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Outline

• TSPA-SR Process
• Attributes of Repository Performance
• TSPA-SR Nominal Scenario – Process Model Factors
• Overview of Uncertainty/Variability/Conservatism in TSPA-SR
• TSPA Results

– TSPA-VA
– TSPA-SR Nominal Scenario Results (preliminary)
– TSPA-SR Volcanic Scenario Results (preliminary)
– TSPA-SR Nominal Scenario Example Sensitivity and Barrier 

Importance Analysis (preliminary)
• Summary



TSPA-SR Process
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TSPA-SR Process
1 Screen features, events and processes to determine those 

that must be retained in performance assessment
2 Develop models, along with their scientific basis,  for each 

process included in TSPA
3 Identify uncertainty in models and parameters
4 Construct integrated TSPA model using all retained 

processes
– “Nominal” performance model contains all features, events and 

processes likely to occur
– “Disruptive event” performance model contains low probability 

events (e.g., volcanism)

5 Evaluate total-system performance (individual dose and 
groundwater protection) and significance of quantified 
uncertainty
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Attributes of Repository System 
Performance



Yucca Mountain Project/Preliminary Predecisional Draft MaterialsYMP M&O Graphics Presentations_YMAndrews_08/01/00.ppt 6

TSPA-SR Nominal Scenario 
– Process Model Factors
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Process Model Factors Affecting Water 
Contacting Waste Packages



Process Model Factors Affecting Waste Package 
Lifetime – Engineered Barrier System Environments
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Process Model Factors Affecting Waste Package 
Lifetime – Waste Package Degradation
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Process Model Factors Affecting Radionuclide 
Release From the Engineered Barriers
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Process Model Factors Affecting 
Radionuclide Transport Away 

from Engineered Barriers
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Process Model Factors for 
Disruptive Events Scenario
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Process Model Factors for Human 
Intrusion Scenario
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Uncertainty and Variability Incorporated in 
the TSPA-SR Models

• The technical basis for each process model and the 
corresponding abstraction included in the TSPA-SR is 
contained in the family of Analysis/Model Reports (AMRs) 

• Uncertainty and both spatial and temporal variability are 
included in each model as appropriate

• Where significant complexity or unquantified uncertainty was 
encountered a degree of conservatism was included in the 
AMR

• The subsequent process model talks will discuss the nature 
and extent of the uncertainty and conservatism included in the 
models 
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TSPA Results
• TSPA-VA
• TSPA-SR Preliminary Nominal Scenario Class

– 100 k-yr dose rate
– 100 k-yr key radionuclides
– 1,000 k-yr dose rate
– 1,000 k-yr key radionuclides

• TSPA-SR Preliminary Igneous Activity Scenario 
Class

• Sensitivity Analysis
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TSPA-VA Results*

*Figure 4-28 of Viability Assessment of a Repository of Yucca Mountain, Volume 3 
Total System Performance Assessment

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Nominal 
Scenario Class – Individual Dose Results
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This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Nominal Scenario 
Class – Key Radionuclides
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This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Nominal 
Scenario Class – Individual Dose Results
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This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Nominal 
Scenario Class – Key Radionuclides

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Igneous Activity 
Scenario Class – Individual Dose Results

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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TSPA-SR Preliminary Combined Nominal and 
Igneous Activity Scenario Classes – Individual Dose Results
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This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.



Summary of TSPA-SR Preliminary 
Sensitivity Analyses

• Uncertainty analyses
– > 200 parameters in nominal performance scenario are represented

with an uncertainty range
– Regression analysis, discriminant analysis, partial correlations and 

regression trees are used to identify the most significant parameters 
(an example follows)

• Sensitivity analyses
– Specific analyses fixing individual key parameters at their 5th and/or 

95th percentile used to illustrate contribution to performance of 
individual process model factors

• Barrier Importance analyses
– Barrier analysis - Specific analyses fixing groups of key parameters at 

their 5th or 95th percentile used to illustrate contribution to 
performance of combined process model factors or barriers (an 
example for waste package degradation follows - additional examples 
are discussed in individual process model talks)

– Barrier Neutralization Analyses - Specific Analyses removing 
the function of a particular barrier to gain insights to system 
performance (will be presented tomorrow in the RSS Rev 4 talk)
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TSPA-SR Preliminary Nominal Scenario 
Class – Example Regression Analysis

Time
1000 10000 100000

U
nc

er
ta

in
ty

 Im
po

rta
nc

e 
Fa

ct
or

0.0

0.1

0.2

0.3

0.4

0.5

0.6
SCC Outer Lid Stress Profile
SCC Inner Lid Stress Profile
Alloy 22 Outer Lid Median General Corrosion Rate
Alloy 22 Inner Lid Median General Corrosion Rate
Saturated Zone Groundwater Flux

06/25/2000, 3:08 PM, SR00_049nm5.gsm; SR00_0049nm5_UIF_time.JNB

*NOTE:  Insufficient statistics prior to 40k years to provide representative results
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Example of Barrier Importance Analyses
• Based on regression analyses, several waste 

package degradation parameters have been 
identified as significantly affecting the dose rate

• The following waste package degradation parameters 
were fixed at their 95th and/or 5th percentile to 
provide an estimate of the possible pessimistic 
(degraded) or optimistic (enhanced) performance:
– Outer and inner lid weld stress profiles
– Median Alloy 22 corrosion rate for outer and inner lids
– Aging and MIC factors for corrosion rate
– Defect probability
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TSPA-SR Preliminary Nominal Scenario Class –
Example of Waste Package Barrier Importance
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The Enhanced Waste Package Barrier resulted in no dose
during the first 100,000 years.

This information was prepared for the 8/00 NWTRB meeting for illustrative purposes only 
and is subject to revision; not appropriate for assessing regulatory compliance.
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Summary of Barrier Importance Analyses 
to be Presented in Subsequent Talks

• Unsaturated zone flow and transport
– Infiltration barrier
– Seepage barrier
– Unsaturated zone transport barrier

• Engineered Barrier System transport
– Invert diffusion barrier

• Drip shield and waste package degradation
– Drip shield barrier
– Waste package barrier
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Summary of Barrier Importance Analyses 
to be Presented in Subsequent Talks

• Waste form degradation
– Cladding barrier

• Saturated zone flow and transport
– Saturated zone barrier

• Biosphere - none
• Disruptive events

– Volcanic activity sensitivity analysis

• Neutralization
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Summary of Technical Improvements for TSPA-SR
• TSPA-SR has benefited from comments received from reviewers of TSPA-VA

– DOE Peer Review, NWTRB, NRC, USGS TSPA-VA Peer Review, Clark County

• Major process model revisions include:
– Climate and seepage 
– Coupled thermal-hydro-chemical processes and in-drift environments
– Waste package degradation (esp. stress corrosion cracking)
– In-package chemistry and radionuclide mobilization (esp. colloids)
– Saturated zone transport
– Igneous activity

• TSPA approach modified to address NRC and EPA requirements:
– Explicit screening of features, events and processes
– “Expected” annual dose to member of critical group
– Groundwater protection of representative volume of aquifer
– Stylized human intrusion scenario
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Summary of Process Improvements 
for TSPA-SR

• All process models, abstraction models, analyses 
and calculations used to support TSPA-SR are 
controlled under a set of QA procedures common to 
all participants

• All data sets, parameters and models/analyses inputs 
and outputs are being tracked and controlled to 
ensure traceability

• TSPA-SR model developed to ensure all data used as 
input are traceable

• All data are tracked to verify quality status
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Summary of Remaining Work for TSPA-SR
• Complete analyses and check/review
• Complete uncertainty, sensitivity, and barrier 

importance analyses
• Complete analysis of results 
• Complete documentation
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Backup
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Process Model Factors Affecting Water 
Contacting Waste Packages
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Process Model Factors Affecting Waste Package 
Lifetime – Engineered Barrier System Environments
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Process Model Factors Affecting Waste Package 
Lifetime – Waste Package Degradation
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Process Model Factors Affecting Radionuclide 
Release From the Engineered Barriers
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Process Model Factors Affecting 
Radionuclide Transport Away 

from Engineered Barriers
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Process Model Factors for 
Disruptive Events Scenario
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Examples of Possible Sensitivity and Barrier 
Importance Analyses to Evaluate Significance of 

Process Model Factors
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Examples of Possible Sensitivity and Barrier 
Importance Analyses to Evaluate Significance of 

Process Model Factors
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Examples of Possible Sensitivity and Barrier 
Importance Analyses to Evaluate Significance of 

Process Model Factors
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