U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

PREPARED IN COOPERATION WITH THE
UNIVERSITY OF ARIZONA

WATER-RESOURCES INVESTIGATIONS REPORT 95-4112

Robert L. Carruth, 1995, Cross-sectional area of the shallow alluvia
aquifer at selected sites along the upper Santa Cruz River, Arizona

WONDOTHRWN =

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

34
35
36
37
38

40
4
42

ALTITUDE OF INTERFACE

3,250 —

3,200 —

3,150 —

3,100

West
EEET
3,300 —

LINE 10
A

| |

|

LINE7

Santa Gertrudis Lane seismic survey

LINE 8

LINE 9

Santa Cruz River

| | | | | | |

Railroad

| I | | | | | | | |

| | | |

|

|

|

| | | |

0

100 200 300 400 500

600

700 800

900

11°750" 5'

1
31°37'30"

DISTANCE, IN FEET
Vertical exaggeration x 2

2'30"

NOGALES

ks

G a0

1,000 1,100 1,200 1,300 1,400 1,500 1,600 1,700 1,800 1,900 2,000 2,100 2,200 2,300 2,400 2,500 2,600 2,700 2,800 2,900 3,000 3,100 3,200 3,300 3,400 3,500 3,600 3,700 3,800 3,900 4,000 4,100 4,200 4,300

110°52'30"

Well (D-21-13)31aac

INTRODUCTION

The twin cities of Nogales, Arizona, in the United States and Nogales, Sonora, in Mexico have undergone rapid
urban growth in recent years, and the growth is expected to continue in the coming decades. Nogales, Arizona, is in
the Santa Cruz Active Management Area and is subject to the assured water-supply requirements and conservation
mandates of the 1980 Groundwater Management Act (State of Arizona, 1980). The primary water supply for both
cities, which are commonly referred to as Ambos Nogales, is ground water pumped independently by each
community from shallow aquifers that underlie the upper Santa Cruz River and its tributaries, principally Nogales
Wash and Potrero Creek. Nogales, Sonora, also obtains ground water from the Los Alisos basin, which is south of
the Santa Cruz basin in Mexico.

Wastewater treatment for Ambos Nogales is provided by the Nogales International Wastewater Treatment Plant
(NIWTP) near Rio Rico, Arizona. Some of the ground water that is withdrawn from the alluvium of the upper Santa
Cruz River and from the Los Alisos basin is returned to the Santa Cruz River near Rio Rico as treated effluent. The
NIWTP presently produces about 10,000 acre-ft/yr of effluent (Richard L. Caldwell, City of Nogales, written
commun., 1995). About 60 percent of the influent is from Nogales, Sonora. The discharge of effluent creates an
intermittent reach in the Santa Cruz River as far north as Tubac, Arizona. Flow is continuous in the reach during the
winter months when evapotranspiration and local ground-water withdrawal are minimal. In the summer months, flow
in the reach below NIWTP is interrupted locally as ground water is pumped from wells in connection with the
shallow alluvial aquifer. The effluent released by the NIWTP also has caused a rise in water levels in wells that
penetrate the shallow alluvial aquifer that is in hydraulic connection with the river indicating that a portion of the
effluent reaches the aquifer underlying the upper Santa Cruz River.

The conservation mandates of the 1980 Groundwater Management Act (State of Arizona, 1980) in Arizona
require the City of Nogales, Arizona, to prove the existence of a 100-year water supply as a condition for future
growth and allows Nogales, Arizona, to receive recharge credits for the portion of effluent that recharges the aquifer
underlying the Santa Cruz River. The recharge credits will be used by the City of Nogales, Arizona, as partial proof
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Dot 3,274 of a 100-year water supply. To qualify for a recharge credit that allows effluent to remain in the stream, a study must
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SN alluvium In 1994, a multiagency study was begun to quantify the volume of effluent that recharges the aquifer underlying
=l =2 3 the upper Santa Cruz River in the reach below the NIWTP. Participants in the study include the Arizona Research
5 - Ez atm Laboratory for Riparian Studies and the Department of Hydrology and Water Resources at the University of Arizona,
oa ¢ E Q Older the Center for Environmental Studies at Arizona State University, and the U.S. Geological Survey (USGS). The
A Sl ilim scope of the project includes measurement of the hydrogeologic characteristics needed for the development of an
A 3,124 accurate water budget for the defined reach of the river below the NIWTP. The scope of the USGS work is to use
Fb Ul R o seismic refraction at selected transects to determine the cross-sectional area of the aquifer and selected tributaries.
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. 48 ¢ . . . .
. seismic survey | - - 3 o Sﬁreqm—channel at two locations downstream from the NIWTP for water-budget calculations and for placement of monitoring wells.
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\/ s NE : . i a‘ u/w\u/m SiE A previous study (Arizona Department of Water Resources, 1994) indicated that the stream-channel alluvium of
FimBsasoiE issioh o TR A North Sout e e Holocene to late Pleistocene age of the upper Santa Cruz River and its major tributaries (referred to as younger
Ty FEET e e surficial deposits by Drewes, 1980) is the most productive water-bearing unit in the study area. Existing wells along
b e Sl AR the upper Santa Cruz River penetrate the stream-channel alluvium, and individual wells yield as much as 3,000
s % = LT gal/min. A review of drillers’ logs and local geology (Simons, 1974; Drewes, 1980) indicates that the stream-channel
\I/ T & 8,300 G \,/ >~ Sl S alluvium ranges from about 30 to 150 ft thick and is as much as several miles wide. The older alluvial deposits of
jir e S R | middle Pleistocene to late Pliocene age store large quantities of water; however, the deposits do not yield water
ganalisaid O 3250 o AR TR Well (D-22-13)35dbd readily to wells (Arizona Department of Water Resources, 1994). Consolidated rocks of pre-Pliocene age and
ol i o - e consolidated Tertiary sediments (including the Nogales Formation) underlie the older alluvial deposits. The study
o i D LR 3,420 T = area extends 9 mi from the NIWTP effluent-discharge point north along the Santa Cruz River to Tumacacori,
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o e e s BT R . 5 the stream-channel alluvium, and these data are extrapolated across gaps in the geophone spreads. In addition,
£ 8800 e O e e =g seismic surveys were conducted orthogonal to the flow direction in three of the tributary washes that join the Santa
= ? Bl Sy L a s e Cruz River within the study reach. The three seismic surveys in the tributary washes were the Josephine Canyon
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3,460 — A cross-sectional area of saturated young alluvium of about 140,000 ft?> was calculated for the upstream end of the
study reach on the basis of the interpreted section NIWTP. At the downstream end of the study reach near
2 gﬁzeva}[:‘r;ma“”e' Tumacacori, a cross-sectional area of saturated young alluvium of about 200,000 ft> was calculated on the basis of
22'30" =l the Santa Gertrudis Lane survey and drillers’ logs.
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e Lack of data precluded a cross-sectional area calculation for all the tributary washes that join the Santa Cruz
e River in the study reach. The cross-sectional area of saturated young alluvium in Peck Canyon probably is less than
w i 50,000 ft2. The amount of saturated young alluvium in the other tributaries probably is also less than 50,000 ft.
9 The amount of saturated young alluvium in the tributaries probably varies significantly with changes in the amount
i of recent rainfall in the upstream watersheds.
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