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BUTLER VALLEY AQUIFER TEST

By

Arizona Department of Water Resources

INTRODUCTION

During the period March 16 to April 11, 1985, the Arizona
Department of Water Resources collected data from an aquifer
test in Butler Valley, Arizona. Butler Valley is an alluvial
sediment basin in La Paz County in west-central Arizona about
120 miles west of Phoenix. The aquifer test involved two pro-
duction wells and thirteen cbservation wells located in Township
7 North, Range 15 West, Sections 2 and 10-15 (Figure 1). Water-
level measurements were collected from all of the wells using
electric sounders. A continuous record of depth to water was
collected from five of the observation wells using Stevens Type F
recorders with one day clocks and a 1:5 gear ratio. A continuous
record of depth to water was also collected in one of the obser-
vation wells using a 90 day clock recorder for the period
February 27 to April 11, 1985. Additionally, water samples were
collected from 12 wells throughout the basin and analyzed for
common inorganic constituents (Table 1).
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The well (B-07-15)02DDC was the first well to begin pumping
at 1351 hours on March 16, and water levels were monitored for
37419 minutes until 1330 hours on April 11 when the test was
terminated. The well continued pumping for an indeterminate
length of time after the test was terminated, so recovery data
was never collected. The calculated average rate of discharge
was 2208 gallons per minute (GPM). The second production well,
(B-07-15)15AAD1, began pumping at 1010 hours on March 27 and was
monitored for 14,800 minutes until the well was shut off at 1650
hours on April 6. Recovery data was collected and monitoring
continued until 1230 hours on April 11l. The calculated average
rate of discharge was 1465 GPM. Discharge was measured in both
wells using a cox flow meter and the discharge for (B-07-15)02DDC
was checked with canal measurements using a Marsh-McBirney current
meter.
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SUMMARY OF%%ATA ANALYSIS AND RESULTS

Transmissivity and storativity values were computed using
the data collected from one of the production wells and most of
the observation wells. Transmissivity values ranged from 35,000
to 66,700 gallons per day per foot (GPD/FT); storativity values
ranged from 3.52x107° to 8.52x10-3 (Table 2). The data collected
from one of the production wells, (B-07-15)02DDC, and two of the
observation wells, (B-07-15)15AAD2 and (B-07-15)15AAD3, were
sufficient to calculate transmissivity and storativity by match-
ing type curves for the entire pumping period of the aquifer test.
The data collected from six of the other observation wells allowed
transmissivity and storativity values to be calculated by matching
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EXPLANATION
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PRODUCTION WELLS RECONDER ' WELLS

{B=07-15) 02pDC (n-07-15) 10ADA
18-07-15) 15AAD1 (1-07~15) 13DLC (90 day)

{B=-07-15) l4ACH
(-07-15) 14DCh
(B-07-15) 1SAAD2
{u~07-15) 1SAAD]

o—u . QU

ADDITIONAL ADD ITIONAL
OUSERVATION WELLS HATER QUALITY NWELLS
(B-07-15) 11CAA (B-08-13) 04DDD}
{L=07-1%) 1lpch (B=0U=-14) 20DAN
(B=07-15) 11ppC (U=-0b~14) 23CDL
(1=07-15) 11DpD (8-08-14) 25BDC
(B=07-15) 12AAD " ' (U=-0U~24} 29chp

(u=07-15) 12pAp
{(5-07-1%) 13ACh

O
7~

BEDROCK {(VOLCANIC, CRANITIC,
HETAMORPHIC, Oit SEDIMENTARY RCCK)
©Water may occur in weathered
or fractured zoaes, joinc
systems, or thin alluvium
overlying consolidated
rocks

WATER-DBEARING UNITS
(CLAY, SILT, SAND, GRAVEL)

ARBITRARY BOUNDARY OF
CHOUNDWATER AREA

«

FIGURE 1. -- Map showing Butler Valley basin area and location

of wells involved in study.
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TABLE )
WATER QUALITY PARAMETERS

) FIELD FIELD WATER DISSOLVED LAB
WELL DATE CONDUCTANCE FIELD ALKALINITY TEMPERATURE OXYGEN FLUORIDE COLLECTION
LOCATION COLLECTED (Umhos) Pl (mg /L) °c (mq/L) (mq /L) METHOD
(B~07-15)02DDC  03/20/85 545 7.8 lo8 27.5 3.2 5.0 Production Well
(B-07-15)10ADA  02/27/85 670 7.1 190 24.5 0.1 7.6 ) HP Submersible
(B-07-15)14ACB  02/28/85 809 8.3 72 ' 26.5 0.3 1.1 % HP Submersible
(B-07-15)14DCB 03/01/85 651 7.5 138 26.5 0.5 0.6 % HP Submersible
. (B~07-15)15AADY 04/06/85 960 8.2 96 28.0 * 0.6 Production Well
2% (B~07-15)15AAD2 02/26/85 840 8.4 57 28.0 0.6 5.7 % HP Submersible
(B~07-15)15AAD3  02/26/85 930 8.8 49 29.0 0 6.0 % HP Submersible
%% (B-08-13)04DDD)  04/11/85 450 8.8 174 29.0 3.3 0.1  Bpailer
= (B~-08-14)20DAB  04/05/85 419 8.2 97 27.5 1.5 9.3 Bailer
{B~08-14)23c0D 04/07/85 575 8.3 108 28.0 2.4 0.5 Bailer
(B~08-14)25BDC  04/07/85 1800 8.2 46 30.0 2.8 0.5 Bailer
(B-08-14)29CDD  04/05/85 502 10.4 110 25.0 0.5 5.9  Bailer

*D.0. Sample not taken, well was pumping air
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SUMMARY OF TRANSMISSIVITY AND STORATIVITY VALUES

WELL LOCATION

(B—-07-15)02DDC

(B=07-15)10ADA
(B=07-15)11CAA

(B-07-15)11DCD

(B~07-15)11DDC
(B—07-15)11DDD

(B-07-15)12AAD

(B-07-15)12DAD
(B—07-15)13ACB
(B-07-15)13DCB

(B-07-15)14ACB

(B-07-15)14DCB
(B-07-15)15AAD1

(B-07-15)15AAD2

(B-07-15)15AAD3

Distance/Drawdown

02DDC

Distance/Drawdown

15AAD1

TABLE 2

GRAPH METHOD

semi-log (
log-log (s vs, t)

semi-log (residual draw-

s vs. t)

down vs. t/t)

No Resu
No Resu

log-log
log-log

log-log
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log-log
log-log

No Resu

log-log

1ts
1ts

(s
(s

(s
(s

(s
(s

1ts

(s

No Results

r2
VS. /t)
vs. t)

r2
vs. /t)

r2
vs. /t)

r2
VS. /t)
vs. t)
vs. t)

log-log (s vs. t)

log-log (recovery vs.

No Results

No Results

semi-log (
log-log (s vs. t)
log-log (s vs. t/r2)

semi-log (recovery vs. t)

s vs. t)

semi-log (s vs. t)

log-log

(s

vs. t)

log-log (s vs. t/r?

semi-log

(recovery vs. t)

log-log (s vs. r2

log~-log (s vs. r

2

TRANSMISSIVITY
(gpd/ft) STORATIVITY
46,600
40,200
54,500
43,600 1.54x107 3
43,600
48,700 2.01x10 3
52,700 2.04x10 3
43,600 2.05%x10"3
45,200
46,900
44,400
62,200
50,200 2.07x10”
48,000 3.52x10_
35,000 2.99x10_%
52,265 1.08x10
66,700 4.08x10”}
58,900 6.43x10 7
56,000 4.49x10_%
62,400 1.59x10
46,000 6.53x10 3
54,200 8.52x10 >
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type curves to the first part of the pumping period of
(B-07-15)02DDC prior to drawdown interference from the
pumping of (B-07-15)15AAD1.

The semi-log and log-log data graphs used to derive the
transmissivity and storativity values are included in the
appendix. Original field data and subsequently corrected and
compiled data tables utilized in the analysis of the aquifer
test are quite lengthy and are not included in this report.
However, they are available upon request from the Basic Data
Section of the Department of Water Resources.

Useable results were not obtained from the production well
(B-07-15)15AAD]1, nor from the remaining observation wells.
During the first 180 minutes of pumping the discharge from
(B-07-15)15AAD1 varied considerably in the range 1030-1550 GPM.
As a result the drawdown also varied considerably. Additionally,
measuring conditions for the pumping water-level in this well
are less than ideal. Several probes were lost due to an obstruc-
tion near the 315 foot level. Coincidentally, when the discharge
was constant, measured pumping water-levels never varied more
than 1/2 foot from this 315 foot level from 900 minutes after
the pump started to 14,800 minutes when the pump was shut off.
This same pumping level and obstruction problem were noted in
a December 1984 aquifer test (Weesner and others, 1985, Ap-
pendix 3, p. 1), but during that test, with a constant discharge,
the 315 foot pumping level was reached 7% minutes after pumping
began. Also, collection of a dissolved oxygen sample was not
possible at this well, as it was pumping a considerable amount
of air. Either an obstruction did not allow an actual pumping
level to be measured or perhaps the pump bowls were set near
the 315 foot level, causing the pump to cavitate and discharge
varying amounts of water and air through the pressurized sprinkler
system.

The data gathered during the test from the well, (B-07-15)
10ADA, were inconsistent with data gathered from the other wells.
The bottom of the well was sounded and the depth was only 235
feet, so the data collected from this site were not used in this
analysis. Insufficient data were collected from well (B-07-15)
11CAA for proper analysis. This is an abandoned well site for
which the location was incorrectly registered with the Arizona
Department of Water Resources. Hence, the well had not been
located and inventoried prior to the beginning of the pump test.
Data collected from well (B-07-15)12DAD were not used because
when plotted, the data were so scattered, it was impossible to
match to any type curves. The reason for the scattered data is
unknown. The well, (B-07-15)13DCB, was the observation well
located the greatest distance from the two production wells (see
Figure 1, Table 3). Only 0.2-0.3 feet of drawdown occurred at
this site during the entire aquifer test. The data gathered



TABLE 3

DISTANCE FROM OBSERVATION WELLS
TO PRODUCTION WELLS

Distance to Distance to
Well Location (B-07~15)02DDC (Feet) (B-07-15)15AAD1 (Feet)
(B-07-15)02DDC 7405
(B~-07~15)10ADA 4230 4920
(B—-07-15)11CAA 3075 4375
(B-07~15)11DCD 5240 4045
(B=07-15)11DDC 5175 4440
(B-07-15)11DDD 5215 5195
(B—07-15)12AAD 6665 11610
(B-07-15)12DAD 7615 10710
(B-07-15)13ACB 7625 7930
(B-07-15)13DCB 10070 8530
(B~-07-15)14ACB 6815 2635
(B-07-15)14DCB 9360 3965
(B-07-15)15AAD1 7405
(B-07-15)15AAD2 7330 100.5
(B-07-15)15AAD3 7240 202
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during the test from the well, (B-07-15)14DCB, also were
inconsistent with data gathered from the other wells. Hence,
results were not obtained.

CONCLUSIONS

Analysis and interpretation of the aquifer test data
show that in this area of Butler Valley the aquifer responds
as a confined aquifer. Therefore, this area would be unsuit-
able for surface impoundment of water for the purpose of inducing
infiltration recharge, and would be less than ideal for use of
injection wells due to the small storage values associated with
confined aquifers. Locally confined conditions occur or are
suspected to exist in aquifers in other nearby basins in which
water-table conditions predominate, and, therefore, unconfined
or water-table conditions may exist in some other part of Butler
Valley.

DATA DEFICIENCIES

Some changes in data collection might have eased the analysis
of the data, and are useful to note to prevent their recurrence
in future tests. The Arizona Department of Water Resources was
given approximately 24 hours notice that pumping would commence.
As a result, not all the wells had the recorders or sounders
installed at the beginning of the test. Pre-pumping static
levels were not obtained in all wells, nor were enough early-
time water-levels collected from the observation wells. The
dearth of early-time water-levels was caused partly by insuffi-
cient staff on site to measure them and partly by recorders on
which the floats hung up in the well bore, and thus did not record
any water-levels. The dearth of early-time data for many of the
observation wells severely hampered the fitting of type curves
to the data as most of the data collected occurred only over one
log cycle. Also, the calculation of barometric efficiency was
difficult because Arizona Department of Water Resources was not
able to place a recording barometer in Butler Valley early enough
to get pre-test barometric data to compare to pre-test static
water-level data collected on the 90-day recorder. Most of the
observation wells were a considerable distance from the produc-
tion wells, so it might have helped reduce data scatter if water-
level measurements were recorded to hundredths of a foot instead
of tenths of a foot. Sounder measurements to the nearest tenth
of a foot is standard procedure in the Arizona Department of
Water Resources.

The most dominant problem during the course of the test was
the lack of control over the operation of the pumping wells.
Discharge varied greatly and often during the course of the test.
This, undoubtedly, is the source of some of the scattering of
data collected from the observation wells; the rest is attribut-
able to barometric effects and measurement errors. Future tests



in other parts of Butler Valley should include pre-test pumping
to debug the production well, the pumping plant and the delivery
systems. Finally, using eight day clocks on the Stevens Type F
recorders, instead of one day clocks, would have made data re-
duction and analysis easier and the data would have been just as
accurate and reliable.

RECOMMENDATIONS FOR FURTHER WORK

As noted in the section on conclusions, the portion of the
aquifer tested in Butler Valley responded as a confined (artesian)
aquifer. Such an aquifer is unsuitable for surface-impoundment
recharge projects and, depending on a number of factors, may be
unsuitable for deep injection. What must be determined before
any type of recharge project can proceed is the areal extent of
the confined aquifer.

Probably the most effective method of determining the extent
of the confined aquifer is through a drilling program. Begin-
ning about one mile east of well (B-08-14)29CDD, drill a series
of six inch wells on one mile centers through the entire basin
fill to bedrock. The wells should be logged by a geologist, and
cased for future use as observation wells. Careful attention
must be paid to observe the depth below land surface that first
water appears, and the depth below land surface that water stands
at when the well is completed. 1If the water has risen in any of
the wells after completion, then confined conditions exist there
also.

If the drilling program demonstrates that unconfined condi-
tions may, or do exist, an aquifer test should be conducted. No
long or short term aquifer tests have been conducted in parts of
Butler Valley other than the southwestern end, although wells
exist which might lend themselves to such testing.

Before an aquifer test was conducted, drilling of additional
observation wells would be required. One problem noted with the
two wells drilled specifically for this observation in (B-07-15)
15AAD is that they were not placed on "log cycle distance"
intervals from the pumping well, such as 50 feet and 500 feet,
or 100 feet and 1000 feet from the pumping well. Failure to
space these wells accordingly diminished their usefulness in
analyzing the results of the test, particularly in distance-draw-
down analyses. Since water table conditions are anticipated in
other parts of Butler Valley, observation wells should be placed
at the 50 and 500 foot distances from the pumping well. In
order to adequately stress the aquifer, any aquifer test conducted
should run 30 to 60 days. A test of that length would probably
allow all the observation wells to be affected by pumping from
the production well which will aid the determination of the
storage properties of the aquifer.
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APPENDIX II

BUTLER VALLEY
HISTORICAL WATER-LEVELS
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