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ABSTRACT

This report documents the data available as of August 1990 and used
by the Performance Assessment Division of Sandia National
Laboratories in its December 1990 preliminary performance assessment
of the Waste Isolation Pilot Plant (WIPP). Parameter values are
presented in table form for the geologic subsystem, engineered
barriers, borehole flow properties, climate variability, and
intrusion characteristics. Sources for the data and a brief
discussion of each parameter are provided.
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PREFACE

This report is a compilation of data and pertinent information used in the
preliminary comparison of the Waste Isolation Pilot Plant (WIPP) with the
Environmental Protection Agency’s (EPA’'s) Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level, and Transuranic
Radioactive Wastes (40 CFR 191). The parameters reported herein will be
updated as better information becomes available. Thus, this report is only
a snapshot of the data as of August 1990. At a minimum, updated reports
will be issued annually in conjunction with the comparison of the WIPP with
40 CFR 191. (Because of the many sensitivity studies planned for next year,
two updates of the data report are currently planned for 1991.) The 1990
comparison and background information on the comparison are reported in:

Bertram-Howery, S. G., M. G. Marietta, R. P. Rechard, P. N. Swift,
D. R. Anderson, B. Baker, J. Bean, W. Beyeler, K. F. Brinster, R.
V. Guzowski, J. Helton, R. D. McCurley, D. K. Rudeen, J. Scheiber,
and P. Vaughn. 1990. Preliminary Comparison with 40 CFR Part 191,
Subpart B for the Waste Isolation Pilot Plant, December, 1990.
SAND90-2347. Albuquerque, NM: Sandia National Laboratories.

Marietta, M. G., R. P. Rechard, P. N. Swift, and others. 1990.
Preliminary Probabilistic Safety Assessment of the Waste Isolation
Pilot Plant. SAND90-2718. Albuquerque, NM: Sandia National
Laboratories. 1In preparation.

Berglund, J., and M. G. Marietta. 1990. A Computational Model for
the Direct Removal of Repository Material by Drilling.

SAND90-2977. Albuquerque, NM: Sandia National Laboratories. 1In
preparation.

Helton, J.C. 1990. Sensitivity Analysis Techniques and Results
for Performance Assessment of the Waste Isolation Pilot Plant.
SAND90-7103. Albuquerque, NM: ' Sandia National Laboratories.

Other compilations of data used by the WIPP project are reported in:

Bayley, S. G., M. D. Siegel, M. Moore, and S. Faith. 1990. Sandia
Sorption Data Management System Version 2 (SSDMSII). SAND89-0371.
Albuquerque, NM: Sandia National Laboratories.

Krieg, R. D. 1984. Reference Stratigraphy and Rock Properties for
the Waste Isolation Pilot Plant (WIPP) Project. SAND83-1908.
Albuquerque, NM: Sandia National Laboratories.

Munson, D. E., J. R. Ball, and R. L. Jones. 1990. "Data Quality
Assurance Controls through the WIPP In Situ Data Acquisition,
Analysis, and Management System" in Proceedings of the
International High-Level Radioactive Waste Management Conference,
Las Vegas, NV, April 8-12. Sponsored by American Nuclear Society
and ASCE, New York, p. 1337-1350.



A short companion document to this report is

Tierney, M. S§. 1990. Constructing Probability Distributions of
Uncertain Variables in the Models of the Performance of the Waste
Isolation Pilot Plant (WIPP). SAND90-2510. Albuquerque, NM:
Sandia National Laboratories.

This report by Tierney presents the current procedures used to elicit
data from researchers at Sandia, select appropriate distribution types,
and construct empirical distributions. Although the discussion in
Tierney (1990) is closely related to the information presented in this
report, his report is being published separately to focus attention on
the procedures used and perhaps elicit constructive comments.

Although the Performance Assessment (PA) Division is responsible for
comparing the Waste Isolation Pilot Plant with the EPA Standard, 40 CFR
191, Subpart B, the majority of data used for these comparisons is
supplied by experimentors and analysts characterizing the disposal
system and surrounding regional geology in the Fluid Flow & Transport
(6344), Disposal Room System (6345), and Repository Isolation Systems
(6346) Divisions at Sandia National Laboratories. Supplying data as
ranges and distributions to the PA Division is a major task. The
contributions by R. L. Beauheim, P. B. Davies, M. D. Siegel, and B. M.
Butcher are greatly appreciated.

Others who contributed data and information are A. C. Peterson
(radionuclide inventory) and M. S. Tierney (human intrusion probability
model) .

In addition to the individual contributors who established the current
data (and-are listed in Appendix A of this report), earlier
contributors are also acknowledged. Most of the earlier data is
summarized in Systems Analysis Long-Term Radionuclide Transport, and
Dose Assessments, Waste Isolation Pilot Plant (WIPP), Southeastern New
Mexico; March 1989, edited by Lappin et al. (1989). Because of this
report’s wide circulation, we found it convenient to refer to this
report as a data source, when in many cases it only summarized others'’
work. Its selection as a source was not meant to diminish the
contributions of the original authors. However, Lappin et al. (1989)
is also one of the first reports in which ranges were assigned for many
parameters, so it does provide a primary reference for these ranges.
Furthermore, some of the data have not yet been published and thus
Lappin et al. (1989) serves as the only source until the reports are
complete.

We appreciate the time and suggestions supplied by the final peer
reviewers: A. C. Peterson (6342) and A. M. LaVenue (INTERA, Inc.).
Furthermore, J. M. Jamison’s (New Mexico Engineering Research
Institute) efforts in producing all the tables in this report from the
database are greatly appreciated. In addition, the editorial help on
the text and figures provided by J. Chapman and D. Pulliam,
respectively, of Tech Reps, Inc., Albuquerque, New Mexico, greatly
improved the report.
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EXECUTIVE SUMMARY

This report documents the data available as of August 1990, which were used by
the Performance Assessment Division of Sandia National Laboratories in its
December 1990 preliminary performance assessment of the Waste Isolation Pilot
Plant (WIPP). For the performance assessment task, Sandia has developed a
methodology for controlling the data for evaluating long-term performance. As
part of this methodology, a data base, called the secondary data base,
contains interpreted data that are used to form a conceptual model of the
disposal system. The data provided in this report are from the secondary data
base as of August 1990 and were used to calculate the December 1990
preliminary performance assessment of the WIPP,

The secondary database provides a set of parameter reference values (value,
probability, and distribution type) and the source of these values. As better
information becomes available, the parameter values reported herein will be
updated. Thus, this report is only a snapshot of the data as of August 1990.
At a minimum, updated data reports will be issued annually in conjunction with
the Preliminary Comparison with 40 CFR Part 191, Subpart B for the Waste
Isolation Pilot Plant (Bertram-Howery et al., 1990).

In this report, parameter values are presented in table form for the geologic

subsystem, engineered barriers, borehole flow properties, climate variability,
and intrusion characteristics. Sources for the data and a brief discussion of
each parameter are provided.
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. INTRODUCTION

Purpose and Organization of Report

Sandia National Laboratories is currently evaluating the long-term performance
of the Waste Isolation Pilot Plant (WIPP), a geologic repository for
transuranic radiocactive waste. The WIPP must comply with the Environmental
Protection Agency's (EPA's) Environmental Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level, and Transuranic Radiocactive Wastes
(40 CFR 191) (hereafter referred to as the Standard) (EPA, 1985). Performance
assessment is defined by Subpart B of the Standard as an analysis that (1)
identifies the processes and events that might affect the disposal system, (2)
examines the effects of these processes and events on the performance of the
disposal system, and (3) estimates the cumulative releases of radionuclides,
considering the associated uncertainties, caused by all significant processes
and events. These estimates are incorporated into an overall probability
distribution of cumulative release to the extent practicable (40 CFR
191.12(q)).

The term "performance assessment” has come to refer to the prediction of all
long-term performance, because the performance assessment methodology, with
minor modifications, can also be used to assess compliance with the 1,000-year
performance. This report refers to the assessment of compliance with both
§191.13(a) of the Containmeut Requirements and the Individual Protection
Requirements (§191.15) as tne "performance assessment."

The data used in the performance assessment of the WIPP are critical to
generating a reasonable, well-founded estimate. This report documents what
types of data are used, how they are organized, and the parameters currently
in use by the Performance Assessment Division for the WIPP.

The organization of this report is as follows:

« The remainder of Chapter I presents background information about
the database, the conventions used in the data tables, and the
WIPP.

+ Chapter II provides parameters for the geologic subsystem.
+ Chapter III gives the parameters for the engineered barriers.
« Chapter IV provides the parameters for fluid properties, Salado

Formation brine compressibility, climate variability, and
intrusion characteristics.

. Appendix A offers endorsements of the data currently in use.
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Chapter I: introduction

Background on the Database

For the performance assessment task, Sandia has developed a methodology for
controlling the data used to evaluate long-term performance. As part of this
methodology, a data base, called the secondary data base, contains interpreted
data that are employed to form a conceptual model of the disposal system. The
data provided in this report are from the secondary data base as of August
1990 and were used to calculate the December 1990 preliminary performance
assessment of the WIPP,

The secondary database provides a set of parameter reference values (value,
probability, and distribution type) and the source of these values. As better
information becomes available, the parameter values reported herein will be
updated. Thus, this report is only a snapshot of the data as of August, 1990.
At a minimum, updated data reports will be issued annually in conjunction with
the Preliminary Comparison with 40 CFR Part 191, Subpart B for the Waste
Isolation Pilot Plant (Bertram-Howery et al., 1990). Currently, two updates
to this data report are planned for 1991 because of the many sensitivity
studies planned. 1In these updated reports, we may alter the text format so
that the data become more accessible as reference material.

The major sources of the data are the task leaders in the Nuclear Waste
Technology Department at Sandia. (The task leader is responsible for
conducting activities described in the Sandia work plan. Although this
position is called a principal investigator at Sandia, we refer to them as
task leaders here so that the term cannot be confused with a principal
investigator in a formal contract.) 1In particular, task leaders in the
Performance Assessment, Fluid Flow and Transport, Disposal Room Systems, and
Repository Isolation Systems Divisions established the data. The WIPP Test
Phase Plan identified activities at Sandia for providing the data (U.S. DOE,
1990).

Conventions
The tables presented in Chapters II, III, and IV provide a median, a range,
units, a distribution type, and a source for each parameter. These fields are
defined as follows:
MEDIAN
The median represents the 0.5 quantile in the distribution.

RANGE

The range represents the 0.99 and 0.0l quantiles in the distribution.
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Conventions

UNITS
The units indicate how the parameter is expressed quantitatively.
DISTRIBUTION TYPE

The distribution types are listed on the tables as either beta, constant,
cumulative, density, histogram, normal, lognormal, uniform, loguniform, or
table. A companion report (Tierney, 1990a) presents further information on
selecting the appropriate distribution type and constructing the cumulative,
density, and histogram distribution types.

Beta

Beta designates the beta probability distribution function (pdf), which is a
versatile density function that can take on numerous shapes in a specified
interval a, b (Harr, 1987, p. 79; Miller and Freund, 1977, p. 119). Beta
preserves maximum entropy when given the mean, coefficient of wvariation, and
the minimum and maximum values (Harr, 1987, p. 93).

Constant

When a distribution is listed as constant, then no distribution type has been
assigned and a constant value is used.

Cumulative

The cumulative distribution type refers to the piecewise linear cumulative
distribution function (cdf) that employs the Maximum Entropy Formulism (see
Tierney [1990a]). The cdf may be "empirical," i.e., the percentiles are based
on measured data, or "subjective,"” i.e., the percentiles are subjectively
estimated where data are sparse or absent.

Density

The density distribution type refers to "empirical" or "subjective" pdf.
Although the cdf (integral of pdf) is preferred, the expert on the subject
matter related to the parameter may, at his or her discretion, supply the pdf.

Histogram

The Histogram label indicates a cumulative distribution function where
parameters must be assigned discrete values, i.e., the distribution is not
continuous. For example, the distribution type for the drill bit cross-
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Chapter I: introduction

sectional area cannot vary continuously between the minimum and maximum drill
bit sizes, but must be the area of a bit that is actually available.

Normal

The normal pdf provides a good representation for many physical variables. By
the central limit theorem, if a random variable represents the effect of many
small causes (additions of errors), its pdf is normal. The distribution is
truncated at the 0.99 and 0.01 quantiles. The mean and median are equal and
uniquely defined by the distribution type.

Lognormal

Lognormal is a frequency distribution whose logarithm follows a normal
distribution. The distribution is truncated at the 0.99 and 0.0l quantiles.
The mean and median are uniquely defined by the distribution.

Uniform

Uniform means a distribution of a random variable in which each value has the
‘same probability of occurrence. The mean and median are equal and uniquely
defined by the distribution type.

Loguniform

Loguniform is a frequency distribution whose logarithm follows a uniform
distribution. The mean and median are uniquely defined by the distribution.

Table

The last distribution type, Table, is not a distribution but a category that
indicates the parameter varies with another property and the result is a
tabulated value. For example, the distributions for capillary pressure and
relative permeability are listed as Table.

SOURCE

The source indicates the document in which the wvalue used was cited.
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Background on WIPP

Background on WIPP
PURPOSE AND LOCATION

The WIPP was authorized by Congress in 1979 as a research and development
facility to demonstrate the safe management, storage, and eventual disposal of
transuranic (TRU) waste generated by defense programs. Only after
demonstrating compliance with the Standard and the Resource, Conservation, and
Recovery Act of 1976 will the DOE dispose of TRU waste at the WIPP repository.

The WIPP is located in southeastern New Mexico, approximately 38 km (24 mi)
east of Carlsbad, an area of low population density (Figure I-1). The
location was chosen because of the underlying 600-m (2,000-ft)-thick Salado
Formation of marine bedded salts, which are a desirable medium for nuclear
waste disposal. The bedded salts consist of thick halite and interbeds of
minerals such as clay and anhydrites of the late Permian period (Ochoan
series) (approximately 255 million yr o0ld)* that do not support flowing water.

The repository level is located within these bedded salts about 657 m (2,155
ft) below the surface and 390 m (1,300 ft) above sea level. The WIPP
repository is composed of a single underground disposal level connected to the
surface by four shafts (Figure I-2). The repository level consists of an
experimental area at the north end and a disposal area at the south end.

SANDIA ROLE IN PROJECT

Besides the DOE project office in Carlsbad, NM, which oversees the project,
the WIPP currently has two major participants: Sandia National Laboratories
in Albuquerque, NM, which functions as scientific investigator; and
Westinghouse Electric Company, which is responsible for the management of WIPP
operations. The specific tasks of Sandia are (1) characterizing the disposal
system and responding to specific concerns of the State of New Mexico, (2)
carrying out performance assessment (i.e., ensuring regulatory compliance with
40 CFR 191, Subpart B, except the Assurance Requirements), (3) performing
analytic, laboratory, field experiments, and applied research to support
disposal system characterization and performance assessment relevant to
nuclear waste disposal in salt, and (4) providing ad hoc scientific and
engineering support (e.g., supporting environmental assessments). This report
helps fulfill the performance assessment task, Task 2.

* This age reflects the revised 1983 geologic timetable (Palmer, 1983).
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Figure I-1. WIPP Location in Southeastern New Mexico (Rechard, 1989).
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Figure 1-2. Proposed WIPP Repository, Showing Both TRU Disposal Areas and Experimental Areas
(Nowak et al., 1990).
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Il. GEOLOGIC SUBSYSTEM

The Geologic Subsystem consists of the physical features of the repository,
such as stratigraphy and geologic components.

Stratigraphy at the WIPP

The level of the WIPP repository is located within bedded salts about 657 m
(2,155 ft) below the surface and 390 m (1,300 ft) above sea level

(Figure II-1). The bedded salts consist of thick halite and interbeds of
minerals such as clay and anhydrites of the late Permian period (Ochoan
series) (approximately 255 million yr old) that do not support flowing water
(Figure II-2). An interbed that forms a potential transport pathway, Marker
Bed 139 (MB139), located about 1 m (3.3 ft) below the repository interval
(Figure II-2), is about 1 m (3.3 ft) thick (Figure II-3), and is one of about
45 siliceous or sulfatic units within the Salado Formation consisting of
polyhalitic anhydrite (Figure II-4) (Lappin, 1988; Tyler et al., 1988). The
depths of the stratigraphic layers around three main shafts are tabulated in
Table II-1.
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Stratigraphy at the WIPP
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Figure I1-3. Generalized Cross Section of Marker Bed 139. The figure shows the internal variability of
the unit and the character of both the upper and lower contacts (after Borns, 1985).
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Accumulated Thickness from the Base of Marker Bed 139 (meters)

Stratigraphy at the WIPP
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Figure Il-4. Marker Bed 139, One of Many Anhydrite Interbeds near the WIPP Repository Horizon.
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TABLE Il-1. DEPTHS OF STRATIGRAPHIC LAYERS AROUND WASTE, EXHAUST, AND SALT HANDLING
SHAFTS (after Nowak et al., 1990)

Average Waste Exhaust Salt Handling
Depth Depth Diameter Depth Diameter Depth Diameter

Layer (m) (m) (m) (m) (m) (m) (m)
Surface 0.0 00 N/A 00 N/A 00 N/A
Top of Magenta 182.1 182.0 70 183.8 5.0 180.4 36
Bottom of Magenta 190.4 189.0 7.0 191.1 5.0 191.1 3.6
Top of Culebra 216.3 214.9 7.0 217.6 5.0 216.4 3.6
Bottom of Culebra 223.7 221.6 7.0 2243 5.0 225.2 36
Rustler/Salado contact 258.7 257.3 8.4 259.4 6.4 259.4 4.6
Top of Vaca Triste 411.6 411.2 6.1 412.7 4.6 410.9 3.6
Bottom of Vaca Triste 412.7 413.3 6.1 413.6 4.6 411.2 3.6
Top of station 653.8 654.4 7.0 654.4 4.6 652.6 3.6
Station 658.3 658.4 N/A 6575 N/A 659.0 N/A
Top of sump 658.7 658.4 7.0 N/A N/A 659.0 36
Bottom of sump 694.7 696.8 7.0 N/A N/A 692.5 36
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Parameters for Halite and Polyhalite within the Salado Formation

Parameters for Halite and Polyhalite within the Salado Formation

The WIPP repository is located in the Salado Formation. The Salado Formation
is composed of thick halite with thin interbeds of clay and anhydrite
deposited as marine evaporites about 255 million years ago (Permian period).
The parameters for the Salado Formation near the repository are given in
Table II-2. The pdf for Salado permeability is given in Table II-3.

TABLE lI-2. PARAMETER VALUES FOR SALADO FORMATION NEAR REPOSITORY

Distribution
Parameter Median Range Units Type Source
Capillary pressure (pc) 2.3 7.98 x 109 Pa Table Brooks and Corey, 1964; Ward and
Morrow, 1985
Relative
permeability (kpy) 0.0 1 none Table Brooks and Corey, 1964; Ward and
Morrow, 1985
Capacitance (c) 32x10°11  1x101t 1x10-10 Pa-1 Lognormal  Beauheim, 1990, Memo 3¢ (see
Appendix A)
Density, average (payve) 2.3 x 103 kg/m3 Constant  Krieg, 1984, Table 4
Density, bulk (ppyi)  2.14x 103 kg/m3 Constant  Holcomb and Shields, 1987, p.17
Permeability (k)
Undisturbed 35x1021  1x1022 3x1020 m2 Density Beauheim et al., 1990, Table 7-1
Disturbed 1x10-19 1x1020 1x10-18 m2 Lognormal  Beauheim, 1990, Memo 3¢ (see
Appendix A)
Porosity (@)
Undisturbed 1x 1072 1x103  3x102 none  Cumulative Skokan et al.,1988; Powers et al.,1978;
Black et al., 1983
Disturbed 6x 102 none Constant  See text.
Repository pressure (p) 1.10x107 7x106  1.5x 107 Pa Uniform Wawersik and Stone, 1985; z¢g* ppyine;
Beauheim, 1990, Memo 3c (see
Appendix A)

TABLE 11-3. PROBABILITY DISTRIBUTION FUNCTION FOR UNDISTURBED SALADO PERMEABILITY

Median Range Permeability Density Units Source

3.5x 1021 1x 1022 3x 1020 1x 1022 1.667 x 101 m2 Beauheim et al., 1990, Table
7-1
2x1021* 1,667 x 101
2x 10-21 1.667 x 10-1
3x 1021 1.667 x 1071
4x 1021 1,667 x 10-1
5x 10-21 1.667 x 10-1
3x 1020 1.667 x 10-1

Experimental values are repeated with a probability of 0.1667 rather than entered once with a probability of 0.3333 to ensure
that the exact value could be sampled. (See Figure II-8 for latter method.)
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CAPILLARY PRESSURE AND RELATIVE PERMEABILITY

Capillary pressures and relative permeabilities for the Salado halite, the
anhydrite layers, and waste have not been measured. As presented and
discussed in Davies and LaVenue (1990, Memo 11 [Appendix A]), natural analogs
were used to provide capillary pressure and relative permeability curves for
these lithologies. The natural analogs consist of alternate materials that
possess some of the same characteristics (i.e., permeability and porosity) as
the anhydrite, halite, and waste room. The natural analogs applicable to the
very low permeability of the halite and anhydrite were sands that were
investigated during the Multiwell Tight Gas Sands Project (Ward and Morrow,
1985). The permeability for these sands typicall