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ABSTRACT

This study examines the potential of the area along Sonoita

Creek upstream from Rio Rico, Arizona, 8-1/2 miles to Lake Patagonia

dam, for water production from the shallow alluvial Sonoita Creek

aquifer using geologic and hydrologic surveys made in 1977. The aquifer

was divided into two geographical regions. Sources of recharge to and

discharge from each region were examined and a quantitative water

budget was made for each region. The three potential sources of water,

the extractable stored volume, the rejected recharge, and the natural

discharge were quantified, and the feasibility of exploiting each was

discussed, for an emergency supply and for a sustained yield

production.

ix



CHAPTER 1

INTRODUCTION

This study has been conducted to determine quantitatively the

potential of the area along Sonoita Creek upstream from Rio Rico,

Arizona, for water production from the Sonoita Creek aquifer. Geo-

logic and hydrologic surveys were made over a period of one year to

outline the base data needed to analyze the hydrologic system in terms

of a volumetric water balance.

Objectives and Methods of Study 

Allocation of the state's water resources, both' surface and

subsurface, has historically been plagued by lack of sufficient knowl-

edge concerning the basic hydrology of the region under consideration.

A case in point involves the Sonoita Creek aquifer below Lake Patagonia,

Arizona. This study is directed toward analysis of the potential for

water withdrawal at a point downstream from Lake Patagonia from the

Sonoita Creek aquifer.

The main objectives of this study include an evaluation of

the Sonoita Creek aquifer with respect to its total dimensions and

homogeneity; a hydrogeological investigation with respect to its stor-

age potential, transmissivity, and infiltration capacity; and a

hydrologic analysis of the Sonoita Creek regime in order to predict re-

charge potential from spills at the dam. These analyses will yield a

prediction of usable output from the aquifer, which will allow the
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determination of the benefit/development cost ratios in sizing the

waterworks (pumps, transmission lines, etc.) at the point of withdrawal,

and would possibly aid in the selection of withdrawal sites with respect

to maximizing potential yield.

The study will use a water budget to determine the volume of

water that can be exploited from the alluvial aquifer as an emergency

supply and as a sustained yield supply. Sustained yield can be as-

sumed to be the largest volume of water that may be withdrawn from the

aquifer through time without depleting the underground reservoir

significantly. An emergency water supply is limited to the volume of

water stored in the aquifer that is removable by any means. The

magnitude of withdrawal should be limited to the amount of water that

can be replaced by the natural recharge in the time between emergencies.

A water budget is similar to a financial budget, being a state-

ment of the amount of water available during a definite period of time

based on an estimate of projected discharge vs. an estimate of natural

recharge. The flow into the ground-water system less the flow out is

the change in the volume of water stored. If the stored volume is

unchanged the system is in steady state.

Location of the Study Area 

The Sonoita Creek aquifer is within the boundaries of the Gulf

American Corporation of Arizona properties at Rio Rico and the Sonoita

Creek Ranch, about eight miles north of Nogales, Arizona (see Figure 1).

The aquifer of interest is a narrow band along the lower portion of

Sonoita Creek from Lake Patagonia dam westward to the confluence of

2
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Sonoita Creek with the Santa Cruz River. The watershed tributary to

the aquifer is bounded by the Grosvenor Hills and the Santa Rita

Mountains on the north and northwest, and the Patagonia Mountains and

Canelo Hills on the south and southeast.

Topography and Drainage 

The rolling hills between the Santa Rita Mountains and the

Patagonia Mountains are incised by Sonoita Creek and its tributaries.

The main valley of Sonoita Creek ranges from 10 to 20 miles wide. This

valley is cut by an inner valley, less than one-half mile wide, to a

depth of 100 feet. The 265 square mile watershed ranges from 9453 feet

above sea level at Mount Wrightson in the Santa Rita Mountains, to 3681

feet at the creek bed below Patagonia Lake dam, and to 3400 feet at Rio

Rico where Sonoita Creek empties its flood flows into the Santa Cruz

River. The study area directly drains the 35 square mile portion of

the watershed below the dam. Fresno Canyon has a 12 square mile water-

shed and is the largest tributary of Sonoita Creek below the dam. Water

from the 230 square miles above Patagonia Lake dam is influenced by the

dam.

In the hydrologic investigation the study area was divided into

two regions: Region 1, the wedge-shaped area that extends about 31/2

miles upstream from the confluence of Sonoita Creek and the Santa Cruz

River; and Region 2 which extends from the upstream boundary of Region

1 to the Patagonia Lake dam. The two regions are shown in Figure 2.

Region 1 is pictured in Figures 3 and 4. It is a flat, sandy,

wedge-shaped area three miles long and three-quarters of a mile wide

4
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Figure 3. Region 1, Looking West to Community of Rio Rico from North
Side of Sonoita Creek

Figure 4. Region 1, Looking South across Sonoita Creek Showing the

Sandy Creek Bed
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along the Santa Cruz narrowing to 100 feet at the upstream boundary.

The sandy creek bed varies in width from 60 to 450 feet. The creek

cuts directly across the wedge-shaped area and under a Southern Pacific

Railroad trestle bridge to the Santa Cruz River. The southern portion

of the area is occupied by the Rio Rico golf course.

Figures 5 and 6 are photographs of Region 2 taken from a hill

above the southern abutment of the dam. The creek flows from the dam

through a canyon less than 300 feet wide for almost two miles. It then

crosses two wide glades in the next three miles before it reaches the

boundary with Region 1. Region 2 is entirely privately owned and the

only activity in the area is livestock grazing and some recreation.

Owing to the narrow width of the Sonoita Creek canyon in this region,

annual flood stages are higher than in Region

Climate and Vegetation 

The Sonoran desert climate of this part of Arizona is made

cooler and wetter by the higher altitude of the region. Summers are hot

and dry; moderated in late July and August by violent thunderstorms.

These convective storms are of high intensity and produce flows that

rapidly reach flood proportions. Winter rains are of a frontal nature

and generally occur from November to February. They extend over a

larger percentage of the watershed but are generally less intense than

summer rains. Snow melt on the high Santa Rita Mountains in January

and February can add to the winter rains and produce streamflows as high

as in the late summer. The long term average annual precipitation in



Figure 5. Region 2, Lake Patagonia Dam and Spillway

Figure 6. Region 2, Looking West toward Rio Rico from East End of

Sonoita Creek Aquifer at Lake Patagonia Dam
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the watershed as sampled at Patagonia is 17 inches, 11 inches of which

falls in the summer and 6 inches in the winter.

Vegetation on the hillsides is grass and mountain brush. Scrub

oak, yucca, agave, juniper grass, mesquite, and ocotillo also grow on

the higher parts of the region. Riparian vegetation includes cotton-

wood, mesquite, sycamore, catclaw, and hackberry. The smallest of

these plants are commonly cleared from the inner valley once every

three or four years by high flood flows through the area.

Previous Investigations 

Geologic information about the Sonoita Creek watershed was

published as miscellaneous maps of the U.S. Geological Survey by

Drewes (1971) and Simons (1974). The Drewes map is of the Mount

Wrightson quadrangle in the north and west section of the watershed.

Simons mapped the geology of the Nogales and Lochiel quadrangles, which

cover the southern portion of the Sonoita Creek watershed.

In 1962 before the siting and construction of Patagonia Lake

dam, engineering studies were made of the area near the present damsite

by Coe and Van Loo Consulting Engineers (1963). Such studies produced

detailed information on the foundation capacity of the materials in the

area. The dam was built in 1968 and a subsequent study of its safety

was made by Cella, Barr, Evans and Associates (1970). Downstream

property and human occupancy, and the flooded areas in case of large

floods with and without failure of the dam, were considered in their

report.

9
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The U.S. Army Corps of Engineers (1969) studied the flood

hazard on the Santa Cruz River in the area of Sonoita Creek based on

the topography and human occupancy of the area in 1968. The study pro-

duced maps of areas flooded by the Intermediate Regional flood and the

Standard Project flood as defined by the Corps of Engineers, and the

possible water velocities of these floods.



CHAPTER 2

GEOLOGY

A discussion of the ground-water hydrology of an area is

incomplete without the inclusion of a section on geology. Geology is

one of the principal natural factors that determine where water is

located and its quality, another major factor is the climate of the

area. The geology of the Sonoita Creek watershed is complex, yet the

geology of the study area is easily discerned. This chapter will first

outline the general geologic history of the area and the major rock

types. The conclusions drawn by Simons (1974) are especially pertinent

and useful. The specific formations of the study area are examined in

detail.

General Geologic History 

The oldest rocks in the watershed are Precambrian crystalline

rocks, mainly monzonites, of undetermined origin on the west flank of

the Patagonia Mountains. Uplift and erosion occurred before the depo-

sition of the Paleozoic sedimentary rocks consisting of nearshore

marine limestones and siltstones. Greater than 4000 feet of limestones

were measured by Simons within the watershed, ranging in age from

Cambrian to Permian, 600 million years ago (mya) to 230 mya, but none

are exposed in the study area. Uplift, faulting and erosion of con-

siderable magnitude occurred at the end of the Paleozoic prior to the

11
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deposition of silicic volcanics in Triassic and Jurassic time, 230 mya

to 140 mya.

At least 7000 feet of silicic lava and tuff, including tongues

of sandstone and conglomerate, were deposited in the Triassic and

Jurassic times. In Middle Jurassic time, 160 mya, granitic rocks were

emplaced in the Precambrian and Triassic-Jurassic sediments on the west

side of the Patagonia mountains. In late Jurassic and early Cretaceous

times, 145 mya to 120 mya, uplift and erosion again occurred, evidenced

by the unconformity found at this time. Subsidence followed, allowing

the deposition of marine and nearshore sediments in the eastern portion

of the watershed. In late Cretaceous time, 90 mya to 70 mya, large

scale faulting occurred. The late Late Cretaceous also saw widespread

deposition of volcanics and subordinate sedimentary rocks. The Salero

Formation (silicic volcanics and sedimentary rocks) was deposited west

and northwest of the Patagonia Mountains. They are exposed on the

north side of the large hill south of Lake Patagonia dam. These rocks

were intruded by the Josephine Canyon Diorite, which is exposed only in

upper Sonoita Creek.

The early Tertiary, 70 mya to 50 mya, was a time of northward

tilting and erosion in the northern Patagonia Mountains. Major move-

ments, the deposition of rhyolitic lavas and tuffs and minor

volcaniclastic conglomerates and sandstones, and repeated uplifts and

erosions mark the Laramide Orogeny of the early and middle Tertiary in

this area. Late Tertiary, 26 mya to 3 mya, was a time of long, contin-

uous deposition of the 7500 feet of the fanglomerate, conglomerate and

sandstone called the Nogales Formation on the west flank of the
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Patagonia Mountains and the south flank of the Grosvenor Hills. These

sediments were folded and faulted in the area east and northeast of

Nogales.

Quaternary alluvium, 3 mya to present, is represented in the

watershed area by the sands and gravels along the present stream

channels. These sediments are generally unconsolidated and are the

major water bearing formation in the study area.

Salero Formation 

Late Cretaceous in age, this formation is mainly a conglomerate

of angular blocks of coarse granitic rocks up to 10 feet across in a

sandy matrix. The only exposure in the study area is near the southern

abutment of Lake Patagonia dam. This formation and a Cretaceous quartz

monzonite form the knoll above the end of the dam. This formation is

not a source of water.

Tertiary Volcanics 

Along the north side of Patagonia Lake from the dam to Ash

Canyon is an exposure of Tertiary volcanics. Here the rocks are gray

or greenish-gray andesite lava and flow breccia with some andesitic

tuffs. This rock is finegrained with widely spaced joints and fractures.

It was considered suitable foundation material for the north abutment

of the dam.

North of Sonoita Creek near the junction of Regions 1 and 2 of

the study area is another outcrop of Tertiary volcanics. These vol-

canics are biotite-hornblende rhyodacites of Oligocene age. They are

brown to pinkish gray in color and are the southernmost exposure of the
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Tertiary volcanics that comprise the major part of the Santa Rita

Mountains to the north. These volcanics are not water producing rocks.

Nogales Formation 

The Nogales Formation is named for exposures east and north of

Nogales that have been designated the type area by Simons (1974). It

rests on and is derived from the Grosvenor Hills volcanics of

Oligocene age, called Tertiary volcanics above, and is overlain by

Quaternary alluvium in the valleys. The formation is a volcanic con-

glomerate containing many beds of sandstone and siltstone. According

to Simons (1974) it contains three members. The uppermost member is a

gray to brownish gray volcanic conglomerate with angular to subangular

pebbles and cobbles of silicic volcanics in a sparse matrix, and is up

to 2000 feet thick. The middle member is light-brown to light-gray

distinctly bedded pebbly to bouldery tuf faceous sandstone. The pebbles

are generally silicic volcanics but include volcanic rocks. This

member is at least 500 feet thick. The lowest member is a light-gray

to light-brown conglomerate and fanglomerate with tuf faceous sandstone

beds spaced intermittently throughout. It may be 5000 feet thick.

The middle member of well bedded pebbly sandstone is present

throughout most of the study area along or near the Sonoita Creek. The

upper member is exposed on the southern edge of Lake Patagonia. It is

the foundation for the southern abutment of the dam and was called the

Cavern Formation by Coe and Van Loo (1963).
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Alluvial Sediments 

The alluvial sediments of the watershed are divided into the

older alluvium (moderately consolidated) and the younger alluvium

(unconsolidated). The younger alluvium is the major aquifer in the

area. It has the highest hydraulic conductivity and the most direct

relationship with the recharge source. The older alluvium is rare in

the Sonoita Creek area, but Quebabi Canyon just to the south of Sonoita

Creek has been cut into this partially consolidated conglomerate. The

younger alluvium is present in varying depths all along the Sonoita

Creek. At the dam site channel gravels were found to be 55 feet thick

(Coe and Van Loo, 1963) while several areas downstream are almost clear

of stream alluvium. The surface of this unconsolidated sand and gravel

is continually rearranged by flood flows.



CHAPTER 3

HYDROLOGY

Sonoita Creek is an intermittent stream in a semiarid region

where annual rainfall ranges from 14 inches per year in the lower

elevations to 25 inches per year in the high Santa Rita Mountains.

An artificial lake was built on Sonoita Creek in 1968 by a private

association. In 1974 the lake was purchased by the State of Arizona

and the administration of Lake Patagonia recreational area was turned

over to the Arizona State Parks Board. Arizona Game and Fish Depart-

ment regulates the hunting and fishing in the area.

The dam was constructed to form a recreational lake and an

agreement was made with the downstream water users, Sonoita Creek Ranch

and other properties, that there would be an annual release of water of

at least 1200 acre-feet by monthly releases of up to 200 acre-feet per

month not including water coming over the spillway in order to ensure a

regular distribution of the released water throughout the year. Dis-

charge at the dam is the major component of recharge to the Sonoita

Creek aquifer downstream from the dam. The second source is the runoff

from the 35 square mile watershed draining into the stream below the dam.

Discharge from the aquifer occurs in three ways: 1) evapotrans-

piration by phreatophytes along the creek, 2) underf low from the

Sonoita Creek aquifer at Rio Rico to the sediments underlying the Santa

Cruz River, and 3) pumpage from the aquifer at Rio Rico for use on the

16
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golf course. The instrumentation and the methods used to determine the

quantities of water following each of these routes of recharge and dis-

charge will be discussed. The locations cf the various instruments

mentioned are shown in Figure 7. The components of the resulting

quantitative water budget will then be combined to give an estimate of

the water available for use from the two geographical portions of the

Sonoita Creek aquifer.

Quantitative Evaluation of the Components 
of the Water Balance 

Precipitation

There are two long term precipitation recording stations within

the Sonoita Creek watershed, one at the town of Patagonia and the other

at the Crown C Ranch near Sonoita. Both of these stations have been in

operation for greater than 30 years. The record at Patagonia is con-

tinuous since 1930 with exceptions of short periods, for example, 1933-

1935, and the record at the Crown C Ranch, kept by Mrs. Carrington,

dates from 1940. The average precipitation at the Crown C Ranch, 18.08

inches, is almost two inches greater than that at Patagonia for the

same time period, 16.53 inches. This probably reflects the difference

in elevation of the two areas. The average annual precipitation at

Patagonia for the full record is 17.0 inches. Rio Rico has no rain

records so the average for Patagonia for 47 years, 17.0 inches, has

been chosen .to be representative of the study area.
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Infiltration and Runoff

The lower watershed (below Lake Patagonia dam) has been divided

into three areas representative of three infiltration rates. These

areas are designated the watershed, the flood plain, and the stream

channel. On each of these areas infiltration tests have been made using

a double-ring infiltrometer that simulates water standing on the land

surface, and in one case using a rain maker that simulates rainfall on

the ground surface.

On the watershed, which comprises all of the lower watershed

except the alluvial sediments near the stream, the ground is rocky and

steep. The water from a low intensity rainstorm is assumed to stay on

the watershed where it evaporates or is used by plants. High intensity

storms produce runoff. The average annual streamflow produced from the

watershed is assumed to be a linear function of the area of the water-

shed. The ratio of the streamflow at the U.S. Geological Survey stream

gauge on the Circle Z Ranch (see Figure 1) to the area of the watershed

above that point was calculated (see next section on streamflow) to be

0.045 acre-feet per year per acre (AF/yr/acre). This figure was

assumed to be applicable over the whole watershed, and when it is multi-

plied by the area of the watershed segment being studied it is the

average volume of flow in the creek each year from that portion of the

watershed.

The flood plain sediments are the recent alluvium making up the

Sonoita Creek aquifer. The infiltration rate is higher in this area,

approximately four inches per hour (4 in/hr). This means that most



rains falling on this area infiltrate into the soil with a negligible,

if any, amount of runoff. This area is a recharge area during rain-

storms and flood flows.

The infiltration rate in the stream channel is extremely high,

about 30 in/hr. This is the major recharge area for the Sonoita Creek

aquifer. The areal extent of the stream channel is small but all water

that flows in the creek less the volume of storm flow into the Santa

Cruz River and the water lost to direct evaporation from the water sur-

face infiltrates into the Sonoita Creek aquifer. This can be assumed

because there is normally no surface discharge to the Santa Cruz River

from Sonoita Creek. Only during large flooding events is there flow

into the Santa Cruz.

Streamflow

The U.S. Geological Survey operated a gauge on Sonoita Creek

just below the town of Patagonia on the Circle Z Ranch from 1931 to

1967 (see Figure 1). The gauge was discontinued in 1967 due to the

extreme variability of the base level in the stilling well which filled

with silt and sand during every large flow. The annual mean streamflow

at this point was 5900 acre-feet per year (AF/yr) for the 37 years of

record. The highest average monthly flow was 1622 acre-feet per month

(AF/mo) in August and the lowest was 89 AF/mo in June. The measured

standard deviation of the annual flow at this station is 4088 AF/yr.

All inflows and outflows of Regions 1 and 2 calculated by this budget

are derived from the average annual flow at the U.S. Geological Survey

gauge on the Circle Z Ranch and have a standard deviation of the same

20
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magnitude as the U.S. Geological Survey gauge on the Circle Z Ranch,

4088 AF/yr.

Controlled release from the dam has been gauged by a broad-

crested weir since its construction in 1968. However, the record is

not complete. In June 1976 the gauge was recalibrated and a continuous

record was maintained to July 1977. Low flow in the spillway has been

monitored since June 1976 using a large sharp-crested weir and high

flow records are produced using the spillway as a large broad-crested

weir and the lake stage as the height of water behind the weir.

Approximately three miles below the dam at site D on Figure 7

a V-notch weir was installed and low summer streamflows were recorded

weekly from June 1977 to August 1977. The weir was removed when the

streamflow became too high.

Early in March 1977 an H-flume for measuring flows less than 5

ft 3 /sec and a stilling well for measuring higher flows began recording

about 4.5 miles below the dam at site B on Figure 7. This site was

characterized by vertical rock walls about 125 feet apart and the in-

stallation recorded continuously until July 1977. The amount of

underf low at site B was small as the canyon was narrow and the alluvium

shallow. Consequently, the surface flow was continuous even through

the dry season, March to July, when four short reaches of the stream

upstream from site B were dry. These dry reaches were typically the

widest sections of the aquifer. The results of the streamf low

measurements will be used in the calculation of the hydraulic conduc-

tivity of the aquifer.
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Surface flow at Rio Rico occurs only during major flood events

and is not gauged. The occurrence of these flows was noted by inhabit-

ants of Rio Rico and reported to the researcher. Two storms of August

1976 and one of October 1977 produced flow in Sonoita Creek that

reached the Santa Cruz River on the surface for approximately 24 hours

after each storm.

Water Table Elevations

Water table elevations in the Sonoita Creek aquifer have been

measured weekly at various well sites since April 1977. The majority

of these wells are observation wells consisting of a one-inch diameter

pipe placed in the aquifer to a depth of several feet below the water

table. There are three well fields constructed in the aquifer called

the lower, the V-notch, and the upper well fields at sites C, D, and E,

respectively, in Region 2 (see Figure 7). Figures 8, 9, and 10 show

the configuration of the wells and the distances between them. Rio Rico

has two wells in the aquifer that have been monitored. One is in use 
to

supply water for the golf course and clubhouse. The other is not 
in

operation. It is an old windmill well formerly used by Sonoita Creek

Ranch. Prior to September 1977 Rio Rico obtained water 
for the golf

course from a well near the confluence of Sonoita 
Creek with the Santa

Cruz River. Water for the inhabitants of Rio Rico 
is obtained from a

well just north of the confluence of the creek 
and the Santa Cruz. In

addition a well was drilled to a depth of 25 
feet in the east end of

Region 1 in late October 1977, and 
depth to water has been measured

weekly since its completion.
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Depth to water in these wells has been used to find the slope
of the water table in both Regions 1 and 2. The shape of the water
table in Region 1 for August 10, 1977 is shown in Figure 11. The slope
decreases as the volume of water spreads into the large volume of the

aquifer. The average slope of the water table between the well on the

golf course and the windmill well is 0.0015. These measurements were

taken at the end of the dry season before any rise in the water table

due to seasonal recharge by flood flows was noted in the wells.

Region 2 contains three well fields at sites C, D, and E.

Figures 12, 13, and 14 show the profile of the land surface and the

water table for May 27, 1977, 10A.M. This is the driest part of the

year. The water table slopes found from these measurements were used to

estimate hydraulic conductivity at these three sites (see Aquifer

Characteristics -- Hydraulic Conductivity).

Evaporation

No measurement of evaporation from an open water surface, such

as Lake Patagonia, in this part of southern Arizona has been made for

this study. The rate of evaporation used for Lake Patagonia was derived

from an inspection of the rates of evaporation measured at various loca-

tions in southern Arizona by the U.S. Weather Bureau since 1915 (Sellers

and Hill, 1974, Table 7). Most of the available monthly and annual data

for Arizona is in Table 7 of this reference. The average annual pan

evaporation at Tucson, The University of Arizona, fluctuates around 92

inches, Nogales, Arizona fluctuates around 94 inches.
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A general evaporation map for the United States (U.S. Weather

Bureau, 1959) shows an average annual lake evaporation of 67 inches in

the Patagonia area using a pan coefficient of 0.61. A concurrent study

of Lake Patagonia by The University of Arizona since June 1976 has

measured evaporation from this open body of water using the same equip-

ment as the U.S. Weather Bureau. The total annual evaporation from the

lake was less than 50 inches using a pan coefficient of 0.61 to convert

pan evaporation to lake evaporation. A conservative value of 67 inches

for the annual evaporation from Lake Patagonia was chosen.

Aquifer Characteristics

The aquifer characteristics of interest are the depth and width,

and the hydraulic conductivity of the aquifer. Measurements of the

depth and width of the recent alluvium was attempted using resistivity

and refraction seismometry. Two techniques were employed to measure the

hydraulic conductivity of the aquifer, a salt slug injection technique,

and a water table slope technique.

Aquifer Depth and Width. The depth of the aquifer was difficult

to determine as the techniques employed were not sensitive enough to

detect the gradual change in physical properties between the aquifer and

the underlying brecciated surface layer of the Nogales formation. The

difference in electrical conductivity of the two formations is very

small, less than the difference detectable with the resistivity equip-

ment utilized (Geophysical Specialties Division Minnetech Laboratories,

Inc., Model ER-2 Earth Resistivity Meter). Likewise the sound refrac-

tion properties of the aquifer and the Nogales formation are similar.
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Both techniques were employed and the results were inconclusive in all

but one instance.

At the lower well field the refraction seismometry using a

hammer source for two geophones detected by a SNC2560 Seismograph

showed distinctly the base of the aquifer at about 30 feet below land

surface. The ability to see the contact was probably due to the sandy

composition of the aquifer at that location.

Hydraulic Conductivity. The hydraulic conductivity, K, of the

Sonoita Creek aquifer is highly variable due to the heterogeneous

sequence of gravel, sand, and silt comprising it. In order to determine

a representative value of K for the entire aquifer a salt slug injection

test at site D and three tests at sites C, D, and E using the water

table slope technique were made.

The salt slug injection technique to determine K was used at

site D near the V-notch weir. A slug of salt was injected into the

aquifer using a shallow well. The time of travel to a well three feet

down gradient was measured establishing the bulk velocity of the water

at 12 ft/day. This bulk velocity multiplied by the estimated porosity,

9 equal to 0.30 (Davis and DeWiest, 1966), is the Darcy velocity of the

water through the pores. Following Darcy's equation for flow through

porous media (1) the hydraulic conductivity of the aquifer can be found.

Darcy's equation is

A H
(1)q - K	

'
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where q is the Darcy velocity in ft/day, zs, Wax is the hydraulic

gradient approximated by the slope of the water table, and K is the

hydraulic conductivity in ft/day. The slope of the water table was

calculated by dividing the average change in head between the two north-

south lines of wells in the V-notch well field, 4.5 feet, by the

distance between the lines of wells, 600 feet, equaling 0.0075 for the

slope. Inserting these values into equation (1) produces a hydraulic

conductivity of 480 ft/day.

The water table slope technique of measuring hydraulic conduc-

tivity was used at the lower well field, the V-notch weir, and the upper

well field; sites C, D, and E. The procedure was similar at each loca-

tion. The measured surface flow at the dam and the H-flume, sites E and

B, was assumed to be the total flow at those sites. There was no sur-

face flow at the lower well field, site C, during the time these tests

were run in May 1977, and all flow was assumed to be in the subsurface.

Figure 15 is a graph of the total flow at each site in ft 3 /sec in

May 1977 versus the distance of the site from the dam in feet. The loss

due to evapotranspiration from the total flow between the dam and the

H-flume was assumed to be distributed linearly along the distance

between these sites. The measured surface flow at the upper well field,

E, the V-notch weir, D, and the lower well field, E (measured as zero),

subtracted from the total flow at that site equals the subsurface flow,

Q, at that location. The water table slope,,A.H/Ax, was measured at

each site in the same manner as the measure of the slope for the salt

slug method. The estimated average width of the aquifer, w, at each
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site was determined and the average depth, b, assuming a rectangular

shaped aquifer was estimated. The hydraulic conductivity, K, for each

site was calculated from the equation,

Q = Kbw-11:1
AX '

The results of the calculations and the variables are listed in Table 1.

Table 1. Results of the Water Table Slope Technique of
Calculating K.

Subsurface Average Estimated
Flow - Q	 Width - w	 Depth - b AH/AX

Site	 (ft3/sec)	 (ft)	 (ft)	 (none)	 (ft/day)

	0.45	 882	 35	 .0052	 242

D	 0.41	 606	 35	 .0075	 223

	

0.68	 825	 35	 .005	 407

The average of the values of K obtained from the water table

slope technique is 291 ft/day. The average of all the values of K ob-

tained by both methods is 338 ft/day. The variability in the K values

obtained may be due to errors in the technique but the variability of

K in the aquifer is known to be extreme owing to the heterogeneity of

the aquifer. Realizing the value of K is not constant throughout the

aquifer a representative value of K was chosen at 300 ft/day.

Evapotranspiration

A survey of the area was made to determine the quantity and

density of various vegetation types along the creek, It was based on

aerial photographs of the site taken by the Arizona State Highway

Department. These photos were several years out of date and did not
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exactly reflect the present conditions along the creek. The major

discrepancies were corrected by checking the photo from field observa-

tions. The delineation of the plant types and the determination of

their density was made during a survey on foot. Figure 16 is a map of

the zones of vegetation found in the survey. For each zone the area,

the areal density of vegetation in percent of the zone's area, and the

percent of each major plant typewere determined. The area of 100 per-

cent density of each species per zone was then determined by multiplying

the total zone area by the percent occupied by the species. The

vertical density of the plant growth was calculated by dividing the

observed average plant height per section by the effective height of

that species (Gatewood et al., 1950) and expressing it as a percent. The

volume density is the vertical density in percent times the actual

density in acres. The mean annual water use for each plant type in each

zone was then the volume density times the mean annual water use at 100

percent volume density (values from Gatewood et al., 1950). The final

total water use per year is then the summation of the mean annual water

use for each plant type in each zone.

A sample calculation for Zone II is now shown. Zone II has a

total area in Region 2 of 55.88 acres with 60 percent mesquite bushes.

The area of 100 percent specie density is

(55.88 acres)(0.60) = 33.53 acres.

The vertical density is 100 percent. Multiplying this by the actual

density is 33.53 acres which is the 100 percent volume density. The
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mean annual water use of mesquite at 100 percent volume density is

4 ft/yr. Multiplying this times the volume density gave 134.1 AF/yr.

Table 2 is a tabulation of similar calculations for Region 1 and Table

3 shows the same calculations for Region 2. Evapotranspiration from

Region 2 totaled 2013 AF/yr and was 1034 AF/yr for Region 1.

Table 2. Vegetation Survey Results, Region 1

100% Volume
Density

Area of	 Specie Use
Zone	 Per Year
(acre)	 (ft)

Consumptive
Use Per Year

(AF)

.80 431.66	 .25 86.3

.08 4.0 138.1

.60 294.29	 4.0 706.3

.60 20.95	 4.0 50.3

.35 6.67 48.9

.01 97.79	 4.0 3.9

Total use per year 1034.	 AF

Zone	 Vegetation
Type

	I	 grass
mesquite

	

II	 mesquite

	III	 mesquite
cottonwood

	IV	 mesquite

Table 3. Vegetation Survey Results, Region 2

100% Volume
Density

Area of	 Specie Use
Zone	 Per Year

(acre)	 (ft)

Consumptive
Use Per Year

(AF)

.80 132.71	 0.25 26.5

.08 4.0 42.5

.60 55.88	 4.0 134.1

.60 381.33	 4.0 916.4

.35 6.67 891.4

.01 62.86	 4.0 2.5

Total use per year 2013.	 AF

Zone	 Vegetation
Type

grass
mesquite

	

II	 mesquite

	

III	 mesquite
cottonwood

	IV	 mesquite



39

Components of the Water Balance 

A water balance accounts for the volume of water entering and

leaving a system, or aquifer, and the amount of change in storage in the

system. This water budget accounts for the average annual recharge and

discharge from the Sonoita Creek aquifer. The assumptions made in order

to derive the water balance will be discussed. .Then the actual values

determined in the study will be shown.

Discussion of the Water Balance

The water balance has been made using the following five

simplifying assumptions.

1. Steady state conditions apply to the average annual

volume of water in the Sonoita Creek aquifer.

2. All water sources and sinks are included in the water

balance.

a. Seepage through the dam or the underlying Nogales

formation to the aquifer is negligible.

b. The storm discharge volume at Rio Rico is equal to the

volume of runoff from the 35 square mile watershed

below the dam.

3. The hydraulic conductivity of the aquifer measured at a

few locations is applicable over the entire aquifer.

4. There is a simple geometric configuration for each region

of the aquifer.

5.	 Stresmflow generated by the watershed is directly propor-

tional to the area of the watershed.
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The most important assumption in this water balance is that the

aquifer is in steady state. This means that the volume of inflow to the

system is equal to the volume of outflow and there is no change in the

volume of water stored in the aquifer. This assumption was made because

of the absence of data to calculate the effect of the change in storage.

Water level records for the aquifer were begun in 1977 and do not pro-

vide any information on the yearly changes in the depth to water. In

recent years there has been one major change in the Sonoita Creek

aquifer system: Lake Patagonia and its dam were constructed in 1968.

The increased surface area of open water in the system has increased the

loss to evaporation of the water flowing through the system. The dam

also has altered the distribution of the total annual inflow to the

aquifer system. Peak flows through the canyon below the dam have been

decreased in magnitude and discharge from the dam is spread throughout

the year. This has encouraged the growth of phreatophytes and other

vegetation below the dam, effectively increasing the outflow by evapo-

transpiration in recent years. This change has been in the recent past,

however, and the water balance is based on 37 years of streamflow data

upstream from Lake Patagonia. These data are unaffected by the recent

addition of Lake Patagonia.

The second assumption, that all the sinks and sources to the

system are counted in the budget, is also important. The additional

possible sources of recharge to the aquifer not considered in this study

are seepage through the dam and seepage from the Nogales formation to

the aquifer. Seepage through the dam is likely but the volume is in-

tended by its builders to be small and is probably less than one percent
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of the total input from other sources. Subsurface flow to the aquifer

from the Nogales formation is also likely, yet very small. To obtain

an estimate of its magnitude, the seepage through a 100 foot deep face

8.5 miles long (the full length of the aquifer) at a hydraulic conduc-

tivity of 0.2 ft/day (an average value for coarse sandstone) and a

slope of 0.01 has been calculated. The seepage volume would be 150

AF/yr (0.2 ft3/sec). This volume is also less than three percent of

the inflow to the system. Additional form of discharge from the system

would be increased storm flow at Rio Rico. During the last two rainy

seasons there have been a total of three storms that produced flow at

Rio Rico. If the average flow for the one day length of the storms is

200 cfs then the flow volume for the three storms is 1,192 AF. A

conservative volume for the outflow by storm flow is 1,010 AF/yr which

is equal to the amount of runoff from the 35 square miles watershed

below the dam.

Because of the variability in the composition of the alluvium

comprising the aquifer, the hydraulic conductivity varies extensively.

As it was measured in several locations by techniques that average the

velocity of water through the length of sediment it passes and as its

value is within the expected range for this type of aquifer, the value

of 300 ft/day was readily accepted for use in the water balance.

The geometric configuration of the aquifer in Region 1 was

assumed to be V-shaped knowing that the valley was carved into the

Nogales formation by a stream that entrenched itself early in its

history. In Region 2 the aquifer was assumed to be rectangular,
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The assumption that surface flow generated by the watershed is

directly proportional to the area of the watershed is used to calculate

the annual flow from ungauged areas. More complicated techniques

requiring large amounts of data and processing time are available but

were not used. The data were unattainable.

A total of three water budgets are calculated for the Sonoita

Creek aquifer. The first regulates the water entering and leaving

Sonoita Creek between the U.S. Geological Survey gauge on the Circle Z

Ranch and Lake Patagonia dam in order to determine the average annual

surface flow at Lake Patagonia dam. The second budget examines inflows

and outflows from Region 2 to analyze the volume of water available for

exploitation. Region 1 inflows and outflows are balanced in the third

water budget to estimate the quantity of available water.

Each water budget has recharge from three sources: 1) water

flowing on the surface into the aquifer at the stream, 2) water flowing

under the surface at the stream, and 3) water coming in as runoff from

the watershed of this section of the aquifer. This runoff from the

watershed is assumed to be a linear function of the area of the water-

shed and directly proportional to the ratio of runoff at the U.S.

Geological Survey gauge to the area drained by that gauge. This ratio

is 0.045 AF/yr/acre and needs only to be multiplied by the area of the

watershed portion being studied to produce the volume of runoff that

reaches the creek each year from that watershed.

The discharge from each budget has three possible routes:

1) surface flow out, 2) ground water flow out, and 3) loss to evapo-

transpiration. Pumping by the community of Rio Rico is not considered
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in this budget. It did not begin until September 1977 and will not

affect a water balance that is based on 37 years of streamflow data.

Seepage to and from the other formations is also negligible (see

Discussion of the Water Balance).

Inflow to Region 2 at Lake Patagonia Dam

The average surface flow at the U.S. Geological Survey gauge on

the Circle Z Ranch produces 5900 AF/yr. The runoff from the 27 square

mile area between the gauge and the dam, calculated as noted above, is

780 AF/yr. An additional source of recharge to this water budget is

the volume of rain falling directly on the 265 acre lake at the average

rate of 17 inches/yr, or a total volume of 380 AF/yr. Discharge froin

the lake by evaporation from the lake surface is at a rate of 5.58

ft/yr. This rate is representative of evaporation from an open water

surface in south central Arizona. The yearly volume lost in this

manner is 1480 AF/yr. The underf low at the gauge is assumed to be equal

in volume to the consumptive use by vegetation in the short reach

between the U.S. Geological Survey gauge and the lake. The remaining

discharge is the volume flowing over the spillway of the dam plus the

controlled release which is 5580 AF/yr. Figure 17 is a pictorial

representation of this water balance. (Volumes are rounded to tens.)

Region 2 Water Balance

The discharge from the dam in the previous budget is the

streamflow (surface only) into this balance. The runoff from the 22

square mile watershed drained by this portion of the creek is 630 AF/yr.
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The yearly evapotranspiration is 2010 AF/yr (see Table 3). This leaves

the combined surface and subsurface flow from the upper aquifer near

the H-flume as 4200 AF/yr (see Figure 18).

Region 1 Water Balance

The combined surface and subsurface inflow from the upper

aquifer is 4200 AF/yr. Added to this is the runoff from the watershed

that reaches the creek, 380 AF/yr. The evapotranspiration from this

portion of the aquifer is 1030 AF/yr (see Table 2). In this section of

the aquifer there is an additional method of discharge: storm flow in

Sonoita Creek that reaches Rio Rico and flows to the Santa Cruz. In

the two year period 1976 to 1977, Sonoita Creek at Rio Rico flowed three

times. No measurement of the flow was made but the peak flow at the

railroad trestle over the creek at Rio Rico was estimated (using the

Manning equation) to be 20,000 cfs during the very high flows of

October 1977. This high flow was an extreme event however. In this

water balance the flow produced by rainstorms on Sonoita Creek by the

method of multiplying the area involved by the ratio of runoff per acre

drained is assumed to be equal to the flow out of Sonoita Creek to the

Santa Cruz on the surface. This means the total runoff to Sonoita

Creek from Regions 1 and 2 is equal to the storm flow out to the Santa

Cruz. This is a volume per year of 1010 AF. The remaining amount of

water, 2540 AF/yr, is discharged from the system as underf low to the

Santa Cruz (see Figure 19).

This amount of flow through an aquifer of hydraulic conductiv-

ity equal to 300 ft/day at a water table gradient of 0.0015 (see
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Figure 11) must flow through an area of 6.74 x 105 square feet. The

width of the aquifer is 4900 feet at Rio Rico. If a V-shaped aquifer

is assumed (see Figure 20) the maximum thickness of the saturated

volume is 275 feet at Rio Rico. This plus the depth to the water table,

42 feet, measured in the well on the Santa Cruz formerly used by Rio

Rico (see Figure 7), gives the thickness of the alluvium at Rio Rico as

317 feet.

Storage Capacity of Region 1

Considering the aquifer as a V-shaped trough of a larger cross-

sectional area at Rio Rico than upstream and extending from Rio Rico to

the H-flume (see Figure 20), the volume of water stored in the sediment

may be computed. The volume of such a shape, 275 feet deep and 4,900

feet wide at the water table at Rio Rico, and 30 feet deep and 100 feet

wide at the H-flume, is 95,040 AY or 4.14 billion cubic feet. With an

estimated porosity of 0.30 the volume of water stored is 28,510 AF or

9.29 billion gallons. This volume is about six times as large as the

annual flux into the region, which is 4580 AF/yr.

Storage Capacity of Region 2

The aquifer in Region 2 is assumed to be rectangular in cross-

section ranging from 100 to 1800 feet wide and 30 to 60 feet deep

throughout its length of five miles. For an aquifer of an average

width of 800 feet and an average depth of 40 feet and an estimated

porosity equal to 0.30, the volume of water stored is 1.90 billion

gallons or 5820 AF. Though these values are not exact they illustrate
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that the volume stored in Region 2 is approximately equal to the inflow

of 5580 AF/yr.



CHAPTER 4

WATER PRODUCTION POTENTIAL

A water budget has been devised for the Sonoita Creek aquifer

and from this budget the water available for use may be determined.

There are three potential sources of water for exploitation from an

aquifer: 1) the water stored in the sediments, 2) the rejected recharge,

and 3) the natural discharge from the aquifer.

The volume of water stored in sediments is commonly large, but

in any sediment there is a certain volume of water that cannot be re-

moved from the pore spaces in the sediment due to the adhesion of water

to the surfaces within the pores. The amount of water removable from

an aquifer by ordinary mechanisms such as pumping wells is limited to

this porportion of the total volume, the specific capacity. In alluvial

sediments a conservative value for the specific yield is 15 percent of

the total volume of sediment. This value is chosen because it is repre-

sentative of alluvial sediments. Davidson (1973) in a study of the

Tucson Basin (a similar but larger basin to the north) uses the same

value.

The volume of water in storage in Region 1 is 28,510 AF or 9.29

billion gallons of water. With a specific yield of 15 percent the upper

limit of the volume of water that may be removed from storage is 14,260.

AY or 4.67 billion gallons. Region 2 has considerably less water in

51
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storage, 5820 AT or 1.90 billion gallons. This is 2910 AT or 948

million gallons available using a specific yield of 15 percent.

The rejected recharge is the volume of water that is available

for recharge to the aquifer but is not recharged to the aquifer. In a

semiarid area there is little rejected recharge except the volume of

storm flow that has a high enough velocity to travel out of the

recharge area of the aquifer. The rejected recharge of the Sonoita

Creek aquifer is represented by the storm flow out of Region 1 at Rio

Rico and the surface flow at the boundary of Region 1 and Region 2 for

Region 2. The storm flow at Rio Rico was estimated to be 1010 AF/yr or

329 million gallons/yr. The total flow at the boundary between the two

Regions has not been separated into surface and subsurface flow.

Natural discharge from the aquifer occurs as evapotranspiration

and underf low. The evapotranspiration from Region 1 is 1030 AF/yr or

336 million gallons/yr and from Region 2 is 2010 AF/yr or 655 million

gallons/yr. The underf low from Region 1 is 2540 AY/yr or 828 million

gallons/yr and the total flow, surface and subsurface from Region 2 is

4200 AY/yr or 1370 million gallons/yr. Table 4 is a list of the

volumes of these three potential sources of water.
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Table 4. Volumes of Water Available from the Three
Potential Sources of Water.

Region 1

AY	 Million
Gallons

Region 2

AF	 Million
Gallons

storage 14,260 4670 2910 948

annual rejected
recharge 1,010 329

annual discharge by
evapotranspiration 1,030 336 2010 655

underf low 2,540 828 4200 1370

Development of an Emergency Supply 

Water removed from the aquifer for emergency supply purposes

when the Sonoita Creek aquifer would be used only to supplement regular

supplies at times of drought could be removed from any of these three

sources. An emergency supply as defined here would not be tapped

annually. The volume of water stored in Region 1 is the largest of the

sources. The maximum theoretical volume extractable from this 
source is

the specific yield, 15 percent, times the stored 
volume: the actual

volume is less due to inefficiencies in the process 
of removal. A year

of water withdrawal at the rate of 10 mgd is 50 
percent of the estimated

specific yield volume of Region 1 and is 2.45 times 
the average annual

Inflow to Region 1, 4580 AF/yr. The recovery time 
of the aquifer

after this withdrawal is over 6 years if the discharge from the

aquifer is reduced by fifty percent. The reduction of outflow would be

facilitated if the withdrawal was near the confluence of the 
creek with
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the Santa Cruz where reduction of the hydraulic head by pumping would

be most effective.

The stored volume available for use from Region 2 is 948

million gallons but it is distributed over a region 5 miles long and

less than 3/4 of a mile wide. The water would have to be pumped from

the aquifer using an areally large network of shallow wells to recover

the stored volume. Removal of the extractable stored volume, 17 per-

cent of the inflow to Region 2, would result in a decrease in the

amount of streamflow reaching Region 1 and may decrease the vegetation

in Region 2.

The capture of rejected recharge that is in the form of storm

flow is possible using a system of detention ponds or basins to slow

the storm flow as it passes over the recharge area. The magnitude of

such a project is large and percent effectiveness of such a system is

low. The maximum volume recoverable is minimal, 329 million gallons

estimated, and unreliable. The construction of detention ponds in

Region 2 would alter the esthetic qualities of the Sonoita Creek

canyon. They would also increase loss of water to evaporatioft from an

open water surface and further encourage growth of stream vegetation.

Salvage of the natural discharge from either region would sup-

ply a volume of water limited by the average annual discharge and the

efficiency of the withdrawal technique. In order to capture the dis-

charge due to evapotranspiration, the volume lost to evapotranspiration

must be decreased. To do this there are many variations on one basic

theme: decrease the vegetation in the area. Of course total or even

extensive removal of the vegetation from this area by dramatic means is
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infeasible. Any pumping scheme in Region 2, however, would affect the

growth of vegetation and effectively a portion of the water withdrawn

from storage would actually be captured discharge from evapotranspira-

tion. This amount would be a small percentage of the water withdrawn.

In Region I only pumping in the area near Region 2 would affect the

amount of loss due to evapotranspiration and this amount would be small

due to the small number of plants in the area. The water would effec-

tively come from storage in the aquifer.

Salvage of any of the flow from Region 2 to Region 1 would not

affect Region 2 but would decrease the volume of recharge to Region 1.

Because the outflow from Region I will not decrease unless the hydraulic

gradient,diHiax, is decreased or the area through which the water flows

is decreased, then pumping at the boundary of Region 1 and Region 2

would decrease the inflow to Region 1 without an immediate corresponding

decrease in the outflow from the Region 1. After a period of time the

rate of outflow would decrease to equal the inflow and Region I would

once more be in steady state. This time to return to steady state

would be on the order of 225 years and the water table level at Rio

Rico would decline to approximately 200 feet below the land surface if

the recharge to Region I was decreased by 80 percent. However, if water

withdrawal were limited to emergency supplies the effect would be much

smaller. Similarly the underflow from Region 1 to the Santa Cruz is

another source of supply. Prolonged withdrawal of water from the area

would prevent recharge from Sonoita Creek to the Santa Cruz aquifer

which is a major aquifer in southern Arizona with many users. An exami-

nation of the effects of such action is recommended. Emergency water
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withdrawal would be feasible on a large scale though the magnitude of

withdrawal should be limited to the amount fully recoverable between

emergencies.

Development of a Sustained Yield 

A water supply intended to produce a sustained yield of water

for an indefinite length of time requires a constant recharge to the

aquifer equal to the amount removed from the aquifer unless depletion

of storage is desired. However, the removable stored volume in Region

1 is finite and any pumping rate that depletes it will have to decrease

when the stored volume is reduced to effectively zero. The length of

time until the stored volume is depleted depends on the ratio of the

withdrawal to the rate of recharge, and, on the magnitude of the

stored volume. The maximum amount of sustained yield from Region 2 is

the inflow from the dam, an average annual recharge volume of 5580

AF/yr. Because this is an average annual value with a standard devia-

tion of 4088 AF/yr, the reliable annual recharge will be much smaller.

When regulating a surface water supply reservoir, 60 percent of the

average annual flow is considered the dependable flow and that is the

figure used in this report. Thus the average annual dependable flow is

3348 AF/yr or 2.99 million gallons per day (ngpd) into Region 2. The

same constraints on pumping location as for emergency withdrawal men-

tioned in the previous section apply for sustained yield pumping

locations. Similarly, the average annual recharge to Region 1 is 3570

AF/yr, with the same standard deviation, 4088 AF/yr. Sixty percent of

the recharge volume is 2142 AF/yr or 1.91 mgpd.
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Summary 

The optimal placement of the wells used to withdraw water from

the Sonoita Creek aquifer is beyond the scope of this study. However,

three specific options exist for the removal of water for emergency

purposes. The first is an areally large network of wells in Region 2

each pumping small quantities of water. The major effects would be the

reduction of streamflow in the area and, if the wells produce more than

2.99 mgpd (the average annual dependable flow), the depletion of the

aquifer in a relatively short time period. Another option is the loca-

tion of the shallow wells near the eastern end of Region 1 where the

dependable recharge is 1.91 mgpd and the stored volume of water in

Region 1 is directly available. The vegetation is sparsely distributed

in this area and large flood flows though still moving fast will have

decreased in velocity as they spread out onto a larger area. The third

option is at the west end of Region 1 near the confluence with the Santa

Cruz. The dependable flow would be 1.36 mgpd but the stored volume at

this location is largest of the three locations.

The same three locations are feasible for development of a

sustained yield with the same limitations to the dependable flow. A

fourth location would be directly below Lake Patagonia dam where the

dependable recharge is the largest of the four values, 2,49 mgpd, and

there is some protection from flood flows directly downstream from the

dam. The alluvial sediments are 55 feet thick at this location. With-

drawal at this point will affect the whole length of the stream and may

drastically decrease vegetation if the total dependable supply is

withdrawn.



CHAPTER 5

SUMMARY AND CONCLUSIONS

This study has determined quantitatively the potential of the

area along Sonoita Creek upstream from Rio Rico, Arizona for water

production from the shallow alluvial Sonoita Creek aquifer. Geologic

and hydrologic surveys were made over the period of one year to outline

the base data needed to analyze the hydrologic system in terms of a

volumetric water balance.

The Sonoita Creek aquifer is a narrow band of recent alluvium

along the lower portion of Sonoita Creek from Lake Patagonia dam west-

ward to the confluence of Sonoita Creek with the Santa Cruz River.

Sonoita Creek drains a 265 square mile watershed that ranges in elevation

from 9453 feet above sea level to 3681 feet above sea level in a semi-

arid climate. The geology of the area has been studied extensively

(Drewes, 1971, and Simons, 1974) but the hydrology of the Sonoita Creek

aquifer has not been fully examined.

In the hydrologic investigation the study area was divided into

two regions: Region 1, the wedge-shaped area that extends 3-1/2 miles

upstream from the confluence of Sonoita Creek and the Santa Cruz River;

and Region 2 which extends from the upstream boundary of Region 1 to the

Patagonia Lake dam. The major source of recharge to the regions is the

water that flows over the spillway of Lake Patagonia dam plus the con-

trolled release. The second source is the runoff from the 35 square

58



59

mile watershed draining into the stream below the dam. Discharge from

the aquifer is of three kinds: 1) evapotranspiration along the creek,

2) underf low from the Sonoita Creek aquifer at Rio Rico to the sediments

underlying the Santa Cruz River, and 3) pumpage from the aquifer at Rio

Rico for use on the golf course. The components of the water balance

for Region 2 and for Region 1 are listed in Table 5.

Table 5. Summary of the Water Budgets for the
Sonoita Creek Aquifer (Volumes are

AF/yr)

Region 2 Region 1

inflow

streamflow 5580 4200 1

runoff 630 380

outflow

evapotranspiration 2010 1030

streamf low 4200 1 1010

subsurface flow 2540
1 This figure is a combination of surface and subsurface flow.

This water balance has been made using the following five

assumptions:

1. Steady state conditions apply to the average annual

volume of water in the Sonoita Creek aquifer.

2. All water sources and sinks are included in the water

balance.
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3. The hydraulic conductivity of the aquifer measured at a

few locations is applicable over the entire aquifer.

4. There is a simple geometric configuration for each region

of the aquifer.

5.	 Streamflow generated by the watershed is directly propor-

tional to the area of the watershed.

The three potential sources of water for exploitation from an

aquifer are the water stored in the sediments, the rejected recharge,

and the natural discharge from the aquifer. The quantities of water

available from each of these sources for Regions 1 and 2 are listed in

Table 4. The feasibility of exploitation of these sources for either an

emergency water supply or a sustained yield supply are discussed in

detail in Chapter 4. Three specific options exist for the removal of

water for emergency purposes. The first is an areally large network of

wells in Region 2 each pumping small quantities of water. The major

effect would be reduction of streamflow and the depletion of the

aquifer in a short time period if the wells produce more than 2.99 mgpd

(the average annual dependable flow). The second option is shallow

wells near the eastern end of Region 1 where the dependable recharge is

1.91 mgpd and the stored volume in Region 1 is directly accessible.

The third option is at the west end of Region 1 near the confluence with

the Santa Cruz. The dependable flow would be 1.36 mgpd and the stored

volume at this location is the largest of the three options due to the

availability of water under the Santa Cruz.
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The same three locations are feasible for development of a

sustained yield with the same limitations to the dependable flow. A

fourth area would be the area directly below Lake Patagonia dam where

the dependable recharge is the largest of the four areas, 2.49 mgpd,

and there is some protection from flood flows directly downstream from

the dam. Withdrawal of water at this point will affect the whole

length of the stream and may drastically reduce the vegetation if the

total dependable supply is withdrawn.
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