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ABSTRACT

A summary of the input parameter values used in final predictions of closure and waste
densification in the Waste Isolation Pilot Plant disposal room is presented, along with supporting
references.  These predictions are referred to as the final porosity surface data and will be used for
WIPP performance calculations supporting the Compliance Certification Application to be
submitted to the U.S. Environmental Protection Agency. The report includes tables that list all of
the input parameter values, references citing their source, and in some cases references to more
complete descriptions of considerations leading to the selection of values.



ii



iii

TABLE OF CONTENTS

1.0 INTRODUCTION ................................................................................................................1

1.1 Background.....................................................................................................................1

2.0 DISPOSAL ROOM GEOMETRY ........................................................................................3

3.0 MATERIAL PROPERTIES................................................................................................ 11

3.1 Halite ............................................................................................................................ 11

3.2 Anhydrite ...................................................................................................................... 11

3.3 Waste ............................................................................................................................ 11

3.4 Gas Generation.............................................................................................................. 19

4.0 SUMMARY........................................................................................................................ 21

5.0 REFERENCES ................................................................................................................... 22

APPENDIX A:  UNPUBLISHED REFERENCES..................................................................A-1

APPENDIX B:  SUPPORTING JUSTIFICATION MEMORANDA....................................... B-1

APPENDIX C:  DOCUMENTATION OF CALCULATIONS................................................ C-1

APPENDIX D:  MESH COORDINATES AND CONNECTIVITY........................................D-1



iv

LIST OF TABLES

Table 1:Final Porosity Surface Calculation Input Parameters: Dimensions ...................................4

Table 2:Final Porosity Surface Calculation Input Parameters -  Computational Configuration
and Stratigraphy.............................................................................................................5

Table 3:Final Porosity Surface Calculation Input Parameters - Halite Constitutive Parameters... 12

Table 4:Final Porosity Surface Calculation Input Parameters - Anhydrite Properties.................. 15

Table 5:Final Porosity Surface Calculation Input Parameters - Waste Composition
Assumptions................................................................................................................. 16

Table 6:Final Porosity Surface Calculation Input Parameters: Waste Densities; Porosity............ 17

Table 7:Final Porosity Surface Calculation Input Parameters - Waste Mechanical Properties ..... 18

Table 8:Pressure-Volumetric Strain Data Used in the Volumetric-Plasticity Model for the
Waste Drums ............................................................................................................... 18

Table 9:Final Porosity Surface Calculation Input Parameters - Gas Generation Assumptions ..... 20

LIST OF FIGURES

1 Simplified stratigraphic model used for the disposal room analyses .................................7

2 Mesh discretization and boundary conditions used for the disposal room analyses...........9



1

1.0 INTRODUCTION

This report provides information and supporting references on the input parameter values
used in final predictions of closure and waste densification in the Waste Isolation Pilot Plant
(WIPP) disposal room. These predictions are referred to as the final porosity surface data and will
be used for  WIPP performance calculations supporting the Compliance Certification Application
(CCA) to be submitted to the Environmental Protection Agency.  The planning document under
which these data were acquired was Butcher (1995), and the WIPP primary source document for
the parameter values used for the WIPP CCA was Butcher (1996).

The objective of the report is to establish traceability (the sources) of the parameter values.
This is accomplished through a series of tables that list all of the input parameter values and
related information used in calculating the final porosity surface results. A reference citing the
source of each parameter value accompanies each entry, and in some cases a reference to a more
complete description of considerations leading to their selection is provided. Many of these
citations refer to a memorandum from D. Munson to M.S. Tierney defining the mechanical
parameter values for the rock formation surrounding the disposal room, data which are also used
for other rock mechanics thermal/structural calculations related to borehole closure and seal
design.  A copy of the memorandum is reproduced in Appendix A, along with other principal
references not available in the published literature. Other less extensive documentation related to
parameter selection is included in the memoranda reproduced in Appendix B; documentation of
several calculations is reproduced in Appendix C, and the finite-element mesh coordinates and
connectivity for the final porosity surface calculations are given in Appendix D.

The information presented in this report also supports two other documents. The first of these
reports describes the evolution of the disposal room model to its present state of development
(Butcher, 1997). The second describes the version of the disposal room conceptual model used to
generate the final porosity surface data and how the calculations were performed (Stone, 1997a).

1.1 Background

The WIPP is a United States Department of Energy research and development facility
designed to demonstrate the safe management, storage, and long-term disposal of contact-handled
transuranic (CH-TRU) and remote-handled transuranic (RH-TRU) waste generated by defense
activities of the United States. The repository is located in southeastern New Mexico in bedded
salt deposits 655 m below the surface.

The ability of salt to deform with time, fill voids, and create an impermeable barrier around the
waste was one of the principal reasons for locating the WIPP repository in a bedded salt
formation. The "closure" process is a complex and interdependent series of events starting after a
region within a repository is excavated and filled with waste (Butcher, 1997). Immediately upon
excavation, the equilibrium state of the rock surrounding the repository is disturbed, and the rock
begins to deform and return to equilibrium. Eventually, as mechanical equilibrium is reestablished,
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subsidence ceases, and the waste and backfill have undergone as much compaction by the weight
of the rock above the repository (overburden) as is possible. Prediction of the extent of closure
for WIPP performance assessment is required because the amount determines the density of the
waste at any given time, thus controlling flow of brine and gases through the waste and its
capacity for storing fluids. Permeability and storage volume of the waste are dependent on the
extent of closure, and in turn determine the extent of migration of radioactive and hazardous
species. The conceptual model of these processes is collectively referred to as the disposal room
model.

Closure calculations were made with the finite-element computer code SANTOS (Version
2.00 on the CRAY-J916/UNICOS 8.04 system configuration) (Stone, 1997b). These calculations
compute the porosity of the waste and its surroundings as a function of time. Computation of
repository closure has been a particularly challenging structural engineering problem because the
rock surrounding the repository continually deforms with time. Not only is the deformation of the
salt inelastic, but it also involves larger deformations than are customarily addressed with
conventional structural deformation codes.  In addition, the formation surrounding the repository
is far from homogeneous in composition, containing various parting planes and interbeds with
different properties than the salt.

Deformation of the waste is also nonlinear, with large strains, and its response is complicated
by the presence of gas. These complex characteristics of the materials comprising the repository
and its surroundings require the use of highly specialized constitutive models that have been built
into the SANTOS code over a number of years (Stone, 1997a).
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2.0 DISPOSAL ROOM GEOMETRY

The basic unit of the disposal room model encompasses an excavated room 3.96 m high by
10.06 m wide by 91.44 m in length, with an initial room free volume of 3644 m3 plus the
surroundings. The current disposal assumption is that a maximum of 6804 drums of uniformly
distributed unprocessed waste will be stored in the disposal room in 7-pack units. There are 972
of these units stacked three high on the disposal room floor. Unlike previous calculations, which
included a crushed salt layer around the waste and in the space between the drums, the final
porosity surface analysis considered a disposal room without backfill. The volume occupied by the
waste and the drums was 1728 m3. Parameter values for the room geometry in the final porosity
surface calculations are given in Table 1.

A two-dimensional plane strain model was used for the SANTOS analyses. The discretized
model represents the room as one of an infinite number of rooms located at the repository
horizon. Making use of symmetry, only half of the room needed to be modeled. The left and right
boundaries are planes of symmetry. The basic half-symmetry disposal room dimensions are 3.96 m
high by 5.03 m wide (Tables 1 and 2).

The idealized stratigraphy for the WIPP underground used in the geomechanical model is the
stratigraphy defined by Munson (see memorandum in Appendix A). This stratigraphy is shown in
Figure 3 of Stone (1997a). A difficulty with this abstraction is that it is more detailed than can
conveniently be incorporated into the numerical analysis. To circumvent this problem, recent
work by Osnes and Labreche (see memorandum in Appendix A) has examined the differences in
room closure obtained by assuming different simplifying abstractions of the stratigraphy. Closure
results assuming the full stratigraphic model of Munson, which consisted of 12 clay seams and 7
anhydrite layers, was compared with analysis results using smaller combinations of clay seams and
marker beds. In preparing for the current analyses, Stone performed a set of calculations (see
memorandum in Appendix A), that identified a simple stratigraphic model that captured most of
the room closure and room porosity results seen in the more complex stratigraphic models. The
stratigraphic model used in the current work (Table 2 and Figure 1) is composed mainly of
argillaceous salt with a clean salt layer above the disposal room between Clay G and Clay I,
anhydrite MB 139, and a thin layer located in the clean salt layer identified as anhydrite. Based on
the study by Stone, no clay seams were included in the model.

The assumed storage volume configuration for the waste differs from past calculations
because there is no backfill: the space between the drums is empty.  Since modeling the extreme
detail of the 7-pack packing and the space between drums for the entire room was beyond the
capability of the numerical technique, an assumption about the waste configuration was required
in order to have an accurate continuum representing the waste response. The space between the
drums was eliminated by assuming that each waste drum deformed laterally from a cylindrical
cross-section to a close-packed configuration with its neighbors during the early phases of
closure. The justification for this assumption was that little force is required to laterally deform a
drum. As the distance between the walls decreases, the drums are assumed to be pushed together
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Table 1: Final Porosity Surface Calculation Input Parameters: Dimensions

Description Value Reference Comments

Room Geometry

Room Height 13 ft (3.96 m) Sandia WIPP Project,
(1992) p. 3-5

Room Width 33 ft (10.06 m) Sandia WIPP Project,
(1992) p. 3-5

Room Length 300 ft (91.44 m) Sandia WIPP Project,
(1992) p. 3-5

Initial Room Volume 3644 m3 Height x width x length (use
feet and convert)

Number of
Drums/Room

6804 Sandia WIPP Project,
(1992) p. 3-11

Number of 7-
Packs/Room

972 Calculated from 6804
drums

Drum External
Volume

0.2539 m3 Sandia WIPP Project,
(1992) Table 3.1-2, p. 3-
10

Waste Volume 1728 m3 (6804 drums) x (external
drum volume)

Waste Height 2.676 m Sandia WIPP Project,
(1992) Fig. 3.1-3, p. 3-12

Nominal Waste
Width with Voids
Between Drums

8.6 m Stone, (1997a) Eq. 2,
p. 9

Calculated from Sandia WIPP
Project, 1992, Fig. 3.3-3, p. 3-
12.

Nominal Waste
Length with Voids
Between Drums

89.1 m Stone, (1997a) Eq. 2,
p. 9

Calculated from Sandia WIPP
Project, 1992, Fig. 3.3-3, p. 3-
12.

Width of Waste
Continuum

7.35 m Stone, (1997a) Eq. 2,
p. 9

Height of Waste
Continuum

2.676 m Sandia WIPP Project,
(1992) Fig. 3.1-3, p. 3-12

Length of Waste
Continuum

87.85 m Stone, (1997a) Eq. 2,
p. 9
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Table 2: Final Porosity Surface Calculation Input Parameters -  Computational
Configuration and Stratigraphy

Description Value Reference Comments

Boundary Distances
Pillar Thickness 100 ft (30.5 m) Sandia WIPP

Project (1992) p. 3-5
Half Room Width 5.03 m (Room Width)/2
Distance from the Center of the

Room to the Center of the
Pillar

20.27 m (Room Width + Pillar
Width)/2
computed in feet and then
converted to meters.

Relative Elevation of Clay G,
(Anhydrite B)

 0 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

As of 2/15/96 this reference
represents the latest
representation of local
stratigraphy for numerical
calculations.

Relative Elevation Top
Boundary

 52.87 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

Relative Elevation Bottom
Boundary

-54.19 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

Disposal Room Floor -6.39 m Justification for this
value is provided in
a memorandum
from C. M. Stone,
March 4, 1996 (see
App. B).

Disposal Room Ceiling -2.43 m Justification for this
value is provided in
a memorandum
from C. M. Stone,
March 4, 1996 (see
App. B).

Local Rock Stratigraphy Figure 1
Argillaceous Salt -54.19 m to -8.63

m
Taken from Munson
(see memo in App.
A) Fig.  2.5.1, p. 24/
24.  See Stone (see
memo in App. A),
Fig. 1, p. 3.

Anhydrite MB 139 Lower
Boundary

-8.63 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

Anhydrite MB 139 Interbed -8.63 m to -7.77 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24
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Table 2 (continued)  Final Porosity Surface Calculation Input Parameters - Computational
Configuration and Stratigraphy

Description Value Reference Comments

Local Rock Stratigraphy -
(continued)

Figure 1

Anhydrite MB 139 Upper
Boundary

-7.77 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

Argillaceous Salt -7.77 m to 0.00 m Taken from Munson
(see memo in App.
A) Fig.  2.5.1, p. 24/
24.  See Stone (App.
A) Fig. 1, p. 3.

Clay G (anhydrite “b”) 0.00 m Munson, (see memo
in App. A) Fig.
2.5.1, page 24/ 24

Clean Salt 0.0 m to 4.27 m Taken from Munson
(see memo in App.
A) Fig.  2.5.1, p. 24/
24.  See Stone (App.
A), Fig. 1, p. 3.

Clay I (Upper Boundary of
Clean Salt)

4.27 m Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24

Argillaceous Salt 4.27 m to 52.87 m Taken from Munson
(see memo in App.
A) Fig.  2.5.1, p. 24/
24.  See Stone (App.
A), Fig. 1, p. 3.

Traction on Upper Mesh Boundary 13.57 MPa
compression

Munson, (see memo
in App. A) Fig.
2.5.1, page 24/ 24

Traction on Lower Mesh
Boundary

15.97 MPa Munson (see memo
in App. A) Fig.
2.5.1, p. 24/ 24, Sec.
2.5.4, p. 22/ 24

Mesh Configuration Coordinates See App. D

at very low stress levels, eliminating space between them. These stress levels were considered to
have a negligible effect on later consolidation of the waste. The consequence of this assumption is
elimination of any resistance of the waste to lateral closure until all the space is eliminated, which
would imply a greater than expected rate of closure at early times.  Thus, this assumption leads to
an overly severe performance assessment because it implies a faster buildup of gas pressure,





8

which is the driver for releases of radionuclides.  Based on the no lateral resistance assumption,
the waste was assumed to occupy a modified continuum width of 7.35 m and a length of 87.85 m
(Table 1), as defined by Equation 2 in Stone (1997a).  The height of the waste during this collapse
was assumed to remain unchanged.

Applying the assumptions defined in the previous paragraphs of this section, the mesh
discretization and boundary conditions for the final porosity surface analysis are shown in Figure
2, which is identical to Figure 4 in Stone (1997a). The coordinates and connectivity of the meshes
in this figure are given in Appendix D of this report.
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3.0 MATERIAL PROPERTIES

3.1 Halite

A combined transient-secondary creep constitutive model for rock salt attributed to Munson
and Dawson (1982) and described by Munson et al. (1989) was used for the clean and
argillaceous salt. The material properties (Munson, see Appendix A) are described in Table 3.

3.2 Anhydrite

The anhydrite layer beneath the disposal room is expected to experience inelastic material
behavior. The MB 139 anhydrite layer is considered to be isotropic and elastic until yield occurs.
Once the yield stress is reached, plastic strain begins to accumulate, according to the Drucker-
Prager criterion (Stone, 1997a, Equation 10). The elastic properties and the Drucker-Prager
constants C and a for the anhydrite are given in Table 4.

3.3 Waste

The waste properties depend on the waste inventory. The transuranic waste is a combination
of metals, sorbents, cellulose, rubber and plastics, and sludges. The waste is modeled as an
average mixture of these components, which changes in properties as the respective amounts of
each component change in the inventory projections. The waste inventory assumptions and
property values used for the final porosity surface calculations and their origins are given in
Tables 5 and 6. The initial average waste density is 559.5 kg/m3; the average solid density is 1757
kg/m3, which corresponds to an initial average waste porosity of 0.681. The volume of solids in a
single disposal room is 551.2 m3, and the initial average porosity of the undeformed disposal room
(waste + void volume = 3644 m3) is 0.849.

The stress-strain behavior of the waste was represented by a volumetric plasticity model
(Stone, 1997b) with a piecewise linear function defining the relationship between the mean stress
and the volumetric strain. Values for the elastic constants and plasticity model parameters are
given in Table 7, and the piecewise linear data for the average stress-strain behavior of the waste
are given in Table 8.
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Table 3: Final Porosity Surface Calculation Input Parameters - Halite Constitutive
Parameters

Description Value Reference Comments

Halite Constitutive Parameters
  Elastic Properties (Both Clean
and Argillaceous Salt)
     G 12,400 GPa Munson (see memo in

App. A) Sec. 2.5.1, p.
1/ 24

As of 2/15/96 this reference
represents the latest values for
the mutlimechanism
deformation model and the
traceability of their origin. The
method of converting input
elastic constants to the elastic
parameters TWOMU and BULK
MODULUS used in SANTOS is
described in the memorandum
from C. M. Stone,  March 4,
1996, p. 3 (App. B).

     E 31,000 GPa Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

    ν 0.25 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

The method of converting input
elastic constants to the elastic
parameters TWOMU and BULK
MODULUS used in SANTOS is
described in the memorandum
from C. M. Stone,  March 4,
1996, p. 3 (App. B).

Clean Salt Creep Properties
     A1 8.386E22 /sec Munson (see memo in

App. A) Sec. 2.5.1, p.
1/ 24

     Q1 25,000 Cal/mole Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     n1 5.5 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     B1 6.086E6 /sec Munson (see memo in
App. A)  Sec. 2.5.1, p.
1/ 24

     A2 9.672E12 /sec Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     Q2 10,000 cal/mole Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24



13

Table 3 (continued) Final Porosity Surface Calculation Input Parameters  - Halite
Constitutive Parameters

Description Value Reference Comments

Clean Salt Creep Properties -
     continued
     n2 5.0 Munson (see memo in

App. A) Sec. 2.5.1, p.
1/ 24

     B2 3.034E-2 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     σ 0
20.57 MPa Munson (see memo in

App. A) Sec. 2.5.1, p.
1/ 24

     q 5,335 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     m 3.0 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     K0 6.275 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     c 9.198E-3 /K Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     α -17.37 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

     β -7.738 Munson (see memo in
App. A) Sec. 2.5.1, p.
1/ 24

      δ 0.58 Munson et al. (1989)
Table 2-2, p. 41.

Argillaceous Salt Creep
Properties
     A1 1.407E23 /sec Munson, (see memo in

App. A) Sec. 2.5.1,
page 3/ 24

     Q1 25,000 cal/mole Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

     n1 5.5 Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

     B1 8.998E6 /sec Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24



14

Table 3 (continued)  Final Porosity Surface Calculation Input Parameters  - Halite
Constitutive Parameters

Description Value Reference Comments

Argillaceous Salt Creep
Properties - continued

     A2 1.314E13 /sec Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

    Q2 10,000 cal/mole Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

     n2 5.0 Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

     B2 4.289E-2 /sec Munson (see memo in
App. A) Sec. 2.5.1, p.
3/ 24

     σ 0
20.57 MPa Munson (see memo in

App. A) Sec. 2.5.1, p.
3/ 24

     q 5,335 Munson (see memo in
App. A) Sec. 2.5.1, p.
4/ 24

     m 3.0 Munson (see memo in
App. A) Sec. 2.5.1, p.
4/ 24

     K0 2.470E6 Munson (see memo in
App. A) Sec. 2.5.1, p.
4/ 24

     c 9.198E-3 /K Munson (see memo in
App. A) Sec. 2.5.1, p.
4/ 24

     α w
-14.96 Munson (see memo in

App. A) Sec. 2.5.1, p.
4/ 24

     β w
-7.738 Munson (see memo in

App. A) Sec. 2.5.1, p.
4/ 24

      δ 0.58 Munson et al. (1989)
Table 2-2, p. 41.
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Table 4: Final Porosity Surface Calculation Input Parameters - Anhydrite Properties

Description Value Reference Comments

Anhydrite Properties
  Young’s Modulus 75.1 Munson (see memo in

App. A) Sec. 2.5.2, p.
18/ 24

As of 2/15/96 this reference represents the
latest values for nonsalt materials adjacent
to the repository and the traceability of
their origin. The method of converting
input elastic constants to the elastic
parameters TWOMU and BULK
MODULUS used in SANTOS is described
in the memorandum from C. M. Stone,
March 4, 1996, p. 3 (App. B).

  Poisson’s Ratio 0.35 Munson (see memo in
App. A) Sec. 2.5.2, p.
18/ 24

The method of converting input elastic
constants to the elastic parameters
TWOMU and BULK MODULUS used in
SANTOS is described in the memorandum
from C. M. Stone,  March 4, 1996, p. 3
(App. B).

  C 1.35 MPa Munson (see memo in
App. A) Sec. 2.5.2, p.
19/ 24

The method of converting these input
constants to the anhydrite model
parameters used in SANTOS is described
in the memorandum from C. M. Stone,
March 4, 1996, p. 2 (App. B).

  a 0.45 Munson (see memo in
App. A) Sec. 2.5.2, p.
19/ 24

The method of converting these input
constants to the anhydrite model
parameters used in SANTOS is described
in the memorandum from C. M. Stone,
March 4, 1996, p. 2 (App. B).
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Table 5: Final Porosity Surface Calculation Input Parameters - Waste Composition
Assumptions

Description Value Reference Comments

  Waste Composition
     Assumptions:

Baseline Inventory
Report (BIR) 1995, Rev.
1.  Hereafter referred to
as BIR.

Justification for use of this
version of the inventory
provided in a memorandum of
record by B. M. Butcher,
March 11, 1996 (App. B).

        Metallic 122 kg/m3 BIR (1995) Rev. 1, Table
5-1, p. 5-4.

        Sorbents  40 kg/m3 BIR (1995) Rev. 1, Table
5-1, p. 5-4.

Minor change from 40  kg/m3

in draft copy to 39 kg/m3   in
final document neglected. The
final document was issued
after the calculations were
initiated.

        Cellulose 170 kg/m3 BIR (1995) Rev. 1, Table
5-1, p. 5-4.

        Rubber and
        Plastics

 84 kg/m3 BIR (1995) Rev. 1, Table
5-1, p. 5-4.

        Sludges 143.5 kg/m3 BIR (1995) Rev. 1, Table
5-1, p. 5-4.

Minor change from 143.5
kg/m3  in draft copy to 144.1
kg/m3   in final document
neglected

   Initial Waste Density 559.5 kg/m3 Sum of waste component
densities : 122 + 40 + 170 +
84 + 143.5



17

Table 6: Final Porosity Surface Calculation Input Parameters: Waste Densities; Porosity

Description Value Reference Comments

Solid Densities
        Metallic 7830 kg/m3 Butcher et al. (1991) p. 1,

paragraph 5
Values between 7830 kg/m3

and 7860 kg/m3  are quoted
for iron in the literature. Any
value within this range is
considered  acceptable.

        Sorbents 3000 kg/m3 Butcher et al. (1991) p. 9,
Table 2-2

Portland cement considered
representative

        Cellulose 1100 kg/m3 Butcher et al. (1991) p.
14, paragraph 4

Computed for the composition
of mixture 3 (Table 2-1) using
solid density values in Table
2-2.

       Rubber and Plastics 1200 kg/m3 Butcher et al. (1991) p.
40, paragraph 1

Computed for the composition
of mixture 6 (Table 2-1) using
handbook solid density values
for PVC and polyethylene.

        Sludges 2200 kg/m3 Butcher et al. (1991) p.
67, paragraph 2.

Estimated from the
composition of mixture 13
(Table 2-1) using solid density
values in Table 2-2.

   Waste Solid Density 1757 kg/m3 Calculation documented
in App. C.

  Waste Volume
   Fraction
        Metallic 0.218 (Metals waste density)/(initial

waste density)
        Sorbents 0.071 (Sorbents waste density)/

(initial waste density)
        Cellulose 0.304 (Cellulose waste density)/

(initial waste density)
        Rubber and
        Plastics

0.150 (Rubber and plastics waste
density)/(initial waste density)

        Sludges 0.256 (Sludge waste density)/(initial
waste density)

  Initial Waste Porosity 0.681 1 - (initial waste density/waste
solid density)

  Initial Solid Volume 551.2  m3 (1 - waste porosity) x (waste
volume)

  Initial Room Porosity 0.849 1 - (Initial solid volume)/
(initial room volume)
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Table 7:  Final Porosity Surface Calculation Input Parameters - Waste Mechanical
Properties

Description Value Reference Comments

Waste Mechanical Compaction
Properties
  Pressure-Volume   Strain Data See Table 9
  G 333 MPa Weatherby et al.

(1991) p. 922
  K 222 MPa Weatherby et al.

(1991) p. 922
  a0 1.0 MPa Weatherby et al.

(1991) p. 922
The method for determining this
value is provided in a
memorandum from C. M. Stone,
March 4, 1996, p. 1 (App. B).

  a1 3.0 Weatherby et al.
(1991) p. 922

The method for determining this
value is provided in a
memorandum from C. M. Stone,
March 4, 1996, p. 1 (App. B).

  a2 0. Weatherby et al.
(1991) p. 922

The method for determining this
value is provided in a
memorandum from C. M. Stone,
March 4, 1996, p. 1 (App. B).

Table 8: Pressure-Volumetric Strain Data Used in the Volumetric-Plasticity Model for the
Waste Drums

Pressure (MPa) ln( / )ρ ρ 0

1.53 0.510
2.03 0.631
2.53 0.719
3.03 0.786
3.53 0.838
4.03 0.881
4.93 0.942
12.0 1.14
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3.4 Gas Generation

The current practice for calculating gas pressures in SANTOS closure calculations is to either
assume gas generation rates or a lookup table of gas production (Brown and Weatherby, 1993, p.
A-7). Given an assumed number of moles of gas within the repository as a function of time, the
void volume available for storage at a given time is computed and used to compute the gas
pressure using the ideal gas law (Brown and Weatherby, 1993, p. A-7).

The porosity surface approach is required because a fully coupled analysis of closure based on
detailed descriptions of salt creep, waste consolidation, brine flow in or out of the waste, gas
production, and gas migration away from the waste into the interbeds is not technically feasible.
As a consequence, a two-step process has been developed.  This porosity surface approach begins
by computing the extent of closure for various assumed gas contents with the SANTOS code.
The method of coupling closure with the coupled fluid flow interactions related to gas production
is to determine porosities for actual waste contents by interpolation of these data in the WIPP
performance assessment code BRAGFLO (WIPP PA Department, 1993, pp. 4-18 to 4-23).
Inherent in this process is the assumption that the porosity - gas pressure values for a given
amount of gas are independent of the previous gas generation history.  Thus, the closure data
provided by SANTOS can be thought of as representing a surface, with any gas generation history
computed by BRAGFLO constrained to fall in this surface.  The reader is referred to Butcher
(1997) for validation of these concepts.

Since exact histories of gas generation are not known for the closure calculations, an arbitrary
set of gas generation conditions must be selected that spans all gas generation potentials likely to
be encountered.  The reason for this requirement is to avoid any uncertainty that might occur if
gas production predictions from BRAGFLO fell outside the closure data.  That is, extrapolation
of conditions outside the range of the data is considered unacceptable.  Bounds for assumed gas
production for SANTOS were that (1) no gas is generated or (2) all the potential gas-generating
materials are consumed.  The gas generation rates for SANTOS were the fastest rates possible,
those for waste completely immersed in brine.  The consequences of any slower rates can be
obtained by interpolation between curves.  To preserve a link with reality, the gas generation
input parameter values for SANTOS calculations were approximately the same as values used in
past performance assessments.  Because the gas generation histories used in SANTOS
calculations are simply a device used to introduce a given amount of gas in the waste at various
times, we did not need to update our assumptions to be consistent with all the changes in the
nature of reaction products, generation rates, and variations in waste inventory that are required
for the CCA.

The gas generation histories assumed for the final porosity surface calculations (Table 9) are
representative of waste inundated with brine, a worst case because inundated rates are greater
than rates for waste that is not immersed in brine. Gas from two sources is considered: anoxic
corrosion and microbial activity. The estimated anoxic corrosion gas production from Beraún and
Davies (1992) is 1050 moles/drum with a production rate of 1 mole/drum/year (Table 9) and that
from microbial activity is 550 moles/drum with a production rate of 1 mole/drum/year (Table 9).
This means that for the baseline case,  microbial activity ceases at 550 years while anoxic
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corrosion will continue until 1050 years after emplacement. The amount of gas generated in the
disposal room is based on 6804 unprocessed waste drums per room.

To simulate different gas amounts within the room at any given time, the baseline gas
production was multiplied by a factor f which varies between 0 and 2.0 (Stone, 1997a). Values of
f selected for the calculations were f = 0, 0.025, 0.05, 0.1, 0.2, 0.4, 0.5, 0.6, 0.8, 0.8, 1.0, 1.2, 1.6
and 2.0. The condition f = 0 represents the state of the repository when no gas is produced, and
the condition f = 2 represents two times the maximum expected rate of gas production. The factor
of 2 is used to guarantee that data are available to BRAGFLO for all gas generation scenarios
imaginable.

Table 9: Final Porosity Surface Calculation Input Parameters - Gas Generation
Assumptions

Description Value Reference Comments

Input Parameters Gas Parameters
  Corrosion Gas Production Rate 1 mole/year/drum Brush (1991) Table

1, p. A-35
Inundated best-value
production rate

  Corrosion Gas Potential 1050 moles/drum Beraún and Davies
(1992), p. A-11

Justification for use of this
value is provided in a
memorandum of record by B.
M. Butcher, March 18, 1996
(App. B).

  Microbial Gas Production Rate 1 mole/year/drum Brush (1991) Table
1, p. A-35

Inundated best-value
production rate

  Microbial Gas Potential 550 moles/drum Beraún and Davies
(1992) p. A-11

Justification for use of this
value is provided in a
memorandum of record by B.
M. Butcher, March 18, 1996
(App. B).

  Scaling factor f 0, 0.025, 0.05, 0.1,
0.2, 0.4, 0.5, 0.6,
0.8, 1.0, 1.2, 1.6,
2.0

Analyst’s choice

  Gas Constant R 8.23
(m3Pa)/(g-mole K)

Physical constant

  Gas Temperature 300 K Common repository
assumption

Nominal value sufficient; see
discussion of gas generation
in memorandum of record by
B. M. Butcher, March 18,
1996 (App. B).
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4.0 SUMMARY

The input parameter values used in final predictions of closure and waste densification in the
Waste Isolation Pilot Plant disposal room and supporting references are summarized in this
report. The closure predictions are referred to as the final porosity surface data and will be used
for WIPP performance calculations supporting the Compliance Certification Application to be
submitted to the U.S. Environmental Protection Agency. This report includes tables that list all of
the input parameter values, references citing their source, and in some cases references to more
complete descriptions of considerations leading to the selection of values.
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2.5.7         "     "   "      "
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