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ABSTRACT
Salt domes are structural features which have developed through a dynamic re-
sponse o an anstable geologic system. Coupled with this record of fectonic instabil-
ity is one of hydrologic instability, a dissolution at the upper part of the salt stock,
Evidence of dissotution is provided hy the presence of caprock and truncation of the
top of the salt stock. The question arises whether movement and/or dissolution has
diminished or ceased for centain domes or families of domes? Are they now tectoni-
cally and hydrologically stable? This determination is particularly important in
evaluating the suitability of salt domes for isolation of radioactive wastes. The
long decay period of Plutonium, one of the toxic componends, means that this
material must be isolated from the biosphere tor possibly 250,000 years. An as-
sessmant model for both fectonic stability and hydrologic stability of salt domes is
presented. The assessment methodology wiilizes evidence ranging in age from that
of the salr deposits themselves to the present time. For a determination of tectonic
stability, the long range view is provided by a study of relative rates of movement
through long periods of geologic time. Particular emphasis is placed on possible
movement in the Quaternary. Special efforts have been devised to detect evidence
of current movement, using a system of instrurnentation moanitoring. Hydrologic
stability over the long range s aszessed on the basis of caprock thickness. Saliniry
determinations in ground water aquifers intersected by the d::‘im_es"'pr{}vide 2 hasig

for evaluation of current hydrologic stability,

INTRODBUCTION

There has been a long condnued interest in the tectonic
and hydrologic stability or conversely, instability of sall
domes. The guestion however, has not been expressed in
these terms except rather recently. Probably dating back to
the time when they were first recognized as diapiric masses,
geologists have speculated on their growth rates., Paradoxi-
cally, only a few guantitative estimates of rate of growth of
salt domes have been published. These cange from values of
0.3 mm per year attributed to Samneman by Trusheim
{1960) to a growth rate of less than 2 mm per year given by
Borchert and Muir {1964). The paucity of estimates is a
reflection of the great difficulties inherent in such an effort.

Similarly rates of dissolution of salt (a measure of hydro-
logic instzability} have been a matter of interest in connection
with theories of origin and development of caprock. Here,
as well, quantitative estimates have not been readily avail-
able.

Clearly sakt domes are both tectonically and hydrolag-
ically unstable in the context of geologic time. They exist as
diapirs because of their dynainic response to an unstabie
geologic syslem. Thick caprock commonly manties their
truncated tops and attesis to Jong periods of hydrologic in-
stability.

SALT DOME ASSESSMENT FOR POTENTIAL
RADHOACTIVE WASTE STORAGE

Although salt domes have been extensively exploited for
valuable minerals and used as storage facilities for hydro-
carbons, the rates of instabitity discussed above have been
of Hittle practical interest. The geologic time scales invalved
have relegated these matters lo speculation by geoscientists
concerned with problems of an academic nafure. A new
dimension has been added by proposals to utilize salt domes
for the storage of high-level nuctear waste,
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The slow rates of zrowth and dissolution may weli be
significant in view of the long period of time that high-level
radivactive waste has 10 be isolated from the cnvironment,
The long decay perind of Phutonium, @ foxic component of
the waste with a half-life of 24,360 vears requires that it be
isnlated from the biosphere for 250,000 years. Feasibility
studies are designed to apply geclogic, hydrologic and en-
gincering disciplines to an assessment of the tectonic and
hydrotogic stability of salt domes. The Gull Coast salt
domes of the U.S. specifically are under imvestigation,
These studies range in perspective from an evaluation of
evidenve provided by older geologic fomations to cwrrent
menitoring by various geophysical technigues.

The sdvantages of natural salt deposits for providing iso-
tation of radiosclive wastes have been recopnized for a
number of vears. Physical characteristics that make salt de-
posits attractive for this function include the impermeabil-
ity, plasticity, and relatively high thermal conductivity of
rack sait. Furthermore, salt masses are common in sedimen-
tary hasins in the USA and elsewhere. Such occurrences
can be broadly divided into two types, bedded and domal.
The bedded depaosirs are 1zbular and therefors horizentally
extensive. The domal deposits are laterally restricted but
verticatly cxtensive.

Early studies of the potential use of sait deposits for the
isaiation of radioactive wustes were focused on bedded salt.
In the last several years anention has also been directed to
the possible utility of salr domes for this purpose with
spectfic Tmerest in the Gulf Coast region.

METHODOLCGY :

USE CF PUBLISHED |
INFORMATION AND
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The Institute for Environmensal Studies at Louisiana
Swate Efmiversity has been conducting an investigation for
over three years with the broad objective of evaluating the
potential utility of salt domes in the Gulf Coast for the
isotation of radioactive wastes based an a scientific assess-
ment {Martinez, $977) Because of the many differences in
the geologic characteristics and cultural settings of the more
than 300 domes in this region it is necessary o introduce a
process of selection into the methedology of the investiga.
tion. This appreach leads naturally to the cheice of certain
regions and domes as study arcas on which to focus atten-
tion. This ~winnowing oul’" approach is absolutely neces-
sary 1o reduce financial requirements (o a manageable level
and to ensure that :ime tables imposed by overall manage-
ment strategy are adhered to.

The essenrial rationale of the plun of study is best sum-
marized by two flow diagrams which differenniate, insofar
as possible, two separate phases ot the investigation. Phase
ong outlined in Figure | iscorpomled geologic, hydrologic,
and engineering studics which. by using plunning and pub-
lished information, focused on the guestion of the hydrolog-
ic and tectonic stability of Gulf Coast sait domes. The firsk
approximation conclusions from this phase led 1o the selec-
tion of scveral study arcus (domes),

Phase two (Fig. 2} incorporates more detailed and
specific work for certain selected salt domes. These field
studies are expected to produce new informartion that will be
fed imto refined geologic, geohydrologic and enginesring
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analyses, which w turn, will lead to firmer conclusions
regarding the suitability of salt domes for radivactive waste
isclution. The distinction between phases one and two, as
outlined here, is to some extent antificial. Actually basic
sruclies of icclonic and hydrologic stability and research
planning will continue throughout the complete term of the
investigation.

METHODOLOGY

Figure 3 summarizes the methodelogy used in a determi-
nation of tectonic and hydrologic stability. As indicated in
the figure, the methodology of the investigation of either
type of stability differs depending on the chronological age
of the evidence, One approach to the question of tectonic
stability is to determine refative rates of mavement through
long periods of geologic time. If, for example, i could be
demonsirated thaf thers has been decreasing movement with
time through ihe Mesozaic and Tertiary, this would suggest
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the possibility of present quiescence of the dome. This ap-
proach has been pursted by Kupfer in (Kupfer, 1976;
Kupfer et al., 1976; and Kupfer in Martinez et al., 1975,
1976), Huckaba {Netherland, Seweill & Assvciates. Inc.,
1976}, and Kumer (Martinez et at., 1977). Both Huckaba
and Komar compuied ~uplift-vs-time™” values from com-
parative thickness measurements of Hime equivalent units
aver domes and in the basin. Kumar has discussed the vari-
ous assumptions and comsequent uncertainties inherent in
this method of computation of growth rates of salt domes.

The absence of significant movement in Quaternary time
based on studies of Pleistocene and Recent sediments wounld
constitute evidence of domal stability in late geologic time
(Kolb in Martincz et al., £976, 1977} Finally a system of
instrumentarion monitoring is designed 1o detect evidence of
any current movement of the dome.

Figure 4 from Thoms in Marinez et al., (1977} is a
schematic representation of some of the tield [nstuments
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L-R LASER HANGING - HORIZONTAL MOVEMENTS
M-S MICROSEISMIC MONITOR:NG - ACOUSTIC EMISSIONS
P-i, ARECISE LEVELING VERTICAL MOVEMENTS
T™M TILTMETER ROTATIONS

Figure 4. Schematic represcntation of field instrumentation for momtoriag dome movements.

that sre designed to monitar movements of the dome and
surrounding rocks and sediments if such movements oceur.
Rotational movement will be detected and measured by
tilt-meters with a sensitivity of 1 % [07° radians. Horizontl
strerching will be detected and measured by laser ranging.
Vertical movements will be measured by precise leveling,
Microseismic monitoring is designed to detect any acoustic
signals emitted from active fracturing. The systematic plan
for deta analysis is shown i Figure 5 from Thoms in Mar-
tinez et al. {1677). The absence of movement new would
suggest present domal stability which might represent either
a temporary cessation of movement or complete termination
of growth.

The presence of thick caprock on a salt dome is convine-
ing proof of dissolutivn in the past geologic time. Con-
versely, the absence of caprock may be interpreted as
suggesting litle or no dissolution in the geologic past, The
absence of current dissolution and hence hydrologic stabil-
ity, would be suggested by the lack of saline plumes
ground water aguifers adjacent to salt domes and by the
absence of salt water springs over the dome, Martinez
et al., {1975%), Martinez in Martinez et al,, (1975), Smith
et al.. (1976), Thoms et al., {1976) and Smith in Martinez

et al., (1975, 1976, and 1977) and Smith (1577). The data
used in making suck assessments of hydrologic stability
may be obtained from conventional hydrologic imterpreta-
vions of electric logs and from water quality data from
drilled wells. Numerical modelling may be employed 1 use
this information for purposes of prediction. Another line of
evidence of sctive dissolution may be provided by the na-
ture of the sali-caprock interface. An unconsolidated anhy-
drite sand in the presence of hrine would suggest hydrologic
instability. A firm caprock-salt contact would indicate sta-
bility, Martinez in Martinez et al,, (1975).

The study of hydrologic stability described above ad-
dresses the question of the extent of dissolution of sall from
the outer surface of the dome. A somewhat different, but
probably more important problem, revolves around the well
kuown matter of water leaks into some salt mines. Aninves-
ngation of the extent of this possible threat o a potential
storage Sie encompasses an evaluation of past, present, and
potential entrapment and movement of fluids through any
part of (he salt stock. This study deals therefore, with inter-
nal characreristics of the entire stock. It is most important to
assess current theories of leaks in mines and to develop and
1est new ideas. The rationale is to develop sufficiendy via-
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ble and supportable cxpianations to provide base line data
from which an analysis of cores from study domes can be
used 1o predict internal characteristics of part of the stock or
the entire stock as they affect movement of water. A plan o
study this probiem of salt mine hydrolegy is given in Fig-
ure & from Martinez and Thomsin Martinez ef al., (1977).
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CONCLUSIONS

The assessment model outlined in the preceding para-
graphs may seem to suggest distinct lines of demarcation
between principal goals of this salt deme evaluation, 1) a
determination of tectonic stability and 2) & determination of
hydrolngic stability. Even the subsets of monitoring of cup-
rent movement, Quarernary studies und regional geology
and lectonics in one category and plume studies and caprock
studies in the other category may appear 1o be essentially
isolated topics. It s yuite <lear that despite the value of
defining specific goals and approaches there is 2 need to
recognize the mufual relationships berween the various sub-
sets of this investigation.

Quaternary studies designed to evaluate tectonic stabil-
ity, must inchude considerations of salt dissolution and evi-
dence pravided by caprock in assessing the significance of
topographic lows over interior domes as contrasted with
topographic ntighs over coastal domes. Any disruptions of
beds of Quaternary age must be evaluated not only in terms
of possible uplifl in the Pleistocene or Holocene but also in
terms of possible collapse due to dissolution which might be
recorded in the character and thickness of caprock over the
dome in question. Also, tecfonic studies designed to deter-
mine rates of movement from the stratigraphic record must
include a conswderation of amount and rates of dissolution
based on caprock thickness.

The data developed from drilling wells for hydrologic
studies has contributed important evidence pertinent to
studies of tectonic stability. Conversely, structural and stra-
tigraphic relations determined by regiopal and locat geolog-
i stitdies provide an important basis for constructing mod-
els of dissolution and hydrologic transport.
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Finally, the monitoring of current tectonic movement is
heavily dependent on analysis by numerical modelling
which is in fm dependent on a thorough knowledge of
geologic parameters largely determined through these other
studies.

It is important in implementing this proposed assessment
model for salt dome stabiiity that these kinds of interrela-
tionships he kept in mind. To successfully conduct a major
sali investigation of the scope and depth outlined herein it is
imperative that the various thrgads of the investigation be
woven tnlo a unitied program.

DISCUSSION
1. Hamstra

Comment. Your extensive revonnaissance programme on lec-
tonic and hydrelogic stability of u sult dome wilt only reveud the
situation of today. Probable future changes in the geological and
climatologica conditions may reactivate the npward movement of
the salt or lead o more unfavarable hydrologic conditicns around
the saft dome.

For this reason we based the assessment model for our long-
term safery analysis on a containment shield of undisiurbed rock
salt around the wasle repository, which thickness shoald be suffi-
cient to provide for a 230,000 years isolation even if the salt dome
wauld become tectonically and hydrologically unstable.

ACKNOWLEDGEMENTS

This work was supported by the Office of Wuste Isolation,
Uinion Carbide Corporation. Nuclear Division, under contract
with tae U.8, Department of Energy. By acceptance of rthis article
the publisher undfor recipient acknowledges the U8, Govern-
meni’s right to retain @ pop-exchusive royalty-free Roznse in and to
any copyright covering this paper.

REFERENCES

Borchert, H. and Muir, R.0O, 1964, Salt deposits—ihe origin,
metzrmarphism and deformation of evaporites. . Van Nog
trand Co., Princeton, N.J., 338 p.

Huckaba, W. A, 1978, Regional geology of the Northeast Texas
Sult Dome Basin. in Netherland Sewell & Assoc, Inc., Geo-
logic study of the interior sait domes of Nostheast Texas Salt-
dome basin to investigate their seitability for possible storape
of radioariive waste materiul as of 1976, Report prepared for
the Office of Waste Isolanion, Umon Carbide Corporation,
Nuclear invision, Energy Research and Developmen( Admin-
wtration, Gi-(G21.

Kolb, C.R. 1976, Quuternary Studies: fp Martinez, .3, Thoms,
R.L.. Kupfer, DLH., Smith, C.G, Ir,, Kolb, C.R., New-
church, E.J., Wikox, R.E.. Manning. T.A_, Ir., Romberg,
M,, Lewis, A J., and Rovik, J.E. 1978, An investigation of
the utilizy of Gulf Coast salt domes tor the storage or disposal
of radioactive wasies, prepared by Instiuze for Environmental
Studies, Louisiang State University, Rawn Rouge, Louisizns,
for Union Carbide Corporativn, Muclear Division, Oak Ridge
National Laboratory, QRNL-Sub-4112-25, 83 116.

-, 1977, Topegraphic lows above domes: In Martinez,
1.D.. Thoms, R.L., Smith, C.G., Jr., Kolb, C. R, New-
chareh, E.1, and Whicox, R.E. 1977, An investigation of the
wtility of Guif Caast salt domes for the storage or disposal of
radivactive wastes, prepared by Iostinwe for Fnvirenmental
Swdies, Louisiana S1ate University, Baton Rouge, Louisiana,
for Univn Carhide Corporation, Nuclear Division, Ozk Ridge
National Laboratory, Y/OWY4112/37, 407414,

Kumar, M.B. 1977. Growth rates of salt domes of the Morth
Louisiana Salt Basin, J# Murtinez, 1.1, Thoms, K.L., Smith,
C.G., Jr, Kab, C.R.. Newchurch, E.J., and Wilcox, R_E.
1977, An mvestigation of the oiility of Gulf Coast salt domes
for the storage or disposai of radicactive wastes, prepared by
Institute for Environmemal Studies, Louisiana State Univer-
sity, Baton Rouge, Louisiana, for Uninn Carbide Corporation.
Nucleur Division, Oak Hidge NMatiopal Laboratory, Y/
OWT4112/37, 225269,

Kapfer, D H. 1973, Mcsoxoic and Tertiary studies, in Marfinez,
i.b., Kupfer, BLH., Thoms, R.L., Smith, C.G., Jr., snd
Kalb, C.R. 1975, Ap investigation of the utility of Gulf Ceast
salt domes for the storage or disposal of radipactive wastes,
prepared by Instifute for Environmental Studies, Louisiana
State University, Buton Rouge, Lowistana, for Union Carbide
Corporation, Nuclear Division, OGak Ridge National Labora-
tory, ORNL-Sub-4112-10, 15-80.

. 1976, Mesozoic and Tertiary studies. /n Martinez, 1.1,
Thoms, R.L., Kupfer, D.H., Smith, C.G., Jr.. Kelb, C.R.,
Newchurch, E.J., Wilcax, R.E., Manning, T.A., Jr., Rom-
berg, M., Lewis, A.J., and Rovik, LE. 1976, An mnvestiga-
tion ¢f the wility of Guif Coast sait domes for the storage or
disposal of radivactive wastes, prepared by Institote for Envi-
ronmental Studies, Lowvistana State University, Baton Rouge,
Louisiana, for Union Carbide Corporation, Naclear Division,
Oak Ridge National Leboratory, ORNL-Ssb-4§12-25, 119-
171,

. Crowe, C.T. and Hessenbruck, J. M. 1976. North Lou-
istana PBasin and Salt Movements ¢Halokinetics). Guolf Coust
Asgociation of Geological Societics 26th Annual Meeting,
g4..109,

——e, 1976, Tune and rates of sali movement in north Lounist-
ana. In Martinez, 1.D. and Thoms, R.L. {ed.), Sult-dome
utilization and cavironmental considerations, a symposium,
Insiitute for Environmental Studies, Lovisiana State Univer-
sity, Baton Rouge, Louisiana, 145- 170,

Martinez, Joseph B Smith, C. G, and Thoms, R.L. 1975, Com-
puting dissolution rates of sait domes using aquifer salinity
gradients: Abstract, Transactions American  Geophysical
Union. 56: 358,

Martinez, J.D. 1975, Hydroiogic stability studies—A perspec-
tive. fa Marinez, 1.0, Kupfer, D H., Thoms, R.L., Smith,
C.G., Ir. and Koib, C.R. 1975, An investigation of the utility
of Gulf Coast salt domes for the storage or disposal of radicac-
tive wastes, prepared by Institwte for Ervironmental Srudies,
Louistana State University, Bawon Kouge, Louisiana, for
Union Carbide Corporation, Nuclear Divisivn, Oak Ridge Na-
tional Laboratory, QRNL-Sub-4112-10, §11-118,

PR

earei, e

¢
4
i
5
i
}
v

H
I3
P
i




An Assessmant Modal

- and Thoms, R.L. 1977, Hydrologic iseiation of mined
openings in salt domes. fn Murinez, J.1., Thonw, R.L.,
Smiuh, C.G., k., Kalb, C.R., Newchurch, EJ. snd Wilcox.
R.E. 1977. An investigation of the witlity of Gulf Coast saly
durnes for the storage or disposal of radioactive wastes, pre-
pared by lostitwe for Environmentut Studies, Louisiana Siare
University, Baton Rouge. Louisiera, For Union Carbide Cor-
poration, Nuclear Division, Osi Ridge National Laboratory,
YOWL4TE2/37 ) 161-206.

~. 1977_ Porential of Gulf Coast salt domes for isolation of
radivactive wastes, fn Martimez, 1.0, and Thoms, R L. ed.),
Sait dome uttlizution and environmental considerations, o sym-
posium, Iestitute for Environmestal Studics, Louisiana State
University, Bator Rouge, Louisiana, 127- 144

Sith, .G, 1975, Hydrelogic suability of North Louisiana salt

domes. o Martiner, 1.D.. Kupfer, D H., Thoms, R.L..
Smith, C G.. Ir. and Kalb, €. R. 1975, An investigation of the
wriliy of Gulf Coast salt dorees for the storage or disposal of
radioactive wastes, prepared by Ingtaate for Enviroamental
Srudies, Louisiana State University, Baton Rouge, Louisiana,
for Uniog Carbide Corporation, Nuclcar Division, Oak Ridpe
National Laboratory, ORNL-Suh-4112-10, 1i19-189.

. 1976. Geohivdrelogy of Nonheast Texas and Mississipps
silt domes: and, Geohydrology of Louisiana sait domes, /n
Martinez, F.D.. Thems, R.L.. Kapfer, D.H., Smuh, C.G.,
Jr., Kolb, C.R., Newchurch, E.).. Wilcox, R.E., Manning,
T.A., I, Romberg, M., Lewis, AJ and Rovik. L1 An
investigation of the utility of Gulf Coast salt domes for the

141

storupe or disposa} of radicactive wastes, prg_p:iréd by:' imﬁ_i-mte

for Environmentat Studies, Louisizna State University, Baten

Rouge, lowisiana, for Daice Carbide Corporstion, Nuctesr

Division, Oak Ridge Nationai Labovatory ORNL-Sub-4112

25, 337299, o

1977, Geohydrology—=Rections &, B, C & D. Ja Mar-
tinez, LD, Thoms, R.L.. Smith, .G, Jr.. Kelb, CR.,
Newchurch, E 1. and Wilkeox, R.E. 1977, As investigation of
the utility of Guif Coust salt domes for the storuge or disposal
of radicactive wasis, prepared by Institute for Environmental
Studies, Lowisiuna State University, Baion Rouge. Lauistona,
for Union Carbide Corporation, Muclear Division. Oak Ridge
Nutionai Laborstory., Y/OWI411237, 97155,

e -, Martinez, Jnseph D. and Thoms, R.1. 1976, Hydrologic
stabifity of Morth Leuisiana salt domes using aguifer salinty
aradicnls: Abstract, Amer. Assoc. Petrol Geol. Bull. 50 724,

—emmmem- 1977, Hydrotogic siubility of salt domes. /n Martingz,
1.D. and Thoms, R.L. {¢d.), Sak dome utilization and envi-
ronmental considerations, a s¥mposium, knditute for Eoviren-
mental Studies, Lowisiana Stase University, Baton Rouge,
Lotistana, 187 198g.

Thoms. R L., Smith, C.G. Jr. and Martinez, ].D. 1976, Domal
salt plumes in groundwater: Proc, Tnterrational Conferenes on
Finite Elemems in Water Resources, Princelon Universiy,
July, 1974,

Trusheim, F. 1960, Mechanism of salt migrotion in northern
Germuny: Amer, Assar. Perrol, Geol. Bull. 44 15131340,

R T

H
Ed
4
H
¢
:




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

