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ABSTRACT 

The Department of Energy is proposing to demonstrate the acceptability of 
geologic disposal of radioactive waste by locating a Waste isolation Pilot 
Plant (WIPP) in the sale beds 26 miles east of Carlsbad, New Mexico. The WIPP 
will serve as a permanent repository for defense generated transuranic 
contaminated waste and will also bo used as a facility in which experiments 
and demonstrations with all radioactive waste types can be conducted. Rock 
salt has been the leading candidate lor geologic disposal of nuclear waste 
since the National ftcadomy of Science recotmnended in 1957 that salt for 
repositories receive further evaluation. Subsequent studies have failed to 
reveal any phenomena which would disqualify nalt beds as a repository medium. 
The present area being proposed for the WIPP is the second such location in 
the Delaware Basin for which new cite data have been developed; the first site 
proved geologically unacceptable. Geologic and socioeconomic aspects have 
been investigated and extensive geophysical# geologic and hydrologic studies 
have been conducted to allow an evaluation of site acceptability. This paper 
will deal principally with the gooteclmical aspects of cite characterization. 
These studies are now sufficiently complete that the SLte can be recommended 
for further development of the WIPP. 
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GEOLOGIC REPOSITORY FOR NUCLEAR WASTES 

W. D. Weart 
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Albuquerque, Now Mexico 87185 

X. .INTRODUCTION 

For twenty years the Department of Energy (DOE) and its predecessor 
organizations, the Atomic Energy Commission and the Energy Research and 
Development Administration, have pursued a research e£.£ort investigating the 
phenomena accompanying the emplacement of radioactive waste in rock salt. 
T is program, which has not revealed any effects which would preclude the use 
of salt beds for geologic disposal of radioactive waste, has led to the 
implementation of the Waste Isolation Pilot Plant (WIPP) project. 

The WIPP, as presently conceived (Figure 1) will utilize the deep salt 
beds in southeast New Mexico to provide geologic isolation for trar.suranic 
(TRU) contain'.! ated waste generated by United States defense programs. In 
addition, the WIPP will provide an underground "laboratory" where realistic 
and large-scale tests can be conducted using high-level waste (HLW). While 
variations and additions to this WIPP mission have been proposed from time to 
time (the charter for this facility is presently under discussion within the 
DOE) these two central features have remained a fundamental part of the WIPP. 
From the outset, however, site selection has been conducted utilizing siting 
factors appropriate for a high-level waste repository in order to provide as 
much flexibility for future options as possible. 

II. Sl-x'E SELECTION FOR TtlE "WIPP" 

The AEC had proposed in 1972 that salt beds near Lyons, Kansas, be used to 
develop the first geologic repository for nuclear wastes. When this specific 
location proved to be unacceptable, the United States Geological Survey (USGS) 
and Oak Ilidge National Laboratories (OliNL) evaluated existing information on 
salt bodies within the United States to determine which of them could best 
meet the site screening criteria {Figure 2}. The Delaware Basin, a structural 
sub-element of the Permian Basin, was identified as possessing the greatest 
potential for conforming to more of the site selection factors than other salt 
basins. More detailed examination (Jones, 1973, 74a,br Bachman, 1972,73; 
Brokaw, 1972) of available data for four potential regions in the southeastern 
New Mexico portion of the Delaware Basin led to the selection of an area 30 
mi!! es east of Carlsbad, New Mexico where the first two exploratory holes were 
drilled by OEIIL in the spring of 1974. Further work at this site area was 
suspended until Sandia Laboratories was assigned technical responsibility for 
WIPP and resumed exploratory work by drilling the third exploratory hole in 
the summer of 1975, This test hole encountered an anticlinal structure within 
the deep salt beds which was of sufficient magnitude to rule out use of the 
area for a repository. In addition to the unacceptable dip of the beds, a 
substantial reservoir of geopressured brine existed v/ithin the porosity 
created by fracturing c-:hydrite beds of the Castile Formation, p.ejection of 
this specific location led to a renewed investigation for an acceptable site 
within the New Mexico portion of the Delaware Basin. 
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III. SELECTION OF THE PRESENT WIPP SITE 

The renewed site selectio activities proceeded through several stages. 
These are briefly described as follows. 

Stage 1 consisted of a re-evaluation o£ the general and specific site 
selection factors to allow incorporation of•information gained since the area 
was originally chosen. The New Mexico portion of the Delaware Basin still 
appeared attractive for repository siting but an additional factor was 
established to assure that severe salt flow structures, now known to occur 
near the Caoitan Reef, were avoided. This restriction eliminated 
consideration of a band five miles wide paralleling the front of the 
underground Capitan Reef. Another factor, the avoidance of deep drill holes 
which penetrate through the cvapcrite rocks, was relaxed from a stand-off 
distance of two miles to one mile from the boundary of the underground 
repository. This change was based on consideration of studies by Snow and 
Chang (1975), Walters (1975), and Faber (1973). The implications of these 
Studies, viewed in the perspective of the site specific geologic and 
hydrologic setting in the Delaware Basin, was that even one-mile stand-off was 
very cansefji.it.ive for deep boreholes. 

The major siting criteria and factors considered arc listed in the 
following paragraphs. In most cases the nature of the factor desired can be 
indicated but not quantitatively specified a priori since the acceptable 
combinations of factors under the multiple barrier concept is so large. Many 
of the desired factors are just that - desired. They are sufficient but may 
not be necessary for long-term repository safety. The following site 
selection factors are specific to WIPP and southeast New Mexico. They should 
not be arbitrarily applied to other repositories and locations. 

Geology Criterion: The geology of the site will be such that the repository 
will not be breached by natural phenomena while the waste poses a significant 
hazard to man. The geology must also permit safe operation of the WIPP. 

Factors: Topography - Must permit access for transportation. Effect on 
inducing salt flow during excavation must be considered. 
Surface water flow and potential for future inundation must be 
evaluated. 

Depth - Repository horizons should be deeper than 1000 feet to 
assure erosion and consequences of surficial phenomena are not a 
major concern. Depth of suitable horizons will not exceed 3000 
feet to limit rate of salt deformation around the excavations. 

Thickness - Total thickness of the salt deposits should be 
several hundred feet to buffer thermal and mechanical effects. 
The desired thickness for a HLW repository bad is 20 feet or 
more to mitigate the thermal and mechanical effects at 
non-halite units. 

http://cansefji.it.ive
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Latcral Extent - The distance to structural or dissolution 
boundaries must be adequate to provide for future site 
integrity. For the Los Medanos area a distance of five miles to 
the Capitan Reef and one mile to regional Salado dissolution 
have been established. 

Lithqlogy - Purity of the salt beds is desirable to reduce the 
brim? content o£ the salt. Ponding further investigations, 
three percent brine is established as an acceptable upper limit 
for the heat-producing waste horizon. Additional geochemical 
interactions murit be considered if significant chemical or 
mineralogical impurities are present. 

Stratigraphy - Continuity of beds, character of inter-bedding 
and nature of beds over- and underlying the salt are important 
considerations in construction of the facility and in assessment 
of possible failure scenarios. 

Structure - Relatively flat bedding (<3°) is desirable for 
operational purposes. Steep anticlines and major faults are to 
be avoided. 

Erosion - While the depth factor reduces concern for erosion, it 
is desirable to avoid features which would tend to localize 
and/or accelerate erosion. 

Haturni Resources - Natural resources should be avoided to the 
extent possible consistent with meeting oth«?r significant siting 
factors. 

Hydrology Criterion: The hydrology of the site must provide high confidence 
that natural dissolution will not breach the site while the waste pose? a 
significant hazard to man. Accidental penetrations should not result in undue 
hazards to mankind. 

Factors: Surface Hater - Present and future run-off patterns, flooding 
potential, etc., should not endanger the penetrations into the 
repository while these openings are unplugged. 

Aquifers - For WIPP, the over™ and underlying aquifers represent 
secondary barriers if the salt is breached. Consequently, lev/ 
permeability and transmissivity are desirable. Accurate 
knowledge of aquifer parameters is important to construction, 
decommissioning and realistic calculation of the consequences of 
failure scenarios. 

Dissolution - Regional and/or local dissolution must not brcacn 
the repository while the wastes represent a significant hazard 
to man. While there is no general agreement as to an absolute 
time required, 250,000 years has been adopted as a conserva ive 
value in evaluating WIPP sites. 
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Hydrologic Transport - For the WIPP site selection, this is a 
secondary factor bat one which can provide a significant barrier 
to transport of nuclides if the salt were to be breached, it 
must be evaluated to allow quantitative calculations of the 
consequences of various failure scenarios. Slow transport of 
isotopes may be acceptable if more critical factors have been 
satisfied. 

Climatic Fluctuations - Possible pluvial cycles must be 
considered when estimating the effects of the above factors. 

Kan-made Penetrations - The effect of drill holes and mining 
operations on the site selection must be evaluated in 
considerations of dissolution. 

Tectonic Stability Criterion: Natural tectonic processes must not result in i 
breach of the site while the wastes represent a significant hazard to man and 
should not require extreme precautions during the operational period of the 
repository. 

Factors: Seismic Activity - The frequency and magnitude of seismic 
activity impacts facility design and safety of operation. Low 
levels of seismicity are desirable but facility design and 
operation can accommodate higher levels if anticipated. 
Faultinp/Fracturing - While open faults, fractures or joints are 
not expected in salt; the more brittle units within and 
surrounding the sale may support such features which can enhance 
dissolution and hydrologic transport. Major faults and 
pronounced linear structural trends should be avoided. 

Salt Flow/Anticlines - Major deformation of salt bads by flow 
can fracture brittle rock and create porosity for brine 
accumulation. Major anticlines resulting from this phenomenon 
should be avoided or evaluated to check on brine presence and 
anhydrite facturing. 

piapirism - An extreme result of salt flow, this feature will be 
avoided for WIPP siting. 

Subsidence - Subsidence due to dissolution of salt will be 
avoided when the subsidence adversely affects the repository 
beds or unduly accelerates the rate of dissolution to the 
jeopardy of long-term integrity of the repository. 

Regional Stability - /irens of pronounced regional uplift or 
subsidence shouid be avoided since such behavior makes 
anticipation or future dissolution, erosion and salt flax more 
uncertain. 

Igneous Activity - Areas of active or recent volcanisr or 
igneous intrusion should be avoided to minimize these potential 
hazards to the repository. 
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GeothermalGradient - Abnormally high geothermal gradients 
should be avoided to allow construction and maintenance of 
openings in salt at 3000 foot depths. High gradients may also 
be indicative of recent igneous or tectonic activity. 

physico-chemical Compatibility: The repository medium must not interact with 
the waste in ways which create unacceptable"operational or long-term hazards. 

Factors: FluJ.d content - The repository bed containing high-level waste 
should not contain more than three percent brine. The limit tor 
TRU waste has not been established, hut the same value used for 
HLV is acceptable and higher brine content may be shown to be 
acceptable in the future. 

Thermal Properties - no major thermal barritrs should exist 
closer than 20 feet above or below a HLW horizon to avoid 
undesirable temperature rises. 

Mechanical Properties - The medium must safely support 
excavation of openings even while thermally loaded. Clay seams 
and zones of unusual structural weakness should be avoided in 
selection of the repository horizon. 

Chemical Properties/Kineralocjy - Beds of unusual composition 
and/or containing minprals with bound water should not occur 
within 20 feet of a HLW horizon. This will lessen the 
uncertainties with regard to thermally driven goocheinicai 
interactions. 

Radiation Effects - While no unacceptnbly deleterious effects 
are postulated, these phenomena are presently best quantified in 
halite and thus the purer rock salt beds are desired tor 
high-level waste. 

Permeability - Salt has very low permeability and only the 
inter-heds and surrounding media are considered for siting with 
respect to this factor. Low permeability is desirable, but 
quantitative limits need not ba specified for site selection. 
(Salt permeability to gases may be important in establishing 
waste acceptance criteria.) 

Nuclide Mobility - This is a secondary factor in WTPP siting 
since confinement by the salt and isolation from water is the 
basic isolation premise. Ion sorption must be determined to 
allow quantification of safety analyses and to indicate whether 
engineered barriers (waste form and/or absorptive overpacky) 
would be beneficial. 



Another criterion, while not totally geotechnical in nature, was important 
in cite selection and is incluaca here for completeness. 

Economic/Social Compatibility Criterion: The site must bo operable at 
reasonable economic cost and should not create unacceptable impact on natural 
resources or the biological/sociological environment. 

Factors: natural Resources - Unavoidable conflict of the repository with 
actual or potential resources will be minimized to the extent 
possible consistent with meeting other significant siting 
factors. 
Man-made Penetrations - Boreholes cr shafts which penetrate 
through the salt into underlying aquiCerc shall be avoided 
within one mile of the repository. Existing min:ng activity, 
unrelated to the repository, should not be present within two 
miles of the repository. Future, controlled mining, will be 
allowable up to one mile from the repository. Future studies 
may permit still closer mining and drilling if properly 
controlled. 

Transportation - Transportation should be capable of ready 
development. Avoidance of population centers by transportation 
routes is not a factor in WIPP siting. 

Accessibility - The site shrvjld be readily accessible for 
transportation and utilities. 

Land Jurisdiction - Siting will be on federally controlled land 
to the extent possible. 

Population Density - Proximity to population centers and rural 
habitats will be considered in siting, Low population density 
in the immediate site area is desirable. 

Bcolt>g_ica.l Effects - Major impacts on ecology due to 
construction and operation should not occur. Archaeological and 
historical features of significance should be preserved. 

Sociological Impacts - Demographic and economic effects should 
not result in unacceptable sociological impacts. 

The siting factors having the greatest impact on location of the WIPP site 
may be summarized 35 follows: 

Avoidance of areas within one mile of any borinn through the Ochoan 
evaporito^ and into the Delaware or deeper formations. 

Salt of high purity at a depth between 1000 and 3000 feet. 

Avoidance of areas where dissolution had advanced to the top of Salado or 
deeper levels, by establishing a distance of one mile cr more from 
dissolution fronts at the top oi: salado. 
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Avoidanco of possible salt deformation in a belt six miles wide basinward 
from the Capitan Reef. 

Avoidance of pronounced known anticlinal structures. 

Avoidance of known oil and gas trends. 

Avoidance of the known potash enclave above the repository and minimizing 
conflict with the known enclave in the buffer zone. 

Minimize existing potash lease rights within the three square mile 
repository area. 

Minimize state and private land in the 30 square mile area to be withdrawn 
for the site. 

In stage 2 of the WIPP site selection these criteria and factors were 
applied to all areas within the Delaware Basin in New Mexico (Griswold, 
1977). Figure 3 illustrates the result of application of the expanded set of 
criteria. Two sites survived the constraints imposed by the above site 
selection factors. New field studies specific to these areas were not 
conducted at this stage. 

The third stage of site selection required detailed evaluation of the aeea 
selected in stage 2 on the basis of the initial reconnaissance. It was 
possible that this detailed study would reveal that some siting factors t'ould 
not be ideally met. Xt is unlikely {and unnecessary) that a site will be 
ideal with respect to all selection factors. Similarly, it is unnecessary 
and, indeed, impossible to prove that the "best" site has been selected. The 
detailed extent of investigation in stage 3 site characterization is such that 
all prospective sites cannot b« examined in this detail. Rather it is 
sufficient to establish that an adequate, safe, and acceptable site has been 
identified. This requires that potential failure nodes and hazards be 
recognised and that siting factors take them into consideration. 

Since only two alternate sites in the New Mexico part of the Delaware 
Basin withstood the set of stage 2 siting criteria, the selection of a 
preferred site was fairly straightforward. The selected site, now known as 
the Los Medanos site, was clearly the preferred location. Alternate II was 
considered less desirable because it was restricted in size, the acceptable 
salt zones were deeper, and the high-purity salt lying between the Cowden 
anhydrite (in the lower Salado Formation) and the Castile was thought to be 
absent. The top of the Salaoo was about 800 feet deep at Los Kedanos versus 
1500 feet at Alternate II. Other factors that favored the selection of the 
Los Medanos area were: 

Structural interpretation of what seismic data was then available to 
Sandia indicated the Los Medanos site would be in a synclinal area 
unfavorable for oil, and gas accumulation. 

Similarly, if the site were in a syncline, geopressurcd brine reservoirs 
would be less likely. 
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The Alternate II area lay adjacent to the Double X and Triple X shallow 
oil fields where water flooding Cor secondary recovery could occur. 

Sandia Laboratories selected the Los Medanoc alternate as the best 
candidate area in early December, 1275. Site evaluption and exploration 
activities were then expanded to focus on obtaining subsurface data at the Los 
Hedancs site. This constitutes stage 3 of the site studies which are 
summarized in Powers, et. al», 1978. 

The area identified for detailed cite studies is located approximately 26 
miles east of Carlsbad, New Mexico (Figure 4). The area to be withdrawn if 
this site is approved is shown in Figure 5. Geologically this cite is 
situated in the northern part of the Delaware Basin, a sub-element of the 
Permian Basin, which contains extensive, thick cvaporite deposits of salt and 
anhydrite of Permian (200 million years) age (Figure 6). Extensive 
geophysical surveys, geologic and liydrologic studios and numerous boreholes 
have been utilized to evaluate the region with respect to the site selection 
criteria. The broad scope of geologic information required for site 
evaluation, both before and after site selection, has and will continue to use 
most of the basic earth science methods of investigation. These invest <_atury 
tools fall into the major categories of field geology, geophysics, 
geochemistry, and rock mechanics. Application of these disciplines to studies 
relevant to the WIPP site will be briefly summarized in the following 
paragraphs. 

IV. FIELD GEOLOGY 

Whjle all the geotechnical methods used for site evaluation may be 
considered fundamental to the development of geologic knowledge, the term 
field geology is here restricted to those investigations and correlations of 
regional and local features that are available to the geologist through 
surface? mapping, aerial photography, satellite imagery, and interpretation of 
borehole and other subsurface data. 

The basic starting point of the present investigations was the preparation 
of a good base map on which the topography, geomorphology, and surface geology 
could be displayed. Existing USGS topographic quadrangle naps and newly flown 
aerial photographs were both used for this purpose. Aerial photos, in both 
color and black and white, were used for the surface mapping of geologic 
features. Larger scale features were derived from satellite imagery obtained 
for the southern New Mexico-west Texas area. Lineations, which may often only 
be discerned in aerial views, were investigated on the surface to determine 
whether they were geologically significant. 

Surface geology was compiled starting with earlier investigations of the 
area reported in the literature. It was necessary to supplement this work 
with mere detailed mapping of geologic units in the immediate vicinity of the 
proposed site. Visual inspection and identification of rod; units was 
necessary at this stage.and required months of field work to accomplish. 
Observations of geomorphology and vegetation changes were often useful in 
identifying geologic features for mapping. 
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Subsurfao? geology was established using several linos of evidence. 
Existing research data reported in the literature was the starting point. 
This was supplemented, and sometimes amended, by acquiring proprietary data 
from petroleun and potash companies that have conducted exploration in the 
region. Vast quantities of information exist in southeastern Now Mexico, both 
from drill hole tests and from geophysical methods. Final details necessary 
for evaluating the prospective site were provided by drilling and coiing holes 
for stratigraphic information and conducting geophysical studies to hej.o map 
formations between boreholes. 

The 54 boreholes drilled as part of the VJIPP site evaluation have servod a 
variety of purposes and many are multipurpose. About 20 of these holes have 
been used to acquire hydrolagic data and an additional three holes have been 
principally for dissolution and/or paleoclimatic studies. Ten hoL-?s were 
exploratory borings to acquire stratigraphic and lithologic data for the site 
and to evaluate geophysical indications of possible subsurface structures. 
Finally, 21 holes to obtain samples for potash assay were drilled to 
supplement about 30 potash industry holes. This allowed a one-mile sample 
grid to be cr;.pietcd over the proposed site. All these drill holes were 
logged and many wore cored and drill-stem tested to acquire formation property 
data. 

With the exception of ERDA 9, which was driMod to proposed repository 
depths at the cc-ntcr of the site, none of the other drill holes within one 
n.iie of the three square niJc repository zone penetrate to repository depths. 
A dril] hole soon to be completed one mile north of the site center will be 
the second hole to sample the repository horizon in the vicinity of Hie 
eventual reposiLory. Locations of all holes drilled for WIPP as well as prior 
existing holes within the KIPP stt-: area are shown in Figure 7. 

Cores from boreholes ore measured and located relative to the ground 
surface, described and identified in field notes, and photographed. 
Lithologic and stratigraphic logs are prepared from examination of the 
samples. Those portions not used in subsequent analyses and tests are sealed 
in plastic bags, labeled, and stored. All this information is assembled into 
structural contour and isopach maps for the different geologic formations ot 
interest. 

Geomorphologic, topographic, surface and subsurface geologic maps are all 
used to interpret the geologic history and tectonic setting of the area. In 
certain instances, paleontolcgical or paleobotanical information is usef-ul in 
establishing chronology o£ events, toicropaleontolagy is being used in the 
WIPP program to provide a more thorough understanding of solutioning processes 
and their rates since Pleistocene time. Samples are obtained by coring 
deposits ir. so]ution sinks in the Delaware Basin. Geochemical studies and 
radiometLic dating, coupled with these other studies, allov:c development of a 
chronology of events and an estimate of process rates, and provides some 
confidence that forecasts into the near geologic future will not be 
unreasonable. 
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V. GEOPHYSICS 

This discussion of geophysical techniques used to aid WXPP site 
investigation includes both borehole geophysical logging and exploration 
methods applied at the surface. 

The borehole logs that are employed may vary from hoie to hole depending 
on what information is desired. The following logs are those most coaTonly 
used. 

Caliper lcg<-> are obtained for nearly every VHP? hole and provide 
intonation on physical dimensions of the hole. Variations in hoie dimeter 
may correlate* with certain horizons and litho.logic units. Caliph logs are 
essential to proper interpretation of several other types of logs. 

Resistivity logs are obtained in all stratigrapnic test hoi<_s. They are 
useful in correlating formations, identifying u.iits nc-̂ ring brine, and 
providing data tc assist in interpreting surface resistivity sun/cys. 

Sonic Jogs t.11. run in all stratigrap'iic boreholes. They arc particularly 
ur^Tul in identitying different rock unit:: with distinctive sonic velocities 
and provide essential information to permit ties of scisimc reflection data to 
absolute depths and horizons. 

Ken tron logs sre run in r.or.t holes drilled for WJI'P to obtai n i -tfcj Mat I on 
on wdtci o* brip" ccntent ol th-i various rô !-. units penetrated. Heut ror.-g.-.̂ na 
logs may a^so bo used to estimate the toirr.aticn der.oity. 

Gar.v,'3 logs ere ^Iso run routinely. These logs arc sensitive indicators cf 
shale r,r clay seams in the halite and also indicate ths presence of polyhalite 
or otlioi potassiu.r: bearing minerals. 

Other logs were run less routinely to develop specific data in certain 
holes. On ERDA 9, in the center of the proposed site, a r.umber of different 
logs not ordinarily \isod were, run r.o evaluate their utility in futn. o site 
investigations. Seisviewor log provided information on formation fracturing; 
borehole gravity measurements allowed average rod: density to any depth to be 
determined. Up-holy velocity logs gave sonic velocity averaged over th^ 
interval ! ro.V: the surface to any desired depth in the hole. P;v ions oi>tn:-.d 
dat-j on romitim fittir ijder, while inclination, deviation, and/or gyroscopic 
logs "«i-'re used to establish the position c£ the hole ";*j a [unction of depth. 
In AivJ 8, a sensitive th;_rn-ii-temperature log was used for dotormi net ion of 
gcothrrrcal gr?.di':nt and ŝr.oc-iated anomalies that may provide hydrologic and 
tectonic insights. 

Drill stem tests, whil^ not considered geophysical logs, were use.i in ..<->:iie 
holes to test certain inte-'.-aJs for their reservoir characteristics and to 
sample for presence ot format ion tlui ds. Continuous monitoring of di i.l ling 
fluid, on those holes being drilled to the Salaco or deeper, allowed sensitive 
thre^hsld detection of s'jch giscs as nitrogen, met hone, carbon monoxide, 
carbon dio>:ide, and hydrogen sulfide. This monitoring is for both safety and 
diagnostic purposes. 

file:///isod
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Exploration geophysics techniques have been used at the HIPP site with 
varying degrees of usefulness. Among the useful methods are those described 
in the following paragraphs. 

Seismic reflection techniques hove been extensively used to provide 
information on the structure and depth of subsurface formations at WIPP. 
Early in the preliminary site evaluation, 1500 line miles of existing 
petroleixn company reflection data and 2C line miles of a newly acquired 
seismic reflection survey were examined for evidence of major faults and other 
structures. The nature ol the data limited its usefulness for examination of 
shallow {less than 4000 ft) horizons. Information on shallow horizons was 
subsequently acquired by instituting 43 line miles of special seismic 
reflection surveys. Conventional oil field gear (vibroseis) was used with 
closer geophone spacing and with vibroscis source and recording adjusted to 
provide better roL.. .tion r.L depths lee a than 4000 ft. Experience has shown 
this technique can • ovide good information on reflectors in the Castile and 
below, but must be u.,ed with c great deal of caution when attempting to define 
the attitude of the top o? the Salad-). Reflections from this horizon and 
depth are erratic. An additional 65 line miles of reflection data is now 
being acquiror1 to provide engineering definition at depths of potential 
repository horizons. 

Only a limited amount of seismic refraction work was carried out to 
determine weathering conditions fot tb.n reflection work. Where possible, 
sonic logs or up-holo seismic velocity surveys were preferred for this 
purpose. Additional refraction worl; will be conducted to obtain information 
for foundation design. 

SoisMOlogical earthquake monitoring has been conducted on snd near the 
WIPP site to help establish the pattern of tectonic-related seismic activity. 
A single station has operated at the Lor: Medanob area for four years to 
document local seismic activity. This station will be expanded to an array 
which will continue throughout the operational life of the facility. A 
seismic array has been operating near Hermit, Texas, on the Central Basin 
Platform, Vo establish whether seismic events originating there are natural or 
are induced by oil-field flooding operations. 

Surface electrical resistivity proved to be a valuable tool to scar :h for 
dissolution related features in the Delaware Basin. Resistivity surveys over 
known deep soJution features, such as roughly cylindrical collapse chimneys or 
"breccia pipes", give characteristic signatures. Consequently, closely spaced 
resistivity surveys were made over the site to examine it for these 
anomalies. Indicated anomalies were then confirmed or denied by test 
drilling. The surveys, using a modified Werner electrode array, were run 
along linos 500 ft apart over the entire 30 square miles of the site area and 
resulted in about 9000 data points. An "expander" or Schlumberger array was 
used to investigate changes in resistivity with depth at a given location. 
The latter configuration was used to determine whether low resistivities were 
associated with the presence of the brine aquifer. One resistivity signature 
typical of local dissolutioning was observed at the WIPP site. Drilling at 
t!1..:- location indicated the resistivity "anomaly" was not due to 
diiisolufcioning but rather to greater porosity in redbeds near the surface. 
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Magnetic methods were employed to search Cor both regional and local 
features expected to show magnetic contrast. Existing aeromagnetic surveys 
of the Delaware Dasin were examined Cor indications of major faulting or 
igneous intrucives. A known igneous dike nine miles northwest of the site was 
the only intrusive observable in these data; a higher resolution survey will 
be used to examine the region near the WiPP site Cor similar but loss evident 
intrusives. Samples from the intrusive body northwest of the WIPP site have 

' been dated at nearly 35 million years old. 

Gravity data for the Delaware Basin were examined for indications of major 
geologic structures and for their utility in detecting collapse features. The 
absence of the former in the WIPP site and the failure of collapse features to 
exhibit significant density differentials limited the usefulness of the 
gravity technique. 

First-order level lino surveys tied into the national grid established by 
the National Geodetic Survey (NGF.) were made by HGS within the regional and 
local cea of the W/PP site. These permanent stations will be periodically 
reoccupied to detect tectonic movements and subsidence due to natural 
dissolution and potash mining. 

Radiation surveys, principally for total gr.mmar have been conducted in the 
area to establish natural background. P.cforo introduction of radioactive 
waste into the repository a high resolution regional, local, and underground 
radiation survey will be carried out. Continuous monitoring of airborne 
radioactivity will be carried on at the site throughout construction and 
opetatioi of the WIPP as it has been since the Los Modanos area was identified 
as a tentative site location. This monitoring is mentioned in the geologic 
methods section since there is a contribution to surface radiation background 
in the region from mining activity. The greatest anticipated release of 
radioactivity from the WIPP, while extremely minor, will be due to release of 
natural radioactivity from the mined rock. 

VI. GEOCHEMISTRY 

Geochemical techniques have been used to determine mineralogy, chemical 
composition, fluid content and composition, age of rocks, and 
post-depoFutional history of recrystallization. Mineralogy has been 
determined through visual inspection, petrographic microscope examination, and 
X-ray diffraction. When large numbers of samples are involved. X-ray 
diffraction haa been the preferred technique. 

Chemical composition has been obtained by analytic chemistry, atomic 
absorption methods and X-ray fluorescence. For most purposes atorric 
absorption is preferred. 

Fluid inclusions in salt may be counted by microscope examination and the 
mass of fluid may be determined by crushing, heating, and recording weight 
loss of the sample. In favorable samples the effluent may be analyzed by gar? 
chromatography or the use of a mass spectrometer. Inferences on fluid 
inclusion composition may also bo obtained by cooling the sample and observing 
the "freezing" point. 
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Brines may bo studied i or clues to their pant history by applying mass 
spectrometry lo obtain l f su/ 1 60 and deuterium/hydrogen (O/HJ ratios. 

Age datirsg of evapociti-r; has been attempted by examine ion cf Rb/Sr 
ratios, Dating of old bnr,<>:; has b<r-n attempted by the 234(^238^ 
disequilibrium mot hod. Satisfactory ago doting techniques lor old brings and 
evaporitos aic not well d»_*voloped. 

VII. ROCK MECHANICS AND BULK PROPERTIES 

Rock mechanics method-; described here include both physical and thermal 
tests applied to roc!; specimens. 

Elastic <ind strength properties of the saJ t and other rock samples arc-
determined by stressing rsnclumxj specimens under both uniaxial and triaxial 
test conditions. Special creep-test apparatus has been built to determine 
theological properties as a function of cemperaturc and pressure applied over 
long periods of t.'me. 

Permeability ot salt to various g;j::cs 'He, N^* **2̂  h a s been 
established \yy laborato: y tr-:;t.y an single cry., jis and on rock cores. 
Variations in permeability as a function of py-suro are also measured. 
Jn-situ tests will be conducted in potash mini-: in the future. 

Thermal properties have been measured on laboratory samples 2nd on one 
meter diameter bench scale samples. Parameters determined are thermal 
conductivity, diffusivity, eypannion coefficient, and specific heat capacity. 
Radiant heat transfer has alio been examined and found to be relatively 
minor. These properties are determined using standard ial>oratory test 
techniques on 10 cm diameter cores. On larger, bench-scale samples, holes are 
drilled into the block for installation of heater elements, thermocouples, and 
strain gauges. These. te?;ts allow determination of average properties more 
representative of in-situ conditions. 

Radiation effects on WIPP salt have also been examined in laboratory 
tests. Induced crystal lattice defects resulting in "stored energy" are found 
to be similar in magnitude to those described in the literature for other 
salts. 

VIII. HYDROLOGXC TESTING 

T-he objectives of the hydrologic testing program at the potential WIPP 
s i t e are to determine the s t a t i c head or reservoir pressure, the 
water-yielding potential of the rock s t ra ta , and the chemistry of formation 
waters. Ccsimonly, these hydrologic tests are raado in e::ploratory tes t lioies 
either during dri l l ing or after the hole has been dri l led to tota l depth. At 
the present time, nydroloyic data is available from 20 holes dri l led lor the 
WIPP project. Two of these sample the aquifers below the evaporite beds and 
deep aquifer data from other nearby holes will become available in the next 
two years. The regional hydrology of the deep tonnationc is adequately 
characterized, by previous investigations (Hiss, 1975) . 



-16-

The methodology applied in developing the hydrologic model is to 
characterize the- hydrologic system in detail at the repository and develop 
data at larger intervals .JS the distance from the repository incroar.es. There 
are four triangular r.ests of throe hydrologic holes each with spaemgs of 50 
to 100 feet between holts. The next larger scale employs spncmgs ot: 0.5 mile 
between test points. These hole:; in turn form part of a still larger grid of 
hydrologic holes which surround the site at a spacing of two to three miles. 
These data have permitted development of a ir̂ del to be used in calculating the 
consequences ol postulated breaches of the repository. The hydroloyy at the 
cite is relatively favorable* in that the quantities and flow rates arc very 
.Tow and the quality of the water is so saline it is not potable. 

IX. SUMMARY OP SITE CHARACTERIZATION ISSUES 

Information gathered on the geotechnicnl aspects of the piopo-ied R< te has 
been evaluated with respect co the siting factors previously listed. Studies 
by Anderson (1978). B^liman (1974) and other earlier investigators have been 
useful in indicating the pass blc geologic teatutes in the Delaware Basin that: 
could pose threats to long-term repoiitory integrity. Site selection was 
structured to search for ami avoid these feature;!. Those factors with 
greatest potential inpact on WII-l- site selection will be briefly discussed. 

Since the most plausible natural mechanism for breaching the repository Is 
through dissolution of the salt barrier by groundwater, this aspect was gii/on 
extensive study. Regional geologic studies (Anderson, 1978; Dacliiaan, 197-1) in 
the Delaware Bacin have revi-aled areas of p.-st and present dissolution 
activity. Kr.owledye of there regional dissolution fronts and of local 
coDspso features due to salt dissolution has allowed implementation of 
geophysical investigations to assure that such features do not exist in, or 
near enough to, the site to present a hazard to long-term repository 
integrity. Geologic studies (Piper, 1973* Eachman, 1974; Brokaw, 1972) 
indicate the regional dissolution front west of the site area (Figure 4) is 
progressing eastward at a rate of: less than six to eight miles per million 
years and is novmg downward at a rate of less than about 500 feet per million 
yeai's. These conservative values assure the repository beds will not be 
breached by regional dissolution for many million years. Since these are 
average rates covering the past GOO,000 years, the effect of previous pluvial 
cycles is included and, consequently, the forecart also incorporates the 
effect of similar future pluvial cycles. 

Application of Rb-Sr isotope geochronology methods to the bedded salt 
deposits of the W1PP area indicate no significant recrystallization or 
formation of brine within the Salado salt since early in its diagenosis over 
200 million years ago. Examination of petrographic structures and mineral 
relationships support these observations, it is evident, however, that some 
beds such as those containing sylvite or polyhalite, did experience mineral 
replacement and rccrystailization during diagenesis. The natural lony-Leim 
stability of the sitf and avoidance of those local dissolution features, which 
have the potential tor jeopardizing the long-term integrity of the repository, 
provide ? high confidence in the ability of the site to isolate wastes from 
the biosphere- for very long ctT.es. 

http://incroar.es
http://ctT.es


-17-

Local dissolution features are recognized in the Delaware Basin. Thosr-
may bo of either shallow or deep origin, ̂ nd it is the latter which ray pose 
the greater pot^n^'al hazard to the repository, 'fiiose features, often called 
collapse chimneys or broccia pipes, form when I V M lized dissolution occurs 
deep In the evapnriro section, possibly at the base of the salt bods, 
resultiny in a void into which overlying bods col lapse. Those collapse 
chimneys are known to exist in portion;: of the basin which have soon extensive 
dissolution activity. Seismic and resistivity surveys reveal these features, 
and application of these techniques to the site area indicate the site area is 
free of tiiom, studios are in progress to better understand the genesis ol 
collapse chimneys and to evaluate the ago, chronology, permeability and the 
dissolution consequences to adjacent salt beds lor a known chimney. 

Dissolution may also occur truough man-made boreholes if these holes 
penetrate through the salt and establish water circulation by connecting 
water-bearing rocks above and below the salt beds. To mitigate against this 
concern, a conservative buffer of one mile between th<"- rep-sitoty and any such 
holes has been required. When an adeqiul.e borehole plug has been 
demonstrated, it may be possible to relax this restriction. 

Geologic features such as anticlines and faults have be<"*n considered in 
site selection. Salt flow structures, which are known to be present in 
portions of. the Delaware Basin, puiy distort the roc!; units sufficiently to 
make mining operations difficult and m y also load to frnerire of the more 
brittle anhydrite beds occurring within the salt. This fracture porosity may 
allow brine to accumulate and, in scne I n".tances, form br i no resoj vol rx ol 
significant volume. These features may i><-* o-'tocl'fi and eruirtinod by seismic 
surveys and by dr iJ ling exploratory holes when indicated. The wii'P site i s 
believed to be free of unacceptable salt flow structures. Likewise, should 
major recent faulting exist near the repository it could be a concern for 
long-term repository integrity if it shouLd lead to incroas. d rates o^ 
dissolution. Open faults or fractures within the salt are not observed c 
anticipated due to its plasticity hut overlying aquifers and aquitarda could 
bo affected by faulting. Techniques >sed to search for faults at the WIPP 
site are field geologic mapping, aerial and satellite imagery, and the 
geophysical investigatory techniques of seismic reflection, resist I v\i-.y, 
aerornagnetics and gravity. No active or quaternary faults of tectonic origin 
have been detected within the WIPP site. Instrumental monitoring since 197*1 
confirms very low seismicity at the WIPP site and surroundings; caliche 
formation and position indicates tectonic stability for more than a half 
million years. 

Natural resources within any major salt basin are an ever-present 
potential. In preliminary siting of WIPP, knewn hydrocarbon trends and potash 
deposits were avoided by the three-square mile repository area. Sooie potash 
and potentially some hydrocarbons exist within the buffer zones established 
for HIPP. The estimated r.mount of these resources within WIPP zones I, II and 
III (Figure 5), which may not be exploited if WIPP is developed, are 13.1 
million tons of potash product (K2O); 23.5 billion cubic feet of gas and 
42.5 thousand barrels of oil. Many of these potash resources may not be 
economically recoverable depending on many economic *nd mineralogic factors. 
For example, the United States Bureau of toines studies (1978) indicate as much 
as 5.5 million tons of potash product may be presently "economic" out of the 
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total 13.1 million ton resource. The hydrocarbon rcr.ourcn arc those 
estimated to be presently "economic* The:-*.' resource values arc small 
compared to the total United St-ft<--s resourc- •; hut jr.ust lie considered .in a 
potential target or inducement lor tuture liberations. 5tuui<-s now underway 
may chow that these resources can fro developed without jeopardy to the 
repository. The issue oi future penetratu*:is by man in one that cannot, 
however, bo ruled out. Thin is true tor any geologic repo.-itory but the 
probability ol such pon.-tration rr..-,y be so-H---.-h.Jt gi^ater lor ::odisolitary and/or 
salt basins. This eventuality is considers! in the repository r.ai'ety analyses 
by determining the consequences of such penetrations if they -jhouUi occur. 

Future penetration oF the repository by man is one or the several 
potential failure scenarios which has been CM Iculated. One particular 
scenar:o which will he described assumes an on^n, unplugat-d bor.-hoie 
penetrates through tlK- repository and connects aauifera above and below the 
salt. This case is ol ir.uch greet..-r concern Iban lor a hole which terminates 
within the salt. In thin latter instance, tli-rc is no mechanism to continue 
dissoJuticning of salt and the h'.Je W J H ar.n!::.M3v be squeezed closed. Using 
the hydrolojic parameters exp-?fjjr:'-n tally estnbl irhed for the WH*l» cite, the 
dissolution ot salt by water tin.-; in the herein le and transport of the various 
radioisotop-s through the aquifers has been calculated and concentration:: 
and/or possible body burdens of radioactivity d'-tor mined, Figure fla 
illustrates results of calculations for the c :•• where the penetration occurs 
1,000 years aEtct sealing a repository which has teen filled with both TR'J am' 
high-level defense vas^c. Conservative (worst case) assumptions have l>oen 
used i or this particular calculation. For o::a-:*ple, it is assunod that the 
waste dissolves as i ap. Jly as the salt and tii tt the maximum permeability oi 
the measured range ol -'.".lues exists throughout the site area. Transport of 
tronsu'.aiiic isotop-js through the iusstler aquifers to the e:-.it point at Malaga 
Bend on the i":;cos Rivetj about 14 miles away, in such that it requires about 
100,coo years for uranium isotopes to reach 'ineir maximum concentration. At 
this tine, a hypothetical man who daily ingested the amount of radioactivity 
contained in 20 liters of Pecos River water would, over a 50-year lifespan, 
accumulate u whole body dose less than the annual whole body dose accjuired in 
one year due to natural causes. (The fact that the salt content in this water 
would soon bo lethal is bsing ignored for those calculations.) There is 
negligible contribution to th-j radioactive burden from pluton:-jn isotopes due 
to their high sorption and retardation in t!«* aquifer system. During the 
100,00(j yoacs following the postulated repo.i toi •;• breach, plutonium 
concentrations in th& Pecos River, as indicated by the calculations, v.-ould not 
exceed 10~ 2^ jiCi/litcr. Thorium isotopes also have a high adsorption 
coefficient b'.:t she.-- greater discharge concentrations than plutonium because 
they represent daughter products of the moi:e rapidly transported uranium 
isotopes. 

One may also examine the concentration in the aquifers at points closer to 
the repository, figure 9 illustrates the concentration profiles at » distance 
of either 1.0 or 0.83 miles from the repository breach for the three isotopes 
which attain the highest concentration relative to present maximan permissible 
concentrations (MPC) in wat'-. Ncne of these hhre*j isotopes, 1 2 9 I , 2 2 6 R a 
and 2 3 6 U , reach their cur rem*. MPC in this scenario. The fluctuations in the 
1 2 9 I cuLve represent the epqulOrient- of successive HLW rooms by the solution 
f ront. 

http://so-H---.-h.Jt
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Similar calculations have boon performed for a store covers but roucn Ices 
plausible scenario (Scenario II) which assumes the repository failure occurs 
at 100 years after decorrcnissioning by massive (1 x 10 6 liters/year) flow ot 
water down into tho repository at one edge and back out to the nam'1 aquifer at 
another point in the repository, dissolving only the salt and wanto in the 
repository horizons. The isotopes of significance for this time fram^ which 
were not important in the 1,000 year breach are strontium 90 and cesium 137. 
The time for transport to the biosphere at Malaga Bend on the Peco:: River is 
long enough that neither isotope represents a significant hazard. The 
transuranie concentrations shown in Figure On are higher tor this scenario 
than for scenario 1 due to tho solution*ng mode, not the c-arlier time Jrame at 
which the repository breach war: postulated. For this scenario, intercepting 
the aquifer with a drill hole at a distance of one mile would find 
concentrations, 200 year;; after the breach, above current MPC's for 9l^sr and 
*^Cs. The case for *^'cs {Figure 10} shows that concentrations at three 
miles remain about four orders of magnitude bolow MPC. These calculations 
also assumed the upper values of measured permeability and that the waste 
leaches as rapidly as the salt dissolves. More realistic Jeach rates lor the 
100 year time frame arc being determined and will be applied to this 
calculation. Pignificant reduction in the near-itold aquifer concentrations 
are expected i rem this refinement and the near-tield concentrations are not 
expected to exceed current KiCs. 

X. CONCLUSIONS 

Geotechnical studies ot the WIPP site "'or the past three yr-arr have 
examined the site with rcsp-.-ct to fact-ors listed in the first part of this 
paper. The data available to date indicate the WIPP site satisfies all the 
desitabic featmoe with the exception of soxe conijict with natural 
resources, while it is possible that future repository mining or improved 
understanding of: geologic processes could reveal aspects undesirable for a 
repository, thc;:o prospects aro unlikely and a rcco:iaicndation can nc-.-.' be made 
to proceed with WIPP planning based on a site in the Los Mcdanos arcu of 
southeast Hew Mexico. A potential breach of the repository through 
penetration by human activity cannot be dismissed and is believed to be more 
liiic-ly to occur than natural failures ot the geologic barriers. Calculations 
have been made to evaluate the consequences of such violations of tho 
repository. These calculations indicate, even when adopting extremely 
conservative assumptions, that the potential hazard to tho general population 
due to human penetration of tho repository in the distant future is very 
slight - less than that due to naturally occurring radiation. 
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Pigure 1 Actist's Concept of WIPP. The WIPP will be constructed at two 
different levels. HLW experiments and higli gam.ita TRU will be 
placed in the lov;cr horizon. The bulk of the TV.U waste will bo 
on the upper level. New waste disposal corriflors will be mined 
as existing rooms are filled. 

Figure 2 Distribution of Rock Salt Deposits in the United States 

Figure 3 Application of Site Section Factors to the to Delaware Basin 

Figure 4 Location Hap for Proposed WIPP rite. WIPP is located 26 miles 
east of Carlsbad, Hew Mexico, other features of interest to 
site selection shown on this map are the salt dissolution front 
and the 1976 location of the potash leasing area. 

Figure 5 WIPP Site/Zone Map. Zone I contains surface facilities and Zone 
II encompasses the repository. Zone III is a buffer zone in 
which deep drilling and mining are not allowed. Zone IV is a 
control zone in which prescribed drilling and mining may occur. 

Figure 6 Geologic cross Section at the WIPP Site. ERDA #9 is a corehole 
in the center of the proposed sitr>. Depths to the Salado 
horizons proposed for the repository are about 2100 and 2600 
feet. Any potash mineralization, if it exists, is within the 
McNutt Unit, several hundred feet above the repository horizons. 

Figure 7 WIPP Drill Hole Locutions. Both pre-existing and V?±PP 
investigatory holes are shown. 

Figure 8a Transuranic isotope body burdens for a Scenario 1 failure of 
repository containing both HLW and TRU wastes. Integrated total 
body dose by isotope for a 50 yoar "Malaga Man" is shown and 
compared to existing standards and yearly natural exposures. 
Event initiation at 1,000 years after sealing. 

Figure 8b Transuranic isotope body burdens for Scenario 2 failure of 
repository. Integrated total body dose for 50 year "Malaga man" 
is shown and compared to existing standards and yearly natural 
exposures. Event initiation at 100 years from sealing. 

Figure 9a 1 2 9 l Concentration Profile in Rustler Aquifer at 1 mile from a 
Scenario 1 repository breach. Maximum measured permeability 
used in the transport calculation. Breach initiation at 1,000 
years after sealing. 

Figure 9b ^26 R a concentration Profile in Rustler aquifer at 0.8., mile 
frô i a Scenario 1 repository breach. Maximum measured 
permeability used in the transport calculation. Breach 
initiation at 1,000 years after sealing. 

http://gam.it
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Pigure 9c 2 3 6 u Concentration Profile in Rustier aquifer at 0.83 mile 
from a Scenario 1 repository breach. Maximun measured 
permeability used in the- transport calculation. Breach 
initiation at 1,000 years after sealing. 

Figure 10 ^ 7 C s concentration in the Hustler aquifer at 0.14, 1, and 3 
miles from a Scenario 2 breach initiated 100 years after 
sealing. Maximum measured permeability used in the transport 
calculation. 
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