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LUNCHEON SPEAKER

Brie. GeN. KENNETH B. CooPer, U. S.
Corps of Engineers

MONDAY AFTERNOON. DECEMBER 6
Ballroom
Presiding: W. C, FincH, H. R. GouLb

12:15

INJECTION SYSTEMS

7. A. C. BarLow: Basic disposal-well design

8. G. W. OstroOT, J. RaMOs: Deep-well
acid disposal—planning and completion

9. J. S. TALBOT: Requirements for moni-
toring of industrial deep-well waste-dis-
posal systems

10. R. D. Sapow: Pretreatment of industrial
wastewaters for subsurface injection

11. J. F. MALINA, Jr,, J. C. MoseLEY 1I:
Disposal-well dimensions, injection rates,
and cost responses

12. R. J. Funkg, K. E. Davis: Control of un-
consolidated sands in waste-disposal wells

TUESDAY MORNING, DECEMBER 7
Ballroom
Presiding: W. H. ROBERTs, J. T. CALLAHAN

2:00
2:30

3:00

4:00
4:30

HyYDROGEOLOGICAL ASPECTS

13. J. E. GaLLEY: Geologic framework for
successful underground waste manage-
ment

14. J. G. Ferris: Hydrologic systems

15. R. J. LEBLANC, Sr.: Geometry of sand-
stone reservoir bodies

16. J. E. WarreN: Effect of reservoir hetero-
geneity on underground waste disposal

17. J. D. BREDEHOEFT, G. F. PINDER: Appli-
cation of transport equations to flowing-
groundwater systems

18. H. R. HeNrY, F. A. KoHour: Waste
disposal in saline aquifers affected by
geothermal heating

TUESDAY AFTERNOON, DECEMBER 7
Ballroom
Presiding: F. A. Konour, P, W. HUGHES

9:00
9:30

10:00

10:30
11:00

11:30

Frump AND ROCK MECHANICS

19. H. S. SwoLFs, M. FRIEDMAN: Mechani-
cal and chemical effects of pore fluids
on rock properties

20. M. K. HusBerT: Natural and induced
fracture orientation

21. P. A. WITHERSPOON, S. P. NEUMAN:
Hydrodynamics of fluid injection

22. C. B. RALEIGH: Earthquakes and fluid
injection

23, 1. ). Couen, A. E. Lewis, R. L. BRAUN:
Disposal of nuclear waste by in situ
incorperation in deep molten silicate
rock

2:00
2:30
3:00

DINNER SPEAKER

Dr. STANLEY M. GREENFIELD, Asst. Admin-
istrator, Research and Monitoring, Envi-

ronmental Protection Agency 7:00

Association Round Table

WEDNESDAY MORNING, DECEMBER 8
Ballroom
Presiding: R. B. HiLL, R. T. JOHANSEN

GEOCHEMISTRY

24, W. F. Hower, R. M. LasaTER, R. G.
MrmraMm: Compatibility of injection fluids

with reservoir components 9:00
25. 1. BARNEs: Water-mineral reactions 9:30
26. G. G. EHRLICH: Role of biota in under-
ground waste injection and storage 10:00
27. B. B. HansHaw: Natural membrane phe-
nomena and subsurface waste emplace-
ment 10:30
28. T. Tamura: Sorption phenomena sig-
nificant in radioactive waste disposal 11:00
WEDNESDAY AFTERNOON, DECEMBER 8
Ballroom
Presiding: 1. S. TaLsot, R. C. Scotr
Case HISTORIES
29. J. McWiLiaMs: Large saltwater dis-
posal systems at East Texas and Hast-
ings oil fields, Texas 1:30
30. W. G. BELTER: Deep disposal systems
for radioactive wastes 2:00
31. D. A. GoousBy: Geochemical effects
and movement of injected industrial
wastes in a limestone aquifer 2:30
LEGAL AND ADMINISTRATIVE ASPECTS
32. F. J. TrRELEaSE: Liability for harm from
underground waste disposal 3:00
33. T. P. Harrison, H: Federal regulations
as they relate to underground waste man-
agement 3:30
34. R. B. HiL: Regulation of subsurface
disposal in Texas 4:00
SUMMARY
G. E. Murray 4:30
TIMELY ToPICS SESSION
Ballroom 7:00

Speaker Signal Warning System furnished by Ray
Geophysical Division, Mandrel Industries

ABSTRACTS

BARLOW, A. C., E. 1. du Pont de Nemours & Com-
pany, Inc., Wilmington, Del.

Basic DisposAL-WELL DESIGN

Two factors, safety and utility, are basic in the de-
sign of disposal wells. Every means must be taken to
insure the safety of the installation so that the environ-
ment is protected against inadvertent pollution. Also,
the well must be designed for maximum utility so that
continued disposal of the waste is insured.

Disposal wells are of two general types—those which
are considered openhole completions, and those utiliz-
ing casing for their entire depth. Openhole completions
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are common in those areas, such as along the Gulf
Coast, where only lightly consolidated or unconsoli-
dated sands are the disposal zones. These wells employ
gravel-packed screen sections and are generally similar
to large-capacity water wells in design. Other openhole
completions are made in those areas where the disposal
zones are in competent rocks, such as limestone, dolo-
mite, and sandstone, and do not require casing. In
places where the disposal liquid may attack the cemen-
tation of a sandstone or adversely affect a limestone or
dolomite, casing is required for the full depth of the
hole. Casing may be either of plastic materials or some
of the more costly metals, such as stainless steel, Has-
telloy, Carpenter 20, or zirconium.

Tubing and packer requirements vary depending on
the nature of the waste stream. Lined tubing is re-
quired in almost all wells to avoid excess corrosion.
Tubing lining may be either sprayed-on plastic or thin-
gage metallic alloys swedged to the base metal. Packers
must be made of the same materials as the tubing to
insure longevity. Some wells employ hydraulic seals
rather than packers. This is a good installation if injec-
tion is always under pressure.

Detailed designs of each type of injection well are
shown, and in every case, safety of the installation is a
paramount consideration.

BARNES, IVAN, U.S. Geological Survey, Menlo Park,
Calif.

WATER-MINERAL REACTIONS

Reinjection of formation waters creates few chemical
problems if no large change in temperature has occur-
red, no gas or vapor has separated, access of air has
been prevented, and the fluids have had an opportunity
to react with the minerals to the point of compatibility.
Injection of incompatible fluids may cause chemical
problems. There is a need for prediction of fluid-min-
eral reactions.

Most geochemists who have worked on mineral-fluid
reactions have had inadequate data and have been re-
duced to assuming reaction states. The state most geo-
chemists have assumed is one of equilibrium because it
is uniquely defined and readily calculable. In an effort
lo test the applicability of an equilibrium model under
real geologic conditions, real systems have been stud-
ied. Systems are chosen where reactions are known to
occur and where the reactant minerals and fluids and
product minerals and fluids can be identified and ana-
lyzed. Very seldom have stable equilibrium (minimum
Gibbs free energy) conditions been found, although in
some instances metastable equilibrium conditions have
been found. The assumption of a stable equilibrium
state is a very poor choice of model, especially at tem-
peratures of 100°C and below.

The general lack of attainment of equilibrium in no
way impairs prediction of reactions, however. Admit-
tedly there is no a priori thermodynamic method of
predicting what phase will react, nor can the necessary
departures from equilibrium be predicted before a re-
action will occur at a significant rate, because thermo-
dynamic arguments are time-independent. However, in
geologic systems now accessible, enough reactions are
occurring that, by observation, an empirical knowledge
will provide a base for predicting reactions.

The equations used for describing reaction states are

AGp = RT 1a(Q/K)
and

AGy = nF (Eh,, - Eh,)
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where
AG, s the Gibbs free energy of the reaction
R is the gas constant
T is the temperature in degrees Kelvin
Q is the reaction quotient

is the equilibrium constant
n is the number of electrons in redox reactions

is the volt-gram equivalent

Eh,, is the Eh that would be measured if the reaction
were at equilibrium
Fh, is the measurcd Eh.

AGp is the exact statement of the departure from
equilibrium for the reaction of interest. )

Reactions should be studied in both reaction direc-
tions. Most reactions are asymmetric in that the
AGpg’s required to dissolve most phases are of dif-
ferent values than the AG.'s necessary to form the
mineral from solution. The reactions should all be
treated as congruent reactions. All the species in
solution generated by complete solution of the solid
must be considered. Using incongruent reactions in-
troduces the unwarranted assumption of equilibrium.

Some generalizations about the result can be made.
Small, highly charged cations yield hydrous meta-
stable phases (Fe(OH),, amorphous silica) or a stable
phase (Mg(OH).) at very slight supersaturations. Sub-
sequent dehydration is very sluggish. Simple anhy-
drous carbonates require greater departures from
equilibrium for precipitation to occur, but dissolve
fairly readily. Simple anhydrous silicates dissolve with
modest unsaturation but the hydrous crystalline sili-
cates tequire large supersaturations for precipitation.
Sulfide minerals, although they may dissolve with
oxidation of the sulfur to SO, % do not form except
with enormous supersaturations. The problem is proba-
bly with the bisulfide ion. Siderite requires much less
departure from equilibrium than pyrite for precipita-
tion, yet both have Fe** as the cation.

BELTER, WALTER G., Office of Environmental Af-
fairs, U.S. Atomic Energy Commission, Washington,
D.C.

DEEP DISPOSAL SYSTEMS FOR RADIOACTIVE WASTES

As of July 1, 1971, approximately 100 million kilo-
watts of nuclear power-plant capacity was in operation
or under construction and/or contract. During the
1960s, an extensive research, development, and demon-
stration program was carried out on the treatment and
disposal of all types of gaseous, liquid, and solid radio-
active wastes. Geochemical research coupled with ex-
tensive field exploration and demonstration studies
have been carried out on several deep disposal systems
for radioactive wastes including the application of hy-
drofracturing techniques in bedded shale for low-heat
producing wastes and the use of bedded salt and crys-
talline bedrock for highly radioactive wastes.

The Atomic Energy Commission has adopted a regu-
latory policy which requires that all high-level liquid
wastes from licensed irradiated fuel reprocessing plants
must be solidified and shipped to a national respository
on land owned and controlled by the Federal Govern-
ment. A tentative selection of a site near Lyons, Kan-
sas, has been made for an initial salt-mine respository
for the demonstration of long-term storage for both
solid high-level and long-lived alpha-contaminated
wastes.

Because of a general requirement for adequate moni-
toring to assure the safe and effective operation of a



