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FOREWORD

Seasonal thermal energy storage (STES) involves storing thermal energy,
such as winter chill, summer heat, and industrial waste heat, for future use
in heating and/or cooling buildings or for industrial processes. Widespread
development and implementation of STES would significantly reduce the need to
generate primary energy in the U.S. Recent data indicates that STES is
technically suitable for providing 5% to 10% of the nation's energy, with
major contributions in the commercial and industrial sectors and in district
heating and cooling applications,

Aquifer thermal energy storage (ATES) is predicted to be the most cost-
effective technology for seasonal storage of low-grade thermal energy.
Approximately 60% of the U.S. is underlain by aquifers that are potentially
suitable for underground energy storage. Chill ATES has the potential to
substantially reduce energy consumption and, especially, summer peak cooling
electrical demand, However, the geohydrologic environment that the system
will use is a major element in system design and operation, and this
environment must be characterized for development of efficient energy
recovery.

This report describes additional aquifer characterization of a site
proposed for an ATES chill system at the General Motors Harrison Division
Plant in Tuscaloosa, Alabama. The aquifer characterization work was conducted
by the U.S. Department of Energy's Pacific Northwest Laboratory (Seasonal
Thermal Energy Storage Program) in cooperation with the University of Alabama
as part of efforts to assess the use of chill ATES for industrial cooling.

The Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the Department of Energy under contract DE-AC06-76RLO 1830. The project
was managed by Dr. C. Everett Brett, Director of the University of Alabama
Natural Resgurces Center,

Landis D. Kannberg, Manager
Seasonal Thermal Energy Storage Program






SUMMARY

General Motors (GM) is studying the feasibility of agquifer thermal energy
storage (ATES) for air conditioning at their Harrison Division plant located
in Tuscaloosa, Alabama. Pacific Northwest Laboratory (PNL) has assisted in
this effort by conducting field tests to measure the hydraulic properties of
the proposed ATES well field, which will be within the unconfined aquifer and
adjacent to the GM plant.

In May 1989, PNL performed hydrologic and geochemical tracer tests within
the proposed well field. Results showed that in the vicinity of the test
well, transmissivity was 2000 ft2/d, effective aquifer thickness was 50 ft,
effective porosity was 6.2%, hydraulic gradient was 0.005, and seepage veloc-
ity was 3.2 ft/d.

In October 1990, PNL performed a similar series of tests at a newly
constructed well within the well field and 272 ft from the test well of the
previgus year. This second test series was expanded to include measuring
specific capacity and investigating the vertical distribution of flow within
the aquifer. Specific objectives were to determine the injection capacity of
the aquifer and to examine efficiency of the well design.

Transmissivity was 2300 to 2600 ft2/d, effective aquifer thickness was
58 ft, effective porosity was 6.0 to 8.0%, hydraulic gradient was 0.0047, and
seepage velocity was 3.1 to 2.7 ft/d. Injection capacity, based on a step-
injection test, was approximately 17 gpm/ft and was independent of flow rate
within the experimental range 90 to 338 gpm. In the withdrawal mode, the
specific capacity at very low flow was also approximately 17 gpm, decreasing
to 11 gpm/ft at 225 gpm (based on drawdown measurements at the May 1989 test
well, which was used as the supply well for the above step-injection test).

Maximum hydraulic conductivity occurred within the uppermost 20 ft of
saturated sediments, which consisted of well-sorted sand. Below the sand,
sorting was progressively poorer with depth, and hydraulic conductivity
decreased smoothly. At the base of the aquifer, hydraulic conductivity was
less than 10% of that of the uppermost 20 ft.
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7.0 MULTI-WELL TRACER TEST

0On October 24, a multi-well tracer test conducted under natural gradient
was initiated by injecting 124 g of lithium bromide into Well #10. The injec-
tion technique was the same as described above for the drift-and-pumpback
test. Immediately following tracer injection, 3400 gal of ground water from
Well #4 was pumped into Well #10 at 225 gpm. This additional water was added
to increase the horizontal dimension of the tracer stug. Wells #1, #2, #3,
and #4, all of which are generally down-gradient from Well #10, will be peri-
odically sampled at depths of 30, 50, and 70 ft to detect the arrival of the
chemical tracer. Results of this experiment will be reported after testing is
comp lete.
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8.0 DISCUSSION

Two principal objectives of the testing at Well §10 were to determine the
injection capacity of the aquifer and to examine the efficiency of the well
design. Figure 3.3 shows that the rate of rise in water level in the well
bore was a constant 0.060 ft/gpm when water was injected at a depth of 50 ft
(26 ft below static water level). Extrapolated to the top of the well casing,
the maximum injection capacity is approximately 400 gpm. In contrast, injec-
tion of 225 gpm with the pipeline terminating at the top of the well casing
(as was done during the 3400-gal injection for the multi-well tracer test)
resulted in air-entrapment and frothing, and the liquid level in the well bore
was just below the top of the casing. That is, air-entrapment reduced injec-
tion capacity by nearly half.

Figure 3.3 also shows that the capacity of Well #10 to accept water at
any given flow rate within the experimental range is nearly constant. At
Well #4, on the other hand, apparent well losses are significant (Figure 3.4),
and well Toss at 60 gpm was used to correct observed specific capacity for the
60-gpm tracer pumpback at Well #10. The use of this correction was based on
the assumption that the apparent difference in well efficiency between the two
wells was caused by different effective screen lengths during testing. During
injection at Well #10, effective screen length was a constant 62 ft during the
entire test (see Figure 2.1). During withdrawal at Well #4, effective screen
length was reduced as pumping rate and drawdown increased. That is, well
efficiency at Well #10, during withdrawal, would be assumed to be similar to
that at Well #4,

However, it is possible that the efficiency of Well #10 is greater than
that of Well #4. These wells were constructed similarly, but not necessarily
identically. Also, inspection of Figure 6.2 shows that flow, and therefore
the hydraulic conductivity of the aquifer, decreases with depth. Further, the
compositional gradation of the sediments shown in Fiqure 2.1 is similar to
that observed at Well #4 (Luttrell et al. 1989}. As drawdown increases, the
effective hydraulic conductivity of the aquifer in the vicinity of the well
bore will decrease, so a decrease in specific capacity is reasonably expected.
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Either of these possibilities suggests that the well-loss correction
applied to the observed specific capacity for Well #10 may be too Targe. With
the well-loss correction, calculated transmissivity is 2600 ft2/d, hydraulic
conductivity is 45 ft/d, effective porosity is 8.0%, and seepage velocity is
2.7 ft/d. If the well loss is ignored, and Equations (2}, (3) and (4) are
re-applied, transmissivity is 2300 ft2/d, hydraulic conductivity is 40 ft/d,
effective porosity is 6.0%, and velocity is 3.1 ft/d. These latter values for
conductivity, porosity, and velocity are very close to the parameters deter-
mined by Luttrell et al. (1989) for Well #4,

The similarity of test results at Wells #10 and #4 is a strong indication
that areal variability of hydraulic parameters within the proposed well field
is small. This uniformity will simplify well field modeling and design.
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