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Figure 12. Gravity change at aquifer-storage monitor stations near two withdrawal wells, precipitation at Tucson, and runoff in the

Lower Canada del Oro Network
Canada del Oro Wash below Ina Road, July—November 1998.

A detailed network consisting of 41 gravity stations was constructed along profiles oriented perpendicular and parallel to the Cafiada del
Oro Wash between Overton Road and Oracle Road (fig. 7). The network was designed to monitor changes in aquifer storage after streamflow

infiltration. Most of the stations required construction of a stable monument in the alluvium or on soil cement, which stabilizes the south
bank of the wash. Four profiles were constructed perpendicular to the wash near Overton Road, La Cafiada Drive, First Avenue, and Oracle
Road. Each profile consisted of 6 to 8 stations within several hundred feet of the wash. Profiles parallel to the wash included 14 stations
along about 5 mi between the four perpendicular profiles.

Effects of periodic streamflow infiltration and ground-water withdrawals on aquifer-storage change dominate changes in gravity near the
Cafada del Oro Wash between Overton and Oracle Roads. Gravity along the northeastern half of the reach decreased from 0.010 to 0.060
mGal during the dry period of February 1996 to November 1997 (fig. 8A) before increasing as much as 0.090 mGal after extensive runoff

SUMMARY AND CONCLUSIONS

Gravity methods were used to estimate aquifer-storage change and specific yield in the Lower Cahada
del Oro subbasin from February 1996 through October 1998. A regional network of 22 gravity stations
including 13 monitor wells was designed to monitor changes in aquifer storage across an area of about
50 mi2. A network of 41 closely spaced gravity stations near the Cafiada del Oro Wash was designed to

during 1998 (fig. 8B). In contrast, gravity along the southwestern half of the reach increased as much as 0.020 mGal before 1998; a
decrease of about 0.020 mGal near La Cafiada Drive may have occurred because of ground-water withdrawals at two nearby public-supply
wells (fig. 7). Gravity along the southwestern half of the reach increased an additional 0.020 mGal during February to June 1998. During
June 1998 to October 1998, gravity generally decreased as much as 0.050 mGal throughout the reach. Decreases in gravity that occurred
along the northeastern half of the reach before November 1997 probably were caused by drainage and withdrawal of ground water that
originated as infiltrated streamflow before February 1996. Several public-supply wells are in the area (fig. 7) and withdrawals from these
wells probably contributed to the decreases. Increases in gravity that occurred along the southwestern half of the reach before November
1997 may have been caused by downgradient migration of ground water from the northeastern half of the reach.

The spatial distribution of gravity changes near the Cafada del Oro Wash indicate that the channel deposits beneath the wash are an
important permeable ground-water reservoir that accepts streamflow infiltration and slowly transmits it to the regional aquifer. On the basis
of gravity and water-level data for MW3, gravity changes after winter runoff in 1998 were apparently limited to areas of the channel deposits
within the flood plain (figs. 5, 6, 8A, and 8B). MW3 is near the edge of the flood plain but completed within older alluvial sediments.
Gravity and water levels at MW3 indicate only a slight response to runoff during 1998; however, gravity increased at nearby gravity stations
that are on the flood plain near First Avenue (figs. 7 and 8B). Gravity changes at stations along profiles across the wash were uniform during
the investigation, which indicates that the development of a subsurface recharge mound was minimal. Measurable variations in gravity across
the wash occurred only along the profiles at First Avenue and Oracle Road shortly after runoff during February 1998.

Overall infiltration into the channel deposits during the winter of 1998 can be estimated by integrating the measured gravity change across
the flood plain from November 1997 through June 1998. Increases in gravity along the flood plain ranged from 0 to 0.094 mGal and averaged
0.031 mGal. The total increase in storage across about 1,700 acres of flood plain along the Cafada del Oro Wash between Overton Road and
Oracle Road was about 4,000 acre-ft. Total streamflow infiltration probably was somewhat larger because ground water was removed from
storage near the flood plain during November 1997 and June 1998 through ground-water withdrawals from wells and ground-water flow away
from the area of the flood plain.

A. Gravity change from February 1996 to November 1997 B. Gravity change after November 1997
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Figure 8. Gravity change along the Cafnada del Oro Wash. All stations located on channel deposits within the flood plain except MW3, which is on older alluvial
deposits at the edge of the flood plain.

~CHOLLA - . &/

_ | Matter ')
e e s I

iACC Magee ™
o HA gy I

g

()

Q +LACH1 'C‘)‘F}' i

Base from U.S. Geological Survey

digital data, 1:100,000, 1980 0 1/2 MILE
Albers conformal conic projection | I |
Standard parallels 29°30' and 45°30', I y I
central meridian —111°30' 0 .5 KILOMETERS
EXPLANATION
CHANNEL DEPOSITS Matter WITHDRAWAL WELL AND NAME
= OLDER ALLUVIUM—Includes terrace AQUIFER-STORAGE MONITOR STATIONS

deposits and Ft. Lowell Formation REGIONAL NETWORK
MW5 @ Monitor well and name

|RSM9 Benchmark and name

Geology modified from Reynolds (1988) and McKittrick (1988)

NETWORK NEAR TWO WITHDRAWAL WELLS

: LACH1 Benchmark and name

Figure 9. Network of aquifer-storage monitor stations near two withdrawal wells.

monitor changes in aquifer storage after streamflow infiltration. A network of 11 closely spaced gravity
stations was constructed near 2 withdrawal wells to estimate the specific yield of the aquifer within the
cone of depression surrounding the withdrawal wells. Gravity at stations in the regional and Cafiada del
Oro Wash networks was surveyed on a quarterly basis relative to gravity at three primary-reference
stations on or near crystalline rock where change in aquifer storage and gravity was expected to be
minimal. Gravity at the network near the withdrawal wells was surveyed repeatedly from July through
November 1998 relative to gravity at one primary-reference station.

Drought and losses in aquifer storage dominated the period of investigation before February 1998.
Above-normal precipitation during 1998 resulted in increased aquifer storage along the Cafiada del Oro
Wash and near the Santa Catalina Mountains. Water levels in wells generally declined and gravity
generally decreased at greater rates before February 1998. Significant variations in gravity at several
stations indicate the occurrence of nearby recharge and changes in the subsurface storage of water. The
gravity variations generally were large in comparison to water-level changes in monitor wells, which
resulted in a poor correlation of gravity and water levels at most monitor wells. Causes of the poor
correlation may be water levels that are not representative of the water table and changes in the storage
of water in the unsaturated zone or perched aquifers. Surveys of the regional network indicated that
losses in aquifer storage occurred at a rate of about 9,500 acre-ft/yr from July 1997 through September
1998, which is slightly less than the ground-water deficit estimated using water-budget calculations.
Losses were greatest at the west and northeast margins of the study area.

Surveys of the network near Cafiada del Oro Wash indicate that channel deposits that underlie Cafiada
del Oro Wash are an important permeable reservoir that accepts and slowly transmits infiltrated streamflow
to the regional aquifer. Aquifer storage in the reach of the Cafiada del Oro Wash above about La
Cafiada Drive was changing throughout the period of investigation because of periodic recharge and
ground-water withdrawals. Aquifer storage in the reach declined before February 1998, recovered after
precipitation and streamflow in February, and resumed a declining trend as ground water was withdrawn
by wells and gradually flowed away from the network of gravity stations from July through November
1998. Recharge during 1998 resulted in an increase of about 4,000 acre-ft of water stored within the
channel deposits beneath the flood plain.

Specific yield of the aquifer was estimated at two monitor wells where decreases in gravity correlated
with water-level declines. Specific yield of the aquifer in the interval of water-level change was about
0.22 near MW3 and 0.39 near MW5. Specific yield of the aquifer near a pair of withdrawal wells could
not be estimated by using repeated surveys of a network of gravity stations from June through November
1998 because of insufficient changes in gravity and water level. The general stability of water levels and
gravity near the withdrawal wells indicates that withdrawals were in equilibrium with inflow of ground
water from surrounding areas during the period of investigation. Growth of a cone of depression may have
been minimized temporarily by increased inflow of ground water that resulted from recharge during 1998.
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