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FOREWORD

The Nuclear Waste Policy Act of 1982 (P.L. 97-425) as amended re-
quires the Department of Energy (DOE) to report, not less than every 6
months, on the "nature and extent...of site characterization" and the
"information developed from such activities." To meet this requirement,
the DOE will prepare a series of semiannual progress reports and submit
them to the Nuclear Regulatory Commission (NRC), the Governor and the
legislature of the State of Nevada, and affected units of local govern-
ment. The semiannual progress reports will also be made available to the
Nuclear Waste Technical Review Board and the public. These reports will
describe progress in the site characterization program conducted at the
Yucca Mountain site in Nevada and identify any changes that are made dur-
ing the reporting period in the DOE's plans and schedules for site char-
acterization. The reporting period will close 3 months before the issu-
ance of each report. This document is the first semiannual progress re-
port to be issued. It covers the period between September 15, 1988, and
April 15, 1989.

The DOE's plans for site characterization are described in the Site
Characterization Plan (SCP) for the Yucca Mountain site, which has been
submitted for review to the NRC, the State of Nevada, the affected units
of local government, other interested parties, and the public. More de-
tailet' information on plans for site characterization will be presented
in study plans for the various site characterization activities.

The principal purpose of the semiannual progress reports is to pro-
vide information on the status of site characterization activities, as
mandated by the Nuclear Waste Policy Act of 1982, as amended, and to
identify significant changes in the DOE's plans and schedules for site
characterization. These reports, however, will not provide technical
information in a form that can be used for decision making or program
planning. Furthermore, they will not contain the details and analyses
needed to support changes in plans and schedules or represent the offi-
cial documentation needed to implement a change in the site characteriza-
tion program. The DOE is currently developing a baselined controlled
document that describes the testing program. This document will serve as
a vehicle for implementing changes to the testing program and for refer-
encing documents that provide the technical information to support deci-
sion making, program planning, and any required changes. Any changes in
the testing program will be subject to a rigorous change-control proce-
dure and will be reported to all participants in the DOE's waste-manage-
ment program, including the NRC, the State of Nevada, and affected units
of local goverunent. Thus, the semiannual progress reports are the vehi-
cles for reporting on the status of site characterization and not the
vehicles for decision making or implementing changes in the site charact-
erization program.
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1. INTRODUCTION

1.1 PURPOSE AND SCOPE OF THE SEMIANNUAL PROGRESS REPORT

In accordance with the statutory requirements of Section 113(b)(3)
of the Nuclear Waste Policy Act of 1982 (P.L. 97-425), as amended, and
the regulatory requirements of the Nuclear Regulatory Commission (NRC),
stated in 10 CFR Part 60, the Department of Energy (DOE) has prepared
this report on the progress of site characterization activities at Yucca
Mountain in southern Nevada. This report is the first of a series of
reports that will be issued at intervals of approximately 6 months during
site characterization; it covers the period September 15, 1988, through
April 15, 1989. This and future progress reports will be submitted to
the NRC, and the Governor and legislature of Nevada. It will also be
made available to the Nuclear Waste Technical Review Board, affected
units of local government, and the public.

The semiannual progress report presents short summaries of the sta-
tus of site characterization activities and cites the technical documents
that provide more detailed information on the activities. The report
provides highlights of the work started during the reporting period, work
in progress, and work completed and documented during the reporting peri-
od. 'a addition, the report discusses any major changes to the DOE's
site characterization program as information about the site is collected
and evaluated, as more-detailed designs of the repository and the waste
package are developed, and as new results from performance assessments
are obtained. It also discusses any major changes to the site character-
ization program made in response to external concerns.

The semiannual progress report conveys information in a convenient
summary form. This information is not intended to be the primary basis
for presenting or documenting technical or policy positions. Any tech-
nical data included in the progress report are intended to be used for
information purposes only. The analyses or studies that produced the
data are presented in the cited technical reports; all of these reports
have been published and are available for inspection at DOE public read-
ing rooms located in Washington, DC and the State of Nevada.

The progress report consists of three main sections: (1) an
introductory section, (2) a section on the status of site charac-
terization activities, and (3) a section providing updated schedule
information relevant to site characterization. Complete lists of the
documents cited and acronyms used in the text are also provided. In
addition, the report includes a selective annotated bibliography of
recent publications relevant to site characterization.
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1.2 BACKGROUND INFORMATION

As stated in Section 5011 of the Nuclear Waste Policy Amendments Act
of 1987 (the Amendments Act--P.L. 100-203), the Yucca Mountain site in
Nevada has been selected by the U.S. Congress for detailed study as the
candidate site for the first U.S. geologic repository for spent nuclear
fuel and high-level radioactive waste. The Yucca Mountain site has not
been selected for a repository; rather, it has been designated as the on-
ly candidate site for characterization to assess its suitability for
development as a repository.

The purpose of this detailed study is to obtain the information ne-
cessary to determine whether the Yucca Mountain site is suitable for a
geologic repository and, if so, to provide the information necessary to
prepare a license application for submittal to the NRC. Suitability will
be determined by the DOE. If the finding is negative, the DOE will ter-
minate site characterization activities at the site as part of the ac-
tions required by the Amendments Act. If the finding is positive, a re-
commendation will be sent to the President for approval. If the Presi-
dent approves, a recommendation will be sent to the Congress for consi-
deration. The State of Nevada retains the right of disapproval on which
Congress would have to act for the repository program to proceed. If the
President's recommendation becomes effective, a license application will
be submitted to the NRC to obtain authorization to construct a repository
at the site.

1.2.1 Site characterization

The detailed study mentioned in the preceding section is referred to
as site characterization. It is a comprehensive program of activities to
collect site information. These activities are integrated with activi-
ties to design a potential repository, a repository seals system, and a
waste package (i.e., the waste form and the container in which it is
packaged for disposal) and with the activities associated with perform-
ance assessments.

The site information consists of data on the natural features of the
site, such as those related to the geologic, hydrologic, geochemical,
climatological, and meteorological conditions at the site. This informa-
tion is obtained by conducting both surface-based and underground field
tests as well as tests in the laboratory. The underground investigations
will be conducted in an exploratory shaft facility (ESF). The ESF will
consist of two exploratory shafts, excavated to the depth of the proposed
repository horizon, that provide access to underground testing rooms and
tunnels. The ESF also will include various structures and buildings on
the surface, such as a hoist house for the shafts and temporary buildings
for laboratories and offices.

No significant adverse environmental, including socioeconomic ef-
fects, are expected to result from site characterization (DOE, 1986).
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However, the DOE, in consultation with the State of Nevada and affected
units of local government, will conduct activities during site charac-
terization to monitor environmental and socioeconomic conditions and will
implement appropriate mitigation measures that may be necessary. Plans
for such monitoring and mitigation are described in the Environmental
Monitoring and Mitigation Plan (DOE, 1988a) and the Socioeconomic Moni-
toring and Mitigation Plan (DOE, 1988b). Results of the monitoring acti-
vities will be reported semiannually in environmental and socioeconomic
progress reports.

1.2.2 The Site Characterization Plan

In preparation for site characterization, the DOE issued the Site
Characterization Plan (SCP) for the Yucca Mountain site (DOE, 1988c) in
December 1988. An SCP overview (a summary of the SCP) and an informa-
tional public handbook also were released. Notices of the availability
of the SCP and its accompanying documents were published in the Federal
Register, and the Nevada news media were notified.

Chapters 1 through 7 of the SCP discuss the current understanding of
the technical characteristics and features of the site and a preliminary
conceptual design of the repository in sufficient detail so that the ba-
sis for the site characterization program can be understood. Chapter 8
of the SCP describes, in general, the tests and analyses that the DOE is
conducting during site characterization and the rationale used to identi-
fy them. More-detailed descriptions of the tests and analyses are pro-
vided in study plans and technical procedures. Chapter 8 also discusses
the design and construction of the ESF, the potential impacts of site
characterization on the waste-isolation capabilities of the site, the
schedule for site characterization activities, the quality-assurance pro-
gram for site characterization, and the plans for decommissioning facili-
ties. used for characterization if the Yucca Mountain site is not found to
be suitable as a repository site.

A consultation draft of the SCP was released in December 1987.
Although much of the technical information contained in the consultation
draft was updated in the statutory SCP (released in December 1988), some
sections of the consultation draft remained unchanged. Some information
from technical documents published between late 1987, when the consulta-
tion draft went into final production, and late 1988, when the statutory
SCP went into final production, may not be discussed in the statutory
SCP. However, the Yucca Mountain. Project Office periodically publishes a
bibliography of all technical reports and documentation of research rel-
evant to Yucca Mountain. Information on any published documents not dis-
cussed in the SCP or in this progress report can be found in these bib-
liographies. The most recent bibliography covers the period from July
1988 through December 198$ (DOE, 1988d). Three other bibliographies
cover the period from 1977 through June 1988 (DOE, 1987; DOE t988e; DOE,
1988f).
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1.2.3 Participation by the State of Nevada and affected units of local
government

The Amendments Act established a specific role in the repository
program for the State of Nevada and affected units of local government.
(The affected units of local government are Nye County, Clark County, and
Lincoln County.) This role includes review of: (1) the DOE's technical
documents, including the SCP; (2) the results of site characterization
activities; (3) the designs for the repository and the waste package; and
(4) the results of performance assessments. The State of Nevada and the
affected units of local government receive financial assistance to per-
form these review activities.

1.2.4 Review by the Nuclear Waste Technical Review Board

The Amendments Act established a Nuclear Waste Technical Review
Board that is independent of the DOE. The Board is to consist of 11 mem-
bers appointed by the President from at least 22 candidates nominated by
the National Academy of Sciences. The Board is to evaluate the technical
and scientific validity of DOE activities. These activities include site
characterization activities and activities related to waste packaging and
transportation. Twice a year, the Board is to report its findings and
conclusions to the Secretary of Energy and to the Congress.

On January 18, 1989, the President appointed eight individuals to
the Board: D. U. Deere, of the University of Florida, who has been
designated Chairman; C. L. Allen, of the California Institute of Tech-
nology; J. E. Cantlon, of Michigan State University; M. W. Carter, pro-
fessor emeritus at the Georgia Institute of Technology; D. Langmuir, of
the Colorado School of Mines; D. W. North, of Decision Focus, Inc.; D. L.
Price, of the Virginia Polytechnic Institute and State University; and E.
D. Verink, of the University of Florida.

The Board has met with the DOE to receive a briefing on the overall
waste-management program. In addition, the Structural Geology and Geo-
engineering Panel of the Board has met with the DOE to discuss plans for
underground excavations during site characterization and methods for con-
structing the exploratory shafts, and the Risk and Performance Assessment
Panel has met with the DOE to discuss risk and performance assessment.
The Board received a copy of the SCP and is to receive a comprehensive
briefing on the technical aspects of the Yucca Mountain site, including a
trip to the site, in June 1989.
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2. STATUS OF SITE CHARACTERIZATION

2.1 PREPARATORY ACTIVITIES

2.1.1 Quality assurance program

During the reporting period, the DOE commenced the qualification of
the quality assurance (QA) programs of the DOE Office of Civilian Radio-
active Waste Management (OCRWM), the DOE Yucca Mountain Project Office
(Project Office), and project participants. Qualification of QA programs
is required for the initiation of new site characterization activities.
Data obtained through activities conducted before a fully qualified QA
program is in place must be qualified, or the activity may have to be
performed again, if the data are to be used in the licensing process.
Qualification of data will be performed in accordance with NRC guidance
on qualification of data (NRC, 1988b).

The OCRWM developed and issued the Quality Assurance Requirements
(QAR) document on November 3, 1988, and the Quality Assurance Program De-
scription (QAPD) document on December 20, 1988. The QAR defines the QA
requirements governing activities affecting quality, and the QAPD de-
scribes the OCRWM responsibilities, interfaces, and provisions necessary
to implement the requirements of the QAR. As of April 15, 1989, the doc-
uments were undergoing review by the NRC. The OCRWM also initiated the
development of QA administrative procedures to implement the requirements
of the QAR and QAPD. As of April 15, 1989, 10 of these procedures had
been issued.

The Project Office issued Revision 2 of the Nevada Nuclear Waste
Storage Investigations Quality Assurance Plan (QAP) 88-9 on December 7,
1988. The QAP defines, for the entire Yucca Mountain Project, the QA re-
quirements governing activities affecting quality and the responsibili-
ties, interfaces, and provisions necessary to implement the require-
ments. The NRC accepted the QAP on December 30, 1988. The Project Of-
fice and project participants reviewed and revised their individual Qual-
ity Assurance Program Plans (QAPPs) to meet the requirements of QAP 88-9,
Revision 2. As of April 15, 1989, all QAPPs had been approved by the
Project Office, and five QAPPs had been transmitted to the NRC for review
and acceptance.

During the reporting period, the Project Office and project partici-
pants initiated a review of existing administrative procedures and qual-
ity management procedures to determine whether existing procedures need
to be revised and whether new procedures need to be developed. All qual-
ity-related procedures were grouped into four categories:

1. Procedures required for the start of Title II design of the ex-
ploratory-shaft facility (ESF).
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2. Procedures required for the start of long-lead-time procurement.

3. Procedures required for the start of site-preparation activities.

4. Balance of procedures required for QA program qualification.

A two-part verification surveillance was initiated on the procedures
identified in the first category. The first part of this surveillance
consists of a documented review of each procedure to ensure the incorpor-
ation of all applicable requirements of QAP 88-9, Revision 2. The second
part of this surveillance consists of a review of the implementation of
procedural requirements where such documentation exists. All deficien-
cies discovered as well as the actions taken to correct the deficiencies
are formally documented. The results of root-cause analyses are formally
documented, and the actions taken to prevent recurrence are tracked until
closure.

The implementation of NUREG-1318, the NRC technical position on QA
for a geologic repository (NRC, 1988b), also was initiated during the re-
porting period. The NRC technical position provides guidance for the
identification of items important to safety, items important to waste
isolation, and activities related to natural barriers important to waste
isolation. To implement the NRC technical position, the Project Office
developed four administrative procedures:

1. AP-6.8Q, "Identification of Items Important to Waste Isolation."

2. AP-6.9, "Candidate List of Items and Activities Subject to the
Quality Assignment Process."

3. AP-6.10Q, "Identification of Items Important to Safety."

4. AP-6.11Q, "Identification of Activities To Be Placed on the
Quality Activities List."

The procedures were implemented to identify those elements and
activities related to the ESF that are items important to safety or
activities to be placed on the Quality Activities List (DOE, 1989a, b). £

The OCRWM developed and implemented a schedule for surveillances of
both OCRWM and Project Office activities to support QA program qualifica-
tions before the initiation of new site characterization activities. A
schedule for the qualification audits of the QA programs of the OCRWM,
the Project Office, and the project participants also was developed.

The Project Office has performed a total of 4 participant audits.
Also, a Surveillance Task Force was established to review procedures and
implementation of procedures. The task force conducted approximately 75
surveillances of the Project Office and the project participants for the
purpose of establishing a fully qualified QA program. Deficiencies un-
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covered through these surveillances have undergone, or are undergoing,
corrective action.

In a QA-related activity, the DOE initiated the application process
called for in the Privacy Act of 1974 to receive Congressional authoriza-
tion for a new records system. This records system will be used to gath-
er and maintain personnel qualification and training documentation needed
to satisfy the personnel requirements of the OCRWM and Project Office QA
programs.

2.1.2 ESF design and construction

The Title I design for the ESF was completed with the release of a
summary report of the design on December 21, 1988 (DOE, 1988g). Prior to
the release of this report, the NRC raised a concern regarding the DOE's
design-control process used in developing the ESF Title I design, includ-
ing the incorporation of the requirements of 10 CFR Part 60 into the de-
sign. Meetings between the DOE and the NRC on this topic were held on
October 19-21, 1988, November 3, 1988, November 23, 1988, and December
18, 1988.

On December 12, 1988, the DOE initiated a technical assessment re-
view (TAR) of the ESF Title I design in accordance with Project Office
procedure QMP-02-08, "Technical Assessment Review." The purpose of this
TAR was twofold: (1) to perform a design-acceptability analysis of the
ESF Tif.e I design to address the concern of the NRC regarding the de-
sign-control process and (2) to perform an evaluation of alternative ex-
ploratory-shaft locations, with respect to differences in waste-isolation
potential and potential adverse effects of shaft sinking, to provide the
NRC with additional information on alternative shaft locations. (This
evaluation included an assessment of what influence, if any, these dif-
ferences might have had on the selection of the preferred shaft location,
had the differences been explicitly considered in the location-selection
process.)

The TAR found that the ESF Title I design sufficiently incorporated
the applicable requirements of 10 CFR Part 60, given that the Title I de-
sign was preliminary. Regarding exploratory-shaft location, it was con-
cluded that waste-isolation potential was not a discriminating factor
among alternative exploratory-shaft locations and, had it been explicitly
considered, would not have affected the selection of the preferred shaft
location. On the basis of this review, the DOE determined that there was
no need to make any changes to the ESF Title I design that would require
significant modification of the schedule,.configuration, or technical ap-
proach for the site characterization activities described in the SCP.
The results of the ESF Title I design TAR are documented in a review re-
cord memorandum dated February 3, 1989 (DOE, 1989c).

Preparations for the start of the ESF Title II design resulted in
significant progress in various areas during the reporting period. The
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design of the Integrated Data System, a computer-based central data-col-
lection utility, was submitted to a TAR, the results of which were issued
on February 24, 1989 (DOE, 1989d). The ESF Subsystems Design Require-
ments Document (SDRD) for Title II design (DOE, 1989e), which presents
the functional requirements and performance criteria for systems and sub-
systems within the scope of the ESF, was revised to include numerous cri-
teria developed as a result of the ESF Title I design TAR and other ac-
tivities. The revised SDRD underwent an extensive review and was issued
as Revision 0 on April 11, 1989, to support the start of ESF Title II de-
sign. Version 4 of the Reference Information Base, a data base that
maintains the values for site-specific parameters to be used for design
and performance assessment, was issued on February 1, 1989 (DOE, 1989f),
after coordination with the staff responsible for ESF Title II design ac-
tivities.

A management review of the prerequisites for the start of ESF Title
II design was conducted during March and April of 1989. As a result of
this review, the DOE began the Title II design for ESF surface facilities
in late April 1989. Title II design for the remaining portions of the
ESF is expected to begin on completion of a two-part verification sur-
veillance of QA procedures related to ESF design activities.

2.1.3 Surface-based testing program

The Surface-Based Investigations Plan (SBIP) (DOE, 1988h) was issued
in December 1988. The SBIP covers all activities that are related to
surface (e.g., mapping, trenching) and surface-based (e.g., drilling)
site characterization work (excluding the activities related to the ESF)
and are described in Chapter 8 of the SCP. The SBIP is not a substitute
for the information presented in the SCP, nor is it used in lieu of study
plans. The SBIP includes the following information for each field ac-
tivity: references to the SCP and other planning documents; responsible
project participants; basic activity information, including type, loca-
tion, and purpose of the planned activity; relevant technical information
(e.g., equipment to be used, borehole depths, and survey-area descrip-
tions); and the projected schedule. The SBIP also includes a summary of
planned activities, a general discussion of the technical rationale for
various activities, and a portfolio of detailed maps showing the loca-
tions of planned surface-based testing and construction activities.

Before starting surface-based exploratory drilling for unsaturated-
zone studies, the DOE is implementing a prototype dry-drilling and coring
program. A dry-drilling technique is desirable so as not to alter para-
meters (e.g., the moisture content of the tuff) that must be measured and
also has the advantage of reducing water usage. Dual-wall reverse circu-
lation was selected as the drilling method to be used for the prototype
drilling tests. Prototype drilling will consist of two bore holes, one
with a diameter of 8 inches and one with a diameter of 12 to 14 inches to
cover the expected range of borehole sizes for the planned drilling
program. Cores will be taken using conventional dry-coring techniques,
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including an exploratory-type wireline coring assembly. Since no drill
rig used in the mining industry for this type of dry sample drilling is
capable of drilling the above-mentioned borehole diameters to the
required depths (2500 feet or more), rigs of the size required will be
specially built for the DOE.

Yucca Mountain drill cores and related records that were stored in
the Nevada Test Site core library were transferred to the Sample Manage-
ment Facility (SMF). The SMF is a central storage facility for samples
obtained during site characterization. Much effort was expended during
the reporting period in preparing procedures to control the interfaces
with project participants for the handling of sample materials at the SMF.

2.1.4 Permits

A Programmatic Agreement between the DOE and the Advisory Council on
Historic Preservation was signed December 15, 1988. The Programmatic
Agreement identifies the actions the DOE will undertake during site char-
acterization to comply with the National Historic Preservation Act and
other Acts related to historic preservation and archaeology.

An application for a registration certificate for surface distur-
bances was filed with the Nevada Division of Environmental Protection on
January 20, 1988. The State of Nevada has not taken action on this per-
mit application.

On October 19, 1988, the Nevada State Engineer deemed the DOE appli-
cation for a Ground-Water Appropriation Permit complete and placed a no-
tice in the Pahrump Valley Times notifying the public of the DOE's intent
to appropriate public waters. A 30-day comment period followed the no-
tice. On January 3, 1989, the State Engineer received a protest from the
National Park Service, citing potential conflicts with the Ash Meadows
area. On January 27, 1989, the State of Nevada also protested the appro-
priation.

On February 9, 1989, the DOE published a notice of the potential in-
volvement in floodplains in the Federal Register. The floodplain assess-
ment necessary to satisfy both Executive Order 11988, "Floodplain Manage-
ment" and the DOE regulations contained in 10 CFR Part 1022, "Compliance
with Floodplain/Wetlands Environmental Review Requirements," was initi-
ated.

The DOE filed with the State of Nevada, on April 6, 1989, an appli-
cation for an Underground Injection Control Permit. This permit was re-
quested for the conservative and reactive tracer tests to be conducted in
the wells of the C-hole complex.

During the reporting period, applications were being prepared for
two other permits: a permit for the discharge of -ine waste water and a
permit for the drinking water supply. Documetation for a Resource Con-
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servation and Recovery Act Identification Number for the handling and
management of hazardous waste is also being prepared. In addition, ap-
plications were being prepared to obtain a Free-Use Permit, which is
required pursuant to the Materials Act in order to use sand and gravel on
Bureau of Land Management land, and for a permit exemption from the
Nevada State Engineer to exempt wells drilled into the water table and
used for pump tests from the Nevada Ground-Water Appropriation Law.

2.1.5 Land acquisition

The process for obtaining a right-of-way reservation for the portion
of the Yucca Mountain site that is located on the Nellis Air Force Base
Range continued.

Under the authority of the Federal Land Policy and Management Act,
the DOE filed an application for a temporary land withdrawal with the Bu-
reau of Land Management, Nevada State Office, on December 27, 1988. The
application requested the withdrawal of approximately 4,255 acres of pub-
lic land from settlement, sale, location, or entry (including any use un-
der the mining and mineral leasing laws) for a period of 12 years. The
temporary land withdrawal was requested to formally notify the public of
particularly sensitive areas in and around the Yucca Mountain site that
could be adversely affected by activities other than those planned by the
DOE for characterizing the site. The withdrawal would also prevent pub-
lic activities from interfering with the planned site characterization
activities. Notice of this application was published in the Federal
Register on January 13, 1989. This publication started a 2-year segrega-
tion period during which the DOE must provide a case file (i.e., the doc-
umentation) for completion of the withdrawal.

2.1.6 Public outreach

In March 1989, three public hearings on the SCP were held at various
locations in Nevada: Amargosa Valley (March 20), Las Vegas (March 21),
and Reno (March 23). Notices of the schedule for the public hearings
were published in the Federal Register and in local Nevada newspapers.
At the request of Nevada Governor Miller, contingency arrangements for
additional sessions were made to ensure that everyone wishing to speak
had the opportunity to do so. Afternoon and evening sessions were held
in each location. About 450 people attended the hearings, with a total
of 165 people commenting on the SCP and other issues. The proceedings
were recorded and transcribed by a certified court reporter, and copies
of the transcript are available at the DOE public reading room in Las
Vegas; at the Yucca Mountain Information Office in Beatty; at the li-
braries of the University of Nevada, Las Vegas, and the University of Ne-
vada, Reno; and at six community public libraries in the State.
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Four Project-update meetings that included information on the SCP
were held in Nevada in early 1989: Beatty (February 15), Las Vegas (Feb-
ruary 16), Caliente (February 21), and Reno (February 23). Notices of
the schedule for the meetings were published in the Federal Register and
in local Nevada newspapers. The technical program described in the SCP
was highlighted in presentations made during the 3-hour evening ses-
sions. State and local governments were invited to participate in the
meetings, and time was provided for questions from the audience. About
350 people attended the four meetings, which received wide media coverage.

At the request of Governor Miller of Nevada, the deadline for the
initial comment period on the SCP was extended from April 15, 1989, to
June 1, 1989 (Watkins, 1989). Written responses to all SCP comments will
be provided in comment-response packages. The DOE is developing a system
to track and respond to the comments.

During the reporting period, work continued on responding to NRC,
the State of Nevada, U.S. Geological Survey, and the Edison Electric In-
stitute/Utility Nuclear Waste Management Group (EEI/UNWMG) comments on
the consultation draft of the SCP. Comments made by the NRC and the U.S.
Geological Survey were received in time to be explicitly considered while
preparing the statutory SCP. However, comments submitted by the State of
Nevada and EEI/UNWMG were not received in time for consideration. A com-
ment-response package addressing the NRC comments was transmitted to the
NRC in December 1988. Comment-response packages addressing the State of
Nevada, the U.S. Geological Survey, and EEI/UNWMG comments were under
preparation.

2.2 SITE PROGRAMS

The site programs consist of the planned field and laboratory inves-
tigations for obtaining the technical information needed to adequately
characterize the Yucca Mountain site. This information is integrated
with design and performance-assessment activities throughout site charac-
terization. The field and laboratory investigations are organized into
16 distinct site programs, each with a specific technical focus (e.g.,
geohydrology, geochemistry, rock characteristics). Investigations are
subdivided into studies and specific activities. A description of the
site programs is provided in Section 8.3.1 of the SCP.

During the reporting period of this semiannual progress report, sig-
nificant effort was focused on the development, review, and approval of
study plans. Study plans are the documents that describe, at a greater
level of detail than that provided in the SCP, the studies and activities
of the site programs. They are the link between the studies described in
the SCP and the technical procedures that will be used in conducting
tests in the field and the laboratory. The DOE has identified 106 stud-
ies in the SCP for which study plans need to be developed.
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On December 15, 1988, the DOE and the NRC held a technical meeting
to discuss study plans. The State of Nevada also attended the meeting.
During the meeting the following subjects were addressed: (1) the pur-
pose and scope of study plans; (2) quality assurance concerns related to
study plans; (3) the procedures of the DOE and the NRC for reviewing
study plans; and (4) the schedule for study plan preparation and release.

The development of study plans for ongoing activities is a high pri-
ority. An activity is considered to be ongoing if it was in progress at
the time the Yucca Mountain site was originally selected as one of the
three sites to be characterized. Examples of ongoing activities include
(1) hydrologic, meteorologic, and seismic monitoring at the site; (2)
geodetic surveys; and (3) laboratory analyses of degradable and irre-
placeable samples.

Ongoing activities continued without approved study plans under the
control of Scientific Investigation Plans (SIPs). When a study plan for
an ongoing activity is developed and approved by the DOE, the study plan
will then replace the SIP as the document controlling the activity. Pri-
or to the initiation of a new site activity, however, a study plan for
the activity must be developed, reviewed, and approved by the DOE. All
study plans will be submitted to the NRC, as they become available, for
comment. The NRC has agreed to identify any potential major concerns
within 3 months of receiving each plan and to complete detailed technical
reviews of selected plans within 6 months of receipt.

As of April 15, 1989, five study plans were approved by the DOE and
submitted to the NRC for comment, with 22 study plans undergoing review
within the DOE. The study plans submitted to the NRC were:

1. Water Movement Tracer Tests Using Chloride and Chlorine-36
(8.3.1.2.2.2).

2. Characterization of Percolation in the Unsaturated Zone-
Exploratory Shaft Investigation (8.3.1.2.2.4).

3. Characterization of Site Structural Features (8.3.1.4.2.2).

4. Excavation Investigations (8.3.1.15.1.5).

5. Characterization of the Site Ambient Stress (8.3.1.15.2.1).

As requested by the NRC at the December 15, 1988, DOE-NRC meeting on
study plans, the DOE initiated an assessment of the process used to de-
velop, review, and approve the five study plans identified above. The
assessment is undergoing review within the DOE and will be provided to
the NRC upon approval.

In addition to the development of study plans, prototype testing re-
lated to various site programs continued. Prototype testing is used pri-
marily to develop testing methods, equipment, and procedures in prepara-
tion for the start of new activities. An example is the testing of
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equipment and procedures to develop methods for measuring underground
moisture, solar radiation, precipitation, evapotranspiration, heat flux,
and soil temperature, for future use in the natural-infiltration stud-
ies. Prototype testing does not produce data that can be used in the li-
cense application.

Specific progress made during the reporting period in several of the
site programs is discussed in the sections that follow. During the re-
porting period, more progress was made in several of the larger site pro-
grams, such as geohydrology and geochemistry, than in some of the other
site programs; in some of the site programs, no significant progress was
made. The discussions that follow state whether the work is related to
ongoing studies or is considered to be prototype work. It should be not-
ed that, although testing may have been conducted during the reporting
period, a summary of test results is not provided unless a DOE-approved
report has been published.

2.2.1 Geohydrology (SCP Section 8.3.1.2)

As part of the ongoing studies of the Regional Hydrologic System In-
vestigation (8.3.1.2.1), several types of hydrologic monitoring contin-
ued. In addition to continuing limited precipitation monitoring, an ex-
panded regional precipitation and meteorology network of about 50 sta-
tions was designed to obtain data for several of the future geohydrology
and climate studies. Surface-water runoff monitoring continued at 4 con-
tinuot-recording gauges and at 10 peak-flow gauges. A new continuous-
recording streamflow gauge was constructed on Beatty Wash; several new
peak-flow gauges were also added to the monitoring network. Drilling in
the Amargosa Desert by mining companies was monitored to: (1) collect
hydrogeologic data to be used in characterizing the regional ground-water
flow system and (2) identify boreholes suitable for piezometer installa-
tion.

In addition to ongoing hydrologic monitoring, prototype work contin-
ued to develop methods for characterizing the regional ground-water flow
system. Methods employing geophysical techniques were being developed to
investigate the cause of the large hydraulic gradient northwest of the
Yucca Mountain site. Methods were also being developed for measuring
evapotranspiration.

As part of the ongoing studies of the Unsaturated-Zone Hydrologic
System Investigation (8.3.1.2.2), monitoring of natural infiltration con-
tinued through monthly neutron-moisture logging of 74 existing boreholes
and semiannual sampling of gases and water vapor for isotope analyses at
borehole USW UZ-1. The evaluation of geohydrologic data from boreholes
UE-25 UZ-4, UE-25 UZ-5, and USW UZ-7 also continued. Prototype work in-
cluded the seasonal monitoring of airflow, temperature, relative humid-
ity, atmospheric pressure, and gas composition at open boreholes USW UZ-6
and USW UZ-6S. Prototype work also included the continued monitoring in
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borehole USW UZ-1 to evaluate the in situ fluid-flow potential in the un-
saturated zone.

A prototype program for the cross-validation of geostatistical mod-
els was developed for future statistical analyses of the spatial varia-
bility of infiltration properties and precipitation data. This program
will be utilized in an unsaturated-zone infiltration study. A geostatis-
tical analysis was performed to identify optimal locations for future un-
saturated-zone and systematic-drilling boreholes. Prototype shallow
seismic surveys were conducted in Pagany Wash and on Busted Butte to de-
velop methods for determining the thickness and infiltration-related pro-
perties of alluvial material. The initial phase of prototype testing of
methods to determine the matrix hydrologic properties of rock core for
the unsaturated-zone percolation studies was completed.

Prototype hydrologic testing was conducted to develop technical
methods and procedures for use in the unsaturated-zone percolation tests
conducted in the ESF. These include intact-fracture, radial borehole,
and hydrochemistry testing. In addition, preparation for prototype test-
ing was under way for percolation, bulk-permeability, and multipurpose-
borehole tests. The published reports on prototype testing covered the
triaxial-compression extraction of pore water from unsaturated tuffs
(Yang et al., 1988) and radiocarbon dating (Yang,. 1988).

Progress was also made toward developing conceptual and numerical
models of flow in the unsaturated, fractured tuffs at Yucca Mountain.
Numerical simulations of fluid flow in unsaturated, fractured rock were
performed to help evaluate the feasibility of the ESF intact-fracture and
percolation tests. A computer code was written that accounts for the de-
pendence of both the magnitude and the direction of the principal hydrau-
lic conductivities on matrix potential. An approach to account for dif-
fusion into the matrix during transient water movement through unsaturat-
ed fractured rock was developed and incorporated into the TOUGH computer
code for multiphase fluid flow. In addition, a mathematical formulation
was developed for computer-based particle tracking with both continous-
flow-path and random-walk approaches; this formulation will be used for
site-scale modeling of the unsaturated zone. Numerical studies of the
effects of air and liquid-water drilling on moisture conditions in unsat-
urated fractured rock were published (Bodvarsson et al., 1988). The de-
velopment of a numerical model for evaluating fluid flow in major faults
and fracture zones also began.

Significant progress was made in developing the Integrated Data
Acquisition System (IDAS). The IDAS is a surface-based system for pro-
cessing data obtained through the testing and monitoring of unsaturated-
zone boreholes. Design, coding, and field testing of prototype IDAS
software for unsaturated-zone borehole testing and monitoring was
completed. Software for IDAS microwave communications and system
maintenance was tested. Work continued on developing the overall IDAS
system manual, as well as the design, construction, and testing of the
prototype IDAS instrument shelter. Construction of the IDAS archiving
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center was completed. Prototype IDAS hardware was installed at boreholes
USW UZ-1 and UE- 25 UZ-4, and field testing of the system began.

As part of the ongoing studies in the Saturated-Zone Hydrologic Sys-
tem Investigation (8.3.1.2.3), water-table levels in the vicinity of
Yucca Mountain were monitored through the use of continuous transducer-
recorder systems in 23 zones of 14 wells and by periodic manual measure-
ments in 11 other wells. Satellite data-collection platforms were in-
stalled on selected wells at Yucca Mountain to provide early warning of
equipment failure or sudden water-level fluctuations. Systematic review
of transducer data to identify and analyze apparent anomalous water-level
fluctuations continued. A report on water levels in periodically mea-
sured wells from 1981 through 1987 (Robison et al., 1988) was published.

Model development associated with the Saturated-Zone Hydrologic Sys-
tem Investigation (8.3.1.2.3) continued. Development, optimization, and
testing of the TRINET computer code for the fracture-network saturated-
flow model continued. Work began on developing an equivalent discontinu-
um, model to simulate saturated fracture flow at the scale of well tests
and at the site scale. Statistical analysis of fracture-orientation data
obtained from the C-holes was performed to aid conceptual-model develop-
ment.

Analysis of approximately 35 hydraulic-stress tests previously com-
pleted in the saturated, fractured tuffs at the C-hole complex contin-
ued. Equipment and technologies for conducting cross-hole hydrologic and
tracer tests at the C-hole complex were evaluated, and a preliminary con-
ceptual design of a multiple-packer well-testing system was completed.
Duplicate water samples have been obtained for chemical and isotope anal-
yses in connection with the sampling of selected water-table wells at
Yucca Mountain by the Nevada Desert Research Institute. Additional water
samples were obtained for chemical and isotopic analyses from mining-
company boreholes in the Amargosa Desert to support technical-procedure
development and to provide quality assurance for water samples analyzed
at various laboratories. Preliminary evaluations were performed of down-
hole hydrochemical sampling tools available from the Swedish and Canadian
repository programs.

The ESF Radial-Boreholes Test described in the SCP (Activity
8.3.1.2.2.4.4) has been modified. The modified test is described in
Study Plan 8.3.1.2.2.4, Characterization of Yucca Mountain Percolation in
the Unsaturated Zone-Exploratory Shaft Facility Investigation. Modifi-
cations included the elimination of the lowermost set of "short" radial
boreholes, which were planned at a location just below the lower breakout
room of the ESF. This was done because the planned depth of the first
exploratory shaft was provisionally decreased pending a risk/benefit
analysis for penetration of the Calico Hills unit. In addition, six sets
of "long" radial boreholes (100 feet) have been added to the test design
to perform gas-phase permeability testing at the midpoints of major
hydrogeologic units. To substantially increase the volume of rock
tested, the long radial boreholes will be used to conduct air-permea-
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bility interference tests with one of the multipurpose boreholes (USW
MP-1).

2.2.2 Geochemistry (SCP Section 8.3.1.3)

Work was conducted during the reporting period as part of the on-
going studies of the investigation of the mineralogy, petrology, and rock
chemistry within the potential emplacement horizon and along potential
flow paths (Investigation 8.3.1.3.2). Core from well J-13 was selected,
sampled, examined, and analyzed. Comparisons of J-13 core with core from
boreholes USW G-4, USW G-1, and UE-25a#l suggest that the intervals where
heulandite is found in fractures in nonzeolitic rock have not been below
the water table since the formation of the heulandite (Carlos, 1989).
Manganese oxide minerals in fractures in the Crater Flat Tuff from bore-
hole USW G-4 were also studied. The dehydration properties of the basal
vitrophyre of the Topopah Spring Member were being studied by dynamic
thermogravimetric analysis and long-term isothermal experiments.

Prototype work associated with Investigation 8.3.1.3.2 was also con-
ducted. The reduction of X-ray diffraction data was completed for the
exploratory-shaft prototype mineralogy-petrology test. The collection of
data by neutron-activation analysis continued, and analysis of the col-
lected samples by X-ray fluorescence was initiated. The initial results
of the X-ray fluorescence analyses support the X-ray diffraction data in
showing that centimeter-scale variability may be as significant as larger
scale stratigraphic variations in the devitrified rhyolitic Topopah
Spring Member (Broxton, 1989). Preliminary Mossbauer data on trace min-
erals bearing ferrous and ferric iron are in accord with petrologic ob-
servations of abundant iron oxidation throughout the devitrified Topopah
Spring Member; the only significant concentrations of ferrous iron are in
the basal vitrophyre zone of the Topopah Spring Member.

Accomplishments related to the ongoing studies of the Mineral and
Glasses Stability Investigation (8.3.1.3.3) included the development of a
preliminary conceptual model of mineral evolution. The conceptual model
stresses the factors that control mineral transformations and the time
scale on which the transformations are likely to take place. Also, the
development of the flexible-cell hydrothermal system procedure and data
acquisition have been initiated to conduct scoping studies of the kinet-
ics of silica transition and of silica concentrations in equilibrium with
silica polymorphs.

Progress was made in the ongoing studies of radionuclide retardation
by sorption processes along flow paths (Investigation 8.3.1.3.4). Batch
sorption experiments of nickel on tuff under various water compositions
were completed. The waters used in the experiments were from wells J-13,
E-3, and UE-25p#1, with J-13 water used as a reference. The E-3 and
UE-25p#l waters represent extremes in water composition found at Yucca
Mountain, each showing higher cation concentrations than J-13 water.
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Mass-spectrometry analysis of the sorption behavior of americium in Yucca
Mountain tuffs continued.

Sorption measurements were initiated to determine the sorption ra-
tios for strontium, cesium, and barium at different solution-to-solid ra-
tios, using a tuff sample as the solid. The study of the sorption of
neptunium on goethite was also started. The work on goethite has been
separated into two related tasks. One concerns the characterization, by
extended X-ray-absorption fine-structure analysis, of the species of
neptunium that are sorbed on pure goethite. The second task involves a
more detailed experimental and theoretical investigation of the behavior
of neptunium on the goethite surface. The current sorption data base was
used to develop models using the linear, Langmuir, Freundlich, and modi-
fied Freundlich isotherm methods. Development of surface complexation
modeling strategies in support of the single mineral-sorption work start-
ed.

The study of biological sorption and transport continued. A major
mechanism by which microorganisms may influence the mobility of actinide
elements is chelation. Iron (FeJz) and plutonium (Pu4') are similar
in their charge-to-ionic radius ratio. Pu4* may be chelated by the
Fe 3 + siderophores (microbial iron-chelating compounds). Investigation
of the chelation of Pu' by microbially produced siderophores will con-
tinue. Siderophore purification techniques were developed. Work is con-
tinuing on determining the effect of microorganisms on the rate of col-
loidal agglomeration and on preparing a progress report on chelation.

Ongoing studies of radionuclide retardation by precipitation pro-
cesses (Investigation 8.3.1.3.5) continued. Efforts to study the proper-
ties of the Pu4' colloid have focused on three main areas: (1) chem-
ical oxidation of the colloid with cerium (Ce"4 ), (2) electrochemical
reduction and oxidation by voltammetry, and (3) size determination by
autocorrelated photon spectrometry. The determination of the oxidation
states of americium is in progress, and solubility experiments for
neptunium, plutonium, and neodymiumlamericium mixtures in J-13 water at
250 C and with pH values of 5.9, 7.0, and 8.5 were completed. Photo-
thermal spectroscopy capabilities, specifically photoacoustic spectro-
scopy, are continuing to be developed.

Ongoing studies of radionuclide retardation by dispersive, diffu-
sive, and advective mechanisms (Investigation 8.3.1.3.6) continued. The
behavior of three colloids (fluorescent carboxylated polystyrene spheres
of varying diameters) was investigated during flow through a saturated
column of densely welded, fractured tuff from the Topopah Spring Member
to study the ability of the tuff to act as a natural filter for particu-
late matter, plutonium colloids prepared under various conditions were
characterized by autocorrelated photon spectrometry.

Diffusion experiments in rock beakers were initiated. Two different
solutions, one containing strontium, cesium, and barium and the other
containing strontium, cesium, barium, americium, and neptunium were
placed in a number of rock beakers. The solutions in the rock beakers
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will be sampled periodically for 2 years. In addition, experiments test-
ing the filtration capability of Yucr-a Mountain tufff have begun; these
experiments use solid rock columns (two of Calico Hills tuff and two of
Topopah Spring tuff).

Model development, taking into account all mtmardation processes,
continued as part of the ongoing studies of Investiikgation 8.3.1.3.7. The
COVE2a benchmarking calculations were completed w~ith the computer code
TRACR3D. The COVE2a activity consisted of 12 isothermal one-dimensional
problems, 6 steady and 6 nonsteady cases, of flow through a vertical col-
umn of five fractured geologic layers. Other work included adding a non-
vertical gravity vector to the TRACR3D code to farilitate the modeling of
tilted geologic layers and horizontal and tilted 1=neholes. The computer
codes FEHM and FEEMS, to be used to Investigate the coupled effects of
heat and stress on mass transport at -ucca Mountain., were modified to
better represent processes that may vccur. In FERMI capabilities to moe-
el the unsaturated zone were added, an algorithm TD efficiently solve the
unsaturated-flow equations was created, and the brr solution was im-
proved to operate with time scales dLifferent fron fthose of the flow sol>-
tion. In FEHMS, the stress and flow .solution are buing coupled, and
three-dimensional stress ishbeing aitied.

The study of fracture flow in 1he unsatuiratiah mne of Yucca Mountain
continued. A first calculation of &t-mer flow tthsungh a 1-millimeter
open fracture in the lower unit of the opopah Sprikg Member was com-
pleted. The three-dimensional streac imodule, F3VJ, ftr incorporation i&-
to FEHMNS is operational. TMis work un-possible c-u=led pore-fluid
stress effects at Yucca Mountain ic Felrqg complete iem cooperation with
the U.S. Geological Survey. 'The Tr4MD code has 63een brought under
software configuration management_ Ver-ion 1.0 na ZENGCRN is the baselimn
version. The Colloid Transpor-t Code .tumber is under development. Veri-
fication planning for TRACRN md FEEMY ihas begun. & new matrix-solving
routine was inserted into TRAURN. ]Fzr Large grii., adfs change will de-
crease run times by a factor of abunuv 3f -and memory irquirements to less
than half that required previously.. 'flihs modifiotisu will allow large
three-dimensional calculations that we=e -not pres6iusDIT possible.

Prototype work associated wizth lbiua±Figatiar 8'.3L1.3.7 consisted of
testing activities in the fielh te .aqzport the dexeuikpment of field-test
design and study plans. DesSn ~ca:ln3xatiLns wevE rum for the validatiar;
experiment (unsaturated flow amd traanpr't) plamiaisat the Caisson facil-
ity to determine whether a tb ee-diaensional tracer cdistribution can be
obtained by adding a lens of sworbing material iart twhe porous medium.
This type of distribution could be asned to validate 27RACRN and the in-
verse-code TRACRN.

2.2.3 Rock characteristics (SCP SeLkiidn 8.3.1.4b)

Prototype studies of shaft-walD -mapping tedhtiqgues for the investi-
gations of the geologic framework of the Yucca Mountain site (Investiga-



tion 8.3.1.4.2) continued. These studies include equipment development
and improvements in photogrammetric methods and the use of analytical
plotters. Results indicate the potential for not only greater speed in
mapping shaft and drift walls but also enhanced quantitative analysis of
geologic features before and after the loss of rock exposures because of
shaft lining.

2.2.4 Climate (SCP Section 8.3.1.5)

As part of the ongoing studies of future climatic change (Investiga-
tion 8.3.1.5.1), monitoring of the southern Great Basin dust trap network
continued. This monitoring allows an evaluation of the significance of
airborne-dust contributions to the development of soils in the Yucca
Mountain region and is part of soil-modeling activities designed to pro-
vide information on the paleoenvironment of the region. Related proto-
type activities included experimenting with techniques to establish the
ages of soils and other young surficial deposits. The techniques inves-
tigated included uranium-series dating of carbonate root casts, thermo-
luminescence dating, and the use of cation ratios from rock varnish for
age determinations.

In preparation for characterizing the future regional climate, a
feasibility study was completed by the National Center for Atmospheric
Research. This study focused on the feasibility of using an existing
globa! climate model to drive a high-resolution regional climate model of
the st.:.hern Great Basin extending over the next 100,000 years.

Monitoring of hydrologic conditions at the Kawich Creek and the Ste-
wart Creek analog recharge basins in central Nevada continued as part of
the ongoing studies of the effects of future climate conditions (Investi-
gation 8.3.1.5.2). Study sites were upgraded through the installation of
additional meteorological stations, flumes on stream channels, and satel-
lite communications systems. The prototype testing associated with this
investigation included the evaluation of techniques for the collection
and analysis of terrestrial and aquatic organisms, which can provide in-
formation about hydrologic conditions in past discharge areas. Prototype
testing of remote-sensing imagery of paleodischarge deposits was also
performed.

Preliminary studies began at the arid-zone monsoonal analog research
site near Tucson, Arizona. These studies surveyed atmospheric conditions
to determine the type of instrumentation needed for collecting data to
support the soil-chemistry/climate model.

2.2.5 Postclosure tectonics (SCP Section 8.3.1.8)

A preliminary geologic map of the Lathrop Wells volcanic center was
completed (Crowe et al., 1988) as part of the ongoing effort to obtain
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information required for tectonic analyses and assessments (Investigation
8.3.1.8.5). Current interpretations of data from field, paleomagnetic,
geomorphic, soils, and rock-varnish studies indicate that the eruptive
events at the Lathrop Wells volcanic center occurred as described below.

First, a northwest-trending fissure zone, marked by local accumula-
tions of scoria and spatter, developed east of the main volcanic cone.
Small-volume lava flows erupted from several localities along the fissure
zone. Numerous small scoria cones formed at the south end of the main
scoria cone. The major part of the main scoria cone formed during the
initial stages of volcanic activity. Second, one and possibly two small
fissure zones, marked by scoria mounds, formed at the north and northeast
flanks of the main scoria cone. These fissure zones vented small-volume
block lava flows from numerous localities along the fissure zone. Final-
ly, one or more small-volume (approximately 10,000 cubic meters) scoria
eruptions occurred from the summit of the main scoria cone of the Lathrop
Wells center. These eruptions draped the cone summit, cone slopes, and
immediately adjacent area with thin scoria-fall deposits. The geomorphic
and soil characteristics of this last eruption suggest that it could have
occurred as recently as the late Pleistocene or Holocene epoch.

Work also continued on evaluating the results of potassium-argon age
determinations of the lava-flow units at the Lathrop Wells volcanic cen-
ter. In addition, geologic studies are ongoing at two small-volume Qua-
ternary volcanic centers located 47 kilometers northwest of the Yucca
Mountain site (basalt of Sleeping Butte).

Prototype work included the development of analytical techniques to
establish the age of Quaternary volcanic units in the Yucca Mountain re-
gion. The primary techniques include uranium-thorium disequilibrium mea-
surements by solid-source-mass spectrometry and the measurement of sur-
face exposure ages by the helium-isotope dating technique. Geochemical
techniques for identifying the sources and number of ash horizons exposed
in fault trenches in the Yucca Mountain area were also evaluated. Pro-
ton-probe analysis of trace elements at the parts-per-million level have
been completed for individual ash grains from the trenches and from the
Lathrop Wells volcanic center. These data are currently being evaluated.

2.2.6 Meteorology (SCP Section 8.3.1.12)

The site meteorological monitoring program continued normal opera-
tion during the reporting period. Data collected at the site have been
used in a dispersion model to calculate pollutant concentrations.

2.2.7 Thermal and mechanical properties (SCP Section 8.3.1.15)

Prototype creep and low-strain-rate tests were completed to estab-
lish technical procedures. A report on thermal data (Sass et al., 1988)
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from earlier studies was published. Prototype field testing continued
during the reporting period at the G-Tunnel complex at the Nevada Test
Site to determine whether a stable repository-scale drift could be con-
structed in jointed welded tuff and reinforced with only rock bolts and
wire mesh. Analyses of this experiment continued.

2.2.8 Preclosure tectonics (SCP Section 8.3.1.17)

Characterization of the effects of underground nuclear explosions
(UNEs) and the development of empirical models for predicting ground
motion from UNEs continued as part of the ongoing studies of vibratory
ground motion (Investigation 8.3.1.17.3). Work was conducted to develop
empirical models for ground motion from UNEs. Equations for predicting
peak ground motion at Yucca Mountain were evaluated. Ground motion from
UNEs was analyzed, and two-dimensional velocity models for paths from Pa-
hute Mesa to Yucca Mountain were developed.

Monitoring of seismic events as part of the ongoing studies for col-
lecting data for the preclosure tectonics program (Investigation
8.3.1.17.4) continued. Work continued on the upgrading of the seismic
network covering Yucca Mountain and vicinity. A portable array of seis-
mometers was deployed near Hoover Dam to help understand how seismicity
in that area relates to Yucca Mountain. In addition, a level line across
the Yucca Mountain site was rerun.

Prototype work associated with Investigation 8.3.1.17.4 included the
evaluation of various methods for dating Quaternary materials at Yucca
Mountain so that reliable studies of fault offset and recurrence inter-
vals can be conducted during site characterization. The use of photo-
grammetric methods and analytical plotters as an aid to rapid and accu-
rate trench mapping was also tested. These methods may provide not only
an effective way to accomplish the work but also a permanent record of
exposures that can be used in quantitative analyses at a later time.

During the reporting period, preparation for a technical assessment
review (TAR) of geologic and geophysical data pertaining to inferred
faulting in Coyote Wash was initiated. The TAR will reverify the struc-
tural geology of the area.

2.3 REPOSITORY DESIGN

The repository-design program consists of the activities associated
with designing both the surface and the underground facilities of the re-
pository. These activities include the development of design criteria as
well as design analyses. There are several stages of repository design.
The most recent stage to be completed is the SCP conceptual design, which
is documented in a comprehensive design report (SNL, 1987). This concep-
tual design provided the basis for the repository-design program de-
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scribed in Section 8.3.2 of the SCP. Three more design stages are yet to
follow: the advanced conceptual design, the license-application design,
and the final procurement and construction design.

In developing the advanced conceptual design, studies will be con-
ducted to assist in determining and refining design criteria and the
identifying concepts to be incorporated into the license-application de-
sign. Furthermore, changes in design may result from a redefinition of
the functions to be performed at the repository.

In the SCP conceptual design, two waste-handling buildings were pro-
posed as part of the surface facilities because it was assumed that the
spent fuel received would be consolidated at the repository. However, as
of April 15, 1989, the DOE is reevaluating the option of consolidation.
An evaluation of the impacts of fuel-rod consolidation on waste-handling
facilities at the repository was completed and published (O'Brien,
1989). The results indicate that consolidation offers no advantages for
the operation or the underground layout of the repository.

Since the development of the input to the SCP and the SCP conceptual
design, much of the design effort has been focused on the exploratory-
shaft facility. These efforts are described in Section 2.1.2. However,
a number of studies related to the design of the repository were initi-
ated or completed during the reporting period. Several of these studies
were related to seismic design. They included an evaluation of the po-
tential for seismic ground motion at the site of the repository surface
facilities (Sanders, 1988; Kiciman and Abrahamson, 1988) and an evalua-
tion of the impacts of seismic events on repository waste-handling fa-
cilities (Subramanian et al., 1988; Ma and Jardine, 1988). A related
site study evaluated the quantity of additional data needed on under-
ground nuclear explosions (Easterling and Hall, 1988).

A preliminary cost-benefit assessment was made of the repository
waste-handling facilities to evaluate the options for the seismic-design
basis for the advanced conceptual design (Subramanian et al., l989). An
analysis of repository waste-handling operations was conducted to evalu-
ate the operational characteristics of the current conceptual design.
Also evaluated during the reporting period were methods for the treatment
and disposal of the radioactive waste generated at the site as a result
of repository operations (Subramanian and Jardine, 1988) and the poten-
tial impacts of abnormal events on waste-handling facilities.

In addition, design methods were developed and evaluated for the un-
derground facilities, including shafts (Richardson and St. John, 1988;
Richardson et al., 1988) and underground openings (Wallace and Zerga,
1988; Hardy and St. John, 1988). A study was also conducted to determine
the preferred underground-emplacement orientation for the waste package.
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2.4 SEALS-SYSTEM DESIGN

For the permanent closure of the repository, the DOE currently plans
to seal all shafts, ramps, exploratory boreholes, and emplacement
drifts. The overall strategy that guides the design of the seals system
is to prevent water that may be encountered in the unsaturated zone from
coming into contact with emplaced waste and to reduce, to the extent
practicable, the potential for creating during the preclosure period pre-
ferential pathways for ground water or radionuclide migration. The
seals-system design program includes materials testing, design develop-
ment, and design analysis.

Since seals generally would not be installed until the underground
repository is closed, design development and seal testing will take
place, for the most part, during the period of repository operations.
Current plans for work to be conducted during site characterization are
aimed at developing design concepts and evaluating seal materials. The
activities to be conducted during site characterization are described in
Section 8.3.3 of the SCP.

During the reporting period, the seals-system design program focused
on the analyses necessary to support the evaluation of the postclosure
performance of the exploratory shafts. Included were analyses related to
hydrologic phenomena and convective airflow. The sealing-related re-
quirements of the exploratory-shaft facility were developed for inclusion
in the Exploratory Shaft Facility Subsystem Design Requirements Document
(DOE, 1989e). Sealing requirements for the repository are still under
development.

Other work during the reporting period included an initial evalua-
tion of possible microbial effects on drainage from a shaft sump and an
evaluation of the evaporation rate from a bare soil. Analyses of geo-
chemical interactions between a concrete liner and tuff and between ce-
mentitious sealing materials and tuff continued.

2.5 WASTE-PACKAGE DESIGN

The waste package consists of the waste form and the container in
which the waste form is placed. The objective of the waste-package de-
sign program, described in Section 8.3.4 of the SCP, is to develop a
waste package that is compatible with the characteristics of the emplace-
ment environment. The design of the waste package must be integrated
with the performance-assessment program to ensure that the waste package
will contribute to meeting the performance objectives for waste
containment and controlling the release of radionuclides from the
engineered-barrier system.

The waste-package design program includes the development of waste-
package design bases, design analysis, container-materials testing, the
development of a reference design, waste-form-testing, and the character-
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ization of the waste-package emplacement environment. Progress made dur-
ing the reporting period in designing and evaluating the waste package
and its host-rock environment is discussed in the sections that follow.

2.5.1 Postemplacement near-field environment

As part of the Postemplacement Near-Field Environment Investigation
(8.3.4.2.4), an evaluation of potential changes in the host rock that
would result from the emplacement of waste packages continued. Analyses
of data from hydrothermal experiments on vitric, vitrophyric, and zeo-
litic tuff also continued, with emphasis on evaluating the composition of
solid reaction products and solution chemical behavior. Evaluations of
thermodynamic data obtained through literature searches were initiated.
These data are needed for simulations with the EQ3/6 geochemical modeling
code.

Long-term rock-water interactions were investigated through simula-
tions of reactions in concentrated water from well J-13. The collection
and evaluation of published water analyses continued, and the simulation
of chemical speciation in the various waters was initiated. To determine
how grout, concrete, and other repository materials might affect ground-
water chemistry, literature evaluations were started.

Mineral dissolution and precipitation experiments continued. The
dissolution rates of cristobalite, kaolinite, and heulandite were meas-
ured at 25*C and varying pH. Characterization of the cristobalite
crystal structures in reaction cells continued, as did work on the pre-
cipitation of cristobalite from solution.

Prototype testing to assist in developing field tests of the engi-
neered-barrier system continued in the G-tunnel complex at the Nevada
Test Site. The prototype test monitors rock characteristics (e.g., rock
temperature, changes in moisture content) near a heater emplaced in par-
tially saturated welded tuff.

The EQ3/6 geochemical modeling code was used to analyze the effects
of oxygen fugacity on the solubility of radionuclides released by the
dissolution of spent fuel. This is associated with the examination of
the processes involved in the transport of radionuclides after release
from the waste form. Evaluation of the aqueous transport of uranium in
tuff samples under static conditions (McKeegan et al., 1988) continued.
Work continued on the development and implementation of techniques for
measuring the transport properties of conservative (nonsorbing) and non-
conservative (sorbing or reactive) radionuclide tracers under flowing
conditions.

The existing data for the geochemical modeling used in evaluating
radionuclide transport in the near-field environment was moved into a re-
lational-data-base format, providing controls on data integrity and elim-
inating the need for hand calculations. This format will be used for



automated data analysis in the future. Work was started with the Na-
tional Institute of Standards and Technology (formerly the National Bu-
reau of Standards) to incorporate its data-analysis procedure into the
data base.

2.5.2 Characteristics and behavior of the waste form

Studies of the characteristics and behavior of the waste-form mate-
rials continued. Investigations were conducted on the dissolution and
oxidation behavior of spent fuel and the corrosion and radionuclide-re-
lease characteristics of irradiated Zircaloy cladding. Oxidation tests
with spent fuel from boiling-water reactors were started (Einziger,
1988a, 1988b), and long-term oxidation tests on spent fuel from pressur-
ized-water reactors continued. Preliminary conceptual models were devel-
oped for addressing the oxidation behavior of spent fuel. In addition,
electrochemical and spectroscopic measurements of the oxidative dissolu-
tion of uranium dioxide were initiated to assist in developing a model
for the reaction kinetics of this process.

Preliminary conceptual models were developed to address the poten-
tial failure of Zircaloy cladding by stress rupture, stress-corrosion
cracking, and hydride reorientation. Experiments to examine the effect
of fluoride ions on Zircaloy corrosion were started, and experiments to
examine the susceptibility of cladding to failure by stress-corrosion
crackly g continued. The results of this testing program are being used
to mcde.-l the processes involved.

Work to define the inventory and distribution of carbon-14 in the
cladding continued. Experiments to measure the release of gaseous car-
bon-14 (as carbon dioxide) from cladding were started, and conceptual
models for the release of gaseous carbon-14 at elevated temperatures were
being developed and checked against the available experimental data.

To determine the behavior of high-level waste in the form of boro-
silicate glass, studies were continued to determine the rate at which
borosilicate glass is altered by liquid water and water vapor and the
subsequent radionuclide release due to these alteration processes. Long-
term unsaturated tests of waste-glass compositions similar to those to be
produced at the Defense Waste Processing Facility (high-level waste from
Savannah River) and at the West Valley Demonstration Project (commercial
high-level waste) continued. Parametric tests to determine important
parameters, including materials interactions that may affect the release
of radionuclides from waste glasses, were also conducted. Dynamic flow-
through experiments to determine the pH and temperature dependence of
kinetic rate constants for the reaction of glass were started, using sim-
plified waste-glass compositions. The results of this testing program
are being used to model the processes involved.

-25-



2.5.3 Characteristics and behavior of disposal-container materials

Progress was also made during the reporting period in investigating
potential materials for the disposal container-the principal metal bar-
rier in the waste package. Six metallic alloys are being evaluated as
candidate materials for the container: 304L stainless steel, 316L stain-
less steel, a high-nickel alloy, oxygen-free copper, a 70/30 copper-
nickel alloy, and aluminum bronze. An annotated history of the 1981-88
metal-barriers program is being prepared to document the methods used to
identify the six candidate materials.

Criteria for selecting among the six candidate materials for the
advanced conceptual design of the waste package were developed. Both the
projected performance of the material in the repository environment and
the engineering aspects of container production were taken into consider-
ation in developing the selection criteria. The criteria were formally
reviewed by an independent peer review panel of six prominent metallur-
gists and engineers.

A survey was conducted of the degradation modes that could affect
the six candidate waste-package container materials in the repository
environment. The survey was based on an analysis of the technical lit-
erature and included an assessment of the corrosion behavior, oxidation
behavior, and metallurgical-phase stability of each of the candidate ma-
terials. Parametric studies were initiated to quantify some of the per-
formance criteria for evaluating the candidate container materials, par-
ticularly with respect to the localized-corrosion and stress-corrosion
behavior of the materials.

2.6 PERFORMANCE ASSESSMENT

Performance assessment is the process of evaluating component, sub-
system, or system behavior relative to radiological health and safety or
the containment and isolation of radioactive wastes. The objectives of
these assessments are to demonstrate compliance with the numerical cri-
teria associated with 10 CFR Part 60, to support the development of the
repository system, and to guide testing during site characterization.
The performance-assessment program is discussed in SCP Section 8.3.5.
For convenience, the program is divided into four categories: preclosure
safety assessment, postclosure performance assessment, design analysis,
and site characteristics analysis.

2.6.1 Preclosure safety assessment

The objective of preclosure safety assessment is to predict the
probable radiological consequences of repository operations and to com-
pare the consequences with acceptance criteria. Preclosure safety as-
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sessment includes the evaluation of risks to repository workers and the
general public under both normal operations and accident conditions.

A number of analyses supporting the assessment of preclosure safety
were completed. Potential repository structures, systems, and components
important to safety were identified (Jardine and Laub, 1988). Assess-
ments of worker and nonworker radiation safety (Laub, 1988) and a pre-
liminary safety analysis for normal operating conditions (Laub et al.,
1988) were completed. A preliminary safety analysis for accident con-
ditions and an uncertainty analysis of the radiological consequences of
accidents at the repository were conducted. A radiation-safety analysis
was also conducted for the exploratory-shaft facility to assist in iden-
tifying items important to safety.

A number of technical studies were initiated to develop further the
technical basis for the preclosure safety assessment. These studies fo-
cused on such subjects as the source-term characterization for normal and
accident conditions and the identification and screening of accident sce-
narios.

2.6.2 Postclosure performance assessment

The objective of postclosure performance assessment is to predict
the behavior of the repository system and its subsystems after permanent
closure in order to evaluate compliance with NRC requirements. Postclo-
sure performance assessments are conducted for the following:

1. Total system (to evaluate waste isolation after permanent clo-
sure).

2. Engineered-barrier system (to evaluate containment by the waste
packages and the rate of release from the engineered-barrier
system after the containment period).

3. Natural barriers (to evaluate the ground-water travel time).

Progress in total-system performance assessment during the reporting
period included the initial documentation of the TOSPAC system computer
code (Dudley et al., 1989). Other developments included the adaption of
the PORFLO-3 code as a component of the SUMO system computer code. In
addition, the results of preliminary analyses of total system performance
were compiled to support design of the exploratory-shaft facility
(Peters, 1988; Peterson, 1989).

Progress was also made in the assessment of engineered-barrier per-
formance. Version 3245.0888 of the EQ3/6 geochemical modeling computer
code was released for testing and verification, and final coding for the
advanced conceptual design version of EQ3/6 was in progress. User's man-
uals for the modeling and data-base-handling codes were written. Version
3245 is being extensively tested on systems of interest to performance
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assessment (spent-fuel and glass dissolution, water chemistry in the un-
saturated zone, and container-material effects).

A preliminary kinetic model of glass alteration by liquid water, de-
rived from experimentally observed phenomena and basic thermodynamic
principles, was developed and incorporated into the EQ3/6 geochemical
modeling computer code. The predictions of this model are continuing to
be checked against new experimental data.

The first version of the waste-package performance-assessment com-
puter code, PANDORA-1, was developed and put into testing. Other pro-
gress included the development and testing of the FACSIMILE computer code
for simulating nonuniform corrosion of Zircaloy and container materials
in the presence of tuff ground water.

Progress in assessing the performance of natural barriers included
the evaluation of the ground-water flow system at the site, as presently
understood. This included the evaluation of: (1) lateral fluid flow at
Yucca Mountain (Wang and Narasimhan, 1988); (2) uncertainty in hydrologic
parameters (Kaplan and Yarrington, 1989); (3) fluid and heat flow near
waste packages (Doughty and Pruess, 1988); (4) gas-phase flow (Tsang and
Pruess, 1988); and (5) capillary-driven flow in fractures (Martinez and
Prindle, 1988).

Progress in developing calculational models for assessing the per-
formance of natural barriers included: (1) evaluating various approaches
to calculating ground-water travel time (Kaplan et al., 1989); (2) evalu-
ating the hydrologic effects of constructing the exploratory-shaft fa-
cility (Peterson, 1989); (3) analyzing proposed laboratory experiments
(Eaton et al., 1989); and (4) developing computational and experimental
procedures for predicting flow (Eaton et al., 1988). In addition,.a
three-dimensional steady-state flow system that takes into account the
construction of an exploratory shaft was analyzed.

2.6.3 Design analysis

The third category of performance assessment, design analysis, in-
tegrates the performance-assessment program with the design program. In
this respect, design analysis refers to the performance assessments that
are used to develop design requirements and to evaluate the design
against those requirements. Work during the period focused on developing
the process that will be used in establishing the design requirements for
the exploratory-shaft facility.

2.6.4 Site characteristics analysis

The fourth category of performance assessment, the site character-
istics analysis, integrates the performance-assessment program with the

-28-



investigations of the site programs. Site characteristics analyses in-
clude the following: (1) the development of site conceptual models,
scenarios, and process and constitutive models that can be used in per-
formance assessments; (2) model-validation activities, including the
testing of any alternative conceptual models or hypotheses; (3) perform-
ance-assessment activities to support the site programs, such as test
planning, evaluation of potential interferences between and among tests,
and the evaluation of the adequacy of the information obtained; and (4)
activities to support the performance-confirmation program. The process
to evaluate site characterization results involves comparisons with goals
set as a part of performance allocation and comparison with the perform-
ance objectives, as described in Section 8.1 of the SCP. During the re-
porting period, work continued to develop the program of analyses in this
performance-assessment category.
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3. SCHEDULES

Over the next several months, a senior DOE management team, together
with OCRWM management, will conduct a thorough evaluation of the existing
schedule for the repository program. During this time, the DOE will also
be receiving the NRC and State of Nevada comments on the SCP and will be
obtaining a clearer view of likely State of Nevada action on the DOE
permit applications. The DOE's goal is to develop a realistic schedule
for the repository program that will be aggressively followed to minimize
delay and, along with other initiatives being taken, will establish
confidence that the schedule will be met. An increased emphasis on
strategic and contingency planning and management controls will also be
used to help ensure that the newly established schedule is met.

For this reason, schedule information is not provided in this first
progress report. Information regarding the newly established repository
schedule will be provided in future reports.
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ACRONYMS

The following is a list of acronyms that were used in the semiannual
progress report:

AP
DOE
EEI/UNWMG

ES
ESF
IDAS
NRC
OCRWM
QA
QAP
QAPD
QAPP
QAR
QMP
SBIP
SCP
SDRD
SIP
SMF
TAR
UNE

Administrative procedure
Department of Energy
Edison Electric Institute/Utility Nuclear Waste Management

Group
Exploratory shaft
Exploratory Shaft Facility
Integrated Data Acquisition System
Nuclear Regulatory Commission
Office of Civilian Radioactive Waste Management
Quality Assurance
Quality Assurance Plan
Quality Assurance Program Description
Quality Assurance Program Plan
Quality Assurance Requirements
Quality management procedure
Surface-Based Investigation Plan
Site Characterization Plan
Subsystem Design Requirements Document
Scientific Investigation Plan
Sample Management Facility
Technical assessment review
Underground nuclear explosion
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Department of Energy, Office of Civilian Radioactive Waste Management,
1988. Site Characterization Plan Overview: Yucca Mountain Site,
Nevada Research and Development Area, Nevada, DOE/RW-0198,
Washington, D.C.

The SCP overview was prepared to help the public understand both the
SCP and the site characterization program in general. The overview
presents summaries of selected topics covered in the SCP. The organ-
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as amended, project-related effects may occur in twelve of the impact
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pacts and mitigation strategies by affected communities. DOE ident-
ified its primary mitigation strategy as the conduct of its activi-
ties in a manner that would avoid or minimize significant impacts to
the maximum extent practicable, and DOE committed to work with af-
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Department of Energy, Office of Civilian Radioactive Waste Management,
1989. 1988 Bulletin Compilation and Index, DOE/RW-02221, Washington,
D.C.

This document is published to provide current information about the
national program for managing spent fuel and high-level radioactive
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paper is an analysis of data from the literature relevant to the
pitting, crevice corrosion, and stress corrosion cracking of three
austenitic alloys which are candidate materials for waste containers.

-44-



r, P

Grambow, B.; Strachan, D.M., 1988. A Comparison of the Performance of
Nuclear Waste Glasses by Modeling, PNL-6698, Pacific Northwest
Laboratory, Richland, WA,

Through a combination of data collection and computer modeling, the
dissolution mechanism of nuclear waste glasses has been investigated
and more clearly defined in this report. Data from static and dynam-
ic leach tests are assembled, plotted, and successfully modeled and
the kinetic parameters for these glasses are reported. The model can
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penetration of the Calico Hills formation by the ES-1 shaft and
exploratory drifting to the Ghost Dance fault and/or drifting 10,000
feet southward from the ESF test complex area to the end of the
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designated boundaries of the primary area. The representativeness of
information scheduled to be obtained in the ESF has been evaluated
for a number of technical disciplines including geology, mineralogy,
rock mechanics, hydrology, waste package and repository design, and
performance assessment. Results of this evaluation indicate that
most data obtained in the ESF are expected to be representative of
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The Analytical Repository Source-Term (AREST) code is a preliminary
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various geologic repository settings. The code is being enhanced to
provide specific assessments of waste package performance in the
hydrologically unsaturated welded tuff geology of Yucca Mountain.
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The Yucca Mountain Project Site Atlas is a reference document of
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The objective of this paper is the formulation of criteria for valid
simplification of radionmclide transport models used in performance
assessments. The complementary rules played by simple transport
models designed to bound the radionuclide discharge over wide ranges
of physiochemical conditions, detailed geochemical models that pro-
vide a structured method to obtain reliable information about
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solute/rock/water interactions, and sensitivity and uncertainty
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data and models are addressed.

Smith, H.D., 1988. Initial Report on Stress-Corrosion-Cracking
Experiments Using Zircoloy-Spent Fuel Cladding C-Rings, WHC-EP-0096,
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C-ring stress corrosion cracking scoping experiments are being con-
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appropriate range of stress conditions.
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rials used in the Exploratory Shaft Facility (ESF) of Yucca Mountain
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in situ site characterization tests can be conducted. The candidate
repository horizon at Yucca Mountain, however, could potentially be
compromised by fluids and materials used in the site characterization
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ifies fluids and materials, if any, that should be prohibited from,
or controlled in, the underground.
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for the safety assessment of final repositories for nuclear waste.
The HYDROCOIN project consisted of three levels of effort: (1) Level
1 was concerned with verifying the numerical accuracy of the code,
(2) Level 2 was involved with validation of models using field ex-
periments, and (3) Level 3 was concerned with sensitivity and uncer-
tainty analysis. This report presents the Level 1 results furnished
by the project teams.
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This report presents the preliminary results of absolute gravity
measurements made at four sites in southern Nevada using the absolute
gravity free-fall apparatus. Three of the sites are located on the
Nevada Test Site at Mercury, Yucca Pass, and in northern Jackass
Flats. The fourth site is at the Kyle Canyon ranger station near
Charleston Park.
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