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INTRODUCTION 

The purpose of the ATES Newsletter is to review 
current events in the development of thermal ener
gy storage in aquifers. We hope to publish bi
monthly summaries of work being done throughout the 
world. Our purpose is not to catalog technical 
information in detail, but rather to provide concise 
reports of the goals, present status and major 
resul ts of proj ec ts related to underground storage 
of thermal energy. 

The first issue was sent to 130 individuals and 
agencies in 13 different countries. The publication 
genera ted considerable response which we hope will 
lead to a vibrant exchange of information and 
ideas. 

The continued success of the Newsletter depends 
on written contributions from researchers working 
in this field. Please keep us advised of research 
plans, significant results, and accomplishments. 
Contributions for the next issue should reach us by 
March 26, 1979. All contributions, ideas, and 
suggestions should be sent to: 

Dr. Chin Fu Tsang, Editor 
ATES Newsletter 
Earth Sciences Division 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 U.S.A. 

Telephone: (415) 486-5782. 

PROCEEDINGS FROM THE AQUIFER WORKSHOP 

Proceedings from the Workshop on Thermal Energy 
Storage in Aquifers held May 10-12, 1978, at the 
Lawrence Berkeley Laboratory, will be available in 
late February. A copy of the proceedings will be 
sent to all workshop participants. Anyone else who 
would like to obtain a copy should write to Dr. Chin 
Fu Tsang at the above address. 

AqtU6VL StOJta.ge. PM j e.ct6 )'YJ. the. UnUe.d Statu 

A SUMMARY 

Contac t: David M. Eissenberg, Oak Ridge Na tional 
Laboratory, Oak Ridge, Tennessee 37830. 

The U. S. aquifer storage program is managed by 
the Oak Ridge National Laboratory (ORNL) for the 
U.S. Department of Energy (DOE) Division of Ther
mal Energy Storage Systems (STOR). This research 
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and development program currently involves two 
field experiments, two planned large scale demon
strations, and various support studies including 
ma thema tical modeling, economic analysis, geochem
istry, aquifer parameter assessment and environmen
tal impact analysis. 

Field Experiments 

Auburn University successfully completed one 
storage cycle of 5.49 x 10 4 cbbic meters (14.5 
x 106 gal.) of water heated to 55 0 C. The temp
era ture of the discharged wa ter dropped from 550 C 
to 330 C, equivalent to a heat recovery of 65%. A 
second injection of 5.68 x 104 cubic meters (15 x 
106 gal.) of 55 0 C water has been completed and 
will be stored for two months. 

Texas A&M completed construction and testing 
of a chilled water aquifer storage system. Chilled 
water will be stored as soon as winter weather 
begins in southern Texas. 

Demonstration Projects 

New York State ERDA (Energy Research and Devel
opment Administration) has completed a four-bore
hole geological exploration program to delineate 
the lateral limits and thickness of the shallow 
confined aquifer under JFK Airport in New York City. 
The results of this program are currently being 
reviewed. 

A subcontract for the development of an aquifer 
storage prototype doublet at Bellingham, Washing
ton, is being negotiated. This prototype doublet 
will be integrated into the planned Bellingham 
district heating system. 

Support Research and Development 

Lawrence Berkeley Laboratory (LBL) will con
tinue to mathematically model the storage of ther
mal energy in aquifers. They have completed the 
modeling of thermal energy storage by means of 
daily cycle inj ec tion of hot wa ter in a single well 
aquif er sys tem. LBL is also analyzing the resul ts 
of the first thermal storage cycle at Auburn Univer
sity. 

The Energy Division of ORNL will complete a 
generic environmental impac t analysis of aqui
fer thermal energy storage by mid-1979. 

In 1979, the Engineering Technology Division, 
ORNL, will do an economic analysis of aquifer 
storage with emphasis on chilled water storage at 
JFK Airport, New York. 

Battelle Pacific Northwest Laboratories will 
mathematically model the effects of changes of 



geochemical equilibrium in an aquifer due to ther
mal energy storage. 

The Tennessee Valley Authority (TVA) will com
plete a survey of the thermal energy storage po
tential of the TVA service area this year. TVA 
geohydrologists are doing a generic parametric 
study of aquifers. The objective of this study 
is to determine what criteria, if any, may limit 
the suitability of an aquifer for thermal energy 
storage. 

HIGH TEMPERATURE UNDERGROUND 
THERMAL ENERGY STORAGE 

Con tac t: R. Eugene Collins, The Universi ty of 
Houston, Houston, Texas 77004. 

The University of Houston, with Subsurface 
Disposal Corp. and Bovay Engineers, Inc. , as sub
contractors, is in the second year of a feasibil
ity study of storage of high temperature ('V6000 F) 
water in deep aquifers and high temperature oil 
('V600 0 F) in solution-mined caverns in massive 
~alt deposits. 

A geological feasibility study has been com
pleted showing that these storage methods would 
be possible in about 80% of the continental U.S.; 
only areas of mountain intrusions and the west 
coast of the continent are deemed totally unsuit
able. 

Studies, using computer simulators, have shown 
that diurnal storage of heat from a large scale 
central focus solar collec tor can be carried out 
with conduction losses declining on each cycle 
to a level on the order of one percent of cyclicly 
transferred heat in one year of operation. Energy 
transfer rates of 50 to 500 megawatts (thermal) 
are readily attainable and systems of several days 
capacity at these rates are possible. The major 
problem foreseen with salt cavern storage is possi
ble deformation of the cavern due to "creep" or 
plastic flow. Computer simulator studies of this 
problem are underway and creep measurements on 
salt samples at high temperatures and pressures 
are planned because no measurements at proposed 
temperatures have been reported in the literature. 

A solution to the creep problem may be to 
fill the cavern wi th gravel or coarse sand. This 
would also reduce oil requirements by 75%. We are 
now debugging computer simulators of such systems 
operating in a thermocline mode with. two wells into 
the cavern, one hot and one cold. 

Studies to date indicate that aquifer stor
age of hot water at temperatures above about 
300 0 F will not be feasible because of downhole 
pumping requirements and problems with silica 
dissolution and reprecipitation. Therefore, we 
have reduced our effort in this study. 
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Preliminary studies of drilling procedures, well 
design and cavern leaching operations are nearing 
completion and some cost estimates have been made. 
We estimate that a 30 megawatt (thermal) cavern 
system would cost about $4.6 million. 

CONFINED AQUIFER EXPERIMENT - HEAT STORAGE 

Contact: Fred J. Molz or A. David Parr, Civil 
Engineering Department, Auburn University, Auburn, 
Alabama 36830. 

The concept of using confined groundwater aqui
fers for the temporary storage of large quantities 
of hot water has been proposed as a feasible choice 
fo r to tal-energy sys tems. The Wa te r Resources 
Research Institute of Auburn University is perform
ing a series of field experiments wherein this 
concept is being tested. To date, one preliminary 
experiment and one six-month injection-storage
recovery cycle have been completed. 

The preliminary experiment involved the in
jection and recovery of about 7570 m3 (2 million 
gallons) of water. The injection water was ob
tained from the effluent discharge canal of a 
power plant and had an average temperature of 
37 0 C (98.6 0 F). The ambient temperature of the 
formation water in the confined storage aquifer 
was about 20 0 C (68.0°F). The injection, stor
age, and recovery periods were 420, 1416, and 2042 
hours, respectively. The recovery period was 
terminated when the water temperature reached 2loC 
(69.8°F). About 67 percent of the injected energy 
was recovered. Clogging of the soil around the 
injection well posed a major problem during the 
injection period. The high level of suspended 
solids in the inj ec tion water was judged to be the 
primary cause of the clogging, al though this was 
aggravated by swelling of clays in the storage 
formation. 

The second experiment involved the injection 
and recovery of about 54,900 m3 (14.5 million 
gallons) of water. During this experiment, the 
injection water was obtained from the formation 
water of an unconfined aquifer at the experimen
tal site. The water was pumped from the uncon
fined aquifer, heated to a temperature of about 
550 C (13l0 F) and injected into the confined storage 
aquifer. The inj ec tion, storage, and recovery 
periods were 1900, 1213, and 987 hours, respective
ly. The recovery period was terminated when the 
water being withdrawn from the storage aquifer fell 
to 33 0 C (9l.4°F) which was l3 0 C (23.4 0 F) above 
the ambient water temperature in the confined 
aquifer. At this point, about 65 percent of the 
inj ec ted energy was recovered. The clogging prob
lems that plagued the preliminary experiment were 
significantly reduced during the second experiment 
and were appare~tly due entirely to swelling of 
formation clays. Periodic backwashing of the in
jection well also contributed to the improvement. 



A second six-month injection-storage-recovery 
cycle is presently underway. It is being per
formed in essentially the same manner as the first 
cycle. The injection period has just been comple
ted, and the average specific capacity of the in
jection well was significantly better than in the 
previous experiment. This is encouraging since it 
appears that the degree of clogging may stabilize 
at an acceptable level when water low in suspended 
solids is used for injection. 

THERMAL ENERGY STORAGE FOR A LARGE 
DISTRICT HEATING SYSTEM 

Con tac t: Charles F. Meyer, General Elec tric
TEMPO Center for Advanced Studies, P.O. Drawer 
QQ, Santa Barbara, California 93102 

The objective of the TEMPO project is to estimate 
the value of annual-cycle TES if it were incorpor
ated into a proposed hot-water district heating (DH) 
system for the Twin Cities urban area in Minnesota. 

A major series of studies is underway to evaluate 
the feasibility of installing a new, large, DH 
system in the Minneapolis-St. Paul metropolitan 
area. It would be based upon cogeneration of power 
and heat by the Nort~ern States Power Company. 
Among the leading sponsors and participants in the 
studies are the Minnesota Energy Agency, Northern 
Sta tes Power Company, and DOE/ORNL. Also partici
pating are several other governmental agencies, 
utilities, universities, and a number of contractors 
and consultants. 

The proposed new DH system would not send out 
steam, as is the universal practice in large DH 
systems in the United States, but hot water, as 
is the common prac tice in Europe. A Swedish f'irm, 
Studsvik Energiteknik AB, under DOE/ORNL contract, 
is preparing the general description of the proposed 
sys tem based upon their experience wi th European 
systems. 

Supplying space heating, tap water, air con
ditioning (absorption cycle), and low-tempera
ture industrial process heat needs from a cen
tral source is a more efficient way to use fuel 
than to burn it in many small furnaces and boil
ers. A particularly efficient central source 
is a plant cogenerating power and heat. The sys
tem proposed by Studsvik would employ coal-fired 
cogeneration for base load and oil-fired boilers for 
peaking and standby. DH configurations so far 
proposed have not included TES except that which is 
incidental to use of large hot-water pipelines; hot 
water has a high energy density and thermal inertia. 

TEMPO's study assumes that annual-cycle (aqui
fer) TES is feasible. The economic and environ
mental benefits are being evaluated by comparing 
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the capi tal requiremen ts and fuel consump tion of 
a specific cogeneration/DH system which does not 
include TES to those of a system with TES, serv
ing identical hea t loads. This will provide a 
measure of the value of TES. Annual-cycle TES 
is of particular interest because the largest 
potential market for district heating is space 
heating. 

Very preliminary results suggest that peaking 
and standby boilers may be replaced with heat 
storage wells, and cogeneration capacity reduced 
by about 20 percent. The reduced capital re
quirements are a measure of how much one could 
afford to pay for TES. 

DAILY HEAT STORAGE IN AQUIFERS 
FOR SOLAR ENERGY SYSTEMS 

Contac t: Chin Fu Tsang, Earth Sciences Division, 
Lawrence Berkeley Laboratory, Berkeley, Califor
nia 94720. 

Recently, much interest has been generated by 
the concept of long-term seasonal storage of hot 
water in aquifers. However, the possibility of 
daily storage-retrieval cycles has not been ex
plored in much detail. Calculations have been 
made to evaluate the storage-recovery ratio for 
daily hot water storage in an aquifer. 

For this study we used the numerical model "ccc" 
(for Conduction, Convection and Compaction) which 
was developed at LBL for three-dimensional, liquid 
saturated, porous systems. Both the temperature 
dependence of fluid properties and gravitational 
effec ts are taken in to accoun t. Furthermore, the 
model "ccc" is coupled with another computer program 
which was developed to calculate the heat conduction 
effects at the wellbore as water is injected or 
produced from the aquifer. The coupled model is 
applied to a "typical" aquifer assuming two differ
ent hot water storage-retrieval schemes: 

(1) Twelve hours of injection into the 
aquifer followed by twelve hours of 
production; 

(2) Eight hours of injection in the day
time; followed by four hours of pro
duction in the evening; then shut-in 
for eight hours at night; and finally, 
a second four-hour production period 
in the early morning. 

In both cases the aquifer hydrodynamic and thermal 
behaviors are analyzed. Preliminary resul ts indi
cate recovery-storage ratios in excess of 75 per
cent. 
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THEORETICAL ANALYSIS AND COMPUTER SIMULATIONS 
OF SOLID-FLUID HEAT STORAGE SYSTEMS IN THE GROUND 

Contact: Johan Claesson, University of Lund, Dept. 
of Mathematical Physics, Box 725, S-220 07 Lund, 
Sweden. 

Some resul ts of our the'oretical studies are 
presented in an interim report which contains 
15 papers (240 pages). This report ml:lY be ob
tained from the author. 

Three papers concern stationary heat losses 
from storage regions of the ground. Another paper 
studies analytically the buoyancy tilting of a 
vertical thermal front. An entropy analysis of the 
so-called numerical diffusion is presented. A 
mathematical analysis and a numerical model of a 
plane, two-hole, extraction-injection system are set 
out. 

Another paper deals with heat storage in a 
cylindrical aquifer region with essentially ver
tical water flow. The dynamic three-dimensional 
diffusion-convection problem in and outside the 
aquifer is solved numerically under the simplifying 
assumption that the water flow is perfectly linear. 
The thermal recovery factor for the first five 
annual cycles has been computed for some sixty 
cases, when different parameters are varied. These 
parameters include the height and diameter of the 
aquifer region, the loading utiliza tion strategy, 
protective insulations at the surfaces of the 
aquifer, and thermal properties in the aquifer and 
in the surrounding ground. 

THE EFFECT OF THERMAL DISPERSION ON 
INJECTION OF HOT WATER IN AQUIFERS 

Contact: Jean P. Sauty, Bureau de Recherches 
Geologiques et Minieres, B.P. 6009, 45 Orleans, 
France. 

Two series of experiments on hot water injec
tion, storage and recovery have been performed in 
France in 1976 and 1977. Analysis of temperature 
profiles in the aquifer and temperature spot mea
surement in .the caprock provided detailed knowledge 
of the thermal behavior of the reservoir. The 1976 
data were used to calibrate a numerical model that 
was then able to accurately predict the results of 
the second series of experiments performed in 1977. 

The results give strong evidence of the exis
tence of heat dispersion during inj ec tion and re
covery opera tions wi th a resul ting apparen t ther
mal conductivity in the aquifer much higher than 
the one measured usually by conventional methods. 

This phenomenon is important for predicting the 
efficiency of heat storage or low temperature geo
thermal projects and cannot be neglected. 
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SEASONAL THERMAL STORAGE IN AQUIFERS FOR 
AIR CONDITIONING 

Contact: Takao Yokoyama, Mechanical Engineering, 
University of Yamagata, Yonezawa 992, Japan. 

In our experimental field, located in Yamagata 
Basin, relatively warm water (averaging l8.30 C) 
was repumped up from a heat source well and used 
for melting snow between January and March, 1978. 
Simul taneously, about 10,000 m3 of the mel ted 
snow water (averaging 5.3 0 C) was injected into 
another heat sink well. 

Four months later, in summer, 1978. we got 
chilled wa ter wi th an average temperature of l40 C 
from the hea t sink well. However, the reason we 
failed to get cooler water, about 10oC, is consi
dered to be due to a shortage of the amount of 
injected water in winter and the short distance 
between the two wells. 

Now we are engaged in inj ec ting cool wa ter 
sufficient for cooling our building in summer. 

In addition to general three dimensional analy
. sis, we consider the thermal-convec tion phenomena 
wi thin wells which especially occurs in high temp
erature storage. Furthermore, we have estimated 
the difference for thermal energy storage and 
thermal pollution between a practical running, 
involving daily shut-in periods, and equivalent 
continuous running. 

AQUIFER STORAGE EFFORTS IN BELGIUM 

Contact: Professor Josef Brych, Facult€ Poly tech
nique de Mons, rue de Houdain 9, 7000 Mons, Bel
gium. 

In order to enhance the research on solutions 
to energy problems, the Belgian government star
ted a national research and development program 
on energy in 1975. The first phase ended in Au
gust, 1978. 

In the second phase, started in September, 1978, 
one of the projects is an interesting research on 
thermal energy storage, being a collaboration of 
several Belgian universi ties and ins ti tu tions. 

The aim of the research is threefold: first 
the evaluation, from a technical and economical 
viewpoint, of the different methods of storage 
and recuperation of thermal energy in the under
ground. Secondly, the preparation of the tests 
with the most promising methods. In the third 
place, the research of favorable places for tests 
and full scale implementation of such systems in 
combination with a thermal map of Belgium. 

Up to now, general bibliographical research has 
been done on warm water storage systems using nat
ural and artificial places above and under ground 
level, as there are: old stone-pits filled with 
water, lakes, old mines, aqueous porous stones) 
cavities and specially dug wells. 



Concerning the last category, a Belgian pro
ject was accepted by the Executive Committee of 
the International Energy Agency, at the meeting 
in Lausanne the 9th and 10th of November, 1978. 
This project will treat the study and construc
tion of vertical underground reservoirs usi,ng 
turbo-boring at large diameters. A semi-indust
rial model, of which the technical and economical 
study has already started, will be installed and 
will permit us to study the different parameters 
that influence the efficiency of the thermal recu
peration in such reservoirs. 

RECENT DEVELOPMENTS IN EVALUATION OF 
THE ATES CONCEPT 

Contact: Aharon Nir, The Weizmann Institute of 
SCience, P.O. Box 26, Rehovot, Israel. 

The developments discussed below are a re-eval
uation of previous knowledge through informal dis
cussion and outside contacts created as a result 
of the 1978 LBL Workshop. (See A. Nir,."Survey of 
Thermal Energy Storage in Aquifers Coupled with 
Agricul tural Use of Heat Under Semi-Arid . Condi
tions," ATES Newsletter, October, 1978.) 

(1) There is a need for more site specific models 
designed for ac tual experimental aquifers. The 
model should then serve, in the first place, as 
a guide to experimental design by" simulating oper
ations for a range of uncertain hydrogeological 
data, parameter values and experimental conditions. 
The experimental results should be used critically 
for model validation. 

(2) Since several reports issued last year confir
med the constraints on sites for power plants due 
to cooling water shortages, there is a stronger 
case for aquifers as elements of cooling cycles. 
When combined with heat storage and economic heat 
use, it is the only alternative with a positive 
energy balance and benign environmental effec ts. 

(3) The major gap of knowledge seems to be in the 
domain of optimal heat distribution under given 
experimental conditions. It requires simultan
eous consideration of several novel subjects: the 
demand of heat of different species of plants and 
its distribution in time and space (soil and air); 
the capacity of the atmosphere to dissipate soil 
heat under different vegetative and artificial 
covers; and the techniques of optimal des.ign for 
supply and control of this heat. 

(4) Due to the nature of the many uncertainties 
which were already identified, their solution 
extending far into the future, no decision can be 
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expected at this stage which is based on cost
benefit analysis of the whole project. Decision 
analysis can, however, be undertaken which would 
indicate the scope and sequence of partial deci
sions, conditional on the increasing knowledge 
of critical components and of external conditions, 
such as demands for plant sites, agricultural 
markets and fuel prices. 

THE "SOIL THERM" SYSTEM FOR INTERSEASONAL EARTH 
STORAGE OF SOLAR HEAT FOR INDIVIDUAL HOUSING 

Contact: Georges Vachaud or J.Y. Ausseur, Institut 
de Mecanique de Grenoble, Laboratoire Associe au 
C.N.R.S., Universite Scientifique et Medicale 
de Grenoble, B.P. 53 X - 38041, Grenoble, Cedex, 
France. 

A design for application to residential in
terseasonal solar energy storage has been devel
oped. Solar thermal energy is stored during the 
summer by shallow earth storage. Heat exchangers 
are realized with flat panel radiators connected 
to solar collectors and installed vertically, to 
a depth of four meters, in concentric trenches near 
the house. During the win ter, the hea t exchangers 
are interfaced with hot water household heat trans
fer. The solar collec tors are furthermore used to 
preheat the fluid when it reaches a temperature 
lower than 28 o C. Below a temperature of 20o C, 
an external source of energy (gas) is needed. 

A numerical study has been made of the effi
ciency of the system. This model is based on the 
simultaneous solution of two equations: one equa
tion giving the quantity of heat produced by the 
collectors as a function of the fluid temperature, 
the incoming radiation and air temperature; and 
the other equation predicting the fluid tempera
ture as a function of heat transfer in the exchan
gers in the soil, using a diffusion-convec tion 
heat equation (transient and axisymmetric). 

Different geometries have been considered with 
the following parameters: surface of exchange, 
depth of exchangers, number of concentric tren
ches, and influence of surface and lateral ther
mal isolation. It is shown that for an indivi
dual house, the external source of energy to pro
vide and maintain an internal temperature of 200 C 
is no more than 8 to 20% of the annual need, de
pending upon the geometry of the system, with 50 
m2 of solar collectors. 

A practical experimentation of this "SOIL THERM" 
design is ac tually being pursued for a real case. 




