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1. PURPOSE

As directed by a written technical work plan (CRWMS M&O 2000 [153289]), a model of the
Yucca Mountain Total System Performance Assessment for Site Recommendation (TSPA-SR) is
to be developed. The purpose of this model is to assist the Performance Assessment Operations
(PAO) and its Engineered Barrier Performance Section in analyzing the performance of the
repository system in isolating waste for long periods of time. This model will allow PAO to
perform a detailed and complete analysis and to answer the key technical issues (KTI) raised in
the Nuclear Regulatory Commission (NRC) Issue Resolution Status Report: Key Technical
Issue: Total System Performance Assessment and Integration, Revision 2 (NRC 2000 [149372]).

The scope of this document is to describe the integration of information that represents different
aspects of the repository, into one comprehensive model. The Yucca Mountain system has been
divided into individual parts to make the overall system analyses manageable. Each of the
individual parts or components represents a major process area. The process areas are the
following:

Unsaturated Zone Flow

Thermal Hydrology

Waste Package and Drip Shield Degradation
Waste Form Degradation

Engineered Barrier System Transport
Unsaturated Zone Transport

Saturated Zone Flow and Transport
Biosphere

Disruptive Events.

Process Model Reports (PMRs) and their associated Analysis Model Reports (AMRs) describe
the development of the component models that define these process areas. This AMR provides
detail as to how these component models are implemented in the TSPA-SR model.

Conclusions are presented in Section 7.

The intended use of this document is as a description of the TSPA-SR model files given in
Section 3.
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2. QUALITY ASSURANCE

The Quality Assurance (QA) program applies to the development of the TSPA-SR model. The
Performance Assessment Operations responsible manager has evaluated the technical document
development activity in accordance with AP-2.21Q, Quality Determinations and Planning for
Scientific, Engineering, and Regulatory Compliance Activities [152174). The AP-2.21Q activity
evaluation, Activity Evaluation for TSPA-SR (CRWMS M&O 2000 [153283]), has determined
that the preparation and review of this technical document is subject to Quality Assurance
Requirements and Description (QARD) DOE/RW-0333P (DOE 2000 [149540]) requirements.
Preparation of this AMR did not require the classification of items in accordance with QAP-2-3,
Classification of Permanent Items. This activity is not a field activity, therefore, an evaluation in
accordance with NLP-2-0, Determination of Importance Evaluations, was not required. -

With regard to the development of this model, the control of electronic management of data was
evaluated in accordance with AP-SV.1Q, Control of the Electronic Management of Information
[153202] in the document Technical Work Plan for Total System Performance Assessment
(CRWMS M&O 2000 [153289]). The evaluation determined that current work processes and
procedures are adequate for the control of electronic management of data for this activity.
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3. COMPUTER SOFTWARE AND MODEL USAGE

3.1 SOFTWARE

The software used in the TSPA-SR model along with the version number, qualification status
and operating platform is listed in Table 3-1.
including CPU number and location, that were used in developing and running these programs.
MAKEPTRK and mView were used on the Sun Ultra Sparc, and the remaining codes were used
on all the listed Dell servers and workstations.

Table 3-1. Software and Software Routines

Table 3-2, identifies the computer systems,

Qualification
Computer Code Version STN/CSCI Status Platform
GoldSim 6.0.4.007 | 10344-6.04.007-00 | Qualified Windows NT 4.0
FEHM" 2.1 10086-2.10-00 Unqualified Windows NT 4.0
T2_BINNING 1.0 NA® Documented in | Windows NT 4.0
- Attachment IV
WT_BINNING 1.0 NA® Documented in Windows NT 4.0
Attachment V
MAKEPTRK 2.0 NA® Documentedin | Sun OS 5.7
Attachment VI
WAPDEG" 4.0 10000-4.0-00 Qualified Windows NT 4.0
ASHPLUME _ 1.4LVdIl | 10022-1.4LVdI-00 | Qualified Windows NT 4.0
SZ_CONVOLUTE* 2.0 10207-2.0-00 Qualified Windows NT 4.0
SEEPDLL 1.0 NA® Documentedin | Windows NT 4.0
Attachment Il
SOILEXP 1.0 NA® Documented in | Windows NT 4.0
Attachment 11|
GVP 1.02 10341-1.02-00 Qualified Windows NT 4.0
MFD 1.01 10342-1.01-00 Qualified Windows NT 4.0
SCCD 2.0 10343-2.0-00 Qualified Windows NT 4.0
PREWAP 1.0 NA® Documentedin | Windows NT 4.0
Attachment Vi
MVIEW 2.10 10072-2.10-00 Qualified Irix 6.3 or greater, HP-UX
10.2, Solarnis 2.6, Digital
Unix V4
SATOOL 1.0 10084-1.0-00 Qualified Windows 98
PDFSENS 1.0 10190-1.0-00 Qualified Windows 98 Windows 95

NOTE: *This software qualification package contains program executable (.exe) and dynamic-linked

library (.dil) versions of the code.

simulations.

It is the DLL version that is used in the TSPA-SR model

®This software routine is documented in this AMR as a single use software routine per
Section 5.1.1 of AP-S1.1Q [153201).
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Table 3-2. Computer Systems

Computer Type CPU Number Location
Sun Ultra Sparc R404810 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114328 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114329 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114330 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114331 DEA&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114332 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114333 DE&S Las Vegas, Nevada.
Dell 6350 PowerEdge Server 114334 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 114335 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117165 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117166 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117167 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117168 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117169 DES&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117170 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117171 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117172 DE&S Las Vegas, Nevada
Dell 6350 PowerEdge Server 117173 DE&S Las Vegas, Nevada
Dell Precision 620 Workstation 117322 DE&S Las Vegas, Nevada
Dell Precision 620 Workstation 117323 DE&S Las Vegas, Nevada
Dell Precision 620 Workstation 117324 DE&S Las Vegas, Nevada
Dell Precision 620 Workstation 117325 DE&S Las Vegas, Nevada

The TSPA-SR model file and associated external files necessary to reproduce the results
documented in this AMR can be found in the Technical Data Management System (TDMS).
Median-value realizations are contained under DTN: MO0OO0OMWDMEDO01.020 [152838], and
human intrusion cases are contained under DTN: MOOOOSMWDHUMAN.000 [152186].

For each case, the “.gsm” file is the GoldSim file that contains the TSPA-SR model, and the
results of the simulation upon which this document is based. This file (along with the GoldSim
code) is all that is needed to view the model and the results shown in the subsections below.

One base case and three disruptive event cases have been submitted under two data tracking
numbers (DTNs). The following three cases (GoldSim files) have been submitted under
DTN: MOOO0OSMWDMEDO1.020 [152838]:

e “SR00_038ne6.gsm” is a 1,000,000-year median value simulation of the base case
model.

e “SR00_037ne6.gsm” is a 1,000,000-year median value simulation of a seismic cladding
disruptive event.
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e “SRO0_001lie5.gsm” is a 100,000-year median value simulation of an igneous disruptive
event.

The DTN: MOOOOSMWDHUMAN.000 [152186] contains the GoldSim file
“SRO0_005hmS.gsm” which gives the resuits of a 100,000-year 100 realization simulation of the
human intrusion scenario. :

3.1.1 GoldSim

GoldSim version 6.04.007 was developed by Golder Associates as an update to the baselined
software, RIP v.5.19.01. GoldSim is a Windows based program that is used as the “executive
driver program” for simulations of the TSPA-SR model. GoldSim is computationally similar to
RIP, which was used for TSPA calculations for the Viability Assessment (DOE 1998 [100550]).
GoldSim is designed so that probabilistic simulations can be represented graphically. Models are
created in GoldSim by manipulating graphical objects. The graphical objects (or graphical
elements as they are called in GoldSim) represent the features, processes and events controlling
the system that is being simulated.

The following lists four ways that component models may be coupled into GoldSim, from most
complex to least complex, include the following:

e External function callS to detailed process software codes (e.g., WAPDEG)

e Cells, which are basically equilibrium batch reactors that, linked in series, can provide a
reasonably accurate description of transport through selected parts of the system

o Response surfaces, which take the form of multidimensional tables representing the
results of modeling with detailed process models before running model

o Functional or stochastic representations of a component model built directly into the
GoldSim architecture.

"The first and third items listed above merit further description. GoldSim is designed to
dynamically link with external software (i.e., independent, stand-alone software) to perform
certain calculations. The majority of the TSPA-SR model is treated within GoldSim. However,
some TSPA calculations (e.g., waste package degradation, seepage into drifts, UZ transport, SZ
transport) are too complex to be performed by GoldSim. In these cases, dynamic-linked libraries
(DLLs) are written to perform the calculations. A DLL is similar to an executable program,
except that instead of being run as a stand-alone program, a DLL is run by another program
(in this case GoldSim). When GoldSim runs a DLL, data are transferred between GoldSim and
the DLL via blocks of shared memory. One memory block is assigned for DLL input and one
for DLL output. For example, when GoldSim calls the soilexp DLL four parameter values
(Etime, Volcano_Period, Closure_Time, and Soil_Removal) are passed from GoldSim to the
DLL’s input memory block. The soilexp DLL reads the data from its input memory block,
performs its calculations, and then passes its output to its output memory block. GoldSim then
reads the data the DLL’s output memory block and assigns it to the Soil_Removal_Factor data
element. At no time during this process are the GoldSim or the soilexp DLL binary files altered.
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For the TSPA-SR model simulations, GoldSim calls the following DLLs: ASHPLUME, FEHM,
GVP, MFD, SCCD, seepdll, soilexp, SZ_CONVOLUTE, and WAPDEG. Each of these is
discussed in the following sections.

As described above for the third coupling method, much of the computational work that goes
into the TSPA-SR model is done outside of GoldSim, before running the actual total system
computations.  The results of these detailed process-level runs were provided as
multidimensional tables that are read into GoldSim at run time. Refer to Section 6.2 Model
Structure and Design for further details on how the TSPA-SR model simulations are executed.

Another important feature of GoldSim is distributed parallel processing. Since each realization
of a multi-realization simulation is independent from the others, GoldSim can run on a network
where multiple realizations can be carried out on different processors. This feature greatly
facilitates probabilistic simulation of highly complex systems in which a single realization can
take hours to complete.

GoldSim was obtained from software configuration management, it is appropriate for this
application, and it is used only within the range of validation in accordance with OCRWM
Procedure AP-SL1Q, Software Management [153201].

312 FEHM

At each time step FEHM reads a set of pre-generated flow fields and performs the unsaturated
zone particle transport simulation. The results of the simulation are used as input by GoldSim
for the saturated zone model. FEHM Version 2.10 is currently undergoing qualification under
AP-S1.1Q. The FEHM software qualification package contains program executable (.exe) and
dynamic-linked library (.dll) versions of the code. It is the DLL version (filename fehmn_sr.dll)
that is used in the TSPA-SR model simulations. FEHM was obtained from software
configuration management in accordance with AP-S1.1Q [153201].

3.1.3 T2_BINNING

'T2_BINNING version 1.0 was used to generate repository release bins based on surface
infiltration information. T2_BINNING groups nodes into five bins that correspond to prescribed
infiltration ranges. The nodes belong to a pre-defined repository region from the 3-D site-scale
unsaturated zone model. T2_BINNING is qualified as a single use software routine in
accordance with Section 5.1.1 of AP-SI1.1Q [153201] (see Attachment IV). It is appropriate for
this application, and is used only within the range of validation in accordance with AP-SI.1Q
[153201]. ' :

3.1.4 WT_BINNING

WT_BINNING version 1.0 was used to generate UZ radionuclide collect bins at the UZ-SZ
interface. WT_BINNING groups nodes at or below a prescribed water table into one of four
quadrants defined for the saturated zone model. WT_BINNING is qualified as a single use
software routine in accordance with Section 5.1.1 of e AP-SL.1Q [153201] (see Attachment V).
It is appropriate for this application, and is used only within the range of validation in accordance
with AP-SI.1Q [153201].
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3.1.5 MAKEPTRK

MAKEPTRK version 2.0 provides input information required by the code FEHM to define
transport models and nodal assignments. For TSPA, only the nodal assignments were used.
MAKEPTRK is qualified as a single use software routine in accordance with Section 5.1.1 of
AP-SL1Q [53201] (see Attachment VI). It is appropriate for this application, and is used only
within the range of validation in accordance with AP-SI.1Q [153201].

3.1.6 WAPDEG

WAPDEG version 4.0 was developed to simulate waste package degradation utilizing a
stochastic approach. It is an improved version of WAPDEG 3.09, which was used for waste
package degradation analysis for the Viability Assessment (VA) of the Yucca Mountain
repository (DOE 1998 [100550]). WAPDEG consists of two parts: the WAPDEG dynamic link
library (DLL) and the WAPDEG executable program. The WAPDEG DLL (filename
wapdeg.dll) is designed to be called by the GoldSim program. It evaluates and applies initiation
thresholds of various corrosion and other degradation processes as a function of time-dependent
exposure conditions. The penetration rate of active degradation processes as a function of
exposure conditions is also evaluated. WAPDEG generates output for time-histories of failures
and subsequent degradation (i.e., number of penetrations) for each waste package barrier.
WAPDEG is appropriate for this application, and is used only within the range of validation in
accordance with AP-SL1Q [153201]. WAPDEG was obtained from software configuration
management in accordance with AP-S1.1Q [153201].

3.1.7 ASHPLUME

ASHPLUME version 1.4LV was selected in the AMR Igneous Consequence Modeling for
TSPA-SR (CRWMS M&O 2000 [139563]) for modeling volcanic ash dispersion and deposition
to evaluate the consequences of extrusive volcanic events through the Yucca Mountain
Repository. The software estimates the distribution of ash and radioactive waste released into
the biosphere during volcanic events that intercept the repository. ASHPLUME uses a variety of
important eruption and environmental parameters as input and returns ash and radioactive waste
concentrations at selected locations on the ground surface as output.

ASHPLUME version 1.4LVdll is a modified version of ASHPLUME version 1.0 (Jarzemba
et al. 1997 [100987]), a model developed by the Southwest Research Institute Center for Nuclear
Waste Regulatory Analyses (CNWRA) in San Antonio, Texas, to support Nuclear Regulatory
Commission (NRC) performance assessments. ASHPLUME version 1.4LVdll (filename
ashdll.dll) is a recompiled version of ASHPLUME version 1.4LV (into a DLL) for direct linking
to GoldSim. This version is identical to version 1.4LV with the exception that version 1.4LVdll
was compiled to receive its inputs from GoldSim and return its results to GoldSim.

ASHPLUME was obtained from Configuration Management, is appropriate for this application,
and is used only within the range of validation in accordance with its qualification under
AP-SI.1Q [153201].
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3.1.8 SZ_CONVOLUTE

SZ_CONVOLUTE version 2.0 was developed to calculate saturated-zone response curves based
on unsaturated-zone radionuclide source terms, generic saturated-zone responses, and the
expected climate scenario. SZ_CONVOLUTE version 2.0 is the result of minor modifications
made to SZ_CONVOLUTE version 1.0 (CRWMS M&O 1998 [101112]). The modifications
include a change to the format of the breakthrough curve input file. SZ_CONVOLUTE
version 1.0 read the breakthrough curve for each of 100 realizations from 100 separate files.
SZ_CONVOLUTE version 2.0 reads the breakthrough curves for all 100 realizations from a
single file. SZ_CONVOLUTE version 2.0 includes a provision to allow GoldSim to track a
subset of the total radionuclide inventory. SZ_CONVOLUTE version 2.0 incorporates an
approximate method for computing concentration and dose at the accessible environment that
used the generic saturated-zone transport calculation as a basis. It requires input of data files
containing generic saturated-zone breakthrough curves that have been calculated for a constant
mass flux input. Any number of nuclides, source regions, and breakthrough monitoring locations
may be used. Unsaturated-zone mass flux information is required for each nuclide at each source
location. Generic saturated-zone breakthrough curves are also required for each nuclide
originating at each source region and reaching each monitoring location. Information concerning
the unsaturated-zone breakthrough concentration, the current simulation time, the current climate
state, and the number of radionuclides are supplied through the routine call from GoldSim.
The output information returned to GoldSim through the routine call is the breakthrough
concentration muitiplied by the current time step at each time. Breakthrough information is
supplied for each nuclide origination at each source location and reaching each monitoring
location.

The SZ_Convolute software qualification package contains program executable (.exe) and
dynamic-linked library (.dll) versions of the code. It is the DLL version (filename szconv_sr.dll)
that is used in the TSPA-SR model simulations. SZ_CONVOLUTE version 2.0. was obtained
from Configuration Management, is appropriate for this application, and is used only within the
range of validation in accordance with its qualification under AP-S1.1Q [153201].

3.1.9 SEEPDLL

Seepdll version 1.0 calculates the seepage fraction and flux of water that will enter the drift and
could potentially contribute to the degradation of the engineered systems and release and
transport radionuclides within the drifts. The routine was developed using an analysis abstracted
from the seepage process modeling that generated probability distributions that represent the
uncertainty and spatial variability of seepage. The resulting output is passed from the routine to
GoldSim. Seepdll is qualified as a single use software routine in accordance with Section 5.1.1
of AP-SL.1Q [153201] (see Attachment IT). Seepdll is appropriate for this application, and is
used only within the range of validation in accordance with its qualification under AP-SL.1Q
[153201].

3.1.10 SOILEXP

Soilexp version 1.0 calculates the cumulative soil removal factor used to calculate radionuclide
concentration at deposition points over the life of the repository. The soilexp routine receives
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input from GoldSim, calculates the cumulative soil removal factor for the time interval, and
passes the result back to GoldSim. Soilexp is qualified as a single use software routine in
accordance with Section5.1.1 of AP-SL1Q [153201] (see AttachmentIIl). Soilexp is
appropriate for this application, and is used only within the range of validation in accordance
with its qualification under AP-SI1.1Q [153201].

3.1.11 GVP (Gaussian Variance Partitioning)

GVP version 1.02 was developed to incorporate measurement uncertainty and corrosion rate
variability into the calculations of waste package degradation. In order to assess waste package
failure distribution over time in the repository, only the fraction of the total variance is needed
because of variability in the waste package degradation simulations. Gaussian Variance
Partitioning is applied to separate the contributions of uncertainty from their elicited
distributions. The routine .accesses corrosion rates located in an external file and GoldSim
stochastic variables. The output of GVP is a distribution table of variability in uncertainty. GVP
provides a clearer demonstration of the sensitivity of the TSPA-SR model to uncertainty and
variability. GVP is qualified as a multiple use software routine in accordance with Section 5.1.2
of AP-SL.1Q [153201]. GVP is appropriate for this application, and is used only within the range
of validation in accordance with its qualification under AP-S1.1Q [153201]. GVP was obtained
from software configuration management in accordance with AP-SI.1Q [153201].

3.1.12 MFD (Manufacturing Defects Calculation)

MFD version 1.01 was developed to calculate the frequency of occurrence and size of flaws
potentially found in the waste package closure welds based on uncertainties within the
repository. Flaw density and size distributions are utilized as the parameter for a Poisson
distribution used to represent the frequency of occurrence of flaws in a given length of closure
weld. Its output, flaw sizes as a probability density function on each closure weld, is used to
support WAPDEG analysis and is linked to GoldSim. MFD version 1.01 is qualified as a
multiple use software routine in accordance with Section 5.1.2 of AP-SI.1Q [153201]. MEFED is
appropriate for this application, and is used only within the range of validation in accordance
with its qualification under AP-SI1.1Q [153201]. MFD was obtained from software configuration
management in accordance with AP-SL1Q [153201].

3.1.13 SCCD (Stress Corrosion Cracking Dissolution)

SCCD version 2.00 was developed to predict crack initiation and propagation in closure weld
manufacturing defects and incipient weld cracks. A reference table based on stress/strain
intensity as a function of crack depth is modified by SCCD and used as input to WAPDEG. The
resulting waste package failure histories are then returned to GoldSim. SCCD is qualified as a
multiple use software routine in accordance with Section 5.1.2 of AP-SI1.1Q [153201]. SCCDis
appropriate for this application, and is used only within the range of validation in accordance
with its qualification under AP-S1.1Q [153201]. SCCD version 2.00 was obtained from software
configuration management in accordance with AP-S1.1Q [153201].
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3.1.14 PREWAP

PREWAP version 1.0 is an executable file developed for constructing the WAPDEG input file
by using pH, Cl, and thermohydrology data extracted from various tables to generate reformatted
output tables of in-drift (drip shield and waste package) and in-package chemistry parameters
that are used as input to the WAPDEG routine. The PREWAP file is executed to generate the
WAPDEG data file before invoking the TSPA-SR model. PREWAP is qualified as a single use
software routine in accordance with Section 5.1.1 of AP-S1.1Q [153201] (see Attachment VII).
PREWAP is appropriate for this application, and is used only within the range of validation in
accordance with its qualification under AP-SI1.1Q [153201].

3.1.15 mView

mView version 2.10 is designed to transform text data describing numeric model geometry and
numeric model output into two dimensional and three dimensional visual representations. For
TSPA-SR, it is used for the visualization of radionuclide concentrations as they travel from the
engineered barrier system through the unsaturated zone. It obtains its input from FEHM output
data sets. mView is appropriate for this application, and is used only within the range of
validation in accordance with its qualification under AP-SI1.1Q [153201]. mView was obtained
from software configuration management in accordance with AP-SI1.1Q [153201].

3.1.16 SATOOL

SATOOL version 1.0 was developed for use in sensitivity analyses following the uncertainty
analysis by Monte Carlo simulations of the TSPA-SR by GoldSim or of WAPDEG.
The sensitivity analysis identifies those input variables whose variance contributes dominantly to
the variance in the output. The code uses step-wise regression for identifying a set of the most
sensitive variables. SATOOL was obtained from CM, is appropriate for the application, and is
used only within the range of validation in accordance with its qualification under AP-SL1Q
[153201].

3.1.17 PDFSENS

PDFSENS version 1.0 is designed to compute the mean and the cumulative distribution function
(CDF) of the output in a Monte Carlo simulation (MCS) when the probability distribution
function (PDF) of one or more input variables is modified from their original PDFs used in the
MCS, without recourse to re-simulation in the MCS. The code will be used for post processing
of the TPSA-SR results. Sensitivity studies will be conducted by varying the PDFs from the
TSPA-SR results in the different scenarios to calculate new doses without rerunning the
GoldSim code. PDFSENS was obtained from CM, is appropriate for the application, and is used
only within the range of validation in accordance with its qualification under AP-SI.1Q
[153201].

3.2 MODELS
The YMP repository is comprised of a complex system of engineered and natural barriers that

will confine the wastes stored in the repository. The TSPA-SR model incorporates models of
these individual barriers and processes (submodels) into a comprehensive integrated model of the
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total repository system. A guide to detailed information regarding these submodels
(or components) of the TSPA-SR model is presented in Table 3-3 which gives the section of this
document where each submodel and its intended use is described. Data generated by these
submodels that are utilized in the TSPA-SR are discussed in Section 4.

The submodels have been developed and validated in accordance with AP-3.10Q [152363] and
have been used only within their range of validation. Each of the submodels is appropriate for
this application because their design was specifically: intended for use in TSPA-SR support.
Submodel output file DTN are provided in Table 3-3 because Model Warehouse DTNs were not
available at the time this document was produced. ' ‘

Table 3-3. Models Used in this Analysis

Submodel Output File DTN
Submodel Section Supporting AMR (TSPA-SR Model Input)
Seepage Model 6.3.1.2 | Abstraction of Drift Seepage (CRWMS SN9912T0511599.002 [146902]
M&O 2000 [142004)
in-drift 6.3.2.2 | In-Drift Precipitates/Salts Analysis (CRWMS MOO0002SPALOO46.010" [149168]
Geochemical M&O 2000 {127818))
Environment Model
Waste Package 6.3.3 WAPDEG Analysis of Waste Package and MOO0004SPASUPQ1.004 [163127]
Degradation Model Drip Shield Degradation (CRWMS
M&O 2000 [151566)
In Package 6.3.4.2° | In-Package Chemistry Abstraction (CRWMS | MO9911SPACDP37.001 [139569]
Chemistry Model M&O 2000 [129287]
Dissolution Rate 6.3.44 | Defense High Level Waste Glass LL000210651021.121 [145943]
Model Degradation (CRWMS M&O 2000 [143420])
Dissolved 6.345 Summary of Dissolved Concentration Limits | MOO004SPASOL10.002 [1 51713)
Concentration (CRWMS M&O 2000 [143569)
Limits
Colloid Model 6.3.4.6 | Waste Form Colloid-Associated MOO0003SPAHIG12.002 [147949)]
Concentration Limits-Abstraction and MOO003SPAHLO12.004 [147952
Summary (CRWMS M&O 2000 [125156) L ]
MOO0003SPAION02.003 [147951)
MOO003SPALOW12.001 [147953]
EBS Flow and 6.3.5.1 EBS Radionuclide Transport Abstraction SN9908T0872799.004 [108437]*
Transport Paths (CRWMS ME&O 2000 [129284])
EBS Transport 6.3.5.2 EBS Radionudiide Transport Abstraction SN9908T0872799.004 [108437]"
Parameters (CRWMS M&O 2000 [1 29284) LLO00207751021.119 [145940] b
Unsaturated Zone | 6.3.6.1 Unsaturated Zone and Saturated Zone LACO03JC831362.001 [149557])
Transport Transport Properties (U0100) (CRWMS
Parameters M&O 2000 [152773])
Particle Tracking 6.3.6.2 Particle Tracking Model and Abstraction of SN9910T0581699.002 [126110])
Model Transport Processes (CRWMS M&O 2000
[141418]); Abstraction of Flow Fields for RIP
(CRWMS M&O0 2000 [123913]
Saturated Zone 6.3.7.1 input and Results of the Base Case SNO004T0571599.004 [149254]
Transport Saturated Zone Flow and Transport Model
Parameters for TSPA (CRWMS M&O 2000 [139440)),
Uncertainty Distribution for Stochastic
Parameters (CRWMS M&O 2000 [147972]
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Table 3-3. Models Used in this Analysis {Continued)

Submodel Output File DTN
Submodel Section Supporting AMR (TSPA-SR Model Input)
Volcanic Direct 6.3.9.1 Igneous Consequence Modeling for the SNO006T0502900.002 [150856)
Release Model TSPA-SR (CRWMS M&O 2000 [139563])
Intrusive Indirect 6.3.92 | igneous Consequence Modeling for the SNO0006T0502900.002 [150856)
Release Model TSPA-SR (CRWMS M&O 2000 [139563])

NOTES: *The component model and associated TSPA-SR model inputs were developed in the AMR specified.
These TSPA-SR model inputs were later updated and documented in a calculation. This DTN
corresponds to that calculation. .

®This data is from a transmittal letter from Lawrence Livermore National Laboratory (Steward 1999
[153328)).
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4. INPUTS

NOTE: This document may be affected by technical product input information that requires
confirmation. Any changes to the document or its conclusions that may occur as a result
of completing the confirmation activities will be reflected in subsequent revisions. The
status of the technical product input information quality may be confirmed by review of
the DIRS database.

4.1 DATA AND PARAMETERS

The TSPA-SR model is a computer model that integrates all of the process models that were
developed for the Yucca Mountain site characterization for site recommendation. Table 4-1
provides a summary of the major inputs to the TSPA-SR model. Each component model of the
TSPA-SR model is presented individually in Section 6.3, and the complete set of inputs for each
of these component models is presented there. Table 4-2 provides the output DTNs from the
component models and analyses that are used as input to the TSPA-SR model. Not all the inputs
to the TSPA-SR model are qualified at this time. Some of the input AMRs contain data that is in
the process of being qualified. The qualification status of inputs to this model can be found in
the Document Input Reference System (DIRS) database. These inputs are considered
appropriate for this model.

The YMP TSPAs are intended to be iterative—as new data become available and as the
underlying processes are better understood, the models and model inputs are refined. Because
the TSPA process is an iterative one, these inputs, and therefore the simulation results, are a
“snap-shot” of the information available at the time the simulations were run. In the time since
the development of this version of the TSPA-SR model and the final production of this AMR,
some of the inputs have been superceded by newer information as listed in Table 4-3. Indeed,
many of the AMRs that provided inputs to the TSPA-SR model are currently undergoing
updates. Because of this, after all the input AMRs that are undergoing updates have been
completed, the TSPA-SR model will be updated to reflect those changes, and this AMR will be

updated.
4.2 CRITERIA
42.1 NRC Review and Acceptance Criteria

A summary is listed of the NRC review and acceptance criteria outlined in the Issue Resolution
Status Report (IRSR) that applies to the Total System Performance Assessment and Integration
(TSPA&I) Key Technical Issues (KTIs) (NRC 2000 [149372]). The following four subissues are
identified in the TSPA&I IRSR (NRC 2000 [149372], Section 2.0).

1. System Description and Demonstration of Multiple Barriers
2. Scenario Analysis

3. Model Abstraction

4.

Demonstration of the Overall Performance Objective.
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Hecbmmendation Model

Refer to the Following
Sections for a Detailed

00 AFY Z00000-Vd-SIM-TAN

Key System Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Limiting Water Climate Future Climate Analysis Climate states Section 6.3.1.1
contacting waste (USGS 2000 [136368)) Timing and sequence
package Infiltration Analysis of Infiltration Probabilities for different infiltration Section 6.3.1.1
Uncertainty (CRWMS M&O scenarios '
2000 [143244))

UZ flow above
potential repository

Abstraction of Flow Fields for
RIP (U0125) (CRWMS M&O

Flow fields for different infiltration
scenarios and climate states

Section 6.3.1.3

2000 [123913))
Seepage into drifts Abstraction of Drift Seepage Seepage flux and seepage fraction as | Section 6.3.1.2
(CRWMS M&O 2000 a function of percolation flux
[142004))
Abstraction of NFE Drift Percolation flux — f (muitiple locations, | Section 6.3.2.1

Thermodynamic Environment
and Percolation Flux
(CRWMS M&O 2000
[149860])

waste type, time, climate)

Coupled processes -
effects on UZ flow

Drift Scale Coupled
Processes (DST and THC
Seapage) Models (CRWMS
M&O 2000 [142022})

Flow fields affected by TH

N/A - Background
Information Only

Coupled processes -
effects on seepage

Abstraction of Drift Seepage
(CRWMS M&O 2000
[142004))

Sesepage flux and seepage fraction as
a function of percolation flux

Section 6.3.1.2

Abstraction of NFE Drift
Thermodynamic Environment
and Percolation Flux
(CRWMS M&0 2000
{149860])

Percolation flux ~ f (multiple locations,
waste type, time, climate)

Section-6.3.2.1

In-drift physical and
chemical environments

Abstraction of NFE Drift

Thermodynamic Environment

and Percolation Flux
(CRWMS M&O 2000
{149860))

Temperature and refative humidity on
the drip shield surface — f (multiple
locations, waste type, time, climate)

Section 6.3.2.1
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detalled

Key System Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Limiting water In-drift physical and In-Drift Precipitates/Salts pH - f (region, time, response surface) | Section 6.3.2.2

contacting waste
package
{Continued)

chemical environments
(Continued)

In-drift moisture
distribution

Performance of drip
shield

Analysis (CRWMS M&O 2000 | chioride — f (region, time)

(127818) lonic strength

EBS Radionuclide Transport | Seepage flux through the drip shield N/A - Equations
Abstraction (CRWMS Fraction of drip shield surface that is

M&O 2000 [129284)) wet

Environment on the Surfaces | Threshold for general corrosion Section 6.3.3

of the Drip Shield and Waste | initiation

Package Outer Barrier

(CRWMS M&0 2000

[148460))

Calculation of General General corrosion rate under drip and | Section 6.3.3
Corrosion Rate of Drip Shield | no-drip conditions

and Waste Package Outer

Barrier to Support WAPDEG

Analysis (CRWMS M&O 2000

[147641])

WAPDEG Analysis of Waste | Drip shield geometry and thickness N/A - Design information
Package and Drip Shield Drip shield failure time history and WAPDEG Outputs
Degradation (CRWMS Number of wati inas in dri

M&O 2000 [151566}) umber of penetration openings in drip

shield by general corrosion, crevice
corrosion, SCC, HIC, and other
degradation modes.
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detaited

Key System Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Long waste Moisture, temperature, | In-Drift Precipitates/Salts pH - f (region, time, response surface) | Section 6.3.2.2

package lifetime

and chemistry effects
on waste package

Analysis (CRWMS M&O 2000
(127818))

Chloride - f (region, time, response
surface)

lonic Strength

Abstraction of NFE Drift
Thermodynamic Environment
and Percolation Flux
(CRWMS M&O 2000
[149860]))

Average and maximum temperature on
waste package surface ~ f (waste type,
region, time, climate)

Temperature and relative humidity on
waste package surface — { (multiple
locations, waste type, time, climate,
infiltration)

Sec_tion 6.3.2.1

EBS Radionuclide Transport

Seepage flux through waste package

N/A - Equations

Abstraction (CRWMS Fraction of waste package surface that
M&O 2000 [129284)) is wet
Performance of waste | WAPDEG Analysis of Waste | Waste package geometry N/A - Design Input and
package barrier Package and Drip Shield Thickness of waste package barriers WAPDEG Output
Degradation (CRWMS Wast kage failure time hist
M&O 2000 [151566}) aste package failure time history

Number of penetration openings in
waste package by general corrosion,
crevice corrosion, SCC, and other
degradation modes

Aging and Phase Stability of
Waste Package outer Barrier
(CRWMS M&0 2000
[147639))

Kinetics of secondary phase formation
in base metal and weld of waste
package outer barrier

Threshold secondary phase volume
fraction above which corrosion
resistance of waste package outer
barrier is affected

N/A ~ Equations
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Table 4-1. General Listing of Inputs té the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detalled

Key System Major Types of Inputl Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Long waste Performance of waste | Environment on the Surfaces | Threshold relative humidity for general | Section 6.3.3
package lifetime package barrier of the Drip Shield and Waste | corrosion initiation under drip (after drip
(Continued) (Continued) Package Outer Barrier shield failure) and no-drip conditions
(CRWMS M&.O 2000
[146460])
General Corrosion and General corrosion rate under drip (after | Section 6.3.3
Localized Corrosion of Waste | drip shield failure) and no-drip
Package Outer Barrier conditions
(CRWMS M&O 2000
[144229))
Abstraction of Models for Crevice corrosion initiation threshold of | Section 6.3.3
Pitting and Crevice Corrosion | waste package outer barrier
of Drip Shield and Waste Pit density (under crevice
Package Outer Barrier Pit i:yt(' t g ) i
(CRWMS M&O 2000 penetration rate (under crevice)
[147648)) Stress and stress intensity factor profile

Abstraction of models of
Strass Corrosion Cracking of
Drip Shield and Waste
Package Outer Barrier and
Hydrogen Induced Corrosion
of Drip Shield (CRWMS
M&O 2000 [135773))

in waste package outer barrier
SCC initiation threshold

SCC crack density

SCC crack growth rate

Effect of material and manufacturing
defects on SCC Initiation and crack
growth rate

SCC crack penetration opening size

Effect of phase stability and aging of
waste package outer barrier on SCC
initiation and crack growth rate
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Mode! (Continued)

Refer to the Following
Sections for a Detailed

Key System Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Long waste Performance of waste | Calculation of the Probability | Probability of the occurrence of Section 6.3.3
package lifetime package barrier and Size of defect flaws in the | material and manufacturing defects
(Continued) (Continued) Waste Package closure welds | gjg of material and manufacturing
to support WAPDEG Analysis | defects
{CRWMS M&O 2000
[144551))
Limiting Moisture, temperature, | In-Package Chemistry pH -t (region, time) Section 6.3.4.2
radionuclide and chemistry effects Abstraction (CRWMS Total dissolved carbonate (COaz) -1
mobilization and within waste package | M&O 2000 (129287]) (region, time)

release from the
engineered barrier
system

Oxygen fugacity — f (region, time)
lonic strength — f (region, time)
Fluoride — f(region, time)

CO; fugacity

In-Package Source Term

Volume of water in the waste

N/A - calculated internal to

Abstraction (CRWMS package/waste form cell, calculated GoldSim

M&O 2000 [144167]) internal to GoldSim
Commercial Spent Inventory Abstraction Number of packages Section 6.3.4.1
Nuclear Fuel (CSNF) (CRWMS M&O0 2000 Zircaloy-clad fuel
waste form (with {136383))

cladding or canister)
performance

Stainless steel-clad fuel

Inventory per package (actual and
adjusted for ingrowth)

Mass fraction




00 AT¥ 700000-Vd-SIM-TAN

134

0002 12quiada(y

Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Key System

Refer to the Following
Sections for a Detailed

Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Limiting Commercial Spent Clad Degradation - Summary | Fraction of surface area of Zircaloy- Section 6.3.4.3
radionuclide Nuclear Fuel (CSNF) and Abstraction (CRWMS clad CSNF exposed as a function of
mobilization and waste form (with M&O 2000 [147210}) time
release from the cladding or canister) CSNF Waste Form CSNF intrinsic dissolution rate N/A - Equation
engineered barrier performance Degradation: Summary equation
system (Continued) | (Continued) Abstraction (CRWMS
M&O 2000 [136060])
DOE Spent Nuclear Inventory Abstraction Number of packages Section 6.3.4.1
Fuel (DSNF) and (CRWMS M&0 2000 Inventory per package (actual and
plutonium disposition (136383)) adjusted for ingrowth)
waste form
performance Mass fraction
DSNF and Other Waste Form | DSNF constant dissolution rate Section 6.3.4.4
Degradation Abstraction DSNF fuel surface area
(CRWMS M&O 2000
(144164))
High Level Waste Inventory Abstraction Number of packages Section 6.3.4.1
(HLW) glass waste (CRWMS M&O 2000 Inventory per package (actual and
form (including {136383)) adjusted for ingrowth)
canister) performance Mass fraction
Defense High Level Waste HLW intrinsic dissolution rate equation | Section 6.3.4.4
Glass Degradation (CRWMS | gpecific surface area
M&O 2000 [143420))
Dissolved radionuclide | Summary of Dissolved Concentration limits (solubilities) for all | Section 6.3.4.5
concentration limits Concentration Limits isotopes included in TSPA
(CRWMS M&O 2000
{143569))
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detailed

00 AT Z00000-Vd-SIM-TANW

Key System Major Types of input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Limiting Colloid-associated Waste Form Colloid- Types of waste form colloids Section 6.3.4.6
radionuclide radionuclide Associated Concentration Concentration of colloids
mobilization and concentrations Limits: Abstraction and

release from the
engineered barrier
system {Continued)

Ka and/or K for various colloid types

Summary (CRWMS
M&O 2000 [125156]) Fraction of inventory that travels as
irreversibly attached to colloids
EBS radionuclide Abstraction of NFE Drift Thermally perturbed saturation in the Section 6.3.2.1

migration—transport
through invert

Thermodynamic Environment
and Percolation Flux

invert - f (waste type, region, time,
climate)

(CRWMS M&O 2000 Saturation in the invert after thermal
(149860}) pulse — f(time)
EBS Radionuclide Transport | Invert geometry Section 6.3.5
Abstraction (CRWMS Porosity of the invert
. M&0 2000 [129284]) Diffusion coefficient
Slow transport UZ flow and Particle Tracking Model and FEHM particle-tracking model coupled | N/A - not data
away from the transport—advective Abstraction of Transport to GoldSim (LANL 1999)
engineered barrier | pathways Processes (CRWMS Grid nodes for each bin
system M&O 2000 [141418])
Unsaturated Zone and Transport parameters Section 6.3.6.1
Saturated Zone Transport Fracture aperture in different units
Properties (U0100) (CRWMS Di ivi pe { fract
M&O 2000 [152773]) spersivity of fractures
Dispersivity of matrix
Abstraction of Flow Fields for | Flow fields for different infiitration Section6.3.1.3 and Section
RIP (ID:U0125) (CRWMS scenarios and climate states (FEHM 6.3.6.1
M&O 2000 [123913)) input files for the particle-tracking

model [LANL])
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detalled

Key System v Major Types of Input Parameters to | Listing of Parameters and
Attribute Factor Reference Document the TSPA-SR Data Tracking Numbers
Slow transport UZ flow and Unsaturated Zone and Kq for all isotopes included in TSPA Section 6.3.6.1
away from the transport—sorption Saturated Zone Transport Matrix diffusion coefficients — f
engineered barrier | and matrix ditfusion Properties (U0100) (CRWMS | (isotopes, units)
system (Continued) M&O 2000 [152773))
UZ flow and Unsaturated Zone Colloid K. and/or kinetic colloid parameters for | Section 6.3.6.1"
transport—colloid- Transport Model (CRWMS plutonium, americium, thorium, etc.
facilitated transport M&O 2000 [122799)) Colloid filtration factor
Coupled processes— | Unsaturated Zoné and Kgs — f (isotopes, rock type) Section 6.3.6.1
effects on UZ transport | Saturated Zone Transport
Properties (U0100) (CRWMS
M&O 2000 [152773])
SZ flow and Input and Results of the Base | Breakthrough curves — f (radionuclide, | Section 6.3.7.1
transport—advective Case Saturated Zone Flow region)
pathways and Transport Model for Input parameters for convolution code
TSPA(CRWMS M80 2000 | [PV Pmo o & P02
(139440)) mate change flux multiplication

factor
Transport parameters

Dispersivity (fongitudinal, horizontal
transverse, and vertical transverse)

Boundary definition of the alluvium
Kaq for all isotopes included in TSPA
Matrix porosity

Flowing-interval spacing

Effective diffusion coefficient
Flowing interval

Bulk density

Source region definition

Horizontal anisotropy

K. and/or kinetic parameters for

plutonium desorption
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Key System
Attribute

Major Types of Input Parameters to

Refer to the Following
Sections for a Detalled
Listing of Parameters and

Slow transport
away from the
engineered barrier
system (Continued)

Factor Reference Document the TSPA-SR Data Tracking Numbers
Woelthead dilution Groundwater Usage by the Annual groundwater use Section 6.3.8.2
Proposed Farming
Community (CRWMS
M&O 2000 [144056])
Biosphere transport Abstraction of BOCF Biosphere dose conversion factor — f Section 6.3.8.1

and uptake

Distributions for Irrigation
Periods (CRWMS M&O 2000
[144054))

(radionuctide, irrigation time) .

Distribution Fitting to the

Biosphere dose conversion factor - f

Section 6.3.8.1

Stochastic BOCF Data (radionuclide, irrigation time)
(CRWMS M&O 2000
[144055])
Addressing effects | Intrusive indirect Igneous Consequence Number of waste packages damaged Section 6.3.9.2
of disruptive events | release Modeling for the TSPA-SR by intrusion (for groundwater transport
(CRWMS M&O 2000 source term)
[139563]) In-drift chemical conditions
Volcanic direct release | Characterize Framework for Annual probability of igneous intrusion | Section 6.3.9.1

Igneous Activity at Yucca
Mountain, Nevada (T0015)
(CRWMS M&O 2000
[141044))

into the waste

Igneous Consequence
Modaeling for the TSPA-SR
(CRWMS M&0 2000
[139563])

Input parameters for ASHPLUME

Probability that an intrusion into the
waste will result in one or more
eruptive vents through the waste

Number of vents through the waste for
intrusions that result in one or more
vents through the waste

Wind direction factor

Section 6.3.9.1

Disruptive Event Biosphere
Dose Conversion Factor
Analysis (CRWMS M&O 2000
[143378])

Biosphere dose conversion factors — f
(radionuclide)

Section 6.3.9.1
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Table 4-1. General Listing of Inputs to the Total System Performance Assessment-Site Recommendation Model (Continued)

Refer to the Following
Sections for a Detalled

Key System Major Types of Input Parameters to | Listing of Parameters and
Aftribute Factor Reference Document the TSPA-SR Data Tracking Numbers

Addressing effects | Volcanic direct release | Evaluate Soil/Radionuclide Factor to account for radionuclide Section 6.3.9.1

of disruptive events | (Continued) Removal by Erosion and removal from soil

(Continued) Leaching (CRWMS
M&O 2000 [136281])

Seismic activity Characterize Framework for | Probability of seismicity and structural | Section 6.3.9.4

Seismicity and Structural deformation

Deformation at Yucca
Mountain, Nevada (CRWMS
M&O 2000 [142321))

NOTE: N/A = not applicable.




Table 4-2. Source Data Tracking Numbers

Section Input DTNs
6.3.1.1 Climate and Infiltration GS000308315121.003 [151139] SN0003T0503100.001 [149556]
6.3.1.2 Seepage into Drifts SN9912T0511599.002 [146902]
6.3.1.3 Mountain-Scale Unsaturated | SN9910T0581699.002 [126110]
Zone Flow
6.3.2 1 Thermal Hydrology _ SNOOO7T0872799.014 [152545] SN0001T0872799.006 [147188)
6.3.22 In-drift Geochemical MOOO02SPALOO46.010 [149168)  MOOODO3MWDTAB45.013 [146857]

Environment

6.3.3 Waste Package Degradation

MO0010MWDWAP01.009

[153127]
6.3.4.1 Radionuclide Inventory SN0005T0810599.012 [152110] MOO0004SPADEC00.002 [151063]
MOO004SPAFRE00.003 [151062) MOOO0SMWDNM601.018 [152839]

MOO00BMWDNMS501.005 [151714]

6.3.4.2 In-Package Chemistry

MO9911SPACDP37.001 [139569)

6.3.4.3 Cladding Degradation Model

MO0009MWDMEDO01.020 [152838]

MOO0004SPACLDO7.043 [151368]

6.3.4.4 Dissolution Rate Model

MOO007RIB00091.000 [151712]

LLD00210651021.121 [145943]

6.3.4.5 Dissolved Concentration MOO004SPASOL10.002 [151713]
Limits
6.3.4.6 Colloids MOO0O03SPAION02.003 [147951] MOO0003SPAHLO12.004 [147952]
MOO003SPAHIG12.002 [147949] LL991109851021.095 [142902]
MOO004SPAKDS42.005 [148810]  MOOQ03SPALOW12.001 [147953]
6.3.5.2 EBS Transport Parameters LL000207751021.119 [145940] MO0002SPASDC00.002 [148338])
MOO006SPASTR01.003 [153029] SN9908T0872799.004 [108437]
6.3.6.1 UZ Transport Model SN9907T0872799.004 [111485] SN9910T0581699.002 [126110]
Components and input Parameters LB990501233129.001 [106787] LB990701233129.001 [106785]
LB990801233129.007 [118710] LAOOO3AM831341.001 [148751]
LB990801233129.009 [118717) LAOD03JC831362.001 [149557])
LB980801233129.011 [118722] LB997141233129.003 [119940]
1L.B997141233129.001 [104055) LB991091233129.004 [126111]}
SN9912T0581699.003 [146903] LB997141233129.002 [119933)
SNOO05T0581699.005 [151514)
LAOCOO3MCG12213.002 [147285]
LL000122051021.116 [142973)
LAOOO7MCG12213.001 [153251)
MOO0O03SPAHLO12.004 [147952]
MO0004SPAKDS42.005 148810)
6.3.7.1 Saturated Zone Transport MOO0O003SPAHIG12.002 [147949] MOO0003SPAHLO12.004 [147952]
Parameters MOO004SPAKDS42.005 [148810] LL991109851021.095 [142902]
SN0004T0501600.004 [149288] MOOO0O3SPALOW12.001 [147953]
MOO003SPAION02.003 [147951] SN004T0501600.005 [151515)
SN004T0571599.004 {149254)
6.3.8 1 Biosphere Dose Conversion | MOO002SPACRI02.002 [150040] MOOO0O3SPAABS08.004 {148453]
Factors MOO0006SPABDC01.007 [152837] MOOQ003SPAABS07.006 [148872]
6.3.8.2 Annual Groundwater Usage | MOOOO3SPASGU01.003 [1 51075]
6.3.9.1 Volcanic Release MOOOOSMWDVEBO03.003 [151547])  SN0O006T0502900.002 [150856)
SN9912T0512299.002 [136370)
6.3.9.2 Intrusive indirect Release MO9912SPAPAI29.002 [148596] SN0006T0502900.002 [150856)
6.3.9.3 Human Intrusion MOO0003SPAABS07.006 [148872) GS000308311221.005 [147613)
LAOO03AM831341.001 [148751] MOO0008MWDHUMAN.000 [152186]
6.3.9.4 Seismic Cladding Event MOO0004SPACLDO07.043 [151368)
MDL-WIS-PA-000002 REV 00 48 December 2000




Table 4-3. A Listing of TSPA-SR Model Inputs That Were Superceded After the Completion of the
TSPA-SR Simulations but Before Final Production of This AMR

Section Input DTNs Superceded By
6.3.4.1 Radionuclide Inventory SN0005T0810599.012 [152110) SN0011T7T0810599.023 [152993])
SN0003T0810599.010 [151021] SN0009T0810599.014 [152980]
6.3.8 1 Biosphere Dose MOOO03SPAABS08.004 [148453) MOO0010SPAABS08.007 {153267)]
Conversion Factors MOOO0O3SPAABS07.006 [148872) MO0011SPAABS07.009 [153268]
6.3.9.3 Human Intrusion MOOO003SPAABS07.006 [148872] MO0011SPAABS07.009 [153268]

42.1.1  Acceptance Criteria Applicable to All Four Subissues

1. The collection, documentation, and development of data, models, and/or computer
codes have been performed under acceptable quality assurance procedures, or if the
data, models and/or computer codes were not subject to an acceptable QA
procedure, they have been appropriately qualified (NRC 2000 [149372],
Section 4.0).

2. Expert elicitations can be used to support data synthesis and model development for
the TSPA, provided that the elicitations are conducted and documented under
acceptable procedures (NRC 2000 {149372], Section 4.0).

4.2.1.2  Acceptance Criteria for System Description and Demonstration of Multiple
Barriers

1.  Documents and reports are required to be complete, clear, and consistent (NRC 2000
[149372], Section 4.1).

2. Information is required to be amply cross-referenced (NRC 2000 [149372],
Section 4.1).

3. The screening process by which FEPs were included or excluded from the TSPA is
required to be fully described (NRC 2000 [149372], Section 4.1).

4. Relationships between relevant FEPs are required to be fully described (NRC 2000
[149372], Section 4.1).

5. The levels and method(s) of abstraction are required to be described starting from
assumptions defining the scope of the assessment down to assumptions concerning
specific processes and the validity of given data (NRC 2000 [149372], Section 4.1).

6. Mapping (e.g., a road map diagram, a traceability matrix, a cross-reference matrix) is
to be provided to show what conceptual features (e.g., patterns of volcanic events)
and processes are represented in the abstracted models, and by what algorithms
(NRC 2000 [149372], Section 4.1).
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10.

11.

12.

13.

14.

4.2.1.3

Explicit discussion of uncertainty is to be provided to identify which issues and
factors are of most concern or are key sources of -disagreement among experts
(NRC 2000 [149372], Section 4.1).

The pedigree of data from laboratory tests, natural analogs, and the site is to be
clearly identified (NRC 2000 [149372], Section 4.1).

Input parameter development and basis for their selection is required to be described
(NRC 2000 [149372], Section 4.1).

A thorough description of the method used to identify performance confirmation
program parameters is required (NRC 2000 [149372], Section 4.1).

It is required that the TSPA results (i.e., the peak expected annual dose within the
compliance period) can be traced back to applicable analyses that identify the FEPs,
assumptions, input parameters, and models in the TSPA (NRC 2000 [149372],
Section 4.1).

It is required that the TSPA results include a presentation of intermediate results that
provide insight into the assessment (e.g., results of intermediate calculations of the
behavior of individual barriers) (NRC 2000 [149372], Section 4.1).

The flow of information (input and output) between the various modules is required
to be clearly described (NRC 2000 [149372], Section 4.1).

Supporting documentation (e.g., user’s manuals, design documents) is required to
clearly describes code structure and relationships between modules (NRC 2000
[149372], Section 4.1).

Acceptance Criteria for Scenario Analysis

A comprehensive list is required to (i): identify the processes and events that are
present or might occur in the region and (ii) includes those processes and events that
have the potential to influence repository performance (NRC 2000 [149372],
Section 4.2).

It is required that adequate documentation be provided to identify how the initial list
of processes and events has been grouped into categories (NRC 2000 [149372],
Section 4.2).

It is required that the categorization of processes and events is compatible with the
use of categories during the screening of processes and events (NRC 2000 [149372],
Section 4.2). ‘

Categories of processes and events that are not credible for the repository because of
waste characteristics, repository design, or site characteristics are require to be
identified and sufficient justification is to be provided for those conclusions
(NRC 2000 [149372], Section 4.2).
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5. It is required that the probability assigned to each category of processes and events
not screened based on above criteria is consistent with site information, well
documented, and appropriately considers uncertainty (NRC 2000 [149372],
Section 4.2).

6. Itis required that Processes and events that are screened from the TSPA on the basis
of their probability of occurrence have been demonstrated to have a probability of
less than one chance in 10,000 of occurring over 10,000 years (NRC 2000 [149372],
Section 4.2).

7. It is required that categories of processes and events omitted from the TSPA on the
basis that their omission does not significantly change the calculated expected
annual dose have been demonstrated to cause no significant change in the calculated
expected annual dose (NRC 2000 [149372], Section 4.2).

8. It is required that adequate documentation be provided that identifies: (i) whether
processes and events have been addressed through consequence model abstraction or
scenario analysis and (ii) how the remaining categories of processes and events have
been combined into scenario classes (NRC 2000 [149372], Section 4.2).

9. It is required that the set of scenario classes is mutually exclusive and complete
(NRC 2000 [149372], Section 4.2).

10. It is required that scenario classes that are not credible for the repository because of
waste characteristics, repository design, or site characteristics (individually or in
combination) are identified and sufficient justification is provided for those
conclusions (NRC 2000 [149372], Section 4.2).

11. The probability assigned to each scenario class is required to be consistent with site
information, well documented, and appropriately considers uncertainty (NRC 2000
[149372], Section 4.2).

12. Scenario classes that combine categories of processes and events may be screened
from the TSPA on the basis of their probability of occurrence, provided: (i) the
probability used for screening the scenario class is defined from combinations of
initiating processes and events and (ii) the have been demonstrated to have a
probability of less than one chance in 10,000 of occurmring over 10,000 years
(NRC 2000 [149372], Section 4.2).

13. Scenario classes may be omitted from the PA on the basis that their omission would
not significantly change the calculated expected annual dose, provided DOE has
demonstrated that excluded categories of processes and events would not
significantly change the calculated expected annual dose (NRC 2000 [149372],
Section 4.2).
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4.2.14  Acceptance Criteria for Model Abstraction

1. Data and Model Justification: It is required that sufficient data (field, laboratory, or
natural analog data) are available to adequately support the conceptual models,
assumptions, and boundary conditions and to define all relevant parameters
implemented in the TSPA. Where adequate data do not exist, other information
sources such as expert elicitation have been appropriately incorporated into the
TSPA (NRC 2000 [149372], Section 4.3).

2. Data Uncertainty: It is required that parameter values, assumed ranges, probability
distributions, and bounding assumptions used in the TSPA are technically defensible
and reasonably account for uncertainties and variability (NRC 2000 [149372],
Section 4.3).

3. Model Uncertainty: It is required that alternative modeling approaches consistent
with available data and current scientific understanding are investigated and results
and limitations appropriately considered in the abstractions (NRC 2000 [149372],
Section 4.3).

4. Model Support: Models implemented in the TSPA are required to provide results
consistent with output of detailed process models or empirical observations
(laboratory testing, natural analogs, or both) (NRC 2000 [149372], Section 4.3).

5. Integration: Is required that the TSPA adequately incorporate important design
features, physical phenomena, and couplings and uses consistent and appropriate
assumptions throughout the abstraction process (NRC 2000 [149372], Section 4.3).

4.2.1.5  Acceptance Criteria for Demonstration of the Overall Performance Objective

No acceptance criteria associated with the calculation of the overall performance objective
have been included in the TSPA&I IRSR (NRC 2000 [149372], Section 4.4). In the absence of
such acceptance criteria, the expected annual dose to the average member of the critical group
can be calculated using an approach provided in the TSPA&I IRSR for informational purposes.

4.3 CODES AND STANDARDS

This AMR was prepared to comply with the DOE interim guidance (Dyer 1999 [105655])
which directs the use of specified Subparts/Sections of the proposed NRC high-level waste
rule, 10 CFR Part 63 (64 FR 8640 [101680]). Subparts of this proposed rule that are applicable
to data include Subpart B, Section 15 (Site Characterization) and Subpart E, Section 114
(Requirements For Performance Assessment). The subpart applicable to models is also
outlined in Subpart E Section 114.
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5. ASSUMPTIONS

5.1 INTRODUCTION

This section presents two distinct sets of assumptions. One set are those that were used to create
the TSPA-SR model from the component models. These assumptions are given in Section 5.2.
The second set presented are those that were used by the analysts who created each of the
component models that are used in the TSPA-SR model. These assumptions are given for
background information, and they are listed in Section 5.3.

5.2 TSPA-SR MODEL ASSUMPTIONS

The assumptions given in this section were required to develop the TSPA-SR model and to use
the available information as input to the model.

1.

The waste form temperature was assumed to be the same as the waste package surface
temperature. Basis: The content of the waste package is used to determine the waste
package surface temperature, and so this surface temperature should be close to the
waste form temperature. Potential differences between the surface temperature of the
waste package and the temperature of the waste form are insignificant compared to the
sensitivity of the TSPA-SR model to temperature. This assumption is used in
Section 6.3.4.

In current TSPA-SR simulations, all the fracture surface retardation factors are set to
1.0 (no fracture surface retardation). Basis: Because few data are availabie on
fracture surface retardation factors, no fracture surface retardation is simulated in
TSPA-SR. This is conservative because it overestimates the release rate to the critical
group. This assumption is used in Section 6.3.6.

For times beyond 100,000 years, period 3 in drift chemistry conditions are assumed.
Basis: For in-drift chemistry, given that data beyond 100,000 years does not exist, it is
believed that the transitional chemistry state (Period 3) would be reasonably
conservative to use for times beyond 100,000 years. This assumption is used in
Section 6.3.2.2.

Secular equilibrium is assumed for parent nuclides that had a considerably longer
half-life than their decay products. Basis: The decay product’s mass, determined by
its half-life, increases exponentially while no significant decrease in the quantity of
mass of the parent occurs for an extended period of time. The ratio of parent mass to
decay product mass approaches a constant value and the rate of decay of the daughter
becomes equal to that of its parent. This condition is known as secular eqzuilibriurn
and was assumed for 22’Ac with 2'Pa, for 21°Pb with *Ra, for “*Ra with *°Th and
for 228Ra with 2?Th. This assumption is used in Section 6.3.4.1.

The entire surface of both the HLW and the DSNF waste forms are exposed to the
near-field environment and completely covered by a thin film of water as soon as the
waste package breaches. Basis: This is conservative in that the entire waste form
surface is covered with a water film capable of degrading the waste form. The entire
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waste form surface is available for dissolution rather than just the area around the
package breach. This assumption is used in Section 6.3.4.4.

6. The dissolution rate of DSNF is a constant value that results in the complete
dissolution of the fuel in a single time step. Basis: This assumption releases the entire
DSNF inventory in the package as soon as the package is breached, and is therefore
conservative. This assumption is used in Section 6.3.4.4.

7. Daughter products of 242py 2py and *°Pu are ignored when modeling colloidal
radionuclides. Basis: For irreversible colloids of 242py 240py and 3%py, the
combined dose of the daughters and granddaughters within the colloid is several
orders of magnitude less than the dose of the parent during the travel time within the
natural barriers. (This assumes the travel time is about 75,000 years or less for
irreversible colloids.) This assumption is used in Section 6.3.4.6.

8. Irreversible colloid species **'Am and 238py are each decayed to a daughter (**’Np
and *3*U, respectively) that is irreversibly bound within the colloid. Basis: This
assumption results in the transport of the daughter products with the colloidal maternal
and is conservative. This assumption is used in Section 6.3.4.6.

9. Irreversible colloid species %3 Am is decayed to *°Pu, but the daughters of irreversible
colloid species 2Py are neglected. Basis: The combined dose of daughters and
granddaughters within the colloid is negligible compared to the 2%Pu dose, as
discussed in Assumption 26 of this section. This assumption is used in
Section 6.3.4.6.

10. The volume of water in the waste form cell is 1.0 x 1 0° m’ when the calculated value
(Vol_watera) is less than or equal to zero. Basis: At times prior to waste package
breach the volume of water in the waste form cell is not calculated, i.e., its value is
zero. Due to limitations of GoldSim code and artifacts of how the radionuclide
transport calculations are solved, the model will produce a divide by zero error and
end its simulation prematurely if the volume of the waste form cell is allowed to be
zero or less. To prevent this from happening and arbitrarily small number,
1.0 x 10° m® was selected for the volume of the cell at times when there is no valid
calculated value. There is no impact of this number on any of the results. This
assumption is used in Section 6.3.5.

11. The volume of water in the collector and EBS_Bin_Out cells is 1.0 x 1 0°m’. Flux out
of these cells is 1.0 x 10° m’/yr. Basis: Computationally, this assumption creates a
swept away boundary with minimal radionuclide concentration and effectively no
residence time in the cell. This assumption is conservative due to the fact the volume
of water in the cell is so small that at the assumed flux of 1.0 x 10° m’/yr the entire
volume of the cell would be replaced every 3.15576 x 10 seconds or 1.0 x 10" times
a year. Physically, this is unrealistic and is only used as a method to pass a combined
advective and diffusive total mass flux from the EBS transport model to the UZ
transport model without introducing any artificial delay due to the presence of the
collector cell. This assumption is used in Section 6.3.5.
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12.

13.

14.

15.

16.

17.

18.

19.

For the human intrusion scenario, the intrusion occurs at 100 years. Basis: There is
no information to estimate the time at which there could be intrusion by waste package
penetration without recognition by the drillers. An earlier intrusion time is assumed to
produce larger doses since there has been less radioactive decay. This assumption 1s
used in Section 6.3.9.3.

The relative probability of intruding a CSNF package versus a CDSP package is
proportional to the relative number of each type of waste package present in the
repository. Basis: The probability of intrusion is directly proportional to the relative
horizontal areal dimensions. Since the two types of waste packages have

" approximately the same dimensions, the number of packages can be used as a

surrogate to horizontal area. This assumption is used in Section 6.3.9.3.

The penetrated waste package is assumed to reside in waste package infiltration bin 4.
Basis: Bin4 is the most likely bin to contain the penetrated waste package (see
Section 6.3.4.1, Table 6-31). Regardless of which bin the package is in, the TH
properties which depend on the bin number have very little effect of the model resuits.
This assumption is used in Section 6.3.9.3.

The penetrated waste package is assumed to reside in a “sometimes dripping”
environment. Basis: The seepage environment only affects the seepage model. For
human intrusion, borehole seepage is used instead of the seepage model. This
assumption is used in Section 6.3.9.3.

The intrusion borehole has a diameter of 20.3 cm (8 in) and a corresponding cross-
sectional area of 0.0324 m®. Basis: This is the diameter of a typical water well in the
Yucca Mountain region (Edward E. Johnson, Inc. 1966 [153112], p. 161). This
assumption is used in Section 6.3.9.3.

The distribution of borehole infiltration rates can be represented by the predicted
distribution of infiltration in the Yucca Mountain region for the glacial transition
climate. Basis: Since it is the wettest of the three climate states, the distribution of
infiltration for the glacial transition climate provides the most conservative estimate of
infiltration and is the climate that is assumed to be in effect for the majority of the
human intrusion simulation. This assumption is used in Section 6.3.9.3.

All of the cladding in the penetrated waste package is assumed to be perforated during
the drilling event. Basis: This is a reasonable, conservative assumption (i.e., cladding
cannot unzip until it is perforated). Typically, unzipping is not limited by unperforated
cladding anyway, so this assumption should have little effect. This assumption is used
in Section 6.3.9.3.

The sorption in the rubblized borehole is represented by the Ky values for the
devitrified units of the UZ. Basis: Devitrified rock properties were assumed to be
more representative of the rubblized rock in the borehole than vitric or zeolitic rock
properties. Devitrified rock has lower sorption properties. Consequently this
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20.

21.

22.

23.

24.

assumption results in a higher estimated dose than would occur using vitric or zeolitic
properties. This assumption is used in Section 6.3.9.3.

The properties of the rubblized borehole (porosity, fluid saturation, and dispersivity)
are represented by the matrix properties of a UZ fault. Basis: The regulations suggest
that the borehole provide a pathway no more severe than a ground water flow path
(Dyer 1999 [105655], Section 113(d)). Fault properties are conservatively assumed
because a fault is the fastest pathway in the UZ. This assumption is used in
Section 6.3.9.3. '

The length of the borehole from the repository to the SZ is 1 90 m. Basis: The water
table is highest during the glacial transition climate, and this therefore provides the
shortest borehole length between the repository and the SZ. This assumption is used
in Section 6.3.9.3.

The borehole is assumed to intersect the SZ in either region 1 or region 3. Basis: The
only two SZ source regions that underlie the repository footprint are regions 1 and 3.
They each underlie approximately 50 percent of the footprint (see Section 6.3.6.3,
Figure 6-163). This assumption is used in Section 6.3.9.3.

The relative humidity threshold for initiation of glass dissolution is assumed to be
5 percent. Basis: a) It is conservative because the dissolution is implemented to start
once the relative humidity gets above 5 percent instead of 80 percent as assumed in the
DHLW Glass Degradation AMR. b) To avoid sudden sharp variation in calculated
dissolution rates when humidity becomes greater than 80 percent, which gets
propagated in the model and causes instability (in other words, a gradual increase in
glass dissolution is implemented here).:

23811 is used to determine the fraction of the waste form that has been exposed to form
a rind. Basis: U has a long half-life (~4.5 billion years) and does not appreciably
decay during the proposed repository operating period. Hence the exposed mass of
287 can be considered to represent the amount of mass exposed for the entire waste
form inventory initially present.

. Saturation of rind is always assumed to be one (that is fully saturated). Basis: To

conservatively calculate the maximum volume of water in the waste package per waste
form cell. This also simplifies the volume calculations as uncertainties related to
saturation and matric potential are avoided. '

5.3 ASSUMPTIONS FROM INPUTS TO THE TSPA-SR MODEL

The component models that compose the TSPA-SR model explicitly include assumptions that
are used to create these component models and/or their input data. The following subsections list
the assumptions given in each of the component model AMRs. They are provided here as
background information. For greater detail on any of these assumptions, including the basis, the
source document should be consulted.
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5.3.1

Climate

Unsaturated Zone Flow

The assumptions listed below are given in the AMR Future Climate Analysis (USGS 2000
[136368], Section 5). Refer to that AMR for additional information. These assumptions are
used in Section 6.3.1.1.

1.
2.

“Climate is cyclical, so past climates provide insight into potential future climates.”

“A relation exists between the timing of long-term past climate change’ (the
glacial/interglacial cycles) and the timing of changes in certain earth-orbital
parameters. This establishes a millennial-scale climate-change clock, which provides
a possible way to time future climate change.”

“A relation exists between the characteristics of past climates and the sequence of
those climates in the long, approximately 400,000-year, earth-orbital cycle.”

“Long-term earth-based climate forcing functions, primarily tectonics, that operate on
the million-year time scale have remained relatively unchanged during the last long
earth climate cycle, and will remain relatively unchanged during the next
10,000 years. Consequently, the potential and unpredictable impact of long-term
earth-based forcing functions on climate need not be considered for understanding
climate change during the past 400,000 years or the next 10,000 years.”

Infiltration

The assumptions listed below are given in the AMR Analysis of Infiltration Uncertainty
(CRWMS M&O 2000 [143244], Section 5). Refer to that AMR for additional information.
These assumptions are used in Section 6.3.1.1.

1.

The sampled parameters are predominantly linear scaling factors, and are assumed to
vary uniformly over the set of realizations independent of location.

“[A]Jll watersheds have the same relative variability in their associated climatic,
geological, and hydrological properties.”

A spatially averaged infiltration rate is a reasonable approximation of infiltration rate
in a subregion of a watershed.

Sampled input parameters vary independently.

The low and high values in normal and lognormal distributions for Latin Hypercube
Sampling are the 1.0 and 99.0 percentiles, respectively.

“The glacial transition climate was chosen for estimation of the weighting factors as
derived for the lower, middle, and upper bound infiltration rate maps because .of the
duration of this climate regime.”
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Seepage into Drifts

The assumptions listed below are given in the AMR Abstraction of Drift Seepage (CRWMS
M&O 2000 [142004], Section 5). Refer to that AMR for additional information. These
assumptions are used in Section 6.3.1.2.

1. “Seepage can be treated as a random process.”

2. “The extent of flow focusing can be estimated using the active-fracture model.”

3. “Effects of episodic flow on seepage can be neglected.”

4. “Thermal-mechanical and thermal-chemical effects on seepage can be neglected.”

5. “Seepage for non-convergent simulations can be bounded by 100 percent of the flow
above a drift segment.”

6. The standard deviation of log( k /a) (where k is the geometric average of the
permeability field in the seepage model and o is the van Genuchten o parameter for

fractures) can be approximated by the standard deviation of log( k).

~

“Seepage is increased by 55 percent to account for the effects of drift degradation and
rock bolts, and by another 10 percent to account for possible effects of correlation
between axand k.”

Mountain-Scale Unsaturated Zone Flow

The assumptions listed below are given in the AMR Analysis of Base-Case Particle Tracking
Results of the Base-Case Flow Fields (CRWMS M&O 2000 [134732], Section 5). Refer to that
AMR for additional information. These assumptions are used in Section 6.3.1.3.

1. “We assume deterministic transport property values for two radionuclides in this
analysis.”

2. The flow field inputs for Analysis of Base-Case Particle Tracking Results of the Base-
Case Flow Fields (DTN: SN9910T0581699.002 [126110]) represent the unsaturated

flow system at Yucca Mountain.

3. “The number of particles used in both FEHM and DCPT [Dual Continuum Particle
Tracker] is adequate to represent the probabilistic distributions of particle
movement.”’

The assumptions listed below are given in the AMR UZ Flow Models and Submodels (CRWMS
M&O 1999 [122797], Section 5). Refer to that AMR for additional information. These
assumptions are used in Section 6.3.1.3.

1. “The water table is used as the bottom model boundary which is subject to constant
water pressure (equal to the atmospherical pressure).”
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2. “The bottom model boundary representing the water table is subject to fixed gas
pressure.”

3. “The bottom model boundary representing the water table is subject to spatially
varying but constant temperature conditions.”

4. “For simulations of barometric pumping, the bottom model boundary representing the
water table is assumed to be a no-flow boundary.”

5. “The lateral boundaries of thé model domain are subject 1o no-flow boundary
conditions.”

6. “Perched water occurrence results from permeability barrier effects.”

7. “Under steady flow conditions, moisture flow and tracer transport processes can be
decoupled.”

8. “Water flow through the UZ is assumed to occur under steady-state conditions.”

9. “The dual-permeability formulation is assumed to be appropriate for simulating flow
and transport through fractured tuffs.”

10. “The time required for moisture conditions within the UZ to adjust to changes in the
spatial and temporal distribution of net infiltration at land surface induced by climatic
change is assumed to be short compared to the time over which climatic conditions
change so that simulated conditions within the UZ reflect the present-day and
estimated future net-infiltration rates imposed on the upper land-surface boundary of
the UZ model.”

11. “Regarding calcite deposition in the unsaturated zone, the following assumptions are
made: (a)the gas phase is at a constant (atmospheric) pressure, and air flow is
neglected for the purpose of solving water flow; (b) a constant infiltration rate and
water chemistry over the entire simulation period is applied to the top boundary;
(c) steady-state water flow condition remains during chemical transport and fluid-rock
interactions.”

§.3.2 Near Field Environment
Thermohydrology

The assumptions listed below are given in the AMR Abstraction of NFE Drift Thermodynamic
Environment and Percolation Flux (CRWMS M&O 2000 [149860], Section 5). Refer to that
AMR for additional information. These assumptions are used in Section 6.3.2.1.

1. The same infiltration rate bin definitions are applied to each of the three infiltration
rate cases (low, mean, and high) considered in the multiscale TH model.
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The five binning ranges selected apply to the glacial transition period of the future
climate state.

It is assumed that the evaporation rates given in kg/yr can be converted to volume flow
rates using a constant water density of 1000 kg/m3.

In-drift Geochemical Environment

The assumptions listed below are given in the AMR In-Drift Precipitates/Salts Analysis
(CRWMS M&O 2000 [127818], Section 5). Refer to that AMR for additional information.
These assumptions are used in Section 6.3.2.2.

1.

2.

10.

11.

12.

13.

Water is in the standard state.
Redox conditions within the drift are oxidizing at all times.
The model for in-drift precipitates and salts assumes equilibrium chemical conditions.

“The precipitates/salts model uses an approximation that [relative humidity (RH) ]
rises to 50 percent at about 200 years and up to 85 percent at about 1100 years.”

“[R]elative humidity rises from 50 percent to 85 percent linearly with the logarithm of
time.”

The PT4 database for EQ3/6 was developed using assumptions analogous to those
used in expanding the Pitzer model to cement pore water.

To develop the PT4 database from the PIT database, aqueous species from the HMW
database were added using the Pitzer coefficients from the HMW database.

Species from the cement pore water extension of the Pitzer model were added to the
PT4 database using the same binary and mixing coefficients developed for that work.

Unknown temperature derivatives of the cation-anion parameters were estimated by
using a median of the known values.

Equilibrium constants calculated from Gibbs free energies for certain minerals are
assumed not to threaten database consistency.

“Minerals that would likely either form very slowly or not form at all under the
expected conditions within the drift are prevented from precipitating in the model
when their saturation indices exceed zero.”

“The [low relative humidity (LRH)] salts model assumes a constant seepage rate (Qs)
and constant seepage composition.”

“The dissolved solids in the seepage composition are restricted to Na, K, NOs, SOq,
Cl and CO3.”
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14.

15.

16.

17.

18.

19.

20.

21.

22.

“[N]itrate salts accumulate until the RH in the reactor rises to 50 percent.”

The mole fraction of salts (other than nitrate salts) dissolved in the LRH model
increases exponentially from zero to one over time as RH increases from 50 percent to
85 percent.

The mass of water in the brine is determined from the moles of salt dissolved and the
effective solubility of each salt species.

The effective solubility for nitrate salts is assumed to be 24.4 molal; the effective

- solubility for all other salts is assumed to be 3 to 4 molal.

“[T]he carbonate in the LRH salts model is assumed to be ‘soluble’ carbonate.”

“To achieve the 0.85 activity of water endpoint, the carbonate concentration in the
incoming seepage is adjusted to achieve a Na:COj; ratio equivalent to the ratio of the
EQ?3/6 model results at 0.85 activity of water.”

“Na concentrations and moles in each phase and at each time increment are
calculated by charge balance in the LRH salts model in a manner that maintains any
original charge imbalance.”

The valence of carbonate is between 1 and 2 and depends on the pH calculated by the
EQ3/6 Pitzer model.

In the condensed water model, water composition is predicted by the equilibrium
between pure water and the fugacity of CO; at a given temperature.

The assumptions listed below are given in the calculation document Precipitates/Salts Model
Results for THC Abstraction (CRWMS M&O 2000 [151708], Section 3). Refer to that
calculation for additional information. These assumptions are used in Section 6.3.2.2.

1.

The predicted mean RH [relative humidity] history within the invert is a reasonable

_approximation for the LRH [low relative humidity] model simulations. This

assumption replaces assumption 4 above.

“[T]he concentration ratio of nitrate to chloride in the THC-abstracted incoming
seepage water is equivalent to that in average J-13 well water.”

“[B]oth the incoming carbonate and sulfate concentrations used in the LRH model are
assumed to be the soluble carbonate and sulfate concentrations determined by the
HRH [high relative humidity] model at a water activity of 0.85.”
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5.3.3 Waste Package Degradation

The assumptions listed below are given in the AMR WAPDEG Analysis of Waste Package and
Drip Shield Degradation (CRWMS M&O 2000 [151566), Section 5). Refer to that AMR for
additional information. These assumptions are used in Section 6.3.3.

1.

10.

11.

12.

13.

14.

The drip shield is approximated by 3 parallelepipeds with a total surface area of
3.607 x 10" mm2 and a thickness of 15 mm.

“The variability in drip shield degradation is adequately characterized by modeling
400 waste package/drip shield pairs with 500 patches per drip shield.”

The waste package is assumed to be the “Smgle CRM 21-PWR Waste Package with
an outer surface area of 2.346 x 1 0’ mm

“The variability in waste package outer barrier degradation is adequately
characterized by modeling 400 waste package/drip shield pairs with 938 patches per
waste package.”

Alloy 22 is used as weld filler material for the Alloy 22 waste package outer barrier
lid welds.

The stainless steel waste package inner layer is not included in the analysis.

Critical threshold RH and exposure temperature are related based on the assumption
of a NaNQj; salt film on waste package and drip shield surfaces.

Localized corrosion is not possible on the titanium grade 7 drip shield under all
expected repository conditions.

Unqualified data for localized corrosion rates of titanium grade 7 can be used for the
WAPDEG models.

Initiation criteria and localized corrosion models for Alloy 22 are included in the
WAPDEG analysis.

Localized corrosion of the waste package outer barrier is assumed to initiate only
under dripping conditions.

Drips resulting from condensation on the underside of the drip shield (if they occur)
do not initiate localized corrosion.

Localized corrosion rates for Alloy 22 are log uniformly distributed.

The unqualified data for Alloy 22 localized corrosion can be used in the WAPDEG
analyses.

MDL-WIS-PA-000002 REV 00 62 December 2000




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Only surface-breaking defects are considered in crack penetration of the waste
package closure lid welds.

“Only the closure lid weld of the waste package develops reszdual stresses high
enough to cause stress corrosion cracking.”

Defects are distributed randomly over space as represented by a Poisson process with
a mean flaw density of 0.6839 flaws/meter (DIN: MO9910SPAF WPWF 001
[144565]) for the closure lid welds.

The fraction of surface-breaking flaws is a uniform distribution between the minimum
and maximum fractions used to determine the average fraction.

Pre-inspection flaw sizes are log normally distributed with distribution parameters
(dependent on weld thickness) given in Section 6.2.1 of Analysis of Mechanisms for
Early Waste Package Failure.

The probability of non-detection is given as a function of flaw size.

All detected flaws are acceptably repaired or removed, and need not be considered in
the failure analysis.

All fabrication welds other than closure lid welds are immune from stress corrosion
cracking (SCC).

The hoop stress is the prevailing stress in closure lid welds that fail by SCC.

“The hoop stress and corresponding stress intensity factor profiles in the outer barrier
inner lid welds from the process-level analysis are for a plane that is inclined at an
angle of 37.5° with the outer surface of the outer barrier inner lid.”

“The hoop stress and corresponding stress intensity factor profiles as a function of
depth in the closure-lid welds from the process-level analyses represent the mean

profiles.”

The same degree of profile variability in hoop stress profiles and stress intensity factor
profiles is applied equally to all waste packages in the repository. There is no
variability between waste packages. '

Re-distribution of stress and its mitigation of SCC initiation and crack propagation
are not considered.

Manufacturing defect and incipient crack analyses are assumed applicable to closure
lid welds that have undergone stress mitigation processes.

All incipient cracks are analyzed at the maximum size (0.05 mm) rather than allowing
crack size variability. :
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30.

31.

32.

33.

34.

35.

5.34

The drip shield is not subject to SCC or microbiologically influenced corrosion (MIC).

Stress corrosion cracking of the closure lid welds can initiate as soon as the RH
threshold is met.

The waste package can undergo MIC when RH is above 90 percent. Further, this
corrosion is represented by a corrosion enhancement factor that varies between waste
packages and varies between patches via a uniform distribution from I 1o 2.

The drip shield is immune to long-term aging, phase instability, and hydrogen induced
cracking under expected repository conditions.

Thermal aging and phase instability effects on corrosion of the waste package outer
barrier is represented by a general corrosion enhancement factor which varies
uniformly from 1 to 2.5. This variation is both between waste packages and between
patches on a given waste package.

The drip shield and the waste package outer barrier are not subject to radiolysis-
enhanced corrosion under expected repository conditions.

Waste Form Degradation And Mobilization

Radionuclide Inventory

The assumptions listed below are given in the AMR Inventory Abstraction (CRWMS
M&O 2000 {136383], Section 5). Refer to that AMR for additional information. All of these
assumptions are used in Section 6.3.4.1.

1.

2.

“The time at which an exposure may occur is unknown.”
“All waste forms disposed in the repository could contribute to the dose.”
“Inhalation and ingestion exposure pathways could contribute to the dose.”

“Even radionuclides that are traditionally treated as insoluble could find a migration
pathway to the accessible environment.”

“The dominant groundwater transport mechanism for radionuclide movements in
unknown.”

“Any radionuclide with a half-life less than twenty years will not contribute
significantly to the dose for post-closure scenarios.”

“A dose cut-off of 95 percent is adequate for the TSPA-SR.”
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In-Package Chemistry

The assumptions listed below are given in the AMR In-Package Chemistry Abstraction
(CRWMS M&O 2000 [129287], Section 5). Refer to that AMR for additional information.
These assumptions are used in Section 6.3.4.2.

1.

System pH is a valid indicator of changes in system chemistry.

2. At some maximum value (determined by linear extrapolation) of flux, the pH of
solution exiting the waste package will equal the pH of the J-13 well water (i.e., the
solution entering the waste packages).

3. The time frame used is with regard to the time that a waste package first breaches.

4. The dissolution rate of the CSNF increases proportionally with hydrogen ion activiry.

5. The dissolution rate of the CDSP increases when pH is above or below 7.

Cladding Degradation Model

The first sixteen assumptions listed below are given in the AMR Clad Degradation — Summary
and Abstraction (CRWMS M&O 2000 [147210], Section 5). The final assumption is from
Initial Cladding Condition (CRWMS M&O 2000 [136045], Section 5). Refer to those AMRs
for additional information. These assumptions are used in Section 6.3.4.3.

1.

Waste packages are loaded with spent fuel in the order of discharge from reactors as a
function of calendar years.

Each failed Pressurized Water Reactor (PWR) fuel assembly has an average of 221
total rods and 2.2 failed rods initially.

All rods are exposed to dry storage at 350 °C for three weeks during shipping.
Four (4) is the uncertainty value for rod failure data.

BWR cladding degrades in a similar manner to PWR cladding.

Cladding degradation does not occur at the YMP surface facility.

Murty’s correlation is used to-analyze creep.

Creep failure distribution is determined experimentally.

Stress corrosion cracking fails any rod with stress exceeding 180 MPa.
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10.

11.

12.

13.

15.

16.

17.

18.

Localized corrosion is fluoride limited and based on the amount of fluoride required to
completely degrade a 10 mm length of cladding from the fuel rod. Further, all fuel
rods are subject to fluoride corrosion and available fluoride is partitioned so that the
maximum number of fuel rods are subject to the complete degradation of a 10 mm
length.

A seismic event fails all cladding the center of the rod.

The absolute rate of fast release from a breached fuel rod is propornonal to the length
of the rod.

“Fuel reacts with water to form metaschoepite.”

“[The reaction rate] of uranium dioxide with water is limited by the intrinsic
dissolution rate of UO,.”

Cladding perforation occurs in the center of a fuel rod and propagates in both
directions to the ends of the rod.

Stainless steel clad fuel is loaded into waste packages as it is received.

Commercial nuclear fuel with stainless steel cladding is considered as a separate type

of clad fuel.

Dissolution Rate Model

The assumptions listed below are given in the AMR Defense High Level Waste Glass
Degradation (CRWMS M&O 2000 [143420], Section 5). Refer to that AMR for additional
information. These assumptions are used in Section 6.3.4.4. -

1.

“The dissolution rate of the glass provides an upper bound to the release rates of the
radionuclides.”

“The form of the rate expression for glass dissolution is adequate for calculating the
glass dissolution rate.”

“The dependence of the glass dissolution rate on pH and temperature is assumed to be
the same for all waste glass compositions.”

The influence of inclusion phases on dissolution are accounted for in the model
parameter values.

The same rate expression can be used for all aqueous corrosion, including glass
dissolution in humid air and in dripping water.

“The temperature dependence for glass degradatzon in humid air and in dripping
water follows Arrhenius behavior.”
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“The glass corrosion rate is nil when glass is exposed to humid air at less than
80 percent relative humidity.”

“Glass dissolution behavior upon contact by humid air or dripping water is a special
case of aqueous corrosion at very high glass surface area/solution volume (S/V)
ratios.”

Dissolved Concentration Limits

The assumptions listed below are given in the AMR Summary of Dissolved Concentration Limits
(CRWMS M&O 2000 [143569], Section 5). Refer to that AMR for additional information.
These assumptions are used in Section 6.3.4.5.

1.

2.

4.
5.

Colloids

There is no direct interaction between radioactive elements and either Cr or Ni.

Amorphous solids are the default solubility-controlling solids for radioactive elements
which have no experimental identification of the actual controlling solids in the waste
form.

There are no solubility-controlling solids for Tc, C, I, Cl, Cs, or Sr under the
repository conditions and their solubility limits are arbitrarily set to Imol/L as a
conservative upper bound.

Schoepite is the solubility-controlling mineral for U.

Pu(OH)am) is the solubility-controlling mineral for Pu.

The assumptions listed below are given in the AMR Waste Form Colloid-Associated
Concentration Limits: Abstraction and Summary (CRWMS M&O 2000 [125156], Section 5).
Refer to that AMR for additional information. All of these assumptions are used in

Section 6.3.4.6.

1. All waste form colloids are assumed to be smectite or irreversibly bound to smectite.

2. All metal oxides and hydroxides are iron (hydr)oxides.

3. “Smectite colloids may form from spallation of altered phases from HLW as well as
precipitation from solution.”

4. “SNF produces colloids less readily under experimental conditions approximating
repository conditions [because of the alteration mechanisms which operate on the
SNF].”

5. Spent nuclear fuel (SNF) is a generic waste form that considers both DOE-SNF and

commercial SNF.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A single GoldSim mixing cell represents waste form degradation in the TSPA-SR
model.  The processes adhere to the in-package geochemistry models and
abstractions.

“The stability of smectite colloids will depend to varying degrees on their
concentration and the composition, ionic strength, and pH of the solution.”

Smectite stability is more pH sensitive at lower values of pH than at higher values of
pH. :

Am is assumed to mobilize from waste and form irreversible associations with smectite
colloids and HLW clay layers in the same manner as Pu.

Colloidal smectite and iron (hydr)oxides have well-known properties that are
applicable to the radionuclide-bearing colloids.

Iron (hydr)oxide colloid stability and concentration depend on the pH and ionic
strength of the environment.

Waste form colloids formed at 90 °C are stable at 25 °C.

Some radionuclides released by waste form degradation are agqueous and available to
sorb onto colloidal material, forming pseudocolloids.

“Smectite colloids contain entrained radionuclide-bearing phases; further, all discrete
radionuclide-bearing colloid-sized phases (besides smectite) are entrained in the
smectite colloids.” :

“Smectite colloids with or without entrained radionuclide-bearing phases may have
adsorbed dissolved radionuclides.”

“Pu, Am, Th, Pa, Cs, and Sr are assumed to be the most significant radionuclides
available for colloids association; data indicate that smectite colloids may contain Pu,
Am, Th, U, Cm, Np, and rare earth elements (REEs).” Pu is also shown to behave
similarly to Th, Am, and REEs.

All radionuclide associations with colloids is irreversible in the waste package
environment except for dissolved radionuclide-pseudocolloid associations.

Adsorption-desorption rates in pseudocolloid formation are based on experimentally
determined rates for Am and Pu. The effective K; incorporates both the adsorption
and desorption rates.

“Desorption of Pu and Am from pseudocolloids is assumed to be slow relative to
transport rates within the waste package.”

Physical filtration of colloids is not considered.
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21.
22.
23.
2.

25.

Colloid sorption at the air-water interface within the waste package is not considered.
Gravitational settling of colloids within the waste package is not considered.
Colloid diffusion within the waste package is not considered.

Contaminant-microbe and contaminant-organic (where organic refers to such
material as humic and fulvic acids) interactions are not considered.

“All stable colloids are assumed to leave the waste package throqgh [a] failure
opening.” .

5.3.5 Engineered Barrier System Transport

The assumptions listed below are given in the AMR EBS Radionuclide Transport Abstraction
(CRWMS M&O 2000 [129284], Sections 5 and 6.1.1). Refer to that AMR for additional
information. All of these assumptions are used in Section 6.3.5.

1.

“Capillary fluxes are estimated assuming pressure equilibrium at the interface
berween the quartz sand backfill and the host rock.”

“Condensation on the underside of the drip shield occurs when the temperature of the
drip shield is less than the temperature of the invert.”

“If condensation occurs, it is assumed that the condensation flux on the drip shield is
equal to the evaporative flux in the invert.”

“If condensation occurs, it is assumed that all the condensation flux drips from the
crown of the drip shield onto the waste package."

“The advective flow (of water) in the backfill cannot reach the waste packages as long
as the integrity of the drip shield is maintained.”

“Once the integrity of the drip shield is compromised, backfill is assumed to fill the
axial space surrounding the waste package.”

“The total flux into the quartz sand [backfill] is equal to the sum of the seepage flux
and the capillary flux multiplied by a factor between O and 1.”

“Flow of water through the backfill is a quasi-steady [state] process in a
homogeneous porous medium.”

“The fluid flux through a patch or pit in the drip shield or waste package is
proportional to the ratio of the length of the penetration in the axial direction to the
total axial length of the drip shield or waste package. This assumption is equivalent to
assuming that a patch or pit is always located on the side (90° from the crown) of the
drip shield or waste package and that it can collect all fluid that flows from the crown
towards the penetration if the axial locations of source and penetration coincide.”
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10.

11.

12.

13.
14.

15.

16.
17.
18.
19.
20.

21.
22.

23.

“Patch location on the upper or lower surface of the waste package is conservatively
ignored. Similarly, the location of a stress corrosion crack (SCC) on the lid is
conservatively ignored.”

Patch area on the drip shield is 7.21 x 10° mm*® and patch area on the waste package
is 2.346 x 10° mm’, and both are assumed to be square for the purposes of the flux
splitting algorithm.

Diversion of flux around a breached drip shield or waste package is based on
continuity of liquid flux. This assumption means that the sum of the diverted and
penetrating flux is equal to the incident flux on either the waste package or the drip
shield.

“[Stress corrosion cracks] through the welded lid are assumed to be in the radial
direction.”

“The width of the weld on the inner surface of the outer lid of the waste package is
assumed to be 0.25 inches.”

“The fluid flux onto the closure lid of the waste package is conservatively calculated
assuming that the waste package is tilted at the maximum angle possible. This flux is
given by the ratio of the projected length of the end cap in the axial dzrectton to the
projected length of the total waste package in the axial direction.”

“All fluid that flows as a film on the closure lid of the waste package is assumed to
flow through a SCC, if present.”

“The potennal for evaporation in and on the waste package is [conservatively]
ignored.”

“The stainless steel components of the waste package provide no resistance to
corrosion or flow.”

“Seismic damage to the waste package has been screened out because of low
consequence to EBS performance.”

Advective transport occurs only in the vertical direction (i.e., is one dimensional) and
is always downward.

“There is no upward transport through the quartz sand backfill.”
“The effects of longitudinal and transverse dispersion are ignored.”

“The diffusion coefficient of all relevant radionuclides is bounded by the self-diffusion
coefficient for water. [Further, the] diffusion coefficient for a radionuclide is a
porous, partially saturated medium is given by the diffusion coefficient in water times
the product of porosity and (liquid) saturation of the medium.”
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24. The sorption of radionuclides to stationary phases is ignored in the waste package and
invert. The partition coefficients for all radionuclides are assumed to be zero.

25. “Radionuclide transport through a SCC [Stress Corrosion Crack] is limited to
diffusive transport through a thin, continuous film that is always present. 7

26. “The invert is assumed to be adjacent to the waste package for diffusive release
calculations.”

27. “Adjacent drip shields can slip freely to relieve thermal stresses and seismic
displacements.”

28. “The maximum drip shield displacement from the I-in-10,000-year earthquake is
250 mm.”

29. “The sand backfill is effective in spreading the load from a rock fall.”

30. “The impact of rock fall on the degraded drip shield has been screened out from
Rev 00 of the TSPA-SR.”

31. Flux that goes around the drip shield does not travel through the invert for EBS
transport calculations.

5.3.6 Unsaturated Zone Transport

The assumptions listed below are given in the AMR Particle Tracking Model and Abstraction of
Transport Processes (CRWMS M&O 2000 -[141418], Section 5). Refer to that AMR for
additional information. These assumptions are used in Section 6.3.6.

1. The cell-to-cell migration method of tracking particles developed for Particle
' Tracking Model and Abstraction of Transport Processes is sufficient for modeling
purposes.

2. “Fracture frequency, aperture, and permeability are log-normally distributed.”

3. “The cubic law is a valid approximation for gas permeability in fractured rock at
Yucca Mountain.”

4. “[The a]ctive fracture model appropriately accounts for reduced fracture/matrix
interaction.” '

The assumptions listed below are given in the AMR Abstraction of Flow Fields for RIP
(CRWMS M&O 2000 [123913], Section 5). Refer to that AMR for additional information.
These assumptions are used in Section 6.3.6.

1. “The rock grain densities for perched water elements in ‘pchl.rock’ and ‘pch2.rock’

are conservatively assumed to be equal to the lowest rock grain density in the
parameter set (2240 kg/m?).”
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“Water table rise does not significantly affect liquid mass flow rates and transport
above the water table.”

“Mass sinks can be used below the prescribed water table in FEHM to signify
locations where particles (radionuclides) leave the UZ and enter the SZ.”

The assumptions listed below are given in the AMR Colloid-Associated Radionuclide
Concentration Limits (CRWMS M&O 2000 [147505], Section 5). Refer to that AMR for
additional information. These assumptions are used in Section 6.3.6.

1.

6.

5.3.7

“The measured waste form colloid characteristics (composition, size distribution, and
rate of generation) are determined by the waste form and not the testing setup.
Specifically, it was assumed that sorption of colloids onto the test vessel walls didn’t
effect the rate of colloid generation and that the sample holder configuration in the
spent fuel (SF) tests does not effect the release of filterable material.”

“The TEM [transmission electron microscopy] phase identification technigues provide
data that are representative of waste form colloids.”

“The filterable material (obtained from sequential filtration) is colloidal or
particulate.”

“Dynamic light scattering (DLS) provides an accurate representation of the size
distribution of the waste form colloids.”

“Jonic strength can be calculated from the major cations in solution.”

“The normalized mass loss of B and Tc indicate the extent of glass and spent fuel
corrosion, respectively.”

Saturated Zone Transport

Saturated Zone Transport Parameters

The assumptions listed below are given in the AMR Input and Results of the Base Case
Saturated Zone Flow and Transport Model for TSPA (CRWMS M&O 2000 [139440],
Section 5). Refer to that AMR for additional information. These assumptions are used in
Section 6.3.7.1.

1.

2.

3.

“The interface between radionuclide transport in the UZ and the SZ is assumed to be a
point source near the water table.”

“The location of the point source of radionuclides for transport in the SZ site-scale
flow and transport model is assumed to be randomly located within the four source
regions defined at the water table.”

“It is assumed that all radionuclide mass crossing the 20 km fence in the SZ is
captured by pumping wells of the hypothetical farming community.”
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“The assumption is made that the average concentration of radionuclides in the
groundwater supply of the hypothetical community is an appropriate estimate of
radionuclide concentration for the calculation of radiological dose.”

“Pumping of groundwater by the hjpothetical farming community is assumed not 10
alter significantly the groundwater pathways or radionuclide travel times in the SZ."

“It is assumed that the uncertainty in groundwater flux in the volcanic aquifer near
Yucca Mountain elicited from the SZ expert elicitation panel is applicable to the entire

flowpath from the repository to the accessible environment.”

10.

11

12.

13.

14.

15.

16.

“It is assumed that the potential anisotropy of permeability in the horizontal direction
is adequately represented by a permeability tensor that is oriented in the north-south
and east-west directions.”

“The assumption is made that the horizontal anisotropy in permeability applies 10 the
fractured and faulted volcanic units of the SZ system along the groundwater flowpath
from the repository to the south and east of Yucca Mountain.”

“It is assumed that potential anisotropy in permeability represents an alternative
conceptual model of groundwater flow at the Yucca Mountain site.”

“An assumption inherent to the convolution integral method is that the system being
simulated exhibits a linear response to the input function.”

“It is also assumed that the groundwater flow conditions in the SZ system are in
steady state.”

“It is assumed that the change in groundwater flow in the SZ from one climatic state
to another occurs rapidly and is approximated by an instantaneous shift from one
steady-state flow condition to another steady-state flow condition.”

“Groundwater flow pathways in the SZ from beneath the repository to the accessible
environment are assumed not to be significantly altered for wetter climatic states.”

“The final radionuclide daughter product in three of the radionuclide decay chains
simulated in the one-dimensional radionuclide transport model is assumed to be in
secular equilibrium with its parent radionuclide.”

“The groundwater flux within each one-dimensional ‘pipe’ segment used in the model
is assumed 1o be constant along the length of the pipe.”

The K. equilibrium model, which combines radionuclide distribution coefficients and
constant colloid mass concentration, will be used for the transport of radionuclides
reversibly bound to colloids in unsaturated zone (UZ) and saturated zone
(SZ)transport calculations.
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s

The assumptions listed below are given in the AMR Uncertainty Distributions for Stochastic
Parameters (CRWMS M&O 2000 [147972], Section 5). Refer to that AMR for additional
information. These assumptions are used in Section 6.3.7.

1.

10.
11.
12.

13.

14.

15.

16.

Uniformly scaling the groundwater flux in the SZ site scale flow model adequately
represents uncertainties in the saturated zone groundwater flow velocities.

“[T]he Hydrologic Framework Model is the basis for determining the uncertainty in
the location of alluvium at the water table along the modeled flowpath.”

“The uncertainty in the location of the contact between volcanic units and alluvium at
the water table is uniformly distributed between the bounds placed on the possible
location of the boundaries.”

Uncertainty in effective porosity of alluvium can be represented with a truncated
normal distribution with sampled values within the physical limits of porosity.

Porosity values from analogous géological deposits are valid for valley fill (unit 19)
and undifferentiated alluvium (unit 7).

“Effective porosities are specified constants for the units that will not be in the
transport pathway.”

Units of the same basic rock type can be assigned the same descriptive values of
physical attributes (such as bulk density, effective porosity, and matrix porosity) based
on the values of a single referenced unit.

“Matrix Porosities are constant within hydrogeological units.”

“Given a referenced matrix porosity value for one unit or group of units, other units of
the same basic rock type can be assigned the same value (or average value).”

Boreholes are vertical.
“Not all fractured zones in the SZ transmit water.”
“There is no correlation between flowing intervals and hydrogeological units.”

“There is no correlation between flowing interval spacing and the dip angle of
fractures.”

“The fracture system can be represented as a series of parallel plates or intersecting
parallel plates with characteristics equivalent to the mean fractuSre aperture, dip and
frequency observed in core samples.”

“Cores provide representative samples of the fracture system.”

Fractures associated with the flowing intervals are sampled and measured.
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17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

“Specific yield represents the effective porosity.”

“No flow occurred in the matrix porosity.”

“Flowing interval thiclme&s is known or conservatively estimated.”

The size and charge of the ions considered could fall within wide ranges.

Laboratory scale diffusion experiments provide tortuosity values representative of
field scale diffusion and bound the values of tortuosity found in the field due to matrix
heterogeneity. '

“Bulk densities are constant for the geologic units of concern.”

“Given a referenced bulk density value for one unit or group of units, other units of
the same basic rock type can be assigned the same value (or average value).

The alluvium bulk density values are applicable to the SZ site-scale model.

Effective porosity values are valid substitutes for total porosity values in Equation 16
of Uncertainty Distributions for Stochastic Parameters.

The sorption model assumes a linear relationship between the aqueous phase and
sorbed phase.

“[S]orption coefficients, K can be grouped in terms three rock types and a grouping
for and a grouping for iron oxides to represent the waste container.”

“The waters from Wells J-13 and UE-25p#1 bound the chemistry of the groundwaters
at Yucca Mountain.”

Values obtained from the SZ expert elicitation for longitudinal dispersivity at 30 km
are applicable at 20 km for TSPA-SR modeling purposes.

Dispersivity in volcanic and alluvial units are not differentiated.
There is a correlation between longitudinal and transverse dispersivity.

A permeability tensor oriented in the north-south and east-west directions adequately
represents the potential anisotropy of permeability in the horizontal direction.

“[H]orizontal anisotropy in permeability applies to the fractured and faulted volcanic
units of the SZ system along the groundwater flowpath from the repository to the south
and east of Yucca Mountain.” ’

“[P]otential anisotropy in permeability represents an alternative conceptual model of
groundwater flow at the Yucca Mountain site.”
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35. Radionuclides that are irreversibly sorbed to colloids are embedded in the colloid and
are part of the colloidal structure.

36. Matrix exclusion is assumed in the volcanic units.
37. Waste form colloids are representative of all the colloids in the groundwater.

38. Americium is representative of all the radionuclides with respect to transport via
colloids.

39. The K. parameter is determined adequately by the maximum colloid concentration.

40. A uniform distribution with a minimum of 0 and a maximum of 100 describes the Kd
values for all actinides subject to colloidal transport.

41. “[P]hysical and chemical filtration have no retardation effect on transport by
reversible colloids.”

42. “[F]our source regions for radionuclide transport in the SZ are sufficient to represent
the variability in transport pathways and characteristics of the SZ system.

5.3.8 Biosphere
Biosphere Dose Conversion Factors

The first assumption listed below is given in the AMR Abstraction of BDCF Distributions for
Irrigation Periods (CRWMS M&O 2000 [144054], Section 5). The last two assumptions listed
below are given in the AMR Distribution Fitting to the Stochastic BDCF Data (CRWMS
M&O 2000 [144055], Section 5). Refer to those AMRs for additional information. These
assumptions are used in Section 6.3.8.1.

1. The GENII-S model and the data fed to the model accurately and acceptably reflect
the reference biosphere and the receptor, and the model is a valid calculation method
for biosphere dose conversion factors.

2. “[T]he elementary statistical test known as the Chi Square (sometimes referred to as
Chi Squared) test is adequate to demonstrate acceptable distribution fits to the
stochastic BDCF data.”

3.  Soil build-up was considered in creating the radionuclide distributions only when the
magnitude of the radionuclide build-up was greater than 15 percent.
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Annual Ground Water Usage

The assumptions listed below are given in the AMR Groundwater Usage by the Proposed
Farming Community (CRWMS M&O 2000 [144056], Section 5). Refer to that AMR for
additional information. These assumptions are used in Section 6.3.8.2.

1. The predicted dose to the DOE/NRC specified receptor is proportional to the
radionuclide concentration in water withdrawn from wells.

2. It is assumed that the hypothetical farming community located near Lathrop Wells has
sufficient water usage to capture the entire contaminated plume.

3. The hypothetical farming community is based on the proposed Yucca Mountain rules
and interim guidance from DOE, and not the actual population in nearby Amargosa
Valley.

4. Both a farming community of 100 individuals and a community of 15 to 25 farms are
analyzed, allowing the impact on both potential hypothetical communities to be
evaluated.

5. The hypothetical farming community will be at a specific location and conditions in
the community will be “consistent with current conditions of the region surrounding
the Yucca Mountain site.”

6. Land areas are combined under a single farming unit only to demonstrate that
consolidation is a non-conservative approach.

5.3.9 Disruptive Events
Volcanic Direct Release

The assumptions listed below are given in the AMR Igneous Consequence Modeling for the
TSPA-SR (CRWMS M&O 2000 [139563], Section5) for volcanic direct release events
modeling. Refer to that AMR for additional information. These assumptions are used in
Section 6.3.9.1. ~

1. The current variability in wind speed and direction in the Yucca Mountain region are
a suitable approximation for future variability in wind conditions in the region.

2. Wind speed and wind direction “are treated as uncorrelated parameters, even though
they were collected as paired, fully-correlated parameters.”

3. The wind speed and wind direction parameters do not include a component to account
for altitude variation.

4. “All eruptions include a violent strombolian phase with fragmentation of the
ascending magma into pyroclasts occurring below the repository horizon.”
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All waste packages and other components of the EBS that are partially or completely
intersected by an eruptive conduit are completely destroyed, and all waste from
intersected packages are available for entrainment in the eruption.

The EBS provides no protection to the waste form during an eruptive event, and waste
particle diameter is estimated assuming direct exposure of the waste form to the
magmatic environment.

“For the purposes of estimating waste particle diameters in the eruptive environment,
all waste is assumed to be unaltered commercial spent fuel.”

Biosphere Dose Conversion Factors for Volcanic Direct Release

The assumptions listed below are given in the AMR Disruptive Event Biosphere Dose
Conversion Factor Analysis (CRWMS M&O 2000 [143378], Section 5). Refer to that AMR for
additional information. These assumptions are used in Section 6.3.9.1.

L.

10.

11.

The source of contamination for volcanic biological dose conversion factors is surface
soil.

Doses are calculated based on an ash-soil mixture with the properties of soil.
Groundwater is assumed to be uncontaminated.

Air transport was not considered.

Surface water transport was not considered in the analysis.

All contaminated food is locally grown.

Biotic transport and waste form degradation were not considered in the analysis.

The receptor of interest for the reasonable representation is the average member of
the critical group. The recepior for the bounding case is an individual who exhibits
characteristics that maximize exposure.

Exposure pathways considered were the consumption of locally produced food,
inadvertent soil ingestion, inhalation of resuspended particulate matter, and external
exposure to contaminated soil.

The thickness of the surface soil has been determined to be 15 cm.

The thickness of the volcanic ash deposited on the soil surface was determined to be
insignificant, when compared to the thickness of the surface soil.

Intrusive Indirect Release

The assumptions listed below are given in the AMR Igneous Consequence Modeling for the
TSPA-SR (CRWMS M&O 2000 [139563], Section 5) for intrusive indirect release events
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modeling. Refer to that AMR for additional information. These assumptions are used in
Section 6.3.9.2.

1. “Any waste packages, drip shields, and other components of the engineered barrier
system that are partially or completely intersected by an intrusive dike are fully
destroyed. Furthermore, three waste packages on either side of the dike are also
assumed to be fully destroyed.”

2. All the material in the waste packages destroyed on either side of a dike are assumed
available for incorporation into the UZ transport model, dependent on solubility limits
" and the availability of water.

Seismic Cladding Event

The assumption listed below is given in the AMR Clad Degradation — Abstraction and Suﬁunary
(CRWMS M&O 2000 [147210], Section 5.4). Refer to that AMR for additional information.
This assumption is used in Section 6.3.9.4.

1. “Seismic analysis showed that rods would fail from a very severe earthquake (a once
per million years event) and that most of the rods would fail. Therefore, in the
TSPA-SR, the seismic event is assumed to have a frequency of 1.1 x10%yr and it is
assumed that all the cladding is failed at the rod center and available for clad
unzipping when a seismic event occurs. Failing all the rods is an upper limit and
failing the rods in the center minimizes the release time for unzipping.”
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6. TSPA-SR MODEL

Performance assessment is a method of forecasting how a system or parts of a system will
behave or perform over time. Its goal is to aid in determining whether the system can meet
established performance requirements. A total system performance assessment (TSPA) is a set
of performance assessment analyses in which all the components of a system are linked into a
single analysis. The TSPA-SR model of Yucca Mountain is a computer model that integrates
information from all of the wvarious component models of the potential repository
(e.g., unsaturated zone flow, waste package degradation, etc.) into one comprehensive model.
The TSPA-SR model is then used to forecast the performance of a potential nuclear waste
repository system at Yucca Mountain, Nevada for future times up to 1.000,000 years after
closure of the repository.

6.1 INTRODUCTION

The Yucca Mountain TSPA combines information from a series of process models that are
specific to the geologic and engineered environments at Yucca Mountain. The information from
these process models is either used “as is™ or is further reduced into abstracted models. Both
process models and abstracted models, as appropriate, are then integrated into a single TSPA
model that can be used to forecast the performance of the repository system. The primary output
of the total system model is a forecasted range of possible annual dose rates to a human receptor
living approximately 20 km downgradient of the repository site. A “range” of dose rates is the
output of the model because the model framework is inherently probabilistic based on a certain
amount of irreducible uncertainty in the model inputs. This uncertainty is inherent in large-scale
geologic processes and in our knowledge of future conditions at the repository site. For this
reason all TSPA analyses are probabilistic in nature and involve some sort of stochastic sampling
algorithm, such as Monte Carlo or Latin Hypercube sampling, to generate a “full range” of
outputs based on the stochastic input parameter distributions. For the TSPA-SR, GoldSim
6.04.007 (Golder Associates 2000 [143556]) is the graphical, object-oriented, computer program
used as the integrating shell and statistical framework for linking the various component models
together. sampling their inputs stochastically, and then generating a large number of realizations
of the possible dose rate based on the sampled inputs.

Figure 6-1 shows the primary components of the TSPA-SR model and the information that feeds
into these components. The primary components are highlighted in the center of the figure,
within the dotted outline labeled “Run with GoldSim.”

The primary outputs of the Yucca Mountain process models are described in a series of Analyses
and Model Reports (AMRs). These outputs are input directly (or sometimes with minor
postprocessing) into the total system model, illustrated in Figure 6-1 by the abstraction or
submode] boxes above and beneath the primary TSPA model component boxes. The AMR
number corresponding to the given abstraction (e.g., Seepage Flow Abstraction) or submodel
(e.g., UZ Colloid Transport Model) is also listed on the figure. In effect, Figure 6-1 is a
summary of Sections 6.3.1 to 6.3.9 of this chapter, which describe the links between the TSPA
model and the underlying process models, described in the Process Model Reports (PMRs) and
developed through the AMRs. Both Table 4-1 in Section4 and Figure 6-1 depict the final
analyses. model and data feeds into the TSPA-SR model. It is important to recognize that these
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final feeds are built on a hierarchy of calculations. data and software contained in a family of
supporting AMRs and their associated DTNs. Figure 6-2 through Figure 6-16 depict the entire
hierarchy of AMRs and DTN that form the entire scientific basis for the TSPA-SR model.

The subsections of this chapter provide details of the TSPA model structure and design, and the
details of the individual component models and their implementation into the TSPA-SR model.
The TSPA-SR model files and the input files for the DLLs necessary to reproduce the results
documented in this AMR are in the Technical Data Management System (TDMS) under
DTNs: MO000SMWDMEDO01.020 [152838] and MOO0OSMWDHUMAN.000 [152186]. The
TSPA-SR cases “SR00_037ne6” and “SR00_038ne6” in DTN: MO000SMWDMEDO1.020
[152838] contain the TSPA-SR model and results for a nominal-scenario’ median-value
simulation, with and without the implementation of seismic cladding failure, respectively. The
case “SR00 _00lie5” in DTN MOO000SMWDMEDO01.020 [152838] is the median value
simulation for the igneous scenario that includes both eruptive and groundwater release doses.
Realization #1 in the case SR00_005hm5 in DTN: MO000SMWDHUMAN.000 [152186] was
used to verify the human intrusion model described in Section 6.3.9.3. The four associated .gsm
files (along with the GoldSim code, version 6.04.007) for these four cases are all that is needed
to view the model and the results shown in the subsections below. Also, many of the figures in
Section 6 make use of GoldSim icons. Attachment I describes these icons and will be a useful
reference when reading Section 6.

6.1.1 TSPA Previous Work

To date, DOE has completed and documented four major iterations of probabilistic TSPAs for
the Yucca Mountain site: TSPA-91 (Bamard etal. 1992 [100309]), TSPA-93 (Wilson
etal. 1994 [100191]; CRWMS M&O0 1994 [100111]), TSPA-95 (CRWMS M&O 1995
[100198]), and the Total System Performance Assessment-Viability Assessment of a Repository
at Yucca Mountain TSPA-VA (DOE 1998 [100550], Volume 3). Each successive TSPA
iteration has advanced the technical understanding of the performance attributes of the natural
features and processes and enhanced engineering designs. The TSPA-SR model is the next
major iteration of the Yucca Mountain TSPA. The probabilistic TSPA methodology used for
TSPA-SR is generally accepted by the U.S. Nuclear Waste Technical Review Board (NWTRB),
TSPA Peer Review (Budnitz et al. 1999 [102726]), and the international scientific community
(NEA 1991 [100477], and OECD 1991 [100478]) as the appropriate basis for a TSPA model.
This in turn lends scientific credibility to the probabilistic risk based methodology that is the
basis for the TSPA-SR model. Finally, the probabilistic risk based approach is established as a
direct modeling criteria as referenced in the NRC's TSPA IRSR (NRC 2000 [149372],
Section 4.2) and in 10 CFR Part 63 (64 FR 8640, [101680], Section 4.3).

The integrated TSPA-SR model is considered appropriate for its intended use (see Section 6.5
below for model validation). Verification of the accuracy of individual components of the
integrated model is presented in the various subsections of this chapter.

6.1.2 TSPA-SR Model Importance

Per YMP administrative procedures AP-3.10Q [152363] and AP-3.15Q [153184], the integrated
TSPA-SR model described in the present AMR is assigned a primary (Level 1) importance
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because the model is used to provide estimates of all the principal factors (Table ES-1. Volume
II. CRWMS M&O 2000 [148713]) listed under the Screening Criteria for Grading of Data in
AP-3.15Q [153184]: ’

Seepage into drifts

Solubility limits of dissolved radionuclides

Solution of radionuclide concentrations in the geologic setting
Retardation of radionuclide migration in the unsaturated zone
Retardation of radionuclide migration in the saturated zone
Performance of the drip shield

Performance of the waste package barriers.

The TSPA-SR model also evaluates, or directly uses as input, all of the “other factors for the
post-closure safety case™ listed in AP-3.15Q [153184], except “coupled processes—effects on
unsaturated zone flow,” which was screened out of the TSPA-SR integrated model at the AMR

level.

In addition, the TSPA-SR model is used to examine the effects of potentially disruptive
processes and events during the period of compliance for post-closure, specific disruptive
processes and events investigated are human intrusion, water table rise, seismic activity, and
igneous activity.
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