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Geohydrology and Water Resources of the
Papago Farms-Great Plain Area, Papago
Indian Reservation, Arizona, and the
Upper Rio Sonoyta Area, Sonora, Mexico

By Kenneth ). Hollett

Abstract

The Papago Farms-Great Plain and upper Rio
Sonoyta study area includes about 490 square miles in
south-central Arizona and north-central Sonora, Mexico.
The area is characterized by a broad, deep, sediment-filled
basin bounded by low, jagged fault-block mountains. The
climate is arid to semiarid. The climate and abundant
ground water provide favorable conditions for irrigated
agriculture. Annual precipitation averages 5 to 8 inches per
year on the desert floor. Runoff, which occurs as intermit-
tent streamflow and sheetflow, is too short lived and too
laden with suspended sediment to be a reliable source for
irrigation or public supply.

Nearly all the water used to irrigate more than 5,000
cultivated acres in the study area is withdrawn from the
unconsolidated to partly consolidated basin fill. The
ground water occurs in the deposits under unconfined
(water-table) conditions with a saturated thickness that
ranges from zero along the mountain fronts to more than
8,000 feet in the center of the basin. The amount of recover-
able ground water in storage to a depth of 400 feet below
the 1978-80 water table is estimated to be about 10 million
acre-feet. Depths to water range from about 500 feet near
the southern boundary of the study area to about 150 feet in
the center of the study area. Ground water enters the area
principally as underflow beneath the San Simon and
Chukut Kuk Washes and as recharge along the mountain
fronts. On the basis of model results, annual inflow to the
ground-water system is estimated to be about 4,390 acre-
feet. Ground water moves through the study area along
paths that encircle a virtually impermeable unit in the basin
center, termed ‘““the lakebed-clay deposits,” and moves
westward to an outflow point beneath the Rio Sonoyta
south of Cerro La Nariz. Rates of water movement range
from less than 1 foot per year in clays to about 160 feet per
year in well-sorted, coarse stream-channel deposits.

Transmissivities along the basin margins range from
10,000 to 40,000 feet squared per day, whereas trans-
missivities in the basin-center lakebed-clay deposits are
estimated to be less than 100 feet squared per day. Most
wells that are located along the basin margin and tap more
than 300 feet of saturated basin fill in the upper 1,000 feet of
the aquifer should yield from 500 to 3,000 gallons per min-

ute to properly constructed and developed wells. Specific
capacities should range from 10 to 50 gallons per minute per
foot of drawdown.

The water in the aquifer is moderate to poor in
chemical quality for irrigation and public-supply use. The
ground water is mainly a sodium bicarbonate type with
dissolved-solids concentrations that range from about 250
to 5,000 milligrams per liter and average about 530 milli-
grams per liter. The poorest quality water is associated with
the basin-center lakebed-clay deposits. In most of the
basin, the water contains fluoride concentrations that ex-
ceed the maximum contaminant levels acceptable for
drinking water. Waters from the basin-center lakebed-clay
deposits are also anomalously high in dissolved arsenic and
unacceptable for public supply. High concentrations of
sodium and bicarbonate in the ground water of the study
area present potential hazards to most crops, and the use of
this type of water requires careful farm-management prac-
tices.

In 1981 outflow resulting from withdrawals of water
from the aquifer was about 23,700 acre-feet. Storage is
being depleted at a rate of about 19,000 acre-feet per year.
On the basis of a mathematical simulation of the ground-
water system and withdrawal rates in 1981, storage deple-
tion and drawdown of the water table were projected to
1991. Water-level declines in 1991 were estimated to be as
much as 20 feet at Papago Farms and more than 40 feet in
the area south of the basin-center lakebed-clay deposits.
The estimated amount of depletion in 1991 of ground water
stored in the upper 400 feet of the aquifer is less than 3.0
percent of the total amount in storage. Ground-water with-
drawals in the upper Rio Sonoyta area do not appear to
have an effect on water levels in the Papago Farms-Great
Plain area. The virtually impermeable basin-center
lakebed-clay deposits act as a ground-water barrier be-
tween Papago Farms and irrigated areas to the south.

INTRODUCTION
The Papago Farms-Great Plain and upper Rio Sonoyta
study area includes about 490 mi? in the Rio Sonoyta drain-

age basin in south-central Arizona and north-central Sonora,
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Mexico (fig. 1). The climate is arid to semiarid. The climate
and abundant ground water provide favorable conditions for
irrigated agriculture. In 1981 the Papago Tribe of Arizona
farmed about 1,200 acres at Papago Farms. Irrigated acreage
in the Sonoran part of the study area is estimated to be about
4,000 acres. Streamflow is intermittent, unpredictable, and
not a dependable source of water for irrigation or public
supply. Irrigation and public-supply requirements, therefore,
are wholly dependent on ground water. The water-resource
appraisal was prompted by the increased demand for ground
water to meet the growing irrigation and public-supply
requirements in the study area.

Purpose of Investigation and Scope of Report

The purpose of this investigation was to evaluate the
availability and quality of surface water and ground water in
the study area and to determine the impact that increased
agricultural development would have on future availability
of water. Virtually all the water used for irrigation is with-
drawn from the subsurface; therefore, the main emphasis of
the study was directed toward evaluating the ground-water
system. Surface-water runoff was evaluated to determine the
possibility of developing a supplemental irrigation source for
Papago Farms. The study was done in cooperation with the
U.S. Bureau of Indian Affairs on behalf of the Papago Tribe
of Arizona.

In order to adequately define the hydrologic system,
new hydrologic, geologic, and geophysical data were col-
lected and past data were reevaluated. This report describes
the hydrologic system of the study area, particularly the
physical constraints of the ground-water flow system. Chem-
ical quality of ground water is presented to evaluate the
suitability of ground water for irrigation and public supply
and also to confirm ground-water flow patterns as related to
changes in water quality. Quantity and chemical quality of
surface water are tabulated and discussed in order to evaluate
the use of surface water as a possible supplementary irriga-
tion source. A ground-water budget summarizing the amount
of ground water that enters, leaves, and is stored was de-
veloped for the study area. A numerical ground-water flow
model was developed to test and evaluate the ground-water
system and to simulate the effects of withdrawal of ground
water near Papago Farms.

Geographic Setting

The study area consists of the Papago Farms-Great
Plain area and the upper Rio Sonoyta area. The Papago
Farms-Great Plain area is north of the international boundary
and within the Papago Indian Reservation; the upper Rio
Sonoyta area is south of the international boundary and

within Sonora, Mexico (fig. 1). Three major ephemeral
streams—Rio Sonoyta and San Simon and Chukut Kuk
Washes—meet in the study area. From its headwaters at the
southern boundary of the study area, the Rio Sonoyta flows
northwestward and is joined by the southward-flowing San
Simon Wash and southwestward-flowing Chukut Kuk
Wash. The stream system forms the gently sloping valley
floor, which is bounded on the east by the La Lesna Moun-
tains (Sierra de la Alesna in Sonora), Sierra del Cobota, and
Sierra del Cobre; on the south by a surface-water and ground-
water divide; and on the west by Cerros Manteca and San
Juan de Ulua and Sierra de la Nariz. To the northwest
between Sierra de la Nariz and the Mesquite Mountains is
another ground-water divide. The Mesquite Mountains and
the low hills north of Papago Farms form the northern bound-
ary of the study area. The mountains of the study area
generally are at altitudes of 2,500 to 4,200 ft above the
National Geodetic Vertical Datum (NGVD) of 1929, and
peaks in the Sierra del Cobre reach altitudes of as much as
4,500 ft. The altitude of the valley floor ranges from 1,600 to
2,200 ft.

Previous Investigations

Geologic, geophysical, and hydrologic studies by sev-
eral investigators were helpful in evaluating the
geohydrology and ground-water resources in the study area.
Bryan (1925), in a reconnaissance report of the Papago
Indian Reservation and west to the Colorado River, de-
scribed the general geography, geology, and hydrology of
the region. A regional appraisal of the geohydrology of the
Papago Indian Reservation is shown on maps by Heindl and
Cosner (1961), Heindl and others (1962), Hollett (1981b), and
Hollett and Garrett (1984). Discussions concerning the
geohydrology in and around Papago Farms can be found in
Heindl (1976), Norvelle and others (1979), and Hollett
(1981a).

The surface geology and structure in the Papago Farms-
Great Plain area is shown as part of the regional appraisals by
Wilson and others (1969), Cooley (1977), and Haxel and
others (1980, 1981). Details on geology and structure of the
Papago Farms area in the Kom Vo and La Lesna 15-minute
quadrangles were obtained from Gordon Haxel and Richard
Leveque (U.S. Geological Survey, written commun.,
1979-81). North of the international boundary, the thickness
and distribution of the deposits were determined on the basis
of gravity studies (Greenes and others, 1979; Greenes, 1980)
supported by residual aeromagnetic data (U.S. Geological
Survey, 1980), drill-hole data (Heind! and Cosner, 1961); and
vertical-electrical soundings (Turner and Associates, written
commun., 1957). South of the international boundary, the
distribution and thickness of basin-fill deposits were esti-
mated from preliminary, low-level, acromagnetic data (IFEX
International, S. A., Hermosillo, Sonora, written commun. ,
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1981) and geophysical and drillers’ logs (Secretaria de Agri-
cultura y Recursos Hidraulicos, Hermosillo and Sonoyta,
Sonora, written commun., 1980, 1981). Surface geology
encompassing the upper Rio Sonoyta area is shown in Mer
riam (1972) and Consejo de Recursos Naturales (1967).
Regional geophysical maps that include the Papago Farms-
Great Plain area are in Hargan (1978), U.S. Geological
Survey (1980), International Exploration, Inc. (written com-
mun., 1979), Oppenheimer and Sumner (1981), and Lysonski
and others (1981). Geothermal potential at Papago Farms was
evaluated by Stone (1980). Basic quality-of-water and water-
level data for the Papago Farms-Great Plain area are pub-
lished in Heindl and Cosner (1961), Heindl and others (1962),
Hollett (1981b), and Hollett and Garrett (1983). Surface-
water data for San Simon and Vamori Washes are published
in the U.S. Geological Survey Water Resources Data for
Arizona (1972-74a, b; 1976-83).

Methods of Investigation

The surface geology of the study area was compiled
from published reports and maps, Landsat and SKYLAB
infrared-imagery analyses, and low-level black and white
stereo-imagery analyses. Reconnaissance geologic mapping
was done where existing data were too generalized. Haxel
and others (1980; 1981) identified bedrock units near Papago
Farms. The subsurface structure and stratigraphy of the
Papago Farms-Great Plain area was determined from
geophysical surface and borehole surveys, drillers’ logs, and
drill cuttings. Water-level and chemical quality-of-water
data were taken from Heindl and Cosner (1961).

Compiled information and data were used to develop a
preliminary conceptual model of the geohydrologic system in
the Papago Farms-Great Plain area. On the basis of informa-
tion from the conceptual model, areas of sparse or missing
data were identified, and a program of additional fieldwork,
which included well inventory, water sampling, geophysical
surveys, and well drilling, was initiated. Ground-water pump-
age was estimated from irrigated acreage and crop-con-
sumptive use or from irrigation-well engine-hour records.
Transmissivity values were extrapolated to various parts of
the basin on the basis of a few short-term well tests at or near
Papago Farms (Heindl, 1976; Norvelle and others, 1979; this
study). To a limited extent, a specific capacity and trans-
missivity relation for the tested wells was used for estimating
transmissivity at untested wells. Only widely scattered spe-
cific-capacity data were available for the upper Rio Sonoyta
area.

Fieldwork in the early stages of the project was directed
toward a comprehensive well inventory and water-sampling
program in order to define the steady-state conditions of the
geohydrologic system in the Papago Farms-Great Plain area.
The fieldwork was done before ground-water withdrawal at

Papago Farms was reactivated after more than 15 years of
dormancy. In addition to a complete inventory of existing
wells in the Papago Farms-Great Plain area, six observation
wells were drilled 1 to 4 mi outside the perimeter of Papago
Farms. The wells were used to determine the water level,
subsurface stratigraphy, aquifer transmissivity, and chemi-
cal quality of the ground water. From January to September
1981, water levels in most wells in the Papago Farms-Great
Plain area were measured at least semiannually. Continuous
water-level measurements were made at selected sites in the
Papago Farms area during part of 1979 and 1980.
Fieldwork in the upper Rio Sonoyta area consisted of
two trips to measure water levels and collect water samples in
selected wells. Water-level, discharge, and depth informa-
tion for many wells was made available for use in the study
by the personnel of the Secretaria de Agricultura y Recursos
Hidraulicos (Secretariat of Agriculture and Hydraulic Re-
seurces) in Sonoyta and Hermosillo, Sonora, Mexico.

Well-Numbering and Naming System

The well numbers used for wells in the upper Rio
Sonoyta area (fig. 2) are in accordance with the system
established by the Secretaria de Agricultura y Recursos
Hidraulicos Residencia de Geohidrologia y de Zonas Aridas
en el Estado de Sonora, Zona Norte (Secretariat of Agri-
culture and Hydraulic Resources, Department of
Geohydrology and Arid Zones in the State of Sonora, North-
ern Zone).

Well names for wells located in the Papago Farms-
Great Plain area (fig. 2) are in accordance with those estab-
lished by the U.S. Bureau of Indian Affairs and the Papago
Tribe of Arizona and used by Heindl and Cosner (1961). In
many cases, a well may be identified by a location name and
a sequential number in a drilling program. For instance, the
Stoa Tontk well also is identified as DW-31.

GEOLOGY AND ITS RELATION TO THE
HYDROLOGIC SYSTEM

The Papago Farms-Great Plain and upper Rio Sonoyta
study area includes two principal topographic features—the
low, jagged, basin-bounding mountains and the broad, inter-
montane desert floor. The La Lesna, La Nariz, and Mesquite
Mountains and some unnamed mountains in the northern half
of the study area are mainly the exposed parts of tilted fault
blocks of Tertiary volcanic rocks (fig. 3). The mountains in
the southern half of the study area are mainly pre-Tertiary
undifferentiated metamorphic and granitic rocks that are
capped in many places by faulted and tilted volcanic rocks.
The desert floor is underlain by poorly to moderately consoli-
dated basin-fill deposits.

4 Papago Farms—Great Plain and Upper Rio Sonoyta Area, Arizona and Mexico





















lake or playa generally in an arid to semiarid environment.
Lakebed-clay deposits are laterally and vertically persistent.
The deposits usually are associated with varying amounts of
evaporites. In the study area, thick sequences of dense sticky
reddish-brown thinly bedded playa clays and thin stringers of
fine silt occupy the center of the basin.

Analyses of sediments from wells in the basin center
indicate that the lakebed-clay deposits extend to depths of
more than 1,000 ft and are laterally extensive (fig. 4). The
upper surface of the lakebed-clay deposits are covered by
about 50-150 ft of sandy silt. Geophysical and geologic data
indicate that the clay thins out completely toward the fault-
block margins of the basin. The lakebed-clay deposits were
probably laid down contemporaneously with the thick
blankets of alluvial-fan deposits and with basin-center block
subsidence; therefore, the two sedimentary units overlap and
intertongue in a wide zone along the fault-block margins of
the basin (fig. 4).

Wells that tap the basin-center lakebed-clay deposits
generally yield less than 50 gal/min, and specific capacities
are commonly less than 1 (gal/min)/ft of drawdown. Satu-
rated clays, however, may yield moderate amounts of. water
to adjacent water-bearing units, but the yield is delayed by
tens of years.

EXPLANATION

SEDIMENTARY DEPOSITS IN THE BASIN-FILL
GEOLOGIC UNIT

Alluvial-fan deposits

Stream-Channel deposits—Queried
where uncertain

Deltaic deposits—Queried where uncer-
tain

Lakebed-clay deposits

Overlap Zone—Interfingering and over-
lapping | of alluvial-fan, deltaic,
and lakebed-clay deposits; queried
where uncertain

BEDROCK—Edge of mountains represents
the approximate surface contact between
the basinfill deposits and the volcanic
metamorphic, or granitic rocks

BOUNDARY OF STUDY AREA

Figure 4. Continued.

Basin Structure

Geologic structure, which is the physical arrangement
of the rock units, affects storage and movement of ground
water. The deep, central basin of the study area is essentially a
downdropped floor of rock surrounded on all sides by vir-
tually impermeable steep mountain blocks that are faulted,
tilted, eroded, and partially buried by basin fill. At least four
major fault blocks surround the deep, central basin; the con-
tacts between the blocks and the basin are represented by the
Mesquite Mountains, Molenitus, San Simon Wash, and La
Nariz faults (fig. 3).

The Mesquite Mountains fault trends along the south-
west edge of the Mesquite Mountains and across the northern
part of Papago Farms (fig. 3). Evidence of this fault, which
was first noted by Cooley (1977), is based on displacement of
exposed bedrock. Analyses of geophysical data from surveys
by Greenes and others (1979), Greenes (1980), and U.S.
Geological Survey (1980) were used to confirm the fault
location. Wells at Papago Farms penetrate the bedrock on the
upthrown side of the fault at about 600 ft below the land
surface. Vertical offset across the fault is abrupt and may be as

much as 6,000 ft.
The Molenitus fault trends south-southeast from the

hills north of the Papago Farms and south along the foot of
the La Lesna Mountains and intersects the Mesquite Moun-
tains fault (fig. 3). As along the Mesquite Mountains fault,
the vertical offset of the Molenitus fault is also abrupt and
may be as much as 6,000 ft. The existence of the Mesquite
Mountains and Molenitus faults is further reinforced by a
geothermal investigation by Stone (1980). Stone (1980) con-
cluded that a low-temperature geothermal anomaly that is
centered in the north-central area of Papago Farms may be
caused by warm ground-water that moves up the intersecting
fault zones.

The San Simon Wash fault is along the east side of the
Sierra de 1a Nariz and generally parallels the Molenitus fault.
Vertical offset along the San Simon Wash fault is less abrupt
than the vertical offset of the Molenitus or Mesquite Moun-
tains faults and occurs as a series of slumped bedrock blocks.
A geologic cross section and profiled aeromagnetic and
gravity data along the international boundary emphasize the
relation of basin-bounding rock to the basin fill and the
degree of fault offset (fig. 5).

Less is known about the La Nariz fault at the south
end of the Sierra de la Nariz (fig. 3). On the basis of
preliminary, low-level aeromagnetic data (IFEX Interpa-
tional, S. A., Hermosillo, written commun., 1981), the ex-
posed trend of the La Nariz fault extends to form the south
edge of the basin. The vertical offset may be more than 2,000
ft and is similar to the stepped-block structure of the San
Simon Wash fault.

Basin Structure 1
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WATER RESOURCES
Surface Water

Papago Farms-Great Plain and upper Rio Sonoyta basin
is the confluence of three surface-water drainage systems:
(1) San Simon Wash and the Vamori Wash system, (2)
Chukut Kuk Wash, and (3) upper Rio Sonoyta (fig. 6). Main
drainageways have many small braided channels that are
poorly defined and that are distributary in places. The flood
plain is broad and flat, and riparian vegetation has overgrown
much of the channel and flood plains along the major
streams. The capacity of the normally dry channels to convey
runoff is small. Runoff commonly overtops the 3- to 5-foot-
high banks, covers wide areas of the adjacent flood plains,
and coalesces to form ponds. Ponds and muddy areas remain
for many days following runoff. Streamflow is the result of
local summer thunderstorms and regional winter storms.
Precipitation averages 5 to 8 in./yr on the desert floor (Sellers
and Hill, 1974) and is estimated to be 10 to 15 in./yr in the
Sierra del Cobre. Precipitation and runoff are highly variable
both in time and space.

EXPLANATION

TOTAL MAGNETIC INTENSITY—U.S.
Geological Survey (1980)

satnséesseve

RESIDUAL GRAVITY ANOMALY-—D.
Klein, U.S. Geological Survey (written
commun., 1981)

SECOND—ORDER RESIDUAL GRAVITY
ANOMALY—Greenes (1980)

GENERALIZED GEOLOGIC UNITS

Pt Basin fill—Unconsolidated to moderately
Nl c lidated sediment. Includes lakebed-
clay deposits.

Banded rhyolite flows and tuffs

ht vb VV vy
TS Latite and andesite flows
>a2¢
+ + +

+ o+ Pre-Tertiary metamorphic and granitic
+ o+ o+ rocks, undifferentiated

?—  GENERALIZED GEOLOGIC CONTACT—
Queried where uncertain
= FAULT—Arrow indicates movement of fault
block

J USGS 3 WELL—Identifier, USGS 3, is well name

Figure 5. Continued.

Streamflow data and water samples from two gaging
stations north of the study area—Vamori Wash at Kom Vo
(Santa Cruz village) and San Simon Wash near Pisinimo (fig.
6)—were used to estimate streamflow quantity, chemical
quality, and sediment inflow to the Papago Farms-Great
Plain area. The combined San Simon-Vamori Wash water-
shed supplies about 80 percent of the runoff to the study area.
The remaining 20 percent of runoff is contributed by un-
gaged flow from the Chukut Kuk watershed and the area
downstream from the gaging stations for the Vamori and San
Simon Washes.

Annual unit runoff was calculated to be 0.09 in. or
0.007 (ft3/s)/mi? for the two gaged watersheds. Because the
physiographic and precipitation characteristics are similar
for the entire watershed upstream from the outflow point of
the study area, this unit runoff is assumed for the entire
watershed. Thus, the estimated annual amount of surface
inflow to the study area is 11,000 acre-ft from the 2,350-
square-mile watershed. Net runoff from the drainage area
within the 490-square-mile study area is estimated to be
3,000 acre-ft/yr, and the estimated amount of annual surface
outflow from the study area in the Rio Sonoyta south of Cerro
La Nariz is 14,000 acre-ft/yr.

The amount of variability of runoff in Vamori and San
Simon Washes is shown by the mass curve for the combined
daily flow of the two gaging stations (fig. 7). Because the
mass curve represents a graphical accumulation of the com-
bined daily amounts of flow, the stepped appearance and
different size of steps along the curve indicate that runoff is
highly variable. Runoff upstream from the study area is
characterized by long periods of no flow and occasional
periods of flow. Nearly one-third of the total flow for the 8-
year period of record occurred during a 3-month period in the
1976 water year. During the period from mid-1973 to
mid-1976, the average daily flow was only half the average
daily flow for the 8-year period of record.

Duration of streamflow in Vamori and San Simon
Washes is readily apparent from flow-duration curves for the
combined, gaged tributary (fig. 8). Flow-duration curves for
Vamori and San Simon Washes indicate that the median
number of days per year of no flow at the gaging stations is
about 310. Flow duration for the high and low years of
combined flow are plotted on either side of the average flow-
duration curve to indicate the range in flow possible from one
year to the next. Extremes in volume of runoff from one
water year to the next are indicated on the mass curve (fig. 7).
About 85 percent of the time, the larger wash channels have
no flow.

Although. large amounts of water -occasionally flow
into the study area, diversion and storage in reservoirs may
not be feasible because of high losses owing to evaporation.
Kohler and others (1959) estimated average annual lake-
evaporation rates in the study area to be more than 6 ft/yr.
Thus, if the average water inflow of 12,000 acre-ft/yr were

Surface Water 13
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stored in reservoirs, a large part of it would be lost to
evaporation.

Near Presa El Topil (fig. 1), some attempt was made to
divert runoff for irrigation use; however, many of the farms
in the study area that used runoff for irrigation are now
abandoned or have converted to the use of ground water for
irrigation. Diversion of runoff is not considered a significant
potential source for irrigation. Some runoff, however, is
diverted to small catchment tanks for livestock use. The
tanks are dry much of the time, and the primary water supply
for livestock is the many scattered wells.

Chemical Constituents

Periodic sampling to determine chemical quality of
water was done at the gaging stations at Vamori and San
Simon Washes between 1977 and 1980. Chemical constitu-
ents in the water represent soluble products of eroded or
weathered rock and soil. The water in the Vamori and San
Simon Washes generally contains less than 167 mg/L (milli-
grams per liter) of dissolved solids and averages 114 mg/L
dissolved solids (table 1). Calcium and bicarbonate are the
principal ions in solution.

Suspended Sediment

Sediment data are vital in the design of surface-water
storage or diversion structures, such as dams or canals. Flow
that is retarded in such structures allows suspended sediment
to settle and accumulate. Sediment accumulation could sig-
nificantly reduce storage or transfer capacity and infiltration
potential if the structure is designed for ground-water re-
charge.
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Figure 7. Mass curve of cumulative discharge, 1973-80, for

the combined runoff for Vamori and San Simon Washes
upstream from the Kom Vo gaging station (fig. 6).

The major streams entering the study area transport
large amounts of suspended sediment. For the period of
miscellaneous instantaneous measurements at the stream-
flow-gaging sites on the Vamori and San Simon Washes,
1977-80, sediment concentrations ranged from less than 700
mg/L to more than 100,000 mg/L. Typical values were
between 1,000 and 50,000 mg/L for streamflow discharges of
10 to 200 ft3/s. Streamflow that contains 10,000 mg/L of
suspended sediment is 1 percent particulate solids.

Excessive range and scatter in sediment concentration
versus streamflow precluded computation of an annual sedi-
ment load or sediment-rating curve. Sediment load, however,
generally increases with increasing streamflow discharge.
Data for Vamori and San Simon Washes indicate that the
sediment load was about 200 to 2,000 tons/d for streamflow
discharges of 50 ft3/s and 3,000 to 50,000 tons/d for stream-
flow discharges of 500 ft3/s. A large range in sediment load
for the same streamflow discharge is a function of many
environmental variables, such as vegetation cover and storm
location, duration, and intensity.

Ground Water

Ground water is the mainstay of irrigation and public
water supply in the study area. The ground water is ample in
quantity but of variable chemical quality. Ground water is
derived mainly from the basin fill; in contrast, ground water
in the mountain areas is scarce or nonexistent.

Nearly all the recoverable ground water in the study
area is in the unconsolidated and partly consolidated Tertiary
and Quaternary basin-fill deposits. Where saturated, these
deposits and a few buried latite and andesite flows along the
margins of the basin form the aquifer. The aquifer is capable
of yielding significant quantities of ground water to wells.
Some ground water may occur in the rhyolitic and basaltic
rocks of the area; however, the absence of springs and wells
in this unit indicates that quantities of water are negligible.

Occurrence and Movement

Ground water occurs in the basin fill under unconfined
or water-table conditions. The depth to water in wells ranges
from about 150 ft in the center of the study area to about 500 ft
near the southern boundary. Water levels in wells at Papago
Farms range from 200 to 240 ft.

Altitudes of the water table are based on water levels
measured in the Papago Farms-Great Plain area prior to
reactivation of farming at Papago Farms and represent static
conditions in late 1977 (fig. 9). Water levels in the upper Rio
Sonoyta area refleét measurements made from 1978-80 (fig.
9).

Ground water moves in the direction of decreasing
hydraulic head perpendicular to water-level contours and

Ground Water 15
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therefore, that the model could be used to estimate the effects
of projected ground-water withdrawal in 1991 in the Papago
Farms-Great Plain area and, to a much lesser extent, the
upper Rio Sonoyta area. The projections were most useful in
delineating projected regional cones of water-level decline,
shape and development of the regional cones of decline, and
time of intersection of cones from various pumping centers.
Simulated water-level changes discussed in this section,
however, present average conditions distributed over an
individual block of the model. Simulated water levels do not
represent water levels in specific pumping wells.

Pumping rates used for simulation and calibration of
the pumping period, 1981-82 (table 4), were used for the
simulated projection period from 1982 through 1991. These
rates assume no expansion of irrigated acreage and no change
in agricultural practices in the study area. For the 10-year
projection period, an estimated 237,000 acre-ft of ground
water was withdrawn—353,000 acre-ft at Papago Farms and
184,000 acre-ft along the Rio Sonoyta and eastern margin of
the Sierra de la Nariz.

The projected simulated conditions for 1991 indicate
that cones of water-level decline at Papago Farms intersect
cones of water-level decline along the east side of the Sierra
de la Nariz. The cones are shown at the margins of the basin-
center lakebed-clay deposits and expand toward the outflow
point (fig. 20). Cones north and south of the basin-center
lakebed-clay deposits are independent of each other because
of the barrier effect of the basin-center lakebed-clay deposits.
Water-level declines were estimated to be as much as 20 ft at
Papago Farms and more than 40 ft at the Mexican farms in
December 1991. Simulated water levels in 1991 for five
observation wells near Papago Farms are shown in figure 19.

If the conditions that existed in 1981 were constant for
10 years, as simulated in the model, storage would contribute
more than 82 percent of the water pumped, which is about
3.0 percent of the water stored in the upper 400 ft of the
aquifer. The remaining 18 percent would be contributed by
inflow.

EXPLANATION

SPECIFIC YIELD, IN PERCENT

0.04-0.06

0.06-0.09

N

0.09-0.12

mem——m=sm===_BOUNDARY OF MODELED AREA
BOUNDARY OF STUDY AREA

Figure 21. Continued.

SUMMARY

This water-resources study was undertaken to define
and evaluate the availability and quality of surface water and
ground water in the Papago Farms-Great Plain and upper Rio
Sonoyta study area. Geohydrologic properties of the aquifer
system were defined as part of the study. Ground water is the
main source of water for irrigation and public supply in the
study area because streamflow is not a dependable source of
supply.

The study area is a 490-square-mile area that receives
only about 5 to 8 in./yr of precipitation on the desert floor.
Because the climate is semiarid to arid, most of the precipita-
tion evaporates or is transpired by plants. The area is drained
by the Rio Sonoyta and its main tributaries—the San Simon
and Chukut Kuk Washes. Mean annual surface flow entering
the area is estimated to be about 11,000 acre-ft, and another
3,000 acre-ft of runoff originates within the area. Surface-
water runoff generally occurs as short-term flood events and
does not constitute a reliable water supply.

The study area comprises two distinct topographic fea-
tures—low jagged basin-boundary mountains and the broad,
intermontane desert floor or flood plain. These features are
the principal geologic units that control storage and flow of
ground water in the aquifer system. The mountains extend to
depth as stepped and faulted blocks, which form the boundary
of the aquifer. The aquifer consists of sedimentary material
that fills the basin between the mountains and hills and that
overlaps the pediments and lower slopes; it is collectively
referred to as basin fill. The basin fill consists of irregular,
overlapping, and interfingering lenses of alluvial-fan, stream-
channel, deltaic, and lakebed-clay deposits. The deposits
generally grade from coarse sediments along the mountain
fronts to massive beds of silty clay in the basin center.

Nearly all the recoverable ground water in the study
area is in the basin fill. Saturated thickness of the basin fill
ranges from zero near the margins to more than 8,000 ft in the
center of the basin. The ground water occurs in the basin fill
under unconfined conditions. Depth to water ranges from
about 500 ft near the southern boundary of the study area to
about 150 ft in the center.

Ground water moves into the area from the north and
northeast through the basin fill beneath the San Simor and
Chukut Kuk Washes and infiltrates along the mountain fronts
within the area. The gradient of the water table is 70 ft/mi at
Sierra del Cobre and 3 ft/mi in the vicinity of Papago Farms.
Ground water moves through the study area along paths that
encircle the virtually impermeable basin-center lakebed-clay
deposits and moves westward to an outflow point beneath the
Rio Sonoyta south of Cerro La Nariz. Rates of water move-
ment range from less than 1 ft/yr in basin-center lakebed-clay
deposits to about 160 ft/yr in well-sorted, coarse stream-
channel deposits.
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Transmissivity, which is directly proportional to the
saturated thickness and hydraulic conductivity of the basin
fill, is highly variable across the basin. Transmissivities along
the basin margins range from 10,000 to 40,000 ft?/d, whereas
transmissivities in the basin-center lakebed-clay deposits are
estimated to be less than 100 ft?/d. In general, most wells that
tap more than 300 ft of saturated basin fill in the upper 1,000
ft of the aquifer and are outside the zone of basin-center
lakebed-clay deposits should yield from 500 to 3,000 gal/min
to properly constructed and developed wells. Specific capaci-
ties should range from 10 to 50 (gal/min)/ft of drawdown.

The water in the aquifer is moderate to poor in chemical
quality for irrigation and public-supply use. The ground
water is principally a sodium bicarbonate type with dis-
solved-solids concentrations that range from 250 to 5,000
mg/L and average about 530 mg/L. The poorest quality water
is associated with the basin-center lakebed-clay deposits. In
much of the basin the water contains fluoride concentrations
that exceed the maximum contaminant levels (primary lim-
its) acceptable for drinking water. Water from the basin-
center lakebed-clay deposits is also anomalously high in
dissolved arsenic and is unacceptable for public supply. In
parts of the study area, high concentrations of sodium and
bicarbonate in the ground water present potential hazards to
most crops. Use of this ground water for irrigation requires
prudent farm-management practices.

The mean annual inflow to the aquifer from all infiltra-
tion and underflow was estimated from modeling to be about
4,400 acre-ft/yr. The amount of recoverable ground water in
storage to a depth of 400 ft below the 1978-80 water table was
estimated to be about 10 million acre-ft. Withdrawals from
the aquifer in 1981 were estimated to be about 23,700 acre-ft.
At the withdrawal rate of 1981, storage is being depleted by
about 20,500 acre-ft/yr. The amount of storage depletion and
drawdown of the water table on the basis of a mathematical
simulation of the ground-water system and withdrawal rates
in 1981 was projected to 1991. Water-level declines in 1991
were estimated to be as much as 20 ft at Papago Farms and
more than 40 ft in the upper Rio Sonoyta area; however, the
total decline represents a depletion of less than 3.0 percent of
the ground water stored in the upper 400 ft of the aquifer.
Ground-water withdrawals in the upper Rio Sonoyta area do
not appear to have an effect on water levels in the Papago
Farms-Great Plain area. The virtually impermeable basin-
center lakebed-clay deposits act as a ground-water barrier
between Papago Farms and irrigated areas to the south.
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CONVERSION FACTORS

For readers who prefer to use metric units, the conversion factors
for the terms used in this report are listed below:

Multiply By To obtain

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

square foot (ft2) 0.09290  square meter (m2)

mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km?2)

acre 0.405 square hectometer
(hm?)

acre-foot (acre-ft) 0.001233 cubic hectometer (hm3)

cubic foot per second

(ft3/s) 0.02832  cubic meter per second
(m3/s)

cubic foot per second per 0.01093  cubic meter per second

square mile (ft3/s )/mi2 per square kilometer
(m3/s)/km?

acre-foot per year 0.00077  cubic hectometer per

per mile (acre-ft/yr)/mi year per kilometer
(hm3/yr)/km

foot per mile (f/mi) 0.1894 meter per kilometer
(m/km)

gallon per minute 0.06309 liter per second

(gal/min) (L/s)

gallon per minute 0.207 liter per second

per foot (gal/min)/ft per meter (L/s)/m

ton per day (ton/d) 0.9072 megagram per day

micromho per centimeter
(pmho/cm) at 25°C

1

(mg/d)
microsiemen per
centimeter
(nS/cm) at 25°C

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A
geodetic datum derived from a general adjustment of the first-
order level nets of both the United States and Canada, formerly

called mean sea level.
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