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PRELIMINARY DATA FROM A SERIES OF ARTIFICIAL RECHARGE
EXPERIMENTS AT STANTON, TEXAS

By

R. L. Bassett, E. P. Weeks, M. L. Ceazan, S. G. Perkins,

D. C. Signor, D. L. Redinger, R. L. Malcolm, G. R. Aiken,

E. M. Thurman, P. A. Avery, W. W. Wood, G. M. Thompson,
and G. K. Stiles

ABSTRACT

A series of artificial recharge experiments was conducted by the U.S.
Geological Survey at an experimental site located in Stanton, Texas. Five
tests were performed from March 1977 through December 1978 to: (1) Evaluate
the hydraulic properties of the aquifer; (2) test sampling and monitoring
equipment; (3) compare tracers for future use in hydrologic investigations;
and (4) determine the radial and vertical distribution of hydraulic
properties at the site. Suites of inorganic, and both volatile and non-
volatile organic tracers were used in the tests, and comparative data
were obtained from sampling points at several radial distances and depths
from the injection well. Hydraulic data from aquifer tests and geologic data
from core material also were obtained during the investigation.

INTRODUCTION

The U.S. Geological Survey has conducted a series of artificial-recharge
experiments at several locations in the Southern High Plains of Texas (Brown
and others, 1978). Artificial recharge is defined in this report as a
process by which man adds water to an aquifer. This ongoing-research effort
is directed toward defining the hydrologic and geochemical characteristics
affecting the movement and quality of water that has been added to an aquifer.

A series of five tests was conducted from March 1977 through December
1978 at an experimental facility located within the city limits of Stanton,
Tex. (fig. 1). The investigation, which consisted of both hydrologic and
geochemical studies, began with a pumping test, followed by three single-well
tracer-injection tests, and concluded with a two-well tracer test.

Data from these experiments are discussed in the following sections in
chronological order and are referred to as: (1) March 1977 pumping test;
(2) March 1978 injection test; (3) May 1978 injection test; (4) August 1978
injection test; and (5) December two-well test. The pumping test was
performed to identify the hydraulic properties of the aquifer and to determine
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well loss and efficiency of the injection well. The tracer-injection
experiments had the following overall objectives: (1) Testing water-sampling
apparatus and monitoring equipment for future investigations; (2) evaluating
retention mechanisms for several ground-water tracers; and (3) determining
vertical and radial velocity distributions and dispersion coefficients.

This report describes the sampling and monitoring equipment and presents
data collected during the five tests. The report deals primarily with the
performance of numerous tracers in an unconfined sand-and-gravel aquifer
containing argillaceous and carbonaceous material. Only a few selected
references by the authors on the tracers used in the Stanton experiments are
listed below, as an extensive review of the literature on ground-water
tracers is beyond the scope of this report. Davis and others (1980) present
a review of commonly used ground-water tracers, as well as some preliminary
data on fluorocarbon tracers. Thompson and Hays (1979) describe the use of
trichlorofluoromethane (F-11) as an environmental tracer of ground-water
movement. Wood and Ehrlich (1978) describe the use of yeast as a particulate
tracer of ground-water movement for a previous test on well 1 at the Stanton
test site. Dissolved organic carbon (DOC) has been used as an index of
organic-contaminant movement from point sources into the ground water (Hughes
and others, 1974). The differential movement and persistence of several
organic solutes were determined useful in evaluating geochemical aspects of
deep~waste storage by Leenheer and Malcolm (1976).

In each of the injection tests, both inorganic and organic compounds
were used as tracers; the resultant data are presented in subsequent sections
of the report. The operation of the research facility, the planning of the
injection tests, and the selection of the inorganic tracers, were the
responsibility of the U.S. Geological Survey Artificial-Recharge Project.
Dr. Glenn Thompson of the University of Arizona was invited to cooperate in
the tests because of his expertise in the analysis of volatile organics
(fluorocarbons) used as ground-water tracers. Technical assistance in
tracing and analyzing the movement of nonvolatile organic substances in the
ground-water system was provided by the U.S. Geological Survey research
project on organic geochemistry. Each research group had the responsibility
of selecting, administering, and analyzing a group of tracers suitable for
this geohydrologic environment. Tracers used in the geochemical studies
are itemized in table 1; however, discussion of their analysis and the
rationale for the selection, sequencing, and monitoring are deferred to the
section on Analytical Methods, and to discussions of the individual tests.

SITE DESCRIPTION AND MONITORING TECHNIQUES

The Stanton, Texas experimental-recharge facility consists of a
deepened and enlarged playa lake, a water-treatment plant, four dual-purpose
production-injection wells, an injection well, and numerous observation
wells, piezometers, and water—quality samplers (fig. 2). The lake-storage
facilities, treatment plant, and production~injection wells were constructed
by the city of Stanton during 1968, using a grant from the U.S. Department of



Table l.--Summary of the tracers used in the

four geochemical tests

March 1978: 1Injection Test

Experiment 1 Experiment 2
iodide ethanol
ethanol benzoate
CBrClF2 Freon-12

May 1978: 1Injection Test

natural dissolved organic material
bromide

boron

Freon-12

CBrCl1F

CBr2F2

2

August 1978: Injection Test

Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5
boron bromide boron bromide Freon-12
bromide ethanol ethanol chloride Freon-11
copper acetate aniline iodide CBrClF2
deuterium phenolphthalein CBrzF2 fluoride
CBrClF2 benzoate ethylamine yeast

Freon-12

December 1978: Two Well Test

benzoate
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Housing and Urban Development. The playa was deepened and enlarged to alle-
viate periodic flooding of the town. The well systems were constructed to
provide a municipal ground-water supply by treating and artificially

. recharging water that accumulated in the playa for later withdrawal. The
High Plains Artificial-Recharge Research Project of the U.S. Geological
Survey requested use of the facility for artificial-recharge experiments;
this use was granted for 5 years (starting in 1970), and was later extended
for another 5 years.

Storage and treatment facilities include the enlarged playa and
associated stormwater collection system that drains into the lake; the lake-
lift pump to move water from the lake to the treatment facility; chemical-
feed pumps and a mixing basin for adding and mixing chemical flocculating
agents; horseshoe-shaped settling basin; pick-up pump for removing water
from the horseshoe basin; and three diatomaceous-earth filters (fig. 2).
Ground-water and recharge pumpage facilities consist of four wells (fig. 2),
drilled through the Ogallala Formation to the underlying Triassic red beds.
These wells were drilled to a diameter of 0.75 m and were cased with
0.25-m casing, slotted from a depth of 21.3 m to total depth. The wells were
gravel-packed to within 12.2 m of the land surface, and were cemented above
that depth. Each well was equipped with a turbine pump powered by a 22.7-kW
electric motor. Dual lines connect each well to the treatment plant,
including a discharge line for pumping ground water, and a recharge line to
transport water from the playa.

The U.S. Geological Survey drilled 17 observation wells and 13 logging-
tool access holes within the area (fig. 2), not including those installed
around the injection well constructed by the U.S. Geological Survey, described
hereafter. Geologic data were obtained from three core holes (fig. 2), all
installed by rotary wireline coring techniques. Rotary core hole 1 was cored
from land surface to a depth of 43 m; however, core recovery in this hole was
very poor. Rotary core hole 2 was cored from land surface to a depth of
50 m, at that site, with almost complete core recovery except for intervals
from 9 to 13 m and from 25 to 27.5 m. The third core hole was cored in the
interval from 30 m to 43 m, which includes the saturated portion of the
Ogallala Formation at that location. Core recovery was almost complete.

Additional geologic information was obtained from a trench excavated in
the lake bank, and a pit (fig. 2) in the lake floor. The trench was dug with
a backhoe to a depth of 3.3 m. The trench was started at the lake floor,
which consists of hard siliceous caliche that cannot be excavated with a
backhoe, and was continued to the upper edge of the playa excavation, which
is 7 m higher in altitude than the playa floor. By digging the trench into
the sloping bank, it was possible to sample the top 7 m of material in a
fresh open cut. The pit was excavated by blasting an opening in the
siliceous layer with dynamite, and then excavating the loose rock and under-
lying unconsolidated material to a depth of 3.3 m with a backhoe.



Initial plans were to use one or more of the dual-purpose wells for
injection experiments; however, long-term pump tests on well 1 and short-
term tests on wells 2 through 4 indicated that all four wells were poorly
developed and subject to hydraulic-head losses during withdrawal or injection.
Attempts to further develop the wells were unsuccessful; consequently, a new
injection well was drilled about 17 m from well 1. This well was drilled to
a diameter of 0.3 m, using biodegradable drilling fluid. The well was
completed with 0.25-m diameter wire-wound screen from a depth of 32 to 44 m,
which spans the saturated thickness of the aquifer. Blank casing of
0.25-m diameter was cemented in place from a depth of 32 m to land surface.
The well was developed by bailing, jetting, and swabbing to create a natural
gravel pack.

Groups of observation wells, piezometers, and water samplers were located
at distances of 2, 5, and 30 m from the injection well. In each group, the
observation well was bottomed in the Triassic red beds at depths ranging
from 44.2 to 44.8 m. Each observation well was screened through the entire
saturated thickness of the aquifer to obtain integrated water samples for
the full depth. Four piezometers, consisting of 0.6-m long, 0.032-m diameter
well points connected to land surface through 0.025-m diameter pipe, were
installed in a second hole at each location to measure water levels at
various depths. A third hole in each group was equipped with four water-
sampling devices to obtain water samples at various depths within the aquifer.
These samplers consist of polyethylene tubing fitted with a check valve, and
are referred to as point samplers in this report. They are similar to the
porous cup sampler described by Wood (1973), except the ceramic cup was
replaced with a 0.50-m long, 50-mm diameter section of plastic well screen,
and the tubing was packed in the well screen with clean sand or glass beads
(fig. 3). In addition to the three sampling distances mentioned above,
samples were obtained from a well screened from a depth of 41.5 to 42.7 m,
located 10 m (well A8, fig. 2) from the injection well, and from a well
(well Al1, fig. 2) screened from a depth of 30.5 to 41.8 m, located 15 m
from the injection well.

Depths and locations relative to the injection well of the various
observation wells, piezometers, and samplers used in the injection-well
experiments are shown in figure 4. The injection well and the observation
wells I-1, I-4, and I-7 are bottomed in the Triassic red beds at depths
ranging from 44.2 to 44.8 m. The preinjection and prepumping depth to water
was about 32 m, and the wells are screened through the saturated part of
the aquifer. Screened intervals also are shown in a cross-sectional view in
figure 5, so the relative vertical positions of the screens can be compared.
Altitudes of the screen positions are listed in table 2. A single-point
electrical resistivity log made in well I-1, located 2 m from the injection
well, also is shown in figure 5. In general, deflections of the log trace
to the left indicate greater clay content of the sediments at that level and,
by inference, less hydraulic conductivity.
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Table 2.--Depth and type of sampling locations

[p.s. = point sampler]

Radial distance Range of
from injection Type of vertical
well sampler sampling Comments
(m) (m)
2 Well 32.0-44.2 Integrated sample.
2 Black p.s. 41.3-41.9
2 Red p.s. 38.4-39.0
2 Orange p.s. 34.5-35.1
2 Green p.s. 32.3-32.9
5 Well 32.0-44.2 Integrated sample.
5 Black p.s. 41.5-42.1
5 Red p.s. 40.0-40.6 Inoperable; an adjacent pie-
zometer was used.
5 Piezometer 39.9-40.5 Screened piezometer tube.
5 Orange p.s. 37.2-37.8
5 Green p.s. 33.5-34.1 Above the water table.
10 Well 41.5-42.7 Sampled only a small zone.
15 Well 30.5-41.8 Integrated sample.
30 Well 32.0-44.2 Integrated sample.
30 Black p.s. 42.1-42.7
30 Red p.s. 37.1-37.7
30 Orange p.s. 35.4-36.0
30 Green p.s. 31.7-32.3 Above the water table.
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Water samples from the fully penetrating observation wells at 2, 5, and
30 m were obtained using small-diameter gas-operated sample pumps (described
by Signor, 1978). Intakes for these pumps were manifolded to draw water
into the pump from points spaced 1.6 m apart through the full initially
saturated thickness of the aquifer. Pumps were in continuous operation, and
samples for chemical analysis were collected periodically from the pump
outflow.

The point samplers were operated in the following manner: (1) Pressure
was maintained in the lines by a 6,895-Pa check valve, which prevented water
from entering the sampler before the start of the sampling sequence; and
(2) water was drawn into the sampler by releasing pressure and applying a
vacuum for 2 min at selected sampling times. Once water had been drawn
through the sampler into the lines, the vacuum was removed and pressure was
applied from a nitrogen-cylinder tank to bring the sample to land surface.
All the samplers performed as intended except the inoperative red-coded point
sampler at 5 m from the injection well. However, the green point sampler at
30 m was above or so near the water table that samples could not be obtained
during any of the three tests. Both the 2-m and 5-m green samplers were
sampled during the March test, but the water table had declined to the point
that only the 2-m green sampler could be sampled during May. None of the
green point samplers could be sampled during the August test because of
additional declines in the water table between May and August 1978.

During the March 1978 test, the wells at 10 and 15 m were pumped using
small-diameter bladder-type pumps designed by R. F. Middelburg of the U.S.
Geological Survey. During the May 1978 and August 1978 tests, these wells,
and the piezometer completed at the same distance and depth as the 5-m red
sampler, were sampled using pumps that consisted of check-valve-equipped
copper cylinders connected to the surface by two lengths of polyethylene
tubing. Water enters these samplers because of hydrostatic pressure on the
submerged check valve, and is expelled at surface by application of pressure
from an air compressor. These samplers were operated by alternately
applying and releasing pressure for l-min intervals through a timer—-equipped
solenoid valve. In addition, point samples also were collected at several
depths and times during the August 1978 test from the 15-m well, using a
straddle-packer arrangement on one of the copper—-tube pumps; these samples are
footnoted in the appropriate tables.

Water levels were monitored in piezometers consisting of 25-mm diameter,
0.6-m long well screens emplaced in wells I-2, I-6, and I-8 at depths shown
in the cross section (fig. 5). Water levels also were measured in observation
wells A3, A6, A9, Al0, and Al4 (fig. 2). Pumping or injection rates into the
production well were measured using inline propellor-driven Sparling*®
flowmeters. Periodic flowmeter traverses were made in the injection well

*The use of trade names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.
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during injection tests to determine which zones being recharged. Periodic
neutron soil-moisture logs were made in selected observation wells to monitor
changes in water stored in the capillary fringe and the unsaturated zone
caused by changes in the altitude of the water table.

With the exception of the yeast and fluorocarbons, all tracers were added
to the injection stream with chemical-feed pumps during each of the experi-
ments; fluorocarbon tracers were contained in pressurized cylinders. Their
flow into the injection water was controlled by a needle valve in the
connecting tubing.

During the August 14, 1978, pulse-injection test, the injection stream
was diverted through a sample chamber containing the tracers, as shown in
figure 6. The sample chamber operated as follows: Prior and subsequent to
injection of the tracer-bearing pulse, valve 1 was opened, and valves 2 and
3 were closed, so flow bypassed the chamber. Immediately prior to the
pulse-injection test, the chamber was filled with the tracer solution. To
start the pulse, valve 1 was closed and valves 2 and 3 were opened
simultaneously to divert the injection stream through the chamber, and
thus create a pulse of tracer-tagged water in the stream. After 2 min,
valves 2 and 3 were closed, and valve 1 reopened to avoid gradual flushing
of tracer-bearing water from the chamber.

GEOLOGY

The Stanton, Texas research site is located on the southern edge of the
Ogallala aquifer, which is the principal water-bearing formation in the region.
The aquifer is wholly contained within the Ogallala Formation of Miocene
age. The Ogallala Formation is underlain by red Triassic shales and
sandstones, which form an impermeable lower boundary to the aquifer at a depth
of 44 to 45 m below land surface (fig. 7).

The lithologic column from land surface to the base of the aquifer, as
determined from examination of the trench and pit and of cores from test holes
(fig. 2) is shown in figure 7. The keyed numbers along the column refer to
tables 3, 4, and 5, where additional information is given about the mineralogy,
porosity, or hydraulic conductivity at that point in the column.

The sediments in this column are primarily alluvial material derived
by erosion of the southern extensions of the Rocky Mountains in New Mexico.
The sediments range from well-sorted subangular-to-angular argillaceous
sands to poorly-sorted gravels, with occasional pebbles having diameters as
much as 40+ mm. Zones of calcium carbonate caliche occur in the upper part of
the column, commonly associated with colloidal silica leached from the
aggrading soil profile. One such zone occurs from about 6 to 7 m; it is
extremely hard and difficult to penetrate during drilling. Several relatively
impermeable clay lenses are present in the section, but are not continuous
enough to be stratigraphic markers. The sediments are grossly inhomogenous,
and hydraulic conductivities vary widely through the section.
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Figure 6.--Bypass chamber used to produce a virtually instantaneous
pulse of tracer-tagged water in the injection stream.
(Valve 1 is open during bypass flow, and valves 2 and 3
are open during pulse injection.)
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Depth, m
Land surface

Clay to sandy clay, small to medium

Fine to medium sand () size pebbles

Sandy silt, clayey, red, with
numerous calcareous concretions No core recovery

Sandy silt, clayey, green with

numerous fewer and smaller

calcareous concretions Conglomerate with fine to coarse sand

Silicified caliche with few vugs and

0
solution openings, filled with opal § 30 Clay lense
17 .
Sandy silt, clayey. green, with o _ Conglomerate with fine to coarse sand
© O
numerous calcareous concretions E3
Silicified caliche 5%
50
2
Qo
< 3

No core recovery

~OW S12-3 clay lense

I e igh co I
Gamma log shows a very hig unt Conglomerate with fine to coarse sand

No core recovery

Gamma log shows a very high count

Conglomerate, silty clay, grey,
calcareous deposits

Clay lense, red

Fine clayey sand, brownish red Conglomerate with fine to coarse sand

Fine sand

Partial core recovery, fine sand
Conglomerate with fine to coarse sand
15-millimeter diameter pebbles with
0 fine sand

‘@M SI12-6 conglomerate with clay nodules

Conglomerate, clayey sand, small
cemented sandstone nodules

Silty sand, with small caliche nodules, *
reddish brown 3 @M S12-9 conglomerate

Iron oxide staining

Coarse sand 1@ Si2-7 fine to very fine sand

Conglomerate with fine to coarse sand

Silty fine sand, with tan caliche nodules Triassic redbeds

B Mineralogical analysis

Y (tables 3 and 4)

@ Porosity and hydraulic-conductivity
data (table 5)

Figure 7.--Lithologic column from the Stanton, Tex. site with point
locations of mineralogical analyses, porosity, and
hydraulic-conductivity determinations.
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