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ABSTRACT

Five years of earth science characterization of the proposed WIPP site
provide a high level of assurance that the area is satisfactory for
development of a geologic repository. Ecological investigations and
sociceconomic studies have indicated only relatively benign impacts will occur
from construction, operation and long-term aspects of the repository.
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INTRCDUCTION

Por twenty years the Department of Energy (DOE) and its predecessor
arganizations, the Atomic Energy Commission and the Bnergy Research and
Development Administration, have pursved a researci effort investigating the
phenamena accompanying the emplacement of radiocactive waste in rock salt,
This program, which has mot revealed any effects which would preclude the use
of salt bads for geologic disposal of radioactive waste, has led to the
implementation of the Waste Isolation Pilot Plant (WIPP) project.

The WIPP, as presently conceived (Pig. 1), will utilize the deep salt beds
in southeast New Mexico to provide geologic isolation for transuranic (TRU)
contaminated waste generated by United States defense programs. In addition,
the WIPP will provide an underground "laboiatory®™ 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~lcevel waste repository in order to provide as
much flexibility for future options as possible.

GEOTECHNICAL SITE SELECTION FOR TBE "WIPP”

The AEC had proposed in 1972 that salt beds near Lyons, Kansas, be used io
develop the first geologic repesitory for nuclear wastes. When this specific
location proved to be unacceptable, the United States Geological Survey (USGS)
and Oak Ridge National Laboratories (ORNL) evaluated existing information on
salt bodies within the United States to determine which of them could best
meet the site screening criteria. The Delaware Basin, a structural
sub~element of the Permlian Basin, was identified as pos3essing the greatest
potential for conforming to more of the site selection factec:s than other salt
basins {Fig. 2)., More detailed examination 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 miles east of Carlsbad, New Mexico where
the first two exploratory holes were drilled by ORNL in the spring of
1974.1,2:3,4,5,6 pyrther 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
1575. This test hole encountered an anticlinal structure within the deep salt
heds 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 within the porosity created by the
fracturi.g of anhydrite beds of the Castile Formation. Rejection of this
specific location led to a renewed investigation for an acceptable sitas within
the New Mexico portion of the Delaware Basin.
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SELECTI®N OF THE PRESENT WIPP SITE

The cenewed cite election activities proceeded through several stages.
Stage 1 involved a re-evaluation of site selection factors as they pertain to
the Delaware Basin. Stage 2 applied these site selection criteria and factors
to the salt beds of the Delaware Basin in Southeast New Mexico. Stage 3 was
the detailed characterization of the area selected by this screening process.

Stage 1 consisted of a re~evaluation of 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 Capitan Reef, were avoided. This restriction eliminated
consideration of a band six miles wide paralleling the front of the
underground Capitan Reef. Another factor, the avoidance of deep drill !oles
which penetrate through the evaporite rocks, was relaxed fram a stand-off
distance of two miles to one mile from the boundary of the underground
repository. This change was based on consideration of several
studies,7+r8:9 qhe 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 conservative for deep boreholes.

The major siting criteria and factors considered are 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 muitiple 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 arbiirarily 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 chenomena while the waste poses a significant
hazard to man. The geology must also permit safe operaticn of th2 WIPP.

Pactors: 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 ke
evaluated,

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

Thickness - Totai thickness of the salt deposits should be
several hundred feet to buffer thermal and mechanical effects.
The desired thickness for a HLW repository bed iz 50 feet or
more to mitigate the thermal and mechanical effects at
non-halite units.
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Lateral Extent - The distance to structural or dissolution
boundaries must be adequate to provide for future site
integrity. For the Los Medancs area a distance of five miles to
the Capitan Reef and one mile to regional Salado dissolution
have been established.

Lithology = Purity of the salt beds is desirable to reduce the
brine content of the salt, Pending further investigations,
three percent brine is established as an acceptable upper limit
for the heat-producing waste horizon. Additional geochemical
interactions must 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 purpeses. 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.

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

Factors:

surface Water - 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 aguifers represent
secondary barriers if the salt is breached. Conseqguently, low
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 ani/or local dissolution must not breach
the repository while the wastes reprecent a significant hazard
to man. While there 1s no general agreement as to a~ absolute
time required, 250,000 years has been adopted as a conservative
value in evaluating WIPP sites.
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Climatic Fluctuations - Poscsible pluvial cycles must be
considered when estimating the effects of the akbove factors.

Man-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 a
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 magnitucle 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.

Favlting/Fracturing - While open faults, fractures or joints are
not expected in salt, the more brittle units within and
surrounding the salt may support such featu:es which can enhance
dissolution and hydrologic transport. Major faults and
proncunced linear structural trends should be avoided.

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

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

Subsidence - Subsidence due to dissolution of salt will be
avolded 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 — Areas of pronounced regional uplift or
subsidence should be avoided since such behavior makes
anticipation of future dissolution, erosion and salt flow more
uncertain.

Igneous Activity ~ Areas of actiwve or recent volcanism or
igneous intrusion should be avoided to minimiZe these potential
hazards to the repository.

Geothermal Gradient - 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.



st

S e

Factors:
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Fluid Content - The repository bed containing high-level waste
should not contain more than three percent brine. The limit for
TRU waste has not been established, but the same value used for
HIW 15 acceptable and atgher brine content may be shown to be
acceptable in the future.

Thermal Properties - No major thermal barriers 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 unusmal structural weakness should be avoided in
selection of the repository horizon.

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

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

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

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

Ancther criterion, while not totally geotechnical in nature, was important
in site selection and is included here for completeness.

Econcmic/Social Campatibility Criterion: The site must be 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 ke minimized to the extent
possible consistent with meeting other significant siting
factors.
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Man-made Penetrations ~ Boreholes or shafts which penetrate
through the salt into underlying aquifers shall be avoided
within one mile of the repository. Existing mining activity,
unrelated to the repository, should not be present within two
miles of the repository. Future, controlled mining, will be
allowabie 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 transportaticn
routes is not a factor in WIPP siting.

Accessibility -~ The site should be readily accessible for
trangportation 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.

Ecological 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 econcmic effects should
not result in nnacceptable sociological impacts.

The siting factors having the greatest impact on actuwal location of the
WIPP site have been rephrased and listed below. The first four factors were
accorded higher priority than the last €ive.

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

Aveidance of areas within one mile of shy boring through the Ochoan
evaporites and into the Delaware or deeper formations.

Avoidance of areas of deep dissolution where dissolution had advanced to
the top of Salado, by establishing a distance of one mile or more from
dissoluticn fronts at the top of Salado.

Avoidance of possible salt defommation in a belt six miles wide basinward
from the Capitan Reef.

Avoidance of pronounced knosn anticlinal structures,

Avoidance of known oil and gas trends.

Avoldance of the known potash enclave above the repository and minimizing
conflict with the known enclave in the buffer 2zone.



-F -

Minimize existing potash lease rights within the three square mile
repovitory 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 selectlon these criteria and factors were
applied to a'l areas within the Delaware Basin in New Mexico.l0 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 of
site screening.

The third stage of site selection required detailed evaluation of the area
selected in stage 2 on the basis of the initial reconnaissance. It was
possible that this detailed study would reveal that some siting factors would
not be ideally met. It is unlikely (and urnecessary) 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 be 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 modes and hazards be
recognized 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, the high-purity salt lying between the Cowden
anhydrite {(in the lower Salado Formation) and the Castile was thought to be
abtsent and it was closer to the areas of deep dissolutioning known to exist to
the south. The top of the Salado was about 800 feet deep at Los Medanos
versus 1500 feet at Alternate II. Other factors that favored the selection of
the Los Madanos area were:

Structural interpretation of what selsmic data was then available to
Szdia 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, geopressured brine reservoirs
would be less likely.

The Aliernate IT area lay adjacent to the Double X and Triple X shallow
0il fields where water flioding for secondary recovery could occur.

Sandia Laborataries selected the Los Medanos alternate as the best
candidate area in early December, 1975. Site evaluation and exploration
activities wera then expanded to focus on obtaining subsurface data at the Los
Medanos site. This constitutes stage 3 of the site studies which has been
recently sumnarized,ll



The area identified for detailed site 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. Gealogically this site is
situated in the northern part of the Delawara Basin, a sub-element of the
Permian Basin, which contains extensive, thick evaporite deposits of salt and
anhydrite of Permian (230 million years) age (Figure 6). Extensive
geophysical surveys, geologic and hydrologic studies 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 investigatory
tools fall into the major categories of field geology, geophysics,
geochemistry, and rock mechanics.

Field geology, geophysical survey techniques and boreholes were
extensively used to map the stratigraphy and structure of the WIPP region.
Considerable stratigraphic information already existed for the general region
in the form of research publications and proprietary data in petroleum and
potash company files. The 56 boreholes drilled to date as part of the WIPP
site characterization have served a variety of purposes and many are
multipurpose. About 20 of these holes have been used to acquire hydrologic
data and an additional three holes have been principally for dissolution
and/or paleoclimatic studies. Twelve holes were exploratory borings to
acquire stratigraphic and lithologic data related to 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 cne-mile sample grid to be completed over the
proposed site, 21l these d:ill holes were logged, and many were cored and
drill-stem tested to acquire formation property data.

With the exception of ERLA 9, which was drilled to proposed repasitory
depths at the ¢enter of the :site, none._of the other drill holes within the
three square mile repository zone penetrate to repositery depths. WIPP 12, a
drill hele completed one mile north of the site center, provides a second
sample of the repository horizons in the vicinity of the eventual repository.
Locations of all holes drilled for WIPP as well as prior existing holes within
or near the WIPP site area are shown in Fig. 7.

Exploration geophysics techaiques have been used at the WIPP site with
varying degrees of usefulness. Aamong the useful methods are those described
in the following paragraphs.

Seismic reflection techniques have been extensively used to provide
information on the structure and depth of subsurface formations at WIPP.
Barly in the preliminary site evaluation, 1500 line miles Of existing
petroleum company seismic reflection data and 26 line miles of a newly
acquired seismic reflection survey were examined for evidence of major faults
and other structures. The nature of the data limited its usefulness for
examination of shallow less than 4000 ft) horizons. Information on shallow
horizons was subsequently acquired by instituting 48 line miles of special
geismic reflection surveys. Conventional vibroseis equipment was used with
closer geophone spacing and with vibroseis source and recording adjusted to
provide better resolution at depths less than 4000 ft. Experience has shown
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this technique c¢an provide good information on reflectors in the Castile and
belww, but must be used with a great deal of caution when attempting to define
the attitude of the top of the Salado. Reflections from this horizon a1
depth are erratic. An additional 72 Line miles of reflection data recently
acquired to provide engineering definition at depths of potential repository
horizons has also been evaluated in terms of geologic suitability of the
site. The only seismic indications of faulting in the area are in the deep
salt horizons. Drill hole investigations indicate these possible faults are
likely due to salt flow and are not due to regional tectonic forces. Drill
holes so located as to examine these seismic indications show that the
possible seismic faults, if they do indeed exist, d0 not offset the top of
Salado and hence have not been active in the last 200 million years.

Surface electrical resistivity proved to be a valuable tool to search for
dissolution related features in the Delaware Basin. Resistivity surveys over
known deep solution 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 oonfirmed or denied by test
drilling. The surveys, using a moaified Werner electrode array, were run
along lines 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 aguifer. One resistivity signature
typical of local dissolution was observed at the WIPP site. Drilling at this
location indicated the resistivity "anomaly™ was not due to dissolution but
rather to greater porosity in redbeds near the surface.

Magnetic methods were employed to search for both regional and local
features expected to show magnetic contrast. Existing aeromagnetic surveys
of the Delaware Basin were examined for indications of major faulting or
ignecus intrusives. 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 for similar but less evident
intrusives. Samples from the intrusive body northwest of the WIPP site have
been dated at nearly 35 miliion years old.

Gravity data for the Delaware Basin were examined for indications of major
geologic rtructures 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.

Other geophysical measurements are being used to aid in investigation of
present and future tectonic activity. Seismological earthquake monitoring has
been oonducted on and near the WIPP site to help establish the pattern of
tectonic-related seismic activity. A single station has operated at the Los
Medanos area for four years to document local seismic activity. This station
will be expanced to an array which will continue throughout the operational
life of the facility. A seismic array has been operating near Xermit, Texas,
on the Central Basin Platform, to establish whether seismic avents originating
there are natural or are induced by oil-field flooding operaticns. Presently,
the most likely interpretation would indicate the seismic activity is induced
by water flooding.
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First-order level line surveys, tied into the national grid established by
the National Geodetic Survey (NGS), were made by NGS within the regicnal and
local area of the WIPP site. These permanent stations will be periodically
reoccupled to detect tectonic movements and subsidence due to natural
dissclution and potash mining.

Physical and geochemical properties required for WIPP site evaluation have
been obtained from laboratory tests on core samples. Rock mechanics and
thermal properties have been characterized for the repository horizons. Brine
content and halite impurities have also been established.

Hydrologic considerations are important to site selection for WIPP from
the standpoint of current and future dissolution of salt and because, if the
salt is breached by any mechanism, hydrologic transport is the most likely
means of moving radionuclides into the biosphere. The objective of the
hydrologic testing is to allow development of an adequate model *2 permit
calculation of both dissolution and nuclide transport. The parameters
important to the model are head or reservoir pressure, the water-yielding
potential of the rock strata and the chemistry of formation waters.
Camplementary laboratory measurements are developing lon exchange
(retardation) coefficients for the transport model. At the present time,
hydrologic data is available from 20 holes drilled for 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 formations 1s adegunately characterized by
previous investigations for bounding calculations but is being further
quantified by on-going programs. 2

The methodology applied in developing the hydrologic medel is to
characterize the hydrologic system in detail at the repository and develop
data at larger intervals as the distance from the repository increases. There
are four triangular nests of three hydrologic holes each with spacings of 50
to 100 feet between holes. The next larger Scale employs spacings of 0.5 mile
between test points. These holes 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 model to be used in calculating the
consequences Of postulated breaches of the repository. The hydrology at the
site is relatively favorable in that the quantities and flow rates are very
low, and the quality of the water is so saline it is not potable.

SUMMARY OF SITE EVALUATION

Geotechnical

Information gathered on the geotechnical aspects of the proposed site has
been evaluated with respect to the siting factors which include thosc
previously listed. Studies by various investigators have been useful in
indicating the possible geologic features in the Delaware Basin that could
pose threats to long-term repository integrity.l3,14 gjte selection was
structured to search for and av«oid these features. Those factors with
greatest potential impact on WIPP site selection will be briefly discussed.

The factors for depth, thickness and lithology are well met by the present
site. Brine content in the lower horizon to be used fcr HLW experiments is
less than 0.5%, The structure and stratigraphy indicated by borehcle and

seismic data are acceptable.
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The hydrologic regime in the WIPF site ie also favorable. Potential heads
in the overlying and underlying aquifers are not greatly diffecent so the
driving force, if they are conitected; is slight., The region is near a
hydrologic divide go recharge to the aquifers over the site ic molerate.
These aquifers have relatively low transmissivities and flow velocities are
low. Nuclide retardation coefficients in these aguifers are significant for
most radionuclides of concern. Future climatic changes should ot lead to
unacceptable hydrolegic conditions or eresion rates for this site.

Since the most plausibie natural mechanism for breaching the reposi.ory is
through dissolution of the salt barrier by groundwater, this aspect was given
extensive study. Regional geologic studies in the Delaware Basin have
revealed areas of past and present dissolution activity.n'“ Knowledge of
these regional dissolution fronts and of local collapse features due to salt
dissolution has allowed implemzntation of geophysical investigations %o 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 indicate the
regional dissolution front west of the site area (Fig. 4) is progressing
eastward at a rate of less than six to eight miles per million years and is
moving downward at a rate of less than about 500 feet per miliion
years,15:,14,6 gnese conservative values asrure the repository beds will not
bz breached by regional dissclution for many million years. Since these are
average rates ocovering the past 600,000 years, the effect of previous pluvial
cycles is included, and, ccnsequently, the forecast also incorporates the
effect of similar future pluvial cycles.

Rb-Sr isotope Jeochronology of samples frem the bedded salt deposits of
the WIPP area indicates no significant recrystallization or formation of hrine
within the Salado salt since early in its diagenesis 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
recrystallization during diagenesis. The natural long-term stability of the
site and avoidance of those local dissolution features, which have the
potential for jeopardizing the long~-term integrity of the repository, provide
a high confidence in the ability of the site to isolate wastes from the
biosphere for very long times.

Local dissolution features are recognized in the Delaware Basin. These
may be of esither shallow or deep origin, and it is the latter which may pose
the greater potential hazard to the repository. These features, often called
collapse chimneys or breccia pipes, form when localized dissolution occurs
deep in the evaporite section, possibly at the base of the salt beds,
resulting in a void into which overlying beds collapse. These collapse
chimneys are known to exist in portions of the basin which have seen extensive
dissolution activity. Seismic and resistivity surveys can reveal these
features, and application of these techniques has not discovered any such
features within the site area. Studies are in progress to provide better
understanding of the genesis of ocollapse chimneys and to evaluate the age,
chronoclogy, permeability and the dissolution consequences to adjacent salt
beds for a known chimney. Recent field mapping has shown that these features
have not formed or been active during the past 500,000 years in this part of
the Delaware Basin.
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Dissolution may also occur through man-made boreholes if these holes
penetrate through the salt and establish water circulation by connecting
water-bearing rocks above and kbelow the sait beds. To mitigate this concecrn,
a conservative buffer of one mile between the repository and any such hles
has been required. Ongoing studies may eventually permit a further relaxation
of this restriction.

Geologic features such as anticlines and faults have been considered in
site selection. Salt flow structures, which are known to be present in
portions of the Delaware Basin, may distort the rock units sufficiently to
make mining operations difficult and may algo lead to fracture of the mote
brittle anhydrite beds occurring within the salt., This fracture porosity may
allow brine to accunulate and, in some instances, form brine reservoirs of
significant volume. These features may be detected and examined by seiemic
surveys and by drilling exploratory holes when indicated. The WIPP site is
believed to bea free of unacceptable salt flow structures, Likewise, should
majer recent faulting exist near the repositorv it could be a concern for
long~term repository integrity if it should lead to increased rates of
dissolution. Open fauiis or fractures within the salt are not observed or
anticipated due to its plasticity, but overlying aquifers and aquitards could
be affected by faulting. Technigues used to search for faults at the WIPP
site are field geolcogic mapping, aerial and satellite imagery, and the
geophysical investigatery technigques of seismic reflection, resistivity,
aeromagnetics and gravity. No active or Quaternary faults of tectonic origin
have been detected within the WIPP site. Dossible faults in the deep salt
horizons, indicated by seismic erxploration, have been investigated by
boreholes and, if they exist, they are older than 200 million years Since they
do not offset the top of Salado. Instrumental monitoring since 1974 confirms
very low seismicity at the WIPP site and surroundings; caliche formation and
position indicates tectonic stability for moze than a half million years. No
recent igneous activity has occurred in the region and the normal geothermal
gradient does nct forecast future igneous or tectonic activity.

Natural resources within any major salt basin are an ever-present
potential, In preliminary siting of WIPP, known hydrocarbon trends and potash
deposits were avoided by the three-sqguare mile repository area. Same potash
and potentially some hydrocarbons exist within the buffer zones established
for WIPP. The estimated amount of these natural resources within WIPP zones
I, Il and III (Fig. 5), presently considered as reserves but which might not
be exploitable if WIPP is developed, are 1.2l million tons of potash
(langbeinite) product (K,0); 23.5 billion cubic feet of gas and 0.35 million
barrels of distillate.l6” phe gas and distillate could be developed by
deviated drilling if the economics were sufficiently attractive. These
reserves are small compared to total United States'’ reserves but must be
considered as a potential target or inducement for future generations.
Studies now underway may show that these potash reserves can be developed
without jeopardy to the repository. The issue of future penetrations by man
is one that cannot, in any case, be ruled cut. This is true for any geologic
repository, but the probability of such penetration may be somewhat greater
for sedimentary and/or salt basins. This eventuality is considered in the
repository safety analyses by determining the consequences of such
penetrations 1f they should occur.

Future penetration -, the repositery by man is one class of potential
failure scenarios which has been calculated. One particular scenario which
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will be described assumes an open, unplugged borehole penetrates through the
repository and connects acuifers above and below the salt. This case is of
much greater concern than for a hole which terminates within the nalt. 1In
this latter instance, there is no mechanism to continue dissolution of salt
and the hole will gradually be sgueezed closed. Using the hydrologic
parameters experimentally established for the WIPP site, the dissclution of
salt by water flow in the borehole and transport of the various radioisotopes
through the aguifers has been calculated and concentrations and/or possible
body burdens of radicactivity determined. FPigure 8a illustrates results of
calculations for the case where the penetration occurs 1,000 years after
sealing a repository which has been filled with both TRU and high-level
defense waste. Conservative {worst case) assumptions have been used ifor this
particular calculation. For example, it is assumed that the waste dissolves
as rapidly as the salt and that the maximum permeability of the measured range
of values exists throughout the site area. Transport of transuranic isotopes
through the Rustler aguifers to the exit point at Malaga Bend on the Pecos
River, about 14 miles away, is such that it requires about 100,000 years for
uranium isotopes to reach their maximum concentration. At this time, 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 a
whole body dose less than the annual fviole body dose acguired in ore year due
to natural causes., (The fact that the salt content in this water would soon
be lethal is being ignored for these calculations.) There is negligibie
contribution to the radiocactive burden from plutonium isotopes due to their
high sorption and retardation in the aguifer system. During the 100,000 years
following the postulated repository breach, plutonium concentrations in the
Pecos River, as indicated by the calculations, would not exceed

10-20 ycy 1iter. Thorium isotopes alsoc have a high adsorption coefficient
but show greater discharge concentrations than plutonium because they
represent daughter products of the more rapidly transported uranium isotopes.

One may also examine the concentration in the aquifers at points closer to
the repository. Figure 9 illustrates the ooncentration profiles at a distance
of either 1.0 or 0.83 miles fram the repository breach for the three isotopes
which attain the highest concentration relative to present maximum permissible
concentrations (MPC) in water. None of these three isotopes, 1291, 226y,
and 2 Gu, reach their curren: MPC in this scenario. The Eluctuations in the
1295 curve represent the engulfment of successive HLW rooms by the solution
front.

Similar calculations have been performed for a more severe but much less
plausible scenario (Scenario 1I) which assumes the :egositozy failure occurs
at 100 years after decommissioning by massive (3 x 10° liters/year) flow of
water down Into the repositary at one edge and back out to the same aguifer at
another point in the repository, dissolving only the salt and waste in the
repository horizons. Tae isotopes of significance for this time frame which
were not important in the 1,000 year breach are 99sr and 137cs. The time
for transport to the biosphere at Malaga Bend on the Pecos River is long
enough that neither isotope represents a significant hazard. The transuranic
concentrations shown in Fig. Bb are higher for this scenario than for scenario
1 due to the solutioning mode, not the earlier time frame at which the
repositary breach was postulated. FPor this scenario, intercepting the aguifer
with a drill hole at a distance of one mile would find concentrations, 200
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years after the breach, above current MPC's for 905: and 137c5, The case

for 137¢s (Fig. 10) shows that concentrations at three miles remain about
four orders of magnitude below MPC. These calculaticrs slso assumed the upper
values of measured permeability and that the waste leaches as rapidly as the
salt dissolves. More realistic leach rates for the 100 year time frame ace
being determined and will bz applied to this calculation. Significant
reduction in the calculated near-field agquifer concentrations are expected
from this refinement and the near-field concentrations are nct expected to
exceed current MPC's,

Ecology and Archaeology

The climate of the region is semi-arid, with generally mild temperatures,
low precipitation (11-13 inches per year) and humidity, and a high evaporation
rate. In the winter and spring there are occasionally strong west winds and
dust storms.

The vegetation at the site and in the vicinity consists of native
scrubland. The dominant plants at the site are sagebrush, mesquite, muhly
grass, dropseed, three-awn, and yucca. No plants proposed for the Pederal
list of endangered or threatened species have been observed near the site, and
the lack of suitable habltat makes their occurrence at the site unlikely.

About 70 species of animals representing seven mammalian orders ma occur
in the region of the site. Few are restricted to a specific habitat. Of
these, the desert cottontail, black-tailed jack rabbit, northern grasshopper
mouse, Southern plains woodrat, porcupine, and coyote are observed in all
habitats on and near the site; the only big~game species is the mule deer.

Eighty species of birds have been observed on and near the site., The most
conmen are scaled guail, mourning dove, mockingbird, loggerhead shrike,
prerhuloxia, black-throated sparrow, western meadowlark, lark bunting, vesper
sparrow, Cassin's sparrow, and white-thruated sparrow.

Amphibians are not an important part of the regional fauna because
suitable habitat is limited. There are no permanent surface waters at the
site. There may, however, be ephemeral surface waters in land depressions
during thunderstorm periods. These provide minimal habitat for aquatic biota.
surface waters in the vicinity are limited to watering livestock. Although
permanently shallow saline lakes Occur southwest of the site area no species
of fish are known to occur closer to the site than the Pecos River.

Of the endangered terrestrial vertebrates that have been observed in the
northern Delaware Basin region, most are associated with habitats that are not
present at or near the site. There are only two species on the Pederal list
of endangered species that may occasionally be present near the site; they are
the bald eagle and the peregrine falcon.

No portion of the ecological system identified in the baseline studies
would be significantly or irreparably harmed by the anticipated effects of
constructing and operating the WIPP repository.
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Archaeological surveys have been performed %y Eastern New Mexico
University over the central four square miles of the proposed WIPP site. 1In
addition, drill sites and access roads have been surveyed as a part of the
permitting process. Thirty-three archaeological sites and 74 isolated
artifact sites were identified. The average density (B/ml ) of
acchaeclogical sites for this area is considerably less tnan the average
indicated by Bureau of Land Management studies (12-15/m1 ) for the total
potash district.1® wo pit houses, "permanent®™ structures or other
indications of heavy use have been found in the central WIFP area. No
sigificant archaeological damage to the area need occur as a result of
repository, transportation and utility corridor construction. There are
currently no sites within the WIPP land withdrawal area which are in either
the National Register of Historic Places or the State Register of Cultural
Froperties. As a result of the WIPP archaeolcgy survey, it has been
determined by the Department of Interior that the 33 aforementioned sites are
eligible for inclusion in the National Register, This does not preclude use
of the area for a repository.

Socio~Economic Evaluation (the following synopsis has been extracted from the
WIPP Draft Envirommental Impa~% Statement, Ref, 17)

Sixteen people live within 10 miles of the prcposed site; about 96,000
people live within 50 miles, mainly in seven municapalities: Artesia,
Carlsbad, and Loving in Eddy County and Eunice, Hobbs, Jal, and Lovington in
Lea County. The closest of these are Loving and Carlsbad, 18 and 26 miles
away, respectively; the largest are Carlsbad and Hobbs, with 25,500 and 31,300
inhabitants, respectively.

The basic industries of the area are mining, manufacturing, and
agriculture. Mining is the major industry in both counties, accounting for
22,2% and 27.3% of the personal income generated in Eddy and Lea Counties,
respectively. In BEddy County, mining is centered on potash; in Lea County, it
is centered on 0il and Gas. Manufacturing (36 companies in Eddy County and 48
companies in Lea County) accounted for 5.28% of all personal income generated
in the two-county area in 1976. Agriculture, which produces principally meat
animals and livestock in the two-county area, contributed less than 5% of the
total personal income. Within 10 miles of the siie, agriculture is restricted
to cattle grazing.

Tourism also contributes substantially to the economy of the two-county
area, particularly in Eddy County. The main tourist attraction in the area is
Carlsbad Caverns National Park, which is approximately 22 miles southwest of
Carlsbad and 41 miles west-southwest of the site. In 1977 it received 862,790
visitors, or nearly 44% of the visitors to all 1l national parks and monuments
throughout the State. Other nearby parks (Guadalupe Mountains National Park,
Living Desert State Park, the Presidents® Park in Carlsbad, and others) also
attract local residents and tourists. Outdoor recreation centers around
hunting, four-wheel-vehicle driving, and camping.

The WIPP repository would cost about $225 million to build and about $36
million a year to operate (1978 dollars). In addition, it will cost $205
million for engineering, construction management, and technical support. A
little under a half of the first two ocosts would be spent locally. ‘fhus
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during the period of construction {assumed in the analysis to be 42 months),
the economy of Eddy and Lea Counties would receive $95.9 million in @irect new
expenditures for labor and local procurcment. Indirect or spinoff effects in
the private sector of an additional $32.7 million would occur. During
repository operation, the total direct and indirect impact on th2 private
sector of the economy would be about 30 million annually.

New jobs would be created (Tat:le 1). These would peak in 1983 (assuming
that construction starts in 1981), when as many as 1307 people would be
employed on the project and about 1834 jobs would be indirectly created. This
total will drop back to 444 direct and 60 indirect jobs during operation.
About half of these people would be hired locally. As a result there will be
an increase in population in the area that at one time will be 3050 but during
operation will drop back to 1209.

Two alternative assumptions were made in the socioeconomic analysis. The
first assumes the current pattern of housing for potash-industry workers: the
work Force lives mostly in Carlsbad, which receives by far the major impact of
the project. The second assumes that a significant fraction of the workers
live in Lea Cowunty: Hobbs then receives more than one-third of the impacts.

Upder the first assumption, there may be a temporary housing shortage in
Carlsbad during the peak construction period., Community services there are
judged to be adequate, although the fire and police forces would have to be
increased to meet the needs of the increased population.

Under the second assumption, housing in Hobbs would keep up with demand,
but would have to spread beyond the present city limits and municipal
atilities. At Hobbs as at Carlsbad, fire and police forces would have to oe
expanded.

Table I. Socioceconomic Impacts ©f the WIPP
in Eddy and Lea Counties

Impact Construction® OperationP
Expenditures®
Direct § 95.9 million $14.3 million
Indirect § 32.7 million $16.2 million
Total $128.6 million $30.5 million
Jobs
Direct 13074 244
Indirect 18344 661
Total 314 1105
Population changes
Direct 1700 650
Indirect 1350 550
Total 3050 1200

Spotal costs for the whole 4-year period of construction.
bannual costs.
€1977 dollars.

dPeak year.
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CONCLUSIONS

Geotechnical studies of the WIPP site over the past three years have
examined the site with respect to factors listed in the £’ .5t part of this
paper. The data available to date indicate the WIPP pite .atisfies all the
desirable features with the exception of some conflict with natural
resources. While it is possible that future repository min.ng or improved
understanding of geologic processes could reveal aspects undesirable for a
repository, these prospects are unlikely and a geotechnical recommendation can
now be made to proceed with WIPP planning based on a site in che Los Medanos
area of southeast New Mexico. A potential breach of the repository through
penetration by huran activity cannot be dismissed and is believed to be more
likely to occur than natural failures of the geologic barriers. Calculations
have been made to evaluate the consequences of such violations of the
repository. These calculations indicate, even when adopting extremely
conservative assumptions, that the potential hazard to the general population
due to human penetration of the repository in the distant future is very
slight - less than that due to naturally occurring radiation. No ecological,
archaeclogical or socio-economic issues have been identified which would
obviously preclude continued consideration of the area for use as the proposed
WIPP site.
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Artist's Concept of WIPP, The WIPP will be construcved at two
different levels., HIW experiments and high gamma TRU will te
placed in the lower horizon. The bulk of the TRU wasve will be
on the upper level. New waste disposal corridors will be mined
ac existing rooms are filled.

Distribution of Rock Salt Deposits in the United States
Application of Site Selection Factors to the Delaware Basin i

Location Map for Proposed WIPP Site. WIPP is located 26 niles
east of Carlsbad, New Mexico. Other features of interest to
site selection shown on this map are the salt dissolution front
and the 1976 lcocation of the potash leasing area.

WIPP Site/2one Map. Zone I contains surface facilities and Zone i
I1 encompasses the repository. 2one III is a buffer zone ia
which deep drilling and mining are not allowed. Zone IV is a
control zone in which prescribed drilling and m.ning may occur.

Geologic Cross Section at the WIPP Site. ERDA #9 is a corehole
in the center of the proposed site. 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, sevaral hundred feet above the repository horizons.

WIPP Drill Hole Locations. Both pre-existing and WIPP
investigatory holes are shown.

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

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 initiaticn at 100 years from sealing.

1297 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.

226Ra concentration Profile in Rustler aquifer at 0.83 mile
from a Scenario 1 repository breach. Maximum measured
permeability used in the transport calculation. Breach
initiation at 1,000 years after sealing.



Figure 9c.

Figure 10
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236y concentraticr Profile in Rustler aquifer at 0.83 mile
from a Scenario 1 repository breach. Maximum measured
permeability use«. in ¢he transport calculation. Breach
initiation at 1,000 years after sealing.

137Cs concentration in the Rustler aquifer at 0.14, 1, and 3
miles from a Scenario 2 breach initiated 100 years after
sealing. Repository contains 1000 canisters of spent fuel.
Maximum measured permeability used in the transport calculation.
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