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Department of Energy 
Washington, DC 20585 

December 14, 2000 

The Honorable Richard A. Meserve 
Chairman 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

Dear Mr. Chairman: 

Pursuant to the Nuclear Waste Policy Act, Section 11 3(b)(3), this letter transmits the twenty

second semiannual "Site Characterization Progress Report: Yucca Mountain, Nevada." The 

enclosed report covers the period October 1, 1999, through March 31, 2000. Progress Report 22 

is organized to provide an executive summary and descriptions of progress toward near-term 

programmatic and statutory objectives, site characterization studies, repository design and 

construction activities, and assessments of repository performance.  

During this reporting period, the public comment period ended for the Draft Environmental 

Impact Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High

Level Radioactive Waste at Yucca Mountain, Nye County, Nevada (Draft EIS), issued in August 

1999. The Department continues to analyze and develop responses to the public comments on 

our Draft EIS and to prepare the Final EIS. The responses will be documented in a Comment 

Response Document as part of the Final EIS.  

During this reporting period, the Department also proposed site-specific guidelines for 

determining Yucca Mountain site suitability, and the public comment period on this rule ended.  

The proposed rule aligns the Department's guidelines with the U.S. Nuclear Regulatory 

Commission (NRC) and U.S. Environmental Protection Agency site-specific regulations, both of 

which were proposed in 1999. On May 4, 2000, the Department submitted its draft final 

regulation to NRC for its review and concurrence; that concurrence process continues.  

Progress Report 23, covering the reporting period of April 1, 2000, through September 30, 2000, 

is expected to be released in March 2001. If the Secretary decides to recommend the Yucca 

Mountain site for development of a monitored geologic repository, site characterization will have 

been completed and semiannual progress reports will no longer be required.  

EC'D> BYf SrC 

6 DEC 00 ?. 0

@ Printed with soy ink on recycled paper



2 

If you wish to discuss any of these matters further, please call me at (202) 586-6842.  

Sincerely, 

Ivan Itkin, Director 
Office of Civilian Radioactive 

Waste Management 

Enclosure
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NOTE INSIDE FRONT COVER 

The Nuclear Waste Policy Act of 1982, as amended, established the U.S. Department of Energy Office of 
Civilian Radioactive Waste Management. The Nuclear Waste Policy Act directs the Office of Civilian 
Radioactive Waste Management to dispose of the nation's high-level radioactive waste and spent nuclear 
fuel in a geologic repository and prescribes other related activities. The Nuclear Waste Policy Act, as 
codified in 42 U.S.C. 10133 (b)(3), requires a semiannual report on site characterization progress to be 
produced. It should be noted that site characterization, and the semiannual reports describing it, will end 
when the Secretary of Energy decides whether to recommend the Yucca Mountain site for development 
of a geologic repository. Title 10 of the Code of Federal Regulations, Part 60 (10 CFR 60.18(g)), 
Disposal of High-Level Radioactive Wastes in Geologic Repositories, requires the report to: 

"* Describe the progress of site characterization activities and information developed to date 

"* Identify decision points reached and schedule modifications 

"* Describe waste form and waste package research and development 

"* Identify new issues and plans to resolve these issues 

"* Discuss any planned studies eliminated because they are no longer necessary to site 
characterization.  

This is the 2 2nd progress report issued by the U.S. Department of Energy. This report provides a 
summary-level discussion of Yucca Mountain Site Characterization Project progress. Accomplishments 
this period are presented in a format that identifies important progress achieved and conveys how that 
progress supports the near-term objectives in the U.S. Department of Energy's schedule. Greater detail is 
documented in the cited references and in deliverables listed in Appendix A to this report. Readers may 
request specific U.S. Department of Energy-approved program documents that are listed in Section 7, 
References, and Appendix A by contacting the Office of Civilian Radioactive Waste Management 
Information Line at 1-800-225-6972.  

This document provides a discussion of recently completed and ongoing activities conducted by the 
Yucca Mountain Site Characterization Project during the six-month reporting period from 
October 1, 1999, through March 31, 2000. Some information presented herein is, by necessity, 
preliminary because some deliverables and reports that support the discussions have not been finalized.  
Projected future deliverables and reports are listed in Appendix B and are noted in the text as works in 
progress. A glossary of Yucca Mountain Site Characterization Project-specific terms used in this report is 
given in Appendix C.  

Documentation of Program Change, last published in April 2000 as Revision 02 (CRWMS M&O 2000d), 
updates site characterization activities in relation to the 1988 Site Characterization Plan: Yucca 
Mountain Site, Nevada Research and Development Area (DOE 1988). Beginning with the reporting 
period of April 1997 through September 1997, the Documentation of Program Change was removed as 
an appendix to the progress report and published separately as reference material on the Yucca Mountain 
Site Characterization Project's site characterization program. The U.S. Department of Energy plans to 
revise this document annually.
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SECTION 1 - EXECUTIVE SUMMARY 

The 2 2"d semiannual report of the Yucca Mountain Site Characterization Project summarizes activities 
from October 1, 1999, through March 31, 2000. These activities are focused on evaluating the suitability 
of Yucca Mountain, Nevada, as a site for permanent geologic disposal of nuclear materials, as directed by 
the Nuclear Waste Policy Act of 1982, as amended (NWPA). Site characterization, and the semiannual 
reports describing it, will end when the Secretary of Energy decides whether to recommend the Yucca 
Mountain site for development of a geologic repository.  

This progress report documents those Project activities that contributed to completing the near-term 
programmatic and statutory objectives. These objectives, which are to be completed in the next several 
years, include: 

"* Completing public hearings on the draft environmental impact statement (EIS) that was 
published in August 1999 

"* Completing the EIS 

"* Selecting the reference design for site recommendation (SR) and potential license application 
(LA) 

"* Selecting the reference natural systems models for SR and potential LA 

"* Developing a possible U.S. Department of Energy (DOE) Secretarial SR to the President 

"* If the President recommends the site to Congress, and the President's recommendation is 
approved, submitting an LA to the U.S. Nuclear Regulatory Commission (NRC).  

Science and engineering work is focused on developing the technical basis for a decision on SR. Project 
work concentrated on three integrated activities: site characterization, engineering design and 
Exploratory Studies Facility (ESF) construction, and repository performance. Accomplishments during 
this period and their relationship to near-term objectives are summarized briefly below. The near-term 
objectives and the three integrated activities are presented in more detail in Sections 2-6.  

1.1 PROGRESS TOWARD NEAR-TERM OBJECTIVES 

The public comment period for the Draft Environmental Impact Statement for a Geologic Repository for 
the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, 
Nevada, Volumes I and II (DOE 1999) closed February 28, 2000. Twenty-one public hearings were 
conducted during the 199-day public comment period. Before the final EIS is issued, the technical 
analyses supporting the document will be updated, as appropriate, to reflect ongoing progress of site 
studies and to resolve public comments on the draft document. After site characterization is complete, the 
Secretary of Energy will decide, considering any input from the public, states, Native American tribes, 
and the NRC, whether to recommend approval of the site to the President. Any recommendation and a 
comprehensive statement of the basis for the recommendation would then be submitted to the President, 
as required by the NWPA.  

The next major milestone is the site recommendation consideration report (SRCR). This report, which is 
scheduled for release in late calendar year (CY) 2000, and the key references that support it, will describe 
the preliminary technical basis for the Secretary's consideration of whether to recommend the Yucca
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Mountain site. The report will also support and encourage participation of interested parties in the 
hearing process specified in the NWPA.  

Comments received on the SRCR, as well as updated technical information available from ongoing 
activities, will be considered in development of the site recommendation report (SRR), which will provide 
the technical basis for the Secretary's decision. The final EIS, which DOE will publish separately, will 
accompany the SRR.  

DOE issued a revised proposal, "General Guidelines for the Recommendation of Sites for Nuclear Waste 
Repositories; Yucca Mountain Site Suitability Guidelines," on November 30, 1999 (10 CFR 963 
[64 FR 67054]). The proposed regulation would limit existing 10 CFR Part 960 to preliminary site 
screening for repositories located elsewhere than Yucca Mountain and would establish a new Part 963 to 
contain the site suitability criteria and methods for considering the potential of the Yucca Mountain site 
for a nuclear waste repository under those criteria. DOE modified its 1996 proposal to amend the 
guidelines in response to public comments and in light of newly proposed site-specific regulations titled 
"Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca Mountain, 
Nevada," proposed by the NRC on February 22, 1999 (10 CFR 63 [64 FR 8640]), and "Environmental 
Radiation Protection Standards for Yucca Mountain, Nevada," proposed by the U.S. Environmental 
Protection Agency (EPA) on August 27, 1999 (40 CFR 197 [64 FR 469761). The proposed NRC 
regulations would appear at a new 10 CFR Part 63, and the proposed EPA regulations would appear at a 
new 40 CFR Part 197.  

While focusing on the SR, the Project also continued to meet with the NRC. These interactions help to 
gain assurance that the technical work completed to date, and planned, is consistent with the NRC's 
expectations for submittal of a high-quality LA, if the Yucca Mountain site is designated by the President.  
Interactions with the NRC continued to focus on the NRC's nine key technical issues (KTIs) and the 
associated NRC issue resolution status reports (IRSRs). The NRC identified the KTIs as the topics the 
NRC considers most important to performance of a potential repository at the Yucca Mountain site.  

Significant progress was made in correcting the crosscutting quality assurance (QA) deficiencies. These 
deficiencies encompassed data traceability, data qualification, procurement, software qualification, and 
modeling. The purpose of this work is to make necessary changes at all levels of the program to ensure 
that important QA issues are resolved and to prevent recurrence of significant QA problems.  

The Project also continued development of selected site- and performance assessment-related analysis and 
model reports (AMRs) and system description documents needed to support the SR and LA. A total of 
121 AMRs have been summarized in 9 process model reports (PMRs) that will be primary references to 
the SR and LA. Each PMR provides summary technical descriptions of models and submodels of 
components of the repository system, cites data and assumptions, and summarizes abstractions of these 
models for total system performance assessment (TSPA). The PMRs also include references for 
submodels, analyses, and abstractions that support development of the model and its use in performance 
assessment.  

Revision 3 of the Repository Safety Strategy: Plan to Prepare the Postclosure Safety Case to Support 
Yucca Mountain Site Recommendation and Licensing Considerations (CRWMS M&O 2000a) was issued 
in January 2000. Revision 4 of this document is under development to reflect advances in information 
about the Yucca Mountain site, enhancements to the viability assessment (VA) design, and proposed 
changes to the NRC regulations for licensing a repository at Yucca Mountain. The revision also will 
identify factors important to performance of the repository system and the principal factors of the 
postclosure safety case. Earlier versions of these factors were used to identify testing, modeling, and
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other information needs to complete the postclosure safety case to support the SR process, and, if 
appropriate, the LA.  

1.2 SITE CHARACTERIZATION 

Site-related work focused on completing PMRs and supporting AMRs for the SR and a potential LA.  
The Integrated Site Model PMR was completed during the reporting period. The following PMRs related 
to characterization of the site are being finalized: near-field environment, unsaturated zone (UZ) flow and 
transport. saturated zone (SZ) flow and transport, and disruptive events.  

1.2.1 Geological Field Investigations 

The preliminary geologic map of the site-scale, SZ flow model area was completed. Mapping continued 
at Busted Butte and in the Cross Drift.  

1.2.2 Exploratory Studies Facility Testing 

In the drift-scale heater test, drift wall temperatures approached 200'C toward the end of this reporting 
period (i.e., March 31, 2000). Neutron logging, electrical resistivity tomography, ground-penetrating 
radar measurements, air permeability testing, and water and gas sampling and analyses continued in the 
drift-scale test to characterize the rock properties in the rock adjacent to the drift-scale test. Planning was 
initiated for the Cross Drift Thermal Test.  

In the seepage threshold tests at Niche 2, 40 liquid release tests were conducted on 16 different borehole 
intervals. Of the 16 intervals tested, water seeped into the niche from 10 of these intervals, water 
appeared on the niche ceiling but did not drip from 3 of these intervals, and water did not appear at all 
when introduced into the 3 remaining intervals. These data were used in the seepage calibration model, 
estimating a seepage threshold, below which seepage is not expected to occur, of approximately 
200 mm/year for the middle nonlithophysal unit of the Topopah Spring welded tuff.  

Liquid release tests also were conducted in Niche 3 and Niche 4 to evaluate the capillary barrier concept, 
seepage, and the seepage threshold. Niche 4 is located in an intensely fractured zone along the ESF.  
These transient seepage tests were supplemented by a series of long-term liquid release injection tests in 
Alcove 6.  

The tracer-infiltration experiments in Alcove 1 in the upper Tiva Canyon tuff continued. The seepage 
data and tracer breakthrough data were used to calibrate the UZ flow and transport models. Matrix 
diffusion was shown to have a significant effect on transport in unsaturated fractured rock.  

Hydrochemical and isotopic analyses of core and water samples continued, including analyses for the 

chlorine-36 validation study.  

1.2.3 Cross Drift Testing 

A niche in the Topopah Spring lower lithophysal unit at Cross Drift Station 1620 is under construction.  
Testing in this niche will evaluate drift-scale seepage processes and the seepage threshold in the potential 
repository host rock. Preliminary air-permeability data from two boreholes that were drilled before 
excavation of the niche produced permeability values approximately 1.5 orders of magnitude higher than 
corresponding permeability values measured in niches in the Topopah Spring middle nonlithophysal unit 
in the ESF.
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The Project continuously monitored water-potential distributions and moisture conditions in the rock near 
the drift, ahead of and within the bulkheads, isolating the second half of the Cross Drift and the Solitario 
Canyon fault from the impacts of ventilation.  

1.2.4 Busted Butte Test Facility 

Phase II testing initiated in July 1998 at Busted Butte has been extended through September 2000.  
Phase II is an expanded version of Phase I, scaled-up with respect to size and flow rates, and involves an 
augmented suite of reactive and nonreactive tracers. The experiment was extended in part because most 
of the reactive tracers did not break through into existing collection holes. Measurement of hydrologic 
properties on core samples from Busted Butte continues.  

1.2.5 Nye County Drilling Program 

Much of the reporting period was spent preparing for and initiating Phase II operations. Significant effort 
was placed on test design and instrumentation of the Alluvium Testing Complex. Work to update 
stratigraphic interpretations from Nye County drilling and to evaluate the Nye County paleodischarge 
sites continued.  

1.2.6 Borehole SD-6 

Hydrologic testing related to borehole USW SD-6 continued. This is the only borehole that penetrates the 
SZ directly beneath the potential repository. Preliminary analysis of the results of this testing is in 
progress.  

1.2.7 Seismic Hazards and Design 

Work continued on the development of seismic design inputs. Ground-motion inputs were developed for 
a site at the potential waste emplacement level, surface rock sites at Yucca Mountain, and a potential site 
for the Waste Handling Building (a soil site). Planning was initiated for geotechnical investigations to 
provide additional data supporting development of seismic design inputs and foundation 
recommendations for the Waste Handling Building.  

1.3 DESIGN AND EXPLORATORY STUDY FACILITIES CONSTRUCTION 

Design work continued to focus on supporting the SR. In addition, some LA-related work was performed 
to ensure timely availability of sufficient design development to support submittal of the LA, should the 
site be recommended.  

The repository design has continued to evolve after the selection of an enhanced design alternative during 
the last reporting period. For example, to lower fuel pin temperatures and thereby reduce the 
uncertainties associated with long-term fuel pin integrity, the use of backfill is no longer planned. The 
design process has produced a robust design concept that offers a great deal of operational flexibility by 
allowing adjustments to be made in the period of ventilation, the amount of fuel staging, and waste 
package spacing.  

1.3.1 Repository 

The Project continued to develop and refine the documents that establish and form the repository design 
requirements. This effort included revision of 12 system description documents (see Section 4) that 
define design bases and criteria for many important structures, systems, and components. In addition,
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27 compliance program guidance packages (see Section 4) were developed to provide regulatory input to 
design and licensing documents in support of the LA.  

The Project continues to develop the subsurface repository layout and operations processes. Site 
Recommendation Subsurface Layout (CRWMS M&O 2000b) was completed, documenting preliminary 
results of the operations processes.  

Testing continued on a quarter-scale model emplacement drift and waste package to determine the 
effectiveness of emplacement drift backfill and drip shields on keeping infiltration from contacting waste 
packages. The Engineered Barrier System-Pilot Scale Testing Initial Results Through 2/28/99 (CRWMS 
M&O 2000c) documents the preliminary test results.  

In repository surface design, the Project completed the Repository Surface Design Engineering Files 
Report (CRWMS M&O 1999ab) to support preparation of the final environmental impact statement.  

1.3.2 Waste Package 

The Project completed the waste package degradation and the waste form degradation PMRs for review.  
These reports summarize all of the degradation processes for waste package materials and waste forms.  
Eight AMRs were completed in support of the waste package degradation PMR. The Project also 
completed an Update to the EIS Engineering File for the Waste Package in Support of the Final EIS 
(CRWMS M&O 2000e). Additional design documents describing the waste package design and the drift 
components that support the waste package were completed (Section 4).  

Laboratory work continues to provide data on waste package performance. In the long-term corrosion 
test facility, specimens of Alloy 22 were removed after 2 years of testing. No evidence of stress corrosion 
cracking or crevice corrosion was observed for this material. Alloy 22 sample evaluation was given a 
high priority to provide data for inclusion in the Alloy 22 corrosion AMR. Other candidate material 
samples removed along with Alloy 22 samples have been archived for future evaluation.  

1.3.3 Exploratory Studies Facility Construction and Operation 

The Project is continuing testing that requires continued operation of the ESF and the Busted Butte 
Facility. Excavation of the Crossover Alcove (Alcove #8 in the Cross Drift) and the first phase of 
Niche 3 in the Cross Drift were completed. These excavations will support testing related to the 
evaluation of flow and seepage processes in the rocks around the potential repository.  

1.4 REPOSITORY PERFORMANCE 

Repository performance assessment activities continued to focus on three topics: preclosure radiological 
safety assessment, postclosure performance assessment, and performance confirmation.  

1.4.1 Preclosure Radiological Safety 

For preclosure radiological safety assessment, two documents were issued: the Monitored Geologic 
Repository Internal Hazards Analysis (CRWMS M&O 2000f) and the MGR External Events Hazards 
Analysis (CRWMS M&O 2000g). These analyses provide a systematic method for identifying potential 
hazards during the monitored geologic repository (MGR) operating period. The event frequencies and 
offsite doses for the identified MGR design basis events (DBEs) were calculated and documented in the 
Design Basis Event Frequency and Dose Calculation for Site Recommendation (CRWMS M&O 2000h).
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1.4.2 Postclosure Performance Assessment 

Significant progress has been made in the area of postclosure performance assessment during this 
reporting period. The total system model was refined, using a system simulator (GoldSim V6.03 
STN: 10296-6.03-00 [SNL 2000]) to integrate current component models for TSPA-SR. The models 
have been updated to include new information collected since the VA. The base case model includes two 
scenarios: the nominal case, including all features, events, and processes (FEPs) except for igneous 
activity, and the igneous activity case. Analysts completed various AMRs to support the PMRs. Of 
particular note, a new model was developed for fracture matrix interaction that affects advective and 
diffusive transport in fractured rock. This model, the active fracture model, addresses the issue of 
exchange of water in the dual-permeability UZ flow model and has been incorporated into the UZ 
particle-tracking transport model.  

Comparison studies have been completed between the UZ particle-tracking transport model 
(FEHM V2.10 STN: 10086-2.10-00 [LANL 20001) and a different particle-tracking model (DCPT V 1.0 
STN: 10078-1.0-00 [LBNL 1999]). These studies (CRWMS M&O 2000bl) identified some large 
differences in the transport response that are attributed to the dual-porosity approximation used in FEHM, 
in which the matrix is assumed to be stagnant with respect to matrix diffusion. These differences are 
under investigation; however, the FE-M model is considered conservative (i.e., faster transport) relative 
to the DCPT model.  

A more detailed model for colloid transport was developed, which accounts for filtration and 
resuspension mechanisms and size exclusion in fracture and matrix exchange. The results of this new 
model have been incorporated into the UZ, particle tracking, transport algorithm.  

1.4.3 Performance Confirmation 

Performance confirmation activities are conducted to monitor the behavior of the repository to ensure 
conditions encountered and changes in those conditions are within the limits to be stated in any LA.  
These activities were initiated during site characterization and will continue until permanent closure. The 
Project completed a revision of the Performance Confirmation Plan (CRWMS M&O 2000i). The revised 
plan incorporates various programmatic changes, including the revised repository design, expected 
changes in the regulations that govern the OCRWM Program, and the most recent version of the 
repository safety strategy. Other changes included incorporating the revised licensing approach and 
principal factors for performance, as identified in Revision 3 of Repository Safety Strategy: Plan to 
Prepare the Postclosure Safety Case to Support Yucca Mountain Site Recommendation and Licensing 
Considerations (CRWMS M&O 2000a).
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SECTION 2 - PROGRESS TOWARD NEAR-TERM OBJECTIVES 

During this reporting period, Project activities continued to support the major near-term objectives 
prescribed in the NWPA. The Project completed the public comment period on the Draft Environmental 
Impact Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-Level 
Radioactive Waste at Yucca Mountain, Nye County, Nevada, Volumes I and II (DOE 1999) in 
February 2000. Twenty-one public hearings were conducted during the 199-day public comment period.  
Before the final EIS is issued, the technical analyses supporting the document will be updated, as 
appropriate, to reflect the ongoing progress of site studies and to resolve public comments on the draft 
document. This activity will be integrated with Project work in site testing, design, performance 
assessment, and preparation of the SR and the LA. After site characterization is complete, the Secretary 
of Energy will decide, considering any input from the public, states, Native American tribes, and the 
NRC, whether to recommend approval of the site to the President of the United States. Any 
recommendation and a comprehensive statement of the basis for the recommendation would then be 
submitted to the President, as required by the NWPA.  

Although work is in progress to address both preclosure and postclosure issues to support an SR and an 
LA, the bulk of current work remains focused on postclosure issues. The Project continued to refine its 
postclosure safety approach and to update its repository safety strategy. Revision 3 of the Repository 
Safety Strategy: Plan to Prepare the Postclosure Safety Case to Support Yucca Mountain Site 
Recommendation and Licensing Considerations (CRWMS M&O 2000a) was issued January 13, 2000.  
This revision updates the repository safety strategy to reflect additional information about flow and 
radionuclide transport characteristics of host rock, enhancements to the VA reference repository design, 
and proposed changes to the NRC regulations for licensing a Yucca Mountain repository. The revised 
strategy identifies the factors important to performance of the repository system and the principal factors 
of the postclosure safety case. Revision 4 of this document is under development to reflect advances in 
information about the Yucca Mountain site, enhancements to the VA design, and proposed changes to the 
NRC regulations for licensing a repository at Yucca Mountain. The revision also will identify factors 
important to performance of the repository system and the principal factors of the postclosure safety case.  
The information in RSS Revision 3 suggests the principal factors of the repository system concept for SR 
and LA considerations are: 

"* Seepage into drifts 
"* Performance of the drip shield 
"* Performance of the waste package barriers 
"* Solubility limits of dissolved radionuclides 
"* Retardation of radionuclide migration in the UZ 
"* Retardation of radionuclide migration in the SZ 
"* Dilution of radionuclide concentrations during migration.  

These factors were used to identify the specific testing, performance assessment modeling, and other 
remaining information needs to complete the postclosure safety case to support the SR process, and, if 
appropriate, an LA. The DOE expects that some work planned in the VA can logically be eliminated or 
deferred into the performance confirmation program.  

Some questions remain regarding each of these factors, and work to address them is underway, such as 
seepage, stress corrosion cracking, and drip shield performance testing. Results of this work are expected 
to be sufficient to provide a postclosure safety case adequate to judge the safety of the system. That 
safety case will be completed in time to support the SR and the LA.
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The PMR development process, which summarizes the data, software, and models needed to support the 
SR and the LA and cites primary sources, continued. This process ensures the development and 
verification of adequate traceability for the data being used and verification of procurements affecting 
data quality, and ensures that models are adequately documented and validated. The various analyses and 
models will be summarized in nine PMRs. PMRs are synthesis reports that primarily reference 
supporting analyses and modeling documentation, documents developed outside the Project, and other 
key documents (e.g., topical reports and other PMRs). PMRs bring together technical basis information 
for the various TSPA process models. More detailed technical information will be contained in 
approximately 120 supporting AMRs.  

Each PMR will address the following aspects related to the model: 

"* Description of the model and submodels 

"* Abstraction of the model into TSPA 

"* Relevant data and data uncertainties 

"* Assumptions and bases 

"* Model results (outputs) 
"* Information on code verification and model validation 

"* Opposing views 
"* Information necessary to support regulatory evaluations.  

The nine reports, to be completed during fiscal year (FY) 2000, describe the following process models: 

"* Integrated Site Model 

"* Near-Field Environment 
"* Waste Package Degradation 

"* Waste Form Degradation 

"* UZ Flow And Transport 

"* SZ Flow And Transport 

"* Engineered Barrier System (EBS) 

"* Biosphere 
"* Disruptive Events.  

Significant progress was made in correcting the crosscutting QA deficiencies identified in 1998. The 
deficiencies encompassed data traceability, data qualification, procurements, software qualification, and 
modeling.  

"* The corrective action request (CAR) related to procurements was closed in November 1999.  

"* A data traceability link for new data was provided in November 1999 via a procedural change.  
Verification of effective implementation of corrective action is scheduled for June 2000.  

"* Corrective actions have been completed for the modeling CAR and the data qualification CAR; 
QA verifications are scheduled for early April 2000.  

"* The software CAR was closed in March 2000, but a replacement CAR was issued because of 
inadequate implementation in a timely manner of corrective actions to prevent recurrence.
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Additional lower severity deficiency reports were issued to track the specific issues identified 
during the verification effort.  

2.1 ENVIRONMENTAL IMPACT STATEMENT 

The NWPA requires that a final EIS serve as one of the supporting elements for a decision on an SR and 
that the EIS accompany any Secretarial recommendation to the President [Section 114(f)(1)].  

In July 1999, the Project completed the draft EIS (DOE 1999). This milestone document assesses the 
following: 

"* Impacts of constructing, operating, monitoring, and eventually closing a geologic repository at 
Yucca Mountain 

"* Potential long-term impacts of repository disposal 

"* Potential impacts of transporting the high-level radioactive waste and spent nuclear fuel (SNF) 
nationally and in the State of Nevada 

"* Potential impacts of not proceeding with the Proposed Action (construction, operation, and 
eventual closure of a geologic repository at Yucca Mountain) 

"* Potential impact of constructing a rail line or intermodal transfer facility in Nevada.  

The draft EIS (DOE 1999) was released to the public August 6, 1999, and the formal Federal Register 
Notice of Availability (64 FR 44200) was published by DOE August 13, 1999. A 199-day public 
comment period began in September 1999 with issuance of the draft EIS, including 21 hearings in the 
local area and elsewhere around the country. Interested persons were encouraged to take part in review of 
the draft, including federal agencies, Native American tribal organizations, state and local government 
agencies, public interest groups, industry and utility organizations, and the general public. As described 
in the Notice of Availability, the DOE provided several methods for people to express their views. The 
DOE is actively reviewing comments received on the draft EIS.  

The draft EIS (DOE 1999) reports that the Proposed Action would cause small, short-term, public health 
impacts due primarily to the transportation of spent nuclear fuel and high-level radioactive waste from the 
existing commercial and DOE sites to the potential repository. The potential long-term (100 to 
10,000 years) environmental impacts of the Proposed Action and No-Action Alternative Scenario I 
(Long-term institutional control) also would be small. There could be large, public health and 
environmental consequences under No-Action Alternative Scenario 2 (No effective institutional controls 
after 100 years). DOE recognizes that neither scenario is likely if there is a decision to not develop a 
repository at Yucca Mountain; however, the scenarios are part of the EIS analysis to provide a baseline 
for comparison to the Proposed Action.  

Before the final EIS is issued, the technical analyses supporting the EIS will be updated, as appropriate, to 
reflect the ongoing progress of the program. Changes also will be made, as appropriate, to respond to 
public, agency, and Native American tribal comments on the draft EIS (DOE 1999). A comment 
response document, responding to comments made during the draft EIS comment period, will accompany 
the final EIS. This activity will be integrated with Project work in site testing, design, performance 
assessment, and preparation of the SR and LA.
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2.2 SITE RECOMMENDATION 

Following issuance of the draft EIS (DOE 1999), the next major milestone is the SRCR. The DOE 
initiated development of the SRCR upon completion of the Management Plan for the Development of the 
Yucca Mountain Site Recommendation Report (CRWMS M&O 1999a) in April 1999. The SRCR, which 
is scheduled to be issued in late CY 2000, and the key references that support it will describe the 
preliminary body of technical information that the Secretary will consider in deciding whether to 
recommend the site to the President. The NWPA [42 U.S.C. 10134(a)(1)] requires the Secretary to hold 
public hearings near the Yucca Mountain site to inform residents of the area of such consideration and 
receive their comments about the possible recommendation of the site. Although the NWPA does not 
require that the DOE provide written information for public and state review and comment before the 
recommendation decision, the DOE determined that an SRCR and its supporting references should be 
made available before the public hearings on the recommendation consideration. The information 
provided in the SRCR is intended to support and encourage participation of interested parties in the 
hearing process.  

Currently, the SRCR is in the middle stages of development. While development of the report continues, 
other activities include completion of technical documents (e.g., PMRs and system description 
documents) that will be the references supporting the SRCR. The SRCR and its key technical references 
will demonstrate DOE's understanding of the natural and engineered barrier systems supporting the site 
recommendation decision. They also will address uncertainties in available information and in analyses 
of system performance. A long-term monitoring program designed to address the remaining uncertainties 
also will be discussed.  

The SRCR, when completed, will contain information that must be provided by the Secretary of Energy 
in accordance with the NWPA [42 U.S.C. 10134(a)(1)(A), (B), and (C)], as part of the basis of a site 
recommendation. The following information would be included in a comprehensive statement of the 
basis for any recommendation: 

"* Description of the potential repository, including preliminary engineering specifications for the 
facility 

"* Description of the waste form or packaging proposed for use at the potential repository, and an 
explanation of the relationship between such waste form or packaging and the geologic medium 
of the site 

"* Discussion of data, obtained in site characterization activities, relating to the safety of the site.  

Comments received on the SRCR, as well as updated technical information available from ongoing 
activities, will be considered in development of the SRR. In addition to the updated SRCR information, 
the SRR will contain any views and comments of the governor and legislature of any state, or the 
governing body of any affected Native American Indian tribe, as determined by the Secretary, together 
with the response of the Secretary to such views [NWPA, 42 U.S.C. 10134(a)(1)(F)]. The SRR also will 
include other information that the Secretary considers appropriate [NWPA, 42 U.S.C. 10134(a)(1)(G)] 
and any impact report submitted under Section 116(c)(2)(B) by the State of Nevada [NWPA, 
42 U.S.C. 10134(a)(1)(H)].  

Preliminary NRC comments concerning the extent to which the at-depth site characterization analysis and 
the waste form proposal for the site seem to be sufficient for inclusion in any LA [NWPA, 
42 U.S.C. 10134 (a)(1)(E)] also will be included with the SRR. As required by the NWPA, 
42 U.S.C. 10134(a)(1)(D), the final EIS, which DOE will publish separately, will accompany the SRR.
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The Energy Policy Act of 1992 signaled a broad shift from a generic to a site-specific regulatory 
framework for evaluation and decision-making for a repository at Yucca Mountain. Finalizing this 
regulatory framework is central to determining whether the site is suitable and should be recommended 
for development as a repository that would protect public health and safety and the environment. NRC 
proposed a site-specific regulation (10 CFR 63 [64 FR 8640]) on February 22, 1999, and DOE submitted 
comments on the proposal during the last reporting period. EPA proposed a site-specific regulation 
(40 CFR 197 [64 FR 46976]) on August 19, 1999, and DOE submitted comments on the proposal on 
November 26, 1999. DOE's comments emphasized that the technical aspects of EPA's rule should not 
only protect public health and safety and the environment, but also be a fair test of the safety of a 
repository that is demonstrable in a rigorous licensing proceeding.  

DOE issued a revised proposal to amend its site suitability guidelines for Yucca Mountain on 
November 30, 1999 (10 CFR 963 [64 FR 67054]). The proposed regulations would appear at a new 
10 CFR Part 963. DOE modified its 1996 proposal to amend the guidelines in response to public 
comments and in light of Yucca Mountain site-specific regulations proposed by NRC and EPA. The 
proposed guidelines use the latest analytical methods in order to support a site suitability determination.  
If suitable, this determination by the Secretary will part of the comprehensive statement of the basis for a 
site recommendation.  

DOE held two public hearings in Nevada on the proposed suitability guidelines (10 CFR 963 
[64 FR 67054]) on February 2, 2000, in Pahrump and on February 3, 2000, in Las Vegas. The public 
comment period was extended two weeks and ended on February 28, 2000. A draft final rule was 
submitted for NRC's concurrence on May 4, 2000.  

2.3 LICENSING 

Although near-term work will continue to focus on supporting the Secretary's decision whether to 
recommend the site, the DOE is continuing interactions with the NRC to ensure that the Yucca Mountain 
Site Characterization Project activities are consistent with NRC expectations for submittal of a high
quality repository LA, should the Yucca Mountain site be recommended. On February 22, 1999, the 
NRC published its proposed licensing criteria specific to Yucca Mountain. The proposed regulations, 
Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca Mountain, 
Nevada (10 CFR Part 63 [64 FR 8640]), would significantly change the NRC approach to evaluating 
repository performance. The NRC compiled comments and worked to complete the proposed regulation, 
which had not been released at the end of this reporting period.  

The new proposed regulations are risk-informed and performance-based. They also require use of 
multiple barriers to provide defense-in-depth against releases of radioactive materials and to enhance 
confidence that repository performance objectives will be met. The NRC would leave in place its existing 
generic regulations as 10 CFR Part 60 but would indicate that those regulations neither apply nor may be 
the subject of litigation in any NRC licensing proceedings for a repository at Yucca Mountain.  

Interactions with the NRC continue to focus on the nine NRC KTIs and the associated NRC IRSRs that 
provide a framework for addressing KTIs. The NRC identified the KTIs as the topics the NRC considers 
most important to performance of a repository at Yucca Mountain. During this reporting period, the 
Project reviewed, analyzed, and transmitted comments to the NRC on revisions made to eight 
NRC IRSRs (NRC 1998a-1998b and 1999a-1999f).  

The DOE and the NRC also conducted public meetings on other important subjects, including disposal 
criticality, ground control, QA classification, and a methodology for performing the integrated safety 
analysis approach. These meetings provided appropriate forums for discussion of technical issues that
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will need to be resolved before licensing; in general, the DOE and the NRC participants assessed the 
meetings as beneficial. In addition, a quarterly NRC and DOE QA and Management Meeting was held 
during this reporting period. Interactions with the Advisory Committee on Nuclear Waste and the 
Nuclear Waste Technical Review Board continued to provide an opportunity for the DOE to explain 
various technical and programmatic aspects of the Project and to gain understanding of external issues 
and concerns.  

Early in this period, Revision 1 to the Technical Guidance Document for License Application Preparation 
(YMP 1999) was issued. Revision I incorporated the requirements from the proposed 10 CFR Part 63 
(64 FR 8640), specifying format, content, and acceptance criteria for the LA. Additional work is being 
contemplated to reconcile possible differences in the final regulations and the NRC Yucca Mountain 
Review Plan, anticipated to be released in the fourth quarter of CY 2000.  

2.4 REPOSITORY SAFETY STRATEGY 

The repository safety strategy provides guidance for completing the repository safety case. Revision 3 of 
Repository Safety Strategy: Plan to Prepare the Postclosure Safety Case to Support Yucca Mountain Site 
Recommendation and Licensing Considerations (CRWMS M&O 2000a), issued January 13, 2000, 
focuses specifically on the needs for the SR and LA decisions. Design enhancements and information 
obtained since the Viability Assessment of a Repository at Yucca Mountain (DOE 1998a) was issued have 
been considered in updating the safety case. That information continues to support a strategy relying on 
the advantages the Yucca Mountain site offers in terms of natural waste isolation barriers and the features 
that favor performance of engineered barriers. Thus, the strategy continues to focus on completing a 
safety case that demonstrates how multiple natural and engineered barriers combine to enhance 
postclosure performance and protection of public health and safety.  

Revision 3 (CRWMS M&O 2000a) summarizes the current status of the safety case, identifies the 
principal factors affecting postclosure safety, and specifies the work necessary to complete the case to 
support the SR and LA decisions. Revision 3 also addresses changes to federal regulations that apply to 
the repository system. The NRC has proposed rule 10 CFR Part 63 (64 FR 8640) for a repository at the 
Yucca Mountain site. This proposed rule presents important changes from the NRC's generic rule, 
10 CFR Part 60, which provided the focus for the previous versions of the strategy. A significant change 
has been adoption of a risk-informed, performance-based approach to the postclosure performance 
objective of the rule. This approach relies on an integrated TSPA supported by a sound foundation that 
includes defense-in-depth. Revision 3 incorporates this approach.  

The repository safety case addresses the inherent uncertainty in estimating the postclosure performance of 
the repository system for thousands of years by providing for robust design features and appropriate 
conservatism in the analyses. The safety case will provide information from multiple points of view, 
including: 

"* Performance assessment 
"* Safety margin and defense-in-depth 
"* Consideration of potentially disruptive processes and events 
"* Insights from natural analogues 
"* Long-term performance evaluation and confirmation.  

The principal factors of the postclosure safety case are central to determining and demonstrating long
term safety of the repository system. These factors will be the focus of postclosure safety considerations 
for the SR and LA decision-making.
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Preliminary performance assessments and barrier importance analyses have been conducted for the 
enhanced repository system to help identify the principal factors of the postclosure safety case. A broad 
review considered these analyses and ensured the identification of principal factors considered limitations 
in the current TSPA models, uncertainties in the various factors, and their ultimate defensibility in the SR 
and LA considerations. PMRs provide the technical basis for the principal and nonprincipal factors of the 
postclosure safety case.  

The principal factors identified in Revision 3 (CRWMS M&O 2000a) of the repository safety strategy are 
based on the TSPA-VA (DOE 1998b), updated to reflect the enhanced repository design for the SR.  
Additional evaluation and analysis is being done to update the principal factors based on FEPs screening 
and analysis, performance assessment analyses, and additional sensitivity and barrier importance analysis 
using the updated models and methodology for TSPA-SR. The updated principal factors will be included 
in Revision 4 of the repository safety strategy, which is expected to be issued in the fall of 2000.
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SECTION 3 - SITE CHARACTERIZATION 

This section summarizes progress on selected site characterization activities for this period.  

3.1 GEOLOGIC INVESTIGATIONS 

3.1.1 Integrated Site Model 

The Integrated Site Model Process Model Report Revision 00 (CRWMS M&O 1999ac) was accepted 
with comments. The comments were resolved, and the revised PMR (REV 00, ICN 01) was accepted 
(CRWMS M&O 2000j). All three supporting AMRs (Geologic Framework Model (GFM3. 1) Analysis 
Model Report [CRWMS M&O 1999b], Mineralogical Model (MM3.O) Analysis Model Report [CRWMS 
M&O 1999c], and Rock Properties Model (RPM3. 1) [CRWMS M&O 2000k]) have been completed.  

Preparation and development of Revision 01 of the Integrated Site Model PMR were initiated and are 
proceeding. Four of the five data qualification plans developed in support of this PMR either have been 
or soon will be completed. The fifth data qualification plan (calculated borehole porosities) has been 
delayed.  

3.1.2 Site Description 

Work continued to update the Yucca Mountain Site Description (CRWMS M&O 1998a). The revision 
will address new results obtained during FY 1998 and 1999 and provide more detailed traceability for the 
information presented. In addition, organization of the report is being modified to better present the 
results.  

3.1.3 Natural Analogs 

Results of natural analog studies conducted during FY 1999 were reported in Simmons (2000). The 
results of modeling UZ flow in fractured basalt at Box Canyon, Idaho, demonstrated that infiltration test 
and tracer test data at Box Canyon could be matched using the dual-permeability modeling approach 
employed for the Yucca Mountain Site Characterization Project site-scale UZ flow and transport model.  
Results of uranium-series disequilibrium analyses on fracture-filling and whole rock samples from 
Pefia Blanca, Mexico, point to stability of uranium-235, uranium-238, thorium, and protactinium over 
300,000 years.  

A synthesis report on natural analogs with applicability to natural barrier systems and EBSs of a potential 
Yucca Mountain repository was prepared as Section 13 of the unpublished draft Yucca Mountain site 
description, Revision I (see Appendix B, Table B-i, work in progress #2). FY 2000 work in natural 
analogs consists of the following activities: 

"* Studies at Pefia Blanca, where water samples were collected for analysis of uranium-series 
isotopes, stable isotopes, and major and trace elements 

"• A study of paleohydrothermal reactions at Paiute Ridge, Nevada Test Site, for confidence
building in models of thermal-hydrological-chemical reactions, with field work begun in this 
period 

"* Modeling studies of radionuclide transport at the Idaho National Engineering and Environmental 
Laboratory as an anthropogenic analog of transport in the UZ and SZ at Yucca Mountain.
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3.1.4 Geologic Field Investigations 

Work continued on the development of stratigraphic workbooks that summarize geophysical, 
stratigraphic, and lithologic information organized by individual borehole. These workbooks provide 
contacts for rock units and discussion of source information integrated across the array of available 
boreholes. Testing and verification exercises confirmed that computer macros (single computer 
instructions that stand for a sequence of operations) developed to plot geophysical logs and contacts for 
the boreholes produced correct illustrations of data. Sixteen workbooks were completed.  

The preliminary geologic map for the SZ site area was completed and submitted for review and approval.  
Mapping support was provided to the Death Valley regional flow-system modeling task.  

Development of stratigraphic interpretations from borehole USW SD-6 (Figure 3-1) continued, using 
examination of samples from the lower part of the borehole and geophysical information for improved 
interpretations. Stratigraphic contacts were provided as part of the lithostratigraphic workbook 
assemblage.  

Excavations at Busted Butte were mapped, which completes mapping work in the area around the block 
column. Full-periphery geologic maps were revised based on review comments. Excavations in the 
enhanced characterization of the repository block (ECRB) drift were mapped. Mapping was completed in 
cutouts at Stations 15+20 and 17+35 (at 1,520 m [5,314 ft] and 1,735 m [5,691 ft] from the start of the 
ECRB Cross Drift). Mapping staff also contributed to preparations for geotechnical investigations related 
to the waste handling facilities.  

Results of small-scale fracture mapping in the ECRB provided preliminary statistical results in support of 
the fracture-analysis AMR. Various supporting efforts continued, and necessary data were submitted 
(under TDIF 308976: DTN: GS990908314224.009). Work continued on a report describing geometry 
and characteristics of fault zones at Yucca Mountain.  

3.2 ALTERED-ZONE AND NEAR-FIELD ENVIRONMENT 

3.2.1 Near-Field Environment 

Primary work during the past six months involved preparing the near-field environment PMR and its 
supporting documents.  

3.2.2 Thermal Tests 

Driftwall temperatures in the Drift Scale Test approached 200'C toward the end of this reporting period.  
As planned, the output of the wing heaters and floor heaters was reduced on March 2, 2000 by 
approximately 5 percent to ensure that driftwall temperatures are maintained as close to 200'C as possible 
during the rest of the heating phase of the test. The effect of this heater power adjustment on the driftwall 
temperatures is being monitored. Another downward adjustment, especially to the wing heater power, 
may be necessary.  

Installation of packers in the two lower-most Science Engineering Associates Membrane In Situ 
Sampling Technique (SEAMIST) holes was completed to allow collection of water samples from the 
lower region of the heated block. Neutron logging, electrical resistivity tomography and ground 
penetrating radar measurements, air-permeability testing, water and gas sampling and analyses continued 
in the Drift Scale Test. Recent measurements and collected data were presented and discussed in the 
thermal test workshop in Albuquerque, New Mexico, in October 1999. Thermal-hydrological simulations
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of the Single Heater Test, the Drift Scale Test, and the Large Block Test employing the dual permeability 
and active fracture model were completed for the Thermal Tests Thermal-Hydrological Analyses/Model 
Report (CRWMS M&O 20001). Preliminary planning for the Cross Drift thermal test in the ECRB was 
started.
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3.3 SITE UNSATURATED ZONE FLOW AND TRANSPORT 

The UZ Flow and Transport Model PMR was completed (CRWMS M&O 2000bc).  

3.3.1 Exploratory Studies Facility Alcove and Niche Studies 

In seepage threshold tests at Niche 2 (Figure 3-1)(CRWMS M&O 2000bc, Figure 2.2-3), 40 liquid
release tests were conducted on 16 different borehole intervals (0.3-m [l-ft] intervals isolated by packers).  
Of the 16 intervals tested, water seeped into the niche from 10 of these intervals, water appeared at the 
niche ceiling, but did not drip from 3 of these intervals, and water did not appear at all when introduced 
into the 3 remaining intervals.  

For a given interval, the seepage threshold was determined by conducting a series of tests with different 
flow rates to determine the dependence of seepage on flux. The seepage threshold data with the memory 
storage effects were used in the seepage calibration model, using both 2-dimensional and 3-dimensional 
homogeneous and heterogeneous representations as illustrated in Figure 3-2 (CRWMS M&O 2000bc, 
Figure 3.9-6). A percolation flux threshold, below which seepage is not predicted to occur, of 
approximately 200 mm/year was obtained for the middle nonlithophysal unit (Tptpmn) of the Topopah 
Spring Tuff.  

The distribution of tracers used in the niche seepage tests was evaluated in a drill-back study at Niche 2 
(Figure 3-1) after the seepage threshold tests. The tracers were shown to be fairly localized below a 
liquid release zone (CRWMS M&O 2000m, Section 6.3). Liquid release tests were also conducted at 
Niche 3 (Figure 3-1) under high humidity conditions and over longer time periods, with the approaches to 
steady states for both the liquid release rates and seepage rates measured behind the niche bulkhead. The 
series of liquid release tests at Niche 4 (Figure 3-1) is nearly completed. The Niche 4 site is located in an 
intensely fractured zone along the ESF. In this site, fractures on the niche ceiling were mapped to 
determine the correlation of seepage with fracture patterns.  

A series of liquid tests in a fault were conducted at Alcove 4 (Figure 3-1) near the bottom of the 
Paintbrush nonwelded tuff unit (PTn) (CRWMS M&O 2000m, Sections 6.5 and 6.7). The slotted test bed 
contains a fault, a fracture, and layers of bedded and argillic-altered PTn layers. Intake rates within the 
fault and wetting-front travel times were observed to decrease as more water was introduced into the 
fault. Swelling of the clays could decrease the permeability and reduce the travel-time rates.  

The tracer-infiltration experiments in Alcove 1 (Figure 3-1), described in detail in Progress Report #21 
(DOE 2000), continued with special efforts to maintain a 2.0-2.2 cm/day application of water to the 
surface above the alcove. A second round of tracer tests began on October 15, 1999, using a tracer 
containing 280 ppm lithium bromide. The application of water with this high concentration was ended on 
January 31, 2000, and water application with a standard construction tracer concentration of -20 ppm 
lithium bromide began. To date, some 484,628 L (128,039 gal) of water have been applied to the surface.  
To track changes in lithium bromide concentration for seepage into Alcove 1, water applications will 
continue for several more months, and tracer concentrations will be monitored. The seepage data and the 
tracer breakthrough data were used to validate the UZ flow and transport models (CRWMS 
M&O 2000bc, Sections 3.7 and 3.11).  

Matrix diffusion was shown to have a significant effect on transport behavior in unsaturated fractured 
rock.

3-4



PROGRESS REPORT #22

2D0 eomo~ene s

0, 
I�.  

3 
'U 
5 

0.  
0 
C) 
0,

30 Hwer oyrýWos 

AD Homogeneous 

30 Nelev ogneous

1 

0.9 

0.8 

0.7 

0.6

03 

02 

01 

0 12 3 
Test

Figure 3-2. Comparison Between the Measured Seepage Mass (Circles) and That Calculated 
with Two- and Three-Dimensional, Homogeneous and Heterogeneous Models 
(Squares). The tour models are visualized on the left. The uncertainty of the model 
predictions is shown as error bars on the 95 percent confidence level. The three
dimensional heterogeneous Seepage Calibration Model matches the data best 
(CRWMS M&O 2000bc, Figure 3.9-6).  

Coring in the ESF in the areas near the Sundance fault and Drillhole Wash fault in support of chlorine 36 
validation studies is complete. Work in UZ hydrochemistry focused on compilation and approval of data 
packages. Revision of the report on corrected, perched water carbon-14 ages continued.  

A report (LeCain et at. 2000) discussing work on pneumatic and related testing of the Ghost Dance fault, 
which was discussed in Progress Report #21 (DOE 2000), was published.  

Preliminary information is available on samples collected for the fluid inclusions studies funded by DOE.  
Observations to date are: (1) different regions of the ESF and ECRB have distinct mineral stratigraphies 
(consisting of varying bands and amounts of calcite and silica minerals); (2) two-phase fluid inclusion 
assemblages (FIAs) are present in 44% of 151 samples; (3) sites of samples containing FHAs are locally 
concentrated, but are distributed throughout the ESF and ECRB; and (4) most FIAs are present in calcite 
adjacent to the tuff.  

3.3.2 Enhanced Characterization of the Repository Block 

ECRB Niche 5 in the lower lithophysal unit (Tptpll) at Cross Drift Station 16+20 (Figure 3-1; at 1,620 m 
[5,314 ft] from the start of the ECRB Cross Drift) (CRWMS M&O 2000bc, Figure 2.2-5), is currently 
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being excavated, with preliminary air-permeability values available from two boreholes drilled before 
niche excavation. The permeability values are approximately 1.5 orders of magnitude greater than the 
corresponding permeability values measured in the niches along the ESF main drift in the middle 
nonlithophysal unit (Tptpmn).  

The access drift for Alcove 8 at Cross Drift Station 7+73 (Figure 3-1; at 773 m [2,535 ft] from the start of 
the ECRB Cross Drift) directly above Niche 3 at ESF Station 31+00 (Figure 3-1; at 3,100 m [10,168 ft] 
from the start of the ESF North Portal) was excavated for a Cross Drift infiltration test from the overlying 
upper lithophysal unit (Tptpul) to the underlying middle nonlithophysal unit (Tptpmn). The tests will be 
designed and conducted using information previously gathered in Alcove I (Figure 3-1) infiltration tests 
and Niche 3 seepage tests. Construction-water migration was monitored during excavation of the ECRB 
Cross Drift. No seepage was observed in the ESF during the crossing of the ECRB Cross Drift over the 
ESF, providing a limit on the large-scale seepage and migration processes under limited construction 
water usage (CRWMS M&O 2000m, Section 6.9). However, evidence of a wet area was observed in 
Niche 3 during excavation of Alcove 8, approximately 22 m (72 ft) above Niche 3. The water-potential 
distributions in the drift walls and the moisture conditions along the drifts were continuously monitored, 
inside and outside the bulkheads (Figure 3-1) isolating the second half of the Cross Drift and the Solitario 
Canyon fault from the impacts of ventilation. The water-potential measurements by heat dissipation 
probes, as described in Progress Report #21 (DOE 2000), are being compared with psychrometer 
measurements. Both types of sensors are still changing in response to the bulkhead closure and sensor 
emplacement perturbations. Preliminary results indicate that the rock mass along the Cross Drift has 
water potentials in the sub-bar range.  

The total chloride concentration data, together with chlorine-36 data, were measured along the Cross 
Drift. Similar to the ESF results, 5 out of 15 Cross Drift samples have chlorine-36/total chloride ratios 
above the bomb-pulse threshold near fault features (CRWMS M&O 2000n, Section 6.6). The total 
chloride content is fairly uniform along the Cross Drift. Additional chlorine-36 validation studies are 
underway (discussed in Sections 3.3.1 and 6) to improve our understanding of these results.  

The total calcite abundances from USW WT-24 (CRWMS M&O 2000n, Figure 53) were used in the UZ 
flow and transport model to calibrate and assess the sensitivity of volume-fraction change to infiltration 
rates, mineralogy systems, and water chemistry. The models with a simple, calcite-silica system and with 
average TSw water agree with the USW WT-24 data better than models with more complex mineralogy 
(with aluminosilicates) and water chemistry collected near Alcove 5 (Figure 3-1) (CRWMS 
M&O 2000bc, Section 3.8). Phase I of the systematic characterization of hydrologic properties in the 
ECRB was initiated in FY 2000. This automated testing is being conducted in a series of boreholes 
drilled into the crown of the drift and will provide spatial distributions of hydrologic properties and much 
needed hydrologic properties data for the lower lithophysal unit (Tptpll).  

3.3.3 Unsaturated Zone Modeling 

UZ modeling (CRWMS M&O 2000n) results indicate that under ambient conditions more than 
80 percent of water flow at the potential repository horizon is through fractures, while the remainder 
flows through low-permeability rock matrix. In general, as the infiltration and percolation flux increases, 
the fraction of the total water flow in the fractures also increases. Geochemical data such as total 
chloride, nonbomb-pulse chlorine-36, and calcite fillings in fractures are used to build confidence in the 
conceptual and numerical models of flow and transport processes occurring in the mountain, and to 
constrain the predictions of local and global percolation flux.  

Because of the varied geology, critical flow and transport processes differ between the northern and 
southern parts of the potential repository. In the northern part of the potential repository, perched water
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bodies have been found where low-permeability rock units are abundant. The presence of the perched 
water bodies creates the potential for lateral flow of water to nearby high-permeability vertical features, 
such as faults. The three-dimensional simulations of flow and radionuclide transport in the northern part 
indicate that flow down the faults increases with depth below the repository, resulting in over 40 percent 
of the groundwater recharge occurring through faults. The potential lateral flow and flow through faults 
have important implications for radionuclide transport, by allowing rapid advective transport from the 
potential repository to the water table and bypassing the rock matrix where matrix diffusion and sorption 
could promote retardation. Beneath the southern part of the potential repository, vitric rock units are 
present, which may potentially provide efficient sorption of some radionuclides, such as neptunium-237.  
The UZ PMR (CRWMS M&O 2000bc) provides estimates of radionuclide transport, as well as 
groundwater travel times under different conditions and model assumptions.  

The results from the models indicate that water entering the drifts will have relatively neutral pH values, 
ranging from 7 to 9, and total chloride concentrations that increase to a maximum of about four times the 
concentrations in the ambient pore water. The precipitation and dissolution of various chemical species 
or minerals were found to have a negligible effect on fracture and matrix hydrological properties.  

3.3.4 Field-Scale Unsaturated Zone Transport Test at Busted Butte 

Phase II of the UZ transport test at Busted Butte Test Facility (Figure 3-3), originally scheduled for 
injection termination on January 31, 2000, has been extended through September 2000. During February 
and March, three additional cores were taken from the block, parallel to existing collection holes to be 
analyzed for reactive tracer concentrations. These holes have been instrumented with collection pads to 
capture additional information on tracer movement.  

The decision to continue Phase II resulted in part from the absence of breakthrough at existing collection 
holes of most of the reactive metals. Strong breakthrough of lithium (the least reactive of the metals 
tracers) was observed in four of the collection holes, two of which may have sustained damage to the rock 
between injector and collection holes. The other two holes where lithium has been observed are closest to 
injection holes. None of the other metals (manganese, nickel, cobalt, cerium, and samarium) have been 
detected as of December 1999. Unfortunately, background levels of manganese are sufficiently high and 
irregular that it has proved difficult to separate background measurements from what could be injected 
metal. Breakthrough curves for the conservative tracers continue to be better defined as additional data 
are collected. As of October 1999, breakthrough of conservative tracers has been observed at all the 
collection boreholes, except 10, 11, and 47, which are the farthest from injection holes. Modeling of 
Phase II is occurring in parallel with data collection. The preliminary simulation results show good 
qualitative agreement with breakthrough data.  

Measurement of hydrologic properties on core samples from a series of Busted Butte boreholes continued 
and that work included data submittals of analytical results.  

3.4 SITE SATURATED ZONE FLOW AND TRANSPORT 

The following details the SZ flow and transport PMR progress (see Section 2 for a discussion of PMRs 
and AMRs): 

"* Twelve AMRs support the PMR.  
"* Four AMRs have been completed.  
"* Eight AMRs are in progress.  
"* Work on the SZ flow and transport PMR continues.
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Figure 3-3. Location of Test Facilities, Yucca Mountain, Nevada 
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3.4.1 Nye County Drilling Program 

Preparations and initial stages of drilling by Nye County and sample collection by Nye County and the 
Project for Phase II of the cooperative operations began. Nye County and Project staff reviewed sampling 
methods and preliminary versions of borehole geophysical logs. Newly obtained geophysical data were 
used to refine the location of the first Alluvium Testing Complex (ATC) borehole. Other activities in 
designing hydraulic and tracer testing continued. Updated stratigraphic interpretations by Project staff 
integrated information from drilling by Nye County, and efforts to resolve varying interpretations 
continued. Numerous efforts proceeded in test design and selection of equipment and instrumentation for 
the ATC. Drilling by Nye County of piezometer borehole NC-EWDP-19P was completed in March, and 
(pumped well) NC-EWDP-19D reached a depth of about 305 m (1,000 ft) below ground surface as of 
March 31. Flow surveys will be conducted by Nye County after drilling is complete, with additional tests 
to follow.  

Studies of Nye County paleodischarge sites continued. Project personnel completed analyses of uranium 
and strontium isotopes of water collected from Nye County boreholes NC-EWDP-ID, NC-EWDP-1S, 
and NC-EWDP-9S. Isotopic compositions from the water samples are similar to those in authigenic 
calcite deposited during past episodes of discharge during pluvial conditions throughout the past 
150,000 years. Data are being compiled into data packages.  

3.4.2 Saturated-Zone Flow and Transport Modeling 

Numerous efforts in regional flow-system modeling continued. This included digitizing and 
incorporating the mapping of surficial units, linkage to regional geologic compilations, and depiction of 
Quaternary faults. Inclusion and interpretation of subsurface details proceeded. The SZ site-area 
geologic mapping was completed.  

Improvements to the regional flow model continued, with effort focused on improved preprocessors to 
incorporate spatial Geographical Information Systems input data and merged databases. Compilation and 
verification of Nye County borehole-construction and water level data were completed. Ongoing model 
calibration work related to head data arranged by hydrogeologic unit continued. Refinement of the 
hydrogeologic framework model continued. Technical review was performed on the hydrogeologic unit 
flow package, which allows the flow model to resample unit grids from the framework model into a flow
modeling layering scheme. Insertion of updated information into the flow model continued, along with 
on-going calibration runs. Discrepancies in the hydrogeologic framework model were discovered during 
flow modeling and corrected. Additional detail was added to treatment of the Lower Carbonate Aquifer.  

3.4.3 Borehole USW SD-6 

Hydrologic testing related to borehole USW SD-6 continued (Figure 3-1). Water-quality analyses of 
samples from USW SD-6 were received from the laboratory, and compilation of data packages continued.  
The SZ data package for the drawdown (pump) tests from USW SD-6 was completed. Samples from 
USW SD-6 were prepared for carbon dioxide and X-ray diffraction analysis.  

3.5 DISRUPTIVE EVENTS 

Work continued to develop the disruptive events PMR and the supporting AMRs.
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3.6 SEISMIC HAZARDS AND DESIGN 

3.6.1 Seismic Hazards 

Inputs and results for the Probabilistic Seismic Hazard Analyses for Fault Displacement and Vibratory 
Ground Motion at Yucca Mountain, Nevada (Wong and Stepp 1998) were submitted to the Technical 
Data Management System (DTN: MO0002MWDRIFM3.001).  

3.6.2 Development of Seismic Design Inputs 

Work continued on the development of seismic design inputs. A methodology was implemented using 
available data to determine ground-motion inputs for a site at the potential waste emplacement level, for 
surface rock sites at Yucca Mountain, and for the potential site of the Waste Handling Building (a soil 
site). The preliminary seismic design inputs for the Waste Handling Building site are being used in a 
preliminary soil-structure interaction analysis. Development of seismic design inputs is being 
documented in a report planned for completion in the fourth quarter of FY 2000.  

3.6.3 Geotechnical Site Investigations 

Planning was initiated for geotechnical investigations to provide additional data supporting development 
of seismic design inputs and foundation recommendations for the Waste Handling Building.
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SECTION 4 - DESIGN AND CONSTRUCTION 

During this reporting period, the Project continued to develop repository design requirements, evolve the 
surface and subsurface repository design, evolve the waste package design, and continue testing activities 
in the ESF. Advances in these areas are described in the following sections.  

4.1 DESIGN REQUIREMENTS 

The Project continued to develop and refine the documents that establish and form the repository design 
requirements and support the LA. This effort included completion of the following: 

"* Revision to 12 system description documents (CRWMS M&O 1999d-1999f, 1999ae, 2000o
2000u, 2000w, and 2000aj).  

" Development of 27 compliance program guidance packages (CRWMS M&O 1999g-1999u and 
2000x-2000ai) that served as regulatory input to design and licensing documents in support of 
the LA. Of these, 25 were engineering packages for input to the system description documents 
and 2 were nonengineering topical packages.  

4.2 REPOSITORY 

The repository design has continued to evolve after the selection of an enhanced design alternative during 
the last reporting period. For example, to lower fuel pin temperatures and thereby reduce the 
uncertainties associated with long-term fuel pin integrity, the use of backfill is no longer planned. The 
design process has produced a robust design concept that offers a great deal of operational flexibility by 
allowing adjustments in the period of ventilation, in the amount of fuel staging, and in waste package 
spacing. The current design concept retains the flexibility to implement either an above-boiling or below
boiling thermal load. This design flexibility permits refinement of the operational parameters of the 
repository as a greater understanding of the uncertainties associated with thermal loading is gained. This 
design and its operational flexibility effectively balance the uncertainties in repository performance 
analyses with other programmatic considerations, such as public and worker safety, intergenerational 
equity, and cost. This approach will permit future generations to evaluate actual repository performance, 
learn from operations and monitoring, and close the facility when appropriate.  

The Project is continuing to define the subsurface repository layout and operations processes. The most 
recent layout is documented in Site Recommendation Subsurface Layout (CRWMS M&O 2000b).  
Concepts for handling newly designed waste packages, as described in Site Characterization Progress 
Report #21 (DOE 2000), are being developed (CRWMS M&O 2000v and 2000ak). Subsurface 
Transporter Safety System Analysis (CRWMS M&O 2000al) was completed; the analysis concluded that 
it is feasible to develop design features, which could prevent a runaway transporter, for the waste package 
transporter system. Therefore, this event (runaway transporter) can be regarded as a "beyond design 
basis" event.  

Concepts for transportation to and emplacement of drip shields in emplacement drifts were developed in 
Waste Emplacement/Retrieval System Description Document (CRWMS M&O 2000s). Studies are 
ongoing pertaining to the volume of ventilation air and number of shafts needed for continuous preclosure 
ventilation and heat removal. Preliminary results of these studies are documented in Backfill 
Emplacement System Description Document (CRWMS M&O 2000t) and Waste Handling Building 
System Description Document (CRWMS M&O 2000u).
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Testing is continuing on a quarter-scale model emplacement drift and waste package to determine the 
effectiveness of emplacement drift backfill and drip shields on preventing infiltration from contacting 
waste packages. Preliminary results of the testing are documented in Engineered Barrier System-Pilot 
Scale Testing Initial Results Through 2/28/99 (CRWMS M&O 2000c). EBS test #4, the elevated 

temperature test that evaluates the performance of the drip shield and backfill placed on top of the drip 
shield, is continuing. During this reporting period, it was noted that the Well J-13 water is being diverted 
away from the waste package. Pilot-scale test #5, the ponding or evaporation test, is on hold pending 
budget allocation.  

In repository surface design, the Project completed Repository Surface Design Engineering Files Report 

(CRWMS M&O 1999ab). This report provides surface design data required to prepare the EIS.  

4.3 WASTE PACKAGE 

The Project completed responses to the request for additional information on the Disposal Criticality 
Analysis Methodology Topical Report (YMP 1998). The NRC used the responses to support development 
of the unpublished Draft Safety Evaluation Report for Disposal Criticality Analysis Methodology Topical 

Report. This safety evaluation report will be the first technical evaluation report issued to the Yucca 
Mountain Project. The Project completed the Waste Package Degradation Process Model Report 

(CRWMS M&O 2000am) and the Waste Form Degradation Process Model Report (CRWMS 
M&O 2000an). The PMRs were developed for all of the degradation processes for waste package 
materials and waste forms.  

The Project completed the Update to the EIS Engineering File for the Waste Package in Support of the 

Final EIS (CRWMS M&O 2000e). The files provided information on the SR waste package and drip 
shield designs to support the development of the final EIS.  

The Project is developing four design documents that describe the waste package design and the drift 
components that support the waste package. The reports include the following topics: 

"* Uncanistered commercial spent nuclear fuel design 
"* Defense high-level waste with DOE codisposal design 
"* Navy design 
"* Emplacement drift system design.  

These reports will be the basis for the waste package design section of the SR and the input to Section 2 
of the system description documents.  

The Project revised the Waste Package Operations Fabrication Process Report (CRWMS M&O 2000ao) 
to support the EIS and SR.  

The Project completed the Evaluation of Codisposal Viability for UZrH (TRIGA) DOE-Owned Fuel 

report (CRWMS M&O 2000ap) and the Evaluation of Codisposal Viability for HEU Oxide (Shippingport 

PWR) DOE-Owned Fuel report (CRWMS M&O 2000aq). These reports demonstrate the viability for 
disposal of the respective DOE-owned fuel groups.  

The Project completed a revision to the Waste Package Related Impacts of Plutonium Disposition Waste 

Forms in a Geologic Repository (CRWMS M&O 2000ar). This report incorporates evaluations of 
external criticality for the plutonium disposition waste forms.
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The waste package materials testing and modeling activities included the completion of eight AMRs 
(CRWMS M&O 2000as-2000az) and the PMR on waste package performance (CRWMS 
M&O 2000am). AMRs provide detailed descriptions of the various models, analyses and underlying data 
that constitute the technical basis of the PMRs and the TSPA. The PMR on waste package degradation 
was compiled and abstracted from the eight individual AMRs and projects the lifetime of the waste 
package.  

Laboratory work continues to provide data for the AMRs. In the long-term corrosion test facility, 
specimens of Alloy 22 were removed after more than 2 years of exposure and weight loss determinations 
indicated that general corrosion rate is still less than 0.05 micrometers/year.  

4.4 EXPLORATORY STUDIES FACILITY 

The Project is continuing testing activities that require continued operation and maintenance of the ESF 
and Busted Butte. Excavation of the Crossover Alcove (Alcove #8 located at Station 7+98 [798 m 
(2,618 ft)] in the Cross Drift) and the first phase (10.2 m [33 ft]) of Niche #5 (located at Station 16+20 
[1,620 m (5,315 ft)] in the Cross Drift) were completed.
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SECTION 5 - REPOSITORY PERFORMANCE 

During this reporting period, the Project accomplished several advances in developing the topics of 
preclosure radiological safety assessment, postclosure performance assessment, and performance 
confirmation. Advances in these topics are described in the following sections.  

5.1 PRECLOSURE RADIOLOGICAL SAFETY ASSESSMENT 

Two documents were issued to supersede the analysis of hazards performed in the Preliminary MGDS 
Hazards Analysis (CRWMS M&O 1996): the Monitored Geologic Repository Internal Hazards Analysis 
(CRWMS M&O 2000f) and the MGR External Events Hazards Analysis (CRWMS M&O 2000g). These 
analyses provide a systematic method for identifying potential hazards during the MGR operating period, 
in accordance with the LA design selection Enhanced Design Alternative II Report (CRWMS 
M&O 1999v). The output of the hazards analyses is called a hazards list. The events on the hazards list 
are candidate events that may have the potential for radiological consequences, as determined during 
DBE analysis. Therefore, the events on the hazards lists undergo further screening and analysis based on 
the criteria that apply during the performance of a DBE analysis. The event frequencies and offsite doses 
for the identified MGR DBEs were calculated and reported in Design Basis Event Frequency and Dose 
Calculation for Site Recommendation (CRWMS M&O 2000h). This calculation was prepared to support 
the SRCR. Several other analyses and documents are in preparation to support SR.  

Other DBE and DBE-related analyses issued during this performance period include the 
Industrial/Military Activity-Initiated Accident Screening Analysis (CRWMS M&O 1999w), the MGR 
Design Basis Extreme Wind/Tornado Analysis (CRWMS M&O 1999x), Preliminary Design Basis Event 
Analysis of DOE SNF (CRWMS M&O 1999y), and Commercial SNF Accident Release Fractions 
(CRWMS M&O 1999z). These and other similar DBE analyses form the basis for the MGR preclosure 
safety case. In addition, these analyses will be used to support future preclosure safety assessments, 
including those performed to support SR and LA activities. Results of these analyses may also be used to 
determine or modify the QA classification level of repository structures, systems, and components.  

Meetings were held with the NRC to discuss preclosure radiological safety methods for determination of 
DBEs, radiological consequences resulting from those events, methodologies for DBE categorization, 
consequence analysis, QA classification, and QA grading.  

5.2 POSTCLOSURE PERFORMANCE ASSESSMENT 

5.2.1 Performance Assessment 

Significant progress has been made in the area of postclosure performance assessment during this 
reporting period. The total system model has been updated using new information available after the 
TSPA-VA model (DOE 1998b) was developed. The latest version of the model uses a system simulator 
called GoldSim (V6.03 STN: 10296-6.03-00 [SNL 2000]) (a Windows version of RIP V5.19.01 
STN: 30055 V5.19.01 [CRWMS M&O 1998b]) and integrates new SR component models such as 
WAPDEG (V4.0 STN: 10000-4.0-00 [CRWMS M&O 1999ad]), which models waste package 
degradation. Other improvements in the TSPA model include development of an automated database for 
controlling and tracking model input and parallel computation capabilities resulting in faster turnaround 
for multiple realization simulations. The base case model includes two scenarios: the nominal case
which contains all included FEPs except igneous activity-and the igneous activity case.
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The TSPA-SR document is being developed using preliminary results from the first group of 
multirealization probabilistic simulations. The schedule compression has led to increased risk in the use 
of preliminary results from the model.  

Other activities in performance assessment include finalizing Interim Change Notice 2 of Total System 
Performance Assessment - Site Recommendation Methods and Assumptions (CRWMS M&O 2000ba) and 

contributing to the development of Volume I of the SRCR and Revision 4 of the repository safety 
strategy.  

5.2.2 Near-Field Environment 

Three AMRs have been developed and written in support of Near Field Environment Process Model 
Report (CRWMS M&O 2000bb); these AMRs are all in the checking process. Reviews of thermal test 
activities and other AMRs were also performed during the reporting period. Other activities included 
completing several calculations in support of the near field and EBS areas and writing portions of the 
Near Field Environment Process Model Report.  

5.2.3 Engineered Barrier System 

One AMR was completed in the EBS area: In Drift Corrosion Products (CRWMS M&O 1999aa). This 
document provides a model and numerical code for calculating microbial mass in the drifts. Microbial 
induced corrosion and transport potential are considered in evaluating performance of the EBS. Written 
contributions were provided for other technical documents. Abstractions and applications of EBS models 
and calculations were described and put into the context of TSPA activities.  

5.2.4 Unsaturated Zone Flow and Transport 

Four AMRs were completed in support of the Unsaturated Zone Flow and Transport Model Process 

Model Report (CRWMS M&O 2000bc): 

"* Abstraction of Drift Seepage (CRWMS M&O 2000bd) 

"* Abstraction of Flow Fields for RIP (ID:UO 125) (CRWMS M&O 2000be) 

"* Analysis of Base-Case Particle Tracking Results of the Base-Case Flow Fields (ID: U0160) 
(CRWMS M&O 2000bf) 

"* Features, Events, and Processes in UZ Flow and Transport (CRWMS M&O 2000bg).  

Two other AMRs are in the final stages of the checking process and the Unsaturated Zone Flow and 
Transport Model Process Model Report (CRWMS M&O 2000bc) was completed.  

A new model was developed for fracture matrix interaction that affects advective and diffusive transport 
in fractured rock. The model is called the "active fracture model," which was developed to address the 
issue of the exchange of water in the dual-permeability UZ flow model. This model limits the exchange 
of flow between the fracture and the matrix as a function of fracture saturation. The model has also been 
incorporated into the performance assessment UZ particle-tracking transport model. The effects of the 
new model on treating advective transport between fractures and matrix is a direct result of limiting the 
flow exchange between fractures and matrix. The effects have also been incorporated into the matrix 
diffusion model, which results in reduced fracture/matrix interaction.
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Comparison studies between the current performance assessment UZ particle-tracking transport model 
(FEHM V2.10 STN: 10086-2.10-00 [LANL 2000]) and a different particle-tracking model (DCPT V1.0 
STN: 10078-1.0-00 [LBNL 1999]) identified some large differences in the transport response. These 
differences have been attributed to the dual-porosity approximation used in FEHM in which the matrix is 
assumed to be stagnant with respect to matrix diffusion. The matrix diffusion algorithm in DCPT 
includes the effects of matrix advection and, in particular, the fracture-matrix advection. Because of 
capillary pressure disequilibrium in the dual-permeability flow model, fracture-matrix flow is generally 
directed from the fractures to the matrix for most areas of the interface. Therefore, this fracture-matrix 
flow profile slows matrix diffusion from the matrix to the fractures, which results in longer periods of 
solute residence in the matrix for the DCPT model as compared with FEHM. These differences are still 
under investigation; however, the FEHIM model is found to be conservative (i.e., predicts considerably 
faster transport) relative to DCPT.  

A new model for the process of colloid transport has been developed at a more detailed level to account 
for filtration and resuspension mechanisms and size exclusion in fracture/matrix exchange. The results 
of the new colloid model have been incorporated into the performance assessment UZ particle-tracking 
transport algorithm. A more detailed model for radionuclide release from waste emplacement drifts to the 
UZ transport model has also been developed.  

Sensitivity studies concerning the effects of fault displacement on UZ flow and transport have been 
performed. In this investigation, the effects of fault displacement on the UZ were modeled as either 
reducing or increasing the fracture apertures. The scenarios investigated included fracture aperture 
increased by a factor of 10 and reduced by a factor of 5. The increases or decreases in aperture were 
investigated for the entire UZ modeling domain and for a case in which these changes were limited to the 
fault zones. These studies have found that large changes in fracture aperture over the entire UZ modeling 
domain have very limited effects on transport. Virtually no effect on transport is observed, if the effects 
on fracture aperture are limited to the fault zones.  

An analysis of all FEPs for the UZ (CRWMS M&O 2000bg) was completed in the reporting period. This 
analysis identified all FEPs important to UZ flow and transport. The FEPs were identified as either 
included or excluded from TSPA. The analysis described how the included FEPs were treated in TSPA, 
along with appropriate references. For excluded FEPs, a justification is provided for why these FEPs do 
not require treatment in TSPA.  

5.2.5 Saturated Zone Flow and Transport 

Development of five AMRs was ongoing in support of the Saturated Zone Flow and Transport Process 

Model Report (CRWMS M&O 2000bh), and sections of that PMR have been written.  

5.2.6 Biosphere 

Two AMRs were completed in support of the Biosphere Process Model Report (CRWMS M&O 2000bi): 

"* Groundwater Usage by the Proposed Farming Community (CRWMS M&O 2000bj) 

"* Evaluate Soil/Radionuclide Removal by Erosion and Leaching (CRWMS M&O 2000bk).  

5.2.7 Disruptive Events 

The TSPA FEPs were grouped into primary and secondary categories and assigned to the appropriate 
PMR authors for resolution. Revision 00 of the FEPs database is on schedule for delivery to the DOE in 
the second half of FY 2000. In addition, an evaluation of FEPs relevant to seismic activity in the Yucca
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Mountain area was completed. In general, the FEPs associated with seismic events were excluded 
because of low consequence or included in the TSPA uncertainty analysis of nominal performance.  

Significant improvements were implemented in modeling igneous disruption consequences. The primary 
igneous consequence modeling software tool, ASHPLUME (VI.4LV STN: 10022-1.4LV-00 [CRWMS 
M&O 2000bm]) completed software qualification as an executable program. At the end of the reporting 
period, efforts to qualify a version for inclusion in the TSPA model as a dynamically linked library were 
nearly complete. Probability weighted doses for igneous events were calculated in a manner consistent 
with NRC guidance and implemented in the TSPA model. Other work regarding igneous events includes 
developing inputs for ASHPLUME, modeling groundwater transport of radionuclides from waste 
packages damaged by intrusion, and analyzing drift-dike interactions. The AMRs and calculations 
detailing this work will be finalized in the second half of FY 2000.  

5.3 PERFORMANCE CONFIRMATION 

Performance confirmation activities are conducted to monitor behavior of the repository to ensure that 
conditions encountered and changes in those conditions are within any limits to be stated in the LA. This 
program began during site characterization and will continue until permanent closure. The program 
determines whether natural systems and engineered systems and components are functioning as intended 
and anticipated.  

The Project completed the revision of the Performance Confirmation Plan (CRWMS M&O 2000i). The 
revised plan incorporates various programmatic changes, including the revised repository design, and the 
licensing approach as identified in the most recent draft of the repository safety strategy. In addition, the 
Project developed a revised test and evaluation strategy as part of the plan to provide the context for an 
overall testing approach for the MGR program. The plan revision incorporates these changes in a 
reassessment of testing and monitoring activities important to postclosure performance. The revised 
program provides a basis for out-year planning, as well as supporting the SRR and the total system life
cycle cost estimate, both of which are in preparation.
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SECTION 6 - EPILOGUE 

Since the close of the reporting period, several important developments have occurred on the Project, 
including the following: 

* Site Characterization 

0 A validation study was initiated to further examine multiple bomb-pulse tracers (e.g., 
chlorine-36) from qualified samples taken within the ESF. In addition to chlorine-36, tritium 
also is being analyzed in all samples. Samples were collected at regular intervals throughout 
the study zone, and were cataloged at the Sample Management Facility.  

As of May 1, 2000, these validation measurements have detected no evidence of bomb-pulse 
chlorine-36 and do not observe evidence for increased chlorine-36 production rates during the 
Pleistocene. Based on the recent data alone, the chlorine in ESF appears old, which is 
contrary to the results of a previous study. Furthermore, the tritium measurements from the 
Sundance fault in the ESF show no indication of bomb-pulse tritium. Testing is continuing to 
understand why these results differ from previous results.  

As a first step in trying to resolve the issue between the two data sets, a homogeneous tuff 
sample will be prepared from which representative splits will be distributed to Lawrence 
Livermore National Laboratory and Los Alamos National Laboratory for leaching 
experiments. This reference sample will serve two purposes. The first is that it will be a 
"standard reference material" whose chlorine-36 concentration, for any specific procedure, is 
"accepted." To validate the rock as a standard reference material, it will be necessary to 
demonstrate that splits of the crushed rock all have the same chloride-36 concentration. This 
demonstration will provide a source of reference material to use in tests. The second goal is 
to investigate the effect of chlorine extraction techniques on the measured chlorine-36 
concentrations. It is anticipated that such experiments will involve systematic studies of 
dependencies on leaching techniques, leaching times, further crushing of the samples, and 
other possible variables. The significance of these studies is immediately relevant to the 
differences seen in the validation study. These data may also provide important constraints 
on the nature of those processes affecting the exchange of recharge water with pre-existing 
pore water in the rock. The U.S. Geological Survey was given the responsibility of acquiring 
and preparing this standard sample.  

A program of geotechnical investigations to support development of seismic design inputs 
has been initiated. The program includes drilling boreholes near the Waste Handling 
Building site, geological and geophysical logging of the boreholes, excavation of test pits, 
laboratory testing of soil and rock samples to determine their physical properties, and Spectral 
Analysis of Surface Waves surveys of the Waste Handling Building site and the waste 
emplacement area 

* Performance Confirmation 

Revision 1, ICN 1, of the Performance Confirmation Plan was written in early June 2000 and is 
in the approval cycle.
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Performance Assessment - Treatment of Uncertainty 

DOE has started a process to develop and document a consistent and defensible position on how 
uncertainty is treated. DOE is examining how uncertainties are treated in the PMRs, AMRs, 
TSPA, and reported in the SRCR. The goal is to make the treatment and significance of 
uncertainty in performance assessment understandable to all interested parties and provide a 
better scientific basis for decision-making.

6-2



PROGRESS REPORT #22

SECTION 7 - REFERENCES 

7.1 DOCUMENTS CITED 

CRWMS (Civilian Radioactive Waste Management System) M&O (Management and Operating 
Contractor) 1996. Preliminary MGDS Hazards Analysis. BOOOOOOO-01717-0200-00130 REV 00.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19961230.0011.  

CRWMS M&O 1998a. Yucca Mountain Site Description. BOOOOOOOO-01717-5700-00019 REV 00.  
Book 1 - Sections 1, 2, 3. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19981202.0492.  

CRWMS M&O 1998b. Software Qualification Report (SQR) Repository Integration Program RIP, 
Version 5.19.01. CSCI: 30055 V.5.19.01. DI: 30047-2003, Rev. 02. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.19980916.0337.  

CRWMS M&O 1999a. Management Plan for the Development of the Yucca Mountain Site 
Recommendation Report. B00000000-01717-4601-00002 REV 00. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.19991105.0237.  

CRWMS M&O 1999b. Geologic Framework Model (GFM3. 1) Analysis Model Report. MDL-NBS-GS
000002 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL. 19991027.0206.  

CRWMS M&O 1999c. Mineralogical Model (MM3.0) Analysis Model Report. MDL-NBS-GS-000003 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991027.0208.  

CRWMS M&O 1999d. Uncanistered Spent Nuclear Fuel Disposal Container System Description 
Document. SDD-UDC-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.19991217.0512.  

CRWMS M&O 1999e. Defense High Level Waste Disposal Container System Description Document.  
SDD-DDC-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991217.0510.  

CRWMS M&O 1999f. Naval Spent Nuclear Fuel Disposal Container System Description Document.  
SDD-VDC-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991217.0511.  

CRWMS M&O 1999g. Monitored Geologic Repository (MGR) Compliance Program Guidance Package 
for the Assembly Transfer System. TER-ATS-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.19991110.0069.  

CRWMS M&O 1999h. Monitored Geologic Repository (MGR) Compliance Program Guidance Package 
for the Backfill Emplacement System. TER-BES-SE-000001 REV 00. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.19991202.0155.  

CRWMS M&O 1999i. Monitored Geologic Repository (MGR) Compliance Program Guidance Package 
for the Canister Transfer System. TER-CTS-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991110.0070.  

CRWMS M&O 1999j. MGR Compliance Program Guidance Package for the Defense High-Level Waste 
(DHLW) Disposal Container. BBA000000-01717-5600-00002 REV 01 ICN 01. Las Vegas, Nevada: 
CRWMS M&O. ACC: MOL.19991105.0234.

7-1



PROGRESS REPORT #22

CRWMS M&O 1999k. MGR Compliance Program Guidance Package for the Disposal Container 

Handling System. BCB000000-01717-5600-00005 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991203.0412.  

CRWMS M&O 19991. Compliance Program Guidance Package for Ex-Container System. TER-XCS

SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL. 19991110.0068.  

CRWMS M&O 1999m. Monitored Geologic Repository (MGR) Compliance Program Guidance 

Package for the Ground Control System. TER-GCS-SE-000001 REV 00. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.19991203.0411.  

CRWMS M&O 1999n. MGR Compliance Program Guidance Package for the Naval Spent Nuclear Fuel 

(SNF) Disposal Container. BBAOOOOOO-01717-5600-00006 REV 00 ICN 01. Las Vegas, Nevada: 
CRWMS M&O. ACC: MOL.19991105.0233.  

CRWMS M&O 1999o. MGR Compliance Program Guidance Package for the Subsurface Facility 
System. BCAOO0000-01717-5600-00007 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991029.0159.  

CRWMS M&O 1999p. MGR Compliance Program Guidance Package for the Uncanistered Spent 
Nuclear Fuel (SNF) Disposal Container. BBA000000-01717-5600-00001 REV 01 ICN 01. Las Vegas, 
Nevada: CRWMS M&O. ACC: MOL.19991022.0190.  

CRWMS M&O 1999q. MGR Compliance Program Guidance Package for the Waste Handling Building 
System. BCB000000-01717-5600-00013 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991203.0414.  

CRWMS M&O 1999r. MGR Compliance Program Guidance Package for the Waste Emplacement 
System. BCAO00000-01717-5600-00003 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.19991118.0189.  

CRWMS M&O 1999s. MGR Compliance Program Guidance Package for the Waste Retrieval System.  
BCA000000-01717-5600-00008 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991118.0190.  

CRWMS M&O 1999t. MGR Compliance Program Guidance Package for the Waste Treatment Building 

System. BCBOOOOOO-01717-5600-00014 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991203.0413.  

CRWMS M&O 1999u. MGR Compliance Program Guidance Package for the Operational Radiation 
Protection Programs. BAO000000-01717-5600-00015 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19991115.0239.  

CRWMS M&O 1999v. Enhanced Design Alternative II Report. B00000000-01717-5705-00131 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19990712.0194.  

CRWMS M&O 1999w. Industrial/Military Activity-Initiated Accident Screening Analysis. ANL-WHS
SE-000004 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000307.0381.  

CRWMS M&O 1999x. MGR Design Basis Extreme Wind/Tornado Analysis. ANL-MGR-SE-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991215.0461.

7-2



PROGRESS REPORT #22

CRWMS M&O 1999y. Preliminary Design Basis Event Analysis of DOE SNF. ANL-WPS-SE-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL. 19990720.0405.  

CRWMS M&O 1999z. Commercial SNF Accident Release Fractions. ANL-WHS-SE-000002 REV 00.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000310.0356.  

CRWMS M&O 1999aa. In Drift Corrosion Products. ANL-EBS-MD-000041 REV 00. Las Vegas, 
Nevada: CRWMS M&O. ACC: MOL.20000106.0438.  

CRWMS M&O 1999ab. Repository Surface Design Engineering Files Report. BCBOOOOOO-01717
5705-00009 REV 03. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19990615.0238.  

CRWMS M&O 1999ac. Integrated Site Model Process Model Report. TDR-NBS-GS-000002 REV 00.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991129.0448.  

CRWMS M&O 1999ad. Design Document for WAPDEG 4.0. STN: 100004.0-00, SDN: 10000-DD
4.0-00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19991025.0061.  

CRWMS M&O 1999ae. Emplacement Drift System Description Document. SDD-EDS-SE-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000121.0119.  

CRWMS M&O 2000a. Repository Safety Strategy: Plan to Prepare the Postclosure Safety Case to 
Support Yucca Mountain Site Recommendation and Licensing Considerations. TDR-WIS-RL-00000 1 
REV 03. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000119.0189.  

CRWMS M&O 2000b. Site Recommendation Subsurface Layout. ANL-SFS-MG-000001 REV 00.  
Las Vegas, Nevada: CRWMS M&O. URN-0220.  

CRWMS M&O 2000c. Engineered Barrier System-Pilot Scale Testing Initial Results Through 2/28/99.  
BBD00O000-01717-5700-00001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000524.0428.  

CRWMS M&O 2000d. Documentation of Program Change. BOOOOOOOO-01717-5700-00021 REV 02.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000628.0340.  

CRWMS M&O 2000e. Update to the EIS Engineering File for the Waste Package in Support of the 
Final EIS. TDR-EBS-MD-000010 REV 00 ICN 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000317.0446.  

CRWMS M&O 2000f. Monitored Geologic Repository Internal Hazards Analysis. ANL-MGR-SE
000003 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000310.0070.  

CRWMS M&O 2000g. MGR External Events Hazards Analysis. ANL-MGR-SE-000004 REV 00.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000310.0069.  

CRWMS M&O 2000h. Design Basis Event Frequency and Dose Calculation for Site Recommendation.  
CAL-WHS-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000308.0243.  

CRWMS M&O 2000i. Performance Confirmation Plan. TDR-PCS-SE-000001 REV 01. Las Vegas, 
Nevada: CRWMS M&O. ACC: MOL.20000302.0312.

7-3



PROGRESS REPORT #22

CRWMS M&O 2000j. Integrated Site Model Process Model Report. TDR-NBS-GS-000002 REV 00 

ICN 01. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000121.0116.  

CRWMS M&O 2000k. Rock Properties Model (RPM3.1). MDL-NBS-GS-000004 REV 00 ICN 01.  

Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000121.0117.  

CRWMS M&O 20001. Thermal Tests Thermal-Hydrological Analyses/Model Report. ANL-NBS-TH

000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000505.0231.  

CRWMS M&O 2000m. In Situ Field Testing of Processes. ANL-NBS-HS-000005 REV 00. Las Vegas, 

Nevada: CRWMS M&O. ACC: MOL.20000504.0304.  

CRWMS M&O 2000n. Analysis of Geochemical Data for the Unsaturated Zone. ANL-NBS-HS
000017 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000725.0453.  

CRWMS M&O 2000o. Subsurface Facility System Description Document. SDD-SFS-SE-000001 

REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000221.0712.  

CRWMS M&O 2000p. Not used.  

CRWMS M&O 2000q. Ground Control System Description Document. SDD-GCS-SE-000001 REV 00.  

Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000221.0711.  

CRWMS M&O 2000r. Subsurface Ventilation System Description Document. SDD-SVS-SE-000001 

REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000217.0221.  

CRWMS M&O 2000s. Waste Emplacement/Retrieval System Description Document. SDD-WES-SE

000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000214.0302.  

CRWMS M&O 2000t. Backfill Emplacement System Description Document. SDD-BES-SE-000001 

REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000210.0074.  

CRWMS M&O 2000u. Waste Handling Building System Description Document. SDD-HBS-SE-000001 

REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000217.0249.  

CRWMS M&O 2000v. Waste Package Transport and Transfer Alternatives. ANL-WES-ME-000001 

REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000317.0261.  

CRWMS M&O 2000w. Canister Transfer System Description Document. SDD-CTS-SE-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000214.0303.  

CRWMS M&O 2000x. MGR Compliance Program Guidance Package for the Carrier/Cask Handling 

System. TER-CCH-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000308.0240.  

CRWMS M&O 2 0 0 0 y. MGR Compliance Program Guidance Package for the Carrier Preparation 

Building Materials Handling System. TER-CMH-SE-000001 REV 00. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.20000301.0235.  

CRWMS M&O 2000z. MGR Compliance Program Guidance Package for the Operations Monitoring 

and Control System. TER-OMC-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000313.0595.

7-4



PROGRESS REPORT #22

CRWMS M&O 2000aa. MGR Compliance Program Guidance Package for the Pool Water Treatment 

and Cooling System. TER-PLS-SE-000001 REV 01. Las Vegas, Nevada: CRWMS M&O.  

ACC: MOL.20000309.0299.  

CRWMS M&O 2000ab. MGR Compliance Program Guidance Package for the Site Fire Protection 

System. TER-SFP-SE-00000 1 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000306.0792.  

CRWMS M&O 2000ac. MGR Compliance Program Guidance Package for the Site-Generated 
Radiological Waste Handling System. TER-SRW-SE-000001 REV 01. Las Vegas, Nevada: CRWMS 

M&O. ACC: MOL.20000301.0102.  

CRWMS M&O 2000ad. MGR Compliance Program Guidance Package for the Waste Handling 

Building Electrical System. TER-HBE-SE-000001 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000328.0588.  

CRWMS M&O 2000ae. MGR Compliance Program Guidance Package for the Waste Handling Building 

Fire Protection System. TER-HBF-SE-000001 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000301.0103.  

CRWMS M&O 2000af. MGR Compliance Program Guidance Package for the Waste Handling Building 
Ventilation System. TER-HBV-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000306.0793.  

CRWMS M&O 2000ag. MGR Compliance Program Guidance Package for the Waste Package 

Remediation System. TER-WPR-SE-000001 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000309.0221.  

CRWMS M&O 2000ah. MGR Compliance Program Guidance Package for the Waste Treatment 
Building Ventilation System. TER-TVS-SE-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000323.0633.  

CRWMS M&O 2000ai. MGR Compliance Program Guidance Package for Radiation Protection 
Equipment, Instrumentation, and Facilities. TDR-SSS-MD-000001 REV 00. Las Vegas, Nevada: 
CRWMS M&O. ACC: MOL.20000217.0219.  

CRWMS M&O 2000aj. Assembly Transfer System Description Document. SDD-ATS-SE-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000214.0305.  

CRWMS M&O 2000ak. Bottom/Side Lift Gantry Conceptual Design. ANL-WES-ME-000003 REV 01.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000420.0399.  

CRWMS M&O 2000al. Subsurface Transporter Safety Systems Analysis. ANL-WER-ME-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000225.0052.  

CRWMS M&O 2000am. Waste Package Degradation Process Model Report. TDR-WIS-MD-000002 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000328.0322.  

CRWMS M&O 2000an. Waste Form Degradation Process Model Report. TDR-WIS-MD-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000403.0495.

7-5



PROGRESS REPORT #22

CRWMS M&O 2000ao. Waste Package Operations Fabrication Process Report. TDR-EBS

ND-000003 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000217.0244.  

CRWMS M&O 2000ap. Evaluation of Codisposal Viability for UZrH (TRIGA) DOE-Owned Fuel.  

TDR-EDC-NU-000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000207.0689.  

CRWMS M&O 2000aq. Evaluation of Codisposal Viability for HEU Oxide (Shippingport PWR) DOE

Owned Fuel. TDR-EDC-NU-000003 REV 00. Las Vegas, Nevada: CRWMS M&O.  

ACC: MOL.20000227.0240.  

CRWMS M&O 2000ar. Waste Package Related Impacts of Plutonium Disposition Waste Forms in a 

Geologic Repository. TDR-EBS-MD-000003 REV 01. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000202.0170.  

CRWMS M&O 2000as. Environment on the Surfaces of the Drip Shield and the Waste Package Outer 

Barrier. ANL-EBS-MD-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000328.0590.  

CRWMS M&O 2000at. Aging and Phase Stability of Waste Package Outer Barrier. ANL-EBS-MD

000002 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000410.0407.  

CRWMS M&O 2000au. General Corrosion and Localized Corrosion of Waste Package Outer Barrier.  

ANL-EBS-MD-000003 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000202.0172.  

CRWMS M&O 2000av. General Corrosion and Localized Corrosion of the Drip Shield. ANL-EBS
MD-000004 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000329.1185.  

CRWMS M&O 2000aw. Stress Corrosion Cracking of the Drip Shield, the Waste Package Outer 

Barrier, and the Stainless Steel Structural Material. ANL-EBS-MD-000005 REV 00. Las Vegas, 

Nevada: CRWMS M&O. ACC: MOL.20000504.0312.  

CRWMS M&O 2000ax. Hydrogen Induced Cracking of Drip Shield. ANL-EBS-MD-000006 REV 00.  

Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000329.1179.  

CRWMS M&O 2000ay. Degradation of Stainless Steel Structural Material. ANL-EBS-MD-000007 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000329.1188.  

CRWMS M&O 2000az. Analysis of Mechanisms for Early Waste Package Failure. ANL-EBS-MD

000023 REV 01. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000223.0878.  

CRWMS M&O 2000ba. Total System Performance Assessment-Site Recommendation Methods and 

Assumptions. TDR-MGR-MD-000001 REV 00 ICN 02. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000307.0384.  

CRWMS M&O 2000bb. Near Field Environment Process Model Report. TDR-NBS-MD-000001 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000421.0034.  

CRWMS M&O 2000bc. Unsaturated Zone Flow and Transport Model Process Model Report. TDR
NBS-HS-000002 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000320.0400.

7-6



PROGRESS REPORT #22

CRWMS M&O 2000bd. Abstraction of Drift Seepage. ANL-NBS-MD-000005 REV 00. Las Vegas, 
Nevada: CRWMS M&O. ACC: MOL.20000322.0671.  

CRWMS M&O 2000be. Abstraction of Flow Fields for RIP (ID:U0125). ANL-NBS-HS-000023 
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000127.0089.  

CRWMS M&O 2000bf. Analysis of Base-Case Particle Tracking Results of the Base-Case Flow Fields 
(ID:U0160). ANL-NBS-HS-000024 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL.20000207.0690.  

CRWMS M&O 2000bg. Features, Events, and Processes in UZ Flow and Transport. ANL-NBS-MD
000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000502.0240.  

CRWMS M&O 2000bh. Saturated Zone Flow and Transport Process Model Report. TDR-NBS-HS
000001 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000502.0238.  

CRWMS M&O 2000bi. Biosphere Process Model Report. TDR-MGR-MD-000002 REV 00.  
Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000323.0634.  

CRWMS M&O 2000bj. Groundwater Usage by the Proposed Farming Community. ANL-NBS-MD
000006 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000407.0785.  

CRWMS M&O 2000bk. Evaluate Soil/Radionuclide Removal by Erosion and Leaching. ANL-NBS
MD-000009 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000310.0057.  

CRWMS M&O 2000bl. Analysis Comparing Advective-Dispersive Transport Solution to Particle 
Tracking. ANL-NBS-HS-000001 REV 00. Las Vegas, Nevada: CRWMS M&O.  
ACC: MOL. 19990721.0518.  

CRWMS M&O 2000bm. ASHPLUME. V1.4LV. SUN. STN: 10022-1.4LV-00.  

DOE (U.S. Department of Energy) 1988. Site Characterization Plan: Yucca Mountain Site, Nevada 
Research and Development Area. DOE/RW-0199. Nine volumes. Washington, D.C.: U.S. Department 
of Energy, Office of Civilian Radioactive Waste Management. ACC: HQO. 19881201.0002.  

DOE 1998a. Viability Assessment of a Repository at Yucca Mountain. DOE/RW-0508. Overview and 
five volumes. Washington, D.C.: U.S. Government Printing Office. ACC: MOL.19981007.0027, 
MOL. 19981007.0028, MOL. 19981007.0029, MOL. 19981007.0030, MOL. 19981007.0031, 
MOL. 19981007.0032.  

DOE 1998b. Viability Assessment of a Repository at Yucca Mountain. DOERW-0508. Volume 3, 
"Total System Performance Assessment." Washington, D.C.: U.S. Government Printing Office.  
ACC: MOL. 19981007.0030.  

DOE 1999. Draft Environmental Impact Statement for a Geologic Repositoryfor the Disposal of Spent 
Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, Nevada. Volumes I 
and II. DOE/EIS-0250D. Washington, D.C.: U.S. Department of Energy, Office of Civilian Radioactive 
Waste Management. ACC: MOL. 19990816.0240.
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DOE 2000. Site Characterization Progress Report: Yucca Mountain, Nevada, April 1, 1999, to 
September 30, 1999, Number 21. DOE/RW-0525. U.S. Department of Energy, Office of Civilian 
Radioactive Waste Management. ACC: HQO.20000724.0012.  

LANL (Los Alamos National Laboratory) 2000. Software Code: FEHM. V2.10. SUN Ultra Sparc. PC.  
STN: 10086-2.10-00. Unsaturated zone particle tracking transport model. URN-0346.  

LBNL (Lawrence Berkeley National Laboratory) 1999. Software Code: DCPT VI.O. VI.0. PC.  
STN: 10078-1.0-00. URN-0344.  

LeCain, G.D.; Anna, L.O.; and Fahy, M.F. 2000. Results from Geothermal Logging, Air and Core-Water 
Chemistry Sampling, Air-Injection Testing and Tracer Testing in the Northern Ghost Dance Fault, Yucca 
Mountain, Nevada, November 1996 to August 1998. Water-Resources Investigations Report 994210.  
Denver, Colorado: U.S. Geological Survey. TIC: 247708.  

NRC (U.S. Nuclear Regulatory Commission) 1998a. Issue Resolution Status Report Key Technical Issue: 
Repository Design and Thermal-Mechanical Effects. Rev. 1. Washington, D.C.: U.S. Nuclear 
Regulatory Commission. ACC: MOL. 19981130.0219.  

NRC 1998b. Issue Resolution Status Report Key Technical Issue: Thermal Effects on Flow. Rev. 1.  
Washington, D.C.: U.S. Nuclear Regulatory Commission. ACC: MOL.19990317.0357.  

NRC 1999a. Issue Resolution Status Report Key Technical Issue: Radionuclide Transport. Rev. 1.  
Washington, D.C.: U.S. Nuclear Regulatory Commission. ACC: MOL.19991214.0621.  

NRC 1999b. Issue Resolution Status Report Key Technical Issue: Unsaturated and Saturated Flow 
Under Isothermal Conditions. Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission.  
ACC: MOL. 19990810.0641.  

NRC 1999c. Issue Resolution Status Report Key Technical Issue: Evolution of the Near-Field 
Environment. Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission.  
ACC: MOL. 19990810.0640.  

NRC 1999d. Issue Resolution Status Report Key Technical Issue: Container Life and Source Term.  
Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 245538.  

NRC 1999e. Issue Resolution Status Report Key Technical Issue: Igneous Activity. Rev. 2.  
Washington, D.C.: U.S. Nuclear Regulatory Commission. ACC: MOL.19990810.0639.  

NRC 1999f. Issue Resolution Status Report Key Technical Issue: Structural Deformation and Seismicity.  
Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission. ACC: MOL.19991214.0623.  

Simmons, A. 2000. Natural Analogues. Scientific Notebook YMP-LBNL-AMS-NA-1.  
ACC: MOL. 19990927.0459.  

SNL (Sandia National Laboratories) 2000. Software Code: GoldSim V6.03. V6.03. STN: 10296-6.03
00. URN-0348.  

Wong, I.G. and Stepp, C. 1998. Probabilistic Seismic Hazard Analyses for Fault Displacement and 
Vibratory Ground Motion at Yucca Mountain, Nevada. Milestone SP321M3, September 23, 1998. Three 
volumes. Oakland, California: U.S. Geological Survey. ACC: MOL.19981207.0393.
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YMP (Yucca Mountain Site Characterization Project) 1998. Disposal Criticality Analysis Methodology 
Topical Report. YMP/TR-004Q Rev. 0. Las Vegas, Nevada: Yucca Mountain Site Characterization 
Office. ACC: MOL.19990210.0236.  

YMP 1999. Technical Guidance Document for License Application Preparation. YMP/97-03, Rev. 1.  
Las Vegas, Nevada: Yucca Mountain Site Characterization Office. ACC: MOL. 19991025.0118.  

7.2 CODES, STANDARDS, AND REGULATIONS 

10 CFR (Code of Federal Regulations) 60. Energy: Disposal of High-Level Radioactive Wastes in 
Geologic Repositories. Readily available.  

64 FR 8640. Disposal of High-Level Radioactive Wastes in a Proposed Geologic Repository at Yucca 
Mountain, Nevada. Proposed Rule: 10 CFR 63. Readily available.  

64 FR 44200. Draft Environmental Impact Statement for a Geologic Repository for the Disposal of Spent 
Nuclear Fuel and High-Level Radioactive Waste at Yucca Mountain, Nye County, NV. Notice of 
Availability. August 13, 1999. Readily available.  

64 FR 46976. Environmental Radiation Protection Standards for Yucca Mountain, Nevada. Proposed 
Rule: 40 CFR 197. Readily available.  

64 FR 67054. 10 CFR Parts 960 and 963. Office of Civilian Radioactive Waste Management: General 
Guidelines for the Recommendation of Sites for Nuclear Waste Repositories; Yucca Mountain Site 
Suitability Guidelines. Readily available.  

Energy Policy Act of 1992. Public Law No. 102-486. 106 Stat. 2776. Readily available.  

Nuclear Waste Policy Act of 1982, as amended. 42 U.S.C. 10101 et seq. Readily available.  

7.3 SOURCE DATA, LISTED BY DATA TRACKING NUMBER 

GS990908314224.009. TDIF: 308976. Detailed Line Survey Data for Horizontal and Vertical 
Traverses, ECRB. Submittal date: 09/16/1999.  

MO0002MWDRIFM3.001. Reformatted Input And Output Files For Yucca Mountain PSHA. Submittal 
date: 02/01/2000.
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Table A-1. List of Completed Yucca Mountain Site Characterization Project Deliverables (October 1, 1999, to March 31, 2000) 

Document Con umer Deliverable Number Title and Revision Control Number 

23133 SL9050M3 Complete Information Feeds from Science and Design to Total System Performance Assessment (TSPA) 

23110 RPA172M3 Summary of Work in Progress for Non-Standard Waste Material Handling/Letter LV.SFO.GWG.9/99-071 
w/Enclosures 

23111 RPA176M3 Summary of Work in Progress for Reconfiguration of the Waste Handling/Letter LV.SFO.GWG.9/99-070 
w/Enclosures 

23090 WP235M3 Supplement to the Disposal Criticality Analysis Methodology 

23047 WP942M3 Preclosure Criticality Analysis Process Report 

23107 SEA226M3 WASRD Revision Review Draft 

22956 SEA021M3 Integrated Interface Control Document: Volume 2, Programmatic Interfaces Between OATI and YMSCO 

22455 SEAA21M3 Waste Package Related Impacts of Plutonium Disposition Waste Forms in a Geologic Repository 

22002 SEA1A9M3 Plutonium Can-In-Canister- Design Basis Event Analysis 

23314 SLTDDM3 4th Quarter Status of Data Submittals and Incorporations into the Technical Data Management System 

22176 SL915M3 Total System Performance Assessment - Site Recommendation Methods and Assumptions 

23518 SL20GM3 Quarterly Interactions Summary Report-Fourth Quarter Fiscal Year 1999 

23525 SEDA10M3 Monitored Geologic Repository Project Description Document 

23526 SEDAOBM3 Monitored Geologic Repository Requirements Document 

23637 SP3515M3 Milestone Report Ghost Dance Fault Testing Report 

22174 BM2071 M3 IT Investment Portfolio for FY 2000 

21855 RPA254M3 Subsurface Fire Hazards Technical Report 

21396 SP3120M3 Single Heater Test Final Report 

22811 SEA225M3 Monitored Geologic Repository Concept of Operations 

23757 SEDA02M3 Site Recommendation Engineering and Design Products List 

22389 BM9560M3 Change Request (CR) to Baseline Fiscal Year (FY) 2000 Yucca Mountain Project Plan Update 

23771 SLPR21 M3 Submit PR21 to YMSCO AMs for Review.  

23907 SLPRDMM3 Documentation of Program Change

0 

0 
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Table A-1. List of Completed Yucca Mountain Site Characterization Project Deliverables (October 1, 1999, to March 31, 2000) 
(Continued) 

Document Deliverable Number Title and Revision Control Number 

23547 SPG42GM3 Geology of ECRB Cross Drift - Exploratory Studies Facility, Yucca Mountain Project, Yucca Mountain, 
Nevada 

24018 SCC250M3 Improvements for Visitors 

23972 SLCI15M3 Software Requirements Document for Condition/Issue Identification and Reporting/Resolution System 

24164 SSG02M3 Annual Reporting Training Cost Information. U.S. Department of Energy HRMAP/Training Costs 
Expenditure/Funding Information on FY99 Training Activities in Support of the Yucca Mountain Site 
Characterization Project 

23113 SE1930M3 License Application Design Products List 

24048 SLTOOOM3 1is Quarter Status of Data Submittals and Incorporation into the Technical Data Management System 

22510 SL06X7M3 Repository Safety Strategy, Revision 3: Plan to Prepare the Postclosure Safety Case to Support Yucca 
Mountain Site Recommendation and Licensing Considerations. TDR-WIS-RL-00001 

24104 SLPREMM3 Submit PR21 HO Concurrence Draft.  

24074 SCC240M3 Work Practices to Facilitate Disabled Persons Access to Field Facilities 

24010 BMK05M3 Cyber Security Program Plan 

23770 SSG03M3 M&O Environmental, Safety, and Health Training and Qualification Program 

22116 WP001 M3 CSNF Waste Form Degradation: Summary Abstraction 

23861 SLCI05M3 Software Activity Plan for Condition/Issue Identification and Resolution/Reporting System 

24191 SSH010M3 Training Cost Information Update 

23197 SLP58CM3 Integrated Site Model Process Model Report 

21846 WPO02M3 General Corrosion and Localized Corrosion of Waste Package Outer Barrier 

24456 SESF02M3 Waste Package Related Impacts of Plutonium Disposition Waste Forms in a Geologic Repository 

24333 SL20HM3 Quarterly Interactions Summary Report, First Quarter - Fiscal Year 2000 

24575 SSEP01 M3 Civilian Radioactive Waste Management and Operating Contractor Environmental Baseline Updates for 
Final Environmental Impact Statement 

24414 SLCTS1 M3 Semiannual Reports Describing the Status of Information in CTS Database 

24848 WP075AM3 Update to the Engineering File for the Waste Package in Support of the Final EIS 

22852 SEA282M3 Performance Confirmation Plan, Revision 1
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Table A-1. List of Completed Yucca Mountain Site Characterization Project Deliverables (October 1, 1999, to March 31, 2000) 
(Continued) 

Document Con umer Deliverable Number Title and Revision 
Control Number 

23932 SPG258M3 Preliminary Geologic Map for Saturated Zone Site Area

AM 

CSNF 

CTS 

ECRB 

EIS 

FY 

HQ 

HRMAP 

IT 

M&O 

OATI 

PR 

> WASRD 

YMSCO

Assistant Manager 

commercial spent nuclear fuel 

Commitment Tracking System 

enhanced characterization of the repository block 

environmental impact statement 

fiscal year 

DOE Headquarters 

Human Resources Management Assessment Program 

Information Technology 

management and operating contractor 

Office of Acceptance, Transportation, and Integration 

progress report 

Waste Acceptance System Requirements Document 

Yucca Mountain Site Characterization Office

0 
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Table B-i. List of Future Yucca Mountain Site Characterization Project Deliverables

0 

Cn 

4t

Work in Document or Expected 
Progress Deliverable ID Proposed Title Completion 
Number Number Date 

Future Deliverables PR 22 Listings 

1 DOE/RW-XXXX Site Recommendation Consideration Report 12/00 

2 TDRCRWGS Yucca Mountain Site Description, Revision 1 09/30/00 
000001 

3 ANL-NBS-GS- Analysis of Geochemnical Data for the Unsaturated Zone 05/30/00 
000004



Table B-2. Status of Works in Progress from Previous Progress Reports

Work in Document or Expected 
Progress Deliverable ID Proposed Title Completion 
Number Number Date 

PR 21 Listings 

2 YMP/90-55Q MGR 0-List, Rev. 06 03/31/00 

4 SEDA09M3 Update QL-1 SDDs - Letter Report 04/14/00 

5 SEDA03M3 PDD Design Description Update - Letter Report 03/31/00 

8 UCRL-ID-1 33846 Fracture Characterization of the Large-Block Test, Fran Ridge, Yucca Mountain, Nevada 03/31/00 

9 BBDOOOOOO-01717- Engineered Barrier System-Pilot Scale Testing Initial Results Through 2/28/99 03/31/00 
5700-00001 

10 SP32P4M3 Report: Integrated Site Model 3.1; Addendum to ISM3.0 Report (incorporated in the ISM PMR; see 12/13/99 
Appendix A) 

PR 20 Listings 

5 SP9904M3 Large Block Test Final Report - Deleted; results incorporated in Near-Field Environment Process Model 
Report 

6 SLP593M3 Unsaturated Zone Flow and Transport Model. Rev. 0 04/28/00 

7 SLP60DM3 Report: Saturated Zone Flow & Transport Model for Site Recommendation/License Application -Deleted; 

Saturated Zone Flow and Transport Process Model Report 

11/08/99 
10 SLSTRBM3 Submit Seismic Topical Report (STR) III for QAP 6.2/YAP-30.12 Reviews Revised 

09/05/00 

17 Number TBD Data Submittal to Technical Database for Nye County 09/30/00 

18 SPG452M3 Geometry and Characteristics of Fault Zones at Yucca Mountain: Deleted, results reported in the 
Unsaturated Zone Flow and Transport Process Model Report.  

19 SP387CM4 Analysis and Model Report for Natural Resources 09/30/99 
1__ 1Revised 

20 Number TBD Seismicity for Fiscal Year 1999 09/30/00

0 

0 
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Table B-2. Status of Works in Progress from Previous Progress Reports

Work in Document or Expected 

Progress Deliverable ID Proposed Title Completion 
Number Number Date 

PR 19 Listings 

9 SP32E1 M3 Report: Prow Pass Reactive Tracer Test - Deleted; Revised as Flow Calibrations AP-3.10Q 

SReport: Prow Pass Reactive Tracer Test - Deleted; Revised as Flow Calibrations AP-3.1 00. Results to be 
incorporated in AMR UZ 0100, UZ and SZ Transport Properties.  

ISM integrated site model 
PDD project description document 
SDD system description document 

-0 
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APPENDIX C 

GLOSSARY 

NOTE: Many of the following definitions are Yucca Mountain Site Characterization Project-specific.

Glossary Item Definition or Explanation

Alcove

Analysis and Model 
Report 

Aquifer 

Backfill 

Borehole 

Characterization

Colloid

Cross Drift 

Design Alternative 

Design Feature 

Drift 

Drip Shield 

Emplacement Area

Underground excavations made to the sides of drifts or ramps of the Exploratory 
Studies Facility (ESF) or Cross Drift and used as sites for in situ testing of 

ambient rock characteristics or thermal perturbations of those characteristics.  

A report that documents the technical underpinnings used to defend the 

applicability of the model for its intended purpose of evaluating the postclosure 
performance of the potential Yucca Mountain Repository System.  

A water-bearing layer of permeable rock that is capable of yielding groundwater 
to supply wells and springs.  

Material placed in the emplacement drifts to refill the drift after waste packages 
are placed in the drift and prior to closing the repository.  

A hole bored or drilled to investigate subsurface features.  

A study done to investigate (i.e., to determine the character or quality) and 
describe an item or process.  

A substance consisting of particles, dispersed throughout another substance, that 
are too small for resolution with an ordinary light microscope but are incapable of 
passing through a semipermeable membrane.  

The west-southwest trending excavation extending from near the base of the north 
ramp of the ESF through the main trace of the Solitario Canyon fault.  

A design that involves important changes to the fundamental concepts on which 

the viability assessment (VA) design was based.  

Enhancements to design that can be easily incorporated within multiple 
alternative designs.  

Mining terminology for a horizontal underground passage.  

A sheet of impermeable material placed above a waste package to prevent 
seepage water from dripping onto the waste package.  

That part of the geologic repository in which radioactive waste would be placed.
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Glossary Item 

Engineered Barrier 
System 

Enhanced 
Repository Design 
Alternatives 

Fault Zone 

Geologic 
Repository 

Model 

Natural Barrier 
System

Near-Field 
Environment

Niche

Perched Water 

Performance 
Confirmation 

Permeability 

Postclosure 

Preclosure 

Process Model 
Report

Definition or Explanation

Those engineered features of the geologic repository that contribute to containing 
radioactive wastes and preventing or delaying them from escaping the geologic 
repository. Engineered barriers are items such as waste packages and drip 
shields.  

Combinations of one or more design alternatives and design features that fit 
logical principles derived from the objectives for repository design.  

An area composed of many small, closely spaced rock fractures that show 
evidence of movement, or such an area composed of breccia or fault gouge.  

A facility designed for underground disposal of spent nuclear fuel and high-level 
radioactive waste.  

A depiction of a system, phenomenon, or process including any hypotheses 
required to describe the system or explain the phenomenon or process. The 
depictions may be conceptual or numerical.  

Those natural features of the geologic repository that contribute to containing 
radioactive wastes and preventing or delaying them from leaving the geologic 
repository. Natural barriers are items such as the rocks above and below the 
emplacement area.  

The zone of environmental conditions that directly impacts the waste package 
container materials and the waste form.  

A relatively shallow excavation in the side of a drift where scientific experiments 
can be conducted.  

Small bodies of water held above the water table and supported by a relatively 
impermeable layer of rock.  

Assessment activities to confirm that the repository is performing as expected.  

Measurement of the degree to which a given material or substance will permit the 

passage of air or water.  

The time after the repository is closed (contrast with preclosure).  

The time before the repository is closed (contrast with postclosure).  

A report that documents a synthesis of the necessary and sufficient technical 
information that the Project will be relying upon to support its site suitability 
evaluation and the licensing safety case pertaining to a particular process model.
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Glossary Item 

Quality Assurance 

Recharge 

Repository Block 

Repository Horizon 

Saturated Zone 

Sensitivity Studies 

Unsaturated Zone 

Vitric

Waste Form 

Waste Package 

Water Table

Definition or Explanation

All those planned and systematic actions necessary to provide adequate 
confidence that the geologic repository and its subsystems or components will 
perform satisfactorily.  

Water that flows into an aquifer and replaces, or recharges, water that is lost from 
the aquifer by pumping or natural discharge.  

The geologic structure (i.e., block of rock) inside of which the emplacement area 
would be constructed.  

The stratigraphic horizon in which the potential repository might be constructed.  

The subsurface zone below the water table in which all void space is filled with 
water at a pressure greater than the pressure of the atmosphere.  

Studies of models to determine the magnitude of differences in the results of the 
models that result from changes to the input values. These studies determine how 
sensitive the results of the model are to changes in the inputs and permit 
researchers to determine the input factors that most affect the results.  

The volume of earth below the ground surface, and above the water table, in 
which the void space contains water at less than atmospheric pressure and air at 
atmospheric pressure.  

Any pyroclastic material containing at least 75 percent glass.  

A generic term that refers to radioactive materials and any encapsulating or 
stabilizing matrix.  

An engineered containment vessel, made of corrosion-resistant materials, in 
which radioactive material can be stored.  

The top of the saturated zone below which the rocks are saturated with water, and 
above which the rocks are not saturated (i.e., the interface between the saturated 
and unsaturated zones).
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