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Glossary

accessible environment. “(1) [T]he atmosphere, (2) land surfaces, (3) surface waters, (4) oceans, and
(5) all of the lithosphere that is beyond the controlled area.” (40 CFR § 191.12[k])

CCA - Compliance Certification Application. The application submitted by the DOE to the EPA in
October 1996 for certification that the WIPP meets the disposal standards in 40 CFR Part 191,

CCDF - complementary cumulative distribution function. Mathematically, a complementary
cumulative distribution function is equal to one minus a cumulative distribution function. A
cumulative distribution function is the sum (or integral) of the probability of those values or
variables that are less than or equal to a specified value.

For the WIPP, a CCDF is the ordered set of points that span the cumulative normalized releases
from the waste isolation system for all combinations of future histories of the repository over the
10,000-year regulatory period. The CCDF is a graphical display of the probability (the ordinate)
that the value of the cumulative release will be greater than the normalized release (the abscissa).
The points are ordered by normalized cumulative releases.

Radionuclide releases are normalized as stipulated in 40 CFR Part 191, Appendix A, and the
complementary cumulative distribution function is compared to the quantitative release limits
specified in 40 CFR § 191.13(a) to determine compliance.

CMS - Configuration Management System. The system used to provide traceability and
reproducibility of the performance assessment calculations. Also referred to as SCMS - software

configuration management system.

conceptual model. A statement of how important features, events, and processes are to be represented
in performance assessment.

controlled area. The area within the withdrawal boundary (see land withdrawal boundary) and the
underlying subsurface.

disposal system. “[A]ny combination of engineered and natural barriers that isolate ... radioactive waste
after disposal” (40 CFR § 191.12[a]). For the purposes of the Waste I[solation Pilot Plant, this
includes the combination of the repository/shaft system and the controlled area.

distribution. The statistical distribution of values of an entity over the range of expected values.

disturbed rock zone. That portion of the geologic barrier in which the physical and/or chemical
properties are significantly altered by underground activities.
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E1, E2. These are potential human-intrusion scenarios used in constructing the future histories of the
disposal system for compliance purposes. El intrusions penetrate both the repository and an
undetlying brine reservoir in the Castile Formation. E2 intrusions penetrate the repository but do
NOT penetrate an underlying brine reservoir.

E2E1. A scenario in which an E2 intrusion is followed by an El intrusion. The consequences of this
particular intrusion were calculated in this performance assessment.

E1E2. Any multiple-human-intrusion scenario that includes at least one E1 intrusion (note that this also
encompasses the E2E1 intrusion scenario described above).

event. A phenomenon that occurs instantaneously or within a short time interval relative to the time
frame of interest.

FEPs - features, events, and processes. Features, events, and processes that are potentially important
to long-term performance of the disposal system. A comprehensive set of features, events, and
processes relevant to the WIPP was considered in applying a screening methodology to develop
the conceptual model that is used to evaluate compliance with the numerical performance
requirements provided in 40 CFR Part 191.

feature. An aspect or feature of the repository and its environment. For example, the mine shafts are a
feature of the repository, and the stratigraphy is a feature of the repository environment.

human intrusion. (See Inadvertent Human Intrusion).

inadvertent human intrusion. The accidental violation of the disposal system through human activity
such as mining or exploration drilling. Inadvertent and intermittent intrusion by drilling for
resources (other than those resources provided by the waste in the disposal system or engineered
barriers designed to isolate such waste) is the most severe human intrusion scenario (40 CFR
§ 194.33[b][1D).

LWA - Land Withdrawal Act. Public Law 102-579, which withdraws the land at the WIPP site from
“entry, appropriation, and disposal”; transfers jurisdiction of the land from the Secretary of the
Interior to the Secretary of Energy; reserves the land for activities associated with the
development and operation of the WIPP; and includes many other requirements and provisions
pertaining to the protection of public health and the environment.

LWB - land withdrawal boundary, WIPP site boundary. The boundary of the 16-section land
withdrawal area defined by the Land Withdrawal Act.

LHS - Latin hypercube sampling. A Monte Carlo sampling technique that divides the range of each

variable into intervals of equal probability and samples from each interval. (See Monte Carlo
Analysis/Technique).
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marker bed. One of the well-defined anhydrite layers in the Salado. Four of these thin, horizontal
layers are located near the repository and are considered in performance assessment because their
properties differ from those of the Salado halite: Marker Bed 139 (below the repository),
~anhydrites a and b (located between the repository floor and roof and combined into a single
layer in the CCA calculations), and Marker Bed 138 (located above the repository).

mean. The probabilistic expectation of a random variable.
median. The value for which the probability of sampling a value greater than the median is 0.5.

Monte Carlo Analysis/Technique. A technique that obtains the statistical distribution of outcomes of
deterministic calculations by statistical sampling of the input and computer simulations of
disposal system performance. For the WIPP performance assessment, the method is used to
evaluate the distribution of the consequences and approximate the uncertainty in the resulis.

parameter. The guantities in the mathematical model that incorporate information about the features,
events, and processes included in the conceptual model of disposal system performance.
Parameters are underlying elements (x = xj, ..., X, ..., Xpy) of a computational model. As x

changes so does the model result. The individual parameters, x;,, may be vectors, tensors, higher
order quantities, or even functions, but are usually scalar quantities.

PICs - passive institutional controls. “(1) [PJermanent markers placed at a disposal site, (2) public
records and archives, (3) government ownership and regulations regarding land or resource use,
and (4) other methods of preserving knowledge about the location, design, and contents of a
disposal system.” (40 CFR § 191.12[e])

PA - performance assessment. “[A]n analysis that: (1) [dentifies the processes and events that might
affect the disposal system; (2) examines the effects of these processes and events on the
performance of the disposal system; and (3) estimates the cumulative releases of radionuclides,
considering the associated uncertainties, caused by all significant processes and events. These
estimates shall be incorporated into an overall probability distribution of cumulative release to
the extent practicable. (40 CFR § 191.12[q])

performance modeling. A process of building models of the factors affecting the containment of
nuclear waste to project into the future how the WIPP facility will respond to probabilistic events
and processes. Calculations of system performance using mathematical implementation of the
conceptual models.

process. A natural or anthropogenic phenomenon that occurs continuously or over a significant portion
of the time frame of interest; a “long-term” phenomenon; processes typically alter the physical
state of material under consideration.

probabilistic analysis. Analysis through statistical investigations is referred to as probabilistic analysis.

Monte Carlo analysis is used for probabilistic analysis in the WIPP PA. This analysis propagates
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uncertainties in the future, in the conceptual models, and in the parameters into the analytical
results.

QA - quality assurance. The planned and systematic actions necessary to provide adequate confidence
that a structure, system, or component will perform satisfactorily in service.

realization. One set of values for all uncertain parameters selected through LHS; synonymous with
vector,

release. Movement of regulated substances into the accessible environment as defined in 40 CFR Part
191.

replicate. One complete set of probabilistic performance assessment calculations made using a single
random number seed to initiate the LHS procedure for generating values of uncertain parameters
at the beginning of the calculations. Three independent replicates were made in the CCA
performance assessment to demonstrate statistical confidence. The replicates differ from each
other only in the random number seed.

repository, The portion of the WIPP underground system within the Salado Formation, including the
access drifts, waste panels, and experimental areas, but excluding the shafts.

risk. In the performance assessment analyses, risk is defined by the triplet {what could happen
(scenarios), likelihood that it will happen (probability), and the consequences}.

sample. A value randomly drawn from a probabilistic distribution.
SWCF - Sandia WIPP Central Files. A records system containing documentation related to WIPP.

scenario. A combination of naturally occurring or human-induced events and processes that represent
realistic future changes to the repository, geologic, and geohydrologic systems that could cause
or promote the escape of radionuclides and/or hazardous constituents from the repository.

screening argument. Criteria used to eliminate from scenario and conceptual model development those
events and processes that are not applicable to a specific disposal system or that do not have the
potential of contributing significantly to performance. The three screening criteria used for the
CCA are Regulatory Guidance, Probability of Occurrence, and Consequence.

sensitivity and uncertainty analyses. Analyses to determine the sensitivity of performance to changes
in the values of uncertain parameters (those that were expressed as probability distributions).
The distributions represent the range of known values for a parameter and the uncertainty in the
actual value.

S0-C. Screened-Out on the basis of Consequence: elimination of FEPs on the basis of low
consequence to system performance.
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SO-P. Screened-Out on the basis of low Probability: elimination of FEPs on the basis of low probability
of occurrence.,

SO-R. Screened-Out on the basis of Regulations: elimination of FEPs on the basis of regulations
provided in 40 CFR Part 191 and criteria provided in 40 CFR Part 194,

subjective uncertainty. Subjective uncertainty derives from a lack of knowledge about quantities,
attributes, or properties believed to have a single or certain range of values.

transmissivity. “[Tlhe hydraulic conductivity integrated over the saturated thickness of an underground
formation.” (40 CFR § 191.12[1])

TRU - transuranic waste. “[W]aste containing more than 100 nanocuries of alpha-emitting transuranic
isotopes per gram of waste, with half-lives greater than 20 years, except for: (1) high-level
radioactive wastes; (2) wastes that the Department has determined, with the concurrence of the
Administrator, do not need the degree of isolation required by this Part; or (3) wastes that the
Commission has approved for disposal on a case-by-case basis in accordance with 10 CFR Part
61” (40 CFR § 191.02[i]). The “Department” is DOE, the “Administrator” is the Administrator
of the EPA, “this Part” is 40 CFR Part 191, and the “Commission” is the Nuclear Regulatory
Commission.

uncertainty analysis. (1) An evaluation to determine the uncertainty in model predictions that results
from imprecisely known input variables. (2) Determination of the degree of uncertainty in the
results of a calculation based on uncertainties in the input parameters and underlying
assumptions. Such an analysis requires definition of a system, description of the uncertainties in
the factors that are to be investigated, and the characteristics of the system that are to be
simulated, and the consequences of varying values on input parameters over their respective
statistical distributions.

undisturbed performance. “[T]he predicted behavior of a disposal system, including consideration of
the uncertainties in predicted behavior, if the disposal system is not disrupted by human intrusion
or the occurrence of unlikely natural events.” (40 CFR § 191.12[p])

vector. A mathematical construct that requires both a magnitude and direction. Many physical
quantities such as force, velocity, acceleration, and fluxes are represented mathematically as
vectors. In performance assessment, the term also means a vector over the real numbers and is
therefore synonymous with realization (see realization).
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Background

This analysis package is one of eight packages documenting analyses performed in support of the
Compliance Certification Application (CCA) for the Waste Isolation Pilot Plant (WIPP). The
following background and overview of the analyses is provided to assist the reader in
understanding this analysis package and the overall strategy and framework of these analyses.
The reader is also referred to the glossary for further information regarding terms used in this
analysis package.

B.1 Performance Assessment

The WIPP is a geologic repository operated by the U.S. Department of Energy (DQE) for
disposal of transuranic radioactive wastes. The repository is located approximately 650 meters
underground in the Salado Formation, and is connected to the surface by four shafts which will
be scaled after waste emplacement is completed. The geologic formations immediately above
and below the Salado are the Rustler and Castile Formations, respectively. The Rustler is
considered important because it contains the most transmissive units above the repository; the
most significant of these is considered to be the Culebra Dolomite Member. The Castile contains
areas of pressurized brine (brine pockets); it is not known whether any such pockets are located
under the repository. The area surrounding the shafts and surface facilities and the underlying
subsurface are controlled by the DOE.

In October 1996, the DOE submitted the CCA to the U.S. Environmental Protection Agency
(EPA) in accordance with the requirements of Title 40 of the Code of Federal Regulations (40
CFR) Parts 191 and 194. The containment requirements in 40 CFR 191.13(a) specify that the
disposal system is to be designed to provide a reasonable expectation that radionuclide releases
to the accessible environment during 10,000 years are not likely to exceed certain limits (the
limits are based on the radionuclide inventory in the repository). The demonstration of having a

reasonable expectation is to be based on a performance assessment. Performance assessment
(PA) is defined in 40 CFR 191.12:

Performance assessment means an analysis that; (1) Identifies the processes and events that might
affect the disposal system; (2) examines the effects of these processes and events on the
performance of the disposal system; and (3) estimates the cumulative releases of radionuclides,
considering the associated uncertainties, caused by all significant processes and events. These
estimates shall be incorporated into an overall probability distribution of cumulative release to the
extent practicable.

The PA process used in the CCA fulfills these requirements through 6 major steps, listed below.

(1) Collecting data, characterizing the site and disposal system, and developing the
modeling system.

(2) Constructing scenarios (combinations of possible future events), with and without
human activities.
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(3) Estimating the probability that various scenarios will oceur.

(4) Analyzing the consequences of the various scenarios (deterministic futures) which
have sufticiently high consequences and probability of occurrence. There are four basic
scenarios considered: (1) undisturbed performance (the absence of human intrusion); (2)
the E1 intrusion scenario (a borehole which penetrates both the repository and an
underlying pressurized brine reservoir in the Castile Formation); (3) the E2 intrusion
scenario (a borehole which penetrates the repository); and (4) multiple intrusions (for
example, an E2 intrusion followed by an E1 intrusion - E2E1). Each of these scenarios is
considered with and without the effects of mining potash located in the Salado within the
controlled area.

(5) Calculating cumulative radionuclide releases and comparing them to regulatory
standards in 40 CFR Part 191. The releases are calculated using the consequences of
each scenario and their combinations in various (probabilistic) futures. The releases are
expressed as complementary cumulative distribution functions (CCDFs), the probability
distribution of exceeding normalized cumulative radionuclide releases.

(6) Performing sensitivity analyses to identify the most significant factors.

The PA calculations described in these analysis packages (and in this overview) complete the
fourth and fifth steps: analysis of scenario consequences and calculation of CCDFs, respectively.
The other steps are addressed elsewhere,

P.2 PA Calculation Strategy

Because of the large number of complex calculations that are required to produce CCDFs, it is
not practical, nor is it necessary, to model the total system in a single calculation. Instead,
disposal system components and subsystems are modeled (in six separate tasks) to calculate
consequences for the undisturbed scenario and for the El, E2, and E2E1 human intrusion
scenarios (with and without mining). Each of these tasks is performed for a set of reference
conditions, which include specific intrusion scenarios at certain times. The reference conditions
are designed to allow the results of the first six tasks to be incorporated into the CCDF
calculations in a seventh task,

To perform the first six tasks, several major computer codes are used to simulate relevant
features of the disposal system and calculate scenario consequences. An additional computer
code is used to construct the CCDFs in the seventh task. The seven tasks are described in the
Analysis Plan for the Performance Assessment Analyses Supporting the Compliance
Certification Application (AP-AAD), dated March 8, 1996. They are summarized here, together
with their major computer codes. The computer codes and disposal system components
addressed in the first six tasks are also shown schematically in Figure B-1.

Task 1
In the first task, overall flow of brine and gas is calculated for undisturbed conditions and for
human intrusion scenarios. The flow of brine and gas is calculated in the repository, in the
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Codes with the Components of the Disposal System Each Code Simulates
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sealed shafts, in the Salado Formation (where the repository is located), and in the human
intrusion boreholes. Brine flow in other formations is also calculated (except for the Culebra,
which is addressed separately in Task 3 because of its significance as a pathway for long-term
releases). Processes which are coupled to brine and gas flow are also included in this task: gas
generation in the repository, disposal room closure and consolidation, brine flow, and effects on
the rock surrounding the repository. Creep closure within the waste regions in the repository is
represented in this task using a porosity surface describing porosity as a function of time and
pressure. These calculations are performed for the set of system reference conditions, and
provide results that are used in subsequent disposal system models (Tasks 2 through 6) and also
in CCDF construction (Task 7).

The brine and gas flow and coupled repository processes are modeled using version 4.00 of the
computer code BRAGFLO. The porosity surface describing closure of the modeled disposal
room is generated using the code SANTOS. The codes and disposal system components are
shown in Figure B-1. There are two analysis packages associated with this task: Analysis
Package for the Salado Flow Calculations (Task 1) of the Performance Assessment Analyses
Supporting the Compliance Certification Application (WPQ# 40514) and Final Porosity Surface
Data (WPO# 35697).

Task 2

This task is calculation of the overall long-term transport and radioactive decay of radionuclides
from the waste i brine in the Salado and in the overlying Rustler Formation (except for the
Culebra, which is addressed in Task 3). The brine flow fields and disposal system model
geometry are those calculated in Task 1, and the transport calculations are performed for
undisturbed conditions and for human-intrusion scenarios. The radionuclide source
concentrations in the brine (the actinide source term) in the repository are the modeled
solubilities of the radionuclides contained in the waste. These calculations are performed for the
system reference conditions.

The overall transport and decay are calculated using the computer code NUTS for the
undisturbed, E1, and E2 scenarios. In simulations of the E1 scenario, NUTS also tracks brine
originating in the underlying Castile brine reservoir, including the fraction of Castile brine that
has flowed out from the human-intrusion borehole into the waste in the repository. The code
PANEL calculates radionuclide concentrations in brine and also radionuclide transport to the
Culebra for the E2E1 scenario. In all scenarios, the quantity of brine flowing up the shafts or a
degraded exploratory borehole to the Culebra calculated by BRAGFLO (Task 1), together with
the concentration of radionuclides in that brine calculated by NUTS or PANEL (Task 2), is used
to determine the quantity of radionuclides released to the Culebra (the Culebra is addressed in
Task 3). The radionuclide concentration in brine calculated by PANEL is also used to determine
the quantity of radionuclides released to the surface in Task 4. The codes and disposal system
components are shown in Figure B-1. The analysis package for this task is Arnalysis Package for
the Salado Transport Calculations (Task 2) of the Performance Assessment Analysis Supporting
the Compliance Certification Application (WPO# 40515).
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Task 3

Detailed fluid flow and radionuclide transport in the Culebra for each scenario are modeled in
Task 3. The fluid flow calculations use transmissivity fields that are generated for the Culebra to
represent the spatial heterogeneity in flow characteristics which has been observed
expetimentally. Each scenario may occur with or without potash mining in the Salado in the
controlled area; this mining affects the transmissivity of the Culebra. Detailed movement of
radionuclides is also calculated using a modeled double-porosity medium for the Culebra,
accountmg for flow in fractures, diffusion in the matrix, retardation, and radioactive decay. The
transport is calculated using a unit source of radionuclides. These calculations are performed for
the system reference conditions.

The computer code SECOFL2D caiculates fluid flow in the Culebra, using transmissivity fields
calculated by the code GRASP-INV (one field in each simulation). The code SECOTP2D
calculates radionuclide transport in the Culebra. In Task 7, transport of the unit radionuclide
source in the Culebra (from this task) is combined with the release fo the Culebra (calculated in
Task 2 using brine flows calculated in Task 1) to determine whether any radionuclides are
actually released to the Culebra and subsequently transported through it for each scenario. The
codes and disposal system components are shown in Figure B-1. There are two analysis
packages associated with this task: Aralysis Package for the Culebra Flow and Transport
Calculations (Task 3) of the Performance Assessment Analyses Supporting the Compliance
Certification Application (WPO# 40516) and Analysis of the Generation of Transmissivity Fields
Jor the Culebra Dolomite (WPO# 40517).

Task 4

Drilling intrusions into the repository (the E1, E2, and E2E1 scenarios) have immediate
consequences: they lead to direct releases of material containing radionuclides to the accessible
environment at the surface. These consequences are calculated for the system reference
conditions in Tasks 4, 5, and 6. The radionuclide content of the materials released is dependent
on the time of intrusion and is calculated separately using the system reference conditions.

Task 4 addresses brine containing dissolved radionuclides in the repository that may reach the
surface if it is sufficiently pressurized. Short-term flow in the repository is modeled on a scale
which includes repository features such as panel closures to calculate brine and gas flow (gas
released to the surface is addressed in Task 6). The radionuclide concentration in the brine is
calculated in Task 2. The short-term flow in the repository is modeled using version 4.01 of the
code BRAGFLO (also referred to as BRAGFLO_DBR to differentiate it from the BRAGFLO
code used in Task 1). The modeled geometry in Task 4 is different from the geometry used in
the BRAGFLO code in Task 1, to account for the repository features. The initial conditions for
Task 4 are provided by the long-term repository conditions calculated in Task 1. The code and
modeled system components are shown in Figure B-1. The analysis package for this task is
Analysis Puckage for the BRAGFLO Direct Release Calculations (Task 4) of the Performance
Assessment Analysis Supporting the Compliance Certification Application (WPO# 40520).
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Task 5

Task 5 addresses cuttings and cavings - the second direct release pathway associated with drilling
intrusions into the repository (the E1, E2, and E2E] scenarios). Cuttings and cavings are solid
material carried to the surface by the drilling fluid during the process of drilling the borehole:
cuttings are materials removed directly by the drill bit, and cavings are materials eroded from the
walls of the borehole by the circulating drilling fluid. The code CUTTINGS_S calculates the
quantity of material transported to the surface as cuttings for the system reference conditions.
The radionuclide content of the materials released is dependent on the time and location of the
intrusion; the content is calculated separately (using the results from the reference conditions)
during construction of the CCDFs in Task 7. The code and modeled system components are
shown in Figure B-1. The analysis package for this task is Analysis Package for the Cuttings
and Spallings Calculations (Tasks 5 and 6) of the Performance Assessment Analysis Supporting
the Compliance Certification Application (WPQ# 40521).

Task 6

Task 6 addresses spallings - the third direct release pathway associated with drilling intrusions
into the repository (the E1, E2, and E2E1 scenarios). Spallings are solid materials carried up the
borehole by pressurized gas which may be present in the repository at the time of intrusion. The
repository pressure and conditions are calculated in Task 1. The code CUTTINGS S calculates
the quantity of material transported to the surface as spallings for the system reference
conditions. The radionuclide content of the materials released is dependent on the time of
intrusion and is calculated separately (using the results from the reference conditions) during
construction of the CCDFs in Task 7. The code and modeled system components are shown in
Figure B-1. This task is discussed together with Task 5 in Analysis Package for the Cuttings and
Spallings Calculations (Tasks 5 and 6) of the Performance Assessment Analysis Supporting the
Compliance Certification Application (WPO# 40521).

Task 7

The final task is construction of CCDFs representing futures of the repository and calculation of
cumulative releases (this task represents Step 5 in the performance assessment process described
in the previous section). There are three parts in this task: (1) determine futures (random
sequences of future events that may occur over the next 10,000 years at the WIPP site); (2)
estimate the radionuclide releases resulting from these random sequences of future events, using
the results of the calculations for each scenario and the reference conditions; and (3) construct a
CCDF for each future. In order to efficiently calculate the consequences of multiple futures
without repeating Tasks 1 through 6 for each history, the radionuclide releases for each future are
calculated by scaling the reference-condition results from the first six tasks.

The computer code CCDF_GF is used to perform the steps in this task, using the results from all
the previous tasks and associated computer codes. Task 7 does not address a component of the
disposal system, therefore the CCDF_GF code is not shown in Figure B-1. The analysis package
for this task is Analysis Package for the CCDF Construction (Task 7) of the Performance
Assessment Analysis Supporting the Compliance Certification Application (WPO# 40524).
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P.3 PA Computer Calculations

The major compuier codes used in the analyses (including CCDF_GF) and the flow of
information among them are illustrated in Figure B-2, Combined, Figures B-1 and B-2 illustrate
the flow of information through the codes and the relationship between the codes and the
physical system being simulated. In the PA calculations, the codes shown in the figures are
executed under the requirements of the software configuration management system (CMS or
SCMS), which creates and maintains a complete record of the input data and results of each

calculation, together with the exact codes and scripts (commands for executing the codes) used to
create those results.

Figures P-1 and P-2 show only those codes that perform the bulk of the computational effort
related to simulating the significant physical processes occurring within the disposal system. In
addition to these codes, a variety of additional codes are used in this performance assessment.
These additional codes are used for the transfer of data between codes, preparation of input data
and files, model output processing, and similar tasks. Many of these additional codes are also
executed within the CMS, and all are qualified for use in these analyses under applicable SNL
WIPP quality assurance procedures.

As shown in Figure B-2, there are three major calculation steps in analyzing the consequences of
various scenarios (Tasks 1 through 6 in the previous section):

Preparation of input from submodels (GRASP-INV and SANTOS),

Latin hypercube sampling (LHS) of the variables in the parameter database that represent
subjective uncertainty (such as spatial variability in a disposal system component
property or processes), and

Execution of the codes within the “deterministic futures” box indicated by dashed lines in
Figure B-2. -

The parameter database is the initial element in the calculation process. The database includes
the values of parameters used in performance assessment codes that pertain to the technical
aspects of disposal system performance. Parameters pertaining only to the execution of the
computer codes (for example, convergence criteria for Newton-Raphson numerical solvers) are
generally not included in the database but are recorded in input files and are traceable through the
CMS. The parameters in the database fall into two categories: those that are assigned fixed
values, and those that are uncertain and are therefore assigned a range of values according to a
cumulative distribution function (CDF).

For the analyses of scenario consequences (Tasks 1 through 6), vectors (sets) of parameter values
are created from the variable parameters representing subjective uncertainty by LHS of each
variable for the set of simulations in the analyses. Each of the fixed parameter values from the
database and a vector of sampled parameter values are combined to form a realization (a set of
input parameters that are used in one or more of the codes). Each set of input parameters is then
propagated through Tasks 1 through 6 (that is, the codes are executed) under four code sequence
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configurations, one each for the undisturbed performance scenario, the E1 scenario, the E2
scenario, and the E2E] scenario. In each configuration, the codes are executed sequentially, as
shown in Figure B-2.

In this performance assessment, subjective uncertainty is addressed using a LHS sample size no
less than a third larger than the number of uncertain parameters: there are 57 sampled parameters
(used in one or more of the codes) that represent subjective uncertainty, and they are sampled to
create 100 vectors. The entire process (LHS of uncertain parameters, creation of vectors, and
evaluation of scenario consequences through execution of the codes) is repeated three times
(each time comprises a replicate which is independent of the other replicates) to achieve
confidence in the results.

Once the consequences of various scenarios are calculated, there are two major sieps in
evaluating consequences of probabilistic futures (Task 7):

Random sampling of parameters which address stochastic uncertainty (such as location of
an intrusion borehole), and

Execution of the code in the “probabilistic futures” box (CCDF_GF) in Figure B-2, in
which the releases for the futures are calculated using the results of the calculations for
each scenario and the reference conditions, and a CCDF is constructed for each future.

This sequence of two steps is repeated once for each of the 100 vectors of uncertain parameters
(that is, all the random sequences of future events that may occur over the next 10,000 years at
the WIPP site are considered for each of the vectors). This yields a group (family) of 100
CCDFs (one for each of the vectors). The family arises from the fact that fixed, but unknown,
quantities arc needed in the estimation of each CCDF (these quantities are the uncertain
parameters in each vector).

Each individual CCDF displays the effects of stochastic uncertainty in that the stepwise shape of
the CCDF reflects the fact that a number of different occurrences have a real possibility of taking
place. The variations between the individual CCDFs in the family display the effects of
subjective uncertainty. The distribution of CCDFs in the family thus provide a complete display
of both stochastic and subjective uncertainty.

In the final step, the family of CCDFs for each replicate is compared to the regulatory standard in
40 CFR 191.13(a) to determine compliance.
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1.0. Introduction

This Analysis Package (AP) describes a series of calculations which were performed to support
the Direct Brine Release portion of the 1996 performance assessment (PA) of the WIPP
repository site. The entire suite of these PA analyses are included in the Compliance
Certification Application (CCA). These PA analyses were performed to calculate the
complementary cumulative distribution function (CCDF), the probability distribution of
exceeding normalized cumulative radionuclide releases to the accessible environment, that will
become part of the CCA. The Direct Release calculations defined in this AP are designated
as Task 4 in the CCA. This AP provides information on the analysis of the Direct Release
calculations, a listing of major assumptions, and identification of the software that was used for
the analysis. Also included are discussions of applicable WIPP Quality Assurance Procedures
(QAP), personnel assignments, training requirements, schedule, and deliverables. This AP
identifies several iterns which are included in the analysis file (a.k.a., Analysis Package WPO
#40520) for this analysis for the purposes of documentation and traceability; the complete
records package will undergo a technical review per WIPP Quality Assurance Procedure (QAP)
6-3 in accordance with the requirements of QAP 9-1.

2.0. Scope of the analysis, the objectives or hypotheses tested, and all
assumptions

2.1. Scope of the analysis

Direct brine releases may occur when a future driller penetrates the WIPP and contaminated
brine is unknowingly brought to surface during the drilling process. These releases are not
specifically accounted for in the CUTTINGS _S code (Analysis Package WPQO #40521), as that
code only calculates the solids removed during the drilling process. The calculation of brine
releases brought to surface (in cubic meters) during drilling are addressed specifically within this
Analysis Package (WPO #40520). These releases are then converted to EPA units for inclusion
into the CCDF plots by another process (Task 7; CCDF Construction, Analysis Package WPO
#40524). Certain conditions must exist within the waste in order for contaminated brine to flow
directly to the surface during a drilling intrusion:

+ Pressure in the waste must be greater than that exerted by the column of drilling mud that
penetrates a waste panel. Drillers in the Delaware Basin currently use a salt saturated mud
while drilling through the Salado, with a specific gravity of 1.23 [McTigue, et. al., 1991].
This corresponds to 7.7E+06 Pascals (which is the conversion of specific gravity of the brine
to an equivalent pressure at the depth of the repository horizon), which is the minimum
pressure needed to overcome a static column of drilling mud. Additional pressure is created
in the wellbore due to frictional forces associated with the fluid flow up the annular space
between the drill string and open hole (the assumed flow regime for direct releases).
Therefore, a pressure of ~8E+06 Pascals is needed in the waste panel for fluids to flow into
the intrusion borehole under dynamic flow conditions.
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« There must be mobile brine present in the waste panels to flow to the surface. Corrosion and
biodegradation processes consume brine and release gasses as by-products, and it is possible
for the brine volume in the waste pores to drop below its “mobile” (residual) saturation. It is
likely for gas-only flows to occur up a drill hole, but these flows are only of concer for the
solids releases (spalls).

The pressure and saturation time-histories for each realization (3 replicates of 5 scenarios of 100
realizations) from the 10,000 year BRAGFLO calculations provided the basic input needed for
the direct brine releases. The pressure and saturation at specified times for each consequence
furnished the initial and boundary conditions needed to run the separate “repository scale”
BRAGFLO model to determine the volume of direct brine releases to the surface. The model
assumes no-flow boundary conditions beyond the footprint of the waste region for the (several
day) flow period of direct releases, i.e., there is no connection to the surrounding geology. All
relevant flow parameters (permeability, porosity, characteristic curves, etc.), both sampled and
unsampled, are the same as those used for the 10,000 year BRAGFLO models. Attachment 1
contains a complete description of the Direct Brine Release conceptual model.

2.2. Work Acceptance Criteria

The criteria for completion of this task are the completion of all direct brine release calculations,
the hand-off of the results of those calculations to those personnel performing the CCDF
calculations, and the technical review of the records package per QAP 6-3.

2.3. Subtask Descriptions

Subtask 1 — QA Training for all personnel listed in Section 6.0: All personnel in Section
4.0.1 completed training to the QA procedures in Section 5.0.

Subtask 2 — Seftware QA: All software used for this analysis has been qualified for use in the
SCMS per QAP 19-1.

Subtask 3 -- BRAGFLO direct release calculations: The entire process was automated
through CMS. Multiple sets of calculations were performed for each of the 100 realizations
within each replicate and scenario to account for the temporal and spatial variation of multiple
dnlling intrusions. An output binary (.CDB) file was created for each BRAGFLO direct release
calculation. However, if the conditions within the waste (at intrusion time) were such that a
direct brine release could not occur (i.e. the pressure was too low, or there was insufficient
mobile brine saturation), a “blank” file was created for these realizations. This was done in
order to assure that all realizations would have an output file associated with them (for quality
assurance tracking purposes) regardless of whether they had a brine release.

Subtask 4 -- Input to CCDF plots: The Direct Brine Release model output is cubic meters of
brine for each realization.
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Subtask § - Technical review of analysis per QAPs 6-3 and 9-1: The results of the
BRAGFLO (Version 4.01) direct brine release calculations were subjected to a technical review
per QAP 6-3. The scope of the technical review included the assumptions on initial and
boundary conditions, the resuits obtained from the output files, memos describing the results of
the calculations and the screening process, and all other analysis and QA information.

2.4. Assumptions, Data Sources, Initial and Boundary Conditions

The input parameters that will be used for the direct brine release calculations came from three
sources: the 10,000 year BRAGFLO output files, the CUTTINGS_S outputs, and the WIPP
database as shown in the flowchart of Figure 1.

» The initial brine saturation and pressure, porosity, and crushed panel height within the waste
used in the direct release model were determined from the 10,000 year BRAGFLO results,
and therefore vary with time. These parameters were calculated by time interpolation in the
CUTTINGS_S code, and RELATE’d to the direct release model. The BRAGFLO and
CUTTINGS_S files were created under SCMS for complete traceability.

+ Unsampled material properties which remain constant were read directly from the parameters
database through the MATSET code. CCA database, View CCA6.SDB was used.

» Sampled material properties were RELATE’d from the 10,000 year BRAGFLO output binary
files (*.CDB).

3.0. Scientific approach or technical method used to perform the analysis
The analysis was performed with existing (QA’ed) system software, FORTRAN codes written

specifically to sort and organize the output files, and a commercial PC spreadsheet to plot the
data. Figure 2 shows the flow of data used in the analysis.
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Figure 1: Code Sequence for Direct Release Calculations
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Figure 2: Flow of Data Used in the Analysis
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3.1. File Naming Convention

A file naming convention was adopted to provide a means to trace the input/output files for this
analysis. This was done because certain analysis software is limited to eight character file names
or variable names. The naming scheme for each realization includes the following information
(the definitions for replicate and scenario can be found in Attachment 1 in the section entitled
“Integration with other PA Codes™:

1) Down-dip or up-dip well penetrations in repository panel

2) Replicate number

3) Scenario number

4) Tntrusion reference time

5) Realization number

and uses an eight character alpha/numeric name as shown in Figure 3 below:

Figure 3: File Naming Convention

{=Doswulip Verur
U=Updip l2340r5 110

s

LZS3D085

Feplicate Intnwich
L3or} Re(crmce

For example, all root file names of the form: U3S4G037 refer to direct brine release realization
37 at 1,400 year up-dip intrusion from replicate three, scenario four. A listing of these
realizations with this naming convention occurs in Column 2 of the EXCEL spreadsheet listing
in Appendix G.

The following software used in this analysis was run under the VAX/VMS operating system:
ALGEBRACDB: Version 2.35

SUMMARIZE _PA96: Version 2.10

BRAGFLO: Version 4.00

PREBRAG PA96: Version 6.00

POSTBRAG PA96: Version 4.00

GM_PA96: Version 6.08 (GENMESH)

MATSET PA96: Version 9.00

ICSET PA96: Version 2.22

BLOTCDB_PA96: Version 1.37

SWCF-A:1.2.07.4.1:PA:QA:Analyses:AP-029:BRAGFLO Direct Brine Release Calculations (Task 4)



AP-029
Page 7

The following software was used for analysis and documentation using the Microsoft
Windows95 and Apple Macintosh operating systems:

CANVAS: Mac Version 3.54, Deneba Software, 7400 SW 87th Avenue, Miami, Florida
33173, (305) 596-5644. Canvas is used to manipulate post-script (BLOT) files.

EXCEL: Mac Version 5.0 and Win95 Version 5.0¢, Microsoft Corporation, Product 1.D.
OEM43-F11-2200217

WORD: Mac Version 6.0.1 and Win95 Version 6.0¢, Microsoft Corporation, Product L.D.
OEM43-F11-2200217

FTP: Microsoft Corporation Windows95 System Software

ADOBE ILLUSTRATOR: Mac Version 5.5 (used to convert Adobe 3.0 files from
BLOTCDB_96 to Illustrator 1.1 files for use in CANVAS)

SUPERTRAPP: Version 1.0, released in July, 1992, U. S. Department of Commerce,
National Standards and Technology (NIST), Standard Reference Data Program, Gaithersburg,
MD 20899

TableCurve 2D: Version 3 for Win32, Jandel Scientific, 2591 Kerner Blvd., San Rafael, CA
94901

TableCurve 3D: Version 2 for Win32, Jandel Scientific, 2591 Kerner Blvd., San Rafael, CA
94901

Specific comments associated with some of the software follows:

ALGEBRACDB: System software located in SCMS, Version No. 2.35, QA documentation:
SWCF Package Number 21247. Performed the final step in the direct brine release
calculations to take the model output and accumulate brine releases and other time-history
variables. Output is in the format of Camdat Database (*.CDB) binary files. The
ALGEBRACDB input file consists of a series of command lines which instruct the code to
perform various operations on the output variables in the direct release binary files. An
example would be to perform time integration on the brine and gas flows to obtain
cumulative volumes.

SUMMARIZE: System software located in SCMS, Version No. 2.10, QA documentation:
SWCF Package Number 21781. Used to convert information from the output binary files to
ASCII text files for plotting. Requires a command line input descriptor file that specifies
which file(s) are to be opened, the variables to be read, and what format to write the output
files.

FTP (File Transfer) Utility: PC system software (Microsoft FTP) used to download the text
files from the Vax Alpha VMS operating system to the PC Microsoft Windows 95 operating
system.

Microsoft Excel ver. 5.0c: Product ID# OEM43-F11-2200217. Used primarily for its
plotting capabilities, since the output text files can be easily parsed into spreadsheet form.
Jandel TableCurve™ 3D ver. 2.0: Product ID#460726. Used primarily for three
dimensional plotting and curve fitting of the Poettmann-Carpenter flowing bottom hole
pressure data in order to derive lookup functions.

SWCF-A:1.2.07.4.1:PA:QA: Analyses:AP-029:BRAGFLQ Direct Brine Release Calculations (Task 4)



AP-029
Page 8

The following FORTRAN codes were developed to help automate some of the analysis process.
Complete code listings are located in Appendices A through E. Each of the codes contain
properties specific to the direct brine release outputs, and do not change any of the output data
(except as noted below):

« BLOWOUT_SUMM_PROPS.FOR: Creates the 156 SUMMARIZE command line input
descriptor files needed to obtain material property values {time invariant) from the direct
brine release output binaries, and converts them to ASCII text files.

» BLOWOUT_SUMM_HISTORY.FOR: Creates the 156 SUMMARIZE command line
input descriptor files needed to obtain time dependent history variables from the
ALGEBRACDB output binaries, and converts them to ASCII text files.

» SEPARATE.FOR: Reads ¢ach of the 15,600 SUMMARIZE time-history output files to
determine which realizations represent a direct brine release (blowout) event. Two list files
are created, one containing all file names of direct release realizations, and another containing
file names of those realizations that did not have direct releases. The direct release
realizations differ from the no release realizations in that the variables (cumulative brine and
gas, pressures, saturations, etc.) change over time, whereas the no release realizations show
no change in the variables from the second to the last selected time interval.

¢ SCATTER.FOR: Uses the list of direct release files to combine time invariant material
properties with cumulative values from the calculation result files into one file. This data is
then used to generate the X-Y, or “scatter” plots and histograms for analysis. A complete
listing of this file can be found in Appendix G. The only changes made to the data were to
convert intrusion times from seconds to years, and to convert brine release flow duration
from seconds to days.

= SORT.FOR: Uses the list of direct release files to combine similar columns of data from the
time - history SUMMARIZE files into separate files for plotting. The resulting output files
are organized by history variable. For example, the cumulative brine releases for each direct
release realization for downdip intrusions at all intrusion times for Replicate 1, Scenario 1,
are sorted into file RIS1_010.TRN. The only changes made to the data were to convert the
time steps from seconds to days.

Figure 4 shows the computational grid used in the direct brine release model. The initial grid
pressures and saturations are obtained from the 10,000 year BRAGFLO calculations at the
predetermined intrusion times for each replicate-scenario. In Figure 4, the actual boundary of the
grid lies within the outermost border (which is an artifact of the plotting package). Boundary
conditions simulate the flow behavior of a well penetrating either the “updip” or “downdip”
gridblock. To account for previous El intrusions to the Castile brine reservoir, an additional
boundary condition well is also “turned on” for Scenarios 2 and 3. Full details on the
implementation of the initial and boundary conditions can be found in Attachment 1.
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Figure 4: Computational Grid Used in Direct Brine Release Model
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The simulated brine and gas flows coming out of the intrusion weilbore are stored in variables
which, when interpolated over time (in the aforementioned ALGEBRACDB step) provide the
volumes used in this analysis. The direct brine release calculations were performed from June 8
to July 11, 1996, and the analysis followed from July 22 to August 16, 1996,
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4.0. The identification of the individuals who performed the work

4.1. Personnel Assignments

Daniel M. Stoelzel, Senior Member Technical Staff, Sandia National Laboratories Division
6848, served as the Principal Investigator for this work, and also performed the calculations.
Darien G. O’Brien, Director of Engineering, petroleum and environmental engineering
consultant with Solutions Engineering (based in Lakewood, Colorado) assisted in the analyses.
Mike Williamson and Kathy Aragon assisted by developing a script to efficiently process and
maintain the calculations on the CMS.

5.0. The identification of prerequisites, special controls, processes, skills, or
staff training and certification requirements

5.1. QA Requirements and QA Records

The following SNL. WIPP QA procedures were required for all analyses pertaining to this Work
Agreement:

QAP 6-3  (Conducting and Documenting Reviews of Documents)
QAP 9-1 (Quality Assurance Requirements for Conducting Analyses)
QAP 9-5 (Conducting and Documenting Routine Calculations)

QAP 17-1 (WIPP Quality Assurance Records Source Requirements)

QA records for this analysis can be found in the Records Center under the following file code:

SWCF-A:1.2.07.4.1:PA:QA:Analyses:AP-029:BRAGFLO Direct Brine Release Calculations
(Task 4)

Key words include: BRAGFLO, performance assessment, blowout, brine releases, direct
releases, QA training, analysis definition, analysis results.

Training records for the individuals mentioned in Section 4.1. were reviewed and all individuals
involved with the analysis meet the requirements of the training as specified in Section 5.1.
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6.0. The identification (by title, version number, and platform) of any
computer software used in performing the analysis

The following software used in this analysis was run under the VAX/VMS operating system and
is kept under version and QA control in the CMS:

« ALGEBRACDB: Version 2.35. Referenced in Traceability/Reproducibility of the PA96
Calculations for the CCA, SWCF-A:1.207.4.1:PA:QA:.CCA:CMS

« SUMMARIZE: Version 2.10. Referenced in Traceability/Reproducibility of the PA96
Calculations for the CCA, SWCF-A:1.207.4.1:PA:QA:CCA:CMS

+ The five previously mentioned FORTRAN utility codes were not developed under QAP 19-1.
They ate stored within CMS, however, to provide traceability. These codes were used strictly
to efficiently organize the output data, and as such, their use in no way changed the results of
the direct brine release calculations. Appendices A through E contain the code listings for

these utility programs.

7.0. A listing of the source code and applicable verification for any non-SES
software used in performing the analysis

For this analysis, all plotting and display of the data was handled by the commercially available
spreadsheet software: Microsoft EXCEL, Version 5.0c. and Jandel TableCurve™ 3D. The final
spreadsheets and plots used for this analysis will be stored in the CMS. One Visual Basic macro
was developed to calculate flowing bottom-hole pressures (FBHP’s} by the Poettmann-Carpenter
method, to compare to those derived within the CCA direct release calculations (see Appendix F
and data in Appendix 1).

8.0. The identification of all inputs and input sources (i.e., the identification
of variables that affect interrelated scientific investigations to assure
comparability among the related variables, and documentation of the
appropriate control of these variables)

Tables 1-11 use a file naming scheme to identify the input/output files which correspond to the
following information:

Rr - Replicate number (1, 2 or 3)

Ss - Scenario number (1, 2, 3, 4, or 5)

Vi#i# - Vector (realization) number (1 through 100)
Ttttt - Intrusions time (varies by scenario)

Most variables identified in Table 1 as analyst choice are place holders which will be calculated

in later steps. Several variables such as height and formation dip are consistent with the 10,000
year BRAGFLO mesh.
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Table 1: Parameters Used in MAT
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S _AR IGPRIFANT s Prescurs at Inbuzion Tifne: Region i), Pa (Ani DM Stoaizel” der - not used
'AS_AR| FANZ Gas Preegure & Intruelon Tires: Region Widde) Fa s UM Stoeizel Flacehoi2ar - not veed
[WAS SPANI Gas Pragsune t Intrugion Time. Region 3 (Lawer-Middie) F'a Analyst DM Stoatzsl Placsheider- notused
WAS_AREA REPANA Gea Prassure st infrusion Time: on 4 An. OM Sloslzsl Flacehaider - nof rsed
WAS, BATPANT Brine Saturation # Infrusion Time: o 1 lAnabst DI ol Fiace-haider
AT Brine Saturaticn at ninikion Time: Ragicn 2 iclclhey Analyst DM Staaizel Placa-holder
AREA TPANT Brine Sahuration at infrusion Time: Region 3 (Lavar-Middla A Stoeizel Placs-holder
AREA BSATF; Brine Suiuration ot Intusion Time: Ragion 4 {Lower; Mﬁ- OM Stoslzel Flace-holder
AS GSATEAN1T 3 intnpden Tirmw: Reglon alyst DM Stoalzel scehotder - not ugsd
AS AR Gas Saturation i Intruglon Time: Region 2 An O Stoelzel halder - not used
LEN Anglyst DM o] incehoidar - ot isad a
AS, DN Serzel Plnceholder - nat uxad
1 %PPP Satabngs CTAR equirad far ERAGFLO Madian
DRZ_1 dutabazt equired for BRAGF Madisn
ORZ, PP dutehage ad for X 81
WIPF datebase CCAS irmd For L{ Hadian
DR E (IS Pamymeler goka-Corey Model WIFF datsbase CCAB quirad for BRAGFLL Modian
R NP_RGE. Rock wasibiFly {1/Fa) WIPP database CCAB Later Con ) Vivdim
DRz ] GAP D C: Pressurs Modsl Humbér WIPE databasn CCAG Irerd far OFLO Wadian
ol SAT_RGA Ratidual Gas ration {frachion Sutuhuss CCAS A quires BRAGFLO Merian
RZ, SAT_RBAN Residual Bﬂne Suhuration (fractian] 'PP detabagt #tuired for Bl FL HMadlah
ORZ mEgurs {Pa} WIPF database Ci ird for X Wadian
DRZ, MIN Mrﬁmelmbla pressure WIPF d; & CCAR aquirad for Bl LO-not ussd WNadian
DRZ, P_MOD Rel Fermeability Moder Rumber \WIPP dafabass CCAE ired for FLD Eﬂﬂ’l
D PCT_A Threshold Prescure Az Function of Parm Equafian Variable WP dutabwes CORE L ERAGFLD Madian
PCT_EXF Thrashold Fregsura As Functicn of Periv Equalian Exponent WIPF datsbasé oquirad for Madian
RZ_1 KFT hreshold Pragsure As Funclion of Perm Model Indicater IFP dutabase @quired for BRAGFLO Medlan
DRZ_1{ HEIGHT Dfe2 Grid Hei maters; An; : OM Sipalzel 5
S, Log X-~draction Pemmesbility Log a2 WIPP databese CCAR
El Log Y-direttion Pamealility Log 2 WIPP d COAR
5, Lng e on Pérmeability Log WIPP databass CCAB
5 atatase COAG
& anr Tor Brooks-Coray Modal IFP datebags
E ock Co ility {1/Pa)_ WIFP database CCAG
S Copifary Pressura Mode! Murrber WIFP databaus CLAR
El Residual Gea Sgturation (fracion) \WIPP databasy CCAG
S, Ri sl Brina Saturalion o, WIPP datubmsas CCAE
S, [ illary Fressurs {Pe) dutebace
inimam Allowsble e \FP databage
S Rl Parmeability Model Humbar WIPP datsbase CCAQ o
s Thmﬂw_la_hﬁmre__?_k unclion of Perm Equation Variable WIPP databaze CCAB Requiredfor FLO Tipdon |
5, i Treshold Prassure uncion of Farm Fquafion ent WIPP database CCAS FL: Mascion
El Threshold Fressura fos Funcon of Perm Model ingicator databasy G Lo
5 _HALS HEIGAT alite Grid Height {matars] A OM Stoslzel
[S_HALT PRESSURE nitisl Presuure (Fa) IFP datwbase CCAG
PAN _SEAL PRIAX_LOG. X lrection Permeatility Log m*z WIPF ass CCAR
PAN_SEAL PRUY_LDG Log Y-directior: Permeabity Log m*2 WIPP d e CCAB
PAN, PRMZ_LCG Le Z- re:hun F'ermelhl Lag m e CCAB ]
PAN_SEAL =] WIFF databnss CCAE
PAN_SEAL OR| Pamrfar Bmolu-l:n! Modat IPP database
[PAN, SEAL [el=] RCK ack CO biltty {1/ 'WIPP datohese COAL
2 SEAL = Fresmrs Model Numbar WIPFP ans COAR
PAN_ L AT_RGAS Resldual Gas Saturation (fraction) WIPP dalabass CLAF
FAN_SEAL BAT_RERM Residusl turation {fraction) ) WIPF databass COAS
[PAN_SEAL PL_MAX, Max Cypifiary Preasum {Fa) j WIPP databaes CCAE
PAN_SEAL PO_MIN Minimum Allowsbla presgury [WIPF databass CCAE
[PAN_SEAL RELF_MOD al. Parme Muodal Rurmr 'WIPP database
IPAN_SEAL Thrash?id Frassurs Ag Function of Eacm Equrion Vershis WIPP- aae CCAD aquired for LD Madian
PAN_SEAL EXF Thrazhol| Ire As Funclion of Perm Equation Exponant WIPP di s CLAG Required for SRAGFLL Madian
PAN, Thd d Pragsire Aa Function of Farm Mode! indicatar [WIPP datal:aze CTAE Roquired for BRAGFLG Median
[PAN_SEAL EIGHT Fanel Saal Grid Haight (meters) DM Stasizel Eqivalent ' 10, BRAGRO 3.88
SEAL SAY. Ihiial Brine Saturation on! IFP databass Net Usad for Direc] Release ] Medish
'WELLBOR] [ ntrusion Time (yeconds) Anslyst DM ] Fiacsholger P
LILBGR] BITEIZE Dril Bit Diameisr {metérs} N Anadyet: OM Stonlzel Piscehaider . a
WELLBORE __ [gkan Skin Tttt Tor el Daliversoily Equation {Amensionisss) [Anafyst DM Stoeizar | Fiaceholder )
WELLBORE [WELLP} Well Index (m"3/s-Pagcal - " |An DM Siosizel Placeholder
LLBOR] CRAI Equivaleni Grid Drainaps Radius {matars) |An DM Stoaizel Piacsholder
LBOR PR N daned E1 | rshoie Parm © 1o 200 Anatyst DM Stoslzal [acehalder
LBOI & SAND | Abandan 1 Wall Sand Horshold Parm: 200 10 | M2, Analyat DM Stostzel Placsholder
LLi M_CREP (Abandonad E1 well Borsnole Ferm 1200 yrs on (m, An, Stomlzal Placaholder
Wi RE L(=) [Tatel Arsa Solids Removed by Cufling ings {n2) | Atvabyst SAosizel scaholdar - Tt used
RE [VOLU TOT T lume Solkls Removed 8V allinps (r*2 [Anlyst. DM Staelzel Placaholder
LLAOR] CAST RE N ire in Casplle Bring Aes it Boun 000 modcl &] A OM Stoeizel | Pinceholdsr ] 07
ELLBORE CAST_W| —_"[Prezmura in Castils Brina Res &l Wailbore. 16 GO0 yf ihadel (Pa) ﬂﬂn_llm._ml Stoglzel __|Placehalder ]
WELLBOR PAIA_CAST  — |Fermeanilty in Castie Resefvoir: 10,006 yr model (fiv2| Analyst OM Stoelznl __|Flacshglger | 300E-12 |
WELLBORE WELL PAN Prossurs ol Wadibore n Pansi: 10,000 yr madel (Pa) Analyst O Steslzel Placahaldes - nol uusd
REFCO] Pl Constant for Fi WIPP di o CLAR Conatent 1or conversions Mo
REFCO| GRAVACL Canstent for Accalacation due to piad WIPP detabase CLAE Constant for convansions
IREFCON PA, Conwert Puscals 10 PSI WIPE databaze CGAE Constant fof convarsions
REFCON [YRSEC Convert asconds 1o yamrs PP catabase Constant for conyarsions
CON DARMZ nvert permeaity fromm P2 (o Darcy NAPE gatehass Censtam for obnversina
REFCON OAYSEC Convert seconds to WIFE datsbage CCAG Canxtsn far conversions
RE:ggx ;ﬂ jconvar meters iz faal [WIFF databese CCAB Constant for coavarsions
RE] DIP_ DEG Formation dip through excaveled ragion (degraes) . . Dl Biostzal {Unadin {pid Swestion adjistment | |
K JWGF\.UN M‘mirmm How dyretion for Direct Ralease volume: (sncund's . WIPF ditsbaxs CCAB [Tima period 1o accuriiisle reldums
BLOWOLT _— MAXFLI Miximurm flow gration Tor Dlrect Ralmase volumas (s82onds WIFE [Time periad o sccuniiale relessa
BL T S_MIN [Oas cut-off flow rate (1,000 standaud cubic feet, 'PP database Tirme periad to sccurmulaie relesse
Bl LT THCH, G Costis reaansolf fickners 107 previous E1 welinors [mters, PP catabass Boundary condition SEpUE
BLOWOUT R id ilp ra! ir mxtarnal pahin for E1 wall WIPP d CAB jon wall
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Table 2 shows the values ontput from CUTTINGS_S code which required modification prior to
being used by the Direct Brine Release Model. The variables had to be converted from time
history variables to material property variables.

Table 2: Parameters Used in First ALGEBRACDB

Parameters Created/Modified in Algebra: CMS filename "ALG_BF4_CCA _PRECUSP_DIR_REL.INP"
Input File(s). |[CUSP_CCA_Rr Ss_Vi### L Tttt CDB for each vector from CUTTINGS_S (in CMS)
Oulput File(s). |BF4_ CUSP_CCA _Rr Ss Va### Tht.CDR for each vestar
Variabie Valsa
Name Description Source Usage Assigned

INTH_TME  [Intrusion Tima (seconds) CUTTINGS history variable: TIMEHIS _ [Convert history variable to prope: Caiculated

AREA TOT |Total area of Sohds release (e CUTTINGS history varlable: AREA T | Cenvert history variable to property Calculated

BLOWOUT VOLU_TOT _[Tetal volume af Solids (m*3) CUTTINGS history variable: VOL_T Canvert history variable to property Caiculated
HLOWOUT |BITSIZE Cinll Bir Diametar {melers} CUTTINGS history variable: DRILDIAM |Convert history variable to properly Calculated
BLOWOUT |PORD 1 Porosity al infrusion Time: Region 1 (Updip) CUTTINGS history variable: POROST _[Convert history variable io properiy Calculated
BLOWOUT [HEIGHT1 Panel Height al Intrusion Time: Region 1 (Updip) [CUTTINGS histary vaclable: HFINALT — [Conver histary wariable to p Caloulated
BLOWOQUT IBRNPRES1 [Brine Pres at Intr Time: Reglon 1 {Updip), Pa CUTTINGS history veriable: PRESBRIT [Convert history varigble to property Calculated
BLOWOUT [GASPRES1 |Gas Pres al Inir Time: Region 1 (Updip), Pa CUTTINGS history variable: PRESGAST Convert histery variable 1o property Calculated
BLOWOQUY |BRN_SATY )Brine Sat al intr Time: Region 1 {Updip) CLTTINGS history varigble: SATBRIN1 [Convert history variable to property Calculated
BLOWOUT |GAS_SAT1_ [Gas Sat al Inir Time: Region 1 (Updip) CUTTINGS history variable: SATGAST [Convert history variable to property Cafcuiated
BLOWOUT [PORO_2 Parosity at ntruslon Tima: Region 2 (Middis) CUTTINGS history variable: POROS2 _ [Convert hislory variable to properiy Calculated
BLOWOUT [HEIGHTZ Panel Height at Intrusion Time: Region 2 {Middle)| CUTTINGS hislory variable: HFINAL2 _[Convert history variable to property Calculated
BLOWOUT |BRNFRES2 [Brine Pres at Intr Time: Reglon 2 (Middie), Fa__ [CUTTINGS history variahle: PRESBRIZ [Convert hstory varable {o Cakculated
BLOWOUT |/GASPRES2 [Gas Pres al inir Time: Region 2 {Middle), Fa CUTTINGS history vaniahle: PRES(GAS Convert history variabis {0 propery Calculaied
BLOWOUT [BRN_SATZ [Brine Sat ai intr Time: Region 2 (Middie) CUTTINGS history variable: SATBRINZ [Convert history variable to pro Calculated
BLOWOUY YGAS_SAT2 |Gas Sat at Intr Time: Region 2 (Middie) CUTTINGS history vanable: SATGASZ [Convert history variable to property Calculated
BLOWOQUT |PORD_3 Porosity at Infrusion Time: Region 3 (Middle} CUTTINGS history variable: FOROS3 _|Convert history variable to Calculated
BLOWOUT THEIGHT3 _ [Panel Height ai Intrision Time: Region 3 (Middie)| CU1 TINGS nistory vanable: HEINALS_|Convert istory vaniable to property Calculated
BLOWOUT |BRNPRES3 |Brine Pres al Intr Time: Region 3 (Middle), Pa_ |CUTTINGS history varlable: PRESBRP3 [Convert history variable 1o property Calculated
BLOWOUT |GASPRES3_|Gas Pres at Infr Time: Region 3 {Middie), Fa CUTTINGS histery variable: PRESCASA Conver hislory variable to property Calculaied
BLOWOUT |BRN_SAT2 [Brine Sat at Inir Time: Region 3 (Middla) _ CUTTINGS history variable: SATBRING [Convert history variable to EEE;% Calculated
BLOWOUT |GAS_SAT3 [Gas Sal al infr Time: Region 3 (Middie) CUTTINGS history variable: SATGAS3 |Convert history variable to prap Calculated
BLOWOUT [PORO 4 Porosity at Intrusion Time: Region £ (Lower) CUTTINGS history vartable: POROSO _[Canvert history variable io properly Calculaled
BLOWOUT [HEWGHT4 Panel Helght ai Intrusion Time: Region 4 {Lower) [CUTTINGS history varlable: HFINALD [Conver history variabie to Calculated
}B_LOWOUT BRNPRESA [Brine Pres at ints Time: Region 4 (Lower), Pa CUTTINGS hislory variable: PRESBRID | Convert history variable to property Cailculated
HLOWOUT |GASPRES4 [Gas Pres at Infr Time: Region 4 (Lower), Fa CUTTINGS history variable: PRESGAS{ Convert history variable to Calculated
BLOWOUT |BRN_SAT4 [Brine Sat al Intr Tirme: Region 4 (Lowen) CUTTINGS history vaniable: SATBRIND |Convert history variable 1o property Calculated
BLOWOUT |GAS_SAT4 [Gas Sat at Inir Tima: Region 4 (Lower) CUTTINGS history variable: SATGASO [Convert history variable to pro| Celculated
BLOWOUT |CAST_WB _|Caslile Brine Reservoir Pr al Wellbore, Pa | CUTTINGS history varlable; PRESERI4 |Convert histary yariable to Calatated
BLOWOUT |CAST_RE _ |Casfile Brine Res Pressure al Ext Radius, Fa CUTTINGS history variable: PRESBRIS | Convert history variable o proparty Calculated
BLOWOUT |WELL_PAN [Pressure in Panel at Wellbore, Pa CUTTINGS history variable: PRESBRIT [Convert history vartabla 1o property Calculated
BLOWOUT |POROSITY [Average Porosity from four Regions {poro_1+pora_2+pora_3+poro_41/4 Used In Direct Release Modsl Caloculated
BLOWDUT |HEIGHT Average Crushed Height from four regions (height1 +height2+heightd+helghtdp4  [Used in Direct Rel Model Calculaled
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Table 3 shows output from CUTTINGS _S (after modification in the first ALGEBRACDB step)
which are transferred via the RELATE code to the Direct Brine Release Model. Task 5 and 6
describe the CUTTINGS_S analysis plan.

Table 3: Parameters used in First RELATE

Parameters Transfered in First RELATE step: CMS filename
"REL_BF4_CUSP_CCA_DIR_REL.INP"
Reference Files: N BF4_CUSP_CCA_Rr_Ss_V#H4_Ttttt.CDB
Object File:  |MS_BF4_CCA DIR_REL.CDB ]
Quiput Files: |REL1_BF4_CUSP_CCA_Rr_Ss_Vi#H&_Ttiit. CDB
Target Material Target Property | Source Material | Source Property
Region {Variable) Nama Region (Variable) Name
WAS_AREA PCROSITY BLOWOUT POROSITY
WAS_AREA HEIGHT BLOWOUT HEIGHT .
| WAS_AREA PRESPAN1 BLOWOUT BRNPRES1
WAS_AREA GPRSPAN1 BLOWOUT GASPREST
WAS _AREA BSATPAN1 BLOWOUT BRN_SAT1
WAS_AREA GSATPAN1 BLOWOUT GAS_SATY
WAS AREA PRESPAN2 BLOWOQUT BRNPRES2
WAS_AREA GPRSPAN2 BLOWOUT | GASPRES2
WAS AREA BSATRANZ2 BLOWOUT BRN_SAT2
WAS_AREA GSATPAN2 BLOWQUT GAS_SAT2
WAS AREA PRESPAN3 BLOWOUT BRNPRES3
WAS_AREA GPRSPAN3 BLOWOUT GASPRES3
WAS_AREA BSATPAN3 BLOWOUT BRN_SAT3
WAS_AREA GSATPAN3 BLOWOUT GAS_SAT3
WAS AREA PRESPAN4 BLOWOUT BRNPREST_'
WAS_AREA GPRSPAN4 BLOWOUT GASPRES4
WAS_AREA BSATPAN4 BLOWOUT BRN_SAT4
WAS_AREA GSATPAN4 BLOWOUT GAS_SAT4
WELLBORE INTR_TME BLOWOUT INTR_TME
F WELLBORE AREA_TOT | BLOWOUT AREA_TOT
WELLBORE VOLU_TOT BLOWQUT VOLU TOT
WELLBORE BITSIZE BLOWOUT BITSIZE
| WELLBORE CAST_WB BLOWOUT CAST_WB
'_‘WELLBORE CAST RE BLOWOQUT CAST RE
WELLBORE WELL PAN BLOWOUT WELL PAN
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Table 4 shows output from BRAGFLO which are transferred via the RELATE code to the Direct
Brine Release Model. Task 1 describes the BRAGFLO analysis plan.

Table 4: Parameters used in Second RELATE

Parameters Transferred in Second RELATE step: CMS filenames
"REL_BF4_BRAG_CCA DIR_REL _UNDINP", "REL_BF4_BRAG _CCA_DIR_REL.INP"
Reference Files: BF3_CCA_Rr_Ss_V#&.CDB (in CMS from 10,000 yr BRAGFLO)

Object Files: REL1_BF4_CUSP_CCA_Rr_Ss_ V¥4 Tittt.CDB
Output Files:  |REL2_Rr_Ss_\#Ht# Tttt CDB |
Target Material Target Property Source Material | Source Property
Region (Variable) Name Region (Variable) Name
! WAS AREA PORE_DIS WAS AREA PORE_DIS
WAS AREA SAT_RGAS WAS_AREA SAT_RGAS
WAS_AREA SAT_RBRN WAS_AREA SAT_RBRN |
WAS_AREA COMP_RCK WAS_AREA COMP_RCK
WAS_AREA RELP_MOD WAS_AREA RELP_MOD
WAS_AREA KPT WAS_AREA KPT
| WAS_AREA CAP_MOD | WAS_AREA CAP_MOD
WAS_AREA PO_MIN WAS_AREA PO_MIN |
WAS_AREA PCT_A WAS_AREA PCT_A
WAS_AREA PCT_EXP WAS_AREA PCT_EXP
WAS_AREA PC_MAX WAS_AREA PC_MAX
WELLBORE PRM_CAST CASTILER PERM_X
WELLBORE PRM_OPEN BH_OPEN PERMLY |
WELLBORE PRM_SAND BH_SAND PERM_Y
WELLBORE PRM_CREP BH_CREEP PERM_Y

Table 5 shows the variables used to initialize the Direct Brine Release Mesh.

Table 5: Parameters Used in First ICSET to Initialize the Grid, All Scenario

One, Undisturbed
Parameters used in first ICSET to initialize the grid (all scenario one, Undisturbed): CMS filename "IC_8F4_DIR_REL_S$1_UND.INP"
Input Files: [RELZ_Rr_S1_Tttt.CDB T
Outpul Files: IC_CCA_Rr 81_Vi#.CDB ]
Location:

irange(from:te}, Target Elemeant, Input Source: Matenal:Variable

jrangedfram:toy Vanable Name Diescription _Name OR Analyst (Valug) Usagse
N/A TIME Start Time for All Direct Brine Release Models Analyst (0.0) Tinit for BRAGFLO
1{1:40), ] (1:40) FECONC__ |Initial Iron Concentration (needed by BRAGFLO) |Analyst (0.0) INot Used
i (1:40), j (1:40) CH2OCONC Initial Cellulosics Concentration Analyst {0.0) Mot Used
i{1:40),){31:40) |SATBREL |Initial Brine Saturation, Region 1 {Updip) WAS_AREA:BSATPAN1 |Swinit for BRAGFLO
1{1:40),){31.40) |PRESEL |Initial Brine Pressure, Region 1 (Updip) WAS_AREA:PRESPAN1 |Pwinit for BRAGFLC
i {1:40), j(21:31)  [SATBREL _ [Initial Brine Saturation, Region 2 (Mid-Upper WAS_AREA:BSATPANZ |Swinit jor BRAGFLO
i(1.40),j(21:31) |PRESEL |Initial Brine Pressure, Region 2 (Mid-Upper} WAS_AREA:PRESPANZ | Pwinit for BRAGFLO
P(1:40),j(11:21)  |SATBREL |initial Brine Saluration, Region 3 {Mid-Lower) WAS_AREA:BSATPANS |Swinit for BRAGFLO
i(1:40),j(11.21) _ [PRESEL _[Initial Brine Pressure, Region 3 (Mid-Lower) WAS AREA:PRESPANI Pwinit for BRAGFLO
(140, {1:11) SATBREL |Initial Brine Saturation, Region 4 (Lower) WAS_AREA:BSATFAN4 |Swinit for BRAGFLO
{140y, [(1:11) _ |PRESEL _ |iniltial Brine Pressure, Region 4 {Lower) WAS _AREA:PRESPAN4|Pwinit for BRAGFLO
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Table 6 shows the variables used for the intrusion scenarios (E1 and E2, which are $2 through
85). The gridblock which contains the previous well intrusion has been changed to 100% brine
saturation (via analyst choice). This forces the BRAGFLO well model for the boundary
condition well to only inject brine (no gas).

Table 6: Parameters Used in Second ICSET to Initialize the Grid, Intrusion

Scenarios 2-5

Parameters used in second ICSET to initialize the grid {scenarios 2 to 5): CMS filename "IC_BF4_DIR_REL_S2T05_DIST.INP"
Input Files: RELZ Rr_Ss_THH.CDB
Qutput Files: IC_CCA_Rr_Ss_\V¥Hi#.CDB
 erget Gid Node
Location: Target Element, Input Source: Material:Variable

Irangedirom:to), Varigble Name Description Name OR Analyst (Valus Lisage
N/A, TIME Start Time for All Direct Brine Release Models Analyst (0.0) Tinit for BRAGFLO
i {1:40), j (1:40) FECONGC __ |Initial Iron Conceniration (needed by BRAGFLO)  |Analyst (0.0} Not Used
i (1:40), j {1:40) CH20CONQ Initial Cellulocics Concentration Analyst (0.0) Not Used
i (1:40), j (31:40)  |SATBREL _|Initial Brine Saturation, Regian 1 (Updip) WAS_AREABSATPAN1 | Swinit for BRAGFLO
i(1:40),j(31.40) |PRESEL Initial Brine Pressure, Region 1 (Updip) WAS_AREA'PRESPANT |Pwinit for BRAGFLO
i (1:40), j (21:31)  |SATBREL |initial Brine Saturation, Region 2 (Mid-Upper) 'WAS_AREA:BSATPANZ |Swinit for BRAGFLO
i{1.40),](21:31} |PRESEL __|Initial Brine Pressure, Region 2 (Mid-Upper) WAS_AREA:PRESPANZ |Pwinit for BRAGFLO
i (1:40),j (11:21) | SATBREL |Initiaf Brine Saturation, Region 3 (Mid-Lower) WAS_AREA:BSATPANS | Swinit for BRAGFLO
(L4, j(11:21)  [PRESEL _ |initial Brine Pressure, Region 3 (Mid-Lowen) WAS_AREAPRESPAN3|Pwinit for BRAGFLO
i(1:40),j (1:11) SATBREL [initial Brine Saturation, Region 4 (Lower) WAS_AREA:BSATPAN4 (Swinit for BRAGFLO
i {1:40),§{1:11) PRESEL Initial Brine Pressure, Region 4 (Lowear) WAS AREA:PRESPAN4 |Pwinit for BRAGFLO
i (6,7),] (5.8) [SATBREL _ [initial Brine Saturation, Boundary Cond Well Elem  |[Analyst (1.0) 100% Sw for this Ele

As shown in Table 7, the porosity in material regions DRZ 1, S_HALIT