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Key Technical Issue: Total System
Performance Assessment and Integration

Presentation Overview
DOE General Approach to Issue Resolution

Statement of Total System Performance Assessment
and Integration (TSPAI) Objective

Discussion of Approach to Addressing TSPAI
Subissues

- System Description and Multiple Barriers

- Scenario Analysis

- Model Abstraction

- Overall Performance Objective

Summary
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DOE Approach to Issue Resolution

* DOE is committed to an approach to resolution in the
context of NRC's risk-informed, performance-based
method

* DOE is reviewing the TSPAI Issue Resolution Status
Report, Revision 2

Issues will continue to be addressed through formal
interactions and correspondence - including the
upcoming NRC/DOE Technical Exchanges
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Objective of TSPAI Key Technical Issue

Outline the elements of an acceptable methodology and
approach for conducting assessments of repository
performance to demonstrate compliance with total-
system performance and multiple barrier requirements
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Subissues Supporting the
TSPAI KTI Objective

KTI SUBISSUES IMPORTANCE TO REPOSITORY
PERFORMANCE

1 System Description and Demonstrates the effectiveness and diversity
Demonstration of Multiple Barriers of the barriers as a measure of the resiliency

of the repository

2 Scenario Analysis Describes what can reasonably happen to the
repository and the processes and events that
can affect the system

3 Model Abstraction Provides for a systematic examination, in the
context of the total system performance,
whether models, assumptions, and input data
have been appropriately identified,
incorporated and analyzed in the TSPA

4 Demonstration of the Overall Provides for a transparent demonstration of
Performance Objective compliance with the overall performance

objective
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Status of Issues Related to the TSPAI KTI

* 32 Site Characterization Analysis (SCA) issues are
identified in the TSPAI Issue Resolution Status
Report, Revision 2:

- 27 are resolved

- 5 remain open

* DOE expects that the open issues related to weighting of
alternative conceptual models, scenario screening, and
clarifying the TSPA method will be resolved by the TPSA-Site
Recommendation (SR)

+ The data related to expert judgement and to information
supporting scenario elimination will be dealt with by other
Project activities
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Subissue 1, System Description and
Demonstration of Multiple Barriers

* Three major elements of this subissue are related to:
- Transparency of documentation

- Traceability of information used in analyses, including code
design and flow

- Demonstration of the resilience of the system with respect
to multiple barriers

* Other elements of the subissue, such as features,
events, and processes (FEPs) screening, are
addressed under Subissue 2 in this presentation and
are also addressed in subsequent presentations
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Addressing Transparency

d The TSPA Methods and Assumptions document
provided a roadmap for developme the TSPA-SR

* The TSPA-SR document is tied directly through text,
table, and graphics to the supporting Analysis and
Model Reports (AMRs) and Process Model Reports

* Explicit discussions of the TSPA methodology and
treatment of uncertainty are also part of the TSPA-SR

E U Yucca Mountain ProjectlPreiminary Predecisional Draft Materials M&O Graphics PresentationsYMVanLulk-.4/25/OOppt 8



Addressing Traceability

* Assumptions and details of the analysis will be in the
TSPA-SR document and supporting AMRs

* The TSPA analysis tool allows direct tracking of
information along its entire path through the
analysis. This hierarchy allows for tracing
information flow, as follows

- TSPA model output

- TSPA subsystem model outputs

- Component abstraction model inputs

- Individual parameter distribution inputs

* All of the above have unique data tracking numbers
for traceability and control of Q-status
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Demonstrating the Effectiveness of
Multiple Barriers

* The entire TSPA analysis is built on a succession of
process-level and abstracted models that represent
the various parts of the natural and engineered
system

* TSPA-SR will show performance analysis results for
the total system and also will include intermediate
results for the various components of the system

* TSPA-SR sensitivity studies and barrier importance
analyses will evaluate the contribution and the
relative importance to system safety of major system
components and barriers

* The following slides illustrate the major system
components - e
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Coupled Processes in TSPA-SR

* Coupled process model
includes thermal
chemistry effects
* Boiling fronts do not
propagate far into the
pillars and have a short
duration
* Flow focusing and
uncertainty in fracture
characteristics included
in seepage model

I 2
.
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Repository Design in TSPA-SR
South
Ram~

* Current analysis assumes 50
years of ventilation
* Thermal load is -64 MTHM/acre
* Line load, -1.4 kW/m
* 70,000 MTHM (includes
Commercial and DOE-owned
Spent Nuclear Fuel, and Defense
High-level Waste)
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Engineered Barrier Design in TSPA-SR

* Two layer waste
packages (Alloy-22
over stainless steel)
* Titanium drip shield
* No backfill
* Steel set, wire
mesh, and rockbolt
wall supports

I
Pressurized Water
Reato (PWR)
Waste Pacage

gUbl6.G10gg



Saturated Zone Flow
and Transport in

TSPA-SR

*3-D model uses geologic
framework model
* Includes variable location of
tuff-alluvium contact
* Anisotropy yields more
southerly flow paths
* TSPA calculates mass flux
across boundaries
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B1a a ,.losphere in TSPA-SR

* Critical group water usage/
consistent with 1 0 CFR Part/
63 approach
* Includes uncertainty in plant
uptake factors
* Using Reasonably Maximally
Exposed Individual for
Biosphere Dose Conversion
Factors (BDCF) development
consistent with 10 CFR Part
197
* BDCFs developed for
nominal release and direct
release scenarios



Disruptive Events in TSPA-SR
qnd

* Model for characteristics of
volcanic eruptions has been
modified from Viability
Assessment
* Seismic effects are generally
screened out, except for effects
on cladding
* Nuclear criticality is screened
out
* Human intrusion is a stylized
analysis

I

1 
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Subissue 2, Scenario Analysis

* This subissue addresses the method used to develop
the suite of plausible scenarios used in the TSPA to
represent the evolution of the repository system

- Discussion of scenario methodology is included in the
TSPA-SR document (Chapter 1.6)

Description of the individual FEPs for each process,
including the screening analysis results, is included in the
associated PMR and supporting AMR

- The FEPs database has been revised to enhance the
understanding of the database structure
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Subissue 3, Model Abstraction

This subissue addresses the adequacy with which
the various components of the engineered system,
geosphere, and biosphere are treated in the TSPA-SR
(Chapter 3) and supporting analyses (AMRs)

- PMRs summarize the technical basis supporting each
process model and abstraction feeding the TSPA

- Data and model justification, data uncertainty, model
uncertainty, model support, and integration of relevant
features, phenomena, and couplings at the process model
level are also included in the PMRs and the underlying
AMRs

- Subsequent discussions at this Technical Exchange will
cover the details of the various component models
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Subissue 4, Demonstration of the Overall
Performance Oblective

Integration of the components, identification of the
most important information, and illustrating the
assessment of the system performance measure is
the objective of this subissue

- The TSPA is constructed to ensure that information is
appropriately represented and sampled at every step in the
analysis

- TSPA-SR will be conducted to comply with proposed
1 0 CFR Part 963, 1 0 CFR Part 63, and 40 CFR Part 197 in
terms of addressing the prescribed requirements for the
total system

- Chapter 4 of the TPSA-SR will consist of the nominal,
disturbed, and combined performance results
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Subissue 4, Demonstration of the Overall
Performance Objective

(Continued)

- Chapter 5 shows the results of uncertainty analyses,
sensitivity analyses, and barrier importance analyses

TSPA results are used to define the more important
factors determining system performance. These
analyses contribute to the determination of the
Principal Factors for the safety case
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Integration of Component Models
in TSPA-SR
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Integration of Component Models
in TSPA-SR
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Integration of Component Models
In TSPA-SR 

.... ..- a..- -- ^^.Ho^-- -^- ^(Continued)/i

1@ alX~fo it 6@Actzv.tfylW T1; -.

LBWt Form -VK KC; irwe S g Cl

Dissolution Abstraction C~~flC~fltr~tf~fl Chemistry

: DOCAWO~ Mo Waste Form o tzdrasoeSiahr
:WAIDEOMG.DTU.FHADLSz.d~~e

v

The

on with Goidss4m

Tao

Al
LIi

A-~---fN. NO
Thonno

IU~g'~d~io FnjQ

L~~~~tVbt

I I~~~~~~~~~~~~~~~~~~~~~~~~~d

hrntllrA Abtato AbeuO~

~r- r- -iii ir LEGEND

Aho ld 3 J, M#. wM WdXMS WOO.%w am.
,Z w WE S SZ B10 Too - Itemalt TA 

I~~~~~~1
4 Ac: ty NF*W�J UI�I4J r

Thermodynami4. II CI�ddlng
Fnv1mnni�nti>i II Degrad�tIont. 1 1, , (fuV19, PII � �Z�Z�

-1� 1-1� UZ
L,� " �61- 7W70) � ,,-w

r��MMSwkq, ,110!... I �!- n � �: E-LakkLyny



Integration of Component Models
in TSPA-SR
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Integration of Component Models
in TSPA-SR
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Integration of Component Models
in TSPA-SR

(Continued)
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Integration of Component Models
in TSPA-SR
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Summary

* DOE continues to make significant progress to
address the issues related to the TSPAI KTI

* TSPAI Issue Resolution Status Report Revision 2 is
currently being reviewed

* Comments on the current revision will be forwarded
to NRC upon completion of review

M&0 Graphics PrmsntaonsY~aanuuik-04/OO25p 33IYA W Yucca Mountain ProjectlPreliminary Predecislonal Draft Materials
� 11 w6ww6k"


