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1. INTRODUCTION

The Fiscal Yar (FY) 1995 Technical Implementation Plan (TIP) for WBS 1.2.3 (Site
Investigations) results from a program-wide planning process initiated in the second quarter of
fiscal year 1994. That proccess re-cast the overall Program strategy, articulated new Program
goals, and refined the milestones and deliverables for the Yucca Mountain Project (YMP) such
that they supported the new goals. The resulting strategy is termed the Program Approach.

To document the Program Approach, a new long-range plan was developed for the YMP in late
FY 1994. This plan covers the nxt five years and describes the higher-level activities,
deliverables, and milestones required to achieve the goals of the Program Approach. Based on
this 5-Year Plan, the Long-Range Plan for WBS 1.2.3 was also updated in late FY 1994 to be
consistent with the Program Approach. The work activities identified in the FY 1995 TIP for
WBS 1.2.3 were derived from this Long-Range Plan and, therefore, are consistent with the
overall Program plans and goals.

Management of site investigations activities is the responsibility of the Assistant Manager for
Scientific Programs (AMSP). This responsibility is administered by AMSP WBS managers and
team leaders with support from the Management and Operating Contractor for implementation,
coordination, integration, and management of scientific programs. Specific responsibilities for
testing coordination are presented in the Surface-Based Testing Coordination Management Plan
(SBTC) (YMP/92-27), ESF Testing Coordination Management Plan (in preparation) and the Site
Characterization Management Plan (in preparation).

This FY 1995 TIP for WBS 1.2.3 is organized as follows:

* Section
* Section
* Section
* Section
* Section

* Section
* Section
* Section

2: Purpose and Scope of the Plan
3: Methodology for Activity Selection and Pioritization
4: Goals of the Site Investigations Activities for FY 1995
5: Description of FY 1995 Tests and Activities by Function
6: Schedule for FY 1995 SBT and ESF Activities, Milestones, and

Deliverables
7: Long Range Plan and Discussion of Variance of FY 1995 Activities
8: Management and Coordination of Site Characterization Activities
9: Site Investigations Interface with Other YMP Elements
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2. PURPOSE AND SCOPE OF THE PLAN

This Fiscal Year (FY) 1995 Technical Implementation Plan (TIP) for Work Breakdown Structure

(WBS) 1.2.3 is a management document. Its purpose is to:

* Define, in the context of the Program Approach and the Site Investigations
Long Range Plan (LRP), the Yucca Mountain Project (YMP) objectives for
site investigations in FY 1995;

* Identify specific activities to be conducted in FY 1995 to achieve those
objectives;
Identify Participants and budget allocations for each activity;
Identify sequence and schedule requirements for activities; and
Provide the baseline from which adjustments to priority, funding, and
scheduling can be made as studies progress during the year.

The TIP also identifies interfaces with other YMP WBS elements such as Design, Performance
Assessment, and Suitability and Licensing. In addition, external influences are recognized, such
as the YMP's commitment to respond to inquiries from the Nuclear Regulatory Commission
(NRC) and other interested parties.

This document provides information on the rationale and plan for FY 1995 surface-based and
ESF testing activities to support the achievement of near- and longer-term Program and Project
goals. The scope includes:

* Present the planned site investigations program for FY 1995;

* Describe the priorities, goals, milestones, and deliverables of the FY 1995
program;

* Provide an overview framework within which more detailed planning, integration,
and coordination of the site investigations activities can proceed, and against
which the progress of site investigations planning activities can be monitored;

* Provide a preliminary basis to anticipate FY 1996 activities, and a means for
planning for those activities; and

* Provide a basis for measuring progress in achieving the goals of the Long-Range
Plan for the YMP.
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3. METHODOLOGY FOR ACTIVITY SELECTION AND PRIORITIZATION

The selection and prioritization of work for Fiscal Year (FY) 1995 is based on both the status
of ongoing site characterization activities and the guidance provided by the Program Approach
as outlined in the Project 5-Year Plan. The Site Investigations plan for FY 1995 is also
constrained by a budget allocation of $85,782,000. As identified in the 5-Year Plan, the FY
1995 activities are focused on direct support of higher level findings which represent the near-
term site suitability milestones of the Program Approach. Nominally, all of the planned
activities provide useful and necessary information to the development of the technical basis for
the identified findings. It is also true that all of the planned activities provide information that
will ultimately be used in development of a License Application for the site, should the site be
found suitable for use. In the remainder of this section, a description is provided of how these
two factors influenced the selection of activities to be carried out in FY 1995.

3.1 Status of Site Characterization Activities

In general, the progress made by the Project during FY 1994 includes progress in constructing
the Exploratory Studies Facility (ES F), surface-based testing, advanced conceptual design of both
repository and waste package components of the disposal system, performance assessment,
planning, and licensing support system development. 'Much of the work has been preparatory
to FY 1995 planned activities.

The SF plays an integral role in the evaluation of the suitability of the site. Considerable
progress in the design and construction of this facility was achieved in FY 1994. The starter
tunnel and the first testing alcove were excavated, and underground mapping and testing efforts
were initiated. Tunnel excavation activities are now ready to be conducted to the extent required
to test and investigate the conditions in the mountain.

In parallel with these efforts, considerable progress was achieved in the surface-based testing
program. These include ongoing geological investigations that have provided the information
necessary for the design of the SF itself, scientific studies of the saturated and unsaturated
zones, and tests relevant to the evaluation of the waste package environment.

Rock characteristics data and the results of laboratory geotechnical analyses have been collected
and synthesized for use in SF design. Construction of discharge piping and a spreading basin
has been completed for the C-Well complex in preparation for the planned saturated zone pump
testing. Testing of a grouting technique was completed as a prerequisite to installation of
instrumentation n selected borcholes for pneumatic monitoring within the mountain during
winter months in advance of ESF construction. Studies of perched water found at or just below
repository levels north of the repository block were conducted. Geophysical survey, both in
borcholes and along surface transects, were continued. Quaternary faulting studies continued
such that these studies can be concluded in FY 1995 to support a seismic hazard analysis in FY
1996. Geochemistry studies have made substantial progress in understanding processes and
measuring specific parameters describing retardation of radionuclides in the mountain. The list
of important radionuclides to be investigated has been prioritized on the basis of sensitivity
analyses conducted as part of the Performance Assessment evaluations of the mountain. In the
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course of validating the regional climate modelling code, reasonable agreement has been
achieved between model predictions an4 the observed present-day climate.

3.2 Program Guidance

The strategy for site characterization testing during FY 1995 evolved with the development of
the Program Approach, its subsequent documentation within the Project 5-Year Plan, and the
related update of the Long-Range Plan (LRP) for Site Investigations (WBS 1.2.3). As part of
the Program Approach, four Project priorities were identified:

* Site Suitability Evaluation: Complete an evaluation of the technical
suitability of the Yucca Mountain site in 1998 and, if the site is found suitable,
prepare a Site Recommendation Report by the end of FY 2000.

National Environmental Policy Act (NEPA) Process: Prepare the Draft and
Final Environmental Impact Statements in FY 1998 and 2000, respectively.

Repository Licensing: Develop a license application for submission to the
Nuclear Regulatory Commission (NRC) in FY 2001, if the site is suitable.

Management and Compliance: Carry out normal management activities
required for direction and control of the Project and special allocations
required to support external agencies and the public in their review and
interactions with the Project.

All site characterization activities should support one of the above priorities.

In establishing priorities for activities within WBS 1.2.3, only two of the four Project priorities
are used: Site Suitability Evaluation and Repository Licensing. Activities in support of these
two priorities are assumed to provide the information needed to support the NEPA process also.
No additional work will be required within WBS 1.2.3 for the sole purpose of supporting the
NEPA process.

To support the Site Suitability Evaluation priority, seven key products need to be completed
within WBS 1.2.3 by 1998. These seven reports, each based on a subset of the siting guidelines
in 10 CFR 960, provide the primary focus for planning of site investigation activities for the
three-year period beginning in mid-1995. The reports cover the following topics:

Surface Processes
Preclosure Rock Characteristics
Tectonic Hazards
Preclosure Radiological Safety
Gcochemistry/Postclosure Rock Characteristics/Natural Resources
Geohydrology/Transport
Total System Performance Assessment.
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The testing strategy to support achievement the Program priorities is discussed in the LRP for
WBS 1.2.3. The LRP gives an overview of the site investigations program for the five-year
period FY 1995 through 1999 consistent with both the Program Approach and the 5-Year Plan
for the Yucca Mountain Project.The LRP relates planned activities to both the waste isolation
strategy being pursued by the Project and to the products needed to achieve the Program goals
Selection of testing activities for FY 1995 arc guided by and must be considered in light of these
shorter- and longer-term goals. To facilitate this understanding, salient aspects of the five-year
plan arc described in Section 7.

Site Investigations activities can generally be classified as surface-based testing (SBT), testing
in the Exploratory Studies Facility (ESF), or testing support such as design, construction, and
planning. Both the SBT and the ESF testing programs gather data that contribute to the
determination of the suitability of the Yucca Mountain Site. The SBT program encompasses all
activities that gather information using surface-based methods such as geologic mapping, drilling,
trenching, field monitoring, geophysical surveys, field testing, laboratory testing, and associated
analyses. The ESF testing program consists of investigations carried out underground within
the ESF and associated laboratory and analytical studies. Other ESF testing, design, and
performance assessment activities occur within WBS elements 1.2.2 (Waste Package), 1.2.4
(Repository),and 1.2.5 (Regulatory and Licensing). These other activities supporting other WBS
elements are described in their respective Technical Implementation Plans.

The relation of specific SBT and ESF testing activities for FY 1995 to Project priorities and key
products is summarized in Section 4. Appendix A provides additional information on each FY
1995 work element, including its scope of work, funding, deliverables, and, for continuing
work, status at the end of FY 1994. Appendix A also includes information on links to design
requirements, licensing requirements, site suitability issues, test prioritization evaluations
regarding the contribution of the tests to YMP goals, and planned performance assessment
objectives.
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4. GOALS OF THE SITE INVESTIGATION ACTIVITIES FOR FY 1995

The Site Investigation activities to be implemented in Fiscal Year (FY) 1995 support the
objectives of the Program Approach as described in the 5-Year Plan for the Yucca Mountain
Project (DOE, 1994) and in the most recent revision of the Long-Range plan (LRP) for WBS
1.2.3 (Site Investigations). An update of the Site Characterization Plan Baseline to reflect the
current strategy is also being prepared.

Two goals identified in the Program Approach are relevant to WBS .2.3 planning:

Site Suitability Evaluation
Repository Licensing

In FY 1995, Site Investigations activities primarily support the goal of a Site Suitability
Evaluation and, to a lesser extent, Repository Licensing. Activities supporting Repository
Licensing are generally long-lead activities including regional hydrology, future climate, and
thermal effects evaluations. There are no allocations of Site Investigations activities to the
NEPA priority, based on the assumption that site information developed for suitability and
licensing purposes will be sufficient to support the required environmental assessments.

4.1 Priority 1: Site Suitability Evaluation

Activities supporting this priority are those required to evaluate the technical suitability of the
Yucca Mountain site as a geologic repository for high-level radioactive waste. Completion of
this evaluation is scheduled for 1998. If the site is found suitable, additional activities to prepare
a Site Recommendation Report by the end of FY 2000 would also have to be carried out.

A phased approach to evaluating technical site suitability is included as part of the Program
Approach. The suitability of the site will be examined over a period of years through a series
of Technical Basis Reports. These reports will address different sets of the 10 CFR 960
guidelines. Site Investigations work addressing this priority is structured around a series of
seven major deliverables supporting the planned Technical Basis Reports.

An overview of work to be accomplished during FY 1995 is given in the context of the seven
deliverables leading to the FY 1998 Site Suitability evaluation. This is followed by a short
summary of drilling activities planned for FY 1995 and then a discussion of metrics for the FY
1995 work.

4.1.1 Preclosure Rock Characteristics Technical Basis (WBS 1.2.3.2)

The response of the rock of the repository horizon to the heat from emplaced waste is key to
evaluating the long-term stability of emplacement drifts and the feasibility of retrieval operations.
In FY 1995 tests will be performed in the laboratory to study long-term rock behavior at
elevated temperatures as well as to measure rock properties at expected emplacement drift
temperatures. Samples from coreholes as well as from the Exploratory Studies Facility (ESF)
will be used for laboratory testing. High-resolution shallow seismic line surveys will be
performed along two east-west lines in the repository block to investigate the presence, if any,
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of buried faults west of the Ghost Dance fault. Standard tests in the laboratory for thermal and
mechanical properties of rock will continue. Observations and monitoring of rock movement
and rock stress in the ESF will provide additional data to support the development of the
technical basis report scheduled for FY 1996.

4.1.2 Tectonic Hazards Technical Basis (WBS 1.2.3.2)

The Qualifying Condition for Preclosure Tectonics specifies that tectonic or volcanic processes
during the preclosure period will not require design features beyond reasonably available
technology. The preclosure tectonics program, therefore, is directed at assessing the hazard at
the site related to vibratory ground motion, surface fault displacement, and volcanism

In Y 1995, data collection activities to characterize the spatial extent and orientation of
Quaternary faults and their history of activity will be completed. Analysis of these data and
synthesis of results will continue in FY 1995 to support development of inputs for a seismic
hazard analysis in FY 1996. In particular, a ground motion attenuation relation will be
developed and a workshop will be held to evaluate the different approaches to ground motion
modelling that can be used at Yucca Mountain. The seismic hazard assessment process will be
initiated through identification of experts to provide interpretations of the data that will serve as
inputs and holding a workshop to familiarize the experts with te data available to support
interpretations and evaluate their sufficiency. Development of a Topical Report on Seismic
Design Methodology will also be completed in FY 1995 as an activity within WBS 1.2.5. These
activities will lead to a probabilistic seismic hazard assessment, development of seismic design
inputs, and preparation of a report on the tectonic hazards technical basis in FY 1996. These
activities will also provide information needed to address seismic issues in the Advanced
Conceptual Design (ACD).

4.1.3 Gochemistry / Postclosure Rock Characteristics Technical Basis
(WBS 1.2.3.2, 1.2.3.4)

The qualifying condition for postclosure geochemistry specifies that the present and expected
geochemical characteristics of a site will be compatible with waste containment and isolation
taking into account the likely chemical interactions among radionuclides, the host rock, and the
ground water. In addition, the qualifying condition for postclosure rock characteristics specifies
that the present and expected characteristics of the host rock and surrounding units will be
capable of accommodating the thermal, chemical, mechanical, and radiation stresses that are
expected to be induced by repository construction, operation, and closure and by expected
interactions among the waste, host rock, ground water, and engineered components.
qualifying conditions for human interference specify that the natural resources at the site will not
be likely to give rise to human interference activities that will lead to releases greater than those
allowable by applicable standards. Taken together,these qualifying conditions require
information on the stratigraphy, mineralogy, rock properties, chemistry, and ground-water
characteristics of the host rock and surrounding units.

To address the relevant qualifying conditions, 3-dimensional (3-D) integrated geologic model
of the site will be established using geologic framework information and the best available spatial
distributions of mineral zones and hydrogeologic parameters. The preliminary model will
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incorporate structural and lithologic logs for additional deep boreholes in and near the controlled
area, results of surface geophysical surveys, results of surface mapping and fracture studies, and
results of geologic mapping in the north ramp of the ESF. This model will provide the geologic
framework of the site that will be used for some of the process modeling activities and for
subsystem and total system performance assessment. It will also provide estimates of porosity,
permeability, water content, and other parameters that are required for hydrologic modeling and
design analyses. Geotechnical data on the material and thermal properties of the host rock and
geologic mapping and rock deformation studies in the ESF will also support ACD.

A letter report on the nature of the vitric-zeolitic transition in the Calico Hills unit will be
produced. This information will provide a preliminary basis for the spatial distribution of
sorptive and transmissive properties within the Calico Hills. This also provides some of the
initial information for near-field environment and altered zone studies. A report on geochemical
alteration will summarize current knowledge of mineral alteration history, including discussion
of any evidence for Quaternary alteration. The findings will be discussed as a possible analog
for alteration under repository conditions. Future alteration will be predicted. An understanding
of mineral alteration is required to determine if conditions exist or could exist that would
degrade the ability of the site to isolate waste. A report on a saturated zone ground-water
chemistry will be produced to support the ground water chemistry model.

To support evaluations of the potential for human interference, ah industry standard natural
resource exploration study will be completed in FY 1995.

4.1.4 Gohydrology / Transport Technical Basis (WBS 1.2.3.3, 1.2.3.4)

The qualifying condition and disqualifying conditions for the postclosure geohydrology siting
guideline are concerned with the compatibility of the geohydrologic system with waste isolation
and containment. For the qualifying condition, the present and expected geohydrologic setting
of a site shall be compatible with waste containment and isolation. The disqualifying condition
specifies that the site will be disqualified if the pre-emplacement ground-water travel me from
the disturbed zone to the accessible environment is less than years along any pathway of
likely and significant radionuclide travel.

Investigations of fluid pathways in the unsaturated zone (UZ) are needed for performance
analyses of both the engineered and natural components of the geologic repository system.
Characterization of the flow paths and mixing effects in the saturated zone (SZ) rock below the
water table is required to support calculations of the ground water travel time (GWTT) and to
determine potential radiation doses to the biosphere. The radionuclide transport program will
provide analyses of how ground water would carry radionuclides from the repository to the
accessible environment or biosphere. Numerous physical and chemical processes, including
radioactive decay, will be analyzed to predict arrival distributions of radionuclides at outflow
boundaries of the hydrologic system.

Hydraulic testing in boreholes at the C-wells complex will be initiated and preliminary results
analyzed to provide hydrologic-property values for input to the ground-water flow and total-
system performance-assessment computational models. Construction-phase testing will be
initiated in the ESF and an additional ESF alcove or alcoves will be excavated to support
hydrologic assessment of the Bow Ridge Fault. Hydrologic testing and sampling and pneumatic
testing will be conducted in the ESF access to the Bow Ridge Fault to determine the hydrologic
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and pneumatic properties of the fault and to evaluate the hypothesis that this structural feature
may provid a preferential flow pathway.

In FY 1995, weather conditions will continue to be monitored at network stations located within
the boundaries of the site to provide input to the gas-phase circulation study and infiltration
studies. The analysis of paleoenvironmcntal data collected in southern Nevada and adjacent
areas will continue, providing a preliminary basis for inferring climatic conditions and change
in the Yucca Mountain region during the Quaternary. Evaluations of core samples from
palcodischarge areas, interpretations of the age and floral content of packrat middens, and age
information from vein minerals will be integrated in a preliminary
paleoclimate/paleoenvironmental synthesis.

The development and testing of the site-scale, three-dimensional UZ moisture and gas flow
models will be advanced sufficiently to incorporate ESF effects and to constrain the role of
major faults in the hydrology of the site. A preliminary saturated-zone hydrologic framework
description will be provided in FY 1995 to support evaluations of ground-water travel time and
dilution effects.

Studies on radionuclide transport parameters will focus on those areas where there is the greatest
uncertainty that the qualifying condition for the postclosure geochemistry siting guideline can
be met. Radionuclide sorption, solubility and speciation, colloidal behavior and diffusion into
the rock matrix pore space will be examined. Dynamic transport studies will be conducted to
examine the applicability of basic parameters for describing flowing systems both fractured and
unfractured. Investigation of neptunium, plutonium, and uranium will be emphasized. These
are elements for which more refined transport parameters seem most critical due to high
solubility, low sorption, or high uncertainty in sorption mechanisms. Development of transport
models that combine hydrology and transport parameters for the key radionuclides will continue.
This information is basic input needed to model the release of radionuclides to the accessible
environment.

A summary report on site-scale radionuclide transport and a companion retardation sensitivity
analysis will be completed in FY 1995.

4.1.5 Drilling Activities

In FY 1995, drilling activities support data collection for several of the site investigations
products supporting the evaluation of site suitability. Drilling activities will include the final
phase of two SD-holes and the first phase of a third to provide design input and rock
characteristics information; drilling a WT-hole to explore the large hydraulic gradient north of
the site; workover and/or test pumping of 7 wells (including cross-hole experiments at the C-well
complex) to examine saturated zone behavior; and stemming of 5 boreholes to provide
hydrologic information (4 holes) and vertical seismic profiling capability (1 hole).
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4.1.6 Metrics

In performance based budgeting, metrics are measures of progress, both tangible and intangible.
Outputs are those discrete, tangible items such as reports and physical advance of the ESF
construction. Outcomes are less-tangible progress such as refining models to reduce uncertainty,
continuing to collect otherwise irretrievable monitoring data, and providing management and
compliance functions. For site investigations activities during FY 1995 that support the priority
to carry out a site suitability evaluation, the following outputs and outcomes are expected.

Report on development of an empirical ground motion attenuation relation for
Yucca Mountain.

Report on ground motion modelling approaches for Yucca Mountain.

Report summarizing the Data Needs Workshop for the probabilistic seismic
hazard assessment.

Three-dimensional integrated geologic model of the site, incorporating structural
and lithologic logs for additional deep boreholes in and near the controlled area,
results of surface geophysical surveys, results of surface mapping and fracture
studies, and results of geologic mapping in the north ramp of the ESF.

Letter report on the nature of the vitric-zeolitic transition in the Calico Hills unit.

Report on geochemical alteration.

Report on saturated zone ground-water chemistry.

Hydrologic assessment of the Bow Ridge Fault from testing in the ESF.

Preliminary paleoclimate/paleoenvironmental synthesis.

Site-scale, three-dimensional UZ moisture and gas flow model.

Summary report on site-scale radionuclide transport and a companion retardation
sensitivity analysis.

Preliminary regional three-dimensional hydrology model and an updated report
on site-scale boundary conditions.

Outcomes:

Monitoring of rock movement and rock stress in the ESF.

Completion of site and regional fult studies to support development of seismic
source inputs for a probabilistic seismic hazard analysis.
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Industry standard natural resource exploration study will completed.

Hydrologic-property values from hydraulic testing in boreholes at the C-wells
complex.

Expert judgement on range of interpretations in volcanic hazard assessment inputs
that is consistent with the available data. (Carried out within WBS 1.2.5)

4.2 Repository Licensing

Activities supporting this priority include those required to ensure that required information will
be available to develop a license application for submission to the Nuclear Regulatory
Commission (NRC) in FY 2001, if the site is suitable.

A license application annotated outline is being used as a tool to develop the repository license
application in a phased manner. As additional information becomes available through
completion of site investigations activities, appropriate sections of the license application
annotated outline are updated. In this way, the annotated outline will evolve into the repository
license application, assuming the site is found suitable.

An overview of work to be accomplished during FY 1995 is given in the context of several site
investigations program areas. This is followed by a discussion of metrics for the FY 1995 work.

4.2.1 Tectonics (WBS 1.2.3.2)

To address the Postclosure Tectonics qualifying condition, studies on volcanic hazard and
tectonic effects will continue in FY 1995. Volcanism studies are structured to provide a
probabilistic hazard assessment that incorporates geologic constraints on the time-space-volume
evolution of basaltic volcanism in the Yucca Mountain region. During FY 1995, volcanism
experts will be involved in a study to assess the range of interpretations in volcanic hazard
assessment inputs that is consistent with the available data. In addition, geochronologic and
geochemical studies will continue.

Activities in the area of tectonic effects will focus on incorporating geophysical information into
an evaluation of structural controls on basaltic volcanism, and developing a hydrologic model
of the site area to use as a baseline for examining the effects of tectonic processes.

Also within the tectonics program, monitoring of contemporary seismicity in the southern Great
Basin will continue. The collected data will form part of the site description for the license
application.

4.2.2 Saturated-Zone Hydrology (WBS 1.2.3.3)

The regional hydrology program will provide a preliminary regional 3-D model and an updated
report on site-scale boundary conditions derived from the regional model in FY 1995.

4.2.3 Future Climate (BS 1.2.3.6)
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The future climate program will provide a strategy plan in FY 1995 for use of computer models
to simulate regional climate for a range of global conditions and to provide comparisons between
predictions and geologic observations for current and past climates. The status of validation of
the global/regional climate model will be reported. Through these analyses, bounds on the
magnitude and duration of future climate conditions will be developed and supplied for use in
establishing limits on water influx for site scale performance modeling.

4.2.4 Thermal Effects (WBS 1.2.3.10, 1.2.3.12)

In FY 1995, the thermal effects program will continue characterization of the rock around the
waste package, the effects of man-made materials on that environment, and impacts of the heat-
affected zone surrounding a repository on repository performance and geochemical transport
Laboratory studies of actinide solubilities at elevated temperatures, mineralogical and chemical
changes in vitrophyric tuffs subjected to a range of relative humidities at elevated temperatures,
and preliminary numerical simulations of hydrologic-geochemical coupling will be conducted.
Preparations for the Large-Block Test (LBT) will continue, and will include installation of the
loading frame, drilling of instrumentation holes, and testing of small blocks taken from the LBT
site. Changes in permeability resulting from mineral-water reactions or silica redistribution will
be examined theoretically and experimentally. A report will include (i) a description of the
testing and analysis of expected thermo-hydrological flow in the LBT, (ii) a partial resolution
of hypothesis tests and preliminary model validation, (iii) preliminary validation of conceptual
models of water contact modes, (iv) early diagnosis of the significance of buoyant gas-phase
convection, focussed vapor and condensate flow, and gas-phase diffusion, and (v) early diagnosis
of the significance of geochemical-thermo-hydrological coupling.

4.2.5 Metrics

Outputs:

Strategy plan for use of computer models to simulate regional climate for a range
of global conditions.

a report on the Large-Block Test (LBT) that will include: (i) a description of the
testing and analysis of expected thermo-hydrological flow in the LBT, (ii) a
partial resolution of hypothesis tests and preliminary model validation, (iii)
preliminary validation of conceptual models of water contact modes, (iv) early
diagnosis of the significance of buoyant gas-phase convection, focussed vapor
and condensate flow, ad gas-phase diffusion, and (v) early diagnosis of the
significance of geochemical-thermo-hydrological coupling.

QUICOMES:

Laboratory tests to study long-term rock behavior at elevated temperatures.
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4.3 Summary of Activities

This section contains a more detailed description of site investigation activities for FY 1995 and

the manner in which they support the Program priorities of site suitability evaluation and

repository licensing. Table 4-1 lists activities that support the evaluation of site suitability and

Table 4-2 lists those that support repository licensing. Activities within each table are ordered

according to their WBS element number. Tables 4-3 shows all FY 1995 activities along with

their budgets. Table 4-4 shows the same information, but grouped according to Participant.
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Table 4-1
Site Investigations Activities Supporting a Site Suitability Evaluation

WBS Title Contribution in FY 1995 to the Goal of a Site
Suitability Evaluation

1.2.3.2.1.1.1 Mineralogy, X-ray diffraction, x-ray fluorescence, electron
Petrology, and microprobe, and scanning electron microscopy will
Rock Chemistry of be used to analyze bulk-rock and fracture
Transport mineralogy from new and existing drill core from
Pathways the site. This will provide information needed for

transport process models (WBS 12.3.4.1.5.1) to
address the geohydrology/transport suitability issue
and will directly address favorable geochemical
processes, favorable geochemical conditions,
geochemical reduction of sorption and lack of or
favorable alteration in 960.4-2-2 and groundwater
travel time 960.4-2-1.

1.2.3.2.1.1.2 Mineralogic and The alteration of Yucca Mountain will be examined
Geochemical as a self-analog to repository induced thermal
Alteration perturbations and to the paleohydrologic system.

Experiments will be conducted to determine the
stability of clays, zeolites, and glass in the presence
of potential repository thermal loads. Suitability
issues addressed include favorable geochemical
processes, favorable geochemical conditions,
geochemical reduction of sorption and lack of or
favorable alteration and no Quaternary dissolution
in 960.4-2-2; adverse dehydration/hydration in
960.4-2-3; and groundwater travel time in 960.4-2-

1.2.3.2.1.2.2 Kinetics and This study supports the development of conceptual
Thermodynamics model to predict mineralogic changes in Yucca
of Mineral Mountain due to the potential repository thermal
Evolution load. Kinetic and thermodynamic data will be

gathered on zeolites to support numeric modeling.
These activities support the transport process
models (WBS 1.2.3.4.1.5.1) to address the
geohydrology/transport suitability issue.
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1.2.3.2.5.1.1 Probability of
Volcanic Eruption

This activity determines probability distributions of
new basaltic volcanic activity in the Yucca
Mountain region (a parameter called El) and the
probability, given El, that new volcanic activity
will disrupt the repository (a parameter called E2).
Geologic structural controls that may influence the
location of new eruptive centers is investigated in
this process. FY 1995 activity will focus on
refined calculations of El and E2, and will
investigate the role of geologic structure. Tis
work will contribute to postclosure tectonics
suitability issue.

1.2.3.2.5.1.2 Effects of a
Volcanic Eruption
Penetrating the
Repository

This work investigates the possible effects, both
extrusive and intrusive, that renewed volcanic
activity might have repository performance.
Analog studies of possible eruptive and intrusive
effects will be conducted in FY 1995 as well as
studies to estimate possible volumes of melt
generation beneath the region. Studies of xenoliths
will be used to constrain the amount or waste that
could be entrained in a volcanic eruption and
brought to the surface. The extent of subsurface
alteration and induced hydrothermal circulation due
to igneous intrusions will be investigated. All
results will be incorporated into probabilistic risk
calculations.

1.2.3.2.5.5.1 Characterization of
Volcanic Features

This WBS is responsible for gather basic data on
basaltic volcanic centers in the region of Yucca
Mountain. Such data include geologic mapping,
geochemistry of the basal, age determinations,
and volume estimates. These studies are required
to understand the regional framework of volcanism,
the source and evolution of magmatism in time and
space, and to provide basic data for WBS
1.2.3.2.5.5.1 and 1.2.3.2.5.1.2. Work in FY 1995
will focus on the geochemistry of Crater Flat and
sleeping Butte basalts, regional synthesis of
volcanic fields in the Yucca Mountain region and
analog fields in the western United States, and
dating of basalts from all post-Miocene volcanic
centers in the region. This work will contribute to
postclosure tectonics suitability issue.
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1.2.3.2.6.2.1 Soil & Rock Prepare a geotechnical report to support the design
Properties of the ESF Main Drift (Design Package EA)and the
Exploration Muck Conveyor Foundation Design. The report

will describe the geology, structure, rock properties
and other expected conditions along the ESF main
drift alignment using maps, cross-sections, drill
hole logs, tabulated data and other illustrations and
descriptions

1.2.3.2.6.2.1 Consolidationof Plan and implement a project-wide program to
core logging consolidate core logging efforts and submit a letter

report documenting the work done including the
core logging procedures.

1.2.3.2.6.2.2 Soil & Rock Conduct laboratory tests on samples of soil and
Properties Lab rock for material properties data to support design.
Tests Tests on soil samples are for the design of

foundations for the muck conveyor system. Perform
rock quality estimates and develop rock mass
mechanical properties for tunnel support design.

1.2.3.2.6.2.3 Soil & Rock Prepare geologic and structural core logs for holes
Properties Field SD-7 and the deeper phase of SD-12. Develop rock
Tests quality estimates and rock mass mechanical

properties for SD-7 and deeper phase Of SD-12

1.2.3.2.7.1.1 Laboratory Perform measurements in the laboratory for thermal
Thermal conductivity and heat capacity of rock samples from
Properties NRG and SD holes. Prepare a report on the
Testing relationship, if any, of sample size and saturation

on the thermal conductivity. Update RIB values for
thermal conductivity and heat capacity

1.2.3.2.7.1.2 Laboratory Perform measurements in the laboratory for the
Thermal coefficient of thermal expansion of rock samples
Expansion Testing from NRG and SD holes. Conduct experiments to

investigate the effect of confining pressure on the
coefficient of thermal expansion of TSw2. Update
RIB values for the coefficient of thermal expansion.
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I

1.2.3.2.7. 1.3 Laboratory
Determination of
the Mechanical
Properties of
Intact Rock

Perform tests in the laboratory on intact rock
samples from NRG, SD holes and the ESF for
unconfined compressive strength, indirect(Brazilian)
tensile strength, Young's Modulus and Poisson
ratio. Perform tests to investigate the effect of
confining pressure and elevated temperature(both
singly and coupled) on the properties of intact rock
samples of TSw2. Perform tests to investigate the
time-dependent (creep) constant stress response of
TSw2 at elevated temperatures under stress and
temperature levels expected during the pre-closurc
period.

1.2.3.2.7.1.4 Laboratory Perform tests in the laboratory on samples from
Determination of NRG, SD holes and the ESF to measure the
the Mechanical mechanical properties such as angle of friction,
Properties of shear stiffness and normal stiffness etc. of
fractures fractures. Perform tests to investigate the long term

time dependent behavior of fractures at above
ambient temperatures. Perform tests to investigate
the instantaneous effect of elevated temperatures on
the properties of fractures.

1.2.3.2.8.3.1 Relevant Compile and evaluate geological, geophysical, and
Earthquake seismological data to identify potential earthquake
Sources sources and to characterize their maximum

magnitudes and rates of earthquake recurrence.
This activity supports the assessment of seismic
hazards which is required to evaluate technical site
suitability with respect to tectonic hazards.

1.2.3.2.8.3.3 Ground Motion Develop an empirical ground motion attenuation
from Regional relation for Yucca Mountain. Organize and carry
Earthquakes and out a ground motion modeling workshop to
Underground examine the sensitivities, strengths, and weaknesses
Nuclear of different ground motion modeling approaches.
Explosions This activity supports the assessment of seismic

hazards which is required to evaluate technical site
suitability with respect to tectonic hazards.

1.2.3.2.8.3.6 Probabilistic Begin the seismic hazards assessment process.
Seismic Hazard Organize and plan a series of workshops to allow
Analysis experts to develop inputs to the hazards assessment.

Develop approaches for characterizing fault
displacement hazard inputs. Hold a workshop to
examine data needs for seismic source/fault
displacement and ground motion evaluations. The
assessment process will be completed in FY 1996
and is required to evaluate technical site suitability
with respect to tectonic hazards.
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1.2.3.2.8.4.1 Historical and Evaluate the potential for excavation induced
Current Seismicity seismic activity. Complete an evaluation of the

implications for seismic hazard of precariously
balanced rocks in the vicinity of Yucca Mountain.
These data will support the evaluation of seismic
sources for the probabilistic seismic hazards
assessment which is required to evaluate technical
site suitability with respect to tectonic hazards.

1.2.3.2.8.4.3 Quaternary Evaluate suspected Quaternary faults in the
Faulting within Amargosa Valley. Carry out reconnaissance studies
100 km of Yucca of regional faults that might produce ground
Mountain accelerations at Yucca Mountain of 0.1 g or higher.

Complete trench studies of the Bare Mountain fault.
Conduct detailed studies of the Death Valley -
Furnace Creek fault system. These data will
support the evaluation of seismic sources for the
probabilistic seismic hazards assessment which is
required to evaluate technical site suitability with
respect to tectonic hazards.

1.2.3.2.8.4.4 Quaternary Carry out fault trench studies of the Rock Valley
Faulting within fault system. Compile and synthesize data on the
Northeast- Mine Mountain fault system. Carry out
Trending Zones reconnaissance studies of the Cane Spring fault

system. These results will support the evaluation of
seismic sources for the probabilistic seismic hazards
assessment which is required to evaluate technical
site suitability with respect to tectonic hazards.

1.2.3.2.8.4.5 Detachment Faults Complete studies of suspected detachment faulting
within the Calico Hills and prepare a final report.
These results will support the evaluation of seismic
sources for the probabilistic seismic hazards
assessment which is required to evaluate technical
site suitability with respect to tectonic hazards.

1.2.3.2.8.4.6 Quaternary Complete trench logging activities on the Solitario
Faulting within the Canyon, Fatigue Wash, Windy Wash, Ghost
Site Area Dance, Bow Ridge, Paintbrush Canyon, and

Stagecoach Road faults. Analyze and interpret data
and prepare a final reports. Evaluate the postulated
Fortymile Wash fault. These results will support
the evaluation of seismic sources for the
probabilistic seismic hazards assessment which is
required to evaluate technical site suitability with
respect to tectonic hazards.
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1.2.3.2.8.4.8 Stress Field within Prepare a study plan for this activity. Data
and Proximal to collected under this study will support the
the Site Area evaluation of seismic sources for the probabilistic

seismic hazards assessment which is required to
evaluate technical site suitability with respect to
tectonic hazards.

1.2.3.2.8.4.10 Geodetic Leveling Resurvey the level line and interpret results
gathered over the last decade. These results will
support the evaluation of seismic sources for the
probabilistic seismic hazards assessment which is
required to evaluate technical site suitability with
respect to tectonic hazards.

1.2.3.2.8.4.12 Tectonic Modeling Compile and synthesize data and results to develop
and Synthesis and evaluate tectonic models for the Yucca

Mountain vicinity. These results will support the
evaluation of seismic sources for the probabilistic
seismic hazards assessment which is required to
evaluate technical site suitability with respect to
tectonic hazards.

1.2.3.3.1.1.3 Regional Ground A compilation and assessment of data collected to
Water Flow feed regional modeling efforts will be done for
System hydrologic and hydrochemical data collected

through FY 94. Reports will be made on improved
understanding of ()recharge rates in Fortymile
Wash; (2)potentiometric levels in ()North Crater
Flat, (b)northrn Yucca Mountain, and (c)east flank
of Funeral Mountains; and (3)nature of large
hydraulic gradient on north end of Yucca
Mountain.

1.2.3.3.1.1.4 Regional The regional model will be calibrated and a
Hydrologic System sensitivity analysis will be preformed. An Analytic
Synthesis and Element Model will be constructed, and an
Modeling interpretive report, with data sets to be included,

will be written to support other modeling efforts. In
addition, a hydrostratigraphic map will be
generated, and colleague and QA reviews
completed.
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1.2.3.3.1.2.1. Unsaturated Zone
Infiltration

Field and laboratory measurements of the
hydrologic properties of surficial materials and
fracture/fault properties will be collected, and the
information used to generate the following maps:
(I)net infiltration flux map, (2)fast pathways flux
map, and (3)surficial materials properties map. An
infiltration model linking precipitation,
evapotranspiration, infiltration, and runoff to
provide estimates of spatial distribution of flux
through the upper boundary layer of Yucca
Mountain will be developed.

1.2.3.3.1.2.2 Water Movement Cuttings from surface-based boreholes and the ESF
Tracer Tests will be analyzed to determine the depth of

penetration of bomb pulse C1, estimate the
average residence time of infiltrating water, and
validate hydrologic and solute transport modeling
scenarios.

1.2.3.3.1.2.3 Percolation in the Laboratory measurements of rock properties, state
Unsaturated Zone variables, and matrix flow properties will be made
- Surface Based on core from surface and ESF based boreholes; the
Study results will be used to refine hydrologic units for

modeling. Air permeability testing will be
conducted in boreholes NRG-6, SD-12, and UZ-7;
other boreholes may be tested depending on
availability. Vertical Seismic Profiling will be used
to obtain information on key subsurface features,
and surface based boreholes NRG-6, NRG-7a, UZ-
7, SRG-3, SD-12, and SD-7 will be instrumented
and monitored to provide in-situ data on pneumatic
pressure, temperature, and water potential to site-
scale modeling efforts.

1.2.3.3.1.2.4 Percolation in the Air permeability testing in up to five alcoves in the
Unsaturated Zone North Ramp will be conducted subject to alcove

ESF Based Study availability. Hydrochemical samples of pore water
and gas samples will be analyzed for major ions,
isotopes, and tritium. These tests are intended to
produce data on hydrologic properties and
processes in the deep unsaturated zone.

1.2.3.3.1.2.7 Unsaturated Zone Gas- and aqueous-phase hydrochemical samples will
Hydrochemistry be obtained and analyzed for major ion chemistries,

stable isotopes, tritium and carbon-14. The results
of the analyses will be used to validate conceptual
and numerical flow models of the Yucca Mountain
site.
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1.2.3.3.1.2.8 Fluid Flow in UZ UZ fracture flow models will be developed for the
Fractured Rock North Portal of the ESF, and Tiva Canyon units.

3-D fracture network models and 2-phase flow
codes will be coupled with the FracMan code to
investigate 2-phase flow in partly saturated,
fractured rock. The rsults will support site-scale
UZ modeling.

1.2.3.3.1.2.9 Site Unsaturated Gas flow, temperature, and heat flow analyses will
Zone Modeling be incorporated into the Site-Scale Model, and the
and Synthesis model will be calibrated against available saturation

and capillary pressure data from cores in boreholes
UZ-4,5,65,7,13,14 and UZ-16, and temperature
measurement data from UZ-l. The model will be
verified using environmental isotope data, and
predictions will be made of state variables (i.e.,
liquid saturations, moisture tensions, gas pressure
and temperature, occurrence of perched water
zones) for all wells to be drilled in FY 95, and the
ESF.

1.2.3.3. 1.3.1 Site Saturated Conduct hydrologic testing at the c-wells complex,
Zone Ground- and at selected WT and G wells. Hydraulic
Water Flow properties information developed through pump
System tests will support saturated zone modeling efforts.

1.2.3.3.1.3.2 Saturated Zone Collect site and regional saturated zone
Hydrochemistry hydrochemistry samples. These activities will be

coordinated with 1.2.13 (Environment, Safety and
Health) groundwater sampling program to ensure
maximum benefits from common work and capital
equipment.

1.2.3.3.1.3.3 Saturated Zone A 3-D site-scale framework model will be
Hydrologic System constructed from available information, and its
Synthesis and development will be coordinated with GSP branch
Modeling of USGS to ensure continuity between models. The

framework model will be compatible with the
updated SZ conceptual model, and will be linked
with the SZ flow code FEHMN, in coordination
with Los Alamos National Labs (FEHMN
developers).

1.2.3.4.1.1 Ground-Water Modeling and limited experiments are planned to
Chemistry Model support a conceptual model of ground-water

chemistry that describes the origin and variability of
water composition in time and space. Mathematical
models will support transport process models (WBS
1.2.3.4.1.5.1) to address the
geohydrology/transport suitability issue.
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1.2.3.4.1.2.1 Batch Sorption Data will be collected on Pu and Np in support of
Studies transport process models (BS 1.2.3.4.1 .5. 1) and

TSPA to address the geohydrology/transport
suitability issue.

1.2.3.4.1.2.2 Biological Data will be collected immediately behind the TBM
Sorption and to quantify and characterize the ambient microbe
Transport population in the host rock at Yucca Mountain to

identify whether that population could provide a
meaningful contribution to radionuclide transport or
to microbial induced corrosion in the EBS.

1.2.3.4.1.2.3 Sorption Models This work will employ recent advances in mineral
surface science to understand the mechanism by
which Np and Pu sorb to Yucca Mountain tuffs.
At this point, the mechanism by which these
elements are believe to sorb do not agree well with
experimental data. This work contributes to
transport process models (WBS 1.2.3.4.1.5.1) to
address the geohydrorogy/transport suitability issue.

1.2.3.4.1.3.1 Dissolved Species Modeling and experimental work primarily on Np
Concentration and Pu will define the maximum amount of these
Limits elements that can be dissolved in site-relevant

waters as upper limit values to what can be
transported. These data are input to TSPA and
contributes to transport process models (WBS
1.2.3.4.1.5. 1) to address the
geohydrology/transport suitability issue.

1.2.3.4.1.4.1 Dynamic This study will evaluate the movement of
Transport Column radionuclides under dynamic conditions relevant to
Experiments Yucca Mountain. Such experiments provide

validation of the batch sorption experiments as
well. Transport of Np, Se, Cs will be evaluated,
and a major purchase of capital equipment will be
made to enable dynamic retardation experiments to
be conducted for radionuclides in unsaturated tuff.
These data contribute to transport process models
(WBS 1.2.3.4.1.5.1) to address the
geohydrology/transport suitability issue.
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1.2.3.4.1.4.2 Diffusion Techniques will be developed and experiments
begun to measure the diffusion of conservative and
non-conservative radionuclides into the rock matrix.
This study will provide data for which additional
retardation credit may be taken which is especially
important for poorly or non-sorbing radionuclides.
These data are input to TSPA and contribute to
transport process models (WBS 1.2.3.4.1.5.1) to
address the geohydrology/transport suitability issue.

1.2.3.4.1.5.1 Retardation This study evaluates which processes have the
Sensitivity greatest effect on radionuclide transport. Integrated
Analysis transport calculations will be conducted along with

code development to increase the realism of the
simulations. These studies provide a check on PA
models and work performed in this study will
provide much of the basis for evaluating the
geohydrology/transport suitability of the site.

1.2.3.4.1.5.2 Demonstration of This study is designed to ensure that data acquired
Applicability of in the laboratory are relevant to field-scale
Laboratory Data processes. Work will begin in P-tunnel where a

vitric to zeolitic transition in unwelded uff (much
like the Calico Hills Tuff) is exposed that will be
used to conduct field-scale migration tests. This
study is aimed at evaluating the hydrologic and
geochemical barrier that the Calico Hills Tuff may
be expected to provide. These data contribute to
the geohydrology/transport suitability issue.

1.2.3.4.2 Geochemical This WBS includes all work on the EQ3/6
Modeling geochemical modeling code. This WBS does not

produce deliverables directly related to suitability or
licensing, but enables geochemical modeling in
other WBS elements that do use it for those
purposes. FY 1995 efforts will concentrate on
inclusion of a boiling sub-model, code maintenance,
and software verification of selected components of
the code.

1.2.3.4.x Geologic and This WBS incorporates database development and
Engineering maintenance for WBS 1.2.3.4.2 Geochemical
Materials Modeling
Bibliography of
Chemical Species
(GEMBOCHS)
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1.2.3.10.1 Characterization
Techniques for the
Altered Zone

This WBS includes work in hydrology,
geochemistry, and geomechanics of the site under
potential repository thermal loads. Work will
concentrate on coupled processes between these
areas as applied to the Large Block Test and
laboratory experiments on Yucca Mountain
samples. Additional modeling will attempt to
bound the range of changes that might occur due to
the thermal load of the potential repository. This
work contributes to the post closure geochemistry
and rock characteristics qualifying conditions as
well as the postclosure geohydrology disqualifying
condition.

1.2.3.10.2 Characterization of Measure changes in hydrological parameters, water
Thermal Effects chemistry and mineral assemblages in response to
on the Altered thermal perturbations. This work contributes to the
Zone Performance post closure geochemistry and rock characteristics

qualifying conditions as well as the postclosure
geohydrology disqualifying condition.

1.2.3.10.3.1 Integrated Perform field and laboratory test to characterize
Radionuclide interactions between the waste form, waste
Release: Tests package, and surrounding rock. Work in FY 1995
and Models will concentrate on developing a strategy for testing

releases and retardation in the presence of
EBS/Near Field materials, obtain sorption data for
canister corrosion products, and investigate
radionuclide retardation in clinoptilolite and in tuff
at elevated temperature. Mechanistic transport
models will be used to evaluate laboratory results.
This work is directly related to the suitability issues
of EBS releases as well as the post closure rock
characteristics and geochemistry qualifying
conditions.
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1.2.3.10.3.2 Thermodynamic
Data
Determination

This WBS provides thermodynamic data required
for the Integrated Testing, Spent Fuel Testing,
Glass Waste Form, and Waste Package
Environment tasks. Work for FY 1995 will
concentrate on review of the Nuclear Energy
Agency (NEA) volumes for thermodynamic data of
aqueous radionuclides, determination of additional
Project thermodynamic data needs (Ni and Zr), the
solubility of U(V.1) at high temperature, the
solubility product of AmOHCO3, and formation
constants (hydrolysis and carbonate species) for
U(VI) and Pu(V). This work is directly related to
the suitability issues of EBS releases and source
term development.

1.2.3.12. 1 Chemical and
Mineralogic
Properties of the
Waste Package
Environment

This study provides information on probable
mineralogic and chemical changes in the Near
Field. FY 1995 will focus on the New Zealand
hydrothermal analog where geochemical modeling
will attempt to validate EQ3/6. The accuracy of
thermodynamic data in GEMBOCHS will be
evaluated as well as the appropriateness of reaction
kinetic models. This work is directly related to the
suitability issues of EBS releases, substantially
complete containment, and source term
development. This work also addresses the
postclosure geochemistry and rock characteristics
qualifying conditions.

1.2.3.12.2 Hydrologic
Properties of the
Waste Package
Environment

This WBS attempts to predict the changes in the
hydrologic system in the Near Field Environment.
FY 1995 testing will include laboratory experiments
on hydrologic changes on small blocks of tuff do to
the circulation of hot fluids, modeling of the
thermohydrologic system, and code maintenance
and development. This work is key to thermal
loading decisions, and supports the postclosure rock
characteristics qualifying condition and the
postclosure geohydrology disqualifying condition.
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1.2.3.12.3 Mechanical
Attributes of the
Waste Package
Environment

This WBS investigates perturbations in the
mechanical properties of the Near Field
Environment. FY 1995 work will concentrate on
radiolysis effects, numeric models to predict
geomechanical behavior over time, and test of the
thermomechanical properties of the rock at Fran
Ridge to support the Large Block Test. This work
is key to thermal loading decisions, and supports
the postclosure rock characteristics qualifying
condition and the postclosure geohydrology
disqualifying condition.

1.2.3.12.4 Engineered Barrier
System Field Tests

Field-scale and laboratory-scale heater tests will be
conducted to predict the coupled response of Yucca
Mountain to potential repository thermal loads.
Work in FY 1995 will focus almost exclusively on
the Large Block Test, with some planning activities
for underground tests to be conducted as well
This work is key to thermal loading decisions, and
supports the postclosure rock characteristics and
geochemistry qualifying conditions and the
postclosure geohydrology disqualifying condition.

1.2.3.12.5 Characterization of
the Effects of
Man-Made
Materials on the
Chemical and
Mineralogic
Changes in the
Post-Emplacement
Environment

Man-made materials have the potential for
significantly perturbing the geochemistry of the
potential repository. This study evaluates these
materials and will focus in FY 1995 on modeling
and experimental work on the effects of organic
and cementitious materials, evaluate the effects of
diesel exhaust emissions in the ESF investigate
anthropogenic analogs of man-made materials, and
develop a database from pertinent literature. This
work supports decisions related to the postclosure
rock characteristics and geochemistry qualifying
conditions.
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Table 4-2
Site Investilgations Activities Supporting Repository Licensing

WBS Title Contribution in FY 1995 to the Goal of Repository
Licensing

1.2.3.2.1.1.1 Mineralogy, This work determines the distribution of sorptive
Petrology, and phases along flow paths to the accessible
Rock Chemistry of environment. X-ray diffraction, x-ray
Transport Pathways fluorescence, electron microprobe, and scanning

electron microscopy will be used to analyze bulk-
rock and fracture mineralogy from new and
existing drill core from the site. This will provide
information needed to address retardation for
transport process models (WBS 1.2.3.4.1.5.l) and,
indirectly, to TSPA. This information is also
required for a complete description and
understanding of the site, 3-D mineralogic model,
and possible hazards to worker health and safety
from fibrous minerals.

1.2.3.2.1.1.2 Mineralogic and The alteration of Yucca Mountain will be
Geochemical examined as a self-analog to repository-induced
Alteration thermal perturbations and to the paleohydrologic

system. Experiments will be conducted to
determine the stability of clays, zeolites, and glass
in the presence of potential repository thermal
loads. Additional licensing information will be
gleaned from calcite-silica studies as they relate to
paleohydrology, and laboratory testing will provide
a basis for predicting mineralogical changes in
response to thermal perturbations of the potential
repository.

1.2.3.2.1.2.2 Kinetics and This study supports the development of conceptual
Thermodynamics of model to predict mineralogic changes in Yucca
Mineral Evolution Mountain due to the potential repository thermal

load. Kinetic and thermodynamic data will be
gathered on zeolites to support numeric modeling.
These activities affect licensing by the evaluation
of the effects of thermal loading and determining
the possible formation or destruction of sorptive
phases.
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1.2.3.2.5.2 Tectonics Effects:
Evaluations of
Changes in the
Natural and
Engineered Barrier
Systems Resulting
from Tectonic
Processes

Incorporate geophysical data into an assessment of
structural controls on basaltic volcanism. Begin
development of a hydrologic model to serve as a
baseline for evaluation of tectonic effects on the
hydrologic regime at Yucca Mountain. Provide
Performance Assessment groups with input on
tectonic scenarios. The long-term goal of this
activity is to provide input to performance
assessment groups on how tectonic processes might
effect the hydrological, geochemical, or structural
state of the repository.

1.2.3.2.7.3.1 Excavations Investigate the feasibility of measuring rock mass
Investigations compliance by monitoring the force and

displacement at the TBM gripper pad- tunnel wall
contact.

1.2.3.2.7.3.2 In-situ Thermal Perform all activities necessary to complete Study
Mechanical Plan 8.3.1.15.1.6 for submission to NRC. This
Properties Tests Study Plan is needed to conduct in-situ coupled

thermal/mechanical tests in the ESF. For each type
of test, perform detailed test planning involving
development of test-configuration including
location of instrumentation holes, selection of
heaters and instruments/probes, selection of
potential sites in the ESF for the test and analysis
to support the design of the test and delineate its
zone of influence(interference).

1.2.3.2.7.3.3 In-situ Mechanical Perform all activties necessary to prepare Study
Properties Tests Plan 8.3.1.15.1.7 for sub mission to YMSCO.

This Study Plan is needed to conduct in-situ
mechanical properties tests in the ESF. For each
type of test, perform test planning involving
development of test configuration and test
procedures, selection of hardware and potential
test sites in the ESF and interfacing with the ESF
test coordination office.
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1.2.3.2.7.3.4 n-situ Design
Verification

Measure far-field peak particle velocities due to
blasting for the construction of alcoves using
portable seismographs. Measure near-field peak
particle velocities due to blasting using
accelerometers emplaced in boreholes. Compile
data on alcove construction including blast design,
actual blast and post-blast conditions. Measure the
in situ stress at increasing distances from alcove
wall. Visually ispect pre-drilled monitoring holes
to identify fractures caused by blasting. Make
convergence measurements in the North Ramp and
the alcoves. Install instrumentation on selected
ground supports and monitor the response of the
supports.

1.2.3.2.7.3.4 In-Situ Design Monitor the ventilation system to measure levels of
Verification CO, NOx, O,hydrocarbons/particulates and
(Monitor humidity.
Ventilation System Data will be acquired using a combination of
in the North Ramp) direct read-out instrumentation and wet chemistry

analysis.

1.2.3.2.7.3.4 In-Situ Design Prepare report summarizing instrument installation
Verification and data collection activities in the starter tunnel.
(Prepare Starter Report will include seismic monitoring, blast
Tunnel Data damage assessment, drift convergence, and ground
Report) support performance data collected till march 31,

1994.
1.2.3.2.7.3.4 In-Situ Design Prepare detailed plans for ESF test activities in

Verification FY 96 for in-situ design vrification. Detailed
(Management, FY 96 test plans will be prepared with input from
Planning, ESF and Repository Designers for monitoring
Reporting) mining methods, ground supports, drift stability

and ventilation. These plans will be used by ESF
test coordination office for preparing test planning
package, job package and work package which are
the vehicles of interface between ESF testing and
ESF Design and Construction activities.

1.2.3.2.7.3.4 In-Situ Design Rock quality assessment will be performed from
Verification the forward most platform of the TBM whenever
(Classify Rock the TBM is in operation during North Ramp
Quality in the construction. Preliminary assessment of the rock
North Ramp) mass quality indices will be generated and

empirical descriptions of the characteristics of the
structural features will be recorded to develop a
data base about joint and fracture conditions to be
used byESF designers in design verification
analyses.
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1.2.3.2.7.4 Rock Mass Perform experiments in the laboratory on physical
Analysis (Lab- models of jointed rock mass made from synthetic
scale experiments material to help develop phenomenological
on models of understanding of the mechanical behavior of
jointed rock) jointed rock mass

1.2.3.2.7.4 Rock Mass Perform calculations using mathematical models
Analysis (Confirm based on both continuum joint concept and discrete
rock mass modeling element concept to predict experimental
techniques) observation of the response of physical models of

jointed rock mass built from layered synthetic
polycarbonate.

1.2.3.2.7.4 Rock Mass Provide 15% of the resources toward the design
Analysis (Develop and building of a true rock testing apparatus.
a true triaxial
testing capability)'

1.2.3.2.7.4 Rock Mass Review published literature
Analysis (Evaluate
rock mass
properties models)

1.2.3.2.8.4.1 Historical and Continue to monitor seismicity in the southern
Current Seismicity Great Basin. Continue to upgrade the seismic

network to digital recording and transmission.
Initiate installation of a strong-motion monitoring
array. Information gathered by the seismic
monitoring effort will support the site description
in the license application.

1.2.3.3.1.1.1 Precipitation and Daily synoptic weather patterns for data collected
Meteorological FY 92 to FY 94 will be analyzed to determine the
Monitoring for frequency of various types of precipitation events.
Regional The analysis will be used to determine the most
Hydrology appropriate type of stochastic rainfall model for

input to near-surface infiltration and UZ Site-Scale
models.

1.2.3.3.1.1.2 Runoff and Install and maintain network of stream gaging
Streamflow sites; compute daily discharges and times of zero

flow. The information developed will be used to
support estimates of amounts and processes of
infiltration.
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1.2.3.3.1.1.3 Regional Ground- Testing and analysis of borehole
Water Flow System G-2 will be preformed to obtain information

relevant to questions on the large hydraulic
gradient and perched water in the northern section
of the proposed repository. Ponding and artificial
infiltration testing in Fortymile wash is also
planned to determine amounts and importance of
infiltration fluxes to the hydraulic system.

1.2.3.3.1.1. Regional Interpretive regional framework data sets will be
Hydrologic System assembled for construction of regional
Synthesis And hydrogeologic framework (Stratamodel) model.
Modeling Data to be included consists of: a potentiometric

surface map, a recharge distribution map, a map
of discharge areas, a regional springs map and a
regional vegetation map.

1.2.3.3.1.2.1 Unsaturated Zone Field and laboratory measurements of the
Infiltration hydrologic properties of surficial materials and

fracture/fault properties will be collected and used
to generate surficial materials properties and flux
maps.

1.2.3.3.1.2.3 Percolation in the Instrument and monitor boreholes to provide in-
Unsaturated Zone- situ measurements of properties relevant to flow
Surface Based and transport modeling. Conduct laboratory
Study testing of matrix flow properties and state

variables to support site-scale UZ modeling.
Perform air permeability testing. Use VSP to
examine key structural features affecting the
hydrologic flow regime.

1.2.3.3.1.2.4 Percolation in the Design, document and opportunistically sample
Unsaturated Zone- perched water in the ESF. Plan and design
ESF Based Study percolation tests for North Ramp alcoves 1 and

14. Conduct lab-scale axial intact fracture tests,
hydrochemical and air permeability testing in
North Ramp alcoves.

1.2.3.3.1.2.5 Diffusion Testing Revise study plan.
in the ESF

1.2.3.3.1.2.6 Gaseous Phase Conduct gas-phase geochemical sampling and
Movement in the monitor borehole pressures for evidence of
Unsaturated Zone barometric pumping and gas-phase movement

through the unsaturated zone. Conduct gas-phase
testing and tracer testing in surface based
boreholes to establish pre-ESF excavation ambient
conditions and monitor possible changes resulting
from ESF North Ramp excavation.
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1.2.3.3.1.2.7 Unsaturated Zone Sample and analyze gas- and aqueous-phase fluid
Hydrochemistry for evidence of porous media heterogeneity. The

results of the analyses will be used to validate
conceptual and numerical flow models of the
Yucca Mountain site, and to obtain evidence in
support of fast flow and transport pathways
through the unsaturated zone.

1.2.3.3.1.2.8 Fluid Flow in UZ UZ fracture now models will be developed for the
Fractured Rock North Portal of the ESP, and iva Canyon units.

3-D fracture network models and 2-phase flow
codes will be coupled with the FracMan code to
investigate 2-phase flow in partly saturated,
fractured rock. The results will support site-scale
UZ modeling.

1.2.3.3.1.2.9 Site Unsaturated Gas flow, temperaturc, and heat flow analyses will
Zone Modeling and be incorporated into the Site-Scale Model, and the
Synthesis model will be calibrated against available

saturation and capillary pressure data from UZ
borehole cores. Sensitivity studies will be
conducted to determine the sensitivity of the model
to variability of individual parameters. The results
of the sensitivity studies will be used to prioritize
data collection activities in support of license
application.

1.2.3.3.1.3.1 Site Saturated Zone Hydrologic testing will be conducted at the c-wells
Ground-Water complex, and selected WT and G wells to
Flow System determine hydrologic properties of the saturated

zone. Potentiometric level information will be
collected across the site to evaluate assumptions of
steady-state system behavior.

1.2.3.3.1.3.2 Saturated Zone Collect site and regional saturated zone
Hydrochemistry hydrochemistry samples. The results of analyses

will be used to identify and/or quantify ground-
water travel times, climatic conditions during
periods of recharge, flow paths, and fluxes within
the saturated zone ground-water system.

1.2.3.3.1.3.3 Saturated Zone A 3-D site-scale framework model will be
Hydrologic System constructed from available information, and its
Synthesis and development will be coordinated with GSP branch
Modeling of USGS to ensure continuity between models.

The framework model will be compatible with the
updated SZ conceptual model, and will be linked
with the SZ flow code FEHMN, in coordination
with Los Alamos National Labs (FEHMN
developers).
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1.2.3.4.1.1 Ground-Water Modeling and limited experiments are planned to
Chemistry Model support a conceptual model of ground-water

chemistry that describes the origin and variability
of water composition in time and space.
Mathematical models will support transport
process models (WBS 1.2.3.4.1 .5. 1), and the
entire suite of retardation tasks (all of the
remainder of WBS 1.2.3.4.1) as they provide
information to by used in TSPA to demonstrate
compliance with 40CFRI91.

1.2.3.4.1.2.1 Batch Sorption Data will be collected on Pu and Np in support of
Studies transport process models (WBS 1.2.3.4.1.5.1) and

TSPA to demonstrate compliance with 40CFRI91.

1.2.3.4.1.2.2 Biological Sorption Data will be collected immediately behind the
and Transport TBM to quantify and characterize the ambient

microbe population in the host rock at Yucca
Mountain to identify whether that population could
prqvide a meaningful contribution to radionuclide
transport in compliance with 40CFRI91 or 1o
microbial induced corrosion in the EBS

1.2.3.4.1.2.3 Sorption Models This work will employ recent advances in mineral
surface science to understand the mechanism by
which Np and Pu sorb to Yucca Mountain tuffs.
At this point, the mechanism by which these
elements are believe to sorb do not agree well with
experimental data. This work is needed for
licensing In order to apply retardation parameters
with confidence to demonstrate compliance with
40CFR 191.

1.2.3.4.1.3.1 Dissolved Species Modeling and experimental work primarily on Np
Concentration and Pu will define the maximum amount of these
Limits elements that can be dissolved in site-relevant

waters as upper limit values to what can be
transported. These data are input to TSPA and
contributes to transport process models (WBS
1.2.3.4.1.5. 1) and to demonstrate compliance with
40CFR191.
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1.2.3.4.1.4.1 Dynamic Transport
Column
Experiments

This study will evaluate the movement of
radionuclides under dynamic conditions relevant to
Yucca Mountain. Such experiments provide
validation of the batch sorption experiments as
well. Transport of Np, Se, Cs will be evaluated,
and a major purchase of capital equipment will be
made to enable dynamic retardation experiments to
be conducted for radionuclides in unsaturated tuff.
These data contribute to transport process models
(WBS 1.2.3.4.1.5.1) and to demonstrate
compliance with 4OCFR191.

1.2.3.4.1.4.2 Diffusion Techniques will be developed and experiments
begun to measure the diffusion of conservative and
non-conservative radionuclides into the rock
matrix. This study will provide data for which
additional retardation credit may be taken which is
especially important for poorly or non-sorbing
radionuclides. These data are input to TSPA and
contribute to transport process models (WBS
1.2.3.4.1 .5. ) and to demonstrate compliance with
40CFR 191.

1.2.3.4.1.5.1 Retardation This study evaluates which processes have the
Sensitivity Analysis greatest effect on radionuclide transport.

Integrated transport calculations will be conducted
along with code development to increase the
realism of the simulations. These studies provide
a check on PA models and to demonstrate
compliance with 40CFRI91.

1.2.3.4.1.5.2 Demonstration of This study is designed to ensure that data acquired
Applicability of in the laboratory are relevant to field-scale
Laboratory Data processes. Work will begin in P-tunnel where a

vitric to zeolitic transition in unwelded tuff (much
like the Calico Hills Tuff) is exposed that will be
used to conduct field-scale migration tests. is
study is aimed at evaluating the hydrologic and
geochemical barrier that the Calico Hills Tuff may
be expected to provide. It is expected that actual
migration experiments will be conducted in the
Calico Hills Tuff in support of the licensing cycles
These data contribute confidence to transport
process models (WBS 1.2.3.4.1.5.1) and to
demonstrate compliance with 40CFR191.
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1.2.3.4.2 Geochemical This WBS includes all work on the EQ3/6
Modeling geochemical modeling code. This WBS does not

produce deliverables directly related to suitability
or licensing, but enables geochemical modeling in
other WBS elements that do use it for those
purposes. FY 1995 efforts will concentrate on
inclusion of a boiling sub-model, code
maintenance, and software verification of selected
components of the code.

1.2.3.4.x Geologic and This WBS incorporates database development and
Engineering maintenance for WBS 1.2.3.4.2 Geochemical
Materials Modeling.
Bibliography of
Chemical Species
(GEMBOCHS)

1.2.3.6.2.1.1 Isotopic Analysis of Develop isotopic baseline for modern precipitation,
Modern to be compared with isotopic data from UZ
Precipitation fracture to assess association with ground

flow in UZ with paleoclimatic parameters.

1.2.3.6.2.1.2 Paleoclimate Study Interpret, and develop a chronologic framework
of Lake, Playa and for, the magnitude and rapidity of past climate
Marsh Deposits changes from the chemistry, fauna, flora, and

sedimentary character of fine grain Quaternary
deposits. Synthesis of these and other paleoclimate
data occurs in 1.2.3.6.2.1.5.

1.2.3.6.2.1.3 Climatic Characterize past vegetation change. Utilize these
Implications of changes to assess magnitude (quantitative
Terrestrial estimates) of climate change. Synthesis of these
Paleoccology and other paleoclimate data occurs in

1 .2.3.6.2.1.5.

1.2.3.6.2.1.4 Paleoenvironmental Assess the age of deposits significant to seismic
History of Yucca hazard assessment. Determine the distribution,
Mountain age, genesis, soil properties, and physical

properties of surficial deposits. Interpret
paleoclimate conditions and chronology from
character of deposits

1.2.3.6.2.1.5 Paleoclimate- Synthesize data from the above studies to interpret
Paleoenvironmental climate and resulting landscape changes that may
Analysis impact infiltration flux, amount of available water

flow to the UZ, and ground water discharge.
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1.2.3.6.2.1.6 Future Regional Identify impact of global climate drivers on the
Climate and regional and local scale of Yucca Mountain,
Environments utilizing current climate and paleoclimate data to

validate the regional and global models. Define
possible reasonable and extreme climate scenarios
that may occur during lifetime of the repository.

1.2.3.6.2.2.1 Quaternary Analyze isotopic composition of, and date
Regional secondary silicates and calcites sampled from ESF,
Hydrology trenches, and core. Date past discharge deposits.

Develop baseline isotopic data of soil fluids and
gases, for comparison against isotopic data from
UZ samples. Interpret data with regard to present
and past geohydrology.

1.2.3.7.1 Natural The purpose of this work is to provide an
Phenomenon that evaluation on the occurrence and consequences of
Might Degrade natural phenomenon that could degrade, disrupt, or
Surface Markers destroy a surface marker system. The FY 95

work will evaluate the materials, costs, locations,
size and shapes of possible surface marker systems
in the Yucca Mountain area.

1.2.3.7.2.1 Natural Resource The purpose of this work is to provide information
Assessment for the evaluation of possible inadvertent human

interference with the intended functioning of a
high-level waste repository. The work will
evaluate the present and foreseeable future
resource potential of the controlled area in
comparison to the surrounding region. For FY 95
this includes work planned to provide an
evaluation for the potential of geothermal
resources, industrial minerals and rocks, and
continue work intended to evaluate the metallic
resource potential of the site.

1.2.3.10.1 Characterization This WBS includes work in hydrology,
Techniques for the geochemistry, and geomechanics of the site under
Altered Zone potential repository thermal loads. Work will

concentrate on coupled processes between these
areas as applied to the Large Block Test and
laboratory experiments on Yucca Mountain
samples. Additional modeling will attempt to
bound the range of changes that might occur due
to the thermal load of the potential repository.
This work contributes a long-term understanding
of the performance of the proposed repository for
licensing purposes.
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1.2.3.10.2 Characterization of Measure changes in hydrological parameters,
Thermal Effects on water chemistry and mineral assemblages in
the Altered Zone response to thermal perturbations. This work
Performance contributes a long-term understanding of the

performance of the proposed repository for
licensing purposes.

1.2.3.10.3.1 Integrated Perform field and laboratory test to characterize
Radionuclide interactions between the waste form, waste
Release: Tests and package, and surrounding rock. Work in FY 1995
Models will concentrate on developing a strategy for

testing releases and retardation in the presence of
ERS/Near Field materials, obtain sorption data for
canister corrosion products, and investigate
radionuclide retardation in clinoptilolite and in tuff
at elevated temperature. Mechanistic transport
models will be used to evaluate laboratory results.
This work is directly related to licensing by
addressing EBS releases, near-field chemical
perturbations, and near-field retardation.

1.2.3.10.3.2 Thermodynamic This WBS provides thermodynamic data required
Data Determination or the Integrated Testing, Spent Fuel Testing,

Glass Waste Form, and Waste Package
Environment tasks. Work for FY 1995 will
concentrate on review of the Nuclear Energy
Agency (NEA) volumes for thermodynamic data of
aqueous radionuclides, determination of additional
Project thermodynamic data needs (Ni and Zr), the
solubility of U(VI) at high temperature, the
solubility product of AmOHCO3, and formation
constants (hydrolysis and carbonate species) for
U(VI) and Pu(V). This work is directly related to
the licensing issues of EBS release limits and
source term development.

1.2.3.12.1 Chemical and This study provides information on probable
Mineralogic mineralogic and chemical changes in the Near
Properties of the Field. FY 1995 will focus on the New Zealand
Waste Package hydrothermal analog where geochemical modeling
Environment will attempt to validate EQ3/6. The accuracy of

thermodynamic data in GEMBOCHS will be
evaluated as well as the appropriateness of reaction
kinetic models. This work is directly related to
predicting near-field geochemistry, substantially
complete containment, and source term
development.
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1.2.3.12.2 Hydrologic This WBS attempts t predict the changes in the
Properties of the hydrologic system in the Near Field Environment.
Waste Package FY 1995 testing will include laboratory
Environment experiments on hydrologic changes on small blocks

of tuff due to the circulation of hot fluids,
modeling of the thermohydrologic system, and
code maintenance and development. This work is
key to thermal loading decisions, and supports
long-term prediction of repository performance.

1.2.3.12.3 Mechanical This WBS investigates perturbations in the
Attributes of the mechanical properties of the Near Field
Waste Package Environment. 1995 work will concentrate on
Environment radiolysis effects, numeric models to predict

geomechanical behavior over time, and test of the
thermomechanical properties of the rock at Fran
Ridge to support the Large Block Test. This work
is key to thermal loading decisions, and supports
long-term prediction of repository performance.

1.2.3.12.4 Engineered Barrier Field-scale and aboratory-scale heater tests will be
System Field Tests conducted to predict the coupled response of

Yucca Mountain to potential repository thermal
loads. Work in FY 1995 will focus almost
exclusively on the Large Block Test, with some
planning activities for underground tests to be
conducted as well. This work is key to thermal
loading decisions, and supports long-term
prediction of repository performance.

1.2.3.12.5 Characterization of Man-made materials have the potential for
the Effects of Man- significantly perturbing the geochemistry of the
Made Materials on potential repository. This study evaluates these
the Chemical and materials and will focus in FY 1995 on modeling
Mineralogic and experimental work on the effects of organic
Changes in the and cementitious materials, evaluate the effects of
Post-Emplacement diesel exhaust emissions in the ESF, investigate
Environment anthropogenic analogs of man-made materials, and

develop a database from pertinent literature. This
work supports evaluation of chemical perturbations
which may affect transport and waste package
degradation rates.
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S. DESCRIPTION OF FY 1995 TESTING PROGRAMS AND ACTIVITIES

In Section 4, site investigation activities planned for Fiscal Year (FY) 1995 were described in
terms of the support they provide for Program priorities. In this section, the focus is on
technical programs and their planned accomplishments for FY 1995. First, key activities and
deliverables, as presented in the FY 1995 Annual Work Plan (DOE, 17 November 1994), arc
summarized. Next, FY 1995 activities within selected technical programs are discussed in terms
of their contribution to reaching the overall goals for each technical program area. Detailed
information on the scope, budget, deliverables, and past history of each WBS element are found
in Appendix A. Surface-based testing activities for FY 1995 are summarized in Table 5-1 and
listed in more detail on Table 5-2a (Drilling), Table 5-2b (Trenches, Test Pits, Outcrop and
Pavement Studies), Table 5-2c (Geophysical Surveys), and Table5-2d (Hydrologic Studies). ESF
testing activities are suminarized in Table 5-3.

5.1 Key Activities and Deliverables for FY 1995

An overview of the site investigations program for FY 1995 was presented in the FY 1995
Annual Work Plan (DOE, 17 November 1994). Key activities identified within WBS 1.2.3 are
summarized below:

GEOLOGY
Carry out ESF mapping and construction monitoring to collect irretrievable data
and gather information for design verification
Develop a preliminary 3-D geologic framework model for the site synthesizing
available laboratory thermal and mechanical properties and all surface geologic
data
Complete an analysis of all seismic sources as the basis for seismic hazard
analysis
Conduct data needs workshops for probabilistic seismic hazard analysis
Conduct geochronology studies to support tectonics programs
Drill deep boreholes in support of repository design and performance assessment
(SD-7 phase 1; complete SD-12)
Complete geophysical logging of 1 1 boreholes to provide qualified stratigraphic
and hydrologic data
Complete data collection and provisional analysis for regional geophysics program

GEOCHEMISTRY
Develop a site integrated transport model
Conduct thermal effects studies including altered zone studies and near-field
environment studies
Acquire and model thermodynamic data
Conduct P-tunnel experiment on Calico Hills non-welded type materials to
provide the only field radionuclide transport experiment of the primary repository
barrier
Prepare a preliminary model of the vitric-zeolitic transition in the Calico Hills
type formation in P-tunnel
Conduct laboratory experiments on solubility, sorption ad retardation
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Conduct the Large Block Test to provide field scale thermal data that will be the
only field scale thermal test information available for evaluation of technical site
suitability
Conduct natural analog studies to test coupled process models

HYDROLOGY
Develop a saturated zone model (software) for use by TSPA in FY 1996
Develop an interim unsaturated zone model (software) for use by TSPA in FY
1996
Develop a preliminary fracture-flow model of Yucca Mountain
Validate the nested global/regional future climate model
Prepare a preliminary regional 3-D hydrologic model
Conduct testing of ambient pneumatic conditions at Yucca Mountain prior
excavation of the ESF
Conduct tests in ESF alcoves at the Bow Ridge fault and at contacts above and
below the Paintbrush Tuff non-welded unit
Sample and analyze hydrochemical and geochemical properties in surface
boreholes and ESF alcove boreholes
Conduct C-well testing to determine ground water travel time and hydrologic
transport parameters
Drill borehole WT-24 to evaluate the large hydraulic gradient near Yucca
Mountain

In support of the key activities identified, the following key milestones were identified:

Report on the Ages of Surficial Soil Deposits
Extended Site Geologic Framework Model
Main Drift Geotechnical Report
Report on Bounding Conditions for Future Climate
Update of the Extended Site Model
Seismic Reflection Profiles
Tectonic Model(s) Report
Paleodischarge Deposits Report
Preliminary 3-D Saturated Zone Flow Model Progress Report
Gravity and Magnetics Data on Regional Seismic Lines Report
Thermal/Mechanical Material Property Model
Analysis of the Impact of Heterogeneity
Analysis of the Large Block Test
Preliminary Report Synthesizing Geology, Geophysics, and Seismic Reflection
Data
Climate Model Validation Report
Report on Confining Pressure and Thermal Expansion Experiments
Report on the Effect of Sample Saturation on Measured Thermal Conductivity
Report on Strategies for Integrated Testing
Test Plans for Transport Studies in Unsaturated Materials
Report on Mechanical Property Experiments
Report on Time-Dependent Properties of Fractures in Welded Tuff
Preliminary Paleoclimate Synthesis
Update of Extended Site Model

11194 Draft FY 1995 WBS 1.2.3 TECHNICAL
IMPLEMENATION PLAN5-2



* Interpretation of Multiple Geophysical Surveys
* Synthesis of Geophysics Data for East-West and North-South Alignments

Report on Time-Dependent Mechanical Properties of Intact Welded Tuff at
Elevated Temperatures

* Report on Mechanical Properties of Fractures on Samples rom ESF and
Boreholes

* Distribution of CL36 in UZ-16 and UZ-14
* Progress Report on P-Tunnel Experiments
* Report on Site-Scale Integrated Transport
* Intermediate Unsaturated Zone Hydrologic Framework Model

5.2 Technical Program Plans for FY 1995

In this section, selected technical programs are described in terms of their overall goals and the
relation of FY 1995 activities to achieving those goals. Details of work scope, budget, and
deliverables for each activity funded in FY 1995, are found in Appendix A. Figure 5-1 shows
planned boreholes for FY 1995 Figures 5-2 and 5-3 show planned trenches in the site area and
associated with regional studies, respectively.

5.2.1 Preclosure Tectonics

The purpose of the activities within the preclosure tectonics program is threefold: 1) provide
the information required to evaluate the suitability of the site with respect to tectonic hazards,
2) provide seismic design inputs for Advanced Conceptual Design, and 3) provide information
on tectonics to support a license application. The program consists of two components-- data
collection and analysis. Data collection has been ongoing for several years and includes geologic
mapping, fault trench studies, eismic monitoring, and geodetic monitoring. Geophysical data
collected under other programs also contributes to evaluation of tectonics issues. Data analysis
includes studies to identify and characterize seismic sources (WBS 1.2.3.2.8.3.1), to evaluate
fault displacement (WBS 1.2.3.2.8.3.6) and ground motion relations (WBS 1.2.3.2.8.3.3), to
develop and evaluate tectonic models (WBS 1.2.3.2.8.4.12), to assess seismic hazards (WBS
1.2.3.2.8.3.6), and to develop seismic design inputs (WBS 1.2.3.2.8.3.5). On the basis of
previous work, volcanic hazards are considered negligible during the preclosure time frame.

During fiscal year 1995, fault data collection studies will in large part be completed (WBS
elements 1.2.3.2.8.4.3 through 1.2.3.2.8.4.6). Results of these studies, along with information
on seismicity (WBS 1.2.3.2.8.4.1) and tectonic models (WBS 1.2.3.2.8.4.12), will form the
database that geologic and seismologic experts will interpret to develop inputs for the
probabilistic seismic hazards assessment. Also in fiscal year 1995, the planning for the
probabilistic seismic hazard assessment (WBS 1.2.3.2.8.3.6) will be carried out. A workshop
to assess the state of the database and to identify additional analyses required to support the
expert interpretations will be held in mid-fiscal year 199S. Within the ground motion program
(WBS 1.2.3.2.8.3.3), analyses will be carried out to develop an empirical ground motion
attenuation relation that is appropriate for Yucca Mountain and a ground motion workshop will
be held to examine different approaches to ground motion modeling at Yucca Mountain. The
results of these analyses will support the development of ground motion inputs to the
probabilistic seismic hazards assessment that will be carried out in fiscal year 1996.
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Related efforts will also carried out in Work Breakdown Structure clement 1.2.5. A series
of three topical reports describing the seismic design process for Yucca Mountain arc planned.
The first topical report, Methodology to Assess Fault Displacement and Vibratory Ground
Motion Hazards at Yucca Mountain" was completed in fiscal year 1994. A second topical
report. Seismic Design Methodology for Yucca Mountain, was initiated in fiscal year 1994
and will be completed this fiscal year. A third topical report describing the results of the
probabilistic seismic hazard assessment and the development of seismic design inputs will be
initiated in fiscal year 1996.

Using the seismic design methodology and the results of the probabilistic seismic hazards
assessment, seismic design inputs for fault displacement and vibratory ground motion will be
developed in fiscal year 1996. These inputs will form the basis for evaluating whether a
repository can be designed for appropriate seismic hazards using reasonably available
technology. This evaluation will support the development of a Technical Basis Report on
Tectonic Hazards.

With respect to preparation of a license application, activities within the preclosure tectonics
program are to provide the necessary information to describe the tectonic setting of the site, to
evaluate potentially adverse conditions, and to determine appropriately conservative seismic
design inputs. The FY 1995 activities that support the site suitability evaluation, also support
preparation of the license application. In addition, seismic monitoring will continue during fiscal
year 1995 to provide an up-to-date catalog of earthquakes in the southern Great Basin and
detailed information on any significant events that occur. Also, a study plan will be prepared
for the collection of in-situ stress data. These data, to be collected in future years, will be used
to confirm the conclusions on state of stress in the vicinity of Yucca Mountain based on previous
results and analysis of seismic data.

5.2.2 Postclosure Tectonics

The purpose of the activities within the postclosure tectonics program is twofold: 1) provide the
information required to evaluate the suitability of the site with respect to total system
performance, and 2) provide information on postclosure tectonics to support a license
application. The program consists of two components- volcanism effects and effects of other
tectonic processes on waste packages and the hydrology and geochemistry of the site.

During fiscal year 1995, refined volcanism probability calculations for renewed volcanism in the
Yucca Mountain region (El) and disruption of the repository (E2) will be carried out. Dating,
geochemical analysis, and mapping of Sleeping Butte and Crater Flat volcanic centers will also
be accomplished. The intrusive and extrusive effects of volcanism on repository performance
will receive much of the emphasis in this fiscal year. In addition, within WBS 1.2.5, an expert
elicitation will be held on the El and E2 figures and the methodology employed to reach those
results. The panel will consist of experts external to the project.

Tectonic effects (WBS 1.2.3.2.5.2) will be examined with respect to two issues during FY 1995:
1) structural controls on basaltic volcanism near Yucca Mountain and 2) tectonic effects on
hydrology To address the first issue, the sensitivity of geophysical data in identifying and
modeling basaltic structures will be studied. For tectonic effects on hydrology, hydrologic
models will be developed and used to assess the perturbations that might be imposed by tectonic
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processes such as fault displacement. This information will be used to provide performance
assessment with scenarios for tectonic effects on the hydrologic regime at Yucca Mountain. This
will, therefore, Support the effort to evaluate the suitability of the site with respect to total
system performance assessment.

With respect to preparation of the license application, activities within the Postclosure Tectonics
program aim to provide the necessary information to describe the effects of volcanism and other
tectonic processes on the emplaced waste canisters, the hydrologic regime, or the geochemical
regime. This information will be taken into account in carrying out total system performance
assessment to demonstrate that the potential repository meets the requirements of Title 10, Code
of Federal Regulations, Part 60. Activities within this program carried out in fiscal year 1995
to support the evaluation of site suitability also support preparation of the license application.

5.2.3 Regional Hydrology

The main contribution of the regional hydrology program to support technical site suitability
findings is to provide boundary conditions for TSPA modeling. In the FY 1995 time frame
these boundary conditions will come from the Analytic Element Model (AEM) currently being
constructed. The AEM will also provide second-model confirmation and further insights into
regional hydrologic processes as elucidated by the MODFLOW model.

In addition, reports will be issued discussing improved understanding of several key hydrologic
issues, including: recharge rates in Fortymile Wash, nature of the large hydraulic gradient north
of Yucca Mountain, and potentiometric surface level measurements in North Crater Flat,
Northern Yucca Mountain, and the cast flank of the Funeral Mountains.

Monitoring of regional weather patterns, precipitation, and runoff and streamflow will provide
regional and site-scale models with input for surface flux. The most appropriate type of
stochastic rainfall simulator will be determined by analyzing the frequency of types of
precipitation events. Information on infiltration flux from natural sources will be augmented by
ponding and artificial infiltration experiments in Fortymile Wash.

Other rgional activities which contribute to license application include testing and analysis of
G-2 to gain information on the large hydraulic gradient. An interpretive regional framework
data set will be assembled as a basis for a regional hydrogeologic framework model. Data sets
to be included consist of: a potentiometric surface map, a recharge distribution map, a map of
discharge areas, a regional springs map and a regional vegetation map.

5.2.4 Unsaturated Zone (UZ) Hydrology

In FY 95, UZ hydrology to TSS will include improved modeling capabilities,
instrumentation of existing holes, and synthesis of existing data. UZ hydrochemistry studies will
provide data to validate UZ flow models.

Fracture flow models will be developed for the North Portal of the ESF and Tiva Canyon units.
These models will be coupled with the FracMan code to investigate 2-phase in fractured,
unsaturated rock to provide a better understanding of UZ flow processes, and improved support
to UZ Site-Scale Modeling.
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Borcholes to be instrumented in FY 95 include NRG-6, NRG-7a, UZ-7, SD-12, and SD-7.
Each hole will be instrumented and monitored for in-situ pneumatic pressure, temperature, and
water potential. Prior to instrumentation, each borehole will be tested for air-permeability and
the results used to augment lab core data to support UZ Site-Scale modeling.

The Site-Scale UZ Flow Model will be modified to include he effects of gas flow, temperature,
heat now, and the effects of the ESF. The model will be calibrated against saturation and
capillary head pressures from cores and instrumented holes.

UZ hydrology's FY 95 contributions to repository licensing include the generation of surficial
materials properties and flux maps, lab core and in-situ testing for hydrologic properties, and
collection and analysis of UZ hydrochemical data for UZ flow model validation and fast-path
transport analysis. These studies all provide information t be used in the construction,
validation, and application of the 3-D UZ Site-Scale Model.

The UZ Site-Scale Model will be used to conduct sensitivity studies to determine the sensitivity
of model parameters to uncertainty. The results of these studies will be used to prioritize data
collection activities in support of license application.

5.2.5 Saturated Zone (SZ) Hydrology

Saturated Zone studies in FY 1995 will test flow parameters in saturated, fractured rock through
single- and multiple-well hydraulic testing. Initiation of multiple-well testing at the C-wells
complex in early FY 1995 will be augmented by single-well tests at selected WT and G holes.
Approximately three existing WT holes and one G hole (G-2) are scheduled for single-well
testing. One additional WT hole (WT-24) will be drilled and tested in FY 95 to increase
available information on the large hydraulic gradient north of Yucca Mountain.

A 3-D saturated zone framework model will be constructed so as to be compatible with the 3-D
geologic framework model. In coordination with Los Alamos National Labs the SZ framework
model will be linked with the SZ flow code FEHMN.

Saturated zone hydrochemistry studies will be coordinated with WBS 1.2.13 (Environment,
Safety and Health) groundwater sampling program. WBS 1.2.3.3 coordination with WBS 1.2.13
is essential to realize maximum benefits from common work and capital equipment.

Potentiometric level information will be collected and analyzed to evaluate assumptions of
steady-state system behavior. Hydrologic testing performed in support of technical site
suitability (C-wells testing, WT and G-hole testing) will also provide hydrologic parameters for
support of a license application. The construction of the 3-D site-scale framework model will
provide the necessary background for development of the Site-Scale SZ Model.

The purchase of the saturated zone hydrochemistry tool and support equipment, which will take
place in FY 1995, is the first step towards obtaining saturated zone chemistry data needed for
license application. Although of limited usefulness, hydrochemical samples taken during WT-
and G-hole cleanouts will be used to compare with chemistry samples taken during out-year
sampling.
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5.2.6 ineralogy/Petrology

Mineralogy/petrology work will continue in FY 1995 by quantification of bulk and fracture
mineralogy in core and from ESF samples. Much of the effort in this area is intended to support
development of a 3-D mineralogic model to support radionuclide transport, as it describes the
distribution of mineral phases that sorb radionuclides. Studies of the origin of calcite-silica,
including deep-seated (as opposed to near-surface trench 14 deposits) calcite, will continue to
constrain the palcohydrologic system. Fibrous mineral studies will contribute to the
understanding of potential risks to worker health and safety. Mineral stability experiments will
contribute data needed to build a conceptual understanding of the mineralogic response of Yucca
Mountain to a repository-induced thermal load. Studies will also continue to evaluate Yucca
Mountain as a self analog to repository-induced conditions.

5.2.7 Geochemistry

Studies in geochemistry involve investigations into the following topics: a) factors that affect
radionuclide transport in the far-field, b) factors that affect radionuclide transport in the near-
field, c) evaluation of whether data gathered in the laboratory arc applicable at the field-scale,
d) modeling of site-scale radionuclide transport, and e) code and database development and
maintenance for geochemical modeling. In FY 1995, far-field transport studies will concentrate
on the solubility limits, sorption, and diffusion of radionuclides--especially Np, Pu, and to a
lesser extent Se and Tc. These radionuclides have been identified by TSPA as important
contributors to cumulative and dose-based releases. A conceptual groundwater chemistry model
designed to describe the variability and reactions that control the variability in Yucca Mountain
ground waters through space and time. Other studies will begin to focus on the synergistic
effects of the host rock, waste package degradation materials, and other man-made materials on
near-field retardation and transport. Field-scale experiments will begin in P-tunnel at Rainier
Mesa on the Nevada Test Site where an unwelded tuff similar to the Calico Hills Formation is
exposed. Initially, the rock will be characterized for bulk mineralogy and hydrologic properties
prior to migration tests. This test serves two purposes: to investigate the efficacy of the Calico
Hills Formation as a barrier to transport, and to evaluate the applicability of laboratory data.
Integrated transport process models will be carried out by the Retardation Sensitivity Analysis
task. The FEHM code, used to conduct these calculations, will be enhanced, as well as EQ3/6,
a widely used geochemical code within the project and in the academic community at large.

5.2.8 Near-Field and Altered Zone Studies

The Altered Zone can be understood as the region of the mountain where elevated temperature
may significantly alter hydrologic, geochemical or geomechanical properties of the rock, whereas
the Near-Field is limited to the immediate vicinity of the Engineered Barrier System (EBS).
Altcred-Zone studies, including modeling, laboratory measurements and experiments, and field-
scale tests, will be conducted to evaluate coupled thermal-mechanical-hydrologic processes.
Similar studies will be conducted to evaluate coupled processes in the near field environment.
Ncar-field studies are important to help determine near-field releases and waste-package
degradation. Both Near-Field and Allered-Zone studies are closely tied to the Large Block Test,
a field-scale heater test designed to measure coupled processes and prototype large underground
field tests. Both are also closely linked to thermal management strategies by predicting the
response of Yucca Mountain to different thermal loads.
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5.2.9 Climatology

The overall function of climate studies in FY 1995 is to collect data to develop empirical models
of paleoclimate and paleohydrologic conditions in the Yucca Mountain region, and a numerical
model to predict future climate conditions. The numerical climate model links a global
atmospheric circulation model with a regional scale model, and uses modern climate data for
calibration. Samples from late Quaternary lake, playa, and marsh deposits, and packrat
middens will be acquired and evaluated for palcontologic and isotopic analysis. These data will
provide a characterization of the precipitation amounts, temperature, and duration of past climate
extremes, and to validate the numerical future climate model. Gochemical and isotopic
analyses will be conducted of calcite and silica deposits in boreholes, trenches, underground and
surface exposures. These data, coupled with the paleoclimate studies, will be used in developing
a model of the history of groundwater flow at Yucca Mountain.

5.2.10 Inadvertent Human Interference

The Y 95 work under the nadvertent human interference program is planed to aid in
addressing the technical site suitability of the site and be applied in the licensing strategy. This
work is aimed at evaluating a site for the possible development of natural resources. A site
with a high potential for natural resource could lead to inadvertent human interference (e.g.,
drilling, creation of water impoundments, tc.) with the intended functioning of a high-level
waste repository, thus, a site with a low potential for natural resources is desirable. In addition,
the inadvertent human interference issue is intended to evaluate the feasibility of a surface
marker system that would warn future generations of a hazard and prevent inadvertent human
interference with the functioning of a repository.

The FY 95 work is intended to provide an evaluation for the potential of geothermal resources,
industrial minerals and rocks, and continue work intended to evaluate the metallic resource
potential of the site (WBS 1.2.3.2.1). Other FY 95 work (WBS 1.2.3.7.1) is intended to
provide recommendations on possible surface marker systems including location, size, shape,
materials, and configuration specifically tailored for the Yucca Mountain site.
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6. SCHEDULE OF SITE INVESTIGATION MILESTONES AND DELIVERABLES

Within the project management structure applied to the Yucca Mountain Project, (YMP),
progress is measured through the achievement of milestones and deliverables. A milestone is
generally defined as the completion of some specified task or series of related tasks, whereas a
deliverable is typically defined as the submittal of a completed work product (e.g., report, map).
Milestones and deliverables arc established within a hierarchy or importance and responsibility.

Level milestones represent major Program accomplishments and are the responsibility of the
DOE's Office of Civilian Radioactive Waste Management (OCRWM). Level 2 milestones are
significant Project achievements associated with evaluation of site suitability and preparation of
a license application, and are the responsibility of the Yucca Mountain Site Characterization
Office (YMSCO). Level 3 milestones or deliverables represent the completion tasks by the
Participants and are associated with the submittal of a product to the YMSCO. Internal
Participant products are Level 4 deliverables or milestones.

Typically, a milestone or deliverable at one level results from the successful completion of
several milestones and deliverables at a lower level (higher level number) within the system.
By following this inter-relationship among milestones up through the system (to lower level
numbers), one can understand how the accomplishment of, major Program goals derives from
the accomplishment of many smaller, but related tasks along the way.

Since Program and Project progress are measured through the achievement of milestones and
deliverables, it is important to have a clear understanding of what action is required to fulfill a
milestone or deliverable. Consequently, each Level 3 deliverable has an associated Deliverable
Criteria Statement that describes the objective, content, expected completion date, and
acceptance criteria for the deliverable. This information is now included as part of the Project
and Control System (PACS) and is found on PACS Summary Account sheets. For convenience,
the deliverable criteria for FY 1995 deliverables within WBS 1.2.3 are compiled in Appendix
B. Deliverables are also listed in Table 6-1 by scheduled completion date and in Table 6-2 by
WBS element.

For Site Investigations activities to be carried out in FY 1995, an integrated baseline schedule
of milestones and deliverables is presented in Figure 6-1. This schedule is internally integrated
through the inclusion of logical ties among the activities. It forms the basis for integration
among other WBS elements such as WBS 1.2.2 Waste Package, WBS 1.2.4 Repository, WBS
1.2.5 Regulatory and Licensing, and WBS 1.2.6 ESF Design and Construction. To show the
relation of FY 1995 activities to the Long-Range Plan, Figure 6-2 shows the integrated schedule
for the WBS 1.2.3 Long-Range Plan.
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7. LONG RANGE PLAN AND DISCUSSION OF VARIANCE OF FY 1994
ACTIVITIES

Planning for a given fiscal year takes place within the framework of a long-range plan. The
deliverables and milestones achieved in each fiscal year represent, in many cases, steps towards
some larger and longer-term goal. Thus, changes in the long-range plan and variances from it
affect the work that is planned in subsequent years. This section addresses the relation of Fiscal
Year (FY) 1995 planned activities to the Long-Range Plan (LRP) for WBS 1.2.3 (Site
Investigations) with an emphasis on the impacts of strategic changes to the LRP and of variances
related to FY 1994 work.

The LRP for WRS 1.2.3 derives from the Project LRP. During FY 1994. the Project LRP was
significantly revised to implement the Program Approach. This approach is summarized at the
Project level in the Yucca Mountain Project 5-Year Plan (DOE, 1994). In response to this new
long-range Project Plan, the LRP for WBS 1.2.3 was updated to take into account the Program
Approach. These plans represent a new baseline against which future cost and schedule
variances and impacts can be measured. The FY 1995 plan, however, was developed
concurrently with the Project and WBS 1.2.3 LRP's and takes into account accomplishments of
prior years, including FY 1994. Thus, there are no imparts on FY 1995 planned activities due
to changes in the LRP or variances from the LRP because the Program Approach represents the
ncw LRP baseline.

To provide a brief summary of the LRP framework for WBS 1.2.3, Table 7-1 presents the
schedule of Level 2 milestones within WBS 1.2.3. This list identifies the major Project
accomplishments within the Site Investigations area that will lead to an evaluation of technical
site suitability and the preparation of a license application, if the site is found suitable. The
description of each of these milestones is presented in the LRP for WBS 1.2.3; descriptions for
those milestones planned for FY 1995 are presented in Appendix B.
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8. MANAGEMENT AND COORDINATION OF SITE INVESTIGATIONS
ACTIVITIES

Management and coordination for WBS 1.2.3 includes the planning, implementation, and
monitoring of site investigations activities. Planning is made up of defining and prioritizing
work activities that result in required products leading to the achievement of project goals. This
function also involves establishing schedules and budgets. Implementation encompasses those
activities that facilitate the initiation and accomplishment of the planned tasks within a quality
assurance environment. Monitoring involves tracking task progress against a baseline such that
variances can be identified and addressed. Monitoring also includes review of results obtained,
determination that milestones and deliverables meet their acceptance criteria, and evaluation of
results for implications to future work.

For all these functions, integration of site investigations activities with other WBS elements is
also an important role of management. The results of site investigations activities ultimately
support goals and objectives outside of WBS 1.2.3 (e.g., design, performance assessment,
regulatory interaction, site suitability evaluation, preparation of a license application).
integration is accomplished largely through interactions during the planning process. Short- and
long-term requirements from other WBS elements are checked against the annual and long-range
plans for WBS 1.2.3 to determine that the correct activities are being carried out. Site
investigations activities that are not required either internally or by other WBS elements are
eliminated from the plan. Integration also includes soliciting and considering advice from
various advisory groups, both within and external to the Project. Internal advisory groups
include the Technical Advisory Group (TAG), the Sample Oversight Committee (SOC), and the
various technical integration groups.

Aspects of management and coordination for site investigations are addressed in several project
documents. The Test and Evaluation Plan provides the framework for the development of Study
Plans and test-control documents, the handling of samples, the implementation of tests including
necessary facilities construction, and the evaluation of data derived from tests. The
coordination, monitoring, and reporting of surface-based testing (SBT) activities are discussed
in the Surface Based Test Coordination Management Plan (YMP 92-27). A similar document
for testing in the Exploratory Studies Facility is in preparation. The goal of these management
and coordination activities is to implement successfully the testing program outlined in this
annual plan and in the long-range plan.

Prior to FY 1992, planning and scheduling activities were the responsibility of several groups.
These included management personnel, facilitators, implementors, and archivists. As the work
volume and complexity of the program expanded, these activities were consolidated under the
current management organization consisting of the Department Of Energy (DOE) Project
Management Organization (PMO) and Civilian Radioactive Waste Management Systems
Management and Operations (M&O) contractor personnel. This organization is led by the DOE
Assistant Manager of Scientific Programs (AMSP) and includes all WBS managers and their
M&O counterparts.

In the following sections, the management and coordination functions for site investigations are
examined in more detail.
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8.1 Planning

Th planning process defines a sequence and schedule for activities to achieve products that
support project objectives and goals. Ancillary support activities and the logical dependence of
activities upon one another also arc specified. Finally, resources are allocated o carry out the
identified activities.

For Site Investigations, the planning process flows down from the Project 5-Year Plan to the
Long-Range Plan for WBS 1.2.3 and then to the annual Technical Implementation Plan for WBS
1.2.3. Other factors that influence the planning process are Program guidance on annual
priorities and budget allocations. Within WBS 1.2.3, the first step is to update the Long-Range
Plan (LRP) consistent with current Program and Project strategies, and taking into account
accompishments and variances during the preceding year. Based on the updated LRP, the
activities to be carried out in the subsequent fiscal year and the products to be delivered are
identified and defined. Next, interactions are held with other WBS elements to provide for
integration. Costing for the prospective activities is then carried out by the Participants.
Following this, budget constraints are examined and adjustments are made to planned activities.
Once agreement is reached on work scope, budget and schedule, the plan is baselined.

During the planning process for FY 1995, the Program Approach was developed. This
approach, as described in the Project 5-Year Plan, served as the basis for updating the LRP for
WBS 1.2.3. The 5-Year Plan provides an integrated overview of activities, work products, and
the sequence and schedule for site investigations testing and analyses that coherently ties to
design, regulatory, and performance assessment programs. The LRP describes higher level
activities and goals for Site Investigations. The updated LRP, along with Y 1995 budget
allocations, were translated into the Technical Implementation Plan (TIP) for FY 1995 by the
AMSP management team with input from various advisory sources.

Another aspect of planning for Site Investigations is the preparation of Study Plans.
Coordination of Study Plan preparation and review was transferred from WBS 1.2.5 to WBS
1.2.3 beginning in FY 1995. Study Plans provide a more detailed explanation of activities to
be carried out than is available in the Site Characterization Plan and are a prerequisite to
carrying out any site characterization activities. Study plan preparation and revision are included
as activities in the FY 1995 TIP and are summarized in Table 8-1. In addition, a schedule for
sequencing the production of Study Plans has been established that is consistent with the updated
LRP.

8.2 Implementation

Management and coordination of the implementation of WBS 1.2.3 activities involves several
related efforts. Often, planned field activities support multiple objectives within the site
investigations program. These objectives must be prioritized such that activities to achieve
secondary objectives do not compromise the primary objective. In addition, some activities are
carried out under the Yucca Mountain Project quality assurance and environmental programs.
Prerequisites to carrying out such activities must be accomplished and documented. Within the
implementation function, the management organization sees that these requirements are met.

One of the roles of management within the implementation function is o identify and resolve
conflicts among competing objectives in carrying out field activities. Many planned field
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activities support multiple technical programs. This is encouraged in order to achieve cost
efficiencies, but must be carefully managed to provide that technical objectives, planned
sequencing of activities, and schedules are not unduly compromised. As part of the Test
Coordination effort, this role is accomplished through structured work scope consolidations
Work scope consolidation is a process in which input is solicited from principal investigators,
and personnel carrying out support activities, on the technical objectives supported by an activity
and the logistical constraints associated with it. The management organization, in consultation
with the technical community, establishes the primary objective of the activity and a sequence
and schedule of activities to support it. Secondary objectives that can be supported without
compromising the primary one are then accommodated.

The result of this effort takes the form of test-specific design requirements that describe the
activity to be performed in sufficient detail for implementation. These requirements incorporate
Program requirements and, to the degree possible, the scientific needs of all test participants and
constructors, commensurate with general requirements associated with obtaining the various
permits and environmental clearances. They represent he requirements to be met in the
implementation of the test activity and provide the test specific description of the work scope for
subsequent inclusion in Test Planning Packages/Job Packages (TPP/JPs) as required by existing
procedures. The process and responsibilities of Test Coordination functions are described n
respective management plans for Surface-Based and ESF Test Coordination.

Upon completion of the work consolidation effort, TPPs and Ps are compiled by the Test
Coordination Office in accordance with appropriate project procedures. These packages serve
to document that all prerequisites to field activities have been completed. Prerequisites include
test interference analyses, analyses of potential impacts to waste isolation, compliance with
necessary environmental regulations and policies, compliance with various permitting
requirements, and the establishment of test controls.

Work authorization documents are required for all field construction activities. These documents
govern the commitment of construction resources ancillary to the conduct of field testing.

The actual conduct of field testing is monitored by the Field Test Coordinator and to a lesser
degree by the Test Coordination Office. The Field Test Coordinator is responsible for
determining that the test is conducted in accordance with the implementation plan established and
documented in the TPP. All changes that could substantially affect the technical goals of the test
are brought to the attention of management and the appropriate Test Coordination office for
action, simultaneously with the notice given to the field change control board. Management and
the appropriate Test Coordination office carry the responsibility of resolving required changes
in the technical conduct of the test.

8.3 Mionitoring

Progress towards achieving WBS 1.2.3 goals for a given fiscal year is tracked through monthly
examination of cost and schedule variances. Participants provide cost and schedule status for
each funded Planning and Scheduling Account to the PACS on the ninth working day of each
month. Technical progress is reported in monthly reports and in regular meetings with members
of the AMSP management team. Reporting on progress is accomplished monthly in project
management meetings held by the YMSCO Project Manager and in priodic meetings with he
Program Director. To support these meetings, comprehensive status reports for WBS 1.2.3
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including technical cost and schedule variance information are compiled by the AMSP/PMO
with assistance .om the M&O Site Investigations Planning Group.

Deliverables and milestones are the concrete evidence of progress and thus are the focus of the
monitoring effort. To facilitate the management of Level (Participant) deliverables that
support Level 2 (YMSCO) milestones, each has been given a unique identifier in the PACS.
To track receipt and initiate the review and acceptance of deliverables, formal notification of the
deliverable submittal to the YMSCO is required. Submittals for WBS 1.2.3 deliverables are
made to the Assistant Manager for Scientific Programs (AMSP), with copies going to the WBS
managers sponsoring the work and to the M&O Site Investigations Manager. The submittal
should be accompanied by a letter that references the deliverable by its unique identifier.

Once a deliverable is received, the AMSP or a designated VBS manager acknowledges receipt
to the Participant and initiates an acceptance review. The acceptance review will examine the
deliverable in terms of its deliverable criteria statement to determine that it meets its intended
purpose. Following acceptance, theinformation will be archived in the Project Data Base. In
addition, the information will be incorporated into management documents described in Test
Coordination Management Plans (e.g., the Borehole/Drilling Catalog, the Geophysics Catalog,
the Trench and Test Pit Catalog). Incorporation of information into these documents is the
responsibility of the M&O and the appropriate Test Coordination office.

Prior to the submittal of deliverables, Participants provide the status of deliverables in their
monthly input to the PACS. TIP data sheets and deliverable tables will also be updated with
status information in the draft and final versions of the next year's TIP.

At the end of the fiscal year, the status of milestones and deliverables is summarized. The
impacts of uncompleted deliverables and studies are assessed and schedules for their completion
established prior to initiation of follow-on work. Impacts on the LRP are evaluated, submitted
to management, and accommodated in the annual update of the LRP as required.

As part of the monitoring function, it is also necessary at times to re-allocate resources during
the fiscal year. Results from completed or ongoing activities, changed conditions, or
unanticipated circumstances can motivate or require that the original plan be adjusted. This re-
planning is initiated by Participants or the DOE WBS Managers with appropriate input and
assistance from M&O WBS counterparts and other affected Participants. Cost/Schedule Change
Requests (C/SCRs) are required to revise the Project Baseline formally. Depending on the
magnitude of the proposed changes different levels of approval are required. Impacts of revised
funding, work scopes, and schedules are articulated in the C/SCRs. Documentation of the
revised plans, including impacts on ongoing site investigations activities, will be included in the
annual Technical Implementation Plan and, if appropriate, in the Site Investigations LRP.
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TABLE 8-1: Estimated Schedule For Submission of Stud Pns to the NRC or FY 1995

Submitted:

September 1994:
Ground Motion from Underground Nuclear Explosions

October 1994:
None

November 1994:
Historical and Current Seismicity (Rl)
Tectonic Models and Synthesis

To be Submitted:

Early FY 1995
Three Dimunsional Rock Charteristics Model
Laboratory Determination of the Mechanical Properties of Fractures

Mid FY 1995
Characterization of Yucca Mountain Unsaturated Zone-ESF Investigations R3)
Kinetics and Thermodynamics of Mineral Evolution
Analysis of Waste Package Rupture due to Tectonic Processes and Events (RI)
Relevant Earthquake Sources (R1)
Ground Motion from Regional Earthquakes (RI)
Characterization of Chemical and Mineralogic Changes in the Post Emplacement Environment
Engineered Barreier System Field Tests

Late FY 1995
Dynamic Transport Column Experiments
Laboratory Determination of the Mechanical Properties of Intact Rock (RI)
Probabilistic Seismic Hazard Analyses
In Situ Testing of Seal Components
Hydrologic Properties of the Waste Package Environment
Effects of Man Made Materials on Water Chemistry



9. SITE INVESTIGATIONS INTERFACE WITH OTHER YMP ELEMENTS

The site investigations program is designed to provide information on the geologic, hydrologic,
geomechanical, and geochemical characteristics of the site. Information is gathered using a
variety of field nd laboratory techniques. These include surface-based drilling and in situ
testing at depth within the ESF. In the near-term, this information is primarily used as inputs
for development of Technical Basis Reports in support of Site Suitability findings, and as inputs
to design and performance assessment (PA) evaluations. In addition, data from site
characterization activities is used for testing predictions made by design and performance
assessment calculations. In the longer-term, this information will be used to prepare a license
application if the site if suitable and to demonstrate compliance with post-closure regulatory
requirements.

In this section, necessary interfaces with other WBS elements are highlighted from the WBS
1.2.3 viewpoint. Additional information regarding the other third-level WBS elements can be
found in their respective annual TIPS. An overview of all Project element interfaces is
contained in the FY 1995 Yucca Mountain Project TIP.

9.1 Site Investigations Interface with Systems Engineering (WBS 1.2.1)

Systems Engineering evaluates compatibility of systems and subsystems associated with the waste
package, repository layout and design. Structural and stratigraphic data being collected in the
site investigations studies are important for subsystems design and thus integral parts of the
compatibility analyses. Systems engineering analyses of thermal loading specifically evaluate
impacts of conceptual repository designs on the natural system. Geochemical and hydrologic
systems data collected in the site investigation program are required to estimate flux in both
quantity and character for both the natural and perturbed systems. Site data and systems
analyses provide necessary information for evaluation of total system performance.

A systems evaluation of the need for and optimum approach to access to the Calico Hills unit
beneath the potential repository block is being conducted in FY 1995. Questions regarding
methods of data collection and confidence in the scientific knowledge base with respect to flow
and transport of radionuclides in and through the Calico Hills unit will be addressed by Site
Investigations in support of this study.

Another effort the systems engineering activities encompass is the development and maintenance
of system requirements documents. These include definition of relevant requirements governing
site investigation activities, e.g., Site Design and Test Requirements Document, ESF Design
Requirements Document and the Surface Based Test Facilities Requirements Document.

Systems Engineering will perform safety analyses of the ESF in FY 1995 to demonstrate that
the construction effort at the Yucca Mountain site is carried out in a safe and efficient manner.
In order to perform the safety analyses, Systems Engineering requires site geotechnical data
gathered in support of the design effort.

9.2 Site Investigations Interface with Waste Package (WBS 1.2.2)

Waste Package design and selection of materials is sensitive not only to emplacement mode but
also to the quantity and chemistry of flux. Climatology, infiltration, and other unsaturated zone
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studies provide specific information required for design of the waste package. The contribution
to water chemistry of the mineralogic character of the near-field environment is evaluated by the
site investigation program and the waste package program. In addition, the effects of heat on
the physical behavior of rock, on the chemical constituency of the water, and on matrix and
fracture flow in potential host rock are provided by the site investigation program for
consideration in waste package design. Data obtained during the Large Block testing program
is the product of both site investigations testing and waste package design needs.

9.3 Site Investigations Interface with Repository (WBS 1.2.4)

Repository design is sensitive to and dependent on the three-dimensional structural and
stratigraphic characteristics of the potential repository block. These data are collected and
synthesized in the site investigations program. Specific faults within the repository block system
are being studied in detail for purposes of input to the conceptual repository layout. Data
defining the anticipated rock characteristics of the Topopah Spring are being specifically
collected for their utilization. In Advanced Conceptual Design of the repository. In addition,
tectonics studies provide the basis for establishing seismic design parameters for use in the
development of the Advanced Conceptual Design.

9.4 Site Investigations Interface With Regulatory (WBS 1 2 .5)

The primary interface with Regulatory and Licensing WBS 1.2.5) derives from the Program
Approach and its stepwise approach to the evaluation of Site Suitability. Site Investigations
products to support the Technical Basis Reports (TBR) are planned for seven identified topical
areas. Interactions during FY 1995 planning identified the information and schedule required
by the site suitability evaluation process and served as a primary basis for selection and scoping
of site investigations actitivities. This interface will be further exercised through the support
required to assemble the TBR's and address review comments.

Other Site Investigations interfaces with Regulatory (WBS 1.2.5) include: coordination of NRC
review of Study Plans; contributions to and review of the Semi-Annual Progress Report to the
NRC; data input to the Technical Data Base; data analyses contributing to preparation of the
Annotated Outline; support of various issue resolution initiatives; and data analysis and response
to Site Characterization Analysis (SCA) Open Items.

9.5 Site Investigations Interface with Performance Assessment (WBS 1.2.5)

Performance assessment is the set of activities needed to define and perform quantitative
evaluations of repository-system performance to evaluate the suitability of a site, to assess
compliance with regulations, and to support the development of a geologic repository.
Performance Assessment uses computational models consisting of a hierarchy of computer
models that address basic physical processes and mechanisms controlling the behavior of the
repository (termed process codes), address components or subsystems of the repository
(termed subsystems codes), and address the total repository system (termed total system
codes"). These codes are interrelated and interdependent, with the process codes and the site
characterization conceptual models upon which they are based providing the foundation for the
subsystem and system codes. The subsystem and system codes in turn arc used for assessing
regulatory compliance and 6r providing input to support repository development.
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The computational models (the process- and subsystem codes from the site investigations
program, and total systems codes from the performance assessment program) are used to
prioritize the types of information and data required from site characterization, to evaluate and
optimize repository design options relative to performance, to evaluate the impacts of repository
operations on the ability of the site to isolate waste, and to provide input on strategic
programmatic decisions that involve one or more components of the total system. Sensitivity
and uncertainty analyses are an integral part of the entire perfomance assessment program,
providing insight into those parameters and assumptions most critical to an assessment of
performance. This insight is routinely factored back into the design and site characterization
planning process.

Iterative Total System Performance Assessments (TSPA's) using roll-ups of evolving process
models will b conducted as site characterization and design progress. The goals of these
TSPA's are to evaluate the characteristics of the site and preliminarily determine whether any
of these characteristics could be detrimental to repository performance, to evaluate the impact
of the design configuration, and to provide iput to other major programmatic decisions. At the
end of site characterization, a comprehensive performance assessment will be conducted to
determine overall site suitability: if the site is found to have appropriate characteristics and if
appropriate performance is predicted, this determination will form part of the basis for the
Secretary of Energy's recommendation of the site to the President of the United States.

The interface between site investigations and performance assessment has an informal and a
formal element. The informal element consists of the ongoing transfer of data and insights from
the site investigations program to performance assessment, and the transfer of analysis results
back to the site program. The formal interface between site and performance assessment is the
transfer of products specified in the Modeling and Synthesis' Study Plans of the site
investigations progr n. These products are the three-dimensional physical and geochemical site
description models and the process level hydrologic flow models for the saturated and
unsaturated zones. These products will be rolled up, through a systematic abstraction process,
into more defensible and more site-specific subsystem or system level models. Without the input
of these site models, those higher level performance assessment models are based only on
genera) scientific principles linked with a simplified, incomplete knowledge of the site.

9.6 Site Investigations Interface with the Exploratory Studies Facility (ESF) (WBS 1.2.6)

Site investigations geotechnical studies have been coordinated with the construction schedule
anticipated for the development of the ESF. The details of the construction schedule arc
presented in the WBS 1.2.6 TIP. Data obtained are transmitted to ESF design as they are
acquired, typically in the form of work products such as geologic maps, cross sections, or
topical reports on subjects such as rock characteristics.

Geotechnical data are provided from boreholes drilled along the expected alignment of the ESF.
The geotechnical properties of the rock determined from the boreholes are used to aid in the
design of the ESF tunnels, including rock support methods required after the tunnel is excavated.
Other information required for the ESF design development and evaluation of its compatibility
with the Advanced Conceptual Design include seismic hazard assessments and development of
seismic design criteria.
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The site investigations element also interfaces with ESF design through consideration of potential
impacts of construction activities on the planned testing. These considerations influence ESF
design and construction planning through design controls included in the relevant Determination
of Importance Evaluations (DIEs) prepared under WBS 1.2.1. A DIE is required for design
package development. Site investigations supports evaluations of test-to-test and/or construction-
to-test interference carried out within WBS 1.2.5. These evaluations allow planned site testing
activities to be included in determining the impacts of and controls on construction activities.

An example of this interface is the control on penetration of the Paintbrush Tuff non-welded unit
by the ESF in the north ramp that is related to the sequencing and schedule for pneumatic
pathways testing. In this instance, prior to disturbing the mountain it was necessary to collect
baseline information on in situ gas pressure changes that occur in response to natural barometric
pressure changes. Coordination of this sequence was accomplished through the establish ent
of controls transmitted through the DIE process.

Similar consideration was given to the sequence requirements for development of the 3 planned
test alcoves within the ESF. Twenty-six of the planned alcoves were not considered time-critical
in terms of the testing activities to be conducted, and as a consequence were deferred until after
completion of the south ramp. Seven of the alcoves were found to have time-critical testing
needs, ither in terms critical data being gathered for suitability evaluations, or in terms of
potentially altered conditions after ESF development. Controls are being established in the
construction schedule to provide for the timely development of these alcoves.

9.7 Site Investigations Interface with Test Facilities (WBS 1.2.7)

The Test Facilities function provides the on-site infrastructure, (e.g., communication systems,
transportation, and medical services facilities) for the conduct of surface-based testing at the
Yucca Mountain site. The Field Operations Center provides a focal point for scientists to stage
their field operations.

9.8 Site Investigations Interface with Project Control (WBS 1.2.9)

Thc inteface of Site Investigations with Project Control is focused on the planning and
monitoring aspects of WBS 1.2.3 management. The Project Accounting and Control System
(PACS) contains the work scope, budget, schedule, and deliverables associated with the plan for
the current fiscal year. The PACS receives input from Participants and provides summaries
according to WBS element that facilitate the finalization of the plan. Project Control also
supports the integration of schedules within each WBS element and among elements. They also
assist Site Investigations in developing functional schedules that show how multiple tasks by
different Participants support a single activity (e.g.. borehole drilling and testing).

In support of the monitoring function, Project Control compiles status information from each
Participant and provides Site Investigations management with variance reports. These reports
provide the basis from which analysis is developed in support of periodic YMSCO Management
Meetings and Director's Program Reviews to examine Project status. Interface with the Project
Control function also provides for the financial tracking and management of resources, and is
the mechanism for providing input to Internal Review Board and the Office of Management and
Budget forecast planning.
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9.9 Site Investigations Interface with Information Management (VBS 1.2.12)

The Infomation Management function is a focal point for all participants to identify their near-
and long-term automatic data collection and processing needs. The records management
function within WBS 1.2.12 provides for archiving of all site investigation documents.

9.10 Site Investigations Interface with Environmental (WBS 1.2.13)

The Environmental Program obtains requisite permits from various Federal and State agencies
prior to the conduct of site investigations field activities. Field activities include all surface-
based site characterization activities needed to evaluate the suitability of the Yucca Mountain site
as the potential location of a repository. Included in the definition of field activities are site
preparation, access road construction and borrow pi, excavation, exploratory drilling and testing,
geophysical surveys, and geologic mapping, among other related activities. Prior to
commencement of any surface-disturbing work at the Yucca Mountain site, a key prerequisite
is a request for an environmental survey. These pre-activity surveys include evaluation of the
following environmental elements: biological, archaeological, land access, environmental
compliance, radiological, and environmental monitoring and mitigation.

9.11 Site Investigations Interface with Safety and Health (WBS 1.2.13)

The Safety and Health Function interfaces with Site Investigations field activities through the
inspection and monitoring of compliance with various DOE, Federal, State and local
requirements.

9.12 Site Investigations Interface with Institutional (WBS 1.2.14)

The Institutional function interfaces with Site Investigations when data are released or when there
is an issue that stimulates focused governmental or public interest. In the case of focused public
or governmental interest in a given topic, the Institutional and External Affairs organization may
conduct a campaign to introduce and educate the public in relation to the topic prior to data
being released. There is currently no formal requirement for site investigations to hand data to
institutional prior to publication, however the integration function provides that interface. Site
Investigations personnel regularly participate in institutional outreach presentations, tours, and
exhibits as required.
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Activity
description

Modern Regional Climate
APPROVE STUDY PLAN 8.3.1.5 .1.

DATA RPT MODERN PRECIPITATION

Climate Report
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Activity Early Early
description start

ASSESS OF HYDROLOG RESOURCES WITHIN CONTROLLED 30SEP97

Human Activities
ASSESS OF EXPECT HUMAN ACTJ W/ CONTROLLED 30JUN95

REASSESMT EXPECT.HUMAN ACTIV.W CONTROLLEDJ JUN9B

Preclosure Hydrology
TSS REPORT ON PRECLOSURE HYDROLOGY 1.2.3 31JAN95
COMPLETE 1.2.3 INPUT SURFACE PROCESSES 020CT95

Preclosure Surface Characteristics
TSS REPORT ON PRECLOSURE SURFACE 13JAN95

Erosion
RPT: JAKE RIDGE DATA 31JAN95
LETTER RPT COSMOGENIC DATING/VCR SYSTEMATICS L 31MAR95
U-SERIES DATING OF CARBONATES BELOW BOULDER DEP 30JUN95
TSS REPORT ON EROSION 1.2.3 020CT95
LANL RPT: COSMOGENIC DATING/VCR SYSTEMATICS 020CT95
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Activity Early

description
COMPLETE DRILLING FOR LA 15FEB99

TECTONIC EFFECTS PROGRESS REPORT 31MAR99-

TECTONIC MODELS PROGRESS REPORT 31MAY99

SEISMIC SOURCE EVALUATION UPDATE

SITE GEOTECHNICAL RPT TO SUPT REPOSITORY TITLE 30JUN99

PHSA UPDATE AUG99

COMPLETE INSITU DATA FOR LA 30SEP99

Complete Solitaro Canyon Fault Testing 30SEP

SZ Hydrolgy Model for LA 28FEBOO

UZ Hydrology Model for LA 29FEB
PERIODIC RPT ON PERFORMANCE CONFIRMATION TEST 30MAROO

TECTONIC EFFECTS PROGRESS REPORT 31MAR00

Complete Ghost Dance Fault Testing-Catico Hilts 30JUN00
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TABLE 5.1 SURFACE BASED TESTING PLANNED FOR 95

DRILLING (see Table 5-2a)
USW SD-7
USW SD-12
USWWT-24

TRENCHING (see Table 5-2b)
Amargosa Valley Trenches
Bare Mountain Trench
Crater Flat Trenches
Rock Valley Trenches
Sleeping Buttes Trenches
Additional Outcrop or Pavement Studies

GEOPHYSICS (see Table -2c)
UE-25.UZ#16 Vertical Seismic

Profiling
Borehole Geophysical Logging
Geophysics over Repository Block
Regional Seismic Reflection Survey
Seismicity Monitoring
Geodetic Leveling

HYDOROLOGY TESTING (see Tible 5-2d)
C-Hole Tracer Tests
G-2 Workover and Pump
USW WT-10 Workover and Pump
USW WT-12 Workover and Pump
USW WT- II Workover and Pump

INSTRUMENTATION (see Table 5-2d)
USW NRG-6
USW NRG-7a
UE-25 UZ#4
UE-25 UZ7.

WORKOVER OF BORHEOLE (see Table 5-2d)
UE-25 NRG#4 Cleanout
UE-25 UZ#4 Reaming
UE-25 UZ#7 Cleanout
UE-25 UZ#16 Canout

GEOTECHNICAL DATA COLLECTION
ESF Leach Field
Soil and Rock Properties
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