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6 Implementation Direction (continued)

3.

The CCB Secretary shall ensure that the Cover Page and the Title Page for
Document YMP/CM-0011, Revisicn 1, are prepared.

The Document Originator shall provide a Print Ready Copy of YMP/CM-0011,
Revision 1, to the CCB Secretary. The Dozument Number and Revision Number
will be identified cn each page c¢f the Publication Ready Document,
YMP/CM=-0011,

The CCB Secretary shall ensure that YMP/CM-001l, Revision 1, is prepared
in accordance with this Change Cirective (CD). The CCB Secretary shall
ensure the Document Change Notice (DCN), indlcating changes made in the
document, is prepared. The DCN will be attached to the front of the Print
Ready Copy of the document. The CCB Secretary shall also prepare a
Controlled Document Issuance Authcrization (CDIA) to transmit this CD, the
DCN, and YMP/CM-0011, Revision 1, to the Precject Document Control Center
(DCC) in accordance with AP-1.3Q.

Per AP-3.3Q, each TPO and Project Cffice Division Director will complete an
Affected Document Notice (ADN) as notification of completion of
implementation planning for this CD.

The CCB Secretary shall ensure that the Configuration Information System

(CIS) and the CCB Register are updated to reflect Revision 1 to YMP/CM-0011.

Any changes to document YMP/CM-001l1, Revision 1, will require submittal of
a CR to the Project CIB.

. Upon release of YMP/CM-0011, Revisicn 1, all Project Participants will be

required to use YMP/CM-001l, Revision ., in performing duties applicable
to this document,
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Distribution
RENAMING OF EXPLORATORY SHAFT EFFORT

As a consequence of the instructions from Dr. John W. Bartlett, Director of the
Office of Civilian Radicactive Waste Management, on February 12, 1991, about
the redirection of Yucca Mountain Site Characterization Project efforts
associated with the Exploratory Shaft Facility design effort, it has become
apparent that retaining the name of Exploratory Shaft would be somewhat
misleading when the current design studies are focusing upon ramps, and a shaft
is only being considered as a possible backup.

Therefore, after considerable discussion with many parties about selecting a
new name, I have concluded that the most appropriate approach for now is to
change the name of Exploratory Shaft Facility (ESF) to Exploratory Studies
Facility (ESF). As you can observe, the acronym remains the same but "Shaft"
becomes "Studies."

For all future commmication, I request that you use this new name for this
very important facility. We do not plan on modifying any completed documents
or sending out errata sheets. I do request that all new comsmunications within
the U.S. Department of Energy’s program now refer to this facility as the
Exploratory Studies Facility. I thank you for your cooperation.

/'7

rl P. Gertz
YMP:MBB-2814 Project Manager
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8.0 INTRODUCTION

This chapter presents the Department of Energy’s (DOE) plans for the
site characterization program to be conducted at the Yucca Mountain site in
the State of Nevada. Such a program is required by the Nuclear Waste Policy

ct of 1982, by the regulaticns promulgated for geologic repositories by the
U.S. Nuclear Regulatory Commissizn (NRC) in 10 CFR Part 60, and by the DOE’s
general guidelines for siting repositories, promulgated as 10 CFR Part 960.
These legal rsguirements ars summarized in the general introduction tc thi
document, - ..Ch also discusses the DOE’s compliance with them.

The DOE expects to mecdify these plans as mcre information about the

potential repository system becomes available. (NOTE: Throughout this
document, the use of the term "repositcry" refers te a potential reposizcry
.at the Yucca Mountain site, assuming the site 1s found to be suitzable.) The

data coliected during sice characterization will be used in the design of zhe
repository and. the waste package, as well as in the analyses of system
perfcrmance. haracterization, design, and performance assessment activicies
will all be conducted during site characterization. These activities will
depend on each other; for example, the data collected from the site will be
used in designing the repcsitory, while the design of the repository will be
considered in determining the needed tests and analyses. The site
characterization program will be modified, as needed, to meet newly developed
design and performance requirsments and in response to the data obtained from
site characterization itself.

As site characterization prcceeds, the results of investigations and any
changes to plans will be reported to the NRC, the State of Nevada, and the
general public through semiannual progress reports and technical reports. A3s
the DOE revises its plans, it will do so in consultation with the NRC, the
Scate of Nevada, and the general puplic. The DOE expects that this process
will help to develop a consensus amcng the DOE, the NRC, the State of Nevada,
and the general public that will lead to the early resolution of issues as
part of the siting and licensing process.

The remainder of this introduction is devoted to two topics: the or-
ganization and content of Chapter 8 and the top-level strategy that describes
the rcle the features of the site are expected to play in accomplishing the
general objectives for the disposal system.

Crganization and content of Chapter 8

Chapter B, called Part B of the SCP, builds on the existing information
about the site (the information that Is reported in Chapters 1 through 5 of
Part A) and on information about ths ccnceptual designs of the repository and
the waste package (the designs of the repository and the waste package are
described in Chapters 6 and 7 of Par: 3, respectively). The information
presented in Part A not only summar:zss the current technical knowledge about
the site, but also constitutes par:t 2I the basis for defining the infeormaticn
that needs to be obtained during size characterization. Chapter 8 describes
the DOE’s plans for the characterizz-:on ¢f the Yucca Mountain site.
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The first three sections of Chapter 8 present the rationale for the sire
characterization program and develop from that rationale a detailed descrip-
tion of the tests to be conducted during the program. The discussion that
follows describes the content of those sections.

The site characterization program has three principal purposes:

© To provide the data to be used to determine the suitability of a
site.

© To provide the data needed for licensing.

© To provide the data for design of the repository and the waste
package. '

In planning a program to achieve these purposes, the DOE has adopted an
approach that starts with the regulatory requirements that must be satisfied
in siting and licensing the repositcry, identifies the performance and design
information needed to address theose requirements, and then develops specific
investigations to obtain the needed information. This approach is embodied
in an issue resolution strategy, which is discussed in some detail in Sec-
tion 8.1. An important part of this strategy is an issues hierarchy (Sec-
tion 8.1.1) that consists of key issues, issues, and information needs. The
key issues and issues are based on the regulatory requirements that govern a
repcsitory. The information needs define the data and analytical techniques
that are needed to resolve each issue. The DOE expects that satisfying the
information needs will resclve the issues and that the resolution of the
individual issues will lead to resolution of the key issues. Issue
resolution is not likely to provide complete assurance that perfcrmance of
the repository system will be acceptable. A reasonable assurance of
acceptable performance is the general standard that will be met. The
strategy described here and in Section 8.1 will be applied in an iterative
manner to develop confidence throughout the licensing phases. The concept c¢£
reasonable assurance is discussed later in this section.

Another important part of the issue resolution strategy and the develop-
ment of information needs for the issues is the "performance allocation®
process, discussed in Section 8.1.2. Performance allocation consists of de-
ciding which repository-system elements will be relied on in resolving an
issue, identifying the functions that the elements will- be expected to per-
form and the processes that will affect the performance of each element,
making specific quantitative statements about the expected performance, and
developing a testing program to obtain the needed information about the per-
formance. The issue resolution strategy will gquide the development of the
programs for testing and analysis; it will help to make clear what tests and
analyses are necessary. As the characterization of the site proceeds and
more information becomes available, thz strategy will be refined to support
site selection and licensing.

Section 8.2 serves both as a sutmary of the overall strategy for re-
solving the issues and an introduct:on -2 the individual issues. It presents
the issues to be resolved and their :nf:zrmation needs. Section 8.3 then pre-
sents the complete strategies for issu:z rzsclution and describes the planned
investigations to be conducted durinc s:t2 characterization. This section is
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organized into five sections around the major programs: site, repository,
seals, waste package, and pericrmance assessment.

The site program is discussed in Section 8.3.1. Organized by technical
disciplines, this section describes the investigations, studies, and activi-
ties to be carried out to resolve the design and performance issues in the
issues hierarchy. The site program is designed to reduce uncertainty about
site prcoerties and conditions and to reduce uncertainty in the conceptua-
lization c¢f the site physical system. Systematic hypothesis testing is being
used to discriminate between alternative conceptual models by eliminating un-
tenable or nonviable hypotheses.

The repository program is described in Section 8.3.2, which provides de-
tailed resclution strategies for the repository design issues. The secticn
identifies the site information and the design activities needed for issue
resolution.

The seal program is covered in Section 8.3.3, which identifies the
activities regquired to develop designs and demonstrate the performance of
seals to be placed in shafts, ramps, drifts, and boreholes.

The waste package program is discussed in Section §.3.4. This section
presents the detailed issue resolution strategies for the issues that deal
with the design of the waste package. The section identifies the site in-
formation and the design activities needed for issue resolution.

Section B8.3.5 presents the performance assessment program. Strategies
to address the preclosure and postclssure performance issues and discussions
of th2 analytic techniques needed for the safety and performance assessmen:ts
for these strategies are presented. The section identifies the site informa-
tion and the performance assessment activities needed for resolving the
issues.

Much of the information presentad in Section 8.3 is summarized in
perfcrmance allocation and hypothesis testing tables. A& careful study of
these tables will provide an understanding of the information to be provided
by the site program and the intended use of this information for resclving
the design and performance issues.

The plans for surface-based activities and for subsurface excavaticns
related to implementing the site characterization program described in
Section 8.3 are presented in Secticn 8.4. This section also discusses the
potential impacts on the integrity cf the site as a result of conducting
these activities. Section 8.4 is divided into three parts. The first
section, 8.4.1, presents background information on the approach adepted by
the DOE to guide the characterizaticn pregram, gives the approach to incor-
porating the requirements of 10 CFR Part 60 into the development of the
testing program, and discusses the ccncepts of flow in the unsaturated zcne.
The rationale for the planned testing is presented in Secti = 8.4.2, which
also describes the surface testing and the underground test facility and
evaluate whether construction or operaticn cf facilities or the conduct cf
the tests is likely to adversely impac: the results of site characterizaticn
activities. Section 8.4.3 evaluates ths impact of the testing program on the
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integrity of the site by considering its potential impacts on the postclosure
performance objectives.

Section 8.7 presents general r.ans for decontamination and decommission-
ing ¢f the Yucca Mountain site in the event the site were found to be
unsuitable for a repository. That section also contains general plans for
mitigation of any significant adverse environmental impacts that may be
caused by site characterization.

Tcp=-level strategy

This section presents the "top-level strategy," that is, a brief expla-
nation of the role the features of the Yucca Mountain site are expected to
play in achieving the general objectives for the system. As a consequence of
this role, which will be explained, the program for characterizing the site
places considerable emphasis on the range of expected flow conditions in the
unsaturated rocks in which the waste would be emplaced. The program also
emphasizes the geochemistry and other characteristics of the unsaturated
rocks. These characteristics could affect performance of the waste packages
and radionuclide transport through the unsaturated rocks. In addition, the
geohydrology of the saturated rocks deep beneath the site will be character-
ized. Reliance on these features requires the investigation of any disrup-
tive processes and events that might alter the features. The top-level
strategy also emphasizes pre-closure radiation safety and the effects of
seismicity on the surface and underground facilities. This section discusses
the basis for the emphasis on thess features in the site characterization
program.

The principal role of a disposal system is to isolate waste for a long
period into the future. Therefore, the general objective for the entire
system is to limit any radionuclide releases to the accessible environment.
This objective will be achieved by selecting a site that contains natural
barriers against radionuclide releases and by providing an appropriate system
of engineered barriers. To provide additional insurance that the system will
perform adequately, individual objectives have alsoc been defined for the
engineered and natural barriers to radionuclide release and for the design of
the disposal system. The general objective for the engineered barriers is
that they should limit the release of radionuclides to the natural barriers.
The general objective for the natural barriers is that the time of travel c¢f
significant quantities of radionuclides through these barriers to the acces-
sible environment should be very long. In particular, since ground water may
transport radionuclides, the ground-water travel time should be very long.
The general objectives for the design of the disposal system are that its
operation should be safe and that its construction should not compromise its
ability to meet the other general objectives.

These general objectives are compatible with the regulations promulgated
by the NRC in 10 CFR Part 60. In the requlations, the NRC specifies post-
closure performance objectives, including the environmental standards antici-
pated to be set by the Environmental Protection Agency for releases to the
accessible environment, individual protection, and ground-water protection;
requirements on the containment to be provided by the set of waste packages
and on the rate of release of radionuclides from the engineered-barrier
system; and an objective for the pre-wasts-emplacement ground-water travel

8.0-4
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time. The regulaticns also specify design criteria fcr the disposal syst

to ensure the postclosure performance objectives wculd be met, and zhey se t
preclosure objectives for radiation protection. Detailed strategies that
explicitly address the NRC regulations are presented in Sect:ions 8.1, 8.2,
and 8.3. The remainder of this section describes the top-level strategy o
address the general objectives for the disposal system.

General ch-*zztive fzr +he disposal svstam

The majcr system elements that are expected to affect waste lsclatizn at
~ne Yucga Mcuntain site can be seen in Figure 8.0-1. As explained in detall
-2 Chapter 3, the currently available iaformation Suggests that conly sma.l
amounts Sf water are available to percclate siowly downward thrsugn
Mcuntain. If the Yucca Mountain site is developed for a repositcry, watars
that moves =hraugh the unsaturated rack abeve the repesiiory cculd continus
down 2 the unsaturated zock unit in which the undergrﬁund 8pCSitIry Weull
be constructed. IZ£ any 2f this water cctuld rsach the emg - -aced waste, It
might dissolve radicnuclides and carry them - sslution tihrsugh the unsatu-
rated rock pelow the repositozry to the saf atnd rock that underlies the un-
saturated zone. After reaching saturated rock (Figure 82.0-1), the water
scins the much larger, horizontal f£low there. Radionuclides that are carzied
by the water could therefcre be transported by the flow in the sa.u:a;ec zone
and meve toward the accessible envizonment.

Y“'
g

s
-
~

Tc reach the emplaced waste, the water would have t¢ penetrats the
engineered-barrier system. For the purpeses of defining the top-level strat-
egy, the major elements of this system are the container and the wasts Izrw

’
ide zhe ccntainer. There would also be an air gap between the zontainsr

ins
and the wall ¢f the borehole in which the container would be emplaced.

This sa2gquence ¢f events--downward water movement, water penstrailin Int:
<he enginee:eﬂ-oar:;er system, downward transport of radionuclides t: saz-
urazed rsck, and horizontal transport--provides a way by which radicnucliides

- ~ ’

could move from the Yucca Mountain repesitory to the accessible snvizoament.
Acccriing to the available evidence, the percolation flux at and beicw the
repositsry horizon is very low. Furthermore, it appears that the percolaticn
of water through the unsaturated rock units at this depth is primarily in i
rock matrix rather than through fractures. If the water is retained withi:n
the rack matrix, as it appears to be, the water would not be expected <o mcvs
from the rock across the air gap to the waste container: the water would,
therefore, not be expected to reach the waste. Furthermore, the resulzs I
preliminary studies have suggested tiat the gquantity of moving water is sC
small that any corrosion of the dispcsal ccntainer and dissolution of radic-
auclides would be limited even if ths water could cross the air gap. The
evidence also suggests that the mcvement cf water in the rock matrix is very
slow and that, therefore, the transpcr: of any radionuclides dissolved in
this water downward through the un »saturated rocks below the repository would
be very slcw. An additional charactaristic of the unsaturated rock and the
water 1s their geochemistry, which will determine the radionuclide dissciu-
tion and the retardation of radicnucl:Ze transport.

2
2

Therefore, the elements of the svs:izm ¢
the site characterization program t¢ zvzluzts
general chjective are

hat the DOE will investigate in
the system with respect <2 ths
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o The unsaturated rock units.
o The saturated rock that lies below the unsaturated rock.
o The engineered-barrier system.

Concentrating on the characteristics of only one of these features, such
as the slow movement of water through the unsaturated rocks below the repos-
itory, could reduce the cost of the site characterization program. The DOE
has decided, however, that it is prudent to consider initially the character-
istics of all three of these features. Future evidence may show, for exam-
ple, that the current estimates of ground-water travel time are too long. If
so, the DOE’s strategy may need to focus on the other features. Chocsing all
of these features is a way of dealing with the uncertainties in each of them:
it ensures that the site characterization activities, guided by the stratecy,
will collect the data needed to evaluate the site with respect to the general
objective. Analyses conducted during site characterizaticn may indicate that
other features may need to be considered as well. Conversely, infcormation
obtained during site characterization may show that fewer features need %o be
taken into account. In either case, the top-level strateqy can be revised
appropriately.

One further sequence of events might contribute to a release under the
current conditions at Yucca Mountain. If the waste containers were breached,
radionuclides that exist in the waste in gaseous form might move upward
through the air spaces in the unsaturated rock above the repository. They
might then reach the accessible environment at the ground surface above the
repository. The available information is not complete enough to decide de-
finitively whether this sequence is capable of producing significant re-
leases. It 1is not clear, for example, that the waste form can release gas-
ecus radionuclides rapidly enough or in sufficient quantities to be impor-
tant. The DOE will evaluate the potential for gaseous release to determine
the significance of this mode of release. The elements of the system that
may affect gaseous releases at the site are the unsaturated rock above the
repository and the engineered-barrier system. The current evidence is not
sufficzent to indicate if the unsaturated rock would be effective. The
available evidence does suggest, however, that the waste form is likely to
allow only negligible amounts of volatile radionuclides to escape. The top-
level strategy, therefore, focuses primarily on the ability of the engi-
neered-barrier system to limit the rate of release of gaseous radionuclides.

General obiective for performance of the engineered-barrier system

The general objective for the engineered-barrier system is to limit
release of radionuclides to the natural barriers. In the top-level strategy,
the DOE has chosen to focus on three particular components to evaluate the
performance of the engineered-barrier system.

o The air gap between the container and the host rock.
o0 The container.
© The waste form.

The container is expected to provide the principal barrier to the re-
lease of radionuclides from the engineered-barrier system. This barrier will
be designed to provide substantially complete containment of the wastes
during the early period when the heat and radiaticn emitted by the waste are

8.0-7
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at their peak. The limited availability of water in the unsaturated zone is
expected to contribute to the ability of the container to limit the release
of radionuclides te the natural barriers. In addition, the container mate-
rials will be chosen to be compatible with the geochemistry of the water in
order to limit degradation of the containers in contact with any water.

The air gap between the container and the host rock is expected to in-
crease the ability to limit the release of radionuclides. That is, because
the percolation flux is expected to be low and because the water is expected
tc be retained in the rock matrix, little water would be available to leave
the rock and cross this air gap. Therefore, the amount of water available tc
contact the waste packages is expected to be even less than the small amount
in the host rock.

The waste form is chosen as an additional barrier to limit the rate cf
radionuclide release from the engineered-barrier system. Because of the low
probabilicy of early container failure and because of the small gquantities of
water available for waste-form dissclution and the leaching of radionuclides,
the spent fuel or glass matrix is expected to limit the rate of release.

General obiective for the perfcrmance of the natural barriers

As explained above, one natural barrier within the geologic setting that
can ceontribute to the isolation of the waste and to the overall system per-
formance is the long ground-water travel time to the accessible environment.
The DOE has chosen to focus on two barriers to determine the ground-water
travel time:

© The unsaturated rock units below the repository.
o] The saturated rock below the unsaturated rock.

The current evidence suggests that the travel time from the repository
through the unsaturated units to the saturated zone is longer than
10,000 yzr. Furthermore, many of the radionuclides important for waste
isolation will have an even longer travel time than the ground water because
of geochemical and mechanical retardation processes. Therefore, these units
are expected to provide an effective barrier to radionuclide transport. Ac-
cording to the available evidence, the saturated rock units can add at least
a few hundred years and possibly a few thousand years to the total time that
radionuclides would take to move to the accessible environment.

General objectives for the design of the disposal system

The general design objectives to ensure safe operation without compro-
mising the ability to meet the other general objectives have a number of
implications for the site characterization program. In particular, the
surface and underground facilities must be designed to withstand potential
ground motion or surface rupture at the site. The available evidence sug-
gests that the design can accommodate the range of seismic activity expected
at the site. Information regarding the expected frequency and magnitude of
earthquake-related activity at the site will be needed to support the
detailed design.

8.0-8
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The design of the repository system must also address radiation protec-
tion of the surface and underground facilities. It is expected that standard
techniques will be adequate to assess preclosure radiation safety. Although
these assessments will not rely heavily on features of the site, some inves-
tigations will be conducted to support them.

Priorities for the site characterization program

Priorities for the testing program can be inferred from the choices made
for the top-level strategy, that is, the elements identified and the expected
role of these elements with regard to the general objectives suggest the pri-
orities for the investigations in the site characterization program. The
top-level strategy to address these objectives at the Yucca Mountain site
leads to the following areas of emphasis:

o] Unsaturated-zone flow characteristics.

© Site characteristics (e.g., geochemistry) affecting performance of
the container and the waste fcrm and transport of the radionuclides
in the unsaturated zone and the geohydrclogic characteristics of the
saturated rocks that underiie the unsaturated zone.

0 Unlikely processes or events that disturb site characteristics.

0 Preclesure radiation safety and the effects of seismicity on the
surface and underground facilities. '

The top-level strategy focuses strongly on the investigations of the
characteristics of the flow in the unsaturated zone, relying heavily on the
current view that the percolation flux is low and that the water in the
unsaturated zone is tightly confined within the rock matrix. 1If these con-
cepts can be confirmed, then the general objective for the system and for the
postclesure performance of the engineered and natural barriers are very
likely to be met. Therefore, the investigations of these concepts have the
highest priority in the program. As part of these investigations, the pro-
gram will address alternative concepts including flow in fractures, lateral
movement of water at rock interfaces in the unsaturated zone, and the effect
on the flow of structural features such as faults. The ability of the
unsaturated rock to hold water and limit contact of water with the waste
packages will also be investigated.

Because of uncertainties in these concepts and to add confidence that
the general objective will be met, other site characteristics will also be
investigated. The top-level strategy also places emphasis on other charac-
teristics of the site as discussed above. Therefore, at a somewhat lower
level of priority, the program will give attention to the geochemistry and
other characteristics of the unsaturated rocks that may affect the perform-
ance of che waste packages and the transport of radionuclides in the unsatur-
ated rocks and the geohydrology of the saturated rocks deep below the site.

The design of the repository system must address preclosure concerns

such as the effect of seismic activity. Accerdingly, an extensive program to
investigate seismicity affecting the site is planned. This program will

8.0-9
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evaluate the probability and magnitude of ground motion and potential surface
rupture at the Yucca Mountain site.

The site characterization program must also address those processes and
events that might occur in the future and disrupt the site characteristics
important to waste isolation. For example, the possibilities for extreme
climatic changes or faulting will be investigated to evaluate effects on
percolation, local flux, and the altitude of the water table in relation to
the repository horizon. The probability of occurrence and the potential
effects of volcanism on the characteristics of the site will also be
investigated. The following is a general list of the disruptive processes
and events that present data suggest are sufficiently credible to warrant
consideration:

1. Extreme climate change.

2. Stream erosion.

3. Faulting and seismicity.

4. Magmatic intrusion.

5. Extrusive magmatic activity.

6. Extensive irrigation.

7. Intenticnal ground-water withdrawal.
8. Exploratory drilling.

9. Resource mining.
10. Climate control.
11. Surface flooding and impoundments.

12. Regional changes in tectonic regime.
13. Folding, uplift, and subsidence.

This description of the general priorities that the top-level strategy
leads to serves primarily as a brocad introduction to the detailed discussions
in Sections 8.1. through 8.4. Readers who wish to understand fully the
planned investigations and the reasons for them must consult those sections,
which provide complete strategies, derive investigation plans from the
strategies, and explain the investigations in detail.
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8.1 RATIONALE FOR THE SITE CHARACTERIZATION PROGRAM

The site characterization program and Chapter 8 follow two organizing
principles. The first is the issues hierarchy, which states the gquestions
the DOE feels must be resolved about the performance ¢f the mined geologic
dispcsal system (i.e., the waste package, the engineered repositcry, and the
natural system at the site) to demonstrate compliance with the applicable
Federal regulations. The second principle is a general procedure, or
"strateqy," fcr determining how those issues are to be resolived. This gen-
eral strategy can be used tc develop a specific strategy for the resolution
of each issue. One step in the application of the specific strategies re-
sults in the identification ¢f the site information needed to support the
resolution of the issues. An understanding of these principles is helpful in
following the discussions in the rest cf this deccument; this sectizn there-
fore discusses them briefly.

8.1.1 THE ISSUES-BASED APPROACH TC PLANNING SITE CHARACTERIZATION

The issues hierarchy states questions about the performance of the dis~
posal system and identifies the information that must be known before a site
can be selected and licensed. It is based on the issues-hierarchy concept
presented in the Mission Plan (DOE, 1985b). The discussion that follows
explains the derivation, structure, scope, and cbjectives of the issues
hierarchy. More information can be found in the Issues Eierarchv for a Mined
Geologic Disposal System (DOE, 1986d).

8.1.1.1 Derivation, structure, and scope

The issues hierarchy is a three-tiered framework consisting of key
issues, issues, and information needs. On the f£irst, or highest, tier there
are four key issues, which embody the principal requirements established by
the regulations governing geologic disposal. Each of the key issues is fol-
lowed, in the second tier, by a group of several issues that expand on the
requirements stated in the key issue they represent. The third tier consists
of still more detailed sets of information called the "information needs"--
one set for each issue. This framework provides a convenient means for
distinguishing broad questions of overall performance and suitability (key
issues) from more specific questions about the characteristics of the site,
the design of the repository and the waste package, and the performance of
the total geologic disposal system. It also distinguishes the key issues and
issues from requirements for the basic information needed to resolve the
issues.

The issues hierarchy, then, defines issues that must be resolved to
demonstrate compliance with key regulatory requirements. Other, detailed
requirements that the disposal sys:iam must satisfy, such as functional
requirements, are included in the specifications given in the Generic
Requirements for a Mined Geolocic Lispcsal System (DOE, 1986¢), the Waste
Management System Requirements and Jascriptions (DOE, 1986£f), and in the

requirements document that will be :ssued for a repository at the Yucca
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Mountain site. As the definition of requirements progresses, the require-
ments and the issues hierarchy will be compared and correlated to ensure
consistency and completeness in each. The role of the system requirements
and descriptions in the issue resclution strategy is described in Sec-
tion 8.1.2.

The infodrmation needs supporting the key issues and issues have been
developed. The entire issues hierarchy for the Yucca Mountain site is
presented in Section 8.2.1.1. Although care has been taken to ensure that
this issues hierarchy contains a comprehensive list of siting and licensing
issues, it will be revised as necessary during site characterization to en-
compass any additional issues that may arise.

Kev issues

The key issues embody the principal requirements established by the reg-
ulations governing repositories and have been adopted nearly verbatim from
the key issues in the Mission Plan. They are stated as questions that must
be answered affirmatively if a site is to be selected for development,
licensing. The key issues are derived from the four system guidelines of the
DOE siting guidelines promulgated in 10 CFR Part 960 and are, therefore,
concerned with (1) the performance of the repository system after closure;

(2) radiological safety before clcsure: (3) the environmental, sociceconomic,
and transportation impacts of the repository: and (4) the ease and cost of
repository siting, construction, operation, and closure.

Key Issue 1 (postclosure performance) is derived directly from the post-
closure system guideline (10 CFR 960.4-1), which defines the general long-
term performance requirements for the disposal system as a whole. These per-
formance requirements reflect the general objectives of protecting the healch
and safety of the public and the quality of the environment; they are based
specifically on the standards promulgated by the Environmental Protection
Agency (EPA) in Subpart B of 40 CFR Part 191, and adopted by the Nuclear
Regulatory Commission (NRC) of 10 CFR Part 60.

Key Issue 2 (preclosure radiological safety) is derived from the pre-
closure system guideline (10 CFR 960.5~1(a)(l)). It requires compliance with
the applicable requirements of the EPA standards in Subpart A of 40 CFR Part
191, and the NRC criteria in 10 CFR Part 60 and 10 CFR Part 20. Because com-
pliance with these regulatory requirements depends mainly on the design and
operating procedures of the repository rather than on the geologic character-
istics of the site, not all aspects of Key Issue 2 are directly addressed in
the site characterization plan (SCP). Little information from the site char-
acterization program is required for the resolution of Key Issue 2. Instead
most of the information needed to resolve this issue will be obtained from
design studies for the repository and the waste package and from studies con-
ducted concurrently with site characterization. (Plans for such studies will
be presented in an environmental program plan and a repository design plan
for the Yucca Mountain site.)

Key Issue 3, which is concerned with the environmental, socioeconcmic,
and transportation impacts associated with a repository, is derived from the
preclosure system guideline (10 CFR 960.5-1(a) (2)). The resclution of this
issue does not directly depend on information from site characterization
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activities and, therefore, this key issue is not addressed in the SCP. The
information needed to resclve this issue will be collected during the envi-
ronmental and sociceconomic investigations performed concurrently with site
characterization. Plans for these studies will be presented in environmental
and sociceconomic program plans, prepared concurrently with the SCP.

Key Issue 4 (the ease and cost of repository siting, construction, oper-
ation, and closure) is derived from the preclosure system guideline (10 CFR
960.5=1(¢a) (3)). The requirements of this issue are derived from those of the
referenced preclosure system guideline, which requires that the technical
feasibility and cost of repository siting, construction, operation, and
closure be evaluated in light of the site characteristics and related design
requirements. The resolution of this issue depends in part on site
conditions and in part on information that can be developed independently of
the description of site conditions. Plans to acquire this independent infor-
mation will be presented in a repository-design plan; these plans are not

resented in this SCP, because the activities they describe do not fall
within the definition of site characterization in the Nuclear Waste Policy
Act (NWPA, 1983).

Matrices that correlate each issue with specific regulatory regquirements
are presented in Section 8.2.1.2, which also discusses the relationship of
the issues hierarchy to other sets of issues--for example, those proposed by
the NRC in the draft issue-oriented site technical positions.

Issues

The issues defined for each key issue are also stated as questions
(Section 8.2.1.1). When each group of issues was constructed, an effort was
made to include in the group all the questions that must be answered to re-
solve the key issue. Taken together, the issues, therefore, provide a con-
ceptual strategy for resolving each key issue. The issues defined for each
key issue are identical in overall scope to the issues in the Mission Plan,
but the structure and the wording are different. The issues are derived, in
part, from the DOE siting guidelines of 10 CFR Part 960, from the NRC per-
formance objectives and design criteria of 10 CFR Part 60, and from the EPA
requirements of 40 CFR Part 191,

To accommodate the structure and the intent of the regulations in 10 CFR
Part 60 and 10 CFR Part 960, the issues are divided into performance issues
and design issues. The NRC criteria in 10 CFR Part 60 ;learly make a dis-
tinction between performance objectives and design criteria; though obviously
related, performance objectives and design criteria have different purposes
and must be addressed from different perspectives.

The performance issues generally address questions about compliance with
regulatory requirements for the performance of the disposal system. They are
generally related directly to the highest level of regulatory requirements to
be satisfied. For example, there are performance issues that correspond to
each of the postclosure performance objectives stated in 10 CFR 60.113.

There are also performance issues that correspond to the requirement to make
higher-level findings for the postclosure guidelines and for each set of
preclosure guidelines in 10 CFR Part 960.

[o o]
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The design issues address questions about the design of the repository,
the shaft and borehole seals, and the waste package. They address the design
~criteria specified in 10 CFR 60.130 through 60.135, the design-related con-
siderations of preciosure guideline 10 CFR 960.5-1(a) (3), and information
required to support the resolution of performance issues.

The resolution of both the perfcrmance and the design issues requires
information about the site, and to provide this information the site program
described in Sectiosn 8.3.1 has been developed. This program will evaluate
the site characteristics, processes, and events that may affect the design
and the performance ¢f the waste package and the repository; the results will
provide the detailed site information that will be used to develop site
descriptions and to support the resolution of design and performance issues,
including the demonstration of compliance with the siting guidelines. The
site program is organized by technical discipline (e.g., gechydrology, geo-
chemistry, and rock characteristics), and it provides a means of controliing
and integrating the investigations in each technical discipline. .

The relationship among the two categories of issues and the site program
can be summarized as follows: the performance and the design issues estab-
lish requirements and priorities fcr the site program, while the site program
produces data for the analyses needed to address design and performance
issues. An investigation or other type of activity in the site program will
take place only if it is necessary to provide information needed to resclve a
design or a performance issue. '

Information needs

On the third tier of the issues hierarchy is a set of statements called
"information needs."™ Unlike the key issues and issues, the information needs
are stated as requirements for technical information rather than as ques-
tions. In developing the information needs, an attempt was made to list the
categories of information needed for resolving the issues. 1In principle,
then, acquiring all the information called for at the third tier of the hier-
archy will allow all the issues to be resolved through analyses and evalua-
tions that use the information. If the issues are resolved affirmatively,
the key issues will also have been resolved.

Site-specific information needs for the Yucca Mountain site have been
identified and are listed in Section 8.2.1.1.

8.1.1.2 Applicaticn in the site characterization plan

The issues hierarchy, which is presented in Section 8.2.1.1, is useful
in the SCP because it is a framework for developing the site characterization
program described in Section 8.3 and for explaining why the proposed program
is adequate and necessary. In simple terms, the site characterization pro-
gram will be adequate if it addresses all the information needs in the third
tier of the issues hierarchy. And the necessity for any particular planned
study can be established by determining its role in supplying an information
need. For these reasons, the issues hierarchy in Section 8.2.1.1 is used as
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an organizing principle for many parts of the SCP. In particular, Sec-
tion 8.3, which describes the characterization program, is organized around
the investigations and studies that are required to satisfy the information
needs in the issues hierarchy. The defining of these issues was itself a
part of the issues~-based apprcach to site characterization described in this
section and the issue resolution strategy described in the next section.

8.1.2 ISSUZ RESCLUTION STRATEGY

To resolve the issues in the issues hierarchy, the DOE has adopted a
general "issue resclution strategy"™ that guides the development of specific
plans for resolving each issue. This general strategy is a procedure ccn-
sisting of four distinct processes: issue identification, performance
allocation, data collection and analysis, and issue resolution documentation.
The steps in these processes are outlined in Figure 8.1-1. The first two
processes, applied separately to each issue, lead to the identification of
the information necessary to resolve the issue and the development of plans
for acquiring that information. The reasoning used in carrying out those two
processes is, then, the basis for the rationale for the particular site char-
acterization activities that are intended to resolve the issue. The ra-
ticnale and the plans for these activities are described in Sections 8.2 and
8.3. An understanding of the general issue resolution strategy is important
for understanding these four steps and the site characterization program
presented in Section §.3.

8.1.2.1 Issue identification

The first process in the issue resolution strategy, labeled "issue
identification®” in Figure 8.1-1, consists of three steps. Two of these steps
(1 and 2) are the development of the issues hierarchy itself. Step 1
identifies the regulatory requirements; from them the issues are derived
(step 2), as explained in Section 8.1.1. The plans for resolution of each
issue will be affected by the current understanding of the site. Therefore,
a step (step la) is needed to describe to the extent to which it is known.
In this step conceptual models and working hypotheses for the site are
identified and preliminary designs for these concepts are specified. This
description for a repository system at the Yucca Mountain site will be
presented in site-specific requirements and system-description documents.

8.1.2.2 Performance allocation

The second process in the strategy, called "performance allocation,*
consists of the steps that provide the rationale for the establishment of
particular site characterization activities. 1In the issue resolution strat-
egy the term "performance allocation® refers only to the four steps, steps 3
through 6, shown in Figure 8.1-1. Applied separately to each issue in the
hierarchy, this process produces the principal guidance for planning the
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activities needed to resolve the issue. The performance-allocation concept
was developed in open meetings between the DOE and the NRC and documented in
the minutes of those meetings.

Licensing strateqy

For each issue, the first step in performance allocation (step 3 in
Figure 8.1~1) is the adoption of a "licensing strategy.” This step uses
available information to develop, for planning purposes, a statement c¢f the
site features, engineered features, conceptual models, and analyses that the
DOE expects to be important in resolving the issue. The statement is called
a licensing strategy because the combined statements developed in step 3 for
all the issues are the basis for the current DOE plans to show compliance
with regulatory requirements. Eventually, information developed frcm the
current plans is intended to support the recommendation of a site for devel-
opment and the demonstration of ccmpliance with NRC requirements for the

onstruction, operation, closure, and decommissioning of a repository.

In this document, the licensing strategy is necessarily preliminary
because site characterization is only beginning. But the strategy is devel-
oped well enough to guide the preparation of the plans for tests and analyses
and to make clear what activities are considered to be necessary and whether
they will be sufficient to resolve the issue. As site characterization
proceeds and additional information becomes available, the licensing strategy
may be revised. 1In fact, the licensing strategies described in this document
are likely to change before the submission of the license application to the
NRC; for the purposes of this SCP, they are simply the basis for initial
planning.

For guiding the development of the SCP, the principal product of step 3
is a statement of the disposal-system components on which the DOE currently
intends to rely in resolving the issue; if these components perform as the
licensing strategy indicates they are expected to perform, the issue is
iikely to be resolved. The statement may also identify, for each of the
components, specific features or characteristics that the DOE expects will
contribute to the performance of the component and, hence, to the resolution
of the issue. The performance and design issues provide the statement of
disposal-system components for use in later steps as a basis for deciding
what specific information is needed for resolving the issue.

Perfcrmance measures and tentative goals

Step 4 carries the strategy further by establishing "performance meas-
ures® for each of the components identified in step 3. A performance measure
is a physical quantity that describes the performance of the component. The
measure may be a directly measurable quantity, or it may be a quantity de-
rived from other, more directly measurable quantities.

For each performance measure, step 4 establishes a tentative "“goal."
The word "goal®™ is enclosed within quotation marks in Figure 8.1-1 to show
that it has a special meaning in performance allocation. The tentative goal
is not a target that the performance measure must attain if the repository is
to perform properly, and therefcre it does not have to be met. Instead, it
is simply a guide for the development of a testing program--a guide that

8.1-7
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states the licensing strategy quantitatively and can be changed or discarded
once the testing program has been established. In assigning goals to the
performance measures, the DOE will specify values that are consistent with
the licensing strategy for the issue. If the tests and analyses can demon-
strate that a goal is attained, the licensing strategy for the issue will be
satisfied, and the issue will likely be resolved. The goals are, therefore,
guides for deciding, in the later steps of performance allocation, what
information must be provided by the testing program. Whenever a goal is
identified, the reasoning that led to its selection is also presented.

As a further guide for testing, step 4 accompanies each tentative goal
with an "indication of confidence," a statement that further clarifies the
role of the component in the licensing strategy. The indication of confi-
dence expresses, as guantitatively as possible, the confidence with which the
licensing strategy desires the testing program to show that the goal has been
attained.

For some goals, it is pcssible to use statistically rigorous numerical

tative expression is now pcssible. When qualitative indicators are assigned,
they are accompanied by further explanation of their intended meaning.

Because they depend on a licensing strategy that is preliminary, the
goals and indications of confidence are also preliminary. As site charac-
terization progresses and more information is acquired, these goals and
indicators will probably be changed to guide continued testing toward the
collection of the needed information.

Information needs

The performance allocation process now proceeds to develop specific
requirements for future work. Step 5 identifies "information needs," which
state, for each issue, the categories or types of information needed to
resolve the issue., The information needs identified for the Yucca Mountain
site are listed in Section 8.2. Section 8.3 explains how these information
needs were derived from the licensing strategy developed earlier in the per-
formance allocation process.

Part of the development of an information need is the identification of
the "parameters” needed to evaluate the performance measures. As already
mentioned, many performance measures (e.g., the time of ground-water travel
through a particular geohydrologic unit) are not directly measurable gquanti-
ties. Often, however, they can be expressed by an equation in which quanti-
ties that can be measured more directly appear as parameters (e.g., hydraulic
conductivity). Step 5 furthers the development of plans for testing by list-
ing these parameters. Sometimes the performance measures cannot be expressed
simply as an equation containing associated parameters; then in step 5, by an
extension of the notion of mathematical parameters, lists are made of what-
ever gquantities must be measured to demonstrate that the goal associated with
the performance measure has been met. The performance allocations reported
in later sections of this chapter call these quantities, as well as the quan-
tities derived from rigcrous equations, "parameters." Parameters derived for
the resolution of design issues are usually called "“design parameters®; those
for performance issues are "performance parameters."

8.1-8
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In step 5 a tentative goal is assigned to each parameter. Like the
goals for performance measures, these goals are not values that must be
achieved by the disposal system. They are simply quantitative statements
about the values that the licensing strategy expects to use for the param-
eters in showing that the issue has been resolved. Frequently, the goals are
expressed as inequalities because the licensing strategy may require only
that the value of a parameter be shown to lie within a stated range or to be
greater or smaller than some stated value.

If the results of site characterization can successfully demonstrate
that the tentative goal has been met, the DOE plans for getting a license
will be fulfilled as far as that parameter’s contribution to the associated
performance measure is concerned. The demonstration will not, of course,
guarantee a successful license application because many other parameters will
enter the calculations in support of the license. Moreover, failure to meet
the goal would not be reason to suspect that the license application will be
unsuccessful because the goals are not values that, by themselves, are essen-
tial to the performance of a dispcosal system. The reason for setting the
goals is simply to guide the specification of tests in the characterization
program--to tell quantitatively what information will lead to the resolution
of the performance and the design issues.

As a further guide to the detailed specification of tests, step S also
specifies two indications of confidence for the goal assigned to each param-
eter. Like the indicators for goals for performance measures, these indica-
tors are not numerically rigorous but are expressed in qualitative terms:
high, medium, and low.

The first of these two indications, called "needed confidence™ in the
performance allocation tables in this chapter of the SCP, answers the fol-
lowing gquestion: When the DOE presents its license application, how confi-
dent must it be that the goal has been met? In other words, what confidence
does the licensing strategy require for the demonstration that the goal has
been met? In assigning the indicators of needed confidence, the DOE is
guided primarily by two considerations:

1. Importance. How important to the licensing strategy is the asso-
ciated goal? Usually the goal is so important that a value of "high"
is assigned to the needed confidence. When the goal is a request for
information that is not crucial to the license application, an as-
signment of low or medium confidence is usually appropriate.

2. Sensitivity of the parameter associated with the goal. In addition
to considering the importance of a goal, the DOE may examine the sen-
sitivity with which the associated parameter contributes to perform-
ance measures and other parameters. If a performance measure or
another parameter is highly sensitive to the likely or expected vari-
ations in the parameter for which a goal is assigned, the needed con-
fidence may be higher than it would be for a parameter whose varia-
tions make little difference.

The second indication of confidence, called "current confidence® in the
performance allocation tables, answers the following question: If the DOE were
to present its license application today and could use only currently availa-
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ble data in the presentation, how confident would it feel that the associated
goal has been met? In assigning the indicators of current confidence, the DCE
is guided by considering the amount and the quality of the available data and
the uncertainties in any models used to interpret those data.

Testing strateqy

Step 6 in Figure 8.1-1 uses the information needs, expressed in the terms
adopted during step 5, to define the work that will produce the needed infor-
mation. The parameters derived in step 5 are usually not directly measurable
quantities, but must be derived from other quantities that can be measured
through testing. For example, hydraulic conductivity, mentioned previously as
a possible parameter for calculations of ground-water travel time, is not
directly measurable in a field test. Step 6, then, identifies additional,
more directly measurable, quantities that can contribute to determining values
for the performance and design parameters derived in step 5. These additional
quantities are generally called "characterization parameters.”™ Some of the
SCP sections describing the site program also use other kinds of parameters,
called by different names, in explaining how characterization parameters are
being developed.

Step 6 also defines a "testing basis," whose purpose is to give further
information about the way in which the characterization parameters need to be
measured. Some of the testing bases appearing in the later sections of this
chapter describe the accuracy with which the associated characterization
parameters need to be measured; some describe the confidence that the measure-
ments should produce for licensing. As the later sections explain, the par-
ticular descriptions of a testing basis are tailored to the parameters they
explain and to the development status of those parameters.

The parameters, confidences, and testing bases are the foundation for the
strategy detailed in Section 8.3 in the descriptions of the planned site char-
acterization work. That section describes the planned tests; it identifies
the experimental variables and the parameters (from steps 5 and 6) that the
tests will measure. It also describes plans for developing the needed analyt-
ical models and design information.

Conceptual model uncertainties

The performance allocation approach relies heavily on the current
conceptual models of the site to set the licensing strategies, to identify
performance measures, to set tentative performance goals and indications of
confidence, and to identify information needs. Therefore, it is also im-
portant that the site characterization program address the uncertainties in
these conceptual models. The investigations to test the conceptual models
that have significant uncertainties are described in the characterization
programs in Section 8.3. Detailed tables are presented in the discussion of
these programs that identify the conceptual models of concern, the uncertain-
ties in these conceptual models, the significance of these uncertainties rela-
tive to the resolution of the performance and design issues, alternative hypc-
theses consistent with existing data, and the planned activities to address
the uncertainties.

8.1-10
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8§.1.2.3 Data collection and analvsis

The data collection and analysis process of the issue resolution strategy
will continue after issuance of the SCP. The steps in this process are to
conduct the investigations dictated by the testing strategies in the SCP, to
analyze the results of these investigations, and to check that the information
obtained satisfies the information needs in these strategies. These are
steps 7, 8, and 9 of the issue resolution strategy of Figure 8.1-1.

The review establishing whether the information needs are satisfied
(step 9) involves a comparison of the data with the goals established in the
testing strategy and an evaluation of the usefulness of additional testing.
Therefore, this review provides the technical information for the decision to
continue or terminate testing.

The process associated with the determination if the data are sufficient
is suggested in the logic diagram shown in Figure 8.1-2. The three steps of
this process (steps 7, 8, and 9) are also noted in this diagram.

Two fundamental premises should be mentioned before the steps in the pro-
cess are discussed. First, a full performance assessment cannot be conducted
after each study to determine if the information obtained is sufficient to
resolve issues. The site characterization program is extremely complex and
comprehensive. While many of the critical elements needed for the full per-
formance assessments will be completed early, others that will be needed will
not be completed until much later, and some not until the end of site charac-
terization. To wait until the complete set of information is available to
evaluate the testing is not prudent. Therefore, elements of this program will
be evaluated individually with respect to adequacy of the information obtained
without resorting to full performance assessments. Part of this evaluation
will involve some analysis. The extent of such analysis is discussed below.

The second premise behind the data collection process is that the inves-
tigations specified in the SCP define all the testing needed to confimm the
conceptual models and hypotheses serving as the basis for the current licens-
ing strategies. That is, if all of these models and hypotheses are indeed
confirmed, the testing dictated in the testing strategies should be sufficient
to resolve all the performance and design issues. However, it is not likely
that all of these hypotheses, most of which are based on preliminary informa-
tion, will be confirmed. Therefore, it is expected that some of the concep-
tual models for the site will be modified as a result of the site characteri-
zation, and that the strategies may need to change. Accordingly, analysis of
the results of the testing will be conducted as the testing proceeds to
determine if the investigations set forth in the SCP need to be completed or
if the testing strategies need to be modified.

Therefore, the first steps in the process are to initiate the studies
under the various investigations (step 7) and to conduct analyses as the data
become available (steps 8a and 8b). For the purpose of deciding if the data
are sufficient, the principal result of these analyses is an estimate of the
confidence that the particular parameter goals specified for the study are
met. This estimate will depend not only upon the uncertainties in those
carameters, tut also the uncertainties in <he models and hypotheses upon which
the parameters are based, and these uncertainties must be taken into account
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in making the estimates. In some cases, the estimates may be quantitative;
but in many cases judgment, supported with appropriate documentation, will be
the principal basis for the estimates. All reviews and documentation will be
performed in accordance with established quality assurance procedures as
described in Section 8.6.

The current confidence in the parameter goals will be compared with the
needed confidences expressed in the SCP and the semiannual progress report
(step 9a). Because the needed confidences are qualitative and subjective in
many cases, this comparison will also require judgment and technical review.
If it is concluded that the needed confidences are exceeded, the testing can
be terminated.

It may not be possible to ceonclude that the needed confidences have been
achieved, and in most cases, the testing would then continue until the next
review or even until the full set of tests specified in the SCP has been
completed. However, there are conditions under which such testing may be
terminated without increasing the confidence that the parameter goals are met.
One such condition is indicated in step 9b; in this case, information from the
testing program may suggest that additional testing will not increase the
confidence. For example, it may be discovered that site characteristics are
actually much different than originally thought and that there is now a high
confidence that the original goals will not be met. In this case, the testing
associated with this strategy would be terminated and new strategies could be
developed, consistent with the new information. Any new strategies would be
reported in the semiannual progress reports.

Another condition, illustrated in step 9¢ of the logic diagram, is the
case in which information from other studies may suggest that the informaticn
froem the testing being evaluated is less important than originally thought:
that is, the needed confidence is less than originally proposed. In this
case, the testing may also be terminated. Because such a decision will
usually involve judgment, the basis for such a decision will also be techni-
cally reviewed. This review will be conducted both at the technical level and
at the management level of DOE and its contractors. The final review and ac-
ceptance of the need for continuing testing will be reviewed and approved by
DOE program management.

The review of the data collection and analysis process will involve
judgments at three levels of detail: the study level, the investigation
level, and the issue level. The judgments at the study level involve the
technical evaluations of the current confidence that the parameter goals are
met (step 9a of the logic diagram) and the evaluation of whether the current
confidence can be increased by additional testing (step 9b). On the basis of
these technical evaluations, recommendations are made to continue the testing
program or to terminate some of the testing.

There is a level of both technical and management judgment at the inves-
tigation level to ensure that the objectives of the investigations are met and
that the information needs are being satisfied. For example, recommendations
to terminate testing because of the technical considerations at the study
jevel will be reviewed from both a technical and management perspective to
ensure that the investigation objectives are not jeopardized by such an
action. 1In addition, the information from all of the studies is reviewed at
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the investigation level to determine if information from particular studies is
no longer needed and whether those studies should be terminated as a result
(step 9¢ of the logic diagram).

Finally, there is a level of management judgment at the issue level to
ensure that proper steps are being taken for issue resolution. The recommen-
dations made at the study level, which are considered to be consistent with
the objectives of the investigations, and the recommendations made at the in-
vestigation level to extend or curtail any of the testing originally planned
will be reviewed at the issue level by DOE technical management for this pur-
pose. This review will address the adequacy of the information obtained in
the site characterization program with regard to i1ssue resolution and will
consider the cencerns of outside organizations, such as the NRC, in this re=
gard.

8.1.2.4 Issue resolution documentation

The purpose of the issue resclution documentation process of the issue
resolution strategy is to use the information obtained from site characteriza-
tion to determine if there is sufficient data to support successful license
application. This will be accomplished by evaluating the available informa-
tion, developing positions on each of the issues and technical concerns for
the site, providing for independent review of these positions as appropriate,
and by documenting the reviewed positions to finalize them. This section
discusses the approach that the DCE intends to use to carry out these
activities.

The approach that is described here recognizes the fact that some
uncertainties are likely to remain even after site characterization. These
residual uncertainties do not necessarily preclude the reascnable assurance
that is the objective of the site characterization program; indeed, the NRC
itself recognized in its statements of considerations in support of the
reqgulation (NUREG~0804) that such uncertainties would be expected to remain.
Nevertheless, these uncertainties must be addressed in the issue closure
process.

The discussion below describes the approach to addressing these uncer-
tainties through the development of positions that are based upon the designm,
testing, and analysis planned for the site characterization program. The DOE
recognizes that its judgments in developing these positions will be carefully
scrutinized and questioned. The DOE expects to interact with independent re-
viewers, including the NRC, regarding some of these gquestioned items before
formal licensing activities. The role of such review and interactions in the
issue closure process is described below.

The steps of this process ars shown in Figure 8.1-3. These are steps 10
and 11 of the issue resolution strategy of Figure 8.1-1. The first of these
steps (step 10) is to use the information collected during site character-
ization to resolve the issue. This process begins by assembling the available
data (step 10a). Although in many cases, this assembly could occur after all
testing and design associated with a given issue are completed, it may be
appropriate to begin to develop a position on an issue as the informaticn is
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obtained. It may, for example, be found that a position can be taken even
before all the information originally envisioned to be necessary is acquired.
This would be the case if it were found that one barrier were to perform so
well that less information about another barrier would be necessary.

Periodic performance assessments will be conducted to evaluate the per-
formance measures for the issue on the basis of the available information
(step 10b). The full range of uncertainties in these performance measures
will be evaluated (step 10c).  This evaluation will involve sensitivity and
uncertainty analysis of the parameters of the models and analysis of the va-
lidity of the models. Alternative conceptual models will also be evaluated.
In addition, information that is not yet available will be taken into account
in assessing these uncertainties. Then, using the analyses of performance
measures, the confidence that the applicable technical criteria are met will
be evaluated (step 10d). This confidence will depend upon the range of
uncertainties that still exists.

The remaining uncertainties will be addressed in several ways. First,
analyses of alternative designs will be conducted. From such analyses, it may
be learned that one design is superior to others for the resolution of the
issue or that issue resolution is not sensitive to the design options being
considered. In addition, the impacts of the resolution of other issues will
be taken into account; that is, the results of the analyses for all issues
will be used in evaluating the level of confidence that the technical criteria
are met.

The next step (1l0e) is to decide if the current level of confidence that
the technical criteria are met is adequate or not. This determination will be
a judgment based upon the information available and not upon pre-set criteria:
however, the performance goals and needed confidences in those goals for the
performance measures will provide useful guides for the kinds of judgments
that will be made.

The information from these analyses is then used to develop a documented
position on the issue or technical concern in a position paper. The position
papers would then be available for independent review as appropriate. For
those instances where independent reviews have been sought, the DOE will
review the comments resulting from these independent reviews and interact with
the reviewers to account for differences (step 10g). From this evaluation,
the DOE will determine what actions should be taken. For-example, the DOE may
be able to resolve significant differences and determine that it is appro-
priate to move forward with the position. On the other hand, the DOE may
decide that the current level of uncertainty is too large and develop plans to
acquire additional information to reduce this uncertainty. Alternatively, the
DOE may decide to modify the position as a result of the comments.

The next step of the issue resolution strategy (step 11) is to formally
document the issue resolution to support licensing. The resolution of the
issues would be documented in Issue Resolution Reports (IRRs). The positions
on the technical criteria of Subpart E of 10 CFR Part 60 will be documented as
a part of the safety analysis report (SAR) that will be a part of DOE’s
license application. Throughout the issue resolution process, the DOE will be
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soliciting the views of and interacting with outside organizations, such as
the NRC, on selected key topics. As already mentioned, the current version
of the strategies are preliminary and intended simply as a basis for initial
planning.

8.1.2.5 Application of the issue resolution strategy

The entire issue resolution strategy is intended to be iterative. Sec-
tion 8.3 reports the current DOE issue resolution strategies. As explained
previously, the licensing strategy, as well as the tentative goals and the
indications of confidence for the performance measures and related parameters,
may be changed to reflect new information or in response to comments about
plans or test results. If they are changed, the steps that follow in the
issue resolution strategy will also be reexamined and their products revised.
The analyses c¢f the results of the investigations (step 8) may produce new
understandings that require the rethinking of earlier steps. Aany of the steps
may, in fact, lead to revisions of the issue resolution strategy.

The ratiocnale for future changes to the issue resolution strategies
(e.g., revised licensing strategies and performance allocations) will be docu-
mented in the site characterization progress reports, which will also report
the results of site characterization studies. The reviews, interactions, and
reports will continue until the license application is submitted to the NRC.
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8.2 1ISSUES TO BE RESOLVED AND INFORMATION REQUIRED
DURING SITE CHARACTERIZATION

As described in Section 8.1, the concept of the issues hierarchy is cne
of the two themes underlying the site characterization program that has been
developed for the Yucca Mountain site. The key issues, making up the highest
tier in the hierarchy, are the key issues identified in the Mission Plan
(DOE, 1985b). Statements of these issues, which are derived from the four
system guidelines of the DOE general siting guidelines (10 CFR Part 960), are
provided in Table 8.2-1. Key Issue 1 addresses the requirements related to
containment and isolaticn; Key Issue 2 covers protection of the general pub-
lic and workers from radiological exposures; Key Issue 3 addresses the pro-
tection of the quality of the enviromnment: and Key Issue 4 covers the DOE
concerns that the mined geclogic disposal system is cost effective and can be
constructed, operated, closed and decommissioned on the basis of reasonably
available technology. The key issues address the primary NRC postclosure
requirements for containment and isolation, and the preclosure radiolegical
safety requirements.

8.2.1 1ISSUES TO BE RESOLVED

The issues within each key issue in the Office of Geologic Repositories
(OGR) Issues Hierarchy (DOE, 1986d) represent the current DOE understanding
of the gquestions that should be answered in order for the key issue to be
resoclved. Issues are often correlated with the principal NRC requirements
addressing a specific repository design or site feature, and thus final
resoclution of an issue may be confirmed only at the time of licensing. As
described in Section 8.1.2, issue resolution strategies have been developed
for each issue in the issues hierarchy. From these strategies, preliminary
site-specific data needs have been derived and a site characterization pro-
gram has been designed to obtain sufficient data to satisfy the information
requirements. The issues in Key Issue 3 are not included in the SCP, because
the definition of site characterization in the Nuclear Waste Policy Act
(NWPA) excludes socioceconomic, transportation, and environmental studies.
Details of the information requirements for environment-related topics will
be presented in other DOE documents.

Table 8.2~2 lists all performance and design issues associated with Key
Issues 1, 2, and 4, arranged by issue. Site-specific information needs,
relevant to resolution of each issue, are alsc presented in Table §.2-2.
Identification of these information needs is described later in this section.

Figures 8.2-1, 8.2-2, and 8.2-3 display the relationships between the
regulatory regquirements of 10 CFR Part 60, 10 CFR Part 20, 40 CFR 191, Sub-
part A, and 10 CFR Part 960 and the performance and design issues. These
relationships are explained more fully in DOE (1986d).

In parallel with the development of issue resolution strategies for each
of the issues, the physical elements of the repository system were defined.
This system definition is called the Yucca Mountain mined geologic disposal
system (MGDS) (Figure 8.2-4) and serves as a basis for a functional descrip-
tion of the repository. The physical elements of the Yucca Mountain MGDS are

8.2-1
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Table 8.2-1. Statements of the key issues in the Office of Geologic Repositories issues hierarchy

Issue Statement of key issue

Key Issue 1 Will the mined geologic disposal system at Yucca Mountain isolate Lhe radioactive
waste from the accessible environment after closure in accordance with the
requirements set forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR Part 960?

Key Issue 2 Will the projected releases of radioactive materials to restricted and
unrestricted areas and the resulting radiation exposures of the general public
and workers during repository operation, closure and decommissioning at Yucca
Mountain, meet applicable safety requirements set forth in 10 CFR Part 20,

10 CFR Part 60, 10 CFR Part 960, and 40 CFR Part 191?

Key Issue 3 Can the mined geologic disposal system at Yucca Mountain be sited, constructed,
operated, closed, and decommissioned, and can the associated transportation
system be sited, constructed, and operated so that the quality of the environ-
ment will be protected and waste-transportation operations can be conducted
without causing unacceptable risks to public health or safety?

Key Issue 4 Will the construction, operation (including retrieval), closure, and decommission-
ing of the mined geologic disposal system be feasible at Yucca Mountain on the
basis of reasonably available technology, and will the associated costs be
reasonable in accordance with the requirements set forth in 10 CFR Part 960?
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Table 8.2-2,

Site-specific information needs for the Yucca Mountain site (page 1 of 9)

Information

Issues Need No. Statement of information need
KEY ISSUE 1
Performance igsues
Issus 1.1: Will the mined geologic disposal system meet 1.1.1 Site information needed to calculate releases to the
the system performance objective for limiting accessible environment
radionuclide releases to the accessible environment 1.1.2 A set of potentially significant release scenario classes
as required by 10 CFR 60.112 and 40 CFR 191.13? that address all events and processes that may affect the
geologic repository
1.1.3 Calculational models for predicting releases to the
accessible environment attending realizations of the
potentially significant release scenario classes
1.1.4 Determination of the radionuclide releases to the
accessible environment associated with realizations of
potentially significant release scenario classes
1.1.5 Probabilistic estimates of the radionuclide releases to the
accessible environment considering all significant
release scenarios
Issus 1.2: Will the mined geologic disposal system 1.2.1 Determination of doses to the public in the accessible
meet the requirements for limiting individual doses environment through liquid pathways
in the accessible environment as required by 1.2.2 Determination of doses to the public in the accessible
40 CFR 191.157 environment through gaseous pathway
Issue 1.3: Will the mined geologic disposal system meet 1.3.1 Determination whether any Class 1 or special sources of
the requirements for the protection of special sources ground water exist at Yucca Mountain, within the
of ground water as required by 40 CFR 191.16? controlled area, or within 5 km of the controlled area
boundary
1.3.2 Determine for all special sources whether concentrations of

waste products in the ground water during the first 1,000
years after disposal could exceed the limits established
in 40CFR191.16.
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Table 8.2-2. Site-specific information needs for the Yucca Mountain site (page 2 of 9)

Information
Issues Need No.

Statement of information need

KEY ISSUE 1 (continued)

Performance issues (continued)
Issue 1.4: Will the waste package meet the performance 1.4.1
objective for containment as required by 10 CFR 60.113?

Issue 1.5: Will the waste package and repository 1.5.1
engineered barrier systems meet the performance
objective for limiting radionuclide release rates as 1.5.2
required by 10 CFR 60.113? 1.5.3

1.5.%

Waste package design features that affect the performance
of the container

Material properties of the container

Scenarios and models needed to predict the rate of
degradation of the container mater:ial

Estimates of the rates and mechanisms of container
degradation in the repository environment for anticipated
and unanticipated processes and events, and calculation
of the failure rate of the container as a funct.n of
t ime

Determination of whether the requirement for substantially
complete containment of the waste packages is met for
anticipated processes and events

Waste package design features that affect the rate of
radionuclide release

Material properties of the waste form

Scenarios and models needed to predict the rate of radionu-
clide release from the waste package and engineered
barrier system

Determination of the release rates of radionuclides from
the waste package and engineered barrier system for
anticipated and unanticipated events

Determination of the amount of radionuclides leaving the
near-field environment of the waste package
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Table 8.2-2.

Site-specific information needs for the Yucca Mountain site (page 3 of 9)

1ssues

Information
Need No.

Statement of information need

KEY ISSUE 1

Performance issues (continued)

issue 1.6: Will the site meet the performance objective

for pre-waste-emplacement ground-water travel time as
required by 10 CFR 60.113?

Issue 1.7: Will the performance-confirmation program meet
the requirements of 10 CFR 60.137?

Issue 1.8: Can the demonstrations for favorable and
potentially adverse conditions be made as required by
10 CFR 60.122? ‘

Issue 1.9: (a) Can the higher-level findings required by
10 CFR Part 960 be made for the qualifying condition of
the postclosure system guideline and the disqualifying
and qualifying conditions of the technical guidelines for
geohydrology, geochemistry, rock characteristics,
climate changes, erosion, dissolution, tectonics, and
human interference; and (b) can the comparative evalua-
tions required by 10 CFR 960.3-1-5 be made?

1.

1.

1.

1.

1

(continued)

6.1

6.2

6.3

6.4

.6.5

Site information and design concepts necded to identify the
fastest path of likely radionuclide travel and to calcu-
late the ground-water travel time along that path

Calculational models to predict ground-water travel times
between the disturbed zone and the accessible environment

ldentification of the paths of likely radionuclide travel
from the disturbed zone to the accessible environment and
identification of the fastest path

Determination of the pre-waste-emplacement ground-water
travel time along the fastest path of likely radionuclide
travel from the disturbed zone to the accessible
environment

Boundary of the disturbed zone

Information needs to be determined

No additional information needs identified

No information needs identified.
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Table 8.2-2. Site-specific information needs for the Yucca Mountain site (page 4 of 9)

Information
Issues Need No. Statement of information aced

KEY ISSUE 1 (continued)

Design issues

Issue 1.10: Have the characteristics and configurations 1.10.1  Design information needed to comply with cistclosure
of the waste packages been adequately established to criteria from 10 CFR 60.135 (a) for ccrs:deration of
(a) show compliance with the postclosure design criteria the interactions between the waste pacsige and its
of 10 CFR 60.135, and (b) provide information for the environment
resolution of the performance issues? 1.10.2 Reference waste package designs

1.10.3 Reference waste package emplacement conf-jurations
1.10.4 Postemplacement near-field environment

Issue 1.11: Have the characteristics and configurations 1.11.1  Site characterization information needed for design
of the repository and repository engineered barriers 1.11.2 Characteristics of waste package needed far design of the
been adequately established to (a) show compliance with underground facility
the postclosure design criteria of 10 CFR 60.133 and 1.11.3 Design concepts for orientation, geometry, layout, and
(b) provide information for the resolution of the depth of the underground facility to ccntribute to waste
performance issues? containment and isolation, including fiaxibility to

accommodate site-specific conditions

1.11.4 Design constraints to limit water usage and potential
chemical changes o

1.11.5 Design constraints to limit excavation-iniuced changes in
rock mass permeability

1.11.6 Repository thermal loading and predicted thermal and
thermomechanical response of the host rock

1.11.7 Reference postclosure repository design

Issue 1.12: Have the characteristics and configurations 1.12.1 Site, waste package, and underground facility information
of the shaft and borehole seals been adequately needed for design of seals and their placement methods
established to (a) show compliance with the postclosure 1.12.2 Materials and characteristics of seals fcr shafts, drifts,
design criteria of 10 CFR 60.134 and (b) provide infor- and boreholes
mation for the resolution of the performance issues? 1.12.3 Placement method for seals for shafts, drifts, and

boreholes

1.12.4 Reference design of seals for shafts, drifts, and boreholes
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Table 8.2-2.

Site-specific information needs for the Yucca Mountain site (page 5 of 9)

Information
1ssues Need No. Statement of information need
KEY ISSUE 2
Performance issues
iIssue 2.1: During repository operation, closure, and 2.1.1

decommissioning (a) will the expected average radiation
dose received by members of the public within any

highly populated area be less than a small fraction

of the allowable limits and (b) will the expected radia-
tion dose received by any member of the public in an
unrestricted area be less than the allowable limits as
required by 10 CFR 60.111, 40 CFR 191 Subpart A, and

10 CFR Part 20?

Issue 2.2: Can the repository be designed, constructed,
operated, closed, and decommissioned in a manner that
ensures the radiological safety of workers under normal
cperations as required by 10 CFR 60.111 and 10 CFR
Part 20?

Issue 2.3: Can the repository be designed, constructed,
operated, closed, and decommissioned in such a way that
credible accidents do not result in projected radio-
logical exposures of the genersl public at the nearest
boundary of the unrestricted area, or workers in the
restricted area, in excess of applicable limiting
valuea?

2.2.1

2.2.2

2.3.1

2.3.2

Site and design information needed to assess preclosure
radiological safety

Determination of radiation environment in surface and
subsurface facilities due to natural and man-made
radioactivity

Determination that projected worker exposures and exposure
conditions under normal conditions meet applicable
requirements

Determination of credible accident sequences and their
respective frequencies applicable to the repository
Determination of the predicted releases of radioactive
material and projected public and worker exposures
and exposure conditions under accident conditions and

that these meet applicable requirements
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Table 8.2-2. Site-specific information needs for the Yucca Mountain site (page 6 of 9)

Information
Issues Need No. Statement of information need

KEY ISSUE 2 (continued)

Performance issues (continued)

Issue 2.4: Can the repository be designed, constructed, 2.
operated, closed, and decommissioned so that the 2, Determination that access to the waste emplacement bore-
option of waste retrieval will be preserved as holes can be provided throughout the retrievability
required by 10 CFR 60.111? period for normal and credible abnormal conditions

2.4.3 Determination that access to the waste packages can be
provided throughout the retrievability period for normal
and credible abnormal conditions

2.4.4 Determination that the waste can be removed from the
emplacement boreholes for normal and off-normal
conditions

2.4.5 Determination that the waste can be transported to the
surface and delivered to the waste-handling surface
facilities for normal and credible abnormal conditions

2.4.6 Determination that the retrieval requirements set forth in
10 CFR 60.111(b) are met using reasonably available
technolagy

Site and design data required to support retrieval

- e
[ S

Issue 2.5: Can the higher-level findings required by No additional information needs identified
10 CFR Part 960 be made for the qualifying condition of
the preclosurs system guideline and the disqualifying
and qualifying conditions of the, technical guidelines
for population density and distribution, site ownership
and control, meteorology, and offsite installations and
operations?
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Table 8.2-2. Site-specific information needs for the Yucca Mountain site (page 7 of 9)

Issues

Information
Need No.

Statement of information need

KEY ISSUE 2 (continued)

Design issues

Issue 2.6: Have the characteristics and configurations
of the waste packages been adequately established to
{a) show compliance with the preclosure design
criteria of 10 CFR 60.135 and (b) provide informa-
tion for the resolution of the performance issues?

Issue 2.7: Have the characteristics and configurations
of the repository been adequately established to
(a) show compliance with the preclosure design criteria
of 10 CFR 60.130 through 60.133 and (b) provide infor-
mation for the resolution of the performance issues?

A

.4

.5

Design information needed to comply with preclosure
criteria from 10 CFR 60.135(b) for materials, handling,
and identification of waste packages

Design information needed to comply with preclosure
criteria from 10 CFR 60.135(c) for waste forms

Waste acceptance specifications

Determination that the design criteria in 10 CFR 60.131
through 60.133 and any additional appropriate design
objectives pertaining to radiological protection have
been met

Determination that the design criteria in 10 CFR 60.131
through 60.133 and any additional appropriate design
objective pertaining to the design and protection of
structures, systems, and components important to safety
have been met

Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design
objectives pertaining to criticality control have been
met

Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design
objectives pertaining to compliance with mining
requlations have been met

Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design
objectives pertaining to waste treatment have been met
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Table 8.2-2.

Site-specific information needs for the Yucca Mountain site (page 8 of 9)

Information
Issues Need No. Statement of information need
KEY ISSUE 4

Performance issues

Issue 4.1: Can the higher-level findings required by No additional information needs identified
10 CFR Part 960 be made for the qualifying condition of
the preclosure system guideline and the disqualifying
and qualifying conditions of the technical guidelines
for surface characteristics, rock characteristics,
hydrology, and tectonics?

Design 1ssues

Issue 4.2: Are the repository design and operating 4.2.1 Site and performance assessment information needed for
procedures developed to ensure nonradiological design
health and safety of workers adequately established
for the resolution of the performance issues?

Issue 4.3: Are the waste package production technologies 4.3.1 Identification and evaluation of production technologies
adequately established for the resolution of the for fabrication, closure, and inspection of the waste
performance issues? package

Issue 4.4: Are the technologies of repository con- 4.4.1 Site and performance assessment information needed for
struction, operation, closure, and decommissioning design
adequately established to support resolution of 4.4.2 Characteristics and quantities of waste and waste packages
the performance issues? needed for design

4.4.3 Plan for repository operations during construction,
operation, closure, and decommissioning

4.4.4 Repository design requirements for construction, operation,
closure, and decommissioning

4.4.5 Reference preclosure repository design

4.4.6 Development and demonstration of required equipment

4.4.7 Design analyses, including those addressing impacts of

surface conditions, rock characteristics, hydrology, and
tectonic activity
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Table 8.2-2. Site-specific information needs for the Yucca Mountain site (page 9 of 9)

) Information
Issues Need No. Statement of information need

KEY ISSUE 4 (continued)

Design issues (continued)

4.4.8 Identification of technologies for surface facility
construction, operation, closure, and decommissioning
4.4.9 Identification of technologies for underground facility

construction, operation, closure, and decommissioning
4.4.10 Determination that the seals for shafts, drifts, and
boreholes can be emplaced with reasonably available

technology
Issue 4.5: Are the costs of the waste packages and 4.5.1 Estimate the costs of the reference and alternative waste
the repository adequately established for the resolu- packages
tion of the pertormance issues?® 4.5.2 Estimate the costs of the reference and alternative
repository designs
4.5.3 Estimate the life cycle costs of the reference and

alternative total system design

sInformation need does not require site-specific data. _ -
bpesolution of Issue 4.5 is not required as the Yucca Mountain site is the only site under consideration for development as &
repository as designated by the Nuclear Waste Policy Amendments Act of 1987 (NWPAA, 1967).
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the natural site features, engineered features, and institutional features
arranged in a hierarchical format. These elements are the components of the
system that are used as the basis for developing issue resolution strategies.
As shown in Figure 8.2-4, the highest level categorization of the MGDS re-
sults in elements related to either the preclosure or postclosure waste dis-
posal systems. Within the preclosure element, the next level in the hierar-
chy is composed of three elements--site, repository, and waste emplacement
package. At a similar level within the postclosure waste disposal element
are natural barriers, engineered barriers, and institutional barriers.
Further subdivisions of the MGDS are shown in Figure 8.2-4.

As described in Section 8.1.2, the first step in developing an issue
resolution strategy for a performance or design issue is to select the system
element upon which reliance will be placed. As a part of issue resolution,
performance allocation has been used as a means for focusing site character-
ization on acquisition of data that will be most useful in demonstrating that
reliance on a particular element of the MGDS will result in acceptable repos-
itory designs and performance. Sections 8.3.2 through 8.3.5 provide complete
discussions of each issue resolution strategy summarized in this section.

8.2.1.1 Site-specific issues hierarchy

Table 8.2-2 provides the Yucca Mountain Project site-specific¢ informa-
tion needs within the context of the OGR issues hierarchy. Information needs
were developed as convenient categories of data, parameters, and other infor-
mation items necessary to support resolution of performance and design
issues. Information needs include calculational models, descriptions of
processes, and information about conditions and characteristics of the site
and the engineered repository system. Those information needs requiring site
data are described in detail in Sections 8.3.2 through 8.3.5. Site data will
be, in turn, provided by site programs described in Sections 8.3.1.2 through
8.3.1.17.

8.2.1.2 Other issues

The wording of the OGR issues (DOE, 1986d) differs slightly from the
wording of issues in the DOE Mission Plan (DOE, 1985b). A correlation matrix
provided in Figure 8.2-5 shows that all issues in the DOE Mission Plan are
addressed by one or more of the OGR issues.

Although this site characterization plan has been developed and is
organized on the basis of the OGR issues, specific technical concerns related
to site suitability for repository development and repository performance
that have been raised by the public and the NRC have been addressed. The
matrices in Tables 8.2-3 and 8.2-4 provide a correlation to the appropriate
section in this document where specific technical concerns are addressed.

8.2-16
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 1 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY
EA CRD2 3.1.1.3 Hydraulic Impacts of hydraulic 2.2.2 Mechanical Covers fractures,
features features on system properties of dis- joints, and
performance continuities in effects of water
rocks
8.3.1.4.2 Spatial References thermal
distribution of and mechanical pro-
thermal and perties needed for
mechanical other information
properties needs
EA CRD 3.1.1.4 Intention of Technical approach 8.3.5.6, 8.3.5.7, Technical basis
guidelines 8.3.5.18 Technical addressed indi-
basis for DOE vidually for
higher level find- issues throughout
ings issues 1.9, Chapter 8
2.5, 4.1
EA CRD 5.3 Matrix and Proportion of frac- 3.9.2.2.2 Transmis~ Contains existing
fracture tures vs matrix sivity and material on frac-
flow flow unknown hydraulic ture vs matrix flow
conductivity

T "a3d ‘TT00-RD/dWX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 2 of 32)

Source

Specific concern

SCP cross-reference

Content

EA CRD
(cont inued)

EA CRD

ISTP (1)P

EA CRD

EA CRD

Comment
ID

number Major concern

5.4 Basin boundary

1.5 Effects on
ground water

3.1.3.2 Unsaturated
zone
hydrology

4.1.2.2 Ground-water

travel time

(GWTT)

HYDROLOGY (continued)

Effects of climatic
on hydrologic
conditions due to
boundary conditions
of basins

Natural changes
affecting ground-
water flow

Unsaturated zone
data base is
inadequate

Tritium analyses

8.3.1.2.1.3 Char-
acterization of
regional ground-
water flow system

1., .comorphology

8.3.1.5.2.2 Climatic
effects on hydrol-

ogy

3.9 Site hydro-

geologic system

8.3.1.2.2.1 Char-

acterization of
unsaturated zone
infiltration

Activities inciuding
fracture vs matrix
flow

Discusses Great
Basin geology

Studies on the
effects of climate
on hydrologic
characteristics

Includes unsaturated
zone monitoring
and characteristics

Studies include
hydrologic char-
acteristics and
future infiltration

T "ady ‘1T100-WO/dAX

‘T100-RO/JX
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Correlation of site-related technical concerns and site characterization plan (SCP) sections

SCP cross-reference

Content

Table 8.2-3.
where concerns are addressed (page 3 of 32)
Comment
b
Source number Major concern Specific concern
HYDROLOGY ({continued)
EA CRD Determine flux value
(cont inued)
£A CRD 8.3 Perched water Improve data base on
perched water
NRC comment 7 Uniform Uniform infiltration
Final EA° infiltration does not allow for
preferential paths
NRC comment 7 Flux values Adequate evaluation

Final EA of flux values

3.9.4 GWTT in the

unsaturated zone

8.3.1.2.2.3,
8.3.1.2.2.4 Char-
acterization of
percolation in the
unsaturated zone

Contains preliminary

unsaturated zone
travel-time calcu-
lation and basis
for flux estimate

Activities include

drilling (locating
perched water
zones) and testing
any perched water
encountered

8.3.1.2 Geohydrology Contains summary of

3.9.4 GWTT in the
unsaturated zone

‘current hypotheses,
uncertainties, and
alternative
hypotheses

Contains preliminary

unsaturated-zone
travel-time calcu-
lation and basis
for flux estimate

T "a8Y ‘T100-WD/dHX

A% TT00-RD/ DX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 4 of 32)

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

NRC comment

draft EAY

EA CRD

EA CRD

EA CRD

5.1

5.1

5.1

Ground-water
travel time

Saturated and
unsaturated
zone hydrol-

ogy

Ghost Dance
fault

Water table

HYDROLOGY {continued)

Uncertainties, alter-

native models

Further character-
ization of the
saturated and
unsaturated zone
hydrology

Potential for Ghost

Dance fault as a
fluid conduit

Hater table profile

8.3.1.2 Geohydrology

3.6 to 3.8 Hydrology

8.3.1.2 Geohydrology
{postclosure)

8§.3.1.2.1.3.2,
8.3.1.2.3.1.2
Regional and site
potentiometric-
level studies

Contains summary of
current hypotheses,
uncertainties,
and alternative
hypotheses

Includes existing
information on
regional ground
water of the site

Contains studies of
the regional,
unsaturated, and
saturated zones of
the site

Activities include
monitoring and
assessment of
potentiometric
level

1 'ady ‘TT00-WO/dRR

1 "asy ‘TT00-WO/dWZ
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 5 of 32)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY (continued)
EA CRD 7.2 Ground-water Further character- 8.3.1.16.2.1 Loca- Activities include
basins ization of Devils tion of adequate evaluation of
Hole basin water supply potential effects
of ground-water
withdrawals on the
flow system
PHPR® 1.02.02 Hydrologic Identify ground-water 3.9 Site hydrogeo- Covers material on
system flow paths, rates, logic system flow paths, rates,
and fluxes and fluxes
ISTP (1) 1.1 Hydrology Nature of present Chapter 3 Hydrology Current information
hydrology on hydrology
NRC comment 4 Hydrothermal Hydrothermal activity 1.5.2.1 Effects of Potential effects of
Final EA activity affecting flow faulting faulting
paths
PHPR 1.02.03 Hydrologic Effects of fractures 3.7.2 Principal Covers existing
system and structural ground-water flow material on ground-

features on flow
paths

paths

8.3.1.8.3 Studies of
changes in hydrol-
ogy due to tectonic
processes

water flow paths

Activities include
evaluation of
effects of igneous
and tectonic proc-
esses on hydrology

T *48¥ ‘TT00-WO/dHWX

"a99 ‘TT00-WD/JNX
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 6 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY {continued)
PHPR .3.1.3.2 Mineral- Activities include
(cont inued) ogy, petrology, analyses of frac-
and rock chem- ture mineralogy
istry
EA CRD 4.1.2.2 Aquifers Flow between .6 Regional Includes existing
aquifers hydrology information on
hydrogeologic units
and their inter-
relationships
NRC comment 7 (4) Hydrogeologic Interrelationships .6 Regional Ingludes e;isting
Final EA properties of hydrogeologic hydrology information on
properties hydrogeologic units
and their inter-
relationships
PHPR 1.02.04 Aquifer flow Flow between aquifers .3.1.2.1 Regional Includes studies for
hydrology hydraulic head and
' gradient
PHPR 1.02.05 Discharge and Location of natural .7.1 Identification Contains current

recharge

discharge and
recharge areas

of discharge and
recharge areas

information on
recharge and dis-
charge areas

T a3d ‘TT00-KO/JIWX

‘1100-WO/dNX
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 7 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY (continued)
PHPR 1.02,09 Amargosa Hydrologic relation- 8.3.1.2 Studies of Includes studies of
Valley ship with the of the hydrologic discharge and
Amargosa Valley system recliarge areas
River system
PHPR 1.02.06 Flow paths and Identify the flow 3.9 Site hydrogeo- Covers material on
rates paths and rates logic system flow paths, rates,
to the accessible and fluxes
environment
PHPR 1.02.11 Rydrology Information necessary 8.3.1.2, 8.3.1.3 Includes studies to
transport for the hydrologic Geohydrology, provide informa-
model transport model geochemistry .tion on hydrology,
geochemistry, and
transport charac-
teristics
PHPR 1.02.29 Tectonic Potential for tec- 8.3.1.8.3 Studies Activities include
alteration tonic alteration of of changes in evaluation of

ground-water flow
path

hydrology due to
tectonic processes

effects of igneous
and tectonic proc-
esses on hydrology

*a9y ‘TT00-~WO/JdWX

I
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sectioné
where concerns are addressed (page 8 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY {(continued)

PHPR 1.02.07 Seismic Effects of seismicity 1.5.2.1 Effects of Discusses the poten-
effects on on ground-water faulting tial effects of
ground-water travel time faulting
travel time

8.3.5.12 Assessment Activities include
of ground-water calculation of
travel time ground-water travel
time

PHPR 1.02.08 Effects of Effects of explora- 3.7 Regional ground- Describes flow system

exploration tory drilling on water flow system
ground-water travel
time 8.3.1.9.3 Human Studies exploration
intrusion effects on
hydrology

PHPR 1.02.18  Human Potential of mining 8.3.1.9.3 Human Studies explora-
intrusion intrusion of intrusion tion effects on

repository hydrology

ISTP (1) 1.6 Human Effects of human 8.3.1.9.3 Human Studies exploration
intrusion intrusion on intrusion effects on

hydrology

hydrology

T "43Y ‘TT00-WO/dRX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization pian (SCP) sections
where concerns are addressed (page 9 of 32)

Source

Comment
1D
number

Major concern

Specific concern

SCP cross-reference

Content

PHPR

PHPR

PHPR

PHPR

PHPR

1.02.10

1.09.11

1.11.04

1.12.01

1.12.03

Radionuclide
transport

Site charac-
terization
information

Site charac-
terization
activities

Detailed

information

Issue
resolution

HYDROLOGY (continued)

Potential for radio-
nuclide transport
through the flow
system

Benefit of site
characterization
information to
surrounding area

Detailed descriptions
of site character-
ization activities:

Development of
detailed site
information

Description of issues
to be resolved
during site
characterization

8.3.5.13 Radio-

nuclide releases

Chapters 1 to 5

8.3.1 Site program

8.3.1 Site program

8.3.5 Performance

assessment

Assesses radiological
releagses to access-
ible environment

Contains existing
site information

Contains site
information needed

Contains site
information needed

Contains strategies
for issues
resolution

T a3y ‘TT00-WO/dRX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 10 of 32)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
HYDROLOGY (continued)

PHPR 1.02.01 Site- Identify site- Chapter 3 Hydrology Current information
qualifying qualifying hydro- on hydrology
hydrologic logic issues
issues examined during 8.3.5.18 Higher- Findings required for

site character- level findings technical guide-
ization lines

PHPR 1.02.17 Pluvial Effects of pluvial 5.2.2 Future cli- Includes climate pre-
conditions climate on unsatu- mate variation diction and model

rated zone validation

ISTP (1) 1.3 Natural Natural (climatic) 8.3.1.5 Climatic Includes effects of
changes changes altering change climate on site

ground-water flow elements

PHPR 1.02.27 Ground-water Ground-water migra- 1.1 Geomorphology Discusses Great
migration tion in the Great Basin geology

Basin

8.3.1.2.1.3 Regional
ground-water flow
system

Includes recharge and
potentiometric
level studies

1 434 ‘T100-RO/ X

*ady ‘TT00-WO/JWX
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 11 of 32)
Comment
1D
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: MECHANICS
PHPR 1.02.28 Radionuclide Characterization of 8.3.5.13.5 Proba- Radiological releases
migration radionuclide migra- bilistic radio- from anticipated
tion in the unsatu- logical releases and unanticipated
rated zone to the accessible scenarios
environment
EA CRD 3.4.1.4 Porosity Large-scale porosity 2.4.2.4 Porosity Provides existing
tests and density information on
porosity and
density
8.3.1.15.1.1 Density Includes studies
and porosity char- characterizing
acterization rock density and
porosity
EA CRD 3.4.1.4 Fracturing Thermally induced 2.4 Thermal and Provides existing
fracturing thermomechanical information on
properties--intact thermal properties
rock of intact rock
8.3.1.15.1.6 Thermal Thermal properties

properties from
in situ experiments

from in situ
experiments

T "ady ‘TT00-WO/dWX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 12 of 32)

Source

Comment
1D
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD

EA CRD

EA CRD

EA CRD

PHPR

4.1.1

8.2

5.3

8.2

1.01.08

Regional
stress
regime

Rock
properties

Thermo-
mechanical
properties
of rock

Rock
properties

Tuff
properties

GEOLOGY :

Lack of information
on the regional
stress regime

In situ rock proper-
ties and stress

Limitations of models

Effects of per-
centages of
lithophysae on
thermomechanical
properties of
the in situ rock

Topopah Spring vs
Grouse Canyon rock
properties

Integrity of tuff
maintained during
repository opera-
tions

MECHANICS (continued)

2.6 Existing stress
regime

8.3.1.15.2 Ambient
stress

2.4 to 2.5 Thermal
and thermomechani-
cal properties of
rock

8.3.1.15.1 Thermal
and mechanical
properties of rock

1.8.2.1 Relation
of geology to
repository design

Chapter 2
Geoengineering

Regional and site
stress regime

Studies cover in situ
stress testing

Includes existing
material on thermo-
mechanical pro-
perties of rock

Studies to determine
the thermal and
mechanical proper-
ties of the in situ
rock

Includes repository
operations

Provides existing
material on large
scale rock prop-
erties

1 rady ‘T100-WO/dWX

‘TT100-RO/ 3
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 13 of 32)
Comment
1D
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: MECHANICS (continued)
8.3.1.15.1 Thermal Studies provide
PHPR and mechanical information on
{cont inued) properties thermal and
mechanical
properties
PHPR 1.02.30 Characteriza- Effects of character- 8.3.3.2 Borehole Designs for borehole
tion effects ization on the seals seals
integrity host rock
8.3.5.12.3 Disturbed Ground-water travel
zone ground-water time resulting from
travel time characterization
GEOLOGY: SURFACE CONDITIONS
EA CRD 4.1.1 Surface Soil conditions, wind 1.1.3.2 Erosion Provides information
conditions and water erosion rates on average erosion

8.3.1.14.2 Soil and
bedrock properties

rates at the site

Studies include phys-
ical properties of
soil

T a3y ‘TT00-KHO/JX

T a9y ‘1100-WO/dWX
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 14 of 32)

Major concern

Specific concern

SCP cross-reference

Content

Comment
ID

Source number
EA CRD

(cont inued)
EA CRD 5.4
EA CRD 4.1.2.1
EA CRD 8.1

GEOLOGY:

Erosion
Flooding

Flooding

Further data on
erosion rates
needed

Maximum probable
flood

Probable maximum
flood

SURFACE CONDITIONS (continued)

8.3.1.6.2.1 Future

climatic conditions

on the nature and
rate of erosion

8.3.1.6 Erosion

1.1.3.2 Erosion
rates

3.2.1 Floods

8.3.1.16.1 Flood
recurrence levels
and intervals

Studies include wind
and water erosion

States erosion will
not affect the min-
imum burial depth

Existing material
on erosion rates of
site and area

Contains flood his-
tory and potential
for future flooding

Includes studies for
the characteriza-
tion of flood
potential

T 43y ‘T100-WO/dRX

T a3y ‘TT00-WO/JHA
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns are addressed (page 15 of 32)

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD

EA CRD

EA CRD

4.1.3.3

4.1.3.3

7.2

GEOLOGY :

Precipitation
and evapo-
transpiration

Climatic
regime

Climatic
regime

Annual precipitation

and evapotranspira-

tion rates and
variations

Detail of the clima-
tology and meteor-
ology of the site

Further study of the
climatic regime

SURFACE CONDITIONS (continued)

3.9.3.3 Recharge

and discharge

.3.1.2.1 Regional

hydrology

.1 to 5.2 Recent

and long-term
climate and
meteorology

.3.1.5.1 Future

climatic condi-
tions

.3.1.12.1 Meteor-
ological conditions

at the site

Includes information
on evapotranspira-
tion and precipi-
tation

Contains studies for
precipitation and
evapotranspiration
data

Provides existing
information on
climatic regime

Studies provide
information
required for
prediction of
future climatic
conditions

Studies provide
data on regional
meteorological
conditions

T a3y ‘1T00-KWO/dRX

Ay 'TTQ0-WO/INX

I.
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns are addressed (page 16 of 32)

Source

Specific concern

SCP cross-reference

Content

EA CRD

EA CRD

EA CRD

GEOLOGY :

Comment
iD

number Major concern

6.3 Meteorology

4.1.3.7 Background
radiation

6.5 Natural
radiation

Data on extreme
weather conditions

Radiation levels in
soil and water

Natural radiation
hazard

SURFACE CONDITIONS (continued)

5.1 to 5.2 Recent
and long-term
meteorology and
climate

8.3.1.12.1 Meteor-

ological conditions

at the site

8.3.1.12.4 Recur-
rence intervals of
extreme weather

4.1.2.6 Background
radioactivity

8.3.5.4.1 Natural

radiation environ-
ment

Provides existing
information on
meteorological
conditions

Includes studies on
extreme weather

Activities provide
data on extreme
weather and their
recurrence
intervals

Includes information
on ground-water
background radio-
activity

References studies
to determine the
natural radiation
environment

"asy ‘TT00-WO/JNX

1

"a3y ‘T100-WO/dNX

1
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 17 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: SURFACE CONDITIONS (continued)
EA CRD 4.1.3.1 Land use Detailed studies 8.3.1.11.1.2 Land Includes interactions
of land use ownership and with the Department
control of Interior and
Bureau of Land
Management
EA CRD 5.8 Future Development of 8.3.1.10 Population 1Includes studies on
communities future communities patterns and population pattern
forecasts development
PHPR 1.02.25 Drainage Effects of altera- 8.3.1.2.1 Descrip- Includes recharge and
patterns tion of drainage tions of surface discharge flooding
pattern hydrology
ISTP (1) 1.2 Surface water Nature of present 3.1 Surface Current information
surface water hydrology on surface
system hydrology
GEOLOGY: TECTONICS AND MINERALOGY
EA CRD 5.7 Seismic Increase seismic 1.4 Seismology of Provides existing
patterns pattern data base the site material on seismic

patterns of the
area

T "ady ‘T100-WO/dWX

‘A TT00-WD/IWX

1
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns are addressed (page 18 of 32)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)

EA CRD 8.3.1.17.4.1 Contains seismologic
(cont inued) Seismology data compilation
EA CRD 5.6 Secondary Significance of 1.3.2.1 Volcanic Includes the volcanic

volcanism secondary volcanic history history and petrol-
processes ogy of the site
8.3.1.8.1 Studies on Studies to provide
releases resulting information on
from volcanic releases resulting
activity from volcanic
activity
EA CRD 5.2 Lateral and Inadequate informa- 1.2 Stratigraphy Provides existing
vertical tion on the and lithology material on stra-
extent usability of areas tigraphy and
outside the primary lithology
area
8.3.1.4.2 Stra- Contains activities
tigraphy and on the extent of
structure lithologic units
EA CRD 5.2 Fracture Lack of information 4.1.1.3.1.2 Mineral- Contains existing
mineralogy on fracture ogy of fractures information on
mineralogy fracture mineralogy

‘43§ ‘TT00-WO/dWX

1

*A8Y ‘TT00-WO/ I

1
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 19 of 32)

Comment
ID .
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)
EA CRD 3.1.3.2 Postclosure Tilting and warping 1.1.3 Geomorphic Covers significant
tectonics rates and direc- processes late Quaternary
tions geomorphic
processes
NRC comment 1 Fault activity Movement of north 1.3.2.2.2. Structure Current information
Final EA trending faults of Yucca Mountain on structural his-
within the last tory of Yucca
1,000 yr Mountain
NRC comment 2 Northeast Relationship of 8.3.1.17.4.5 Activities to provide
Final EA trending northeast trending Detachment faults data on detachment
faults faults to younger faults
basaltic activity
NRC comment 1 Northeast Northeast trending 8.3.1.17.4.7 Geome- Activities to provide
Draft EA trending faults and fault try of faults data on subsurface
and fault activity geometry and con-
activity cealed extensions

8.3.1.8.1.2 Effects
of eruptions

of faults

Activities provide
analyses of effects
of volcanic
eruptions

1 a8y ‘TT100-WO/dRX

1 a3y ‘1T00-WO/JNX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns are addressed (page 20 of 32)

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD

PHPR

PHPR

PHPR

NRC comment
Draft EA

3.4.1.8

1.01.03

1.01.04

1.01.05

GEOLOGY :

Seismic
hazards

Seismic
activity

Seismic
disruption

Distance to
fault

Volcanism and
hydrothermal
activity

TECTONICS AND MINERALOGY (continued)

Site-specific esti-
mates of seismic
hazards

Potential for and
associated uncer-

tainties of seismic

activity

Estimated potential
for seismic
disruption of
the repository

Determine a safe
distance to a
fault

Origin of calcite-
silicate vein
deposits

1.4.1.5 Seismic
hazards at the
candidate site

8.3.1.17 Tectonic
and igneous
events

8.3.1.17.3 Ground
motion

8§.3.1.8.2 Tectonic
processes

8.3.1.17.2 potential
fault movement

8.3.1.3.2.1 Frac-
ture mineralogy

Provides existing
information on
seismic hazards

Studies include
estimates of the
probability of
future earthquakes
and faulting

Studies to provide
information on the
effects of vibra-
tion ground motion
on the repository

Studies include pro-

bilities of rupture

Studies include
assessment of
faulting potential

Contains activity on
determining frac-
ture mineralogy

T a3y ‘TT00-WD/JdRX

‘TT00-WD/ JNX

X2

1
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where concerns are addressed (page 21 of 32)

Correlation of site-related technical concerns and site characterization plan (SCP) sections

Specific concern

SCP cross-reference

Content

Table 8.2-3.
Comment
ID
Source number Major concern
GEOLOGY :

NRC Comment

Draft EA

(cont inued)
EA CRD 5.3 Fault density

NRC comment 3 Detachment
Final EA faulting
Faulting
styles

TECTONICS AND MINERALOGY

8.

Actual fault density 1

Potential for the 8
presence of detach-
ment faults and
other fault movement

Fault movement styles 8.
of Yucca Mountain

(cont inued)

3.1.5.2 Future
climate

.3.2.2.2 Structure

of Yucca Mountain

.5.2.1 to 1.5.2.3

Faulting effects,
likelihood, and
relation to
weapons tests

.3.1.17 Tectonic

and igneous events

3.1.17.4 Tectonics
data collection

Contains studies
on calcite and
silicates

Contains information
on the structural
history of Yucca
Mountain

Contains information
on fault types,
locations, and
effects

Includes studies on
detachment faults
and potential fauit
movement

Studies to provide
data on past and
present faulting
and seismicity

T "43y ‘TT00-WO/dNX

4%y ‘1T00-WD/dHX

1
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 22 of 32)

Source

Comment
1D
number

Major concern

Specific concern

SCP cross~reference

Content

NRC comment
Draft EA

PHPR

PHPR

EA CRD

1.01.06

1.07.03

5.8

GEOLOGY :
Detachment
faulting

Fault source

Dust generated

Mineral
resource

Geothermal

TECTONICS AND MINERALOGY (continued)

Studies addressing
detachment faulting

Faulting resulting
from weapons tests

Potential for
hazardous fibers
within dust

Further mineral
resource evaluations

Potential for extrac-
tion of geothermal
resources

8.3.17.4.5 Detach-
ment faults

8.3.1.13.2 Impact
of nearby
installations and
operations

4.1 Geochemistry
of the host rock

8.3.1.3.2 Mineralogy
petrology, chem-
istry of the host
rock

1.7 Mineral and
hydrocarbon
resources -

8.3.1.9.2 value of
resources

Activities to provide
data on detachment
faults

Includes effects of
weapons testing

Discusses mineralogy
of host rock

Determines material
constituency of
host rock

Provides existing
information on
mineral resources

Includes studies on
resource value

T "ady ‘TT00-WO/dHX

a3y ‘TT00-WO/dHX

1
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns are addressed (page 23 of 32)

Source

Comment
D
number

Major concern

Specific concern

SCP cross-reference

Content

NRC Comment
Final EA

NRC comment
Draft EA

PHPR

ISTP (1)

1.01.07

1.4

GEOLOGY :

Economic
deposits

Breccia
deposits

Natural
resources

Minéral

resources

Ground-water
withdrawal

TECTONICS AND MINERALOGY (continued)

Potential for
economic deposits
associated with
calderas

Potential for
economic deposits
associated with
breccias

Potential for undis-
covered mineral
resources

Presence of mineral
resources

Water resource
development

8.3.1.9.3 Effects of
exploiting natural
resources

8.3.1.9.2.1 Present
and future value
of natural
resources

8.3.1.5.2 Future
climate

8.3.1.16.2 1dentifi-
cation of water
supplies

8.3.1.16.2 Identifi-
cation of water
supplies

Studies to provide
information on
the potential
effects ot
exploiting natural
resources

Includes activities
to assess natural
resources

Contains studies on
calcite and sili-
cate deposits

Includes identifica-
tion, assessment,
and effects of
water supply
exploitation

Includes identifica-
tion, assessment,
and effects of
water supply
exploitation

T a8y ‘TT100-WO/dRX

T "434 ‘TT00-WO/JX
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 24 of 32)
Comment
D 4
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)
PHPR 1.01.01 Geologic Present nature of Chapter 1 Geology Chapter 1 contains
system geologic system current geology
material
ISTP(S) f 5.1 Site- Determine site- 8.3.5.18 Higher Issue resolution
qualifying qualifying issues level findings strategy for
geology examined during higher-level
issues gite characteri- findings on quali-
zation fying and disqual-
ifying conditions
5.2 Future geology Future changes alter- 8.3.5.18 Higher- Issue resolution
ing geology level findings strategy for
higher~level
findings on quali-
fying and disqual-
ifying conditions
5.3 Geologic Human-induced changes 8.3.5.18 Higher- Issue resolution
system altering geology level findings strategy for

higher~level

findings on quali-
fying and disqual-
ifying conditions

T "4a3y ‘TT00-RD/JAX

T a9y ‘TT00-WO/dX
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 25 of 32)

Comment
1D
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)
ISTP (5) f 5.4 Geologic Repository-induced 8.3.5.18 Higher- Issue resolution
(cont inued) system geologic alterations level findings strategy for
higher-level
findings on quali-
fying and disqual-
ifying conditions
5.5 Future geology Natural changes 8.3.5.18 Higher- Issue resolution
affecting future level findings strategy for
geology higher-level
findings on quali-
fying and disqual-
ifying conditions
5.6 Future geology Future human-induced 8.3.5.18 Higher- Issue resolution
changes altering level findings strategy for
geology higher-level
findings on quali-
fying and disqual-
ifying conditions
5.1 Future geology Future repository- 8.3.5.18 Higher- Issue resolution

induced alterations
to geology

level findings

strategy for
higher-level
findings on quali-
fying and disqual-
ifying conditions

T a3y ‘TT00-RWD/dX

‘a9y ‘TT00-KWD/ IR

T
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections

where concerns a

addressed (page 26 of 32)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)
PHPR 1.01.09 Physical Physical processes 1.8.2.1 Relation of Contains information
processes in the unsaturated geology to reposi- on the relation of
zone affecting tory design geology to reposi-
repository behavior tory design
PHPR 8.3.1.2 Geohydrology Includes processes
occurring in the
unsaturated zone
EA CRD 5.1 Ground-water Unsaturated vs satu- 3.7.3, 3.9.1.3, Contains existing
chemistry rated zone chemistry 4.1.2 Ground- information on
water geochem- ground-water geo-
istry chemistry
8.3.1.3.1 Water Development includes
chemistry model of unsatu-
rated and saturated
zone water
composition
EA CRD 4.2.2 Vadose water Analysis of vadose 8.3.1.2.2 Descrip- Includes studies on

water

tion of the
unsaturated zone

hydrochemical char-
acterization of the
unsaturated zone

T ady ‘TT00-WO/dRX

‘TT00-KHO/dWX

T "a8y
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 27 of 32)
Comment
1D
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)

EA CRD 5.6 Dissolution Equilibrium of 8.3.1.7 Dissolution Studies to provide
mineralogy and rates of rock
aqueous chemistry dissolution

Topopah Spring Dissolution potential 4.1.2 Ground-water Provides existing
Member of Topopah Spring geochemistry material on ground-
Member water chemistry
8.3.1.7.1 Dissolu- Studies to provide
tion rates rates of rock
dissolution

EA CRD 5.1 Sorption Sorption and varying 4.1.3.3. Sorption Provides current

water compositions information on
sorption
8.3.1.3.4.1 Geo- Includes studies of
chemistry sorption sorption as a func-
tion of ground-
water composition
EA CRD 5.1 Particulates, Formation and trans- 4.1.2.7 pParticulates Provides existing
colloids, port of particu- and colloids information on
complexes lates, colloids, particulates and

and complexes

colloids

T "ady ‘T100-WD/dHX

T a8y ‘T1T00-WO/dWX
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Table 8.2-3. Correlation of gite-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 28 of 32)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (continued)
EA CRD 4.1.3.5 to 4.1.3.6 Provides existing
(cont inued) Diffusion and information on
radionuclide diffusion and
transport transport
8.3.1.3.4.1.4 Sorp- Activity to provide
tion on particu- data on sorption
lates and colloids on particulates and
colloids
8.3.1.3.5.2 Colloid Activity to provide
behavior data on colloid
‘behavior
8.3.1.3.6.1.5 Activity to provide
Filtration data on filtration
EA CRD 5.2 Actinide Effects of carbon- 4.1 Geochemistry Contains geochemistry
complexes rich waters on background informa-
actinide complexing tion
8.3.1.3.5 Studies Contains studies and

for radionuclide
retardation

activities on
carbonate waters
and actinide
speciation

T ady ‘TT00-WO/dNX

‘1T00-KO/ dWX

1 "a9y
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 29 of 32)

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD

EA CRD

EA CRD

4.1.1

3.4.1.3

7.1.1

GEOLOGY :

Gaseous
radionuclide

Geochemistry
data base

Geochemistry

TECTONICS AND MINERALOGY {(continued)

Gaseous transport of
radionuclide

Insufficient geo-
chemistry data base

Composition of per-
colating waters

4.1.3 + Radionuclide
transport

8.3.1.3.8.1 Retarda-
tion of gaseous
radionuclides

4.1 Geochemistry of
the host rock and
surrounding units

8.3.1.3 Geochemistry

8.3.1.2.2.8 Hydro-
chemigtry - of the
unsaturated zone

Includes radionuclide
transport by gas

Study to provide data
on retardation of
gaseous radio-
nuclides

Provides background
on site geochem-
istry

Includes studies to
provide data on
present and
expected geo-
chemical conditions

Study to provide data
on the composition
of water in the
unsaturated zone

T "ady ‘1100-RKO/JNX

T a3y ‘1T00-KWD/dR%
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Table 8.2-3.

Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 30 of 32)

Source

Specific concern

SCP cross-reference

Content

NRC comment
Draft EA

ISTP({3)9

NRC comment
Draft EA

Comment
ID

number Major concern
GEOLOGY :

3 Geochemical
enyironment

3.1 Geochemistry

8 Radionuclide

transport

TECTONICS AND MINERALOGY (CONTINUED)

Oxidat ion-reduction
conditions

Present geochemistry

Radionuclide trans-
port increases due
to geohydrologic
changes resulting
from climatic
alterations

8.3.1.3 Geochemistry

Chapter 4 Geochem-
istry

3.7 Regional ground-
water flow system

8.3.1.5.2 Climatic
effects on hydro-
logic character-
istics

8.3.1.3.7.1 Retarda-
tion sensitivity
analysis

Includes studies to
provide data on
present and
expected geo-
chemical conditions

Current information
on geochemistry

Provides existing
information on
recharge systems

Studies to provide
information on the
effects of future
climatic conditions
on hydrology

Activities providing
information on
radionuclide
transport

1 a3y ‘TT00-WO/JK

‘a9y ‘TT00-WO/JAX

1
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Table 8.2-3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 31 of 32)
Comment.
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (CONTINUED)
NRC comment 6 Matrix Can matrix retarda- 4.1.3.5 Matrix Current information
Final EA retardation tion overcome diffusion on matrix diffusion
increases in ground-
water flow due to 8.3.1.3.7.1 Retarda- Activities providing
climate change? tion sensitivity information on
analysis radionuclide
transport
NRC comment 6 Retardation Retardation of 8.3.1.3.6.1 Dynamic Activities to provide
Draft EA radionuclides transport column data on retardation
experiment s of radionuclides
NRC Comment 8 Retardation Value of matrix 8.3.1.3.6.2 Diffu- Activities to provide
Final EA diffusion and sion data on diffusion
colloid sorption
on the retardation 8.3.1.3.4.1.4 Sorp- Activity to provide
of radionuclides tion on particu- sorption data on
lates and colloids particulates and
colloids
ISTP (3) 3.3 Retardation Future geochemistry 8.3.1.3 Geochemistry Includes studies to

affecting retarda-
tion

provide data on
expected geochemi-
cal conditions

T "a3y ‘T100-RO/dX

T a9y ‘T100-WD/ WX
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Table 8.2~3. Correlation of site-related technical concerns and site characterization plan (SCP) sections
where concerns are addressed (page 32 of 32)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
GEOLOGY: TECTONICS AND MINERALOGY (CONTINUED)
PHPR 1.05.02 Water courses Chemical composition 4.1 Geochemistry of Discusses mineralogy
' of water courses the host rock and retardation
8.3.1.3.2 Mineral- Includes material
0gy, petrology, along water courses
chemistry of the
host rock
8.3.1.3.4-8 Radio- Studies the chemical
nuclide retarda- composition along
tion flow paths

SEA CRD = Site specific comment response document for the environmental assessment for the Yucca
Mountain site (DOE, 1986b).

biSTP (1) = Draft Issue-Oriented State Technical Position (ISTP) for Nevada Nuclear Waste Storage
Investigations (NNWSI) Project--Hydrology (NRC,1984).

SNRC comment = NRC Comments on the final environment assessment, Yucca Mountain site (Kale, 1986).

dNRC comment = NRC comments on the draft environmental assessment for the Yucca Mountain site
NRC, 1987). .
( ‘PHPR = These comments are taken from the Public Hearings Panel Report, NVO 263, dated November 1983
(DOE/NVO, 1983).

£1STP(5) = Draft ISTP for NNWSI Project--Geology/Geophysics, (NRC, 1984).

9ISTP(3) = Draft ISTP for NNWSI Project--Geochemistry, (NRC, 1984).

T 43¢ ‘1700-KO/JX

T a3y ‘TT00-WO/ IR
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (1 of 11)

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD*

EA CRD

ISTP (4)P

EA CRD

4.1.1

5.4

4.6

5.11

Seismic
effects

Sealing pro-
gram

Seal design

Radionuclide
releases to
ground water

Potential effects of
seismic activity
on repository
operation and per-
formance

Detailed description
of sealing program

Will seal design
meet 10 CFR 60.112

Predicted radio-
nuclide releases
to accessible
environment at
100,000 yr

8.3.2.1.4 Repository
modeling

6.2.8 Shaft and
borehole seals

8.3.2.5.10 Construc-
tion of seals

8.3.3.1. Seal
system

6.4. Design issues

8.3.5.13.2 Post-

closure system
performance

Includes design con-
siderations for
seismic activity

Contains existing
material on shaft
and borehole seals

States the results
from other seals
development tests

Contains planned
seals design and
modeling

Covers preliminary
analysis of repos-
itory performance

Includes design con-
cepts and calcula-
tional models for
releases

a3y ‘TT00-HO/ X

1

‘TT00-RO/ X

- a9y

1
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Table 8.2-4.

plan (SCP) gections where concerns are addressed (2 of 11)

Correlation of engineered system related technical concerns and site characterization

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

EA CRD

PHPR®

PHPR

NRC Comment
Draft EA4

5.11

1.02.12

1.02.14

10

Waste package
corrosion

Water
chemistry

Ground-water
effects

Wagste package

Corrosion testing

Water chemistry
and effect on
corrosion

Effects of ground
water on reposi-
tory components

Detailed materials
plan

7.4 Waste package

design and geochem-—

ical interactions

8.3.4.2, 8.3.4.3
Waste package
characterisitics

8.3.4.2, 8.3.4.3
Waste package
characteristics

8.3.5.9~10 Assess-
ment of contain-
ment within waste
package

7.2-7.3 Waste package

design basis,

reference designs,

and alternative
designs

Provides existing
material on waste
package design

Includes activities
to provide infor-
mation on waste

package and inter-

actions with the
environment

Includes activities
to provide infor-
mation on waste

" package and inter-

actions with the
environment

Contains waste pack-

age design infor-
mation and con-
tainment assess-
ment

Contains information

on waste package
design and design
basis

T a8y ‘IT700-WD/JRA

‘A3 ‘T1T00-WO/JX
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Table 8.2-4.

plan (SCP) sections where concerns are addressed (3 of 11)

Correlation of engineered system related technical concerns and site characterization

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

ISTP (2)*

ISTP (2)

ISTP (2}

ISTP (2)

PHPR

2.5

2.6

2.7

2.9

1.01.13

Waste package

Waste package

Waste package

Waste package

Resulting
radiation
doses

Waste package
releases within
10 CFR 20

Waste package
retrievability
design

Waste package
design

Waste package moni-
toring

Potential for radia-
tion releases to
jeopardize
individuals

B8.3.4.3 Waste package

8.3.5.2 HWaste

retrievability

8.3.5.9 Assessment

of containment
within waste
package

.3.5.9 Assessment

of containment
within waste
package

.3.5.13.5 Proba-

abilistic radia-
tion releases

Issue resolution
strategy for
design of the
waste package

Contains design
information and
assessments rele-
vant to retrieva-
bility

Containg waste
package design
information and
‘containment
assessment

Contains waste
package design
information and
containment
assessment

Radionuclide
releases from
anticipated and
unanticipated
scenarios

A8y ‘TT00-WO/dWX

1

A 'TI00-WO/ AKX

1
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (4 of 11)

Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
ISTP (4) 4.1 10 CFR 60.111 Repository design 8.3.5.14 Doses to Describes allowable
to maintain iudividuals doses
10 CFR 60.111
PHPR 1.03.13 HWeapons Safety factors pro- 6.1.2 Reference Contains current
testing vided against repository design information on
weapons testing or repository design
impact
8.3.1.13.2 Offsite Provides offsite
installations impact data to
repository data
base
PHPR 1.08.03 Weapons Compatibility of 8.3.1.13.2 Offsite Provides offsite
testing weapons testing installations "impact data to
and waste disposal repository data
base
PHPR 1.02.20 Flood protec- Identify flood pro- 8.3.2.5.8 Technology Design parameters
tion tection measures of surface facility include climate
for repository construction and flooding
(surface) :
PHPR 1.03.14 Nuclear Potential for waste 7.2.2 Raste forms Describes considera-
criticality to go critical tions of waste

8.3.4.3.2 Waste form
criteria

form

T "43y ‘T100-KWD/dHK

T 499 ‘1T00-WO/JWX
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Table 8.2-4,

Correlation of engineered system related technical concerns and site

plan (SCP) sections where concerns are addressed (5 of 11)

characterization

Source

Comment
ID
number

Major concern

Specific concern

SCP cross-reference

Content

PHPR

PHPR

PHPR

ISTP (2)

1.03.19

1.03.20

1.03.23

2.8

Integrity of
openings

Mining effects

Repository
stability

Stability

Engineering methods
used to maintain
openings

Potential for con-
tinual mining
affecting emplaced
waste

Stability of repos-
itory maintained
during coupled
effects of exca-
vation and
thermal stress
from emplaced
waste

Vicinity conditions
affecting waste
criticality

6.1.1 Repository
design requirements

8.3.2.5.9 Techniques
for underground
construction

6.4.10.2.2 Repository
operations

8.3.2.5.3 Repository
operations plan

7.2.2 Waste forms

Includes operation
and decommission-
ing as design
requirements

Includes construc-
tion of safe
openings

Discusses expected
repository opera-
tions

Includes considera-
tions for opera-
tion during con-
struction

Describes considera-
tions of waste
forms

a9y ‘TT00-RO/dWX

1

a9 ‘TT00~WD/ UK

1
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (6 of 11)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
ISTP(2) 8.3.4.3.2 wWaste Includes design
(continued) form criteria information needed
to comply with
preclosure cri-
teria for waste
forms
PHPR 1.03.21 Weapons Effects of weapons- 6.1.2 Reference Contains current
testing induced seismicity repository design information on
on the repository basis repository design
8.3.2.5.4 Repository Includes require-
design requirements ments from
10 CFR 60 and
" 10 CFR 960
PHPR 1.03.25 Interaction Results of long-term 8.3.5.13 Assessment Includes models and
effects interaction between of postclosure scenarios of post-
the barrier and system performance closure perform-
host rock ance
PHPR 1.03.26 Waste package Degradation of waste 7.4.1 Waste package Discusses interac-

degradation

package adversely
altering the waste
package environment

environment modi-
fication

tion of waste
package with
emplacement
environment

‘TT00-KO/ WX

T "a9y

ca®y ‘1100-WO/INX

1
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Table B8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (7 of 11)
Comment
1D :
Source number Major concern Specific concern SCP cross-reference Content
ISTP (2) 2.2 Waste package Ground-water pene- 8.3.4.2.4 Post~- Studies the changes
tration of waste emplacement near in the near field
package field
ISTP(3) £ 3.2 Waste package Changes in geochem- 8.3.2.1.2 Coupled- Studies include
environment istry due to waste interaction tests interactions
package between waste
package and
environment
PHPR 1.03.27 Backfilling Complications due to 6.2.7 Backfilling Discusses backfill-
backfilling ing and techniques
ISTP(2) 2.1 Backfill Ground-water pene- 8.3.2.2.7 Post- Studies to provide
tration of backfill closure repository -information neces-
design sary to develop
the postclosure
repository design
ISTP (4) 4.3 Backfill Retardation ability 8.3.2.2.7 pPost- Studies to provide
of backfill closure repository information neces-
design sary to develop
the postclosure
repository design
ISTP (4) 4.4 Backfill Does backfill com~ 8.3.2.2.7 Post- Studies to provide

promise waste
package?

closure repository
design

information neces-
sary to develop
the postclosure
repository design

1 "asy ‘TT00~-KO/dJHX

"A%y ‘TT00-WO/ X

!
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (8 of 11)
Comment
ID
Source number Major concern Specific concern SCP cross-reference Content
ISTP (4) 4.5 Backfill Does backfill con- 8.3.2.2.7 Post- Studies to provide
trol radiological closure repository information neces-
releases? design sary to develop
the postclosure
repository design
PHPR 2.04.02 Suitability Suitability of Yucca 8.3.5.18 Assessment Issue resolution
Mountain resulting of postclosure strategy for
from factual evi- system and tech- higher-level find-
dence nical guidelines ings on qualifying
and disqualifying
conditions
PHPR 3.01.03 Human Replacement of non- 8.3.5.18 Assessment Issue resolution
engineering existent favorable of postclosure strategy for
geologic conditions system and techni- higher-level find-
with engineered cal guidelines ings on qualifying
component s and disqualifying
conditions
PHPR 3.04.18 Existing The use of existing Chapters 6,7 Con- Contain existing
technology international ceptual design and information and

experience with
waste disposal

waste package

technology on
repository and
waste package
design

T 498 ‘TT00-KO/JNK

‘TT00-WO/JA%

‘ a9y

T
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (9 of 11)
Comuent
ID
Source number Major concern Specific concern SCP crosgs-reference Content
PHPR 3.04.18 Existing 8.3.2.1.3 Design Studies improving
technology optimization the design to
{cont inued) better meet per-
formance objec-
tives
PHPR 3.03.03 Storage Long-term storage 8.3.4.1 Waste pack- Includes waste form
experiments age program testing
PHPR 1.03.17 Licensing Identify the licens- 8.1.1 to 8.1.2 Derivation of site
requirements ing requirements Rationale for the characterization
for the repository site characteriza- and issue resolu-
and their limita- tion program tion strategy
tions
8.2 Issues to be Issues hierarchy
resolved through
site characteriza-
tion
PHPR 1.01.10 Model uncer- Level of confidence 6.4.10.3 Future work Planned work for

of uncertainties
in models

tainties

8.3.2.5 Adequate
techniques

model validation

Assigns level of
confidence
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization
plan (SCP) sections where concerns are addressed (10 of 11)
Comnent
ID
Source number Major concern Specific concern SCP cross-reference Content
PHPR 1.03.05 Waste package Long-term performance 7.4.2.3 Degradation Provides information
performance characteristics of modes of waste on corrosion and
the waste package package materials embrittlement
phenomena
PHPR 1.03.06 Waste package Waste package integ- 8.3.4.1.3 Waste Describes perform-
performance rity under corro- package designs ance objectives
sive or thermal of waste package
conditions
PHPR 1.03.22 wWaste package Methods for waste 8.3.4.2.2 Reference Includes long-term
design stabilization waste package corrosive and
designs thermal properties
NRC comment 9 Waste package Uncertainties in 8.3.5.9 Waste package Irnicludes discussion
Final EAY performance performance models performance assess- of uncertainty in
or parameters of ment waste package
waste package design and
design performance
ISTP (2) 2.3 Waste package Radiological release 8.3.5.10 Assessment Includes assessment
releases rates from waste of waste package of releases from
package containment waste package
ISTP(2) 2.4 Waste package Radiological migra- 8.3.5.10 Assessment Includes assessment

releases

tion rates through
failed waste pack-
age

of waste package
containment

of releases from
waste package

1 "48y ‘TT00-WO/dWX

‘1T00-WO/IRX

a3y
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Table 8.2-4. Correlation of engineered system related technical concerns and site characterization

plan (SCP) sections where concerns are addressed (11 of 11)

Comment
iD '
Source number Major concern Specific concern SCP cross-reference Content
ISTP (4) 4.2 Retrieval Will underground 8.3.5.2 Issue Includes assessment
facility allow resolution strategy of retrievability
retrieval for Issue 2.4;
retrievability

aEA CRD = Site specific comment response document for the environmental assessment for the Yucca
Mountain site (DOE, 1986b).

bISTP (4) = Draft ISTP for Nevada Nuclear Waste Storage Investigations (NNWSI) Project--Geologic
Repository Operations Area Design/Rock Mechanics, (NRC, 1984).

¢PHPR = These comments are taken from the Public Hearings Panel Report, NVO 263, dated November 1983
(DOE/NVO, 1983).

dNRC Comment = NRC comments on the draft environmental assessment for the Yucca Mountain site (NRC,

1985a) .

®*ISTP(2) = Draft ISTP for NNWSI Project--Waste Package, (NRC, 1984).
£1STP(3) = Draft ISTP for NNWSI Project--Geochemistry, (NRC, 1984).
INRC Comment = NRC comments on the Final Environmental Assessment, Yucca Mountain site (Kale, 1986).

T "asy ‘TT00-WO/JX

T 'a9¥ ‘IT00-WD/aWx
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8.2.2 APPROACH TO ISSUE RESOLUTION

As explained in Sections 8.1.1 and 8.1.2, the performance and design
igsues were used as a convenient framework for structuring this document.
Each of the sections in Sections 8.3.2 through 8.3.5 covering a performance
or design issue contains an issue resolution strategy explaining the perform-
ance allocation developed for the issue and describing the site data needed
to resolve the issue. The site data needs identified by the performance and
design issues are also categorized into a series of specific site programs.
Site characterization programs are presented in detail in Sections 8.3.1.2
through 8.3.1.17. Each program section is divided into a number of site
investigations containing related studies and activities. Table 8.2-5
provides an overview of the arrangement of the performance and design issues
and the site programs in Section 8.3. This table should allow a reader to
more readily locate information cf interest.

The overall approach the DOE has developed for issue resolution is
described in Section 8.1.2. This approach leads to the identification of the
information needed to resolve an issue, and to the development of plans for
acquiring that information. The process of performance allocation was used
to provide the rationale for conducting particular site characterization
activities. The issue resolution process is intended to be iterative, in
that information acquired during site characterization may cause revision to
earlier plans and strategies. All changes to issue resolution strategies and
site characterization plans will be reported in semiannual progress reports.

Throughout site characterization, a number of reports, currently called
position papers, will be prepared, documenting the DOE’s technical and regu-
latory positions. Position papers will be developed by assimilating data and
information from published reports documenting the results of site program
activities and analyses, performance assessment activities, and the design of
the waste package and repository. The schedules presented in Sections 8.5.1
through 8.5.4, as well as the schedule sections of Section 8.3, include some
reports that will serve as input to the position papers. Other documents,
currently called issue resolution reports, will be prepared to document the
implementation of the issue resclution strategies defined for performance and
design issues in Sections 8.3.2 through 8.3.5. These reports may also be
used to document positions on other technical issues of concern to the NRC,
State, or public, such as an assessment of the seismic hazards at the Yucca
Mountain site or the significance of calcite-silica deposits in faults near
the site. .

Throughout the issue resolution process, the DOE will be soliciting the
views of and interacting with outside organizations, such as the NRC, on
selected key topics. Additional information on issue resolution documenta-
tion can be found in Section 8.1.2.4. Potential topics to be covered in
issue resolution reports are presented in Table B.2-6.

The ultimate purpcse of the issue resolution strategy is to provide the
information necessary for issue clcsure. Issue closure will be possible when
the level of confidence in the site processes and conditions, as well as in
the engineered barriers relied upon tc meet the regulatory requirements, has
reached a level of reasonable assurance. After NRC staff and other technical

g.2~€1
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Table 8.2-5.

performance and design issues within major programs

Overview of contents of Section 8.3 showing order of presentation of site programs and

Section §.3.1
Site Program

Section 8.3.2
Repository Program

Section 6.3.3
Seal Progrem

Section 8.3.4

Haste Package Pirogram

Section §.3.%
Performsnce Assessaent Program

L X K X X X K N X & X X 1 X J
P e N N R

-

U X _E-N NV R NN

Pt G gt et Gt et g Gu ot Bus Jut P G
- - g
[ R NN -
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-
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Geohydrology

Geocheaistry

Rock chacactecistics

Climate

Lrosion

Rock dissolution

Postclosure tectonics

Human interference

Population density

Site ownership

Heteorology

Oftaite installations

Surface characteristics

Therwmal and mechanical
rock proparties

freclosure hydrology

Preclosure tectonics

6.3.2.2 Confiquration of
underground facilities
{postclosuce), Issue 1.11

8.3.2.3 Repository design
criteria tor radiological
safety, Issue 2.7

$.3.2.4 MNonradiological
health and safety,
Issve 4.2

8.3.2.5 Preclosure design
and technical feasibility,
Issue 4.4

8.3.3.2 b5cul characteristica

{postclosure), 1ssue 1.12

8.3.4.2 Waste package char-

acteristics (postclosure)
lasue 1.10

8.3.4.3 waste package char-

acteristica (preclosure),
1ssue 2.6

8.3.4.4 Maste package

production technologies,
Issue 4.3

8.3.5.2 Waste retrievability,
lasue 2.4

8.3.5.3 Public radiological
exposures--normal conditions,
1asue 2.1

8.3.5.4 Morker radiological
safety--normal conditions,
Iasue 2.2

8.3.5.5 Accidental Radiological
releases, Issue 2.3

8.3.5.6 Higher level findings--
preclosure radiological safety,
Issue 2.5

8.3.5.7 Higher level findings--
preclosure system and technical
quidelines, Issue 4.1

8.3.5.9 Waste package contain-
ment, Issue 1.4

8.3:5.10 Engineeated barrier
system release ctates, Isaue 1.5

8.3.5.12 Ground-water travel
time, l3sue 1.6

6.3.5.13 Total systes perfor-
mance, [3sue 1.1

8.3.5.14 Individual protection,
Iasue 1.2

8.3.5.15 Ground-water protec-
tion, lasue 1.3

8.3.5.16 Pecformance confirma-
tion, lssue 1.7

8.3.5.17 NRC Siting Criteria,
lasue 1.8

8.3.95.18 Higher level findings--
postclosure system and techar-
cal gquidelines, Iasue 1.9

1 "a®y ‘TT00-WO/dWX

T "a3y ‘T1T00-WO/JR
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Table 8.2-6. Potential topics for issue resolution reports
Corresponding
Topic for issue resolution issue (SCP section) Regulation

Requirement for protection of
special sources of ground water

Design criteria for the shaft and
borehole seals

General design criteria for the
geclogic repository operations
area

Additional design criteria for
surface facilities in the
geologic repository operations
area

Additional design criteria for
the underground facility
{preclosure)

Nonradioclogical health and safety
requirements for repository
workers

Final production technologies for
fabrication, closure, and
inspection of the waste package

Reasonable availability of
technologies for repository

construction, operation, closure,

and decommissioning

Radiation exposure, radiation
levels, and releases of
radiocactive material to the
repository workers and the
public under accidental
conditions

Design criteria for the waste
package and its ccmponents

Additional design criteria for
the underground facility
{postclosure)

1.3 (8.3.5.19)
1.12 (8.3.3.2)
2.7 (8.3.2.3)
2.7 (8.3.2.3)

2.7 (8.3.2.3)

4.2 (8.3.2.4)

4.3 (8.3.4.4)

4.4 (8.3.4.49)

2.3 (8.3.5.5)

2.6 (8.3.4.3)

1.11 (8.3.2.2)

8.2-63

40 CFR 191.16

10

10

10

10

10

10

10

10

CFR

CFR

CFR

CFR

CFR

CFR

CFR

CFR
CFR
CFR
CFR
CFR

60.

60.

60.

60.

60

60.

60.

134

131

132

133

.131

135

135

960.5-1

60.
60.131-133
72,
50,
Appendix A

2
68

10 CFR 60.135

10 CFR 60.133
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Table 8.2-6. Potential topics for issue resolution reports

{continued)

Topic for issue resolution

Corresponding

issue (SCP section)

Regulation

Requirement for limiting
individual doses in the
accessible environment

The performance objective for
protection against radiation
exposures and releases of
radicactive materials

Radiation exposures, radiation
levels, and releases of
radiocactive material to the
public under normal conditions

Radiation exposures, radiation
levels, and releases of
radiocactive material to
repository workers under
normal conditions

The performance objective for
preserving the option of waste
retrievability

Evaluation of the Yucca Mountain
site against NRC Siting Criteria

The design criteria for the waste
package considering its inter~-
actions with the emplacement
environment

The performance objective for
substantially complete
containment by the waste package

The performance objective for
controlled radionuclide release
by the engineered barrier
system

The performance objective for
pre-waste-emplacement ground-
water travel time

1.2 (8.3.5.14)
2.1 (8.3.5.3)
2.2 (8.3.5.4)
2.3 (8.3.5.5)
2.7 (8.3.2.3)
2.1 (8.3.5.3)
2.2 (8.3.5.4)

2.4 (8.3.5.2)

1.8 (8.3.5.17)

1.10 (8.3.4.2)

1.4 (8.3.5.9)

1.5 (8.3.5.10)

1.6 (8.3.5.12)

B.2-64

40 CFR 191.15

10 CFR 60.111
10 CFR 60.131
10 CFR 60.132
10 CFR 60.133
10 CFR 60.111
10 CFR Part 20
40 CFR 191,
Subpart A

10 CFR 960.5-1
10 CFR Part 20

10 CFR 60.111 (b)

10 CFR 60.122

10 CFR 60.135

10 CFR 60.113

10 CFR 60.113

10 CFR 60.113



YMP/CM~0011, Rev. 1 YMP/CM-0011, Rev. 1

Table 8.2-6. Potential topics for issue resolution reports
{continued)

Corresponding
Topic for issue resolution issue (SCP section) Regulation

. The perfcrmance objective for 1.1 (8.3.5.13) 10 CFR 60.112
overall system performance '

The prediction of cumulative 1.9 (8.3.5.18) 10 CFR 960.3
radionuclide releases over
100,000 years

The requirements for performénce 1.7 (8.3.5.16) 10 CFR 60.137
confirmation :

Evaluation of potential hazards NA® NAaa
at the Yucca Mountain site
resulting from underground
nuclear explosions at the
Nevada Test Site

Mode of origin of calcite-silica NA N2
deposits and the potential effects
on repository performance

Asgsessment of volcanic hazards NA N2&
at the site

Assessment of potential hazards NA Na
at the site due to faulting
and vibratory ground motion

Evaluation of potential impacts at NA NA
the site due to natural resource
extraction

Potential for coupling of tectonic NA NA
and hydrologic processes and events

3NA = not applicable.

8.2-65
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reviews of the DOE's information supporting reasonable assurance, the DOE
would then determine either that the level of uncertainty is too large, and
propose to acquire additional information to reduce the uncertainty, or
alternatively, the DOE may decide to move forward with the proposed position.

8.2.3 ISSUE TRACKING

As described in Section 8.2.1, the performance and design issues were
derived from NRC and DOE requirements. The information needs that have been
identified under each issue represent the site data and other technical
information to be used to support the resolution of the issue. The site
programs described Section 8.3.1 were structured to acquire the data on
present and expected site characteristics, processes, and events needed to
develop site descriptions and to suppert the resclution of the performance
and design issues. The general plan for issue tracking and resolution is
depicted schematically in Figure 8.2-6. Site information, obtained from
tests in the exploratory shaft facility and from surface-based site studies,
will be used as required to design a suitable waste package and the surface
and underground repository facilities. On the basis of the engineered system
designs and the site characteristics and conditions, performance assessment
calculations will be made to predict preclosure performance for normal and
accident conditions, and to predict postclosure performance under both
nominal (undisturbed) and disturbed conditions. The DOE will use these
predictions as a part of the basis for selecting a repository site according
to the process described in 10 CFR Part 960. The repository designs and the
performance assessment predictions will also serve as the basis for
determinations of compliance with the NRC requirements for permanent disposal
of high-level radiocactive waste as specified in 10 CFR Part 60.

As shown in Figure 8.2-6, site investigation reports will document the
completion of various site activities. These reports will continue to update
and extend the data base available for use in repository design and perform-
ance assessment activities. When designs and calculations are sufficiently
mature, a variety of topical reports, and finally, issue resolution reports
will document the preliminary basis upon which the DOE will seek NRC’s con-
currence with various regulatory and technical requirements. Thus, by
acquiring the site data and other information necessary to support resolution
of the performance and design issues, the DOE will systematically establish
the information necessary to support demonstrations of compliance with the
major technical and regulatory requirements.

An integrated system for monitoring and tracking progress toward issue
resolution is under development. The technical basis derived from Sec-
tion 8.3 provides the list of site activities planned to develop the data
base for use in repository and waste package design and performance
assessment calculations. Study plans for the site activities will describe
the tests and experiments in more detail. Descriptions of repository and
waste package design activities that do not require site data will be
provided in other documents. These activities will also be monitored through
the issue resclution tracking system. As site information and results of
design analyses and activities becomes available, the baseline information
will be updated. This process will continue until final designs have been

8.2~66
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SCA - site characterization analysis; SCP - site

.
L4

Schematic diagram showing utilization of site data by
impact statement; FEIS ~ final environmental impact statement; HLF - higher
level findings; LA - license application; LAD - LA design; NEPA - National

documents (ACD - advanced conceptual design; DEIS - draft environmental
Environmental Policy Act

performance assessment and design, and for preparation of regulatory

characterization plan; SRR - site recommendation report).

YMP/CM-0011, Rev. 1
Figure 8.2-6.
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developed and credible performance assessment predictions have been prepared
on the basis of those designs. Resolution of those issues that address the
DOE’s siting guidelines (10 CFR Part 960) will occur when the DOE determines
that the requirements of these guidelines have been met in support of the
site-selection process. Resolution of those issues that address the NRC’s
requirements for repository performance and issuance of construction
authorization cannot occur until the NRC determines that there is reasonable
assurance, at that time, that all requirements are likely to be met.
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8.3 PLANNED TESTS, ANALYSES, AND STUDIES

This section describes the planned site characterization studies, and
the design and performance assessment activities to be conducted during site
characterization at the Yucca Mountain site. BAdditional details on the
planned field tests and laboratory tests will be provided in study plans.
The current list of study plans with estimated dates for completion is
provided in Section 8.5.1.

For the repository, seal, and waste package programs, only those
activities requiring site data are described in detail in this document.
Additional detail will be provided in appropriate design-related documents.
In the case of performance assessment activities, sufficient detail is
provided to document the site~data requirements. As described in Sec-
tions 8.1 and 8.2, performance allocation was used to identify both design
and performance assessment data needs.

Table 8.3-1 provides an overview of the structure of Section 8.3 showing

the order of the specific site programs in Section 8.3.1, and the performance
and design issues covered in Sections 8.3.2 through B.3.5.

g.3-1
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§.3.1 SITE PROGRAM

This section describes the site characterization investigations currently
thought to be necessary to adequately characterize the Yucca Mountain site.
The investigations are subdivided into studies and activities. The studies
will be described in further detail in study plans; a list of study plans is
provided in Section 8.5.1. The site data base developed by the planned
studies will be used to meet the requirements specified in the issue resolu-
tion strategies for the performance and design issues presented in Sec-
tions 8.3.2 through 8.3.5. The site information to be collected in this
program will serve as a part of the basis for determining if the regulatory
requirements for licensing a geologic repository can be met at the Yucca
Mountain site.

The exact locations where the site investigations described in this
section will be conducted are tentative. Specific boundaries for the Yucca
Mountain site have not been determined and site boundaries shown on maps in
this document should be considered preliminary and subject to change. Because
Section 8.3.1 was completed before Section 8.4, some activity descriptions in
Section 8.3.1 may not be totally consistent with the descriptions in Sec=
tion B8.4. Some inconsistencies may not have been identified, such as drilling
locations and the general approach to surface-based drilling. Changes to the
affected activities will be described in the study plans and semiannual prog-
ress reports.

8.3.1-1
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8.3.1.1 Overview of the site program: Role of alternative conceptual models

The site program is designed to acquire the information about the site
that is needed to resolve the design and performance issues in the issues
hierarchy. (The issues hierarchy is described in Sections 8.1.1 and 8.2.1.)
This objective will be met by the strategy that is illustrated in Fig-
ure 8.3.1.1-1. The site program is part of the overall issue resolution
strategy that is described in-Section 8.1.2.

As indicated in Figure 8.3.1.1-1, performance allocation is used to
identify information needs and to develop the testing strategy of the site
program. Performance allocation specifies the elements of the site that must
be investigated to resolve the issues and indicates the relative degree of
testing that must be done to reduce the uncertainties to levels consistent
with resolution of the issues. For each issue, information needs are devel-
oped based on the current description of the physical characteristics of the
site (the system description) and the associated uncertainties. The process
of performance allocation is outlined later in this section and is described
in detail in Section 8.1.2.2.

Investigations that address the information needs will be conducted and
the results will be analyzed. The resulting information will be used in the
resolution of issues as described in Section 8.1.2.

The site program testing strategy may evolve during site character-
ization. For example, if information gained during site characterization
leads to a significant change in the conceptualization of the Yucca Mountain
physical system, it may be appropriate to redefine the information needs and
modify the associated testing strategy. Information needs may also change if
it is found that information from the site program is not adequate to resclve
all of the issues. For example, meeting some of the information needs as
currently defined may be unfeasible because of limitations in measurement or
analysis techniques or because the scientific findings differ significantly
from current understanding. The testing strategy may also be modified if
significantly improved investigative or analysis techniques become available,
which permit reducing uncertainties previously considered to be irreducible.
If the level of confidence in site information is inadequate and alternative
tests cannot be identified, it will be necessary for the DOE to reevaluate
site suitability.

The following subsections of this overview describe the elements of the
Yucca Mountain system description and associated uncertainties, current site
information and design, sources of site information, aspects of the site
program that are designed to provide confidence that the needed data will be
acquired, and, finally, the organization of the the major programs within the
overall site program.

Elements of the system description and uncertainties

The Yucca Mountain site is a complex and dynamic natural physical system
whose state is determined by (1) the external environmental setting (i.e.,
the boundary conditions); (2) the internal geometry of the system; and

8.3.1.1-1
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(3) the physical processes acting within the system. The external envi-
ronmental setting includes the regional climatic, tectonic, geothermal, and
ground-water hydrogeologic systems. The internal geometry of the site is
determined by the geologic framework and is defined by local structural
features and stratigraphy. The processes operating within the system include
hydrologic processes controlling liquid-water storage and flow and watervapor
storage and flow; geothermal heat flow; processes controlling tectonic,
lithostatic, and hydrostatic stress fields; geochemical and solutional
kinematics; and pore-gas storage and flow.

Conceptual models must be developed to provide a description of the site
physical system and to develop numerical models that can be used to quanti-
tatively predict the system’s behavior. Each conceptual model comprises a
set of hypotheses regarding the environmental setting, internal geometry, and
governing internal processes that are consistent with each other and that are
compatible with available data. There is uncertainty in each conceptual and
numerical model and, even after site characterization, some degree of uncer-
tainty is expected to remain. The parameterization of numerical models
involves uncertainty because of data limitations. Conceptual model uncer-
tainty is indicated by the admissibility of alternative conceptual models,
that is, there may be more than one set of hypotheses that is internally
consistent and compatible with the available data.

As described below, the site program is designed to reduce both param-
eter uncertainty and conceptual uncertainty to the degree needed to satisfy
the information needs.

Current site information and design

Considerable information about the Yucca Mountain site is already avail-
able and a preliminary conceptual design of the surface and underground re-
pository facilities has been developed. Together, the site information and
preliminary design serve to constrain and guide the plans for characterizing
the site.

The present state of knowledge about the site and the surrounding area
is summarized in Chapters 1 through 5. Considerable data have been collected
for the specific purpose of making preliminary assessments of the suitability
of Yucca Mountain for a mined geclogic disposal system. Data have also been
collected for other purposes, most notably in support of operations at the
Nevada Test Site, adjacent and east of Yucca Mountain. These data provide
information on the geologic and tectonic conditions (Chapter 1), the geo-
engineering properties relevant to repository construction (Chapter 2), the
hydrologic environment (Chapter 3), the geochemical properties relevant to
repository performance (Chapter 4), and the local meteorology and long-term
variations in climate (Chapter 5).

The preliminary conceptual designs of the surface and underground re-

pository facilities are described in Chapter 6, and information on conditions
that affect waste-package design and performance is presented in Chapter 7.

8.3.1.1-3
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Sources of site information

The geology of Yucca Mountain reflects the formation and subsequent
alterations of the site up to the present. The mountain was formed more than
ten-million years ago and the local geoclogic record is about one-thousand
times longer than the time frame of primary concern for waste isolation
(10,000 yr). Thus, the local geoclogic record might be expected to contain an
adequate sampling of those identifiable processes and disturbances that are
reasonably likely to occur during the period important to waste isolation, as
well as information on disturbances that would not be likely to occur during
the geologically short period of concern.

The geologic processes that are reflected in the local geologic record,
as discussed in Chapters 1 through 5, have all been observed elsewhere.
These include volcanic processes, active faulting and related earthquake
effects, weathering and erosional processes, and a variety of geochemical
processes. Knowledge about ground-water processes is available from obser-
vations at many sites under a variety of conditions, including observations
of earthquake- and explosion-induced effects. There are many observations
elsewhere of the effects of earthquakes and explosions on engineered struc-
tures. This body of outside knowledge, a portion of which is described and
referenced in Chapters 1 through 5, provides an understanding of the proc-
esses that may be acting locally and can be used to help interpret site-
specific data and make site-specific predictions.

Evidence for some geologic processes that may affect the site may be
apparent only outside of the immediate site area. For example, no known
evidence exists for volcanic activity at Yucca Mountain since the Miocene,
but the presence of cinder cones nearby to the south and west (Sec-
tion 1.3.2.1.2) indicates a need to investigate the potential for volcanic
activity at the site. 1In general, knowledge of the geologic setting con-
strains and provides confidence in local interpretations.

Understanding of the site is based on four sources of information:
site-specific data, knowledge of the geologic setting, related global obser-
vations and associated knowledge, and generally accepted principles and con-
cepts of science. Uncertainty and deficiencies in any of these sources can
lead to uncertainty in the system description. Examples of current site-
specific data deficiencies exist in regard to the potential for surface fault
rupture at and near the proposed locations of surface facilities in Midway
Valley, hydrologic parameters within the Yucca Mountain block, past changes
in local water~table elevations, and past climatic conditions. Current
knowledge about ground-water flow conditions in adjacent regions is inade-~
quate and represents a deficiency in knowledge of the hydrogeologic setting.
Uncertainty in global climate models creates uncertainty in predicting future
precipitation and ground-water flux. Limited scientific ability to date geo-
logic materials and structures contributes significantly to uncertainty about
the geologic history of the site area. A conceptual understanding of the
potential for ground-water fluctuations due to coupled igneous and tectonic
effects is another area of current uncertainty.

Uncertainties of all types in the present system description were con-

sidered in defining the information needs that the site program is designed
to satisfy.

8.3.1.1-4
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Cohfidence building

The site program embodies a number of approaches for building confidence
that the necessary data will be acquired. These include a flexible, itera-
tive strategy for issue resolution, the use of performance allocation to
ensure that site investigations acquire the most important information for
resolution of performance and design issues, explicit testing of hypotheses
associated with alternative conceptual models, studies that focus on partic-
ular phenomena of concern, the use of probabilistic as well as deterministic
evaluations of site performance, and extensive internal and external techni-
cal review. :

Flexible strategy

The flexibility in the strategy for conducting the site program, illus-
trated in Figure 8.3.1.1-1, was discussed earlier. Any changes in the
defined information needs will be documented in semiannual progress reports
on site characterization activities. The testing strategy will be reevalu-
ated on the basis of any such changes and modified, as necessary, to acquire
the needed information. Modifications to the testing strategy will also be
documented in the semiannual reports.

Performance allocation

The first steps in performance allocation (Section 8.1.2.2) lead to the
identification of information needs--those categoriss or types of information
that are needed to resolve each performance and des:gn issue. Performance
allocation starts with the formulation of a licensing strategy for each
issue. This step uses available information to develop a statement of the
site features, engineered features, conceptual models, and analyses that are
considered important to the resolution of the issue. The principal product
of this step is the identification of the elements of the site that will be
investigated to resolve the issue, that is, if these elements can be shown to
perform as assumed in the licensing strategy, the issue is likely to be re-
solved. The next step is the establishment of performance measures for each
of the elements identified in the preceding step. Tentative goals and indi-
cations of desired confidence that each goal is met are established for each
performance measure. As discussed in Section 8.1.2.2, these goals are not
standards that must be met for the repository to perform properly; their
function is to guide the identification of information that must be provided
by the site program. The performance measures are then used to develop in-
formation needs. The information needs are expressed in terms of the design
and performance parameters that are needed to evaluate the performance meas-
ures. Tentative goals and indications of confidence that are consistent =%:ith
the goals for the performance measures are established for the parameters.

The next step in performance allocation is to define the work that will
produce the needed information. The information needs are expressed in terms
of the design and performance parameters. To establish values for these
parameters, more detailed characterization parameters and associated goals
and levels of confidence are defined such that, in principle, they can be
established by scientific investigation. The scientific investigations that
compose the site program are then designed to provide the defined character-
ization parameters.

8.3.1.1-5
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In the manner just described, performance allocation relates the site
data being collected to the information needed to resolve the design and
performance issues. It thus ensures that the information that is important
to issue resolution will be obtained by the site program.

Further confidence in the site program is provided by the use of conser-
vative goals in performance allocation--goals that, if met, would likely
contribute to a finding that the site will meet the technical criteria of the
regulations by a sufficient margin to address residual uncertainties in site
characteristics.

Hypothesis testing

The site program is designed not only to reduce uncertainty associated
with characterization parameters, but also to reduce uncertainty in the
conceptualization of the site physical system. For example, reduction of
uncertainty in conceptual models of moisture flow in partially saturated,
fractured rock has been identified as being particularly important to the
prediction of site performance, and this uncertainty is being addressed by
studies described in Section 8.3.1.2.

Systematic hypothesis testing is being employed to discriminate between
alternative conceptual models by eliminating untenable or nonviable hypothe-
ses and to evaluate the likelihoods that alternative, admissible conceptual
models are applicable. As with parameter uncertainty, conceptual uncertainty
will be reduced to the extent necessary to satisfy the information needs.

To ensure comprehensive consideration of potentially viable alternative
conceptual models and to document this consideration, hypothesis-testing
tables have been developed for several particularly relevant disciplines.
Specifically, hypothesis-testing tables have been developed for investi-
gations related to geohydrology (Section 8.3.1.2), geochemistry (8.3.1.3),
rock characteristics (8.3.1.4), climate (8.3.1.5), preclosure and postclosure
tectonics (8.3.1.17 and 8.3.1.8), natural resources that could lead to future
human disruption of the site (8.3.1.9), and thermal and mechanical rock
properties (8.3.1.15).

These tables summarize information in five categories: (1) the current
representation of the system, (2) the uncertainty and rationale in current
hypothesis, (3) alternative hypotheses, (4) the significance of the alter-
natives, and (5) the studies or activities needed to reduce the uncer-
tainties.

The first category, the current representation, identifies the elements
of the system being evaluated and describes the current or preferred hypothe-
ses regarding these elements. Typically, the elements of the system include
its physical domain and geometry, key features and properties of the system,
.processes and events that may be important, and boundary conditions. The
current hypotheses describe the assumptions made regarding these elements
from the available information about the site.

8.3.1.1-6
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The second category specifies the uncertainty in each current hypothesis
and gives a rationale for this specification. A qualitative judgment (high,
medium, or .low) of ambiguity in the current conceptual understanding is
presented, based on the available data and information. For example, a high
specification is indicated when a particular hypothesis could be very uncer-
tain because data are lacking or because large uncertainties arise in the
interpretation of measured parameters. In other cases, when the level of un-
certainty is more constrained, a medium or low rating is specified, depending
on the degree and reliability of the constraints.

The third category presents possible alternative hypotheses that might
also explain the available data. Where the uncertainties are judged to be
very low, no alternative hypothesis may be listed. An alternative hypothesis
may also be omitted when the alternative is simply that the preferred hypo-
thesis is false.

The fourth category provides judgments of the significance of the
uncertainties based on the identified information needs and the sensitivity
of the information needs to the uncertainties. Specifically, the performance
measures and design or performance parameters that were defined through per-
formance allocation are listed in each table, along with the needed confi-
dence in the measure or parameter, a judgment of the sensitivity of this in-
formation to the uncertainty in the hypothesis, and, based on the preceding
elements, a judgment about the ultimate need to reduce the uncertainty. The
role of the fourth category is to link the alternative conceptual models to
resolution of performance and design issues. Alternative conceptual models
will be considered primarily as they affect information needs associated with
performance and design issues. Thus, the significance of each conceptual
model is dependent on how sensitive the information needs are to the model
assumptions.

The fifth category identifies the activities that are planned to dis-
criminate between competing hypotheses or to otherwise reduce the estimated
uncertainty. These activities cut across disciplines and program lines,
where necessary. For example, the hypothesis-testing table for unsaturated-
zone hydrology (Table 8.3.1.2-2a) lists activities being conducted under the
postclosure tectonics program to assess the effects of tectonic processes and
events on local fracture permeability and effective porosity, activities in
the geochemistry program to provide information on water chemistry, and
activities in the thermal and mechanical rock properties program to determine
ambient thermal conditions.

The hypothesis~testing tables are necessarily preliminary and, there-
fore, list not only uncertainties known to be important, but also uncertain-
ties that are probably inconsequential., Even so, there are undoubtedly more
hypotheses that could be listed. The tables list modeling uncertainties that
appear, now, to be possibly relevant.

Focus on phenomena
Another approach to building confidence that the needed information will
be gathered is the phenomenological Zscus of many of the site characteriza-

tion investigations and studies, tha: is, many investigations and studies
have as an explicit objective an impr:ved understanding of a physical process

8.3.1.1-7
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that may affect or occur at the site. These investigations and studies
typically involve different types of activities to gain the necessary infor-
mation about the process. Examples are the geohydrology investigation
(8.3.1.2.2) of water movement in the unsaturated zone, the geochemistry study
(8.3.1.3.2.2) of the history of mineralogic and geochemical alteration of
Yucca Mountain, and the postclosure tectonics study (8.3.1.8.3.2) of the
potential effects of tectonic processes and events on the water-table
elevation. With an understanding of phenomena as the basis for the system
description, potentially important uncertainties are less likely to be
overlooked.

Studies that focus on phenomena are often interdisciplinary and, there-
fore, require programmatic integration. As discussed previously, the linkage
between information that is being provided by one program and that is being
used by another program is documented in the hypothesis-testing tables. This
linkage is also documented in performance-allocation tables for each site
program (e.g., Table 8.3.1.2-1) which illustrate the connection between the
design and performance issues and the information being provided by each
activity. Logic diagrams for each site program (e.g., Figure 8.3.1.2-2) also
indicate linkages between the various site programs. Integration across
disciplines and programs during the course of site characterization will be
facilitated by meetings and workshops in which the responsible investigators
in different disciplines will participate.

Deterministic and probabilistic evaluations

Both deterministic and probabilistic evaluations of site performance
will be performed. The deterministic evaluations include bounding analyses
as well as representative estimates using point values for performance and
design parameters. Probabilistic analyses will be used where appropriate to
quantify and determine the importance of uncertainty in the parameters. 1In
some cases probabilistic analysis is used as an adjunct to deterministic de-
sign-basis analysis; an example is the development of a seismic design basis
for preclosure facilities that are important to safety (Section 8.3.1.17.3).

The support of probabilistic analyses provides added confidence that the
data needed to adequately characterize the site will be collected. Probabi-
listic evaluations typically treat scenarios over a wide range of occurrence
likelihoods and quantitatively consider the impact of both conceptual and
parametric uncertainty. Probabilistic analyses, therefore, often require
more information than deterministic analyses. Probabilistic analysis also
provides an excellent framework for testing the sensitivity of modeling
results to various modeling assumptions. The identification of critical
assumptions will be used to help keep the site program focused on obtaining
the most important information.

Technical review

The site characterization plan has been developed under a DOE quality
assurance program and has been subiect t0 an extensive review and a docu-
mented comment-resolution process befsre its completion and issuance, lending
further confidence that the site program will acquire all information needed
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to resolve the design and performance issues. In addition, all technical
reports produced by Yucca Mountain Project participants are reviewed accord-
ing to the DOE quality assurance program.

Organization of the investigations

The subsections of Section 8.3.1 are organized according to the major
topics of investigation within the site program. Following this overview,
Sections 8.3.1.2 through 8.3.1.9 address topics generally associated with the
postclosure performance and design issues; Sections 8.3.1.10 through 8.3.1.17
treat topics generally associated with preclosure design and safety issues.
As shown in Table 8.3-1, Section 8.3.1.2 describes the investigations making
up the geohydrology program. Section 8.3.1.3 covers the geochemistry pro-
gram. Section 8.3.1.4 describes the plans to develop an integrated site-
characterization-drilling program and the investigations to determine the
three-dimensional distribution of rock properties at Yucca Mountain. Inves-
tigations planned to predict the range of possible future climatjc conditions
and their effects are described in Section 8.3.1.5. Section 8.3.1.6 covers
the investigations related to present and future erosion rates. Sec-
tion 8.3.1.7 addresses rates of rock dissclution. Section 8.3.1.8 describes
the plans for investigation of tectonic processes and events that could occur
during the postclosure period. Section 8.3.1.9 considers the investigations
to establish the potential for human interference at the site. - Preliminary
site-related data needs for preclosure radiological safety assessments are
covered by Sections 8.3.1.10 through 8.3.1.13 (population density and distri-
bution, land ownership and mineral rights, meteorological conditions, and
offsite installations, respectively). Section 8.3.1.14 describes the inves-
tigations to establish the surface characteristics at the site for purposes
of siting repository surface facilities. Investigations addressing data
needs for thermal and mechanical rock properties and for ambient stress and
temperature conditions are described in Section 8.3.1.15. Section 8.3.1.16
describes the investigations planned to provide information on hydrologic
conditions and processes important during the preclosure period. Finally,
Section 8.3.1.17 describes the investigations to provide information on the
potential for preclosure igneous activity, ground motion, and surface
faulting at the Yucca Mountain site.

The site investigations described in each section are divided into
studies and activities. The studies will be described in further detail in
study plans; a list of study plan topics is provided in Section 8.5.1.

8.3.1.1-9
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8.3.1.2 OQverview of the geohvdrology program: Description of the present
and expected geohydrologic characteristicS required by the
performance and design issues

The performance issues that require data from this site characterization
program are discussed, together with the current strategy that the Yucca
Mountain Project (formerly the Nevada Nuclear Waste Storage Investigations
(NNWSI) Project) intends to use in the conduct of this site characterization
program. The investigations and studies to be conducted are identified and
discussed with explanations for how these investigations and studies will
adequately address requirements of the test program.

The major part of Section 8.3.1.2 summarizes the studies and activities
that have been chosen to provide the information required by the character-
ization investigations, and relates these studies and activities to the
performance and design issues. The test program directly relates to various
performance requirements identified in 40 CFR Part 191 and 10 CFR Part 60,
specifically the following:

40 CFR 191.13(a)

Disposal systems for spent nuclear fuel or high-level or trans-
uranic radioactive wastes shall be designed to provide a reasonable
expectation, based upon performance assessment, that the cumulative
releases of radionuclides to the accessible environment for

10,000 yr after dispocsal from all significant processes and events,
that may affect the disposal system shall:

(1) Have a likelihood of less than one chance in 10 of exceed-
ing the quantities calculated according to Table 1
(Appendix A); and

{2) Have a likelihood of less than one chance in 1,000 of ex-
ceeding ten times the quantities calculated according to
Table 1 (Appendixz A).

40 CFR 191.16(b)

Disposal systems for spent nuclear fuel or high-level or trans-
uranic radioactive wastes shall be designed to provide a reasonable
expectation, that for 1,000 yr after disposal, undisturbed perform-
ance of the disposal system shall not cause the radionuclide con-
centrations averaged over any year in water withdrawn from any
portion of a special source of ground water to exceed:

(1) Five picocuries per liter of radium~226 and radium-228;
(2) Fifteen picocuries per liter of alpha-emitting radionu-

clides (including radium-~226 and radium=~228 but excluding
radon); or

8.3.1.2~1
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{(3) The combined concentrations of radionuclides, that emit
either beta or gamma radiation that would produce an
annual dose equivalent to the total body or any internal
organ >4 rems/yr if an individual consumed 2 L/day of
drinking water from such a source of ground water.

10 CFR 60.113 (a) (1) (ii) (R)

Containment of high-level waste (HLW) within the waste package will
be substantially complete for a period to be determined by the
Commission taking into account the factors specified in Part
60.113(b) provided that such period shall be not less than 300 yr
nor more than 1,000 yr after permanent closure of the geologic
repository.

10 CFR 60.113 (a) (1) (ii) (B)

The release rate of any radionuclide from the engineered barrier
system following the containment period shall not exceed one part
in 100,000/yr of the inventory of that radionuclide calculated to
be present at 1,000 yr following permanent closure, or such frac-
tion of the inventory as may be approved or specified by the
Commission; provided, that this requirement does not apply to any
radionuclide which is released at a rate <0.1 percent of the calcu~
lated total release rate limit. The calculated total release rate
limit shall be taken to be one part in 100,000/yr of the inventory
of radicactive waste, originally emplaced in the underground facil-
ity, that remains after 1,000 yr of radioactive decay.

10 CFR 60.113 (a) (2)

The geologic repository shall be located so that pre-waste-
emplacement ground water travel time along the fastest path of
likely radionuclide travel from the disturbed zone to the
accessible environment shall be at least 1,000 years or such other
travel time as may be approved or specified by the Commission.

Regulations 40 CFR 191.13(a) and 10 CFR 60.113(a) {(2) are associated with
the movement of ground water in the immediate vicinity of the proposed
repository. Regulations 40 CFR 191.16(b), 10 CFR 60.113(a) (1) (ii) (&), and
10 CFR 60.113(a) (1) (ii) (B) are associated with the existence of ground water
around the repository:; in particular, 10 CFR 60.113(a) (1) (ii) (A) and
10 CFR 60.113(a} (1) (ii) (B) directly depend on the emplacement environment,
because ground-water moisture is presumed to be the primary mechanism for
waste package degradation and for releases from the engineered barrier
system.

Each of these regulations is addressed by a specific issue within the
Yucca Mountain Project Issues Hierarchy. The respective issues for these
regulations are 1.1, 1.3, 1.4, 1.5, and 1.6 (Sections 8.3.5.13, 8.3.5.15,
8.3.5.9, 8.3.5.10, and 8.3.5.12 respectively). The hydrologic information
required to satisfy these issues is discussed in Section 8.3.5, and is

8.3.1.2-2
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summarized in the following discussion, where a correlation is made to the
data to be collected under the gechydrology program.

In addition to the performance requirements just identified, hydrologic
information provided by the geohydrologic test programs is also required to
address the favorable conditions identified in 10 CFR 60.122(b) and the
potentially adverse conditions of 10 CFR 60.122(c). These conditions are
examined under Issue 1.8 (Section 8.3.5.17).

An understanding and a quantitative assessment of the hydrologic con-
ditions at Yucca Mountain are also required to address the higher level
findings required by 10 CFR Part 960 for the qualifying conditions on the
postclosure system guideline and the disqualifying and qualifying conditions
on the technical guidelines for geohydrology, geochemistry, climatic changes,
and human interference. An assessment of these findings is addressed under
Issue 1.9 (Section 8.3.5.18).

Issue 1.9 also addresses the comparative evaluations required by 10 CFR
960.3-1-5, which is associated with cumulative releases to the accessible
environment during 100,000 yr. Once again, the hydrologic system is the
primary mechanism by which these releases can occur, and so an understanding
of the ground-water and surface-water systems is required to perform these
evaluations,

Approach to satisfy performance and design requirements

An understanding ¢f the geohydrologic environment is essential to asses-
sing the suitability of the site because ground water is expected to be the
major transport medium of radionuclides to the accessible environment. A
potential additional radionuclide transport process is by gaseous-phase flow
in the unsaturated zone, which is also addressed by the Geohydrology Program.

The general strategy for carrying out the geohydrology program is to
conduct investigations that will result in a complete and accurate descrip-
tion of the pertinent components of the hydrologic system that will reflect
an understanding of the hydrologic properties, initial and boundary condi-
tions and processes, and their interrelationships. The results of the geo-~
hydrology program will then be combined with the results of other site pro-
grams to produce a site model, or complete description of the site.

The geohydrology program consists of the data-collection and evaluation
activities that will result in hydrologic models that describe two distinct
regimes of the hydrologic system: the unsaturated zone and the saturated
zone. Each of these regimes is impacted by the surface-water flow regime,
and so a surface-water hydrologic model will also be developed to provide
input to the other two hydrologic models. The unsaturated-zone hydrologic
model will be developed only at the site scale, whereas the surface-water and
saturated-zone hydrologic models will be developed at both site and regional
scales. The hydrologic regimes described by these models are those that
significantly affect the resolution of hydrologic-related design and per-
formance issues; these regimes, therefore, are the principal subjects of
investigation in the geohydrology program.

8.3.1.2-3



YMP/CM~0011, Rev. 1 YMP/CM~0011, Rev. 1

The geohydrology program is a broad program that includes activities in
the disciplines of unsaturated-zone hydrology, saturated-zone hydrology (on
both a regional and site scale), and surface-water hydrology. Much of the
effort of the geohydrology program will focus on the thick (500 to 750 m)
unsaturated zone at the site. This is the enviromment in which the reposi-
tory would be constructed; thus, many of the design requirements relate to
the unsaturated zone, and this environment is expected to serve as the pri-
mary barrier to transport of radionuclides. Despite the extensive inves-
tigations planned for the hydrologic characterization of the unsaturated
zone, a certain level of uncertainty may still remain as to its effectiveness
as a barrier even after the investigations are completed. This is because
detailed understanding of hydrologic processes in thick, arid-region,
fractured-rock unsaturated zones is generally poor, and, therefore, various
untried and nonstandard approaches must be taken. Consequently, in keeping
with the multiple barrier concept, substantial emphasis will also be placed
on characterizing the saturated zone.

The saturated zone beneath the site serves as the final portion of the
flow path for ground-water flow and transport to the accessible environment.
Evaluation of the regional saturated-zone flow system provides knowledge of
the boundary conditions at the site; this knowledge is needed to assess
accurately the impacts of changes (such as climate) on the flow system
beneath the site.

Surface water is expected to be a major source of infiltration to the
unsaturated zone and, ultimately, recharge to the saturated zone. Changes in
the surface-water flow regime could significantly impact ground-water flow
paths and gradients and, thus, radionuclide transport from the site to the
accessible environment. In addition, surface-water flooding and debris
transport may pose a hazard to repository facilities.

Figure 8.3.1.2-1 is a logic diagram that shows the interface between the
geohydrology program and the design and performance issues and other site
characterization programs for which the gechydrology program provides infor-
mation. The diagram shows that the parameters obtained by the geohydrology
program will be used in a wide variety of issues and programs in the Yucca
Mountain Project.

The logic diagrams of Figures 8.3.1.2-2 through 8.3.1.2-4 show the
relationships between the three hydrologic models (surface-water, unsaturated
zone, and saturated-zone) and the gechydrology program. The diagrams expand
the hydrologic models to show the models, model components, and common
parameter categories used to build that model. The diagrams also show that
each hydrologic model consists of numerical models and conceptual/descriptive
models, which combine to provide a complete description.

The hydrologic models contain four major components: (1) system geom-
etry, (2)material properties, (3) initial and boundary conditions, and
(4) hydrologic hypotheses. In Figures 8.3.1.2-2 through 8.3.1.2-4 these
components are given designations more specific to the particular hydrologic
model that they constitute. For each of these hydrologic models, the system
geometry is provided by the geologic framework. The material properties

8.3.1.2~4
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include the surface-water hydraulic characteristics (Figure 8.3.1.2-2) the
unsaturated hydraulic and gaseous-phase properties (Figure 8.3.1.2-3) and
saturated- zone hydraulic properties (Figure 8.3.1.2-4). Each of the three
hydrologic regimes has its own set of initial and boundary conditions. The
first three components together form the basis for developing the numerical
models that quantitatively describe various aspects of the hydrologic system.
These components also support the fourth component, the hypotheses concerning
the conditions, properties, and processes of the particular hydrologic regime
being modeled. A consistent set of hypotheses leads to a conceptual model
for that hydrologic regime.

Parameters define the geologic framework, hydrologic properties and
characteristics, and initial and boundary conditions. Categories of these
parameters and their relationships to these model components are shown for
each of the hydrologic regimes in Figures 8.3.1.2-2 through 8.3.1.2-4,

The parameter categories in Figures 8.3.1.2-2 through 8.3.1.2-4 are tied
to Table 8.3.1.2-1, which provides the initial framework for relating (1) the
parameter requirements of the design and performance issues, and (2) the
parameters that will be provided by the geohydrology program to satisfy those
requirements. Table 8.3.1.2-1 lists in the two left-hand columns the issues
and section numbers that call for information from the geohydrology program.
In the two right-hand columns, the table lists the activity parameters that
will be obtained in the program in response to those requirements, along with
the section numbers where the activities are described that will obtain the
parameters. The middle column (parameter category) provides the linkage
between the performance and design and the characterization parts of the
table; this column also provides the organizational structure upcen which the
listings of issues and activity parameters are based.

Activity parameters generally are those parameters that will be gener-
ated by the field and laboratory testing activities. They represent the
most basic measurements that will be used in analyses to characterize the
gechydrology of the site. Many c¢f the activity parameters are building
blocks to support various aspects of the project. Some, such as hydraulic
conductivity, support design and performance issues directly; others, such as
drainage-basin areas, primarily provide bases for analyses and evaluations to
be conducted within the geohydrology program or within other characterization
programs.

In Table 8.3.1.2-1, the activity parameters are grouped according to
parameter categories. These categories, including major categories {such as
"unsaturated-zone hydraulic and gaseous phase properties®) and subcategories
(such as unsaturated-zone transmissive properties) are topical categories
that serve to group similar types of performance and design parameters and
match them with groups of similar types of parameters to be obtained during
site characterization. Generally, a one-to-one correspondence is not to be
expected between a performance parameter and an activity parameter because of
the great diversity, number, and n:ghly specific nature of both types of
parameters.

The parameter category serves as a convenient and logical classification
scheme that can aid the reader in assessing the appropriateness and complete-
ness of the data collection program. The technical logic for the parameter



Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that supjort performance
and design issues (page 1 of 38)

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
METEOROLOGICAL CHARACTERISTICS
1.1 8.3.3.2 Meteorological Storm movement and intensity; meteor- 8.3.1.2.1.1
2.1 8.3.5.3 characteristics ological input to unsaturated-zone
2.2 8.3.5.4 infiltration and gas-phase circula-
2.3 8.3.5.5 tion studies; (with integrated
2.7 8.3.2.3 meteorological network)
1.4 8.3.2.5 Atmospheric pressure and pressure 8.3.1.2.1.1.1
variability
Atmospheric stability; relations to 8.3.1.2.1.1.1
storms
Atmospheric temperature 8.3.1.2.1.1.1
Humidity, relative; diurnal and
seasonal variability -8.3.1.2.1.1.1
Precipitation chemistry 8.3.1.2.1.1.1
Precipitation, intensity and duration
(monthly and seasonal variability) 8.3.1.2.1.1.1
Radiation and irradiation, infrared
(diurnal and seasonal variability) 8.3.1.2.1.1.1
Wind, speed, and direction (diurnal,
seasonal, and storm-specific
variability) : 8.3.1.2.1.1.1
Air temperature 8.3.1.2.1.2.1
Precipitation, quantity and timing 8§.3.1.2.1.2.1
Air temperature 8.3.1.2.1.3.3
Precipitation, quantities and frequency 8.3.1.2.1.3.3
Precipitation 8.3.1.2,2.,1.2
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Table 8.3.1.2-1.

and design issues (page 2 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category ‘Activity parameter SCP activity
METEOROLOGICAL CHARACTERISTICS (continued)
Meteorological Rainfall, experimentally induced 8.3.1.2.2.1.3
characteristics Air temperature 8.3.1.2.2.6.1
(cont inued) Barometric pressure 8.3.1.2.2.6.1
Relative humidity 8.3.1.2.2.6.1
SURFACE-WATER HYDRAULIC CHARACTERISTICS
1.1 8.3.5.13 Surface-water flood Runoff and streamflow, hydrologic
1.12 8.3.3.2 and runoff characteristics 8.3.1.2.1.2
2.1 8.3.5.3 characteristics Durations of individual runoff events 8.3.1.2.1.2.1
2.3 8.3.5.5 Occurrences and geographics extent
2.7 8.3.2.3 of runoff 8.3.1.2.1.2.1
4.4 8.3.2.5 Runoff quantities, at specific site
for specific events 8.3.1.2.1.2.1
Runoff rates at specific sites 8.3.1.2.1.2.1
Runoff durations 8.3.1.2.1.3.3
Runoff frequencies 8.3.1.2.1.3.3
Runoff quantities 8.3.1.2.1.3.3
Runoff rates 8.3.1.2.2.1.1
Runoff 8§.3.1,2.2.1.2
Runoff; experimentally induced 8.3.1.2.2.1.3
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Table 8.3.1.2-1.

Activity parameters provided by the geohydrology program that support performance
and design issues (page 3 of 38)

Calls by performance
and design issues

Issue SCP section

Parameter
category

Response by geohydrology characterization program

Activity parameter

SCP activity

1.1 8.3.5.13
1.12 8.3.3.2
2.7 8.3.2.3
1.2 8.3.5.13
1.12 8.3.3.2
1.1 8.3.5.13
1.12 8.3.3.2

SURFACE-WATER HYDRAULIC CHARACTERISTICS (continued)

Surface-water
debris-transport
characteristics

Sediment component of runoff
Flood debris, physical characteristics
Hillslope and channel erosion, loca-
tion and areal extent
Sediment deposits, location and
areal extent

SURFACE-WATER BOUNDARY CONDITIONS

Surface-water
drainage-basin

and channel

characteristics

Surface-water
chemistry and

temperature

Hillslope and channel erosion, timing

Drainage-basin and channel geometry
(aspect, area, configuration, slope,
Manning coefficient)

Surficial deposits, distribution, and
characteristics

Hydrochemistry, surface water

-]
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 4 of 38)

£T-2°1°¢"8

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
SURFACE-WATER HYDROLOGIC CONCEPTUAL/DESCRIPTIVE MODELS
1.1 8.3.5.13 Surface-water hydro- Precipitation and its relation to
1.12 8.3.3.2 logic conceptual/ surface runoff with particular empha-
2.1 8.3.2.3 descriptive models sis on the Fortymile Wash drainage
basin; rainfall-runoff model .3.1.2.1.1
Flood and fluvial-debris hazards
(8.3.1.16.1.1) .3.1.2,1.2
Runoff and streamflow, relation to
amounts and processes of ground-
water recharge .3.1.2.1.2
Runoff and streamflow, relation to
precipitation .3.1.2.1.2
Relations of runoff to weather
conditions .3.1.2.1.2.1
Runoff frequencies in specific and
general areas .3.1.2.1.2.1
UNSATURATED-20NE HYDRAULIC AND GASEQUS-PHASE PROPERTIES
1.1 8.3.5.13 Unsaturated-zone Recharge locations, rates, and history .3.1.2.1.3.3
1.6 8.3.5.12 tranamissive Hydraulic conductivity .3.1.2.2.1.3
1.10 8.3.4.2 properties Flux-related, matrix hydrologic pro-
1.12 8.3.3.2 perties (transmissive) of geologic
4.4 8.3.2.5 samples .3.1.2.2.3
Permeability, effective, hydraulic,
matrix; subsurface geologic samples .3.1.2.2.3.1
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Table 8.3.1.2-1.

and design issues (page 5 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED~ZONE HYDRAULIC AND GASEQUS-PHASE PROPERTIES (continued)

Unsaturated-zone
transmissive
properties

Permeability, relative, hydraulic,
matrix, subsurface geologic samples

Effective matrix porosity

Hydraulic conductivity

Permeability, in situ, hydraulic, bulk

Permeability, in situ, pneumatic, bulk

Permeability, matrix, as a function of
saturation and matric potential,
laboratory

Effective porosity

Fracture connectiveness

Permeability, in situ, hydraulic, bulk

Permeability, in situ, pneumatic, bulk

Effective permeability to air as a
function of saturation, water
potential, and applied stress

Effective permeability to water as a
function of saturation, water
potential, and applied stress
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Table 8.3.1.2-1.

Activity parameters provided by the geohydrology program that support performance
and design issues (page 6 of 38)

Calls by performance
and design issues

Issue SCP section

Parameter
category

Response by geohydrology characterization program

Activity parameter

SCP activity

B e e
R R 2 Y
N o

Unsaturated-zone

transmissive
properties

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE PROPERTIES

Effective porosity for single fracture

Permeability, effective, single
fractures

Effective porosities of the matrix
and fractures

Effective porosity, matrix and
fractures

Fracture connectiveness

Hydraulic conductivity

Hydraulic conductivity; unsaturated
to air and water as functions of
water saturation and matric potential

Pneumatic conductivity, fracture
networks

Unsaturated hydraulic conductivity
to air as a function of bulk water
saturation and matric potential
(including determination of critical
saturation)

Unsaturated hydraulic conductivity to
water as a function of bulk water
saturation and matric potential
(including determination of critical
saturation)

Effective porosity of matrix and
fractures (including pore-size
distribution of matrix)

W o W
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3.1,

.3.1.

.3.1.

3.1,

3.1

.3.1

3.1
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4.2

4.3
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Table 8.3.1.2-1.

and design issues (page 7 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Response by geohydroloqy characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE PROPERTIES (continued)

Unsaturated-zone
transmissive
properties
(cont inued)

Effective porosity, bulk; fracture-
matrix networks

Fracture and fracture-set spacing and
density

Hydraulic conductivity, unsaturate.
relative to air and water as a
function of saturation and matric
potential

Permeability; (air) before and after
excavation; hydraulic and pneumatic
tests

Permeability; (pneumatic) bulk,
fracture/matrix networks; hydraulic
and pneumatic tests

Pneumatic conductivity; directional and
saturation dependence; hydraulic and
preumatic tests

Unsaturated hydraulic conductivities
relative to air as a function of
saturation and matric potential

Bulk permeability

Bulk permeability, pneumatic

Bulk porosity

Fracture permeability

Gas permeability, excavation effects

Permeability (pneumatic) bulk,
fractured rock
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Table 8.3.1.2-1.

and design issues (page 8 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE PROPERTIES (continued)

Unsaturated-zone
transmisgsive
properties
{cont inued)

Permeability (relative), gas; rock
matrix

Permeability (relative), water; rock
matrix

Permeability (saturated), gas; rock
matrix

Air-permeability profiles

Permeability profiles

Hydraulic conductivity, perched-water
zones

Transmissivity, perched-water zones

Bulk permeability (pneumatic)

Effective porosity

Hydraulic conductivity (perched-water
zones)

Transmissivity (perched-water zones)

Air permeability, matrix

Water permeability, matrix

Conductive properties, gas flow

Effective porosity

Fracture connectivity

Fracture permeability, anisotropic

Permeability, pneumatic, bulk

Porosity, fracture, effective
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Table 8.3.1.2-1.

and design issues (page 9 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE PROPERTIES (continued)
1.1 8.3.5.13 Unsaturated-zone Matrix porosity 8.3.1.2.2.1.1
1.6 8.3.5.12 storage properties Moisture retention curves 8.3.1.2.2.1.1
Flux-related, matrix hydrologic
properties (storage) of geologic
samples 8.3.1.2.2.3
Matrix pore-size distribution, sub-
surface geologic samples 8.3.1.2.2.3.1
Moisture retention curves, subsurface
geologic samples 8.3.1.2.2.3.1
Porosity; subsurface geologic samples 8.3.1.2.2.3.1
Matrix pore-size distribution 8.3.1.2.2.3.2
Porosity, total, laboratory .8.3.1,2.2.3.3
Moisture retention, rock matrix 8.3.1.2.2.4.4
Porosity pore-size distribution, matrix 8.3.1.2.2.4.4
Porosity, bulk, fractured rock 8.3.1.2.2.4.4
Porosity, matrix 8.3.1.2.2.4.4
Storage coefficient, perched-water
zones 8.3.1.2.2.4.7
Storage coefficient (perched-water
zones) 8.3.1.2.2.4.9
Storage properties, gas phase 8.3.1.2.2.6
Storativity, gas 8.3.1.2.2.6.1
1.1 8.3.5.13 Unsaturated-zone Dispersivity, fractures 8.3.1.2.2.4.1
1.10 8.3.4.2 dispersive Effective dispersivity for single
properties fracture flow 8.3.1.2.2.4.1
Flow-path tortuosity in single
fre~*ures 8.3.1.2.2.4.1

\
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 10 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE PROPERTIES (continued)

Unsaturated-zone Tortuosity, fracture-flow paths 8.3.1.2.2.4.1
dispersive Convective dispersivity, fracture
properties networks 8.3.1.2.2.4.2
(cont inued) Diffusive tortuosity, fractured rock
and rock mass 8.3.1.2.2.4.4
Dispersive properties, gas flow 8.3.1.2.2.6
Convective dispersivity 8.3.1.2.2.6.1
Fracture constrictivity 8.3.1.2.2.6.1
1.1 8.3.5.13 Unsaturated-zone Matrix diffusion coefficient, fracture
diffusive networks 8.3.1.2.2.4.2
properties Gaseous diffusion coefficient,
fractured rock units . 8.3.1.2.2.4.4
Diffusivity coefficient 8.3.1.2.2.5.1
1.1 8.3.5.13 Unsaturated-zone Air permeability, rock mass 8.3.1.2.2.4.10
1.6 8.3.5.12 fault hydrologic Hydraulic potential, rock mass 8.3.1.2.2.4.10
1.11 8.3.2.2 characteristics Pneumatic potential, rock mass 8.3.1,2.2.4.10
1.12 8.3.3.2 Water content, rock mass 8.3.1.2.2.4.10
4.4 8.3.2.5 Water permeability, rock mass . 8.3.1.2.2.4.10
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 11 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

T A9 ‘TT100-WO/JRX

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS

1.1 8.3.5.13 Unsaturated-zone Water potential 8.3.1.2.2.1.1
1.6 8.3.5.13 fluid potential Flow paths, beneath experimental
infiltration plots 8§.3.1.2.2.1.3
Matric potential, beneath experimental
infiltration plots 8.3.1.2.2.1.3

Flux-related, matrix hydrologic
properties (fluid potential) of

geologic samples 8.3.1.2.2.3
Matric potential, subsurface geologic
samples 8.3.1.2.2.3.1

Water potential (total), subsurface

geologic samples 8.3.1.2.2.3.1
Matric potential 8.3.1.2.2.3.2
Pneumatic potential 8.3.1.2.2.3.2
Pressure head, profiles 8.3.1.2.2.3.2

, Water potential, total 8.3.1.2.2.3.2

Matric potential §.3.1.2.2.3.3
Pneumatic potential 8.3.1.2.2.3.3
Potential fields (ambient), lateral

variation near Solitario Canyon

fault zone 8.3.1.2.2.3.3
Water potential, total 8.3.1.2.2.3.3
Water potential (fracture), matrix

networks 8.3.1.2.2.4.2
Hydraulic potential of matrix and rock

mass 8.3.1.2.2.4.3
Water potential, matric and rock mass 8.3.1.2.2.4.3
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 12 of 38)

Calls by performance
and design issues Parameter
Issue SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

Unsaturated-zone
fluid potential

(continued)
1.1 8.3.5.13 Unsaturated-zone
1.6 8.3.5.12 fluid chemistry,
1.10 8.3.4.2 temperature,
1.12 8.3.3.2 and age
4.4 8.3.2.5

HWater potential (total), hydraulic and

pneumatic tests

Matric potential, fractured rock and
rock mass

Pneumatic potential, distribution

Water potential (rock matrix), total
fractured rock

Water potential (total), perched-
water zones

Hydraulic head (perched-water zones)

Matric potential

Water potential

Pneumatic potential

Vapor-pressure deficit (potential),
relative, soil gas

Hydrochemistry, ground-water

Flow paths from tritium analysis

Tritium isotopic composition

Chloride; soil and tuff samples

Chlorine-35 to chlorine-37 ratios,
soil and tuff samples

Chlorine-36 to chlorine ratios, soil
and tuff samples

Pore gas, composition

Radioactive isotopes

Stable isotopes
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Table 8.3.1.2-1,

and design issues (page 13 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

Unsaturated-zone
fluid chemistry,
temperature,
and age
{cont inued)

Temperature, fractured rock

Hydrochemical properties, perched-
water zones

Radioactive isotopes

Stable isotopes

Water quality

Hydrochemistry

Moisture loss (water content 0-18/0-16
and D/H ratios)

Pore-gas composition

Radioactive-isotope activity (C-14)

Radioactive-isotope activity (Ar-39)

Radioactive-isotope activity (C1-36)

Radioactive-~isotope activity (tritium)

Stable-isotope activity

Stable-isotope ratio analyses

Water quality, cations and anions

Composition of formation gases

Composition of formation water

Radioactive and stable isotope
composition

Thermal potential

Water chemistry (perched-water zones)

Carbon-14 activity

Composition of formation gases

Composition of formation water

Stable-isotope composition (oxygen-18,
deuterium)
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 14 of 38)

Calls by performance
and design issues Parameter
Issue SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

Unsaturated-zone
fluid chemistry,

temperature,
and age
{continued)
1.1 8.3.5.13 Unsaturated-zone
1.6 8.3.5.12 moisture
1.10 8.3.4.2 conditions
1.11 8.3.2.2
1.12 8.3.3.2

Thermal potential, rock mass

Tritium activity

Gas composition

Soil temperature

Temperature profiles

Gas chemistry and age

Water chemistry and age

Water-rock chemical interaction and
geochemical evolution of water

Pore-gas composition

Radioactive-isotope activities in gas
phase (tritium and C-14)

Stable-isotope activities in gas
phase (tritium and C-14)

Pore water hydrochemical properties

Radioactive-isotope activities in
liquid phase

Stable-isotope activities in liquid
phase

Water quality, cation and anions

Soil moisture content
Moisture content

Water content, gravimetric
Water content, saturation
Water content, volumetric
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Table 6.3.1.2-1,

and design issues (page 15 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Regponse by geohydrology characterization program

Activity parameter

SCP activity

L -3 N
o =y

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

Unsaturated-zone
moisture
conditions

{cont inued)

.3.2.3
5

8
8.3.2.

Flux-related, matrix hydrologic
properties (moisture conditions)
of geologic samples

Moisture content (volumetric),
subsurface geologic samples

Water content (gravimetric),
subsurface geologic samples

Moisture content, time dependence

HWater content

Water content, gravimetric

Water content, saturation profiles

Moisture content, lateral variation

Water content, gravimetric

Water content, volumetric

Water content

Water content of matrix and rock mass

Water content, matrix

Water content (gravimetric), rock mass

Water content (volumetric), rock mass

Moisture content, in situ degree of
saturation

Gravimetric moisture content

Volumetric moisture content

Water-content profiles

Water content, matrix

Water-vapor content
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (paqe 16 of 38)
Calls by performance
and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity

T "asy ‘1100-WO/dAX

UNSATURATED~-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

1.1 8.3.5.13 Unsaturated-zone Infiltration locations 8.3.1.2.1.3.3
1.6 8.3.5.12 fluid flux Infiltration rates 8.3.1.2.1.3.3
1.10 8.3.4.2 Recharge locations, rates, and history 8.3.1.2.1.3.3
1.12 8.3.3.2 Infiltration rates 8.3.1.2.2.1.1
4.4 8.3.2.5 Vegetative cover, type and density 8.3.1.2.2.1.1
Evapotranspiration rates 8.3.1.2.2.1.2
Flow velocities 8.3.1.2.2.1.2
Natural infiltration 8.3.1,2.2.1.2
Met infiltration, beneath surficial
evapotranspiration zone 8.3.1.2,2.1.2
Water flux 8.3.1.2.2.1.2
Evapotranspiration rates, experimental
conditions 8.3.1.2.2.1.3
Flow velocities beneath experimental
infiltration plots 8.3.1.2.2.1.3
Infiltration rates (saturated and
unsaturated), experimentally induced 8.3.1.2.2.1.3
Water flux beneath experimental
infiltration plots 8.3.1.2.2.1.3
Vapor flux 8.3.1.2,2.3.1
Water flux 8.3.1.2.2.3.1
Hydrogeologic unit definition 8.3.1.2.2.3.2
Flux (volumetric) through fracture-
matrix networks 8.3.1.2.2.4.2
Volumetric flux and travel time
through the rock mass 8.3.1.2.2.4.2

Water velocity (directional distri-
butions) fracture-matrix networks 8.3.1.2.2.4.2
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Table 8.3.1.2-1.

and design issues (page 17 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues

Parameter

Issue

SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

UNSATURATED-ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)

Unsaturated-zone
fluid flux
(cont inued)

Directional water velocity
distributions

Flux, volumetric

Fracture and fracture-set densities
and spacings

Volumetric flux and travel time
through the rock mass

Water velocity (directional distri-
butions), hydraulic and pneumatic
tests

Discharge, perched-water zones

Flow rates, perched-water zones

Flow paths, hydrochemical determination

Travel times, hydrochemical
determination

Fluid flow, structural controls

Gas-flow field, pre-waste emplacement

Moisture flux, in gas phase

Flow direction

Flow velocities (air), in surface-
based boreholes

Flow velocity profiles

Water-vapor flux

Gas flow direction, flux, and travel
time

Gas transport mechanisms

Water flow direction, flux, and
travel time
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Table 8.3.1.2-1.

and design issues (page 18 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
UNSATURATED~ZONE HYDRAULIC AND GASEOUS-PHASE INITIAL AND BOUNDARY CONDITIONS (continued)
Unsaturated-zone Gas flow paths, hydrochemical
fluid flux determination 8.3.1.2.2,7.
(continued) Gas flux, hydrochemical determination 8.3.1.2.2.7.
Gas travel times, chemical determination 8.3.1.2.2.7.
Water flow paths of (0!® to 06, deuter-
ium to hydrogen) pore waters 8.3.1.2.2.7.
Water travel times (C-14 and tritium) 8.3.1.2.2.17.
UNSATURATED-ZONE HYDROLOGIC CONCEPTUAL/DESCRIPTIVE MODELS
1.1 8.3.5.13 Unsaturated-zone Description of the scale dependence of
1.6 8.3.5.12 hydrologic pneumatic, hydrologic, and transport
conceptual/ parameters 8.3.1.2.2.8.
descriptive Fluid and solute fluxes through
models variably saturated, fractured rock 8.3.1.2.2.8.
Liquid water matric potential; time-
dependent spatial distribution
(coupled heat and moisture-flow
model) . 8.3.1.2.2.8.
validity of conceptual models describ-
ing flow and transport in variably
saturated, fractured rock 8.3.1.2.2.8.
Boundary and initial conditions of
the system 8.3.1.2.2.9.
Geologic framework of the system 8.3.1.2.2.9.

T *4dy¥ ‘TT00-WO/dRX
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 19 of 38)

Calls by performance

T a8y ‘TT00-KO/dWX
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BZ-7""

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
UNSATURATED-ZONE HYDROLOGIC CONCEPTUAL/DESCRIPTIVE MODELS (continued)
Unsaturated-zone Hydrologic and other related phys-
hydrologic ical processes that operate
conceptual/ within the system under the con-
descriptive straints imposed by the geologic
models framework and the boundary and
{cont inued) initial conditions 8.3.1.2.2.9.1
UNSATURATED-Z0NE FLOW AND SOLUTE-TRANSPORT NUMERICAL MODELS
1.1 8.3.5.13 Unsaturated-zone Ground-water travel time, fracture-
1.6 8.3.5.12 flow and solute- matrix networks 8.3.1.2.2.4.2
transport numeri- Ground-water travel time, hydraulic
cal models and pneumatic tests ' 8.3.1.2.2.4.3
Description of the scale dependence
of pneumatic, hydrologic, and
transport parameters 8.3.1.2.2.9.1
Fluid and solute fluxes through
variably saturated, fractured rock 8.3.1.2.2.9.1

Validity of numerical models describing
flow and transport in variably
saturated, fractured rock 8.3.1.2.2.9.2

Boundary conditions, hydrologic
{Dirichlet, Neumann, mixed,
evaporative, seepage-face, evapo-
transpiration, etc.)

Code geometry (modeled parameters)
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Table 8.3.1.2-1., Activity parameters provided by the geohydrology program that support performance
and design issues (page 20 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

UNSATURATED-ZONE FLOW AND SOLUTE-TRANSPORT NUMERICAL MODELS (continued)

Unsaturated-zone Discretization method (finite-
flow and solute- difference, finite-element, or
transport numeri- integrated finite-difference) 8.3.1.2.2.9.2
cal models Hydrologic and coupled processes
(continued) (liquid-water flow, gas-phase

flow, water-vapor, heat-flow,
solute transport, chemical kinetics,
stress-field dynamics, two-phase

flow) 8.3.1.2.2.9.2
Matrix solver (direct or iterative) 8.3.1.2.2.9.2
Solution methodology (Picard itera-

tion or Newton-Raphson linearization) 8.3.1.2,2.9.2
Boundary fluxes, pressures, and

potentials - - 8.3.1.2.2.9.3

Hydrologic and thermomechanical

properties for the component

hydrogeologic units 8.3.1.2.2.9.3
Time-dependent spatial distribution

of matric potential, liquid water,

saturation, pore-gas pressure,

water-vapor concentration, moisture

flux, and temperature 8.3.1.2.2.9.3
Measurement errors 8.3.1.2.2.9.4
Probable limits of uncertainty 8.3.1.2.2.9.4
Statistical distribution functions 8.3.1.2.2.9.4

Land-surface net infiltration to the
unsaturated zone and its distribu-
tion in space and time 8.3.1.2.2.9.5

T 49y ‘TT00-KHD/JX
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 21 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

UNSATURATED-ZONE FLOW AND SOLUTE-TRANSPORT NUMERICAL MODELS (continued)

Unsaturated-zone Site geologic framework and its
flow and solute- change with time 8.3.1.2.2.9.5
transport numeri- Site water-table configuration and
cal models , its change with time 8.3.1.2.2.9.5
(cuntinued) Spatial distribution of moisture
flux within the unsaturated zone
and its change with time 8.3.1.2.2.9.5

Spatial distribution of temperature
and stress within the unsaturated
zone and their change with time 8.3.1.2,2.9.5

SATURATED-ZONE HYDRAULIC PROPERTIES

1.1 8.3.5.13 Saturated-zone Hydraulic conductivity, assessment

1.6 8.3.5.12 transmissive of data needs 8.3.1.2.1.3.1
' properties Transmissivity, assessment of data

needs 8.3.1.2.1.3.1

Hydraulic conductivity 8.3.1.2,1.3.2

Permeability 8.3.1.2.1.3.2

Storativity 8.3.1.2.1.3.2

Transmissivity 8.3.1.2.1.3.2

Hydraulic conductivity, spat:.l dis-
tribution, concepts in regional
flow model - 8.3.1.2.1.4.1

1 "a8y ‘T100-HO/JAX
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 22 of 38)

Calls by performance
and design issues Parameter

Response by geohydrology characterization program

Issue SCP section category Activity parameter

SCP activity

SATURATED-ZONE HYDRAULIC PROPERTIES

Saturated-zone Hydraulic conductivity, spatial
transmissive distribution, assumptions for
properties subregional two-dimensional
(continued) areal model

Hydraulic conductivity, spatial
distribution, subregional cross-
sectional model

Hydraulic conductivity, spatial
distribution, assumptions for
regional three-dimensional areal
model

Hydraulic conductivity, spatial
distribution, regional three-
dimensional model

Hydraulic conductivity, saturated
zone

Effective porosity (bulk), estimate
from earth-tide analysis of water
levels

Transmissivity (bulk) estimates at
multiple-well test locations

Hydraulic conductivity; tensor of
equivalent porous media; multiple-
well test locations

Average linear velocity, pore water
and tracers

Effective porosities
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Table 8.3.1.2-1,

and design issues (page 23 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
SATURATED-ZONE HYDRAULIC PROPERTIES (continued)
Saturated-zone Effective porosity, single-well
transmissive and multiple-well tracer test
properties locations 8.3.1.2.3.1.5
(continued) Fracture permeability 8.3.1.2.3.1.5
Average linear velocity, pore water
and tracers 8.3.1.2.3.1.6
Effective porosities 8.3.1.2.3.1.6
Effective porosity (well-test
locations throughout the site)
conservative tracers 8.3.1.2.3.1.6
Hydraulic conductivity (well-test
locations throughout the site)
conservative tracers 8.3.1.2.3.1.6
Sensitivity, transmissive properties 8.3.1.2.3.3.1
Hydraulic conductivity, effective,
variation with fracture geometry 8.3.1.2.3.3.2
Hydraulic conductivity, spatial
distribution 8.3.1.2.3.3.3
1.1 8.3.5.13 Saturated-zone Storage coefficient, assessment of data
1.6 8.3.5.12 storage needs 8.3.1.2.1.3.1
properties Porosity _ 8 ' 1.2.1.3.2
Storage coefficient b. .2.1.3.2
Effective porosity, spatial distribu-
tion, concepts in regional flow model 8.3.1.2.1.4.1
Storage coefficient, spatial distribu-
tion, concepts in regional flow model 8.3.1.2.1.4.1

T "4a3y ‘T1T00-HO/dNX
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Table 8.3.1.2-1.

and design issues (page 24 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance
and design issues
Issue SCP section

Parameter
category

Response by geohydrology characterization program

Activity parameter

SCP activity

SATURATED-ZONE HYDRAULIC PROPERTIES (continued)

Saturated-zone
storage
properties
(continued)

Effective porosity, spatial distribu-
tion, agsumptions for subregional
two-dimensional areal model

Storage coefficient, assumptions for
subregional two-dimensional areal
model

Effective porosity, assumptions for
subregional cross-sectional model

Storage coefficient, assumptions for
subregional cross-sectional model

Effective porosity, spatial distribu-
tion, assumptions for regional
three-dimensional areal model

Storage coefficient, assumptions for
regional three-dimensional areal
model

Aquifer compressibility

Storage coefficient, estimate from
water-level fluctuations, well tests

Barometric efficiency )

Dilatational efficiency

Specific storage

Storage coefficient, bulk estimates
from well testing data

Storage coefficient, stratigraphic
variations at multiple-well locations

Specific storage
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Table 8.3.1.2-1.

Activity parameters provided by the geohydrology program that support performance
and design issues (page 25 of 38)

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
SATURATED-Z0NE HYDRAULIC PROPERTIES (continued)
Saturated-zone Effective porosity, spatial distribu-
storage tion, assumptions for site concep-
properties tual model 8.3.1.2.3.3.1
(continued) Sensitivity, storage properties 8.3.1.2.3.3.1
Storage coefficient, spatial distri-
bution, assumptions for site
conceptual model 8.3.1.2.3.3.1
Effective porosity, spatial
distribution 8.3.1.2.3.3.3
Storage coefficient, spatial
distribution 8.3.1.2.3.3.3
1.1 8.3.5.13 Saturated-zone Dispersion coefficients 8.3.1.2.3.1.5
1.6 8.3.5.12 dispersive Dispersivity, conservative tracers 8.3.1.2.3.1.6
properties Dispersion coefficients, single-well
and multiple-well tracer test
locations, reactive tracers 8.3.1.2.3.1.17
Dispersion coefficients, well-test
locations throughout the site 8.3.1.2.3.1.8
1.1 8.3.5.13 Saturated-zone Hydraulic diffusivity 8.3.1.2.3.1.2
diffusive Pneumatic diffusivity 8.3.1.2.3.1.3
properties Vertical hydraulic diffusivity 8.3.1.2.3.1.3
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 26 of 38)

Calls by performance
and design issues Parameter

Response by geohydrology characterization program

Issue SCP section category Activity parameter

SCP activity

SATURATED-ZONE HYDRAULIC PROPERTIES (continued)

1.1 8.3.5.13 Saturated-zone Fault zone, transmissive character
1.6 8.3.5.12 fault hydrologic Hydraulic gradient
characteristics Saturated hydraulic conductivity,
fault zone
Storage coefficient, fault zone
Storage coefficients, wall rocks
SATURATED-ZONE HYDRAULIC INITIAL AND BOUNDARY CONDITIONS
1.1 8.3.5.13 Saturated-zone Ground-water flow-path directions and
1.6 8.3.5.12 water potential gradients; assessment of data needs

Hydrologic initial and boundary
conditions; regional and subregional
ground-water models; assessment of
data needs

Effective saturated thickness

Ground-water flow directions, rates,
and velocities

Hydraulic gradient

Hydraulic head

Depth to saturation

Hydraulic head, spatial distribution

Hydraulic gradient, concepts in
regional flow model

Potentiometric surface, concepts in
regional flow model
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Table 8.3.1.2-1.

and design issues (page 27 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter

Issue SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

SATURATED-ZONE HYDRAULIC INITIAL AND BOUNDARY CONDITIONS (continued)

Saturated-zone

water potential

(continued)

3 Saturated-zone

2 ground-water
chemistry,
temperature,
and age

Hydraulic gradient, used in sub-
regional two-dimensional areal model

Potentiometric surface, assumptions
for subregional two-dimensional
areal model

Saturated thickness distribution,
effect on flux direction and
magnitudes

Hydraulic gradient, used in subregional
cross-section model

Hydraulic gradient, used in regional
three-dimensional model

Potentiometric surface, assumptions
for regional three-dimensional
areal model

Hydraulic gradients

Relative hydraulic gradients

Potentiometric surface, assumptions
for site conceptual model

Sensitivity, potentiometric surface

Hydrologic initial and boundary
conditions (regional and subregional
ground-water models), assessment of
data needs

Thermal conductivity, ambient heat
flow
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Table 8.3.1.2-1.

and design issues (page 28 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and design issues Parameter Response by geohydrology characterization program
Issue SCP section category Activity parameter SCP activity
SATURATED-ZONE HYDRAULIC INITIAL AND BOUNDARY CONDITIONS (continued)

Saturated-zone Water temperature 8.3.1.2.1.3.2
ground-water Radioisotope activities, ground water 8.3.1.2.1.3.3
chemistry, Radiometric ages, ground water 8.3.1.2.1.3.3
temperature, Hydrochemistry, ground-water assump-
and age tions for subregional two-dimensional
(continued) area model 8.3.1.2.1.4.2

Ground-water chemical concentration 8.3.1.2.3.2.1
Radioisotope activity 8.3.1.2.3.2.1
Stable-isotope ratios 8.3.1.2.3.2.1
Ground-water chemical concentrations 8.3.1.2.3.2.2
Radioisotope activity 8.3.1.2.3,2.2
Stable-isotope ratios 8.3.1.2.3.2.2
Chemical concentration 8.3.1,2.3.2.3
Radioisotope activity 8.3.1.2.3.2.3
Stable-isotope ratios 8.3.1.2.3.2.3
Conservative-solute transport, scale
of Yucca Mountain 8.3.1.2.3.3.3
1.1 8.3.5.13 Saturated-zone Discharge locations and rates, assess-
1.6 8.3.5.12 ground-water ment of data needs 8.3.1.2.1.3.1
flux Hydrologic initial and boundary condi-
tions (regional and subregional
ground-water models), assessment of
data needs 8.3.1.2.1.3.1
Recharge locations and rates, assess-
ment of data needs 8.3.1.2.1.3.1
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Table 8.3.1.2-1.

and design issues (page 29 of 38)

Activity parameters provided by the geohydrology program that support performance

Calls by performance

and desiqn issues

Parameter

Issue

SCP section category

Response by geohydrology characterization program

Activity parameter

SCP activity

SATURATED-ZONE HYDRAULIC INITIAL AND BOUNDARY CONDITIONS (continued)

Saturated-zone
ground-water
flux (continued)

Evapotranspiration component of
ground-water discharge

Evapotranspiration rates and areal
distribution

Discharge, locations and rates, con-
cepts in regional flow model

Ground-water flux, concepts in
regional flow models

Recharge, locations and rates, con-
cepts in regional flow model

Discharge, locations and rates,
assumptions for subregional two-
dimensional areal model .

Evapotranspiration, assumptions for sub-
regional two-dimensional areal model

Ground-water flux, assumptions for
subregional cross-sectional model

Ground-water flux, assumptions for sub-
regional two-dimensional areal model

Hydrologic boundary conditions

Recharge, locations and rates,
assumptions for subregional two-
dimensional areal model

Discharge, locations and rates,
assumptions for subregional cross-
sectional model
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 30 of 38)

Calls by performance
and design issues Parameter

Response by geohydrology characterization program

Issue SCP section category Activity parameter

SCP activity

SATURATED~ZONE RYDRAULIC INITIAL AND BOUNDARY CONDITIONS (continued)

Saturated-zone Recharge, locations and rates,
ground-water assumptions for subregional cross-
flux (continued) gectional model

Discharge, locations and rates,
assumptions for regional three-
dimensional areal model

Ground-water flux, regional three-
dimensional model

Recharge, locations and rates,
assumptions for regional three-
dimensional areal model

Flow rates, interborehole and intra-
borehole

Nature of hydraulic boundaries and
conduits type of flow

Average linear velocity, pore water
and tracers

SATURATED-ZONE HYDROLOGIC CONCEPTUAL/DESCRIPTIVE MODELS

1.1 8.3.5.13 Saturated-zone Ground-water flow direction and

1.6 8.3.5.12 hydrologic con- magnitude based on regional hydro-
ceptual/descrip- logic, hydrochemical, and heat~flow
tive models data

.1.2.1.4.3

.1.2.1.4.4

.1.2.1.4.4

.1.2.1.4.1
.1.2.3.1.3
.1.2.3.1.3

.1.2.3.1.5

.1.2.1.3
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance
and design issues (page 31 of 38)

Calls by performance

and design issues Parameter Response by geohydrology characterization program

‘TT00-WD/ DX

Issue SCP section category Activity parameter SCP activity

T asy

SATURATED-ZONE HYDROLOGIC CONCEPTUAL/DESCRIPTIVE MODELS (continued)

Porosity type; matrix and fracture,
regional geohydrologic units;

Saturated-zone
hydrologic con-

ceptual/descrip- assessment of data needs 8.3.1.2.1.3.1
tive models Hydraulic boundaries and conduits;
(continued) scale of well tests and type of
flow .1.2.3.1.3
Aquifer heterogeneity and spatial
distribution .1.2.3.1.4
Effective porosity, spatial distri-
bution, assumptions for site '
conceptual model .1.2.3.3.1
Ground-water flux, assumptions for
site conceptual model .1.2.3.3.1
Hydraulic conductivity, spatial
distribution, assumptions for
site flow model .1.2.3.3.1
Hydraulic gradient, concepts in site
flow model .1.2.3.3.1
Relations between fracture geometry
characteristics and hydrologic
response .1,2.3.3.2
Relations between geophysical and
.1.2.3.3.2

hydrologic models
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Table 8.3.1.2-1, Activity parameters provided by the geohydrology program that support performance
and design issues (page 32 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

SATURATED-ZONE SITE AND REGIONAL-FLOW AND SOLUTE~TRANSPORT NUMERICAL MODELS

1.1 8.3.5.13 Saturated-zone site Effective porosity 8.3.1.2.1.4
1.3 8.3.5.15 and regional flow Ground-water flux 8.3.1.2.1.4
1.6 8.3.5.12 and solute-trans- Hydraulic conductivity 8.3.1.2.1.4
port numerical Hydraulic gradient 8.3.1.2.1.4
models Storage coefficient 8.3.1.2.1.4
Geochemical reaction (modeling) 8.3.1.2.3.2
Conservative-~solute transport 8.3.1.2.3.3
Effective porosity 8.3.1.2.3.3
Ground-water flux 8.3.1.2.3.3
Hydraulic conductivity 8.3.1.2.3.3
Hydraulic gradient 8.3.1.2.3.3
Storage coefficient 8.3.1.2.3.3
Conservative-solute transport, frac-
ture networks, steady state and
transient 8.3.1.2.3.3.2
Effective porosity, fracture networks 8.3.1.2.3.3.2
Ground-water flux, fracture networks,
steady state and transient 8.3.1.2.3.3.2
Hydraulic conductivity, fracture
networks 8.3.1.2.3.3.2
Hydrodynamic dispersion, fracture
networks 8.3.1.2.3.3.2
Storage coefficient, fracture
networks 8.3.1.2.3.3.2
Ground-water flow paths, scale of
Yucca Mountain 8.3.1,2.3.3.3
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Table 8.3.1.2-1.

Activity parameters provided by the geohydrology program that support performance

and design issuves (page 33 of 38)

Calls by performance

and design issues Parameter Response by geohydrology characterization program
13sue SCP section category Activity parameter SCP activity
SATURATED-ZONE SITE AND REGIONAL-FLOW AND SLUITE-TRANSPORT NUMERICAL MODELS (continued)
Saturated-~-zone Ground-water flow velocities, scale of
and regional flow Yucca Mountain 8.3.1.2.3.3.3
and solute-trans- Ground-water flux, scale of Yucca
port numerical Mountain 8.3.1.2.3.3.3
models (continued)
SATURATED-ZONE GEOCHEMICAL PROPERTIES
1.1 8.3.5.13 Saturated-zone Adsorption rate constants 8.3.1.2.3.1.7
sorptive Sorption equilibrium constant 8.3.1.2.3.1.7
properties Adsorption rate constants 8.3.1.2.3.1.8
Sorption equilibrium constants 8.3.1.2.3.1.8
ROCK-UNIT GEOMETRY AND PROPERTIES
1.1 8.3.5.13 Rock-unit contact Hydrostratigraphic units 8.3.1.2.1.3.2
1.6 8.3.5.12 location and Stratigraphic contacts, hydro-
1.11 8.3.2.2 configuration geological units 8.3.1.2.1.3.2
1.12 8.3.3.2 ‘ Contact altitude, geohydrologic units 8.3.1.2.2.3.2
4.4 8.3.2.5 Lithology from geophysical logging 8.3.1.2.2.3.2
Depth to hydrogeologic contacts 8.3.1.2.2.4.9
Geohydrologic units, physical properties 8.3.1.2.3.1.1
1.1 8.3.5.13 Rock~unit lateral Alluvium thickness 8.3.1.2.2.1.1
1.6 8.3.5.12 and vertical Rock-unit surficial slope and aspect 8.3.1,2.2.1.1
1.11 8.3.2.2 variability Soil texture 8.3.1.2.2.1.1

T "ady ‘1T00-KO/dNX

1 "a9¥ ‘TT100-WD/ X



Eb-2°1°€°8

Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 34 of 38)

Calls by performance

and design issues Response by geohydrology characterization program

Parameter

Activity paramet er SCP activity

I3sue SCP section category

ROCK-UNIT GEOMETRY AND PROPERTIES (continued)

Thickness of soil and alluvium 8.3.1.2.2.1.1

Stratigraphic variation of hydraulic
properties inferred from hydraulic
tests

Geohydrologic unit physical properties

Geophysical properties, geohydrologic
units, structural features

.3.2 Rock-unit lateral
5 and vertical
variability

@

w W
-
NN

-]

w

b

N
Z»wu
-
NN

s

[----I- -
W W w
p—
NN
—
ww w
NN

Bulk density

Depositional environment

Grain size distribution

Lithologies, hydrogeologic units;
drill cuttings, water-table holes

Porosity

Bulk density

Clay mineralogy

Grain density

Porosity, subsurface geologic samples

Bulk density, rock matrix

Grain density, rock matrix

In situ rock physical properties

Porosity .

Porosity, perched-water zones

Bulk density

Fracture weathering

Rock-unit mineral-
ogy/petrology
and physical
properties
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Table 8.3.1.2-1.

Activity parameters provided by the geohydrology program that support performance

and design issues (page

35 of 38)

Calls by performance
and design issues

Issue SCP section

Parameter
category

Response by geohydrology characterization program

Activity parameter

SCP activity

1.1 8.3.5.13
1.6 8.3.5.12
1.11 8.3.2.2
1.12 8.3.3.2
4.4 8.3.2.5

ROCK-UNIT GEOMETRY AND PROPERTIES (continued)

Rock-unit mineral-
ogy/petrology
and physical
properties
(cont inued)

FRACTURE

Fracture
distribution

Total density

Pore-size distribution, matrix

Porosity, matrix

Matrix compressibility, inferred from
barometric and earth-tide analysis

GEOMETRY AND PROPERTIES

Fractures

Lineaments

Fracture density

Fracture distribution

Fracture spacing

Fracture distribution

Fracture spacing

Fracture distribution

Fracture frequency, spacing, and
distribution

Fracture distribution and geometry
from core and geophysical logs

Fracture distribution, spacing and
geometry from core and geophysical
logs

Fracture-system characteristics
inferred from tracer tests, geo-
physical logs
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program that support performance

and design issues (page 36 of 38)

Calls by performance
and design issues Parameter

Response by geohydrology characterization program

Issue SCP section category Activity parameter

SCP activity

FRACTURE GEOMETRY AND PROPERTIES (continued)

Fracture Fracture-system characteristics
distribution inferred from hydraulic packer and
(cont inued) tracer tests; conservative tracers

Fracture location, orientation, and
density in vertical planes between

wells
1.1 8.3.5.13 Fracture Fracture orientation
1.6 8.3.5.12 orientation Fracture and fracture-set orientations
1.11 8.3.2.2 Fracture orientation
4.4 8.3.2.5 Fracture orientation from core and
geophysical logs
Fracture orientation inferred from
core and geophysical logs
1.1 8.3.5.13 Fracture aperture Fracture aperture geometry
1.6 8.3.5.12 Fracture aperture, roughness and

contact area

Fracture aperture

Fracture and fracture-set apertures

Fracture aperture

Fracture aperture distributions
inferred from hydraulic tests

Fracture aperture inferred from
hydraulic tests, matrix properties,
geophysical logs
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Table 8.3.1.2-1. Activity parameters provided by the geohydrology program.that support performance
and design issues (page 37 of 38)

Calls by performance
and design issues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

FRACTURE GEOMETRY AND PROPERTIES (continued)

Fracture aperture Fracture aperture distribution
(cont inued) inferred from hydraulic packer and
tracer tests, conservative tracers 8.3.1.2.3.1.6
1.1 8.3.5.13 Fracture length Fracture connectivity 8.3.1.2.2.4.2
1.6 8.3.5.12 Fracture and fracture-set connectivities 8.3.1.2.2.4.3
1.11 8.3.2.2 Fracture and fracture-set length and
4.4 8.3.2.5 connectiveness 8.3.1.2.2.4.3
Fracture and fracture-set lengths

1.1 8.3.5.13 Fracture-filling Fracture weathering 8.3.1.2.2.4.4
1.6 8.3.5.12 mineralogy and Fracture roughness 8.3.1.2.2.4.5
4.4 8.3.2.5 physical

properties

FAULT GEOMETRY AND PROPERTIES

1.1 8.3.5.13 Fault location Fault-zone location 8.3.1.2.2.3.3
1.6 8.3.5.12 : Fault-zone location 8.3.1.2.3.1.1
1.11 8.3.2.2 Structural locations 8.3.1.2.3.1.2
1.12 8.3.3.2
4.4 8.3.2.5
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Table 8.3.1.2-1, Activity parameters provided by the geohydrology program that support performance
and design issues (page 38 of 38)

Calls by performance
and design isgsues Parameter Response by geohydrology characterization program

Issue SCP section category Activity parameter SCP activity

FRACTURE GEOMETRY AND PROPERTIES {continued)

1.1 8.3.5.13 Fault geometry Fault-zone effective width 8.3.1.2.2.3.3
1.6 8.3.5.12 Fault-zone orientation, width 8.3.1.2.3.1.1
1.11 8.3.2.2 Structural orientations and
1.12 8.3.3.2 widths 8.3.1.2.3.1.2
1.4 8.3.2.5 ,
1.1 8.3.5.13 Fault-zone mineral- Fault-zone mineralogy 8.3.1.2.2.3.3
1.6 8.3.5.12 ogy and physical Fault-zone physical properties 8.3.1.2.2.3.3
1.11 8.3.2.2 properties, site '
1.12 8.3.3.2 area
4.4 8.3.2.5

ROCK MECHANICAL PROPERTIES
1.11 8.3.2.2 Rock-deformation Fracture deformation 8.3.1.2.2.4.5
4.4 8.3.2.5
1.10 8.3.4.2 Rock in situ In situ stress, magnitude and
1.11 8.3.2.2 stress, reposi- orientation 8.3.1.2.2.4.5
1.12 8.3.3.2 tory area
4.4 8.3.2.5

T "a33 ‘TT00-WO/dNR
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categories that are applicable to the geohydrology program is reflected in
the logic diagrams (Figures 8.3.1.2-2 through 8.3.1.2-4). In these diagrams,
the categories are shown supporting specific model components that make up
the various hydrologic models, from which the principal products of the
geohydrology program will be derived.

The various gechydrology-related performance and design parameters
listed in the performance allocation tables in Sections 8.3.2 through 8.3.5
can readily be matched to the various categories shown in Table 8.3.1.2-1.
In particular, the supporting performance parameters used in resolving
Issue 1.6 (ground-water travel time), as listed in Table 8.3.5.12-2, provide
a close match to the activity parameters and their categories in
Table 8.3.1.2-1.

As the process of integration of the geohydrology program with the
design and performance issues matures, Table 8.3.1.2-1 will be modified in
subseguent progress reports to include characterization parameters and
associated testing bases. A characterization parameter is a parameter
obtained by a characterization program that has a logical, direct tie to a
performance or design parameter and for which a testing basis can be defined.
Most characterization parameters will be developed from some combination of
activity parameters; i.e., they will be the products of data reduction, test
analyses, and modeling. An example would be unsaturated-zone flux, which
will be derived from the analysis of many activity parameters obtained from a
wide variety of tests.

Characterization parameters commonly will be expressed as functions of
space and/or time and will be shown on maps, graphs, tables, or other formats
that provide a means of synthesizing the information into a form that is
usable to help resclve design and performance issues. Thus, even an activity
parameter that seemingly directly supports performance and design analyses
(such as saturated hydraulic conductivity) will require some analyses, to
provide the appropriate spatial distribution to meet performance and design
needs.

In the modifications of Table 8.3.1.2-1, which will be included in SCP
progress reports, a testing basis will be included for each characterization
parameter. A testing basis consists of some means of expressing the goals,
confidence levels, and accuracy that is (or is expected to be) associated
with each characterization parameter, in order to provide satisfactory input
to the appropriate performance or design parameter requirements. For discus-
sions of the terms “goal" and "confidence,® as used in this context, see the
description of performance allocation in Section 8.1.2.

The specific means of expressing the testing basis of a characterization
parameter are currently being developed. For example, consider that the dis-
tribution of saturated hydraulic conductivity of the rock mass in the unsatu-
rated zone below the repository horizon is designated as a characterization
parameter. The distribution of this characterization parameter could be
shown on a map. The testing basis could be that some statistical measure,
such as the mean, of the values of each map unit be known to a specified
degree of accuracy. If knowledge of this parameter were highly important in
resolving a performance issue, such as ground-water travel time, the needed
level of confidence for the accuracy cf the map units would be high. Based
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on the current state of knowledge of the distribution of this parameter, the
current level of confidence probably would be low.

In addition to supporting design and performance analyses, the activity
parameters included in Table 8.3.1.2-1 are needed (1) to test hypotheses that
support conceptual models and (2) as input to hydrologic numerical models. A
common requirement for all the parameters is that sufficient confidence can
be placed in their values and in the understanding of their interrelation-
ships that they can be used with confidence for the purpose intended. There-
fore, a principal strategy of the geohydrology program is to use approaches
that minimize uncertainty in the values of the parameters and in the under-
standing of their interrelationships, within the constraints of available
resources. Some degree of uncertainty is inevitable because parameters vary
in space and time, measurements contain errors, and hydrologic processes are
slow and difficult to measure. But, as described in the following para-
graphs, the strategy of the geohydrology program is to increase confidence by
using multiple approaches to parameter determination, by testing hypotheses,
and by developing valid models.

Confidence in the information is increased by applying multiple ap-
proaches for determining parameters not readily amenable to measurement or
analysis. Table 8.3.1.2-~1 shows that many parameters listed are being gener-
ated by more than one activity. For example, infiltration, needed as a
boundary condition for evaluating deeper percolation, is being assessed
through monitoring of natural infiltration, characterizing hydrologic proper-
ties or surficial materials, and conducting various controlled infiltration
tests. The combined effect of these investigations will be to produce rea-
sonable confidence in the spatial distribution of infiltration rate.

Another way in which the use of multiple approaches increases confidence
in the results is to measure a parameter at different scales. For example,
various tests are designed to measure unsaturated fracture hydraulic conduc-
tivity at various scales, from the conductivity of a single fracture to that
of an increasingly more-extensive fracture network. The results will in-
crease confidence that an understanding has been gained of the relationship
between hydraulic conductivity and fracture characteristics, and that the
appropriate scale has been selected for modeling.

A major advantage to using multiple approaches for determining param~
eters is that, in general, reliance is not placed only on one test to deter-
mine a value for a given parameter. Because some of the tests planned for
site characterization are nonstandard, the possibility that one or more tests
may fail in completely achieving the desired objectives is recognized. The
use of multiple approaches for determining parameter values increases confi-
dence that the failure or the partial failure of one or more tests will not
severely inhibit the ability of the characterization activities in providing
the information required by the performance and design issues. 1In addition,
prototype testing of many aspects of tests planned for site characterization,
especially those related to characterization of the unsaturated zone, will be
performed to increase confidence that test objectives will be achieved.

The testing and refinement of hydrologic hypotheses provide a logical

and systematic approach to improving our understanding of how the geohydro-
logic system functions. The result is an improved conceptual model which, in
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turn, leads to increased confidence in the hydrologic models and ultimately
in the geohydrologic model. As shown in Figures 8.3.1.2-2 through 8.3.1.2-4,
the refinement of conceptual models also helps guide and modify the investi-
gative program, including parameter determination. In turn, results of the
program provide a basis for updating and revising the hypotheses. The net
effect is a program that is efficiently directed toward the goals of the
overall project and improved confidence in the outcomes.

In conducting preliminary performance and design analyses, certain
assumptions must be made regarding parameter values and hydrologic processes
and conditions. These preliminary analyses may include assumptions inveolving
parameters such as flow paths, velocities, fluxes, gradients, conductivities,
anisotropies, boundary conditions, and structural and stratigraphic controls
on saturated and unsaturated flow. Concepts that may affect these aspects of
the hydrologic system include the potential for lateral flow and capillary
barriers in the unsaturated zone, the conditions under which matrix and frac-
ture flow occur, and the development of perched water systems. The ongoing
process of hypothesis testing helps to increase confidence that the assump-
tions made in preliminary analyses are reasonable and based on current
investigative results.

The successful development of calibrated numerical models of the hydro-
logic flow systems increases confidence that the hydrogeclogic framework, the
distribution of input parameters, and the nature of initial and boundary
conditions are appropriate for use in performance and design analyses. Such
models can be used as tools to improve understanding of the functioning of
the flow system, to test hypotheses, and to further guide data collection.
Many of the specific parameters listed in Table 8.3.1.2~1, while not required
directly for resolving performance and design issues, are required to
accomplish satisfactory hydrologic modeling. Since model input data cannot
be known explicitly everywhere throughout the modeled area, the input para-
meters must be expressed as statistical distribution functions. Calibration
of the model to observed conditions (generally, heads measured at specific
points) increases confidence that the modeled distribution of parameters is
an accurate representation of actual conditions. Numerical models will be
used as a principal approach to assess whether the data collected to describe
the present and expected geohydrologic characteristics provide the infor=-
mation required by the performance and design issues. Complete validation of
the flow models is not possible because of the long times for which numerical
predictions must be calculated.

The models will be evaluated through a combination of peer review and
comparison of model predictions with laboratory experiments, field experi-
ments, and natural analogs, and by comparison with conceptual models that are
based on hydrochemical data. Successful application of any of these methods
will increase confidence that the encoded mathematical model adequately
describes the physical processes of the flow system.

Alternative conceptual models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that
summarize (1) the current hypotheses regarding how the site can be modeled
and how modeling parameters can be estimated, (2) the uncertainty associated
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with this current understanding including alternative hypotheses that are
also consistent with available data and that may compose an alternative con-
ceptual model, (3) the significance of alternative hypotheses, and

(4) activities or studies designed to discriminate between alternative hypo-
theses or to reduce uncertainty. Tables 8.3.1.2-2a and 8.3.1.2-2b summarize
current understanding in modeling the regional- and site-unsaturated zone and
the site saturated zone, respectively. Integration of information from
different disciplines is often necessary to comprehensively evaluate
alternative hypotheses. Accordingly, the hypothesis~testing tables for each
site program call for information from studies and activities in other
programs, as appropriate.

To help ensure comprehensiveness of the hypotheses considered in Ta-
bles 8.3.1.2-2a and 8.3.1.2-2b, hypotheses for modeling site hydrogeology
have been divided into elements or components that describe the physical
domain defined by the model, the driving forces/processes that operate within
the hydrogeologic systems, the boundary conditions for the systems, the
system internal geometry, and the system response/dynamics in response to the
driving forces, boundary conditions, and system geometry. These elements are
listed in column one.

The second column of the table lists the current representations for
each model element in the form of hypotheses that are based on currently
available data.

The third column in Tables 8.3.1.2-2a and 8.3.1,2-2b provides a judged
level of uncertainty designated "high," "medium, " or "low" associated with
the current representation for each element. A brief rationale for the
judgment is also given.

The fourth column describes alternative hypotheses to the current rep-
resentation that are consistent with currently available data. As site char-
acterization proceeds and more information becomes available, alternative
hypotheses may be deleted or added or the current hypothesis may be revised
and refined.

The fifth column indicates the performance measure or performance para-
meter that could be affected by the selection of hypotheses related to that
element.

The sixzth column gives the needed confidence in the indicated perform-
ance measure or performance parameter, as defined in the performance alloca-
tion tables.

The seventh column presents a judgment of the sensitivity of the per-
formance parameters in column five to the selection of hypotheses in columns
two and three for that element. The sensitivity is rated high if significant
changes in the values of the performance parameter might occur if an alter~
nate hypothesis were found to be the valid hypothesis for the system.

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
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Table 8.3.1.2-2a. Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 1 of 16)
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Studies or
activities
Uncertainty and Alternative to reduce
Curcent xcpunntauon rationale hypothesks Significance of alternative hypothesis unccrtnntx
g - -
fidence in Sensitivity of
Performance measure, parameter or patamster or
Hodel Current design or perform- pexformance performance measure Need to reduce
alemant representation ance paramater |sasure to hypothesis uncertainty
DOMAIN
Unsaturated sone The UZ is defined Low--dominant Uz is undefin- GWTT®; water inflow High High--UZ is pre- High--1nteg~ 8.3.1.2.2.10.1,
{UZ) undecrlying as a distinct processs defin- able because to the underground sumed to be rity of 8.3.1.2.2.10.5
Yucca Mountais hydxgeologic ing 02 occur of stzong tacility® principal natural UZ needs to
regimg over geologic short-term barrier to be preserved
time scales coupling with water-borne tor 10,000 yr
saturated- radionuclide
ztone, tectonic, migration
and thermal
tegines
INTERNAL GEOMETRY
Stratigraphy The unsaturated Low-~layered Hydrologic prop- GWTT. radionuclide High High--hypothesis Low-~-statis- 8.3.1.2.2.3.1,
zone comprises tuffs and srties are releases to the ‘ defines approach tical meth- 8.3.1.4.)3,
a finite num~ sones Of alter- graded over accessible envir- to calculate GWTT ods could be 8.1
ber of dis- ation lend space; dis- onment and radionuclide used to cal-
ceete, statis- thamsslves to crete hydro- relesses to the culate GWTT
tically homo- chatacteriza- geologic units accessible envir- for completely
geneous hydro- tioa as hydro- cannot be onment © random systems
geologic units geologic units distinguished
Lateral and ver-
vercal hetero-
genaities pre-
clude detining
hydrogeologic
unit
Structural Fractures and Medium-~currant Nater may move GWTT; water inflow High High--hydrologic High--hydro- 8.3.1.2.2.4.1,
features fracture sys- avidence indi- longitudinally to the under- interaction logic intec- 8.3.1.2.2.4.2,
Practures tems are bac- catas that within frac- ground facility batween matrix action 9.3.1.2.2.9.1
Faults riers to or spont anecus tures even at and fractures between par- 8.3.1.2.2.9.2
conduits for longitudinal low values of will atfect pos- tially satu-
liquid-water water flow in matrix satura- sible magnitudes rated frac-
flow, depending fractures is tion of both param- tuces and
on ambient not initiated eters matrix say
matriz satura- until matrix is have profound
tion at or near com- effect on
plete saturation conditions
within UZ

T a9y ‘TT00-WD/3HX



Table 8.3.1.2-2a. Current representation and alternative hypotheses for unsaturated-zone hydrologic
system conceptual models for the geohydrology program (page 2 of 16)

G

Studies or
activities
Uncertainty and Alternative to reduce
Current ugnnnuuon rationale hmthoau Significance of alternative hypothesis uncuuint!
Wmm—. =

tidence in
Performance measure, parameter or

Sensitivity of
pazaseter or
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Hodel Current design or perform- performance performance measure Need to reduce
element tepresentation ance parameter measure to hypothesis uncertainty
IMTERNAL GEOMETRY ({(continued)
Structural fractures and Lov--experimental Fractuzes con- GWTT; q9as-phase High High--gas-phase High--ambient $.3.1.2.2.7.1
features fracture sys- dats iadicace tain suffi- cadionuclude transport and moisture comn-
(continued) tems are con- high etficacy cient mois~ tranaport local moisture ditions in
duits for air of gas-phase ture that air balance could Topopah Spring
and water-vapor transport ia and watec- depend on pre- may depend on
flow in frac- fractured tutfs vapor flow is sence of bulk hypothesis
tuced tuffs inaffective gas flow in .
fractures
Taults are con~ Medium--fault Faults are GWTT; water inflow High High--rationale High--faults 8.3.1.2.2.3.3
duits or bar- hydraulics prob~ everywhere to the undecground similar to that transect.
riers to liquid ably are similar coaduits for facility for fractures entice 02;
vater flow {a to fractuze hy- liquid-water their hydro-
welded tuft draulics in tlov in welded logic sigai-
units, depend- walded tuffs tufts ficance needs
ing on ambient to be
matciz satuca- 4330338d
tion )
Paults are bar~ Low--faults and faults are GWTT; vater inflow High Medium-~-sealed Medium--3saled 8.3.1.2.2.3)
criers to fluid fault zones in sverywhers to the underground faults would taults could
flow in nonwel- ductile, non- conduits for tacilicy redirect water produce tem-
ded tuff units walded units, liquid-water flow, but over- porary perched
tor all matrix probably are flow in non- all mass balance water bodies
satuzstions sealed with welded tuff would be pre~ under traan-
fault gouge, units served sient condi-
clays, or min- tions
ecalization
Transient, non- Low--direct and Mater is rapidly Wacer inflow to the Medium Low--such flow Medrum--may be 0.3.1.2.2.1.3

equilibrium
flow of water
occurs in open
fractures and
faults

indirect evi~
dence indicate
viability of
this effect in
the Tiva Canyon
unit

isbibed into
the rock matrix
at the fracture
boundaries

underground facil-

ity

would likely
occur in upper
02 with rediscri-
bution toward
uniformity in
deep UZ

prancipal
mechanisa by
which water
enters 0 as
net infil-
tration
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Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 3 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic
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tion program

Studies or
activities
Uncertainty and Alternative . to reduce
Cutrreant repreaentation gationale hxggthuis Significance of alternative hvpothesis upcertainty
e e Weaaed coh-
tidence. in Sensitivicy of
Performance measure, parameter or parameter or
Model Current design or perform- perfor pertfor measure  Need to reduce
elemant Tepresentatioa ance paramster asasure to hypothesis uncertainty
INTERMAL GEOMETRY (continued)

Structural Orientation of Low--open frac- Fractures, regard- GWTT; water inflow Righ Medium--anisotropy Medium--repos- 0.3.1.2.2.4.2,
features fractures and tures and less of orienta- into the under- produces direc- itory design 8.3.1.2.2.4.3,
{cont inued) faults influ- faultas tend to ation, tend to be ground facility tionally depen- and GWTT cal- 8.3.1.2.2.4.4,

ences degree of Dbe aligned with closed or other- dent flowpaths culations can 8.3.1.3.2.1.3,
traosmissive- principal axis wise seald by for water and accommodate 8.3.1.3.3.3,
ness, thereby of greatest mineralization, air anisotropy 8.3.1.2.2.7.1
introducing & horisontal or tend to be it known
fundamantal strens open
systea aniso-
tropy
Hydrologically High-<hydrologic Fractures and GWTT High Medium--if hypo- Medium--site- 8.3.1.2.2.4.2,
ioterconnected interaction fractuce sys-~ thesis is scale model- 8.3.1.2.2.43
fracture sys- between matrix tems must be invalid, GWTT ing will
tems and rock and fractures reqgarded as calculations will depend on
satrix define remain poorly distinct be more difficult validity of
& sacroscopic known and hydrologic : this hypo-
composite or unquantified entities theais
equivalent
porous medium
Eastward dip- Downdip lateral Low--ssstward- All liquid-water GWTT; water inflow High Medium--phenomenon Medium--a com- 6.3.1.2.2.3.2,
ping fault tlow of liquid dipping fault tlow within into the undec~ would induce re- plete des~ $.3.1.2.2.1.2
blocks water occurs blocks intro- the UL is dom- ground facility distribution of cription of
under spa-~ duce eastward inated by the time and spatially this process
tially (snd gravitational vertically varying water probably is
temporally) componant for downward flow in 02 beyond scope
varying con- fluid flow gravitation of the site
ditions force characterits-~
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Table 8.3.1.2-2a. Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 4 of 16)

Studies or
activities
Uncertainty and Altecrnative to reduce
Curtentgu_z_preunution rationale hypothesis S:crificance of alternative hvoothesis uncertainty
Raz:22 con-
fisence in Sensitivity of
Performance measutre, paraceter or parameter or
Model Curcent design or perform- pezformance performance measure Need to reduce
element represantation ance parameter neasure to hypothesis uncertainty
BOUNDARY CONDITIONS
Lower boundary The water table, Low--the surface The water table GTT Bigh High--water-table Medium--water- 8.3.1.2.3.1.2,
condition defined to be is well defined changes too configuration table con- 8.3.1.8.3.2
that spatially but its spatial erratically in beneath the figuration
and temporally and temporal space and time repository is is unlikely
ed variable sur~ dependence to be specifi- critical for cal- to change
w face on which needs to be able as a con- culating GWIT and significantly
. Py = Pormos specified tinuously con- radionuclide over next
[ nected surface transport from 10,000 yr
.r N dxstuxped Tone to
' accessible envi-
on ronment
o
Upper boundary The land surface Low--there Note: land sur- GWTT: water inflow Bigh High--rates and High-~is net 8.3.1.2.2.1.1,
condition is the flux exists 3 dis- face may ba to the underground distribution of infiltration 8.3.1.2.2.1.2,
boundary for tinct surface a rero- or facility net infiltration occurring? 8.3.1.2.2.1.3,
liquid water, of discontinu~ uniform-flux are needed to Damped and 8.3.1.5.2.2.2,
air, snd vater ity between boundary for predict water redistributed 8.3.1.2.2.7.1
vapor; flux the land sur- any or all flux and veloci- with depth?
across this face and the fluid phases ty fields in U2 ‘Capable of
boundary is atmosphere transient
spatially and penatration
temporally into deep
variable vz?
Lateral boundary Site UZ is sur- High--may be Lateral inflow/ GWTT: water inflow High Low--place boun- Low--but need 8.3.1.2.1.4.2,
conditions rounded by a definable by outflow boun- to the underground daries suffi- to identify 8.3.1.2.1.3.3,
set of verti- fault complexes daries enclose tacility ciently distant hydrologi- 8.3.1.2.1.3.1
cally oriented, delimiting the part or all of to have no effect cally viable
lsteral, gero- Yuccs Mountain of the site DZ on repository boundaries
flux hydrologic aite hydrogeologic environment
boundaries systea
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Table 8.3.1.2-2a.

Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 5 of 16)

Studies or
actaivities
Uncertainty and Alternative to reduce
Current representation zationale hypothesis Significance of alternarive hvpothesis uncertainty
p——
Reeded con~ .
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty
DRIVING FORCES/PROCESSES
tquaticn of Darcy’s Law is Low--nonwelded Kone identified GWTT: water inflow High High--Darcy’'s Law Low-~nonwelded 8.3.1.2.2.3.1

motion

applicable to
the nonwelded
tuff units

Darcy’s Law i»
applicable to
the welded tuff
units

Barometrically
induced forced
convection
across sur-
tace drives
airtlow in
hydrologically
integrated
fracture sys-
tens

Existing geo-
thermal temper-
ature gradient
induces free
convection
within inte-
grated frac-
‘ture syatems

units generally
are character-
ized by high
porosities and
large values of

K‘l‘

Medium--effec-
tive porosity
is unknown:
K,ae Values
are near lower
limit pt
meaningful
measuresent

High--effect is
only observed
in boreholes
that penetrate
and disturb
presant system

Righ--fracture
tortuosity
impedes free
thermal con-
vection

Storage and flow
of liquid water
in walded tuff
units is con-
trolled by sur-
tace adsorption
within sparse,
interconnected

pores

Water-vapor
pressure and
liquid-vater
capillary pre-
sure are in
aquilibrium
within frac-
tures that
don’t inter~
sect land sur-
face

Moisture balance
in highly frac-
tured zones is
detemmined by
both water-
vapor and
liquid-water
movessnt

to the underground
facility

GWTT; water inflow
to the underground
facility

Water inflow to
the underground
tacility

Water inflow to
the underground
facility

forms basis for
calculating
liquid~water
fluxes and
velocities in
the rock matrix

Same as above

Medium--appreciable
forced convection
of air will
affect moisture
distribution in
repository envi-
ronment

Same as above

tuffs prob-
ably satisty
conditions for
validity of
Darcy’s Law

High--pore 8.3.1.2.2.3.1
distribution

in velded

tuffs may

not permit

Darcian flow

approxima-

tion

Low--reposi- 8.3.1.2.2.1.1
tory design

does not

require

precise data

for this

possible

process

Same as above 8.3.1.2.2.7.1

T 'ad ‘TT00-RD/dRX
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Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 6 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

8, (8} < $5,(2);
8, value may
pertain to
*capillary
fringe® above
the wster table

dary

Studies or
activitaies
Uncertainty and Alternative to reduce
Current representation gationale hypothesis Significance of alternative hypothesis uncertaiaty
—— e
Needed con-
tidence 1n Sensitivaty of
Parformance measure, parameter or parameter or
Model Current design or perform- pecformance  performance measure Need to reduce
elemant repressntation ance parameter Beasure to hypothesis uncertainty
DRIVING FORCES/PROCESSES (continued)

Equation of Molecular diffu- Medium--geaother- MNone identified Water inflow to the Medium Low--phenaomenon Low--probably 8.3.1.2.2.7.1,
mot ion sion of vater nal gradient underground facil- probably would of negligble 8.3.1.2.2.5.1
{cont inued) vapor in frac- induces up~ ity induce little consequence

tures occurs wardly decreas- eftect on rocke~
under existing ing water- matrix molsture
geothermsl tem-  vapor concen- distribution
pecature grad- tzations, but
ient diffusion flux

is small

Changes in the Low-~e.9., frac- Mone identified GWTT; water inflow High Medium--changing Medium-~local 8.3.1.8.3.3.1,

tectonic envir- ture aper- to the underground fracture prop- stress 8.3.1.8.3.3.2
onment cause tures and ori- facility erties could fields within 8.3.1.8.3.3.3
changes in entation of affect spatial UZ probably
fracture hydro- open fractures distribution of change slowly
logic properties depend on possible transi- vith geologic

directions of ent effects in time

principal hori- deep U2

sontal stzess

Monequilibrium Kedium--complete Upward water- GWTT; watar inflow High Low=-assumption of Low--present 8.3.1.2.2.3.2
saturation saturation vapor migra- to the undsrground vertacal liquid- 5, values
profiles indi- protiles tor tion and down- tacility water flux consis- will yield
cate aet down- 01 sre not vard liquid- tent with local upper -bound
wazd verticsl yet available water percola-~- satucation values values for
liquid vater tion define a and unit hydrau- present ver-
flow steady-atate lic gradient tical downward
circulation assumption yiselds liquid-water
system; upper flux boun- fluxes

T a3y ‘1T100-KO/dRX

T ady ‘TT00-KO/dAX
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Table 8.3.1.2-2a.

Current representation and alternative hypotheses for unsaturated-zohe hydrologic
system conceptual models for the geohydrology program (page 7 of 16)

Studies or
activities
Uncertainty and Alternative to reduce
Current zepresentaion rationale hypothesis Signifaicance cf alternative hypothesis uncertainty
“Reeded con-
fidence in Sensitivity of
Performance measure, parameter or pacameter or
Model Curzant design or pertorm- pertor pert e Need to reduce
element representation ance paramster sgasure to hypothesis uncertainty -
DRIVING FORCES/PROCESSES {continued)
Conssrvation of Moisture storsge Low--uncertainty Woisture storage GNTT; water inflow High High--ambient Low--there are 8.3.1.2.2.3.1,
nass within the rock arises in quan- within the U2 to the underground liquid-water no other 8.3.1.3.2.2.2,
matrixz and the titying the consists of facility saturations known mech- 8.3.1.3.3.3
interstitial spatial and uncoupled pro- depend on anisms oper-
pore space is temporal dis- cesses involv- moisture storage ating within
partitioned teibutions of ing capillari- and release the UZ
among (1) cap- the partition- ty, adsorption, nachanisms
illary water, ing water vapor,
{2} adsorbed angd water
water, of hydration
(3) water of
hydcation, and
(4) water vapor
Liquid water and Medium--liquid~ MNone identified Water inflow to Medium Low--only local, Low--local 8.3.1.2.2.3.2,
watsr-vapor vater and the underground transient, tem- departures 8.3.1.2.2.7.1,
tend to be in wat er-vapor tacilicy porary depar- would pro- 8.3.1.15.2.2.1
thermodynamic migration ia tures from local duce small,
phass equilib- pozes is slow thermodynamic " temporary
riwm within compared with equilibrium (LTE) effects
the rock-satriz time required are likely to
pors space to establish occur
equilibrium
Nonthermal Medium—-bulk Mone identified Water inflow to Medium Low--effecta prob~  Low--phenom= 8.3.1.2.2.3.2,
equilibrium air tlow would the underground ably would be enon would 8.3.1.2.2.3.3
distributions tend to disrupt facility restricted to have little
of water vapor distribution of matrix near effect on
msy occur im water vapor- fractures possible
fracture and pressure water inflows
tault opsuninge equilibrium to resposi-

tory

T "ady ‘T1700-KO/dWX

T a3y ‘TT00-WO/3KX



Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 8 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

Studies or

activities
Uncertainty and Alternative to reduce
Current trepresentation gationale hypothesis Significance of alternative hypothesis uncertainty
e
‘Needed con-
fidence in Sensitivity of
Performance measure, parameter or patameter or
Model Current design or pertorm- performance  pertormance medsure Need to reducs
slament representation ance parameter measure to hypothesis uncertainty
DRIVING FORCES/PROCESS (continued)
Conservation of Volumes contain- Medium--probably Dynamic state of GWTT; water inflow High High--hypothesis is High--need to 0.3.1.2.2.3.1
aass ing many pores trve in noa~ systam pre- to the under~ basis for the ensure ap-
{cont inued) aze definadble velded tuffa; cludas defining ground tacility application of plicability
such that depends on den- simultaneous Richard’s equa-~ of Darcian
changes in oity and hydro~ values of flux tion for water flow in
boundary logic properties and woistuce tlow in 02 walded tuffs
fluxes are of fractures in content
equal to welded tutfs
changes in
interaal sois-
tuze coateat
Volumes coatain- MNigh-~this is Fractures and GWTT: water inflow High Medium--REV con~ Medium--site~ 8,3.1.2.2.4.8
ing many pores the tepresenta-  fracture net- to the under~ cept for combined scale model-~
and fractures tive elementary- works sust be ground facility fractures and ing will be
are definable volume (REV) treated as matrix simpli- difficule it
such that chan- concept applied distinct ties numerical hypothesis is
ges ia boundary to mACIrOsCOpi- hydrologic hydrologic model- invalid
fluxes squal cally highly entities 109
changes in tractured
internal mois- {wvelded) tuffs
ture storege
Releass or Low--the phenom~ Sufficient water GWTT: water inflow High Medium--resulting Medium--appre~- 8.3.1.3.2.2.2
absocption of eNOD CAR OCCur release could to the under- increase or de- ciable chan-
crystalline but probably occur locally ground facility crease of satu- ges in pre-
water of hydra- would involva to affect ration would sent thermal
tion will oot only ssall moisture-tlow affect moisture or stress
significantly volumes of pathways and fluxes and tields would
atfect U sat-~ vater fluxes pathways be required
uratioa or to produce
soisture flux significant
distributions atfects

T a9y ‘TT00-WO/dRX

1 *ad9 ‘TT00-WO/dHX
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Table 8.3.1.2-2a.

Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 9 of 16)

Studies or
activities
Uncextainty and Alternative to geduce
Cucrent rwennuuon gationale hmthﬂh Siynificance of alternative hypothesis uncertainty
Feeded con- =
fidence in Sensitivity of
Performance measure, pauuur or parameter or
Nodel Curzeant design or pertorm- performance pecformance measure MNeed to reduce
element Tepresentation ance parameter measure to hypothesis uncertainty
DRIVING FORCES/PROCESSES (continued)
Conservation of Tectonic events Low--pors-size Episodic or cyclic Water inflow to Medium Low--only small Low--effects 8.3.1.8.1.),

[ TYT] aze ualikely distzibutions tectonic proc- the underground total quantities on reposi- 0.3.1.3.2.2.2,
{cont inued) to alfect rock~ withis the UL cesses or events tacility of water probably tory envi- 8.3.1.3.3.)
matzix fluid- are lacgely , will alter rock- would be involved ronment

storage proper~ ladepsndest of astrix pore-sise in UZ would
ties within the prevalling distridutions be amall
02 hydrogeologic tectoaic
systen eavizonment
Perched-watar Righ-~pezched Locslized water GWTT; water iaflow High Medium~~conditions Medium-- 8.3.1.2.2.47
bodies and uwater bodiss inflows to the to the under- to produce natu- perched-vater
capillary- and capillacy U2 are suffici- ground facility rally occuring bodies prob-
barciers say be  barriers are ent to sustaia perched-vater ably are
tempozarily iatziasically & pexchad-water bodies in reposi- transient
proseat with uastable hence, body or cspillary tory envigonment phenosena and
the 82 systea can occuz oaly baztier 1a @ probably ace would disperse
wnder transismt quasi-stadble lacking it they ace
coaditions state tormed
Conservatioa of Although pres- Low--Daccy’s System i3 in GWTT; water inflow High High--Darcy’s Law Low-~-system is 6.3.1.2.2.3.1,
enetgy once of the Law, for exem- such 8 highly to the underground becames invalid unlikely to 0.3.1.2.2.).2,
geothermal ple, temains dynamic state tacility for highly non-~ be in such a $.3.1.2.2.3)
tespezature valid locally that LTE is isothermal fluid thermally
gradieat witi- if one refers nowhere estab- flow dynamic state
global iso- it to the 1iabed or main-
therma) approx~ ambient temper- tained withis
isation, locsl atere the systea
thernodynaaic
oquilidecive
(LTE) caa be
ssswmed for
localized
xegioas withia
the system

T "a8y ‘TT00-WO/dNX
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Table 8.3.1.2-2a.

system conceptual models ‘for the geohydrology program (page 10 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

Studies or
activities
Uncectainty and Alternative to reduce
Current representation cationale hypothesis Significance of alternative hypothesis uncertaint
& ﬁm- E L
fadance in Sensitivity of
Parformance msasure, pacamster Or paramates or
Hodel Current design or perform- performance performance measure Need to reduce
element representation ance pataseter |easure to hypothesis uncertainty
SYSTEM DYNAMICS/RESPOMSE
System dynamics/ Nonwelded Calico Medium--CMaw is Flowpaths and Radionuclide releases High High==if CHnw is High--hydro- 0.3.1.2.2.3,
tesponse Mills unit a thick (100 fluzes in to the accessible not an effective logic and 0.3.1.2.2.3.2,
(Clnw) 49 the to 400 m) CHaw are such enviconsant barcier, then geochemical 0.3.1.2.2.4.6,
psincipsl hydro~ sparsely frac~ that they do possible rapid propertiss 0.3.1.3.2,
chenical bsrcier tuced, pactislly not sigaifi- transport from of CHinv need 8.1.1.3),
to water~borase zeolitized tult cantly ispede distugbed sone to to be wall 8.3.1.4.3,
radionuclide of low to mad- radionuclide accessible envic- undecstood 8.3.1.8.4
traasport ium saturated transport from onment could and quanti-
betveen dis~ hydzaulic coa- disturbed zone occus fied
tutbed soae ductivity to accessidble
and accessi- envirosment
ble eavizoa~
|ent
Climatic changes Nigh--paleocli- Climatic changss GNTT; water inflow High High--climatic High-~assess- §.3.1.5.2.2.2
are ualikely astic dats and episodic to the under- changes may sent of
to produce indicate past variations are ground tacility result in in- future repos-
sigaificast occuctences of 1ikely to occur : creasad nat infil- - itory perfor-
lacge-scale major clisatiec and affect U2 cteation and sub- asnce depends
etfects vithia changes withia hydrogeologic satusation and o moisture
the 02 10, 000-yr system soistuce-flux fluxes and
geologic system iatervals distributioas tlowpaths
duzing the mext within the U2 within the 02
000 yr hydrogeologic
systea
Renewed fault- Low--local tault Episodic or GMT?; water inflow High Low--because Low--fre- §.3.1.8.3.1.3,
109 at Yucca sovement would cyclic fault- to the underground eftects would quency of $.3.1.8.3.1.4,
Mouatain 19 produce trana- ing may cause facility tend to be occursence 9.3.1.8.3.1.5,
unlikely to ient, tempo- corresponding localized and and magni- 8.3.1.8.3.2.5,
sigaificeat tery, locsl- large-scsle temporacy tude of 80.3.1.8.3.2.6,
local ot i3ed eftects changes in the effects prob- 6.3.1.8.4.1.)
large-scale within the 0F moistuce flux ably ace low
eftect o the hydrogeologic distribution
02 hydrogeo~ systea ia the M
logic system

T "ady ‘TT00-WO/dWX
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Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 11 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

Studies or

activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis “"““““‘X
Neede: n=
fidence in Sensitivity ot
Performance measure, parameter or patamater or
Model Current design or perform~ performance performance measure Nead to reduce
element representation ance parameter measure to hypothesis uncertainty
SYSTEM DYNAMICS/RESFONSE (continued)

System dynamice/ Volcanism is Madium--fre~ Episodic or cyclic GWTT: water inflow High High--volcanism Low--event is 8.3.1.8.3.1.1,
casponse unlikely to quency of volcanism may to the underground could produce unlikely to 8.3.3.8.3.1.2
(coat {nued) affect the U2 occucrence and cause correspond- facility significant ther- occur during

hydrogeologic magnitude of ing large-scale mal-mechanical next 10,000 yr
systea during etfects are changes in the effects on the
the next incompletely mogiture flux dis- UZ hydrogeologi~
10,000 yx kaown tribution in the cal system
Uz
Ignaous intru- Medium--fre~ Episodic or cyclic GWTT: water inflow High High--igneous Low--event is 8.3.1.8.3.2.1,
sioas are quency of igneous intrusions to the underground intzusions could unlikely to $.3.1.8.3.2.2
unlikely to occurzence and  may Cause corres- tacilaty produce signit- occur during
diszupt the U3 sagaitude of ponding large-~ icant thermal- next 10,000 yr
hydrogeologic effects are scale changs in mechanical
systea during incampletely the moisture flux effects on the
the mext knowa distribution in O hydrogeo-
10,000 yr the UZ logical system
Uplift or subsi- Medium--fre- Large-scale uplife GrT High Medium--the degree  Low--apprecia- §.3.1.8.3.1.7,
desce of Yucca quancy of or subsidence to which flow- ble uplift 8.3.1.8.3.1.4
Mountain block occurence and will produce paths and the or subsidence
is unlikely to magnitude of corresponding water-table con- is unlikely
affect the U3 effects ace sffects on the figuration would to occur dur-
hydrogeologic incompletely 0% hydrogeologic change is not ing next
systea during known systea koown 10,000 yr
the pext
10,000 yr

T a9y ‘TT00-KOD/ X
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Table 8.3.1.2-2a. Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 12 of 16)

T ‘asy ‘TT00-HO/dRX

Studies or
activities
Uncertainty and Alternative to reduce
Current ngusenuuon rationale hypothesis Significance of alternative hypothesis uncertainty
“Re2ded con-
€idence in Sensitivity of
Performance measure, pacameter or parameter or
Model Current design or perform- performance performance mesasure Need to reduce
elamant represantation ance parameter aeasuce to hypothesis uncertainty
SYSTEM RESPONSE/DYNAMICS (continued)

Systea dynamics/ Pore-water chem~ Medium--chemical Chemical and iso- GWTT High Low--isotopic con- Medium--1s0- 8.3.1.2.2.0.2,
response ical and iso- and isotopic topic concentra- centration alone topac and 8.3.1.3.1.1,
(continued) topic com~ concentcations tions may be non- is insufficient anionic con- 8.3.1.3.2.2,

position may bs altered diagnostic mixture to determine centrations 8.3.1.3.33
reflects pore- by pore-water of waters from source of UZ could be
water soutrce interaction different sources vater used as
tegions and with rock supporting
machani sms matrix if not
definitive
evidence tor
source of
UZ water
Present UZ mois- Medium--rates of System below the GWTT; water inflow High Righ--if hypothesis High--need to 8.3.1.2.2.3.2,
ture flow sys- possible aet Paintbrush unit to the underground is valid, it will establaish 8.3.1.2.2.1.2
tem is derived infiltezation is in quasi- facility determine spatial m0st probable
trom present and distribu~ eaquilibrium due and temporal dis~ bounds on -
and past net tions in time to upward water- tribution of rates and
{atiltration and space ate vapor aigration water flux in areal dis-
from above unknown and downward repository envir- tribution
liquid-water per-~ onment of possible
colation; conse- net anfil-
quently, there is tration
no sffective net and perco-
percolation of lation below
water into the the Paint~
Topopah Spring brush non-

and lower units
Moisture in the
02 is & remnant
of past rises of
the water table

welded unit

T a3y ‘1T100-WO/dWX
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Table 8.3.1.2-2a.

Current representation and alternative hypotheses for unsaturated-zone hydrologic

system conceptual models for the geohydrology program (page 13 of 16)

T

Studies or
activities
Dacertainty and Alternative to reduce
Current nguuntauou gationale hggthu'u Significance of alternative hypothesis uncertainty
gﬁee 3 con- -
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Curzent design or perform- performance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty
DATA-REDUCTION MODELS (continued)
Data-reduction Liquid water Low for mon~ Application of GWIT; water inflow Righ High~-need accurate High--calcu- 8.3.1.2.2.3.1
modals flux in rock welded tuffs Darcy's law to the underground fluxes to esti- lations of
{cont inued) matrix can be Medium for welded results in tacility aate GNWTT system state
calculated tufts where inaccurate and perfor-
from Darcy’s adsorption calculation mance must
Law affects say of flux in be consis-
dominate welded tuffs tent with
actual sys-
tem dynamics
Dupuit~ Medium--uses A random-walk GWTT; water inflow High High--standard High-~need to 8.3.1.2.2.3.1,
rorchheimer volume-aver- model is a to the underground but not fully know the 8.3.1.2.2.9.3,
assumption aged dats to mOL® Appro- facility validated method fastest modes $8.3.1.2.2.2.1
(fluid pore calculate 2 priate tor calculating of pore-water ’
velocity = localised quan- approach pore-water movement
Darcian flux tity; tends to velocities
divided by underestimate
rock-matriz true water-par~
porosity) ticle velocity
applies
Discrete frac- figh--intui- fluid fiov in GWTT; water inflow High High--hydrologic High--quanti- 8.3.1.2.2.4.1,
tugzes and frac- tively plaus- fractures is to the underground asignificance of tied mech- 8.3.1.2.4.1.2,
ture astworks ible, but inherently tacility fractures under anisas of 8.3.1.2.4.1.3,
can be modeled mechanisns of dynamic and partially satura- matrix~frac- 8.3.1.2.2.9
a8 equivalent fluid flow ia cannot be ted conditions ture interac-
porous madia partially satu~ treated by remains poorly tions and
cated known and simple global known and bounding
unquantitied models unquantified uncertain-
ties need to
be known

T "49y ‘TT100-WO/dNX
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Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 14 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

Studies or
activitias
Uncertainty and Alternative to reduce
e SULEORE representation _ _fationals Bypothesis S‘Q%M"’ uncertalnty
fidence in Sensitivity of
Performance measurs, parameter or parameter or
Model Curzant design or perform- pector cfor e Meed to reduce
element representation ance paramster saasure to hypothesis uncertainty
SYSTEM RESPONSE/DYNAMICS (continued)

Systea dynamics/ Pore water in Low--water move- None identified Waste container Medium High--vaste con- Low--It i3 8.3.1.2.2.8.2,
response the UL is in mant in the corrosion tainer design highly 8.3.1.3.2.2,
{cont 1nued) locel solu- rock matrix must allow for unlikely 8.3.1.5.2.1.2

tional squi- is sufticiently possible contact that pore 8.3.1.5.2.1.5
librium with slow to permit with water in water in 8.3.1.3.3.2
the surrounding establishment uz deep UZ 13
tock matrix of solutional not in equi-
equilibrive librium with
Lhe sur-
roundang rock
matris
DATA-REDUCTION MODELS
Data-reduction Rock-matrix Low for non- Use random-walk GWTT; water inflow High High--need pore~ High--defini~ 08.3.1.2.2.3.1,
models hydrologic welded tutfs wmodels to calcu- to the underground water velocities tion of 8.3.1.2.2.2.1
propacties Medium for late synthetic tacility to calculate GWTT hydrologic 8.3.1.2.2.8.2
are defined walded tutfs flow-path and properties 8.3.1.2.2.4.6
by Darciasn fluid-velocity must be con-
theory of distributions sistent with
tluid Clow actual system
state and
proceases
Matric poteantisl Low--hypothasis, Local thermodynamic GWTT; water inflow High High--fluid flux Low-~defini- 8.3.1.2.2.3.1,
is definadbla however, pre- equilibrium is to the underground calculations tion of 8$.3.1.2.2.3.2
and measurable sumes local nowhers estab- tacilicy Tequire measured hydrologic
in terms of thermodynasic lished within UZ; in situ potential functions
capillarity/ equilibrium hence, standard gradients must be con-
adsorption capillary theory sistent with
theory (Kslvia does not apply actual system
equation) state and
processes

T cady ‘TT00-WO/JNX
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Table 8.3.1.2-2a.

system conceptual models for the geohydrology program (page 15 of 16)

Current representation and alternative hypotheses for unsaturated-zone hydrologic

Studies or
activities
Unceztainty snd Alternative to reduce
Current representation rationale hyoothesis Significan ! alternative hypothesis uncertainty
COR~
fidance in Sensitivity of
Performance measurs, paramster or parameter or
Model Curcent design or perform- performance performance meadsure Need to reduce
elemant represantation ance parameter |sdsure to hypothesis uncertainty
SYSTEM RESPONSE/DYNAMICS {(continued)

System dynamics/ Liquid water Medium--moisture Rate of downward GWTT; water inflow High Low--if flow is High--hypothe- 8.3.1.2.2.3.2,
response flux in Topopah fluxes have yet liquid-water to the underground othervise, need s1s estab- 8.3.1.2.2.4.6
{cont inued) Spring rock to ba reliably flux may be approx- ftacility to account for it lishes boun-

matrix is dis- computed of imately equal to in GWTT calcula- dary condi-
tridbuted in estimated upward directed tions and assess- tion at base
space but is watar-vapor flux: ment of water of Topopah
generally Calico Hills unit flow in reposi-~ Spring unit
directed vec- defines vertical tory environment tor GWTT
tically down- extent of the capi- calculations
ward llary fring above
the water table
Hydrologic sys- Migh--hypothasis Transient effects Water inflow to Hedium Low--assessment of High--hypothe- £8.3.1.2.2.3.2
tea below the depends on penstrate deep the underground moisture content s1a, it
Paintbrush rapid damping into or through facality and changs in approximately
nonwelded unit of transient the UZ via faults repoaitory envi- valid, would
is ia approxi- effects, (¢.g., and fractures ronment sust tacilitate
mate steady- infiltzation allow for dynamic predictive
state dynamic events in the conditions  numerical
oquilibzium upper 0Z) hydrologic
modeling of
the system
Liquid-water Medium--availa- Longitudinal flow Water inflow to Medium Medium--dynamically High--dynamics 8.3.1.2.2.3.2,
flow in the ble sparse of water in frac- the underground changing water of matrix-~ 0.3.1.2.2.3.3
Topopah Spring saturation data tures may accur facility flow in fractures fracture
is restricted indicate that locally or epi- probably would hydrologic
to the rock satucatioas in sodically over affect moisture interactions
aatris Topopah Spring a wida range of content and flow needs to ba
unit is too low of rock-matrix near repository elucidated

to induce spoa-
tansous flow
in fractures

satuzations

T "a3y ‘TT00-WO/dHX
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Table 8.3.1.2-2a.

Current representation and alternative hypotheses for unsaturated-zone hydrologic
system conceptual models for the geohydrology program (page 16 of 16)

Studies or
activities
Uncertainty and Alternative to reduce
Current rogreunution rationale hypothesis Significance of alternative hypothesis uncertainty
Weé&ded con-
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Current design or perform-  perf rfor e Need to reduce
elamant representation ance paramater measure to hypothesis uncertainty
DATA-REDUCTION MODELS (continued)

Data-reduction The rock-matrizx Low~-present Macroscopic verti- GWTT: radionuclide High High~-GWTT and High--statis- 8.3.1.2.2.3.1,
models hydrologic stratigraphic csl snd lateral transport from radionuclide tical char- 8.3.1.2.2.1.1,
{cont inued) properties data indicate lateral hetero- disturdbed zone to transport cal- acterization 8.3.1.2.2.9.4,

within distinct that the lay- geneity within accessible culations depend ot hydrogeo- 8.3.1.3.4.1.5,
hydrogeologic ered tutfs the laysred tuffs anvironment on presence of logic units 8.3.1.4.2
units can be within the UZ, precludes statis- statistically is required
characterized can be sub- ticsl character- chatacterizable to {1) esti-
by using divided into ization within hydrogeologic mate statis-
classical- statistically the site doma.. units and prop- tics of
statistical and characteriza- erties radionuclide
geostatistical ble hydrogeo- release to
msthods logic units accessible
environment
and of GNTT
distributions,
and (2) esti-
mate errors
in U2 flux
. ¢slculations
Laboratory-scale High--labora- Laboratory-scale GWTT; radionuclide High High--liquid- High--need to 8.3.1.2.2.3.1,
ssasuressnt s tory scale measurements of transport from water and gas- obtain 8.3.1.2.2.1.1,
of matrix *point® meas- matrix hydrologic disturbed zone phase fluxes classical 8.3.1.3.4.1.5,
hydrologic urements are properties exceed to accessible depend on prop- statistical 8.3.1.3.7.2
properties can unlikely to be both REV dimen- savironment erly defined and geosta-
ba extrapolated representative sions and field- hydrologic prop- tistical
to evaluate of large-scale scale statistical erties data to
tield-scale dynamics correlation assess error
probleas lengths of extrapo-
lation to
field-scale
problems

SGHTT refers to pre-waste-emplacement ground-water travel time. ‘
®Mater inflov to the underground facility includes sny and all water that may enter the facility from the unsaturated zone during preclosure and postclosure

conditions.
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Current representation and alternative hypotheses for the saturated-zone hydrologic

Table 8.3.1.2-2b.
system conceptual models for the geohydrology program (page 1 of 20)

Studies or

activities
Uncertainty and Mternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertaint
= — — Heeded con- 4
fidence in Sensitivity of
Performance measure, parameter or parameter or
Hodel Current design or perform- performance pecformance measure Need to reduce
element Fepreaseatatioa ance pacamster |sasure to hypothesis uncertainty
DOMAIN
Regional sstu- The regionsl 32 Hedium--hydrogeo- Larqer (or GWTT*, radionuclide High High--the S2 is the Medium-~-based 8.3.1.2.1
tated zone (SZ) system is de- logic boundaries smaller) area transport in the main path for on uncer-
hydrogeologic fined approz- for the regional should be con- §2, radionuclide radionuclide trans- tainty
systen imately by the S flow system sidered in tranaport in the port from the unsat-~
hydrogeclogic are not well evaluating vz urated zone (UZ) to
study ares defined regional S2 the accessible envi-
flow systea ronaeat; definition
of regional system
domain affects SZ
flux and tlow paths
beneath Yucca
Mountain; water-
table elevation is
sensitive to bound-
ary conditions
Subregional SZ The subregional Medium--hydrogeo-~ The subregional GNTT®, radionculide HIgh High--the SZ is the Medium-~based 8.3.1.2.1
hydrogeologic S systes is logic boundary SZ is defined transport in the main path for on uncer- 8.3.1.2.
systea detlined by the conditions for by the Frank~ SI; radionuclide radionuclide trans- taincy
Alkali Frlat/ the sub-basin lin Lake playa transpoct in the port from UZ to
Pucrnace Creak are not well (Alkali Flat) oz the accessible
fanch subbasia established audbbasin; dis- environment; def-

charge that
occurs at
Furnace Creek
Ranch is from
a separata
desp carbonate
aquifer system

inition of sub-
regional system
domain sffects
$2 flux and flow
paths beneath
Yucca Mountain;
water-table ele-
vation is sensi-
tive to boundary
conditions

U "43y ‘T700-RO/dRX
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Table 8.3.1.2-2b.

Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 2 of 20)

Studies or
activities
Uncertainty and Alternative to reduce
Current ge&uunuuon gationale hypothesis Sig"%ﬂ%—f.‘?r'g%gt alternative hypothesis uncertainty
eade
fidence in Sensitivity of
Performance measure, paramster or paraseter or
Model Current design or perform- performance performance measure Need to reduce
element tepresentation ance parameter asasure to hypothesis uncertainty
DOMAIN (continued)
Site SZ hydrogeo- The site ST sys- Medium--specifica- None identified GWTT: radionuclide Low High--the SZ is the Low--based on 8.3.1.2.1.3.2
logic aystem ten is detined tion of site transport in the main path for needed con-
by the boundary boundacies will s2 radionuclide trans- tidence
of the accessi- have a large port from the UZ
ble enviroament effect on dis~ to the accessible
tance used environment;
for GNTT cal- definition of site-
culations system domain
affects length
of ST flow path
to accessible
environment
Hydrogeologic Ground-water flow MHedium--borehole Variations of GWTT: radionuclide High High~~GWTT and trans- Medium--based 8.3.1.2.).1
units occurs in & snd surface-based hydraulic prop- transport in the port characteris- on uncer-
conplex frame- observations indi- erties within 52; radionuclide tics ace largely tainty
work of Paleo- cate the presence lithologic transport in the depandent on hydro-
soic, Tertiary, of multipla hydro- units is as vz geologic units;
and Quaternary geologic units great as transient behavior
Tocks and sedi- of various ages among thes; of water-table
ments within and hydraulic thus, no elevation is depen~
the regiocmal properties, but meaningful dent on properties
tlov system, the spatial rela~ subdivision of hydrogeologic
among which tion is poorly into hydro-~ units
identitiadble defined geologic units
hydrogeoclogic can be sade
units csn be
defined

Rla WS- Al
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Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic
system conceptual models for the site geohydrology program (page 3 of 20)

Studies ot
) ) activities
Uncertainty and Alternative to reduce
Current reguuntatwn rationale hypothesis Significance of alternative hypothesis uncertainty
Weedéd con-
fidence in Seasitivity of

Performance measure, parameter or parameter or

0L=-2°T°¢"8

highly frac-
tured, and that
fracture permes~
bility is such
graater than
matziz permea-
bilicy

age characteristics

Mode] Current design or perform- pertormance performance measure Need to reduce
elemant cepresentation nce parameter measure to hypothesis uncertainty
DOMAIN {cont inued)
Hydrogeologic Flow of interest Madium--in one Paleozoic car~ Same a3 above High High--SI GWIT and Medium--based 6.3.1.2.1.3.2,
at Yucca dzillhole (0UR-25 bonate unit transport charac- on yncet- 8.3.1.2.3.1
Mountais occurs pil) tha hydrau- Plays & sig- teristics are tainty
primscily 1ic head in a niticant role largely dependent
through frac- carbonate-aquifar in flov system on hydrogeologic
tured Tertiary unit underlying baneath the unite; transient
volcanic tocks; the Tertiary vol- oite; areas behavior of water-
this oyntem o canic unite is exist where table elevation is
separated fzom about 20 & bhigher the carbonate dependent on prop-
and lies sbove than in the over- aquifer is ecties of hydro-
a deeper lying units; but missing, has geologic units
tegionsl car~ data are few and flow system
bonate aquifer structure complex thst i9 inter-
systam with connected with
higher hydrau- overlying vol-
lic head canics, or has .
lower hydraulic
head
Structural Festures
Fractures in Low--borehole and None identified Same 33 above High--8lov in trac- Low--based on 3.1.2.3.1.),
Tertiary vol- surface-based tuses has a large uncertainty 8.3.1.2.3.1.4
canic rocks obsexvations effect on SZ and
serve as prin- indicate that GWIT and transport
cipal pathways most Tertiary charactecistics
for ground~ volcanic tuft and on transient
water flow units ace response and stor-



Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic
system conceptual models for the site geohydrology program (page 4 of 20)

Studies or

activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertainty

Feeded con-
fidence in Sensitivaty of

Performance measure, parameter or parameter or

design or pectorm- performance performance measure NKeed to reduce

ance parameter measure to hypothesis uncertainty

Model Current
element representation

DOMAIN {continuad)

T *ad®y ‘TT100-WO/JIRX
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water flow sys-
ten

ground-water
flow and may
be associsted
with regional-
scale fault

or fracture
systems

time, transport
characteristics,
and transient ge-
sponse

Practure permsa- Low--observations Large fracture Same as above High--GWTT; transport Low--based on .1.4.2.2.2,
bility decrea- from borshole permeability characteristics and uncertainty .3.1.4.2.2.),
ses with flow surveys occurs even at transient response .3.1.4.2.2.4
increasing show a system- Qreat depths of water table are
depth in tuff- atic decrease largely dependent
sceous unity at in fracture on permeability
Yucca Mountain permaability of rock

with depth
None selected High--svidence Faults are Same as above High--the permeabil-  High--response .1.2.1.3.2,
indicates that either ity of & fault or of warer- 23.1.2.3.1.,
some faults, barriers or fault zone has a table ele- .3.1.2.3.1.2,
such as Solitario conduits to large effect on SZ vation to .3.1.2.3.1.4
Canyon fault, may ground-water GWTT and transport increased :
act as barrisrs, flow and have characterastics, recharge or
vhersas others, a large effact and transient tectonic
such as faults on ground= behavior of S changes may
east of Yucca water flow flow system be very sen-
Mountain, may dicection and sitive to the
act as conduits and magnitude, permeability
and on trans- of fault
port charactes- zones
istics
Mone selected Hedium--lineamants Lineaments may Same as above High--the perwaabil- Medium--based 8.3.1.2.1.3,
may bave » sub- act as either ity of a linsament on uncer- 8.3.1.2.3.1.2,
stantial effect conduits or tone has a large tainty $.3.1.2.3.1.3,
on the ground- barriers to sffect on SZ GWTT 8.3.1.2.3.1.4

1 ra®y ‘1100-WO/JAX
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Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 5 of 20)

T

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothes:s Significaance of alternative hypothesis uncertaintv
Seasitivity of
Performance measure, parameter or parameter or
Model Current design or perform- performance measure Need to reduce
elemant represeantation ance parameter to hypothesis
BOUNDARY CONDITIONS
Upper boundary The water table Low--evidence from None identified Same 23 above High--transient 8.3.1.2.3.1.2

is the upper

boundary of the
$L ground-water

tlow system

Average recharge
to the 32 at
Yucca Mountain
theough the OF
is small

drillhole tests
shows the SZ as
being unconfined
and responding
as if it had

High--po direct

avidence ie
available to es-
timate rechacrge
directly; annual
pracipitation at
Yucca Mountain is
small, resulting
in probable small
amounts of e~
charge, but areal
variations in re-
chacge may be
substantial

Localized

recharge
through frac-
tures and o¢
tault zones
is substan-
tial

GWTY; radionuclide
transport in the
0z®, radionuclide

transport in the

S

models of ground-
water flow, used
to estimate ST
GWTT, transport
characteristics,
and transient re-
sponses of water-~
table alevation
are dependent on
the specification
of confined versus
unconfined upperx
boundary condi-
tions

High--GWTT and

transport in
the UZ and

SZ are directly
affected by
amount of
recharge

T *a8y ‘TT00-HO/dRX
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Table 8.3.1.2-2b.

Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 6 of 20)

Studies or
activities
Uncertainty and Alternatve to reduce
Current tjeguunuuon rationale hypothesis Significance of alternative hypothesis uncertainty
Reeded con-
fidence in Sensitivity of
Performance measure, parameter or patameter ot
Model Curzent design or perform- performance performance measure Need to reduce
alemant teprasantation ance parameter seasure to hypothes:s uncerlainty
BOUNDARY CONDITIONS {(continued)
Upper boundary Discharge from Medium-~potent jo- Discharge from Same a3 above High High--S2 GWTT and Medium--based 8.3.1.2.1.3.4,
{cont inued) the subregional metric data indi- the subbasin transport charac- on uncer- 8.3.1.2.1.4
SZ flow system cate & continuum i9 restricted teristica are tainty
occurs pri- of the flow sys- to discharge directly affected
marily as tea from Yucca occurring as by location and
evapotianspire-~ Mountain to known evapotrans- rate of discharge
tion at Franklin discharge areas piration at
Lake playa, at Fcanklin Lake Franklin Lake
RNOT eVaAPO- plays; origin playa and
transpiration of spring flow minor
withia the at furnsce Creek amounts else~
Amargosa Desert, Ranch is uncer- vhere in the
and spring flow tain Amargosa
that occurs at Desert
Furnace Creek -
Ranch trom
faleoczoic car-
bonate unit
Recharge to the Low--potentiometcic Primary recharge Same a3 above High High--52 GNTT and Low~-based on 8.3.1.2.1.1.1,
regional $2 and hydrochemicsl to S flow transport charac- uncertainty 8.3.1.2.1.2.1
flow system data shov » direct system at tecistics are 8.3.1.2.1.3.3

occurs primar-
ily at Rainier
and Pahute
e

source to ground-
uster at Yucca
Mountain

Yucca Nountain
occurs from
upvard leskage
from under-
lying Paleo-
z0ic carbonate
rocks, or is
areally dis-
tributed,
occurring
banesth washes
throughout the
subbasin

directly affected
by location and
rate of recharge

T a3y ‘T100-KO/dAX
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Table 8.3.1.2-2b.

Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 7 of 20)

*asyd ‘IT00-WO/JHX

Studies or
activities
Uncertainty and Alternative to reduce
Current representation gationale hypothesis Significance of alternative hypothesis uncestainty
Weeded con-
fidence in Sensitivaty of
Performance measure, pactameter ot pa: ameter or
Model Current design or perform- pecformance - erformance measure Need to reduce [
elemant ceprasentation ance parameter medsure to hypothesis uncertainty
BOUNDARY CONDITIONS (continued)
Upper boundary A substantial Righ--1ittle data Recharge along GWTT; radionuclide High High--SZ and UZ GWTT High--recharqe 8.3.1.2.1.3.3
{cont 1nued) amount of exist to deter- Ffortymile Mash transport in the and transport at Fortymile
gecharge to the aine the extent is minor Ut®; radionuclade charactecistica Wash may be
82 occurs slong and cats of transport in the are directly ons of the
Fortymile Mash cechacge in affected by loca- most criti-
Fortymile Wash tion and rate of cal boundary
recharge at and conditions
near the site atfecting
52 and U2
at Yucca
Mountain
Water-table Medium--testing Water-table Same as above High Medium--upward migra~ Medium--based 8.3.1.2.2.4.7,
mounds and of perched or sounds and tion of deep-seated on uncer- $.3.1.2.3.1.2
perched-vater sounded vater has perched wvater ground water would tainty and
bodies origi- not been suffi- are the result have a large effect sensitivity
nate primarily cient to develop of geothermal on GWTT and water-
trom watec 8 camplete under- and/oc seismic table altitude
infiltrating standing of the pumping of
fxom above origia of this desp-seated

water

ground water

‘TT00-WD/ JX
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page 8 of 20)

Current representation and alternative hypotheses for the saturated-zone hydrologic

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertainty
“Heeded con-
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty
BOUNDARY CONDITIONS ({(continued)
Lower boundary Lower boundary High-~few data Lower boundary Same as above High Medium--position of Medium--based $.3.1.2.2.9.3

is the base of
the Tertiary
units (vol-
canics and
basin-£ill
sediments),
across which
little or no
flow occurs

exist at depth
to establish
lower flow or
no-flow bound-
ary conditions,
or lithologies
therein; evidence
indicates that
the number of
open fractures
decreasas with
increasing depth,
and potentiometric
data from several
drillholes indi-
cate increasing
head with in-
creasing depth

i3 the base
of the Tert-
iary units
{volcanics and
basin-till
sediment 8},
across which
substantial
upward or
downward leak-
age occurs
Lower boundary
is undefined:
substantial
circulation of
flow occurs
via deep-
seated, ther-
mally driven
convection
cells or seis-
mi¢ pumping
through open
vertically
interconnected
fracture
networks

boundary and amount on sensitiv-
and direction of ity
flux scross it
significantly

affects GWTT, trans-

port through the SI

to the accessible
environment, and

the response of the
water-table eleva-

tion to temporal

changes

T a8y ‘TT00~KO/dNX
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Table 8.3.1.2-2b.

Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 9 of 20)

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertainty
Feeded con-
fidence in Sensitivity ot
Performance measure, parameter or parameter or
Model Current design or perform- pertormance performance measure Need Lo reduce
¢lement represantation ance parameter measure to hypothesis uncertainty
BOUNDARY CONDITIONS (continued)
Lateral boundary
Subregional Subbasin lateral Medium--observa- Lateral boun- Same as above Low Medium--exc. .on of Low--based on 8.3.1.2.1

boundaries are
no-flow bound-
aries, consist-
ing of either
streamlines or
ground-water
divides, except
for flux bound-
aties, specified
as follows:

{1) throughflow
from the Timber
Mountain region;
{2) throughflow
from the western
Amargosa Desert;
and (3) through-
flow from the
Ash Meadows
springline

tions of hydrau-
lic-head distri-
bution indicate
that these prob-
ably are appro-
priate descrip-
tions of the
boundary condi-
tions of the sub-
regional ground-
vater flow system
of Yucca Mountain
and vicinity; but
data are sparse
and unevenly
distributed

daries should
be defined to
exclude ground-
water discharge
at Furnace Creek
Ranch in Death
Valley; other
lateral boun-
dacies could be
defined

needed con-
fidence

spring discnarge at
Furnace Creek Ranch
would have a sig-
nificant effect on
estimates of ground-
water flow direction
and magnitude at
Yucca Mountain; the
position of other
lateral boundaries
probably would have
minimal effect

T *43y ‘TT100-WO/IK
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Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 10 of 20)

Studies of
activities

Current representation

Uncertainty and
rationale

Alternative
hypothesis

Significance of alternative hypothewis

Mode)
element

Current
representation

Keeded con-

fidence in

Performance measure, parameter of

design or perform- performance
ance paramcter measure

performance measure

Sensitivity of
parameter ot
Need t0 teduce

to hypothesis uncertainty

Lateral boundary (continued)

BOUNDARY CONDITIONS (continued)

Site Mo natural Medi um-~-boundary Mone identified Same 33 above Low High--estimates of Low--based on
lateral flow flux specifica- GWTT and water- needed con-
boundaries occur tions will be table altitude fidence

Nad that would only as relis- will depend in
o logically ble a3 the large pact on model
- define the results from the Tesults
[ boundaries of regional models
o the site, of ground-wvater
) thexetore, flow
-3 lateral site
~4 boundary condi-
tions will be
specified at
the accessible
snvironment,
based on
results
obtained fram
regional
ground-water
flow modals
Temporal Under present-day Low--wataz-table Active and GWTT; radionuclide High High--a knowledge of Low--based on
condicions, sltitude varia- expacted transport in the the temporal chan- uncertainty
boundary loca~ tions ate small future tectonic 0z®; radionuclide ges in water-table
tions and telative to the and thermal transport in the altitude is impor-
fluxes ars coo-~ total effective processes may st tant tor estimating
sidered iaveri- satuzated thick- cause substan- long-term water~
ant with time ness tial changes table altitude
in water-table
altitude

TTNO-WD/ dJRX

*ADY

T

TT00-WO/AWX

tASw

v



8L=-2°17°¢E°8

Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic
system conceptual models for the site geohydrology program (page 11 of 20)

Studaes or

activities
Uncertainty and Alternative to reduce
Current rvepresentation rationale hypothesis signihcance of alternative hxpothuis uncertainty
eeded con~
fidence in Sensitivity of
Performince measure, parameter or parameter or
Hodel Cuczent design or perform- pectormance  performance measure Need to reduce
elemant representation ance parameter measure to hypothesis uncertainty
BOUNDARY CONDITIONS (continued)
Temporal Over the 10,000~ Wigh--water-table done identified Radionuclide trans- High High--substantial High 8.3.1.2.1.4,
{cont inuad) yr isolatioa altitudes may port in the Uz®; water-table rises 8.3.1.2.2.9
pstiod, boun- change substan- radionuclaide could saturate
dary positions tially, but transpoct tn the respository and
and fluzes aay potential mag- £ 11 affect transport
change aignfi~ nitudes of in U2 and S2
cantly; for change are
modeling pur- unknowa
poses, the S
ground-uater
flow system
will be treated
a3 3 transient
system in
evaluating
effects of
tectonics and
climate
MHaterial propes~ Medium--within Material prop- Same 33 above High High--transport in Medium--based 8.3.1.2.1.4,
ties are the 10,000-yc artiey are the 02 and S and on uncer- 9.1.1.5.2
assumed to be isolation period, likely to water-table alti- tainty
iavaciant with the effect of change 8ig- tudes are largely
time climstic and tec- nificantly dependent on mate-
tonic changes duting the cial properties
on matecisl prop- 10,000-yr
arties {(trans- isolation
migsivity and period

storage) are
expected to be
msall, but exist-
ing modeling and
analyses to dam-
onstrate this
sze inadegquate

T "4y ‘TT100-WO/dRX
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page

Current representation and alternative hypotheses for the saturated-zone hydrologic

12 of 20)

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertainty
Feeded con-
fidence in Sensitivity of
Performance measure, parameter or parameter or
Hodel Current design or perform- performance performance measure Need to reduce
element repressntation ance parameter measure to hypothesis uncertaimy
DRIVING FORCES/PROCESSES
Equation of Darcy’s Lav is Low--acceptable Flow through GWTT; radionuclide Low High--estimates of Low--based on 8.3.1.2.3.1.3,
motion applicable in representation of fractures may transport in the S2 GWTT and trans- needed con- 8.3.1.2.3.1.
describing the zegional and be turbulent S2 port character- fidence
ground-water site potentio- and violate 1StiCS are largely
flow through- meteic surtace Darcy’s Law dependent on appli-
out the re- has been made cability of Darcy’s
gional and using modals Law
site flow based on Daccy’s
systams Law
Conservation of Changes in fluid- Medium--recharge Recharge was ' Same a3 above Low High~-estimates of Low--based on 8.3.1.2.1.4,
fluid sass Rass storage estimates are greater during SI GWIT and trans- uncertainty 8.3.1.5.1.2
are negligible vary approximate the late Pleis- port characteris-
within the flow and assums mase tocens and & tice are largely
systea because balance with recharge pulse dependant on re-
zecharge is discharge is still prop- charge and dis-
asaentially agating through charge within the
equal to dis- the flow system flow aystem
charge
Heat energy The coupled Medium--deviations Deep-sested geo- GWIT; radionuclide High High--estimates of Medium--based §.3.1.15.2.2
effects of heat from linearity thermal waters transport in the GWTT, water-table on uncer-
snergy oa fluid in the geothermal are thermally Uz*; radionuclide altitude, and tainty

flov in the 53
flow system do
not signifi-
cantly affect
ground-water
flow

gradient, as
sessured ia the
Sz, generally are
statistically
insignitficant,
but dats are
sparse

driven verti-
cally upward
within the
flow systea

transport in the
s

transport chacac-
teristics arp
largely dependent

on ground-wvatar flow
direction and magni-
tude
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Table 8.3.1.2-2b,

Current representation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 13 of 20)

Studies or

activities
Uncertainty and Alternative to reduce
Current ugnuntatioﬂ rationale hypothesis Significance of alternative hypothesis uncertainty
Reeded con-
fidence in Sensitivity of
Perforsance msasure, parameter or patameter or
Model Current design or perform- performance performance measure Need L0 reduce
element representation ance pacameter measure to hypothesis uncertainty
DRIVING FORCES/PROCESSES (continued)
Strain energy The coupled Mediwm--insuffi- Strain energy Same a3 above High High--est imates of Medium--based 8.3.1.8.3.2.3
eftects of cient dats exist has a large GWTT, water-table on uncer-
steain energy to correlate effect on altitude, and trans- tainty
on fluid flow changes in tec- vater-table port characteris-
in tha SZ tlow tonically or altitude and tics are largely
systes do not undsrground nuc- flow-system dependent on under-
sigaiticantly clear explosion fesponse standing the coupled
sflect Qround- telated strain- effect of strain
water flow energy releases energy and tluid
vith substantisl flow
changes in wates-
table altitude
SYSTEN DYNAMICS/RESPONSE
Future clisstic Future climatic Righ--paleoclimatic Climatic changes Radionuclide trans- High High--estimates of High-~clima- 8.3.1.5.2
effects changes are data indicate and episodic port in the UZ®; SZ and UZ trans- tic changes
unlikely to that msjor variations are radionuclide port chatacteris- to signifi-
produce sub- climatic changes likely to traasport in the tics are largely . cantly wet-
stantial latge- can occur withia occur and sig- £13 dependent on ter condi-
scale effecte 10,000~yr intec~ nificantly recharge to the tiona could
within the 32 vals affect ground- SZ, which is drastically
" during the mext water flow directly linked atfeact
10,000 yr within the S2 to climate tadionuclide
during the transport
10,000-yr iso-~
lation time

T a3y ‘TT00-WD/JRX
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page 14 of 20)

Current representation and alternative hypotheses for the saturated-zone hydrologic

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Significance of alternative hypothesis uncertainty
Neédeq con-
fidence in Sensitivity of
Performance measure, patameter or parameter or
Modael Current design or perform- performance performance mseasure Need to reduce
elemant representation ance paramerer ;gasure to hypothesis uncertainty
DRIVING FORCES/PROCESSES {continued)
Stress/strain Renawed faulting Nigh-~few data Changes in tec- Same as above High High~-radionuclide High~-neotec- 8.3.1.8.3
eftects ot regional exist related to tonically transport char- tonics
aseisnic pro- the effects of induced stress acteristics are could have
cesses at Yuccs renswad faulting could substan- largely dependent a large
Mountain are un-  or teqgional aseis~ tially slter on permeability eftect on
likeiy to have mic processes on hydraulic distribution within radionuclide
any local or the 3% hydrogeo- properties, the flow system, transport
large-acale logic systea causing which could be particularly
sftect on the increased altered during an in areas of
ST hydrologic perwmaadbility, earthquake large hydrau-
system, during a decrease lic gradients
the 10,000-yc in open inter-
isolatiom connected frac-
pexiod tures, or a
water-table
rise
Thermal effects The coupled Medium--some Thermally driven Same as above High fagh--transport char- Medium--ther- 0.3.1.8.3
effact of heat evidence of convection is acteristics are * wally driven
convection and signiticant significant largely dependent convection
ground-water thermally driven and is likely on whather signi- could signi-
flow is likely coavection exists to have major ticant tharmally ticantly
to be ainimel from dats collec~ affect on driven convection atlect trans-
duting the ted from boreholes  ground-water is likely to occur port of
10,000-yr iso- in the vicinity flow during within the flow radionuclides
lation period of Yucca Mountain, the 10,000-yr systea
but maganitude of isolation
potential future period

changas is
unknown
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Table 8.3.1.2-2b.

Current rep:esentation and alternative hypotheses for the saturated-zone hydrologic

system conceptual models for the site geohydrology program (page 15 of 20)

Current xogtcnontltion

Hodel
slement

Studies or
activitaes
Uncertsinty and Alternative to reduce
zationale hypothesis Significance of alternative hypothesis uncertainty
SRR W
fidence in Sensitivity of
Pecformance measure, parameter or patrameter or
Current design or perform- pecformance performance measure Need to reduce
representation ance pacamster seasure to hypothesis uncertainty

Volcanisa effects The stffect of

Porous-sedis
versue
tracture-
flow models

SYSTEM DYNAMICS/RESPONSE (continued)
Low-~zenewed vol- Nona identified
canism duting
the 10,000-yr
isolation period
is highly unlikely

Same as above High
reneved vol-
canism on the
reagional flow
system would be
very localized.
However, changes
in local ground-
water flow di-
raction and
sagoituds, and
water-table
sititude could
be very lacge

DATA REDUCTION MODELS

Regioa: ground- Low--existing None idantified GWTT; radionuclide Low

water flow at sodels at the transport in the

the regionsl regional scale st

scale may be bave acceptably

acceptably spproximated

spproximated the flow systems

using potous-

media-equiva-

leat models,

even though

flow occurs

through frac-

tured rock in

much of the

flow system

High--transport char-

acteristics are
largely dependent
on permeability
daistribution within
the flow system,
which could be
altered during a
volcanic eruption
or igneous intru-
sion

Medium--est imates of

S GWIT and radio-
nuclide transport
are largsly depen-
dent on the choice
of model used

Low--based on 8.3.1.8.3
uncertainty

Low--based on $.3.1.2.1.4
uncertainty
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page 16 of 20)

Current representation and alternative hypotheses for the saturated-zone hydrologic

Studies or
activities
Uncertainty and Alternative to reduce
Curgzent representation rationale hypothesis Significance of alternative hypothesis uncertainty
Reeded con-
fidence in Sensitivity of
Performance measure, parameter or parameter or
nodel Curzent design or perform- performance performance measure Need to reduce
element tepresentation ance parameter maasure to hypothesis uncertainty
DATA-REDUCTION MODELS (continued)
Pocous media Site: None selac- Migh--large uncer- The site SZ Same a3 above Low Medium--estimates Low--based on 9.3.1.2.1.4

versus ted
fcacture-

flow models

{cont 1nued)

tainty remains
whethar ground-

vater flow at the
site may be accep-

tably described
using porous-

medis-equivalent

models

tlow system
may be accep-
tably repre-
sented by
fracture net-
work model

The site S2
flow system
may be accep-
tably tepra-
sented by »
dual-porosity
model

The site SI
flow systea
may be accep~
tably repre-
ssnted by an
squivalent~
porous-madia
modal with
suparisposed
discrete fault
tones

of SZ GWIT and
radionuclide trans-
port are largely
dependent on the
choice of model
used

confidence
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page 17 of 20)

Current representation and alternative hypotheses for the saturated-zone hydrologic

Studies or
activities
Uncertainty and Alternative to reduce
Curtent representation gationale hypotheaia Significance of alternative hypothesis uncuuint!
Weeoed on-
fidence in Sensitivity of
Performance measuts, paramster of paramster or
Hodel Currant design or perform- parformance performance measure Need to reduce
element representation ance parametsr sessuce to hypothesis uncertainty
DATA-REDUCTION MODELS (continuad)
Geostatistical Local variations Low--geostatisti- Wone identified Same as above Low High--estimates of Low--based on 8.3.1.2.1.4
mode ) ia matecial cal models have SZ GWTT and trans- uncertainty
propezties and been successfully port chatacteris~

hydraulic head
are less signi-
ficant st the
regional scale
thaa at the
site scale.
Estimates of
ground-uat eg
flow digection
and sagaitude
will be statis-
tically based,
vhich SeARS
that waknown
local hatero-
geneities 18
material prop-
eorties will
probably mot
be predicted
with geosta-
tistical models

spplied for chas-
actecizing mate-

cial property

distzibutions ia

hydrogsologic
systens

tics are largely
dependent in mate-
rial properties
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page

Current representation and alternative hypotheses for the saturated-zone hydrologic

18 of 20)

Studies or

activities
Uncertainty and Alternative to reduce
Current representation l.tiol\.lrl_! hypothesis Significance of alternative hypothesis uncertainty
Reeded con-
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Current design or perform- pertor perfor e  Need to reduce
elamant representation ance parameter measutre to hypothesis uncertainty
DATA-REDUCTION MOOELS (continued)
Inverse model Bacause few Low--inverse models Forward modeling Same as above Low Medium--estimates Low--based on 8.3.1.2.1.4
matexial prop- have been used i3 an accept- of SZ GWTT and needed
erty data are successfully in able alterna- radionuclide trans- canfidence

available to
estimate trans-
missivity, in-
verse macdels

of ground-water
flow (which
provide esti-
mates of trans~
missivity based
on wodel-speci~
tied flux,
potentiometric
distribution,
and other known
qeohydrologic
properties) are
scceptadble for
use im charac-
terizing the
ground-water
flow systes st
the regional
and site scale

the past to
characterise
ground-water flow
bensath Yucca
Mountain and
vicinity

tive to inverse
modaiing

port are dependent
on the type of
wmodel selected
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Table 8.3.1.2-2b.

system conceptual models for the site geohydrology program (page 19 of 20)

Current representation and alternative hypotheses for the saturated-zone hydrologic

Studies or
activities
Uncertainty and Alternative to zeduce
Current uguuntaﬂo& ullon{c hypothesis Significance of alternative hypothesis unce(taintx
e con=
fidence in Sensitivity of
Performance measure, parameter or parameter or
Model Curzent design or perform- performance performance measure Need to reduce
elemant fepresentstion ance parameter measure to hypothesis uncertainty
DATA-REDUCTION MODELS {(continued)
Transient model The present-day Low--steady-state None identified GWTT: radionuclide High Medium--estimates of Low--based on 8.3.1.2.1.4
regional and ®0dels bave been transport in the GWTT and radio- uncertainty
site ground- developed pre~ UZ®; radionuclide nuclide transport
water flow ays- viously that transport in the are dependent on
tems may be successtully st the type of model
acceptably simulated the selected
represented regional ground-
as steady- vater flow
atate systems, system

based ob mini-
mal changes in
storsge (see
aodel elesents
listed wnder

iavolving poten-
tial future of
climatic changes,
iacreased pump-
ing of ground-
water, Or re-
newed faulting
transient com-
ditioas may
need to be
assumed
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Table 8.3.1.2-2b. Current representation and alternative hypotheses for the saturated-zone hydrologic
system conceptual models for the site geohydrology program (page 20 of 20)

Studies or
activities
Uncertainty and Alternative to reduce
Current representation rationale hypothesis Sianificance of alternative hypothesis uncertainty
Reeded con-
fidence 1n Sensitivity of
Perforsance measure, parameter or parameter or
Model Current dasign or perform- performance performance measure Need to reduce
element representation ance parameter seasure to hypothesia uncertainty
DATA-REDUCTION MODELS (continued)
Coupled-effects Etfects of heat- Medium--insufti- Bffects are Same a3 above High High--estimates of Medium--based 8.3.1.2.1.4,
modeling and strain- cient data exist expected to GWTT and radionuc- uncertainty 8.3.1.8.3
related changes to determine if be large; lide transport are
on ground-water eftects will be theretoras, largely dependent
flow are expec~ signticant coupled- on the magnitude
ted to be small; effects model- ot the effects of
therefore, ex- ing is the hest and strain
tensive models only way to on the flow system
of coupled accurately
effects of simulate
heat and combined
stzain on effects of
ground-wvater heat, strain,
flow will not and fluid
be oeaded for Llow

simulating tiow
systes response
during 10,000~
ye isolstion
period

SGWTT = pre-waste-emplacement ground-water travel time in the saturated ione.

BThe principal manner in which the selection of the correct saturated-zone hypothesis affects estimates of radionuclide transport in the UZ is the influence that

the correct hypothasis would have on water-table altitude st the site: any rise in the water table would result in a foreshortening of the UZ and, thereby, a shortening

of transport time through the U to the water table.
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performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The ninth column identifies that characterization studies or activities
that will discriminate among alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

Interrelationships of geochydrelogy investigations

Three investigations are identified for the geohydrology program, namely

Investigation Subiject
8.3.1.2.1 Description of the regional hydrologic system
8.3.1.2.2 Descripticn of the unsaturated-zone hydrologic system at
the site
8.3.1.2.3 Des;ription of the saturaﬁed-zone hydrologic system at the
site

This program will develop an understanding of the present and expected
geohydrologic characteristics of each of the saturated and unsaturated flow
regimes, and of the gaseous and water-vapor flow process.

The regional hydrologic flow system surrounding Yucca Mountain (Investi-
gation 8.3.1.2.1) must be understood to define the following: (1) the bound-
ary conditions (present and expected) for the site unsaturated and saturated
zone ground-water models (Information Needs 1.1.4 (Section 8.3.5.13.4), 1.6.2
(Section 8.3.5.12.2), and Investigations 8.3.1.2.2 and 8.3.1.2.3) and {2) the
hydrogeologic setting in which the site occurs.

The hydrogeologic conditions and processes of the unsaturated and satu-
rated zone must be understood to develop models of the current and potential
future flow paths and fluxes (Investigations 8.3.1.2.2 and 8.3.1.2.3), and to
calculate ground-water travel time (Information Needs 1.1.4 and 1.6.2). The
hydrologic characteristics to be obtained in the studies of Investigations
8.3.1.2.2 and 8.3.1.2.3 will be complemented by the data from studies of
water chemistry (Investigation 8.3.1.3.1), geologic stratigraphy and
structure (Investigation 8.3.1.4.1), and paleohydrology (Investigation
8.3.1.5.2).

Changes to the ground-water flow system due to potential climate
changes, erosion, tectonic activity, and human interference will be evaluated
in Investigations 8.3.1.5.2, 8.3.1.6.4, 8.3.1.8.2, and 8.3.1.9.3, respec-
tively, using models developed in Investigations 8.3.1.2.1, 8.3.1.2.2,
8.3.1.2.3, and B8.3.1.5.2. Temperature and other data collected under this
work will be assessed for its resource potential in Section 8.3.1.9.2.1.3 and
for its tectonic implications on volcanism in Section 8.3.1.8.5.2.3.
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As a means of estimating the future conditions, baseline studies of the
regional hydrologic conditions will be performed (Investigation 8.3.1.2.1).
Paleohydrologic investigations in Investigation 8.3.1.5.2 will provide
information about the Quaternary hydrology at Yucca Mountain.

Summary of studies

Saturated zone. Site characterization of the ground-water system within
~he saturated zone focuses on determining the boundary conditions imposed by
geologic structure, recharge, and discharge; hydraulic gradients in three
dimensions; and bulk aquifer properties of hydrostratigraphic units. Studies
have been developed to characterize the regional meteorology, surface-water
runoff, and ground-water flow system. The resulting description of the
boundary conditions, hydraulic gradients, and aquifer properties will form
the basis for synthesis and modeling activities that will conclude with
calculations of flow paths, fluxes, and velocities within the saturated zone.

Precipitation is the ultimate source of surface water and ground water.
Therefore, sufficient data must be collected throughout the region to char-
acterize present-day precipitation as a function of topographic setting and
storm track. Data on rainfall intensity and duration will be collected to
provide input to rainfall-runoff models and for infiltration studies. Modern
meteorological conditions, together with long=~term indirect climatic records,
will also form a basis for deducing paleoconditions and predicting future
conditions.

Knowledge of flood hazards and the relationships of streamflow to
ground-water recharge is essential to properly understand the regional
hydrologic system. The specific data needs of flood-hazard prediction and an
acceptable understanding of the quantities and processes of ground-water
recharge require the collection of adegquate streamflow data. The needed data
cannot be acquired through simulation technology or by transfer from other
nearby or distant areas; therefore, a program to measure land-surface runoff
(streamflow) and to assess the relationships between precipitation and runoff
has been implemented to describe adequately the regional hydrologic system.
The study of floods and associated debris movement will also provide the data
required to relate modern flood processes and occurrences to those of the
past and, thus, provide some of the needed perspective to compare and relate
the effects of paleoclimates to those of the present climate.

Adequate statistical characterization of the gecmetry of hydrostrati-
graphic units and their hydraulic conductivity, storativity, dispersivity,
and porosity requires that a sufficient number and distribution of boreholes
be drilled to determine these properties. Results of production surveys,
combined with hydraulic~test results, have failed to identify definitive
hydrostratigraphic units. Instead, the results indicate that discrete
production zones associated with fractures in one well may be connected to
fractures occurring in overlying or underlying stratigraphic units in other
wells. The hydrologic significance of intervening bedded units is not known.
If pervasive fracturing crosses stratigraphic boundaries and accounts for
orders of magnitude greater hydraulic conductivity than does the matrix, the
effect of dipping beds on ground-water flow paths may be insignificant.
Additional well tests are needed to determine three-dimensional relationships
among stratigraphy, fracture connectivity, and bulk aquifer properties.
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Recharge and discharge quantities and locations will be investigated to
provide the boundary conditions required for modeling. The location of
present and paleodischarge points will be sought by defining the regional
head distribution from observations of wells, mines, and springs, and by
using field reconnaissance and remote sensing tools. Whereas regional
discharges have been quantified in the past, additional studies will improve
the quantifications. Activities in the discharge areas will characterize
controls and locations of present and former discharge sites, as well as
estimate fluxes. Evidence of recharge to the regional ground-water flow
system by infiltration of Fortymile Wash streamflow will alsc be sought
through field experiments and infiltration modeling.

Regional ground-water flow models will then be used to provide (1) a
synthesis of the available hydrogeologic data; (2) direction for additional
data collection; (3) predictions of spatial and temporal changes in the
regional and site potentiometric-surface configuration; and (4) estimates of
ground-water flow paths, fluxes, and velocities. In addition, the regional
models will provide tools for analyzing the possible effects of changes in
future stresses to the hydrologic system such as increased recharge resulting
from future climatic changes, potential increased withdrawal of ground water,
and changes in hydrogeologic properties resulting from tectonic events.

Unsaturated zone. For the purpose of site characterization investiga-
tions, the unsaturated-zone system at Yucca Mountain has been divided into
the infilt-ation boundary and the percolation region. Each component of the
system will be studied using multidisciplinary approaches (i.e., hydraulic,
pneumatic, and gaseous and aqueous-phase hydrochemical studies) to describe
the spatial and temporal distributions of the flux and travel times within
this system. On this basis, four data collection studies have developed the
characterization of (1) infiltration, (2) percolation, (3) gaseous-phase
movement, and (4) hydrochemistry. A fifth study is concerned with developing
conceptual models for the flow of water in partially saturated fractures and
the subsequent interaction between the hydrologic dynamics of fractures and
the enclosing rock. This study also intends to quantify these processes and
to construct and validate numerical models to simulate water flow in discrete
fractures and fracture systems. A sixth study is designed to integrate data
and concepts in order to develop conceptual models for the undisturbed
unsaturated-zone hydrogeologic system and to construct numerical models to
simulate mathematically the response of the system or its subsystems to
changing boundary or internal conditions. An important product of the
modeling effort will be to predict the spatial and temporal distributions of
moisture flux within the system in order to provide the predictions of the
moisture velocity field that are needed by performance-assessment activities
for calculating ground-water travel times and total system releases to the
accessible environment.

The infiltration boundary, or the surficial units, at Yucca Mountain is
one of the most important boundaries that needs to be characterized. Through
this boundary, water and air can enter, and gases and water vapor can escape
the unsaturated zone directly above the repository. The infiltration study
will be targeted at characterizing this upper boundary of the unsaturated
zone system. Its goal will be to determine the present day net infiltration
rates. These data are needed as input into the system flow model.
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The goal of the percolation study will be to provide an understanding of
the spatial distribution of the present-day fluxes within the unsaturated
zone system. These values are not only required for the site system model
but are essential for the performance assessment modeling. The salient
conditions to be characterized in the percolation zone are the hydraulic and
pneumatic potential gradients that extend from the land surface to the water
table (which is 500 to 750 m below the surface at Yucca Mountain). Satura-
tion and matric potential may vary discontinuously from stratum to stratum.
The characterization of flow in Yucca Mountain must include, for all hydro-
stratigraphic units, the determination of flux distribution under a variety
of conditions. Since flux is difficult to measure adequately at either the
infiltration boundary or the water table, it must be inferred from the poten=-
tial distribution and the conductive properties of the system, or by other
indirect means. From the viewpoint of nuclear waste isolation, the most
significant findings will be to predict the transport of radionuclides from
the repository to the water table, 200 to 400 m below the repository. The
hydraulic-properties data that will be used for flux calculation will be
collected in the surface-based and exploratory shaft drilling and testing
program.

Because it can transport moisture as water vapor, gas flow in the unsat-
urated zone may have an important hydrologic application and, in addition,
may provide a mechanism for transporting gas-phase radionuclides to the
accessible environment. Whereas the coexisting matrix and fracture pore
systems greatly complicate computations of total-system behavior under
present or future fluxes, the existence of the large-aperture fractures pro-
vides not only drainability in the unsaturated zone but also large relative
gas permeability. Consequently, natural gas-phase fluxes are driven through
the mountain by seasonal atmospheric density differences between the slopes
and the summit, and by geothermal heat within. Vapor discharges from the air
filled fracture system may offset the infiltration of rain and snowmelt
because of convective and diffusive vapor transport out of the mountain. By
desaturating the matrixz, perhaps below free-drained residual saturation,
increased moisture tension aids in damping infiltration pulses that may be
channeled in the fractures or faults. It is important to be able to quantify
the vapor flux because it is likely to be in a direction opposite of the
liquid flux.

Activities addressing this phenomenon include all those yielding air
conductivities from packer tests with gas injection in boreholes, cross-hole
air flow, and gas tracer tests. A study has been specifically designed to
define the gaseous flux distribution.

Essential corroboration of ground-water velocities and the transport of
dissolved chemicals and gases will be sought through isotopic-dating of the
fluids and gases found in the pores at various depths. A thorough under-
standing and evaluation of all factors influencing the hydrochemistry of the
natural flow system will be needed because such knowledge provides the only
potential means for assessing rates of water movement independent of the
hydrologic deduction process, as well as a means of discriminating between
hydrologic processes that would otherwise remain hypothetical. 1In addition
to its contributions to the assessment of ground-water travel time, hydro-
chemistry provides information relevant to the characterization of gas
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transport, to the assessment of paleohydrologic conditions, to geochemical
relationships, and to contamination by exploration activities.

Flow behavior in the unsaturated zone of Yucca Mountain involves complex
interactions that are amenable to solution with the aid of numerical model=-
ing. A great depth of understanding is required to predict the transport of
solutes and gases in a sequence of dipping pyroclastic units that have vari-
able granularity, degree of welding and alteration, porosity, and fracturing.
How these variables interact is essential knowledge for attaining a correct
solution; however, the interactions are very complex. For example, variable
saturation relates to variable relative conductivity and anisotropy in hydro-
stratigraphic units whose fluxes relate to complex distributions of hydraulic
and pneumatic potential between ill-defined boundaries with internal discont-
inuities. The general approach that is being used to solve this problem is
to (1) refine the existing concepts of the phenomena of unsaturated, some-
times transient, flow of fluids and constituents in double-porosity layered
media; (2) construct detailed digital models that spatially and temporally
integrate the processes, incorporating boundary conditions, physical prop-
erties, and parameters; (3) compute fluxes, potentials, concentrations and
missing data that can be verified by field tests and observations; and (4)
establish consistency with all relevant verifiable knowledge. Since the
environment of field tests seldom isolates one phenomenon from all others,
models will be used as working tools on many levels. Ultimately, two- and
three-dimensional models of Yucca Mountain will be constructed that integrate
the whole system as a means of assessing combined effects of heat, water, and
gas flow for modern, ancient, and future conditions. The conceptual model
and verification steps will be cycled until the results are scientifically
defensible.

8.3.1.2.1 Investigation: Studies to provide a description of the regional
hydrologic system

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the data chapters provide a technical summary
of existing data relevant to this investigation:

S5CP section Subject
3.1 Description of surface hydrology
3.2.1.1 Ongoing and future studies of flood and debris hazards
potential
3.4 Chemical composition of adjacent watercourses
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SCP section Subject

3.5 - Points of ground-water discharge

3.6.1 Hydrogeologic units

3.6.2 Relationship among hydrogeologic units

3.6.3 Potentiometric levels

3.6.4 Hydraulic characteristics of principal hydrogeologic units

3.7.1 Identification of recharge and discharge areas

3.7.2 Principal ground-water flow paths

3.10.1 Summary of significant results (regional hydrology)

3.10.3 Identification of investigations (regional hydrology)
Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Meteorologic characteristics. Spatial and temporal variability of
atmospheric temperature, pressure, wind, and precipitation.

2. Surface water characteristics. Spatial and temporal variability of
runoff and debris movement.

3. Ground-water characteristics. Spatial distribution of the physical
and hydraulic properties of the rock units in the saturated zone and
the areal distribution of flux.

Other site activities that provide information that support the
determination of the previous parameters include the following:

Activity Subiject
8.3.1.5.2.1.1 Regional paleoflood evaluation
8.3.1.5.2.1.3 BEvaluation of past discharge areas

8.3.1.16.1.1.1 Site flood and debris hazards studies
Purpose and objectives of the investigation

The objective of this investigation is to develop a conceptual model of
the regional hydrologic system to assist in assessing the site’s suitability
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to contain and isoclate waste. A consistent regional model of ground-water
flow will be constructed, so that reliable boundary conditions can be
assigned to the more critical site area embedded within the regional model.
To do so, fluxes and hydraulic heads at boundaries of the regional system are
required, as well as regional transmissivities. Sensitivity analyses
pertaining to these variables are needed to prioritize additional data
collection.

Technical rationale for the investigation

Numercus hydrogeologic investigations that have been conducted during
the last few decades in and around the Nevada Test Site (NTS) have provided a
broad understanding of the regional hydrogeclogic framework (for example,
Winograd and Thordarson, 1975). Existing data have been used in developing
preliminary two-dimensional flow models of this system. As a result of
evaluations of the data base and of these models, certain additional data
have been identified as needed to satisfy the investigation on the regional
hydrologic system, as described in Section 8.3.1.2.1.1. Potential additional
data needs will be identified and prioritized based on sensitivity analyses
using a flow model. As a result, some additional activities may later be
proposed to fill significant gaps in the data base.

Within the hydrogeoclogic study area Eigure 8.3.1.2-5) regional hydro-
geologic data delineate an elongate ground-water subbasin crossing several
topographic divides from Pahute Mesa 145 km (90 mi) south to the Amargosa
Desert and Death Valley. The Yucca Mountain area, midway between the high-
and low-potential ends, lies near the western boundary of the subbasin.
Because of the great depths to the water table in the northern half of the
subbasin, potentiometric data are limited. However, in the southern half of
the subbasin, depths to ground water are less, and more potentiometric data
are available. :

Aquifer properties have been measured in many deep drillholes over the
course of 30 yr of hydrogeologic work on the NIS. Many uncertainties remain,
however, that limit the accuracy available for site-specific applications.
The hydraulic properties of the hydrogeologic units vary greatly within the
hydrogeologic study area. These units include tuffaceous, carbonate, and
alluvial aquifers, as well as clastic and crystalline aquitards. These
aquitards act as major barriers to ground-water flow and have a major impact
on regional ground-water flow direction and magnitude. In addition, faults
within the area may act either as barriers or conduits to ground-water flow.

Regional ground-water modeling to date has included regional hetero-
geneities of various hydrogeologic units. Major assumptions inherent in
regional models pertain to the location and magnitude of recharge and dis-
charge boundary conditions and regional transmissivities. Recharge estimates
across model boundaries are often crude resulting from lack of sufficient
hydraulic gradient and transmissivity data; however, prioritization of data
collection may be facilitated through sensitivity analyses using regional
flow models. The task is to prioritize data collection and reduce the
potential range of key model variable values. Regional ground-water flow
models provide valuable synthesis of available hydrogeologic data as well as
estimates of ground-water potentiometric levels, flow paths, fluxes, and
velocities; these models are also useful for directing additional data
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collection. Regional models also provide tools for analyzing the possible
effects of changes in future stresses to the hydrologic system such as
increased recharge resulting from future climatic changes, potential in-
creased withdrawal of ground water, and changes in hydrogeclogic system
properties and geometry resulting from tectonic events.

Records of existing precipitation gages at the NTS and surrounding
region will be used to characterize regional precipitation patterns.
Additional precipitation gages will be established to support infiltra-
tion studies (Section 8.3.1.2.2.2) and rainfall-runoff modeling (Sec-
tion 8.3.1.2.1.3.3). These activities require detailed knowledge of rainfall
events, to relate precipitation to observations of infiltration and runoff.
The additional gages will be systematically incorporated into the existing
monitoring system to form an integrated regional gaging network (Sec-
tion 8.3.1.12.1). Although the records that will be obtained from these new
gages will be too short to serve in themselves as a basis for characterizing
regional precipitation, the records are expected to contribute to an improved
understanding of regional precipitation patterns.

There are no perennially flowing streams on or near Yucca Mountain or at
the adjacent NTS. As a result, very few streamflow data have been collected
within a radius of tens of miles from Yucca Mountain. Knowledge of flood
hazards and the relationships of streamflow to ground-water recharge is
essential to properly understanding the regional hydrologic system. The
specific data needs of flood-hazard prediction and an acceptable understand-
ing of the quantities and processes of ground-water recharge require the
collection of adequate streamflow data. The needed data cannot be attained
through simulation technology or by transfer from other nearby or distant
areas. Therefore, a program to measure land-surface runoff (streamflow) and
to assess the relationships between precipitation and runoff is essential to
adequately describe the regional hydrologic system.

The study of floods and associated debris movement will relate modern
flood processes and occurrences to those of the past, and thus provide some
of the needed perspective to compare and relate the effects of paleoclimates
to those of the present climate. The two investigative strategies are as
follows:

1. Present~day floods will be documented by measurements of the peak
magnitudes of flood flows in selected channels. These peak flows
will then be correlated with precipitation and weather conditions,
and evaluated with respect to qualitative and quantitative assess-
ments of any severe debris movements caused by and associated with
the intense flows.

2. Prehistoric floods will also be investigated through the identi~
fication and interpretation of their land-surface scars and
deposits.

It is recognized that short-term records of floods in arid regions, such
as will be obtained in these studies, cannot be used in detailed quantitative
evaluations of the potential for majcr floods. The documentation of modern
floods and associated debris transpor: will be used principally in a qualita-~
tive manner to improve understanding cf the relationship between climate and
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flooding. An assessment of extreme flooding and debris transport will be
conducted principally on the basis of paleoflood evaluations.

Fortymile Wash, the major surface drainage following the axis of the
ground-water subbasin, is a principal subject for surface-water investiga-
tions. It is a focus of attention because it may prove to be a major source
of recharge, and may thus affect the movement and accumulation of ground
water at the repository site near Yucca Mountain. Neutron-probe measurements
will be made and soil water samples will be collected in the bed of the wash
to characterize relationships between infiltration and runoff, and to inves-
tigate if preferential recharge takes place along possible faults. Ground-
water flow rates may be deduced through the use of conservative tracers and
interpretations of water chemistry. Evidence of recharge to the regional
ground-water flow system by infiltration of Fortymile Wash streamflow will be
sought. Infiltration modeling is planned. Infiltration, percolation, and
recharge studies described in Investigation 8.3.1.2.3 will also contribute
quantitative measures of the regional input fluxes.

8.3.1.2.1.1 Study: Characterization of the meteorology for regional
hydrology
The objectives of this study are (1) to characterize the area surround-
ing Yucca mountain in terms of precipitation and its relationship to surface
runoff, with particular emphasis on the Fortymile Wash drainage basin, and

(2) to provide input into the rainfall-runoff model development effort. One
activity is planned to collect the data required to satisfy these objectives.

8.3.1.2.1.1.1 Activity: Precipitation and meteorological monitoring
Obiectives

The objective of this study is to provide site-specific information on
storm precipitation at, and near, the network streamflow-measurement sites.

Parameters
The parameters for this study are as follows:
1. Precipitation amounts.

a. Rainfall intensity and duration.
b. Monthly and seasonal precipitation variability.

2. Surface temperature.
3. Atmospheric pressure and pressure variability.

4. Relative humidity and diurnal humidity cycles and seasonal
variability.
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5. Incoming and outgoing short-wave radiation and its diurnal and
seasonal variability.

6. Wind speed and direction and diurnal, seasonal, and storm=-specific
variability.

7. Atmospheric stability and its relationship to storm events.

Description

Runoff and streamflow at and around Yucca Mountain and the NTS are
almost always direct responses to precipitation, mainly rainfall. Although
the National Weather Service (NWS) has operated a precipitation gage network
at the NTS since late 1957, the precipitation-gage network was not designed
for, and is not ideally suited to, the development of rainfall-runoff
relations. Systematic streamflow measurements were started in 1983, and
since that time a network of precipitation gages was installed, which is
growing and evolving (Figure 8.3.1.2-6 and Table 8.3.1.2-3). This network is
providing an understanding of the relations between localized rainfall and
the runoff. In addition, precipitation data from the NWS network complements
and supplements the precipitation measurements collected in tandem with the
streamflow records.

The precipitation measurement network being operated as part of the
streamflow measurement program consists of 2 continuously recording, tipping-
bucket rain gages and 14 nonrecording plastic rain gages. One of the
recording gages is located in upper Fortymile Wash at the site of a recording
streamflow gage near Pahute, Rainier, and Buckboard mesas (Station 2 in
Figure 8.3.1.2-6); the other is located atop a small ridge (Exile Hill) at
the base of the east-facing slope of Yucca Mountain, in the general area of
proposed nuclear waste storage facilities (Station 5 in Figure 8.3.1.2-6).
These two gages provide general calibration data on rainfall intensities and
durations for comparisons with the cumulative-precipitation data for specific
and select storms that are obtained from the plastic rain gages. Most of the
plastic gages are located at sites of streamflow-measurement network sites;
thus, the cumulative precipitation trapped by the plastic gages gives some
sense of rainfall quantities in specific drainages that promote streamflows
of varying magnitudes. They were located at the stream-measurement sites for
logistic efficiency in operation and maintenance. Five of the plastic gages
are located at sites without streamflow gages. These precipitation gages
were located in places where supplementary rainfall information is needed to
fill data gaps between other networks and collection sites. The precipi-
tation data collected by plastic rain gages are not as accurate as those ob-
tained by more sophisticated gages. Also, the data collected by the plastic
gages must be recorded gquickly, following a storm, before evaporation de-
pletes the precipitation collected by the gages. Because of these limita-
tions, such precipitation data will only be supplementary to those collected
by the more formal precipitation-measurement network. These supplementary
data will provide added detail to improve interpretations of the areal dis-
tribution of precipitation that causes runoff.
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Table 8.3.1.2-3. Regional precipitation and streamflow stations
(see Figure 8.3.1.2~6 for locations)

Map Nevada State coordinates
location Location Gage type North Bast
1 Amargosa River near Beatty csGs 780,800 472,880
2 Unnamed Tributary to Fortymile RRG® 865,620 616,670
Wash North Rattlesnake Ridge RSGe
3 Fortymile Wash at Narrows PRGY 778,010 583,580
: RSG
4 Yucca Wash PRG 770,320 579,750
CSG
5 Exile Hill RRG 764,990 569,340
6 North Fork Coyote Wash PRG 766,120 563,030
7 Drillhole (Sever) Wash PRG 753,630 578,750
CsG
8 Fortymile Wash at well J-13 PRG 749,400 577,890
RSG
9 Dune Wash PRG 743,770 575,700
CSG
10 Fortymile Wash near Highway 95 PRG 699,320 568,200
RSG
11 Topopah Wash PRG 736,070 602,410
’ CSG
12 Cane Springs Wash Tributary PRG 749,390 667,300
CSG
13 Skull Mountain Pass on Jackass PRG 723,750 627,060
Flats Highway
14 Rock Valley on Jackass Flats PRG 704,400 651,830
Highway
15 Rock Valley at Highway 95 PRG 683,380 604,810
16 Amargosa River Tributary near PRG 659,900 666,890
Mercury CsG
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Table 8.3.1.2-3. Regional precipitation and streamflow stations
(see Figure 8.3.1.2-6 for locations) (continued)

Map Nevada State coordinates
location Location Gage type North East
17 Amargosa River Tributary #1 near CsG 622,800 664,360
Johnnie
18 Amargosa River Tributary #2 near CSG 614,160 674,320
Johnnie
19 Indian Springs Valley Tributary CsG 661,500 432,850
near Indian Springs
20 Stockade Pass PRG 878,700 635,610
3CSG = crest-stage stream gage.
PRRG = recording rain gage (tipping bucket).
€RSG = reccording stream gage.
dPRG = plastic rain gage.

An upgrading and expansion of the currently operating network is planned
to provide a better accounting of precipitation occurring in the area sur-
rounding Yucca Mountain. A plan to develop an integrated precipitation net~
work is discussed in Section 8.3.1.12.1. The network will be of sufficient
density to.characterize and track storm movement and intensity within the
regicnal study area. The network will be of greater density within the site
boundaries to provide input to the infiltration studies for use in water
budget calculations (Activity 8.3.1.2.2.1.2). Meteorologic data will also be
collected at network stations that are located within the boundaries of the
site to provide input to the gas-phase circulation study (Activity
8.3.1.2.2.6.1) as well as the infiltration studies (Activity 8.3.1.2.2.1.2).
The plan for the integrated precipitation network will also include a
description of precipitation sampling for chemical and isotopic analyses.
This program will be coordinated with other precipitation sampling efforts
{Activities 8.3.1.2.1.3.3 and 8.3.1.2.2.2.1). The amount and timing of
rainfall will be related to the amount and timing of runcff. The information
collected under this study will be correlated with that discussed in Section
8.3.1.12 (meteorclogy). Findings from this study will be used in conjunction
with those of paleoflood studies (Activity 8.3.1.5.2.1.1) to help provide a
basis for future flood predictions (Activity 8.3.1.5.2.2.1).

The precipitation data collected as a part of this study will span only
a short-term duration compared with the length of time nuclear waste will be
stered. These relatively short-term data can probably be statistically
correlated with regional precipitation data spanning a longer (but also
relatively short) time (Section 8.3.1.12.1). Both regional and site-specific
data will be correlated with paleoclimatic data (Investigation 8.3.1.5.1).
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Overall worth of the short-term, site-specific data will depend on the quali-
ty and quantity of data obtained and on the range of variability of the data
compared with the long-term range of natural variability of the climatic
system. Techniques of data analysis and interpretation will depend on the
analytical technology available at the time of analysis and on the quality,
quantity, and characteristics of the available data of that time; techniques
will also depend on the quality and quantity of regional data and paleo=-
climatic data available for comparisons and correlations.

8.3.1.2.1.2 Study: Characterization of runoff and streamflow

The objectives of this study are to (1) collect basic data on surface-
water runoff at, and peripherally to, Yucca Mountain and its hydrologic flow
system; (2) use the streamflow data t¢ describe the runoff characteristics of
the area and assess the response of runoff to precipitation; (3) assess the
potential for flood hazards and related fluvial-debris hazards to the Yucca
Mountain Project; and (4) provide basic data and interpretations of surface-
water runoff to investigations that evaluate the amounts and processes of
ground-water recharge at Yucca Mountain and surrounding areas.

Two activities are planned to provide the knowledge required to satisfy
the objectives stated previously: (1) collect and interpret streamflow data
within the regional hydrologic study area, and (2) document movement of
debris initiated or perpetuated by the direct or indirect processes of
surface-water runoff when and where the debris movement constitutes a hazard
or significantly alters the geomorphic landscape.

8.3.1.2.1.2.1 Activity: Surface-water runoff monitoring

Otijectives
The objectives of this activity are as follows:

1. To develop needed basic data on the characteristics, magnitudes,
frequencies, and timing of surface-water runoff to develop an
understanding of the relationships between specific runcff events
and the characteristics of the storms and associated precipitation.

2. To develop a streamflow data base adequate to provide the necessary
calibration data for precipitation-runoff modeling efforts for the
regional study area.

Parameters

The parameters of the activity are
Occurrences of runoff.
Areal extent of runoff.

Frequencies and runoff recurrence in specific and general areas.
Magnitudes of streamflow at specific sites.

> W N
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5. Durations of individual runoff events.
6. Quantities of runoff at specific sites.
7. Relations of runoff to weather conditions.

Description

Streamflow data will be collected to document surface-water runoff, both
quantitatively and qualitatively, in selected streams of the Yucca Mountain
area and the NTS. Two stream gage networks currently exist: one for the
regional study area and one for the site. These two networks satisfy a
variety of Yucca Mountain Project needs. A dense network is required on site
to provide detailed data for the unsaturated-zone infiltration studies
(Section 8.3.1.2.2.1.2). A broader network is required in the regional study
area to develop an understanding of the relationships between specifi¢ runoff
events and the characteristics of the storms and associated precipitation.
These two networks will complement each other in providing a comprehensive
understanding of the surface-water regime for input into the conceptual
medel.

Application of the streamflow data generally will be restricted to the
specific purposes described. The short duration of the records that will be
obtained probably will preclude development of meaningful long-term runoff
characteristics. Long-term records were checked from gaging stations in a
broad region around the Yucca Mountain area to evaluate their usefulness in
correlating with the Yucca Mountain data. No records that were useful and
appropriate for this purpose were found.

Surface-water runcoff studies, in general, document the occurrences of
runoff by measuring streamflow, when it occurs, at selected sites. A network
of streamflow-measurement sites has been established for the regional study
area and locations of the sites are shown in Figure 8.3.1.2~6 and Table
8.3.1.2-3. At many of the regional network sites, measurements consist of
only a determination of the peak magnitude of streamflow and accompanying
stream stage (height) at that specific site; however, at several sites along
the Fortymile Wash, the stage of streamflow in the channel is continuously
monitored. This continuous record of stream stage will be mathematically
converted into a continuous record of the rate of streamflow past the site.

Currently, four continuous stream stage gages are operating:

1. One in an unnamed 4-mi2 tributary to the headwaters of Fortymile
Wash near Rattlesnake Ridge.

2. One at a relatively narrow channel constriction of Fortymile Wash
{hereafter referred to as the narrows), a short distance upstream
from the mouth of Yucca Wash. At this site, flow from the inte-~
grated upstream drainage of about 250 mi2 of Fortymile Wash is
monitored; a video cassette recorder is also installed at this site
to furnish a visual record of streamflow to compare experimentally
with the continuous record <f stream stage.
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3. One in Fortymile Wash, downstream from the Yucca Mountain road
crossing, near well J-13. In addition to the runoff passing the
narrows site upstream, that passing this site also includes inflow
from Yucca Wash (about 17 mi2) and much of the runoff from Yucca
Mountain that enters Fortymile Wash from the Drillhole-Sever Wash
drainage (about 16 mi2).

4. One downstream on Fortymile Wash near Highway 95 and Lathrop Wells.
This streamflow record shows losses or gains in flow downstream from
the gage upstream near well J-13, and thus, may indicate the poten-
tial for streamflow in the wash to recharge the ground-water system
along its alluvial pathway.

These continuously recording stream gages are visited approximately each
month for maintenance, and, also, as soon as possible, following each runoff
event.

In support of Activity 8.3.1.2.1.3.3 (Fortymile Wash) recharge study,
the regional streamflow-measurement network in the Fortymile Wash basin will
be expanded. Approximately six additional streamflow-measurement stations,
three snow courses, six precipitation-measurement sites, and two air-temper-
ature measurement sites will be installed and operated in the upper drainage
basin of Fortymile Wash to collect data that will supplement the currently
operating streamflow and precipitation networks, and thus allow precipita-
tion-runoff model assessment for Fortymile Wash. Establishment of the
meteorological stations will be coordinated with Study 8.3.1.12.1.2 (plan for
synthesis cof Yucca Mountain Project meteorclogical monitoring. The monitor-
ing equipment for these temperature and precipitation measurement sites will
include standard, continuous-recording precipitation and air-temperature
gages, and the streamflow-measurement equipment will consist of continuous-
recording stage recorders.

In addition, a continuously recording stream gage will be installed near
Beatty, Nevada, in either the Amargosa River or Beatty Wash and will record
runoff and flood flows from the northwestern part of Pahute Mesa. This
drainage, which is similar in size to the Fortymile Wash drainage, is
currently not being monitored, and monitoring will provide valuable input to
the evaluation of the rainfall-runoff relationship of the Yucca Mountain
area.

Scour chains have been installed at the narrows, well J-13, and High-
way 95 (Lathrop Wells) gaging sites. Scour chains are vertically suspended
lengths of chains buried in an individual vertical pit excavated in the
alluvial streambed along a line perpendicular to the direction of streamflow.
About a half dozen of these chains, spaced about 5 to 10 ft apart along the
cross-channel lineament, are buried at each gaging site. They were verti-
cally suspended in the pits dug in the streambed and were buried in the
vertically extended position. Because of their flexibility, any scour of the
streambed during periods of streamflow will deform the upper segment of the
chains to a nonvertical position to the depth of streambed scour. Docu-
mentation of the levels of deformation of the individual chains along the
channel cross section will generally define the cross-sectional depth and
shape of scour for a specific runcff event. The depth and degree of scour
will provide a sense of the degree of reliability of the recorded stream
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stage to depict the varying cross-sectional area of streamflow during the
runoff event.

In addition to the established network of continuous streamflow-
measurement Sites, peak magnitudes of streamflows will be selectively
measured in drainages that do not contain network sites, and at nonnetwork
sites in drainages that contain network sites. These miscellaneous measure-
ments will be made, as deemed necessary, to characterize specific runoff
events in, or peripheral to, the regional study area. They also will permit
a more efficient expansion of the markedly deficient streamflow data base for
the general area. These miscellaneous measurements are expected to add
important data regarding intensive runoff events that are needed to assess
the potential for severe runoff that might occur throughout the area or
region under prevailing climatic conditions. This regional peak stream gage
network currently includes ten crest-stage gages. Locations are shown in
Figure 3-3. These gages record only the peak stage of any specific runoff
event and do not record any data on rising or receding stages below the peak,
the timing of runcff, or the duration of runoff.

Half of these crest-stage gages are part of a statewide network of
crest-stage gages that have been operated since the 1960s. Thus, they make.
up the only historical streamflow data base for the area immediately
surrounding and including the Yucca Mountain area and the NTS. These five
incorporated sites outside of the proposed Yucca Mountain regional study area
but are relatively nearby. This historical core network has, thus far, been
supplemented by five additional crest-stage gage sites located closer to
Yucca Mountain. The crest-stage gage network is visited periodically, gen-
erally monthly, in concert with operational visits to the continuously
recording gages. They are also visited as soon as possible during or fol-
lowing runoff events. Thus, the occurrences of flow events and runcff peaks
recorded by the crest-stage gage component of the stream gage network can be
correlated with data from the continuously recording gages.

This regional streamflow network is not of an adequate areal density, or
cf a needed level of detail, to satisfy the specific requirements of account-
ing for all streamflow in the many small drainages in the site area that is
proposed for waste storage. The more detailed and continuous site data are
needed to understand the full range of responses of the varying terrain of
Yucca Mountain to varying ranges and characteristics of precipitation. The
streamflow component of the hydrologic cycle needs to be quantitatively de-
fined for the specific geographical area that will encompass proposed waste
storage facilities. This definition is necessary to allow a meaningful quan-
titative assessment of infiltration of precipitation to the unsaturated
ground-water zone (Activity 8.3.1.2.2.1.2, natural infiltration monitoring).
To satisfy this need, streamflow will be measured and surface runoff will be
documented at about two dozen selected sites on Yucca Mountain drainages
(Figure 8.3.1.2-7 and Table 8.3.1.2-4). These streamflow measurement sites
will be instrumented with continuously recording stream stage gages at flumes
calibrated to mathematically relate stream stages to streamflow rates. In
this manner, streamflow will be continucusly documented at the measurement
sites. The sites were selected to provide streamflow data for a variety of
different size drainages of variable aspects and widely scattered locations
on Yucca Mountain.
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Table 8.3.1.2-4. Site precipitation and streamflow stations
{see Figqure 8.3.1.2-7 for locations)

Map Nevada State coordinates
location Location Gage type North East
si Wren Wash--below USW UZN-98, TBD2 767,900 562,250
just below lower confluence
S2 Wren Wash--above USW UZN-26, TBD " 768,890 560,450
just below upper confluence
s3 Wren Wash--above USW U2-N70, TBD 769,450 559,830
near top of drainage
sS4 Drill Hole Wash--just above TBD 772,250 559,700
USW UZ-N46
S5 Drill Hole Wash=--just below TBD 766,350 565,240
UE-25 UZN-18
S6 Coyote Wash--north fork, 100 ft TBD 766,300 562,500
downstream from trench '
s7 Coyote Wash--south fork, just TBD 765, 650 562,700
upstream from USW UZ-N42
S8 Coyote Wash--south fork, just TBD 766,150 559,675
below crest of Yucca Mountain
S9 Pagany Wash=-just below TBD 768,550 566,800
UE-25 UZN#12
S10 Pagany Wash--just above TBD 770,050 564,650
UE-25 UZN-10
S1l1 Split Wash--500 £t above TBD 763,910 564,125
UE-25 UZN=-19
s12 H-4 Canyon=--1,000 ft above USW H-4 TBD 762,275 563,150
s13 WT-2 Canyon--just below USW UZ-7 TBD 760,850 563,000
Sl4 WT-2 Canyon=-north fork, just TBD 760,950 559,010

below USW UZ-N73

S15 Ghost Dance Wash--north fork, TBD 758,700 559,600
west of QTec deposit

sSle Ghost Dance Wash--south central TBD 757,480 560,375
Fork, lower part
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Table 8.3.1.2-4, Site precipitation and streamflow stations
(See Figure 8.3.1.2-7 for locations) {(continued)

Map Nevada State coordinates
location Location Gage type North East
S17 Abandoned Wash--just below Ghost TBD 755,050 560,500
Dance fault trench
s18 Drainage south of USW UZ-13--just TBD - 750,300 559,350
below USW UZ-N33
819 Solitario Canyon=--near USW UZ-N35 TBD 754,525 556,875
sS20 Solitario Canyon--Canyon Mouth TBD 755,300 554,225
near USW WI-7
s21 Solitario Canyon--mid-part of TBD 762,750 556,190
Canyon just above USW H-6 road
S22 Solitario Canyon=--upper part of TBD 768,780 557,725
canyon-due west of Wren Wash
§23 Solitario Canyon--unnamed tribu- TBD 757,675 566,000
tary between USW UZ-N81 and
USW UZ-N79
524 Solitario Canyon--unnamed tribu=- TBD 765,800 557,775
tary just above USW UZ-N36
Pl Yucca Crest--north end TBD 772,100 558,670
P2 Yucca Crest--near top of Split TBD 763,920 559,300
Wash
P3 Yucca Crest=--near USW H-3 TBD 756,540 558,450
P4 Yucca Crest-=-near USW G-3 TBD 765,780 558,480

aTBD = t0 be determined.

Continuously recording precipitation gages are also planned for each of
the streamflow sites to provide geographically specific data on rainfall for
the drainages of interest (Activity 8.3.1.2.1.1.1, regional precipitation
monitoring). Site-specific precipitation data will be used in conjunction
with the regional precipitation data to define quantitative relations between
rainfall and runoff for the selected drainages. Fluvial suspended-sediment
monitoring is also planned for about six of the measurement sites. These
measurements will provide data regarding the magnitudes and temporal distri-
butions of the relative proportions of water and sediment in the streamflow
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mixtures. The sediment data are needed to improve accuracy when assessing
the true water-volume component of the streamflow mixtures. This detailed
site streamflow data will be useful in the study of regional runoff and
streamflow and to related activities investigating flood hazards and associ-
ated fluvial-debris hazards (Activity 8.3.1.16.1.1.1, site flood and debris
hazards studies).

Because runcff is ephemeral, erratic, unpredictable, and generally of
short duration in and arcund the Yucca Mountain area, direct measurements of
streamflow using standard USGS current meter-measuring techniques are pre-
cluded. Almost all measurements at both network and miscellaneous sites must
be made using indirect measurement techniques after the runoff has occurred.
These data will also be useful to planned future rainfall-runoff modeling
studies of Fortymile Wash (Activity 8.3.1.2.1.3.3, Fortymile Wash recharge
study) .

Although these indirect techniques are made according to accepted
standard USGS practices, they are generally acknowledged to be less accurate
than normal current meter measurements made during stable streamflow
conditions. They, nonetheless, provide extremely valuable data, at a
reasonable cost, for an area where quantitative and qualitative streamflow
data are practically nonexistent.

Indirect measurements of peak flows also are made following runcff
events in drainages, or at sites, where no continuous stream stage recorders
or crest~stage gages are located. Sites for these miscellaneous measurements
are selected as targets of opportunity when a field reconnaissance of recent
runcff suggests that these normally unmonitored drainages have experienced
runoff of a character that requires measurements to adequately characterize
storm-runoff relations. The data thus collected supplement and complement
data collected systematically and periodically throughout the formal
streamflow-measurement network. Often, the spotty nature of desert flooding
results in significant or severe runoff in the area that only marginally
affects streams that are instrumented with continuocusly recording gages or

rest-stage gages. At these times, the supplementary data are critical in
characterizing the magnitude and extent of local runoff and flooding that
might otherwise be overlooked or undeveloped. Because the locations and
numbers of miscellaneous measurement sites vary greatly from storm to stom
and from year to year, none of the sites are shown in Figure 8.3.1.2~6. The
locations of miscellaneous-measurement sites will be shown in periodic
progress and summary reports of this investigation to properly document the
data collected during specific time intervals during the study.

8.3.1.2.1.2.2 Activity: Transport of debris by severe runoff

Objectives

The objective of this activity is to document, both'quantitatively and
qualitatively, the characteristics of debris transported by intense surface
runoff. .
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Parameters
The parameters of this activity are

1. Quantities of erosion and deposition.
2. Characteristics of erosion and deposition.
3. Physical characteristics of debris transport by streamflow.

Description

This activity is closely tied to Activity 8.3.1.2.1.2.1 (surface-water
runoff monitoring). If field investigations of surface runoff reveal intense
and rapid movement of debris by surface runoff, data will be collected to
document this movement. The documentation will -aclude qualitative and
quantitative (when feasible and practical) assessments of the characteristics
of erosion, transport, and deposition of debris by surface runoff. These
data will be collected in the Yucca Mountain area and peripheral areas impor=-
tant to understanding hazardous (severe and intensive) debris transport at
the proposed nuclear waste storage area. The information will be used to
evaluate debris hazards near the surface-facilities locations, as described
in Activity 8.3.1.16.1.1.1 (site flood and debris hazards studies). The
information will also increase knowledge of severe erosion and depositional
processes currently active on the landscape, and the part these processes
play in present-day fluvial-debris hazards.

Times, locations, areal extent, and depths of severe erosion and deposi-
tion caused by intense runoff will be noted, measured, or estimated, if
possible, where erosion scars or deposits are prominent. Direct and indirect
measurements will be used to quantify or describe (1) the amount of channel
or hillslope erosion that was caused by a given flood at a specific site or
sites, (2) the sediment deposit(s) that were created by the erosion and
transport of debris, and (3) the physical characteristics of the debris that
was eroded, transported, and deposited by flooding. Direct measurements of
the transport of sediment during periods of hazardous movement will probably
not be possible. Land-surface photography, aerial photography, and remote
sensing will be used in the post~fact analyses of the debris movement during
major runoff events whenever possible and feasible. Scars and deposits
resulting from known recent flash floods will be used to develop measurement
and estimation techniques. When severe sediment transport takes place, the
causes and knowledge of the processes of movement will be sought. These
causes and processes will be related to specific stom and runoff character-
istics if, and when, possible.

8.3.1.2.1.3 Study: Characterization of the regional ground-water flow
system

The objectives of this study are (1) to further define the distribution
of hydraulic properties of the regional ground-water flow system, and (2) to
use hydrologic, hydrochemical, and heat-flow data to determine the magnitude
and direction of ground-water flow.
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Four activities are planned to collect the data required to satisfy this
objective: (1) an assessment of regional hydrogeologic data needs in the
saturated zone, (2) regional potentiometric-level distribution and hydro-
geclogic framework studies, (3) a Fortymile Wash recharge study, and
(4) evapotranspiration studies.

8.3.1.2.1.3.1 Activity: Assessment of the regional hydrogeoclogic data needs
in the saturated zone

Objectives

The objective of this activity is to prioritize data needs for use in
the regional ground-water flow description.

Parameters
The parameters of this activity are

1. Distribution of hydraulic conductivity, transmissivity, storage
coefficient, and porosity type (matrix, fracture).

2. Location and rate of recharge and discharge.

3. Potentiometric levels.

Description

A hierarchy of priorities will be assigned to data requirements for the
description of regional ground-water flow description of the saturated zone.
2As only one of various methods that will be used, a two-dimensional ground-
water flow model (Czarnecki and Waddell, 1984) will be updated to evaluate
the adequacy of regional hydrogeclogic data and to guide future data collec-
tion. While enough data currently exist to constr.ct models of regional
ground-water flow, sufficient uncertainty in initial and boundary conditions
exists to reduce the certainty of model results. The effects of the posi-
tions and conditions of lateral-flow boundaries will be tested by specifying
alternative configurations of model grids or meshes. By prioritizing model
variables as to their effects on key model-calculated results (such as
ground-water flow-path directions and gradients), data collection may be
focused to minimize uncertainties in these key variables.

Sensitivity analyses will be performed using the updated two-dimensional
digital, finite-element model of ground-water flow to prioritize the effects
of key model variables, such as hydraulic conductivity, transmissivity,
storage coefficient, porosity, and locations and rates of recharge and dis-
charge. For example, little is known about the potentially steep hydraulic
gradient between the Amargosa Desert and the Furnace Creek Ranch discharge
area in Death Valley, or the hydrologic properties of the fault zone that
causes the spring line at Ash Meadows. The sensitivity of hydrologic pro-~
perties of these and other areas will be evaluated using the modeling
approach.
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Hydrologic data have been collected from boreholes drilled in the
Amargosa Desert by a mining company (Activity 8.3.1.2.1.3.2). Preliminary
assessment .0f these data indicated that their interpretation may result in
revision of the conceptual model or regional flow.

Potentiometric and temperature data from these holes indicate a poten-
tial upward component of ground-water flow (hydraulic gradients of 0.02) from
depths as great as 500 m. Upward flow of ground water was confirmed from
concave-downward profiles of tempsrature as a function of depth. 1In
addition, potentiometric data indicate that a ground-water divide may exist
in the Greenwater Range, between the Amargosa Desert and Death Valley.
Hydraulic head under the Greenwater Range is as great as 875 m, whereas in
the Amargosa Desert, head is about 615 m, and in Death Valley, head is about
sea level (Czarnecki, 1987).

Potentiometric and temperature data from these holes are potentially
significant for characterizing the regional ground-water flow system, because
they suggest that (1) upward flow from great depths may occur within the
subbasin, possibly from underlying carbonate rocks, which constrains the
saturated-zone flow paths from the site to occur only in the upper part of
the ground-water system; (2) ground-water recharge may have occurred even in
relatively low-lying arid areas, such as the Greenwater Range and the Funeral
Mountains, a hypothesis that was previously not favored; (3) ground-water
discharge near Furnace Creek Ranch may occur via a deeper, confined flow
system, possibly through carbonate rocks; (4) the conceptual model of the
ground-water flow system can be simplified by removing the ground-water
discharge boundary condition at Furnace Creek Ranch; and (5) a smaller amount
of ground water flows beneath Yucca Mountain than previously estimated, when
discharge from this flow system was assumed to occur at Furnace Creek Ranch
(Czarnecki, 1987).

Although these data support the need to revise previous conceptual
models, they are not conclusive. As a result, these data will be further
evaluated in the context of the regional flow system, and an assessment
will be made to determine what additional data are needed to test alternative
conceptual models. As described below, consideration will be given to the
following efforts: (1) drill additional piezometer nests; (2) drill a deep
borehole into the Paleozoic rocks beneath the Amargosa Desert; and
(3) deepen proposed drillholes USW WI-21 and USW WI-22 into Paleozoic rocks
(Figure 8.3.1.2-8). These tasks would be conducted as part of Activ-
ity 8.3.1.2.1.3.2. 2ny proposed new drilling would be integrated with

rilling plans developed in Studies 8.3.1.4.1.2 and 8.3.1.4.1.3.

Piezometer nests would be constructed to determine the altitude of the
potentiometric surface and changes in hydraulic head with depth along the
eastern edge of the Funeral Mountains, where Paleozoic carbonate rocks
outcrop. Potentiometric data from these shallow piezometer nests (150 m
deep) would allow for the determination of whether the Paleozoic carbonate
rocks drain ground water from the Amargosa Desert to Furnace Creek Ranch.

although these boreholes would greatly augment existing hydrogeologic
data for the regional flow system, no drillholes have been constructed to
penetrate and test Paleozoic hydrogeologic units (probably carbonate rocks)
underlying Tertiary basin fill at estimated depths as great as 6,000 ft
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(1,800 m) in the Amargosa Desert. The need to do this will be evaluated in
the context of existing hydrogeologic data and conceptual models of the
regional flow system. A drillhole constructed into the Paleozoic units would
be used to determine the amount and direction of ground-water flow between
these and overlying units, by installing multiple piezometers. Groundwater
samples obtained form these Paleozoic and overlying units would be analyzed
to determine the stable isotopes of oxygen and hydrogen for use in determin-
ing the source (magmatic, meteoric, etc.), based on methods presented in
Barnes (1979), as part of Activity 8.3.1.2.3.2.2. Similar types of infor-
mation would be obtained by deepening drillholes USW WT-21 and USW WT-22 into
the underlying carbonate rocks. :

8.3.1.2.1.3.2 Activity: Regional potentiometric-level distribution and
hydrogeologic framework studies

Objectives

The objectives of this activity are (1) to determine the potentiometric
distribution within the regional ground-water flow system, and (2) to
characterize the hydrogeologic framework of the regional ground-water flow
system to support reliable estimates of ground-water flow direction and
magnitude within the saturated zone.

Parameters
The parameters of this activity are

Potentiometric-surface configuration.
Hydraulic gradient.

Heat flow.

Transmissivity.

Storativity.

Lineaments.

Fractures.

Hydrostratigraphic units.

QO ~1 U

Description

A general field reconnaissance will be conducted to locate previously
unknown or unobserved wells, springs, and mine shafts that may yield informa-
tion about regional ground-water levels. In addition, searches will be made
for agencies, local residents, and well drillers that are likely to have well
records or water-level information. Where possible, depth-to-water
measurements will be obtained in these previously unknown or unobserved
wells. Depth to water and total we.. depth will be determined by means of a
measuring tape, or a sensor, that is lowered int¢o the hole on a logging cable
that goes over a sheave with a counter. In addition, where possible, geo-
physical logs similar to those for new water-table holes (described below)
will be run.

Results from regionally oriented geophysical surveys (Activi-
ties 8.3.1.4.2.1.2 and 8.3.1.17.4.3.1) will be used to (1) provide data on
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structural and stratigraphic controls affecting ground-water flow and

(2) determine or infer the position of the water table, based on correlating
known water-table altitudes with results from these surveys. These surveys
will be very important for inferring the cause of the large hydraulic
gradient north of the perimeter drift area and for directing the location of
additional confirmatory drilling.

Because Crater Flat lacks water-level data and hydrogeologic information
needed for modeling of that area, two new water-table holes, USW WT-21 and
USW WT-22, will be drilled (Figure 8.3.1.2-8). Other proposed water-table
holes shown in Figure 8.3.1.2-8 are considered under Activity 8.3.1.2.3.1.2
{site potentiometric-level evaluation). Additional wells will be drilled if
determined to be needed as a result of Activity 8.3.1.2.1.3.1. USW WT-21
will be located 1.5 km southwest of USW H-6 and drilled to a probable depth
of about 549 m. USW WT-22 will be located in northern Crater Flat and
drilled to a probable depth of about 396 m. Both holes will be drilled using
the air-foam method and completed similarly to previously drilled water-table
holes. They will have diameters of about 22 cm. The drilling of these holes
will be integrated and coordinated with the overall drilling program, as
outlined in Section 8.3.1.4.1.

Lithologic logs based on cuttings collected at regular intervals during
the construction of USW WI-21 and USW WT-22 will be used to describe the
stratigraphy as part of Activity 8.3.1.4.2.1.1. Core will be obtained near
the unsaturated/saturated zone interface to extract gas and water samples for
chemical analyses to determine ground-water age, origin and recharge rates in
conjunction with Activities 8.3.1.3.2.2, 8.3.1.2.2.7.1, and 8.3.1.2.2.7.2.

The newly drilled water-table holes will be geophysically surveyed to
attain all the logs that are typically run in the unsaturated-zone holes
drilled in support of the Yucca Mountain Project. Such logging programs
include a gyroscopic survey (for vertical deviation) and logs used in support
of structural and stratigraphic analyses, such as vibroseis and optical tele-
vision surveys, and dielectric, gamma-ray spectrum, caliper, fluid density,
electric, density, and epithermal neutron logs. In addition, magnetometer or
other logs may be made.

After downhole geophysical logs are completed in each hole, a small-
capacity pump will be hung in the hole on tubing, and the pump will be
operated for about a week to obtain water samples for chemical and isotopic
analyses (Activity 8.3.1.2.3.2.2). The pump will be removed and the tubing
reinstalled to enable measurements of the water levels.

Depth-to-water measurements will be cobtained by means of a measuring
tape, or a sensor, that is lowered into the hole on a logging cable that goes
over a sheave with a counter. The water-level depth will be converted to
altitude when combined with the surveyed altitude of land surface. For newly
drilled water-table holes, water levels may also be monitored continuously by
means of a semipermanently installed downhole pressure transducer that is
connected to recording equipment at the surface. These holes will be added
to the existing water-level monitoring network of about 25 holes located in
the vicinity of Yucca Mountain. If determined applicable, corrections will
be made to account for factors that could affect hydraulic head, such as
relative density differences.
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Although it is recognized that these boreholes will not be ideally con-
structed for heat-flow calculations, some useful heat-flow information can be
obtained from them. Therefore, where feasible, temperature logs and
thermal-conductivity measurements or estimates will be made in newly drilled
holes and newly located existing holes, and heat flow will be calculated.
Various methodologies, such as the silica geothermometer method of Morgan and
Swanberg (1978), will be considered. The results will be integrated with
ongoing heat-flow analyses to supplement potentiometric data in interpreting
regional ground-water flow directions and hydraulic gradients (Activ=-
ity 8.3.1.8.5.2.3).

2 mining company is drilling boreholes to depths of 2,000 £t in
valley-fill deposits of Tertiary age in the Amargosa Desert as a part of its
exploration program. This commercial company has agreed to allow (1)instal-
lation of piezometers in their holes for Yucca Mountain Project data
collection, and (2) borehole geophysical logging of these holes. Some piezo-
meters and piezometer nests have been installed to measure water levels in
areas adjacent to the Yucca Mountain site to provide data for regional
hydrologic studies. Additional piezometers will be installed if additional
holes are made available to the Project. General areas where these boreholes .
will be located are shown in Figure 3-1. Standard geophysical logs--resis-
tivity, caliper, gamma-gamma, and neutron-density=--will be run in these bore-
holes to provide data on stratigraphy, lithology, porosity, and permeability
of the host rock. Borehole cuttings, collected at 10-ft intervals from these
holes by the mining company, will be provided for analysis of (1) lithology,
(2) grain size, (3) bulk density, (4) porosity, (5) permeability and
hydraulic conductivity, (6) environment of deposition, and (7) effective
saturated thickness. Instrumentation of each of these holes with two
piezometers will provide deep and near-surface potentiometric data for
determining vertical hydraulic head distribution. Water samples will be
obtained from these piezometers for hydrochemical analyses.

Water-level recovery will be monitored after sampling to determine
estimates of transmissivity. Downhole temperature will be measured at
selected intervals to estimate the vertical component of ground-water flow.
Regional ground-water flow rates and velocities may then be estimated from
transmissivity, hydraulic conductivity, porosity, effective saturated
thickness, and hydraulic gradient.

2 large gradient has been mapped in the potentiometric surface north of
the site (Figure 3-28). The horizontal hydraulic gradient between wells
UE-25 WI#6 and USW H-1 is about 300 m in 3,000 m, or about 0.1. This is
about four orders of magnitude greater than the hydraulic gradient south of
well USW H-1. Although the specific cause and nature of this large hydraulic
gradient are not yet known, several hypotheses have been proposed (Czarnecki
and Waddell, 1984): (1) existence cr faults in the area that contain non-
transmissive fault gouge or that juxtapose transmissive tuff units against
nontransmissive tuff units; (2) the presence of a different type of lithology
that is less subject to fracturing, such as rhyolite or argillite, or the
presence of an intrusive body, such as a volcanic dike; or (3) a change in
the direction of the regional stress field and a resultant change in the
density, interconnectedness, and orientation of fractures on either side of
the large hydraulic gradient.
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Because the potential repository would be located about 200 to 400 m
above the modern-day water table, and because it would be located
immediately downgradient from the large hydraulic-gradient area (Figure
3-28), the stability of the low-transmissive property of this barrier to
ground-water flow (fault zone, different rock type, etc.) needs to be
evaluated. Neotectonics (renewed movement along faults) or alteration of
stress fields could have a large effect on this stability, resulting in
changed altitudes of the water table beneath the site itself. Furthermore,
an understanding of this feature is needed in order to simulate accurately
ground-water flow under present and changed condltlons, using subregional
models (Study 8.3.1.2.1.4).

This activity will analyze the cause of the large hydraulic gradient by
integrating the results from several interrelated activities, including
(1) analysis of existing and planned borehole fracture data (Activity
8.3.1.4.2.2.3) and data from surface fracture-network studies (Activity
8.3.1.4.2.2.2); (2) determination of in situ stress on either side of the
gradient (Study 8.3.1.17.4.8); (3) refinement of the description of the
potentiometric surface, using geophysical surveys (Study 8.3.1.4.2.1) and
water levels from wells UE-25 WT#23 and UE-25 WT#24 (Activity 8.3.1.2.3.1.2):
(4) construction of UE-25 G#5 (Activity 8.3.1.4.2.1.1) north of the gradient
to provide stratigraphic, lithologic, borehole-geophysical and potentiometric
data; and (5) pumping tests conducted in association with the Solitario
Canyon fault study (Activity 8.3.1.2.3.1.1). In addition, existing data from
large gradients elsewhere in the Nevada Test Site region will be reviewed for
their applicability to understanding the feature at Yucca Mountain.

Definition of the hydrogeoclogic framework is an essential component of
conceptual and numerical models of the regional flow system and evaluations
of the impacts of potential tectonic and climatic changes on isolation
(Figure 8.3.1.2-4). This activity will utilize extensively the hydrologic,
geologic, geochemical, and geophysical information obtained during site
characterization in order to define this framework. Data collected specifi-
cally as part of this activity will als¢o be incorporated, including data from
boreholes USW WT-21 and USW WT-22 and other drillholes that might be drilled
as a result of the analyses of data needs (Activity 8.3.1.2.1.3.1).

Also, as part of this activity, major lineaments and fracture zones will
be identified and characterized. Because these regional-scale features
generally are distinctive high-permeability zones, they may significantly
affect ground-water flow, by providing preferred regional vertical and
horizontal flow paths. Preliminary lineament and linear-feature maps will be
prepared from statistical analysis of digitized linear features derived from
remote sensing data (Landsat Thematic Mapper and MSS imagery, passive and
active radar imagery, Skylab, and aerial photographs). These maps will be
compared to geologic, hydrologic, geochemical, and geophysical data (by
digital, statistical, or manual correlation) to produce final lineament maps.
The mapped lineaments will then be incorporated into conceptual and numerical
models of regional flow (Study 8.3.1.2.1.4).
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8.3.1.2.1.3.3 Activity: Fortymile Wash recharge study

Objectives .

The objective of this activity is to determine to what extent
(quantitatively, if feasible) that Fortymile Wash has been a source of
recharge to the saturated zone under present and past conditions.

Parameters
The parameters of this activity are

1. Times, magnitudes, recurrence fregquencies, and volumes of
streamflow.

2. Times, rates, and volumes of precipitation.

3. Maximum and minimum daily temperatures.

4. Depth and water content of snowpack.

5. Location and rates of recharge, past and present, in Fortymile Wash.

6. Type and density of vegetative cover.

Description

Ground-water modeling of the saturated ground-water flow system has
supported the inference that the Fortymile Wash drainage channel may be an
important zone of regional ground-water recharge (Czarnecki and Waddell,
1984). Modeling studies have also indicated that the position of the water
table beneath Yucca Mountain may be sensitive to the rate of recharge flux
through Fortymile Wash (Czarnecki, 1985). If so, ground-water levels beneath
the proposed Yucca Mountain nuclear waste storage areas may be significantly
influenced by the percolation of streamflow into and through the bed of the
wash. Other smaller washes at and near Yucca Mountain are also being evalu-
ated for their recharge potential (Activity 8.3.1.2.2.1.2). Infiltration
studies along the channel of Fortymile Wash will address this potential for
streamflow to act as a recharge mechanism. Rainfall-runocff modeling of the
wash, upstream from Yucca Mountain, will characterize the relationships
between precipitation and runcff in various segments of the Fortymile Wash
drainage basin. Actual streamflow and precipitation data will be needed to
calibrate the rainfall-runoff modeling exercises. If the data thus obtained
allow a reasonably good calibration of the model, or models, the models’
capabilities to accurately predict changes in runoff related to future
changes in climate will be enhanced. The use of measured data are essential
to a realistic calibration of rainfall-runoff models if these models are to
provide acceptable predictions of streamflow for precipitation that varies in
today’s climate and with changing climatic conditions.

Hydrologic characteristics of Fortymile Wash drainage basin will be
determined and subbasins will be selected for precipitation and streamflow
measurements. After the number and locations of data-collection sites have
been determined, streamflow gages will be installed to continuously record
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stream stages, and precipitation gages will be installed to continuously
record precipitation. Maximum and minimum daily temperatures will be re-
corded at select sites. These stations will be established as part of
Activity 8.3.1.2.1.2.1 (surface-water runocff monitoring). Stream stages,
precipitation, and temperatures will probably be continuously transmitted to
a data-assembling and storage site. Snowpack accumulation and dissipation
will be monitored automatically by snowpillows and manually at designated
snowcourses. Snowpillow data will probably be relayed on a real~time basis.
(A snowpillow consists of an inflated elastomeric bladder connected to a
pressure transducer in such a way that the weight of snow falling on the
bladder may be determined by changes in pressure within the bladder.)

The infiltration rate along the channel of Fortymile Wash will be
estimated by measuring the streamflow losses and monitoring the moisture
pulses. Devices, such as neutron moisture tubes, will be installed at key
locations in and across the channel of Fortymile Wash. The completed depths
will be below 10 m, the maximum depth where significant evapotranspiration
occurs. The devices will be monitored during infiltration events with a
frequency that will ensure adequate observation of the movement of moisture
pulses through the shallow unsaturated zone. The results of these measure-
ments will be used to estimate the infiltration locations and rates.

In addition to aqueous samples collected, gas samples will be obtained
from a series of piezometer nests that will be installed across Fortymile
Wash, in order to help establish the extent and timing of recharge to the
regional ground-water system. Gas samples will be analyzed for chemical
composition and stable isotopes. Analytical results will be synthesized with
other analyses of samples collected from the unsaturated zone, as described
in Activities 8.3.1.2.2.7.1 and 8.3.1.2.3.2.2

Three drillholes (UE-25 FM#l, UE-25 FM#2, and UE-25 FM#3) will be

rilled into the saturated zone to obtain unsaturated-zone moisture samples
and saturated-zone water samples to determine the recharge history.
Drillhole UE-25 FM#1 will be located in a wash that is 1.2 km east of UE-25
WI#15 (Figure 8.3.1.2-9). This drillhole will have a total depth of
approximately 427 m. Drillhole UE-25 FM#2 will be located in a wash that is
at the crossing of the main road to Yucca Mountain and will have a total
depth of approximately 381 m (1,250 £ft). Drillhole UE-25 FM#3 will be lo-
cated south of well J-12 and will have a total depth of approximately 290 m.

Moisture measurements will be obtained in each of these holes by coring
selected intervals within the unsaturated zone. Water samples will be
obtained near the top of the saturated zone in each hole and about 91 m
deeper, which is near the bottom of each hole. Samples will also be col-
lected if perched water is encountered. Each of the three drillholes will be
used for infiltration experiments. These experiments will be similar to
those planned for the unsaturated zone, where an infiltration pond will be
constructed around the drillhole casing. Periodic or continuous moisture
content measurements will be made in the drillhole casing at selected
locations, as water infiltrates downward from land surface. Ponding tests
conducted in Activity 8.3.1.2.2.1.3 are expected to show the relationship of
thickness, texture, and porosity of unconsclidated deposits to net-infiltra-
tion rates. Results from the ponding tests may be extrapolated to Fortymile
Wash, which has deposits with a similar range of properties. Results from
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these infiltration experiments will be used with results from Studies
8.3.1.2.1.1 and 8.3.1.2.1.2 to estimate annual average estimates of recharge
occurring along Fortymile Wash for use in the regional and site models of
ground-water flow.

All samples will be sent to the laboratory for chemical and isotope
analyses. The isotope analyses will include determination of the oxygen-18,
deuterium, carbon~13, carbon-14, and tritium content. The precipitation,
surface water, and ground-water sample analyses will be compared and
interpreted in terms of probable sources and flow paths in the Fortymile Wash
drainage. The results of other investigations from which ground-water
movement or the palecenvironment may be inferred, such as studies of zeolite
facies (Section 8.3.1.3.2.2), will be used in conjunction with hydrologic
interpretations based on these surface and subsurface chemical analyses to
determine the recharge history.

8.3.1.2.1.3.4 Activity: Evapotranspiration studies

Objectives

The objective of this activity is to improve estimates of ground-water
discharge by evapotranspiration in the Amargosa Desert, in order to provide
boundary~-condition data for regional ground-water flow models.

Parameters
The parameters of this activity are

1. Evapotranspiration rates and areal distribution.
2. Spatial distribution of hydraulic head.
3. Depth to saturation.

Description

A data requirement of the two-dimensional regional ground-water flow
model is to specify the distribution and rate of ground-water discharge.
Discharge occurs primarily as evapotranspiration and spring discharge from
the regional ground-water flow system and by pumping of irrigation wells.
The two principal natural discharge areas in the flow system are Franklin
Lake playa and the Furnace Creek Ranch area (Figure 8.3.1.2-10). Estimates
of spring discharge and evapotranspiration (Section 3.5) have been made for
these areas (Walker and Eakin, 1963; Hunt et al., 1966; Winograd and
Thordarson, 1975; Miller, 1977). The spring discharge measurements are
considered reliable, but estimates of evapotranspiration at Franklin Lake
playa do not conclusively yield annual-average discharge fluxes because the
area over which evapotranspiration occurs is not adequately defined. The
need for improved estimates stems from the sensitivity analyses performed by
Czarnecki and Waddell (1984).

The amount of ground-water discharge depends on numerous variables,

including depth to the saturated zone. Evapotranspiration probably is
maximum and relatively uniform at Franklin Lake playa, where depths generally
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are less than 5 m; probably no evapotranspiration from the saturated zone
occurs where depths exceed 15 m, upgradient from Franklin Lake playa. Thus,
a critical depth range (5 to 15 m) occurs beneath a large but poorly defined
fringe area, within which evapotranspiration is variable and generally known.

Definition of the fringe area and its associated evapotranspiration will
come from the following activities: (1) mapping of phreatophytes; (2) con-
struction of piezometer and tensiometer nests, to determine depths to satu-
ration and the presence or absence of upward hydraulic potentials for water
flow from the shallow saturated zone to land surface; and (3) measurement of
evapotranspiration using micrometeorological techniques.

Phreatophyte mapping will be used to identify the type, density, size,
and areal extent of phreatophytes growing in the subregional ground-water
flow system. Phreatophytes derive their water supply from the phreatic
surface, or water table, and generally tap ground water at depths that exceed
the threshold of bare-soil evaporation. Phreatophyte growth and evapotran-
spiration are limited by depth to water, soil and water salinity, and soil
type (texture). Water salinity is high beneath Franklin Lake playa but
decreases away from its margins (Czarnecki and Oatfield, 1986). Thus,
phreatophytes tend to grow only in the fringe area where salinity is low and
depth to saturation is less than about 15 m. It is expected, therefore, that
the mapped areal extent of phreatophytes will approximately delimit the area
of ground-water discharge by evapotranspiration.

In the area of evapotranspiration, an upward hydraulic gradient is
expected in the saturated and unsaturated zones; elsewhere, beyond discharge
areas, the gradient is expected to be downward or lateral. To determine
whether an upward gradient exists, 10 to 30 nests of piezometers and tensio-
meters will be installed at sites in the area defined by phreatophyte
mapping. Because of the large uncertainty in estimating in situ vertical
hydraulic conductivity at these sites, no attempt will be made to estimate
ground~-water discharge using Darcy’s law. However, gradient data will be
used qualitatively to corroborate the location of the evapotranspiration area
boundary and its associated depth to water. It is recognized that this depth
varies in space and time, depending on various factors, such as soil texture,
plant type and density, precipitation, temperature and runoff. These factors
will be considered in locating evapotranspiration measurement sites and in
evaluating evapotranspiration data.

At about 10 sites within the evapotranspiration area, total evapotran-
spiration will be measured using micrometeorological techniques, such as the
Bowen ratio method (Stannard, 1985) or the Eddy-correlation technique (Weeks
et al., 1985). These measurements will help to determine the spatial and
temporal variation in net saturated-zone evapotranspiration, and provide a
basis for determining the annual average saturated-zone discharge rate from
the subregional flow system. Continuous measurements throughout the year
will be made at two to five of these sites.
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8.3.1.2.1.4 Study: Regional hydrologic system synthesis and modeling

The objectives of this study are (1) to synthesize the available data
into a model and make a qualitative analysis of how the system is functioning
and, (2) to represent quantitative observations of hydrogeclogic data
pertaining to the ground-water flow system in a comprehensive numerical model
of ground-water flow. Four activities are planned to analyze and integrate
the data in order to satisfy these objectives: (1) conceptualization of
regional hydrologic flow models, (2) subregional two-dimensional areal
hydrologic modeling, (3) subregional two-dimensional cross-sectional
hydrologic modeling, and (4) regional three~dimensional hydrologic modeling.

Results from these modeling activities are not intended to directly
estimate ground-water travel time from the repository to the accessible
environment. Rather, the modeling results will be used as a basis for

specifying boundary conditions for more detailed models of ground-water flow
at the site.

8.3.1.2.1.4.1 Activity: Conceptualization of regional hydrologic flow
models

Objectives
The objectives of this activity are

1. To synthesize the available data into a model and make a qualitative
analysis of how the regional hydrologic system functions.

2. To outline ground-water flow system boundaries, hydrogeologic units,
structural controls, and other hydrogeclogic features pertaining to
the regional ground-water flow system.

Parameters

The parameters of this activity are

1. Spatial distribution of hydraulic conductivity.
2. Hydraulic gradient.
3. Ground-water flux.
4. Recharge. :
5. Discharge.
6. Hydrogeologic properties of the saturated-zone rock units.
7. Potentiometric-surface configuration.
Description

21l reliable data (hydrologic, geoclogic, and geophysical) and reascnable
interpretations of it will be assimilated into a description of the regional
ground-water flow system. This description will include the physical and
hydraulic characteristics of the rock units and structural features, as well
as the likely ways that the flow system operates within this framework. The
data will contain information obtained from the published literature and site
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characterization activities. This conceptual description of the flow system
will be used to update a regional ground-water flow model originally devel-
oped by Waddell (1982). This updated model will be used as the baseline con-
dition for regional ground-water flow at the site.

8.3.1.2.1.4.2 Activity: Subregional two-dimensional areal hydrologic
modeling

Objectives

The objective of this activity is to improve estimates of regional
ground-water flow, by updating an existing two-dimensional, subregional,
parameter-estimation model through the incorporation of additional
hydrogeclogic data.

Parameters
The parameters of this activity are

Spatial distribution of hydraulic conductivity.

Hydraulic gradient.

Water flux.

Recharge.

Discharge.

Hydrogeoclogic properties of the saturated zone rock units.
Potentiometric-surface configuration.

~J oY N

Description

A subregicnal model of two-dimensional ground-water flow has been
developed by Czarnecki and Waddell (1984) for estimating ground-water flow.
Since the development of the model, numerous additional studies and data-
cellection activities have occurred and are planned in and around the modeled
area (Figure 8.3.1.2-10). Additional drillholes have been and will be
constructed in the study area yielding potentiometric data and hydraulic
properties. Potentiometric data will be used, in part, as a basis for model
calibration and as an indicator of variations in hydraulic properties, based
on variations in hydraulic gradients.

The refined two-dimensional model will be a highly simplified represen-
tation of a complex three~dimensional system, but it is expected to be useful
for various applications. These iaclude preliminary evaluations of the
effects of potential future pumping on the hydrologic system (Activi-
ties 8.3.1.9.3.2.1 and 8.3.1.16.2.1.4). The model will also be used to help
guide development of more rigorous three-dimensional models (Activi-
ty 8.3.1.2.1.4.4), which will be used to test the impacts of future
ground-water development, tectonic events, and climatic changes on the
saturated-zone hydrologic system.

The use of a two-dimensional model for these purposes is warranted

because, on a regional scale, vertical flux probably is small relative to
horizontal flux. This concept will be tested as new data are obtained and by
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means of a two-dimensional cross-sectional model (Activity 8.3.1.2.1.4.3).

If it is ascertained that significant upward or downward leakage occurs
between, for example, the Paleozoic carbonate aquifer and the overlying
valley-fill sediments or volcanic rocks, these fluxes will be accommodated in
the two-dimensional model as source/sink terms. The model would be
calibrated on the basis of estimated hydraulic properties and vertical CC-38
fluxes.

Geophysical studies have produced and will provide additional informa-
tion regarding stratigraphic and structural features in and around the site.
Of particular utility is seismic refraction work that will be used to define
the location, type, and distribution of structural and stratigraphic units
that may affect ground-water flow. Although hydraulic properties in the
vertical dimension are lumped, when used in the areal two-dimensional
ground-water flow model, information such as effective saturated thickness
can be combined with model ground-water flux estimates to yield estimates of
ground-water travel times. Additional data in the third dimension also aid
in the development of three-dimensional models of ground-water flow (Activi-
ty 8.3.1.2.1.4.4). Other geophysical studies that will produce results for
consideration of incorporation into the model include the following:

(1) resistivity surveys, (2) gravity surveys, (3) magnetic surveys,

{4) seismic reflection surveys, and (5) borehole geophysical surveys (Activ-
ity 8.3.1.4.2.1.2). All these various activities have the potential for
providing additional data on the distribution, type, and properties of
stratigraphic and structural units, for use in the subregional ground-water
flow model. Results from these various activities will be reviewed as they
become available, and incorporated into the model as appropriate.

Additional hydrogeologic data will be provided from the analyses of
drillhole cuttings from exploration boreholes constructed in the Amargosa
Desert in Tertiary valley-fill sediments, to depths of 2,000 ft by a
commercial mining company (Study 8.3.1.2.1.3). These analyses will provide
further knowledge of the areal and vertical distributions of hydraulic
conductivity, porosity, bulk density, lithology, and stratigraphy. Addi-
tional estimates of hydraulic conductivity will be provided by monitoring the
recovery of water levels in wells and piezometers after they have been pumped
for hydrochemical samples (Activity 8.3.1.2.3.2.3). The need for additional
information on the distribution of hydrogeclogic properties will be deterz-
mined as part of a regional data-needs assessment (Activity 8.3.1.2.1.3.1).

Annual average estimates of evapotranspiration were made for Franklin
Lake playa, based on measurements made at various times throughout the year.
These estimates (Activity 8.3.1.2.1.3.4) will be used in the two-dimensional
subregional model as one of the discharge boundary conditions. Sensitivity
analyses (Czarnecki and Waddell, 1984) have indicated that the flow system is
sensitive to evapotranspiration, and that the flow model would be improved by
refining these values. This sensitivity results partly because of the large
magnitude of the specified discharge used in the model and because the dis-
charge area is located directly downgradient from Yucca Mountain along the
azis of the Amargosa Desert. In addition, recharge estimates made at Forty-
mile Wash will be used in the model: other refinements in recharge estimates
throughout the study area will also be used.
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Hydrochemical studies at site and regional scales will provide addition-
al data to be considered as part of the ground-water flow modeling activities
(Activities 8.3.1.2.3.2.2 and 8.3.1.2.3.2.4). Hydrochemical analyses will be
used to help define the flow paths of ground water through various lithol-
ogies, to account for the evolution of various water chemistries and ages.
This hydrochemical perspective will be used as a partial basis for conceptual
models of ground-water flow.

The finite-element computer program to be used in the simulations of
this study is FEMOD. FEMOD has been verified against numerous analytical
test cases and has been successfully used in field ‘applications (Czarnecki,
1985), and comparisons against cother models.

8.3.1.2.1.4.3 Activity: Subregional two-dimensional cross-sectional
hydrologic modeling

Objectives

The objective of this activity is to estimate the ground-water flow
direction and magnitude along a potential flow path through the repository
block to the accessible environment, and extending into the region, to help
test the assumption of horizontal flow.

Parameters
The parameters of this activity are

Spatial distribution of hydraulic conductivity.

Hydraulic gradient.

Water flux.

Recharge.

Discharge.

Hydrogeologic properties of the saturated zone rock units.
Potentiometric~surface configuration.

SN e W
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Description

A two~dimensional, steady-state, cross-sectional model of ground-water
flow in the saturated zone will be constructed along an inferred ground-water
flow line through Yucca Mountain (Figure 8.3.1.2-11). The model will be
constructed to evaluate the lateral and vertical components of ground-water
flux in the saturated zone and to examine the importance of potential
structural features (such as fault-zone barriers) on the ground-water flow
path. Sensitivity analyses will be performed to (1) evaluate the effect of
saturated thickness distribution on ground-water flux direction and
magnitude, and (2) evaluate the effect of recharge from the unsaturated zone.
Results from this model may be used, in conjunction with other models and
studies that are designed to estimate effective porosity at the site, as part
of the basis for estimating ground-water travel time, in the saturated zone,
from the site to the accessible environment. A highly simplified represen-
tation of the section will be used, with each layer being modeled as
isotropic with respect to the hydraulic properties.
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The cross-sectional line shown in Figure 8.3.1.2-11 is based on a
potential flow path estimated by Czarnecki and Waddell (1984) using a two-
dimensional areal ground-water flow model. The flow line depicted in the
figure enters the region at the northern boundary, passes beneath the
repository perimeter drift, continues south, and is diverted to the southeast
around the Funeral Mountains barrier to discharge at an altitude 606 m at the
Franklin Lake playa. One of the basic assumptions made in using the areal
model was that ground-water flow was strictly horizontal. By modeling along
a cross section, this assumption can be tested, particularly from the
repository block to the accessible environment. If the vertical component is
minor, then the two-dimensional areal modeling approach may be valid instead
of using a fully three-dimensional model. A vertical component of ground-
water flow would also lengthen the flow path in the zone of saturation,
although it would not necessarily increase travel time.

8§.3.1.2.1.4.4 Activity: Regional three~dimensional hydreologic modeling
Objectives
The objectives of this activity are to

1. Develop a gquasi-three-dimensional ground-water flow model of the
saturated zone of the Yucca Mountain region.

2. Use the regional model to improve concepts of ground-water flow and
to estimate the distribution of hydrologic properties where they are
not well known.

3. Improve the regional model simulation through incorporation of new
hydrologic data and information as it becomes available from other
studies.

4. Use the regional model to test the impacts of possible future
tectonic activity and climatic changes on the saturated hydrologic
system.

Parameters

The parameters of this activity are

Hydrogeologic properties of the saturated zone rock units.
Potentiometric levels.

1. Spatial distribution of transmissivity.
2. Hydraulic gradient.

3. RWater flux.

4. Recharge.

5. Discharge.

6.

7.
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Description

A numerical, quasi-three-dimensional ground-water flow model of the
saturated zone of the Yucca Mountain region will be constructed and cali-
brated. Because of the highly complex geologic structure and stratigraphy in
the region, it is presently feasible to define only broad hydrogeologic
units. Because of the sparseness of hydraulic-property data, particularly
vertical hydraulic conductivity values for individual units, only a gquasi-
three-dimensional model is warranted at this time for simulation of the
regional saturated-zone flow system. In this model, a leakance layer is used
to simulate vertical flow between layers (see following description), and
detailed knowledge of the distribution of vertical flow properties is not
required. If feasible, a fully three-dimensional model will be developed for
the site saturated-zone flow system (Study 8.3.1.2.3.3).

Initially, the model will contain two layers that simulate horizontal
flow in each of two major hydrogeologic units in the study area: (1) a
combination of the Plio-Pleistocene deposits and the Miocene volcanic rocks
and (2) the Paleozoic carbonate rocks. In areas where one of these units is
missing, only a single layer will be used in the model. Vertical flow
between the two hydrogeologic units will be simulated by a leakance layer in
the model. The leakance layer will represent the composite effects of upper
and lower layer thicknesses, vertical hydraulic conductivities, and any
low-permeability zones present., The technical basis for using the leakance
layer in the quasi-three-dimensional model is discussed in McDonald and
Harbaugh (1984). With the existing data base, use of more than two layers to
represent the regional ground-water-flow system is not expected to be justi-
fied because of a sparsity of data on the three-dimensional hydrogeologic
properties of the system. This quasi-three-dimensional (or layered)
simulation of the saturated zone is needed because of the differences in
hydraulic properties between the two major hydrogeologic units and the
differences in potentiometric head (50 to 60 ft (16 to 20 m)) between the two
units. These differences in hydraulic properties and potenticmetric head
could not be simulated with a single-layered, two-dimensional model.

The USGS modular three-dimensional finite-difference ground-water flow
code {(McDonald and Harbaugh, 1984) is the numerical technique that will be
used to simulate the ground-water flow system in the Yucca Mountain region.
The USGS three-dimensional code allows ground-water flow simulations both in
two and three dimensions and, therefore, provides considerable flexibility
for simulating complex geohydrologic systems.

The model will be constructed using hydrogeoclogic data from previous
studies of the Yucca Mountain and Nevada Test Site areas. Data will be
compiled from previous drilling programs, geologic reports, well-scheduling
efforts, the regional and site characterization studies (8.3.1.2.1.3 and
8.3.1.5.2.1.3), the USGS Great Basin Regional-Aquifer System Analysis (Sun,
1986), and the USGS WATSTORE data base. Remote sensing studies (Activi-
ty 8.3.1.5.2.1.3) will provide information on possible ground-water flow
paths from recharge to discharge areas. Initial model simulations will use
the transmissivity distributions, recharge, and boundary conditions described
by Waddell (1982) and Czarnecki and Waddell (1984) for a previously
constructed two-dimensional ground-water flow model of the study region.
Leakage from the unsaturated zone will be simulated as areal recharge to the
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saturated zone in upland areas, which have wetter and cooler climatic
conditions, and in lowland areas, such as Fortymile Wash, where periodic
surface runoff is believed to be a source of recharge. Where arid conditions
prevail, leakage from the unsaturated zone is considered negligible on a
regional scale and available data do not justify simulation. However, model
simulations of the saturated zone at the site scale in the immediate vicinity
of Yucca Mountain (Study 8.3.1.2.3.3) will consider leakage from the
unsaturated zone.

Virtually no information exists regarding vertical hydraulic conduc-
tivity of the hydrogeoclogic units. An extensive testing program to determine
values for this parameter probably is not warranted. The units will be
modeled as isotropic with respect to hydraulic properties, and sensitivity
analysis will be conducted to evaluate the impacts of this assumption.

The model will be calibrated for steady conditions based on water-level
data contained in Winograd and Thordarson (1975), Waddell (1982), and
Czarnecki and Waddell (1984), and collected from Activities 8.3.1.2.1.3.2 and
8.3.1.2.3.1.2. Model calibration will consist of successive adjustment of
hydraulic properties (transmissivity, recharge, and vertical leakage) within
reasonable ranges to minimize the difference between observed and simulated
potentiocmetric head. The most significant adjustments are expected to be for
transmissivity in the vicinity of the steep-gradient area northeast of the
proposed repository site and for recharge along Fortymile Wash. Sensitivity
analyses will be made to address uncertainties, including model boundaries,
parameters, and fluxes. As an ongoing activity, the model will be updated
and recalibrated using data from the regional and site characterization
studies and other geological studies. As the data base improves, an attempt
may be made to improve the regional simulation by adding several additiomal
layers (such as the saturated alluvium) to the model in order to simulate
flow in the saturated zone in more detail as more hydrogeologic data become
available.

As a part of other activities (8.3.1.5.2.2.3 and 8.3.1.8.3.1.2), the
regional gquasi-three~dimensional ground-water flow model will be used to test
the impacts of possible future ground-water developments, tectonic activity,
and climatic changes on the saturated hydrologic system. Future movement
along faults in the vicinity of Yucca Mountain could change hydraulic proper-
ties so as to either impede or enhance ground-water flow. The impact of such
changes will be evaluated using the model. Future climate in the study area
could be considerably wetter than the present climate and produce correspond-
ing greater amounts of ground-water recharge. Increased recharge will be
simulated using the model to predict the impact on ground-water levels under
the site of the proposed repository at Yucca Mountain.

8.3.1.2.2 Investigation: Studies to provide a description of the
unsaturated zone hvdrologi¢ svstem at the site

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents
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The following sections of the data chapters swmmarize existing data
relevant to this investigation:

SCP section ' Subject
3.9.2.1 Hydraulic characteristics of the unsaturated zone
3.8.3.1 Accessible environment and credible pathways
3.9.4 Ground-water velocity and travel time
3.9.5 Hydrochemical confirmation of ground-water behavior
3.10.1 Summary of significant results (unsaturated zone
hydrology)
3.10.2 Relation to design (unsaturated zone hydrology)
3.10.3 Identification cf investigations (unsaturated zone
hydrelogy)
Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Infiltration characteristics, spatial distribution of the physical
and hydraulic properties of the surficial hydrogeoclogic units at
Yucca Mountain.

2. Unsaturated zone percolation characteristics, spatial distribution
of the physical and hydraulic properties of the repository host rock
and surrounding hydrogeologic units.

3. Unsaturated zone gas-phase movement characteristics, gas-phase
(pneumatic) properties of the repository host rock and surrounding
units.

4. Unsaturated zone hydrochemical characteristics, spatial and temporal
variation of the gas and water quality in the repository host rock
and surrounding units.

5. Velocities, fluxes, and travel times of water and gases in the
unsaturated zone.

Other site studies that supply information that support the determina-
tion of the above parameters include the following:
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Study Subject

.8.3.1.2.1.1 Characterization of the regional meteorology
(precipitation patterns) ‘

8.3.1.2.1.2 Characterization of the regional surface water (runoff
component of the precipitation)

8.3.1.2.1.4 Characterization of the regional ground-water flow system
(Fortymile Wash ground-water recharge to the site
unsaturated zone) '

8.3.1.4.2.1 Characterization of the vertical and lateral distribution
of stratigraphic units within the site area (site
hydrogeclogic units)

8.3.1.4.2.2 Characterization of site structural features (site
fractures and hydrogeclogic units)

8.3.1.4.2.2 Exploratory shaft facility geological studies (site
lithostratigraphy and structure that would lead to
hydrogeclogic unit definitions)

8§.3.1.5.2.1 Characterization of the Quaternary regional hydrology
(site unsaturated zone water age and analog recharge

chemistry)

8.3.1.5.2.2 Characterization of the future regicnal hydrology due to
climate changes (future site unsaturated zone flow)

8.3.1.6.4.1 Evaluation of impact of future erosion on hydrologic
characteristics at Yucca Mountain and vicinity (future
site unsaturated zone flow)

8.3.1.8.3.1 Characterization of the future regional hydrology due to
igneous and tectoni¢ activity (future site unsaturated
zone flow) '

Purpose and objectives of the investigation

The objective of this investigation is to develop a model of the
unsaturated-zone hydrologic system at Yucca Mountain that will assist in
assessing the suitability of the site to contain and isolate waste. Develop-
ing this model requires an understanding of the manner in which water and
gases move through the unsaturated zone, including the directions, paths, and
rates in which flow occurs. This information will be provided through
studies of the characterization of infiltration, percolation, gaseous-phase
movement, and hydrochemistry. Flow and transport modeling designed to
simulate the natural system will provide sensitivity analyses to help
prioritize additional data collection.
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Technical rationale for the investigation

In this introduction, the rationale for organization of the studies in
this information need is discussed and a logic for integration of the studies
and activities is presented. There are nine studies planned to be conducted
under this investigation: (1) characterization of unsaturated-zone infil-
tration, (2) water movement tracer tests, (3) characterization of percolation
in the unsaturated-zone surface-based studies, (4) characterization of per-
colation in the unsaturated-zone exploratory shaft facility studies,

(5) diffusion tests in the exploratory shaft facility, (6) characterization
of gaseous-phase movement in the unsaturated 2one, (7) characterization of
the unsaturated-zone hydrochemistry, (8) flow in unsaturated fractured rock,
and (9) site unsaturated-zone modeling and synthesis. Of these, there are
seven data collection studies that have specific objectives, and although
each will have modeling as part of the test design and data analysis, there
will be no system modeling associated with these studies. System modeling
will be conducted in the last two studies listed previously. Prototype test
activities will be conducted in support of the unsaturated-zone site char-
acterization investigation. These activities will not be part of site
characterization but will be performed to develop specific procedures/methods
or instrumentation/equipment that will be used in characterizing Yucca
Mountain. All prototype activities referenced in the subsequent discussion
of the unsaturated-zone investigation plans will not be conducted at the
Yucca Mountain site nor will they use samples from Yucca Mountain.

The infiltration study is targeted at characterizing the upper boundary
of the unsaturated zone system. Present day net infiltration into this
boundary and estimates of the bounds on the future net infiltration rates are
needed as an input for the system flow model. The goal of the percolatiocn
studies are to provide an understanding of the spatial distribution of the
present day fluxes within the unsaturated zone system. These values are not
only input for the site system model but also are essential for the perform-
ance asséssment modeling. The percolation studies and gaseous-phase studies
also will provide the material property and potential distribution values
that will be needed for the system modeling. All four data collection
studies are designed to reduce the uncertainties in the characteristics of
site properties in the two-phase flow model developed for the unsaturated
zone and in the information required to identify disruptive scenarios and to
quantify their likelihood.

One of the features of Yucca Mountain that permits consideration of a
repository in the unsaturated zone is the very deep water table, generally
about 500 to 750 m below land surface (Robison, 1984). As proposed, the
repository would be constructed in the lower part of a densely welded frac-
tured tuff, the Topopah Spring Member of the Paintbrush Tuff. These rocks
appear to have geomechanical properties that permit the construction of
stable openings and geochemical and thermal properties that are suitable for
storage of waste (Johnstone et al., 1984). 1In addition, these rocks have
fracture densities and apertures (Scott et al., 1983) that probably facili-
tate large, episodic increases of flux while maintaining unsaturated condi-
tions. Accordingly, a waste container and underground facility probably can
be designed to enhance water drainage through the surrounding rocks. Capil-
larity is expected to cause percolating water to bypass openings such as
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drifts and canister holes, so that only minimal water contact is made with
the waste containers {Roseboom, 1983).

At the Yucca Mountain site, the unsaturated zone could be a natural
barrier to radionuclide migration that would add to the barriers that exist
in the saturated zone system. The first component of the unsaturated zone
barrier is the likelihood that the ambient fluid flux of water is very slow
at Yucca Mountain. Next, a sequence of nonwelded porous tuffs that overlies
the Topopah Spring Member probably form a natural capillary barrier to retard
the entrance of transient pulses of water into the fractured tuffs. A simi-
lar sequence of nonwelded tuffs underlies the Topopah Spring Member. These
underlying nonwelded tuffs locally contain sorptive zeolites and clays that
could be an additional barrier to the downward transport of radionuclides
from a repository to the water table.

Although the general conditions just described probably exist, details
of the hydrologic processes, conditions, and properties in the unsaturated
zone are poorly known. These details need to be known to characterize the
site properly. The current lack of knowledge is the result of (1) lack of
data, because of the newness of the focus on the unsaturated zone; (2) in-
adequacy of the general state of understanding of the physics of flow in
thick, fractured-rock unsaturated zones in arid enviromments; and (3) lack of
well-established techniques for testing and evaluating the hydrology of such
unsaturated zones. To develop the information and understanding needed to
assess the suitability of the unsaturated zone at Yucca Mountain within the
time frame imposed by the national site-selection effort, an efficient and
focused investigative program needs to be conducted, and preliminary results
need to be obtained early in the program.

The phenomena of unsaturated flow have been studied extensively for
application to agricultural secil conditions  (e.g., Van Schilfgaarde, 1974;
Hagan et al., 1967; Childs, 1957; and Hillel, 1982); however, this is not
true for the lithified fractured porous media of Yucca Mountain. In all hard
rock settings, predictions of fluid-flow behavior depends on the correct
applications of fracture hydrology, a topic no more than 25 yr in develop-
ment. The state of the knowledge of unsaturated flow in fractured media is
even less advanced. Confidence in the capability of the Yucca Mountain site
to isolate nuclear waste depends upon developing valid concepts of fluid flow
through such media. Therefore, many of the unsaturated-zone site characteri-
zation activities are directed at developing quantitative methodologies to
assess fluid flow through unsaturated, fractured porous media.

For this purpose, the unsaturated zone system at Yucca Mountain was
divided into the infiltration boundary and the percolation region. Each
component of the system will be studied by multidisciplinary approaches
(i.e., hydraulic, pneumatic, and gaseous and aqueous-phase hydrochemical
studies) to describe the spatial and temporal distributions of the flux and
travel times within this system. On this basis, seven studies have been
developed: (1) infiltration characterization, (2) water-movment tracer
studies, (3) percolation--surface-based, (4) percolation--exploratory shaft
facility, (5) diffusion tests, (6) gaseous-phase movement, and (7) hydro-
chemistry. An eighth study, fluid flow in unsaturated fractured rock is
designed to help design and interpret hydrologic and pneumatic tests, and to
provide information about model parameters that can be incorporated into
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site-scale models, and also enable evaluation of the sensitivity of the flux
and travel time calculations to certain site characteristics that may not
readily be -determined. Finally, the ninth study is designed to develop a
conceptual model for the unsaturated zone on the basis of which the testing
programs can be designed and modified. This conceptual model will be modi-~
fied and eventually will lead to the integration of the information acquired
in the first eight studies to provide a sufficient understanding of the un-
saturated zone at Yucca Mountain. The last study will select, develop, and
apply numerical hydrologic models of the hydrogeclogic system at the site
scale. :

The infiltration boundary, or the surficial units, at Yucca Mountain is
one of the most important boundaries that needs to be characterized. Water
and air can enter and gases and water vapor can escape through this boundary
from the unsaturated zone where the repository is proposed to be constructed.

The net infiltration at Yucca Mountain is now imprecisely estimated from
regional water balance studies and other sources (Sections 3.9.3.3 and
3.9.3.4); improved estimates will be obtained by monitoring the natural in-
filtration process and simulating a variety of infiltration conditions in a
controlled manner. Physical properties and distribution of surficial soils,
rocks and vegetation influencing infiltration will be determined by field
sampling studies and mapping techniques. Drill core and cuttings, plus neu-
tron probe use, will provide lithologic and structural data, and especially
the distribution of moisture and effective permeability. Geophysical tools
will enhance the coverage of inaccessible units and their properties. About
100 neutron access holes will be drilled and monitored to permit the calcu~
lation of liquid flux and to characterize natural infiltration events from
the propagation of moisture fronts under a variety of conditions. Analysis
of stable isotopes, tritium, chlorine-36, fluorocarbons, and carbon dioxide
content from waters extracted from cores will provide independent estimates
of infiltration rates. To understand the effects of rainfall intensity and
duration outside the present natural range, artificial tests on several soil
plots will be run using simulated rainfall and ponding, while monitoring
transient and steady water movements in the underlying units. Dye and chemi~
cal tracers will be used. Numerical modeling will be intrinsic to these
tests, facilitating not only the design and operation but alsoc the interpre-
tation of results and the extrapolation to hypothetical future conditions,
which will serve as the boundary flux conditions for models of the entire
unsaturated zone.

The unsaturated zone at Yucca Mountain consists of a gently dipping
sequence of fine-grained ash-flow tuffs, mostly welded and fractured, with
some ash~flow and air-fall, nonwelded, sparsely fractured tuffs that are
vitric in some parts and zeolitized in others. The definition of the physi-
cal properties and spatial distribution of the different media within the
unsaturated zone is the subject of much of the testing (Studies 8.3.1.2.2.2
through 8.3.1.2.2.7) because all modeling and synthesis work require these
data. The thickness, lateral extent, inhomogeneities, and geophysical prop-
erties of all hydrostratigraphic units, as well as the distribution of frac-
tures and faults and their effective apertures, orientations, and intercon-
nectedness, are being studied as part of the surface-based and exploratory
shaft drilling and testing programs.
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Salient conditions to be characterized in any thick unsaturated zone are
the hydraulic and pneumatic potential gradient that extend from the land
surface to the water table (500 to 750 m at Yucca Mountain). Saturation and
matric potential may vary discontinuously from stratum to stratum. The
characterization of liquid-water flow in Yucca Mountain must include, for all
hydrogeclogic units, the determination of liquid-water flux distribution
under a variety of present and future conditions. Since liquid-water flux is
difficult to measure adequately at either the infiltration boundary or the
water table, it must be deduced from the potential distribution and the
conductive properties of the system, or by other indirect means. From the
viewpoint of isolation, the most significant findings will be to predict the
transport of radionuclides from the repository, 335 to 585 m beneath the
surface of Yucca Mountain, to the water table about 165 m below the repos-
itory. The hydraulic properties data that will be used for liquid-water flux
calculations will be collected in the surface-based and exploratory shaft
drilling and testing program (Studies 8.3.1.2.2.2 through 8.3.1.2.2.7).

Gas flow in the unsaturated zone has an important hydroclogic role, as
well as providing a potential mechanism for transport of radionuclides to the
accessible environment. Whereas the coexisting matrix and fracture pore
systems greatly complicate computations of total-system behavior under pre-
sent or future fluxes, the existence of the large-aperture fractures not only
provides drainability in the unsaturated zone but also provides large re-
lative gas permeability. Consequently, there may be natural gas-phase fluxes
through Yucca Mountain driven by seasonal atmospheric density differences
between the slopes and the summit and by geothermal heat within. Vapor dis-
charges from the air-filled fracture system may offset the infiltration of
rain and snowmelt because of convective and diffusive vapor transport out of
the mountain. By desaturating the matrix, perhaps below free~drained resid-
ual saturation, increased moisture tension aids in damping infiltration
pulses that may be channeled in the fractures or faults. It is important to
be able to quantify the vapor flux because it may be in a direction opposite
to the liquid flux. Activities addressing this phenomenon include all those
yielding air conductivities from packer tests with gas injection in bore-
holes, cross-hole air flow and gas tracer tests. Activities specifically
designed to define the gaseous flux distribution include the gas~phase
circulation study (Activity 8.3.1.2.2.6.1), the Solitario Canyon horizontal
borehole study (Activity 8.3.1.2.2.3.3), and the simulation of the natural
hydrogeclogic system (Activity 8.3.1.2.2.9.3).

The hydraulic and pneumatic testing described under this investigation
will provide a basis for estimating the distribution of fluid flux through
the unsaturated zone. To compute travel times from the fluid flux estimates,
a good understanding of the effective porosity is required. Presently, there
are very few methods that can provide the effective porosity, and these are
discussed under appropriate activities. Integration of the percolation
information with the hydrochemical data will provide a basis for travel time
calculations and future hydrologic condition predictions. The process for
providing parameters required by ground-water travel time (Issue 1.6) is
depicted in Figure 8.3.1.2-12.

Knowledge of liquid-water £low paths (fracture or matrix) in the

ursaturated zone and an understanding of factors affecting the occurrence of
liquid-water flow in fractures are needed to assess current and future travel
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times. Many surface-based and in situ activities include an evaluation of
fluid flow paths under current conditions. The intact-fracture test (Acti-
vity 8.3.1.2.2.4.1, percolation test (Activity 8.3.1.2.2.4.2), and bulk-
permeability test (Activity 8.3.1.2.2.4.3) are specifically designed to
evaluate liquid-water flow in fractured rocks at varicus scales, saturationms,
and fluxes.

Essential corroboration of ground-water velocities and the transport of
dissolved chemicals and gases will be sought through age dating of the fluids
and gases found in the pores at various depths. A thorough understanding and
evaluation of all factors influencing the hydrochemistry of the natural flow
system will be needed, because the knowledge provides the only potential
means for assessing rates of water movement independent of the hydrologic
deduction process, as well as a means of discriminating between hydrologic
processes that would otherwise remain hypothetical. In addition to its
contributions to ground-water travel time, hydrochemistry provides informa-
tion relevant to the characterization of gas transport, to the assessment of
palechydrologic conditions, to geochemical relationships, and to contamina-
tion by exploration activities. In the gaseous-phase and aqueous~-phase
investigations (Activities 8.3.1.2.2.7.1 and 8.3.1.2.2.7.2), analyses to
support the various test programs include not only a suite of inorganic
components but also certain organics, including freon-11 and freon-12 (which
serve as tracers); lithium and bromine used to tag drillwater; SFg used to
tag drilling air; and carbon~14 dioxide, chlorine-36, methane, HTO, HDO and
the oxygen-18 to oxygen-16 ratio, all natural or man-made tracers. Large
numbers of gas and water samples will be analyzed. These data will be used
to characterize (1) waste container environment at the repository and (2) the
environment under which sorption and solubility of waste elements will occur
along flow paths in the unsaturated zone.

Flow behavior in the unsaturated zone ¢of Yucca Mountain involves complex
interactions that are amenable to solution only with the aid of numerical
modeling. & great depth of understanding is required to predict the trans-
port of solutes and gases in a sequence of dipping pyroclastic units that
have variable granularity, degree of welding and alteration, porosity, and
fracturing. How these variables interact is essential knowledge for attain-
ing a correct solution; however, the interactions are very complex. For
example, variable saturation relates to variable relative conductivity and
anisotropy in hydrogeologic units whose fluxes relate to complex distri=-
butions of hydraulic and pneumatic potential between ill-defined boundaries
with internal discontinuities. The general approach that is being used to
solve this problem is to (1) refine the existing concepts cf the phenomena of
unsaturated, sometimes transient, flow of fluids and constituents in double-
porosity layered media; (2) construct detailed digital models that spatially
and temporally integrate the processes, incorporating boundary conditions,
physical properties, and parameters; (3) compute fluxes, potentials, concen~
trations; and (4) maintain consistency with all validated data. Since the
environment of field tests seldom isolates one phenomenon from all others,
models are working tools on many levels. Ultimately, two=- and three-
dimensional models of Yucca Mountain will be constructed that integrate the
hydrogeologic system as a means of assessing coupled effects of heat, water,
and gas flow for present, past, and possible future conditions. The flow and
transport modeling described in this issue, for both the saturated and un-
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saturated zones, will be coordinated with modeling efforts in Performance
Issues 1.1 through 1.6 (Section 8.3.5).

Flow model calibration will likely require redundant data to be
gathered. For example, imprecise measurements of matric potential may
produce distributions of hydraulic properties and boundary conditions that
are not internally consistent. The reason is that relative bulk conductivity
is very sensitive to matric potential. 1In general, fracture and fault
systems have very low porosity but very high conductivity relative to the
matrix (up to 4 orders of magnitude difference) (Davis and DeWiest, 1966;
Snow, 1969); thus, fluid flux can be greatly enhanced by small increases of
saturation. Fluxes characteristic of different climates may be modeled,
perhaps within the range of present observational precision. It will be
necessary to refine measurement methods to give meaning to such behavior as
the penetration of episodic, secular, or pluvial infiltrations in a double-
porosity model. Young fracture water may bypass older matrix water,
depending on fracture coatings present.

Hydrochemical data will be vital to the validation of the concepts of
flow in this unsaturated medium. The mechanisms will be examined and modeled
in connection with underground tests in which infiltration will be induced
artificially at various rates. Whereas fracture-system flow channeling may
occur readily in the uppermost unit, the Tiva Canyon welded tuff, models and
tests may suggest that fractures are less significant in the Paintbrush and
Calico Hills nonwelded tuffs, so that matrix imbibition damps out infiltra-
tion pulses, within these nonwelded units.

Gas-phase fluxz and potential distributions will be calculated from
two~dimensional and three-dimensional modeling that incorporates fracture
system anisotropic conductivity and saturation relationships, plus gas
storativity of fracture and matrix pore systems, for all units above the
water table. Flow will be driven by atmospheric pressures and temperatures,
varying daily and seasonally, and also by the ambient geothermal gradient. A
data~-gathering program is designed to provide input to such models as well as
to validate derived quantities.

When the phenomenologic components of the system have matured suffi-
ciently to permit reasonable synthesis, a three-dimensional coupled heat and
two-phase moisture flow model will be constructed for the existing natural,
pre-waste-emplacement system. The model must incorporate appropriate ex-
ternal and internal boundary conditions and material properties. This model
will serve as a baseline description of the natural hydrologic and transport
processes, and, additionally, will be used to model past and future natural
conditions. Such a model requires interactive complexity to accomplish such
objectives as (1) assess the importance and effects of topographic and
structural boundaries; (2) assess the relative roles of water vapor and
liquid-water transport; (3) describe the gas-phase and liquid-phase transport
of such tracers as tritium, deuterium, carbon-14 and others introduced by
man; (4) establish limiting conditicns for lateral flow, perched water and
structural drainage; and (5) establ:ish consistency of fluxes with temporal
and spatial variations of boundary conditioms.

Although the heat released by the waste is recognized to have a signifi-
cant effect on repository behavior and will have to be evaluated, the thrust
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of the work described here is to understand hydraulic and transport behavior
of the natural system, unaffected by the repository ©or the emplaced waste;
analysis of thermal effects is discussed in Sections 8.3.5.12.4.1 and
8.3.5.13.3.1.

8.3.1.2.2.1 Study: Characterization of unsaturated-zone infiltration

The objectives of the unsaturated-zone infiltration study are (1) to
determine the effective hydraulic conductivity, storage properties, and
transport properties as functions of moisture content or potential, and
(2) to determine the present and estimate the future spatial distribution of
infiltration rate over the repository block. Four activities are planned to
collect the data that are required to satisfy these objectives: analysis of
matrix hydrologic properties in the laboratory, evaluation of natural infil-
tration, characterization of hydrologic properties of surficial materials,
and studies of artificial infiltration.

8.3.1.2.2.1.1 Activity: Characterization of hydrologic properties of
surficial materials

Objectives

The objective of this activity is to characterize the infiltration-
related hydrologic properties and conditions of the surficial soils and rocks
covering Yucca Mountain. '
Parameters

The parameters of this activity are

1. Infiltration rates.

2. Runoff rates.

3. Porosity.

4. Density.

5. Water content.

6. Water potential.

7. Clay mineralogy.

8. Soil texture.

9. S0il and alluvium thickness.

10. Fracture density and fracture orientation.
Description

Methods designed to characterize the hydrologic properties of surficial
materials include sampling, testing, and mapping; remote sensing; nuclear
borehole geophysical logging; shallow surface seismic exploration; and geo-
tomography studies. The main purpose of these tests is to help characterize
the infiltration-related hydrologic properties of the surficial materials of
Yucca Mountain. Hydrologic property data from these and other tests de-
scribed in this report will be analyzed using statistical and geostatistical
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methods to help delineate surficial hydrogeologic units. Representative
hydrologic-property data from surficial hydrogeologic units will then be used
by others to model infiltration processes on Yucca Mountain.

Units that are defined on the basis of shallow infiltration processes in
the upper 1 ft of surficial material are called infiltration-runoff units.
Units that are defined to characterize net infiltration processes at depths
below 1 ft are termed surficial hydrogeologic units. The relationship
between surface infiltration and net infiltration is described in artificial
infiltration studies (Activity 8.3.1.2.2.1.3).

Some of the methods described in this section are divided into a
prototype component and a site characterization component. The prototype
component is designed to determine how equipment and methods must be adapted
to be used successfully on Yucca Mountain during site characterization.

Sampling, testing, and mapping methods will be used to help develop an
unconsolidated surficial-materials map of Yucca Mountain delineating units
with common shallow infiltration and runoff properties. These units will aid
in modeling runoff and shallow infiltration as a function of precipitation.

A 1:12,000-scale geologic map of the surficial materials covering Yucca
Mountain will be produced (Activity 8.3.1.5.1.4.2). These surficial geologic
units are expected to be a satisfactory base and starting point for devel-
oping units with common infiltration and runoff properties. The new units
will be called infiltration-runoff surficial units.

Preliminary studies will be conducted on an adjeining canyon and ridge
test area on Yucca Mountain to select the most appropriate infiltration~
related hydrologic property measurements to make on desert-mountain surficial
materials, to test state-of-the-art measurement techniques on these materi-
als, and to determine a sampling program necessary to characterize infiltra-
tion-runoff units. These studies also will determine if surficial geologic
units can serve as a basis, or starting point, for defining infiltration-
runoff units.

A preliminary surficial geologic unit map will be developed for the
surficial materials covering the canyon-ridge test area. Surficial materials
will be classified mainly on the basis of geomorphic processes and character-
istics. Geomorphic processes and characteristics include both pedologic and
hydrologic factors. Samples of surficial materials will be collected from
each map unit; and hydrologic properties, conditions, and related character-
istics will be measured. Hydrologic properties measured in the laboratory
will include texture, demnsity, water content, and water potential. Clay
mineralogy will be determined on selected samples. Density and water-content
measurements will also be made in the field. Related characteristics include
soil thickness, slope, and aspect.

Geostatistics will be used to determine the spatial relationship between
measurements and to determine if additional measurements are required beyond
the boundaries of surficial geologic units. Areas with similar hydrologic
properties will be defined, and the boundaries of these areas will be com-
pared with the boundaries of surficial geologic map units. This analysis
will permit the determination of the geologic map units, or portions thereof,
that will be useful in defining infiltration-runoff units.
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The preliminary definitions of infiltration-runoff units developed in
these preliminary studies will be evaluated and refined by conducting dou-
ble-ring infiltrometer tests in this same canyon-ridge test area (artificial
infiltration Activity 8.3.1.2.2.1.3). Furthermore, the feasibility of using
remote sensing techniques to aid in the mapping of infiltration-runoff units
will be evaluated, as described below. When optimum methods are identified
for mapping infiltration-runoff units, these methods will be used to produce
a map of infiltration-runoff units for the surface of Yucca Mountain.

Remote sensing methods will be used to help define infiltration-runoff
units and the changes in water content that may occur within these units as a
result of variations in precipitation and other meteoroclogical parameters.
Preliminary tests will be conducted on the canyon-ridge test area of Yucca
Mountain to determine the feasibility of correlating remote sensing imagery
data with hydrologic properties (infiltration~runoff units) and conditions of
surficial soils and rocks. Potentially useful infrared, visible, thermal,
and radar remote sensing data from this ridge system will be analyzed and map
units with statistically different spectral characteristics will be identi-
fied. infiltration-runoff units in the canyon-ridge system defined by the
sampling, testing, and mapping methods will be compared with map units de-
fined by common spectral characteristics. Spectral characteristics that
correlate well with infiltration-runoff units in this canyon-ridge system
will be identified for possible use in the site characterization mapping of
rainfall runoff units. The determination of acceptable levels of correlation
will be determined. In addition, thermal and radar remote sensing data will
be collected before and after precipitation events over a l-yr period in this
canyon-ridge system. These data will be analyzed to determine if they can be
used to describe changes that occur in the water contents of the surficial
materials as a function of precipitation, and other meteorological parameters
"hat may affect these water contents.

If the spectral characteristics of any of the various remote sensing
imagery correlate well with previously mapped infiltration-runoff units
and/or hydrologic conditions in the canyon-ridge test area, these remote
sensing imagery and associated spectral characteristics will be used through-
out the site. Remote sensing methods will be incorporated with the sampling,
testing, and mapping methods and the double-ring infiltrometry methods
described under the artificial infiltration studies (Activity 8.3.1.2.2.1.3).
Finally, if thermal or radar remote sensing methods prove successful in moni-
toring moisture changes in the surficial materials covering the canyon-ridge
test area, the methods will also be used to monitor moisture changes on the
entire surface of Yucca Mountain.

Borehole nuclear geophysical logging methods will be used (1) to develop
reliable laboratory field and calibration procedures that can be used for
selected borehole geophysical logging tools (including hand-held neutron
moisture meters used in neutron access hole logging):; (2) to determine den-
sity and porosity profiles in near-surface boreholes using gamma-gamma den=-
sity, neutron-moisture and neutron-porosity leogging methods; and (3) to com-
plement the neutron-moisture logging program by independently obtaining
water-content profiles in neutron access holes and other near-surface bore-
holes using neutron porosity methods. The scope of this logging program is
limited to measuring the hydrologic or hydrologically related parameters of
moisture content, porosity, and density. This logging program complements

8.3.1.2-143



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

density and porosity data obtained from core samples and will provide the
only source of these data in regions of boreholes where cores are not col-
lected. The program is not intended to generate a complete suite of borehole
geophysical logs that would yield electrical, magnetic, or spectroscopic
data.

Prototype borehole nuclear logging has been conducted to develop optimum
methods for calibrating the logging tools in the laboratory, and preliminary
tests have been conducted in the field. Neither standard field calibration
pits nor laboratory calibration facilities of any type for tuffaceous rock
existed before the beginning of these tests.

Three permanent laboratory calibration simulation tanks that simulate
borehole conditions around & 5-in.-inner-diameter casing have been success-
fully constructed during prototype tests. Each tank has a significantly
different water content, a slightly different dry bulk density, and a similar
chemical composition. All geophysical logging tools have been successfully
calibrated in these tanks. Based on these prototype tests, quality assurance
Level I procedures have been written for the construction of additional
simulators. These additional simulators will permit a more complete calibra-
tion of nuclear logging tools over a wider range of densities and water
contents. Furthermore, these tanks will help resclve the effects of large
differences in dry bulk density on neutron moisture tool response.

Preliminary field calibration tests have been successfully conducted in
cased and uncased sections of alluvium and nonwelded tuffs. However, testing
is regquired in cased and uncased sections of welded tuff to determine under
what conditions (if any) field calibrations can be successfully conducted.
Tests are also planned to determine if multidetector compensated neutron po-
rosity and gamma-gamma tools improve calibration curves, especially in welded
sections of tuff penetrated by the hole. Field calibrations in cased non-
welded sections of boreholes compare favorably with laboratory calibrations
previously described. These field calibrations have also resulted in pro-
gress in determining optimum tool and decentralizer design, logging rates,
and time constants for various rock types.

When these laboratory prototype tests and preliminary field tests are
successfully completed, all near-surface boreholes including neutron access
holes, shallow core instrument holes, and artificial infiltration monitoring
holes will be logged at least once with the gamma-gamma density, neutron
porosity, and neutron moisture analog recording borehole logging tools.
These logs will be in addition to neutron moisture meter logging described
under natural infiltration studies (Activity 8.3.1.2.2.1.2). Volumetric
water content and wet bulk density profiles will be generated directly from
calibration curves. Dry bulk density and porosity profiles will be calcu=-
lated from these measured profiles. These continuous profile data will be
used together with core data to determine the vertical spatial variation of
the physical and hydrologic properties measured. These vertical profile data
measured in a number of boreholes will also be useful in determining the
horizontal spatial variability between boreholes using geostatistical tech-
niques. The spatial variability data will be used to help define surficial
hydrogeologic units.
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Shallow surface seismic methods will be used to (1) help define the
fracture densities and orientations in surficial bedrock units covering Yucca
Mountain, and (2) determine depth to bedrock beneath alluvium-filled canyons
dissecting Yucca Mountain.

Shallow seismic techniques utilizing small energy sources will be used
to characterize the seismic velocities of surficial rock units. Information
about rock matrix density, fracture density, and fracture orientation in some
instances can be inferred from seismic velocities (e.g., Crampin et al.,
1980). These properties, together with the thickness of various surficial
layers, are important factors that affect the flow of water in these sur-
ficial materials. In this study, they will be treated as hydrologic
properties.

Prototype shallow surface seismic studies will be conducted off Yucca
Mountain to determine optimum methods that apply to determining the thickness
of alluvium in canyons on Yucca Mountain during site characterization. All
prototype work concerned with determining the alluvium=-bedrock contact will
be carried out in areas where depth-to-bedrock is clearly defined by bore-
holes. Seismic lines will be run parallel, perpendicular, and at an approxi-
mate 45 degree angle to the major axis of shallow canyons where bedrock
depths are accurately known from borehole data. Interpretative as well as
field methods will be developed in this study.

Seismic fracture studies will be conducted on surficial bedrock units
covering Yucca Mountain to determine the fracture properties of these units.
Fracture data from the bedrock units will be analyzed together with the
hydrologic characteristics of the overlying soils to help define surficial
hydrogeologic units. Seismic studies will also be conducted to determine the
thickness of alluvium in canyons and/or portions of canyons not containing
boreholes. Maps of bedrock depth in canyons will be generated.

Surface seismic methods previously described are relatively inexpensive
and easy to conduct but are inherently low-resolution techniques and are not
expected to yvield detailed fracture geometry data. Recent advances in high-
resolution geophysics (Ramirez and Daily, 1985), however, suggest that the
geotomography method, when coupled with infiltration experiments, has the
potential to characterize both detailed fracture geometry and possibly the
hydraulic properties of fracture systems.

In theory, geotomography has the potential to produce an image or a
cross=-sectional picture of the subsurface distribution of the electrical
conductivity and the dielectric constant between boreholes. Electrical
conductivity is related to fluid salinity and mineralogy, and the dielectric
constant is proportional to water content. Therefore, if a saline tracer is
added to water infiltrating into rock under steady-state conditions, it may
be possible to monitor both the changes in water content and the movement of
the saline tracer.

rototype geotomography studies will be conducted off Yucca Mountain in
conjunction with several prototype artificial infiltration studies (Activi-
ty 8.3.1.2.2.1.3) to evaluate the potential of using geotomography during
site characterization to evaluate the properties of the near-surface fracture
regime and to monitor infiltrating waters in the surficial rocks covering
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Yucca Mountain. Artificial infiltration tests will include as many as three
ponding prototype tests and two large-plot rainfall simulation (LPRS) proto-
type tests. Ponding tests will involve ponding water at the ground surface
and monitoring the saturated (or near-saturated) wetting front that advances
downward and the drainage that occurs after ponding is stopped. LPRS tests
will mainly involve monitoring unsaturated wetting front advancement result-
ing from the application of artificial rainfall. Both ponding and LPRS pro-
totype test plots will be located in areas that contain the range of fracture
properties expected at Yucca Mountain.

Prototype tests will be conducted first in relatively homogeneous
alluvium containing no fractures to test equipment and to produce baseline
images of wetting and drying of the profile during infiltration experiments.
Similar tests will then be conducted on fractured rock with simple fracture
patterns at the ground surface. Finally, tests will be conducted on frac-~
tured rock with a high degree of heterogeneity. Dye tracers will be used
during the last infiltration test at each site to stain the mineral surfaces
of flow pathways. All sites will be excavated and flow pathways mapped to
verify the geotomography images.

If prototype test results indicate that geotomography methods can be
successfully used to characterize the fracture geometry and hydrologic
properties of fracture systems beneath artificial infiltration plots, these
methods will be used in site characterization studies. It is planned to use
geotomography methods on the majority of ponding and LPRS plots proposed for
artificial infiltration studies (Activity 8.3.1.2.2.1.3).

8.3.1.2.2.1.2 Activity: Evaluation of natural infiltration
QObdectives

The objective of this activity is to characterize present~day infiltra-
tion processes and net-infiltration rates in the surficial soils and rocks
covering Yucca Mountain.

Parameters
The parameters of this activity are

Infiltration rates.

Net infiltration rates.
Flow velocities.
Precipitation.

Runoff.
Evapotranspiration.

h b WA
s e s e e e

Description

The main purpose of the natural infiltration studies is to characterize
the upper flux boundary condition for Yucca Mountain under present-day cli-
matic conditions. This upper boundary condition is required to model flow
through the thick unsaturated zone beneath Yucca Mountain. The determination
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of this boundary condition will be accomplished by four major studies. Neu-
tron access hole studies will monitor natural infiltration in approximately
100 neutron access holes located with the intent of sampling the range in
expected surficial hydrologic properties and conditions on Yucca Mountain.
Artificial infiltration control plot studies will be monitoring natural in-
filtration beneath as many as 25 small and 12 large rainfall-simulation con-
trol plots located in major hydrogeologic-surficial units. Tritium profiling
studies will determine flow velocities averaged over approximately the last
30 yr by analyzing bomb-produced tritium concentrations in core obtained from
representative neutron access holes. Consideration will be given to pro-
filing of gaseous as well as liquid tritium, because movement of tritium

in the vapor phase could affect infiltration analyses. Water budget studies
will calculate net infiltration by mass balance methods.

Some of the studies in the following description have been divided into
prototype and site-characterization components. The prototype component is
designed to determine how methods and equipment must be adapted to be applied
successfully at Yucca Mountain during site characterization. These prototype
studies will be conducted at locations off Yucca Mountain. All prototype
work has been completed for neutron access hole studies. Prototype work has
not begun on water budget or artificial infiltration control plot studies.

Neutron moisture logging techniques are currently being used in 74
neutron access holes to monitor natural infiltration. The locations of these
74 holes and 24 additional proposed holes are shown in Figures 8.3.1.2-13a,
8.3.1.2-13b, and 8.3.1.2-13c. Water~content profiles in these holes can be
obtained from neutron moisture logging data and appropriate calibration data.
Differences between water-content profiles from consecutive logging dates is
an indication that water movement is occurring, at least in the vicinity of
the borehole. Changes in water profiles are indicative of nonsteady state
flow processes that typically result from high-intensity and short-duration
precipitation events (thunderstorms) that yield surface runoff.

Steady state flow processes by definition do not result in water content
changes and therefore cannot be monitored by neutron moisture logging meth-
ods. Steady-state or approximately steady-state flow processes may exist
during and for a short period after long-duration and low-intensity winter
rainfall where constant-head (or constant-flux) boundary conditions have the
potential to develop. These conditions may also be approximated during the
slow melting of a winter snowfall. Steady state flow conditions will be
purposely generated during some artificial infiltration studies (Activi-
ty 8.3.1.2.2.1.3). The potential importance of steady state flow during
natural infiltration processes will be further evaluated after the completion
of these artificial infiltration tests.

Water flow velocities can be estimated from tritium concentration versus
depth profiles obtained by conducting tritium analyses on core samples col-
lected from unsaturated zone boreholes. The maximum depth reached by ele-
vated bomb-produced tritium concentrations is estimated from the profiles.
Tritium concentrations greater than approximately ten tritium units are con-
sidered to be elevated above natural background levels. This depth is then
divided by the time elapsed from the midpoint in the period of above-ground
atmospheric testing (approximately 30 yr). This quotient is an estimate of
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flow velocity over the last 30 yr. The analyses could be affected by pertur-
bations caused by movement of tritium in the vapor phase, and so profiling of
gaseous tritium will be considered as well.

Boreholes selected for initial tritium concentration profiling studies
are located in rock units thought to cover the range in surficial hydrologic
properties found on Yucca Mountain. When the initial program of tritium
analyses is completed, the data will be analyzed to determine additional
boreholes that should be tested for tritium content. The flow-velocity data
will be subjected to geostatistical analyses where possible. These spatial
variability results, when combined with other hydrologic property data,
should be useful in determining additional holes that should be tested.
These results should also be helpful in defining surficial hydrogeclogic
units.

Natural infiltration will also be monitored in the control plots associ-
ated with both small- and large-plot rainfall simulation sites. Prototype
and site-characterization studies planned for these control plots along with
associated test plots are described in more detail under artificial infiltra-
tion studies (Activity 8.3.1.2.2.1.3). Natural infiltration will be moni~
tored with several nuclear logging techniques from monitoring holes located
on the edges of the control plots (and test plots), and with a variety of
water content and water potential probes and sensors installed in different
horizontal planes beneath the plots. Control plots will be located at dif=-
ferent sites to cover the range in expected infiltration capacities within
each surficial hydrogeclogic unit. Natural infiltration will then be moni-
tored beneath as many as 25 small- and 12 large-plot rainfall simulator con-
trol plots for the duration of site characterization studies on Yucca Moun-
tain.

Water budget studies will be conducted to (1) evaluate the potential of
using water budget technigues as a tool to estimate infiltration in different
surficial materials covering Yucca Mountain under different climatic condi-
tions and (2) if these methods show potential, to apply these techniques to
monitor infiltration from both natural and artificial precipitation events.
The water budget studies will be used to supplement direct measurements of
infiltration.

The simplest form of the mass~balance water-budget equation used to
estimate infiltration is as follows:

Infiltration = (precipitation) = (runoff) - (evapotranspiration)

Unfortunately, the combined error from precipitation, runoff, and evapo-
transpiration measurements may be equal to or larger than infiltration values
in desert climates. Evapotranspiration can be calculated from meteorological
and soils data as well as from evapotranspiration simulators to varying
degrees of accuracy depending on climatic, soil, and vegetation conditions.
However, the error in the calculations and measurements of evapotranspiration
alone may be as large or larger than the low natural infiltration rates
expected for Yucca Mountain.

4 similar problem exists in the evaluation of infiltration rates, which
are typically a small component of the cverall mass-balance equation. For
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this reason, infiltration values will be measured directly. Evaluation of
infiltration values from the mass-balance equation will be done only for
confirmatory purposes.

Because of the problems expected with applying mass~balance methods to
infiltration problems on Yucca Mountain, a preliminary prototype study will
first be conducted to evaluate the suitability of using this approach for
different surficial materials under both natural and artificial rainfall
conditions. An analysis of the source and magnitude of errors of measurement
will be made in these preliminary studies. Attempts will be made to deter-
mine the conditions under which the errors of measurement are significantly
less than infiltration values. These conditions may occur only during and
after artificial rainfall simulations of precipitation events having higher
intensity, frequency, and duration than is encountered in a typical year
under present-day climatic conditions. The problem of defining the
relationship between natural and artificial rainfall will also be addressed.
This problem is discussed in further detail under the artificial infiltration
studies (Activity 8.3.1.2.2.1.3).

8.3.1.2.2.1.3 Activity: Evaluation of artificial infiltration

Objectives

The objectives of this activity are

1. To characterize the range and spatial variability of infiltration
rates in approximately the upper foot of unconsolidated surficial
material using double-ring infiltrometer studies.

2. To characterize the range and spatial variability of infiltration
rates, flow velocities, and flow pathways in approximately the upper
15 ft of both consolidated and unconsolidated surficial materials
using ponding studies.

3. To characterize the complex relationship between rainfall, thickness
of soil, and development of perched water tables in approximately
the upper 3 ft of unconsclidated surficial material using small-plot
rainfall simulation tests.

4. To characterize the relationship between precipitation, runoff,
infiltration, and evaporation, in approximately the upper 15 ft, on
at least one site, in each hydrogeoclogic surficial unit using
large-plot rainfall simulation tests.

Parameters

The parameters of this activity are
Rainfall.
Evapotranspiration.

Runoff.
Saturated and unsaturated infiltration rates.

PSR TV A
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5. Water fluxes.
- 6. Flow velocities.
7. Flow pathways.

Descrigtion

Artificial infiltration tests will be conducted on the surficial mate-
rials covering Yucca Mountain to characterize near-surface water movement.
Water fluxes, flow velocities, and flow pathways will be characterized in the
major hydrogeologic surficial units under present-day and simulated wetter
climatic conditions. The main purpose ¢of these tests is to determi-: the
upper flux boundary conditions for Yucca Mountain under simulated we:tter
climatic conditions. A series of four different types of artificial infil-
tration studies is proposed in this plan: double-ring infiltrometer studies,
ponding studies, small-plot rainfall simulation studies (SPRS), and large
plot rainfall simulation studies (LPRS). Beginning with the double-ring
infiltrometer studies, each type of study increases in complexity and builds
on the results of previous studies.

Some of these studies will consist of prototype and site characteri-
zation components. Prototype studies, to be conducted off Yucca Mountain,
will be limited in scale and will be designed to determine how methods and
equipment must be adapted to be applied to the surficial materials on Yucca
Mountain during site characterization.

Double~ring infiltrometry measurements will be used in this study to
characterize infiltration rates in approximately the upper foot of uncon-
solidated surficial materials covering Yucca Mountain. The characterization
of surficial infiltration rates over Yucca Mountain is important for several
reasons. The infiltration rate, relative to the rate of rainfall or snow-
melt, determines how much water will enter surficial materials and how much
will run off. The relationship between snowmelt or precipitation rate and
surface runoff is of critical importance in modeling the effect of wetter
climatic conditions on the unsaturated-zone hydrology of Yucca Mountain. In
addition, surficial infiltration rates may, in some instances, be low enough
to be the limiting factor that controls infiltration to deeper zones. In
these instances, measurements of surficial infiltration rates can be used to
estimate net infiltration rates. The term infiltration rate is defined here
as the infiltration flux resulting when water, at atmospheric pressure, is
made freely available to the unconsolidated material surface.

If infiltration-runcff units defined from double~ring infiltrometry
measurements correlate well with units previously determined from (1) mapping
activities involving field and laboratory hydrologic property measurements
(Activity 8.3.1.2.2.1.1, characterization of hydrologic properties of surfi-
cial materials), and (2) remote-sensing data-collection activities, then
site-characterization mapping procedures will rely mainly on these previously
used methods and only a limited number of double-ring infiltrometry measure-
ments will be used. If the correlation is poor, double=-ring infiltrometer
measurements will be used extensively to define infiltration-runoff units
over Yucca Mountain. The infiltration-runoff units will be used to help
model shallow infiltration and runoff from possible future precipitation
events.
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Ponding tests will use existing neutron access holes; however, addi-
tional boreholes will be drilled at ponding sites if prototype geotomography
tests (Activity 8.3.1.2.2.1.1) are successful. Impoundments will be built
around selected neutron access holes to permit the ponding or flooding of
surficial units. Monitoring the water-level changes in the impoundment gives
an estimate of the maximum intake or infiltration rate into the surficial
unit. Tracking the wetting~front advancement via neutron moisture logging,
geotomography, or other geophysical logging methods will give an estimate of
flow velocities and an indication of the relative importance of fracture and
matrix flow. Following changes in the water content profile during drainage
can provide an estimate of hydraulic conductivity as a function of formation
water content (Libardi et al., 1980). '

An organic dye tracer that will adsorb on mineral surfaces to a limited
extent will also be added to the ponded water to define pathways. After
ponding experiments are completed, several sites covering the range of infil-
tration rates for each hydrogeclogic unit will be excavated and flow pathways
mapped by following the colored dye tracer. This procedure will help evalu-
ate the potential for downslope flow. The tracer dye will be selected to be
as conservative as possible, and yet to absorb enough on mineral surfaces to
be readily visible or detectable. The area beneath some highly fractured
ponding sites may be excavated to depths as great as 25 ft. This will re-
quire a mining operation to reach these depths. After mapping of the flow
pathways is completed, the large holes will be backfilled with mixtures of
muck and bentonite. No more than six 25-ft deep excavations are estimated to
be required. All other excavations will be shallow enough so that they can
be completed with surface excavation equipment.

In this study, ponding tests that measure infiltration rates over ap-
proximately the upper 15 ft of unconsclidated surficial materials will be
conducted at the same location as double-ring infiltrometry measurements. If
shallow infiltration rates measured by double-ring infiltrometry methods cor-
relate well with net infiltration rates determined by ponding methods in a
particular area, double-ring infiltrometry data will be used to describe the
spatial variation of net infiltration over that particular area.

Over B0 percent of the bedrock above the valley floor on Yucca Mountain
is estimated to be covered by a layer of unconsolidated rock or soil ranging
in thickness from less than 1 in. to 5 ft or more. Depending on the thick-
ness of this layer, its porosity, and the size of a precipitation event, the
unconsolidated material can theoretically act as a storage zone and prevent
infiltration into the underlying fractured bedrock. In this situation, un-
consolidated layers act as capillary barriers. However, if rainfall occurs
for a long (as yet undetermined) period of time, perched water conditions are
likely to develop at the bedrock-unconsoclidated material contact. The posi-
tive pressure heads in this perched water zone can cause flow into any large
open fractures in the bedrock. Field data are required from each hydrogeo-
logic unit to determine the complex relations between rainfall, thickness and
properties of unconsoclidated rock or soil, and the development of perched
water tables. Small-plot rainfall simulation (SPRS) studies will be conduc-
ted to collect this needed data. The main purpose of SPRS tests is to deter-
mine these relationships in the upper 3 ft of surficial material covering
Yucca Mountain. The SPRS studies are ideally suited for studying infiltra-
tion through shallow, layered systems. In the relatively unlayered alluvium
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deposits found in valleys, SPRS tests will be used to define unsaturated
hydraulic conductivity functions and flow parameters in the upper 3 ft.

A control plot will also be located adjacent to each SPRS test plot in
an equivalent hydrogeologic setting. Note that it may be very difficult to
find an equivalent setting in fractured rock, even in adjacent areas. SPRS
control plots will be instrumented similarly to SPRS test plots, but they
will not receive artificial rainfall. The control plot will be used to
monitor infiltration and runoff from natural rainfall. These control plots
are described more fully under natural infiltration activities (Activi-
ty 8.3.1.2.2.1.2)}. :

The instruments to be used in the program include various moisture and
water potential senscrs, vacuum samplers for unsaturated-zone water, and
surface runoff flumes. Control plots will be instrumented identically to
test plots, except that vacuum ground-water samplers will be omitted. Arti-
ficial rainfall of different intensities and durations will be applied to the
SPRS test plots. This artificial rainfall will contain conservative ground-
water dye tracers to help monitor the movement of infiltrating waters.
Wetting-front advancement will be monitored by moisture and water-potential
sensors, by ground-water tracers, and by geophysical logging techniques.
These monitoring techniques will also yield data on fluxes and flow
velocities.

Results from double-ring infiltrometry, ponding, and other data collec~-
tion programs should facilitate the combination of similar hydrogeologic
surficial map units and help locate the SPRS plots. Ponding tests are
expected to show that the thickness, texture, and porosity of unconsolidated
soil are important factors in governing net-infiltration rates. In some
instances, soil hydrologic properties may be more important than the proper-
ties of the underlying bedrock. SPRS plots will be located adjacent to
ponding sites in order to characterize in more detail the infiltration pro-
cess occurring in the upper 3 ft of unconsolidated surficial material and
bedrock in the vicinity of the ponding site. Care will be taken to locate
all SPRS plots in positions that are equivalent in every way to the nearby
ponding plots. In addition, SPRS plots will be located in such a way as to
ensure that the water content of the rock beneath the SPRS plots has not been
disturbed by the ponding tests.

After completion of SPRS tests, more complex large-plot rainfall simula-
tions (LPRS) will be carried out on at least one site from each hydrogeologic
unit to measure rainfall, infiltration, runoff, and evapotranspiration under
simulated wetter climatic conditions. LPRS tests are better suited for
studying these processes than SPRS tests because larger areas and deeper
depths can be studied. Factors affecting the development of perched water
tables will also be examined. After the artificial rainfall application is
stopped, and the profile is sufficiently wet, the drainage of that profile
will be monitored. A comparison of drainage data with profile wetting data
will yield an estimate of hydraulic conductivity as a function of water
content.

LPRS control plots will be located adjacent to each LPRS test plot in an

equivalent hydrologic enviromment. Artificial rainfall will not be applied
to the control plots. infiltration-runoff data from control plots during
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natural rainfall, compared with infiltration-runoff data from LPRS plots
during simulated rainfall, will help establish the relationship between nat-
ural and simulated rainfall. The LPRS control plots are also important com-
ponents of the natural infiltration monitoring program.

Both control and test LPRS plots will be instrumented similarly to the
SPRS plots discussed previously. These instruments plus various geophysical
logging techniques will be used to monitor moisture movement beneath these
plots in response to both natural and artificial rainfall.

Parameters will also be measured at each site for water budget calcula-
tions of infiltration. Meteorological data will be collected at each site
for evapotranspiration calculations. Runoff and sediment yield as a function
of rainfall will be determined by monitoring flumes. The meteorclogic and
runoff data will be collected as part of Studies 8.3.1.2.1.1 and 8.3.1.2.1.2.

8.3.1.2.2.2 Study: Water movement tracer tests using chloride and
chlorine-36 measurements of percolation at Yucca Mountain

The objective of this study is to obtain information from isotopic
measurements of soil, tuff, and water samples collected from Yucca Mountain
that is pertinent for assessing the performance of a nuclear waste reposi-
tory. Measurements of chlorine isotopic distributions will help characterize
the percolation of precipitation into the unsaturated zone. The chlorine-36
in the unsaturated zone occurs from atmospheric fallout of chlorine-36
produced by cosmic-ray secondaries reacting with argon-40 and, to a lesser
extent, with argon-36 and as global fallout from high-yield nuclear weapons
tests conducted at the Pacific Proving Grounds between 1952 and 1563. When
chloride ions at the surface are washed underground by precipitation, the
radioactive decay of the chlorine-36 in the chloride can be used to time the
rate of water movement. The chlorine-36 half-life of 301,000 yr permits the
detection of water movement in the range of approximately 50,000 yr to 2 mil-
lion years. These data are part of the input for developing numerical models
of ground-water flow at this site.

Chlorine-36 is just one of many natural isotopes that could be used to
evaluate infiltration, mixing, ground-water sources, and alternative models
of possible upwelling of deep water. 1In fact, various stable isotopes will
be analyzed as part of Activity 8.3.1.2.2.7.2 (aqueous-phase chemical inves-
tigations). In addition, however, the natural isotope technetium=-99 could be
used as an alternative or as a supplement to work already planned. Labora-
tory methodologies regarding the analysis of technetium=-99 are available.
Analyses of the noble gases helium, argon, and neon could also be used as a
powerful tool to evaluate the mixing of waters (i.e., source determination,
upwelling). These isotopes could provide a distinct reservoir signature. If
a need is established to utilize natural isotopes other than those previously
identified, technical plans will be developed and included in an SCP progress
report, and the study plan will be revised to include a new activity.
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8.3.1.2.2.2.1 Activity: Chloride and chlorine-36 measurements of
percolation at Yucca Mountain

Objectives

The purpose of this activity is to help quantify the amount of percola-
tion from precipitation into the unsaturated zone at Yucca Mountain. The
data will be used as part of the input to characterize the movement of water
through the unsaturated zone at Yucca Mountain.

Parameters

Data are needed for the following parameters:
Precipitation measurements.
Dry chloride fallout.

Fracture morphology in Paintbrush Tuff.
Site hydrology and hydrochemistry.

[ RV AN

Data have been gathered for the following parameters:

1. Depth of each sample from the surface.

2. Chloride in soil and tuff samples.

3. Chlorine-36 to chlorine ratios in soil and tuff samples.

4. Chlorine=-35 to chlorine-37 ratios in soil -and tuff samples.

Description

Previous work in this activity has resulted in the measurement of
chlorine-36 as a function of depth in soils from two locations at Yucca
Mountain. The data permitted the calculation of infiltration during the past
quarter century at one location, trench YW-6. The small quantity of chlor-
ine~36 observed at a second location in Coyote Wash indicated that recent
hydrologic activity carried the chlorine-36 either laterally or downward.
Chloride analyses of samples from greater depths will be performed to
characterize the extent to which recent water movements can be traced by
chlorine-36.

Additional chloride measurements will be performed on samples to be
collected after a survey of Yucca Mountain to determine areas of active
percolation (Activity 8.3.1.2.2.1.2). These measurements will define the
areal and part of the vertical distribution of chloride and its isotopes.
Measurements of tuff samples will elucidate meteoric chloride movement into
the tuff. These data will aid in estimating the effect of the tuff matrix in
retarding the migration of water and solutes in the more permeable fracture
zones.

All the data collected in this activity will be used to develop numeri-
cal models to estimate the effective infiltration rate at Yucca Mountain.

8.3.1.2-157




YMP/CM=-0011, Rev. 1 YMP/CM=-0011, Rev. 1

8.3.1.2.2.3 Study: Characterization of percolation in the unsaturated
zone--surface-based study

The objectives of the surface-based unsaturated zone percolation study
are to (1) determine the present in situ hydrologic properties of the unsatu-
rated zone hydrogeologic units and structural features, (2) determine the
present vertical and lateral variation of percolation flux through the hydro-
geologic units and structural features, (3) investigate the relationships
between present flux and past climatic conditions, and (4) determine the
effective hydraulic conductivity, storage properties, and transport proper-
ties as functions of moisture content or potential. Three activities are
planned to collect the data that are required to satisfy these objectives.
The planned activities are (1) matrix hydrologic properties testing, (2) site
vertical borehole studies, and (3) Solitario Canyon horizontal borehole
study.

In the matrix hydrologic properties laboratory analysis, a variety of
standard laboratory tests will be conducted in support of hydrologic studies:
matric suction and moisture content, moisture retention, porosity, density,
and the effective conductivity moisture characteristics for air and water.
Tests will be run on core, cuttings, and excavated blocks collected during
drilling and mining. Prototype tests to determine optimum methods of sample
handling and to develop and evaluate various testing methods for matrix
hydraulic property acquisition will be performed. The objective is to
characterize ambient matrix properties for all penetrated hydrogeologic
units, and to provide the data necessary for modeling past and future
hydrologic conditions as well as to serve the many ongoing activities. A
data base will be built to provide statistics of measurement errors and
populations important to the definition of cumulative distribution functions
of travel time and contaminant breakthrough. Samples to be tested will be
obtained from the expleoratory shaft facility, from surface-based boreholes
described in this investigation, and from other surface~based boreholes.

In the site vertical borehole studies, 17 vertical holes are planned to
provide information on hydrologic characteristics of the unsaturated tuffs
across the site. Immediately following drilling, packer nitrogen-injection
tests will be run in each vertical borehole (except two) to determine gas-
phase permeabilities of the rock mass. Cross-hole pneumatic tests will be
run in two cluster sets of boreholes. The hydraulic properties such as per-
meabilities to air and water will be determined using packer-injection tests
in single and cross-hole configurations. Gas tracer diffusion studies will
be undertaken at one borehole cluster set. Samples will be collected from
the boreholes to be tested to determine hydrologic properties and their
variation across the site. In addition, core and gas samples will be used
under Study 8.3.1.2.2.7 for chemical/isotopic analyses. The determination of
the in situ potential field across the site will be attempted by installing
instrumentation within each borehole and monitoring them for 3 to 5 yr. It
is recognized that drilling the borehole may initially disturb the in situ
conditions and that time will be required for conditions to reequilibrate.
Prototype tests are being performed to evaluate the capabilities and
limitations of the instrumentation to be used in the extended monitoring time
period and teo evaluate whether in situ conditions will return within the
mcnitoring period. Numerical analyses will also be used to predict how long
the disturbed region around the borehocles will take to return to its in situ
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condition. The objectives and design of the boreholes wi_l be evaluated
after completion of these prototype tests and analyses. If these tests prove
feasible, a definition of the in situ potential field will provide the
initial condition of in situ pressure head distribution across the site that
is called for by Issue 1.1 and 1.6 (Section 8.3.5).

Lateral variations in permeability will be determined in part by dril-
ling a horizontal borehole into the west side of the repository block, where
the Solitario Canyon slope and fault zone provide different infiltration and
gas~flow conditions than the rest of the block. By penetrating about 100 m
of the steep fault zone within the fractured Topopah Springs welded tuff, the
borehole will facilitate measurement of fault zone permeability to air
(packer tests within the zone) and transverse permeability (packer-to-packer
across the fault). The distribution of moisture as a function of depth under
the slope, together with core properties and air permeabilities will be used
to define the boundary conditions for modeling.

No natural perched water has been observed in holes drilled in Yucca
Mountain. However, circulating drilling fluid that was lost in hole USW G-1
was observed in USW UZ-1, 335 m distant. This occurrence suggests that there
is the potential for perched water to form and move laterally under certain
conditions. Therefore, in the event that other seeps are discovered in any
excavation, the perched-water test has been developed to measure flows and to
sample the water for chemical composition and age determination. Hydraulic
properties of any perched zones located will be determined, and instruments
will be installed to monitor pressure or potential. A possible horizon for
perched water conditions may exist above a capillary barrier in the
Paintbrush nonwelded or bedded tuff. Though it is not presently evident,
perched water might contribute to the diversion of higher fluxes, if pluvial
climatic conditions were to return. Prototype testing will be performed in
G-tunnel to develop instrumentation and test procedures.

8.3.1.2.2.3.1 Activity: Matrix hydrologic properties testing

Objectives

The objectives of this activity are

1. To characterize the flux-related, matrixz hydrologic properties of
major unsaturated-zone hydrogeoclogic units through-laboratory
testing of geologic samples obtained from surface based boreholes
and excavations and from coreholes in the primary science ramp
(north ramp) and emplacement drifts.

2. To use statistical and geostatistical methods to calculate, with

known certainties, the values of flux-related matrixz hydrologic
properties within large volumes of rock beneath Yucca Mountain.
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Parameters
The parameters of this activity are

Porosity.

Density.

Permeability.

Relative permeability.
Moisture retention.
Matric potential.
Water potential.

Water content.

Water storage capacity.
Fluid flux.
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Description

This investigation is designed to develop a comprehensive matrix-
property data base to be used in calculation of matrix flux within the
unsaturated zone of Yucca Mountain under both present and possible future
climatic conditions. To accomplish this, matrix hydrologic properties will
be measured on geologic samples collected from the coring of surface-based
boreholes (Activity 8.3.1.2.2.3.2 and Site Program 8.3.1.4), and from
coreholes in the primary science ramp (north ramp) and emplacement drifts.
Matrix hydrologic property measurements will be conducted on consolidated
geologic rock samples only. The sampling program from this activity will be
coordinated with the sampling program activity described in Investigation
8.3.1.4.1. Measurements will not be made on unconsolidated geclogic samples
(drive-core samples) of alluvium-colluvium whose matrix properties can be
easily disturbed during sampling. The collection and handling of samples and
measures taken to minimize the alteration of sample matrix hydrologi¢ proper-
ties from in situ conditions is discussed in detail by Hammermeister et al.
(1986) .

Prototype tests will be conducted to determine optimum methods of col-
lecting, dividing, coring, preserving, transporting, and storing large rock
samples from exploratory shaft facility excavations. These tests will also
determine (1) the minimum sample dimensions that will be required for the
large rock samples to be obtained from exploratory shaft facility excavations
and (2) the minimum sample dimensions of large rock samples required to
obtain 2.56-in.~outer- diameter core. These cores are required for matrix
hydrologic property tests and the extraction of water for geochemical
analyses. Air rotary coring procedures will be developed to obtain core from
large rock samples with minimally disturbed water content.

A summary of all existing and planned surface-based unsaturated zone
boreholes that have or will yield geologic core samples suitable for matrix
hydrologic property testing is given in Table 8.3.1.2-5. This table does not
yet include the boreholes planned under the rock characteristics program
(8.3.1.4) because specific information on those holes has not been developed.
The information will be included when available. Total numbers of samples
available for matrix hydrologic property testing is given in Table 8.3.1.2-6
for all existing and currently planned boreholes. For planned unsaturated
zone boreholes, this same informaticn Is estimated. Unsaturated boreholes
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Table 8.3.1.2-5.

Borehule information and estimates of numbers

permeability related tests (page 1 of 2)

of core samples available for

Non- to partially
welded and bedded tuff units

Moderately to densely
vwelded tuff units

Comple-~ Total Continuously Numbar Depth interval Number
tion depth cored inter- of samples bestween “spot of samples
Borehole date (te) vals (ft) available cores* (ft) available
SHALLOW CORED AND INSTRUMENTED HOLES
UE~25 UL#4 9/84 366.5 275.9 83 10 8
UE-25 U85 10/84 363.0 264.0 94 10 2
UsSwW uz-17 1/83 207.0 81.0 k) 10 to continuous 10
usw Uz-13 3/8% 430.1 57.0 21 10 18
USW Uz-6a $/88 $19.0 85.0 18 20 21
usw uz-8 -8 350.0 80.0 30 10 25
usw Uz-11 - 500.0 20.0 10 10 40
DEEP CORED AND INSTRUMENTED HOLES
UE-25 U299 - 2,000.0 85.0 30 10 75
UE~25 UZ#9a - 1,500.0 85.0 30 10 50
UE-25 UZ#9D - 1,500.0 85.0 30 10 50
USW UZ-10 - 1,500.0 60.0 25 10 50
osw UL-2 - 1,500.0 90.0 35 10 S0
Usw Ug-3 - 1,400.0 90.0 35 10 50
NEUTRON ACCESS HOLES

UE-25 ULN#LO 12/85 99.0 99.0 16 - -
USwW Uz-N24 2/86 75.0 51.0 21 10 2
USW UZ-N46 1/86 99.0 99.0 30 - -
USW U2-847 1/86 86.4 17.4 7 intermittent 2
USW UZ-N98 2/86 75.0 49.0 15 - -
USH Uz-u1l - 50.0 - - ] 10
osw ug-M15 - $0.0 - - ] 10
UE-25 UINPLE - $0.0 - - 5 10
OSW 0zI-M17 - 50.0 50.0 20 - -
Usw uz-N27 - $0.0 - - 5 10
OSW U3-N31 - 50.0 - - ] 10
Usw 02-N32 - $0.0 - - 5 10
USW Uz-N33 - 50.0 - - 5 10
USM 01-N34 - 50.0 - - S 10
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Table 8.3.1.2-5.

Borehcle information and estimates of numbers of core samples available for

permeability related tests (page 2 of 2)

Non- to partially
welded and bedded tuff units

Moderately to densaly
welded tuff units

Comple- Total Cont inuoualy Number Depth interval Number
tion depth corad inter- of samples between ®spot of samples
Borehole date (te) vals (ft) available cores® (ft) available
NEUTRON ACCESS HOLES (continued)
usw ug-~nN3s - 50.0 - - L 10
Usw uz-nié - $0.0 - - 5 10
usw uz-~w37 - 50.0 - - -] 10
UsSw Uz-N38 - 50.0 - - L) 10
Usw Uz-N39 - 50.0 - - 5 10
Usw Uz-NS3 - 0.0 - - S 10
Usw ug-nS4é - $0.0 - - ) 10
USW UZ-N3S - $0.0 - - S 10
USN UZ-NS? - $0.0 - - S 10
USW UZ-NSH - 50.0 50.0 20 - -
USN UZ~N61 - 50.0 - - 5 10
USH U2-N63 - 0.0 - - S 10
SMALL-PLOT ARTIFICIAL INFILTRATION MONITORING HOLE
SPRS~1 -~ - 5.0 0to$s 48 - -
SPRS~24
SPRS~28 ~- - 5.0 - - 2.5 198
SPRS-100
LPRS~] ~= - 35.0 0~35 700 - -
LPRS-S0
LPRS~S0 - - 35.0 - - 2.5 980
LPRS~120
TOTAL k1] 1,178
s~ denotes not available.

T "48y¥ ‘17100-RO/dWK
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Table 8.3.1.2-6.

property testing

Estimated number of unsaturated zone core samples available for matrlx-hydrblogic

Estimated number

Estimated number of core

Borehole Number of core samples samples available for matrix
symbol Purpose of hole of hole originally available? hydrologic property testsP
L1} Unsaturated zone hydrology
studies 334 3,270 3,270
A Initial geologic strati-
graphy and structure
astudy 5 849 636
B Initial saturated zone
hydrology study 1 420 316
C Saturated zone tracer
studies 3 150 112
G Geologic stratigraphy and
structure studies 5 3,259 2,444
H Saturated zone hydrology
study 6 323 242
TOTAL
8,271

7,020

a0ne core sample was assumed to be obtained for every 2.5 ft of continuous core.
was less than 2.5 ft long, 1 sample was assumed to be originally available.
b100 percent of original samples of unsaturated zone holes was assumed to be available for matrix

property testing; 75 percent of original samples from all other holes was estimated to be currently

available for testing.

If a core interval
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include shallow core and instrument holes (200 to 500 ft deep), deep core and
instrument holes {1,000 to 2,000 ft deep), neutron access holes (20 to 100 ft
deep), and artificial recharge monitoring holes (5 to 35 ft in depth). 1In
all unsaturated boreholes, the depth interval between core samples designated
for matrix hydrologic property tests in continuously cored portions of tuff
is approximately 2.5 ft,

Classical statistics and property testing methods will be used to deter-
mine the number and locations of the geologic samples to be tested for matrix
hydrologic properties for each surface-based borehole. Sufficient samples
will be collected to permit assessment of the combined effects of inherent
random and spatial variation among samples and the experimental error of
measurement. The random and spatial variation in matrix properties will be
estimated both in the vertical directions and in lateral direction parallel
to the dip of the units.

Initially, the vertical spatial variation in matrix properties will be
estimated by intensive sampling of a few surface-based reference boreholes.
Preliminary tests on samples from these reference holes will be conducted to
characterize the vertical structure of the spatial variability using values
of matrix hydrologic properties in the vertical direction as accurately as
possible. The analysis of data from these tests will then be used to
determine testing frequency in all other surface-based boreholes. The
testing frequency of the holes described here will be coordinated with the
holes planned under Issue 8.3.1.4.

Regions where reference boreholes show statistically similar matrix
hydrogeologic properties will be defined as preliminary hydrogeologic units.
These preliminary hydrogeologic units are expected to encompass lithostrati-
graphic units or subunits. This expected relationship between hydrologic
properties and lithostratigraphic units will greatly facilitate the identifi-
cation of boundaries of preliminary hydrogeologic units. However, if the
analysis of matrix hydrologic property data indicates that no such relation-
ship exists, preliminary hydrogeologic units will be defined independently of
lithostratigraphic units.

During excavation of the exploratory shaft facility, samples will be
collected from each subsurface hydrogeologic unit for use in estimating
matrix hydrogeologic properties. The horizontal spatial variation in
subsurface matrix properties will be examined on a small scale during the
excavation of the primary science ramp, on a larger scale (several hundred
feet) during the excavation of alcoves and drilling of radial boreholes, and
up to 2,000 ft (610 m) in drifts to major structural features. Lateral
spatial variability on any scale larger than 2,000 ft (610 m) will be
estimated from the surfaced-based boreholes over Yucca Mountain. The
opportunity to collect a virtually unlimited number of geoclogic samples
during excavation will mean that sample availability will not be a constraint
on the number of samples tested, permitting improved estimates of the
experimental error for the various testing methods. The large number of
samples will also permit improvement in the accuracy of geostatistical
models.

8§.3.1.2-164




YMP/CM~0011, Rev. 1 YMP/CM=-0011, Rev. 1

The vertical and lateral spatial variability of matrix hydrologic prop-
erties in approximately the upper 30 ft (9 m) of surficial rocks covering
Yucca Mountain will be estimated from core samples obtained from 220 shallow
artificial infiltration boreholes and selected neutron access holes. To make
these estimates in both surface and subsurface regions some assumptions must
be made about the structure of the variability in the measured properties.
This uncertainty may be accounted for in geostatistical models that estimate
spatial functions. Methods for geostatistics, such as kriging, will be used
to interpolate between measured data points using fitted spatial distribu-
tions. Stochastic models will then be used to simulate possible structure of
matrix hydrologic properties for large volumes of rock.

These statistical methods will permit the definition of both surface and
subsurface hydrogeclogic units for site characterization purposes. These
hydrogeologic units will replace the preliminary hydrogeologic units
described previously. The surface and subsurface hydrogeologic units are
expected to encompass at least some adjacent lithostratigraphic units as
defined by Scott ‘and Bonk (1984). The new hydrogeclogic unit boundaries,
however, may not conform to lithostratigraphic unit boundaries or the bound-
aries of the hydrogeologic units proposed earlier by Montazer and Wilson
(1984) from limited matrix and fracture property data.

Before matrix hydrologic property testing on geologic samples for site
characterization begins, preliminary prototype work is required to develop
and evaluate various testing methods to ensure that the resulting matrix
hydrologic property data is of the highest possible quality. Matrix property
tests will be conducted to (1) determine the most suitable established
methods for measuring permeability, relative permeability, and moisture
retention relationships; (2) develop new or adapt existing methods for
measuring hydrologic properties when existing methods are not appropriate or
do not exist; and (3) compare appropriate established methods with new meth-
ods to determine optimum procedures for various tuffaceous rocks at Yucca
Mountain.

The development and evaluation of new methodology is desirable for
several reasons. Proven methods to measure parameters such as water and
matric potential on consolidated rock core samples do not exist. 1In addi-
tion, many of the established methods for measuring moisture retention and
relative permeability have limitations and disadvantages that make it diffi-
cult to apply these methods to the wide range of tuffaceous rocks found at
Yucca Mountain. Finally, the potentially large number of tests to be con-
ducted, and their high cost, require that new multipurpose methods that would
yield more than one type of data be evaluated. If a new method proves suc-
cessful, it will be compared with other methods that measure the same prop-~
erty to select the most appropriate method of measurement. The preliminary
testing will be used to determine which of the various methods under consid-
eration is the most practical and will yield the most satisfactory results.

Drilling and coring methods used in most unsaturated-zone boreholes
produce core samples with water contents, and in some instances water poten-
tials, that are similar to those in the formation rock surrounding the bore-
hole (Hammermeister et al., 1985). In these instances, the determination of
water potentials and/or matric potentials of core samples would permit the
characterization of these potentials in the formation rock. Knowledge of the
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distribution of these potentials in unsaturated zone formations is necessary
to characterize liquid flow processes in these regions. Unfortunately, meth-
ods and equipment to measure both water and matric potentials have been
developed for field agricultural soils or plant materials and not for con-
solidated rock core samples. Preliminary testing is required to determine if
existing methods and equipment can be adapted for this purpose. Work will be
conducted to attempt adaptation of tensiometer~transducer (Watson, 1965) and
heat-dissipation probe (Phene et al., 1971) techniques, permitting the
measurement of matric potentials on rock cores. Tests have been successfully
conducted to adapt a Richards thermocouple psychrometer technique (Richards
and Ogata, 1958) and commercially available equipment (Decagon Devices,
Pullman, Washington) to reproducibly measure water potentials on samples of
rock core and, in some instances, samples of drill cuttings.

Fluid permeability tests to be compared will include air permeability,
Klinkenberg air permeability at different overburden pressures, specific
water permeability, and oil permeability. The relationship between these
different fluid permeabilities is discussed by Amyxz et al. (1960). Although
water is the primary fluid of interest, air permeability is being evaluated
because it is the quickest and least expensive method. Because oil does not
interact with the matrix, Klinkenberg air permeability and oil permeability
have been included to characterize the deviation of air and water from ideal
fluid behavior.

Established methods that will be evaluated to determine moisture reten-
tion curves include pressure plate (Rose and Bruce, 1949), centrifuge
(Hassler and Brunner, 1945), and mercury porosimetry (American Petroleum
Institute RP-40) techniques. A variation of the established pressure plate
method, called the submersible pressure plate method (Constantz and Herkel-
rath, 1984), will be evaluated to determine if this method and equipment can
be modified for use on various types of tuffaceous rock core from Yucca
Mountain. A psychrometer method (Peters et al., 1984), which uses a Richards
thermocouple psychrometer in conjunction with microwave drying techniques, is
also being evaluated. Additional tests will be conducted to determine if the
gas-drive relative-permeability method can be modified to also collect mois-
ture retention data without significant evaporation. Significant amounts of
time and money will be saved if this dual purpose gas-drive technique proves
to be a reliable method. Finally, methods suitable for characterizing mois-
ture retention hysteresis effects will also be identified.

Both steady-state and nonsteady-state relative-permeability methods will
also be evaluated. Steady state methods include a centrifuge method (Nimmo
et al., 1987) and an evaporation method (Constantz, 1982) for water relative
permeability measurements and the Hassler method (Hassler, 1944) for both
water and gas relative permeability measurements. Nonsteady-state methods
for water relative permeability measurements include a centrifuge method (Van
Spronsen, 1982), a gas-drive method (Owens et al., 1956), and a pressure
plate outflow method (Passioura, 1976). Accurate measurements of relative
permeability will be made using steady-state methods in the region of 100
percent water saturation (e.g., approximately 80 to 100 percent) on various
core with a range of permeabilities. These accurate measurements will then
be used to evaluate the same portion (extrapolated or measured) of relative
permeability curves obtained from less accurate nonsteady-state methods.
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In addition to these direct measurements of relative permeability,
various indirect methods of calculating relative permeability from moisture
retention data (Mualem, 1976) will be evaluated. Finally, tests will be
conducted to determine if the nonsteady-state centrifuge method can be modi-
fied to produce both moisture retention and relative permeability data at the
same time.

After the matrix property measurements have been completed and the
hydrogeoclogic units determined, three-dimensional models will be developed
using geostatistical techniques. The boundaries of the hydrogeologic units
will be defined so that each unit contains a set of matrix hydrologic prop-
erties judged sufficiently different from adjacent hydrogeologic units.
Stochastic models will be used to simulate possible heterogeneities for each
hydrogeologic unit. Enough simulations will be run so that confidence levels
can be set for the occurrence of heterogeneities. The simulations will pro-
vide the initial and boundary conditions and the necessary matrix properties
that will be used in large scale hydrologic modeling of Yucca Mountain.

8.3.1.2.2.3.2 Activity: Site vertical borehole studies
Objectives

The objectives of this activity are

1. To define the potential field.

2. 7To determine the in situ bulk permeability characteristics of the
unsaturated media within the proposed repository host rock and
surrounding units at Yucca Mountain, Nevada.

Parameters

The parameters of this activity are

1. Gravimetric moisture content (ambient/matrix/laboratory).

2. Volumetric moisture content (ambient/matrix/laboratory).

3. Matric potential (ambient/matrix and bulk/laboratory and in situ).

4, Water potential (ambient/bulk/in situ).

5. Thermal potential (ambient/in situ).

6. Pneumatic potential (ambient/in situ).

7. Matrix permeability as a function of saturation and matric potential
(laboratory).

8. Matrix pore size distribution (laboratory).

9. Grain density (laboratory).
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_ 10. Bulk density (laboratory).
11. Total porosity (matrix/laboratory).
12. Effective porosity (matrix/laboratory).
13. Bulk permeability (pneumatic/in situ).
14. Bulk permeability (hydraulic/in situ).
15. Fracture frequency, orientation, spacing,>and distribution.
16. Depths to hydrogeologic contacts.
17. Definition of hydrogeclogic units.
18. Saturation profiles.
19, Pressure head profiles.

Thermal and mechanical properties will be measured as described in the
activities under Studies 8.3.1.15.1.1 through 8.3.1.15.1.6.

Description

This investigation is confined to that area of Yucca Mountain immedi-
ately overlying and adjacent to the primary repository boundary (Figure
8.3.1.2-14)., Vertically, the study area extends from the near surface of
Yucca Mountain to the underlying water table. This activity involves dry
drilling and coring of 17 vertical boreholes ranging in depth from 60 to
610 m. Nine of the proposed boreholes will range in depth from 60 to 150 m
and will terminate above the proposed repository horizon. The remaining
eight boreholes will be drilled to depths ranging from 365 to 610 m and will
penetrate the unsaturated zone below the proposed repository horizon. Con-
struction details applicable to each of the proposed boreholes are shown in
Table 8.3.1.2-7.

An additional (eighteenth) borehole, may be required to support the
vertical seismic profiling (VSP) investigation. Present plans are to install
the downhole geophones in USW UZ-6 as part of the instrumentation program for
that borehole. 1If this is not feasible, an additional borehole will be
required.

The locations of the unsaturated-zone vertical boreholes were selected
in conjunction with the development of the integrated drilling plan (Section
8.3.1.4.1) and in consideration of the concern for representativeness of data
(Section 8.4.2.1.5). The rationale used in siting the individual boreholes
was based on the need to provide areal coverage of Yucca Mountain with
sufficient detail locally to examine the effects of faulting, topographic
relief, and the presence of surface drainage on the hydrologic conditions at
depth; and, in the case of the multiple borehole sites, to provide adequate
facilities for gas tracer studies, crosshole pneumatic testing, and VSP
investigations.
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Tabiv 8.3.0.2-1,

summary of construction details ol vertical boreholes {page 1 of 3)

Casing Casing
Total Bit Depth inside depth Stratigraphic
Borehole Drilling depth Diameter interval diameter interval unit at
designation Status method (m) (wem) (m) (mm) (m) total depth Comment 3
Usw uUz-l Complated Raverss 397.1 1219 0-12.6 1041 0-12.0 -  Topopah Spring Drilling terminataed
(07/31/83) vacuum 914 12.6-29.6 Member of because of large
610 29.6-30.8 Paintbrush volume of water.
444 30.8-305.6 Tuff
k1 )} 385.6-386.8
235 386.0-307.1
uUsw 02~2 Planned oogx/ 2460 A4S -8 - - Tuffaceous beds Approximately 60 m
reverse of Calico wast of USW UZ-6,
vacuum RHills paired with UsSW
U2-3 for croas-
hole testing.
gsw Uz-) Planned ooex/ 2430 445 -- -- - Tuffaceous beds Approximataly 60 m
reverse of Calico west of USW UZ-6,
vacyum Hills paired with UsSW
U2-2 for cross-
hole testing.
UE-2%5 Uzé4 Completed obex/ 111.9 153 0-60.9 127 0-17.7 Topopah Spring Paired with UE-25
(10/10/84) cored 108 69.9-111.9 Mamber of U285 to investi-
Paintbrush gate flux in and
Tuft near 3 drainage.
UE-25 US#S Completed Reverse 111.3 153 0-111.3 127 0- 5.2 Topopah Spring Paired with UE-25
(11/19/84) vacuum Member of Uz to investi-
Paintbrush gate flux in and
Tuft near a drainage.
usw Uz-6 Completed Reverse 575.2 162 0-12.2 660 0-12.2 Prow Pass Member Drilling terminated
(09/26/84) vacuum 610 12.2-103.9 483 0-98.6 of Crater Flat because of over~
445 103.9-575.2 Tuft run of drilling

time and exces-
sive breakage
of drillatring.
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Table 8.3.1.2-7. Summary of construction details of vertical boreholes (page 2 of 3)

‘TTI00-KO/dNX

Casing Casing
Total Bit Depth inside depth Stratigraphic
Borehole Drilling depth Diamater interval diameter interval unit at
designation Status sathod (m) {mm) {(m) {mwn) (m) total depth Commant s
USu U1-6s Completed obEX 156.2 216 0-150.9 178 0- 0.9 Topopah Spring Drilled to complete
(09/09/8%) 102 150.9-158.2 Member of sampling that
Paintbrush drilling problems
Tuff precluded in USW
uz-6.
usw uz-7 Completed obex 63.1 152 0-63.1 127 0-6. Topopah Spring Designed along
(01/22/88) Member of with USW UZ-8 to
Paintbrush straddle Ghost
Tuff Dance fault.
USW UZ-8 Incomplete ODEX 107 216 -- - .- Topopah Spring Designed along
. (10/86) Member of with USW Uz-7 to
. Paintbrush straddle Ghost
e Tuff Dance fault.
N
o UE-25 UZ49 Planned obEX/ 1610 <445 -- - - Tuffaceous beds Part of three-hole
! reverse of Calico cluster for cross-
3 vacuum Hills hole testing.
—

UE-25 Uz#9a Planned ooex/ $460 <445 -- -- -- Tuffaceous beds Part of three-hole
reverse of Calico cluster for cross-
vacuum Hills hole testing.

UE-25 UZ#9b Planned ooex/ 1460 <445 -- T .- -- Tuffaceous beds Part of thres-hole
reverse of Calico cluster for cross~
vacuum Hills hole testing.

USW U2-10 Planned ODEX/ 1460 <445 .- -- - Tuffaceous beds
reverse of Calico
vacuum Hills

USW U2-11 Planned opex 122 216 - - - Topopah Spring In Solitario

Member of Canyon; straddles
Paintbzush Solitario Canyon
Tutf fault.
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Table 8.3.1.2-7. Summary of construction details of vertical boreholes (page 3 of 3)

Casing Casing
Total Bit Dapth inside depth Stratigraphic
Borehole pPrilling depth Diameter interval diameter interval unit at

designation Status method (m) (wm) (m) (o) (m) total depth Comment s

USW Uz-12 Planned 008X $122 216 - - -- Topopah Spring 1In Solitario
Member of Canyon; straddles
Paintbrush Solitario Canyon
Tuff fault.

USW U2-1) Completed oDBX/ 131.1 152 0-125.0 127 0-100.6 Topopah Spring

(04/18/85) . cored 102 125.0-131.1 Member of

Paintbrush
Tuff

USW Uz-14 Planned 0DEX £122 216 - - - Topopah Spring Near USW UZ-1;
Member of nesded to com-
Paintbrush plete sampling.
Tuff May need to

drill deeper.

s.- denotes not applicable.
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Locations of the deep boreholes are primarily controlled by the require-
ments (1) to cover Yucca Mountain areally, (2) to minimize disturbance to the
main body of the proposed repository block, and (3) for a site suitable for
construction of a relatively large drilling pad. The four deep drillhole
sites, USW UZ~-1, USW UZ-6, UE=-25 UZ#9, and USW UZ-10, are located on the
north, west, east, and south sides, respectively, of the proposed repository
block.

Selection of the sites for the shallow unsaturated-zone (UZ) boreholes
was more site specific with regard to structural and surface features than
for the deep boreholes. All the shallow boreholes have been designed to
penetrate the Paintbrush nonwelded unit into the Topopah Spring welded unit.
In addition, each site was chosen for a specific investigative purpose.

UE-25 Uz#4 and UE-25 UZ#5 were sited in and adjacent to a large drainage
(Pagany Wash) to investigate infiltration related to runoff. USW UZ-7 and
USW UZ~8 are located on opposite sides of the Ghost Dance fault to investi-
gate hydrologic characteristics related to the fault. USW UZ-8 is located to
penetrate the fault. USW UZ-1l and USW UZ-12 will be located on opposite
sides of the Solitario Canyon fault in a similar manner. USW UZ-13 was
drilled at the southern end of Yucca Mountain to provide better areal cover-
age as well as to investigate the Tiva Canyon welded unit, where the unit has
maximum thickness. USW UZ-14 will be located near USW UZ-1 for the purpose
of providing data from depths that drilling problems in USW UZ-1 precluded.

Other surface-based boreholes are planned to obtain information on rock
characteristics at the site. These boreholes are described in Sec-
tion 8.3.1.4. The samples cbtained from those boreholes will be used to
determine, among other things, stratigraphy, thermal properties, mechanical
properties, and hydrologic properties at the site.

For the boreholes described here, the ODEX drilling method will be used
to the maximum extent possible. Reverse air-vacuum drilling may be required
for attainment of the deeper depths. Depending on the drilling method used
to achieve the targeted depths, borehole diameters will range from 15 to
25 cm for ODEX and up to 45 cm for reverse air vacuum. Drive core, rotary
core, and cuttings will be taken throughout the drilling operation. 1In
alluvium, 2-ft (0.6-m) core will be taken at 5-ft (1.5-m) intervals. 1In the
densely welded tuff, rotary core will be taken for 1 ft (0.3 m) at 10-ft
(3.0-m) intervals. In the non-to-partially welded tuff, rotary core will be
taken continuously wherever possible.

An onsite lithologic log will be developed to guide the drilling opera-
tions and to determine whén core samples should be taken outside of the
normal sampling schedule. 2An onsite laboratory analysis of cutting samples
will also be conducted to determine gravimetric moisture content. All other
samples, core and cuttings, with the exception of those used for later litho-
logic analysis, will be capped, taped, and waxed to inhibit evaporation.
These samples will be sent to a laboratory for determination of ambient volu-
metric moisture content and matric potential and for determination of other
physical and hydrologic rock properties as identified on the parameter
listing for this section. These samples will be tested under the matrix
hydrology properties laboratory analyses investigation described under
Activity 8.3.1.2.2.3.1.
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Borehole geophysical logs will be run in each borehole, either during a
pause in drilling or following completion of drilling. A listing of these
logs is given in Table 8§.3.1.2-8. Radial (side scan viewing) and axial
(forward viewing) oriented television video camera logs of each borehole will
also be run. These will be used for mapping fracture orientations, distri-
butions, and densities.

Two deep boreholes, one gt or near the USW UZ-6 complex, and the other
at the UE-25 UZ#9 complex (Figure 8.3.1.2-15), will be instrumented with a
string of permanently emplaced, oriented, three~component gecphones located
at 7.3-m intervals. These geophones will be used in a vertical seismic
profiling (VSP) investigation across the central portion of Yucca Mountain.
The VSP technique is being used in this investigation to provide three-
dimensional information on the lateral and vertical extent of fracturing
within each hydrogeologic unit over a contiguous volume of rock mass much
larger than that available to single isolated boreholes. The test volume
includes the Ghost Dance fault structure. The VSP technique will also be
used for discrimination of geologic units and stratigraphic correlation
purposes.

Immediately following drilling (or during a pause in drilling), packer
nitrogen-injection tests will be run in each of the vertical boreholes except -
USW UZ-1 and USW UZ-6 to determine gas permeabilities of the combined frac-
ture and rock matrix system. Multiple test zones will be selected for each
hydrogeologic unit. These zones will be tested with a straddle packer system
consisting of a variable length injection interval, and two sensing sections
equipped with thermocouple psychrometers (or another humidity sensor), ther-
mocouples, and pressure transducers. The flow rate and injection pressure of
the gas (nitrogen} will be monitored until steady state conditions (i.e.,
pressure measured in the sensing sections remains essentially constant) are
achieved. The same procedure will be carried out at higher flow rates and
pressures for each tested interval. Widths of tested intervals will be
varied to test effects of heterogeneity and fracturing within a given section
of rock mass.

Cross-hole pneumatic testing will be undertaken in the two cluster sets
of boreholes (USW UZ-6 and UE-25 UZ#9 complexes). Monitoring will be con-
ducted in both the injection borehole and the satellite observation boreholes
using straddle packer systems. Tests will be run until steady state condi-
tions are achieved. Multiple intervals will be tested to assess the influ-
ence of fracturing on bulk rock mass permeabilities. Crctss-hole pneumatic
testing will be prototyped in G-tunnel and test procedures will be developed.

Gas tracer diffusion studies will be undertaken at the UE-25 UZ#9 bore-
hole complex. These tests are designed to (1) measure in situ gaseous phase
travel times through an unsaturated fractured rock system, (2) measure con-
taminant transport and pneumatic properties of the medium, and (3) establish
whether diffusion or convection is the dominant gaseous transport mechanism.
Testing will take place after the boreholes have been stemmed and instru-
mented. Gas samples will be taken periodically from tested intervals in the
observation boreholes equipped with sampling tubes. Tracer breakthrough

8.3.1.2-174



SLI-Z2°T°¢E"8

Table 8.3.1.2-8. Status of drillhole logging activities in the unsaturated zonea-b

' Diam- Lith. :::; Epit. Seis- Spec- TV Dir- Heut . ::ut )
Drillhole Dapth  eter and Tele- Cali- gam. neut. wmic Dielec- Gamma tral frac- ect. Temper- Induc~ ®0ist Neut. gam.
designation Status (m) (cm) gqeol. vision per gam. poro. vel. tric ray gam. ture surv. ature tion _ mater scat. att. Fld.
osw 02-1 [ 186.8 444 ¢ ¢ c [ < - [ c ¢ - c - c - - - -
Usw U3-2 P 457.2 .4 p P P P P P P [ & P P P P - 4 - -
usw Us-3 ] 426.7 444 p [] ] [ [ ] [ p* p* p p. [ P - P - -
or2% 9 ¢ 111.9 15.2 c c [ P P P P P [ P [ [4 P c P - -
Ux2S U28S [ 111.3  15.2 c ¢ P [ [ P P P P P 4 p P c p - -
osw U2-6 (] 378.2 44 c ¢ c c c c c c c - c c c - p - c
Usw Oz-6s c 150.2 218 c c P P P P (] [ P [ P p P c P - -
usw uz-7 [ €3.1  15.2 c ] P [ P (] (] [ P [ p p P c [ - -
gsw V3-8 1 106.7 15.2 i [ ] ] [ ] ? [ P P 4 ] [ [ 4 P - -
oE-23 049 4 €09.6 444 P [ 4 4 P P P 4 P* e* P P P P p* 4 P -
uE-2% Uzé9%a [ 457.2 4.5 P P [ p P P P p* p* P P P P p* P P -
oz-25 0Zé% [ ] 457.2 4.4 [ P [ ] ] ] P P p* p* P p [ P p* P P -
gsW 0z-10 P 43712 44 p P P P P 4 4 | A P P P P P* P - -
Usw Ot-11 P 121,y 2.6 p P ] P P P P P P P P P P p* P - -
usH Uz-12 P 121.9 1.6 p P e ] P P P P P P P P P P P - -
osw Uz-13 e 11 152 ¢ c P P @ P P PP PP ] P P P - -
USw UZ-14 4 1219 21.6 p e P P P P P P P P P P P Pt P - -

s8¢ = cospleted; i = incomplete; p = planned; p* = not done because final borshole diameter is too large to effectively run the designated geophysical log;
- = not available: the planned log needs to be run early in the drilling of the drillhole while there is a smaller diameter pilot driilhole.

bLith. and geol, = lithologic and geologic; gam. gam. = gamma gamma; Epit. neut. poro. = epithermsl neutron porosity; vel. = velocity: surv. = survey; Meut.
moist mater = neutron moisture meter; scat. = scatter: att. = attenuation; and fld. = formation density log.
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curves will be constructed from the gas analyses data. Interpretation of
test results will be based on analyses of borehole logs, matrix hydrologic
and physical properties data, pneumatic testing, and information obtained
from the gaseous phase movement study.

Downhole sensors, consisting of pressure transducers, thermocouple psy-
chrometers, heat dissipation probes, and thermal sensors will be installed in
each of the 17 vertical boreholes. These will be monitored for an extended
period of time (estimated at from 3 to 5 yr). Monitoring will be accom-
plished using a fully automated, computer activated and controlled, inte-
grated data acquisition system (IDAS). The downhole sensors will be used to
measure (in situ) pneumatic potential, water potential, matric potential, and
thermal potential. In contrast to laboratory measurements, downhole sensors
will measure these parameters for the combined rock matrix and fracture sys-
tem. In addition to these instruments, each borehole will be provided with
tubing to permit recovery of in situ pore gases and water vapor for hydro-
chemical analyses as part of the hydrochemical characterization study.

It is recognized that drilling of the borehole will disturb in situ
conditions in the rock mass adjacent to the borehcle. Numerical analyses are
being done to estimate the time required for the rock mass to return to a
condition close to its original in situ hydrologic condition. The drilling
method to be used to drill the boreholes was chosen to minimize the in situ
disturbance of the hydrologic system. It is not known at this time if
in situ conditions will return within the time period allotted for monitoring
{3 to 5 yr). The objectives and extent of this part of the surface-based
borehocle investigations study will be evaluated at the completion of the
cross-hole prototype testing and the numerical analyses. Prototype testing
will also investigate the capabilities and limitations of the instrumentation
to be used in the long-term monitoring of the hydrelogic characteristics.

It is also recognized that nitrogen pressure injection testing in the
borehole before in situ instrumentation and monitoring could impact on the
objectives of long-term monitoring by driving moisture away from the near
field environment of the downhole instrumentation cavities. The probable
magnitude of this effect on pre-injection equilibrium conditions will need to
be evaluated for proper interpretation of the long-term monitoring data.
Pre-injection baseline information, relevant to this concern, will be
collected before nitrogen injection testing. This information consists of
laboratory measurements of moisture content and matric potential from core
and cuttings and geophysical logging records correlated with these data.
Estimates of the time needed to reestablish pre-injection equilibrium
conditions will be developed from numerical modeling and from tests in
existing, open boreholes. The latter testing program will use packers to
monitor selected borehole intervals before injection testing and following
injection testing. Different lithologic rock types with varying fracture
densities will be tested in this manner. The nature of the impact on
long-term monitoring objectives will depend on whether or not vapor-phase
equilibrium or liquid-phase equilibrium will need to be reestablished to
represent the pre-injection hydrologic state of the affected rock mass.
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Following the monitoring phase, the gas sampling access tubes will be
used to inject water into each of the isolated, downhole instrument stations.
These tests will be conducted to measure in situ saturated hydraulic conduc-

tivities.

Constant-head injection tests will run until steady state flow

conditions can be achieved.

8.3.1.2.2.3.3 Activity: Solitario Canyon horizontal borehole study

Objectives

The objectives of this activity are

1.

To examine, on a local and limited scale, the extent of fracturing,
brecciation, and gouge development associated with the Solitario
Canyon fault.

To evaluate, locally, the hydrogeoclogic significance of fault-
related features on water movement within the Solitario Canyon fault
zone.

To evaluate, based on the findings developed under the first two
objectives, whether additional information is needed to -characterize
adequately hydrologic boundary conditions along the Solitario Canyon
fault zone, should the results indicate potentially adverse effects
on repository performance.

Parameters

The parameters cf this activity are

1.

2.

10.

11,

Gravimetric moisture content (ambient/matrix/laboratory).
Volumetric moisture content (ambient/matrix/laboratory).

Matric potential (ambient/matrix and bulk/laboratory and in situ).
Water potential (ambient/bulk/in situ).

Thermal potential (ambient/in situ).

Pneumatic potential (ambient/in situ).

Matrix permeability as a function of saturation and matric potential
{laboratory) .

Matrix pore size distribution.
Grain density (laboratory).
Bulk density (labcratory).

Total porosity (laboratory).
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12, Effective porosity (laboratory).
13. Bulk permeability (pneumatic/in situ).
14. Bulk permeability (hydraulic/in situ).

15. Fracture frequency, orientation, spacing, distribution,
interconnectedness.

16. Effective width of fault zone.
17. Lateral variation in moisture content.

18. Lateral variations in ambient potential field.

Description

One horizontal borehole is planned for this activity. Its exact loca-
tion has not yet been determined. A detailed site reconnaissance survey will
be required to select an appropriate site. From preliminary analysis of
existing geclogic maps, it is likely that the selected site will be near the
northwestern part of Yucca Mountain (Figure 8.3.1.2~15). The horizomtal
borehole will be sited to penetrate the Solitario Canyon fault structure at a
point where the fault plane (zone) is bounded by blocks of the Topopah Spring
welded tuff on both sides. Additional siting consideration will be given to
minimizing the length of the borehole but only to the extent that minimiza-
tion will not compromise the overall objectives of this investigation. It is
recognized that the hydraulic properties of the fault zone may vary from unit
to unit, but the principal investigative effort will be focused on the
Topopah Spring unit because it is the proposed repository host rock.

It is anticipated that the total length of the borehole could be as
much as 300 m, depending on final site selection. The borehole will be dry
cored and drilled with air to preserve the ambient moisture content of
recovered core and cuttings and of the in situ rock mass. The borehole will
be drilled at a 2 to 3 degrees inclination downward to a depth at least
sufficient to penetrate undisturbed (unfaulted) Topopah Spring tuff. A
slight downward deviation of the borehole is preferred to aid in the contain-
ment and sampling of perched water should it be encountered during drilling.
Core will be scribed during drilling to permit orientation of fracture
surfaces. The site geologist will log the structural features onsite ship-
ment of core and cuttings to the laboratory for further testing of matrix
hydrologic and physical (parameter listing) properties. Oriented television
video camera surveys will be run in the borehole following construction and
removal of casing. Geophysical logs of the borehole will be obtained during
a pause in drilling or upon completion of drilling.

Gas permeability will be measured by injection of nitrogen gas beyond a
single packer set every 3 m as drilling proceeds to obtain a continuous
permeability profile. Following drilling and casing removal, testing using a
single-hole straddle packer configuration will be conducted to the extent
that borehole conditions will permit.
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Following pneumatic testing, the borehole will be stemmed and instru-
mented to measure temperature, pressure, matric potential, and water poten-
tial. Gas-sampling tubes will be provided to permit recovery of pore gas and
water vapor for periodic analyses of isotopic, tracer, and gaseous phase
chemical composition.

After recovery from the pneumatic testing, water will be injected into
the borehole using the gas sampling tubes. These tests will be conducted to
measure in situ saturated hydraulic conductivities.

8.3.1.2.2.4 Study: Characterization of Yucca Mountain percolation in the
unsaturated zone--exploratory shaft facility study

This study consists of nine individual sets of hydrologic tests that
will be conducted in the exploratory shaft facility (ESF). The ultimate
purposes of the ESF hydrologic tests are to (1) supplement and complement the
surface-based hydrologic information needed to characterize the Yucca
Mountain site and (2) provide information for analyzing fluid flow and the
potential for radionuclide transport thrcugh unsaturated tuff. The
integrated results from the ESF hydrologic tests will be combined with data
from the surface-based studies to provide an overall understanding of the
unsaturated-zone hydrologic system.

The design of the ESF hydrologic tests is principally based on the
initial conceptual unsaturated-zone hydrologic model for the site (Montazer
and Wilson, 1984). These tests are different from those being conducted as
part of the surface-based investigations, in that the ESF tests are designed
to provide phenomenological information about water flow through unsaturated
fractured tuffs, in addition to providing basic hydrogeologic data.

The ESF test data will include hydrologic information that is not
readily obtainable from the surface-based boreholes, by providing a testing
environment that is suitable for three~dimensional characterization of the
rock mass. Large volumes of rock will be studied in situ, and experiments
will be designed to provide information in various directions. Lateral
variations will be studied through horizontal drifts and boreholes and by
careful mapping of large areas of underground rock exposure. Excavation of
the primary science ramp will produce large volumes of rock that can be used
for determination of water chemistry and for laboratory analyses of
rock/hydraulic properties. In addition, a relatively good representation of
fracture orientation, distribution, and continuity will be available in the
walls of the excavations. Therefore, correlation between hydrologic and
geologic information will be made with a higher level of confidence. Samples
of rock containing intact fractures will be obtained from various locations
within the underground openings. Results of hydraulic tests on such samples
are expected to be representative of in situ conditions. Percolation tests
will be conducted in a rock mass that is not disturbed by weathering and is
thus representative of the repository host rock. Large-scale bulk
permeability tests are possible only in an underground environment.
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In addition to providing data that could not be readily or adequately
obtained from surface-based boreholes, the ESF will be the source of a large
amount of supplementary hydrologic data. In order to obtain from & surface-
based program the types and amounts of data comparable to those that will be
produced from the exploratory shaft facility, many deep, instrumented,
unsaturated-zone boreholes in close proximity to each other would be
required.

The planned ESF tests described in this study are the (1) intact frac-
ture test, (2) percoclation test, (3) bulk permeability test, (4) radial bore-
holes test, (5) excavation effects test, (6) Calico Hills test, (7) perched
water test, (8) hydrochemistry tests, (9) multipurpose-~borehole testing and
(10) hydrologic properties testing of major faults. These ESF tests are
described in detail in the following activities.

The intact fracture test will evaluate the fluid-flow and chemical-~
transport properties of individual fractures to assess the in situ behavior
of fracture systems. Meteoric petentials, moisture content, and the
characteristic conductivity relationships will be measured in the laboratory.
Properties of single fractures selected for testing require undisturbed
sampling, to be accomplished by overcoring a tensioned rock sample containing
a candidate fracture., Fracture specimens, instrumented with low-voltage
displacement transducers to register aperture changes, will be tested in the
laboratory with flow of air and water at different stress levels and with
differing fracture saturations. By injecting a conservative tracer and
observing breakthrough concentrations, measures of single-fracture disper-
sivity and retardation by matrix diffusion will be obtained. Details of flow
channelization on a single fracture surface will be observed by dye tracing
and film registration. Discrete fracture computer modeling will assist the
work of establishing porous media equivalent properties. Because many
aspects of this test are not standard, prototype testing will be performed to
develop testing techniques and evaluate the limitations and usefulness of the
resulting data.

Conceptual and numerical model development for fractured, porous media
will be included in several activities, especially in the percolation test
(Activity 8.3.1.2.2.4.2). The properties of individual fractures in this
environment are fundamental to developing valid concepts of flow. The test
of water flow and chemical transport is a basic investigation of properties
of the Topopah Spring welded tuff at the repository horizon, aimed at
resolving the contributions of fracture and matrix flow under varying
artificial percolation rates. Tracer-tagged water will be supplied uniformly
on a sand bed overlying a block of fractured rock instrumented with a number
of boreholes. Logging, fracture mapping, and nitrogen-injection packer tests
will characterize the conduit system, along with laboratory tests of the
matrix permeability. This test will provide well-controlled boundary
conditions (flux and gradient) on a scale that may be judged representative
of the formation fracture system. The lowest measurable rate will include
some fracture flow, thus applied fluxzes representing various climatic
conditions and the measured potentials will define the characteristic
variation of fracture system hydraulic conductivity versus potential, a
property required for travel time and transport calculations. This test is
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an opportunity to define conditions for the initiation of significant
fracture flow and the propagation of percolation pulses via fractures. The
test requires knowledge of the rate of matrix uptake through fracture walls
under a range of antecedent moisture conditions in the matrizx.

The relationship between effective permeability for air and for water
will be investigated, so the numerous packer air tests in boreholes can be
interpreted for hydraulic conductivities. Hysteresis will be investigated,
if possible, by reversing the sequence of steady state fluxes applied.
Anisotropy and the dip of the beds may result in lateral flow components.
Consideration of steady state potential distributions across the various
units for different fluxes suggests that above the contacts of units of
different characteristics, gradients other than unity prevail, and since the
beds dip 5 to 10 degrees east, the gradient can have small lateral
components, aligned with or against the dip direction. 2 fundamental
understanding of tracer velocity and effective porosity, the convective
dispersion tensor and matrix diffusion can also be obtained from the test,
since the fracture system gecmetry will be well described. Numerical
modeling will be required at several stages. Tracer tests will be conducted
in a cluster of vertical holes, with the objective of determining the
dispersion properties of the medium by gas injection and sampling.
Single-well and multiple-well configurations will be used. After several
years of gas-phase monitoring at these test holes, the gas-sampling tubes
will be used to inject water in a series of tests to determine saturated
hydraulic conductivity and aqueous dispersive properties.

Dispersivity may be predicted by digital modeling of the medium.
Because of the fractured and low~matrixz permeability environment in which
this test is to be conducted, this test will be prototyped on a large scale
and variocus pretest numerical analyses will be performed to evaluate test
feasibility. Because water movement in unsaturated welded tuff matrix is
expected to be very slow, only small changes in hydrologic characteristics
may be detectable on the time-scale available in which to perform this
experiment. Prototype instrumentation to be used to monitor hydrologic
characteristics will also be developed. After prototype testing and
numerical analyses have been performed, the most effective approach to
performing the test as a site characterization activity will be evaluated.

The bulk permeability test is designed to measure air flow to obtain the
average conductivity of a much larger mass that contains a large number of
different fracture conduits. If the distribution of fracture apertures,
spacings, and orientations were known from independent single-fracture or
packer tests, it would be possible to compute the volume required to include
a sufficiently large number of conduits so that the bulk permeability
provides a representative average within a specified tolerance. Lack of
confidence in the application of this approach arises because the fluid flux
within individual fractures depends on the cube of the apertures, whereas the
bulk permeability depends on ill-defined continuity, homogeneity, and
interconnectivity relations within the fracture system. Models must regard
as discrete features all conduit sizes, such as large aperture fractures or
faults, outside the range appropriate to the bulk system. The application of
continuum theory to microscopically discontinuous properties entails the
definition of a representative elementary volume (REV), below which discrete
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models of individual conduits must be used, and above which continuum average
properties are justifiable within large-scale boundaries, such as large
aperture faults.

The bulk permeability test will be conducted at the main test level core
area on the Topopah Spring level and in exploratory drifts on both the
Topopah Spring and Calico Hills levels. Single-hole packer air-injection
tests, cross-hole tests, frustum tests, and tracer tests will be conducted at
each test site to assess flood transport properties. Borehole arrangements
will be used to test a variety of scales.

As with the previous test, the innovative nature of this experiment is
recognized and prototype testing will be performed. The results of this test
are expected to provide valuable information on scale effects on hydrologic
characteristics. As well as prototyping instrumentation and experimental
techniques, technical procedures will be developed and analysis techniques to
interpret the resulting data will be evaluated. The results of these activi-
ties will support evaluation of the experiment for use in site characteriza-
tion activities.

The radial boreholes in the radial boreholes test will be the principal
means of eliminating the bias of vertical holes that are incapable of charac- -
terizing rocks dominated by near-vertical fractures. Short radial boreholes
will be drilled during censtruction of the north ramps. Orientation of the
borehcles will be determined by analyzing fracture orientation data, and an
attempt will be made to drill parallel to the minimum and maximum directional
permeability axes. Core will be logged to describe the physical
characteristics of the rock. In situ hydraulic testing and long-term
monitoring will be conducted to (1) detect vertical movement of water, in
both vapor and liquid forms; (2) evaluate the potential for lateral movement
of water along the hydrogeologic contacts:; (3) estimate tortuosity and
effective porosity of the drained pore spaces of the hydrogeologic units; and
(4) determine the effective vertical permeability to air of the various
hydrogeologic units. Prototype testing will be performed in support of this
test to evaluate pneumatic testing and to develop instrumentation and
techniques required to measure hydrologic characteristics in welded tuff.

The excavation effects on permeability will be related to stress changes
in the excavation effects test. The excavation effects test is to be
deferred until after construction and other prioritized ESF testing
activities have been completed. The status and scope of the test is
currently being addressed for ESF ramp accesses to be consistent with the
reference ESF design concept described in Section 8.4. 1In the event that an
optional shaft is constructed, excavation effects tests may be completed in
the nonwelded Paintbrush Tuff and in the Topopah Spring welded tuff. The
conceptual design of the test is based on the assumption that excavation of
the shaft will cause opening or closure of fractures at various locations in
the vicinity of the shaft. These deformations will modify the hydrologic
properties and conditions of the rock mass, which will be detectable by
measurements made at various times during shaft construction. Orientation of
the fractures with respect to the shaft is important in determining the type
of modification that might occur. As planned, these tests will be conducted
in 18 vertical and angled boreholes drilled in radial arrangements in the
floors of each of the two breakout rooms. Permeabilities will be measured by
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packer-injection testing of 6 of the 18 boreholes. Neutron logging will be
used to measure moisture content. Directional deformation will be measured
in the other 12 boreholes by installation of deformation and load measuring
devices. Quantitative evaluation of stress-dependent conductivity will be
made, so that future loading effects can be modeled.

Hydrologic processes, conditions, and properties under both present and
expected future conditions for the Calico Hills nonwelded unit will be deter-
mined from a suite of tests proposed for the unit. The Calico Hills
nonwelded unit is expected to be a principal barrier to the flow of ground
water and transport of radionuclides. Therefore, it is important to
understand, in particular, the effects that fractures and faults have on flow
paths and travel times and the conditions under which fracture flow may
occur.

The perched-water test is designed to detect and estimate properties of
any perched-water zones in the part of the unsaturated zone penetrated during
ESF ramp construction, drifting, and testing. This evaluation is needed to
understand the hydrogeclogic conditions causing accumulation of perched
water; the implication of such a zone on flux, flow paths, and travel time;
and whether perched water is a transient or permanent feature.

No perched water is expected in the host rock, except, perhaps, immedia-
tely above the Calico Hills nonwelded unit. The presence or potential for
future perching of water in the host rock, however, might interfere with con-
struction, operation, and ultimate performance of a repository at Yucca Moun-
tain. In addition, perched water could cause substantial modification of
geochemical interactions, transport processes, flow paths, and travel times.
For example, inflow of perched water during construction of the ESF or
repository might substantially affect construction techniques, schedules, and
safety concerns because of the potential for flooding. Perched water in the
Paintbrush nonwelded unit, above the host rock, could affect the spatial and
temporal distribution of flow in the host rock by modulating pulses of infil-
tration and by diverting flow laterally to faults. Perching of water beneath
the host rock in the Calico Hills nonwelded unit could affect travel times
and flow paths to the accessible environment. Perched-water zones could
result from barriers to flow, which would thereby increase travel time, or
from shortcircuits, which would decrease travel time.

The perched-water test will be conducted only if perched water is
encountered during ESF construction. Seeps or saturated zones will be looked
for in conjunction with geologic mapping activities. 1If inflow of
appreciable quantities of water is reported, hydraulic tests will be
initiated immediately. If perched water or fracture flow is observed,
boreholes will be drilled laterally into the ESF wall to test and sample the
zone. A pumping test will precede the borehole drilling if the flow rate
into the facility is sufficiently large.

The hydrochemistry tests in the ESF are designed to collect gas and
uncontaminated pore and fracture water and perched water during the construc-
tion of ESF ramps and drifts. Near-fracture matrix samples will be
centrifuged to collect uncontaminated water. These gas and water samples

will be analyzed for their major compositions and stable and radioactive
isotopes.

8.3.1.2-184




YMP/CM~0011, Rev. 1 YMP/CM-0011, Rev. 1

The current plans for multipurpose borehole (MPBH) testing are tied to
the original ESF design configuration with two shafts in close proximity.
Test plans are currently being revised to be consistent with the reference
ESF design concept described in Section 8.4. The principal purposes of the
testing would be (1) to determine the ambient in situ conditions (hydrologic,
chemical, thermal, and mechanical) before ramp construction; and (2) to
evaluate the changes in these conditions as a result of the excavations and
subsurface structures. If the multipurpose boreholes are not drilled as
currently planned and if the information is still considered necessary, then
equivalent information will be acquired by alternative testing strategies or
thorough analyses of available information. A full suite of matrix and rock
mass properties would be determined from core samples. Geophysical logs and
hydrologic tests would be conducted before, during, and after ramp
construction to evaluate in situ changes. Perched water, if encountered,
would be sampled for chemical and isotopic testing and hydrologic tests
performed. The multipurpose boreholes will not be permanently instrumented.

The hydrologic properties of major faults encountered in the ramps and
in drifts at both the Calico Hills and Topopah Spring levels of the ESF will
be evaluated. Principal faults to be studied include the Ghost Dance fault,
a suspected fault in Drill Hole Wash, and the imbricate fault zone.
Evaluations will determine the matrix and rock mass characteristics of these
areas. Tests will be conducted in boreholes drilled from the underground
drifts through the fault zones. Matrix properties of fault zone samples and
core will be determined and geophysical logs obtained. Pneumatic and
hydraulic testing (packer-injection and cross-hole) will be conducted in the
boreholes to estimate the storage and transmissive characteristic of zones
that may be significant pathways for ground-water movement.

8.3.1.2.2.4.1 Activity: Intact-fracture test in the exploratory shaft
facility

Objectives

The objective of’this_;ctiqity is to evaluate fluid-flow and chemical-
transport properties of single, relatively undisturbed fractures.

Parameters
The parameters of this activity are

1. Effective fracture permeabilities to air and water as functions of
fracture saturation, water potential, and applied stress.

2. Effective porosity and dispersivity for fluid flow in single
fractures.

3. Flow-path tortuosity in single fractures.

4. Fracture aperture geometry.
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Description

The intact fracture test is comprised of a detailed laboratory analysis
of the hydraulic and transport properties of single, variably saturated
natural fractures collected from the exploratory shaft facility. Minimally
disturbed core samples of fractures will be collected from different rock
types, locations, and orientations in the facility to provide samples that
represent natural, rough-walled fractures in the unsaturated zone. Labora-
tory analyses under controlled conditions will provide hydraulic and trans-
port parameters and an opportunity to directly observe fluid-flow processes
over a range of hydraulic and mechanical conditions.

Neither the samples nor the parameter values are considered to be
directly representative of the site in a statistical sense, due to the
inherent biases in sampling locations, sampling method limitations, and the
insufficient number of samples. However, it is anticipated that the oppor-
tunity to observe flow processes in a controlled laboratory environment will
provide the necessary understanding required to test conceptual models of
fracture flow and, based on the measured parameters, the corresponding
numerical models.

The sample collection methods will be evaluated initially during a
prototype testing phase. A variety of methods will be used to determine the
suitability of the sampling techniques for the anticipated conditions of the
exploratory shaft facility. 1In particular, methods must be developed both to
ensure that the fracture samples are obtained with as little disturbance as
possible and to describe the extent of the fracture disturbance caused by the
sampling process. The required methods and procedures will be developed
during the prototype testing program.

Photographs of exposed surfaces in the exploratory shaft facility ramps
and drifts and the associated mapping activities (Activity 8.3.1.4.2.2.4)
will provide the information necessary to select sample locations for the
intact fracture test. Suitable fracture sampling locations will be
determined from the three-dimensional projections obtained from localized
detailed fracture maps. Fracture fillings and pieces of intact fractures
will be collected and analyzed. The results are expected to allow
determination of fracture origin, whether artificial (induced due to
excavation) or natural.

Two coring methods will be used for fracture sampling: (1) a bolting
and overcore technique, and-(2) a clamp-core technique. The bolting and
overcore method will be used to collect fractures that are approximately
perpendicular to the core axis for subsequent radial flow studies. These
samples are collected by first drilling a pilot hole perpendicular to the
fracture; the fracture is then secured by a mechanical rock bolt, which holds
the fracture together during core extraction, minimizing damage to the frac-
ture plane. The sample is overcored, and then broken off with a coring
shovel and removed. Approximately twelve fracture samples will be collected
from each of four general areas where drift-wall mapping has indicated there
are suitable locations for coring. The three hydrogeologic units to be
sampled are the Tiva Canyon, Pah Canyon, and Topopah Spring members of the
Paintbrush Tuff stratigraphic unit. Sampling is also proposed for the Calico
Hills unit. Both welded and nonwelded samples will be collected. The pilot
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hole will be 1.9 cm (0.75 in.) in diameter and will be drilled approximately
15 cm (5.9 in.) beyond the fracture. Before seating the rock bolt anchors, a
groove will be cut down the wall of the pilot hole to determine if the core
has rotated during overcoring.

Intact fractures that are parallel to the axis of the extracted cores
will also be collected in approximately the same numbers from the same areas,
using the clamp-core method for subsequent axial flow studies. These samples
will be obtained by first drilling two HQ-sized boreholes that are relatively
parallel to the fracture and are diametrically opposed to each other on the
periphery of where the sample will be cored. The fracture will then be cored
(with the HQ boreholes on the periphery of the borehole cut). Circumferen-
tial clamps will be placed around the core (placing the union of the clamp in
one of the HQ boreholes so that it can be tightened), starting at the far-
thest end of the core with each subsequent clamp closer to the mined surface.
Before the core is broken off with a coring shovel, plaster will be placed
acreoss the fracture aperture. Any change in the plaster (i.e., cracking or
spalling when the core is removed) will indicate if the fracture has been
disturbed.

Onsite and offsite laboratory determinations will be made of the hydrau-
lic properties of the rock matrix in each core sample. Gravimetric water
content analyses will be performed locally to ensure water content does not
change as a result of handling, shipment, or exposure to air. The matrix
parameters to be determined offsite include matrix potential (via psychrom-
etry and tensiometry), water content (volumetric), bulk demnsity (liquid
displacement), water potential (Richard’s psychrometer), liquid and gas
permeability (steady state), relative permeability (diffusivity), unconfined
compressive strength, Young’s modulus, and porosity (Boyle’s Law using helium
and/or mercury intrusion). The samples for matrix testing will be collected
from portions of the core that break off when a coreshovel is used to
separate the fracture sample from the remaining overcore and from material
remaining after the core is trimmed to fit a laboratory confining vessel.

Two principal tests will be conducted in the laboratory. First, stress-
permeability tests will be performed, which will provide hydraulic transport
parameter measurements under a range of mechanical conditions. Also, flow-
channelization tests will be conducted, which will provide information on the
geometrical properties of fluid-phase distributions and fracture apertures.

The stress-permeability tests will be conducted in the laboratory by
injecting liquids and gases into the core sample under varying applied stress
conditions using a hydrostatic test machine (axial fractures) or a loading
frame apparatus (radial fractures). The single- and two-phase permeability
tests will also be conducted in the laboratory.

The single-phase liquid permeability test is similar to methods cited in
both the soil physics and petroleum literature. A specimen will be dewatered
through porous water-wet plates. The plates are used to establish a constant
unit hydraulic gradient that can be incrementally increased or decreased over
a3 desired suction range. The flow regime will be controlled by using a
Mariotte reservoir system to obtain differential head values in the wetter
range and positive gas pressures for the drier portion of the permeability
curves. In situ water-potential measurements will be made to determine when
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steady-state conditions are achieved or approached. Electrical resistivity
measurements will also be used to evaluate in situ moisture redistribution in
the sample. Unit-gradient conditions and steady one-dimensional flow condi-
tions will allow the permeability to be set equal to the volumetric flux,
simplifying the determination of the permeability at various water poten=-
tials. A series of unsaturated permeability determinations will be made over
the full range of imposed suctions during both the wetting and drying cycles
to evaluate the magnitude of hysteresis effects in the fracture sample. A
conservative tracer (bromide or chloride) will be injected into the flow
system at various steady state intervals and breakthrough curves will be con~
structed from the tracer concentration measured from the outflow collected.
Once a value for the liquid permeability is obtained (i.e., steady state),
gas flow will be initiated to determine a gas permeability for the particular
saturation. Tests will be conducted on approximately four fracture samples
from each of the four hydrogeologic units to be sampled and both radial and
axial orientations.

Flow rates of injected liquids and gases will be held constant to indi-
cate how permeability is affected by stress-induced aperture variations for
both the single- and two-phase permeability tests. Flow rates and fracture
displacement will be measured at each loading step up to the maximum and then
every unloading step back to zero. Testing will be performed on three or )
four fracture samples of each fracture orientation and each rock type. Load-
ing-unloading cycles will be repeated so that permeability hysteresis
attributed to asperity deformation can be evaluated.

Laboratory injection tests will also evaluate simultaneous two-phase
flow properties, particularly the permeability to both water and air at
varying stages of saturation. The tests will be conducted under constant
loading conditions by monitoring transient outflow of both air and water
phases during injection of either fluid. Saturations will be changed during
simultaneous flow by changing the ratio of the gas and liquid flow rates.
Tests will be conducted on approximately four fracture samples from each of
the hydrogeclogic units to be sampled and both fracture orientations.

Tracers will be injected into the fracture samples and their concen-
trations will be monitored during the steady-state flow tests. The data
collected will be used to construct breakthrough curves and to obtain values
for effective porosities and dispersivities. Small sample sizes and antici-
pated uncertainties in measurement accuracy may limit the direct application
of the tracer test results. However, a significant gain in the understanding
of the fluid flow and transport processes is expected. Some added degree of
confidence probably will also be achieved for the subsequent model validation
and calibration exercises.

Flow-channelization in the fracture plane of three or four intact-
fracture samples from each hydrogeclogic unit and orientation will be quanti-
tatively and qualitatively described using several laboratory methods during
the final phase of laboratory testing. 1Initially, visible dyes will be in-
troduced in known quantities over time and the movement of dye-tagged water
across the plane of the fracture will be observed. The core will be taken
apart at the conclusion of the test and photographs taken of the fracture
plane to record the fluid movement pattern. Fracture-plane roughness, which
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is an important factor in characterizing flow channelization, will be evalu-
ated using a projection moire technique. The moire projection equipment will
be used to perform three-dimensional adjustable resolution contouring of
variable-size rock-fracture surfaces using back- projection methods. The
equipment will allow the optical generation of contour fringes on the speci-
men surface, which can be optically (still and video photography) recorded
and easily interpreted.

In addition, two other methods will be used to cbtain casts of the
fracture plane. A low-melting-point metal will be injected into the fracture
plane to obtain a cast of the flow channel. A resin impregnation method 1is
also being considered to obtain flow channel casts. These casts will be used
to determine the topography of the flow channels between the contact points.

A computer model of fluid flow in discrete fractures will be used to
design and predict the results of the intact fracture tests for planning
purposes. The model is a semi-analytical flow model for a single rough
fracture that combines the equations for capillary rise and the cubic law to
predict the relative permeability of a fracture at various saturations. The
model accounts for the capillary-controlled distribution of the liquid phase
at low saturations and high tensions and for the gravity-induced flow at
higher saturations, when a continuous ligquid phase has been achieved. The
model assumes that the water is supplied to the fracture at the contact
points between the fracture walls.

The aperture generated by computer simulation uses a digitized, real or
artificial fracture wall, which is then replicated to simulate the aperture.
The walls can be manipuiated in a compressional or shear sense so¢ as to
create a simulated in situ fracture. The aperture is then discretized in
three dimensions and coupled with the flow portion of the computer code.

The measured fracture aperture geometrical properties obtained from the
£low-channelization experiments will be compared with those predicted by the
aperture generator contained within the single-fracture flow model. An
assessment will then be made as to the adequacy of the aperture generator
that has been conditioned by the measured data (e.g., roughness profiles and
mean physical apertures). The specific geometrical parameters will be
compared for both measured and predicted values and uncertainties in the
aperture generator estimations will be established.

The measured unsaturated permeability values will be compared and
regressed against predicted values obtained from the following: (1) the
model that has been conditioned by measured fracture geometry data, (2) two-
dimensional analytical Navier-Stokes solutions for planar and cross sections
of the fracture flow domain, and (3) semi-empirically derived estimates of
the unsaturated permeability values obtained from the pore-size distribution
data and/or the moisture retention data.

The experimentally determined tracer breakthrough curves will provide an
opportunity to at least qualitatively evaluate the effects of tortuosity on
fluid flow due to flow-channelization in the fracture plane at various satu-
rations. It may not be possible to determine meaningful estimates of trans-
port parameters, such as mechanical dispersion (in the more mobile fracture
domain) or diffusion (in the lesser mobile matrix domain), caused by the
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small size of the samples and the core sampling being nonrepresentative of
the rock mass as a whole. However, the curves constructed using laboratory-
collected data will be compared with the predicted curves from standard nu-
merical models with transport capabilities (based on the advection- disper-
sion equation) and from codes that rely on a particle-tracking approach to
determining a distribution of travel times. These comparisons will be made
to better understand the nature of the transport mechanisms at the microscale
and to evaluate the applicability of standard transport modeling approaches
in a fracture-dominated flow system.

The comparisons between measured and predicted values will determine how
appropriate the various approaches are. Favorable comparisons will imply
that the predictive method adequately accounts for the essential processes
and controls on the variably saturated flow domain. The uncertainties of
making predictions with each of the methods will be established and in-
terpreted by comparing the results obtained from replicating the experiments
under varying initial and boundary conditions or testing with samples with
widely varying geometrical properties. These comparisons will also establish
confidence limits with which fracture parameters (used as input to the flow
model or empirical estimation metheds) can be varied when attempting to
predict unsaturated permeabilities with a fracture network in the larger-
scale or macroscale tests.

When sufficient data have been obtained from the previously described
tests (i.e., single- and two-phase permeability, and flow-channelization),
the results of the laboratory tests will then be used to help develop
numerical models to be used in subsequent larger-scale tests (percolation and
bulk permeability tests, as described in Activity 8.3.1.2.2.4.2 and
8.3.1.2.2.4.3) where fracture flow properties will also be studied. Activ-~
ity 8.3.1.2.2.8.2 (validation of conceptual and numerical models of fluid
flow through unsaturated, fractured rock) describes the relationship between
the scale-based tests (i.e., the intact fracture, percolation, and bulk
permeability tests) and associated conceptual and numerical models.

8.3.1.2.2.4.2 Activity: Percolation tests in the exploratory shaft facility

Objectives

The objectives of this activity are to determine the hydrologic
conditions that control the occurrence of fluid flow within fractures and
matrix and to provide experimental data against which the validity of
numerical and conceptual models can be tested.

Parameters
The parameters of this activity are
1. Unsaturated hydraulic conductivities to air and water as functions

of bulk water saturation and matric potential (including the
determination of critical saturation).
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2. Effective porosities of the matrix and fractures.
3. Volumetric flux and travel time through the rock mass.
4. Fracture spacings, orientations, connectivity, and apertures.
Description

Because the permeability of the fracture system at Yucca Mountain is
expected to be both scale dependent and spatially variable, a percolation
test conducted at a single scale at a single location has limited value for
characterizing the overall fracture-network permeability of the hydrogeolcgic
unit in which it is performed. The primary value of such a test is the op-
portunity it provides to test hypotheses concerning the nature of fluid flow
in unsaturated, fractured rock systems (Activity 8.3.1.2.2.8.1). Experi-
mental validation of numerical models that describe unsaturated flow and
transport in systems containing a limited number of discrete fractures
provides a tool to allow extrapeolation to larger scales at which physical
experiments are not feasible. In other words, numerical "experiments® can
then be performed at scales at which the physical experiments are impractical
because of time or financial restraints. If the model has been physically
validated at some smaller scale, the numerically generated "data™ for an
assumed fracture network can be used to test other simpler modeling ap-
proaches such as the compesite porcsity approach described below.

Detailed models that consider the effects of individual fractures or
other spatial heterogeneities within a rock mass can also be used to estimate
bulk parameters for the rock mass, as well as evaluate the limitations of
using a bulk parameter approach. The ability of these models to estimate the
bulk flow and transport parameters of an unsaturated, fractured rock mass
will be examined by conducting a sequence of experiments at successively
increasing scales. These experiments include the intact-fracture test
(Activity 8.3.1.2.2.4.1), the percolation test (this activity), and the bulk
permeability test (Activity 8.3.1.2.2.4.3). The results from each experiment
can then be compared with simulated results produced by models appropriate to
that scale (Activity 8.3.1.2.2.9.2).

The composite conductivity-matric potential relationship for a fractured
rock mass is one example of a bulk parameter approcach. It ignores the spa-
tial heterogeneity caused by the fracture system and considers the fracture
and matrix domains as a composite, homogeneous continuum. The composite
conductivity-matric potential relationship can be physically determined by
applying a known flux to the surface of the rock and measuring the average
matric potential and total hydraulic gradient across it. From Darcy’s law,
the equivalent conductivity of the rock mass can be calculated by dividing
the flux by the total head gradient. The calculated conductivity and average
matric potential at the applied flux provide cne point on the characteristic
curve. By successively altering the percolation rates and average matric
potential, the entire composite curve can be determined. If, at each suc-
cessive perceolation rate, a conservative tracer is added to the inflowing
water, two additional effective parameters (effective porosity and effective
dispersivity) can also be determined for that rock mass. The percolation
test, to be conducted on a single tlsck of rock excavated from the Topopah
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Spring welded unit at the repository horizon, is intended to test the com-
posite continuum hypothesis. The results of this experiment, in conjunction
with the results of the intact-fracture test and the bulk permeability test,
will be used to assess the validity of conceptual and numerical models des-
cribing fluid and solute movement in fractured, porous rock.

Percolation tests are currently planned for the main test core area on
the Topopah Spring level. A pillar of rock composed of fractured, welded
tuff will first be isolated. From this pillar, a diamond-impregnated wire
saw will cut a block of rock approximately 2 m on a side into which
tracer-tagged water will later be introduced. This volume of rock does not
necessarily reflect the dimensions of the so-called "representative
elementary volume®™ (REV), but has been chosen because it becomes increasingly
difficult to induce steady-state flow in larger volumes of low-permeability
~rock within the time constraints of the site characterization activities.

The test block will be hydrologically and pneumatically isclated from
the surrounding rock mass on all sides. This will facilitate the collection
of effluent from the base of the block so that both the volume of ocutflow as
well as areally averaged tracer concentrations may be obtained. In addition,
isclation of the block and sealing of its sides with a clear, impermeable
substance will enable better characterization of the fracture network geom=~
etry and will ensure that there are no lateral flow components.

The test block will be excavated from the surrounding rock by removing
tapered slabs of rock immediately adjacent to it. Holes will be first
drilled through the pillar at the intersections of the horizontal and verti-
cal faces of each slab. The wire will be threaded from driving pulleys in
the first drif: through a borehole and into the second drift, and then re-
turned to the first drift through a separate hole. As the wire is circulated
through the drillholes in a continuous loop, it will cut the rock in the
plane defined by the holes. After each slab face is cut, the slab will be
pushed into the drift adjacent to the wider end where it will be broken up
and removed. The drillhole orientation will produce the tapered cuts. The
bottom slab will be removed first and a vertical support system installed.
The top slab will be removed next, followed by the side slabs and finally the
end slabs.

Before excavation of the test block, small-diameter (1.3-cm) boreholes
will be drilled through the pillar and the test block and used to perform
both single-hole and cross-hole packer injection tests (using nitrogen gas).
Packer spacing will be designed to isolate discrete fractures or fracture
zones, as determined from mapping of the sides of the block and from borehole
logging. Values of pneumatic conductivity calculated for tests conducted
before the excavation of the block from the pillar will be compared with the
values calculated from similar tests conducted after the excavation has been
completed. In this way, the effects of excavation on changes in effective
fracture aperture can be quantified. The information on fracture geometry
and conductivity provided by air-injection packer tests will also be used to
refine and calibrate a preliminary computer model of the test block. The
boreholes in which the pneumatic tests are initially conducted can also be
used as conduits for rock bolt supports during excavation.
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All boreholes will be drilled and cored using air. The boreholes will
be surveyed for fracture locations using downhole TV cameras and by con-
ducting single~hole packer air-injection tests.

The core from all boreholes will be logged in detail for fracture loca-
tions and geometric parameters (e.g., fracture spacing, fracture orientation,
apparent aperture, trace roughness). When fractures are identified, their
location, strike and dip will be measured and recorded. When available,
other features will be determined, such as length of trace, surface roughness
of fracture walls, fill materials, degree of weathering, mineralized coat-
ings, and hydraulic aperture. p

Onsite laboratory determinations will be made of the hydraulic prop-
erties of the rock matrix in the core sample (Activity 8.3.1.2.2.3.1, matrix
hydrologic properties testing). The parameters to be measured include sat-
urated hydraulic conductivity, moisture content (gravimetric and volumetric),
moisture content-matric potential relationships, water and matric potential
(via psychrometers, heat-dissipation probes, tensiometers), grain density,
perosity, and bulk density. From chese measurements, relative permeabilities
of air and liquid water as a function of matric potential or water saturation
will be calculated. The spatial variability of the above-mentioned
guantities within the block will be described with semivariograms.

Samples of core from the boreholes will be tested to determine the
effective diffusion coefficients of the matrix (and fracture coatings, should
they exist) with respect to nonreactive tracers, such as potassium bromide.
An attempt will also be made to measure the permeability of any fracture
coatings observed in the cores.

2 ventilation door will be installed near the entrance to each of the
two side drifts. These doors will be completely sealed on all sides and
around inlet and outlet ventilation ducts. Instrumentation will be installed
to monitor air pressure, temperature, and relative humidity of both incoming
and outgoing ventilation.

Individual fractures, joint sets, and fracture networks will be mapped
along the exposed surfaces of the drifts as part of the geologic mapping
project (Activity 8.3.1.4.2.2.4). Similar fracture maps will be prepared for
each face of the percolation test block. Photographs of the drift and test-
block surfaces will also be taken to provide a record of the fracture trace
patterns. Fracture orientations and three-dimensional projections into the
test block will be determined from the fracture maps, core samples and bore-
hole data.

The first step in the percolation test will be to saturate the block to
the maximum extent possible by ponding water directly on the surface of the
block. Outflow collected from the bottom of the block will then be de-aired
and recirculated. Water will move through the fracture network and be im-
bibed from the fractures into the matrix. Small amounts of air will be trap-
ped and compressed within each of the fracture-bounded matrix blocks as the
wetting front advances from the saturated fractures toward the centers of the
blocks. Based on preliminary modeling, this small amount of compressed air
probably will not significantly affect the results of the test.
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Steady-state conditions will be assumed to occur when the rate of inflow
into the block equals the rate of outflow from the block (to within a speci-
fied tolerance). The saturated bulk-rock conductivity and the associated
percolation rate will be determined in this first phase of the test.

A sand bed and flow tank apparatus will then be installed on the upper
surface of the test block and a ceramic (or metal) porous plate attached to
the base of the block. A suction less than the air-entry suction of the
plate will be applied to the -lower plate surface with a vacuum pump. The
applied suction will draw percolating fluid out of the plate to where it can
be collected, measured, and analyzed. A thin (l-cm-thick) sand layer placed
between the block and the porous plate will ensure that good hydraulic con-
nection is maintained between the rock and the plate, and will reduce pres-
sure buildup near the fractures caused by plate impedance.

Water will be applied to the sand bed surface using hypodermic syringes
or perforated tubing. Capillary forces within the sand will cause water to
spread laterally from the application points, so that for a homogeneous sand,
the matric potential within the sand at a given height above the sand-block
interface will become relatively uniform. The sand bed apparatus will con-
sist of a framed=-in box filled with well-sorted sand and instrumented with
heat dissipation probes, tensiometers, and thermocouple psychrometers.

At high percolation rates, water movement at the base of the sand bed
will have a strong horizontal component because the water will tend to pond
above the intact matrix blocks and drain into the intervening fractures. A
sand with a high saturated conductivity will maintain small lateral pressure
gradients and relatively uniform matric potential at the base of the sand and
within the upper part of the block. The saturated hydraulic conductivity of
the sand should be larger than the measured bulk-rock conductivity.

When the sand bed and porous plate are in place, water will be infil-
trated into the sand bed at rates less than the saturated hydraulic conduc-
tivity of the rock mass. The block, and particularly the fractures, will
have drained somewhat as the sand bed and porous plate were being installed.
However, steady-state conditions will be reestablished fairly rapidly at the
new percolation rate, because drainage of water from the matrix is expected
to be small. Because the matrix will remain nearly completely saturated over
the range of matric potentials in which liquid-water flow within the fracture
is thought to be important, very little water will need to be drained from or
added to the matrix to maintain pressure-potential equilibrium between the
fractures and the matrix. Therefore, the system should equilibrate quite
rapidly with respect to altered boundary conditions once the initial satura-
tion phase has been established. By measuring the average matric potential
and average hydraulic gradients at steady state for successively lower ap-
plied percolation rates, the composite conductivity-matric potential re-
lationship of the block can be determined. Because it becomes increasingly
difficult to reestablish steady-state flow (or for that matter to measure
fluxes) when water flow is primarily through the matrix, the percolation test
will focus on that portion of the composite curve above and just below the
point at which the fracture and matrix contributions to total flux are equal.
This is the matric potential at which the fracture and matrix contributions
to the total flux are equal, and below which the fracture contribution to the
total flux becomes increasingly insignificant.
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After steady-state flow conditions have been established at a given per-
colation rate, a conservative tracer, such as potassium bromide, will be add-
ed to the inflowing water. The effective porosity (or more precisely, ef-
fective water content) of the block at that flow rate will be determined by
dividing the Darcy flux by the length of the block and multiplying the result
by the time required to observe an effluent concentration that is one-half of
the input concentration. Effective moisture content, that is, the water-
filled pore-volume available to solute moving through the rock, probably is a
function of the flow rate and decreases with increasing fluid fluxes. &
knowledge of the relationship between fluid flux and effective porosity is
essential to the calculation cf ground-water travel time.

The instruments employed in the percolation test must be capable of the
following: (1) measuring water content and potential in the matrix, (2) dis-
tinguishing conducting (wet) fractures from nonflowing fractures, (3) moni-
toring the arrival of the wetting front or tracer pulse in the fractures, and
(4) quantifying imbibition into the matrix through fracture walls.

Tracer movement will be monitored using electrical conductivity probes.
Time domain reflectometry (TDR) will be used to measure bulk-rock water con-
tent in all phases of the experiment. During wetting, TDR will be used to
monitor the wetting front in the matrix (and possibly fractures). There-
after, TDR will be used to measure moisture redistribution during drying.
Thermocouple psychrometers or heat dissipation probes will be used to measure
the baseline (ambient) water potential in the rock before and during the
initial wetting phase. If the initial matric potentials before wetting are
less than -1,000.0 kPa, psychrometers will be used. If the potentials are
between -80 and -1,000.0 kPa, heat dissipation probes will be used. Tensiom=
eter-transducer systems will be used to measure matric potentials during
wetting and subsequent steady-state conditions. The tensiometers will be
arranged such that measurements in the vicinity of the fracture and in the
center cf£ the matrix block can be recorded simultaneously. In this way,
imbibition rates into the matrix from adjacent fractures can be monitored
during the transient wetting and drying phases. The tensiometer-transducer
system can also verify that steady-state conditions predicted by inflow and
outflow measurements have been attained.

All instruments will be emplaced horizontally within the test block with
the exception of the TDR probes. Horizontal instrumentation will minimize

disturbance of the percolation front and will eliminate the problem of pref-
erential flow channeling that may occur along vertical boreholes.

8.3.1.2.2.4.3 Activity: Bulk-permeability test in the exploratory shaft
facility

Objectives
The objectives of this activity are

1. To determine the scale at which the host rock behaves as an
equivalent anisotropic porous medium.
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2. To compare hydraulic test results against a distribution of simu-
lated results calculated from a large number of realizations of the
possible fracture networks conditioned on average fracture orienta-
tion and/or fracture density data.

3. To use a numerical fracture-flow model to establish the minimum
dimensions at which other rock masses with the same fracture char-
acteristics behave as equivalent porous media and to examine the
dependence of rock-mass dimensions on changing saturation.

Parameters
The parameters of this activity are

1. Unsaturated hydraulic conductivities relative to air as a function
of liquid-water saturation and matric potential.

2. Water content of matrixz and rock mass.

3. Effective poresity of matrix and fractures (including pore-size
distribution of matrix).

4. Hydraulic potential of matrix and rock mass.
5. Volumetric liguid-water flux and travel time through the rock mass.
6. Directional water velocity distributionms.

7. Fracture and fracture-set lengths, densities, spacings,
orientations, connectivities, and apertures.

Description

The bulk permeability test is closely linked with the intact-fracture
test (Activity 8.3.1.2.2.4.1) and percolation test (Activity 8.3.1.2.2.4.2)
in validating conceptual and numerical models of fluid flow through unsat-
urated fractured rock (refer to Activity 8.3.1.2.2.8.2). The bulk permea-
bility test will be conducted at sites in the Calico Hills nonwelded unit and
in the lower breakout zone in the Topopah Spring welded unit. Single-hole
packer air-injection tests, cross-hole tests, frustum tests, and tracer tests
will be conducted at each site to assess the fluid transpcrt properties of
the units. Fracture mapping at the individual sites as well as in other
drifts at these levels will be conducted to characterize the fracture network
(Activity 8.3.1.4.2.2.4). Rock-matrix lithologic and hydrologic properties
will also be characterized at each site as well as within other drifts at
these levels. These fracture and rock-matrix data will be collected in order
to evaluate fully the independent contributions of the rock matrix and the
fractures to the overall composite rock mass hydrologic properties of the
Topopah Spring welded unit at the repository target horizon. Resulting data
from this test will be incorporated in a fracture fluid-flow model that will
establish the minimum dimensions at which the rock mass behaves as an equiva-
ient porous medium. The following paragraphs describe the data-collection
r~~cess in detail.
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Individual fractures, joint sets, and fracture networks will be mapped
along the exposed surfaces of the exploratory shaft facility. The fracture
mapping will include (1) the measurement of individual fracture orientationms,
lengths, and apertures; (2) the identification of prevalent fracture sets;
(3) the determination of fracture densities and spacing with sampling bias
removed; and (4) the assessment of fracture and fracture-set
interconnectivities. Sufficient fracture data will be collected on rock
surfaces of v