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PRELIMINARY IDENTIFICATION OF SCENARIOS THAT MAY AFFECT THE
ESCAPE AND TRANSPORT OF RADIONUCLIDES FROM THE

WASTE ISOLATION PILOT PLANT, SOUTHEASTERN NEW MEXICO*

Robert V. Guzowski
Science Applications International Corporation

2109 Air Park Road SE
Albuquerque, NM 87106

ABSTRACT

The Waste Isolation Pilot Plant is being evaluated as a location for the
disposal of defense-generated transuranic waste. One of the criteria to be used
to determine the suitability of the disposal system is compliance with the
Containment Requirements established by the U.S. Environmental Protection
Agency. One step in determining compliance is to identify the combinations of
events and processes (scenarios) defining possible future states of the disposal
system that may affect the escape of radionuclides from the repository and
transport to the accessible environment.

A list of previously identified events and processes was adapted to a scenario-
selection procedure that develops a comprehensive set of mutually exclusive
scenarios through the use of a logic diagram. Four events resulted in the
development of 16 scenarios. Preliminary analyses indicate that four scenarios
result in no releases. Six scenarios consist of combinations of drilling into a
room, drilling into a room and a brine reservoir, and emplacement of withdrawal
wells downgradient from the repository. Six additional scenarios consist of
these same six combinations with the addition of potash mining and the
associated surface subsidence.

The 12 retained scenarios will be screened based on consequence and/or
probability of occurrence. During the course of performance assessment,
additional data and information will be used to revise and update these
preliminary scenarios where appropriate.

Work Performed Under Contract No. 63-5621 For Performance Assessment Division
(6342), Sandia National Laboratories
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UNIT CONVERSIONS AND DEFINITIONS

The units used for various measurements present problems when these values are
included in reports because of the extra space required for both English and
metric equivalents and by the false precision conveyed by some conversions
between systems. As a result, the units used in this report are those of the
original reference or those most compatible with the context. Approximate
conversions from one system to the other can be made as follows:

feet x 0.30 = meters ft2 x (9.3 x 10"8) = km2

meters x 3.3 = feet km2 x 0.39 = mi 2

kilometers x 0.62 = miles

Terminology can be confusing because different waste-disposal programs have used
certain terms with different definitions. Specific definitions have evolved for
some terms used in the WIPP program. The following list is not a glossary of
the terminology used in this program, but contains some of the terms used in
this report.

disposal system - the combination of the repository/shaft system and the
geologic and hydrologic systems of the controlled area.

plug - an engineered barrier to ground-water flow emplaced in a borehole.

release - the transportation of radionuclides by any means into the accessible
environment. Earlier usage included the escape of radionuclides from a room or
drift.

repository/shaft system - the excavated disposal rooms, drifts, and access
shafts; the barriers emplaced to retard radionuclide migration; and the altered
zones in the surrounding and overlying geologic units.

seal - an engineered barrier designed to isolate the waste panels or to impede
ground-water flow in the shafts.

the WIPP - sixteen contiguous sections withdrawn from public access to be used
for the disposal of TRU waste.
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I. INTRODUCTION

The Waste Isolation Pilot Plant (WIPP), which is located in southeastern New
Mexico, is designed for the disposal of transuranic (TRU) wastes generated by
the U.S. Department of Energy's (DOE) nuclear-based defense programs. This
location is being evaluated for compliance with Subpart B of the U.S.
Environmental Protection Agency's (EPA) environmental standards for the
management of spent fuel, high-level waste, and transuranic waste (40 CFR Part
191) (EPA, 1985). For convenience, 40 CFR Part 191 will be referred to as the
Standard in this report. In order to determine compliance, a performance
assessment of the disposal system must be carried out. An integral part of any
performance assessment is the identification of the scenarios that are
appropriate for the disposal system (Cranwell and others, 1982a). The purpose
of this report is to describe the methodology used by the WIPP project for
identifying these scenarios and to describe the preliminary results from
applying this methodology to the WIPP. These preliminary scenarios are being
used to guide the development of the modeling system for compliance calculations
and to identify the data needs for the performance assessment. As more data and
information become available for the WIPP disposal system, and the development
of the modeling system progresses, the results of the preliminary scenario
development will be revised and updated where appropriate.





II. REGULATORY BASIS FOR SCENARIOS

Subpart B of the Standard contains the environmental standards that apply to the
disposal system after the waste has been emplaced and the repository/shaft
system has been sealed. The term "scenario" is used once in Appendix B of
Subpart B but is not defined. In the Containment Requirements (40 CFR 191.13),
the statement is made that

(a) Disposal systems for spent nuclear fuel or high-level or transuranic
radioactive wastes shall be designed to provide a reasonable expectation,
based upon performance assessments, that cumulative releases of
radionuclides to the accessible environment for 10,000 years after disposal
from all significant processes and events that may affect the disposal
system shall meet certain criteria (EPA, 1985, p. 38086).

By implication, "all significant processes and events" includes all significant
combinations of these processes and events. These combinations of processes and
events generally are referred to as scenarios. An appropriate procedure for
developing scenarios should result in a set of scenarios that includes these
processes and events individually, and all combinations of these processes and
events.

In addition to the Containment Requirements, the definition of performance
assessment (40 CFR 191.12(q)) refers to an analysis identifying the processes
and events that might affect the disposal system. As in the Containment
Requirements, this definition implies that the combinations of processes and
events also must be considered.

The Standard was remanded to the EPA for reconsideration by the U.S. Court of
Appeals for the First Circuit in 1987. An amendment to the "Agreement For
Consultation and Cooperation Between Department of Energy and the State of New
Mexico on the Waste Isolation Pilot Plant" states that the DOE will continue the
performance assessment in accordance with the Standard as of November 19, 1985
(DOE/New Mexico, 1988). As a result, the requirement for scenarios to be used
in a performance assessment remains in effect.





III. REQUIREMENTS OF A PROCEDURE FOR DEVELOPING SCENARIOS

Estimates of the cumulative releases of radionuclid.es from all significant
processes and events in the performance assessment are to be incorporated into a
probability distribution of cumulative releases to the extent possible (40 CFR
191.12(q)). Although the Standard does not mandate how this probability
distribution is to be represented, Appendix B of Subpart B of the Standard is
provided as "Guidance for Implementation of Subpart B." This appendix states
that the EPA assumes the results of the performance assessment will be assembled
into a complementary cumulative distribution function (CCDF). The DOE has
committed to following this nonbinding guidance to the extent possible (DOE,
1989a).

Both the wording of the Standard and the fact that a CCDF will be used to
display the results of the performance assessment require that the scenario-
development procedure produces a final set of scenarios that have certain
characteristics. The definition of performance assessment in the Standard (40
CFR 191.12 (q)) requires that cumulative releases be determined for all
significant processes and events, and by implication, for all scenarios.
Because of this requirement, the procedure for developing scenarios must produce
a comprehensive set, so that no important scenarios are omitted. In addition,
the scenarios must be mutually exclusive, so that the cumulative releases and
the probability of occurrence can be combined in a CCDF. If the scenarios are
not mutually exclusive, the cumulative releases for all scenarios would not be
accurate, because of duplication of some releases by more than one scenario.
Another reason for requiring mutually exclusive scenarios is that the sum of the
probability of occurrence of all the scenarios must be equal to 1. If the
scenarios are not mutually exclusive, the sum of the probabilities will be more
than 1, which is impossible.

In 1987, the Nuclear Energy Agency (NEA) formed a Working Group on the
Identification and Selection of Scenarios for Performance Assessment of Nuclear
Waste Disposal. This Working Group identified a set of desirable
characteristics that a scenario-development procedure should be able to address
(NEA, 1988; Hodgkinson and Sumerling, 1989). These criteria are listed in
Table 1. Whereas no particular procedure was endorsed, the procedure developed
by Cranwell and others (1982b) was identified as coming closest of those
procedures examined to meeting the identified criteria.



Chapter III: Requirements of a Procedure for Developing Scenarios

TABLE 1. DESIRABLE CHARACTERISTICS OF SCENARIO-DEVELOPMENT PROCEDURE AS
IDENTIFIED BY THE NEA WORKING GROUP ON SCENARIOS (Hodgkinson and Sumerling,
1989)

The scenario-development procedure should:

i) take a broad perspective;

ii) provide a logical and consistent framework which can encompass alternative methodologies,
models, and regulations;

iii) document the reasons for analyzing some scenarios in detail and rejecting others, in an
understandable and traceable way;

iv) allow the judgment and reasoning powers of experts and nonexperts to be integrated with

more quantitative considerations;

v) involve people with a wide variety of expertise;

vi) provide a systematic way of compiling a comprehensive list of potentially important events,
features, and processes;

vii) result in a manageable number of representative scenarios through a well-defined screening

procedure;

viii) be a practical tool rather than just an intellectual framework;

ix) be applicable to any type of waste repository or site;

x) provide feedback to model development, research, repository design, and site investigation;

xi) be of use to regulators and proposers, and be communicable to decision makers and the
public.



IV. PREVIOUS APPROACHES TO IDENTIFYING SCENARIOS
FOR THE LOS MEDANOS AREA

The earliest attempt to predict the long-term behavior of a specific
radioactive-waste disposal site was for a location in the Delaware Basin
approximately 7 miles northeast (at the center of Section 31, T21S, R32E;
Figure 1) of the WIPP (Claiborne and Gera, 1974). The goal was to identify
potential containment-failure mechanisms, to estimate the probability of
occurrence of each mechanism, and where possible, to estimate the consequence of
each mechanism. No systematic approach was used to identify the potential
failure mechanisms, no combinations of the mechanisms were considered, and the
term "scenario" was not used.

A later study (Bingham and Barr, 1979) used a more structured approach to
identify the term "scenarios". A "scenario" was defined as a hypothetical
sequence of events that could release (result in the escape of) radioactive
material buried in deep geologic formations. Each scenario required (1) a
release event that breaches the repository, (2) a mechanism for moving
radionuclides through the breach, (3) the elapsed time between burial and the
releasing event, (4) the response of the burial medium to the breach, (5) the
amount of each radionuclide in the waste, and (6) the physical and chemical
condition of the waste. In order to construct the scenarios, event trees were
used to incorporate four of the required components of scenarios. The elapsed
time between burial and breach, and the amount of each radionuclide present were
not included. As a result of this exercise using 19 initiating events, 92
scenarios were constructed. The estimation of relative probabilities of
occurrence for each scenario allowed a hierarchy of scenarios to be established
based on their relative importance.

Whereas a somewhat structured methodology was used to construct scenarios, no
assurance could be provided that all potential breaching mechanisms and
scenarios had been identified (DOE, 1980b). This potential incompleteness was
assured when combinations of initiating events were not considered. Another
problem with the methodology is that hypothesized possible responses of the
natural and repository systems to the breaches were incorporated into the
scenarios. According to McCormick (1981), an event tree is an inductive logic
method for identifying possible outcomes for an initiating event. The systems
(events) that can be utilized after a failure event are identified as to their
success or failure through bifurcations within a tree. If partial failures are
considered, a greater number of branches are needed. Pathways within the tree
define accident sequences associated with an initiating event. By including
possible responses to the occurrence of an event, the flow diagram is no longer
an event tree, and does not conform to the requirements for scenarios specified
by Bingham and Barr (1979). For example, the formation of a convective cell,
the diffusion of waste through a pool [of water in the repository?], and the
resealing of the flow path were assumed to define separate scenarios (Figure 2,
fourth set of boxes from top). These possible responses can be determined by
modeling the repository/shaft system. By modeling the responses instead of
including all possible responses to define scenarios, the number of scenarios
can be substantially reduced and the procedure for developing scenarios can be
structured. Similar problems arise from the other branching criteria in the
tree. Whether the water leaches radionuclides from solid waste, leaches solid
waste and picks up liquid or gaseous waste, leaches and picks up waste

7



Chapter IV: Previous Approaches to Identifying Scenarios for the Los Medanos Area
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Figure 1. Originally Proposed Los Medanos Disposal Site Relative to the Current
WIPP (base map after DOE, 1989a).



Previous Approaches to Identifying Scenarios for the Los Medanos Area
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Figure 2. Scenarios Beginning with Breaching Event 10 (Bingham and Barr, 1979)



Chapter IV: Previous Approaches to Identifying Scenarios for the Los Medanos Area

(Figure 2, third set of boxes from top), or a combination of these processes
occurs should be determined prior to consequence modeling. In addition, the
previous step in the tree involves the direction of water flow and waste
movement. Modeling of the response of ground-water flow to events should
provide this information.

Five representative scenarios were selected from the Bingham and Barr (1979)
work by the DOE for analysis in conjunction with the Final Environmental Impact
Statement for the WIPP site (DOE, 1980a,b). These same five scenarios were
analyzed by the New Mexico Environmental Evaluation Group (EEG) (Neill and
others, 1979; EEG, 1980) as a check on the DOE (1980b) analyses. Other
scenarios were suggested by the EEG (1980) for addition to the five
representative scenarios, but no structured methodology was used to derive these
extra scenarios. Much of the subsequent work by the EEG was concentrated on a
single scenario consisting of human intrusion through the repository and into an
underlying pressurized brine reservoir (Bard, 1982; Channell, 1982; Spiegler,
1982).

Hunter (1988) used a modified form of the methodology of Bingham and Barr (1979)
in an initial attempt to identify the scenarios to be used for the performance
assessment of the WIPP. In addition to including possible responses of the
disposal system to breaching events, the generated event trees were expanded to
allow parameter values to define "scenarios." As a result of this approach, the
term "scenario" no longer was based on the requirements specified by Bingham and
Barr (1979), because factors other than events were allowed to define the term,
event trees were not developed in accordance with the definition of McCormick
(1981), and no algorithm was used to systematically construct the "scenarios."
Five initiating events considered by Hunter (1988) resulted in the formation of
110 scenarios. This number was reduced to 73 by screening based on certain
criteria. The 73 scenarios can be, but were not, combined to form many
additional scenarios by allowing more than one initiating event to occur at the
WIPP. Whereas this methodology may be useful in a deterministic analysis using
simple models, a probabilistic treatment can substantially reduce the number of
branches and maintain a consistent definition of the term scenario. Three
examples of how the trees of Hunter (1988) can be reduced to single events or
processes are provided below. These examples are not meant to be a
comprehensive analysis of the event trees of Hunter (1988).

Example 1: Figure 3 is the event tree for climatic change. Branch (1) in the
tree is based on the variation in the amount of rainfall, and Branch (2) is
based on various values of recharge and runoff. Rainfall, recharge, and/or
runoff are parameters for a particular computer code. Ranges of values and
probability distribution functions (pdf) can be constructed for these
parameters, and values from the ranges can be sampled during consequence
analysis. With this probabilistic approach, parameter ranges cover the same
range in conditions represented by four branches in Figure 3. In the climate
subtrees (Figure 4), possible flow pathways were proposed as the branching
criterion. The pathway(s) can be determined by the use of ground-water flow
models in a probabilistic analysis, thereby eliminating the need for these
branches. By the use of parameter ranges and modeling, the climate event tree
and subtrees reduce to single event.

Example 2: Figure 5 is the event tree for shaft and panel seals. Branches (1)
and (2) are based on the performance of the seals resulting from the seals

10
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Figure 3. Initial Branches in Event Tree Illustrating Scenarios Beginning with

a Change in Regional Climate (after Hunter, 1988).
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Figure 4. Subtrees Continuing the Event Tree Arising from Climatic Change
(after Hunter, 1988).
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Figure 5. Initial Branches in Event Tree Illustrating Scenarios Beginning with
Seal Emplacement (after Hunter, 1988).
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Previous Approaches to Identifying Scenarios for the Los Medanos Area

either improving or degrading with time. In a probabilistic analysis, the
possible condition of the seals is a continuum that can be represented by a
range in values and a pdf for each property. This approach reduces the event
tree to seal performance. The use of parameter ranges instead of separate
scenarios for seal performance was demonstrated in the preliminary analyses of
the WIPP (Marietta and others, 1989). Hunter (1988) showed a separate branch in
the event tree for catastrophic failure of the seals. Seal failure of this type
is a specific event that is not represented by the parameter ranges and pdfs
associated with possible seal behavior resulting from the aging of the seal
material. If a mechanism is identified that can cause catastrophic failure,
this event must be retained as a separate event for scenario development.

Example 3: Figure 6 is the event tree for exploratory drilling. Branch (1) is
based on the location of the borehole and the condition of the salt backfill in
the waste panels. The location of the borehole and the backfill properties can
be treated as model parameters, and the ranges of parameter values can be
sampled during consequence analysis. Branch (2) is based on assumptions about
whether brine in the room mixes with the drilling fluid. This branch can be
eliminated by the use of modeling to predict the amount of mixing between brine
and drilling fluid in the room, with no need to use this factor to identify
scenarios. Branches (3) and (4) are based on specific parameter values of gas
pressure and brine volume, respectively. Both of these parameters should be
calculated. The uncertainties represented by ranges in values and pdfs of the
input parameters in these calculations determine the variation in gas pressure
and brine volume. As a result, the branches in Figure 6 are not necessary to
define scenarios, and the event tree reduces to the single event of exploratory
drilling.

As with the Bingham and Barr (1979) analysis, the approach by Hunter (1988) did
not assure the completeness of the final list of scenarios. In addition, the
choice of branching criteria resulted in scenarios that are not necessarily
mutually exclusive. Both completeness and mutual exclusiveness of the scenarios
are required to assess compliance with the Standard by use of a CCDF, as
described above.

13
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Figure 6. Initial Branches in Event Tree Illustrating Scenarios Beginning with
Exploratory Drilling (after Hunter, 1988).



V. DESCRIPTION OF SCENARIO-DEVELOPMENT PROCEDURE
USED FOR THE WIPP

Much of the past work in identifying scenarios for nuclear-waste disposal
systems was based on the use of event trees (Bingham and Barr, 1979; Hunter,
1983; Hunter, Barr, and Bingham, 1983). This type of analysis has been used to
assess potential accidents at nuclear power plants (e.g., U.S. Nuclear
Regulatory Commission, 1975). Event trees were found not to be suitable for
natural systems (Burkholder, 1980). The disadvantages to using event trees for
developing scenarios for waste-disposal sites are (1) the imposed sequence of
occurrence of events and processes, (2) the selection of branch points within a
tree, (3) the inability to adequately address scenario probabilities, (4) the
inability to address the completeness of the final set of scenarios, (5) the
inability to assure the uniqueness of each scenario, and (6) the inability to
handle feedback loops along a branch of a scenario. In addition, parameter
values commonly have been used to define separate branches of the tree, thereby
creating confusion with the application and the interpretation of both
sensitivity and uncertainty analyses.

Modified event trees used for scenario development have not been able to produce
reasonable numbers of comprehensive, well defined, and mutually exclusive
scenarios that can be analyzed probabilistically. Because event trees cannot
produce scenarios that adequately address the current formulation of the
Standard, the WIPP project has adopted the scenario-development procedure
developed by the Waste Management Systems Division of Sandia National
Laboratories (Cranwell and others, 1982b). This procedure was developed with
funding from the U.S. Nuclear Regulatory Commission for use in performance
assessments of high-level radioactive-waste disposal sites. Although the WIPP
is designed for TRU waste, the same EPA regulations must be addressed. The
application of this procedure to the WIPP will provide a final comprehensive set
of mutually exclusive scenarios that are amenable to both consequence analysis
and probability assignment. Because scenario development begins before the
completion of disposal-system characterization, scenario development is an
iterative process. This scenario-selection procedure has been used in a joint
exercise in scenario development by the Swedish Nuclear Power Inspectorate and
the Swedish Waste Management Company (Andersson and Eng, 1989). A "refinement"
of the procedure has been used by the Canadian Nuclear Fuel Waste Management
Program (Stephens and Goodwin, 1989).

In Cranwell and others (1982b), scenarios are defined as sets of naturally
occurring and human-induced events and processes that represent realistic future
changes to the repository, geologic, and hydrologic systems that may affect the
escape and transport of radionuclides. The scenario-development procedure
consists of five basic steps: (1) a comprehensive list of events and processes
that could affect the long-term isolation of the radioactive waste is compiled,
(2) the events and processes are classified to aid in completeness arguments,
(3) the events and processes are screened based on well-defined criteria, (4)
scenarios are developed by combining the events and processes that remain after
screening, and (5) the scenarios are screened based on well-defined criteria.
Each of these steps is discussed below.

In the first step, the events and processes that may affect the escape of
radionuclides from the waste panels and/or the transport of radionuclides to the
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accessible environment are identified. A panel of experts may be used to
identify these events and processes, or an existing list of nonsite-specific
events and processes compiled by panels of experts for previous studies can be
used. Examples of these existing lists are the Cranwell and others (1982b) list
(Table 2) and the International Atomic Energy Agency (IAEA) list (Table 3).
Each event and process must be defined in such a way that the probability of
occurrence can be determined. In general, the events and processes that could
be included are phenomena of relatively short duration.

The second step consists of classifying the events and processes in the
comprehensive list into various categories as an aid in determining the
completeness of the list. Categories that can be used may be based on the
origin of the event or process: naturally occurring, human induced, or
repository induced. Another possible classification may be whether the event or
the process primarily affects the escape of radionuclides from the repository or
the transport of radionuclides to the accessible environment. Other
classification schemes are possible. This step in the procedure is
organizational and while not critical to the development of scenarios, certain
classification schemes can be beneficial in the modeling effort.

In the third step, the events and processes are screened to eliminate those that
are not pertinent to the specific disposal system being investigated or do not
contribute to the integrated release to the accessible environment. Three
screening criteria can be used: physical reasonableness, probability of
occurrence, and consequence. In addition to these screening criteria, Appendix
B of the Standard limits the severity of human intrusion into the disposal
system to exploratory drilling for resources. Physical reasonableness is based
on whether or not a process or event can realistically be expected to occur at a
specific location. In a sense, this criterion is an intuitive probability
estimate. For example, a tsunami cannot flood the WIPP, because the mechanism
to cause this event at this geographic location is not physically possible.
Without going through a formal procedure to estimate the probability, this event
can be eliminated from consideration because such an occurrence is not
physically possible, which is basically the same as assigning the event a
probability of occurrence of zero. A question arises as to what to do with
other events and processes that have a physically reasonable mechanism for
affecting a disposal system but have a questionable chance of occurring within
10,000 years. For example, in the vicinity of the Yucca Mountain site in
Nevada, which is being evaluated by the DOE as a possible high-level waste
disposal site, silicic volcanism occurred during the time interval between 28
million and 6 million years ago (Sinnock, 1982). The maximum period of
quiescence during this interval was approximately 2 million years. No silicic
volcanism has occurred in the region over the past 6 million years. The
question arises, can the occurrence of silicic volcanism be considered as
physically unreasonable within the next 10,000 years when such an event has not
occurred in 6 million years, or must another screening criterion be used?
Similar questions must be considered for each process and event in the screening
step of the scenario-development procedure when physical reasonableness is a
screening criterion. The use of this criterion in screening is dependent on the
technical support for a particular decision, although a concensus of the
technical community may be difficult or impossible to obtain. An alternative is
to eliminate physical reasonableness as a screening criterion and to use another
screening criterion for all events and processes.
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TABLE 2. POTENTIALLY DISRUPTIVE EVENTS AND PROCESSES BY CATEGORY (after Cranwell and
others, 1982b)

Natural Events and Processes

Celestial Bodies

Meteorite Impact

Surficial Events and Processes

Erosion/Sedimentation
Glaciation
Pluvial Periods
Sea-Level Variations
Hurricanes
Seiches
Tsunamis
Regional Subsidence or Uplift

(also applies to subsurface)
Mass Wasting
Flooding

Subsurface Events and Processes

Diapirism
Seismic Activity
Volcanic Activity
Magmatic Activity
Formation of Dissolution Cavities
Formation of Interconnected Fracture Systems

Faulting

Human-Induced Events and Processes

Inadvertent Intrusions
Explosions
Drilling
Mining
Injection Wells
Withdrawal Wells

Hydrologic Stresses

Irrigation
Damming of Streams or Rivers

Waste- and Repository-Induced Events and Processes

Subsidence and Caving
Shaft and Borehole Seal Degradation
Thermally Induced Stress/Fracturing

in Host Rock
Excavation-Induced Stress/Fracturing

in Host Rock
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TABLE 3. IAEA LIST OF PHENOMENA POTENTIALLY RELEVANT TO SCENARIOS FOR RADIOACTIVE
WASTE REPOSITORIES (after IAEA, 1983)

Natural Processes and Events

Climatic change
Hydrology change
Sea-level change
Denudation
Stream erosion
Glacial erosion
Flooding
Sedimentation
Diagenesis
Diapirism
Faulting/seismicity
Geochemical changes
Fluid interactions

Ground-water flow
Dissolution
Brine pockets

Uplift/subsidence
Orogenic
Epeirogenic
Isostatic

Undetected features
Faults, shear zones
Breccia pipes
Lava tubes
Intrusive dikes
Gas or brine pockets

Magmatic activity
Intrusive
Extrusive

Meteorite impact

Human Activities

Faulty design
Shaft seal failure
Exploration borehole seal
failure

Faulty operation
Faulty waste emplacement

Transport agent introduction
Irrigation
Reservoirs
Intentional artificial
ground-water recharge or
withdrawal

Chemical liquid waste disposal
Large-scale alterations of
hydrology

Waste and Repository Effects

Thermal effects
Differential elastic response
Nonelastic response
Fluid pressure, density
viscosity changes

Fluid migration
Mechanical effects

Canister movement
Local fracturing

Undetected past intrusion
Undiscovered boreholes
Mine shafts

Inadvertent future intrusion
Exploratory drilling
Archaeological exhuma-
tion

Resource mining
(mineral, water, hydro-
carbon, geothermal,
salt, etc.)

Intentional intrusion
War
Sabotage
Waste recovery

Climate control

Chemical effects
Corrosion
Waste package-rock

interactions
Gas generation

Radiological effects
Material property
changes

Radiolysis
Decay-product gas
generation

Nuclear criticality
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Probability of occurrence as a screening criterion is based on Appendix B of the
Standard, which states that "...performance assessments need not consider
categories of events or processes that are estimated to have less than one
chance in 10,000 of occurring in 10,000 years" (EPA, 1985, p. 38088). Four
basic techniques, which may be used singly or in combination, exist for
determining probabilities of occurrence (Guzowski and Cranwell, 1986; Campbell
and Cranwell, 1988): (1) probability models--available data are used as input
to a probability model (e.g., Poisson model), and probabilities are assessed
based on the output of the model; (2) frequentist--existing data are examined
for frequency patterns, and probabilities are based on these frequencies; (3)
modeling--conceptual and mathematical models are used, and probabilities are
based on the results of repeated simulations of the mathematical model; and (4)
subjective--existing data and information are examined, and probabilities are
based on expert opinion. The appropriate technique for a particular event or
process is dependent on the nature of the event or process, the characteristics
of the specific site being considered, and the available data and information
pertinent to the event or process. Because a probability is an expression of
uncertainty as to whether an event or process will occur, a given set of
conditions or assumptions should lead to a single technique for determining the
probability, and this technique should result in a single probability value.
Any uncertainty in the probability value is instead uncertainty in the data, the
information, or the chosen technique that should be resolved before the
probability is determined. As a result, the cutoff probability value in
Appendix B can be rigorously applied in the screening process.

An important consideration in determining the probabilities of occurrence for
events and processes is that calculated values are not necessarily more accurate
or more realistic than expert opinion. Calculated probabilities are based on
assumptions, and certain nonquantifiable information cannot be incorporated in
the calculations. Expert opinion can include nonquantifiable information, such
as future socioeconomic conditions.

A third screening criterion is consequence. For the screening of events and
processes, consequence means having an effect on the repository or the natural
systems. If an event or process disrupts the repository system to an extent
that would enhance radionuclide escape or alter the ground-water flow system to
an extent that would affect radionuclide transport, the event or process should
be retained for further consideration. In addition, if an alternate flow path
to the accessible environment is created, the event or the process should be
retained.

The fourth step in the procedure is the construction of scenarios by combining
the events and the processes that survive the screening process. A logic
diagram is used to construct the scenarios. Figure 7 is an example of a logic
diagram for what were classified as hypothetical release and transport events
and processes. At the time that the procedure was developed, "release" referred
to the escape of radionuclides from the waste-storage rooms, and "transport"
referred to the movement of the escaped radionuclides by ground-water flow.
Following the terminology of the WIPP performance assessment, "release event" in
Cranwell and others (1982b) corresponds to a release-initiating event. No
temporal relationship is implied by the sequence of events and processes across
the top of the diagram or within the constructed scenarios. At each junction
within the diagram, a yes/no decision is made as to whether the next event or
process across the top of the diagram is added to the scenario. As a result,
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T1
T1.T3
T1.T2
T1.T2.T3
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R2, T3
R2, T2
R2, T2, T3
R2.T1
R2, T1.T3
R2, T1, T2
R2.T1.T2, T3
R1
R1.T3
R1.T2
R1.T2, T3
R1.T1
R1.T1.T3
R1.T1.T2

T1.T2, T3
R2
R2, T3
R2, T2
R2, T2, T3
R2, T1

R1,
R1,
R1,
R1,
R1,
R1,

R1.R2, T1.T3
R1.R2, T1.T2
R1, R2, T1, T2, T3

TRI-6342-222-1

Figure 7. Demonstration Logic Diagram for the Construction of Scenarios for
Hypothetical Events and Processes (after Cranwell and others, 1982b)
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each scenario consists of the events and processes of both the "yes" and "no"
branches. For example, R2,T2,T3 in Figure 7 should be noted as Rl,R2,T1,T2,T3.
Events and processes of the "no" branches have not been included in the scenario
designations to simplify the notation. The pathway defined by "no" decisions at
all of the branch points leads to the base-case scenario, which is the
undisturbed performance of the disposal system. This procedure for constructing
scenarios insures that the scenarios are comprehensive, because all possible
combinations of events and processes are developed; and that the scenarios are
mutually exclusive, because each scenario is a unique set of events and
processes. The time at which an event or a process occurs relative to the other
events and processes in the scenario is a variable for consequence modeling.
This time of occurrence can be sampled during the uncertainty analysis.

Screening the scenarios is the last step in the procedure. In a strict
mathematical approach, no scenarios can be eliminated from inclusion in the
construction of a CCDF, because the summation of the probabilities of occurrence
of all the scenarios in the logic diagram must be equal to 1. In a practical
approach, some scenarios can be identified as having so little effect on the
shape and location of the CCDF that consequence modeling of the scenarios is not
necessary, although these scenarios should be considered when evaluating the
overall compliance of the disposal system to the Standard. The criteria for
screening scenarios to identify which scenarios do not require consequence
modeling are similar to those criteria used to screen the events and the
processes.

One criterion is the physical reasonableness of the combination of events and
processes in the scenario. Based on the specific characteristics of a site,
certain combinations of events and processes simply may not be physically
possible (low probability). Figure 8 illustrates how the number of scenarios in
Figure 7 can be reduced if, for example, the combination R2T2 is not physically
reasonable. Physically incompatible events and processes can be virtually
eliminated from scenario development by not allowing parameter values or
specific locations of occurrence to define events and processes.

Another criterion is the probability of occurrence of each scenario. Scenarios
with probabilities of occurrence less than some value will have a minimal impact
on the CCDF. As with the individual events and processes, the probability for
scenarios was assumed to be less than one chance in 10,000 in 10,000 years. In
order to determine the probabilities of the scenarios, the probability of
occurrence and nonoccurrence of each event and process is assigned to the
appropriate "yes" and "no" legs at each junction in the logic diagram (Figure
9). If any of the events and processes being considered are not independent,
the probabilities of occurrence are conditional probabilities. The scenario
probability is the product of the values assigned to the appropriate legs along
the pathway to the appropriate scenario. Because the probability calculation
includes the probability of nonoccurrence of the events and processes that are
not included in the scenario, the probability of the scenario will be lower than
the more intuitive product of only the values of the events and processes that
are included. A property of this technique is that the sum of the probabilities
of all the scenarios developed by the logic diagram will be equal to one.

The final screening criteria is consequence. At this stage of the procedure,
consequence means release of radionuclides to the accessible environment within
10,000 years. In the screening process, calculations may be used to determine
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TRI-6342-222-3

Figure 8. Example of Scenarios after Screening Based on One Criterion (assumed
that R2T2 is not a physically reasonable combination).
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Probability of R2, T1, T3 = (.60)(.20)(.30)(.95)(.01) = 3.4 x 10"4

TRI-6342-12-1

Figure 9. Example of the Calculation of the Probability of Occurrence of a
Scenario.
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whether releases occur. As stated in Appendix B of the Standard, "Some of these
events and processes [and scenarios] may be omitted from the performance
assessments if there is reasonable expectation that the remaining probability
distribution of cumulative releases would not be significantly affected by such
omissions" (EPA, 1985, p. 38088). With this guidance from the Standard,
consequence modeling is not required for those scenarios having no calculated
releases.

An additional step to reducing the number of scenarios developed by the use of
this procedure is to delete scenarios having the same effects because of the
presence of an extraneous event or process in one of the scenarios. Each event
and process in a scenario must contribute to either the escape of radionuclides
from the waste panels or the transport of radionuclides to the accessible
environment. If any event or process does not contribute, the scenario has the
same effect on the disposal system and radionuclide transport as another
scenario with no extraneous events or processes and can be dropped from further
consideration.
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VI. BASE-CASE SCENARIO

One of the products of the use of a logic diagram to develop scenarios is a
base-case scenario. This scenario is determined by the pathway resulting from
"no" decisions at each branch point and consists of the repository/shaft system,
the geologic system, and the ground-water flow system as defined by the
conditions at the time of decommissioning, and those changes that are expected
to occur to these systems within 10,000 years after decommissioning. The
parameters that define the systems have ranges of values as a result of a
variety of sources of uncertainty. For any other scenario being analyzed, the
common parameter values of the base-case scenario are replaced by the
corresponding values in the disruptive scenario. Parameters unaffected by the
disruptive scenario retain their base-case values.

This definition of the base-case scenario is basically the same as that used by
the DOE (1986) for the nominal case. The performance of the nominal case was
one of the factors used to rank five candidate sites as to their suitability to
be high-level waste repositories. By definition,

The nominal case is based on the expected geohydrologic, geochemical, and
rock conditions. The natural variability in these characteristics and the
range of uncertainty that presently exists are taken into account. In
addition, these conditions include natural changes that are expected at the
sites... The influence of the excavation and the effect of the heat
generated by the emplaced waste on the thermal, fluid, and chemical
conditions are also considered (DOE, 1986, p. C-2).

Depending on the specific site, the base-case scenario may define the
undisturbed performance for addressing the Individual Protection Requirements
(40 CFR 191.15) and the Ground-water Protection Requirements (40 CFR 191.16).
The Standard defines undisturbed performance as "...the predicted behavior of a
disposal system, including consideration of the uncertainties in predicted
behavior, if the disposal system is not disturbed by human intrusion or the
occurrence of unlikely natural events" (40 CFR 191.129 (p)) (EPA, 1985, p.
38086). Neither the expression "unlikely natural events", nor by implication
the expression "likely natural events", are defined in the Standard. If the
events and the processes used to develop scenarios are by some criteria
considered to be "unlikely natural events" (and processes) or are limited to
human-intrusion events, the base-case scenario can be used to determine
undisturbed performance. If some of these natural events and processes are
determined to be "likely", these events and processes would have to be added to
the base-case scenario in order to be able to analyze undisturbed performance.
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VII. DESCRIPTION OF THE WIPP REGION

This chapter briefly discusses the geology, hydrology, and natural resources in
the WIPP region. A basic understanding of the site-specific natural setting is
necessary in order to apply the scenario-selection procedure to the WIPP.

The WIPP is located in southeastern New Mexico approximately 38 kilometers east
of the city of Carlsbad (Figure 10). This location places the WIPP in the
northern part of the Delaware Basin. The following description is primarily
synthesized from the summaries of the regional and local WIPP geology and
hydrology presented in Powers and others (1978a,b) and Lappin (1988).
Supplemental material is noted in the text.

STRATIGRAPHY OF THE WIPP DISPOSAL SYSTEM

Less is known about the deeper geology at the WIPP than for the Salado and
younger formations. A detailed description of the stratigraphic units is beyond
the scope of this report but may be found in Powers and others (1978a). Figure
11 is a simplified stratigraphic sequence estimated to occur at the WIPP. This
figure provides a description of each major stratigraphic unit at this location.
Approximately 18,000 feet of sedimentary material has been deposited on a
Precambrian igneous intrusive complex. The age of these sediments ranges from
the Ordovician Period through the Holocene (Recent) Epoch of the Quaternary
Period, although much of the depositional sequence of Mesozoic and Cenozoic age
either was not deposited or was eroded after deposition. Carbonate rocks
dominate the sequence from the Ordovician Period through the Wolfcampian Series
of the Permian Period. Clastic deposits dominate the sequence of the Leonardian
and the Guadalupian Series of the Permian Period, with evaporite deposits of
anhydrite and halite dominating the remainder of the Permian Period. These
evaporites are associated with the formation of the reef complex that surrounds
the Delaware Basin, but not all of the evaporite units are confined within this
basin. In these evaporites, the Salado Formation, which is predominantly
composed of halite, has been selected for the TRU-waste repository. Overlying
the Salado Formation is the Rustler Formation, which consists of two dolomite
units within gypsiferous anhydrite that contains siltstone and halite interbeds.
The lower dolomite unit is the Culebra Dolomite Member, and this unit generally
has been considered as the primary pathway for the transport of the
radionuclides that escape from the repository to reach the accessible
environment by means of transport in ground water. Clastic materials dominate
the remainder of the sequence above the Rustler Formation. The Dewey Lake Red
Beds are the youngest Permian deposits in the sequence, and these beds are the
last marine deposits preserved in the rock record at the WIPP. Nonmarine
deposits complete the sequence. The materials of Cenozoic age are soils and
surficial deposits. A carbonate soil horizon known as the Mescalero Caliche is
present beneath the land surface across most of the WIPP disposal system.

IGNEOUS ACTIVITY

In the vicinity of the WIPP, the only evidence of igneous activity is the
exposure of lamprophyre-dike material in two potash mines, in several drill
holes, and in surface exposures (Claiborne and Gera, 1974) along a trend that at
closest approach is approximately 16 kilometers northwest of the WIPP (Powers
and others, 1978a, Figure 3.5-2). The aeromagnetic anomaly associated with this

27



Chapter VII: Description of the WIPP Region
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Figure 10. Location of the WIPP (Bertram-Howery and Hunter, 1989)
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EXPLANATION

LtTHOLOGIC SYMBOLS
ERA SYSTEM

Sandstone

h ^ ^ ^ ^ r Mudstone; siltstone; silly and sandy shale.

Shale

j Limestone

Dolomite

] Cherty limestone and dolomite

Sholy limestone

(Anhydrite (or gypsum)

j Interlaminoled orshydrite-calcite

j Halite {rock salt)

Granitic rocks
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UNIFORM DARK REO 8R0WN MARINE MUDSTONE AND SILTSTONE WITI
INTERBEDDED VERY FINE.GRAINED SANDSTONE; THINS WESTWARD

rGRAYGYPSiFEROUS ANHYDRITE WITH SILTSTONE INTERBE OS IN
UPPER PART-REDDISH BROWN SILTSTONE OR VERY FINE SILTY
SANDSTONE IN LOWER PART. HALITIC NEAR BASE. CONTAINS 2

L DOLOMITE MARKER BEDS: MAGENTA (M) IN UPPER PART AND
CULEBRAIC] IN LOWER PART. THICKENS EASTWARD DUE TO
INCREASING CONTENT OF UNDISSOLVED ROCK SALT.

5100"

MAINLY ROCK SALT I85-9O%I WITH MINOR INFERBEDDED
ANHYDRITE. POLYHALITE AND CLAYEY TO SILTY CLASTICS. TRACE
OF POTASH MINERALS IN MC NUTT ZONE. THE MINOR INTERBEDS
ARE THIN AND OCCUR IN COMPLEXLY ALTERNATING SEQUENCES.
THICKEST NON-HALITE BED IS THE COWDEN ANHYORITE ICA). 1? FT.
THICK. MULTIPLE ANHYDRITE INTtftBEDS AHE MOST COMMON
IMMEDIATELY BELOW THE COWDEN AND IMMEDIATELY ABOVE
8ASE OF SALADO.

1750-2000

THICK MASSIVE UNITS OF i INELY INTERLAMINATED rVARVEO")
ANHYDRITE CALCITE ALTERNATING WITH THICK HALITE (ROCK
SALT) UNITS CONTAINING THINLY INTERBEDDED ANHYDRITE.
TOP ANHYDRITE UNIT LACKS CALCITE INTERLAMINATIONS.

MOSTLY LIGHT GRAY FINE GRAINED SANOSTONE WITH VARYING
AMOUNT OF SILTY AND SHALY INTERBEDS AND IMPURITIES;
CONTAINS CONSIDERABLE LIMESTONE INTERBEDS AND LIME
RICH INTERVALS. TOP UNIT IS LAMAR LIMESTONE MEMBER. A
PERSISTENT SHALY LIMESTONE OR LIMY SHALE.

MOSTLY GRAY TO BrtOWN. FINE TO VERY FINE GRAINED SANOSTONE
SIMILAR TO BRUSHY CANYON. INTERBEDDED WITH SHALE. DOLOMITE
AND SOME LIMESTONE.

PREDOMINANTLY FINE GRAINED. GRAY TO BROWN SANDSTONE
INTERBEDDED WITH MINOR BROWN SHALE AND DOLOMITE.

THICK. PARTLY CHERTY BASIN LIMESTONE SEQUENCE IN UPPER
PART UNDERLAIN BY ALTERNATING UNITS OF FINE TO VERY FINE-
GRAINED SANDSTONE AND LIMESTONE. SHALE IS NOT COMMON
BUT THE LIMESTONES ARE COMMONLY ARGILLACEOUS.

DARK COLORED BASIN LIMESTONE AND DOLOMITE WITH INTER-
BEDDED SHALE: SANDSTONE IS SCARCE. SHALE AND CARBONATE
CONTENT ROUGHLY EQUAL. MAY CONTAIN A FEW HUNDRED FEET
OF LITHOLOGICALLY SIMILAR UPPER PENNSYLVANIAN STRATA
ICISCO AND CANYON EQUIVALENTS).

DOMINANTLY LIMESTONE WITH SOME CHERT AND INTERBEDDED
SHALE IN UPPER PART- DOMINANTLY LIGHT GRAY MEOIUM TO
CONGLOMERATIC SAND IN LOWER PART. .

PRINCIPALLY LIMESTONE. CHERTY IN MIDDLE PART. ALTERNATING
WITH DARKSHALE.

MOSTLY FINE TO COARSE OR CONGLOMERATIC SANDSTONE WITH
DARK GRAY SHALE. SOMEWHAT LIMY SEQUENCE NEAR TOP INTER-
BEDDED WITH SANDSTONE IS REFERRED TO AS "MORROW LIME".

- -IUNCONFORMITY)-

LIGHT YELLOWISH-BROWN. LOCALLYCHERTY LIMESTONE OVERLAIN
BY DARK BROWN SHALE (BARNETTI.

BLACK. ORGANIC SHALE: PYRITIC.
-IUNCONF0RMITYJ

LIGHT COLORED. CHERTY DOLOMITE; CON 7AINS TWO LIMESTONE
INTERVALS IN UPPER HALF OF SECTION.

CHERTY LIMESTONE AND DOLOMITE.

ALTERNATING BEDS OF LIMESTONE AN0 GRAY OR GREEN SHALE.
WITH MINOR SANDSTONE UNITS.

CHERTY DOLOMITE. INCLUDES BASAL SANDSTONE MEMBER.

^ ^ H 6 2 0 0 " -IUNCONFORMITYI-

IGNEOUS INTRUSIVE TERRANE IAGE 1.2-1.4 BILLION YEARSI

0-100

100-550

275-425

1250"

sioo-

1800"

3400"

300"

650"

1300"



Igneous Activity

trend has been Interpreted as representing a swarm of en-echelon dikes (Elliot,
1976, cited in Powers and others, 1978a).

Age dates for the dikes indicate a mid-Tertiary time of intrusion. Reported
ages are 30 ±1.5 million years (Urry, 1936), and more recently, 34.8 ±0.8
million years (Powers and others, 1978a).

GEOLOGIC STRUCTURES

Both the total thickness of the Salado and the Castile Formations and the
thicknesses of units within these formations are not uniform throughout the WTPP
region (Lappin, 1988). The variation in thicknesses has been attributed to (1)
depositional variability (Lambert, 1983; Borns and Shaffer, 1985), (2)
syndepositional gravity effects (Borns and others, 1983; Borns and Shaffer,
1985), and (3) evaporite dissolution (Anderson, 1978; Davies, 1983). A summary
of these possible mechanisms is presented in Lappin (1988). No tectonic origin
has been suggested for the structural features recognized at depth.

In addition to the lack of a tectonic origin to explain the variations in
stratigraphic thicknesses, faulting of tectonic origin also is absent within the
basin (Bachman and Johnson, 1973; Jones, 1960). Claiborne and Gera (1974)
summarized the structural features and igneous activity in the vicinity of the
Delaware Basin, and except for the lamprophyre dike to the northwest of the
WIPP, no tectonic features have been recognized within the basin.

HYDROGEOLOGY

Few data are available with which to determine the hydrogeology for the
stratigraphic sequence below the Delaware Mountain Group (Figure 11). Lambert
and Mercer (1977) reported hydraulic heads for several of these deeper units
based on the results of drill-stem tests (DST) from oil and gas exploration
boreholes. Whereas the available data are not sufficient to determine ground-
water flow patterns, the data suggest that the hydraulic conditions in the
deeper portions of the stratigraphy may influence the performance of the
repository system if connective disruptions of the system occur.

The elevation of the surface at the WIPP is approximately 3400 feet above mean
sea level (AMSL), and the elevation of the repository is approximately 1250 feet
AMSL. In the Rustler Formation, the elevation of the Culebra Dolomite, which is
the first water-producing unit above the repository, is approximately 2700 feet
AMSL. Pressures measured for the Ellenberger Formation, the Siluro-Devonian
sequence, and the Morrow Formation (Figure 11) generally would support a column
of water to an elevation of 2000 feet AMSL, although a few DSTs had negative
heads. Both the Atoka and the Strawn Formations are overpressured, with the
measured Atoka pressures equivalent to water-column elevations ranging from 3375
to 6552 feet AMSL, and the measured Strawn pressures ranging from 3350 to 6203
feet AMSL. Based on data from seven wells, Lambert and Mercer (1977) concluded
that the heads for the Bone Springs Formation are not sufficient to prevent the
downward movement of shallower water.

Pressure data suggest that penetration of the deeper units could result in water
flowing up the drill hole to the repository level, to the Culebra Dolomite
Member, or to the surface, but this interpretation may not be correct. The
calculation of head elevation from DST pressures may be for freshwater and not

31



Chapter VII: Description of the WIPP Region

for the brine present in the deeper units. Salt in the wall of the borehole
also may be dissolved, thereby increasing the density of the water. In
addition, the pressures for the Atoka and the Strawn Formations are associated
with the production of natural gas (Lambert and Mercer, 1977). As a result, the
water encountered is pressurized in traps and is not part of the regional
hydrologic flow system for those formations. Because of these factors, an
interpretation of the geohydrology of the units deeper than the Delaware
Mountain Group is not possible at this time. Such an interpretation is not
necessary for the performance assessment. The Standard allows the implementing
agencies to assume that the intruder's exploratory techniques soon detect the
incompatibility of the location with their activities, thereby stopping the
drilling before the deeper units are reached.

More information is available for the Delaware Mountain Group than for the
deeper units. This group is considered as a low-permeability reservoir in which
ground-water flow is across the WIPP, north-northeastward toward the Capitan
Limestone (Mercer and Orr, 1977). Pressures in this group are equivalent to a
freshwater head high enough for this water to reach the Culebra Dolomite Member
of the Rustler Formation, although the elevation of a column of saturated brine
would be lower and would result in downward flow if the column is connected to
the higher water-producing units. Recent data on the Bell Canyon Formation
suggest that while the potential for flow exists in the sandstone portions of
the formation, the ground water in this unit is stagnant because of the relative
impermeability of the enclosing rock (Bertram-Howery and others, 1989).

The Castile and the Salado Formations are predominantly composed of anhydrite
and halite, respectively. As a result of the crystalline nature of these units,
ground-water flow in the rock matrix is extremely slow, if occurring at all.
The Castile Formation may be important in assessing the performance of the
disposal system, because this unit contains reservoirs of pressurized brine that
have been encountered in several boreholes in the northern part of the Delaware
Basin. In addition, time domain electromagnetic surveys at the WIPP suggest
that brine reservoirs in the Castile Formation underlie part of the repository
location (Figure 12) (The Earth Technology Corporation, 1988). The penetration
of a reservoir by a borehole that also penetrates a room or drift in the
repository could provide a source of fluid for flooding the repository and
transporting radionuclides.

Because of the plastic nature of halite under differential stresses, the bedded-
salt portions of the Salado Formation have a low primary porosity and no
secondary porosity (no open fractures) in the undisturbed state (Mercer, 1983).
As a result, whether or not any ground-water flow occurs in undisturbed
crystalline salt Is controversial, although permeability measurements, while
very low, have been reported from borehole tests at the WIPP (Mercer, 1987;
Stormont and others, 1987). These low permeabilities indicate that any ground-
water flow through the unit is extremely slow. Sufficient data are not
available with which to determine the pattern for any ground-water flow that may
be occurring.

Five members have been identified in the Rustler Formation. These members and
their predominant rock type are from oldest to youngest: the unnamed member
(siltstone), the Culebra Dolomite Member, the Tamarisk Member (claystone), the
Magenta Dolomite Member, and the Forty-niner Member (claystone) (Vine, 1963;
Mercer, 1983). whereas ground-water flow has been noted in the clastic members
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(Beauheim, 1987; Lappin and others, 1989), the dolomite members, primarily the
Culebra Dolomite Member, have been considered as the major water-producing units
above the repository.

Freshwater-head data for the Culebra Dolomite Member indicate that current
ground-water flow is approximately from the north toward the south across the
WIPP site (Figure 13). South of the site, the flow changes to a southwesterly
direction. Freshwater-head data for the Magenta Dolomite Member indicate that
ground-water flow is approximately from the east toward the west across the WIPP
(Figure 14). In both figures, the direction of ground-water flow is
perpendicular to the contour lines and from the higher contour values toward the
lower values. The contour lines in Figures 13 and 14 were determined by expert
judgment using the metric equivalents of head data reported in LaVenue and
others (1988) as reference points (Beauheim, 1989, personal communication). The
effects of brine density on the direction of ground-water flow has not been
considered in these figures.

Overlying the Rustler Formation are the Dewey Lake Red Beds. This unit is for
the most part unsaturated, although perched water in sand layers does occur
(Mercer and Orr, 1979; Mercer, 1983). Units above the Rustler Formation are not
saturated.

NATURAL RESOURCES

The presence of natural resources at or near a disposal system could increase
the prospect for human activities that compromise the integrity of the system.
As part of the Geological Characterization Report for the WIPP (Powers and
others, 1978b), the natural-resource potential of the region was evaluated. The
potential resources examined were caliche, gypsum, salt, uranium, sulfur,
lithium, potash, and hydrocarbons. Of these, only potash and natural gas were
concluded to have potential as significant exploitable deposits. A later
analysis by Brausch and others (1982) of the potential resources at the WIPP and
a national survey by Mast and others (1989) of estimated undiscovered oil and
gas resources both concluded that oil also is a possible resource in the region.
Potash and hydrocarbons are considered separately below.

POTASH

In the northern part of the Delaware Basin, potash locally occurs in economic
quantities in the McNutt Potash Member of the Salado Formation (Figure 15)
(Brausch and others, 1982). Within this member, eleven zones contain varying
amounts and grades of potash. Although the McNutt Potash Member is present
approximately 400 feet above the waste panels (Nowak and others, 1990),
economically recoverable potash is not present throughout this member. The
estimates of potash resources are (1) no economic sylvite (a potash mineral)
deposits exist at or near the WIPP, (2) langbeinite (another potash mineral)
deposits and economical reserves are located to the north and north-northeast of
the waste panels (Figure 16), (3) only uneconomical langbeinite deposits exist
above a portion of the waste panels, and (4) no potash resources have been
identified over most of the waste-panel area (Figure 16) (Brausch and others,
1982) .
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HYDROCARBONS

Numerous stratigraphic zones in the Delaware Basin have produced hydrocarbons
(Figure 17). Because the stratigraphic units that contain these producing
levels are present beneath the WIPP, the potential for hydrocarbons to be
present must be considered. The stratigraphic traps that produce natural gas in
the northern Delaware Basin are not detectable with geophysical techniques, and
seismic surveys do not indicate major structural features in the Pennsylvanian.
Analyses by Keesey (1976, 1979, cited in Brausch and others, 1982) suggest that
only the Morrow Formation is a reasonable target for natural-gas exploration and
that crude oil is not reasonably extractable from any unit beneath the WIPP.
Mast and others (1989) concluded that South Central New Mexico (Region 3,
Province 092), which includes the WIPP location, does contain economically
recoverable crude oil (in addition to natural gas), although the estimated
amounts are relatively small when compared to other regions (Mast and others,
1989). Their information is too generalized to specifically evaluate the WIPP
region.
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VIII. PRELIMINARY IMPLEMENTATION OF SCENARIO-SELECTION
PROCEDURE

The steps of the Cranwell and others (1982b) scenario-selection procedure have
not been rigorously applied to the scenario-development efforts for the WIPP
performance assessment. Two reasons for this divergence are the current lack of
adequate modeling capabilities for determining consequences and the lack of a
formal procedure for the use of expert opinion to determine probabilities of
occurrence of those events and processes requiring expert opinion. Both of
these capabilities are required for the complete screening of the events and
processes and also for the screening of the scenarios. The approach used for
the WIPP does not lead to an excessive number of scenarios, so the two missing
capabilities can be implemented at a later phase of the procedure without
seriously impacting the outcome.

IDENTIFIED EVENTS AND PROCESSES

As a starting point in the identification of events and processes, Hunter (1989)
used a list of events and processes that had been considered for studies in
support of waste disposal sites in bedded salt in southeastern New Mexico and
elsewhere. The primary sources in compiling this list were Claiborne and Gera
(1974), Bingham and Barr (1979), Arthur D. Little, Inc. (1980), and Cranwell and
others (1982b). A total of 24 events and processes were evaluated as to their
pertinence to the WIPP. These events and processes were screened on the basis
of "...physical reasonableness, probability, potential consequences, and
regulatory guidelines" (Hunter, 1989, p. 8). After screening, ten events and
processes were retained for further consideration: "...normal flow of ground
water, climatic change, the drilling of exploratory boreholes, solution mining,
seal performance, the effects of drilling into a brine reservoir beneath the
repository, leaching of the solid waste, nuclear criticality, waste/rock
interactions, and waste effects" (Hunter, 1989, p. 31). Waste/rock
interactions and waste effects were considered to be applicable to all
scenarios. The remaining 14 events and processes were determined to be of no
significance to the WIPP.

With respect to the scenario-selection procedure, Hunter's (1989) work covered
the step of compiling a list of events and processes that may affect the escape
and transport of radionuclides, and to a large degree, the step of screening the
events and processes in the list. The classification of the events and the
processes is organizational and is not critical to the successful use of the
Cranwell and others (1982b) procedure.

EVALUATION AND ADAPTATION OF EVENTS AND PROCESSES TO SCENARIO-
SELECTION PROCEDURE

One of the products of the logic diagram used in this procedure is a base-case
scenario. The base-case scenario consists of the repository/shaft system, the
geologic and the ground-water flow systems at the time of repository
decommissioning, and those changes that are certain to occur to these systems,
including uncertainties, within 10,000 years. Some of the events and processes
retained by Hunter (1989) are expected to occur. These events and processes
contribute to the undisturbed conditions that define the base-case scenario and
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Chapter VIII: Preliminary Implementation of Scenario-Selection Procedure

are not appropriate for use in the logic diagram to develop additional
scenarios. Each of the retained events and processes is discussed below.

NORMAL FLOW OF GROUND WATER

Regional ground-water flow is occurring and will continue to occur in the
northern Delaware Basin. Because changes in ground-water flow can only occur in
response to some other event or process, and because ground-water flow must be
part of every scenario, ground-water flow is part of the base-case scenario. As
a result, this process is not used to construct other scenarios.

CLIMATIC CHANGE

Over the 10,000-year period after decommissioning of the repository, climatic
change is certain to occur. The amount of change in temperature and
precipitation, and the periodicity of the variations that should occur has not
been estimated at this time for southeastern New Mexico. Climatic change is
important, because an increase in the amount of rainfall may increase the
recharge and thereby affect the ground-water flow in certain water-producing
units. In addition, increased recharge could saturate portions of the Dewey
Lake Red Beds, thereby potentially forming new pathways for radionuclide
transport when and if breaches of the repository occur. Because climatic change
is certain to occur, this change must be part of every scenario. As a result,
climatic change is part of the base-case scenario and will not be used in the
construction of other scenarios. The ranges and distributions in parameter
values assigned to this process will include the uncertainties in these
estimated values.

DRILLING OF EXPLORATORY BOREHOLES

The presence of potash resources near the WIPP and the potential for natural
gas, and perhaps oil, at the WIPP suggest that exploratory drilling for
resources has some probability of occurring. Appendix B of the Standard states
that passive institutional controls cannot be used to completely rule out the
possibility of human intrusion. Appendix B also indicates that active
institutional control of the site can be assumed for 100 years after
decommissioning. Because no human activity can be predicted with certainty in
the time frame in excess of 100 years into the future, drilling for resources is
retained for scenario development instead of being part of the base-case
scenario. For the preliminary scenario development, this rather general event
is changed from drilling of exploratory boreholes to a more specific event of
drilling into a room or drift. A separate task in the performance-assessment
effort is designed to determine the probability of occurrence of this event
(Bertram-Howery and Hunter, 1989).

A borehole drilled at the WIPP to depths greater than the repository could
penetrate a waste-filled room or drift. By drilling through the waste,
radioactive material is ground up by the drill bit and transported to the
surface in the circulating drilling fluid. Upon reaching the surface, the
material is deposited in a mud pit. After completion and plugging of the
borehole, degradation of the casing and the plugs may result in the formation of
a pathway for fluid flow. The direction of fluid flow and the volume depend on
the permeability of the material in the hole and the pressure differential
between the connected units, as well as the availability of fluid for movement.
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Evaluation and Adaptation of Events and Processes to Scenario-Selection Procedure
Drilling of Exploratory Boreholes

Drilling into a pressurized brine reservoir in the Castile Formation is
considered as a separate event below.

SEAL PERFORMANCE

The panel and shaft seals are part of the seal-system conceptual model. As a
result, these features are part of every scenario that can be developed. These
seals will have expected mechanical and hydrologic properties at the time of
emplacement, and these properties will change within expected limits with time.
As long as the behavior of the seals is within expected performance limits,
including uncertainties, the performance of the seals is part of the base-case
scenario, and is not used in the construction of other scenarios. If a
mechanism can be identified that would result in catastrophic failure of one or
more seals or seal types in the system, seal failure would be a component in the
logic diagram for constructing scenarios. To date, no mechanism that could
cause catastrophic seal failure has been identified for the WIPP.

SOLUTION MINING

As described above under Natural Resources. potash reserves exist to the north
and north-northeast of the repository and potash resources are more widespread.
Whether or not mining will occur in the region after decommissioning of the
repository will depend on future economic factors affecting the potash industry.
The type of mining, either conventional or solution, will also depend on these
economic factors. Appendix B of the Standard states that inadvertent and
intermittent human intrusion by exploratory drilling for resources is the most
severe type of human intrusion that must be considered at any disposal site. As
a result, potash mining is not considered within the controlled area.

Brausch and others (1982) state that subsidence commonly occurs over potash
mines even though no incidence of water leaking into the mines as a result of
subsidence has been noted. The subsidence features over the mines could,
however, act as catch basins for runoff, especially during periods of wetter
climatic conditions. Water that collects in these basins has the potential of
increasing recharge to the underlying units, thereby altering ground-water flow,
or perhaps contributing to the saturation of zones that would be unsaturated
without this additional recharge. Potash mining outside of the WIPP boundary is
retained for scenario development because of the possible effects on recharge.
The type of mining, conventional or solution, will not be specified.

THE EFFECTS OF DRILLING INTO A BRINE POCKET BENEATH THE REPOSITORY

Time domain electromagnetic surveys at the WIPP indicated that a portion of the
waste panels is underlain by one or more brine reservoirs in the Castile
Formation (Figure 12) (The Earth Technology Corporation, 1988). As a result, a
borehole that penetrates a room or drift within the waste panels also has some
likelihood of intercepting a brine reservoir if drilled to a sufficient depth.
Whether or not this event can occur in light of the Standard has not been
determined. Appendix B states that "...the implementing agencies can assume
that passive institutional controls or the intruders' own exploratory procedures
are adequate for the intruders to soon detect, or be warned of, the
incompatibility of the area with their activities" (EPA, 1985, p. 38089). The
question arises as to whether "soon detect" will permit enough time for drilling
to reach the depth of the brine reservoirs. Until such time as a determination
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is made on the interpretation of the Standard, this event will be retained for
further consideration, as drilling through a room or drift and into a brine
reservoir.

In addition to the effects described above for a borehole intersecting a room or
drift, a borehole that intersects a pressurized brine reservoir introduces
another mechanism for transporting radionuclides. If the brine in the brine
reservoir has a sufficiently high pressure and the pressure gradient results in
upward flow, brine could flow up the borehole, past the repository level, and to
the surface or to a water-producing unit overlying the repository. In the
process, the flowing brine could dislodge or dissolve waste from the repository
and transport it to higher levels in the rock sequence or to the surface.
Exactly what would happen depends on the depth of the borehole relative to the
water-producing units (especially units deeper than the Delaware Mountain
Group), the hydrologic properties of the plugged borehole, the pressure of the
brine reservoir relative to the pressures in the connected water-producing
units, both the volume of brine and the contact time of the brine and the waste,
and the mechanical and hydrologic properties of the waste.

LEACHING OF THE SOLID WASTE

Leaching is described by Hunter (1989) as "...dissolving the waste by whatever
ground water is present in a repository..." (p. 29). The dissolution of
radionuclides in the waste is certain to occur to some degree whenever water
from any source is present in the repository. As a result, leaching of the
solid waste is part of the base-case scenario and will not be used to construct
other scenarios.

NUCLEAR CRITICALITY

A critical geometry of radionuclides in soil (or rock) requires either a
relatively large amount of plutonium or an unrealistically large amount of water
to act as a reflectant (Stratton, 1983). whether or not either of these
requirements will be achievable either in the repository or along the
transportation pathway(s) has not been determined for the WIPP. Because of the
unique nature of this process relative to the other events and processes
considered for scenario development, nuclear criticality will be analyzed in
detail but not included in scenario development at this time. If this process
turns out to be feasible for the WIPP inventory and the disposal system, the
scenario-development step in this procedure will be revised.

AN ADDITIONAL EVENT FOR INCLUSION IN SCENARIO DEVELOPMENT

In the Draft Supplemental Environmental Impact Statement (SEIS) for the WIPP
(DOE, 1989b), a withdrawal well into the Culebra Dolomite Member of the Rustler
Formation was included in the analysis. The quality of the water in this member
is such that water suitable for use by cattle was not projected to occur within
5 kilometers of the waste panels (Lappin and others, 1989). One of the
requirements for a "significant source" of ground water as defined in the
Standard is a total-dissolved-solid (TDS) content of less than 10,000 mg/i.
This value was assumed to define the upper TDS limit to potable water for both
people and cattle. The actual TDS limit in water for cattle has not been
established. Measurements of TDS for well H-2 (Figure 18) made on samples taken
at different times have ranged from 8,900 mg/i (Mercer, 1983) to 13,000 mg/i
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Paths in the Culebra Dolomite (after LaVenue and others, 1988).
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(Uhland and others, 1987). Although this lowest value of measured TDS is less
than 10,000 mg/i, the location of the well is not directly over the waste panels
or along a flow path downgradient from the waste panels (Figure 18) (Lappin and
others, 1989). The effect of possible recharge resulting from climatic change
on the potability of water in the vicinity of the waste panels has not been
determined.

Relatively few water-chemistry data are available for the Magenta Dolomite
Member. Of three wells (H-3, H-5, and H-6) reported (Lappin and others, 1989)
to have water quality suitable for use by cattle (<10,000 mg/i), only H-3 (7,900
to 9,000 mg/i) is located near the waste panels (Figure 18). This location is
not over or downgradient from these panels. In this member, the water at H-2
(10,300 mg/i) is only slightly above the assumed limit for use by cattle. With
ground-water flow from east to west (Figure 14), this well is downgradient from
the panels. Data are too sparse to determine the distribution of "potable"
water relative to the waste panels, and the effects of recharge caused by wetter
climatic conditions on the distribution have not been predicted. This member is
a potential target for withdrawal wells.

Change to a wetter climate also could result in a portion of the current
unsaturated zone in the Dewey Lake Red Beds becoming saturated. If the water in
this zone is potable, this zone could become a target for withdrawal wells. The
effect of climatic change and the possible resultant increase in recharge on the
water content of this formation has not been predicted.

Because withdrawal wells by themselves will not affect the escape of
radionuclides from the waste panels, this event must be combined with other
events or processes that result in the escape of radionuclides. In such
combinations, withdrawal wells could provide an alternate pathway for
radionuclides to reach the accessible environment. Because "potable" water is
located near the waste panels in the Culebra Dolomite Member and the Magenta
Dolomite Member, and is potentially available in the Dewey Lake Red Beds, the
emplacement of withdrawal wells downgradient from the repository is included in
the development of scenarios at this time. The number of wells, their
geographic distribution, their pumping rate, their life expectancy, and their
depth probably will be randomly selected as part of the consequence analysis of
the scenarios that include this event.

EVENTS RETAINED FOR SCENARIO DEVELOPMENT

Hunter (1989) identified eight events and processes that survived the screening
process and required additional consideration for scenario development. Because
five of these events and processes are certain to occur during the next 10,000
years, these five events and processes are part of the base-case scenario. The
three remaining events are retained for scenario development: (1) drilling
exploratory boreholes, (2) exploratory borehole penetrates a waste-filled room
or drift and a pressurized brine reservoir in the Castile Formation, and (3)
potash mining in the WIPP region with the associated surface subsidence. A
fourth event has been added to the list: (4) emplacement of withdrawal wells
downgradient from the repository.
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DEVELOPMENT OF SCENARIOS

The next step in the scenario-selection procedure is the development of
scenarios by the use of a logic diagram. This diagram produces 2 n scenarios,
where n is the number of events and processes incorporated in the diagram. With
the four events retained for the WIPP, 16 scenarios are developed in the logic
diagram (Figure 19). The designations used for the four events are: TS--potash
mining outside of the WIPP controlled-area boundary, El--drilling through a
waste-filled room or drift and into a pressurized brine reservoir in the Castile
Formation, E2--drilling through a waste-filled room or drift and no intersection
of a brine reservoir, and E3--the emplacement of withdrawal wells to supply
water to stock tanks. A separate task will determine the number of intrusions
of each type. In addition, the location, the time of the intrusions, and the
duration of pumping for withdrawal wells will be variables in the model(s) used
for consequence analysis.

Two groups of scenarios can be delineated in the scenarios in Figure 19. One
set consists of the various combinations of the intrusion events (El and E2)
with the withdrawal well (E3), and the other set contains these same
combinations with the addition of potash mining (TS).

SCREENING OF SCENARIOS

The physical reasonableness of the combination of events in each scenario is the
first screening criterion. None of the combinations in the scenarios developed
in Figure 19 are unreasonable. The second criterion is probability of
occurrence of the scenarios. Because the determination of these probabilities
is the goal of a task that has not been started, this criterion cannot be used
to identify scenarios that do not require consequence modeling. The third
screening criterion is consequence (release to the accessible environment).
Although the formal consequence analysis for the performance assessment has not
been started, preliminary analyses have been completed.

An analysis of undisturbed conditions in Marietta and others (1989), which are
similar to the conditions in the base-case scenario, indicates that releases to
the accessible environment require substantially longer than the 10,000 years of
regulatory concern. Because no radionuclides reached significant water-
producing units for the equivalent of the base-case scenario, and scenarios E3,
TS, and TSE3 potentially affect the transport of radionuclides, but not their
escape, all four scenarios lack consequences. The elimination of E3, TS, and
TSE3 from the scenarios in Figure 19 is illustrated in Figure 20. The base-case
scenario is retained in Figure 20 as a reminder that the parameter values in
each of the remaining scenarios replace the parameter values for the base-case
conditions. In addition, the parameter values and other assumptions used in the
preliminary modeling of this scenario will be reevaluated in the formal
consequence analysis. If later analyses indicate that the base-case scenario
does result in radionuclide releases, the three scenarios will have to be
reevaluated.

Preliminary analyses of the human-intrusion scenarios (E2, E2E3, El, E1E3, E1E2,
and E1E2E3) have been completed as a demonstration of the methodology being
developed for performance assessment (Marietta and others, 1989). The
assumptions made for these preliminary analyses will be reviewed and revised as
needed for the final performance assessment of the WIPP.
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TS E1 E2 E3
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t
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E2, E3

TS, E3

1 TS, E2

1 TS, E1

• TS, E1.E2

TS, E1.E2, E3

TS - Potash Mining Outside the WIPP Boundary
E1 - Drilling Through Room or Drift and Into Brine Reservoir
E2 - Drilling into a Room or Drift
E3 - Emplacement of Withdrawal Well Downgradient From Repository

TRI-6342-259-0

Figure 19. Preliminary Scenarios Developed with a Logic Diagram for the WIPP

Disposal System.
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Figure 20. Screened Preliminary Scenarios for the WIPP Disposal System.
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Scenarios TSE2, TSE2E3, TSE1, TSE1E3, TSE1E2, and TSE1E2E3 are the same as the
human-intrusion scenarios with the addition of possible changes to the ground-
water flow as a result of recharge that may be associated with surface
subsidence caused by potash mining. The effects of added recharge are currently
being evaluated. These scenarios are retained for additional analysis. If
mining has no effect on ground-water flow or the formation of new pathways in
the Dewey Lake Red Beds, all of the scenarios in this set can be deleted from
further consideration, and the logic diagram reconstructed.

As a result of the preliminary screening of the scenarios based on consequences,
the 16 original scenarios (Figure 19) are reduced to a set of 12 scenarios
(Figure 20) that require consequence modeling. Appendix A contains descriptions
of each of the retained scenarios and the base-case scenario.
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IX. SUMMARY AND CONCLUSIONS

The preliminary implementation of the scenario-selection procedure developed by
Cranwell and others (1982) provides a mechanism for developing a comprehensive
set of mutually exclusive scenarios. Although the sequence of steps in the
procedure was not rigorously implemented, the number of scenarios developed is
relatively small. Hunter (1989) identified eight events and processes from a
much larger generic list of events and processes that potentially could affect
the isolation of radioactive waste. Four of these events and processes will be
common to all scenarios. As a result, these events and processes are included
in the base-case scenario. Three events in Hunter's (1989) list were retained
for scenario development, while one process was identified as requiring
independent analysis. An additional event was added to the three events for
scenario development.

Human-intrusion events defined the developed scenarios. The events are (1)
potash mining outside the boundary of the WIPP, (2) exploratory drilling that
intersects a waste-filled room or drift and a pressurized brine reservoir in the
underlying Castile Formation, (3) exploratory drilling that intersects a waste-
filled room or drift and does not hit a brine reservoir, and (4) the emplacement
of withdrawal wells downgradient from the waste panels. Nuclear criticality was
retained for separate evaluation.

Through the use of a logic diagram, 16 scenarios were developed. At this stage
of the scenario development, the results of the analyses of undisturbed
conditions (Marietta and others, 1989) were assumed to be applicable to the
base-case scenario. With no radionuclides reaching significant water-producing
units in 10,000 years, three scenarios that could affect the transport of
radionuclides under base-case conditions were eliminated from further
consideration. The result of this screening is a set of six scenarios
consisting of combinations of the drilling events and a set of these same six
combinations with the addition of potash mining. Preliminary analyses of the
six scenarios without the potash mining (Marietta and others, 1989) indicate
that some releases of radionuclides to the accessible environment occur for each
scenario. At a minimum, the releases consist of radionuclides brought to the
surface by circulating drilling fluids. These analyses will be redone with
updated data and revised assumptions where appropriate. The base-case scenario
also will be reanalyzed. If releases occur for the base-case scenario, the
three scenarios eliminated from consideration in the preliminary scenario
screening will be reconsidered.

Scenario screening based on probability of occurrence has not yet been
attempted. A separate task in the performance-assessment program will address
the estimation of probabilities of occurrence (and nonoccurrence) for the
retained events.

The scenarios developed in this report are subject to change and/or modification
as the WIPP performance assessment progresses. New data and information may
indicate that additional events or processes need to be considered. Alternative
approaches to modeling also may change the final set of scenarios. For example,
the pressurized brine reservoir(s) could be included in the conceptual model of
the hydrogeologic system. Drilling through a room or drift and into a brine
reservoir would not be considered as an event separate from drilling into a room
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Chapter IX: Summary and Conclusions

or drift. Whether or not a borehole intercepts a brine reservoir would be a
function of drilling location and the depth of drilling. Another example would
be the deletion of recharge associated with subsidence over potash mines outside
of the WIPP boundary as an event for scenario development if this recharge has
no significant effect on ground-water flow rates or directions. Any increase or
decrease in the number of events and processes will result in a repeat of the
step in the scenario-selection procedure that incorporates the events and
processes in a logic diagram to produce scenarios and the step of scenario
screening.
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APPENDIX A: DESCRIPTION OF SCENARIOS

This appendix contains descriptions of the preliminary scenarios developed for
the WIPP by the use of the scenario-selection procedure (Cranwell and others,
1982b). These scenarios consist of a base-case scenario, one scenario of potash
mining outside of the WIPP boundary, seven scenarios containing combinations of
drilling events, and the same seven human-intrusion scenarios with the addition
of potash mining. A preliminary analysis (Marietta and others, 1989) identified
four (base case, E3, TS, and TSE3) of the sixteen scenarios as not resulting in
radionuclides reaching the accessible environment or any water-producing unit.
The effect of potash mining on radionuclide transport in the human-intrusion
scenarios has not been examined at this time. The results of the preliminary
analysis will be reevaluated as additional data and information become
available.

The direction of ground-water flow in the boreholes in each scenario is
dependent on the pressure gradient between the repository and the various water-
producing units penetrated by the boreholes. These factors do not define the
scenarios, but instead must be incorporated in the uncertainty and consequence
analyses of each scenario.

BASE CASE

This scenario consists of the disposal system at the time of decommissioning,
and the changes in the system that are certain to occur, along with their
uncertainties, during the time period of regulatory interest.

TS

Potash mining occurs outside of the WIPP boundary. Subsidence of the surface
over a mine produces a catch basin for runoff. Water that collects in a basin
has the potential of increasing recharge to the underlying units, thereby
affecting ground-water flow rates and directions, and the transport of
radionuclides in the units.

E3, TSE3

One or more withdrawal wells are drilled to supply water to livestock. The
location of this type of well depends on the location of potable water in the
water-producing units stratigraphically above the Salado Formation. Withdrawal
wells above or downgradient from the waste panels could provide an alternate
pathway for radionuclides in transport to reach the accessible environment.

E2, TSE2

One or more exploration boreholes penetrate waste-filled rooms and/or drifts in
the waste panels (E2). The total depth of the borehole(s) will be determined as
part of the consequence analysis. At least some radionuclides migrate to the
units overlying the Salado Formation. Ground-water flow in these units is
altered by the additional recharge associated with subsidence features caused by
potash mining (TS).
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Appendix A: Description of Scenarios

E2E3, TSE2E3

One or more boreholes penetrate waste-filled rooms and/or drifts (E2).
Transport of radionuclides to an overlying unit results in the formation of a
contaminant plume, part of which is diverted to the surface by one or more
withdrawal wells (E3) that supply water to livestock ponds. Ground-water flow
in the units overlying the Salado Formation is altered by the additional
recharge associated with subsidence features caused by potash mining (TS).

El, TSE1

One or more boreholes penetrate waste-filled rooms and/or drifts in the waste
panels and also penetrate pressurized brine reservoirs in the Castile Formation
(El). At least some radionuclides are transported to the units overlying the
Salado Formation. Ground-water flow in these units is altered by additional
recharge associated with subsidence features caused by potash mining (TS).

E1E3, TSE1E3

One or more boreholes penetrate waste-filled rooms and/or drifts in the waste
panels and also penetrate pressurized brine reservoirs in the Castile Formation
(El). Transport of radionuclides to the overlying units results in the
formation of a contaminant plume, part of which is diverted to the surface by
withdrawal wells (E3) that supply water to livestock ponds. Ground-water flow
in these units is altered by additional recharge associated with subsidence
features caused by potash mining (TS).

E1E2, TSE1E2

More than one borehole penetrates a waste-filled room or drift. At least one
borehole also penetrates a brine reservoir in the Castile Formation (El), and at
least one borehole does not (E2). Movement of brine through the waste between
the boreholes incorporates radionuclides for transport to the overlying units.
The transport of radionuclides to units above the Salado Formation result in a
contaminant plume that migrates toward the accessible environment. Ground-water
flow in these units is altered by additional recharge associated with subsidence
features caused by potash mining (TS).

E1E2E3, TSE1E2E3

More than one borehole penetrates a waste-filled room or drift. At least one
borehole also penetrates a brine reservoir in the Castile Formation (El), and at
least one borehole does not (E2). Movement of brine through the waste between
the boreholes incorporates radionuclides for transport to the overlying units.
The transport of radionuclides to units above the Salado Formation results in a
contaminant plume that migrates toward the accessible environment. Part of the
plume is diverted to the surface by withdrawal wells (E3) that supply water to
livestock ponds. Ground-water flow in the units is altered by additional
recharge associated with subsidence features caused by potash mining (TS).

A-2



Distribution:

U. S. Department of Energy (9)
Office of Environmental Restoration

and Waste Management
Attn: Jill Lytle, EM-30

Mark Frei, EM-34 (3)
Mark Duff, EM-34
Clyde Frank, EM-50

Office of Environment, Safety and
Health

Attn: Ray Pelletier, EH-231
Kathleen Taimi, EH-232
Carol Borgstrum, EH-25

Washington, DC 20585

U. S. Department of Energy (8)
Albuquerque Operations Office
Attn: Bruce G. Twining

J. E. Bickel
R. Marquez
K. A. Griffith
M. Wilson
D. Krenz
G. Runkle
C. Soden

P.O. Box 5400
Albuquerque, NM 87185-5400

U. S. Department of Energy (10)
WIPP Project Office (Carlsbad)
Attn: A. Hunt (4)

M. McFadden
V. Daub (4)
K. Hunter

P.O. Box 3090
Carlsbad, NM 88221-3090

U.S. .Department of Energy (2)
Deputy Assistant Secretary for

Environment, EH-20
Attn: Raymond P. Berube

John Tseng
1000 Independence Ave. SW
Washington, D.C. 20585

U. S. Department of Energy, (5)
Office of Civilian Radioactive Waste

Management
Attn: Deputy Director, RW-2

Associate Director, RW-10
Office of Program
Administration and
Resources Management

Associate Director, RW-20
Office of Facilities

Siting and
Development

Associate Director, RW-30
Office of Systems

Integration and
Regulations

Associate Director, RW-40
Office of External
Relations and Policy

Office of Geologic Repositories
Forrestal Building
Washington, DC 20585

U. S. Department of Energy
Attn: National Atomic Museum Library
Albuquerque Operations Office
P.O. Box 5400
Albuquerque, NM 87185

U. S. Department of Energy
Research & Waste Management Division
Attn: W. R. Bibb, Director
P.O. Box E
Oak Ridge, TN 37831

U. S. Department of Energy (2)
Idaho Operations Office
Fuel Processing and Waste
Management Division

785 DOE Place
Idaho Falls, ID 83402

U.S. Department of Energy
Savannah River Operations Office
Defense Waste Processing

Facility Project Office
Attn: W. D. Pearson
P.O. Box A
Aiken, SC 29802

Dist - 1



Distribution (Continued):

U.S. Department of Energy (2)
Richland Operations Office
Nuclear Fuel Cycle & Production

Division
Attn: R. E. Gerton
825 Jadwin Ave.
P.O. Box 500
Richland, WA 99352

U.S. Department of Energy (3)
Nevada Operations Office
Attn: J. R. Boland

D. Livingston
P. K. Fitzsimmons

2753 S. Highland Drive
Las Vegas, NV 87183-8518

U.S. Department of Energy (2)
Technical Information Center
P.O. Box 62
Oak Ridge, TN 37831

U.S. Department of Energy (2)
Chicago Operations Office
Attn: J. C. Haugen

David Dashavsky
9800 South Cass Avenue
Argonne, IL 60439

U.S. Department of Energy (2)
Los Alamos Area Office
Attn: J. D. Tillman
528 35th Street
Los Alamos, NM 87544

U.S. Department of Energy (3)
Rocky Flats Area Office
Attn: W. C. Rask

T. Anderson
P.O. Box 928
Golden, CO 80402-0928

U.S. Department of Energy
Dayton Area Office
Attn: R. Grandfield
P.O. Box 66
Maimisburg, OH 45343-0066

U.S. Department of Energy
Attn: Edward Young
Room E-178
GAO/RCED/GTN
Washington, DC 20545

U.S. Department of Energy
Advisory Committee on Nuclear

Facility Safety
Attn: Merritt Langston, AC-21
Washington, DC 20585

Defense Nuclear Facilities Safety
Board

Attn: Dermot Winters
600 E. Street NW
Suite 675
Washington, DC 20004

Nuclear Waste Technical Review Board
(2)

Attn: Don U. Deere
1111 18th Street NW #801
Washington, DC 20006

Charlie Armstrong, WIPP Panel
Secretary

National Research Council
Board on Radioactive Waste Management
HA462
2101 Constitution Avenue
Washington, DC 20418

U.S. Environmental Protection
Agency (2)

Office of Radiation Protection
Programs (ANR-460)

Attn: Ray Clark (2)
Washington, D.C. 20460

Bureau of Land Management
101 E. Mermod
Carlsbad, NM 88220

Bureau of Land Management
New Mexico State Office
P.O. Box 1449
Santa Fe, NM 87507

Dist - 2



Distribution:

U.S. Geological Survey
Branch of Regional Geology
Attn: R. Snyder
MS913, Box 25046
Denver Federal Center
Denver, CO 80225

U.S. Geological Survey
Conservation Division
Attn: W. Melton
P.O. Box 1857
Roswell, NM 88201

U.S. Geological Survey (2)
Water Resources Division
Attn: Cathy Peters
Suite 200
4501 Indian School, NE
Albuquerque, NM 87110

U.S. Nuclear Regulatory Commission

(4)
Divisior -te Management
Attn: Bunting, HLEN 4H3 OWFN

.allard, HLGP 4H3 OWFN
jb Philip, WMB

.C Library
' jp 623SS
v. gton, DC 20555

U.S. Nuclear Regulatory Commission

(3)
Advisory Committee on Nuclear Waste
Attn: Raymond F. Fraley

Richard Major
D. Moeller

7920 Norfolk Avenue
Bethesda, MD 20814

Environmental Evaluation Group (5)
Attn: Robert Neill
Suite F-2
7007 Wyoming Blvd., N.E.
Albuquerque, NM 87109

New Mexico Bureau of Mines
and Mineral Resources (2)

Attn: F. E. Kottolowski, Director
J. Hawley

Socorro, NM 87801

NM Department of Energy & Minerals
Attn: Kasey LaPlante, Librarian
P.O. Box 2770
Santa Fe, NM 87501

Bob Forrest
Mayor, City of Carlsbad
P.O. Box 1569
Carlsbad, NM 88221

Chuck Bernard
Executive Director
Carlsbad Department of Development
P.O. Box 1090
Carlsbad, NM 88221

Thomas Bahr, Director
New Mexico State University
New Mexico Waste Resources Research

Institute
Box 3167
Las Cruces, NM 88001

Robert Bishop
Nuclear Management Resources Council
1776 I Street, NW
Suite 300
Washington, DC 20006-2496

Arthur Kubo
BDM Corporation
7915 Jones Branch Drive
McLean, VA 22102

Leonard Slosky
Slosky & Associates
Bank Western Tower
Suite 1400
1675 Broadway
Denver, CO 80202

Newal Squyres, Esq.
Eberle and Berlin
P.O. Box 1368
Boise, ID 83702

Dist - 3



Distribution (Continued):

Robert M. Hawk (2)
Chairman, Hazardous and Radioactive
Materials Committee

Room 334
State Capitol
Sante Fe, NM 87503

Kirkland Jones (2)
Department Director
New Mexico Environmental Improvement

Division
P.O. Box 968
1190 St. Francis Drive
Santa Fe, NM 87503-0968

Battelle Pacific Northwest
Laboratories (6)

Attn: D. J. Bradley
J. Relyea
R. E. Westerman
S. Bates
H. C. Burkholder
L. Pederson

Battelle Boulevard
Richland, WA 99352

Savannah River Laboratory (6)
Attn: N. Bibler

E. L. Albenisius
M. J. Plodinec
G. G. Wicks
C. Jantzen
J. A. Stone

Aiken, SC 29801

Savannah River Plant (2)
Attn: Richard G. Baxter

Building 704-S
K. W. Wierzbicki
Building 703-H

Aiken, SC 29808-0001

Los Alamos National Laboratory
Attn: B. Erdal, CNC-11
P.O. Box 1663
Los Alamos, NM 87545

Los Alamos National Laboratories (3)
HSE-8
Attn: M. Enoris

L. Soholt
J. Wenzel

P.O. Box 1663
Los Alamos, NM 87544

Oak Ridge National Laboratory (4)
Attn: R. E. Blanko

E. Bondietti
C. Claiborne
G. H. Jenks

Box 2009
Oak Ridge, TN 37831

Lawrence Livermore National
Laboratory

Attn: G. Mackanic
P.O. Box 808, MS L-192
Livermore, CA 94550

Martin Marietta Systems, Inc.
Oak Ridge National Labs
Attn: J. Setaro
P.O. Box 2008, Bldg. 3047
Oak Ridge, TN 37831-6019

Argonne National Labs
Attn: A. Smith
9700 South Cass, Bldg. 201
Argonne, IL 60439

INTERA Technologies, Inc. (3)
Attn: G. E. Grisak

J. F. Pickens
A. Haug

Suite #300
6850 Austin Center Blvd.
Austin, TX 78731

INTERA Technologies, Inc.
Attn: Wayne Stensrud
P.O. Box 2123
Carlsbad, NM 88221

IT Corporation
Attn: R. F. McKinney (2)
Regional Office - Suite 700
5301 Central Avenue, NE
Albuquerque, NM 87108

Dist - 4



Distribution:

IT Corporation
R. J. Eastmond
825 Jadwin Ave.
Richland, WA 99352

IT Corporation (2)
Attn: D. E. Deal
P.O. Box 2078
Carlsbad, NM 88221

RE/SPEC, Inc. (2)
Attn: W. Coons

P. F. Gnirk
P.O. Box 14984
Albuquerque NM 87191

RE/SPEC, Inc. (7)
Attn: L. L. Van Sambeek

D. B. Blankenship
G. Callahan
T. Pfeifle
J. L. Ratigan

P.O. Box 725
Rapid City, SD 57709

Reynolds Elect/Engr. Co., Inc.
Building 790, Warehouse Row
Attn: E. W. Kendall
P.O. Box 98521
Las Vegas, NV 89193-8521

Rockwell International (3)
Atomics International Division
Rockwell Hanford Operations
Attn: J. Nelson (HWVP)

P. Salter
W. W. Schultz

P.O. Box 800
Richland, WA 99352

Science Applications
International Corporation

Attn: Howard R. Pratt,
Senior Vice President

10260 Campus Point Drive
San Diego, CA 92121

Science Applications
International Corporation

Attn: Michael B. Gross
Ass't. Vice President

Suite 1250
160 Spear Street
San Francisco, CA 94105

Science Applications
International Corporation

George Dymmel
101 Convention Center Dr.
Las Vegas, NV 89109

Science Applications
International Corporation (3)

Attn: J. Sandha
W. Beyeler
J. Schreiber

2109 Air Park Road, SE
Albuquerque, NM 87106

Systems, Science, and Software (2)
Attn: E. Peterson

P. Lagus
Box 1620
La Jolla, CA 92038

TASC
Attn: Steven G. Oston
55 Walkers Brook Drive
Reading, MA 01867

Westinghouse Electric Corporation (7)
Attn: Library

L. Trego
W. P. Poirer
W. R. Chiquelin
V. F. Likar
D. J. Moak
R. F. Kehrman

P.O. Box 2078
Carlsbad, NM 88221

E G & G Idaho (3)
1955 Fremont Street
Attn: C. Atwood

C. Hertzler
T. I. Clements

Idaho Falls, ID 83415

Dist - 5



Distribution (Continued):

New Mexico Engineering Research
Institute (6)

Attn: J. Bean
A. Schreyer
R. McCurley
D. Morrison
J. Rath
D. Rudeen

P.O. Box 25
University Station
Albuquerque, New Mexico 87131

Geo-Centers, Inc.
Attn: H. J. Iuzzolino
2201 Buena Vista Dr., SE
Suite 300
Albuquerque, New Mexico 87106

Charles R. Hadlock
Arthur D. Little, Inc.
Acorn Park
Cambridge, MA 02140-2390

Kathleen Hain
BDM Corporation
7519 Jones Branch Drive
McLean, VA 22101

Bill Kennedy
Pacific Northwest Laboratory
Battelle Blvd.
P.O. Box 999
Richland, WA 99352

Don Wood
Westinghouse Hanford Company
P.O. Box 1970
Richland, WA 99352

K. Owens
Westinghouse/Hanford
2401 Stevens Road
Richland, WA 99352

R. Blauvelt
Monsanto Research Corp.
Mound Road
Miamisburg, OH 45432

Center for Nuclear Waste Regulatory
Analysis (4)

Southwest Research Institute
Attn: P. K. Nair (4)
6220 Culebra Road
San Antonio, Texas 78228-0510

David Lechel
Weston Corporation
5301 Central Avenue, NE
Albuquerque, NM 87108

Claes-Otto Wene
Building 475
Brookhaven National Laboratory
Upton, New York 11973

Robert Wilems
Rogers & Associates Engineering Corp.
P.O. Box 330
Salt Lake City, Utah 84110-0330

University of Arizona
Attn: J. G. McCray
Department of Nuclear Engineering
Tucson, AZ 85721

University of New Mexico (2)
Geology Department
Attn: D. G. Brookins

Library
Albuquerque, NM 87131

Pennsylvania State University
Materials Research Laboratory
Attn: Delia Roy
University Park, PA 16802

Texas A&M University
Center of Tectonophysics
College Station, TX 77840

Mechanical, Aerospace, and
Nuclear Engineering Department (2)

Attn: W. Kastenberg
D. Browne

5532 Boelter Hall
University of California
Los Angeles, CA 90024

Dist - 6



Distribution:

Thomas Brannigan Library
Attn: Don Dresp, Head Librarian
106 W. Hadley St.
Las Cruces, NM 88001

Hobbs Public Library
Attn: Marcia Lewis, Librarian
509 N. Ship Street
Hobbs, NM 88248

New Mexico State Library
Attn: Ingrid Vollenhofer
P.O. Box 1629
Santa Fe, NM 87503

New Mexico Tech
Martin Speere Memorial Library
Campus Street
Socorro, NM 87810

Panne11 Library
Attn: Ruth Hill
New Mexico Junior College
Lovington Highway
Hobbs, NM 88240

Roswell Public Library
Attn: Nancy Langston
301 N. Pennsylvania Avenue
Roswell, NM 88201

WIPP Public Reading Room
Attn: Lee Hubbard, Head Librarian
Carlsbad Municipal Library
101 S. Halagueno St.
Carlsbad, NM 88220

Government Publications Department
General Library
University of New Mexico
Albuquerque, NM 87131

Charles Fairhurst, Chairman
Department of Civil and
Mineral Engineering

University of Minnesota
500 Pillsbury Dr. SE
Minneapolis, MN 55455

John 0. Blomeke
Route 3
Sandy Shore Drive
Lenoir City, TN 37771

John D. Bredehoeft
Western Region Hydrologist
Water Resources Division
U.S. Geological Survey (M/S 439)
345 Middlefield Road
Menlo Park, CA 94025

Karl P. Cohen
928 N. California Avenue
Palo Alto, CA 94303

Fred M. Ernsberger
250 Old Mill Road
Pittsburgh, PA 15238

Rodney C. Ewing
Department of Geology
University of New Mexico
200 Yale, NE
Albuquerque, NM 87131

B. John Garrick
Pickard, Lowe & Garrick, Inc.
2260 University Drive
Newport Beach, CA 92660

John W. Healy
51 Grand Canyon Drive
Los Alamos, NM 87544

Leonard F. Konikow
U.S. Geological Survey
431 National Center
Reston, VA 22092

Jeremiah O'Driscoll
505 Valley Hill Drive
Atlanta, GA 30350

D'Arcy A. Shock
233 Virginia
Ponca City, OK 74601

Dist - 7



Distribution (Continued):

Christopher Whipple
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, CA 94303

Peter B. Myers, Staff
Director (3)

National Research Council
Committee on Radioactive
Waste Management

2101 Constitution Avenue
Washington, DC 20418

Ina Alterman
Board on Radioactive Waste
Management

GF462
2101 Constitution Avenue
Washington, D. C. 20418

G. Ross Heath
College of Ocean

and Fishery Sciences
University of Washington
Seattle, WA 98195

Thomas H. Pigford
Department of Nuclear Engineering
4153 Etcheverry Hall
University of California
Berkeley, CA 94270

Patrick A. Domenico
Geology Department
Texas A & M
College Station, TX 77843-3115

Neville Cook
Rock Mechanics Engineering
Mine Engineering Dept.
University of California
Berkeley, CA 94270

Thomas A. Cotton
4429 Butterworth Place, NW
Washington, DC 20016

Robert J. Budnitz
President, Future Resources
Associates Inc.

2000 Center Street
Suite 418
Berkeley, CA 94704

C. J ohn Mann
Department of Geology
245 Natural History Bldg.
1301 West Green Street
University of Illinois
Urbana, IL 61801

Charles D. Hollister
Dean for Studies
Woods Hole Oceanographic

Institute
Woods Hole, MA 02543

Benjamin Ross
Disposal Safety, Inc.
Suite 600
1629 K Street NW
Washington, D.C. 20006

Tech. Reps., Inc. (2)
Attn: J. Stikar
5000 Marble NE
Suite 222
Albuquerque, NM 87110

Dennis W. Powers
Star Route Box 87
Anthony, TX 79821

Studiecentrum Voor Kernenergie
Centre D'Energie Nucleaire
Attn: A. Bonne
SCK/CEN
Boeretang 200
B-2400 Mol
BELGIUM

Atomic Energy of Canada, Ltd. (2)
Whiteshell Research Estab.
Attn: Peter Haywood

John Tait
Pinewa, Manitoba, CANADA
ROE 1L0

Dist -



Distribution:

D. K. Mukerjee
Ontario Hydro Research Lab
800 Kipling Avenue
Toronto, Ontario, CANADA
M8Z 5S4

Esko Peltonen
Industrial Power Company Ltd.
TVO
Fredrikinkatu 51-53
SF-00100 Helsinki 10, FINLAND

Timo Vieno
Technical Research Center of Finland
Nuclear Engineering Laboratory
VTT
Lonnrotinkatu 37
P.O. Box 169
SF-001 81 Helsinki, FINLAND

Ghislain de Marsily
Lab. Geologie Applique
Tour 26, 5 etage
4 Place Jussieu
F-75252 Paris Cedex 05, FRANCE

OECD Nuclear Energy Agency (2)
Attn: Jean-Pierre Olivier

Claes Thegerstrom
38, Boulevard Suchet
F-75016 Paris, FRANCE

D. Alexandre, Deputy Director
ANDRA
31 Rue de la Federation
75015 Paris, FRANCE

Claude Sombret
Centre D'Etudes Nucleaires
De La Vallee Rhone

CEN/VALRHO
S.D.H.A. BP 171
30205 Bagnols-Sur-Ceze
FRANCE

Bundesministerium fur Forschung und
Technologie

Postfach 200 706
5300 Bonn 2
FEDERAL REPUBLIC OF GERMANY

Bundesanstalt fur Geowissenschaften
und Rohstoffe

Attn: Michael Langer
Postfach 510 153
3000 Hannover 51
FEDERAL REPUBLIC OF GERMANY

Hahn-Mietner-Institut fur
Kernforschung

Attn: Werner Lutze
Glienicker Strasse 100
100 Berlin 39
FEDERAL REPUBLIC OF GERMANY

Institut fur Tieflagerung (4)
Attn: K. Kuhn
Theodor-Heuss-Strasse 4
D-3300 Braunschweig
FEDERAL REPUPLIC OF GERMANY

Kernforschung Karlsruhe
Attn: K. D. Closs
Postfach 3640
7500 Karlsruhe
FEDERAL REPUBLIC OF GERMANY

Physikalisch-Technische Bundesanstalt
Attn: Peter Brenneke
Postfach 33 45
D-3300 Braunschweig
FEDERAL REPUBLIC OF GERMANY

D. R. Knowles
British Nuclear Fuels, pic
Risley, Warrington, Cheshire WA3 6AS
1002607 GREAT BRITAIN

Shingo Tashiro
Japan Atomic Energy Research

Institute
Tokai-Mura, Ibaraki-Ken
319-11 JAPAN

Netherlands Energy Research
Foundation

ECN (2)
Attn: Tuen Deboer, Mgr.

L. H. Vons
3 Westerduinweg
P.O. Box 1
1755 ZG Petten, THE NETHERLANDS

Dist - 9



Distribution (Continued):

Statens Karnkraftinspektion (8)
SKI
Attn: Johan Andersson

Kjell Andersson
Torbjorn Carlsson
Lennart Hammar
Lars Hogberg
Fritz Kautsky
Soren Norrby
Stig Wingefors

Box 27106
S-102 52 Stockholm, SWEDEN

Svensk Karnbransleforsorjning AB (3)
SKB
Attn: Torsten Eng

Fred Karlsson
Tonis Papp

Box 5864
S-102 48 Stockholm, SWEDEN

National Institute of Radiation
Protection (3)

SSI
Attn: Ulf Baverstam

Gunnar Johansson
Jan-Olof Snihs

Box 60204
104 01 Stockholm, SWEDEN

Studsvik Nuclear AB (2)
Attn: Ulla Bergstrom

Bjorn Sundblad
611 82 Nykoping, SWEDEN

Bertil Grundfelt
KEMAKTA Consultants Co.
Pipersgatan 27
112 28 Stockholm, SWEDEN

Nils Rydell
National Board of Spent Nuclear Fuel
SKN
Sehlstedtsgaten 9, 3 tr
115 28 Stockholm, SWEDEN

Ove Stephansson
Box 4045
127 04 Skarholmen, SWEDEN

Erik Soderman
ES-Konsult
Box 3096
161 03 Bromma, SWEDEN

Ronny Bergman
Forsvarets Forskningsanstalt

(Inst 45)
Huvudavdelningen 4 (FOA 4)
Cementvagen 20
901 82 Umea, SWEDEN

Neil Chapman
British Geological Survey
Keyworth
GBR-Nottingham N12 5GG
UNITED KINGDOM

Ivar Neretnieks
UK Atomic Energy Authority
Chemistry Division Build. 10-30
Oxfordshire 0X11 ORA
UNITED KINGDOM

INTERA-ECL (2)
Environmental Sciences Department
Attn: David Hodgkinson

Graham Smith
Chiltern House
45 Station Road
Henley-on-Thames
Oxfordshire RG9 1AT
UNITED KINGDOM

Dist - 10



Internal Distribution:

1
20
1510
1511
1511
1511
1511
1511
1520
1521
1521
1524
3200
6000
6232
6233
6233
6233
6300
6310
6310
6311
6312
6313
6315
6315
6316
6317
6320
6340
6340
6341
6341
6341
6341
6341
6342
6342
6342
6342
6342
6342
6342
6342
6342
6342
6342
6342
6342
6343
6344

A.
0.
J.
D.
N.
R.
M.
P.
J.
J.
H.
M.
N.
D.
W.
J.
T.
J.
R.
T.
G.
A.
F.
T.
P.
L.
R.
S.
J.
W.
s.
D.
R.
R.
R.

Narath
E. Jones
W. Nunziato
K. Gartling
Bixler
R. Eaton
Martinez
Hopkins
W. Peterson
G. Arguello
S. Morgan
Stone
R. Ortiz
L. Hartley
R. Waversik
C. Eichelberger
M. Gerlach
L. Krumhansl
W. Lynch
0. Hunter
E. Barr
L. Stevens
W. Bingham
Blejwas
C. Kaplan
E. Shephard
P. Sandoval
Sinnock
E. Stiegler
D. Weart
Y. Pickering
P. Garber
L. Hunter
D. Klett
C. Lincoln

Sandia WIPP Central Files (100)
D.
B.
S.
K.
A.
L.
W.
R.
W.
H.
M.
A.
R.
T.
R.

R. Anderson (25)
L. Baker
Bertram-Howery
Brinster
Gilkey
S. Gomez
D. Grant
Guzowski (75)
Harrison
Iuzzolino
G. Marietta
C. Peterson
R. Rechard
M. Schultheis
L. Beauheim

6344
6344
6344
6344
6344
6344
6344
6344
6345
6345
6345
6345
6345
6345
6346
6346
6346
6346
6346
6350
6400
6415
6415
6415
6415
6415
6416
6416
6416
6416
9300
9310
9320
9325
9325
9330
9333
9333
9334
8524
3141
3151
3154-1

P.
E.
S.
A.
A.
R.
C.
M.
R.
L.
B.
A.
M.
K.
B.
D.
E.
J.
T.
W.
D.
J.
R.
J.
R.
M.
E.
M.
M.
C.
J.
J.
M.
R.
J.
J.
0.
J.
P.
J.
s.
w.
c.

B. Davies
Gorham-Bergeron
J. Finley
L. Jensen
M. LaVenue
Z. Lawson
F. Novak
D. Siegel
Beraun
Brush
M. Butcher
R. Lappin
A. Molecke
L. Robinson
L. Ehgartner
E. Munson
J. Nowak
R. Tillerson
M. Torres
C. Luth
J. McCloskey
Campbell
M. Cranwell
C. Helton
L. Iman
Tierney
Bonano
Piepho

S.Y. Chu
P. Harlan
E. Powell
D. Plimpton
J. Navratil
L. Rutter
T. Mcllmoyle
0. Kennedy
Burchett
W. Mercer
D. Seward
A. Wackerly (SNLL Library)
A. Landenberger (5)
I. Klein (3)
L. Ward (8) for DOE/OSTI

Dist - 11
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