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5# Presentation Outline

Major steps in a Performance Assessment (PA)

Integration of process models and abstractions into
the PA

Process for characterizing uncertainty and variability
In key inputs, and ensuring consistency among models

Construction of the system model and analyses as a
function of uncertainty

Uncertainty and sensitivity analyses: feedback
regarding the key uncertain parameters
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Major Steps in a

Performance Assessment

Select (and screen)
Features, Events, and
Processes (FEPS) and
develop scenario classes

Develop process models
(and, perhaps, abstractions or
reduced-order models), along with
their scientific basis

Evaluate parameter and
model uncertainty

Construct integrated system

model with a consistent
treatment of uncertainty

Evaluate system model

results, including the effects of
uncertainty (conduct
uncertainty/sensitivity analyses)

lterate
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Develop and Screen Scenario Classes

Scenario 1 Scenario 2 Scenario 3

Develop Models and Abstractions

» Unsaturated Zone Flow v

« Waste Package Corrosion

+ Waste Form Degradation

« Saturated Zone Flow and Transport
» Biosphere

* Disruptive Events

Estimate Parameter Ranigs and Uncertainty

|||||||||||||||||||||||||

Climate Change Rock Porosity pH

Construct Integrated TSPA Model and Perform Calculations

lw O+

Evaluate Performance

v

+ Performance Assessment Consequence
« Compare Results to Regulations

Potentially contaminated
groundwater pumped

to surface. 00817DC_0367 ai



", @ History of DOE Yucca Mountain Total System

Performance Assessments (TSPAS)

(from http://www.nwtrb.gov/meetings/2004/sept/04sept.html)

TSPA lteration

Summary of Key Results

1988 Site Characterization Plan

Applied basic methodology for Monte Carlo uncertainty analyses based on scenarios.

TSPA-1991 e Demonstration of TSPA approach.

® Models limited to UZ and SZ, and volcanism identified importance of uncertainty in UZ flow paths.
TSPA-1993 e Improved models for UZ, SZ, early models for coupled processes, EBS, biosphere.

® |mportance of uncertainty in thermal hydrology, UZ flow, corrosion of engineered materials.
TSPA-1995 ® Incorporate new science and design, evaluate alternative models.

e Importance of robust process models for WP degradation, seepage, UZ and SZ transport.
TSPA-VA ® Supported the 1998 Viability Assessment, models based on best current information.

Ranked importance of uncertainty in each of the major components for 10,000, 100,000, and

1,000,000 years.
Emphasis on seepage, water chemistry, corrosion, and SZ.

1999 License Application Design
Selection (LADS)

® TSPA tools used to evaluate relative merits of design alternatives.

Demonstrated that multiple designs were viable for long-term performance.

TSPA for Site Recommendation (2000)

Robust modeling system using fully qualified inputs

Conservative approach to some components.

Regulatory importance of volcanism identified.

Conservative treatments of uncertainty complicated realistic understanding.

FY 2001 Supplemental Science and
Performance Analyses (SSPA)

TSPA for the Final Environmental
Impact Statement (2001)

More realistic treatment of uncertainty.
Incorporation of new information since TSPA-SR.
Confirmed potential suitability.

Confirmed importance of volcanism and EBS performance for 10,000 years.

Insights into EBS and natural system effects on peak dose.

Updated SSPA to include new information, revised regulatory boundary.

2002 Sensitivity Analyses
(one-on and one-off)

Insight into barrier performance.
Risk-importance information regarding model components.
Importance of volcanic disruption for 10,000-yr regulatory compliance.

TSPA-LA

Models updated to current information.

SAND2009-4157P.ppt

00477PR_TSPAKeyResults_a.ai



Major Steps in a
Performance Assessment

« Select (and screen) FEPS
and develop scenario
classes

 Develop process models
(and, perhaps, abstractions or
reduced-order models), along with
their scientific basis

 Evaluate parameter and
model uncertainty

« Construct integrated system

model with a consistent
treatment of uncertainty

 Evaluate system model

results, including the effects of
uncertainty (conduct
uncertainty/sensitivity analyses)

* [terate
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Develop and Screen Scenario Classes

Scenario 2 Scenario 3

Scenario 1

Develop Models and Abstractions

» Unsaturated Zone Flow v

« Waste Package Corrosion

» Waste Form Degradation

« Saturated Zone Flow and Transport
» Biosphere

* Disruptive Events

Estimate Parameter Raﬁ and Uncertainty

||||||||

Climate Change

||||||||||||||||||

Rock Porosity pH

Construct IntegrateciPA Model and Perform Calculations

T )<+

Evaluate Performance

v

+ Performance Assessment Consequence -
« Compare Results to Regulations

Potentially contaminated
groundwater pumped

to surface. 00817DC_0367 ai



Construct and Screen Scenario Classes
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' * [gneous Scenario Class

Future Scenarios for Eruption Modeling Case
Yucca Mountain

 Four scenario classes divided
Into seven modeling cases

* Nominal Scenario Class
* Nominal Modeling Case (reference state)

* Early Failure Scenario Class
» Waste Package Modeling Case
* Drip Shield Modeling Case

» Seismic Scenario Class
* Ground Motion Modeling Case
 Fault Displacement Modeling Case

D (r|e)=Dy(r|€)+Dgy(r]€)+Dey(r]€)+ Dy (r]€) + Dy (r] €) + Dy (7| €) + Dy (7 | €)
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Develop Process Models and Abstractions
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Expected Processes for the Natural and

Engineered Barrier Systems at Yucca Mountain

Waste Package and Drip
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Ground Support
(Rock Bolt)

Process Model:
Seismic Ground Motion Iin
Intact Drifts
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« 3-D kinematic analyses (using LS-
DYNA code) of CSNF and co-
disposal WPs, to produce histories
of multiple WP impacts for each of

Naval Long/Short g:i%ld
Waste Package

Codisposal Waste
Package Containing
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Canisters with One
DOE Spent Nuclear

Perforated Fuel Canister
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ABSTRACTION| TSPA

\

Seismic Scenario Class

« Vibratory ground motion modeling case
« Fault displacement modeling case

Horizontal PGV Hazard Curve for the Waste Emplacement Depth
Waste Package and Rupture Probability Damage Abstraction for Vibratory Motion After Drip Shield Failure
Waste Package and Rupture Probability Damage Abstraction for Vibratory Motion with Intact Drip Shield
Waste Package Damage Abstraction for Fault Displacement

Drip Shield Plates and Framework Failure Probability Abstraction

PROCESS

Seismic Consequence Abstraction

+ Evaluation of ground motion-related damage to the waste package

« Evaluation of ground motion-related damage to the drip shield

= Evaluation of the fragility of drip shield plates and framework

= Evaluation of waste package damage after failure of the drip shield

« Evaluation of structural clearances with respect to fault displacement
- Evaluation of post-seismic changes in local environment

» Computational approach for seismic scenario class

DATA

A Drip Shield and Waste A Residual AResiduaI Stress 4 A Bounded Hazard Curve for AA Fault
Package: Residual Stresses | Stresses on Drip Thresholds, PGV at the Waste Displacement
and Puncture, Collapse and | Shield and Tensile Tearing for Emplacement Depth Hazard
Buckling Potential Waste Package Alloy 22 and Ti-7, Curves

Buckling of Drip
Structural Structural Shield Framework Analysis of Bound
” and i -7 Failure to Low-Probability
Kinematic Kinematic Criteria Horizontal Peak
esponse Response Ground Velocity
to Rockfall -
to Vlbratory A A -

A Characterization of Ground EBS Horizontal PGV at
rockfall for lithophysal " Clearances the Waste
and nonlithophysal Motion Emplacement Depth
zones I—. for Various Hazard

3 S icTi istori Levels;
eismic Time Histories s S
1 a ear Strain al
Drift Degradatlon Depth for Various
Model Shear strength of lithophysal rock Hazard Levels
+ Seismic Time Histories
] ] Disruptive Events
Ground Motion Site-Response Model FEPs
+ Reference Rock Outcrop Ground Motion Hazard Curves
Probabilistic Seismic Hazard Analyses

Foundation of Field and Laboratory Data
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(and component models and submodels)

TSPA-LA Model |

'Performance Assessment System Model

T
|

Engineered Barrier

| System Environment Unsaturated Zone Transport

Principal TSPA-LA
Model Components

WP and ) SZ Flow |
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Major Steps in a
Performance Assessment

« Select (and screen) FEPS
and develop scenario
classes

 Develop process models
(and, perhaps, abstractions or
reduced-order models), along with
their scientific basis

 Evaluate parameter and
model uncertainty

« Construct integrated system

model with a consistent
treatment of uncertainty

 Evaluate system model

results, including the effects of
uncertainty (conduct
uncertainty/sensitivity analyses)

* [terate
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Develop and Screen Scenario Classes

Scenario 3

Scenario 1 Scenario 2

Develop Models and Abstractions

» Unsaturated Zone Flow v

« Waste Package Corrosion

» Waste Form Degradation

« Saturated Zone Flow and Transport
» Biosphere

* Disruptive Events

Estimate Parameter Raﬁ and Uncertainty

:::::::

Climate Change

||||||||||||||||||

Rock Porosity pH

Construct Integrated iiPA Model and Perform Calculations

H—anl 10 o £
s : - ] D:w.\sm.
II“I ; NS W XOD3EC
; e

Evaluate Performance

v

+ Performance Assessment Consequence &
« Compare Results to Regulations

Potentially contaminated
groundwater pumped

to surface. 00817DC_0367 ai
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Evaluate Parameter and Model Uncertainty

 Sources and Types of Uncertainty

* A Process for Consistent Characterization of
Uncertainty and Variability

* Developing Input Parameter Uncertainty
Distributions

Sandia
National
SAND2009-4157P.ppt Laboratories
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Sources and Types of Uncertainty
(Uncertainty Classification)

« Parameter Uncertainty
 Conceptual Model Uncertainty

e Scenario Uncertainty

Sandia
National
18 SAND2009-4157P.ppt Laboratories
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Major Types of Parameter Uncertainty

Aleatory Uncertainty

— Inherent randomness in events that could occur in the future; cannot be reduced by
further measurements

— Alternative descriptors: irreducible, stochastic, intrinsic, type A

— Examples:

»Time and size of a seismic event (time = hazard curve; size = ground motion time
history)

»Damage caused by seismic event
Epistemic Uncertainty

— Lack of knowledge (or degree of belief) about appropriate value to use for a quantity
assumed to have a fixed value; can be reduced by further measurements (feedback
for prioritizing experimental program)

— Alternative descriptors: reducible, subjective, state of knowledge, type B
— Examples:

» Waste-form degradation rates, chemical equilibrium constants, sorption
coefficients, inventory masses, corrosion rates, etc.

» Rates defining Poisson processes

SAND2009-4157P.ppt
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Evaluate Parameter and Model Uncertainty

 Sources and Types of Uncertainty

« Consistent Characterization of Uncertainty and
Variability across all Models

* Developing Input Parameter Uncertainty
Distributions

Sandia
National
SAND2009-4157P.ppt Laboratories
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;;" Uncertainty and Variability
Characterization Review Process

« Parameter uncertainty review team (PUT):

— Senior staff members (~ 5 or 6) with expertise in (1) probabilistic
modeling and uncertainty propagation, (2) statistical analysis of
field and laboratory data, (3) sensitivity and uncertainty analysis,
(4) use of expert judgment to inform distribution construction,
and (5) total system modeling for the particular system of interest

— PUT workscope:

« Familiarize subject matter experts (SMEs) with methodologies for
analyzing uncertainty and variability, as well as the use of statistical
techniques for deriving probability distributions

« Perform independent statistical analyses of available data

* Help SMEs derive probability distributions using advanced
techniques

« Examine subjective probability distributions to ensure that
professional judgment was incorporated in a reasonable fashion

Sandia
National
SAND2009-4157P.ppt Laboratories



* Risk-Informed Identification of Key
Uncertain Parameters

« Selection of review parameters is an iterative
process based on:

— risk-informed ranking of key models, processes, and
scenario classes

— uncertainty and sensitivity analyses conducted during
model development or prior iterations

— recommendations of SMEs

 Note: It IS not necessary to treat all parameters as
uncertain; reduce this set based on prior analyses

Sandia
National
SAND2009-4157P.ppt Laboratories
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PUT Parameter Review
Process

Review relevant source documents

Meetings with authors, data
collectors, SMEs, and analysts

Develop recommendations and/or
independent probabilistic
representations

Present findings and
recommendations to SMEs and
appropriate technical management

If necessary, a senior technical
management team decides on the
appropriate uncertainty
implementation, based on a risk-
informed perspective

SAND2009-4157P.ppt

Draft TSPA Data Input Package
and Supporting Analysis
and/or Model Reports

List of Key
TSPA Stochastic
Parameters /

Reviews of Parameter
Uncertainty and Variability
Characterizations

:

Review Team
Meetings with Authors,
Subject Matter Experts, and
TSPA Component-Model Leads

Consistent
Uncertainty
Treatment?

No Further Action

PASIT Evaluates
Review Team Findings and
Recommends Implementations

LEGEND

PASIT Performance Assessment Systems
Integration Team

:

Authors/TSPA Component-Model Leads
Implement PASIT Recommendations in

TSPA Input Database and
Analysis and/or Model Reports

00817DC_0133c.ai
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>
Multiple Institutions
Involved in the Uncertainty

Characterization
and Model Integration Process

« Lead Lab (Sandia)

* Interfaces / Teammates:
— Multiple National Labs
— Universities, Consultants

— Subcontractors

« Services and Staff Aug

24 SAND2009-4157P.ppt
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Evaluate Parameter and Model Uncertainty

 Sources and Types of Uncertainty

« Consistent Characterization of Uncertainty and
Variability

* Developing Input Parameter Uncertainty
Distributions

Sandia
National
SAND2009-4157P.ppt Laboratories
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#‘ Parameter Uncertainty Estimation Workshop
(Common Ground for the Technical Staff)

 Project-wide parameter uncertainty workshop
convened early in the process to put all technical staff
on acommon ground with respect to parameter
characterization and the associated review process

« Example topics discussed at workshop:

— Nature and sources of uncertainty

— Fitting continuous distributions

— Fitting distributions to small samples
— Subjective assessment of probabilities
— Bayesian updating

— Scaling issues

— Model uncertainty

Sandia
National
SAND2009-4157P.ppt Laboratories



Major Steps in a
Performance Assessment

« Select (and screen) FEPS
and develop scenario
classes

 Develop process models
(and, perhaps, abstractions or
reduced-order models), along with
their scientific basis

 Evaluate parameter and
model uncertainty

« Construct integrated system

model with a consistent
treatment of uncertainty

 Evaluate system model

results, including the effects of
uncertainty (conduct
uncertainty/sensitivity analyses)

* [terate
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Develop and Screen Scenario Classes

Scenario 1 Scenario 2 Scenario 3

Develop Models and Abstractions

» Unsaturated Zone Flow '

« Waste Package Corrosion

» Waste Form Degradation

« Saturated Zone Flow and Transport
» Biosphere

* Disruptive Events

Estimate Parameter Raﬁ and Uncertainty

||||||||

Climate Change

||||||||||||||||||

Rock Porosity pH

Construct Integrated iiPA Model and Perform Calculations

T )<+

Evaluate Performance

v

+ Performance Assessment Consequence &
« Compare Results to Regulations

Potentially contaminated
groundwater pumped

to surface. 00817DC_0367 ai
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Uncertainty and Sensitivity Analyses:

With an Example from Yucca Mountain

Sandia
National
28 SAND2009-4157P.ppt Laboratories



* Characterization of aleatory uncertainty in occurrence of future events
* a=[aq,a,...] vector characterizing a possible future at YM site

Basic Parts of Analysis

> e.g.,a=[nSG,t;,V;,t5,Vo, -, thsg,Vnsg] for seismic ground motion events in
time interval [0, 10* yr], where nSG= number of seismic events, t; = time (yr) of i
event, and v, = PGV (peak ground velocity) for i"" event

* Characterization of epistemic uncertainty in analysis inputs
° e = [e4,e,,...,e,] vector of epistemic uncertainty in TSPA inputs

» e.g., uncertainty in corrosion rates, degradation rates, radionuclide
solubilities, etc.

* Models for predicting the physical behavior and evolution of the repository

* Function y = f(e), where y is a vector of epistemically uncertain TSPA outputs, dependent
on the epistemically uncertain inputs e; and f is the suite of models constituting the TSPA

* y has many components, e.g., receptor dose; releases from the EBS, unsaturated zone,
saturated zone; chemical conditions in the EBS; etc.

Sandia
National
SAND2009-4157P.ppt Laboratories



#‘ Analysis Approach

* Define distributions for the set of N epistemically uncertain
input parameters (Ng = 400 for Y.M.)

° Generate Latin Hypercube Sample (LHS) e, = [e4;, €4, ..e\gil,
1=1,2,....,N, 45, consistent with defining distributions (N ;5 =
300 for Y.M.)

* Evaluate y. = f(e)), i =1,2,..., N,,c, for each LHS element i

* Present uncertainty results: Cumulative and complementary
cumulative distribution functions (CDFs, CCDFs), quantiles,
expected values, ...

Sandia
National
SAND2009-4157P.ppt Laboratories
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}' Calculation Methodology for Seismic Expected Dose

: Calculate Expectation over Aleatory Uncertainty
start
: Annual Dose Integrated . :
i over Damage Area, Interpolated Seismic Futures, !
> (6 event times) {multiple event times)
10 T o :
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Analysis Approach

* Perform sensitivity analysis on mapping [e;,Yy:(e))],
1=1,2,...,N g scatterplots, partial rank correlation
coefficients (PRCCs), stepwise rank regressions, ...

Sandia
National
SAND2009-4157P.ppt Laboratories



Uncertainty in Total Expected Dose:
(Sum over All Scenario Classes and RNSs)
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;;" Summary

« Uncertainty is an important component of the analysis
of any complex system and needs to be addressed
accordingly

« A systematic approach to performance assessment,
uncertainty characterization, and uncertainty/
sensitivity analysis is beneficial:

— Enhances transparency, consistency, as well as credibility with
regulator

— Provides a probability or confidence level to the possible outcomes

— Provides valuable insights as to which parameters are most
important

 Where does each process model fit into the safety
assessment?

— Use arisk-informed approach to determine the level of importance
of various parameters and models

— Expend more effort on characterizing key uncertain parameters

Sandia
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#. Summary (continued)

* Every scientific group (data, models, computational,
etc.) has a role Iin ensuring a consistent and
reasonable treatment of uncertainty

— Communication is essential between the groups

— Document your decisions and provide the rationale

« The process is iterative—new data, analyses, and
understanding will lead to future refinements.
However, uncertainty and sensitivity analyses will
help determine the areas that need study/
Improvement
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NEAMS Program Strategy —
Waste Forms & Systems IPSC

Strategy Vision

S As an integral part of nuclear energy generation and
/;ffi\/f—‘\ management, we will develop an integrated, science-based
g ‘ simulation package for assessing performance of potential
nuclear reactor waste storage or disposal options, from the
waste form itself through the entire surrounding engineered
environment and representing the range of important multi-
scale effects.

=

Milestones

M Years 0-3:
—IPSC Design Specifications
—PIRT & V&V Plan
— THCM Architecture and Prototype
—High priority sub-continuum studies
— Generation of constitutive models
— Initial Demonstration to WF/Environment Reference Case
M Years 4-10
— High-fidelity continuum and surrogate models
— Initial release of THCM and Assessment Codes Sandia
— Full application to WF/repository environment National
@ Laboratories
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WF IPSC Relationships

~ THCM* uQ THCM*
Sub-continuum Scale Hi-Fi Analysis Code +SA Assessment Code
Investigations \’_
>' Constitutive Models Surrogate Models
Discovery , _
Experiments » Upscaling V&V Model Reduction
Infrastructure Tools (Software Engineering — Viz — V&V — Data Analysis)

* THCM: Thermal/Hydrological/Chemical/Mechanical

Sandia
National
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