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ACRONYMS AND ABBREVIATIONS

An actinide

ASTP Actinide Source Term Program

BSEP Brine Sampling and Evaluation Program

CCDF complementary cumulative distribution function
CH contact-handled

ccAa Compliance Certification Application

CPR cellulosic, plastic, and rubber

CRA Compliance Recertification Application

DCCA Draft Compliance Certification Application
DOE U.S. Department of Energy

DRZ disturbed rock zone

DSEIS Draft Supplement, Environmental Impact Statement

EEG  Environmental Evaluation Group
EIS—— Environmental- lmpaetStatement

EPA U.S. Environmental Protection Agency

Enero R oace h nd Develonmen
FEIS Final Environmental Impact Statement
FEPs features, events, and processes
FMT Fracture-Matrix Transport
FSEIS Final Supplemental Environmental Impact Statement
LANL Los Alamos National Laboratory
LEFM linear elastic fracture mechanics
LLNL Lawrence Livermore National Laboratory
MB marker bed
NAS  National Academy of Sciences

. :

RNL ~ak Ridee National Lal €3
PA performance assessment
PAVT Performance Assessment Verification Test
PNE—————— Puethie Nosdrvestbaboratory
0A quality assurance
RH remote-handled
RoR Rest of Repository
SMC Salado Mass Concrete
SNL Sandia National Laboratories
SSBI Small-Scale Brine Inflow
SWCF Sandia National Laboratories WIPP Central Files
TDEM Time Domain ElectroMagnetic
TRU transuranic
USGS United-S Ceolosical S
WIPP Waste Isolation Pilot Plant
WQSP Water Quality Sampling Program
DOE/WIPP 2004-3231 v

March 2004

Appendix PA, Attachment MASS



N —

Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

This page intentionally left blank

March 2004 vi DOE/WIPP 2004-3231
Appendix PA, Attachment MASS



32
33

34
35
36
37
38
39
40
41

Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

MASS-1.0 INTRODUCTION

This appendix-attachment presents supplementary information to Appendix PA regarding the
assumptions, simplifications, or approximations used in the models of the first recertification
this performance assessment (PA) of the Waste Isolation Pilot Plant (WIPP). Within anytepie
areat-this appendixattachment, relevant issues in the formulation or development of the various
types of models (for example, conceptual, mathematical, numerical, or computer code) used for
the topic ma{yLbeare dlscussed— and references to relevant historical mformatlon are mcluded

Section MASS-2.0 contains a summary of changes in the PA performanee-assessment since the
Complmnce Certtf cation Applzcatwn (CCA) mﬁeﬁeal—pefspeeﬂaee—e{lﬂ&e—deve}epmeﬂt—eﬁhe

mcludes begms—t—hrs—tep*eaJ—p*eee—w&h—a dlscuss1on of general modelmg assumptlons applicable
to the disposal system as a whole, including a table of assumptions made in performanee

assessment PA models w1th Cross- references }n—seme—tep*eel—ése&sﬁeﬂs—the—mfem&&&eﬂ

remamder of this attachment discusses assumptions specrf ic to the first recerttf catzon PA
conceptual models. Historical development of the WIPP conceptual models that led to the PA
used in the CCA is documented in CCA Appendix MASS-2.0.

MASS-2.0 H
SUMMARY OF CHANGES IN PERF ORMANCE ASSESSMEN T

Since the CCA, several Econcepts about the processes important to the performance of the
WIPP have changed. Additionally, ongoing confirmatory experiments, monitoring results, and

operational practices have generated information relevant to the conceptual models for the
WIPP PA and prowde addtttonal support to the conceptual basis of the PA. sm%theD@E—s

DOE/WIPP 2004-3231 1 March 2004
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Changes that have occurred since the 1996 PA and new information that may be important to
PA are as follows:

1. Features, events and processes (FEPs) assessment
A. Inclusion of organic ligands in solubility calculations

March 2004 10 DOE/WIPP 2004-3231
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2. Monitoring
A. Changes resulting from Culebra water level investigations
B. Drilling rate parameter change
C. Changes in Borehole plugging configuration probabilities

3. Experimental Activities
A. Magnesium-oxide investigations
B. Changes resulting from actinide investigations

4. PA Models and Systems
A. Administrative hardware and software updates
B. Conceptual model changes
i. Panels closures
ii. Simplification of shafts
iii. Grid refinements
iv. North and South Rest of Repository (RoR)
C. Spallings
D. Recalculation of Culebra T-fields
E. Performance Assessment Verification Test (PAVT) Baseline

5. Operational Considerations
A. WIPP horizon moved up to Clay Seam G
B. Waste inventory update
C. Evaluation of waste structural impacts, emplacement, and homogeneity

A summary of each change is presented in this section. References to appropriate sections of
this attachment are provided for those changes that impact modeling assumptions. Additional
references are provided to other areas of the Compliance Recertification Application (CRA)
discussing change implementation.

MASS-2.1 Features, Events, and Processes Assessment

Based on the PA methodology for WIPP (see Section 6.2), FEPs are important elements to
help develop the conceptual models and modeling assumptions represented in PAs. The
process used to develop and screen FEPs is outlined in Section 6.2. The results of the CCA
FEPs screening was documented in CCA Appendix SCR. For the CRA, a reassessment of the
baseline PA FEPs was conducted to determine if changes in WIPP activities and conditions
changed the original FEPs descriptions, basis, or screening decisions. This assessment also
determined if additional FEPs should be included in the CRA baseline. The reassessment
results are documented in SNL (2003a) and have been used to develop Appendix PA,
Attachment SCR. Changes to the FEPs’ baseline include combining similar FEPs and
deleting redundant or inclusive FEPs, separating general FEPs into more descriptive FEPs,
and FEP screening decision changes.

MASS-2.2  Monitoring

Monitoring activities have continued since the certification of WIPP. These activities are used
to validate assumptions and PA parameters, and also to detect substantial and detrimental

DOE/WIPP 2004-3231 11 March 2004
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deviation from expected repository performance. Monitoring, as discussed here, applies to the

assurance requirement of 40 CFR §191.14(b) and the monitoring criteria at 40 CFR
§194.42. Appendix MON details the monitoring program that meets these requirements.

The monitoring program has led to three changes:

o Culebra water levels at some wells have exceeded the ranges used in the CCA steady-
state T-field calibrations,

e The drilling rate for deep boreholes has increased since 1996, and
o The probabilities for borehole plug configurations have changed slightly since 1996.

The impacts and implementation of the new Culebra data are discussed in Section 2.2.1.4.1.2.
and Appendix PA, Attachment TFIELD (see also MASS-2.4.2).

In the 2004 PA, two parameters have changed; the drilling rate and the probabilities for
borehole plugging. The drilling rate for boreholes is discussed in Sections 6.0.2.3, 6.2.5.2;
and Appendix DATA (Section DATA-2.0 and Attachment A). The probability for borehole
plugging configurations is discussed in Section 6.4.7.2. No changes are necessary to modeling
assumptions to account for these parameter changes.

MASS-2.3  Experimental Activities

The EPA requires the recertification documentation to include an update of “additional
analyses and results of laboratory experiments conducted by the Department or its contractors
as part of the WIPP program” (40 CFR 194.15(a)(3)). The following discusses analyses and
experiments conducted to support compliance determinations. Only the analyses with
conclusions relevant to this recertification are discussed here; all ongoing and supportive
experiments are presented in biannual reports previously submitted to Environmental
Protection Agency (EPA) (SNL 2001a, 2001b; SNL 2002a, 2002b; and SNL 2003b).

MASS-2.3.1 Magnesium-Oxide Investigations

Experiments have been preformed to support implementation of magnesium oxide (MgO) as
an engineered barrier. These experiments investigate hydration and carbonization of MgO to
confirm its ability to sequester carbon dioxide (CO;), buffer brine pH, and subsequently
reduce actinide solubilities in the repository. The conclusions drawn from these activities are
described in Appendix BARRIERS. Specifically, the incorporation of MgO in PA has not
changed from the 1996 PA.

MASS-2.3.2  Actinide Investigations

An Actinide Source Term Program (ASTP) has continued to investigate actinide (An)
speciation and solubilities since the certification of WIPP. These investigations include work
relating to organic ligands and colloid effects on solubilities, and the appropriateness of the
use of the oxidation state analogy. These activities are described in SNL (2001a, 2001b; SNL
2002a, 2002b; and SNL 2003b). The conclusions drawn from these activities and the changes

March 2004 12 DOE/WIPP 2004-3231
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to the 2004 PA are described in Appendix PA, Attachment SOTERM. Specifically, organic
ligands are considered in the 2004 PA through the solubility calculations.

MASS-2.4  Performance Assessment Models and Systems

Changes have been made to the systems that are used to perform PAs. The PA hardware,
operating systems, and parameter database were updated since the 1996 PA. These changes
were necessary to replace obsolete hardware and operating systems and to increase PA
capabilities. These changes were implemented and approved under applicable quality
assurance (QA) requirements.

Additionally, conceptual model changes were necessary to implement new or different
representations of physical systems in PA. Changes to conceptual models led to revised or
replacement codes, which implement the conceptual models in PA. The following discusses
these changes.

MASS-2.4.1 Administrative Hardware and Software Updates

The computer systems and operating systems have been upgraded since the 1996 PA because
of increasing obsolescence of the operating system and hardware. New hardware is being
used along with a newer operating system for the 2004 PA. All changes to these systems are
performed under the appropriate QA program, and include testing, validation, and verification
to ensure that there is no impact on PA implementation. A synopsis of the changes and
references to the QA documentation are found in Long (2003).

MASS-2.4.2 Conceptual Model Changes

The certification decision by the EPA (1998a) included several conditions that the U.S.
Department of Energy (DOE) was required to meet. In the first of these conditions, the EPA
required the DOE to implement a specific design for the panel closure system (referred to as
“Option D”) and using Salado Mass Concrete (SMC). The DOE had included in the CCA
four Options (A-D) for the panel closure design. The Option D design consisted of two
components, a large concrete monolith and an explosion wall constructed of concrete blocks.
The 1996 PA generically represented the closures in BRAGFLO and did not model a specific
closure. The representation of the Option D closure has been incorporated into the
BRAGFLO grid. The Option D closure modeling assumptions are discussed in Section
MASS-19.0 and MASS-4.2. Panel closure implementation in PA is discussed in Appendix PA,
Section PA-4.2.8.

To account for this design in PA, the conceptual model for Repository Fluid Flow, Disturbed
Rock Zone (DRZ), and the Disposal System Geometry were revised and peer reviewed.
Chapter 9 and Appendix PEER contains information on the conceptual model peer review.
These conceptual models are implemented in BRAGFLO. See Section MASS-2.5.2 and
MASS-4.2 for information on modeling assumptions and implementation of these conceptual
models. Implementation of these conceptual model changes led to the following changes in
BRAGFLO.

1. Implementation of Option D panel closures,

DOE/WIPP 2004-3231 13 March 2004
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2. Simplification of the shaft seal model,

3. Refinement of grid outside the excavated area to improve computational accuracy and
efficiency,

4. Increased Segmentation in the North RoR and South RoR.
MASS-2.4.3 Spallings Model

An EPA guidance letter on recertification requested the DOE implement a new spallings
conceptual model (EPA 2002). The original conceptual model for spallings was peer reviewed
during the first certification, but was deemed inadequate by the peer review panel. The DOE
later derived a method to represent spallings that was deemed conservative by the peer
reviewers and was used by DOE in the 1996 PA. Since the CCA, however, a more appropriate
and representative spallings model has been developed, peer reviewed, and implemented in the
2004 PA. Results of the peer review are found in Chapter 9 and Appendix PEER. Modeling
assumptions concerning the Spallings model are detailed in Section MASS-16.1.
Implementation of the spallings model is described in Appendix PA, Section PA-4.6.

No other conceptual models were revised for this recertification application.
MASS-2.4.4  Recalculation of Culebra T-fields

Water level rises in the Culebra have continued over recent years and the observed heads have
exceeded the ranges of uncertainty established for the steady-state heads in many of the 32
wells used in the calibration of the transmissivity fields described in the CCA (SNL 2002b).
Therefore, the DOE has recalculated T-Fields for the CRA using new Culebra data and
geologic information (see Appendix PA, Attachment TFIELD; and Section 2.0). The DOE
has implemented a program to identify other potential causes for the water-level rises (SNL
2003c¢).

MASS-2.4.5 Performance Assessment Verification Test Baseline

The EPA’s PAVT parameters were incorporated into the 2004 PA parameter baseline (EPA
1998b, V-B-14). These parameters and a cross-reference of discussions concerning their
incorporation into the 2004 PA are shown in Table 6-1.

MASS-2.5 Operational Considerations

Operational considerations are impacts to PA from changes to WIPP operations that the DOE
has requested and the EPA has approved, or changes that have been mandated by the EPA.

MASS-2.5.1 Waste Isolation Pilot Plant Horizon Moved up to Clay Seam G

Operational changes to the repository design since the CCA include mining the repository
horizon in the southern half of the waste panels at a different location than the northern half.
Specifically, panels 3, 4, 5, 6, and 9 will be excavated at an elevation approximately 2.4 m
above the level of panels 1, 2, 7, 8, and 10, and the operations and experimental areas. This
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change in horizon will bring the roof of the raised rooms to the level of the Clay Seam G. The
change is expected to improve roof conditions and enhance operations and mine safety. The
DOE submitted a planned change request to the EPA that described the change and presented
an argument that the change would have minimal impact on long-term repository
performance (DOE 2000). The EPA responded to the change request in a letter (EPA 2000)
in which they agreed with DOE that the effects to long-term performance would be minimal.
Further investigations led DOE to determine that no changes to the 2004 PA models were
necessary to account for this change. Section MASS-20.0 discusses the justification for this
determination.

MASS-2.5.2 Waste Inventory Update

The waste inventory used in the CCA was based on information contained in the TWBIR
(CCA Appendix BIR). No waste had been emplaced in the repository at that time. Since 1996,
waste has been emplaced in the repository and better estimates have been made of the existing
and projected waste streams at the generator sites. The new waste information has been
updated in the 2004 PA to include the emplaced, currently stored, and projected waste streams.
This information was collected in the TWBID, Rev 2, with specific WIPP information detailed
in Appendix DATA, Attachment F. Inclusion of waste information in the 2004 PA is
discussed in Appendix TRU WASTE.

MASS-2.5.3 Evaluation of Waste Structural Impacts, Emplacement, and Homogeneity

During the development of the CCA PA, the DOE choose to assume random placement of
transuranic (TRU) waste in the WIPP, and developed conceptual and numerical models
accordingly. The EPA reviewed these models and their results, and determined that DOE had
modeled accurately random placement of waste in the disposal system. Since the time of the
CCA, additional information about the waste and its emplacement has emerged and requires
waste-related assumptions to be reevaluated. This evaluation is discussed in Section MASS-
21.0.

MASS-3.0 GENERAL ASSUMPTIONS IN PERFORMANCE ASSESSMENT MODELS

Several assumptions are applied generally to the disposal system through the conceptual and
mathematical models implemented in the major computer codes used in this perfermanee
assessment PA. Several major assumptions are discussed here. A table of general assumptions
is also presented in Section MASS-3 4.

MASS-3.1  Darcy’s Law Applied for 70 Fluid Flow Calculated by BRAGFLO,
SECOFE2DMODFLOW-2000, and SECOTP2D

A mathematical relationship expressing the flux of fluid as a function of hydraulic head gradients
applied, commonly known as Darcy’s Law, is applied to geologic media for all fluid-flow
calculations. For details about the specific formulation of Darcy’s Law used, refer to Appendix
PA, Sectton PA 4.2 BRAGF—I:Q for the dlsposal system and Section PA-4.8 for the Culebra.

3 H : =- Darcy’s Law is
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not applied for flow up a borehole that is being drilled (see Section MASS-16.2; and Section
6.4.7.1.1 for more discussion of this topic).

Darcy’s Law generally applies for flow models if certain conditions are satisfied: (1) the flow
occurs in a porous medium with interconnected porosity, (2) flow velocities are low enough that
viscous forces dominate inertial forces, and (3) a threshold hydraulic gradient is exceeded. In
CCA Appendix MASS, these conditions were shown to be valid for the WIPP PA.
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Darcy’s Law assumes laminar flow, that is, there is no motion of the fluid at the fluid/solid
interface. For liquids, it is reasonable to assume laminar flow under most conditions. For gases
at low pressure, however, gas molecules near the solid interface may not have intimate contact
with the solid and may have finite velocity, not necessarily zero. This effect, which results in
additional flux of gas above that predicted by application of Darcy’s Law, is known as the slip
phenomenon, or Klinkenberg effect (Bear 1972, 128). A correction to Darcy’s Law for the
Klinkenberg effect is incorporated into the BRAGFLO model (see Appendix PA, Section

PA-4.2). BRAGEEO; Section-4-12foradditional-detatls):

Darcy flow for one and two phases implies that values for certain parameters must be specified.
Some principal parameters relate to the properties of the fluid, others to the rock. Fluid
properties in the Darcy flow model used for the WIPP are its density, viscosity, and
compressibility. Rock properties in Darcy flow models are porosity, permeability, and
compressibility (pore, bulk, or rock). In BRAGFLO, other parameters are required to describe
the interactions or interference between the two phases present in the model, gas and brine,
because they can occupy the same pore space. In the WIPP application of Darcy flow models,
compressibility of both the liquid and rock are related to porosity through a dependence on
pressure. Fluid density, viscosity, and compressibility are functions of fluid composition,
pressure, and temperature. In BRAGFLO, fluid viscosity is a function of pressure, but its density
and compressibility are held constant. Fluid composition for the purposes of modeling flow and
transport is assumed to be constant.

MASS-3.2  Hydrogen Gas as Surrogate for Waste-Generated Gas Physical Properties in
BRAGFLO and DRSPALL

Hydrogen gas is produced by the corrosion of steel in the repository by water or brine. As in
the CCA, tFhe gas phase in the BRAGFLO model is assigned the properties of hydrogen because
hydrogen will, under most conditions reasonable for the WIPP, be the dominant component of
the gas phase. The model for spallings, DRSPALL, also assigns physical properties of
hydrogen to the gas phase. In the CCA, the effect of assuming flow of pure H; instead of a
mixture of gases (including H, CO;, H,S, and CH,), was shown to be minor relative to the
permeability variations in the surrounding formations.

Other gases may be produced by processes occurring in the repository. If microbial degradation
occurs, a significant amount of carbon dioxide (CO,) and methane (CH4) will be generated by
microbial degradation of cellulosics, and, perhaps, plastics and rubbers in the waste. The CO,
produced, however, will react with the magnesium-oxide (MgO) baekfill engineered barrier
and cementitious materials to form MgEOs-brucite (Mg(OH ») and-CaCOs, hydromagnesite
(Mgs(CO3) (OH) »4H ;0), and calcite (CaCQO3) thus resulting in very low CO, fugacity in the
repository. Although other gases exist in the disposal system, for BRAGFLO calculations it is
assumed these gases are insignificant and are not included in the model.

March 2004 18 DOE/WIPP 2004-3231
Appendix PA, Attachment MASS



AN AW —

[eeBEN|

10
11

12

13

14

15

16
17
18
19
20
21
22
23
24
25
26
27
28

29
30
31

Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

With the average stoichiometry gas generation model, the total number of moles of gas generated
will be the same whether the gas is considered to be pure H, or a mixture of several gases,
because the generation of other gases is accounted for by specifying the stoichiometric factor y.
Therefore, considering the moles of gas generated alone, the pressure buildup in the repository
will be approximately the same, because the expected gases behave similarly to an ideal gas,
even up to lithostatic pressures.

The effect of assuming pure H; instead of a mixture of gases (including H,, CO,, H>S and CH4)
on flow behavior, and its resulting impact on the WIPP repository pressure is presented as
follows:

Radial flow of a 100 percent saturated rock with nonideal gas is described by Darcy’s Law
(Amyx et al. 1960):

2 _p2
qb=1-988_10_5 Tbe kh (Pe PW) , (2)
Pb /Uavg Zan ln(reJ
I'w
which can be rewritten:
plpi=— | et 3
1988_10_5 Tbe kh ( )

g
5
9]
@
a

gas flow rate, cubic feet per day at base (reference) conditions

= temperature, K

= pressure, pounds per square inch atmosphere

= permeability, millidarcys

height, feet

= viscosity, centipoises

= gas compressibility factor (a function of gas pressure and temperature)

= radius, consistent units

= external boundary (repository)

= internal boundary (wellbore)

= base or reference conditions for gas (temperature, pressure, compressibility factor)
avg = average properties between external and internal boundaries because u and z are
functions of pressure which change with time.

T £0 " NTEDRTAHO
I

This expression is very useful for looking at the relationships of gas properties (specifically p
and z [which is a function of the gas temperature and pressure]) and rock properties (namely k)
on defining q and P.
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In order to evaluate the effect of gas composition on q and P, a computer program developed by
the National Institute of Standards and Technology (NIST) entitled SUPERTRAPP was used
(NIST 1992). This computer program allows calculations of gas properties for 116 pure fluids
and mixtures of up to 20 components for temperatures to 1,000 K and pressures to 300
megapascals. The computer program currently can evaluate hydrogen, CO,, and water but does
not have the capacity to evaluate brine (Friend and Huber 1994). Inanalyzinggasflow,itis
asstmed-that CHy-will behavesimilarly to-CO,: Because such small quantities of H,S are
anticipated at the WIPP, its impact will be neglected. Fherefore;forthis-evaluationonly-the
mmpact ol CO is considered.

Figure MASS-1 shows the relationship between gas viscosity H»>-CO; mixtures for various mole
fractions of H; at pressures of 7 megapascals and 15 megapascals as determined from
SUPERTRAPP. The viscosity at 50 percent mole fraction H; is 2.3 times greater than for 100
percent mole fraction H,. As shown in Equation (2), viscosity has an inverse relationship to flow
rate and, as shown in Equation (3), a direct relationship to the square of the repository pressure.
Hence viscosity differences that would result if gas properties other than those of hydrogen were
incorporated would result in a decrease in flow rate and potentially higher pressures.

As shown in Figure MASS-2, the gas compressibility at 50 percent mole fraction H; is about 0.9
times that at 100 percent mole fraction H,. Like viscosity, the gas compressibility factor is
inversely related to flow rate and directly related to the square of the repository pressure. Hence
changing composition from 100 percent to 50 percent H, would result in a slight increase in flow
rate and a decrease in pressure. Therefore, the impact of variation in gas compressibility caused
by composition is considered minor and so is neglected.

The viscosity and compressibility calculations described above for H>-CO; mixtures were
repeated for H>-CH , mixtures for various mole fractions of H; at pressures of 7 MPa and 15
MPa (Kanney 2003). The variability of viscosity with the composition for the H>-CH
mixtures is smaller than that observed for the H,-CO; mixtures. For example, the gas
viscosity of H>-CH at 50 percent mole fraction is only 1.6 times greater than that for 100
percent mole fraction Hyat 15 MPa. The H;-CH,; mixtures are only slightly less compressible
than the H,-CO; mixtures. For example, the gas compressibility of H,-CH 4 at 50 percent mole
fraction is about 0.94 times that for 100 percent mole fraction H; at 15 MPa.

The absolute permeability of the surrounding formation plays a significant part with respect to
both flow rate and pressure determinations. Because marker bed permeabilities range over four
orders of magnitude (see Appendix PAR, Parameter20Tables PAR-30 to PAR-32), these
primary flow pathways will have a greater influence on pressure and flow rate determinations
compared to either uncertainty in viscosity or gas compressibility effects.

It should also be noted that the BRAGFLO code includes a pressure-induced fracture model
that will limit pressure increases in the repository (Schreiber 1997). For example, at high
repository pressures, the factor of 2.3 pressure increase calculated here using the simplified
Darcy’s Law model is unlikely to be seen in the BRAGFLO results, since fracturing will lead
to increased permeability, effectively limiting pressure increases.
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Figure MASS-1. Gas Viscosity as a Function of Mole Fraction H, at 7 Megapascals and
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Figure MASS-2. Gas Compressibility as a Function of Mole Fraction H,

MASS-3.3  Salado Brine as Surrogate for Liquid Phase Physical Properties in
BRAGFLO

BRAGFLO models physical properties for all liquids as Salado brine properties. However,
liquid in the modeled region may consist of (1) brine originally in the Salado, (2) liquid
introduced in the excavation during construction, maintenance, and ventilation during the
operational phase, (3) a very small amount of liquid introduced as a component of the waste,
(4) liquid from overlying units, and (5) liquid from the Castile brine reservoir. However, for

DOE/WIPP 2004-3231 21 March 2004
Appendix PA, Attachment MASS



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

BRAGFLO modeling it is assumed that the properties of all of these liquids are similar enough to
Salado brine properties that the effect of variation in properties that may occur from liquids
mixing is negligible. The variations in chemical properties of brine are accounted for as
discussed in Section 6.4.3.4, and 6.4.3.5; and Appendix PA, Attachment SOTERM. The

Ao anired b O_and-th o d !
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MASS-3.4  Table of General Modeling Assumptions

This section presents Table MASS-1, which lists modeling assumptions used in the performanee
assessment PA. Table MASS-1 is a guide to general modeling assumptions used and provides
some guidance for integrating the assumptions made with (a) the chapters or appendices in which
they are discussed and (b) the code(s) that implement these assumptions.

The FEPs discussed in Appendix SERPA, Attachment SCR that are relevant to the assumptions
are also indicated. The final column in the table indicates whether the DOE considers the
assumption described to be reasonable or conservative. As discussed in Section 6.5, the DOE
has not attempted to bias the overall results of the performance assessment toward a conservative
outcome. However, where data or models are infeasible to obtain, or where effects on
performance are not expected to be significant enough to justify development of a more
complicated model, the DOE has chosen to use conservative assumptions. The designator R
(reasonable) in the final column indicates that the DOE considers the assumption to be
reasonable based on WIPP-specific data or information, data and information considered
analogous to the WIPP disposal system, expert judgment, or other reasoning. The designator C
(conservative) indicates the DOE considers the assumption made may overestimate a process or
effect that may contribute to releases to the accessible environment. The regulatory designator
(Reg) indicates that the assumption is based on regulations in 40 CFR Part 191, criteria in 40
CFR Part 194, or other regulatory guidance.

MASS-4.0 MODEL GEOMETRIES

MASS-4.1  Disposal System Geometry as Modeled in BRAGFLO

Overall, the conceptual model of the geometry of the disposal system is that the spatial effects of
process interactions can be represented in two dimensions. The geometry used to represent the
processes of long-term fluid flow in the Salado, flow between a borehole and overlying units,
and flow within the repository (where processes coupled to fluid flow occur, such as creep
closure and gas generation), is a vertical cross-section through the repository on a north-south
axis. The dimension of this geometry in the direction perpendicular to the plane of the cross-
section varies so that spatial effects of certain processes can be better represented, as discussed
below.
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Table MASS-1. General Modeling Assumptions

CCACRA
Section and
Appendix

Code

Modeling Assumption

Related FEP in

Appendix
Attachment SCR

Assumption
Considered*

MASS-3.0 Some General Assumptions in Performance Assessment Models

MASS-3.1 Darcy’s Law Applied for Fluid Flow calculated by BRAGFLO, SECOEE2D-MODFLOW-2000, and

SECOTP2D
1 BRAGFLO Flow is governed by mass Saturated groundwater R
SECOEL2D conservation and Darcy’s Law in flow (N23)
MODFLOW- | porous media. Flow is laminar and Unsaturated
2000 fluids are Newtonian. groundwater flow (INV24)
Brine inflow (W40)
2 BRAGFLO Two-phase flow in the porous media | Fluid flow caused by R
is by simultaneous immiscible gas production
displacement. (W42)
3 BRAGFLO The Brooks-Corey or Van Fluid flow caused by R
Genuchten/Parker equations represent | gas production (W42)
interaction between brine and gas.
4 BRAGFLO The Klinkenberg effect is included for | Fluid flow caused by R
flow of gases at low pressures. gas production (W42)
5 BRAGFLO Threshold displacement pressure for | Fluid flow caused by R
flow of gas into brine is constant. gas production (W42)
6 BRAGFLO Fluid composition and compressibility | Saturated groundwater R
SECOER2D are constant. flow (N23)
MODFLOW- Fluid flow caused by
2000 gas production (W42)
SECOTP2D
MASS-3.2 Hydrogen Gas as Surrogate for Waste-Generated Gas Physical Properties in BRAGFLO
7 BRAGFLO The gas phase is assigned the density | Fluid flow caused by R
DRSPALL and viscosity properties of hydrogen. | gas production (W42)
MASS-3.3 Salado Brine as Surrogate for Liquid Phase Physical Properties in BRAGFLO
8 BRAGFLO All liquid physical properties are Saturated groundwater R
assigned the properties of Salado flow (N23)
brine.
6.4.2 Model Geometries
MASS-4.0 Model Geometries
6.4.2.1 Disposal System Geometry
MASS.4.1 Disposal System Geometry as Modeled in BRAGFLO
BRAGFLO The disposal system is represented by | Stratigraphy (V1) R
a two-dimensional, north-south, Physiography (N39)

vertical cross section.
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Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in Assumption
Section and Code Modeling Assumption Appendix Consi dsre a*
Appendix Attachment SCR
BRAGFLO Flow in the disposal system is radially | Saturated groundwater R
convergent or divergent centered on flow (N23)
the repository, shaft, and borehole for | Unsaturated
disturbed performance. groundwater flow (IV24)
BRAGFLO Variable dip in the Salado is Stratigraphy (N1) R
approximated by a 12 degree dip to
the south.
BRAGFLO Stratigraphical layers are parallel. Stratigraphy (V1) R
BRAGFLO The stratigraphy consists of units Stratigraphy (N1) R

above the Dewey Lake, the Dewey
Lake, the Forty niner, the Magenta,
the Tamarisk, the Culebra, the
UnnamedLowerMember Los
Medaiios, and the Salado (comprising
impure halite, MB 138, anhydrites a
and b [lumped together], and MB139).
The dimensions of these units are
constant. A Castile brine reservoir is
included in all scenarios.

6.4.2.2 Culebra Geometry
MASS-4.3 Historical Context of Culebra Geometries as Modeled in SECOEL2DMODFLOW-2000 and

SECOTP2D
SECOEL2D The Culebra is represented by a two- | Stratigraphy (V1) R
MODFLOW- | dimensional, horizontal geometry for
2000 groundwater flow and radionuclide
SECOTP2D transport simulation.
SECOEL2D Transmissivity varies spatially. There | Groundwater recharge R
MODFLOW is no vertical flow to or from the (N54)
2000 Culebra. Groundwater discharge
GRASPINV (N53)
PEST
SECOTP2D The regional flow field provides Advection (W90) R
boundary conditions for local
transport calculations.
6.4.3 The Repository
MASS.5 BRAGFLO Geometry of the Repository
BRAGFLO The repository comprises five regions | Disposal geometry R-C
separated by panel closures: & the wl)
waste panel, a north RoR, a south
RoR -the-panel-elosures-the
remainder-of thepanels-and the access
drifts (separated by panel closures),
the operations region, and the
experimental region. Also, a single
shaft region is modeled, and a
borehole region is included for a
DOE/WIPP 2004-3231 25 March 2004
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Table MASS-1. General Modeling Assumptions — (Continued)

E€CACRA Related FEP in
Section and Code Modeling Assumption i

Assumption
Appendix p
Appendix Attachment SCR

Considered*

borehole that intersects the separate
waste panel. The dimensions of these
regions are constant (see Figure
6-14).

BRAGFLO Long-term flow up plugged and Disposal geometry C
abandoned boreholes is modeled as if | (W1)
all intrusions occur into a downdip
(southern) panel.

BRAGFLO For each repository region the model | Disposal geometry (W1) R
geometry preserves design volume.

BRAGFLO Pillars and-individual drifts and Disposal geometry (W1) C

rooms; and-panel-closures-in-the-nine
lumped-panels; are not modeled for

long-term performance, and
containers provide no barrier to fluid
flow.

BRAGEEO Fhe-distancefromthesouth-end-of the | Dispesal-geometry R
medeled-waste-panel-to-the-medeled
hafis il 5 ; l
hend-of 5 Lresi
to-the-waste-handlingshatt

BRAGFLO Long-term flow is radial to and from | Waste-induced borehole R
the borehole that intersects the waste | flow (H32)
disposal panel during disturbed
performance.

BRAGFLO DRZ provides a pathway to Marker R
Beds

BRAGFLO Grid and material properties are R
consistent with the Option D design

BRAGELO Pancl-closurcs-arc-medeled-with-the Dispesal geometry c
. ] 5
DRZ:

6.4.3.1 Creep Closure
MASS-6.0 Creep Closure
Appendix PORSURF

SANTOS Creep closure is modeled using a two- | Salt creep (W20) R
dimensional model of a single room. | Changes in the stress
Room interactions are insignificant. field
Excavation-induced
changes in stress (W19)

SANTOS Creep closure causes a decrease in Salt creep (W20) R
room volume, which decreases waste | Changes in the stress
porosity. The amount of creep closure | field (W21)

is a function of time, gas pressure, and | Consolidation of waste
waste matrix strength. (W32)

Pressurization (W26)

March 2004 26 DOE/WIPP 2004-3231
Appendix PA, Attachment MASS




Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in T
Section and Code Modeling Assumption Appendix Considered*
Appendix Attachment SCR
BRAGFLO Porosity of operations and Salt creep (W20) R
experimental areas is fixed at a value
representative of consolidated
material.
6.4.3.2 Repository Fluid Flow
MASS-7.0 Repository Fluid Flow
BRAGFLO General assumptions 1 to 8. See above
BRAGFLO The waste disposal region is assigned | Saturated groundwater R
a constant permeability representative | flow (N23)
of average consolidated waste without | Unsaturated
backfill. groundwater flow (NV24)
MASS-7.1 Flow Interactions with the Creep Closure Model
BRAGFLO The experimental and operations Saturated groundwater R
regions are assigned a constant flow (N23)
permeability representative of Unsaturated
unconsolidated material and a groundwater flow (IV24)
constant porosity representative of Salt creep (N20)
consolidated material.
MASS-7.2 Flow Interactions with the Gas Generation Model
BRAGFLO For gas generation calculations, the Wicking (W41) R
effects of wicking are accounted for
by assuming that brine in the
repository contacts waste to an extent
greater than that calculated by the
Darcy flow model used.
6.4.3.3 Gas Generation
MASS-8.0 Gas Generation
Appendix WEA TRU WASTE
BRAGFLO Gas generation occurs by anoxic Container material R
corrosion of steel containers, and Fe inventory (W5)
and Fe-base alloys in the waste, Waste inventory (W2)
giving H,, and microbial Degradation
degradationconsumption of Consumption of erganie
cellulosics and, perhaps, plastics and | materialCPR-(W44)
rubbers, giving mainly CO, and CH,. | Gases from metal
Radiolysis, oxic reactions, and other corrosion (W49)
gas generation mechanisms are
insignificant. Gas generation is
calculated using the average -
stoichiometry model, and is dependent
on brine availability.
BRAGFLO The anoxic corrosion rate is Brine inflow (W40) R
dependent on liquid saturation. Gases from metal
Anoxic corrosion of steel continues corrosion (W49)
until all the steel is consumed. Steel | Degradation
corrosion will not be passivated by Consumption of organic
DOE/WIPP 2004-3231 27 March 2004
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Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in e
Section and Code Modeling Assumption Appendix Considered*
Appendix Attachment SCR
microbially-generated gases CO, or material (W44)
H,S. Brine is consumed by the
corrosion reaction.
BRAGFLO Laboratory-scale experimental Effects of biofilms on R
measurements of gas generation rates | microbial gas generation
at expected room temperatures are (W48)
used to account for the effects of Effects of temperature
biofilms and chemical reactions. on microbial gas
generation (W45)
Chemical effects of
corrosion (W51)
BRAGFLO The rate of-biedegradation microbial | Brine inflow (W40) R
gas production is dependent on the Degradation
amount of liquid present. It is Consumption of CPR
assumed that biedegradation organte-material (W44)
microbial activity neither produces Waste inventory (W2)
nor consumes water. Gas-generation
by-mierobial-degradation Significant
microbial activity takesplaceoccurs
in half the simulations. In half of the
simulations with microbial gas
generationactivity, microbes consume
all of the cellulosics but none of the
plastics and rubbers. In the other half
of the simulations with microbial gas
generationactivity, microbes consume
all of the cellulosics and all of the
plastics and rubbers. Microbial gas
generationproduction will continue
until all biodegradable erganie
matertalsCPR materials are consumed
if brine is present. The MgO backfill
will react with all of the CO, and
remove it from the gaseous phase.
BRAGFLO Gas dissolution in brine is of Fluid flow caused by R
negligible consequence. gas production (W42)
BRAGFLO The gaseous phase is assigned the Fluid flow caused by See above
properties of hydrogen (general gas production (W42)
assumption 8).
6.4.3.4 Chemical Conditions in the Repository
SOTERM-2.0 Conceptual Framework of Chemical Conditions
NUTS Chemical conditions in the repository | Speciation (W56) R
PANEL will be constant. Chemical Redox kinetics (W66)

equilibrium is assumed for all
reactions that occur between brine in
the repository, waste, and abundant
minerals, with the exceptions of gas
generation and redox reactions.
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Table MASS-1. General Modeling Assumptions — (Continued)

CCACRA
Section and
Appendix

Code

Modeling Assumption

Related FEP in

Appendix
Attachment SCR

Assumption
Considered*

NUTS
PANEL

Brine and waste in the repository will
contain a uniform mixture of
dissolved and solid-state species. All
actinides have instant access to all
repository brine. Ne

: . hatind |

L chemical . 1

persist:

Heterogeneity of waste
forms (W3)
Speciation (W56)

C

NUTS
PANEL

No microenvironments that influence
the overall chemical environment
will persist.

Speciation (W56)

NUTS
PANEL

For the undisturbed performance and
E2 scenarios, brine in the waste panels
has the composition of Salado brine.
For E1 and E1E2 scenarios, all brine
in the waste panel intersected by the
borehole has the composition of
Castile brine.

Speciation (W56)

NUTS
PANEL

Chemical conditions in the waste
panels will be reducing. However, a
condition of redox disequilibrium will
exist between the possible oxidation
states of the actinide elements.

Redox kinetics (W56)
Speciation (W56)
Effects of metal
corrosion (W64)

NUTS
PANEL

The pmHpH and pEO,fc¢; in the

waste panels will be controlled by the
equilibrium between brucite and
magnesttehydromagnesite
(Mg;(CO;3) (OH)»4H,0) (A result of
this assumption is low pEO, froz and
atkalinemildly basic conditions).

Speciation (W56)
Backfill chemical
composition (W10)

6.4.3.5 Dissolved Actinide Source

Term

SOTERM-3.3 The FMT Computer Code

NUTS
PANEL

Radionuclide dissolution to solubility
limits is instantaneous.

Dissolution of waste
(W58)

NUTS
PANEL

Six actinides (Th, U, Np, Pu, EmAm,
and AmCm) are considered in
PANEL for calculations of
radionuclide transport of brine (up a
borehole). Four actinides (Th, U, Pu,
and Am) are considered in NUTS for
calculations of radionuclide
transport in brine (porous materials)
(Leigh 2003). Choice of radionuclides
is discussed in Appendix TRU
WASTE, Table TRU WASTE-
IWCA,

Waste inventory
(w2)

NUTS

The reducing conditions in the

Speciation (W56)

R
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ECACRA Related FEP in T
Section and Code Modeling Assumption Appendix Considered*
Appendix Attachment SCR

PANEL repository will eliminate significant Redox kinetics (W66)

concentrations of AmOVPu(V;

PuVhand NPADNp(VI), Pu(V),

Pu(VI), and Am(V)species. Am and

Cm will exist predominantly in the

+III oxidation state, Th in the +IV

oxidation state. It is assumed that the

solubilities and Kys of Pu; Np;and

YU, Np, and Pu will be dominated by

one of the remaining oxidation states:

PudHh-er Pud V- NpdVo-ee NPV,

VPR BB UY) or UVI),

NpV or Np(V), and Pu(IIl) or

Pu(lv).
NUTS For a given oxidation state, the Speciation (W56) R
PANEL different actinides exhibit similar

chemical behavior and thus have

similar solubilities.
PANE] g g“' & ) Dissoluti ;3

) g
- gameg lexati

NUTS For undisturbed performance and for | Waste inventory (W2) R
PANEL all aspects of disturbed performance Heterogeneity of waste

except for cuttings and cavings forms (W3)

releases, radionuclide-bearing

compounds are distributed evenly

throughout the disposal panel.
NUTS Mobilization of actinides in the gas Dissolution of waste R
PANEL phase is negligible. (W58)
NUTS Actinide concentrations in the Dissolution of waste R
PANEL repository will be inventory limited (W58)

when the mass of an actinide becomes

depleted such that the predicted

solubilities cannot be achieved.

6.4.3.6 Source Term for Colloidal Actinides

NUTS Four types of colloids Colloid formation and R
PANEL eompriseconstitute the source term for | stability (W79)

colloidal actinides; microbes, humic Humic and fulvic acids

substances, intrinsic colloids, and (W70)

mineral fragments.
NUTS The only intrinsic colloids that will Colloid formation and R
PANEL form are those of the plutonium stability (W79)

Pu(IV) polymer.
NUTS Concentrations of intrinsic colloids Colloid formation and R
PANEL and mineral-fragment colloids are stability (W79)

modeled as constants that were based
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ECACRA Related FEP in e
Section and Code Modeling Assumption Appendix Considered*

Appendix Attachment SCR

on experimental observations. Humic

and microbeial colloidal actinide

concentrations are modeled as

proportional to dissolved actinide

concentrations.

NUTS The maximum concentration of each | Actinide sorption (W61) R

PANEL actinide associated with each colloid
type is constant.

6.4.4 Shafts and Shaft Seals
MASS-12.0 Shafts and Shaft Seals

BRAGFLO General Assumptions 1 to 8. See above

BRAGFLO The four shafts connecting the Disposal geometry (W1) R
repository to the surface are
represented by a single shaft with a
cross-section and volume equal to the
total volume of the four real shafts
and separated from the waste by less
than the distance of the nearest real
shaft.

BRAGFLO The seal system is represented by an | Seal geometry (W6) R
upper and lower shaft region Seal physical properties
representing a composite of the w7)
actual materials in those regions.

. ial e el

BRAGFLO The shaft is surrounded by a DRZ Salt creep (W20) R
which heals with time. The DRZ is Consolidation of seals
represented through the composite (W36)
permeabilities of the shaft system Disturbed-roekrone
itself, rather than as a discrete zone. DRZ (W18)

The effective permeability of shaft Microbial growth on
saltelay-and-conerete-sealsmaterials | concrete (W76)

are adjusted at 200 yearsseveral-times | Chemical degradation of
after closure to reflect consolidation seals (W74)

and possible degradation. Mechanical degradation
Permeabilities are constant for asphalt | of seals (W37)
and-earthen-fill compeonents:the shaft

seal materials through the Rustler

formation.

BRAGFLO Concrete shaft components of the Mechanical degradation C
lower shaft are modeled as if they of seals
degrade 400-years after emplacement.

NUTS Radionuclides are not retarded by the | Actinide sorption (W61) C
seals. Speciation (W56)

6.4.5 The Salado
MASS-13.0 Salado
DOE/WIPP 2004-3231 31 March 2004
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E€CACRA Related FEP in Assumption
Section and Code Modeling Assumption Appendix Consi dgre a*
Appendix Attachment SCR
BRAGFLO General Assumptions 1 to §. See above
6.4.5.1 Impure Halite
MASS-13.1 High Threshold Pressure for Halite-Rich Salado Rock Units
BRAGFLO Rock and hydrologic properties are Stratigraphy (N1) R
constant.
6.4.5.2 Salado Interbeds
MASS-13.3 The Anhydrite Interbed Fracture Model
BRAGFLO Interbeds have a fracture-initiation Disruption caused by R
pressure above which local fracturing | gas effects (W25)
and changes in porosity and
permeability occur in response to
changes in pore pressure. A power
function relates the permeability
increase to the porosity increase. A
pressure is specified above which
porosity and permeability do not
change.
BRAGFLO Interbeds have identical physical Saturated groundwater R
properties; they differ only in position, | flow (V23)
thickness, and some fracture
parameters.
6.4.5.3 Disturbed Rock Zone
MASS-13.4 Flow in the Disturbed Rock Zone
BRAGFLO The permeability of the DRZ is Disturbed rock zone C-R
constant-and-higher than-intactSalade | (WI18)
sampled with the low value similar to | Roof falls (W22)
intact halite and a high value Gas explosions (W27)
representing a fractured material. Seismic activity (N12)
The DRZ porosity is equal to the Underground boreholes
porosity of impure halite to plus 0.29 | (W39)
percent.
6.4.5.4 Actinide Transport in the Salado
MASS-13.5 Actinide Transport in the Salado
NUTS Dissolved actinides and colloidal Advection (W90) R
actinides are transported by advection | Diffusion (W91)
in the Salado. Diffusion and Matrix diffusion (W92)
dispersion are assumed negligible.
NUTS Sorption of actinides in the anhydrite | Actinide sorption (W61) R
interbeds, colloid retardation, colloid | Colloid transport (W78)
transport at higher than average Colloid filtration (W80)
velocities, co-precipitation of minerals | Colloid sorption (W81)
containing actinides, channeled flow, | Fluid flow caused by
and viscous fingering are not gas production (W42)
modeled. Fracture flow (N25)
NUTS Radionuclides having the same Radioactive decay and R
elemental formsimilar-halflives are ingrowth (W12)
March 2004 32 DOE/WIPP 2004-3231
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ECACRA Related FEP in Assumption
Section and Code Modeling Assumption Appendix Consi dgre a*
Appendix Attachment SCR
grouped as discussed in Appendix ingrowth (W12)
TRU WASTE WEA.
NUTS Sorption of actinides in the borehole is | Actinide sorption (W61) C
not modeled.
6.4.6 Units Above the Salado
MASS-14.0 Geologic Units above the Salado
SECOTP2D Above the Salado, lateral actinide Saturated groundwater R
transport to the accessible flow (N23)
environment can occur only through | Unsaturated
the Culebra. groundwater flow (IV24)
Solute transport (W77)
6.4.6.1 YUnnamedowerMemberLos Medanos
SECOEL2D The unnamedlowermember Los Saturated groundwater C
MODFLOW- | Medanios member of the Rustler flow (N23)
2000 Formation, Tamarisk, and Forty-niner
BRAGFLO are assumed to be impermeable.
6.4.6.2 The Culebra
MASS-15.0 Culebra
Appendix Attachment TFIELD
SECOEL2D General Assumptions 1, 6, and 8 (see See above
MODFLOW- | first page of this table).
2000
SECOTP2D
SECOEL2D For fluid flow the Culebra is modeled | Saturated groundwater R
MODFLOW- | as a uniform (single-porosity) porous | flow (V23)
2000 medium. For radionuclide transport a | Fracture flow (N25)
SECOTP2D double-porosity model is used Advection (W90)
(advection in high permeability Diffusion (W91)
features and diffusion and sorption in
low-permeability features).
SECOEL2D The Culebra flow field is determined | Saturated groundwater R
MODFLOW- | from the observed hydraulic flow (N23)
2000 conditions and estimates of the effects | Climate change (V61)
of climate change and potash mining | Precipitation (for
outside the controlled area, and does example, rainfall) (N59)
not change with time unless mining is | Temperature (N60)
predicted to occur in the disposal Changes in groundwater
system in the future. flow caused by mining
(H37)
BRAGFLO The Culebra is assigned a single Natural borehole fluid R
permeability to calculate brine flow flow (H31)
into the unit from an intrusion Waste-induced borehole
borehole. flow (H32)
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SECOEE2D Gas flow in the Culebra is not Saturated groundwater R
MODFLOW- | modeled. Gas from the repository flow (V23)
2000 does not affect fluid flow in the Fluid flow caused by
Culebra. gas production (W42)
BRAGFLO Different thicknesses of the Culebra Effects of preferential R
SECOEE2D are assumed for BRAGFLO, pathways (IV27)
MODFLOW- | SECOEE2D-MODFLOW-2000, and
2000 SECOTP2D calculations, although the
SECOTP2D transmissivities are consistent.
GRASP-INV Uncertainty in the spatial variability Saturated groundwater R
PEST of the Culebra transmissivity is flow (N23)
accounted for by statistically Fracture flow (IV25)
generating many transmisstvity Shallow dissolution
T-fields. (N16)
SECOFEZD Potentiometric heads are set on the Groundwater recharge R
MODFLOW- edges of the regional grid to represent | (N54)
2000 flow in a portion of a much larger Groundwater discharge
BRAGFLO hydrologic system. (N53)
Changes in groundwater
recharge and discharge
(N56)
Infiltration (N55)
6.4.6.2.1 Transport of Dissolved Actinides in the Culebra
MASS-15.2 Dissolved Actinide Transport and Retardation in the Culebra
SECOTP2D Dissolved actinides are transported by | Solute transport (W77) R
advection in high-permeability Advection (W90)
features and diffusion in low Diffusion (W91)
permeability features. Matrix diffusion (W92)
SECOTP2D Sorption occurs on dolomite in the Actinide sorption (W61) C
matrix. Sorption on clays present in Changes in sorptive
the Culebra is not modeled. surfaces (W63)
SECOTP2D Sorption is represented using a linear | Actinide sorption (W61) R
isotherm model. Kinetics of sorption
(W62)
SECOTP2D The possible effects on sorption of the | Actinide sorption (W61) R
injection of brines from the Castile Groundwater
and Salado into the Culebra are geochemistry (IV36,
accounted for in the distribution of N37)
actinide Kgs. Natural borehole fluid
flow (H31)
SECOTP2D Hydraulically-significant fractures are | Advection (W90) C

assumed to be present everywhere in
the Culebra.

6.4.6.2.2 Transport of Colloidal Actinides in the Culebra
MASS-15.3 Colloidal Actinide Transport and Retardation in the Culebra

March 2004

Appendix PA, Attachment MASS

34

DOE/WIPP 2004-3231




Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004

Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in Assumption
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SECOTP2D Humic actinides are chemically Advection (W90) R
retarded identically to dissolved Diffusion (W91)
actinides and are treated as dissolved | Colloid transport (W78)
actinides. Microbial transport
(W87)
SECOTP2D The concentration of intrinsic colloids R
is sufficiently low to justify
elimination from-performanee
assessmentPA transport calculations.
SECOTP2D Microbial colloids and mineral Microbial transport R
fragments are too large to undergo (W87)
matrix diffusion. Filtration of these Colloid sorption (W81)
colloids occurs in high permeability
features (which is modeled using a
decay approach). Attenuation is so
effective that associated actinides are
assumed to be retained within the
disposal system and are not
transported in SECOTP2D.
6.4.6.2.3 Subsidence Due to Potash Mining
MASS-15.4 Subsidence Caused by Potash Mining in the Culebra
SECOEL2D The effect of potash mining is to Potash mining (H13) Reg.
MODFLOW- | increase the hydraulic conductivity in | Changes in groundwater
2000 the Culebra by a factor from 1 to flow caused by mining
1,000. (H37)
6.4.6.3 The Tamarisk
SECOEL2D The Tamarisk is assumed to be Saturated groundwater R
MODFLOW- impermeable. flow (N23)
2000
BRAGFLO
6.4.6.4 The Magenta
BRAGFLO General Assumptions 1 to 8 (see first See above
page of this table).
BRAGFLO The Magenta permeability is set to the | Saturated groundwater R
lowest value measured near to the flow (N23)
center of the WIPP site. This
increases the flow into the Culebra.
NUTS No radionuclides entering the Solute transport (W?77) R
Magenta will reach the accessible
environment. However, the volumes
of brine and actinides entering and
stored in the Magenta are modeled.
6.4.6.5 The Forty-niner
BRAGFLO The Forty-niner is assumed to be Saturated groundwater R
impermeable. flow (N23)
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ECACRA Related FEP in Assumption
Section and Code Modeling Assumption Appendix Consi dgre a*
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6.4.6.6 Dewey Lake
BRAGFLO General Assumptions 1 to 8 (see first See above
page of this table).
NUTS The sorptive capacity of the Dewey Saturated groundwater R
Lake is sufficiently large to prevent flow (N23)
any release over 10,000 years. Actinide sorption (W61)
6.4.6.7 Supra-Dewey Lake Units
BRAGFLO General Assumptions 1 to 8 (see first See above
page of this table).
BRAGFLO The units above the Dewey Lake are a | Stratigraphy (V1) R
single hydrostratigraphic unit.
BRAGFLO The units are thin and predominantly | Unsaturated R
unsaturated. groundwater flow (N24)
Saturated groundwater
flow (N23)
6.4.7 The Intrusion Borehole
MASS-16.0 Intrusion Borehole
6.4.7.1 Releases During Drilling
CUTTINGS S | Any actinides that enter the borehole — C
BRAGFLO- are assumed to reach the surface.
BBR
DRSPALL
MASS-16.1 Cuttings, Cavings, and Spall Releases during Drilling
BRAGFLO Future drilling practices will be the Oil and gas exploration Reg.
PANEL same as they are at present. (HI)
CUTTINGS_S Potash exploration (H2)
DRSPALL Oil and gas exploitation
(H4)
Other resources (HS8)
Enhanced oil and gas
recovery (H9)
CUTTINGS_S |Releases of particulate waste material | Drilling fluid flow (H21) R
DRSPALL are modeled (cuttings, cavings, and Suspension of particles
spallings). Releases are corrected for | (W82)
radioactive decay until the time of Cuttings (W84)
intrusion. Cavings (W85)
Spallings (W86)
CUTTINGS S | Degraded waste properties arePartiele | Cavings (W85) C
waste-shearis based on properties of
marine clays, considered a worst case
DRSPALL A hemispherical geometry with one- | Spallings (W86) C

dimensional spherical symmetry
defines the flow field and cavity in the
waste
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DRSPALL Tensile strength, based on completely | Spallings (W86) C
degraded waste surrogates, is felt to
represent extreme, low-end tensile
strengths because it does not account
for several strengthening
mechanisms
DRSPALL Shape factor is 0.1, corresponding to | Spallings (W86) C
particles that are easier to fluidize
and entrain in the flow
6.4.7.1.1 Direct Brine Release During Drilling
MASS-16.2 Direct Brine Releases during Drilling
BRAGFLO Brine containing actinides may flow to | Blowouts (W23) R
PANEL the surface during drilling. Direct
brine release will have negligible
effect on the long-term pressure and
saturation in the waste panel.
BRAGFLO A two-dimensional grid (one degree Blowouts (H23) R
dip) on the scale of the waste disposal
region is used for direct brine release
calculations.
BRAGFLO Calculation of direct brine release Blowouts (H23) R
CCDFGF from several different locations
provides reference results for the
variation in release associated with
location.
6.4.7.2 Long-Term Releases Following Drilling
MASS-16.3 Long-Term Properties of the Abandoned Intrusion Borehole
BRAGFLO Plugging and abandonment of future | Natural borehole fluid Reg.
CCDFGF boreholes are assumed to be flow (H31)
consistent with practices in the Waste-induced borehole
Delaware Basin. flow (H32)
6.4.7.2.1 Continuous Concrete Plug through the Salado and Castile
BRAGFLO A continuous concrete plug is Natural borehole fluid Reg-R
CCDFGF assumed to exist throughout the flow (H31)
Salado and Castile. Long-term Waste-induced borehole
releases through a continuous plug are | flow (H32)
analogous to releases through a sealed
shaft.
6.4.7.2.2 The Two-Plug Configuration
BRAGFLO A lower plug is located between the Natural borehole fluid Reg.-R
Castile brine reservoir and underlying | flow (H31)
formations. A second plug is located | Waste-induced borehole
immediately above the Salado. The flow (H32)
brine reservoir and waste panel are in
direct communication though an open
DOE/WIPP 2004-3231 37 March 2004
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cased hole.
BRAGFLO The casing and upper concrete plug Natural borehole fluid R
are assumed to fail after 200 years, flow (H31)
and the borehole is assumed to be Waste-induced borehole
filled with silty-sand like material. At | flow (H32)
1,200 years after abandonment the
permeability of the borehole below
the waste panel is decreased by one
order of magnitude as a result of salt
creep.
6.4.7.2.3 The Three-Plug Configuration
BRAGFLO In addition to the two plug Natural borehole fluid Reg.-R
configuration, a third plug is placed flow (H31)
within the Castile above the brine Waste-induced borehole
reservoir. The third plug is assumed | flow (H32)
not to fail over the regulatory time
period This-third-pluag behavesina
the-two-plug-confiouration:
6.4.8 Castile Brine Reservoir
MASS-18.0 Castile Brine Reservoir
BRAGFLO The Castile region is assigned a low Brine reservoirs (IV2) R
permeability, which prevents inhibits
fluid flow. Brine occurrences in the
Castile are bounded systems. Brine
reservoirs under the waste panels are
assumed to have limited extent and
interconnectivity, with effective radii
on the order of several hundred
meters.
6.4.9 Climate Change
MASS-17.0 Climate Change
SECOEL2D Climate-related factors are treated Climate change (N61) R
SECOTP2D through recharge. A parameter called | Temperature (N60)
the Climate Index is used to scale the | Precipitation (for
Culebra flux field. example, rainfall) (V59)
6.4.10 Initial and Boundary Conditions for Disposal System Modeling
6.4.10.1 Disposal System Flow and Transport Modeling (BRAGFLO and NUTS)
BRAGFLO There are no gradients for flow in the | Saturated groundwater R

far-field of the Salado, and pressures
are above hydrostatic, but below
lithostatic. Excavation and waste
emplacement result in partial drainage
of the DRZ.

flow (N23)
Brine inflow (W40)
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BRAGFLO An initial water-table surface is set in | Saturated groundwater R
the Dewey Lake at an elevation of flow (N23)
3,215 feetft (980 meters) above mean
sea level. The initial pressures in the
Salado are extrapolated from a
sampled pressure in MB139 at the
shaft and are in hydrostatic
equilibrium. The excavated region is
assigned an initial pressure of one
atmosphere. The liquid saturation of
the waste-disposal region is consistent
with the liquid saturation of emplaced
waste. Other excavated regions are
assigned zero liquid saturation, except
the shaft which is fully saturated.
NUTS Molecular transport boundary Radionuclide decay and R
conditions are no diffusion or ingrowth (W12)
dispersion in the normal direction Solute transport (W77)
across far-field boundaries. Initial
actinide concentrations are zero
everywhere except in the waste.
6.4.10.2 Culebra Flow and Transport Modeling (SECOEE2BMODFLOW-2000, SECOTP2D)
SECOEE2D Constant head and no flow boundary | Saturated groundwater R
MODFLOW- | conditions are set on the far-field flow (N23)
2000 boundaries of the regional-flow
model—Censtanthead-boundary
cenditionsare-alse-setonthe
boundaries-of the-local- domainand
Tt ‘ 13 ' 1 S _
SECOEE2D Initial actinide concentrations in the Solute transport (W77) R
MODFLOW- | Culebra are zero.
2000
6.4.10.3 Initial and Boundary Conditions for Other Computational Models
NUTS Initial and boundary conditions R
PANEL interpolated from previously executed
BRAGFLO BRAGFLO calculation.
(direct brine
release)
CUTTINGS_S
6.4.12 Sequences of Future Events
CCDFGF Each 10,000 year future (random Oil and gas exploration Reg.-R
sequence of future events) is (HI)
generated by randomly and repeatedly | Potash exploration (H2)
sampling: the time between drilling Oil and gas exploitation
events; the location of drilling events; | (H4)
the activity level of the waste Other resources (HS)
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penetrated by each drilling intrusion; | Enhanced oil and gas
the plug configuration of the borehole, | recovery (H9)
and the penetration of a Castile brine | Natural borehole fluid
reservoir, and by randomly sampling | flow (N31)
the occurrence of mining in the Waste-induced borehole
disposal system. flow (H32)
6.4.12.1 Active and Passive Institutional Controls in Performance Assessment
Chapter 7.0
CCDFGF Active institutional controls are Reg.-R
effective for 100 years and completely
eliminate possibility of incompatible
activities. No credit is taken for
passive institutional controls. Passive
600-vearsandreducerateof
s f he followi led
Eaei ied.
6.4.12.2 Number and Time of Drilling Intrusions
CCDFGF Drilling may occur after 100 years Loss of records (H57) Reg.-R
according to a Poisson process. Oil and gas exploration
(HI)
Potash exploration (H2)
Oil and gas exploitation
(H4)
Other resources (HS)
6.4.12.3 Location of Intrusion Boreholes
CCDFGF The waste disposal region is Disposal geometry (W1) R
discretized with 144 regions with the
probability of each region being
intersected equal. A borehole can
penetrate only one region.
6.4.12.4 Activity of the Intersected Waste
Appendix WEA-TRU WASTE
CCDFGF 569-693 waste streams identified for | Heterogeneity of waste R
contact-handled (CH)-TRU and all 86 | form (W3)
the remote-handled (RH)-TRU waste
streams werewas grouped (binned)
together into one equivalent or
average (WIPP-scale) RH-TRU waste
stream.
6.4.12.5 Diameter of the Intrusion Borehole
CCA Appendix DEL
CUTTINGS_S | The diameter of the intrusion borehole Reg.-R

is constant at 12.25 in.ehes (31.12
centimeters-cm).
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Considered*

6.4.12.6 Probability of Intersecting a Brine Reservoir

CCDFGF One brine reservoir is assumed to Brine reservoirs (IN2) R
exist below the waste panels. The
probability that a deep borehole
intersects a brine reservoir below the
waste panels is sampled uniformly
firom 0.01 to 0.60. 8-68—Brine
reserveirs-may-be-depleted-by

o that d ) f ;

6.4.12.7 Plug Configuration in the Abandoned Intrusion Borehole

CCDFGF The two-plug configuration has a Reg.-R
probability of 6-680.698. The three-
plug configuration has a probability of
0-300.289. The continuous concrete
plug has a probability of 8-020.015.

6.4.12.8 Probability of Mining Occurring in the Land Withdrawal Area

CCDFGF Mining in the disposal system occurs Reg.-R
a maximum of once in 10,000 years (a
10" probability per year).

6.4.13 Construction of a Single CCDF

CCDFGF Deterministic calculations are R
executed with BRAGFLO, NUTS,
SECOFEL2D-MODFLOW-2000,
SECOTP2D, CUTTINGS _S, and
PANEL to generate reference
conditions. These reference
conditions are used to estimate the
consequences associated with random
sequences of future events. These are
in turn used to develop CCDFs.

CCDFGF 10,000 random sequences of future R
events are generated for each CCDF
plotted.

6.4.13.1 Constructing Consequences of the Undisturbed Performance Scenario

CCDFGF A BRAGFLO and NUTS calculation R
with undisturbed conditions is
sufficient for estimating the
consequences of the undisturbed
performance scenario.

6.4.13.2 Scaling Methodology for Disturbed Performance Scenarios

CCDFGF Consequences for random sequences R
of future events are constructed by
scaling the consequences associated
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Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in Assumption
Section and Code Modeling Assumption Appendix Consi dgre a*
Appendix Attachment SCR
with deterministic calculations
(reference conditions) to other times,
generally by interpolation but
sometimes by assuming either
similarity or no consequence.
6.4.13.3 Estimating Long-Term Releases from the E1 Scenario
CCDFGF Reference conditions are calculated or | Waste-induced borehole R
NUTS estimated for intrusions at 100, 350, flow (H32)
1,000, 3,000, 5,000, 7,000, and 9,000
years.
ansportin-the Culebraisealewdated
6.4.13.4 Estimating Long-Term Releases from the E2 Scenario
CCDFGF The methodology is similar to the Waste-induced borehole R
NUTS methodology for the E1 scenario. For | flow (H32)
SECOTP2D multiple E1 intrusions into the same | Waste inventory (W2)
panel, the additional source term to
the Culebra for the second and
subsequent intrusions is assumed to be
negligible.
6.4.13.5 Estimating Long-Term Releases from the E1E2 Scenario
CCDFGF The concentration of actinides in Waste-induced borehole C
PANEL liquid moving up the borehole flow (H32)
assumes homogeneous mixing within
the panel.
PANEL Any actinides that enter the borehole | Waste-induced borehole C
reach the Culebra. flow (H32)
CCDFGF Reference conditions are calculated | Oil and Gas
PANEL or estimated for intrusion at 100, Exploration (HI)
300, 1,000, 2,000, 4,000, 6,000 and
9,000 years.
6.4.13.6 Multiple Scenario Occurrences
CCDFGF The panels are assumed not to be Saturated groundwater R
PANEL interconnected for long term brine flow (N23)
flow. Unsaturated
groundwater flow (IN24)
6.4.13.7 Estimating Releases During Drilling for All Scenarios
CCDFGF Repository conditions will be Brine reservoirs (N2) R
PANEL dominated by Castile brine if any Natural borehole fluid
NUTS borehole connects to a brine reservoir. | flow (H31)
CUTTINGS S | Depletion of actinides in parts of the | Waste-induced borehole C
PANEL repository that have been penetrated flow (N32)
CCDFGF by boreholes is not accounted for in Waste inventory (W2)

calculating the releases from
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Table MASS-1. General Modeling Assumptions — (Continued)

ECACRA Related FEP in T
Section and Code Modeling Assumption Appendix Considered*
Appendix Attachment SCR
subsequent intrusions at such
locations.
6.4.13.8 Estimating Releases in the Culebra and the Impact of the Mining Scenario
CCDFGF Releases from intrusions at random R
SECOFE2D times in the future are scaled from
MODFLOW- | releases calculated at 100 years with a
2000 unit source of radionuclides in the
SECOTP2D Culebra.
CCDFGF Actinides in transit in the Culebra R
when mining occurs are transported in
the flow field used for the undisturbed
case. Actinides introduced
subsequent to mining are transported
in the flow field used for the disturbed
case (that is, mined case).

* R =Reasonable

C = Conservative

Reg. - Based on regulatory guidance

See above - Refers to assumptions 1 through 8 listed at the beginning of this table.

Three other two-dimensional model geometries are used in performance assessment. For fluid
flow and transport modeling in the Culebra, the geometry is a horizontal two-dimensional plane
(see Sections 6.4.2 and 6.4.6.2). For modeling brine flow from the intruded panel to the borehole
during drilling, the geometry is a two-dimensional, horizontal representation of a waste panel
(see Section 6.4.7). For modeling brine flow that might occur between an E-type borehole and
other boreholes penetrating the repository, the geometry used is a two-dimensional, horizontal
representation of the entire repository (see Section 6.4.243-6). These geometries are mentioned
here but not discussed in detail because they are components of other conceptual models
requiring geometric assumptions.

The two-dimensional geometry developed for the Salado is based on the assumption that brine
and gas flow will converge upon and diverge from the repository horizon. The impact of this
conceptual model and its implementation in a two-dimensional grid has been compared to a
model that does not make the assumption of convergent and divergent flow (see Attachment 4-1
for additional information). The conceptual model for the Salado includes the slight and variable
dip of beds in the vicinity of the repository, which might affect fluid flow.

Above and below the repository, it is assumed that any flow between the borehole or shaft (see
Section 6.4.3) and surrounding materials will converge or diverge. With respect to flow in units
overlying the Salado, the only purpose of this conceptual model is to determine the quantity
(flux) of fluid leaving or entering the borehole or shaft. Fluid movement through the units above
the Salado is treated in a different conceptual model (see Section 6.4.6). Below the repository,
the possible presence of a brine reservoir is considered to be important, so a hydrostratigraphic
layer representing the Castile and a possible brine reservoir in it is included (see CCA Appendix
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MASS, Section MASS.4.2 for the disposal system geometry historical context prior to the
CCA).

MASS-4.2  Change to Disposal System Geometry Since the CCA Histerical-Context-ef-the
Dispesal System-Geemetry

Changes have been made to the disposal system geometry since the first WIPP certification.
The disposal system geometry is specifically represented in BRAGFLO. This section describes
the methodology used to create the two-dimensional BRAGFLO computational grid used for
the 2004 PA calculations. The CRA-2004 grid is similar to that used for the CCA and PAVT,
except for the differences that are described below.

The most important changes with respect to the CRA BRAGFLO grid are the implementation
of the Option D panel closures and a simplified shaft seal model. Additional grid refinements
have also been implemented to increase numerical accuracy and computational efficiency and
to reduce numerical dispersion, but these refinements do not entail any changes to conceptual
models. All conceptual model changes were approved by the Salado Flow Peer Review Panel
in February 2003 (Caporuscio et al. 2003). For completeness, all changes from the
CCA/PAVT grid are described here.

MASS-4.2.1 Baseline Grid Changes

The baseline grid used in the CCA and PAVT had (NX, NY) dimensions of (33, 31). The grid
used for the CRA-2004 calculations has dimensions (68, 33). The specific changes that have
been implemented in the CRA-2004 grid are listed below and then discussed in more detail in
the following sections. Logical grids for the CCA/PAVT and CRA are shown in Figures
MASS-3 and MASS-4.

Changes implemented in the CRA-2004 Grid:
1. A simplified shaft seal model is implemented,
2. Option D type panel closures are implemented,
3. Segmentation of the waste regions is increased,
4. A grid flaring method is redefined and simplified,
5. X spacing of the grid beyond the repository to the north and south is refined, and

6. Layers above and below MB 139 have been made relatively thin (~1 m thick), and Y-
spacing in Salado has been changed.

MASS-4.2.2  Simplified Shaft Seal Model

A shaft seal model is included in the CRA-2004 grid, but it is implemented in a simpler
fashion than was used for the CCA and PAVT. A detailed description of the parameters used
to define the simplified model is discussed in AP-094 (James and Stein 2002) and the resulting
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CCA/PAVT Grid
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Figure MASS-3. Logical Grid Used for the 1996 WIPP PA BRAGFLO Calculations

analysis report (James and Stein 2003). The model that is used in the 2004 PA is described by
Stein and Zelinski (2003a; 2003b), and was approved by the Salado Flow Peer Review panel
(Caporuscio et al. 2003).

The new model does not alter the conceptual model of the shaft seal components as described
in the CCA. Rather, it represents the behavior of seal components in the repository system
model. Specifically, the original 11 separate material layers that defined the shaft model for
the CCA were reduced to two layers each with properties equivalent to the composite effect of
the original materials combined in series. Additionally, the six time intervals that were used to
represent the evolution of the shaft seal materials over time were reduced to two intervals. The
CRA and CCA shaft models are graphically compared in Figure MASS-5. The simplified
shaft model was tested in the AP-106 calculations (Stein and Zelinski 2003a; 2003b), which
supported the Salado Flow Peer Review. The results of this analysis demonstrated that brine
flow through the simplified shaft model was comparable to brine flows seen through the
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