
1 INTRODUCTION

Tertiary ash-flow tufts at Yucca Mountain, Nevada are currently being considered as a location for a
high-level radioactive waste (HLW) geologic repository. To maintain the public health and safety, the
ability of this repository to isolate the waste from the accessible environment is of critical importance.
Because a multiple-barrier design is reflected in the regulatory requirements, the geologic setting will be
relied upon to provide isolation of the waste after the engineered barrier system (EBS) fail. In turn, one
of the key factors controlling the isolation capabilities of the geologic setting is the geochemical system
of the repository environment. A database containing data on geochemical characteristics of the site will
be valuable in evaluating these isolation capabilities.

2 REGULATORY BASIS

The Nuclear Waste Policy Act of 1982 (NWPA), as amended in 1987 charges the U.S. Department of
Energy (DOE), the U.S. Nuclear Regulatory Commission (NRC), and the Environmental Protection
Agency (EPA) with particular responsibilities in the siting, licensing, construction, operation, and
permanent closure of a HLW geologic repository. The NRC regulations governing waste isolation in a
geologic repository are given principally in 10 CFR Part 60, while the limits imposed on radionuclide
release to the accessible environment are established by the EPA in 40 CFR Part 191 (currently under
remand). The EPA standards are currently under evaluation by the National Academy of Sciences (NAS)
in the context of the Energy Policy Act of 1992.

Through site characterization activities specified in 10 CFR Part 60 and described in detail elsewhere
(e.g., DOE, 1988), the License Application (LA) submitted by DOE is required to provide general
information on the ability of the Yucca Mountain to meet overall performance objectives. The LA must
also include a Safety Analysis Report (SAR)[10 CFR 60.21(c)] containing both specific information on
the geochemical properties of the system, an assessment of the effectiveness of natural barriers to
radionuclide migration, and an assessment of compliance with the performance objectives specified in 10
CFR Part 60. The analyses and evaluations of system geochemistry required for the SAR are covered in
10 CFR 60.21(c)(1)(ii)(B) and 10 CFR 60.21(c)(1)(ii)(C). Geochemical considerations are also identified
in several places in 10 CFR 60.122(b) and 10 CFR 60.122(c) as both favorable (FAC) and potentially
adverse (PAC) conditions, respectively.

The overall system performance objective for the geologic repository during the postclosure period is
defined in 10 CFR 60.112 and requires that "...releases of radioactive materials to the accessible
environment following permanent closure conform to such generally applicable environmental standards
for radioactivity as may have been established by the EPA with respect to both anticipated processes and
events and unanticipated processes and events" [10 CFR 60.1121. Performance objectives for the
engineered barrier and the geologic setting are described in 10 CFR 60.113. The role of geochemical
processes in performance assessment is defined in 10 CFR 60.113(b)(3). Specifically, "The geochemical
characteristics of the host rock, surrounding strata, and groundwater..."[10 CFR 60.113(b)(3)] can be
a factor that the Commission may take into account if it decides to "...approve or specify some other
radionuclide release rate, designed containment period, or pre-waste-emplacement groundwater travel
time..." [10 CFR 60.113(b)]. Such a decision is contingent on the satisfaction of the overall system
performance objective [10 CFR 60.112] as it relates to anticipated processes and events. For unanticipated
processes and events, it may be necessary to specify additional requirements to satisfy the overall
performance objective [10 CFR 60.113(c)].
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3 OVERALL REVIEW STRATEGY AND TLHE LICENSE
APPLICATION REVIEW PLAN (LARP)

The general nature of the review strategies for the LA that will be followed by NRC are described in
"Overall Review Strategy for the Nuclear Regulatory Commission's High-Level Waste Repository
Program" (ORS, Johnson, 1993). Stated simply, upon receiving the LA from DOE, NRC will be charged
with evaluating the application and making a recommendation as to whether or not to grant a license for
construction of the HLW repository. As described in 10 CFR 60.31, the decision to authorize
construction will be based on consideration of three factors:

* Reasonable risk to the health and safety of the public [10 CFR 60.31(a)],

* Noninimicability to the common defense and security [10 CFR 60.31(b)], and

* Protection of environmental values [10 CFR 60.31(c)].

The statutory time period mandated by the NWPA, for review of the LA is 3 years, including only 18
months for NRC staff to review the LA and prepare its safety evaluation report (SER).

Because of the complex nature of the technical issues that are to be addressed in the LA and the relatively
short review time mandated by the NWPA, NRC has developed guidance to help streamline the review
process. One such guidance document is the Draft Regulatory Guide DG-3003: "Format and Content for
the License Application for the High-Level Waste Repository" (FCRG) to indicate what NRC staff
consider acceptable format and content for the LA.

Additionally, NRC is iteratively developing the License Application Review Plan (LARP). The LARP
consists of approximately 100 individual review plans that provide guidance relevant to the review of
procedural and technical requirements identified in 10 CFR Part 60. As described in the "Draft License
Application Review Plan for the Review of a License Application for a Geologic Repository for Spent
Nuclear Fuel and High-Level Radioactive Waste, Yucca Mountain, Nevada" (NRC, 1993), the LARP
is comprised of three parts. Part A describes the overall review strategy. Part B consists of eight
individual review plans developed for review of general information in the LA. The final section (Part C)
contains all other individual review plans for the technical information required as a part of the SAR [10
CFR 60.21(c)].

The individual review plans contained in the LARP follow a standard format. The first part identifies the
applicable parts of 10 CFR Part 60 (regulatory requirements). The second part consists of the review
strategy developed by NRC and Center for Nuclear Waste Regulatory Analyses (CNWRA) staff to assess
the compliance of DOE with the applicable 10 CFR Part 60 regulatory requirements. The last two parts
of the individual review plan contains the procedure and acceptance criteria to be used in evaluating
DOE's demonstrations of compliance. Work is just beginning on the development of the review
procedures and acceptance criteria. It is this part that deals specifically with the technical issues related
to geochemistry.

NRC and CNWRA staff are in the process of completing development of the compliance determination
strategies. To streamline the review process and assure that important issues associated with the
regulatory requirements are given appropriate emphasis, the review strategies specify review types of
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varying complexity. The most complex types of review (Type 4 and 5) are associated with key technical
uncertainties, which are those technical issues that the staff believes pose the highest risk of non-
compliance with a performance objective of 10 CFR Part 60. A Type 4 review requires the detailed
review of selected information, supported by analyses performed by the technical staff using "...methods,
developed by DOE or other parties, that have been reviewed and found acceptable by the staff."
(Johnson, 1993; pg. B-3). A Type 5 review is given the highest priority, and requires the application of
methods and analyses independently developed by the technical staff to those technical issues considered
to be the most difficult to resolve.

In the process of developing the individual review plans, the staff have identified a number of these key
technical uncertainties related to geochemical issues. As new data become available and the review
strategies are updated, more uncertainties may be identified and some existing uncertainties may be
eliminated. The following sections contain a brief listing of regulatory requirement topics related to the
geologic setting that consider geochemical issues, give the level(s) of review determined during the
development of the compliance determination strategies, and list the key technical uncertainties identified
at this stage of the review plan development.

4 COMPLIANCE DETERMINATION STRATEGIES RELATED TO
GEOCHEMISTRY

As developed in the LARP, a number of compliance determination strategies related to the geologic
setting may require consideration of geochemical issues. The level(s) of review currently identified in the
compliance determination strategies are also identified:

Table 1. Regulatory Requirement Topics Related to Geochernical Issues

Regulatory Review Type,
Requirement
Topic No. Title 1 |2 3 4 |5

3.1.2 Description of Individual Systems and Characteristics of the X
Site: Hydrologic System

3.1.3 Description of Individual Systems and Characteristics of the X
Site: Geochemical System

3.1.5 Integrated Natural Response to the Maximum Design Thermal X
Load

3.2.1.4 PAC: Evidence of Dissolution X X

3.2.1.11 PAC: Presence of Naturally Occurring Materials X X

3.2.2.1 FAC: Nature and Rates of Hydrogeologic Processes X X X X
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Table 1. Regulatory Requirement Topics Related to Geochemical Issues (Cont'd)

Regulatory Review Type,
Requirenent
Topic No. Title 1 2 3 4 5

3.2.2.2 FAC: Saturated Zone Hydrogeologic Conditions na na na na na

3.2.2.3 FAC: Groundwater Travel Time Substantially Exceeding X X
1000 Years

3.2.2.4 FAC: Unsaturated Zone Hydrogeologic Conditions X X

3.2.2.9 PAC: Changes in Hydrologic Conditions X X X X

3.2.3.1 FAC: Nature and Rates of Geochemical Processes nc nc nc nc nc

3.2.3.2 FAC: Geochemical Conditions X X X

3.2.3.3 FAC: Mineral Assemblages X X X

3.2.3.4 PAC: Groundwater Conditions and the Engineered Barrier X X X X
System

3.2.3.5 PAC: Geochemical Processes X X X X

3.2.3.6 PAC: Not Reducing Groundwater Conditions X X

3.2.3.7 PAC: Gaseous Radionuclide Movement X X X

3.2.4.1 Individual Favorable Condition: Annual Potential X X
Evapotranspiration

3.2.4.2 PAC: Changes to Hydrologic System from Climate X X X

3.2.5 Assessment of Compliance with Criteria for Integrated X X
Analyses of FAC and PAC

3.3 Assessment of Compliance with the Groundwater Travel X X X X
Time Performance Objective

3.4 Effectiveness of Natural Barriers Against the Release of X X
Radioactive Material to the Environment
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Table 1. Table 1.Regulatory Requirement Topics Related to Geochemnical Issues (Cont'd)

Regulatory Review Type,
Requirement
Topic No. Title 1 2 3 4 5

8.1.1 Performance Confirmation Program for the Natural Systems X X
of the Geologic Setting - Geologic System

8.1.2 Performance Confirmation Program for the Natural Systems X X
of the Geologic Setting - Hydrologic System

8.1.3 Performance Confirmation Program for the Natural Systems X X
of the Geologic Setting - Geochemical System

8.1.4 Performance Confirmation Program for the Natural Systems X X
of the Geologic Setting - Climatological and Meteorological
Systems

a Level of review determined during development of compliance determination strategy.
na Not applicable to Yucca Mountain.
nc Compliance determination strategy not yet completed.

From this listing, it is evident that the number of regulatory requirement topics to which geochemical
issues are relevant is extensive, involving about one quarter of all of the review plans in Part C of the
LARP. Although all of these regulatory requirement topics may require consideration of geochemical
issues at some point, not all of them will require either a detailed technical review supported by analysis
(Type 4) or detailed review supported by independent tests, analyses, or other investigations (Type 5).
While Type 3 safety reviews are not designed to require any additional analyses, it may be necessary to
have access to suitable data sources to review information in the LA. In addition, as new information
becomes available through the compilation and evaluation of geochemical data, new key technical
uncertainties may be identified or existing ones resolved, with a resultant revision of the associated
compliance determination strategies.

The FCRG requires that variability and uncertainty of geochemical data, evaluations of data
representativeness, and the uncertainties regarding data extrapolation be discussed in the LA. The FCRG
also stipulates that the conceptualization of codes and models be discussed, including the applicability of
specific models and appropriateness of model assumptions and the sensitivity of model results to the
uncertainty of the input data. These requirements emphasize the need to maintain access to available
geochemical data to identify and evaluate model and data uncertainty.
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5 DEVELOPMENT OF A GEOGRAPHIC INFORMATION SYSTEM
(GIS) DATABASE FOR GEOCHEMICAL INFORMATION

To properly address geochemical issues as required by the regulatory requirement topics and identified
by the compliance determination strategies contained in the LARP, the technical staff will require basic
geochemical information such as water chemistries, mineral chemistries, and gas compositions. The
procedures and acceptance criteria that are to be developed as part of the compliance determination
methods will also require access to these types of data. Much of this information should be compiled and
evaluated in order to develop the background that is necessary for the different levels of review to
determine DOE compliance with regulatory requirements. Tremendous amounts of such geochemical data
will become available as part of the site characterization activities planned for Yucca Mountain. In some
cases, limited independent compilation of geochemical information may be desirable so that data selection
and comparison are detached from data generation. This can aid in consideration of alternatives to DOE
models and interpretations. To allow for effective use and analysis/interpretation, the CNWRA is planning
to evaluate, compile, and log geochemical data in a three-dimensional database that can be related to the
geologic, hydrologic, and geographic framework of the Yucca Mountain area. This database will include
geochemical data from DOE site characterization activities, especially where these data are available in
computer readable format. On a limited basis, independent data sources may also be included, especially
where they can be used to provide a regional context for interpreting geochemical data. This approach
is a necessary part of developing the understanding of the geochemical system at Yucca Mountain
required to review the LA. It also serves as a baseline from which to extend both conceptual models of
the current system and predictions of the future performance of the geochemical system in waste isolation.

As part of several research projects at CNWRA, geologic and hydrologic GIS databases are being
developed for Yucca Mountain and the surrounding regions using the ARC/INFO software package. A
similar geochemical database would augment and benefit from the three-dimensional framework already
developed for these projects, and would enable aspects of these databases to be incorporated in
geochemical models. Once an initial database is constructed, it will be possible to update and upgrade
as new data become available from DOE site characterization activities. In this manner, the geographic
location of specific samples can be traced and associated data can be supplied. The analytical capabilities
associated with the ARC/INFO software allow display of geochemical trends with location, a key aspect
of developing conceptual models of the geochemical system at Yucca Mountain. The ability to consider
geochemical information in a geologic, structural, and hydrologic framework will allow more effective
assessment of complex and interactive systems and processes. This is especially critical to support the
Type 4 and Type 5 reviews required by compliance determination strategies and compliance determination
methods related to geochemistry.

CNWRA staff have begun to construct such a database using the ARC/INFO software. A number of
available sources of information have been identified, and initial efforts are underway to enter these data
into ARC/INFO and to construct the directory structure necessary for their effective application.

6



6 APPLICATIONS OF A GIS DATABASE FOR GEOCHEMICAL
INFORMATION TO RESOLVE IDENTIFIED KEY TECHNICAL

UNCERTAINTIES

It should be remembered that a GIS database for geochemical information may be useful to Type 3 Safety
Reviews in terms of verifying that the correct information is included in the LA, and that alternative
models have been adequately considered. In this way, the proposed database may be of some use to all
of the Regulatory Requirement Topics listed above in Table 1. The following section is included as an
introduction to those key technical uncertainties which have been identified in developing the compliance
determination strategies and which might be resolved through the use of a geochemical GIS database. The
discussion is intended to give a broad sense of how a geographically referenced geochemical database
might be applied, rather than giving specific examples of how the database will be applied in each
instance. Such a database is not applicable to all key technical uncertainties identified at this time, and
only those uncertainties which might be resolved through the use of a GIS database for geochemistry,
providing the information necessary to complete the review of the LA in a timely manner, are discussed.
It should be remembered that as more information becomes available, additional technical uncertainties
may be identified and the potential for applications of the database will likely increase.

6.1 Regulatory Requirement Topic 3.2.2.1 - Favorable Conditions: Nature and Rates of
Hydrogeologic Processes

6.1.1 Type 4 Review

6.1.1.1 Key Technical Uncertainty Topic: Uncertainty in identifying which conceptual models
adequately represent isothermal and nonisothermal liquid and vapor phase movement of
water through unsaturated fractured rock at Yucca Mountain.

Conceptual models for liquid and vapor phase movement will be based on current
understanding of the physical-chemical processes operating at Yucca Mountain.
Ultimately, verification of the appropriateness of process models and how they are
incorporated in conceptual models will require comparison to results from the site
characterization program. For example, reduction (or enhancement) in porosity and
permeability in response to nonisothermal mineral precipitation and dissolution (e.g.,
Travis and Nuttall, 1987) will require mineral and water chemistry data. Site specific
applications will require a knowledge of the geographic location of the samples and their
relative positions. For this reason, a GIS geochemical database can provide some of the
information necessary to resolve this key technical uncertainty.

6.1.1.2 Key Technical Uncertainty Topic: Uncertainties associated with determining
characterization parameters.

Site characterization parameters will be necessary to make the predictions associated with
the natures and rates of hydrogeologic processes. Associated with each of these
parameters will be some measure of uncertainty. The compilation of chemical information
in a geochemical database cannot strictly resolve this uncertainty, but by providing a
more extensive database to draw from, it can reduce the possibility of incorrect
conclusions being drawn from a limited data set. Regional trends may not become
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apparent until data are presented at a large enough scale. By establishing geographic, site-
specific trends, this type of approach can provide additional confidence in both conceptual
models and in modeling results by reducing the influence of one or more isolated points
that are subject to a greater amount of relative uncertainty.

6.1.1.3 Key Technical Uncertainty Topic: The uncertainty associated with predicting
precipitation and temperature (climate) at the Yucca Mountain site for 10,000 years into
the future.

To predict recharge and infiltration rates over the 10,000 year regulatory period, it is
necessary to have some idea of what the climate will be during that time period. One way
to resolve the uncertainty is to bound the climatic conditions of the geologic past over a
longer time period. It is then assumed that future climatic conditions will fall within these
bounds. For example, working for the USGS, Spaulding (1985) indicated that the
estimated ranges of precipitation and recharge that occurred during the last 45,000 years
in the vicinity of the Nevada Test Site are reasonable models for expected ranges over
the next 10,000 years. Geochemical techniques such as stable isotope geochemistry
(Winograd et al., 1992; Smith et al., 1993) are methods that can be used to decipher
climate records in the Great Basin and the Yucca Mountain vicinity that cover much of
the Quaternary period. This type of information, located in a geographic framework, can
help provide details on local and regional weather patterns during the Quaternary and
provide increased confidence in climate predictions.

6.1.1.4 Key Technical Uncertainty Topic: Developing a conceptual groundwater flow model that
is representative of the Yucca Mountain site groundwater flow system

For this key technical uncertainty, the compliance determination strategy identifies
hydrochemical and isotopic characteristics as descriptive parameters and generic processes
that are necessary to develop a conceptual model of both the regional and site
hydrogeologic systems. Hydrochemistry is one of the most powerful tools for identifying
water flow paths, recharge areas, and hydraulic connections between aquifers and basins
(Hem, 1985; Wittmeyer and Murphy, 1993). As water moves through an aquifer,
interaction with the host rock leaves an imprint on both the liquid and the solid. Through
the use of tools such as ion ratios, hydrochemical facies and Stiff patterns, it may be
possible to "fingerprint" water masses and identify interrelationships. Stable isotope ratios
(150/160, D/H, 13C/ 12C) of water and minerals can also be used to identify water
sources, recharge areas, flow zones, and subsurface temperatures. Radiogenic isotopes
such as tritium and 14C can be used to date water masses and infer infiltration and flow
rates. Interpretation of radiometric age dates for groundwaters will in turn require
knowledge of the geochemistry of both the groundwater and the geologic system.

The most effective use of these data in defining conceptual models for groundwater flow
will require not only the values for the geochemical parameters, but also the geographic
framework in which these data are established. Being able to locate these data in
relationship to key geographic features will be an important aspect in their application
towards developing and refining conceptual models. For example, the compliance
determination strategy for this regulatory requirement topic identifies several DOE Study
Plans and Activities (DOE, 1988) that will contain information necessary to resolve
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uncertainty. These include Activity 8.3.1.2.2.1 - Chlorine and chlorine-36 measurements
of percolation at Yucca Mountain; Activity 8.3.1.2.2.4.8 - Hydrochemistry tests in the
ESF; Study Plan 8.3.1.2.2.7 - Hydrochemical characterization of the unsaturated zone,
and; Study Plan 8.3.1.2.3.2 - Characterization of saturated-zone hydrochemistry. The
type of information acquired in these studies can be input into a GIS database for
geochemical information to enable NRC staff to conduct the detailed analysis called for
in this case. In this respect, the GIS database for geochemical information will be
extremely useful in resolving this key technical uncertainty.

6.1.2 Type 5 Review

6.1.2.1 Key Technical Uncertainty Topic: Experimental confirmation of the basic physical
concepts of groundwater flow through unsaturated fractured rock is needed.

While a GIS database for geochemical information cannot necessarily provide the type
of experimental confirmation called for here, it is necessary to provide a baseline against
which model results can be compared. For example, interconnections identified by
geochemical means should also be identified in the modeling results. This type of model
validation can provide some confirmation that the basic important physical concepts have
been considered appropriately in constructing and exercising the mathematical models.

6.1.2.2 Key Technical Uncertainty Topic: Developing a mathematical groundwater flow model
that is representative of the Yucca Mountain site groundwater flow system.

A GIS database for geochemical information is not likely to contribute to developing the
mathematical framework or the algorithms necessary for implementing the mathematics.
Nevertheless, as discussed above, spatially distributed geochemical data will play a very
important role in identifying and specifying boundary and initial conditions for
compliance calculations, and also in baselining the code. Flow boundaries, flow zones,
and critical flow conduits such as faults can be identified and verified through
geochemical means. Also, a geochemical GIS can be used to identify the likely range in
conditions to be encountered; the ability of the model to reproduce system behavior under
these conditions will be used to establish confidence in model predictions.

6.2 Regulatory Requirement Topic 3.2.2.9 - Potentially Adverse Condition: Changes in Hydrologic
Conditions

6.2.1 Type 4 Review

6.2.1.1 Key Technical Uncertainty Topic: Uncertainty in modeling groundwater flow through
unsaturated fractured rock caused by the lack of codes tested against field and laboratory
data.

As discussed before, the construction of a GIS database for geochemical information
cannot provide the necessary mathematical relationships or the algorithms necessary to
model flow in unsaturated fractured rock. However, this type of information may be
important to provide field data necessary to benchmark these codes as they come
available and are calibrated for the Yucca Mountain environment.
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6.2.1.2 Key Technical Uncertainty Topic: Uncertainty in identifying which conceptual models
adequately represent isothermal and nonisothermal liquid and vapor phase movement of
water through unsaturated fractured rock at Yucca Mountain

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1, and
the reasoning is the same as discussed earlier in Section 6.1.1.1.

6.2.1.3 Key Technical Uncertainty Topic: Uncertainties associated with determining
characterization parameters.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.1.2.

6.2.1.4 Key Technical Uncertainty Topic: Equal or increased capacity of alteration mineral
assemblages to inhibit radionuclide migration.

This key technical uncertainty will clearly require information on current mineral
assemblages and water chemistries in Yucca Mountain to enable geochemists to model
likely alteration assemblages. In addition, hydrochemistry and mineral chemistry
information will be necessary to predict the effectiveness of these alteration assemblages.
For example, experimental data and surface complexation modeling for simple
radionuclide-mineral-water systems indicate that radionuclide sorption is a complex
function of mineral-water chemistry (Sanchez et al., 1985; Payne et al., 1992; Pabalan
and Turner, 1993). Relatively small increases in pH (from pH = 4 to pH = 6) may
increase Kd values by several orders of magnitude. Conversely, in the presence of CO2,
sorption may decrease to near zero for changes in pH from neutral to slightly alkaline
conditions (from pH = 7 to pH = 8). Other parameters such as ionic strength and
specific surface area also affect the extent of this "sorption envelope." From this, it is
clear that information on spatial variations in groundwater chemistry and mineralogy
provided in a GIS database are critical to evaluate the extent to which sorption will occur
in the natural barrier system.

6.2.1.5 Key Technical Uncertainty Topic: The uncertainty associated with predicting
precipitation and temperature (climate) at the Yucca Mountain site for 10,000 years into
the future.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.1.3.

6.2.1.6 Key Technical Uncertainty Topic: Developing a conceptual groundwater flow model that
is representative of the Yucca Mountain site groundwater flow system.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.1.4.
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6.2.2 Type 5 Review

6.2.2.1 Key Technical Uncertainty Topic: Prediction of future changes to the hydrologic system
resulting from a combination of climatic and tectonic changes and human activities
(including heat effects from waste emplacement).

The effects of climatic changes have been discussed earlier in Section 6.1.1.3. The effects
of tectonic changes on hydrology cannot be readily addressed by a geochemical database
other than to identify those features (such as faults and folds) that act as controls on fluid
flow paths. Future changes may accentuate the role of these features, but it is difficult
to predict from geochemical information alone. Predicting the effects of the future
thermal load on the hydrologic system can benefit from a geochemical database with the
identification of present conditions to establish a baseline for predictions into the future.
As discussed previously for the development of conceptual models (Section 6.1.1.4),
geochemical methods are necessary to identify key features such as hydraulic connections,
flow zones, and estimating current flow rates.

6.2.2.2 Key Technical Uncertainty Topic: Experimental confirmation of the basic physical
concepts of groundwater flow through unsaturated fractured rock is needed.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.2.1.

6.2.2.3 Key Technical Uncertainty Topic: Developing a mathematical groundwater flow model
that is representative of the Yucca Mountain site groundwater flow system.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.2.2.

6.3 Regulatory Requirement Topic 3.2.3.2 - Favorable Condition: Geochemical Conditions

6.3.1 Type 4 Review

6.3.1.1 Key Technical Uncertainty Topic: Uncertainty in identifying geochemical conditions that
would inhibit particulate and colloid formation.

Water and mineral chemical conditions (e.g., pH, ionic strength) are known to affect the
formation and stabilization of particulates and colloids in suspension. For example, an
increase in ionic strength can compress the electric double layer at the particle-water
interface, enhancing flocculation of particles and destabilizing the suspensions. To assess
the likelihood that geochemical conditions at Yucca Mountain will inhibit formation of
these particle suspensions will require site-specific information on the geochemical
system.

6.3.1.2 Key Technical Uncertainty Topic: Uncertainty in characterizing the chemistry of the
groundwater in the partially-saturated hydrologic zone of Yucca Mountain, Nevada.
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Although the compilation of a geographically referenced database may not resolve
uncertainty associated with the techniques used to extract water samples from unsaturated
tuffs, the compilation of available site-specific water composition data for the unsaturated
zone at Yucca Mountain will provide a framework to identify spatial trends in water
chemistry. If enough data are available, it may be possible to distinguish chemical trends
associated with geologic features and separate them from systematic experimental
uncertainty.

6.3.1.3 Understanding the effects of degree of saturation on geochemical processes such as
radionuclide sorption and precipitation and formation of particulates and colloids and on
the transport of radionuclides by particulates, colloids, and complexes.

One way to assess the effects of saturation is to examine in situ water analyses in the
context of geologic and geographic features. Analyses such as those of White et al.
(1980) and Yang et al. (1988) can provide chemical information for unsaturated samples.
Referencing these samples to sample depth, hydrologic saturation information, geology,
and geographic distribution is extremely important in understanding the effects of
saturation in the Yucca Mountain site.

6.3.1.4 Key Technical Uncertainty: Parametric representation of retardation processes involving
radionuclide-bearing particulates, colloids, and complexes.

Parametric (Kd) approaches to radionuclide retardation are subject to a number of
limitations regarding their ability to adequately model conditions outside of those
established in the laboratory. Resolution of this technical uncertainty will require the use
of more mechanistic approaches to retardation modeling. For the reasons given earlier
in Section 6.2.1.4, a geographically referenced geochemical database will be an important
element in using mechanistic approaches to evaluate this uncertainty in the context of the
Yucca Mountain site.

6.4 Regulatory Requirement Topic 3.2.3.3 - Favorable Condition: Mineral Assemblages

6.4.1 Type 4 Review

6.4.1.1 Key Technical Uncertainty Topic: Determining the alteration of mineral assemblages due
to thermal loading.

To determine the alteration of mineral assemblages due to the effects of temperature, it
is necessary to establish what the minerals are, what the composition of the minerals is,
and what the chemistry of the aqueous solutions in the Yucca Mountain system are. Once
these are established, geochemists can set the appropriate initial conditions to predict
future changes due to temperature (Murphy, 1993). In addition, the temperature profile
of the system will vary with distance from the repository. Therefore, to establish the
spatial distributions of potential alteration assemblages and the effect that they will have
on likely radionuclide migration paths, it will be necessary to know the spatial
distribution of the system chemistry to establish the initial and boundary conditions for
predictive modeling. In this manner, the development of a geographic/geochemical
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database is a necessary first step towards resolving the uncertainty involved in
determining the alteration of mineral assemblages due to thermal loading.

6.4.1.2 Key Technical Uncertainty Topic: Equal or increased capacity of alteration mineral
assemblages to inhibit radionuclide migration.

A geographic/geochemical database is necessary to determine likely alteration mineral
assemblages for the reasons described in the preceding section. In addition to mineral
chemistry, estimates of the capacity of these mineral assemblages to inhibit radionuclide
migration through ion exchange and surface sorption will also depend on water chemistry
as discussed earlier in Section 6.2.1.4.

6.5 Regulatory Requirement Topic 3.2.3.4 - Potentially Adverse Conditions: Groundwater
Conditions and the Engineered Barrier System

6.5.1 Type 4 Review

6.5.1.1 Key Technical Uncertainty Topic: Understanding the effect of groundwater conditions
on mode and rate of waste package corrosion.

From its title, this regulatory requirement is specifically concerned with the effect of
groundwater chemistry on components of the EBS. Although this uncertainty topic is
oriented towards uncertainty regarding processes, it is clear that limits will be required
for groundwater chemistry. In practice, these limits will be used to establish initial and
boundary conditions for modeling interaction between waste packages and the
groundwater. The compliance determination strategy specifically states that 'Obtaining
a sufficiently comprehensive data base from which to elucidate the effect of groundwater
conditions on waste package corrosion is imperative... .it is difficult to ascertain... .whether
or not the data will cover the range of conditions representative of the repository
environment..." Spatial distribution of geochemical data will be necessary to define likely
ranges to be encountered in the geochemical system. Also, since the repository will cover
a large area, understanding the spatial distribution of groundwater will also be necessary
for scenario development in performance assessment.

6.5.1.2 Key Technical Uncertainty Topic: Understanding/predicting the effect of groundwater
conditions on dissolution of the waste form.

If release of radionuclides from the waste form is governed by chemical dissolution and
precipitation of primary and secondary phases, the chemistry of the groundwater will be
necessary for developing and applying predictive models. Again, this uncertainty topic
is focused on geochemical processes. However, for the same reasons outlined in the
previous section (6.5.1.1), predictive models of waste form dissolution will require a
knowledge of the spatial distribution of geochemical data in the geologic setting to apply
reasonable limits to groundwater chemistry for initial and boundary conditions.
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6.5.2 Type 5 Review

6.5.2.1 Key Technical Uncertainty Topic: Prediction of the evolution of groundwater conditions
near and within the EBS.

The EBS will be located within the geologic setting; any groundwater coming in contact
with the EBS will have flowed through and interacted with the host rock. To predict the
effects of the thermal load and the materials in the EBS on groundwater in the near-field
will require the initial conditions of the groundwater at a larger scale. As in the previous
two sections (6.5.1.1 and 6.5.1.2), reasonable limits on groundwater conditions can be
obtained through a geographically referenced geochemical database. As stated in the
compliance determination strategy 'One of the most difficult problems that needs
resolution is the prediction of the chemical behavior of the waste
form/container/groundwater/host rock system within the temporally and spatially varying
thermal/radiation/hydrologic environment within the EBS." (emphasis added). This
underscores the need for a geographically referenced geochemical database.

6.6 Regulatory Requirement Topic 3.2.3.5 - Potentially Adverse Condition: Geochemical Processes

6.6.1 Type 4 Review

6.6.1.1 Key Technical Uncertainty Topic: Uncertainty in identifying geochemical processes that
reduce radionuclide "retardation."

This is related to the discussion given in Section 6.2.1.4. To identify important
geochemical processes that may operate in the Yucca Mountain environment to reduce
radionuclide retardation, it will be necessary to understand the conditions of the
geochemical system. For example, this will require information on mineral chemistry
which can affect ion exchange mechanisms in zeolites (e.g., Pabalan and Murphy, 1993).
Mineral and water chemistries are also known to affect sorption by manganese and iron
oxide coatings of the type found in Yucca Mountain (Pabalan and Turner, 1993; Turner,
1993). Mineral precipitation/dissolution may also serve as an important retardation
mechanism, and is clearly dependent on the aqueous, solid, and gas chemistry of the
system of interest (e.g., Codell and Murphy, 1992; Murphy, 1993). Information of this
type will be entered and available in the GIS database. Identification of spatial trends in
mineral and water chemistry may help to identify those areas where retardation is likely
to be reduced.

6.6.1.2 Key Technical Uncertainty Topic: Uncertainty in identifying geochemical processes that
adversely affect the EBS.

The reasoning for using a geochemical database to resolve this key uncertainty is
essentially the same as that outlined in the previous section (Section 6.5.1.1). Predictive
modeling of chemical effects on subsystems of the EBS such as canister corrosion and
waste package degradation will all require initial conditions for minerals, groundwater,
and gases in contact with the EBS.
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6.6.2 Type 5 Revie

6.6.2.1 Key Technical Uncertainty Topic: Uncertainty in determining the magnitude of the effect
of the geochemical processes that reduce radionuclide retardation.

This key technical uncertainty is the extension of the uncertainty topic described in
Section 6.6.1.1, and much of the same reasoning is appropriate. In addition to identifying
the geochemical processes operating to reduce radionuclide retardation, it is concerned
with predicting the magnitude of the effect. The magnitude in turn is controlled to a large
extent by systematic chemical variations in the Yucca Mountain environment. Therefore,
the modeling that will be required to accomplish this is dependent on the geochemical
system that is used to establish the initial and boundary conditions of the conceptual
model. For this reason, a GIS database for geochemistry would help to resolve this
technical uncertainty.

6.6.2.2 Key Technical Uncertainty Topic: Uncertainty in determining the magnitude of the effect
of the geochemical processes that adversely affect the EBS.

The reasoning for application of a GIS database for geochemistry to resolve this
uncertainty is much the same as that presented in the previous section (Section 6.6.2.1).

6.7 Regulatory Requirement Topic 3.2.3.7 - Potentially Adverse Conditions: Gaseous Radionuclide
Movement.

6.7.1 Type 4 Review

6.7.1.1 Key Technical Uncertainty Topic: Volatility and stability of chemical species of
radionuclides.

The descriptions of the uncertainty and the resolution difficulty provided in the
compliance determination strategy state that the volatility and stability of potential gaseous
radionuclide-bearing compounds such as 12, Tc20 7, and SeO2 must be evaluated in the
context of conditions existing at Yucca Mountain. For this reason, existing data on the
geochemical system at Yucca Mountain are a necessary part of the resolution of this
uncertainty.

6.7.1.2 Key Technical Uncertainty Topic: Gas flow and gaseous radionuclide transport.

Gas flow systematics will be very dependent on the physical-chemical system at Yucca
Mountain. Thorstenson et al. (1989) have presented evidence for significant CO2 gas flow
under ambient conditions at Yucca Mountain. Temperature effects from thermal loading
will also greatly affect gaseous transport. For example, the importance of gaseous
transport of 14 Co 2 is very dependent on the mineralogy, temperature, and partial
pressure of CO2 in the subsurface at Yucca Mountain (Codell and Murphy, 1992).

6.8 Regulatory Requirement Topic 3.2.4.2 - Potentially Adverse Condition: Changes to Hydrologic
System from Climate.
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6.8.1 Type 4 Review

6.8.1.1 Key Technical Uncertainty Topic: The uncertainty associated with predicting
precipitation and temperature (climate) at the Yucca Mountain site for 10,000 years into
the future.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.1.3.

6.9 Regulatory Requirement Topic 3.3 - Assessment of compliance with the groundwater travel time
performance objective.

6.9.1 Tyne 4 Review

6.9.1.1 Key Technical Uncertainty Topic: Developing a conceptual groundwater flow model that
is representative of the Yucca Mountain site groundwater flow system.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.1.4.

6.9.2 Type 5 Review

6.9.2.1 Key Technical Uncertainty Topic: Developing a mathematical groundwater flow model
that is representative of the Yucca Mountain site groundwater flow system.

This key technical uncertainty is shared with Regulatory Requirement Topic 3.2.2.1 and
the reasoning is the same as discussed earlier in Section 6.1.2.2.

6.9.2.2 Key Technical Uncertainty Topic: Determining the extent of the disturbed zone.

The compliance determination strategy states that draft position taken by NRC staff
(NRC, 1986; p. 17) is that the "...disturbed zone should be defined only by the zone of
substantial thermo-hydro-chemical-mechanical changes in intrinsic permeability and
effective porosity (intrinsic rock properties) caused by underground facility construction
or by HLW heat generation.' The strategy further states that "...the extent of the
disturbed zone should be calculated by DOE on a site-specific basis that accounts for the
effects of ... the magnitude of likely groundwater hydrochemical characteristics of the
site..." (emphasis added). These definitions clearly indicate that establishing a baseline
for ambient conditions is a critical step in modeling efforts to predict future changes near
the HLW repository. In this respect, a GIS database for geochemical information is
necessary to define mineralogy, water composition, and gas composition.

7 POTENTIAL DATA SOURCES

The site characterization work identified in DOE's Site Characterization Plan (DOE, 1988) and the Study
Plans and Activities contained within it will provide a tremendous amount of geochemical information
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relevant to the Yucca Mountain system. At present, however, much of the site characterization work is
in only the early stages of development and the data are not yet available for interpretation.

In anticipation of studying Yucca Mountain as a potential site for a HLW geologic repository, a great deal
of information has been gathered by government agencies such as the USGS, national laboratories, and
university laboratories. A brief summary of potential data sources is given below.

Benson and McKinley (1985) provide a compilation of groundwater hydrochemistry from fifteen test wells
drilled in the Yucca Mountain vicinity. Water samples were collected by USGS personnel during the
period 1971-1984, and sampling procedures are described. Major and trace cation concentrations are
reported, as are stable isotope ( 10/16Q, D/H, 13C/'2C) and 14C data. Well locations are given, and in
some instances sample intervals are reported. Much of the information is also reported in Benson et al.
(1983).

In another USGS report, McKinley et al. (1991) provide an extensive compilation of data from 279 wells,
springs, and streams in the Yucca Mountain area and Southeastern California. Well and sample locations
are given in latitude and longitude as well as Nevada Central Coordinates. Many of the data are from
analyses reported in earlier USGS reports (Benson et al., 1983; Benson and McKinley, 1985)No isotope
data are reported, but in addition to major and trace constituents, information on aquifers, sampling and
filtration techniques, temperature, pH, and conductance are reported. Most of the data are from other
reports, but this report provides a good central compilation of a number of different data sources. These
data have been compiled and entered into the ARC/INFO database at CNWRA and are currently available
for analysis.

In a USGS water supply paper, White et al. (1980) report the geochemistry of unsaturated Tertiary
volcanic tufts at Rainier Mesa to the northwest of Yucca Mountain. Tuff samples were centrifuged and
squeezed to obtain water samples from interstitial pores and free-flowing fractures in the tuffs. Major
cations and anions are reported as are pH and the date of sample collection.

Yang et al. (1988) and Yang (1992) provide an extensive amount of chemical data for unsaturated
Paintbrush nonwelded tuff from two drill holes (UE-25 UZ#4 and UE-25 UZ#5) in the repository block.
The water samples were obtained by triaxial compression of 10 cm core samples. About 40 samples from
different depths in the two drill holes were processed in this manner, with data on major and minor
element concentrations reported in Yang et al. (1988). Tritium and 14C data for water samples from these
holes are reported in Yang (1988). Radiometric and stable carbon isotope data obtained for gas samples
from drill hole USW UZ-1 at the north end of the repository block are reported in Yang et al. (1993).

A Los Alamos National Laboratory Report by Kerrisk (1987) has reviewed groundwater chemistry for
Yucca Mountain and surrounding areas such as the Nevada Test Site, Oasis Valley, and Ash Meadows.
This report identifies previous studies and the wells used in the area. The appendices include extensive
tables for water composition data. Wells are located by township and range; more exact locations will
have to be obtained from other sources (e.g., McKinley et al., 1991).

In addition to water chemistry data, information is also available for mineral chemistry in the Yucca
Mountain vicinity. For example, Broxton et al. (1987) provide bulk rock composition and electron
microprobe analyses for glass, zeolite, and feldspar from six drill holes in the exploratory block. Szabo
and Kyser (1990) report radiometric ages and stable isotopic composition for secondary calcite and opal
from three drill holes at Yucca Mountain. Sample depths are also given. Carlos (1989) and Carlos et al.
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(1990) provide information on fracture-lining minerals from drill holes J-13 and USW Go at the Yucca
Mountain site. Geochemical information includes modal mineral percentages and electron microprobe
compositions.

Given the amount of attention that has been paid to Yucca Mountain over the last twenty years, there is
a great deal of information that has not been mentioned here. Also, as site characterization proceeds,
more information will rapidly become available. Nevertheless, the data sources given above can be used
to set up the initial coverages and identify trends and areas of interest. Smaller data sets are available
from a number of other sources, and additional data can be incorporated into the database as necessary.
Independent data may be necessary for interpreting geochemical data within a regional context. As data
become available from DOE site characterization activities, they will also be added to the database,
particularly those data that are available in computer readable format for import by the ARC/INFO
software.

8 GENERAL DISCUSSION

An examination of the specific discussions presented above indicates that potential applications of a GIS
for geochemical information to resolving key technical uncertainty topics fall into three basic categories:

(1) The database will act as means of establishing the hydrogeologic framework necessary to develop
conceptual models of the Yucca Mountain site. Once these models are constructed, mathematical
models can be developed and baselined against the site-specific (and regional) geochemical
information contained in the database. This type of baselining through comparison can be used
to increase confidence in the capabilities of the models.

(2) The database can provide the information necessary to set up the initial geochemical conditions
for geochemical modeling in the context of the Yucca Mountain environment. This can include
alteration assemblages, retardation of radionuclide transport, and the effects of geochemical
processes on the engineered barrier system.

(3) The database can provide information that can be used to establish limits on issues of regulatory
concern. This is particularly the case in issues related to climate, where the information contained
in the geologic record will be called on to provide the ranges in temperature and precipitation
experienced at Yucca Mountain during the Quaternary Period. Extrapolation of these limits into
the 10,000 year regulatory period will provide added confidence in model predictions.

In a more general sense, a geochemical database referenced to structural, geographic, and hydrologic
features can be used to identify gaps in the available information where additional work should be
focused. Also, having geochemical data available to GIS software so that it can be readily searched and
queried will streamline data search capabilities to identify and locate data and samples that are critical to
the LA review process.

A GIS database cannot provide insight on some of the technical uncertainties mentioned above such as
uncertainties in mathematical models. A GIS database for geochemical information can, however, provide
the only means of calibrating, baselining, and validating a numerical model. The geochemical information
can be used in either a qualitative sense such as defining regional or local trends in groundwater flow,
or quantitatively in geochemical modeling (Murphy, 1993). In either case, being able to tie the data to
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a geographic and geologic framework specific to the Yucca Mountain site is an important aspect of
making the most out of the data that are or will be available. As more data become available, it may also
be possible to develop three dimensional representations of the information, further increasing the value
of the database.
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