawdown

increments throughout the grid system in a relatively short time.

Use of the curves was straightforward. The distance from each

of the 20 wells in the field to each separate grid point was scaled off

the map shown in figure 14 and tabulated; an example appears as table 11.

Next, these scaled distances were used to determine the incremental draw-

down at each grid point resulting from each of the 20 proposed wells in

the system pumping at the assumed discharge rate of 1,000 gpm (134

ft3/min). Because three assumed transmissivitY values were assigned to

the well field this process required that distances from the proposed wells
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1 through 7 to all grid points be entered on figure 15, distances from

proposed wells 8 through 13 be entered on figure 16, and distances from

proposed wells 14 through 20 be entered on figure 17 to obtain the cumu-

lative drawdowns at each grid point. When the cumulative drawdown for

each point in the grid system had been determined the resultant values

were plotted on the grid system and contoured.

Projected Impacts 

Figure 18 shows the grid point system together with the calcu-

lated cumulative drawdown for each selected point within the immediate

area of the well field. The resulting contours show the projected declines

in the water table as a result of the assumed well-field operation and

aquifer characteristics. The contours and cumulative drawdown calcula-

tions indicate that in the immediate area of the well field the water-level

declines range from less than 20 feet to more than 95 feet near proposed

well 5. Also, it is apparent that the cumulative drawdowns are more ex-

cessive in the vicinity of wells 1 through 7 than for wells 14 through 20.

This result is consistent with the anticipated reaction of the aquifer with

the three separate transmissivity zones.

However, further analysis of the results obtained by the use of

the Theis nonequilibrium equation was performed. The area between each

of the successive water-level decline contours shown on figure 18 was

determined by planimetry. Taking the assumed value of 0.15 for the

aquifer storage coefficient and the average water-level decline between

successive contour lines the theoretical amount of water removed from the

aquifer by the assumed pumping was determined. The results of this

analysis appear in table 12.
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Table 12. Calculated volume of dewatering
-

Contour Interval
Area

(acres)
Water Removed from Storage

(acre-feet)

-20 to -40 17,741 79,835
-40 to -60 7,834 58,752

-60 to -80 4,634 48,653

-80 to -95 2,560 33,792

Total 32,769 221,032

As shown in table 12, about 221,000 acre-feet of water would be

theoretically accounted for by the dewatering of the sediments enclosed

by the -20-foot decline contour. This volume, when compared to the

assumed pumpage of 335,900 acre-feet during the 10-year interval,

amounts to about 66 percent of the total theoretically pumped. It ap-

pears, then, that two-thirds of the proposed pumpage is supplied by

the sediments underlying the well field with the remaining third being

supplied from those sediments that surround the well field. Consider-

ing the aquifer parameters assumed and the configuration of the pro-

posed well field, these results appear to be reasonable.

It is important to note that the cumulative drawdowns as plotted

and contoured represent the decline in the water table resulting only

from the operation of the well field itself over the assumed 10-year

period. Regional effects of continued decline in the local water table

are not reflected in the contours shown on figure 18. Moreover, the

calculated water-table decline shown at the various grid points will al-

most assuredly be exceeded in the wells themselves while they are in
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operation. Accordingly, the declines portrayed in figure 18 cannot be

used to preselect pump bowl settings in the proposed wells. What is

represented in figure 18 is the projected long-term impact on the total

aquifer system created by the proposed well field under the assumed

operational mode and with the assumed aquifer characteristics.

In evaluating the relative effect of the proposed pumping on the

local aquifer system one fact appears clear. When the proposed well

field is implemented the local water-level decline rates will accelerate and

become greater than those presently observed in this part of the aquifer

and may approach the decline rates observed in the northern portion of

Avra Valley. The impact of the development of such a proposed well

field would be equal to, if not greater than, the impact of agricultural

demands placed on the area prior to purchase by the City.



CHAPTER 7

CONSIDERATIONS FOR THE FUTURE

As shown by the population and water-demand projections given

in tables 1, 2, and 3, the need for increased municipal water supplies for

the Tucson area will continue to grow through the year 2000. The hydro-

logic data developed during the study indicate that the central Avra Val-

ley aquifer system is capable of supplying significant quantities of good

quality water to meet these growing needs. As proposed, this water-

supply augmentation plan could provide a flexible option consistent with

both short- and long-term water-supply plans for the region.

This thesis documents the hydrologic feasibility of developing

the proposed well field. Aquifer parameters in the central Avra Valley

area have been quantified and serve as a basis for future implementation

studies. The quality of the local ground water was shown to be accept-

able for the proposed use. Impact of the proposed water development

plan on the aquifer system was investigated and found to be consistent

with those presently observed in other locations in Avra Valley. All

factors studied indicate that the proposed well field is a viable option

for increasing the water supply available to the City.

One option that could be exercised by the City would be the de-

velopment of the proposed well field to function solely as an additional

supPlY of high-quality ground water. The new well field could possibly

serve the expanding needs of the City by providing a dependable supply

76
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source for increased development in Avra Valley, which cannot be served

by the existing transmission system.

Another strategy would be the development of the proposed well

field to serve strictly as a blending source for anticipated water deliveries

from the Central Arizona Project. Preliminary studies have indicated a

probable need to provide some form of water treatment before project

water could be delivered to individual customers. Blending this lower

quality surface water with high-quality ground water from the proposed

well field could significantly lower water treatment costs.

It is recognized that complex questions relating to legal, political,

and economic factors must be evaluted prior to implementation of the

proposed well field. The present study, however, indicates that in-

creased demands for water within the City service area can be met through

the year 2000 by the proposed well field in central Avra Valley. Regional

water-supply alternatives may involve complex importation projects, but

the proposed well field represents a flexible element consistent with both

short- and long-term solutions.
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