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Introduction

Implementation of the WIPP will require a commensurate technology development
program which will both support the design and operation of the facility and
provide the basis for assuring that deleterious impacts on public safety or the
environment do not occur. The current design, therefore, in addition to providing
for a facility which allows the retrievable storage of defense transuranic wastes
and a demonstration of spent-fuel disposal, also incorporates an area for
retrievable experiments on heat producing waste forms. These experiments will
provide the necessary resolution of technical issues regarding permanent disposal
of spent fuel or HLW in bedded salt.

An objective assessment of these elements of the WIPP mission has revealed
several technical issues which are currently being addressed by research and
development activities at Sandia Laboratories. These activities currently consist
of development of predictive models, laboratory analyses for corroboratory data,
and bench-scale tests for larger-scale investigations and assessment of synergistic
effects. In addition, plans are in progress for development of an "underground
laboratory" in southeastern New Mexico for in situ experiments which will provide
full-scale investigation of rocksalt responses to non-rafiioactive sources. These
field experiments are anticipated to be in progress by mid-1979. These various
activities form the sequential steps which culminate in waste emplacement and
initiation of experiments with radioactive waste forms in the 1986 time frame if
the WIPP project is approved..

These R&D activities are viewed as necessary steps to quantify and reduce the
uncertainty associated with various technical issues. Projections, however, of
potential impacts of these issues on public safety, using very conservative
bounding calculations, indicate that waste disposal in WIPP salt beds is quite
safe. Therefore, continued development of the WIPP can proceed relying on further
analysis and experimentation to provide additional measures of safety assurance.
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The principal technical issues which this program addresses are:

o The interaction of transuranic wastes with the salt environment including
assessment of potential degradation mechanisms and the impact on the
repository and radionuclide isolation.

o The interaction of thermal and radiation fields from heat producing wastes
with the salt environment and the impact on the waste form encapsulating
materials.

o Prediction of the response of the host rock to both the ambient conditions
upon excavation and the enhanced deformation anticipated with
heat-producing waste forms.

o Characterization of the potential for radionuclide migration in the WIPP
environment.

o Characterization of the properties of the host rock for permeation of
gases or liquids.

o Assessment of the potential for mobilization of natural fluids in the salt
and the subsequent interaction with waste containers.

o Quantification of the technology for sealing man-made penetrations into or
near the storage horizons.

o Demonstration and certification of safe operational techniques and
appropriate design assumptions.

Bach of these issues is being methodically evaluated to accumulate additional
definitive data and to correlate all available knowledge into an assessment of the
potential consequences to the integrity of the waste isolation mechanisms.

Interaction of Transuranic Waste Form

While the majority of transuranic-contaminated wastes are contact-handled and
emit little heat or penetrating radiation (approximately 0.04 watts/55 gal drum and
less than 200 mrem/hr surface dose rate), degradation in the WIPP environment
should be investigated. The potential exists for radiolytic, pyrolytic, chemical,
and bacterial degradation mechanisms. Degradation products could include gases
whose presence would inhibit closure of the waste rooms. Laboratory studies of
these interactions have been initiated, and a summary of early results under
ambient and maximum credible conditions (70°c and 150 Bars) has been recently
made by H. A. Molecke (Sandia Laboratories).1 These results indicate that the
most significant gas production may be due to bacterial interaction if such
organisms can survive in the mine environment.

Additional concerns being addressed are the alteration of radionuclide chemical
forms so that the sorptive characteristics are reduced, thereby enhancing migration
potential, and an assessment of the integrity of the waste containers to
operational and long-term isolation environments.
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Interaction of Heat-Producing Wastes

Both spent fuel and high-level waste forms can produce thermal power at initial
rates on the order of 0.5-5 kW per canister and surface radiation dose rates of
105 rem/hour of penetrating radiation. These fields could produce local salt
temperatures from 80 to 250°C depending on emplacement power density and power
per canister. Laboratory investigations are underway which will assess the
potential for leaching of various waste forms and corrosion of candidate canister
or overpack materials. Studies made under maximum credible conditions of
temperature and pressure with brine inundation indicate that, while certain waste
forms may degrade if these conditions exist, canister materals have been identified
which could prevent any direct interaction with the waste form during the period of
significant thermal output (t^/2 of approximately 30-50 years).^
Titanium-based alloys, for example, have shown corrosion rates of less than
10~3 cm/year at 250°C in representative WIPP brine under oxygenated
conditions. The most serious criterion for canister integrity may, however, be
imposed by the requirements for retrieval which include sufficient mechanical
strength to accommodate stresses induced by load creep of the rocksalt.

Additional studies are being made of the production of stored radiation damage
energy and associated various annealing mechanisms in the WIPP mir.eralogy and the
effect of radiolysis on interaction chemistry.

Rock Response

Prediction of rock response during mining and operation and after
decommissioning will be required to quantify impacts on the biosphere. Both finite
element and finite difference computer models have been developed to model the
temperature, stress, and displacement fields which are anticipated. Laboratory
analysis of the elastic and creep properties of rocksalt have been underway for
several years. Various creep models have been formulated which have been based on
these laboratory measurements. These models have been compiled recently and
summarized by Dawson3, while Wawersik has summarized the results of quasi-static
and creep tests on WIPP rocksalt.4 Bench-scale experiments with electric heaters
are currently in progress. In situ testing of mine response to excavation has been
done on a limited scale in southeastern New Mexico (SENM) potash mines and will be
carried out on a much larger scale, including the effect of electric heaters, when
an area dedicated to such experiments is obtained. When construction begins, the
excavation of the WIPP facility will be carefully monitored to obtain rock
mechanics data.

this information will be integrated into the development computer modeling
including appropriate constitutive models. These models can then be used to
predict such canister-scale phenomena as confining stress, local temperatures, and
potential for canister buoyancy. In addition, room-scale calculations are
performed to predict closure rates, and regional-scale calculations are performed
to assess temperature changes and deformation in overlying formations.

Calculations have been performed using the models and the existing data on rock
properties which have estimated the limits of canister motion relative to the
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salt5, the potential for uplift of the repository**, and the effects of various
canister emplacement configurations.

Migration of Radionuclides

Estimates of the consequences of postulated catastrophic events have assumed
that waste forms are carried away by groundwater intrusion from overlying or
underlying formations. Prediction of the potential dose to representative local
populations require knowledge of the sorptive properties of both disposal horizons
and overlying strata. Laboratory studies are being carried out with both batch and
flow-through techniques to gather sorptive data. In addition, laboratory
development of artificially emplaced barriers (getters) is in progress.

Results to date have identified distribution coefficients (Kd) of 2500 or
greater for Plutonium in WIPP aquifers and have also indicated significant
retardation due to impurities in the salt with Kd on the order of 20 to 60.

8

In addition various clays, including some natural to the WIPP site, have been
identified as potential getter materials via the mechanisms of precipitation and
physical sorption, ion exchange and chemical sorption, or flow barriers.
Additional studies will provide more precision on a wider range of radionuclides
and thus serve to enhance the confidence levels for prediction of radionuclide
release potential.

Permeability of Rocksalt

If gas is generated from waste degradation, it is necessary to predict the
ability of these gases to diffuse away from the storage location in order to assess
the consequences to the repository. Laboratory permeability studies have been made
on WIPP site core in which confining pressures were reestablished in triaxial
compress?ve testing machines. These results indicate that permeabilities are less
than 100 nanodarcies after specimens "heal." Additional studies will be carried
out under in situ conditions in boreholes near the WIPP site in late spring of 1979.

Migration of Fluids

Limited data are available on the potential for migration of brine inclusions
which are known to be present at about 1/2 percent by weight or less in bedded salt
typical of the proposed WIPP site. While any impact of the migration toward heat
sources may be inconsequential, the significant public controversy on this matter
requires development of quantitative data to support a realistic assessment of any
consequences. As a result, laboratory studies are underway, and a bench-scale
experiment on a one-meter-diameter salt block was initiated in December 1978.
These experiments will characterize and measure the mechanisms and associated
migration rates of any contained brines. In situ experiments will be carried out
in 1979 which will measure these same phenomena with heaters in SENM potash mines.
While these studies will quantify specific mechanisms for brine migration, several
possible engineering solutions, e.g., liners or brine gettering materials, w i Q
also be evaluated.
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Borehole Plugging

The requirements to assess the potential for fluid migratin in man-made
penetrations near waste repositories necessitates the careful study of the
technology for plugging boreholes. Studies on the emplacement and stability of
cementitious grouts and the potential for natural materials as candidate plugging
materials will be performed. These studies of materials will be accompanied by
commensurate field tests and the development of instrumentation to evaluate plug
performance. These programs will be based on the use of field tests to assess and
demonstrate near-term concerns such as emplacement techniques, leakage potential,
and strength while relying on laboratory studies to address the long-term issues of
plug-media compatibility and geochemical stability. While consequence assessment
studies indicate that the assumption of open boreholes with fully established flows
through the repository does not present a significant safety hazard, the
experimental program will allow assessment of the additional protection provided by
hole plugging.

Operation and Design Investigations

The appropriateness of the facility design and the efficiency of final facility
operation can best be evaluated through demonstrations which model or duplicate
expected design features. Consequently, studies are being planned to provide these
studies both in the laboratory and in SENM mines which will evaluate waste handling
methodology including retrievability hardware and techniques for both TRU waste
forms and heat-producing wastes. In addition studies relating to ventilation,
drilling, communication, scanning of intact salt for anomalies (such as nitrogen
pockets) before mine advancement, and radiation background are underway.

SUMMARY

Emplacement of wastes in the WIPP will include experiments on various waste
types which will provide essential data on waste-rock interaction and repository
response. These experiments will include evolution of the synergistic effects of
both heat production, radiation, and actual waste forms. While these studies will
provide essential data on the validity of waste isolation in bedded salt, they will
be preceded by a broad-based experimental program which will resolve many of the
current technical issues providing not only an assessment of the safety of
performing such experiments but also the technical basis for assurance that the
appropriate experiments are performed. Data and predictive modeling techniques,
which are currently available, can bound the consequences associated with these
technical issues. Predictions of the impact on public safety based on these
analyses indicate that safe waste disposal in WIPP salt beds is achievable;
however, a major use of WIPP will be to conduct realistic experiments with HLW
forms to address some of the unresolved details of these waste/salt interactions.
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