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Introduction and Obiectives 

This Technical Exchange and Management Meeting on Total System Performance Assessment 
and Integration (TSPAI) is one in a series of meetings related to the U.S. Nuclear Regulatory 

Commission (NRC) key technical issue (KTI) and sufficiency review, and the U.S. Department 

of Energy (DOE) site recommendation decision. Topics within TSPAI KTI have been discussed 

in two separate technical exchanges. The first technical exchange, conducted on May 15-17, 
2001, focused on the NRC review and comments regarding part of the scenario analysis 

subissue, specifically the screening of features, events, and processes (FEPs) from the 

performance assessment. The August 6-10, 2001, technical exchange focused on the 

remaining portions of the scenario analysis subissue, and the remaining subissues within the 

TSPAI KTI.  

Consistent with NRC regulations on prelicensing consultations and a 1992 agreement with the 

DOE, staff-level resolution can be achieved during prelicensing consultation. The purpose of 

issue resolution is to assure that sufficient information is available on an issue to enable the 

NRC to docket a proposed license application. Resolution at the staff level does not preclude 

an issue being raised and considered during the licensing proceedings, nor does it prejudge 

what the NRC staff evaluation of that issue will be after its licensing review. Issue resolution at 

the staff level, during prelicensing, is achieved when the staff has no further questions or 

comments regarding how the DOE is addressing an issue. The discussions recorded here 

reflect NRC's current understanding of the TSPAI KTI. This understanding is based on all 

information available to date which includes limited, focused, risk-informed reviews of selected 

portions of recently provided DOE documents (e.g., Analysis and Model Reports (AMRs) and 

Process Model Reports (PMRs)). Pertinent additional information (e.g., changes in design 

parameters) could raise new questions or comments regarding a previously resolved issue.  

NRC discussed the issue resolution definitions in the beginning of the meeting. Specifically, 

NRC stated that issues are "closed" if the DOE approach and available information acceptably 

address staff questions such that no information beyond what is currently available will likely be 

required for regulatory decision making at the time of any initial license application. Issues are 
"closed-pending" if the NRC staff has confidence that the DOE proposed approach, together 

with the DOE agreement to provide the NRC with additional information (through specified 

testing, analysis, etc.) acceptably addresses the NRC's questions such that no information 

beyond that provided, or agreed to, will likely be required at time of initial license application.  

Issues are "open" if the NRC has identified questions regarding the DOE approach or 

information, and the DOE has not yet acceptably addressed the questions or agreed to provide 

the necessary additional information in a potential license application.
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Summary of Meeting

At the close of the Technical Exchange and Management Meeting, the NRC stated that 
Subissues 1, 2, and 4 are closed-pending and Subissue 3 is open. Subissue 3 remains open 

soley because there are open items within Subissue 2 (igneous consequences) of the Igneous 

Activity KTI. If, in a future Igneous Activity meeting, the status of Igneous Activity Subissue 2 

were to change to closed-pending, the TSPAI Subissue 3 would be classified as closed
pending. The NRC/DOE agreements made at the meeting are provided in Attachment 1. A 

table containing all the FEPs discussed during the May 15-17 and August 6-9, 2001, meetings, 

and their associated NRC/DOE agreed upon path forward is included in Attachment 2. A table 

containing the modifications made to Unsaturated and Saturated Flow Under Isothermal 

Conditions Agreements 4.01 through 4.05 is included in Attachment 3. The agenda and the 

attendance list are provided in Attachments 4 and 5, respectively. Copies of the presenters' 

slides are provided in Attachment 6. Highlights from the Technical Exchange and Management 
Meeting are listed below.  

Highlights 

1) NRC Opening Presentation 

In its opening comments, NRC provided a general overview of the TSPAI KTI (see "Overview of 

Total System Performance Assessment and Integration Meeting" presentation given by James 

Firth). NRC stated that the performance assessment, which is a systematic analysis of what 

could happen at a repository, is one of many NRC safety requirements. NRC also defined 

terms that would be used during the meeting and indicated that additional general information 

on performance assessment and on the NRC and its role in the potential Yucca Mountain high

level waste repository was available. The NRC then discussed the four subissues within the 

TSPAI KTI and stated that it had questions in all four subissues which had been given to DOE 

in preparation for the meeting. The NRC also discussed the use of risk insights in TSPA.  

Specifically, the NRC presented its position and expectations regarding the use of risk insights 

to address issues and concerns in a TSPA. Finally, the NRC noted that compliance with the 

proposed standards at 10 CFR Part 63 for individual and groundwater protection and multiple 

barriers is not considered in pre-licensing issue resolution; however, the methodology for 

evaluating the overall performance objective is considered in this context.  

2) DOE Opening Presentation 

DOE provided information regarding the status of all the other KTI subissues, the TSPAI KTI 

subissue status, and an overview of the FEPs technical exchange (see "Total System 

Performance Assessment and Integration" presentation given by Timothy Gunter). DOE stated 

that all the KTI subissues are closed or closed-pending except for Igneous Activity Subissue 2 

and all four TSPAI subissues. DOE proposed a separation of the open Igneous Activity 

subissue from the TSPAI subissues. NRC commented that it could not separate the igneous 

activity issues from the TSPAI, however, it would state in the meeting summary, if appropriate, 
that the open issues within the Igneous Activity KTI were the only reason the TSPAI subissue(s) 

remained open. If, in a future Igneous Activity meeting, the Igneous Activity Subissue 2 

changed status to closed-pending, then, at that point, the TSPAI subissue(s) could be classified 

as closed-pending.
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DOE noted that during the May 15-17, 2001, meeting on scenario analysis, preliminary 

agreements were reached related to TSPAI Subissue 2, Scenario Analysis, and that those 

preliminary agreements would need to be formalized in this meeting. DOE also stated the 

discussions during this and the May meeting would support closed-pending of the TSPAI 

subissues (with the exception being the igneous activity issues within TSPAI Subissue 3). NRC 

indicated that resolution of the model abstraction subissue would involve adequately addressing 

all five of the generic acceptance criteria.  

3) TSPAI KTI Subissue 2 - Scenario Analysis 

DOE provided an overview of its plans to enhance FEPs evaluations (see "Total System 

Performance Assessment and Integration Key Technical Issue Subissue 2 - Scenario Analysis; 

Features, Events, and Processes Enhancements" presentation given by Geoff Freeze). DOE 

stated that it would address specific NRC concerns with the current FEP process, specifically, 

the level of detail in FEPs, use of secondary FEPs, FEPs versus modeling issues, and 

evaluating potential new FEPs.  

DOE discussed its approach for identification and screening of FEPs. DOE stated that its 

approach would be presented in two parts. First, DOE discussed Phase 1 (what had been done 

to date), and noted that this same information had been presented during the May meeting.  

DOE summarized Phase 1 by stating the primary FEPs encompass a comprehensive set of 

technical issues relevant to post-closure repository performance. DOE noted that Phase 1 

results are documented in the Yucca Mountain FEP database. DOE then discussed Phase 2 

and stated additional FEPs may be identified prior to license application from new information 

or as the design progresses. DOE stated project configuration controls will be enhanced to 

identify FEP linkages to ongoing work and design changes. DOE also noted that potential 

changes to FEPs will be evaluated and documented using a multi-step approach. NRC 

questioned whether the multi-step approach will be documented in a procedure. DOE 

confirmed that it would be.  

DOE then discussed the level of detail for primary FEPs. DOE stated that FEPs defined too 

specifically may produce too many low-probability (not credible) screening decisions. DOE also 

stated that FEPs defined too broadly may obscure important components and some 

components may be overlooked. NRC asked about the DOE approach for determining the 

level of detail of FEPs. DOE stated that if a technical basis could be developed which covered 

all the components of the FEP, then the FEP was not too broad. However, if the technical basis 

requires multiple screening arguments, it may be more appropriate to divide the FEP into two or 

more FEPs. DOE stated that an adequate level of detail for a FEP will be based on importance 

and complexity of the FEP. DOE also discussed (1) coarse FEPs which are characterized by 

low importance and/or complexity and broad detail, (2) specific FEPs which are characterized 

by high importance and/or complexity and specific detail, and (3) modeling issues which are at 

a finer level of specificity than is necessary or practical to develop a technically sound screening 

decision.  

DOE then discussed FEP enhancements under consideration. DOE stated that it would revise 

the FEP descriptions to: (1) better identify all components included in a FEP; (2) ensure full 

incorporation of relevant FEP issues; (3) eliminate use of secondary FEPs terminology, yet

3



retain traceability to the Nuclear Energy Agency database or other source documents; and (4) 
make the level of detail more consistent, where possible. DOE stated that it would be 
developing "level of detail" criteria. NRC questioned when the development of the criteria would 
be completed. DOE stated work is ongoing and the criteria would be completed in the near 
future. NRC asked whether the level of detail criteria would be carried into the existing FEP 
database. DOE confirmed that they would be. DOE stated that they plan to revise (1) the 
screening arguments for excluded FEPs to improve technical basis descriptions and identify 
components, and (2) TSPA dispositions for included FEPs to improve the description of how 
components are included in TSPA. Finally, DOE stated that possible improvement for the 
purpose of better traceability include mapping, FEPs to TSPA keywords, and establishing a 
FEP components searchable index. NRC asked how the FEPs database would be used to 
track the disposition and incorporation of FEPs. DOE stated that the database will summarize 
the technical basis for the FEP and reference supporting documents for a more detailed 
technical basis.  

After providing the overview for the scenario analysis subissue, NRC and DOE discussed 
several specific FEPs (see "Analysis of Resolution Status Key Technical Issue: Total System 
Performance Assessment and Integration - Subissue 2: Scenario Analysis" table). A number of 
comments pertained to Assumption 11 (geochemical effects as a function of distance from the 
drift) in the Features, Events, and Processes in Unsaturated Zone Flow and Transport AMR. In 

each case, the NRC noted this assumption was not verified and needed further verification prior 
to any potential license application. NRC and DOE discussed each FEP and agreed on a path 

forward (see Attachment 1 for NRC/DOE agreements).  

After additional discussions, NRC and DOE reached eight agreements for TSPAI Subissue 2.  

With these agreements, the NRC stated that Subissue 2 can be classified as closed-pending.  

4) TSPAI KTI Subissue 3 - Model Abstraction 

DOE stated that the objectives of this presentation were to describe: (1) the current model 

development approach; (2) the TSPA model verification and validation approach; (3) the 

approach to ensure data and model uncertainty have been appropriately considered; and (4) 

the approach to provide transparency and traceability of the TSPA model and analyses (see 
"Total System Performance Assessment and Integration Key Technical Issue Subissue 3 
Model Abstraction" presentation given by Jerry McNeish).  

DOE then discussed TSPA model development and stated that the TSPA is based on data, 
models, and analyses developed for engineered and natural barrier components of the system.  

The model development was completed under a quality assurance program and a systematic 

process was used for inclusion and exclusion of FEPs. DOE further stated that consideration of 

alternate conceptual models is conducted at the process level and was previously discussed at 

past technical exchange and management meetings. NRC questioned how DOE decided 

which alternative conceptual models were included in the performance assessment and what 

criteria were used for selection. DOE stated that process modelers make the decision which 

models are included into the TSPA and that this is discussed in the appropriate AMRs and 

PMRs. NRC expressed that it may be important to assess or represent model uncertainty in 

the performance assessment. NRC also questioned the meaning of statements regarding 

"testing of abstractions" and "coupling in TSPA model tested to ensure transfer of appropriate
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information." DOE stated that the first issue case implied validation and the second case 

implied verification. DOE also indicated that the corrective actions being planned for Corrective 

Action Report (CAR) BSC-01-C-001 on model validation represents the DOE 

validation/verification path forward.  

DOE presented information on model verification and validation. DOE stated that a submodel 

used to provide abstractions to the TSPA should be verified and validated in the appropriate 

AMRs. DOE stated that the TSPA model is verified and validated in multiple ways. For 

example: (1) the TSPA model software (GoldSim) is verified by the developer; (2) inputs to the 

TSPA model are checked to ensure they are used for their intended purpose and are working 

properly in the TSPA model; and (3) coupling in the TSPA model is tested to ensure transfer of 

appropriate information. NRC noted that all the examples appear to focus only on verification 

activities and, therefore, questioned which of the examples represent validation activities. DOE 

stated that the examples are mostly verification, and they are investigating how to validate the 

integrated TSPA model.  

DOE then discussed data and model uncertainty. DOE discussed the types of uncertainty, the 

techniques to characterize uncertainty, uncertainty evaluation results, and model discretization.  

NRC asked how uncertainty is carried from process models to the TSPA. NRC also questioned 

how GoldSim was evaluated for errors when running the TSPA application (since the TSPA 

application is larger and more complex than typical applications of GoldSim). DOE responded 

that it intends to develop a guidance document to systematically evaluate the results of the 

TSPA code to identify possible computational problems.  

DOE then discussed transparency and traceability. DOE stated that transparency and 

traceability is a priority throughout the program and transparency/traceability tools are being 

developed, including model flow charts, data source flow to model, simplified TSPA model, and 

additional graphics/visualization. NRC questioned whether DOE would integrate the FEP 

process and model abstraction transparency and traceability tools. DOE stated that it would 

use the model abstraction transparency/traceability tools extensively. DOE indicated plans to 

use an international review team and external oversight bodies to conduct transparency and 

traceability reviews. NRC asked if the composition of the international review team and external 

oversight bodies would be able to provide an appropriate balance between transparency and 

traceability. DOE indicated that the review team consists of only technical experts and no 

quality assurance experts. DOE had established the review to conduct a technical review of 

methodology, not to evaluate traceability. NRC pointed out, and DOE acknowledged, that 

quality assurance experts are needed to emphasize traceability.  

DOE stated that limited alternative conceptual models have been evaluated within TSPA. To 

assess all alternative conceptual models, one has to consult individual AMRs. DOE indicated 

that improvements will be made to the documents to reflect comprehensiveness of the 

consideration of alternative conceptual models in TSPA.  

NRC noted that all of its model abstraction comments reflect the five generic acceptance 

criteria discussed in the TSPAI Issue Resolution Status Report, Rev 3. NRC also noted that the 

identification numbers for all of its model abstraction comments contain the related acceptance 

criteria (e.g., ENG2.1.3 refers to comment number 3 under acceptance criterion 1 related to the 

Mechanical Disruption of Engineered Barriers model abstraction).
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5) NRC Presentations on Waste Package Corrosion Rates

NRC provided two presentations on waste package corrosion rates. The first presentation 

discussed the experimental support of corrosion rates and implementation of the corrosion 

degradation model (see "Questions on Experimental Support of Corrosion Rates and General 

Corrosion Model Abstraction" presentation by Osvaldo Pensado). The specific questions 

discussed during the first half of the presentation were: (1) why creviced samples yield higher 

corrosion rates, and (2) why corrosion rates tend to decrease with test duration. The second 

half of the presentation addressed the evaluation of the DOE model abstraction on general 

corrosion. NRC independent modeling produced results consistent with results of the general 

corrosion model reported in TSPA-SR. Deficiencies in the DOE documentation were discussed 

and it was suggested to enhance the transparency of the description of the implementation of 

the waste package degradation model in areas related to thermal aging and corrosion from the 

inside-out. NRC stated that questions raised during the presentation would be covered during 

the discussions of the individual model abstractions.  

In its second presentation, NRC discussed the effects of uncertainty/variance partitioning (see 

"Effects of Uncertainty/Variance Partitioning" presentation given by Richard Codell). NRC 

indicated that the treatment of parameter variability can make an important difference in the 

results in terms of the peak-of-the-mean dose, but it depends on the values of the parameters.  

Over a range of release rates, treating corrosion rates as real spatial variability led to the 

highest dose. For very slow release rates, there was little difference between the treatment of 

corrosion rate as either uncertain or variable. DOE asserted that the treatment of corrosion rate 

data as all uncertainty or all variability made little difference in peak dose was likely correct, 

because their release rates were slow. The NRC also concluded that the problem, in general, 

cannot be ignored because it can lead to risk dilution and an underestimation of consequences.  

The NRC expressed concern that the DOE representation of 100% uncertainty and 100% 

variability may not be similar to the NRC representations, therefore the NRC concern will need 

further evaluation.  

6) Specific NRC Model Abstraction Comments 

NRC and DOE discussed the NRC model abstraction comments organized within the 14 

integrated subissues (see "Analysis of Resolution Status Key Technical Issue: Total System 

Performance Assessment and Integration, Subissue 3: Model Abstraction slides). See the 

slides for the specific NRC comments and DOE responses. Any agreements coming out of the 

discussions are highlighted below.  

ENG1 - Degradation of Engineered Barriers 

NRC and DOE discussed the NRC comments pertaining to the Degradation of Engineered 

Barriers model abstraction. To complement the ENG1.3.x specific comments, NRC added a 

general discussion on the treatment of data uncertainty to emphasize the importance of how 

uncertainty is passed to and used in TSPA. NRC questioned how specific sources of 

uncertainty, which may be important to conclusions of waste package and drip shield 

performance, were represented in the TSPA. These specific sources of uncertainty included: 

(1) the uncertainty from measured creviced and weight-loss samples general corrosion rates
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and the statistical differences between the populations, (2) the uncertainty from alternative 

explanations for the decrease in corrosion rates with time (such as silica coatings that could 

alter the reactive surface area), (3) the uncertainty from utilizing a limited number of samples to 

define the correction for silica precipitation, (4) the confidence in the corrosion rate upper limit 

resulting from the limited sample size, and (5) the uncertainty from alternative statistical 

representations of the population of empirical general corrosion rates. DOE and NRC reached 

agreement TSPAI.3.01 to address the propagation of important sources of uncertainty 

(including those described above, if applicable) into future performance assessment 

calculations. NRC also questioned how epistemic or "lack of knowledge" uncertainty in waste 

package performance calculations might influence assessments of repository performance.  

NRC and DOE reached agreement (TSPAI.3.04) to address this concern. Overall, five specific 

NRC/DOE agreements were reached in this area (see Attachment 1 - TSPAI Agreements 3.01 

through 3.05). The agreements emphasized uncertainties and model abstraction as the overall 

technical bases of the waste package and drip shield degradation models were covered in the 

Container Life and Source Term and Evolution of the Near-Field Environment technical 

exchange agreements.  

ENG2 - Mechanical Disruption of Engineered Barriers 

NRC and DOE discussed the NRC comments pertaining to the Mechanical Disruption of 

Engineered Barriers model abstraction. One specific NRC/DOE agreement was reached in this 

area (see Attachment 1 - TSPAI Agreement 3.06). The NRC noted that comment ENG2.1.2 

and ENG2.2.2 address concerns that were discussed during the June 21-22, 2001, technical 

exchange and management meeting on Igneous Activity. NRC proposed agreements in these 

areas at the June 2001 meeting, but NRC and DOE were not able to reach agreement. These 

items will be kept open and the NRC and DOE plan to discuss them again in a future Igneous 

Activity meeting.  

ENG3 - Quantity and Chemistry of Water Contacting Waste Packages and Waste Forms 

NRC and DOE discussed the NRC comments pertaining to the Quantity and Chemistry of 

Water Contacting Waste Packages and Waste Forms model abstraction. In particular, the 

NRC and DOE discussed the observations of moisture originating from rockbolts in the ECRB.  

DOE stated that they are currently evaluating the origination of this moisture and preliminary 

results suggest it is condensate. The NRC and DOE developed agreement TSPAI.3.07 to 

assess, if necessary, the impact of this moisture on hydrology, chemistry, and other applicable 

models. Overall, seven specific NRC/DOE agreements were reached in this area (see 

Attachment 1 - TSPAI Agreements 3.07 through 3.13).  

ENG4 - Radionuclide Release Rates and Solubility Limits 

NRC and DOE discussed the NRC comments pertaining to the Radionuclide Release Rates 

and Solubility Limits model abstraction. The NRC and DOE discussed the consistent use of an 

EQ3/6 thermodynamic database throughout the Yucca Mountain Project. The NRC expressed 

concern that geochemical modeling being completed should use a consistent set of 

fundamental information. The NRC and DOE reached agreement TSPAI.3.15 for DOE to 

define a reference EQ3/6 geochemical database for the Yucca Mountain Project. DOE also 

agreed to provide documentation of all deviations from the reference database and justification
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for those deviations on different geochemical modeling activities. Overall, five specific 
NRC/DOE agreements were reached in this area (see Attachment 1 - TSPAI Agreements 3.14 

through 3.17 and TSPAI.3.42). The agreements emphasized uncertainties and model 

abstraction, since overall technical bases were covered in the Container Life and Source Term 

and Evolution of the Near-Field Environment technical exchange agreements.  

UZ1 - Climate and Infiltration 

NRC and DOE discussed the NRC comments pertaining to the Climate and Infiltration model 

abstraction. Four specific NRC/DOE agreements were reached in this area (see Attachment 1 

- TSPAI Agreements 3.18 through 3.21).  

UZ2 - Flow Paths in the Unsaturated Zone 

NRC and DOE discussed the NRC comments pertaining to the Flow Paths in the Unsaturated 

Zone model abstraction. Six specific NRC/DOE agreements were reached in this area (see 

Attachment 1 - TSPAI Agreements 3.22 through 3.27).  

UZ3 - Radionuclide Transport in the Unsaturated Zone 

NRC and DOE discussed the NRC comments pertaining to the Radionuclide Transport in the 

Unsaturated Zone model abstraction. Two specific NRC/DOE agreements were reached in this 

area (see Attachment 1 - TSPAI Agreements 3.28 through 3.29).  

Following this discussion, NRC and DOE discussed an NRC letter dated June 20, 2001, 
pertaining to the Unsaturated and Saturated Flow Under Isothermal Conditions KTI 

agreements. The NRC and DOE agreed to modify USFIC Agreements 4.01, 4.02, 4.03, 4.04, 

and 4.05 (see Attachment 3). In addition, DOE stated that the effects of water table rise on 

groundwater flux will be addressed in the Saturated Zone Flow and Transport Process Model 

Report and the Uncertainty Distribution for Stochastic Parameters AMR, as well as part of 

USFIC Agreement 5.04.  

SZ1 - Flow Paths in the Saturated Zone 

There were no NRC comments on the Flow Paths in the Saturated Zone model abstraction.  

SZ2 - Radionuclide Transport in the Saturated Zone 

NRC and DOE discussed the NRC comments pertaining to the Radionuclide Transport in the 

Saturated Zone model abstraction. NRC asked DOE if changes in radionuclide concentration 

in the saturated zone model in the TSPA changes as a result of the inclusion of FEP 

2.2.08.01.00, Groundwater Chemistry/Composition in Unsaturated Zone and Saturated Zone.  

DOE responded that the code did not simulate changes in radionuclide concentration in the 

saturated zone. Individual realizations included spatially variable kDs only through the 

distinction between volcanic and alluvium units, but temporally constant KD values. The NRC 

exressed concern that the TSPA code would not show potential increases in dose if the KD 

decreased in the future. Three specific NRC/DOE agreements were reached in this area (see 

Attachment 1 - TSPAI Agreements 3.30 through 3.32).
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DIRECTI - Volcanic Disruption of Waste Package

NRC and DOE discussed the NRC comments pertaining to the Volcanic Disruption of Waste 

Package model abstraction. No NRC/DOE agreements were needed in this area. The NRC 

noted that comment DIRECT1.1.1 and 1.1.2 address concerns that were discussed during the 

June 21-22, 2001, technical exchange and management meeting on Igneous Activity. NRC 

proposed agreements in these areas, but NRC and DOE were not able to reach agreement.  

These items will be kept open and the NRC and DOE plan to discuss them again in a future 

Igneous Activity meeting.  

DIRECT2 - Airborne Transport of Radionuclides 

NRC and DOE discussed the NRC comments pertaining to the Airborne Transport of 

Radionuclides model abstraction. No NRC/DOE agreements were needed in this area. The 

NRC noted that comment DIRECT2.2.1 and 2.TT.1 address concerns that were discussed 

during the June 21-22, 2001, technical exchange and management meeting on Igneous 

Activity. During the June meeting, NRC and DOE reached agreements in these areas.  

DOSEl - Dilution of Radionuclides in Groundwater due to Well Pumping 

NRC and DOE discussed the NRC comments pertaining to the Dilution of Radionuclides in 

Groundwater due to Well Pumping model abstraction. No NRC/DOE agreements were needed 

in this area.  

If information from the Supplemental Science and Performance Analyses (SSPA) Report, 

Rev 00, ICN 01 is used to support a potential licensing application, that information would have 

the appropriate quality assurance pedigree.  

DOSE2 - Dilution of Radionuclides in Soil 

NRC and DOE discussed the NRC comments pertaining to the Dilution of Radionuclides in Soil 

model abstraction. One specific NRC/DOE agreement was reached in this area (see 

Attachment 1 - TSPAI Agreement 3.33). The NRC noted that comment DOSE2.2.2, 2.3.1, 

2.3.2, and 2.5.1 address concerns that were discussed during the June 21-22, 2001, technical 

exchange and management meeting on Igneous Activity. During the June meeting, NRC and 

DOE reached agreements in these area, except for comment DOSE2.5.1, for which NRC 

proposed an agreement but DOE did not agree to; this item will be addressed at the future 

Igneous Activity meeting as previously discussed.  

DOSE3 - Lifestyle of Critical Group 

NRC and DOE discussed the NRC comments pertaining to the Lifestyle of Critical Group model 

abstraction. Four specific NRC/DOE agreements were reached in this area (see Attachment 1 

- TSPAI Agreements 3.34 through 3.37). The NRC noted that comment DOSE3.1.1 addressed 

a concern that was discussed during the June 21-22, 2001, technical exchange and 

management meeting on Igneous Activity. During the June meeting, NRC and DOE reached 

an agreement in this area.
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General Comments Pertaining to all the Model Abstractions

NRC and DOE discussed the NRC comments pertaining to general issues of transparency and 

traceability (TSPA001), methodology of model abstraction (TSPA002), procedures of model 

abstraction simplifications (TSPA003), and process model support (TSPA004). It was noted 

that the overall binning of examples was acceptable, except that a number of examples binned 

under "CATI" should be binned under "CAT5." Four specific NRC/DOE agreements were 

reached in this area (see Attachment 1 - TSPAI Agreements 3.38 through 3.41).  

Other Issues 

The NRC also discussed four FEPs (see items 30, 40, 45, and 46 from Attachment 2) which 

were initially presented at the May 15-17, 2001, TSPAI meeting. During the May meeting, the 

NRC and DOE agreed to delay discussions of these items until the next TSPAI meeting. For 

Item 30, the NRC stated that the FEP is appropriately addressed under CLST Agreement 1.11.  

For Item 40, the NRC stated that the FEP is appropriately addressed under CLST 

Agreement 3.7. For Item 45, the NRC stated that it is currently reviewing information pertaining 

to this FEP and that, if necessary, NRC would formally request additional information from 

DOE. For Item 46, the NRC stated that the FEP was discussed in an NRC letter dated August 

3, 2001, related to Structural Deformation and Seismicity KTI and did not need to be addressed 

at this meeting.  

7) Overall TSPAI Subissue 3 Status 

Overall, the NRC and DOE reached 42 agreements for TSPAI Subissue 3 (see Attachment 1 

for complete list of agreements for Subissue 3). The NRC stated, however, that since concerns 

associated with igneous activity remain open, TSPAI Subissue 3 must remain open. If, at a 

future Igneous Activity Technical Exchange and Management Meeting, these concerns are 

appropriately addressed by DOE and Igneous Activity Subissue 2 gets classified as "closed

pending," TSPAI Subissue 3 can move to a "closed-pending" status.  

8) TSPAI Subissue I - Multiple Barriers 

DOE provided an overview of its proposed multiple barrier approach (see "Total System 

Performance Assessment and Integration Key Technical Issue Subissue 1 - Multiple Barriers" 

presentation given by Srikanta Mishra). DOE stated that the objectives of the presentation 

were to describe the process and techniques for multiple barrier analysis. DOE discussed the 

NRC proposed draft regulations pertaining to multiple barriers and the multiple barrier 

acceptance criteria outlined in the TSPAI Issue Resolution Status Report, Revision 3. NRC 

noted that in the Concepts Section for proposed 10 CFR 63.102(h), it states that "it is intended 

that natural barriers and the engineered barrier system work in combination to enhance the 

resiliency of the geologic repository and increase confidence that the post-closure performance 

objective will be achieved." NRC also noted that the proposed regulations require that DOE 

needs to describe the capability of barriers important to waste isolation, taking into account 

uncertainties in characterizing and modeling the barriers. With respect to issue resolution, NRC 

stated that it would be just reviewing the methodology portion of multiple barriers and that it
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would not be making any decisions regarding whether multiple barriers have been adequately 
identified by DOE or whether DOE has demonstrated multiple barriers are present.  

DOE discussed its definition of a barrier and stated that (1) it is a physically distinct component 

that prevents or substantially delays movement of water or radionuclides and (2) it isolates 

waste by reducing mass and/or concentration. DOE stated process model factors are not 

barriers, but considerations affecting the barriers. DOE discussed its barrier importance 

analysis techniques, specifically, intermediate performance analysis, pinch-point analysis, 

robustness analysis, and neutralization analysis. A discussion of each follows below.  

DOE stated that intermediate performance analysis involves a review of TSPA model results to 

look at intermediate outputs and provides insight into how different components contribute to 

total system performance. NRC noted the importance of focusing on performance during the 

regulatory compliance period.  

DOE stated that pinch-point analyses are where the output of TSPA is processed at defined 

interfaces to provide indications of subsystem performance. DOE stated that pinch points 

occur where outputs (material, energy, or information flow) from one module of the total system 

become the inputs to another module. NRC questioned the difference between pinch-point and 

intermediate analysis results. DOE stated that there is a slight difference, intermediate results 

are graphical displays of TSPA outputs, pinch-point results are tabular and involve further 

analyses of intermediate results to show the relative contribution from a barrier.  

DOE stated that robustness analysis examines what happens when the system is stressed via 

unfavorable parameter values and/or conceptual models of low probability. Results from these 

analyses indicate whether uncertainty in representing the barrier is significant with respect to 

predicting system performance. NRC questioned what the purpose of DOE's robustness 

analyses was. DOE stated that the robustness analyses was intended to provide insight into 

the performance of the model under unlikely conditions.  

DOE stated that neutralization analysis is used to determine the importance of individual 

barriers. This analysis is an extreme form of robustness where the barrier remains in place, but 

its ability to retard and/or attenuate water and/or radionuclide movement is completely ignored.  

DOE then discussed the comparison of barrier analyses. DOE stated that the pinch-point and 

intermediate performance analyses were more appropriate for: (1) showing capability of 

individual barriers to prevent or substantially delay movement of radionuclides, and (2) showing 

individual barrier contributions to waste isolation. In addition, DOE stated that robustness and 

neutralization analyses were more appropriate for: (1) differentiating contributions of barriers 

that perform similar functions, (2) examining impact of extreme scenarios, and (3) corroborating 

reasonable assurance arguments. NRC questioned how DOE planned to do barrier analyses 

with respect to individual radionuclides. DOE stated that it was still looking at the right set of 

analyses which will give the necessary information.  

The NRC and DOE then discussed the NRC comments pertaining to multiple barriers. Two 

specific NRC/DOE agreements were reached in this area (see Attachment 1 - TSPAI 

Agreements 1.01 through 1.02). With these agreements, NRC stated that TSPAI Subissue 1 

could be classified as closed-pending.
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9) NRC Presentation on Verification and Validation

The next two NRC presentations focused on the area of validation and verification of TSPA 

results. In the first presentation, NRC presented a regulatory perspective on model validation 

and computer code verification (see "Model Validation and Computer Code Verification: NRC 

Regulatory Perspective" presentation given by Michael Lee). NRC first noted that the traditional 

method of so-called "scientific validation" was not sought for the purposes of demonstrating 

compliance with NRC's proposed Yucca Mountain regulation. Rather, what was desired was 

that within the context of existing scientific principles, that DOE describe those "confidence 

building measures" or independent lines of evidence (e.g., tests, experiments, or natural 

analogue studies) that it would rely on to confirm that repository systems would perform as 

expected. As an example of an acceptable approach to confidence building, the NRC/Swedish 

Nuclear Power Inspectorate (SKI) Validation White Paper, NUREG-1636, was cited. NRC 

noted that this White Paper was not intended to represent formal staff guidance on the subject, 

nor was it intended as a de facto staff position. Rather, based on the views of the respective 

authors as well as a review of the international experience in this regard, the White Paper 

identified the types of information regulators might generally expect to find in an acceptable 

confidence building approach. In this regard, it was noted that the most important element of 

any acceptable approach was a confidence building strategy (and associated plan) that focused 

on those systems/processes determined by the repository developer to be most important to 

performance. Such an approach is intended to ensure that those systems/processes 

considered to be most important to performance would be expected to receive the greatest 

amount of confidence building by the repository developer. The NRC noted during the 

presentation that any DOE approach to confidence building should be consistent with its 

Repository Safety Strategy, currently under revision by DOE, or some higher-order planning 

document that describes DOE's broad philosophy in this area. NRC also noted that it intended 

to incorporate the White Paper concepts into the NRC Yucca Mountain-specific review plan, 

currently under development. During the question/comment period that followed, DOE noted 

that NRC should also consider the recent recommendations of the Nuclear Energy Agency as 

they relate to building confidence in TSPAs. The NRC concluded with a brief discussion of 

computer code verification. In response to a question from DOE, the NRC staff noted that the 

iterative nature of the performance assessment process generally leads to the evolution of a 

validation/verification process for TSPA models that occurs in parallel, rather than serially.  

Nevertheless, the NRC expressed the view that some minimum level of TSPA model validation 

was first necessary to establish before undertaking widespread computer code verification.  

In the second presentation, NRC expanded on the model validation and computer code 

verification themes introduced above, as well as summarized the results of the staff reviews in 

these areas (see "Verification and Validation: Staff Reviews and Comments" presentation given 

by Sitakanta Mohanty). NRC first discussed some working definitions for software verification 

and model validation. NRC stated that verification (software) provides assurance that a 

computer code correctly performs the operations specified in a numerical model. NRC stated 

that validation (model) provides assurance that a model (e.g., conceptual or mathematical) as 

embodied in a computer code is a correct representation of the process or system for which it is 

intended. The NRC discussed several aspects of what is involved in software verification and 

model validation.
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The NRC discussed general findings with respect to software verification. NRC stated that 

DOE has the elements of verification in their TSPA-SR and supporting documents, but rigorous 

verification has yet to be accomplished. NRC also presented a number of specific verification 

findings. In discussing a possible path forward, NRC stated that DOE should provide a 

plan/strategy to verify and document the calculations and computer codes supporting TSPA, 

including, minimum requirements for completing verification.  

NRC next discussed its general findings with respect to model validation. NRC stated that 

DOE's model validation efforts are ineffective due to (1) failure to consistently implement quality 

assurance program requirements, and (2) lack of effective independent verification and 

validation. NRC stated that DOE's validation efforts are too limited and that its use of peer 

review is not a good substitute for objective information that is reasonably available. As a path 

forward, NRC recommended that DOE define a model validation plan/strategy and that this 

plan/strategy should include the following attributes: (1) theoretical support for models, and (2) 

additional lines of support (natural analogs, field tests, laboratory studies). DOE asked whether 

the NRC believes there should be one comprehensive plan. NRC stated that it does not have 

any particular preference. DOE questioned what the NRC meant by constituent model. NRC 

stated that it meant individual component models.  

10) TSPAI Subissue 4 - Overall Performance Objective 

DOE provided an overview of its proposed overall performance objective approach (see "Total 

System Performance Assessment and Integration Key Technical Issue Subissue 4 - Overall 

Performance" presentation given by Jerry McNeish). DOE stated that the objectives of the 

presentation were to (1) present the important aspects of TSPA software and model verification 

and validation and, (2) discuss the stability of overall performance results and the discretization 

of the TSPA model. DOE then discussed the five acceptance criteria for the Overall 

Performance subissue. NRC stated that the acceptance criteria associated with the 

demonstration that the average annual dose meets regulatory limits will not be addressed by 

the NRC during pre-licensing. The NRC also noted that for issue resolution during pre

licensing, it would only look at the methodology aspects of the subissue. The NRC indicated 

that the DOE delta-table did not reflect the NRC statement regarding the alternate design 

acceptance criterion (a copy of the NRC statement is included in Attachment 6).  

In the next part of the presentation, DOE discussed TSPA software verification and stated that 

verification ensures that software performs as intended. DOE stated that a review of the 

GoldSim software, which is used for development of the TSPA model, found adequate software 

configuration control and verification.  

DOE discussed its verification testing and stated that the documentation needs to be improved 

to show what steps DOE has taken to verify the model. DOE then discussed TSPA model 

validation and stated that the validation of a system model involves both submodel and 

integrated model validation. DOE stated that the supporting submodels are validated prior to 

implementation into TSPA. NRC questioned how DOE was using natural analogs to validate 

the TSPA model. DOE stated that sufficient data was available on the Pena Blanca site to help 

validate larger portions of the TSPA model. NRC asked when the methods and assumptions 

report would be available to the NRC. DOE stated that its intention is to complete it in fiscal 

year 2002.
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DOE then discussed the stability of analyses and calculations and stated that a multiple 

replicate sample approach is being considered to demonstrate stability going forward. NRC 

asked if DOE was looking at various statistical measures to analyze the stability of analyses.  

DOE responded that going forward, they are looking at the multiple replicate sample approach 

and using statistical analyses to compare the results to assist in this area.  

NRC asked if a systematic approach has been used for identifying appropriate distribution 

functions for representing uncertainty in data used in the TSPA model. DOE responded that a 

systematic approach for the selection of distribution function across all uncertain parameters 

was not used. The selection appeared to have been based on the modeler's best judgment 

and the selection documented in the AMRs.  

Lastly, the DOE discussed the discretization of the TSPA model and stated that the TSPA-SR 

model used spatial/environmental binning and selected timesteps. DOE stated that alternative 

design analyses, along with multiple barrier analysis, should aid in comparative evaluation of 

alternatives to the major design features.  

11) TSPA Management Plan 

DOE provided the status of the DOE review associated with TSPA-SR discrepancies (see 

"Status - Total System Performance Assessment Issues" presentation given by Bob Andrews).  

DOE stated that during the presentation, it would address its TSPA vertical review, data 

qualification, software qualification, and model validation.  

DOE discussed its approach to the TSPA vertical review and stated that its goals were to 

determine that the TSPA conclusions were supported. The findings from the management 

review were binned into four categories: (1) significant items (Category 1), (2) important items 

(Category 2), (3) weak basis/assumptions/reference (Category 3), and (4) minor errors 

(Category 4). DOE then discussed the status of the review and stated that it had not found any 

impact to date that affects the technical results to the conclusion that doses are within limits 

during the regulatory period. The NRC asked if the vertical review of the TSPA included the 

TSPA model (implemented in GoldSim). DOE stated that while the TSPA model was not a 

formal part of the evaluation, it was consulted when technical reviewers had questions.  

DOE then discussed data qualification. DOE provided the current status of its data qualification 

effort and stated that the impact assessments would be provided to the NRC by the end of 

August 2001. DOE stated that to date, impact assessment activities indicate that incomplete 

and to-go data qualification actions have little or no impact on the AMR output. NRC asked if 

assumptions are considered data. DOE stated no. NRC asked how assumptions with the to be 

verified (TBV) label will be treated. DOE responded that assumptions are not part of the impact 

assessments but they are part of ongoing work to evaluate prior to any potential license 

application. DOE stated that the impact assessments for data will address (1) what data are 

unqualified or to be verified, (2) how data are used in AMRs that support the TSPA, (3) what is 

the output of the AMR, and (4) what is the impact and significance on the AMR output due to 

use of unqualified data.
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DOE then discussed software qualification and provided the current status of its qualification 

efforts. DOE stated that the software impact assessments will address (1) how is the code 

used in the AMR that supports the TSPA, (2) what was the issue associated with code 

qualification, (3) what relative influence did the deficiencies have on the output of the AMR, and 

(4) was the technical adequacy of the AMR affected. DOE stated that codes supporting TSPA

SR that have impact assessments are scheduled to be qualified by the end of 2001.  

Lastly, DOE discussed model validation and described the steps taken to assure that model 

validation supports confidence in the conclusions of the TSPA-SR. DOE stated that all the 

models that are not readily validated will have an impact assessment developed. NRC asked 

whether DOE would define what is an analyses and what is a model in the next revision to 

Procedure AP-3.10Q. DOE answered yes. In response to an earlier question by the NRC, 

DOE provided a discussion of the role, scope, and results of the Product Enhancement Review 

Group (PERG).  

After further discussions, DOE stated that it is completing a set of comprehensive root cause 

analyses of quality-related issues resulting from evaluations of the TSPA-SR, software 

verification, and model validation. As a result of these analyses, DOE will implement a project

wide corrective action plan affecting processes that control the development of technical 

documents. The agreement items proposed by NRC are related to process implementation 

issues, including process control, human performance, management and supervision, and 

review and oversight activities. As part of that corrective action planning, DOE will address the 

broader causal factors that will include process and implementation practice changes. The 

results of the DOE root cause analyses and corrective action plans will be available, as they are 

developed, for NRC review beginning in September 2001. These actions will be discussed and 

tracked via the quarterly NRC/DOE Management and Quality Assurance meetings.  

12) Specific NRC Overall Performance Objective Comments 

NRC and DOE discussed the NRC comments pertaining to overall performance objective.  

Seven specific NRC/DOE agreements were reached in this area (see Attachment 1 - TSPAI 

Agreements 4.01 through 4.07). With these agreements, NRC stated that TSPAI Subissue 4 

could be classified as closed-pending.  

13) Public Comments 

Judy Treichel (Nevada Nuclear Waste Task Force) expressed a concern about the amount of 

uncertainty in the results of the DOE performance assessment and asked about the amount of 

uncertainty that NRC would permit in the dose calculation and about the amount of uncertainty 

that NRC would permit and still close the subissue. NRC indicated that it has not reviewed the 

DOE dose calculation, but that a number of NRC questions relate to the concerns that she had 

expressed, and these comments would be discussed during the meeting.  

In a latter session, Ms. Triechel stated that she was concerned with the use of proposed 10 

CFR Part 63 and that the public had numerous comments and concerns about it. She noted 

that the public needed to have confidence in the models used for TSPA and from the 

discussions she did not have this confidence. Ms. Triechel stated that she was worried about 

the use of waste package and waste forms as barriers. NRC responded that proposed 10 CFR
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Part 63 requires one natural and one engineered barrier and that DOE must show the 

capabilities of the barriers credited in its analyses. Ms. Triechel disagreed with the use of a 

10,000 year compliance period and stated that the regulations should just focus on the dose to 

the public. Lastly, she stated that the definition of success for the NRC is not having a 

repository at Yucca Mountain. The NRC cannot just rely on probabilities, but must ensure 

public health and safety.  

Mr. John Kessler (EPRI) stated that he was pleased with the NRC questions regarding 

consistency and integration in the performance assessment. He further commented that it was 

hard to tell if the NRC was more concerned with 0-10,000 years or greater than 10,000 years.  

NRC stated that its proposed regulations are expected to require 10,000 year compliance and 

its questions beyond this timeframe were intended to understand DOE figures and discussions.  

Mr. Kessler further stated that when performing neutralization analyses, one has to be very 

clear on what is being neutralized and how it is being done. Lastly, Mr. Kessler noted that he 

dislikes the use of the term "validation" by the NRC and that he prefers "confidence building" 

because of the level of disagreements that exist among scientists on the topic.

I, 

C. William Reamer 
Chief, High Level Waste Branch 
Division of Waste Management 
Office of Nuclear Material Safety 
and Safeguards 
U.S. Nuclear Regulatory Commission

.1 / ' B 

April V. Gil 
Team Lead 
Regulatory Interactions and Policy Development 
Office of Licensing & Regulatory Compliance 
U.S. Department of Energy
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Summary of the Resolution of the Key Technical Issue on 
Total System Performance Assessment and Integration

Attachment 1

Subissue # Subissue Title Status Preliminary NRC/DOE Agreements 

1 System description Closed- TSPAI.1.01 - Provide enhanced descriptive treatment for presenting barrier 
and demonstration Pending capabilities in their final approach for demonstrating multiple barriers. Provide 
of multiple barriers discussion of the capabilities of individual barriers, in light of existing parameter 

uncertainty (e.g., in barrier and system characteristics) and model uncertainty.  

DOE will provide enhanced descriptive treatment for presenting barrier 
capabilities in the final approach for demonstrating multiple barriers. DOE will 
also provide discussion of the capabilities of individual barriers, in light of 
existing parameter uncertainty (e.g., in barrier and system characteristics) and 
model uncertainty. The information will be documented in TSPA Methods and 
Assumptions document, expected to be available to NRC in FY 2002, for any 
potential license application.
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T T

System description 
and demonstration 
of multiple barriers 
Cont.

1

2 Scenario analysis Closed- TSPAI.2.01- Provide clarification of the screening arguments, as summarized in 

within the total Pending Attachment 2. See Comment # 5, 7, 8, 9, 10, 13, 18, 19 (Part 5), 21, 32, 41, 47, 

system performance 50, 53, 58, 67, J-5, J-16, and J-18 
assessment 
methodology DOE will clarify the screening arguments, as summarized in Attachment 2, for 

the highlighted FEPs. The clarifications will be provided in the referenced FEPs 

AMR and will be provided to the NRC in FY03.

-2-

TSPAI.1.02 - Provide a discussion of the following in documentation of barrier 
capabilities and the corresponding technical bases: (1) parameter uncertainty, 
(2) model uncertainty (i.e., the effect of viable alternative conceptual models), 
(3) spatial and temporal variability in the performance of the barriers, (4) 

independent and interdependent capabilities of the barriers (e.g., including a 

differentiation of the capabilities of barriers performing similar functions), and (5) 

barrier effectiveness with regard to individual radionuclides. Analyze and 
document barrier capabilities, in light of existing data and analyses of the 
performance of the repository system.  

DOE will provide a discussion of the following in documentation of barrier 
capabilities and the corresponding technical bases: (1) parameter uncertainty, 

(2) model uncertainty (i.e., the effect of viable alternative conceptual models), 
(3) spatial and temporal variability in the performance of the barriers, (4) 

independent and interdependent capabilities of the barriers (e.g., including a 
differentiation of the capabilities of barriers performing similar functions), and (5) 

barrier effectiveness with regard to individual radionuclides. DOE will also 
analyze and document barrier capabilities, in light of existing data and analyses 

of the performance of the repository system. The information will be 
documented in TSPA for any potential license application expected to be 
available in FY 2003.



Scenario analysis 
within the total 
system performance 
assessment 
methodology - Cont.

_ _ _ _ _ _ _ I - i-

TSPAI.2.02 - Provide the technical basis for the screening argument, as 
summarized in Attachment 2. See Comment # 3, 4, 11, 12, 19 (Parts 1, 2, and 

6), 25, 26, 29, 34, 35, 36, 37, 38, 39, 42, 43, 44, 48, 49, 51, 54, 55, 56, 57, 59, 

60, 61, 62, 63, 64, 65, 66, 68, 69, 70, 78, 79, J-1, J-2, J-3, J-4, J-7, J-8, J-9, J

10, J-11, J-12, J-13, J-14, J-15, J-17, J-20, J-21, J-22, J-23, J-24, J-25, J-26, 
and J-27.  

DOE will provide the technical basis for the screening argument, as summarized 

in Attachment 2, for the highlighted FEPs. The technical basis will be provided 

in the referenced FEPs AMR and will be provided to the NRC in FY03.

TSPAI.2.03 - Add the FEPs highlighted in Attachment 2 to the appropriate FEPs 
AMRs. See Comment 19 (Part 7 and 8), 20, and J-6.  

DOE will add the FEPs highlighted in Attachment 2 to the appropriate FEPs 

AMRs. The FEPs will be added to the appropriate FEPs AMRs and the AMRs 
will be provided to the NRC in FY03.

TSPAI.2.04 - Provide a clarification of the description of the primary FEP. See 
Comments 24, 31, and 33.  

DOE will clarify the description of the primary FEPs, as summarized in 
Attachment 2, for the highlighted FEPs. The clarifications will be provided in the 
referenced FEPs AMR and will be provided to the NRC in FY03.

2



Scenario analysis 
within the total 
system performance 
assessment 
methodology - Cont.

__________ I _________________ I ________ I

2

-4-

TSPAI.2.05 -It is not clear to the NRC that the current list of FEPs (i.e., the list of 
FEPs documented in TDR-WIS-MD-000003, 00/01) is sufficiently 
comprehensive or exhibits the necessary attribute of being auditable (e.g., 
transparent and traceable). As discussed in the two TSPAI technical 
exchanges, there are unclear aspects of the approach that DOE plans to use to 

develop the necessary documentation of those features, events, and processes 
that they have considered. Accordingly, to provide additional confidence that 
the DOE will provide NRC with: (1) auditable documentation of what has been 
considered by the DOE, (2) the technical basis for excluding FEPs, and (3) an 
indication of the way in which included FEPs have been incorporated in the 
performance assessment; DOE will provide NRC with a detailed plan (the 
Enhanced FEP Plan) for comment. In the Enhanced FEP Plan, DOE will 
address the following items: (1) the approach used to develop a pre-screening 
set of FEPs (i.e., the documentation of those things that DOE considered and 
which the DOE would use to provide support for a potential license application), 
(2) the guidance on the level-of-detail that DOE will use for redefining FEPs 
during the enhanced FEP process, (3) the form that the pre-screening list of 
FEPs will take (e.g., list, database, other descriptions), (4) the approach DOE 
would use for the ongoing evaluation of FEPs (e.g., how to address potentially 
new FEPs), (5) the approach that DOE would use to evaluate and update the 
existing scope and description of FEPs, (6) the approach that DOE would use to 
improve the consistency in the level of detail among FEPs, (7) how the DOE 
would evaluate the results of its efforts to update the existing scope and 
definition of FEPs, (8) how the Enhanced FEP process would support assertions 
that the resulting set of FEPs will be sufficiently comprehensive (e.g., represents 

a wide range of both beneficial and potential adverse effects on performance) to 
reflect clearly what DOE has considered, (9) how DOE would indicate their 
disposition of included FEPs in the performance assessment, (10) the role and 
definition of the different hierarchical levels used to document the information 
(e.g., "components of FEPs" and "modeling issues"), (11) how the hierarchical 

levels used to document the information would be used within DOE's enhanced 
FEP process, (12) how the Enhanced FEP Plan would result in documentation 
that facilitates auditing (i.e., lead to a process that is transparent and traceable), 
(13) DOE's plans for using configuration management controls to identify FEP 
dependencies on ongoing work and design changes. DOE will provide the 
Enhanced Plan to NRC by March 2002.



Scenario analysis 
within the total 
system performance 
assessment 
methodology - Cont.

1�

_______ 4 4� +

___________I_________ I

TSPAI.2.06 - Provide justification for the approach to: (1) the level of detail used 
to define FEPs; (2) the degree of consistency among FEPs; and (3) 
comprehensiveness of the set of FEPs initially considered (i.e., before 
screening).  

DOE proposes to meet with NRC periodically to provide assessments of the 
DOE's progress, once it has initiated the Enhanced FEP process, and on 
changes to the approach documented in the Enhanced FEP Plan. During these 

progress meetings DOE agrees to provide a justification for their approach to: 

(1) the level of detail used to define FEPs; (2) the degree of consistency among 

FEPs; and (3) comprehensiveness of the pre-screening set of FEPs.

TSPAI.2.07 - Provide results of the implementation of the Enhanced FEP Plan 
(e.g., the revised FEP descriptions, screening arguments, the mapping of FEPs 

to TSPA keywords, and a searchable index of FEP components), in updates to 

the FEP AMR documents and the FEP Database.  

DOE agrees to provide the results of their implementation of the Enhanced FEP 
Plan (e.g., the revised FEP descriptions, screening arguments, improved 
database navigation through, for example, the mapping of FEPs to TSPA 
keywords, a searchable index of FEP components, etc.), information requested 

in updates to the FEP documents and the FEP Database (or other suitable 
documents) in FY03.

-5-
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Model abstraction 
within the total 
system performance 
assessment 
methodology

Open3

TSPAI.3.02 - Provide the technical basis for resampling the general corrosion 
rates and the quantification of the impact of resampling of general corrosion 
rates in revised documentation (ENG1.1.1).  

DOE will provide the technical basis for resampling the general corrosion rates 
and the quantification of the impact of resampling of general corrosion rates in 
an update to the WAPDEG Analysis of Waste Package and Drip Shield 
Degradation AMR (ANL-EBS-PA-000001). This AMR is expected to be 
available to NRC in FY 2003.

-6-

TSPAI.3.01 - Propagate significant sources of uncertainty into projections of 
waste package and drip shield performance included in future performance 
assessments. Specific sources of uncertainty that should be propagated (or 
strong technical basis provided as to why it is insignificant) include: (1) the 
uncertainty from measured crevice and weight-loss samples general corrosion 
rates and the statistical differences between the populations, (2) the uncertainty 
from alternative explanations for the decrease in corrosion rates with time (such 
as silica coatings that alter the reactive surface area), (3) the uncertainty from 
utilizing a limited number of samples to define the correction for silica 
precipitation, (4) the confidence in the upper limit of corrosion rates resulting 
from the limited sample size, and (5) the uncertainty from alternative statistical 
representations of the population of empirical general corrosion rates.  

The technical basis for sources of uncertainty will be established upon 
completion of existing agreement items CLST 1.4, 1.5, 1.6, and 1.7. DOE will 
then propagate significant sources of uncertainty into projections of waste 
package and drip shield performance included in future performance 
assessments. This technical basis will be documented in a future revision of the 
General and Localized Corrosion of Waste Package Outer Barrier AMR (ANL
EBS-MD-000003) expected to be available consistent with the scope and 
schedules for the specified CLST agreements. The results of the AMR analyses 
will be propagated into future TSPA analyses for any potential license 
application.



-7-

3 Model abstraction TSPAI.3.03 - Provide the technical basis for crack arrest and plugging of crack 

within the total openings (including the impact of oxide wedging and stress redistribution) in 
system performance assessing the impact of SCC of the drip shield and waste package in revised 
assessment documentation (ENGI.1.2 and ENG1.4.1).  
methodology - Cont.  

DOE will provide the technical basis for crack arrest and plugging of crack 
openings (including the impact of oxide wedging and stress redistribution) in 
assessing the stress corrosion cracking of the drip shield and waste package in 
an update to the Stress Corrosion Cracking of the Drip Shield, Waste Package 
Outer Barrier, and the Stainless Steel Structural Material AMR (ANL-EBS-MD
000005) in accordance with the scope and schedule for existing agreement item 
CLST 1.12.  

TSPAI.3.04 - Provide the technical basis that the representation of the variation 
of general corrosion rates (if a significant portion is "lack of knowledge" 
uncertainty) does not result in risk dilution of projected dose responses 
(ENG 1.3.3).  

DOE will provide the technical basis that the representation of the variation of 
general corrosion rates results in reasonably conservative projected dose rates.  
The technical basis will be documented in an update to the WAPDEG Analysis 
of Waste Package and Drip Shield Degradation AMR (ANL-EBS-PA-000001).  
This AMR is expected to be available to NRC in FY 2003. These results will be 
incorporated into future TSPA documentation for any potential license 
application.



Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.06 - Provide the technical basis for the methodology used to implement 
the effects of seismic effects on cladding in revised documentation. DOE will 
demonstrate that the methodology used to represent the seismic effects of 
cladding does not result in an underestimation of risk in the regulatory timeframe 
(ENG2.1.1).  

DOE will provide the technical basis for the methodology used to implement the 
effects of seismic effects on cladding in revised documentation. DOE will 
demonstrate that the methodology used to represent the seismic effects of 
cladding does not result in an underestimation of risk in the regulatory timeframe 
in TSPA-LA. The documentation is expected to be available to NRC in FY 
2003.

-8-

TSPAI.3.05 - Provide the technical basis for the representation of 
uncertainty/variability in the general corrosion rates in revised documentation.  
This technical basis should provide a detailed discussion and analyses to allow 
independent reviewers the ability to interpret the representations of 100% 
uncertainty, 100% variability, and any intermediate representations in the DOE 
model (ENG1.3.6).  

DOE will provide the technical basis for the representation of 
uncertainty/variability in the general corrosion rates. This technical basis will 
include the results of 100% uncertainty, 100% variability, and selected 
intermediate representations used in the DOE model. These results will be 
documented in an update to the WAPDEG Analysis of Waste Package and Drip 
Shield Degradation AMR (ANL-EBS-PA-000001) or other document. This AMR 
is expected to be available to NRC in FY 2003.



Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.

T I

3

TSPAI.3.08 - Provide the technical basis (quantification) for the abstraction of in
package chemistry and it's implementation into the TSPA which will 
demonstrate that the utilization of the weighted-moving-average methodology 
will not result in an underestimation of risk (ENG3.1.3).  

DOE will provide the technical basis (quantification) for the abstraction of in
package chemistry and its implementation into the TSPA, which will 
demonstrate that the implementation methodology will not result in an 
underestimation of risk. The technical basis will be documented in TSPA-LA 
and is expected to be available in FY 2003.
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TSPAI.3.07 - Provide technical basis for representation of or the neglect of 
dripping from rockbolts in the ECRB in performance assessment, including the 
impacts on hydrology, chemistry, and other impacted models. Appropriate 
consideration will be given to the uncertainties in the source of the moisture, and 
how those uncertainties impact other models (ENG3.1.1).  

DOE will provide technical basis for determination of future sources of water in 
the ECRB, will evaluate the possibility of preferential dripping from engineered 
materials, and will give appropriate consideration to the uncertainties of the 
water sources, as well as their potential impact on other models. The work done 
to date as well as the additional work will be documented in the AMR on In-Situ 
Field Testing Processes (ANL-NBS-HS-000005) or other documents. This AMR 
will be available to NRC in FY 2003. DOE will evaluate the role of condensation 
as a source of water and any impacts of this on hydrologic and chemical 
conitions in the drift, and DOE will document this work. The effects of 
condensation will be included in TSPA if found to be potentially important to 
performance.



3 Model abstraction TSPAI.3.09 - Provide the documentation that presents the representation of 

within the total uncertainty and variability in the near-field environment abstractions in the TSPA 

system performance (ENG3.1.4).  
assessment 
methodology - Cont. DOE will present the representation of uncertainty and variability in water and 

gas chemistry entering the drift in the near-field environment abstractions for the 

TSPA. This will be documented in the Abstraction of Drift-Scale Coupled 
Processes (ANL-NBS-HS-000029) or other document expected to be available 

in FY 2003.  

TSPAI.3.10 - Provide the documentation of the integrated analyses and 
comprehensive uncertainty analyses related to the Physical and Chemical 

Environmental Abstraction Model (ENG3.1.5).  

DOE will provide the documentation of the integrated analyses and 

comprehensive uncertainty analyses related to the EBS physical and chemical 
environment in documentation associated with TSPA for any potential license 
application. The documentation is expected to be available to NRC in FY 2003.  

TSPAI.3.11 - DOE should account for appropriate integration between the 3D 

UZ flow model, the MSTH model, and the drift seepage model. In particular, 
DOE should ensure that relevant spatial distributions are propagated 
appropriately between the UZ flow model, the thermohydrology model, and the 

seepage model (ENG3.1.6).  

DOE will compare the infiltration flux used for the infiltration bins with the 3D 

Unsaturated Zone flow model and the multi-scale thermohydrologic (MSTH) 
model results. The technical basis for any approximations in the spatial 
distribution of flow rates involved in this abstraction will be provided in 

Abstraction of NFE Drift Thermodynamic Environment and Percolation Flow 

AMR (ANL-EBS-HS-000003) or other suitable document. In particular, DOE will 
ensure that the MSTH model output to the seepage abstraction (or any other 

model that may provide percolation flux to the seepage abstraction) does not 

lead to underestimation of seepage. This AMR is expected to be available to 

NRC in FY 2003.
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Model abstraction TSPAI.3.12 - DOE should complete testing of corrosion in the chemical 

within the total environments predicted by the model or provide technical basis why it is not 

system performance needed (ENG3.1.8).  
assessment 
methodology - Cont. DOE will conduct testing of corrosion in the credible range of chemical 

environments predicted by the model in accordance with the scope and 
schedule for existing agreements CLST 1.4 and 1.6 or provide a technical basis 

why it is not needed.

TSPAI.3.13 - Provide a comparison of the environments for corrosion predicted 
in the models, to the testing environments used to define empirical corrosion 
rates in revised documentation (ENG3.2.1).  

DOE will provide a comparison of the environments for corrosion predicted in 
the models, to the testing environments utilized to define empirical corrosion 
rates in revised documentation consistent with the scope and schedule for 
existing agreement item CLST 1.1.

TSPAI.3.14 - DOE should account for the full range of environmental conditions 
for the in-package chemistry model (ENG4. 1.1).  

DOE will update the in-package chemistry model to account for scenarios and 
their associated uncertainties required by TSPA. This will be documented in the 
In-Package Chemistry AMR (ANL-EBS-MD-000056) expected to be available to 
NRC in FY 2003.

TSPA1.3.15 - Define a reference EQ316 database for the Yucca Mountain 
Project. DOE will provide documentation of all deviations from the reference 
database and justification for those deviations used by different geochemnical 
modeling activities (ENG4.1.2).  

DOE will define a reference EQ3/6 database for the Yucca Mountain Project.  
DOE will provide documentation of all the deviations from the reference 
database and justification for those deviations used by different geochemical 
modeling activities. The database will be available in FY 2003.

-1 -
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Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.16 - DOE should include the possibility of localized flow pathways in 
the engineered barrier system in TSPA calculations, including the influence of 
introduced materials on water and gas chemistry on these preferential flow 
pathways (ENG4.1.6).  

DOE will evaluate the effect of localized flow pathways on water and gas 
chemistry in the engineered barrier system as input to TSPA calculations, 
including the influence of introduced materials on these preferential flow 
pathways consistent with existing agreements ENFE 2.4, 2.5, and 2.6. This will 
be documented in an update to the Physical and Chemical Environment Model 
AMR (ANL-EBS-MD-000033) or other suitable document. This AMR is 
expected to be available to NRC in FY 2003.

TSPAI.3.17 - Provide an uncertainty analysis of the diffusion coefficient 
governing transport of dissolved and colloidal radionuclides through the invert.  
The analysis should include uncertainty in the modeled invert saturation 
(ENG4.4.1).  

DOE will provide an uncertainty analysis of the diffusion coefficient governing 
transport of dissolved and colloidal radionuclides through the invert. The 
analysis will include uncertainty in the modeled invert saturation. The 
uncertainty analysis will be documented in the EBS Radionuclide Transport 
Abstraction AMR (ANL-WIS-PA-000001) expected to be available to NRC in FY 
2003.

TSPAI.3.18 - Provide a technical basis that the water-balance plug-flow model 
adequately represents the non-linear flow processes represented by Richard's 
equation, particularly over the repository where there is thin soil (UZ1.2.1).  

DOE will provide a technical basis that the water-balance plug-flow model 
adequately represents the non-linear flow processes represented by Richard's 
equation, particularly over the repository where there is thin soil. The technical 

basis will be documented in an update to the Simulation of Net Infiltration for 
Modern and Potential Future Climates AMR (ANL-NBS-HS-000032). The AMR 
is expected to be available to NRC in FY 2003.

-12-
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3 Model abstraction TSPAI.3.19 - DOE will provide justification for the use of its evapotranspiration 

within the total model, and defend the use of the analog site temperature data (UZ1.3.1).  

system performance 
assessment DOE will provide justification for the use of the evapotranspiration model, and 

methodology - Cont. justify the use of the analog site temperature data. The justification will be 

documented in an update to the Simulation of Net Infiltration for Modern and 

Potential Future Climates AMR (ANL-NBS-HS-000032) and the Future Climate 

Analysis AMR (ANL-NBS-GS-000008). The AMRs are expected to be available 

to NRC in FY 2003.  

TSPAI.3.20 - Provide access to data supporting the synthetic meteorologic 
records (4JA.s01 and Area12.s01) (UZ1.3.2).  

DOE will provide data supporting the synthetic meteorologic records 
(specifically, data files 4JA.s01 and Area12.s01). These data files will be 

provided to NRC September 2001.  

TSPAI.3.21 - Demonstrate that effects of near surface lateral flow on the spatial 

variability of net infiltration are appropriately considered (UZ1.5.1).  

DOE will demonstrate that effects of near surface lateral flow on the spatial 
variability of net infiltration are appropriately considered in an update to the 

Simulation of Net Infiltration for Modern and Potential Future Climates AMR 

(ANL-NBS-HS-000032) and UZ Flow Models and Submodels AMR (MDL-NBS
HS-000006). These AMRs are expected to be available to NRC in FY 2003.  

TSPAI.3.22 - Provide an assessment or discussion of the uncertainty involved 

with using a hydrologic property set obtained by calibrating a model on current 

climate conditions and using that model to forecast flow for future climate 
conditions (UZ2.3.1).  

DOE will provide an assessment or discussion of the uncertainty involved with 

using a hydrologic property set obtained by calibrating a model on current 

climate conditions and using that model to forecast flow for future climate 
conditions. This assessment will be documented in the UZ Flow Models and 

Submodels AMR (MDL-NBS-HS-000006) expected to be available to NRC in FY 
2003.

-13-
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TSPAI.3.23 - DOE should evaluate spatial heterogeneity of hydrologic 
properties within hydrostratigraphic units and the effect this heterogeneity has 
on model results of unsaturated flow, seepage into the drifts and transport.  
DOE should also provide a technical basis for the assessment that bomb-pulse 

C0-36 data found below the Paint Brush tuff can be linked to a negligible amount 
of fast flowing water (UZ2.3.2).  

DOE will evaluate spatial heterogeneity of hydrologic properties within 
hydrostratigraphic units and the effect this heterogeneity has on model results of 

unsaturated flow, seepage into the drifts and transport. This evaluation will be 

documented in the UZ Flow Models and Submodels AMR (MDL-NBS-HS
000006), Radionuclide Transport Models under Ambient Conditions (MDL-NBS

HS-000008) and Seepage Models for PA Including Drift Collapse AMR (MDL
NBS-HS-000002) expected to be available to NRC in FY 2003. DOE will also 

provide a technical basis for the assessment that bomb-pulse C136 data found 
below the PTn can be linked to a negligible amount of fast flowing water. The 

technical basis will be documented in the UZ Flow Models and Submodels AMR 
(MDL-NBS-HS-000006) expected to be available to NRC in FY 2003.

I I I



Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.25 - DOE should use the Passive Cross Drift Hydrologic test, the 
Alcove 8 - Niche 3 tests, the Niche 5 test, and other test data to either provide 
additional confidence in or a basis for revising the TSPA seepage abstraction 
and associated parameter values (e.g., flow focusing factor, van Genuchten 
alpha for fracture continuum, etc.), or a provide technical basis for not using it 
(UZ2.3.4).  

DOE will utilize field test data (e.g., the Passive Cross Drift Hydrologic test, the 
Alcove 8 - Niche 3 tests, the Niche 5 test, and other test data) to either provide 
additional confidence in or a basis for revising the TSPA seepage abstraction 
and associated parameter values (e.g., flow focusing factor, van Genuchten 
alpha for fracture continuum, etc.), or provide technical basis for not using it.  
This will be documented in Seepage Calibration Model and Seepage Testing 
Data AMR (MDL-NBS-HS-000004) expected to be available to NRC in FY 2003.

15-

TSPAI.3.24 - Provide the analysis of geochemical and hydrological data (water 
content, water potential, and temperature) used for support of the flow field 
below the repository, particularly in the Calico Hills, Prow Pass, and Bullfrog 
hydrostratigraphic layers. Demonstrate that potential bypassing of matrix flow 
pathways below the area of the proposed repository, as opposed to the entire 
site-scale model area, is adequately incorporated for performance assessment, 
or provide supporting analyses that the uncertainties are adequately included in 
the TSPA (UZ2.3.3).  

DOE will provide an analysis of available geochemical and hydrological data 
(water content, water potential, and temperature) used for support of the flow 
field below the repository, particularly in the Calico Hills, Prow Pass, and Bullfrog 
hydrostratigraphic layers. The analyses will demonstrate that potential 
bypassing of matrix flow pathways below the area of the proposed repository, as 
opposed to the entire site-scale model area, is adequately incorporated for 
performance assessment, or provide supporting analyses that the uncertainties 
are adequately included in the TSPA. These analyses will be documented in the 
UZ Flow Models and Submodels AMR (MDL-NBS-HS-000006), In-Situ Field 
Testing of Processes AMR (ANL-NBS-HS-000005), and Calibrated Properties 
Model AMR (MDL-NBS-HS-000003) expected to be available to NRC in FY 
2003.

I I



3 Model abstraction TSPAI.3.26 - Calibrate the UZ flow model using the most recent data on 

within the total saturations and water potentials, and clearly document the sources of calibration 

system performance data and data collection methods (UZ2.3.5).  
assessment 
methodology - Cont. DOE will calibrate the UZ flow model using the most recent data on saturations 

and water potentials, and document the sources of calibration data and data 
collection methods. The results will be documented in the Calibrated Properties 
Model AMR (MDL-NBS-HS-000003) expected to be available to NRC in FY 
2003.

TSPAI.3.27 - Provide an overview of water flow rates used in the UZ model 
above and below the repository, in the MSTHM, in the seepage abstraction, and 
in the in-drift flow path models, to ensure appropriate integration between the 
various models (UZ2.TT.3).  

DOE will provide an overview of water flow rates used in the UZ model above 
and below the repository, in the Multi-Scale Thermohydrologic Model (MSTHM), 

in the seepage abstraction, and in the in drift flow path models, to ensure 
appropriate integration between the various models. This will be documented in 

the TSPA for any potential license application expected to be available to NRC 
in FY 2003.  

TSPAI.3.28 - DOE needs to provide independent lines of evidence to provide 
additional confidence in the use of the active-fracture continuum concept in the 
transport model (UZ3.5.1).  

DOE will provide independent lines of evidence to provide additional confidence 
in the use of the active fracture continuum concept in the transport model. This 

will be documented in Radionuclide Transport Models under Ambient Conditions 
AMR (MDL-NBS-HS-000008) and UZ Flow Models and Submodels AMR (MDL
NBS-HS-000006) expected to be available to NRC in FY 2003.

-16-
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3 Model abstraction TSPAI.3.29 - Provide verification that the integration of the active fracture model 

within the total with matrix diffusion in the transport model is properly implemented in the TSPA 

system performance abstraction (UZ3.TT.3).  
assessment 
methodology - Cont. DOE will provide verification that the integration of the active fracture model with 

matrix diffusion in the transport model is properly implemented in the TSPA 

abstraction. This verification will be documented in the Particle Tracking Model 

and Abstraction of Transport Processes (ANL-NBS-HS-000026) expected to be 

available to NRC in FY 2003.

TSPAI.3.30 - Provide the technical basis for the contrasting concentrations of 
colloids available for reversible attachment in the engineered barrier system and 

the saturated zone. Sensitivity analyses planned in response to RT Agreement 
3.07 should address the effect of colloid concentration on K.. Update, as 

necessary, the K. parameter as new data become available from the Yucca 
Mountain region (SZ2.3.1).  

DOE will provide the technical basis for the contrasting concentrations of 
colloids available for reversible attachment in the engineered barrier system and 

the saturated zone. The sensitivity analyses planned in response to RT 

Agreement 3.07 will address the effect of colloid concentration on the K, 

parameter. The technical basis will be documented in the Waste Form Colloid 

Associated Concentration Limits: Abstractions and Summary (ANL-WIS-MD
000012) in FY 2003. The K0 parameter will be updated as new data become 

available from the Yucca Mountain region in the Uncertainty Distribution for 

Stochastic Parameters AMR (ANL-NBS-MD-00001 1) in FY2003.
___ I__ I I_______j ___ .__________________________
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3 Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.31 - Evaluate the effects of temporal changes in saturated zone 
chemistry on radionuclide concentrations (SZ2.3.2).  

DOE will reexamine the FEPs, currently included in the performance 
assessment, that may lead to temporal changes in saturated zone 

hydrochemistry. If the DOE determines that these FEPs can be excluded, the 
results will be documented in the FEP Saturated Zone Flow and Transport AMR 
(ANL-NBS-MD-000002) in FY 2003. If the DOE determines that these FEPs 
cannot be excluded from the performance assessment, the DOE will evaluate 
the effects of temporal changes in the saturated zone chemistry on radionuclide 
concentrations and will document this evaluation in above mentioned AMR.

TSPAI.3.32 - Provide the technical basis that the representation of uncertainty in 
the saturated zone as essentially all lack-of-knowledge uncertainty (as opposed 
to real sample variability) does not result in an underestimation of risk when 
propagated to the performance assessment (SZ2.4.1).  

DOE will provide the technical basis that the representation of uncertainty (i.e., 
lack-of-knowledge uncertainty) in the saturated zone does not result in an 

underestimation of risk when propagated to the performance assessment. A 
deterministic case from Saturated Zone Flow Patterns and Analyses AMR (ANL
NBS-HS-000038) will be compared to TSPA analyses. The comparison will be 
documented in the TSPA for any potential license application expected to be 
available to NRC in FY 2003.

TSPAI.3.33 - Provide justification that the Kd values used for radionuclides in 
the soil in Amargosa valley based on the results of a literature review are 
realistic or conservative for actual conditions at the receptor location 
(DOSE2.2.1).  

DOE will provide justification that the Kd values used for radionuclides in the soil 
in Amargosa Valley are realistic or conservative for actual conditions at the 

receptor location. The justification will be provided in Evaluate Soil/Radionuclide 
Removal by Erosion and Leaching AMR (ANL-NBS-MD-000009) or other 
document expected to be available to NRC in FY 2003.

-18-
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3 Model abstraction TSPAI.3.34 - For the Radionuclides that dominate the TSPA dose, provide the 

within the total technical basis for selection of Radionuclide or element specific biosphere 

system performance parameters that are important in the BDCF calculations (e.g. soil to plant 

assessment transfer factors) (DOSE3.2.1).  
methodology - Cont.  

For the radionuclides that dominate the TSPA dose, DOE will provide the 
technical basis for selection of radionuclide or element specific biosphere 
parameters (except for Kds which are addressed in TSPAI 3.33) that are 
important in the BDCF calculations (e.g. soil to plant transfer factors). The 
technical basis will be documented in the Transfer Coefficient Analysis AMR 
(ANL-MGR-MD-000008) or other document and is expected to be available to 
NRC in FY 2003.  

TSPAI.3.35 - Provide additional justification to support that the assumed crop 
interception fraction is appropriate for all radionuclides considered and does not 
result in underestimations of dose. Discussions should address the impacts of 
electrostatic charge and particle size on the interception fraction for all 
radionuclides considered in the TSPA (DOSE3.2.5).  

DOE will provide additional justification to support that the assumed crop 

interception fraction is appropriate for all radionuclides that dominate the TSPA 
dose and does not result in underestimations of dose. The justification will 
include the impacts of electrostatic charge and particle size on the interception 
fraction. This justification will be documented in Identification of Ingestion 
Exposure Parameters (ANL-MGR-MD-000006) or other document expected to 
be available to NRC in FY 2003.

__________I____L____ I___________ ___________________
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3 Model abstraction TSPAI.3.36 - Document the methodology that will be used to incorporate the 
within the total uncertainty in soil leaching factors into the TSPA analysis, if that uncertainty is 
system performance found to be important to the results of the performance assessment 
assessment (DOSE3.3.1).  
methodology - Cont.  

DOE will document the methodology used to incorporate the uncertainty in soil 
leaching factors into the TSPA analysis. This will be documented in Nominal 
Performance Biosphere Dose Conversion Factor Analysis AMR (ANL-MGR-MD
000009), Disruptive Event Biosphere Dose Conversion Factor Analysis (ANL
MGR-MD-000003) or other document expected to be available to NRC in FY 
2003.  

TSPAI.3.37 - Provide a quantitative analysis that the sampling method including 
the correlations to NP used by the TSPA code to abstract the GENII-S process 
model code adequately represent the uncerrtainty and variability and 
correlations for the biosphere process model (DOSE3.4.1).  

DOE will provide a quantitative analysis that the sampling method including the 
correlations between BDCFs utilized by the TSPA code to abstract the GENII-S 
process model data adequately represent the uncertainty and variability and 
correlations for the biosphere process model. This will be documented in 
Nominal Performance Biosphere Dose Conversion Factor Analysis AMR (ANL
MGR-MD-000009), Disruptive Event Biosphere Dose Conversion Factor 
Analysis (ANL-MGR-MD-000003) or other document expected to be available to 
NRC in FY 2003. Results of these analyses will be documented in the TSPA for 
any potential license application expected to be available to NRC in FY 2003.



3 Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.39 - In future performance assessments, DOE should document the 
simplifications used for abstractions per TSPAI.3.38 activities. Justification will 

be provided to show that the simplifications appropriately represent the 
necessary processes and appropriately propagate process model uncertainties.  
Comparisons of output from process models to performance assessment 
abstractions will be provided, with the level of detail in the comparisons 
commensurate with any reduction in propagated uncertainty and the risk 
significance of the model (TSPA0003).  

DOE will document the simplifications utilized for abstractions per TSPAI.3.38 

activities for all future performance assessments. Justification will be provided 
to show that the simplifications appropriately represent the necessary processes 
and appropriately propagate process model uncertainties. Comparisons of 
output from process models to performance assessment abstractions will be 

provided, with the level of detail in the comparisons commensurate with any 
reduction in propagated uncertainty and the risk significance of the model. The 

documentation of the information will be provided in abstraction AMRs in FY 
2003.

-21-

TSPAI.3.38 - DOE will develop guidance in the model abstraction process that 

can be adhered to by all model developers so that (1) the abstraction process, 
(2) the selection of conservatism in components, and (3) representation of 

uncertainty are systematic across the TSPA model. DOE will evaluate and 

define approaches to deal with: (1) evaluating non-linear models as to what their 
most conservative settings may be if conservatism is being used to address 

uncertainty, and (2) trying to utilize human intuition in a complex system. In 
addition, DOE will consider adding these items to the internal/external reviewer's 
checklists to ensure proper implementation of the improved methodology 
(TSPA0002).  

DOE will develop written guidance in the model abstraction process for model 

developers so that (1) the abstraction process, (2) the selection of conservatism 
in components, and (3) representation of uncertainty, are systematic across the 

TSPA model. These guidelines will address: (1) evaluation of non-linear models 
when conservatism is being utilized to address uncertainty, and (2) utilization of 

decisions based on technical judgement in a complex system. These guidelines 
will be developed, implemented, and be made available to the NRC in FY 2002.
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Model abstraction 
within the total 
system performance 
assessment 
methodology - Cont.
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TSPAI.3.41 - To provide support for the mathematical representation of data 
uncertainty in the TSPA, the DOE will provide technical basis for the data 
distributions used in the TSPA. An example of how this may be accomplished is 
the representation on a figure or chart of the data plotted as an empirical 
distribution and the probability distribution assigned to fit these data.  

DOE will provide the technical basis for the data distributions utilized in the 
TSPA to provide support for the mathematical representation of data uncertainty 
in the TSPA. The documentation of the technical basis will be incorporated in 

documentation associated with TSPA for any potential license application. The 
documentation is expected to be available to NRC in FY 2003.

-22-

TSPAI.3.40 - DOE will implement effective controls to ensure that the 
abstractions defined in the AMR's are consistently propagated into the TSPA, or 
ensure that the TSPA documentation describes any differences. Specific 
examples of needed revisions (if still applicable) include: (1) the implementation 
of flux splitting in the TSPA model, (2) the propagation of thermohydrology 
uncertainty/variability into the WAPDEG corrosion model calculations, and (3) 

the implementation of the in-package chemistry abstraction.  

DOE will implement program improvements to ensure that the abstractions 
defined in the AMRs are consistently propagated into the TSPA, or ensure that 
the TSPA documentation describes any differences. Program improvements 
may include, for example, upgrades to work plans, procedural upgrades, 
preparation of desktop guides, worker training, increased review and oversight.  
The program improvements will be implemented and be made available to the 
NRC during FY 2002.



3 Model abstraction TSPAI.3.42 - DOE should provide a sensitivity analysis on the potentially abrupt 

within the total changes in colloid concentrations due to shifts in modeled pH and ionic strength 

system performance across uncertain stability boundaries. This analysis may be combined with 

assessment plans to address ENFE Agreement 4.06 and RT Agreement 3.07.  

methodology - Cont.  
DOE will complete sensitivity analyses to investigate the effects of varying 

colloid concentration due to shifts in model predicted pH and ionic strength 

across uncertain stability boundaries. These analyses will be documented in 

TSPA for any potential license application expected to be available to NRC in 

FY 2003.  

4 Demonstration of Closed- TSPAI.4.01 - DOE will document the methodology that will be used to 

the overall Pending incorporate alternative conceptual models into the performance assessment.  

performance The methodology will ensure that the representation of alternative conceptual 

objective models in the TSPA does not result in an underestimation of risk. DOE will 

document the guidance given to process-level experts for the treatment of 

alternative models. The implementation of the methodology will be sufficient to 

allow a clear understanding of the potential effect of alternative conceptual 

models and their associated uncertainties on the performance assessment. The 

methodology will be documented in the TSPA-LA methods and assumptions 

document in FY02. The results will be documented in the appropriate AMRs or 

the TSPA for any potential license application in FY 2003.  

TSPAI.4.02 - DOE will provide the documentation that supports the 

representation of distribution coefficients (Kd's) in the performance assessment 

as uncorrelated is consistent with the physical processes and does not result in 

an underestimation of risk. This will be documented in the TSPA for any 
potential license application in FY03.
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4 Demonstration of TSPAI.4.03 - DOE will document the method that will be used to demonstrate 

the overall that the overall results of the TSPA are stable. DOE will provide documentation 

performance that submodels (including submodels used to develop input parameters and 

objective - Cont. transfer functions) are also numerically stable. DOE will address in the method 

the stability of the results with respect to the number of realizations. DOE will 

describe in the method the statistical measures that will be used to support the 

argument of stability. The method will be documented in TSPA LA Methods and 

Assumptions Document in FY02. The results of the analyses will be provided in 

the TSPA (or other appropriate documentation) for any potential license 
application in FY 2003.  

TSPAI.4.04 - DOE will conduct appropriate analyses and provide documentation 
that demonstrates the results of the performance assessment are stable with 

respect to discretization (e.g. spatial and temporal) of the TSPA model. This will 

be documented in the TSPA for any potential license application in FY 2003.

i +

I I

TSPAI.4.05 - DOE will document the process used to develop confidence in the 
TSPA models (e.g., steps similar to those described in NUREG-1636). The 

detailed process is currently documented in the model development procedures 

that are being evaluated for process improvement in response to the model 
validation corrective action report CAR-BSC-01-C-001. The upgraded model 
validation procedures will be available for NRC review in FY 2002.

TSPAI.4.06 - DOE will document the implementation of the process for model 
confidence building and demonstrate compliance with model confidence criteria 

in accordance with the applicable procedures. This will be documented in the 
respective AMR revisions and made available to NRC in FY 2003.
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T T

Demonstration of 
the overall 
performance 
objective - Cont.

TSPAI.4.07 - DOE's software qualification requirements are currently 
documented in procedure AP S1.1Q which is under review for process 
improvement as part of software CAR-BSC-01-C-002. During its review of AP 
SI.1Q, DOE will consider: 1) the procedure it would follow to conduct a 

systematic and uniform verification - all areas of a code analyzed at a 
consistent level, 2) the process it would follow to ensure correct implementation 
of algorithms, and 3) the process it would follow for the full disclosure of 
calculations and results. DOE will document compliance with the improved 

process in the verification documentation required by AP SI.1Q. Software 

qualification record packages for the affected programs will be available for 
NRC review in FY 2003..

_________ L ______________ I _______ I _____________________________________________________

Attachment 1

4
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Total System Performance Assessment and Integration 
Features, Events, and Processes 

Attachment 2

Item FEP 
No. FEP# AMR FEP Name NRC/DOE Agreed Path Forward 

1 Generic SZ NRC stated that it is withdrawing the comment, no additional DOE action is 
required.  

2 1.3.07.02.00 SZ Water Table No additional DOE action is required.  
Rise 

3 2.2.10.03.00 SZ Natural This issue is addressed by existing DOE/NRC agreement (USFIC Subissue 5 
Geothermal Agreement 13). The Features, Events, and Processes in SZ Flow and Transport, 

Effects ANL-NBS-MD-000002 will be updated as necessary to reflect the results of this 
existing agreement.  

4 1.2.06.00.00 SZ Hydrothermal This issue is addressed by existing DOE/NRC agreements (RT Subissue 1 

activity Agreement 5 and Subissue 2 Agreement 10). The Features, Events, and 
Processes in SZ Flow and Transport, ANL-NBS-MD-000002 will be updated as 

necessary to reflect the results of these existing agreements.  

5 2.1.09.21.00 SZ Suspension of DOE agreed to provide clarification for the screening argument in the Features, 
Particles Larger Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 
than Colloids address the NRC comments.  

6 NA SZ NA Initiation, tracking, resolution and closure of To Be Verified's in technical products 
are procedurally controlled per procedure AP-3.15Q. Resolution of this issue is 

being addressed at DOE and NRC Management meetings.  

7 1.4.06.01.00 SZ Altered soil or DOE agreed to provide clarification of the screening argument in the Features, 
surface water Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 

chemistry address the NRC comments. The AMR will also address the aggregate affects of 

this FEP on UZ and SZ.  

8 1.2.04.07.00 SZ Ashfall DOE agreed to provide clarification of the screening argument in the Features, 
Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 
address the NRC comment.  

9 2.2.10.06.00 SZ Thermo- DOE agreed to provide clarification of the screening argument in the Features, 
chemical Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 
alteration address the NRC comment.  
(solubility 
speciation, 
phase changes, 
precipitation/ 
dissolution) 

10 2.3.11.04.00 SZ Groundwater DOE agreed to provide clarification of the screening argument in the Features, 
discharge to Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 

surface address the NRC comment.  
11 1.3.07.01.00 SZ Drought/water This issue is addressed by existing DOE/NRC agreements (RT Subissue 2 

table decline Agreement 8 and USFIC Subissue 5 Agreement 4). The Features, Events, and 

Processes in SZ Flow and Transport, ANL-NBS-MD-000002 will be updated as 
necessary to reflect the results of these existing agreements and clarify the 
screening argument.  

12 2.2.10.13.00 SZ Density-driven This issue is addressed by an existing DOE/NRC agreement (USFIC Subissue 5 

groundwater Agreement 13). The Features, Events, and Processes in SZ Flow and Transport, 

flow (thermal) ANL-NBS-MD-000002 will be updated to clarify the screening argument and to 

reflect the results of this existing agreement.  

13 2.2.10.02.00 SZ Thermal DOE agreed to provide clarification of the screening argument in the Features, 

convection cell Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002.  
develops in 
Saturated Zone 

14 1.2.09.02.00 SZ Large-scale No additional DOE action is required.  
dissolution 

15 2.3.09.01.00 BIO Animal NRC stated that it is withdrawing the comment, no additional DOE action is 

Burrowing/Inclu required.  
sion 

16 2.3.13.01.10 Bio Natural No additional DOE action is required.  
Ecological 

SDevelopment 

17 NA Bio NA No additional DOE action is required.
18 1.4.07.01.00 Bio

J ____________ I ________

Water 
management

DOE agreed to provide clarification oi the screrenl~ying rUlmell n ei eai] ures,ll, 
Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 to 
address the NRC comment.
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Itern FEP 
No. FEP# AMR FEP Name NRC/DOE Agreed Path Forward

BDCF 
calculations

½ _____________ J I.
Radionuclide 
solubility limits 
in the

20 2.2.08.07.00

I~ ~ ~ ~ ~~o phere_ I..~-M'-'
Biosphere 
characteristics

Biosphere 
characteristics 

Groundwater 
discharge to 
surface
Biosphere 
transport

Dwellings

I
Radon and 
daughter 
exposure
Electrochemical 
effects 
(electrophoresis 
, galvanic 
coupling) 
Hydride 
cracking of 
waste 
containers 
Effects at 
Material 
Interfaces 

Microbially 
mediated 
corrosion of 
waste container 
Seismic 
vibration 
causes 
container failure 
Radiolysis

22 2.3.13.01.00 Bio

23 2.3.11.04.00

24 I2.3.13.02.00

25 2.4.07.00.00

26 I 3.3.08.00.00 Bic

27 2.1.09.09.00 WP

28 1 2.1.03.04.00 WP

29 2.1.06.07.00 WP

30 2.1.03.05.00 WP

31 1.2.03.02.00 W wP

32 2.1.13.01.00

33 NA WP NA

S-tress 
corrosion 
cracking of 
Waste
Containers

19

DOE will add this FEP to the Evaluation of the Applicability of Biosphere-Related 
Features, Events, and Processes (FEP). ANL-MGR-MD-000011 and present the 
DOE discussion in the screening argument.

DOE agreed to provide clarification of the screening argument in the Evaluation of 
the Applicability of Biosphere-Related Features, Events, and Processes (FEP).  

ANL-MGR-MD-00001 Ito address the NRC comment.
No additional DOE action is required.

No additional DOE action is required.

DOE agreed to clarify the description of the primary FEP in the Evaluation of the 

Applicability of Biosphere-Related Features, Events, and Processes (FEP).  

ANL-MGR-MD-000011
DOE agreed to provide the technical basis for the screening argument in the 
Evaluation of the Applicability of Biosphere-Related Features, Events, and 

Processes (FEP). ANL-MGR-MD-00001 1.  

DOE agreed to provide the technical basis for the screening argument in the 

Evaluation of the Applicability of Biosphere-Related Features, Events, and 

Processes (FEF). ANL-MGR-MD-00001 1.

NRC stated that it is withdrawing the comment, no additional DOE action is 
required.

NRC stated that it is withdrawing the comment, no additional DOE action is 

required.

This issue is addressed by an existing agreement (CLST subissue 6 Agreement 1).  

DOE agreed to provide clarification of the screening argument in the FEPs 

Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002, as necessary upon completion of the 
agreement item.  

This will be discussed at the TSPA&I Technical Exchange, June 25-29, 2001.  

DOE agreed to clarify the description of the primary FEP in the FEPs Screening of 

Processes and Issues in Drip Shield and Waste Package Degradation, ANL-EBS

PA-000002.  

DOE agreed to provide clarification of the screening argument in the FEPs 

Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002 to address the NRC comment.  

DOE agreed to clarify the description of the primary FEP in the FEPs Screening of 

Processes and Issues in Drip Shield and Waste Package Degradation, ANL-EBS

PA-000002.  
This issue is covered by an existing DOE/NRC agreement (CLST Subissue 2 

Agreement 8). DOE will update the FEPs Screening of Processes and Issues in 

Drip Shield and Waste Package Degradation, AN L-EBS-PA-000002 screening 

argument upon completion of the agreement.
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Various Bio

Bio

21 2.3.13.01.00 Bio

Bio

Bio

Bio
i 4 +

WF Misc 
WP

34 2.1.03.02.00 WP

DOE will provide a technical basis in the Evaluation of the Applicability of 
Biosphere-Related Features, Events, and Processes (FEP). ANL-MGR-MD-00001 1 

to address the NRC comment for FEP 2.3.11.04.00 (Groundwater Discharge to 

Surface), FEP 1.3.07.02.00 (Water Table Rise), and FEP 2.2.08.11.00 (Distribution 
and Release of Nuclides from the Geosphere).  

No further action is required for FEP 3.2.10.00.00 (Atmospheric Transport of 
Contaminants) and FEP 1.2.04.01.00 (Igneous Activity).  

DOE agreed to provide clarification of the screening argument in the Evaluation of 

the Applicability of Biosphere-Related Features, Events, and Processes (FEP).  

ANL-MGR-MD-000011, for FEP 2.2.08.02.00 (Groundwater Chemistry/Composition 

in Unsaturated Zone and Saturated Zone).  

DOE will add links to the Evaluation of the Applicability of Biosphere-Related 

Features, Events, and Processes (FEF). ANL-MGR-MD-00001 1 for FEP 

3.1.01.01.00 (Radioactive Decay and Ingrowth), and FEP 1.2.04.07.00 (Ashfall).

I



Item FEP 
iNo. FEP FAMR EP Name NRC/DOE Agreed Path Forward

36 I 2.1.09.0300 I WP

Juvenile and 
early failure of 
waste 
containers

��l._____
Volume 
increase of 
corrosion 

flich r+t
__ _ _ _ I I 4

38 2.1.11.05.00

39 2.1.06.06.00

40 2.1.02.21.00 Clad

41 1 2.1.02.20.00 WFClad

42 2.1.08.07.00 EBS

43 2.1.02.27.00 WFClad

44 1 2.1.02.16.00 1 WFClad

45 2.1.02.19.00

Creeping of 
metallic 
materials in the 
EBS

I I I
Differing 
thermal 
expansion of 
repository

35

DOE agreed to provide the technical basis for the screening argument in the FEPs 
Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002 to address the NRC comment.

Treatment of creep of the drip shield will be addressed as part of an existing 
agreement related to drip shield rockfall analyses (CLST Subissue 2 Agreement 8).  

DOE agreed to provide the technical basis for the screening argument in the FEPs 

Screening of Processes and Issues in Drip Shield and Waste Package 
Degradation, ANL-EBS-PA-000002.

DOE agreed to provide the technical basis for the screening argument in the FEPs 
Screening of Processes and Issues in Drip Shield and Waste Package 
Degradation, ANL-EBS-PA-000002 screening argument to address the NRC 
comment.

I tcuIIponenLSt I __________________________________
Effects and 
degradation of 
drip shield

Stress 
corrosion 
cracking of 
cladding 
Pressurization 
from Helium 
production 

causes cladding 
failure 
Pathways for 
unsaturated 
flow and 
transport in the 
waste and 
engineered 
barrier system 
Localized 
corrosion 
perforation from 
fluoride 
Localized 
Corrosion 
(pitting) of 
cladding 
Creep rupture 
of cladding 
Mechanical 
failure of

cladding I

The ability of the additional loading combinations to initiate and/or propagate 
preexisting cracks are being addressed in existing agreements (CLST Subissue 2 

Agreements 8 and 9). DOE agreed to provide the technical basis for the screening 

argument in the FEPs Screening of Processes and Issues in Drip Shield and 

Waste Package Degradation, ANL-EBS-PA-000002.
This will be discussed at the TSPA&I Technical Exchange, June 25-29, 2001.  

DOE agreed to provide clarification of the screening argument in the Clad 
Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to address the 

NRC comment.  

This issue is addressed by an existing DOE/NRC agreement (ENFE Subissue 2 

Agreement 6, 10, and 14). The Engineered Barrier System Features, Events, and 

Processes. ANL-WIS-PA-000002 will be updated upon completion of these 
agreement items.  

This issue is addressed by an existing DOE/NRC agreement (CLST Subissue 3 

Agreement 7). DOE agreed to provide clarification of the screening argument in 

the Clad Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to 

address the NRC comment.  
This issue is addressed by an existing DOE/NRC agreement (CLST Subissue 3 

Agreement 7). DOE agreed to provide clarification of the screening argument in 

the Clad Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to 
address the NRC comment.  
This will be discussed at the TSPA&I Technical Exchange, June 25-29, 2001.

This will be discussed at the TSPA&I Technical Exchange, June 25-29, 2001.
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2.1.03.08.00 WP

37 2.1.07.05.00 WP

WP 
EBS

WP 
DE

46 2.1.02.24.00 WFCIad

Manufacturing defects associated with the drip shield will be addressed during the 
resolution of an existing agreement item for the waste package (CLST Subissue 2, 

Agreement 7). The FEPs Screening of Processes and Issues in Drip Shield and 

Waste Package Degradation, ANL-EBS-PA-000002 will be updated to reflect the 

results of this agreement.  

Mechanical integrity of the drip shield will be addressed during the resolution of an 

existing agreement item for the waste package (CLST Subissue 2, Agreement 6).  

The FEPs Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002 will be updated to reflect the results of this 
agreement.  

Rockfall effects on the drip shield will be addressed during the resolution of an 

existing agreement item for the waste package (CLST Subissue 2, Agreement 8).  

The FEPs Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002 will be updated to reflect the results of this 
agreement.  

The FEPs Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, AN L-EBS-PA-000002 will be revised to address damage from 

improper quality control and emplacement of the drip shield. The criteria for 
damage to waste package during emplacement will be addressed by administrative 

procedures for emplacement operations that will be developed prior to operation of 
the facility.

o

I v
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Itemr FEP 

No. FEP# AMR FEP Name NRC/DOE Agreed Path Forward
47

48

2.1.02.17.00 WFCIad Localized 
corrosion 
(crevice 
corrosion) of

I _ _ _ _ I I 4j1
2.1.01.04.00

49 2.1 .02.15.00

50

WFMisc 
WP

WFCIad

I I__ _ I.
2.1.02.13.00 WFCIad

51 2.1.02.14.00 WFCIad

52 1 1.2.04.04.00 WFMisc

53 1 2.1.02.22.00 WFCIad

54 2.1.09.02.00 EBS

55 1 2.1.09.07.00 EBS 
Misc WF

Spatial 
heterogeneity of 
emplaced 
waste

I I1
Acid corrosion 
of cladding from 
radiolysis

General 
Corrosion of 
Cladding
Microbially 
induced 
corrosion of 
cladding

Magma 
Interacts w/ 
Waste 
Hydride 
embrittlement of 
cladding 
Interaction w/ 
Corrosion 
products 

Reaction 

Kinetics in 
Waste and EBS

56 2.1.07.06.00 EBS Floor buckling

57 1.1.02.03.00 EBS Undesirable 
materials left

58 1 Various I EBS NA

59 1 2.1.08.04.00 EBS Cold traps

60 2.1.1 2.01.00 EBS Gas generation

61 I12.2.10.12.00 NFE Geosphere dry
UZ out due to

waste heat

DOE agreed to provide clarification of the screening argurmenL inl tlhe kia 
Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to address the 

NRC comment using data relevant to the proposed repository.

Spatial variability that may affect degradation of the waste package will be 
addressed as part of the resolution of an existing agreement (CLST Subissue 1 

Agreement 1). The scope of the agreement includes the evaluation of the range of 

chemical environments on the waste package. FEPs Screening of Processes and 

Issues in Drip Shield and Waste Package Degradation, ANL-EBS-PA-000002

This issue is addressed by an existing DOE/NRC agreement (CLST Subissue 3 
Agreement 7). DOE agreed to provide clarification of the screening argument in 

the Clad Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to 

address the NRC comment.
DOE agreed to provide clarification of the screening argument in the Clad 
Degradation Features, Events and Processes Analysis/Model Report (ANL-WIS

MD-000008) to address the NRC comment.

This issue is addressed by an existing DOE/NRC agreement (CLST Subissue 3 
Agreement 7). DOE agreed to provide clarification of the screening argument in 

the Clad Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to 
address the NRC comment.  

The new cladding local corrosion model will reference the In-Drift Microbial 

Communities AMR, ANL-EBS-MD-000038, which includes discussion of iron 

oxidizing bacteria. The Clad Degradation - FEPs Screening Arguments, ANL-WIS

MD-000008 AMR will be revised to be consistent with the updated Summary
Abstraction AMR.

NRC stated that it is withdrawing the comment, no additional DOE action is 
required.

DOE agreed to provide clarification of the screening argument in the Clad 

Degradation - FEPs Screening Arguments, ANL-WIS-MD-000008 to address the 
NRC comment.  

This issue is addressed by an existing DOE/NRC agreements (ENFE Subissue 2 

Agreement 6, 10, and 14). The Engineered Barrier System Features, Events, and 

Processes, ANL-WIS-PA-000002 will be updated upon completion of these 
agreement items.  

This issue is addressed by an existing DOE/NRC agreements (ENFE Subissue 2 

Agreement 5, 8, 11, and 12). The Engineered Barrier System Features, Events, 

and Processes, ANL-WIS-PA-000002 will be updated upon completion of these 
agreement items.  
This issue is addressed by existing DOE/NRC agreements (RDTME Subissue 3 

Agreements 2 - 13). DOE agreed to include the analysis of floor buckling for post
closure conditions, consistent with the site-specific parameters and loading 
conditions used to satisfy RDTME Subissue 3, Agreements 2-13. The Engineered 

Barrier System Features, Events, and Processes, ANL-WIS-PA-000002 will be 
revised to include this information.  
DOE agreed to provide the technical basis for the screening argument in the 

Engineered Barrier System Features, Events, and Processes, ANL-WlS-PA

000002 to address the NRC comment. This will include a technical basis for the 

use of the Waste Isolation Evaluation: Tracers, Fluids, and Materials, and 

Excavation Methods for Use in the Package 2C Exploratory Studies Facility 

Construction. BABEO0000-01 717-2200-00007 Rev 04.  

DOE agreed to provide clarification of the screening argument in the Engineered 

Barrier System Features, Events, and Processes, ANL-WIS-PA-000002 to address 
the NRC comment.  
This issue is addressed by an existing DOE/NRC agreement (TEF Agreement 

Subissue 2 Agreement 5). The Engineered Barrier System Features, Events, and 

Processes, ANL-WIS-PA-000002 will be revised upon completion of this 
agreement.  
This issue is partially addressed by an existing DOE/NRC agreement (ENFE 

Subissue 2 Agreement 6). DOE agreed to provide the technical basis for the 

screening argument in the Engineered Barrier System Features, Events, and 

Processes, ANL-WIS-PA-000002 to address the NRC comment.  

DOE agreed to provide the technical basis for the screening argument in the 

Features, Events, and Processes in the Features, Events, and Processes in UZ 

Flow and Transport, ANL-NBS-MD-000001 to address the NRC comment.
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Item FEP 
No. FEP# AMR FEP Name NRCIDOE Agreed Path Forward 
62 2.2.01.02.00 NFE Thermal and TM effects on fractures will be addressed by existing agreements between DOE 

other waste and and NRC (RDTME Subissue 3 Agreement 20 and 21). The FEPs in Thermal 

EBS-related Hydrology and Coupled Processes, ANL-NBS-MD-000004 will be revised upon 
changes in the completion of this work.  
adjacent host 
rock Long term degradation of the host rock is addressed by existing agreements 

between DOE and NRC (RDTME Subissue 3 Agreement 11 and 19).  

DOE will provide an improved technical basis for this FEP by performing a 
postclosure drift deformation analysis that incorporates postclosure loads and rock 

properties using relevant information from existing agreements (RDTME Subissue 

3 Agreements 2 - 13). The Engineered Barrier System Features, Events, and 

Processes, ANL-WIS-PA-000002 will be revised to include this information.  

63 2.1.09.12.00 NFE Rind (altered This issue is addressed by existing agreements between DOE and NRC (ENFE 

zone) formation Subissue 1 Agreement 3). FEPs in Thermal Hydrology and Coupled Processes, 
in waste, EBS ANL-NBS-MD-000004 will be revised upon completion of this work.  

and adjacent 
rock 

64 2.2.10.06.00 NFE Thermo- This issue is addressed by existing agreements between DOE and NRC (ENFE 

chemical Subissue 1 Agreement 3). The FEPs in Thermal Hydrology and Coupled 

alteration Processes, ANL-NBS-MD-000004 will be revised upon completion of this work.  
(solubility 
speciation, 
phase changes, 
precipitation/dis 
solution 

65 2.1.11.02.00 NFE Nonuniform Repository wide non-uniform heating effects are the subject of existing DOE/NRC 

heat agreements (TEF Subissue 2 Agreement 5, RDTME Subissue 3 Agreement 20 and 

distribution/edg 21). The FEPs in Thermal Hydrology and Coupled Processes, 

e effects in ANL-NBS-MD-000004 will be revised upon completion of this work.  
repository 

THM continuum modeling will address non-uniform effects at a mountain scale.  

This information will be provided in the Coupled Thermal-Hydrologic-Mechanical 
Effects on Permeability Analysis and Model Report AMR, ANL-NBS-HS-000037.  

66 2.2.06.01.00 NFE Changes in The thermal mechanical effects on rock properties are addressed by an existing 

DE stress due to DOE/NRC agreement (RDTME Subissue 3 Agreement 20 and 21). The FEPs in 

thermal, Thermal Hydrology and Coupled Processes, ANL-NBS-MD-000004 and the 

seismic or Features, Events, and Processes: Screening for Disruptive Events. ANL-WIS-MD

tectonic effects 000005 will be revised upon completion of this work.  

67 2.2.10.05.00 NFE Thermo- DOE has planned work to analyze the effects of thermal-hydrologic-mechanical 

mechanical coupled processes with regard to drainage in the pillars and flow in the vicinity of 

alteration of the drifts, and thermal-hydrological/ thermal-hydrological -chemical/ thermal

rocks above hydrological-mechanical analyses to quantify uncertainties in the thermal seepage 

and below the model. In addition, THM continuum modeling will address thermal mechanical 

repository effects in rocks above and below the repository at a mountain scale in an update to 

the Coupled Thermal-Hydrologic-Mechanical Effects on Permeability Analysis and 
Model Report AMR, ANL-NBS-HS-O00037. DOE will clarify the screening 
arguments in the FEPs in Thermal Hydrology and Coupled Processes, 
ANL-NBS-MD-000004 upon completion of this work.  

68 2.02.01.00 NFE Exactures The thermal mechanical effects on rock properties are addressed by an existing 

DOE/NRC agreement (RDTME Subissue 3 Agreement 20 and 21). The FEPs in 

Thermal Hydrology and Coupled Processes, ANL-NBS-MD-000004 will be revised 

upon completion of this work.  

69 2.2.01.01.00 NFE avation and The thermal mechanical effects on rock properties are addressed by an existing 

construction- DOE/NRC agreement (RDTME Subissue 3 Agreement 20 and 21). The FEPs in 

related changes Thermal Hydrology and Coupled Processes, ANL-NBS-MD-000004 will be revised 

in the adjacent upon completion of this work.  

___________________ reositoryc 

71 1.1.07.00.00 YF Rostrory The thermal mechanical effects on rock properties are addressed by an existing 
mechanical DOE/NRC agreement (RDTME Subissue 3 Agreement 20 and 21 ). The FEPs in 

alteration of Thermal Hydrology and Coupled Processes, ANL-NBS-MD-000004 will be revised 

fractures near upon completion of this work.  
repository 

71 1.1.07.00.ý00 _ SYS Repository No additional DOE action is required.  

design 

72 1.1.08.00.00 SYS Quality control No additional DOE action is required.  

73 2.3.13.03.00 SYS Effects of No additional DOE action is required.  
Bio repository heat 

on biosphere 
No. ddiionl.. .. a. io. . s. . q.. e..

74 Various SYS Critically in
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FEP 
ARr.

Various DE

FFP Name
Excavation/ 
Construction

Incomplete/ 
Closure 

Canister 
Failure(long 
term) 

Mechanical 
Degradation or 
Collapse of Drift 

Topography & 
M•nrnhnlnciv

NRC/DOE Agreed Path Forward
These issues will be discussed at the May 18, 2001, Igneous Activity Appendix 7 
Meeting.

76 Generic DE Hydrothermal These issues will be discussed at the May 18, 2001, Igneous Activity Appendix 7 
activity Meeting.  

No.additonal... acio is .eq...ea
2.1.07.02.00 DE Mechanical 

degradation or

- L _________

78 1.2.03.02.00

79 2.1.07.01.00

WP 
DE

Seismic 
vibration 
causes 
container failure

I _____ I. 4
DE 
WP

Rockfall (Large 
Block)

I.

80 2.3.02.02.00 Bio I Radionuclide

J-1 I 2.1.03.11.00 WP

J-2 2.1.06.05.00 EBS

J-3 I 2.106.001.00 EBS

J-4 1 2.1.06.05.00 1 EBS

J-5 1 2.1.09.21.00 1 WFCoI

J-6 2.2.07.15.00 UZ

2.2.08.01.00 UZ

Accumulation in 
Soil 
The Effects of 
Container Form 

D-6egradation of 
the Invert 

DTýegradatio~nof 
cementitious 
materials in drift 

Degradation of 
invert and 
pedestal 
Suspensions of 
particles larger 
than colloids 

Advection and 
dispersion 

Gýr~oundwater 
chemistry/com
postion in UZ 
and SZ

Existing agreements from the Container Life and Source Term (Subissue 2 
agreements 2 and 8), Repository Design and Thermal Mechanical Effects 

(Subissue 3 agreements 17 and 19) and Structural Deformation and Seismicity 

(Subissue 1 agreement 2 and Subissue 2 agreement 3) address related work.  

DOE agreed to provide clarification of the screening argument in the FEPs 

Screening of Processes and Issues in Drip Shield and Waste Package 

Degradation, ANL-EBS-PA-000002 and Features, Events, and Processes: 

Screening for Disruptive Events, ANL-WIS-MD-000005.

Existing agreements from Repository Design and Thermal Mechanical Effects 
agreements (Subissue 3 agreements 17 and 19) and Container Life and Source 

Term (subissue 2 agreements 2, 3 and 8) address related work. DOE agreed to 

provide clarification of the screening argument in the FEPs Screening of Processes 

and Issues in Drip Shield and Waste Package Degradation, ANL-EBS-PA-000002 

and Features, Events, and Processes: Screening for Disruptive Events, ANL-WIS
MD-000005.
These issues will be discussed at the May 18, 2001, Igneous Activity Appendix 7 
Meeting.  

This issue is addressed by existing agreements between DOE and NRC (CLST 
Subissue 2 Agreement 8). FEPs Screening of Proce sse ues in Drip 

Shield and Waste Package Degradation, ANL-EBS-PA-000002 will be revised 

upon comple tion of this work.  

This issue is addressed by existing agreements between DOE and NRC (CLST 

Subissue 2 Agreement 8). Engineered Barrier System Features, Events, and 

Processes, ANL-WIS-PA-000002 will be revised upon completion of this work.  

This issue is addressed by existing agreements between DOE and NRC (ENFE 

Subissue 2 Agreements 6, 10, and 14, and RT Subissue 1 Agreement 5).  

Engineered Barrier System Features, Events, and Processes, ANL-WIS-PA

000002 will be revised upon completion of this work.  
DOE agreed to provide the technical basis for the screening argument in the 

Engineered Barrier System Features, Events, and Processes, ANL-WIS-PA

000002 to address the NRC comment 
DOE agreed to provide clarification of the screening argument in the Waste Form 

Colloid-Associated Concentration Limits: Abstraction and Summary 

ANL-WIS-MD-00001 2 to address the NRC comment.  

DOE will add this FEP to the Features, Events, and Processes in UZ Flow and 

Transport, ANL-NBS-MD-000001 and present the DOE discussion in the screening 

argument.  
This issue is addressed by existing agreements between DOE and NRC (ENFE 
Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, RT Subissue 1 

Agreement 5, and RT Subissue 2 Agreement 10). Features, Events, and 

Processes in UZ Flow and Transport, ANL-NBS-MD-000001 will be revised upon 

cornpletion of this work.
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Item FEP 
No. FEP# AMR FEP Name NRCIDOE Agreed Path Forward 
J-8 2.2.08.02.00 UZ Radionuclide This issue is addressed by existing agreements between DOE and NRC (ENFE 

transport occurs Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

in a carrier Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

plume in Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  
geosphere 

J-9 2.2.08.03.00 UZ Geochemical This issue is addressed by existing agreements between DOE and NRC (ENFE 

interactions in Subissue 1 Agreements 4 and 7 and ENFE Subissue 2 Agreement 6). Features, 
geosphere and Events, and Processes in UZ Flow and Transport, ANL-NBS-MD-000001 will be 

effects on revised upon completion of this work.  

radionuclide 
transport 

J-1 0 2.2.08.06.00 UZ Complexation in This issue is addressed by existing agreements between DOE and NRC (ENFE 

geosphere Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 
Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

J-1 1 2.2.08.07.00 UZ Radionuclide This issue is addressed by existing agreements between DOE and NRC (ENFE 

solubility limits Subissue 4 Agreement 3). Features, Events, and Processes in UZ Flow and 

in the Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  
geosphere 

J-1 2 2.2.10.01.00 UZ Repository- This issue is addressed by existing agreements between DOE and NRC (ENFE 

induced thermal Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

effects in Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

geosphere Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

J-13 2.2.10.06.00 UZ Thermo- This issue is addressed by existing agreements between DOE and NRC (ENFE 

chemical Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

alteration Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

J-14 2.2.10.07.00 UZ Thermo- This issue is addressed by existing agreements between DOE and NRC (ENFE 

chemical Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

alteration of the Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

Calico Hills unit Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

DOE also stated that alteration of vitric rock has not been addressed and will need 
to be included in the overli thermal-hydrological-chemical analyses.  

J-15 2.2.10.09.00 UZ Thermo- This issue is addressed by existing agreements between DOE and NRC (ENFE 

chemical Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

alteration of the Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

Topopah basal Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

vitrophyre 

J-1 6 1.2.07.01.00 UZ Erosion / DOE agreed to provide clarification of the screening argument in the Features, 
denudation Events, and Processes in UZ Flow and Transport, ANL-NBS-MD-000001 to 

address the NRC comment.  

J-17 1.2.10.02.00 UZ Hydrologic DOE agreed to provide the technical basis for the screening argument in the 

response to Features, Events, and Processes in UZ Flow and Transport, ANL-NBS-MD-000001 

igneous activity screening argument to address the NRC comment 

J-1 8 1.3.04.00.00 UZ Periglacial DOE agreed to provide clarification of the screening argument in the Features, 

effects Events, and Processes in UZ Flow and Transport, ANL-NBS-MD-000001 to 
address the NRC comment.  

J-19 2.1.05.01.00 Seal physical DOE stated that it would adopt more rigorous configuration controls as the design 

properties advances. These controls will identify FEP screening arguments that could 
potentially change when design changes occur.  

J-20 2.2.07.05.00 UZ Flow and This issue is addressed by existing agreements between DOE and NRC (USFIC 

transport in the Subissue 4 Agreement 4). Features, Events, and Processes in UZ Flow and 

UZ from Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  
episodic 
infiltration 

J-21 2.2.11.02.00 UZ Gas Pressure This issue is addressed by existing agreements between DOE and NRC (ENFE 

Effects Subissue 1 Agreements 5 and 7, and ENFE Subissue 4 Agreement 3). Features, 
Events, and Processes in UZ Flow and Transport, ANL-NBS-MD-000001 will be 

revised upon completion of this work.  

,J-22 1.2.04.02.00 UZ Igneous activity This issue is addressed by existing agreements between DOE and NRC (ENFE 

causes Subissue 1 Agreement 4, ENFE Subissue 4 Agreements 3 and 4, and RT 

changes to rock Subissue 1 Agreement 5). Features, Events, and Processes in UZ Flow and 

properties Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.  

J-23 1.2.06.00.00 UZ Hydrothermal This issue is addressed by existing agreements between DOE and NRC (ENFE 

activity Subissue 2 Agreement 3). Features, Events, and Processes in UZ Flow and 

Transport, ANL-NBS-MD-000001 will be revised upon completion of this work.
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Item FEP 
No. FEP# AMR FEP Name NRC/DOE Agreed Path Forward 
J-24 1.2.04.07.00 SZ Ashfall DOE agreed to provide the technical basis for the screening argument in the 

Features, Events, and Processes in SZ Flow and Transport, ANL-NBS-MD-000002 
screening argument to address the NRC comment 

J-25 1.2.02.02.00 DE Faulting This issue is addressed by existing agreements between DOE and NRC (SDS 

Subissue 1 Agreement 2) and an NRC letter dated August 3, 2001. Features, 
Events, and Processes: Screening for Disruptive Events, ANL-WIS-MD-000005 
will be revised upon completion of this work.  

J-26 1.2.02.03.00 DE Fault movement This issue is addressed by existing agreements between DOE and NRC (SDS 

shears waste Subissue 1 Agreement 2) and an NRC letter dated August 3, 2001. Features, 

container Events, and Processes: Screening for Disruptive Events, ANL-WIS-MD-000005 
will be revised upon completion of this work.

1.2.03.01.00 DE Seismic Activity This issue is addressed by existing agreements be ween uuD and IrCr kbu 
Subissue 2 Agreement 1) and an NRC letter dated August 3, 2001. Features, 

Events, and Processes: Screening for Disruptive Events, ANL-WIS-MD-000005 
will be revised upon completion of this work.
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Summary of the Resolution of the Key Technical Issue on 

Total System Performance Assessment and Integration 

Unsaturated and Saturated Flow Under Isothermal Conditions 
Agreement Modifications and Additions 

USFIC.4.01 - The ongoing and planned testing are a reasonable approach for a licensing 

application with the following comments: 

i. Consider a mass balance of water for alcove 8/Niche 3 cross over test.  

ii. Monitor evaporation during all testing.  
iii. Provide the documentation of the test plan for the Passive Cross Drift Hydrologic test.  

iv. Provide the NRC with any Cross Drift seepage predictions that may have been made for the 

Passive Cross Drift Hydrologic test.  
v. Provide documentation of the results obtained and the analysis for the Passive Cross Drift 

Hydrologic test. This documentation should include the analysis of water samples collected 

during entries into the Cross Drift (determination whether the water comes from seepage or 

condensation).  
vi) Provide documentation of the results obtained and the analysis for the Alcove 7 test. This 

documentation should include the analysis of water samples collected during entries into Alcove 

7 (determination whether the water comes from seepage or condensation).  

vii. Provide the documentation of the test plan for the Niche 5 test.  

viii. Provide documentation of the results obtained and the analysis for the Niche 5 test.  

ix. Provide documentation of the results obtained and the analysis for the Systematic 

Hydrologic Characterization test.  
x. Provide documentation of the results obtained and the analysis for the Niche 4 test.  

xi. Provide documentation of the results obtained from the calcite filling test. Include 

interpretation of the observed calcite deposits found mostly at the bottom of the lithophysal 

cavities.  

DOE stated that: 

1) A mass balance of water for the Alcove 8/Niche 3 test has been considered, but is not 

feasible due to the size of the collection system that would be required. A collection system to 

obtain a mass balance is being developed for the Niche 5 test. (i) 

2) Evaporation will be monitored for all tests where evaporation is a relevant process. (ii) 

3) Test plans for Niche 5 and the Cross Drift Hydrologic tests are expected to be available to 

NRC FY 2002. (iii, viii) 
4) The Cross Drift seepage predictions will be documented in the Seepage Calibration Model 

and Seepage Testing Data AMR (MDL-NBS-HS-000004) expected to be available to NRC by 

FY 2003. (iv) 
5) DOE will document the results for the tests identified above (except calcite filling 

observations) in the In-Situ Field Testing of Processes AMR (ANL-NBS-HS-000005) expected 

to be available to NRC in FY 2003. (v), (vi), (vii),(ix),(x) 
6) Results of the calcite filling observations will be documented in Analysis of Geochemical 

Data for the Unsaturated Zone (ANL-NBS-HS-000017) and the UZ Flow Models and 

Submodels (MDL-NBS-HS-000006) expected to be available to NRC FY 2003. (xi) 
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USFIC.4.02 - Include the effect of the low-flow regime processes (e.g., film flow) in DOE's 

seepage fraction and seepage flow, or justify that it is not needed.  

DOE will include the effect of the low-flow regime processes (e.g., film flow) in the seepage 

fraction and seepage flow, or justify that it is not needed. These studies will be documented in 

Seepage Models for PA Including Drift Collapse AMR (MDL-NBS-HS-000002) expected to be 

available to NRC in FY 2003.  

USFIC.4.03 - When conducting seepage studies, consider smaller scale tunnel irregularities in 

drift collapse or justify that it is not needed.  

When conducting seepage studies, DOE will consider smaller scale tunnel irregularities in drift 

collapse or justify that it is not needed. These studies will be documented in Seepage Models 

for PA Including Drift Collapse AMR (MDL-NBS-HS-000002) expected to be available to NRC in 

FY 2003.  

USFIC.4.04 - Provide final documentation for the effectiveness of the PTn to dampen episodic 

flow, including reconciling the differences in chloride-36 studies.  

DOE will provide final documentation for the effectiveness of the PTn to dampen episodic flow, 

including reconciling the differences in chlorine-36 studies These studies will be documented in 

UZ Flow Models and Submodels AMR (MDL-NBS-HS-000006) expected to be available to NRC 

in FY 2003.  

USFIC.4.05 - Provide the analysis of geochemical data used for support of the flow field below 

the repository. This agreement has been superceded by TSPAI.3.24.  

USFIC.4.06 - Provide documentation of the results obtained from the Comparison of Continuum 

and Discrete Fracture Network Models modeling study. Alternatively, provide justification of the 

continuum approach at the scale of the seepage model grid (formerly June 20 letter, item xiii).  

DOE will provide documentation of the results obtained from the Comparison of Continuum and 

Discrete Fracture Network Models modeling study or provide justification of the continuum 

approach at the scale of the seepage model grid. This will be documented in Seepage 

Calibration Model and Seepage Testing Data AMR (MDL-NBS-HS-000004) or other suitable 

document expected to be available to NRC in FY 2003.  

USFIC.4.07 - Provide documentation of the results obtained from the Natural Analogs modeling 

study. The study was to apply conceptual models and numerical approaches developed from 

Yucca Mountain to natural analog sites with observations of seepage into drifts, drift stability, 

radionuclide transport, geothermal effects, and preservation of artifacts.  

DOE will provide documentation of the results obtained from the Natural Analogs modeling 

study. The study was to apply conceptual models and numerical approaches developed from 

Yucca Mountain to natural analog sites with observations of seepage into drifts, drift stability, 

radionuclide transport, geothermal effects, and preservation of artifacts. This will be 

documented in the Natural Analogs for the Unsaturated Zone AMR (ANL-NBS-HS-000007) 

expected to be available to NRC FY 2002.



DOE-NRC Technical Exchange and Management Meeting Agenda 
TOTAL SYSTEM PERFORMANCE ASSESSMENT AND INTEGRATION 

KEY TECHNICAL ISSUE 
Texas Station Hotel and Casino, Las Vegas, Nevada 

August 6 - 9, 2001 
Bridge Number (702) 295-3689 

OBJECTIVES: 

Provide the basis to resolve open issues related to the Total System Performance Assessment and Integration 

(TSPAI) Key Technical Issue. This Technical Exchange will address DOE's approach to Scenario Analysis, 

Model Abstraction, demonstration of Multiple Barriers, and the Overall Performance Objective.  

MONDAY - AUGUST 6,2001

Time 

8:00 - 8:15 AM 

8:15- 8:30 AM 

8:30 - 9:00 AM 

9:00- 10:00 AM 

10:00- 10:15 AM 

10:15 - 12:30 PM 

12:30 - 1:30 PM 

1:30 - 2:30 PM 

2:30 - 3:00 PM 

3:00 - 3:45 PM 

3:45 - 4:00 PM 

4:00 - 4:45 PM 

4:45 - 6:15 PM 

6:15 - 6:30 PM 

6:30 PM

Agenda Items 

Opening Remarks (DOE/NRC) 

NRC Introductory Remarks (NRC) 

DOE Introductory Remarks (DOE) 

TSPAI Subissue 2: Scenario Analysis 

Presentation - Enhanced FEP Process (DOE) 

BREAK 

Discussion - Features, Events and Processes 

LUNCH 

Caucus - Subissue 2: Scenario Analysis 

Discussion - Caucus Results 

TSPAI Subissue 3: Model Abstraction 

Presentation - Overview of Model Abstraction (DOE) 

BREAK 

Presentation - Waste Package Corrosion Rates (NRC) 

Discussion - Engineered Barrier Integrated Subissues (ENGI - ENG4) 

Closing Remarks 

Adjourn Day I

August 6-9, 2001 
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DOE-NRC Technical Exchange and Management Meeting Agenda 

TOTAL SYSTEM PERFORMANCE ASSESSMENT AND INTEGRATION 
KEY TECHNICAL ISSUE 

Texas Station Hotel and Casino, Las Vegas, Nevada 
August 6 - 9, 2001 

Bridge Number (702) 295-3689 

TUESDAY - AUGUST 7.2001

8:00 - 10:00 AM 

10:00 - 10:15 AM 

10:15 - 12:30 PM 

12:30- 1:30 PM 

1:30 - 2:30 PM 

2:30 - 3:00 PM 

3:00- 3:15 PM 

3:15 - 5:00 PM 

5:00- 5:30 PM 

5:30- 5:45 PM 

5:45 PM

Discussion - Engineered Barrier Integrated Subissues (ENGI ENG4 contd.)

BREAK 

Discussion - Engineered Barrier Integrated Subissues (ENGi - ENG4 contd.) 

LUNCH 

Caucus - Subissue 3: Engineered Barrier Integrated Subissues (ENGI -ENG4) 

Discussion - Caucus Results 

BREAK 

Discussion - Unsaturated Zone Integrated Subissues including UZ Letter 
Comments (UZI - UZ3) 

Discussion - Saturated Zone Integrated Subissues (SZ1 -SZ2) 

Closing Remarks 

Adjourn Day 2 

2 August 6-9. 2001



DOE-NRC Technical Exchange and Management Meeting Agenda 
TOTAL SYSTEM PERFORMANCE ASSESSMENT AND INTEGRATION 

KEY TECHNICAL ISSUE 
Texas Station Hotel and Casino, Las Vegas, Nevada 

August 6 - 9, 2001 

Bridge Number (702) 295-3689 

WEDNESDAY. AUGUST 8,2001 

8:00 - 9:30 AM Caucus - Subissue 3: UZI-UZ3, SZI -SZ2 and UZ Letter Comments 

9:30 - 10:00 AM Discussion - Caucus Results 

10:00 - 10:15 AM BREAK 

10:15 - 10:45 AM Discussion - Volcanic Disruption Integrated Subissues (DIRECTI & DIRECT2) 

10:45 -12:30 PM Discussion Biosphere Integrated Subissues (DOSE] - DOSE3) 

12:30 - 1:30 PM LUNCH 

1:30 - 3:30 PM Discussion - Biosphere Integrated Subissues (DOSE] - DOSE3 contd.) 

3:30 - 3:45 PM BREAK 

3:45 - 5:15 PM Discussion - Biosphere Integrated Subissues (DOSE1 - DOSE3 contd.) 

5:15 - 5:30 PM Closing Remarks 

5:30 PM Adjourn Day 3

August 6-9. 20013



DOE-NRC Technical Exchange and Management Meeting Agenda 
TOTAL SYSTEM PERFORMANCE ASSESSMENT AND INTEGRATION 

KEY TECHNICAL ISSUE 
Texas Station Hotel and Casino, Las Vegas, Nevada 

August 6 - 9, 2001 
Bridge Number (702) 295-3689 

THURSDAY, AUGUST 9,2001 

8:00 - 9:30 AM Caucus Subissue 3: DIRECT] & DIRECT2, DOSEI - DOSE3 

9:30 - 10:00 AM Discussion - Caucus Results 

10:00 - 10:15 AM BREAK 

TSPAI Subissue 1: Multiple Barriers 

10:15 - 11:15 AM Presentation - Multiple Barriers (DOE) 

TSPAI Subissue 4: Overall Performance 

11: 15 - 12:00 PM Presentation - Verification and Validation (NRC) 

12:00 - 1:00 PM LUNCH 

1:00 - 2:00 PM Presentation - Overall Performance (DOE) 

2:00 - 3:00 PM TSPA Management Plan Status Update (DOE) 

3:00 - 3:15 PM BREAK 

3:15 - 4:15 PM Discussion - Overall Performance 

4:15 - 5:15 PM Caucus - Subissue 1: Multiple Barriers and Subissue 4: Overall Performance 

5:15 - 6:15 PM Discussion - Caucus Results 

6:15 - 6:30 PM Closing Remarks 

6:30 PM Adjourn Meeting

August 6-9. 20014
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We will discuss the portion of the Department of Energy's 
(DOE's) safety case related to performance assessment.  

Performance Assessment is 
ArL- vi 'RIF.. --f MR M- IF M:M L N -frs0M f .  

repository after permanent closure of the facility.  
This analysis helps to answer three questions: 
- What can happen? 
- How likely is it? 
- What can result? 

"o Conducted by 
- Collecting data 
- Developing conceptual and mathematical models 

Combining models and evaluating performance 

"a One of many NRC safety requirements
August 6, 2001 2



Performance assessment terms and definitions 

"o Scenario - another way of saying "what can happen?" 

"o Probability - another way of saying "how likely?" 

"o Consequence - another way of saying "what can result?" 

"o Scenario analysis - an evaluation of what can happen 

"o Features, Events, and Processes (FEPs) - factors 
that are necessary to describe what can potentially happen to 
the repository 

Examples include: climate, water flow, rock chemistry, 
design of the repository, construction of the repository, 
strength of the waste containers and how well they resist 
corrosion, the nature of the waste, and natural events such 

as earthquakes and volcanoes.
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Terms and definitions (continued) 
"o Screening - deciding whether to include a factor in a 

performance assessment 

"o Model abstraction - development of a concep,- a, mo',,,., 
which is consistent with available information, that describes a 
portion of the entire system. The abstraction process 
translates the conceptual model into solvable numeric 
equations (i.e., a numerical model).  

"o Integrated subissue (ISI) - a grouping of similar topics to 
ensure that an assessment is completed 

"o Transparency - written in a way so that readers can gain a 
clear picture of what has been done, what the results are, and 
why the results are as they are
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Terms and definitions (continued) 

"o Traceability - an unambiguous and complete record of the 
decisions and assumptions made, and of the models and data 
used in arriving at a given result 

"o Multiple barriers - more than one material or structure that 
prevents or substantially delays the movement of water or 

radioactive material 

"o Verification - process to ensure that a computer code 
correctly performs the operations specified in a numerical 
model 

"o Validation - process of confidence building in the models 

used in the performance assessment 
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Terms and definitions (continued) 

"o Overall performance - focuses on how the performance 
assessment is conducted to demonstrate that performance 
objectives (e.g., limit on radiological exposure) are met 

"o Risk - may be described using three questions (the risk triplet) 
- what can go wrong? 
- how likely is it? 
- what are the consequences? 

"o Risk assessment - is a systematic method for addressing 
the risk triplet question. Performance assessment is a risk 
assessment.  

"o Probabilistic analyses - an evaluation of the 
consequences of what can go wrong, weighted by the 
likelihood that it may happen to give a measure of risk

August 6, 2001 6



Terms and definitions (continued) 

"o Risk insights - results or findings from the risk assessment 

"o Risk-based approach - an approach in which decision
making is solely based on the numerical results of a risk 
assessment. The Commission does not endorse this 
approach.  

"o Risk-informed approach - an approach where risk 
insights and other factors are considered together to establish 
requirements that better focus attention on design and 
operational issues commensurate with their importance to 
public health and safety

August 6, 2001 7



"* Additional general information on performance 
assessment and on the NRC and its role in the 
potential Yucca Mountain high-level waste repository 
is available 

II Jy ! ! 114I4 UVuIuI 1I0!!UUUL. d!!U PU5L 

o A White Paper on risk-informed and performance-based 
regulation, also available on the Internet at 
http'//AA,%A,^, nrr' rirnxI NiC/CO[,AI I I SIIQQ OnI/Dn'II I It'V/AA'k'+ "-n.r- k+r÷.I 

KLL . 11 VVVVVV.I t1%J.Qj' l IV IVI . . I I 1 l I VVI IILU 4JJPI .1 ILI III 

o A White Paper on regulatory perspectives on model validation 
(NUREG-1636), also in process of putting it on NRC's web site 
http://www.nrc.gov/NMSS/DWM/hlw.htm 

"* NRC and Center for Nuclear Waste Regulatory Analyses 
staff will be glad to address your concerns, answer your 
questions, and discuss topics that remain unclear to you 
during breaks in the meeting or after the meeting
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Topics within the Total System Performance 
Assessment and Integration Area 

1) Scenario analysis 

2) Model abstraction 

3) Multiple barriers 

4) Overall performance 

The Nuclear Regulatory Commission's independent 
review of the Department of Energy's total system 
performance assessment has raised questions in each 
topic area

August 6, 2001 9



Objectives of this Meeting 

* During this meeting, the NRC staff would like to reach 
agreement with DOE on the status of each topic area 

Discussions on 0-vera"ii Pe H rformance and Mvultiple 
Barriers will address the methods to be used by DOE 
in these areas and all other information that NRC will 
need to conduct a licensing review 

o Any evaluation of DOE's ability to demonstrate that it 
can meet the requirements in these areas will be done 
during the review of a license application (if one is 
submitted)

August 6, 2001 10



The Use of Risk Insights in TSPA

We would like to clarify the NRC's position and expectations regarding the use of risk 

insights to address issues and concerns in a Total-System Performance Assessment 

(TSPA).  

All applicants for an NRC license are responsible for providing the NRC with analyses 

that demonstrate that their proposed licensing action or their operation of a facility will 

meet NRC and other applicable Federal Regulations throughout the time period of 

regulatory interest (e.g., duration of operations for a facility or 10,000 years for the 

disposal of high-level radioactive waste). It is these auditable analyses that allow NRC to 

evaluate the proposed action or facility and, when the analyses are sufficient to support 

the applicants demonstration, to conclude that the proposed action may be implemented 

while ensuring adequate protection of public health and safety and the environment.  

If DOE were to submit a license application to construct a geologic repository, DOE must 

demonstrate that the proposed licensing action meets the applicable regulations and that it 

can be done safely. The DOE, like other potential licensees, may use risk insights to help 

them evaluate when the data, models, and analyses are sufficient to meet their 

responsibilities. Historically, the NRC has advocated a variety of methods for generating 

risk insights, including: sensitivity analyses, uncertainty analyses, and the analyses of 

intermediate outputs. For example, risk insights for a Yucca Mountain repository could 

take the form of identifying the dominant scenarios for early releases or large doses, 

characteristics of features that strongly influence repository performance, or conditions 

where a process becomes important for controlling either the time of earliest exposure or 

for limiting the dose.  

The NRC's use of a risk-informed, performance-based approach to regulatory decision

making does not reduce the DOE's responsibility to demonstrate that the proposed 

licensing action or facility meets the regulations. Therefore, the DOE should be prudent 

in their use of risk insights and should be prepared to provide quantitative support, where 

possible, for their risk insights and technical justification for all of their conclusions. By 

providing the rationale and justification for their technical decisions, the DOE will permit 

the NRC to focus our review efforts more effectively on those areas that are most 

important to overall system performance, thereby making the review more efficient for 

all. We will seek to make our review of other areas proportional to their importance.  

An integral part of risk analysis is the interpretation and explanation of how the system 

model works, whether the results are appropriate, and whether the results are indicative of 

acceptable future performance. The DOE should consider providing analyses that 

explains why the results are the way they are. While we note that it is possible to 

qualitatively explain system performance, the explanation is greatly improved when an 

appropriate balance is reached between quantitative analyses and qualitative
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TSPA Vertical Review 

Data Qualification 

Software Qualification 

SD Model Validation 
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Issue: Discrepancies were identified in the TSPA-SR 
Rev. 00, ICN 1 and associated Model Document 

Objective: Vertical technical review to confirm the 
integrity of the analysis documentation 

L ýu A Mou i l r U• i rDrt 
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Approach 

Determine that TSPA adequately supports conclusions 

Conduct independent hand computations to verify values in 
tables and figures 

Consistency, traceability, and transparency checks of 
technical inputs, text, and references 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams _08/06-09/01 .ppt 4



Significant item (Category 1)T- Item could affect a major 
calculation in support of the TSPA. May or may not 
impact TSPA supporting results. Items identified will be 
reviewed for validity 

Important item (Category 2) Item could affect a 
supporting calculation but does not change the 
conclusions of the TSPA. Items identified to date are 
under review for validity 

Weak basis/assum tions/reference (Category 3)
Question requires the review or input of the technical 
author or checker to resolve. These items include 
incomplete references or text that is not clear 

Minor errors (Category 4)-- Editorial items that are not 
quantified or tracked for resolution 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics PresentationsYMWilliams 08/06-09/01 .ppt 5
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Results: Total discrepancies = 904 
Significant items (Category 1) = 16 

Important Items (Category 2) = 58 

Weak Basis / Clarification Items (Category 3) = 364 

- Minor Items (Category 4) -- 446 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams_08/06-09/01 .ppt 6
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Status 

Review complete 

Comment resolution for Category 1 and 2 will include: 

Response and Objective Evidence 

Acceptance by review team 

Comment resolution complete on 5 of 16 Category 1 items 

Comment resolution complete on 16 of 58 Category 2 items 

No impact to date that affects the technical results to the 
conclusion that regulatory period doses are within limits 

Remaining individual items under evaluation 

Integrated effect of discrepancies not yet evaluated 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations__YMWilliams 08/06-09/01 .ppt 7
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Issue: Not all data used is fully qualified 

Objective: Assess known impact of unqualified data 
and describe the basis for concluding that there is 
confidence in the TSPA-SR Rev. 00, ICN 1 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams 08/06-09/01 .ppt 8
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Note: Percent complete statistics reflect the multiple use of a DTN in different AMR/PMR products

06/04/01 08/06/01 06/04/01 08/06/01 
Percent Data Percent Data Percent Data Percent Data 

PMR Qualified Qualified Verified Verified 
Biosphere 97 97 100 100 
Disruptive Events 91 91 100 100 
EBS 90 91 100 100 
ISM 85 85 100 100 
Near Field 90 90 100 100 
SZ F&T 82 84 90 100 
UZ F&T 91 92 96 98 
Waste Form 95 100 100 100 
Waste Package 91 96 100 100 
Total 89 91.1 96 98.4

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations -YMWilliams_08/06-09/01 .ppt 9



No. of Impact Assessments Expected = 67 

Impact Assessments Affect 25 AMRs 

Remaining Assessments by PMR:

UZ = 32 

EBS = 4 

NF=2 

BIO = 1

SZ= 13 

ISM = 3 

WP=1 

DE=1

Impact Assessments are in process and will be 
provided to NRC by end of August

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics PresentationsYMWilliams 08/06-09/01.ppt
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Qualification activities will continue to support 
completion of all Principle Factor DTNs by SR 

To date impact assessment activities indicate that 
incomplete and to-go data qualification actions have 
little or no impact on the AMR output.

Evaluations will support 
to TSPA-SR Rev 00, ICN

Yucca Mountain Project/Preliminary Predecisional Draft Materials

assessment of the impacts 
1 results
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Impact Assessments for Data will address: 

What data is unqualified or TBV? 

How data is used in AMRs that support the TSPA? 

What is the output of the AMR? 

What is the impact and significance on the AMR 
output due to use of unqualified data? 

Efforts will also identify actions necessary to 
complete the remaining data verifications and 
qualifications 
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Issue: Not all software used in the TSPA is fully 
qualified 

Objective: Assess known impact of unqualified 
software and describe the basis for concluding that 
there is confidence in the TSPA-SR Rev. 00, ICN 1 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams 08/06-09/01 .ppt 13
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BIO 90%

DE 100%

a EBS 97% 

lgb ISM 100%

SZ 96% 

UZ 98% 

WF 100% 

WP 100%

NFE 99% 
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Codes, Macros & Routines Requiring 
Qualification = 400+ 

21 Codes left to be qualified = 16 

9 will be complete by end of August 

7 will have impact assessments

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams 08/06-09/01.ppt
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Evaluations will support assessment of the impacts to 

TSPA Rev 0 ICN 1 results 

Impact assessments for software will address 

How is the code used in the AMR that supports the 
TSPA? 

What was the issue associated with with code 
qualification? 

What relative influence did the deficiencies have on the 
output of the AMR? 

Was the technical adequacy of the AMR affected? 

Evaluations will identify actions necessary to 
complete the remaining qualifications per AP-SI.1Q 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams 08/06-09/01 .ppt 16



Codes requiring impact assessment = 7 

Impact assessments are essentially complete (2 remain in 
concurrence) 

To date, impact assessments demonstrate through test 
case executions and document changes that the output of 
the codes do not effect the technical adequacy of AMRs 

Codes supporting TSPA-SR Rev 00, ICN 1 that have 
impact assessments are scheduled to be qualified 
this calendar year 

Yucca Mountain Project/Prelirninary Predecisional Draft Materials BSC Graphics PresentationsYMWilliams 08/06-09/01 .ppt 17



'A DR-39, Inaccurate Documentation and 
Validation of Software Routines and/or 
Macros 

Most issues relate to documentation although 
some routines may require additional testing 

On schedule for closure by 9/18/01 

DR-54, Incorrect/Incomplete Processing of 
Software 

DR-99, Software Code Installation 

... Closed, 7/18/01

8Materials BSC Graphics Presentations YMWilliams 08/06-09/01.ppt 1Yucca Mountain Project/Preliminary Predlecisional Draft



Issue: Concerns have been raised regarding the 
status of model validation 

Objective: Describe the steps taken to assure that 
model validation supports confidence in the 
conclusions of the TSPA-SR Rev. 00, ICN 1 

A 5A:PIttJtTAtN PFý OJ.....  
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30 independent scientists & engineers reviewed all AMRs 
.. 137 models reviewed as of 7/27/01 (some AMRs have multiple models) 

4D Models were sorted into bins per the following criteria 

Bin 1: validated per AP-3.1 OQ (Models and Analyses) 

Bin 2: can be readily validated per AP-3.10Q using available 
data/information 

Bin 3: not readily validated 

3-day workshop ongoing (8/6-13) with AMR authors and 
reviewers to discuss preliminary ranking 

- Model developers providing insights to reviewers 

- Action plans being developed for remaining Bin 3 models 

- Preliminary Ranking 

18 Bin 1 models 

83 Bin 2 models 

35 Bin 3 models 

Impact assessments will be developed for models that 
remain in Bin 3 at conclusion of workshop 
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Complexity/lack of clarity in validation requirements is 
being corrected through process improvements 

Scientific modeling process (AP-3.10Q - Analyses & Models) 
is being streamlined to clarify requirements for model 
validation 

Analyses and calculations moved to separate procedure to 
clarify distinction between analyses and model 

>1 AP-SIIl.9Q (Scientific Analyses and Calculations) - in formal review 
8/6/01 

>ý Revised scientific modeling procedure entered formal review on 
8/6/01 (AP-SIII.100 clarifies model validation requirements) 

Scientific Process Guidance Manual under development to 
provide examples and additional help to model developers 

Chief Science Office to provide in-process assistance to AMR 
authors in model validation effort 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliarns 08/06-09/01.ppt 21



Based on reviews and impact analyses done to date 
and planned, we have confidence in the results and 
conclusions of the TSPA-SR Rev. 00, ICN 1 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMWilliams 08/06-09/01.ppt 22
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Objectives 

Status of Key Technical Issues (KTI) Technical 
Exchanges 

Total System Performance Assessment and 
Integration (TSPAI) KTI Subissue Status 

Overview of Features, Events and Processes (FEPs) 
Technical Exchange 

Conclusions 
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Provide update on DOE's progress made in support 

of TSPA-Site Recommendation 

Provide update on DOE's progress made in 
identifying and screening of FEPs 

Provide update on DOE's progress made in 
enhancing TSPA models 

Present and agree on approaches to close TSPAI 
Subissues 1 - 4, by closing the associated 
acceptance criteria and open items for the TSPAI Key 
Technical Issue 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics PresentationsYMGunter 08/06-09/01 .ppt 3



12 Technical Exchanges associated with Key Technical 
Issues 

Unsaturated and Saturated Flow under Isothermal Conditions August 2000 
Igneous Activity August 2000 
Container Life and Source Term September 2000 
Criticality October 2000 
Structural Deformation and Seismicity October 2000 
Saturated Zone October 2000 
Radionuclide Transport December 2000 
Thermal Effects on Flow January 2001 
Evolution of Near Field Environment January 2001 

Repository Design and Thermal-Mechanical Effects February 2001 
Features, Events and Processes May 2001 
Igneous Activity June 2001* 
Total System Performance Assessment and Integration August 2001"* 

All Subissues Closed or Closed-Pending except for: 
- *Igneous Activity, Subissue 2, Consequence

**TSPAI Subissues (subject of this Technical Exchange) 
piii • i• ,,,,,,••• •••.......  

-,/ .. ;. ...
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Status* 

Subissues NRC DOE Proposed 

Multiple Barriers Open Closed - Pending 

Scenario Analysis Open Closed - Pending 

Model Open Closed - Pending** 
Abstraction 

Overall Open Closed- Pending 
Performance

*NRC status based on NRC TSPAI Issue Resolution 
September 2000

Status Report, Revision 3,

**Subissue may be reopened if Igneous Activity Subissue 2 remains open 

Delta Analysis provides additional details regarding the Issue Resolution Status 
Report acceptance criteria and NRC requests for additional information have been 
addressed and provides references to relevant'information 

ý-APAOU5
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DOE proposes a separation of the open Igneous 
Activity Consequence subissue from TSPAI 
subissues 

DOE is actively developing plans to address the 
proposed NRC agreements from the June 2001 
Igneous Activity Technical Exchange 

DOE anticipates a technical exchange in August/September 
2001 to provide a response to NRC proposed agreements 

DOE believes the response will support a closed-pending 
status for Igneous Activity Consequence subissue 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMGunter_08/06-09/01 .ppt 6



Acceptance Criteria NRC Status DOE Proposed 
(IRSR Rev. 3) Status 

Barriers relied upon to achieve Open Closed - Pending 
compliance with the overall 
performance objective are 
adequately identified 

Capability of identified barriers Closed* Closed - Pending 
to contribute to isolation of 
radioactive waste are 
adequately identified and 
described 

Technical basis for assertions Open Closed - Pending 
of barrier capability is provided

*Closed status per Issue Resolution Status Report, Revision 3.  
Subsequent comments by NRC require resolution

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations Y�V
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Acceptance Criteria NRC Status DOE Proposed 
(IRSR Rev. 3) Status 

List of FEPs is comprehensive Open Closed - Pending 

Classification of FEPs is Open Closed - Pending 
comprehensive 

Excluded FEPs are identified Open Closed - Pending 
and sufficient technical basis 
provided 

Scenario classes are mutually Open Closed - Pending* 
exclusive and technically 
acceptable 

Screening of scenario classes Open Closed - Pending* 
is comprehensive and 
technically acceptable

*No additional concerns raised by the NRC to be addressed during the Technical Exchange 

YUC~aMounain rojet/Prlimiary redecsionl Drtt Mterils -C Grphic Presntatons M"uner 0/06.9/01ppt.
BSC Graphics Presentations YMGunter--08/06-09/01 .pptYucca Mountain Project/Preliminary Predecisional Draft Materials 8



�-; i 

V

*Subissue may remain open if Igneous Activity Subissue 2 remains open 

_ _ _ A...

Acceptance Criteria NRC Status DOE Proposed 
(IRSR Rev. 3) Status 

TSPA adequately incorporates Open Closed - Pending 
important design features, 
physical phenomena and 
couplings

BSC Graphics Presentations YMGunter _08/06-09/01 .ppt 9Yucca Mountain Project/Preliminary Predecisional Draft Materials



Acceptance Criteria NRC Status DOE Proposed 
(IRSR Rev. 3) Status 

Scenarios used in the Closed Closed 
calculation of expected annual 
dose are adequate 

Average annual dose to average Open Closed - Pending 
member of the critical group 
does not exceed 25 mrem 
Total Effective Dose Equivalent 

TSPA code provides a credible Open Closed - Pending 
representation of repository 
performance 

TSPA code provides a credible Closed Closed - Pending 
representation of the intrusion Pending 
event 

Comparative evaluation of Open Closed - Pending 
alternatives to the major design 
features is provided

�'\ i��• � 
10
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First of two-part TSPAI KTI Technical Exchange 

No formal agreements or changes in Subissue status 

Scope of FEPs meeting - Subissue 2, Scenario 
Analysis 

Comprehensiveness of FEPs list (Acceptance Criteria 1 
and 2) 

Technical adequacy of FEPs screening arguments 
(Acceptance Criterion 3) 

Transparency and traceability of FEPs and FEP-related 
documentation 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMGunter_08/06-09/01 .ppt 11
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Path forward items 

Clarify screening arguments 

Update technical basis for screening arguments 

Add FEPs to FEP Analysis/Model Reports 

Clarify FEP description 

Defer selected items to TSPAI or Igneous Activity Technical 
Exchanges 

Preliminary agreements 

Include path forward items 

Clarify propagation of uncertainties in spent fuel dissolution rates 
through TSPA 

Demonstrate that the Commercial Spent Nuclear Fuel models do 
not lead to optimistic results in the 10,000 year regulatory period 

-• Ai i i.. . .. 
n .. ..  
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DOE understands that resolution of the additional 
information needs could result in closure of the 
subissues in the NRC's TSPAI Issue Resolution 
Status Report, Revision 3 

DOE believes that the discussions during the FEPs 
and TSPAI Technical Exchanges will support closed
pending of the TSPAI subissues and Key 
Technical Issue 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMGunter 08/06-09/01 .ppt 13
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Objectives 

For Subissue 2 in the Total System Performance 
Assessment and Integration Issue Resolution Status 
Report, Revision 3, this presentation will 

Identify current subissue status 

Identify acceptance criteria 

Summarize technical basis for resolution 

Identify basis documents 

Summarize technical adequacy of basis 

Conclusions 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMFreeze 08/06-09/01 .ppt 2



Provide overview of DOE's plans to enhance 
features, events and processes (FEPs) evaluations 

Address specific NRC concerns with the current 
process 

Level of detail in FEPs 

Use of "secondary" FEPs 

FEPs vs. modeling issues 

Evaluating potential new FEPs 
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Total System Performance Assessment and 
Integration Issue Resolution Status Report, Revision 
3 indicates that this Subissue is Open 
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The License Application contains a comprehensive list of 
FEPs consistent with site characterization data and 
includes FEPs that have the potential to influence 
repository performance 
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Summary of information needs identified by NRC 

Approach for identifying and screening FEPs 

Development and screening of the initial Yucca Mountain 
Project FEP List 

Process for ongoing evaluation of FEPs 

Enhancements under consideration 

Adequacy of level of detail for a FEP 

Basis for closure 

Systematic process for identifying and screening FEPs, 
which contains several layers of internal and external 
reviews 

Additional rigor and procedural enhancements to improve 
transparency and traceability planned for a potential 
License Application 
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References

Total System Performance Assessment 
Recommendation, TDR-WIS-PA-000001

for the Site 
REV 00 ICN01

The Development of Information Catalogued in Rev 00 of 
the YMP FEP Database, TDR-WIS-MD-000003 REV 00 ICN01 
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2ý1 Two phases:

Phase 1 - Develop and screen 
Project FEP List

initial Yucca Mountain

Phase 2 - Ongoing evaluation of FEPs 

Determining level of detail going forward 

Enhancements under consideration 

Yucca Mountain Project/Preliminary Predecisional Draft Materials BSC Graphics Presentations YMFreeze 08/06-09/01 .ppt 8



Initial Yucca Mountain Project FEP list developed 
from international and site-specific documents 

1,808 total entries (TDR-WIS-MD-000003 REV 00 ICN 01) 

60 Classification based on Nuclear Energy Agency 
hierarchical structure developed by multi-national 
expert working group 

135 Headings generally mutually exclusive and equally 
important 

Some overlap in Headings due to coupled processes 

328 FEPs (TDR-WIS-MD-000003 REV 00 ICN 01) 

Technical basis for screening primary FEPs is 
documented in FEP Analysis/Model Reports 
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Primary FEPs 

Aggregated at "coarsest level at which technically sound 
screening decisions can be made while still maintaining adequate 
detail for analysis" 

Some overlap in subissues due to coupled processes, 
such as 

( Thermal effects in Engineered Barrier System 

More FEPs in areas of importance, in part because corresponding 
analyses often require greater detail, such as 

Waste Package, Waste Form 

Provide basis for demonstrating comprehensiveness 

Secondary FEPs 

Retained for traceability 
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Phase 1 produced initial set of primary FEPs 

Primary FEPs encompass comprehensive set of technical 
issues relevant to post-closure repository performance 

Primary and secondary FEPs provide traceability to FEP 

origins 

Primary FEPs have varying level of detail due to: 

4 Aggregation to coarsest level for screening 

"p Overlap in subissues in areas of coupled processes 

More FEPs in areas of importance 

Phase 1 is completed and documented in 
TDR-WIS-MD-000003 REV 00 ICN 01 
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Additional FEPs may be identified prior to License 
Application 

New information (e.g., ongoing studies, external reviews, 
change in regulations, etc.) 

- As design progresses 

Project configuration controls will be enhanced to 
identify FEP dependencies on ongoing work and 
design changes 

Potential changes to FEPs will be evaluated and 
documented using a multistep approach 

Submission of issues of concern 

U•,ý-A AA06- t T... P.......  
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Evaluation/resolution of issues. Examples include: 

Revise an existing FEP description to include the FEP 
component 

Revise an existing TSPA disposition to include the modeling 
issue 

Create a new FEP 

< Create more than one new FEP by splitting an existing FEP 
into more consistent levels of detail 

No action - issue addressed in existing FEP 

Yucca Mo nti P;bC. 8 :na D M ea G........ .t 1 
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Changes in FEPs periodically documented for major 
project milestones 

- FEP Analysis/Model Reports 

S.Y u c c a M o u n ta in P ro je c t F E P D a ta b a s e 

TSPA Reports 
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FEPs that are too specific 

- Become too narrowly defined 

- Redundant or inefficient to develop specific screening 
arguments for each FEP 

Most efficient to develop broad-based screening arguments 
that apply to multiple FEPs 

Produces too many (1000's) FEPs for screening 

May produce too many low-probability (not credible) 
screening decisions

5
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FEPs that are too broad 

Become too coarsely defined 

Difficult to isolate important components; some may be 
overlooked

Requires multiple 
single FEP

screening arguments for a

MG�UNTAU� t3�(�T
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FEPs considered adequate 
Defined at coarsest level at which technically sound 
screening decisions can be made while still maintaining an 
adequate level of detail for the analysis 

Leads to varying level of detail based on importance and 
complexity of FEPs 

Finer, more explicit details that do not influence screening 
are considered modeling issues and are documented in 
TSPA disposition (if included) or screening argument (if 
excluded) 

Examples: effects of ventilation, fractures 

Produces a reasonable number (100's) of FEPs for 
screening 
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Coarse FEP 
FEPs that are one of only a few under a Nuclear Energy 

Agency heading 

Characterized by one or more: 

Low importance and/or complexity (few components) 

Broad (but "adequate") detail in analysis 

Specific FEP 

FEPs that are one of many under a Nuclear Energy Agency 
heading
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Characterized by one or more of: 

High importance and/or complexity (many components) 

Specific (but "adequate") detail required for analysis 

Modeling Issue 

Finer level of specificity than is necessary or practical to 
develop a "technically sound screening decision" 
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Revise "FEP Descriptions' 

Better identify all components included in a FEP 

Ensure full incorporation of relevant FEP issues 

Eliminate use of "secondary FEPs" terminology, yet retain 
traceability to Nuclear Energy Agency database or other 
source documents 

Make level of detail more consistent, where possible 

Develop "level of detail" criteria 

Evaluate potential changes in FEPs 

Distinguish between FEP components and modeling issues 

Develop and implement process for evaluating 
changes in FEPs .  
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Revise "TSPA Dispositions" for included FEPs to: 

Better describe how components are included in TSPA 

Better describe associated modeling issues 

Revise "Screening Arguments" for excluded FEPs to: 

Better describe technical bases and identify components 

Update "Related FEPs" to: 
Better identify overlapping FEPs 
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Update FEP to: 

Map FEPs to TSPA keywords 

Establish FEP components searchable index 

Establish alternative use to "secondary FEPs" for 
maintaining traceability 
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FEPs encompass relevant technical issues and 
provide basis for comprehensiveness 

Enhancements under consideration to improve 
transparency and traceability of FEPs 

FEPs contain varying level of detail with more detail 
for FEPs in areas of perceived importance 

Where more explicit detail is required for a FEP, 
explicit details included in TSPA implementation (i.e., 
modeling issue) rather than as independent FEP 

Process enhancements under consideration for 
ongoing evaluation and documentation of FEPs 
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FEP Analysis/Model Reports and FEP database will 
be updated to support License Application 

Based on the discussions at the May 2001 FEPs 
Technical Exchange and the discussions at this 
Technical Exchange, DOE believes that Subissue 2, 
Scenario Analysis is closed-pending 

Yucca. .. ............  .......................  
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Objectives 

For Subissue 3 in the Total System Performance 
Assessment and Integration Issue Resolution Status 
Report, Revision 3, this presentation will 

Identify current subissue status 

Identify acceptance criteria 

Summarize technical basis for resolution 

Identify basis documents 

Summarize technical adequacy of basis 

Conclusions 
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Describe current model development approach as it 
pertains to abstraction 

Describe Total System Performance Assessment 
(TSPA) model verification and validation approach as 
it pertains to abstraction 

Describe approach to ensure data and model 
uncertainty has been appropriately considered 

Describe approach to provide transparency and 
traceability of TSPA model and analyses 
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Total System Performance Assessment and 
Integration Issue Resolution Status Report, Revision 
3, indicates this Subissue is Open
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Acceptance Criterion 

TSPA adequately incorporates design features, physical 
phenomena, and couplings and uses consistent and 
appropriate assumptions throughout the abstraction 
process 

Summary of information needs identified by NRC 

Model development approach 

Model verification and validation 

Data and model uncertainty 

Transparency and traceability 
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Basis for closure 

TSPA model supported by scientific basis 

Efforts to upgrade model verification/validation and 
documentation transparency/traceability are underway 
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References 

Total System Performance Assessment for the Site 
Recommendation, TDR-WIS-PA-000001 REV 00 ICN 01 

Total System Performance Assessment (TSPA) Model for 
Site Recommendation, MDL-WIS-PA-000002 REV 00 
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TSPA based on data, models and analyses developed 
for engineered and natural barrier components of the 
system under a Quality Assurance program 

Information and data obtained from site 
characterization, repository conceptual design, 
engineered barrier design, waste form properties 

Systematic process utilized for inclusion/exclusion of 
FEPs 

FIA .. ...  
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Substantial basis for process level and abstracted 
models supporting TSPA model 

Scientific basis supporting each process model and 
abstraction feeding the TSPA are documented in 
Analysis/Model Reports 

Scientific basis include laboratory, in-situ and field tests 

Models developed using controlled software and data 
inputs 

Model and software corrective action reports to address 
inadequacies 
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Consideration of alternate conceptual models 
conducted primarily at process level and previously 
discussed at process model Key Technical Issue 
Technical Exchanges 

Testing of abstractions conducted to ensure 
appropriateness in representing process model 

Consistency of abstractions evaluated and 
documented in TSPA model (e.g., similar boundary 
conditions, initial conditions) 

TSPA Management Plan (later presentation) 
describes reviews in these areas 
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Abstractions provided to TSPA model verified and 
validated in Analysis/Model Reports 

Current Corrective Action Report dealing with model 
validation 

TSPA model verified and validated in multiple ways 

TSPA model software (GoldSim) verified by developer 

Input to TSPA model checked to ensure used for intended 
purpose and is working appropriately in the TSPA model 

Coupling in TSPA model tested to ensure transfer of 
appropriate information 

TSPA Management Plan (later presentation) also addresses 
verification/validation issues 

S • . .. .. ...... .  
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'H- Inputs into models (e.g., parameters, mathematical 
models) may be uncertain and/or spatially variable 
which could result in uncertain outputs 

Types of uncertainty 

Uncertainty analysis - quantification of dose spread and 
variance 

Sensitivity analysis - identification of input variables whose 
spread is dominant cause of uncertainty 
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Techniques to characterize uncertainty 

Regression analysis - quantitative determination of 
important contributors to output variance 

Scatter plot analysis - measure of association between 
model output and uncertain inputs

Classification tree analysis 
control extreme realizations 

Limited alternate conceptual 
within TSPA

identification of variables that 

models evaluation
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Uncertainty Evaluation Results 

Used to screen candidate variables for one-off sensitivity 
analyses using 5th-95th percentile values 

Considered in conjunction with sensitivity and barrier 
importance analyses for future data collection and 
modeling 

Model Discretization 

Analysis of timestep size and impact on total system 
results 

Analysis of spatial bin size and impact on total system 
results 
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Challenge of transparency and traceability 

Complexity of model and analyses (6,000+ parameters, 
multiple data sources, 20+ software codes linked to TSPA 
model, etc.) 

Due to the complexities of the system analysis, 
documentation will be developed in conjunction with 
communication at technical exchanges 

Techniques to upgrade transparency 

Upgrade procedural emphasis on vertical consistency of 
documentation 
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Develop additional transparency/traceability tools including 
model flow chart, data source flow to model, simplified 
TSPA, and additional graphics/visualization 

Conduct additional analyses (e.g., multiple barrier 
analyses) to demonstrate system performance 

Focus additional interactions on specific areas of the 
system, with emphasis on dialogue 
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Additional reviews to enhance transparency 

Provide critique to increase clarity of analyses and 
documentation 

Use multiple reviewers (internal review and tech edit teams, 
international review, and external oversight bodies) 
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Process level and abstracted models for TSPA model 
are supported by scientific basis and documented in 
Analysis/Model Reports 

TSPA model verification and validation are robust but 
require additional documentation 

IOW Data and model uncertainty are incorporated into 
abstractions 

Steps are being put in place to upgrade the overall 
transparency and traceability of the TSPA 
abstractions and analyses 

Yc....................................  
......................  
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Based on the work completed to date, proposed 
enhancements to improve transparency and the 
model abstraction discussions to address specific 
NRC concerns, DOE believes the status of Subissue 
3, Model Abstraction is closed-pending (as discussed 
in overview presentation) 
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Questions on Experimental Support of Corrosion Rates and 
General Corrosion Model Abstraction 

Osvaldo Pensado (CNWRA) 

Contributors: D. Dunn, G. Cragnolino (CNWRA) 

D. Esh, R. Codell, T. Ahn (NRC)

TSPAI Tech Exchange, 2001 I



Obj ectives 

° Inquire about the experimental support of corrosion rates 

° Understand implementation of corrosion degradation 
model (general corrosion)

TSPAI Tech Exchange, 2001 2



Experimental Support of Corrosion Rates

TSPAI Tech Exchange, 2001 3
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Crevice samples yield higher corrosion rates, why? 

° Equation to compute corrosion rates (Equation 3-15 in WP 
Deg PMR, 2000): r = w/(A p t) 

- w, measured weight loss; A, reference surface area 
(30.65 and 57.08 cm 2 for weight loss and crevice 
samples, respectively); p, alloy density; t, time of test.  

• Is it possible that enhanced corrosion rates as a result of a 
less protective film are occurring in the crevice area? Is the 
equation adequate to compute corrosion rates if there are 
localized regions of enhanced dissolution?

TSPAI Tech Exchange, 2001 5
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Corrosion rates tend to decrease with test duration, why? 

* Only 2 yr test data used in the WP degradation abstraction. Additional 
justification is necessary to neglect 0.5 yr and 1 yr corrosion rates, 
specially when such rates are within ranges reported by other authors.  

* It was explained that decreasing corrosion rates are expected for alloys 
having a passive film that thickens with time (WP Deg PMR Rev 00 
ICN 02, 2000, p 3-40,41). There is no clear evidence that the passive 
film on 2 yr samples is thicker than the 0.5 and 1 yr samples. The inner 
chromium-rich oxide film, responsible for passivity, is likely to 
achieve steady-state in short time (few weeks), at which time the inner 
film may maintain a constant thickness. Outer layers in the film are not 
responsible for passivity.

TSPAI Tech Exchange, 2001 7



Continued

* Deposition of corrosion products producing "weight gain" 
may compete with dissolution through the film producing 
"weight loss," thus weight loss measurements may 
underestimate corrosion rates. Deposits have been 
observed on Alloy 22 under transpassive conditions (Dunn 
et al., Corrosion 2001, Paper 01125).  

• Do silica deposits form an insulating coating? Is it possible 
that the apparent decrease in the corrosion rate is due to a 
decrease in the extent of the reactive surface area? Longer 
term testing tended to yield more samples with weight 
gain.

TSPAI Tech Exchange, 2001 8



Model Abstraction Questions

TSPAI Tech Exchange, 2001 9



Evaluation of DOE Model Abstraction 

* Obj ectives 

- Independent modeling effort to check reproducibility of 
results for a component that is risk significant (general 
corrosion degradation) 

- Understand the DOE abstraction 

- Estimate impact of higher corrosion rates in PA 
computations 

- Check transparency of documentation

TSPAI Tech Exchange, 2001 10



Evaluation of DOE Model Abstraction 

Evaluation was focused on implementation of general 
corrosion model.  

* Evaluation of supporting assumptions lies outside the 
scope of analysis. Supporting assumptions are evaluated as 
part of Container Life and Source Term and Evolution of 
Near-Field Environment Key Technical Issues.

TSPAI Tech Exchange, 2001 I1I
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Model Implementation 

"• Sample corrosion rates from a Normal PDF.  

"° Neglect rates < 0 and increase rates by a random constant 

uniformly sampled between 0 and 63 nm/yr to account for 

silica deposits.  

"* Modulate corrosion rates by two factors to account for 

MIC and thermal aging.  

- MIC: factor uniformly sampled between 1 and 2

TSPAI Tech Exchange, 2001 13



Model Implementation, Continued 

Thermal aging: factor uniformly sampled between 1 and 2.5 but affecting 
only 3% of the sampled corrosion rates (only closure lid welded areas are 

assumed affected by thermal aging).  
"• Wl1 Degradation PMR (TDR-WIS-MD-000002 Rev 00 ICN 01) and 

WAPDEG Analysis of WP and DS Degradation (ANL-EBS-PA-000001 Rev 

00): imply that the thermal aging F'actor is applied to 100 % of the WP surface 

" WP Degradation PMR (TDR-WIS-MD-000002 Rev 00 ICN 02) and TSPA-SR 

(TDR-WIS-PA-000001 Rev 00 ICN 01): state that theumal aging factor 

affects only welded areas; however, do not explicitly mention the proportion 

of sampled corrosion rates modulatecd by this F'actor.  

Account for corrosion from the inside-out after first patch penetration.  

* Documentatioii not clear on the selection of inside-out rates ("insidc-out" rates 

independent from "outside-in" rates'? "Inside-out'" M IC and thermal agl1ing 

factors independent From "outside-in" factors'?)

TSPAI Tech Exchange, 2001 14



Model Implementation, Continued 

° Neglect time to establish an aqueous environment 
(<<1,000 yr) - not a relevant correction 

Neglect time to establish 90% relative humidity (<5,000 
yr), needed to activate the enhancing MIC factor- not a 
relevant correction for results at 100,000 yr

TSPAI Tech Exchange, 2001 15
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Conclusions 

"* Additional support of the validity of the experimental corrosion rates is 
necessary. Better justification should be provided if 0.5-yr and 1-yr test 
data are not going to be used in the abstraction. Use of complementary 
techniques and higher resolution than weight loss experiments and 
avoiding the presence of silica deposits, would be convenient to 
develop additional support for corrosion rates.  

"* Magnitude and frequency of high corrosion rates are very important 
(accounting for MIC, thermal aging, and silica deposits) for PA 
computations.  

"* Beneficial to improve transparency in describing the implementation 
and results of general corrosion model.  

Good agreement between independent model and DOE WP 
degradation computations, assuming the validity of DOE model 
assumptions and input data.

TSPAI Tech Exchange, 2001 20



Backup Slides
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Detailed description of model 

"* Sample corrosion rates from a Normal PDF (best fit to 2 yr and 2 yr+ test 
data).  

- Mean= 8.29314 nm/yr, Standard Deviation=13.7011 nm/yr 
"* Eliminate negative corrosion rates from the sampling.  

" Increase corrosion rates by r = Uniform[O, 63 nmlyr] (silica deposit 
correction) 

"* Modulate corrosion rates by two factors, Fmic and Fther: 

- Microbial induced corrosion: Fmic = Uniform[ 1,2] 

- Thermal aging: Fther Uniform[1,2.5] for 3% of the sampled values. Fther 

= 1 for the remaining 97% of the sampled values.  
"* Compute effective corrosion rates as rj = (ri + rsi) Fmic Fther 

"* Determine first-patch penetration time using the maximum corrosion rate: 

- tlstPatch =2 cm/rmax (rate in units of cm/yr) 
"* Compute penetration distances: 

-d1 rJ tlstPatch

TSPAI Tech Exchange, 2001 22



Detailed description of model, continued 

• Increase corrosion rates, to simulate corrosion from the inside-out: 

- rj = rj + rk 

- Two cases considered: rk= rj , or rk independent of rj (i.e., rk created by 
resampling, including silica correction, MIC and thermal aging factors).  

Compute failure times: 

- tj = tIstPatch + (2 cm- dj)/rj 

The CDF for the collection of failure times is determined 

The above steps are repeated multiple times, producing a failure time CDF for 
each realization. Confidence intervals for the CDF are computed with data so 
generated.  

A plot of the failure time CDF Vs time can be interpreted as 

- Fraction of waste package patches failed by general corrosion versus time 

- Fraction of waste package surface area penetrated by general corrosion 
versus time

TSPAI Tech Exchange, 2001 23


