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Submittal of the 'Site Characterization Program Baseline, 0 Class 1 0 Class 3
Rev. 1," for CCB Control C Class 2

SECTION II. DISPOSITION
4 CR Disposition:
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CM Approved with Conditions

5 Conditions: (if applicable)

The next revision of this document should incorporate the following items:

1. The term "Exploratory Shaft Facility" should be replaced by "Exploratory
Studies Facility" throughout the document.

2. The term "repository" should be replaced by "potential repository"
throughout the document.

(See Change Documentation Continuation Page )

Implementation Direction: (if applicable)

1. This Change Request (CR) is approved for CCB Baselining as the 'Site
Characterization Program Baseline, Revision 1," and is assigned Controlled
Document number YMP/CM-0011.

2. The Director, Regulatory and Site Evaluation Division is responsible for
ensuring the above listed conditions are incorporated into the next
revision of Document YMP/CM-0011.

(See Change Documentation Continuation Page 2)
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; Implementation Direction (continued)

3. The CCB Secretary shall ensure that the Cover Page and the Title Page for
Document YMP/CM-O011, Revision 1, are prepared.

4. The Document Originator shall provide a Print Ready Copy of YMP/CM-OO11,
Revision 1, to the CCB Secretary. The Document Number and Revision Number
will be identified on each page of the Publication Ready Document,
YMP/CM-00ll.

5. The CCB Secretary shall ensure that YMP/CM-O011, Revision 1, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall
ensure the Document Change Notice (DCN), indicating changes made in the
document, is prepared. The DCN will be attached to the front of the Print
Ready Copy of the document. The CCB Secretary shall also prepare a
Controlled Document Issuance Authorization (CDIA) to transmit this CD, the
DCN, and YMP/CM-O011, Revision 1, to the Project Document Control Center
(DCC) in accordance with AP-1.5Q.

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

7. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect Revision 1 to YMP/CM-0011.

8. Any changes to document YMP/CM-0011, Revision 1, will require submittal of
a CR to the Project CCB.

9. Upon release of YMP/CM-0011, Revision 1, all Project Participants will be
required to use YMP/CM-0011, Revision 1, in performing duties applicable
to this document.
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Project Office WBS 1.2.9
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Las Vegas, NV 89193-8608

MAR 20 199

Distribution

RENMING OF EXPLORATORY SHEFT EFFORT

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

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

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

r2 P. Grtz
YMP:mBB-2814 Project Manager

Y MP-5
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numbering of the Site Characterization Plan has been preserved to maintain
consistency among related documents. Sections 8.5 and 8.6 have been
intentionally excluded.
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8.3.1.3 Overview of the geochemistry program: Description of the present
and expected geochemical characteristics required by the performance
and design issues

Summary of performance and design requirements for geochemical information

Performance allocation is being used in developing the issue resolution
strategy for the performance and design issues and to determine what geochem-
ical information must be developed during site characterization. Performance
allocation is an iterative process incorporating sensitivity analysis to
determine data needs. Specifically, an identification of a data need by a
performance or design issue results in a request for that information to be
generated by the geochemical program. Supporting data must be obtained to
provide the necessary information to satisfy the requested data need. These
data will be used to develop the conceptual and numerical model to be used in
understanding geochemical processes and evaluating subsystem performance.

Figure 8.3.1.3-1 shows the performance and design issues that call for
geochemical data, summarizes the data needed, and indicates the relevant
model for each data need. The models will be discussed in detail later and
are shown in the figure as an introduction. The specific data needs by the
performance and design issues are as follows:

1. Issue 1.1 (total system performance, Section 8.3.5.13) calls for
retardation factors for radionuclides in the rock units along the
flow paths under expected and unexpected conditions for 10,000 to
100,000 yr. Issue 1.1 also calls for major ion water chemistry,
dispersion coefficients, and matrix diffusion coefficients.

2. Issue 1.2 (individual protection, Section 8.3.5.14) calls for the
same data as Issue 1.1, except only for expected conditions and only
for 1,000 yr. In addition, data on gas phase transport is
requested.

3. Issue 1.3 (ground-water protection, Section 8.3.5.15) again calls
for the same data as Issue 1.1, except only for expected conditions
and only for 1,000 yr.

4. Issue 1.5 (engineered-barrier system release rates, Section
8.3.5.10) calls for changes in geochemical conditions to serve as
input to scenarios, and for radionuclide sorptive and transport
properties of the host rock.

5. Issue 1.6 (ground-water travel time, Section 8.3.5.12) calls for
geochemical data relevant to determining the extent of the disturbed
zone, specifically, data on silica mobilization as it affects
permeability.

6. Issue 1.8 (NRC siting criteria, Section 8.3.5.i7) calls for data on
geochemical conditions and processes at the site for the evaluation
of the presence or absence of the favorable and potentially adverse
conditions and analysis of geochemical effects on subsystem/system
performance.

8.3.1.3-1



.A:A i -~, 6 v . - - I "'- v . J.

PERFORMANCE
ISSUES

DATA NEEDED BY
PERFORMANCE C DESIGN

ISSUES MODEL

Ad. DISPERSION C EOChHILGEMPYICAL-6
_ COEFFICIENTS. MT""' _ _

MAJOR ION WATER CHEMISTRY , GOUND-WATER CHEMISTRY>

DESIGN ISSUES

ISSUE[ 1.10 I
WASTE PACKAGE

CHARACIERISTICS _
0.3.4.5

VAOOSE ZONE WATER
CHEf1STRY H�. WA CHEMIST NY

l_.___ _- _ _ - 313-

Figure 8.3.1.3-1. Parameter calls and corresponding model from geochemistry test program.

8 .3 : 2



YMP/CIM-0011, Rev. 1 YMP/cm-0011, Rev. I

7. Issue 1.9a (higher level findings--postclosure system and technical
guidelines, Section 8.3.5.18) calls for geochemical data for making
the higher level finding on the technical guideline on geochemistry.

8. Issue 1.10 (waste package characteristics--postclosure, Sec-
tion 8.3.4.2) requests data on the vadose zone water chemistry to
support the waste package design and testing programs.

9. Issue 1.11 (configuration of underground facilities--postclosure,
Section 8.3.2.2) requests data on mineral stability to support
testing to determine the stability of mined openings and the thermal
response of the host rock.

10. Issue 1.12 (seal characteristics, Section 8.3.2.2) requests data on
the vadose zone water chemistry to support the testing of ground
water-seals materials interactions.

Table 8.3.1.3-1 shows the progression from performance and design issue
needs for geochemical data to the parameters that define the testing program
(activity parameters on Table 8.3.1.3-1). The left hand column shows the is-
sues that require geochemical data. These issues are linked to appropriate
common parameter categories. The common parameter category is chosen as a
general subject area under which related parameters, including closely re-
lated performance parameters, can be grouped. The common parameter cate-
gories, in turn, are linked to activity parameters that represent the focus
of the testing programs (given as the SCP sections) that address the data
included in the common parameter categories. These activity parameters will
become characterization parameters when test bases are finalized for them.
As an example of the progression shown on Table 8.3.1.3-1, consider the
requirement for radionuclide retardation factors (Rf s) for Issue 1.1.
Sorption data for the unsaturated zone is included in the common parameter
category called unsaturated zone geochemical properties. The program to
supply the sorption data is built around laboratory testing of sorption as
functions of the important variables, summarized as the activity parameters
on Table 8.3.1.3-1. These activity parameters will become characterization
parameters when test basis are developed to determine the testing goals and
confidences needed to satisfy the performance parameter allocations.

The logic of the geochemistry program is described later. Justification
is also provided for the secondary and supporting data that must be obtained
to provide the necessary information to satisfy the requested data needed by
the various performance or design issues.

Approach used to satisfy performance and design requirements

In a broad sense, the geochemistry program must characterize and evalu-
ate the effectiveness of the geochemical "barrier." The program of geo-
chemical testing described in this section concerns characterizing the far-
field geochemistry at the site. The geochemical studies concerned with
characterizing the waste package environment and engineered barrier system
performance are discussed in Section 8.3.4.2 and 8.3.5.9, respectively.
Section 8.3.5.13, through the use of performance allocation, presents an
evaluation that describes the far-field geochemical "barrier' as a reserve
barrier in a total systems performance assessment. The geochemical barrier

8.3.1. 3-3



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 1 of 6)

Calls by performance ,
and design issues Response by geochemistry characterization program

SCP Parameter SCP
Issue section category Activity parameter activity

I-

1. 1, Total
system per-
formance

8.3.5.13 Unsaturated zone
geochemical prop-
erties (sorptive)

Sorption as a function of solid
phase composition

Sorption as a function of sorbing
element concentration

Sorption as a function of ground-
water composition

Sorption on particulates and
colloids

Statistical analysis of sorption
data

Biological sorption and transport

8.3.1.3.4.1.1

8.3.1.3.4.1.2

8.3.1.3.4.1.3

8.3.1.3.4.1.4

8.3.1.3.4.1.5

8.3.1.3.4.2

.

I.

(Sj

Unsaturated zone
geochemical prop-
erties (solubil-
ity of radionuc-
lides)

Saturated zone geo-
chemical proper-
ties (sorptive)

Solubilities of compounds bearing
radionuclides having significant
representation in the inventory
and half-lives > 20 yr

Sorption mechanics for radio-
nuclides

Sorption as a function of solid
phase composition

Sorption as a function of sorbing
element concentration

Sorption as a function of ground-
water composition

Sorption on particulates and
colloids

8.3.1.3.5.1.1
through
8.3.1.3.5.1.3

8.3.1.3.5.2.1
8.3.1.3.5.2.2

8.3.1.3.4.1.1

8.3.1.3.4.1.1

8.3.1.3.4.1.2

8.3.1.3.4.1.3

8.3.1.3.4.1.4



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 2 of 6)

Calls by performance
and design issues Response by geochemistry characterization program

SCP Parameter SCP

Issue section category Activity parameter activity

1.1, Total
system per-
formance
(continued)

8.3.5.13 Saturated zone geo-
chemical proper-
ties (sorptive)
(continued)

Statistical analysis of sorption
data

Biological sorption and transport

8.3.1.3.4.1.5

8.3.1.3.4.2

w~

;)

4-n

Saturated zone geo-
chemical proper-
ties (diffusive)

Saturated zone geo-
chemical proper-
ties (solubility
of radionuclides)

Rock unit charac-
teristics (miner-
alogy-petrology)

Fracture character-
istics (miner-
alogy-petrology)

Fault character-
istics (miner-
alogy-petrology)

Effective diffusivities for satu-
rated tuff

Solubilities of compounds bearing
radionuclides having significant
representation in the inventory
and half-lives > 20 yr

3-dimensional mineral distribution

3-dimensional mineral distribution

3-dimensional mineral distribution

8.3.1.3.6.2.1

8.3.1.3.5.1.1
through
8.3.1.3.5.1.3

8.3.1.3.5.2.1
8.3.1.3.5.2.2

8.3.1.3.2.1

8.3.1.3.2.1

8.3.1.3.2.1



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 3 of 6)

Calls by performance
and design issues Response by geochemistry characterization program

SCP Parameter SCP
Issue section category Activity parameter activity

1. 1, Total
system per-
formance
(continued)

8.3.5.13 Saturated zone
hydrologic proper-
ties and condi-
tions (transmis-
sive)

Longitudinal diffusion, crushed
tuff

8.3.1.3.6.1.2

.a

Saturated zone
hydrologic proper-
ties and condi-
tions (ground-
water chemistry)

Major ion chemistry 8.3.1.2.1.3.5

(a

Saturated zone
hydrologic proper-
ties and condi-
tions (dispersive)

Unsaturated zone
hydrologic proper-
ties and condi-
tions (dispersion)

Dispersion characteristics for
crushed tuff

Hydrodynamic dispersion for solid
rock column

Heterogeneity, solid rock
Hydrodynamic dispersion for frac-

tured tuff
Channeling--non-Fickian dispersion

Permeability as a function of
pressure (matrix potential)

Matrix potential of the unsaturated
tuff

8.3.1.3.6.1.1

8.3.1.3.6.1.2

8.3.1.3.6.1.2
8.3.1.3.6.1.4

8.3.1.3.6.1.4

8.3.1.3.6.1.3

8.3.1.3.6.1.3



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 4 of 6)

Calls by performance
and design issues Response by geochemistry characterization program

SCP Parameter SCP
Issue section category Activity parameter activity

1.1, Total
system per-
formance
(continued)

8.3.5.13 Unsaturated zone
hydrologic proper-
ties and condi-
tions (fluid
chemistry)

Major ion chemistry 8.3.1.2.2.4.8

OD

.I

I.-
I)

1.2, Individ-
ual protec-
tion

1.3, Ground-
water pro-
tection

8.3.5.14 Same as Issue 1.1 Same as Issue 1.1

Same as Issue 1.18.3.5.15 Same as Issue 1.1

1.5, Engi-
neered
barrier
system
release
rates

8.3.5.10 Changes in geochem-
ical radionuclide
conditions,
sorptive and
transport proper-
ties of the near-
field host rock

Sorption as a function of solid
phase composition

Sorption as a function of sorbing
element concentration

Sorption as a function of ground-
water composition

Sorption on particulates and
colloids

Statistical analysis of sorption
data

Biological sorption and transport

8.3.1.3.4.1.1

8.3.1.3.4.1.2

8.3.1.3.4.1.3

8.3.1.3.4.1.4

8.3.1.3.4.1.5

8.3.1.3.4.2



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 5 of 6)

Calls by performance
and design issues Response by geochemistry characterization program

SCP Parameter SCP
Issue section category Activity parameter activity

I.-

1.5, Engi-
neered
barrier
system
release
rates
(continued)

8.3.5.10 Solubilities of compounds bearing
radionuclides having significant
representation in the inventory
and half-lives > 20 yr

8.3.1.3.5.1.1
through
8.3.1.3.5.1.3

8.3.1.3.5.2.1
8.3.1.3.5.2.2
8.3.1.2.2.4.8Major ion chemistry

W

God

1.6, Ground-
water
travel time

8.3.5.12 Rock unit character-
istics (minera-
logy-petrology)

Mineral stability 8.3.1.3.2.2.2

1.8, NRC
siting
criteria

1.9, DOE
siting
guidelines

8.3.5.17 Same as Issue 1.1

8.3.5.18 Same as Issue 1.1

Same as Issue 1.1

Same as Issue 1.1

1.10, Waste
package
characteri-
stics (post-
closure)

8.3.4.2 Unsaturated zone
hydrologic proper-
ties (fluid chem-
istry)

Rock unit character-
istics (minera-
logy-petrology)

Major ion chemistry

Mineral stability

8.3.1.2.2.4.8

8.3.1.3.2.2.2 a

V



Table 8.3.1.3-1. Activity parameters provided by the geochemistry program that support performance
and design issues (page 6 of 6)

Calls by performance
and design issues Response by geochemistry characterization program

SCP Parameter Se
Issue section category Activity parameter activity

1.11, Con- 8.3.2.2 Rock unit character- Mineral stability 8.3.1.3.2.2.2
figuration istics (minera-
of under- logy-petrology)
ground
facilities
(postclosure)

1.12, Seal 8.3.3.2 Unsaturated zone Major ion chemistry 8.3.1.2.2.4.8
character- hydrologic proper-
istics ties (fluid chem-

istry)

I-

.

;)



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

is an important factor. Thus, the geochemistry test program must test the
assumptions and provide confidence in and give support to the release rates
determined by the solute transport calculations of Section 8.3.5.13, as well
as evaluate alternative conceptual models of the site geochemistry. The goal
for the retardation parameter in the solute transport calculations is a value
of one, implying that "no credit" is taken for geochemical retardation pro-
cesses. However, these processes are included in the strategy for demon-
strating system compliance by virtue of the inclusion of a retardation factor
in the equations. The geochemistry program is directed at quantifying the
retardation factor, which is expected to exceed a value of one. Any value
greater than one will supply added confidence to the calculations of trans-
port to the accessible environment based on advective/dispersive transport
calculations.

The calculations of the total site performance, as shown in
Section 8.3.5.13, are based on equivalent porous media transport through the
matrix with adsorptive retardation. The geochemistry test program must
provide the sorption data as well as the supporting geochemical information
required for the total system modeling approach used for Issue 1.1. A
combination of laboratory experiments and modeling will be used by the geo-
chemistry program to support the use of Rfs and the one-dimensional system
model described in Section 8.3.5.13. In addition to providing the requested
data to the performance issues, the results of the geochemistry program must
prove with reasonable assurance that, for the far-field

1. Sorption, expressed in terms of Kd, as a function of water compo-
sition, radionuclide concentration, and rock type is sufficient for
meeting the performance objectives.

2. The sorptive phases will remain stable under the conditions ex-
pressed in Issue 1.1 for 10,000 yr.

3. The ground-water composition is predictable over the time and condi-
tions called for in Issue 1.1.

4. No "short circuitw of the sorptive barrier exists (i:i., transport
by particulates, colloids, or by microbes).

Additionally, the program results must

1. Define the relative role of physical retardation processes such as
dispersion and matrix diffusion.

2. Determine the solubility and speciation of radionuclides to support
the Ed tests and analyses of transport when sorption is not consid-
ered.

3. Provide information for analysis of gaseous transport.

A summary logic diagram for the geochemistry program is given in
Figure 8.3.1.3-2. The data generated by the investigations will be used to
develop conceptual and numerical models on ground-water chemistry, mineral
evolution, sorption, and a geochemical-geophysical model of Yucca Mountain.
These models and their supporting data will provide the basis for the analy-

8.3.:.3-10
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ses just described, thus satisfying the performance and design requirements.
Detailed logic diagrams for each investigation will be described in the
following section.

The applicability of the data obtained in the laboratory investigations
to total system performance will have to be established. The interactions
and relative importance of the physical and chemical retardation processes
are being evaluated in Investigation 8.3.1.3.7 (radionuclide retardation
investigations). This investigation will identify the significant physical
and chemical retardation processes that need to be included in the one-dimen-
sional system performance model used in Section 8.3.5.13.

The applicability of extrapolating the laboratory data to field scale
will also have to be established. The elements to be considered in devel-
oping the strategy for this are described in Study 8.3.1.3.7.2. The elements
include scaling testing, field testing, conservative and reactive tracer
testing in the c-wells, and natural analogs, where applicable.

The geochemical program will provide information on the geochemical
processes defining potential changes in the near-field mineralogy relevant to
the definition of the disturbed zone. This information is important to
Performance Issue 1.6 (ground-water travel time, specifically Information
Need 1.6.5 (disturbed zone boundary)), and Repository Design Issue 1.11
(configuration of underground facilities--postclosure), which must develop a
predictive model assessing the stability of underground openings. Data on
the vadose zone water chemistry will support the waste package design, test-
ing, and modeling of engineered-barrier system release rates. The ground-
water chemistry model will be a starting point for predicting the vadose zone
water chemistry changes due to waste emplacement, and the conceptual model of
mineral evolution will be the basis for the analysis of future mineral sta-
bility. Finally, the basic characterization data on geochemical conditions
and processes that support the system and subsystem performance Issues 1.1,
1.2, 1.3, and 1.5 are also used to support performance Issues 1.8 and 1.9.

Alternative Conceptual Models

The intent of Table 8.3.1.3-2 is (1) to present the current conceptual
understanding of the geochemical conditions and processes active at the site
and how they are expected to function as the geochemical barrier to radio-
nuclide migration during the repository performance period and (2) to present
alternative hypotheses that could be supported based on the uncertainty in
existing information and understanding. These two aspects are further devel-
oped in the table by identifying the performance parameters, or design needs,
that may be affected by the results of site characterization work to deter-
mine if the current conceptual understanding, or an alternate hypothesis, is
correct. The needed confidence in these performance parameters is given
(based on system or subsystem performance allocation tables in the SCP),
along with an estimated sensitivity of the performance assessments to the
alternative hypotheses and the uncertainty involved. The specific studies
are aimed at quantifying the geochemical processes, limiting uncertainty, or
distinguishing between alternate representations of expected behavior of the
site.

8.3.1.3-12



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 1 of 8)

Studies or
activities

Uncertainty and Alternative to reduce
Cuirrentreoresentation rationale hypothesis Significance of alternative hvvothesis uncectaintv

Needed con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
model Current design or perform- performance performance measure Need to reduce

elma*t representation ance parameter measure to hypothesis uncertainty

AtTAYDATION
IXDZL

IA

Gaseous
pathway

Radionuclide
mobility is
substantially
reterded by
(1) sorption,
(2) solubil-
ity, and (3)
dispersion/
diffusion/
filtration

Gaseous radio- I
nuclide
release trom
the near field
is upward
through the
unsaturated
zone, rate and
amount of
transport can
be bounded by
engineered bar-
rier systm per-
formnce assess-
mats and data
an sapor phase
trensport col-
lected in the
pre-eslaemact
time from

figh--mechanisms
of transport and
and retardation
are only
generally known

ligh--site data
very limited,
calculational
models not tested
with field data

Retardation is
largely by-
passed by
flow field
characteris-
tics (i.e.,
rapid along
fractures)

One retardation
process dominates

Retardation pro-
cesses in the
natural situa-
tion are too
complex to
model reliably

Vapor transport
cannot be modeled
adequately

NA- NA NA

NA

NA 8.3.1.3.7--
retardation,
all processes

NA 8.3.1.3.7--
retardation,
&al processes

NA NA



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 2 of 8)

Studies or
activities

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

Ijeeaej con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

alement representation ance parameter measure to hypothesis uncertainty

Dispersion/ Dispersion/
diffusion diffusion pro-

vide sawe
retardation

Isotopic Isotopic
exchange exchange with

the liquid
phas in the
unsaturated
tone provides
sow retarda-
tion for
carbon-14

High--site data
very limited

Nigh--site data
very ligated

Vapor phase move-
ment too rapid
along preferred
flow paths to
model adequately
Dispersion
ineffective as
a retardation
mechanism

Isotopic exchange
not effective
due to rapid
vapor phase
transport

Gaseous radio-
nuclide
release
to accessible
environment

Gaseous radio-
nuclide
release to
accessible
environment

High High High

.

I..

La)

I-

High High High

8.3.1.3.8--gas-
eous transport

8.3.1.2.2.6--gas-
eous phase
movement in
unsaturated
zone

8.3.1.2.2.7.1--
gaseous phase
chemistry

8.3.1.3.8--gas-
eous transport

8. 3. 1.2.2. 6--gas-
eous phase
movement in
unsaturated
zone

8.3.1 .2.2.7.--
gaseous phase
chemistry

NALiquid pathway Predominant
release path-
way is in the
liquid phase,
movement is
downward and
laterally from
the repository.
Retardation
provided by
cbheical and
physical pro-
ceasses

Low to medium--
current hydrolo-
gic data support
downward movement.
Current data base
is not extensive
enough

Rapid ground-
water movement
bypasses chem-
ical and physi-
cal retardation
processes

NA NA NA



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 3 of 8)

Studies or
activities

Uncertainty and Alternative to reduce
Current representation rationale hvpothesis Sionificance of alternative hypothesis uncertaintv

__ - N~~~~~~~~~~~~~~~~ecOQO con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Modal Current design or perform- performance performance measure Need to reduce
e*1 _nt representation rnce parameter measure to hypothesis uncertainty

Sorption

co

LI-

OaI

U'

Sorption ir an
*last-speci-
fie fiaction
of water c-
position,
solids, redox
condition, pH,
temperature,
rock texture.
hydrologic
properties

Sorption con-
trolled by
these pars.-
*tots

Medium to high--
ace uncertainty
over site-speci-
tic conditions
for individual
elnt behavior

Hediua to high--
some uncertainty
in site condi-
tions

Site specific
behavior for
specific radio-
nuclides is too
complex to pre-
dict with conti-
donce

Sorption *batrier
bypassed by phy-
sical conditions,
rapid fracture
flow, colloidal
transport

Sorption cannot be
modeled as a
function ot these
parameters

Geochemical
retardation

High High High

- Sorption
as a1
function
of sub-
strato,
water
Chemistry,
and an:-
bet eo&-
ceatratiZo

Subset of sorption model element; overall ranking given
with sorption element above

8.3 .1 .3.4. 3--
sorption models

8.3.12.3.1 .7--
C-hole reactive
tracer test

8.3.1.3.2.1--3-D
mineral distri-
bution

sorption as a
function of
solid phase
composition

8.3.1.3.4.1.2-
sorption as a
function of
sorbing el.-
ment concen-
tration

8.3.1.3.4.1.3-
sorption as a
function of
ground-water
composition

6.3.1.3.4.1.5-
statistical
analysis



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 4 of 8)

Studies or
activities

Uncertainty and Alternative to reduce

Current representation rationale hypothesis Sionificance of alternative hypothesis uncertainty
~eao n-

fidence in Sensitivity of
Performance measure, parameter or parameter or

model Current design or perform- performance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty

- Sorption as
a function
of sub-
strate,
water Chem-
istry, and
sorbate
concen-
tration
Econtinued)

8.3.1.3.6.1. 1--
crushed tuff
column experi-
sents

8.3. 1 .3 .6. 1 .2--
ass transfer
kinetics

8. 3. 1 .3 .6. 1 .3--
unsaturated
tuff column
experiments

8. 3. 1 .3. 4. 1 .4--
sorption on
colloids and
particulates

LI

- Sorption on
particu-
lates and
colloids

Sorption on
particulates/
colloids
expected to
be minor and
filtration
would further
reduce effects

Low--mobile partic-
ulates not expec-
ted in the far
field

Particulate trans-
port may be
possible in a
flow field dom-
inated by rapid
fracture flow

Subset of sorption model element; overall ranking given
with sorption element above

- Microbial Not tbought to
activity be a signifi-

cant transport
mechanin

Low--microbial
activity expected
to be low. Con-
sistent with
existing field
data

Mediu to high--
in element
thermodynamic
data and in site
chemical environ-
_ nt

No credible alter-
native

Subset of sorption model element; overall ranking given
with sorption element above

8.3.1.3.4.2--bio-
logical sorp-
tion and
transport

Solubility Solubility
limits levels
of radionu-
clides through
far field nd
solubility
limited by
equilibrium
thebrody-
na-ic rela-
tions and/or
precipitation
rates

Radionuclide con-
centrations not
limited by
thermodynamic
relations due
to colloid for-
mation; thermo-
dynamic data
unavailable;
nucleation
unfavorable

Sorption processes
dominate; satu-
ration is not
approached

Geochemical
retardation

Hedium /satu-
rated zone)
High (unsat-
urated zone)

Low to medium-- Hedium
sorption expec-
ted to control
radionuclide
concentrations

8.3.1.3.5--
retardation by
precipitation



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 5 of 8)

Studies or
activities

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

fidence in Sensitivity of
Performance measure, parameter or parameter or

Moeal Current design or perform- performance performance measure Need to reduce
elmnt representation ance parameter measure to hypothesis uncertainty

- Precipita-
tion
(aqueous
speciation
and solu-
bility
modeling)

- Colloid for-
at ion

&nd ata-
bility

-J

3adionuclide
concentr&-
tiona in the
tar field are
limited by
solubility/
precipitation
constraints

Colloid for-
mation is lim-
ited under far
field site
conditions for
most radio-
nuclides and
filtration
would liait
t ransporta-
tion

Nedio to high--
limited data on
actinides under
site conditions

Medium--some
uncertainty
exists about
behavior under
site conditions

Solubility/pre-
cipitation rela-
tionships cannot
be modeled relia-
bly

Colloids form for
some radio-
nuclides and
transport is
possible for
rapid ground-
water movement
along fractures

Subset of solubility model element; overall ranking given
with solubility element above

Subset of solubility model element; overall ranking given
with solubility element above

8.3.1.3.5.1-
dissolved spe-
cies concentra-
tion limits

8.3.1.3.5.2-
colloid behav-
ior

.3 .1 .3.7.2--
applicability
of laboratory
data to
repository
transport

Dispersion/ Ietardation of
difftsion/ radionuclide
filtrations transport by

physical pro-
cesses along
pathways for
matrix-doai-
nated flow
field and for
sow condi-
tions of
fracture flow

High--flow mech-
anim is not well
established at
the site, data on
physical retarda-
tion mechanis
very sparse

Flow is dominated Geochemical
by rapid frac- retardation
ture-flow path-
ways and retar-
dation mechanisms
bypassed

Data on physical
retardation
mechanism cannot
be obtained for
reliable quanti-
fication

Medium sat-
ursted zone)

High (unsatu-
rated sone)

Low to medium--
sorption
expected to
control radio-
nuclide concen-
trations

Moderate 8.3.1.3.6.1.4--
fractured tuft
Column studies

8.3.1.3.6.1.S-
filtration

6.3.1.3.6.2-
diffusion



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 6 of 8)

Studies or
activitits

Uncertainty and Alternative to reduce
Current representation rationale hypothesis Sianificance of alternative hyoothesis uncertainty

Needed con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

*elemnt representation ance parameter measure to hypothesis uncertainty

ILATZR CHCHSTRY
IMOEL

Saturated sone

a

Ground-water
chemistry is
a controlling
factor in
retardation by
sorption and
solubility.
Ground-water
composition
controlled by
water-rock
interactions
trending
toward equi-
librium

Saturated zone
ground-water
co-osition is
controlled by
rock-water
interactions
along flow
paths. No
unexpected
changes in
ground-water
chemistry
along path-
way to
accessible
environment

Low to mediom--
some uncertainty
in ground-water
composition and
thermodynamic
odeling of rock/

water interactions

Low--current data
are adequate to
explain saturated
sone ground-water
composition

Kinetics of rock-
water interac-
tions are too
slow to alter
composition of
recharge water
and flow is dom-
inated by
rapid fracture
flow--thermody-
namic modeling
therefore cannot
model ground-
water composition
and evolution
predictably

No credible
alternative

Ground-water
chemistry
contribution
to retarda-
tion factcrs

Saturated zone
residence
times and
retardation
processes
(If fluid
flow is con-
trolled by
rapid frac-
ture flow
through the
unsaturated
zone, retarda-
tion in the
saturated
zone must
be included
in performance
assessment of
releases to tho
accessible
environmntl

High

Nigh--direct
evidence of
residence
times in
saturated
zone and
origins of
water

High

Medium--some
compensation for
chemical con-
ditions is
possible

High

Low--saturated
zone barrier
is backup.
Also produces
additional
lines of evi-
dence for
flow path/
velocity

8 .3.1.3.7--
retardation,
all processes

6.3.1.3.1.1--
ground-water
chemistry model

6.3.1.2.3.2--
saturated zone
hydrochemical
characteriza-
tion



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 7 of 8)

Studies or
act ivit ies

Uncertainty and Alternative to reduce
Current representation rationale hypothesis Siqniticance of alternative hyoethesis uncertainty

N eeded con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce
*l _ nt representation ance parameter measure to hypothesis uncertainty

Unsaturated zone

MINEWL EVOLUTION
hDEL

.

;a,

4.
40

Unseturated zone
ground-water
composition is
aurface rechar-

gd, modified by
rock water
interaction

tuff secondary
mineralogy
reflecta alter-
ation of tuffs
iindiately
after deposition
followed by
slower altera-
tion ind forma-
tion of secon-
dary minerals
with surface
techarge waters.
Alteration pre-
dictable from
thermodynamic
relationships

3-D distribution
of mineral zona-
tion from early
alteration is
predictable
Ii.s., altera-

tion processes
can be under-
stood) at the
site and a
vertical and
lateral stre-
tigraphy can
be developed

High--very few
data available

Low to medium--
data base somewhat
limited, current
data in agreement
with tbeoretical
relationships

Unsaturated zone
water composi-
tion reflects
deep sources in
the saturated
zone (i.e.,
former stands
of ground-water
table, upwelling
leading to
perched water

Mineralogy is
metastable
kinetics are too
slow and rock-
water reactions
are too complex
to predict tem-
poral changes
over the per-
formance period

Unsaturated
2one water
residence
times and
fluid chem-
istry as it
affects
dissolution
of waste and
retardation
processes

Solid phase
contribu-
tion to
retardation
factor

High

High

High

High

High

High

8.3.1.3.1.1-
ground-water
chemistry model

8.3.1.2.2.7-
hydrochemical
characteriza-
tion of uant-
urated zome

8.3.1.3.2--
retardation,
all processes

.3 .1.3 .3 .3-
conceptual
model of
mineral

evolution

niaeral
alteration
history

Hedium--current
data are not
areally extensive
enough to
develop the
stratigraphy

Alteration pro- Retardation
c3sses are too factor
complex on the
repository scale
for a mineralogic
stratigraphy to
be developed

High Hediu_--sorp-
tivo phases are
secondary
minerals formed
by alteration
processes

Low--alterna-
tive hypothe-
sis not
supported by
existing data

8.3.1.3.2.1-
mineralogy and
petrology
along trans-
port pathways

8.3.1.3.2.2-
minrxal
alteration
history



Table 8.3.1.3-2. Current representation and alternative hypotheses for geochemical model for site
geochemistry program (page 8 of 8)

Tests to dis-

tinguish hypoth-
Uncertainty in cur- esis and reduce

Current representation rent understanding Alternative hvoothesis and significance uncertainty
Needeu con-
fidence in Sensitivity of Studies or

Performance measure parameter or parameter or activities

Model Current Uceertainty and Alternative design or perform- performance performance measure Need to reduce to reduce

*lmnt representation rationale hypothesis ance parameter measure to hypothesis uncertainty uncertainty

Mineral Secondary minor- Mediu --thermo- Alteration rates Retardation High High Low--alternate 8.3.1.3.3--
stability alogy along dynamic data are are controlled factor hypothesis stability of

flow paths not extensive by local Condi- not supported minerals and

(particularly and low tempera- tions (interfaced by existing glasses

sorptive ain- ture alteration processes} and data
oralsI will processes are are too complex
remain stable difficult to to model reli-
under post- quantify experi- ably
emplacement con- mentally
ditiona or, at
least, their
alteration is
predictable
based on ther-
*odynanic con-
siderations

OV not applicable.

t0J

(;J

P.I
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The geochemical understanding of site behavior is intimately connected
to the characterization of the hydrologic regime at the site. These two
aspects cannot be handled separately; the flow regime at the site (flow
dominated by matrix or fracture flow or a combination of both) will determine
the effectiveness of the geochemical "retardation barrier. The relative
role of retardation processes will vary as a reflection of the ground-water
flow regime at the site.

For example, under a matrix dominated flow system at low velocities the
role of dispersion/diffusion and filtration would be more important in retar-
ding radionuclide movement than in a flow system dominated by relatively
faster ground-water movement in a fracture flow dominated system. In terms
of the performance assessment strategy for total systems performance
(Issue 1.1), the role of the geochemical "retardation barrier" may become
more important in a hydrologic system dominated by relatively faster fracture
flow than a slower matrix flow dominated flow regime because ground-water
travel times would decrease and geochemical retardation then may be relied on
more heavily to retard radionuclide migration.

The geochemistry program described in this section is focused on the
far-field portion of the waste isolation system. As such, it is aimed at
supplying data needed to predict radionuclide retardation and releases to the
accessible environment (Issue 1.1). The program of geochemical work needed
to address near-field performance is described in the waste package program
(Section 8.3.4.2.4). Some of the geochemical site data collected in the
far-field program contribute to the characterization of the waste package
environment by establishing the pre-emplacement geochemical conditions.

As mentioned earlier, the hydrologic setting of the site is intimately
bound to the geochemistry program. Hydrologic investigations are intended to
define the nature of the flow mechanisms (matrix versus fracture flow in both
the saturated and unsaturated zones). The geochemistry program will collect
data relevant to both flow mechanisms so that the role of geochemical retar-
dation can be assessed for the present hydrologic setting of the site and for
possible changes in the hydrologic setting during the repository performance
period. Although the geochemistry and geohydrology programs are intimately
connected, the geochemistry program is in this sense independent of the geo-
hydrology program. To determine the relative weighting given to various
geochemical retardation processes in a total system analysis, the two efforts
are brought together.

The organization of the information presented in Table 8.3.1.3-2 is
hierarchal in nature. Three conceptual model headings are given, the retar-
dation model, the ground-water chemistry model, and the mineral evolution
model. Under each of these models all subordinated elements are listed that
describe components of the conceptual models. For example, the ground-water
chemistry model considers both the saturated and unsaturated zones. For the
larger retardation model, a further subdivision is made based on processes
involved in the model components. The retardation model considers pathways
for gaseous and liquid movement as the two major elements. Retardation
processes expected to be involved are subordinated under these headings. A
further subdivision is given for aspects of these processes that can be
conveniently separated.
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* All three models are closely related. The retardation model is the most
important from the perspective of predicting site performance and integrates
information from all the models. It is recognized that radionuclide retarda-
tion is a partial function of the chemistry of the far field rock/ground-
water system. The ground-water chemistry is controlled, at least in part, by
the rock-water interactions. The mineral evolution model must be integrated
with the water chemistry model to understand the present geochemical condi-
tions and the anticipated conditions during the repository performance per-
iod, at the site. The results of this understanding is then integrated into
the retardation model to predict the behavior of any radionuclides carried
into this rock/ground-water system during the repository performance period.

The retardation model considers the gaseous pathway and the liquid
pathway (ground-water transport). For the gaseous pathway, dispersion and
diffusion processes may supply some retardation, and isotopic exchange with
the aqueous phase may contribute additional geochemical retardation, depend-
ing on the velocity of vapor-phase movement. For releases to the ground
water, three broad categories of retardation are given as mentioned earlier.
The relative importance of these retardation processes will vary dependent on
the hydrologic regime. In addition to this interface with other site char-
acterization activities, the experimental approach taken to investigate
retardation processes determines, at least in part, the confidence that can
be associated with the results. As a specific example, sorption testing can
be done from a purely empirical approach, involving large numbers of tests
determined simply by parameter variation, or an approach tailored exclusively
on understanding the controlling sorption mechanisms. These "end-member
approaches generate significantly different testing programs. The approach
taken in the geochemistry program is a blend of both, the exact mix deter-
mined by the current understanding of element-specific behavior and the
overall need to predict the behavior a given radionuclide within the context
of the total system (near and far field) performance. The test describing
the testing matrices, methods, and approaches supplies further detail on
these questions. In addition, testing is included to determine the behavior
of radionuclides for mechanisms that, if active at the site, could effect-
ively bypass the sorption barrier, such as sorption on colloid or particulate
material. The current understanding of the site indicates that these pro-
cesses are not expected to be significant but the alternative hypotheses must
be tested.

As mentioned previously, the ground-water chemistry and mineral evolu-
tion models are supportive to the retardation model. These two models ad-
dress the questions of determining the stability of the sorptive mineralogy
during the repository performance period and the potential evolution of
ground-water composition. These two models also have some application to
design needs described in more detail elsewhere. More specifically, a
mineral stratigraphy for the host rock will be developed from studies of the
alteration history of the rocks. This alteration stratigraphyl based on
mineral zonations can be used in designing the layout of repository drifts.

A major effort in the geochemistry program is the integration of all the
retardation, alteration, and transport processes into a unified picture of
predicted site behavior. The integration effort is described in Sec-
tion 8.3.1.3.7. This modeling activity is an overview attempt to integrate
modeling studies to understand sorption processes (Section 8.3.1.3.4.3),
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solubility processes (Section 8.3.1.3.5.1.3), etc., within the geochemistry
program. The modeling activity is the vehicle that integrates the results of
all the testing, determines the relative importance of individual retardation
and transport mechanisms for various flow regimes (determining the effects of
alternate hypothesis), and ultimately supports the assumptions and data uses
in the overall total system performance assessments. This system level mod-
eling is shown at the highest level for each of the three models described in
Table 8.3.1.3-2. Modeling work to understand individual processes such as
sorption and precipitation are included in the lower level activities cited
in column nine of the table.

Interrelationships of the geochemical investigations

Eight investigations are included in the geochemical characterization
program. These investigations are summarized in the following paragraphs,
and logic diagrams are given for each investigation. Information will be
passed between these investigations; this is indicated on the logic diagrams
by the "other investigations" box.

Investigation 8.3.1.3.1 (Figure 8.3.1.3-3) addresses water chemistry
within the potential emplacement horizon and along potential flow paths to
the accessible environment. Performance Issue 1.5 (engineered barrier system
release rates, Section 8.3.5.10) and design Issues 1.10 (waste package char-
acteristics, Section 8.3.4.2) and 1.11 (configuration of underground facili-
ties, Section 8.3.2.2) require that the unsaturated zone water chemistry be
well known. The design requirements include a certain tolerance for ground-
water composition changes. If the variation in concentration of certain
aqueous species (i.e., Cl and F) in the unsaturated zone is outside the con-
straints of the waste package design then the design may have to be adjusted.
Issue 1.5 also uses the ground-water composition constraints to assess per-
formance of the engineered barrier system, including the waste form and con-
tainer. However, once the present ground-water composition is well defined
and the design is set, the performance issue would have to use a ground-water
chemistry model to assess ground-water or vadose zone chemistry changes and
the effects of the changes on the performance of the waste package.

Investigation 8.3.1.3.1 will use the ground-water chemistry data already
available and to be obtained in Activities 8.3.1.2.3.2.2 and 8.3.1.2.3.2.3
(saturated zone) and data from the ground-water chemistry activities in
Activity 8.3.1.2.2.7.2 (unsaturated zone). These data will be incorporated
into the conceptual-predictive ground-water chemistry model. This model will
explain the present ground-water chemistry, the composition defined by the
interactions of the ground water with minerals in the rock. This model will
then be able to predict future variations in ground-water chemistry given a
thermal component introduced by waste emplacement or an increase in flux
through the unsaturated zone induced by climatic changes. These predictions
are important to Issue 1.5, which must assess the engineered barrier system
performance. Furthermore, the future ground-water chemistry is important in
understanding the sorption and solubility processes in supporting Issues 1.1
to 1.3.
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Investigation 8.3.1.3.2 (Figure 8.3.1.3-4) addresses mineralogy, petrol-
ogy, and rock chemistry within the potential emplacement horizon and along
potential flow paths to the accessible environment. This investigation ad-
dresses two major questions: (1) how are the mineral distributions at Yucca
Mountain going to affect radionuclide retardation by sorption and (2) what
processes account for the minerals found at Yucca Mountain and are the
processes still operating and likely to alter the mineralogy in the next
10,000 yr enough to alter sorption behavior at the site? This investigation
will provide the descriptive baseline for mineralogy-petrology data for other
investigations in this program and for the performance and design issues. To
answer the questions, a three-dimensional distribution of minerals will be
developed and will aid in developing a sorption model and also will include a
description of the fracture mineralogy along potential flow paths. This
investigation will also provide the data necessary to understand past mineral
alteration. All these data are important for determining the impact of
repository development on the host rock, the extent of the disturbed zone,
and the potential geochemical changes beyond the disturbed zone.

Issue 1.1 (Section 8.3.5.13) is relying on mineralogically based strati-
graphic units at Yucca Mountain (i.e., vitric and zeolitic) for waste isola-
tion. Therefore, the mineralogy, petrology, and rock chemistry must be well
known for the stratigraphic units along flow paths to the accessible environ-
ment. This investigation also ties to other investigations in this program
such as Investigations 8.3.1.3.4 (sorption) and 8.3.1.3.6 (dynamic trans-
port).

Investigation 8.3.1.3.3 (Figure 8.3.1.3-5) addresses the stability of
minerals and glasses. Issue 1.1 requires distribution coefficients for all
units in the saturated and unsaturated units below the repository in the
controlled zone. Therefore, it is important that the stability of the sorp-
tive minerals in these units be investigated to determine the natural alter-
ation rate over time and alteration due to the thermal pulse from waste
emplacement. The waste package and engineered barrier system design (Issues
1.10 and 1.11, Sections 8.3.4.2 and 8.3.2.2) will also need mineral stability
information so that impacts on sorptive minerals can be assessed. The con-
ceptual model will support this design need and also support the definition
of the disturbed zone (Issue 1.6, Section 8.3.5.12, change in hydrologic
parameters due to mineral alteration).

A conceptual model of mineral and glass evolution at Yucca Mountain is
needed to predict future mineral evolution by natural processes and reposi-
tory induced thermal loading. This investigation is designed to develop such
a conceptual model. Natural analog environments will be studied to under-
stand better the origin of altered minerals at Yucca Mountain and improve the
predictive capabilities of geochemical modeling codes. Other studies include
obtaining data on the kinetics of glass and silica polymorph transitions and
their relationship to aqueous silica activity, which influences zeolite
stability. Thermodynamic data on stable and metastable mineral assemblages,
specifically the zeolite, analcime, and albite data will also be obtained.
These studies are the experimental basis for determining the overall mineral
stability at Yucca Mountain.
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Investigation 8.3.1.3.4 (Figure 8.3.1.3-6) addresses radionuclide retar-
dation by sorption processes along flow paths to the accessible envircament.
Sorption in the far field (beyond the disturbed zone) at Yucca Mountain will
be studied in the investigation. Performance Issue 1.1 (Section 8.3.5.13)
has called for retardation factors for each species known to be chemically
sorbing and for. each rock unit in the saturated and unsaturated zone in the
controlled area under the range of water and rock chemical conditions expec-
ted for each unit. Mechanistic and empirical data will be collected on
sorptive behavior, and a sorption model will contribute to the understanding
of the expected behavior of key radionuclides in the site system.

Because numerous variables can affect sorption, the potentially very
large amount of laboratory testing must be constrained by experiments de-
signed to identify significant system variables and quantify their effect on
radionuclide transport. The radionuclides of primary concern are identified
in Section 4.1.3.1.1 as the key radionuclides, based on waste inventories and
projected chemical behavior of the system. Issue 1.1 has required infor-
mation on specific radionuclides: strontium, cesium, plutonium, americium,
carbon, uranium, neptunium, technetium, zirconium, iodine, and curium. The
radionuclides of strontium and cesium have been investigated and are well
understood (Chapter 4); therefore, actinide sorption will be emphasized in
laboratory experiments because of the complexity of actinide aqueous chem-
istry, sorptive behavior, and waste inventories. Of lesser importance for
sorption studies are radionuclides expected to be in a poorly sorbable ani-
onic form such as carbon-14 or technetium-99. Sorptive behavior will be
determined as a function of mineral composition and as a function of the
sorbing element concentrations (isotherms). Sorption mechanisms and ad-
sorption kinetics also will be studied. Further scoping will be done by
considering the ground-water composition and expected radionuclide con-
centrations. Preliminary testing will also help define future testing needs;
thus, radionuclides showing consistently high sorption coefficients in
initial testing may not need extensive testing. A part of this investigation
will also include study of microbial effects on radionuclide sorption and
transport. Another independent activity is the study of radionuclide
sorption on particulates and colloids.

Investigation 8.3.1.3.5 (Figure 8.3.1.3-7) addresses radionuclide retar-
dation by precipitation along flow paths to the accessible environment. This
investigation will produce results that will supply limits on the concentra-
tion of dissolved waste elements and limits on natural colloid concentration
that might occur under expected conditions.

Issue 1.1 (Section 8.3.5.13) has identified the need for the determina-
tion of solubility limits of chemical species associated with the ith radio-
nuclide (i.e., mean and variance) for the range of expected water-and-rock
chemical conditions. Furthermore, information is required on the precipitate
that forms when the solute exceeds its solubility. Issue 1.1 will use the
solubility and precipitation data as possible input to, and support for, the
system performance model for radionuclide transport.

This study is organized to define and implement experiments to measure
the solubility and speciation of important waste elements. Geochemical
modeling codes, EQ 3/6, will be used to assess the sensitivity of several
parameters that might control solubility. Colloid formation as well as
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characterization and statili v are other aspects of this investigation that

will be studied as additinal data necessary to understand the potential for

transport of a precipitate through tuff. Colloid formation and stability are

important because coLloid transport is a possible mechanism for bypassing the

sorptive barrier. These data are aiso reasuired by Investigatiron 8.3.1.3.E

where the determination of the actual transport potential of colloids, pre-

c.opitates, and particulates will be determined.

Investigation 8.3.1.3.6 (Figure 8.3.1.3-8) addresses radionuclide retar-

dation by dispersive, diffusive, and advective transport processes along the

flow paths to the accessible environment. This investigation will determine

experimentally the rate of movement and effective retardation of radionu-

clides by dispersive, diffusive, and advective processes. Specifically,

Issue 1.1 requires experimental evidence that could confirm or deny the the-

ory of advective-diffusive coupling of solute concentrations in matrix and

fracture flows that is currently embodied in the transport model of TOSPAC.

Issue 1.1 states that this information is crucial in establishing the credi-

bility of transport phenomenclogy embodied in any models used to assess the

consequences of the release scenarios associated with the water pathways.

Investigation 8.3.1.3.6 will provide to the total system performance the ef-

fective diffusivity of species in the matrix :f each rock unit in the satu-

rated and unsaturated zones. The parameter called for by total system per-

formance is an empirical parameter measuring the effective diffusivity of the

fracture matrix interface (constrictivity-tortuosity factor) for the sat-

urated and unsaturated zone. This investigation will also (1) provide infor-

mation on the transport of colloids and adsorption kinetics, (2) evaluate and

support the use of the batch distribution coefficients by total system per-

formance in an advective system, and (3) support the use of data produced in

saturated systems for application to an unsaturated system.

Investigation 8.3.1.3.6 is divided into the diffusion study and the

dynamic transport column study. The diffusion study will investigate matrix

diffusion in a nonadvective system and the dynamic transport column study

Will investigate ma--rx diffusion and other processes in an advective system.

The column study includes five activities that use an advective (tuff column)

system: (1) crushed tuff column tests, (2) mass transfer kinetics, (3) un-

saturated tuff column tests, (4) fractured tuff column tests, and (5) fil-

tration tests. All these activities essentially measure the breakthrough or

elution curve for tracers through tuff columns. The elution curve can be

characterized by the time of arrival and the broadness or dispersion of the

curve. These two properties depend on several process parameters such as

distribution coefficients, speciation, colloids, kinetics, matrix diffusion,

longitudinal diffusion, hydrodynamic dispersion, channeling, and heteroge-

neity. This investigation will decouple tr.ese processes so that the informa-

tion needs of Issue 1.1 (Section 8.3.5.13) can be resolved. The technical

rationale section of Investgst iton 8 3.1 3.6 and the discussion of each study

and activity within the investigation will develop further the dynamic

transport testing strategy to quantify the variables operating in the five

testing activities.

Investigation 8.3.1.3.7 (Figure 8.3.1.3-9) addresses radionuclide retar-

dation by all processes along flow paths to the accessible environment, and

the question of establishing that laboratory data can be reliably extrapo-

lated to field conditions. The modeling portion of this investigation will
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use a three-dimensional transport model and other multidimensional process
codes to determine, characterize, and quantify the cumulative effects of all
significant processes, physical and geochemical, acting on or controlling
radionuclide transport at Yucca Mountain, thus providing an evaluation of the
effectiveness of the geochemical barrier. This will support Issue 1.1 by
validating the simplifying assumptions and identifying the processes that can
be ignored in the system performance assessments. The integrated transport
calculations will use the geochemical information obtained from all the in-
vestigations under this geochemistry program and other specific geophysical
data needed to do complete calculations. The results of this investigation
will provide support and give confidence to the systems performance calcu-
lations of performance Issue 1.1. Issue 1.1 requires calculational models of
radionuclide transport in the unsaturated and saturated zone that are capable
of representing the effects of flow in at least two dimensions on the trans-
port of dissolved, reactive solutes and of testing the theory embodied in the
one-dimensional systems-level model used by the performance issue.

The retardation sensitivity study (8.3.1.3.7.1) will interface with the
sorption and transport investigations and provide input into the design and
interpretation of the experimental work and geochemical field tests. Study
8.3.1.3.7.2 outlines the field test strategy, large block tests, large scale
experiments, geochemical field tests, nuclide migration studies at the NTS,
and natural analog studies that will be used to demonstrate that the results
of this program are applicable to the release calculations of system per-
formance assessment.

Investigation 8.3.1.3.8 (Figure 8.3.1.3-10) addresses retardation of
gaseous radionuclide along the flow paths to the accessible environment.
This investigation outlines the scientific plan that may be needed if Issue
1.1 (Information Needs 8.3.5.13.1, 8.3.5.13.4, and 8.3.5.13.5) indicates that
gaseous transport of radionuclides should be investigated. Preliminary cal-
culations of the rates of transport of gaseous radionuclide species will be
done. A calculational model will be used to calculate transport and possibly
identify the potential retardation mechanism. An experimental program will
be used to verify the calculational results if needed.

Issue 1.1 requires a model calibration and validation of gas-phase
zarbon-14 transport in the overburden of the unsaturated zone units. The
results of Investigation 8.3.1.3.8, if needed, will be useful to Issue 1.1.
Gaseous radionuclide transport also will have to be considered for the eval-
uation of radionuclide releases to the environment for 100,000 yr after
repository closure (10 CFR 960.3-1-5; Section 8.3.5.18).
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8.3.1.3.1 Investigation: Studies to provide infor ion on water chemistry
within the Potential emplacement horizor ad along potential flow
paths

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the data chapters provide a technical summary
of existing data relevant to this investigatior"

SCP section Subject

4.1.2 Ground-water chemistry
4.1.2.1 General description of the hydrochemistry
4.1.2.6 Background radioactivity
4.1.2.7 Particulates and colloids
4.1.2.9 Mineralogical controls on water composition
7.4.1.7 Rock-water interactions
7.4.1.1 Stability of borehole openings
7.4.1.3 Reference water for experimental studies

Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Saturated and unsaturated zone ground-water chemistry.
2. Ground-water chemistry model development.

Purpose and objectives of the investigation

The goal of this investigation is to provide a ground-water chemistry
model that would (1) explain the present ground-water composition as a result
of interactions of the ground water with minerals, (2) be able to predict
future variations in ground-water chemistry under anticipated and unantici-
pated conditions, as required by Issue 1.1 (Section 8.3.5.13), that would
alter radionuclide flux through the saturated and unsaturated zone, and
(3) support and be integrated with other modeling efforts within the geo-
chemistry program (Section 8.3.1.3).

Issues 1.5, 1.10 and 1.11 (Sections 8.3.5.10, 8.3.4.2, and 8.3.2.2,
respectively) also require that the ground-water chemistry surrounding the
waste package and engineered barrier system be understood so that the design
and performance of these system components of the repository can be assessed.
Furthermore, other investigations within this test program require the con-
ceptual model of ground-water chemistry, namely, Investigations 8.3.1.3.3
(stability of minerals and glasses), 8.3.1.3.4 (sorption), and 8.3.1.3.5
(solubility), and Study 8.3.1.3.7.1 (retariation sensitivity analysis).

The ground-water composition at Yucca Mountain and the surrounding area
has been determined for the saturated zone (Chapter 4). Saturated zone stud-
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ies (Section 8.3.1.2) will continue but, more importantly, the unsaturated
zone ground-water compositions must be obtained. The unsaturated zone
ground-water compositions are necessary data to evaluate waste element spe-
ciation, solubility, and source term concentrations because the unsaturated
zone ground-water compositions will partially define the starting conditions
and rates of corrosion of the canister, and dissolution of the waste form.
Furthermore, the water compositions are needed to assess the overall retar-
dation of waste elements (Investigations 8.3.1.3.4 (sorption), 8.3.1.3.5
(solubility) and Section 8.3.1.3.7 (retardation sensitivity analysis)) from
the repository to the accessible environment under expected and unexpected
conditions.

A necessary prerequisite for understanding the overall retardation of
radionuclides is the development of a ground-water chemistry model. This
model must use the ground-water chemistry data, include the processes that
control ground-water compositions, and determine their relative importance.
The relative importance of the processes controlling ground-water composition
will be useful for understanding the present variations in the ground-water
compositions and predicting future variations.

Technical rationale for the investigation

The rationale for this investigation is to develop an understanding of
the processes controlling the natural variability in ground water, and use
this understanding to predict present and future variations. Mineral stabil-
ity studies, mineralogy-petrology studies, and input from the climate and
tectonics programs on rates and magnitudes of future processes and events
will serve as the basis for establishing the ground-water chemistry concep-
tual model.

8.3.1.3.1.1 Study: Ground-water chemistry model

Objectives

The goal of this study is to develop a ground-water chemistry model that
will initially describe pre-emplacement conditions. The model will integrate
the unsaturated and saturated zone data with the processes of water infil-
tration, water flow, and mineralogic changes in order to develop a mecha-
nistic description of the current ground-water chemistry. Future changes in
these properties and processes will then be considered, including changes in
infiltration as influenced by climatic conditions; long-term mineralogic
changes, particularly those influenced by the thermal pulse from emplaced
waste; and changes in the material properties due to the emplaced waste, or
possible igneous activity. This model of post-emplacement ground-water
chemistry will be used to evaluate the chemistry of water interacting with
the emplaced waste in the post-emplacement period. This model will be
integrated with several investigations in the geochemistry program. In
particular, the conceptual model of mineral evolution (Section 8.3.1.3.3)
will be supported by and integrated with the ground-water chemistry model.
Furthermore, solubility modeling efforts (Section 8.3.1.3.5) as well as
sorption modeling efforts (Section 8.3.1.3.4) will also rely on and be inte-
grated with the ground-water chemistry model. Finally, the ground-water
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chemistry model will provide needed information to retardation sensitivity
analyses and associated integrated transport calculations (Sec-
tion 8.3.1.3.7).

The ground-water chemistry model will be used to provide information
requested by Information Need 1.1.1 (Section 8.3.5.13.1) in its total systems
performance model calculations and by Issue 1.5 (engineered-barrier system
release rates, Section 8.3.5.10). The latter must assess the waste package
design by determining the significance of a potential change in the ground-
water compositions in the waste package environment.

Parameters

The data needed are as follows:

1. Processes that control ground-water composition and their relative
importance.

a. Mineral stability (Investigation 8.3.1.3.3, Activity
8.3.1.3.2.2.2)

2. Mineralogy and petrology (Investigation 8.3.1.3.2).

3. Spatial distributions of thermal and mechanical properties
(Investigation 8.3.1.4.2)

4. Saturated zone ground-water compositions (Section 8.3.1.2).

5. Unsaturated zone ground-water composition (Section 8.3.1.2).

6. Range of future climatic conditions (Investigation 8.3.1.5.1).

7. Rates and magnitudes of potential igneous activity (Investigation
8.3.1.8.1).

The data obtained are as follows:

1. Analysis. Evaluations of present water chemistry. Predictions of
future variations in ground-water compositions between the
repository and the accessible environment.

2. Models. Ground-water chemistry model.

Description

The ground-water chemistry model is considered to be conceptual with
numerical support. The computational support will be provided by the code
EQ3/6. Other codes may be used to verify results of EQ3/6. Prior work
defining the dissolved chemical constituents of water in the underlying
saturated zone between the repository and the accessible environment provides
sufficient data for assessments of potential radionuclide transport, as
discussed in Chapter 4 of this document. These data include major, minor,
and trace element concentrations, pH and redox state, and the concentration
of dissolved gases. A current report (Kerrisk, 1987) summarizes and evalu-
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ates the most recent information on the saturated zone ground-water chemistry
at Yucca Mountain and the surrounding area. Further work on the characteri-
zation of the saturated zone water chemistry is planned in Study 8.3.1.2.3.2

Limited data on the unsaturated zone water chemistry are available. The
activities involving the characterization and evaluation of the unsaturated
zone ground-water chemistry are found in Activity 8.3.1.2.2.7.2 (aqueous
phase chemical investigation of the unsaturated zone). Data will also be
obtained from Activity 8.3.1.2.2.4.8 (exploratory-shaft facility and investi-
gations--hydrochemistry tests in the exploratory shaft). Under these activ-
ities, water chemistry data will be obtained primarily to determine apparent
ages of gas and water in the unsaturated zone and investigate the extent of
water-rock interactions. Furthermore, Study 8.3.4.2.4.1.3 will characterize
the unsaturated zone ground water in order to predict the compositional
changes in the water near the waste package. Data on mineralogy and petro-
logy (Investigation 8.3.1.3.2), stability of minerals and glasses (Investi-
gation 8.3.1.3.3), spatial distributions of thermal and mechanical properties
(Investigation 8.3.1.4.2), natural analogs (Investigation 8.3.1.3.3), the
range of future climatic conditions (Investigation 8.3.1.5.1), and the rates
and magnitudes of potential igneous activity (Investigation 8.3.1.8.1) will
also be used in the ground-water chemistry model.

Details of the model development and the consideration and/or develop-
ment of alternative models will be described thoroughly in the study plan for
the ground-water chemistry model, as well the computational support provided
for this work.

8.3.1.3.2 Investigation: Studies to provide information on mineralogy,
petrology, and rock chemistry within the potential emplacement
horizon and along potential flow paths

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

The following sections of the data chapters and support documents pro-
vide a technical summary of existing data relevant to this investigation:

SCP section Subject

4.1.1.2 Analytical techniques

4.1.1.3.1 The potential host rock

4.1.1.3.2 Surrounding units

4.1.1.4 Mineral stability

4.2.2.1 Hydrothermal alteration of zeolites

4.2.2.2 Hydrothermal alteration of smectites
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SCP section Subject

4.2.2.3 Hydrothermal alteration of rhyolite
glasses

4.4.2 Potential effects of natural changes

Parameters

The following parameters will be measured, calculated, or obtained as a
result of the site studies planned to satisfy this investigation:

1. Mineral distributions in bulk rock.
2. Mineral distributions in fractures.
3. Bulk rock chemistry.
4. Chemistry of fracture deposits.
5. Mineral origins and alteration history.
6. Data on dehydration of smectites, zeolites, and glasses.

The following parameters are needed to satisfy this investigation:

1. Hydrologic conditions.
2. Geometry of the flow paths.

Purpose and objectives of the investigation

This investigation will provide the baseline set of data and understand-
ing of the natural environment in which geochemical and other processes
interact. Two studies are proposed and designed to provide the data needed
as represented by the parameters just listed. The first study will provide a
three-dimensional distribution of mineral types, rock and mineral composi-
tions, and mineral abundances within the potential host rock and along poten-
tial flow paths to the accessible envirznment. The second study will deter-
mine the history of mineralogic and geochemical alteration at Yucca Mountain.

The three-dimensional distribution of mineral types and abundances at
Yucca Mountain must be known to use the data on mineralogic controls of sorp-
tion (Investigation 8.3.1.3.4) for transport calculations. Investigation
8.3.1.3.7 will use this information in integrated transport calculations and
sensitivity analyses, and Issue 1.1 (Section 8.3.5.13) will evaluate this
work to assess the contribution of geochemical retardation along flow paths
in the total system performance calculations. This information will also be
used to evaluate the potential correlation between mineral distributions and
former water-table elevations.

The purposes of the second study (history of alteration) are the
following:

1. Determination of the impact of repository development on the host
rock, which requires the following information:

a. Host rock mineralogic and chemical variability and internal
stratigraphy for Investigation 8.3.1.4.2.
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b. Evaluation of any hazardous mineral occurrences (fibrous
zeolites) in the intervals to be mined for Information Need
4.2.1 (Section 8.3.2.4.1).

c. Evaluation of any past evidence for rock dissolution for
Program 8.3.1.7.

2. Definition of the disturbed zone (Information Need 1.6.5, Sec-
tion 8.3.5.12.5), which requires the following information:

a. Studies of the amounts and types of mineralogic responses to
elevated temperatures in the past; these data will also help to
address Information Need 1.11.6 (Section 8.3.2.2.6).

b. Quantitative analysis of sorptive mineral distributions in the
potential repository horizon and on the surrounding rocks for
evaluation of mineral stability.

3. Projecting the geochemical changes beyond the disturbed zone
throughout the life of the repository for Issue 1.1 (Sec-
tion 8.3.5.13), which requires the following information:

a. The assessment of past hydrothermal alteration in terms timing
and temperature.

b. The assessment of past hydrothermal alteration in terms of
analogous changes that may be anticipated due to repository
emplacement.

c. The evaluation of mineral and glass assemblages (stable and
metastable) present at Yucca Mountain as a baseline for com-
paring accelerated or deviant geochemical changes anticipated
around a repository.

Technical rationale for the investigation

The three-dimensional mineral work already completed shows that there
may be large differences between minerals that occur in the bulk rock and
minerals that occur along fractures. Since hydrologic conditions affect the
extent to which matrix and fracture lining minerals are exposed to radionu-
clides by the ground water, it will be necessary to obtain data on hydrologic
properties (Investigations 8.3.1.2.2 and 8.3.1.2.3) when considering sorptive
mineralogy for performance assessment. The final application of these data
will also depend on the geometry of flow paths from the disturbed zone to the
accessible environment (Information Need 1.6.3, Section 8.3.5.12.3).

The history of alteration study will investigate what processes account
for the minerals found at Yucca Mountain, whether those processes have been
completed or are still operating, and the impact of projected processes on
the potential repository at Yucca Mountain. The geochemical history of Yucca
Mountain can be studied from the minerals present, where conditions and times
of formation can be obtained. These data will be used in three different
contexts at Yucca Mountain: (1) to estimate the impact of repository devel-
opment on the host rock, (2) to assist in determining the extent of the dis-
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turbed zone, and (3) to estimate the rates and directions of geochemical
changes beyond the disturbed zone throughout the life of the repository.
Each of these three contexts are related to the several specific performance
and design activities listed in the previous section.

There are two studies under this investigation: (1) the study of three-
dimensional mineral distributions at Yucca Mountain (three activities) and
(2) the study of geochemical processes at Yucca Mountain inferred from miner-
alogy (two activities). These studies have relevant surface-based and
exploratory shaft facility tests.

8.3.1.3.2.1 Study: Mineralogy, petrology, and chemistry of transport
pathways

The goals of this study are (1) to determine the three-dimensional dis-
tribution of mineral types, compositions, abundances, and petrographic tex-
tures within the potential host rock and (2) to determine the three-dimen-
sional distribution of mineral types, composition, and abundances in rocks
beyond the host rock that provide pathways to the accessible environments.
This study will provide input into the assessment of retardation by sorption
(Investigations 8.3.1.3.4 and 8.3.1.3.7), the geologic framework of Yucca
Mountain (Investigation 8.3.1.4.2), and the definition of the disturbed zone
(Information Need 1.6.5, Section 8.3.5.12.5). The analysis of mineral types,
abundances and distributions beneath Yucca Mountain is required by each of
these information needs and investigations. There are three activities
within this study.

8.3.1.3.2.1.1 Activity: Petrologic stratigraphy of the Topopah Spring
Member

Objectives

The goal of this activity is to determine the petrologic variability
within the devitrified Topopah Spring Member at Yucca Mountain and to define
the stratigraphic distribution of variability.

Parameters

The data needed are as follows:

1. Descriptions of the Topopah Spring Member from core samples, from
outcrop, and from the exploratory shaft facility.

The data gathered are as follows:

1. Model distributions of phenocrysts and textural features in the
devitrified Topopah Spring Member.

2. Quantitative x-ray diffraction (XRD) studies of the devitrified
Topopah Spring Member.
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3. Chemical analyses of the devitrified Topopah Spring Member.

4. Statistical interpretations of these data.

Description

Studies of the distribution of phenocrysts and rock matrix textures in
this member have been shown to be useful for defining stratigraphic position
within the devitrified Topopah Spring Member (Byers, 1985; Byers and Moore,
1987). Matrix textures apparently account for some of the variation in ther-
momechanical properties within the Topopah Spring Member (Price et al., 1985;
Blacic et al., 1986). Preliminary studies using quantitative XRD data show
that mineral abundances in drill core samples, particularly the distributions
of silica phases, vary systematically with stratigraphic depths within the
devitrified portion of the Topopah Spring Member. Chemical data for the
Topopah Spring Member show little variability within the devitrified portion
below the quartz-latite caprock. However, the available chemical analyses
are limited, particularly in the distribution and abundance of trace
elements.

This investigation has so far used data only from the cored holes at
Yucca Mountain (drillholes USW G-1, USW G-2, USW GU-3, USW G-4, and
UE-25a#1). Future cored holes will also be used. Current data collected are
derived from samples collected approximately every 20 m along each drill
core. Samples also reflect collection sequences that closely bracketed major
stratigraphic contacts. Sample density will be at least as frequent in
future drill cores; however, the sample density may be subject to change
depending on statistical requirements.

A plan to develop an integrated drilling program for acquisition of
site-specific subsurface information is being developed and is described in
Investigation 8.3.1.4.1. Sampling requirements for this investigation will
be integrated with the drilling program. Of particular importance will be
the study of samples from the exploratory shaft facility where larger samples
with well-constrained stratigraphic relations can be obtained and where
lateral variability within the host rock horizon will be assessed.

8.3.1.3.2.1.2 Activity: Mineral distributions between the host rock and the
accessible environment

Objectives

Using the data provided as site characterization progresses, this activ-
ity will attempt to determine the three-dimensional distribution chemistry
and the total abundance of all major rock-matrix minerals, between the host
rock and the accessible environment. The analysis of the three-dimensional
stratigraphy will be most heavily weighted toward those units that will first
be encountered along potential flow paths away from the repository (i.e.,
Calico Hills) as identified by Issue 1.1 (Section 8.3.5.13).
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Parameters

The data needed are as follows:

1. Determination of probable flow paths between the host rock and the
accessible environment.

The data gathered are as.follows:

1. Quantitative x-ray diffraction (XRD) data studies of samples from
deep drillholes within and around the repository block.

2. Special XRD studies (e.g., study of glycolated clay-mineral
separations).

3. Chemical analyses of strata between the host rock and the accessible
environment.

4. Statistical interpretation of these data.

Description

This activity will provide a three-dimensional model for the distribu-
tions and abundances of all major minerals and of the chemistry of these min-
erals and their host rocks that occur beneath Yucca Mountain, for potential
flow paths between the repository and the accessible environment. Statisti-
cal evaluation of this model, such as analysis to estimate natural variabil-
ity, to extrapolate between boreholes, and to determine sample density in
boreholes, will be an important part of the activity. This analysis is cur-
rently coupled to the functional stratigraphy put forth by Sandia National
Laboratories; and a variety of approaches including kriging will be tested.
The basic data for the activity are provided from cored and drilled holes
within the boundaries of the accessible environment at Yucca Mountain. These
data consist of quantitative XRD determinations of mineral abundances, x-ray
fluorescence (XRF) determinations of major and trace element abundances in
.ulk rocks, and electron microprobe analyses of mineral compositions. An
ongoing part of this activity is the reevaluation and reanalysis of XRD pat-
terns already collected and stored, as the precision and accuracy of quanti-
tative XRD methods is improved. The current XRD data are derived from
samples collected approximately every 66 ft (20 m) along each drill core.
Samples are also collected to closely bracket major contacts. Sample density
will be comparable in future drill cores. However, sample density is subject
to change depending on statistical requirements. These data will ultimately
be used in Investigation 8.3.1.3.4 (sorption) and as support to the
performance and design issues. However, the variability of mineral
paragenesis with depth and the variations in mineral structures (e.g.,
smectite-illite intergrowths) are important in determining the history of
alteration at Yucca Mountain (see Activity 8.3.1.3.2.2.1).

8.3.1.3-44



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

8.3.1.3.2.1.3 Activity: Fracture mineralogy

Objectives

The objective of this activity is to determine the distributions of min-
erals within fractures at Yucca Mountain, within all significant rock masses
that might provide transport pathways with some component of fracture flow.

Parameters

The data needed are as follows:

1. Model of unsaturated zone hydrologic flow.
2. Model of saturated zone hydrologic flow.

The data gathered are as follows:

1. Distribution and identity of mineral species.
2. Petrographic and chemical characteristics of fracture fillings.

Description

The minerals that occur in fractures can be very different from those
that occur in the adjacent rock matrix. This difference can have important
consequences for retardation by sorption (Investigation 8.3.1.3.4), particu-
larly in situations where fracture flow becomes significant. Some poten-
tially important sorptive minerals occur only in fractures of stratigraphic
horizons where they are otherwise absent (e.g., mordenite in devitrified
tuffs). Manganese minerals in fractures have potential impact as sorptive
phases, and the types and distributions of manganese minerals will be deter-
mined. Hydrous minerals, including zeolites and opal, may occur in fractures
that cross the potential repository horizon; water contents and thermal evo-
lution of water from these minerals will be determined. Fracture samples
have been collected from drill cores and will be collected from future drill
cores from the exploratory shaft facility ramps and drifts at both the
Topopah Spring and Calico Hills levels. In particular, this task requires
core exhibiting fractures from depths to 3,000 ft (914 m). Samples from the
exploratory shaft facility will be particularly important for determining
cross-cutting vein relations and the distribution of faults and fractures
with mineralogy that permits aqueous transport. Sample density in detail
will depend on fracture mineral abundance and variability. Data will be
collected by binocular microscope studies and petrographic thin section
studies of fractures. Scanning electron microscope (SEM) studies will be
made of fracture mineral morphologies and chemistries. Data will also be
collected by electron microprobe where possible. Minerals scraped from
fractures will be studied by x-ray diffraction (XRD) and neutron activation
analysis when knowledge of trace chemistry is necessary. The nature of
mineral distributions in fractures will also provide information relevant to
alteration history (Study 8.3.1.3.2.2).
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8.3.1.3.2.2 Study: History of mineralogic and geochemical alteration of
Yucca Mountain

The goal of this study is (1) to determine the timing, temperatures, and
hydrologic conditions of past alteration at Yucca Mountain and (2) to study
experimentally the dehydration of smectite, zeolite, and glass. Processes to
be studied range from deep-seated past hydrothermal alteration to shallow
mineral deposition along fractures and faults. Near-surface alteration
studies on trench faults can be found under Activity 8.3.1.5.2.1.5. Altera-
tion episodes will be defined, and the constraints on times and temperatures
of alteration will be used to evaluate future alteration in the natural state
as opposed to alteration due to the repository's thermal load. This study
will provide input for the definition of the disturbed zone (Information Need
1.6.5, Section 8.3.5.12.5), for mineral stability (Investigation 8.3.1.3.3),
and for models of past hydrologic processes within Investigation 8.3.1.2.3.
This study encompasses a large number of parameters that are required to
integrate multiple lines of research by assessing the timing, temperatures,
and processes of mineralogic alteration at Yucca Mountain.

8.3.1.3.2.2.1 Activity: History of mineralogic and geochemical alteration
of Yucca Mountain

Objectives

Deep-seated alteration of a hydrothermal and epigenetic nature must be
studied to constrain the timing of such activities, in order to answer the
question of whether such processes pose any future threat to the repository.
The temperature interpreted from the alteration mineral assemblages can also
be used to estimate the long-term thermal stabilities of important sorptive
phases, such as clinoptilolite, and of the silica polymorphs that can
influence water composition, precipitation, and the stabilities of other
silicate minerals.

Shallower alteration around the host rock is not as extensive as deep-
seated alteration but is particularly important for answering questions about
the timing and temperatures of past fluids that have left deposits in voids
and fractures of the host rock. The fluids that have passed through the host
rock can be inferred from the minerals deposited. Temperatures can be in-
ferred from mineral assemblages, from stable isotope ratios, or from fluid
inclusions. Relative timing or sequence of alteration events can be inferred
from some textures (e.g., geopetal structures) and the timing may be deter-
mined by uranium-series, uranium-trend, potassium-argon, or electron spin
resonance (ESR) dating.

Parameters

The data needed are as follows:

1. Stable isotope data from authigenic minerals.

2. Uranium-thorium and rubidium-strontium isotopic data for authigenic
minerals.
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3. Uranium-series and uranium-trend ages of authigenic minerals.

4. Model of unsaturated zone hydrologic flow.

5. Model of saturated zone hydrologic flow.

The data gathered are as follows:

1. Ages (potassium-argon, ESR), temperatures, and distributions of past
hydrothermal alteration around Yucca Mountain.

2. Ages (potassium-argon, ESR), temperatures, and distributions of past
hydrothermal and diagenetic alteration in and near the host rock.

Descri:tion

Several types of past alteration are being studied at Yucca Mountain.
They include multiple episodes of hydrothermal and diagenetic alteration
within the host rock and in surrounding units.

Study activities will include petrologic analysis of alteration
sequences and structures (e.g., tilting of geopetal structures and bubble
homogenization temperatures determined from fluid inclusions). Electron
microprobe analyses will be made of minerals representing growth sequences;
drill core, drill cutting, outcrop, and exploratory shaft samples will be
used.

X-ray diffraction (XRD) data will be collected on authigenic mineral
occurrences at and near Yucca Mountain. Paleotemperatures will be estimated
from clay-mineral interstratifications, from fluid inclusions and from stable
isotope compositions. The ages of alteration events will be estimated using
two experimental techniques: (1) potassium-argon dating of clays and zeo-
lites and (2) ESR dating of quartz and calcite. Uncertainties in the
proposed methods and alternate experimental approaches will be discussed in
the study plan. Approximately 250 samples will be used in all petrographic
and XRD studies combined under this activity.

Samples from the exploratory shaft, from its lateral drifts, and, in
particular, from the portion of the shaft that passes through the bottom of
the Topopah Spring Member and into the tuff of Calico Hills are particularly
important to this study. These underground exposures will provide large
oriented samples of alteration products. If found, samples of natural gel
will be collected from the exploratory shaft.

8.3.1.3.2.2.2 Activity: Smectite, zeolite, manganese minerals, glass
dehydration, and transformation

Objectives

The goal of this activity is to determine how minerals and glasses
important in the rocks at Yucca Mountain will dehydrate and transform under
anticipated thermal loads and to investigate the ability of zeolites and
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smectites to rehydrate after the peak in temperature. These transformations
and alterations will influence sorption and rock stability immediately below
the host rock. The hydrous minerals clinoptilolite-heulandite and smectite
are of the greatest importance because of their proximity (several tens of
meters to a few hundred meters) to the potential repository horizon.
Although less abundant, the hydrous manganese minerals are also important to
retardation modeling. Vitrophyre glass and vitric, nonwelded glass also
occur in this zone. The hydrous minerals have well-documented rehydration
properties in recovery from short-term heating, but prolonged-heating data at
low temperatures (80 to 1501C) are not available. The hydrous glasses may
not simply rehydrate, but may irreversibly dehydrate and collapse or trans-
form to other phases. The nature of these transitions and the rates and
amounts of water loss from unsaturated glass must be studied. This study
will also provide input to the assessment of retardation by sorption
(Investigation 8.3.1.3.4), and the definition of the disturbed zone
(Information Need 1.6.5; Section 8.3.5.12.5).

Long-term heating experiments in unsaturated to saturated conditions
will be conducted. This activity will study the dehydration and reaction
behavior of long-term (minimum of 5 yr), low-temperature (50 to 250 0C)
heating of minerals and glasses.

Thermogravimetric and differential thermal analyses of hydrous minerals
and glasses will be conducted to determine the time-temperature behavior of
zeolites, smectites, and glasses relevant to a repository at Yucca Mountain.

Parameters

The data needed are as follows:

1. Literature information on dehydration, rehydration and low
temperature hydrothermal reactions.

The data gathered are as follows:

1. Mineralogic characterization of reaction products from long-term
saturated and unsaturated heating experiments.

2. Time-temperature data.

Description

Study of long-term dehydration and transformation reactions at low tem-
peratures will be carried out in a series of solid-state controlled, low tem-
perature ovens held at temperatures between 50 and 2500C. Reaction vessels
for the experiments will consist of TeflonTM vessels and stainless steel,
TeflonTM -lined Parr bombs. Reactions will be carried out with samples
either in contact with liquid water, water-saturated air, or in room air to
approximate a range of water vapor pressures. Dry, room-air experiments will
be conducted in conventional porcelain dishes or on silica glass slides.
Samples used will be natural vitrophyre and vitric, nonwelded glasses from
Yucca Mountain, natural zeolites and smectites from Yucca Mountain, and
cation-exchanged pure zeolites and smectites. The cation-exchanged minerals
will provide critical information on the role of interlayer or exchangeable
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cations in determining dehydration or reaction behavior. Preliminary data
suggest that partial loss of rehydration ability does occur in long-term dry
heating of magnesium-saturated smectite and sodium-rich clinoptilolite. The
experiments will be maintained for a minimum of 5 yr but can be continued
longer with very little additional effort. Samples will be examined every
six months to evaluate changes.

Time-temperature data will be obtained at varied heating rates (1 to
201C/min) and isothermally using thermogravimetric analysis (TGA). Variable
water vapor pressures will be used in TGA analyses to assess the effects of
PH20 on dehydration. Enthalpy effects associated with dehydration (and per-
haps rehydration) and oxidation-reduction for zeolites and smectites will be
studied by differential scanning calorimetry (DSC). These data will be
obtained on natural glasses, zeolites, and smectites from Yucca Mountain and
on cation-exchanged pure minerals. The cation-exchanged minerals will pro-
vide data for interpreting the effect of interlayer or exchangeable cations
on dehydration-rehydration behavior.

8.3.1.3.3 Investigation: Studies to provide information required on
stability of minerals and alasses

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the data chapters and support documents pro-
vide a technical summary of existing data relevant to this investigation:

SCP section Subject

4.1.1.4 Mineral stability
4.2.2 Hydrothermal alteration of sorbing minerals and glasses
4.4.2 Potential effects of natural changes
7.4.1.7 Rock-water interactions

Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Data on mineral and water compositions in natural hydrothermal
systems.

2. Data on kinetics of silica phase transformations and correlation to
silica phase transformations.

3. Data to construct thermodynamic models of clinoptilolite,
analcime, and albite.
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4. Conceptual model for past and future mineral alteration at Yucca
Mountain.

Purpose and objectives of the investigation

The goal of this investigation is to determine the stability of minerals
and glasses along the flow paths to the accessible environment in order to
assess impacts of waste emplacement on mineral stability and the resulting
effect on radionuclide retardation. Three studies are part of this investi-
gation: (1) Study 8.3.1.3.3.1, (natural analogs), (2) Study 8.3.1.3.3.2
(kinetics and thermodynamics of mineral evolution), and (3) Study 8.3.1.3.3.3
(conceptual model of mineral evolution).

The conceptual model of mineral evolution will integrate the results of
the first two studies and will use the descriptive and experimental work on
mineral alteration found in Study 8.3.1.3.2.2, the three-dimensional mineral
distribution of Study 8.3.1.3.2.1, and the ground-water conceptual model of
Study 8.3.1.3.1.1. The information from this investigation will be used in
Issue 1.5 (Section 8.3.5.10) to understand the near-field environment of the
waste package and engineered barrier system by Information Need 1.6.5 (dis-
turbed zone, Section 8.3.5.12.5) and in Issue 1.1 (Section 8.3.5.13) to
assess-geochemical retardation for the total system performance calculations.
Furthermore, this information is important to Issue 1.8 (NRC siting criteria,
Section 8.3.5.17) and to Investigation 8.3.1.3.7 (retardation by all
processes).

Technical rationale for the investigation

The minerals and glasses present in Yucca Mountain today reflect (1) the
volcanic processes that originally created the primary (igneous) phases and
(2) the interaction of ground waters and atmospheric gases with these phases
over the past 11 million years. Construction and operation of a repository
in Yucca Mountain will result in some modification of the nature and extent
of ground-water-atmosphere-rock interactions. The thermal pulse resulting
from waste emplacement will be particularly important in this regard. A
conceptual model of mineral and glass evolution (Study 8.3.1.3.3.3) in Yucca
Mountain must be developed to allow prediction of the nature and extent of
the potential modification.

Active hydrothermal systems in welded ash-flow tuffs offer natural ana-
logs to the types of rock-water interactions that are likely in the near-
field of the proposed repository in Yucca Mountain. Studies of natural ana-
logs (Study 8.3.1.3.3.1) are needed because these systems provide insight
into the effects of water-rock interactions on devitrified welded ash-flow
tuffs over periods of hundreds of thousands of years.

The determination of stable mineral assemblages is also needed because
solid-solid transitions are slow at the temperatures of interest and meta-
stable reaction products are common. It is difficult to determine the stable
assemblages through direct experimentation; rather, thermodynamic data (for
zeolites), which can be developed from solid-liquid reactions, solid-solid
reactions at higher temperatures, and calorimetric data, are needed to pre-
dict the stable assemblages (Study 8.3.1.3.3.2). These data can also be used
to identify controlling reactions that determine the rate of evolution of
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larger mineral assemblages. Kinetic studies will be needed on rate control-
ling mineral reactions (evolution of silica poiymorphs and relation to evclu-
tion of aqueous silica activity) (Study 8.3.1.3.3.3).

There are three studies under this investigation: analog study of
hydrothermal systems in tuff, kinetics and thermodynamics of mineral evolu-
tion, and conceptual model of mineral evolution.

8.3.1.3.3.1 Study: Natural analog of hydrothermal systems in tuff

Objectives

The goals of this study are (1) to improve the reliability of long-term
predictions regarding hydrothermal rock alteration in devitrified welded ash-
flow tuff, (2) test the capabilities of the EQ3/6 geochemical code (Section
7.4.4) through modeling of alteration mineral assemblages in natural systems,
and (3) to provide a better understanding of the origin of alteration mineral
assemblages found in Yucca Mountain at present. This study will also help in
development of the conceptual model for mineral evolution in Yucca Mountain
and will aid substantially in guiding the laboratory studies. This study
will investigate the origin and evolution of secondary mineral assemblages
produced in active hydrothermal systems in rock types similar to those which
compose Yucca Mountain.

Parameters

The data needed are as follows:

1. Literature Survey:

a. Water compositions.
b. Temperatures of hydrothermal systems.
c. Secondary mineral assemblages and paragenesis.

2. EQ3/6 computer code.

The data gathered are as follows:

1. Petrographic description of core.

2. Microprobe analyses of alteration products.

3. Mineral solid solutions.

4. Reaction path calculations.

5. Document discrepancies between predicted and observed mineral
assemblages.

6. Implications of results to Yucca Mountain.
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Description

This study (presently in a conceptual phase) will (1) select and
describe a hydrothermal system in tuffaceous rocks in the continental United
States that could be studied as a geologic analog to the near-field of the
proposed repository in Yucca Mountain, (2) evaluate the paragenesis of hydro-
thermal minerals in this system, (3) evaluate the chemical variability of
surface and subsurface ground waters in this system to derive compositions
appropriate for modeling purposes, (4) carry out preliminary calculations to
test the capabilities of the EQ3/6 geochemical code in modeling of alteration
reactions in natural hydrothermal systems in welded ash-flow tuffs, (5) use
EQ3/6 (see Sections 8.3.5.10.3.2.1 and 8.3.5.10.3.2.2 for discussions of
development of EQ3/6) to explore the possibility that hydrothermal systems
can provide useful thermodynamic constraints on the stabilities of minerals
for which reliable thermodynamic constants are presently lacking (e.g.,
zeolites and clays), and (6) provide a preliminary evaluation of how data
from natural geothermal systems could add to our predictive capabilities with
regard to geochemical modeling, experimental studies, and the overall
performance of the proposed repository at Yucca Mountain.

8.3.1.3.3.2 Study: Kinetics and thermodynamics of mineral evolution

The goals of this study are (1) to investigate the kinetics of glass and
silica polymorph transitions and their relationship to aqueous silica activ-
ity and (2) to provide thermodynamic data for clinoptilolite/heulandite and
albite and analcime. A kinetic study of zeolite and related framework sili-
cates is not planned; however, the technical basis for the development of
experimental activities is discussed in the following text.

Silica activity has been identified as an important parameter in con-
trolling mineral stability in Yucca Mountain. This parameter adds uncer-
tainty to the understanding of mineral stability because the rate of evolu-
tion of silica activity is not well understood. Considerable uncertainty
exists regarding the origin of alteration minerals in rock matrices and
fractures in Yucca Mountain. These minerals could have formed early in the
history of the Topopah Spring Member from elevated emplacement temperatures,
or they could have formed from more recent, and perhaps ongoing, interaction
of ground water with glassy tuffs. If the latter is true, the alteration
minerals would react to changes in ground-water conditions over time (e.g.,
changes in pH may cause an increase in the rate of silica phase transfor-
mation; and therefore, more rapid decrease in the aqueous silica activity).
These changes would then have to be documented to assess their effect on the
temporal stability of sorptive minerals along potential transport pathways.
However, if the minerals can be shown to have formed early after the forma-
tion of the tuff, and not to have been affected by subsequent exchange reac-
tions, significant interaction with ground water would be ruled out. This is
particularly important because mineral alteration unrelated to the repository
thermal pulse could cause changes in sorptive capacity.

Understanding the mineral stability and evolution at Yucca Mountain will
depend on the quality of the thermodynamic data base available; therefore,
the gathering of thermodynamic data is fundamental to this study. This data
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will be especially important in verifying the relationship between silica
activity and mineral stability, particularly that of the framework silicates
such as the zeolites. Clinoptilolite-heulandite, albite and analcime, along
with the silica polymorphs, are principal components of important mineral
reactions observed to have taken place in Yucca Mountain. Both thermodynamic
data for the end-members of these minerals and a description of solid-
solution and order-disorder phenomena are needed.

Clinoptilolite and some other zeolites are thought by some to be meta-
stable. The disappearance of clinoptilolite from the geologic column in rock
more than a few hundred million years old supports this. However, clinop-
tilolite is thought to be stable at metastably high silica activity and its
disappearance controlled by the evolution of silica activity, which is in
turn probably controlled by the evolution of the silica polymorphs. This is
supported by the observation that clinoptilolite generally forms from ini-
tially glassy rocks and is generally accompanied by cristobalite (or opal-c).
If field and thermodynamic studies do not ultimately support this view, or if
it is found that there may be rapid evolution of aqueous silica activity to
quartz saturation, kinetic studies of zeolite and other mineral reactions
will become important to assess the temporal stability of the sorptive min-
erals. Present kinetic studies being carried out by the geologic community
chiefly are directed at the kinetics of dissolution. Such studies would
certainly represent part of the work needed here, but there is a need to
understand precipitation kinetics and the other mechanisms controlling the
rates of mineral reactions.

8.3.1.3.3.2.1 Activity: Kinetic studies of zeolite and related framework
silicates

Objectives

The goal of this activity is to predict the rates of possible trans-
formation of silica polymorphs in Yucca Mountain and the effect such trans-
formations would have on aqueous silica activity. This information will be
-7ombined with information from other activities and studies, particularly
-: tivities 8.3.1.3.3.2.2 and 8.3.1.3.3.2.3 and Study 8.3.1.3.2.1 to assess
the effects of silica polymorph evolution on the stability of other minerals,
particularly clinoptilolite, in Yucca Mountain.

Parameters

The data needed are as follows:

1. Literature survey of kinetic data.

The data gathered are as follows:

1. Aqueous silica activity as a function of reaction progress,
temperature, and pH.
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Description

Literature data will be used to develop a model for the kinetics of
evolution of silica phases and aqueous silica activity. This model will be
compared with observations at Yucca Mountain and with field data on other
vitric tuffs in the literature to estimate possible changes in silica for
experimental work on aqueous silica activity. Thermodynamics and solubil-
ities of cristobalite and opal-c are similar enough that initial experimenta-
tion will focus on hydrothermal alteration of cristobalite to quartz and
observation of the aqueous silica activity as a function of reaction prog-
ress. Important variables that are likely to affect the rate of reaction are
temperature, pH, and composition of the ground water.

8.3.1.3.3.2.2 Activity: Determination of end-member free energies for
clinoptilolite-heulandite, albite, and analcime

Objectives

The goal of this activity is to determine end-member free energies from
solubility measurements. This activity will provide enthalpy of formation
data which will then be used to determine the thermodynamic stability of
these silicates.

Parameters

The data needed are as follows:

1. Pure mineral samples of clinoptilolite-heulandite, albite, and
analcime.

The data gathered are as follows:

1. Solubility measurements.
2. Free energy calculations.

escription

The solubilities of clinoptilolite-heulandite, albite, and analcime with
known compositions, and for albite with a known state of order, will be
measured. The solubility measurements will be used as a means to collect
data from which free energies can be calculated because a relatively rapid
approach to equilibrium is more probable than with reactions among solid
phases. The equilibrium solution compositions will then be combined with
knowledge of the thermodynamics of the aqueous phase (primarily from the
EQ3/6 data base to be consistent with other data used in the Yucca Mountain
Project) to calculate mineral free energies for the specific compositions
studied.
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8.3.1.3.3.2.3 Activity: Solid solution descriptions of clinoptilolite-
heulandite and analcime

Objectives

The goal of this activity is to provide descriptions of the thermo-
dynamics of the clinoptilolite-heulandite and analcime solid solutions in
support of the development of the mineral stability model. The thermodynamic
descriptions developed will be tied to the thermodynamics of discrete compo-
sitions of clinoptilolite and analcime determined in Activity 8.3.1.3.3.2.2
but will extend the thermodynamic description to the entire range of possible
compositions.

Parameters

The data needed are as follows:

1. Crystallographic information.
2. Pure mineral samples.

The data gathered are as follows:

1. Solubility measurements on minerals of intermediate compositions.
2. Elemental analyses.
3. Theoretical models (for configurational entropy).

Description

Solid solution descriptions will be based primarily on theoretical
models for configurational entropy with support from solubility measurements.
This activity will involve solubility measurements on intermediate composi-
tions of clinoptilolite/heulandite and analcime. A theoretical approach to
the entropy of mixing will be used. Configurational entropy will be linked
to crystallographic information, particularly, the available cation sites,
the cations that would occupy those sites, and information on the coupling
between ions that occupy the sites.

8.3.1.3.3.3 Study: Conceptual model of mineral evolution

Objectives

A conceptual model will be produced to explain the observed distribu-
tions of minerals in Yucca Mountain. Emphasis will be placed on the evolu-
tion of framework silicates (feldspars, zeolites, and silica polymorphs).
The model will address the general chemical evolution of vitric tuffs. This
model will also be used to predict future mineral evolution in the mountain
due to both natural processes and as a result of a repository emplacement.

This model will be a significant contribution to Issue 1.1 (Sec-
tion 8.3.5.13) in its transport calculation and to the waste package issue
(Issue 1.4, Section 8.3.5.9) and engineered barrier system issue (Issue 1.5,
Section 8.3.5.10). This model is intimately tied to the ground-water
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chemistry model (Investigation 8.3.1.3.1) and to the three-dimensional
mineralogic distribution at Yucca Mountain (Investigation 8.3.1.3.2).

Parameters

The data needed are as follows:

1. Data from Studies 8.3.1.3.3.1 and 8.3.1.3.3.2.
2. Three-dimensional model (Study 8.3.1.3.2.1) of mineral distribution.
3. Ground-water model (8.3.1.3.1).

The data gathered are as follows:

1. Conceptual model of mineral evolution.

Description

Data from Studies 8.3.1.3.3.1 (natural analogs), 8.3.1.3.3.2 (kinetics
and thermodynamics), 8.3.1.3.2.1 (three-dimensional mineralogic distribution,
specifically, Activity 8.3.1.3.2.2.2, alteration of zeolites), and
8.3.1.3.1.1 (ground-water chemistry model) will be used for this conceptual
model. Codes will be developed as needed. These codes will be based
primarily on routines from the Common Los Alamos Mathematical Software
(CLAMS) as listed in Study 8.3.1.3.3.2.

8.3.1.3.4 Investigation: Studies to provide the information required on
radionuclide retardation by sorption processes along flow paths to
the accessible environment

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the site characterization plan data chapters
and support documents provide a technical summary of existing data relevant
to this investigation:

SCP section Subject

4.1.3.3.1 Sorption data for tuff

4.1.3.3.2 Sorption data from batch experiments

4.1.3.3.3 Sorption data from crushed tuff column experiments

4.1.3.3.4 Sorption data from circulating system experiments

4.1.3.3.5 Comparison of sorption ratios from batch, circulating
system, and column measurements
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Sorptive behavior as a function of stratigraphic position
and mineralogy

Sorptive behavior as a function of ground-water
composition

Solubilities of waste elements on Yucca Mountain water

Transport o-f suspended solids

Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Sorption coefficients as a function of

a. Ground-water composition.
b. Mineralogy and surface structure.
c. Sorbing species.
d. Waste element concentration.
e. Atmosphere (if needed).
f. Temperature (if needed).
g. Colloidal material (sorption on).
h. Organic complexation (if needed).

2. Sorption kinetics.

3. Biological sorption and transport.

Data analysis is to include the following:

1. Statistical analysis to evaluate critical parameters and gaps in
data.

Model development is to include the following:

1. Modeling of whole-rock sorption isotherms.
2. Modeling of sorption mechanisms.

Data supplied from other investigations are as follows:

Investigation

8.3.1.2.2

8.3.1.2.3

8.3.1.2.1

8.3.1.3.2

Subject

Site unsaturated zone hydrologic system

Site saturated zone hydrologic system

Water chemistry (specifically Activity 8.3.1.2.1.3.5)

Mineralogy, petrology, and rock chemistry
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Investigation Subject

8.3.1.3.3 Stability of minerals and glasses

8.3.1.3.5 Solubility

8.3.1.3;6 Sorption from dynamic transport column experiments
(specifically Study 8.3.1.3.6.1)

Purpose and objectives of the investigation

The purpose of this investigation is to obtain data on the sorption
behavior of key radionuclides as required by Issue 1.1 (Section 8.3.5.13).
Specifically, Issue 1.1 requires that, for each key radionuclide species
known to be chemically sorbing and for each rock unit in the controlled area
except for the overburden, estimates should be provided of the mean and
standard deviation of the distribution coefficients Kd(i), under the range of
water-rock chemical conditions expected for the unit in question. The key
radionuclides identified by Issue 1.1 are isotopes of americium, carbon,
cesium, curium, iodine, neptunium, plutonium, strontium, technetium, uranium,
and zirconium.

The objectives of this investigation are to carry out three separate but
related studies. These are (1) to obtain laboratory batch sorption coeffi-
cients for the key radionuclides as a function of the parameters listed
above, to statistically evaluate these coefficients, and to develop an under-
standing of sorption mechanisms for each of the key radionuclides; (2) to
evaluate the significance of biological sorption and transport; and (3) to
develop a capability for the prediction of the sorption behavior of key
radionuclides under conditions not assessed in the experimental program.

Technical rationale for the investigation

The degree to which a given radionuclide in solution is sorbed by a
solid substrate is controlled by many variables, the most important of which
are the composition and structure of the substrate, the composition and
temperature of the solvent (e.g., ground water), the concentration of the
radionuclide in solution, and the degree to which sorption equilibrium is
achieved. To evaluate the potential influence of each of these variables,
many individual experiments must be conducted. By carrying out sets of
experiments in which all but one of the variables are held constant, the
influence of each of the variables can be evaluated separately. For
instance, the composition of the solvent (i.e., ground water) and the
composition and structure of the substrate could be held constant while the
concentration of the radionuclide in solution is varied in separate
experiments over a range anticipated in the proposed repository environment.
Other sets of experiments could involve variations in solvent (i.e., ground
water) or substrate compositions, or in substrate structure (e.g., amorphous
versus crystalline iron oxyhydroxides). For the laboratory data to be
defensible, they must be shown to be statistically significant; therefore,
statistical methods and isotherm equations are needed for the evaluation of
variance in the experimental results.
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Although varying the concentration of a given radionuclide in solution
is generally as simple as adding more of a ready made stock solution to the
experimental charge, varying the composition of the solvent and/or the
substrate can be more involved. For instance, to maintain a certain pH
(acidity) or Eh (oxidation/reduction potential) condition in the solvent, the
composition of the atmosphere in contact with the experimental charge may
need to be controlled.

If the entire range of conditions and concentrations anticipated in the
proposed repository environment is to be included in the experimental
program, it is clear that a large number of experiments must be conducted.
If sorption kinetics are to be investigated as well, an even larger number of
experiments will be required. In order to restrict the number of experiments
to a realistic value, the emphasis in the experimental program should be on
gaining an understanding of the basic mechanisms involved in the sorption
reactions. Once the mechanisms have been identified, independently derived
models and data can be used to calculate the influence of variables such as
the solvent composition over ranges outside of those included in the
experimental program.

8.3.1.3.4.1 Study: Batch sorption studies

The goal of the batch sorption experiments will be to obtain sorption
coefficients for key radionuclides as a function of the parameters listed
above and discussed in the individual studies below. These studies will use
statistical analysis to evaluate the experimental results (Activity
8.3.1.3.4.1.5) and will provide the data base for the development of models
to allow prediction of sorption coefficients under conditions not directly
addressed by the experimental program. The experimental emphasis will be on
the elements americium, neptunium, plutonium, technetium, and uranium.
Results for the alkali and alkaline earth elements are discussed in Chapter 4
and are assumed to be adequate for performance assessment calculations. The
values for sorption coefficients obtained in this study will be used to
interpret the results obtained in crushed-tuff column experiments (Activity
8.3.1.3.6.1.1).

The activities included in this study are

SCP section Description

8.3.1.3.4.1.1 Batch sorption measurements on rocks and
minerals

8.3.1.3.4.1.2 Sorption as a function of sorbing element
concentrations (isotherms)

8.3.1.3.4.1.3 Sorption as a function of ground-water
composition

8.3.1.3.4.1.4 Sorption on particulates and colloids

8.3.1.3.4.1.5 Statistical analysis of sorption data
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Sorption coefficients and their dependence upon the variables studied
will be used in Investigation 8.3.1.3.6 (radionuclide dispersion, diffusion,
and advection) to aid in predictions of flow, particularly fracture flow; in
calculation of retardation by various mechanisms (Investigation 8.3.1.3.7,
radionuclide retardation investigations); and in performance assessment
calculations for Issue 1.1.

8.3.1.3.4.1.1 Activity: Batch sorption measurements as a function of solid
phase composition

Objectives

This activity will focus primarily on determining sorption coefficients
for radionuclides on tuffs of the Calico Hills zeolitic and vitric units, on
devitrified tuffs, and on pure minerals representative of the minerals
present in the rock and fractures of the repository block. Data will be
obtained on sorption coefficients (Kd(i)) for each of the key radionuclides
on whole-rock samples and pure mineral separates under the range of rock-
water conditions anticipated in the repository block. The results on pure
minerals will be used to interpret the whole-rock data and to derive insight
into sorption mechanisms (surface complexation and ion exchange mechanisms).
Further insight into sorption mechanisms and sorption kinetics will be
provided by comparison of these results with the results of crushed-rock
column experiments (Activity 8.3.1.3.6.1.1).

Parameters

The data needed are as follows:

1. Mineral abundance and composition of samples from the tuffaceous
beds of Calico Hills and other tuffs of similar composition used in
the tests, and of fracture fillings in the repository block (Section
8.3.1.3.2.1).

2. Chemical composition of the pure minerals used (Section
8.3.1.3.2.1).

3. Physical properties and cation exchange capacity of the solids used.

4. Ground-water composition.

5. Radioactive tracers (same tracers used as in Investigation
8.3.1.3.6).

6. Speciation data for key radionuclides in chosen ground-water
compositions.
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The data gathered are as follows:

1. Surface properties of pure mineral separates.

2. Structure and distribution of surface complexes of the key radio-
nuclides on pure minerals representative of the proposed repository
block.

3. Isotherms describing the detailed sorption behavior of selected
radionuclides in pure minerals of interest.

4. Sorption coefficients as a function of solid substrate composition.

5. Correlations of sorption coefficients with mineralogy.

6. Comparisons of batch data with crushed tuff column data (Activity
8.3.1.3.6.1.1).

Description

The test matrix will focus primarily on plutonium, neptunium, americium,
and uranium because of their presence as key radionuclides and their complex
aqueous chemistry. Zirconium and nickel may also be studied based on their
importance in spent fuel inventories. Sorptive behavior of cesium, stron-
tium, and barium are well characterized by existing data; however, they may
be used to validate the testing procedures and to fill any existing data
gaps. Zeolitic, vitric, and devitrified samples from the tuffaceous beds of
Calico Hills will be the focus of the activity. Other tuffs of similar
mineralogic composition will be used to supplement the limited availability
of Calico Hills material. Some measurements will also be done using Topopah
Spring tuff and tuffs from the saturated zone because these rocks are con-
sidered as sorptive barriers held in reserve.

Sorption will also be measured on pure minerals of composition ranges
bracketing those in the Yucca Mountain rocks. Clinoptilolite, mordenite, and
smectite will be the primary focus, with some additional testing using cal-
cite and Fe and Mn oxyhydroxides such as, goethite, hematite, and pyrolusite.
Both sorption and desorption ratios will be measured, using standardized
techniques.

The sorption studies on pure minerals will consist of two areas of
investigation: (1) sorption by surface complexation and (2) ion exchange. A
mechanistic understanding of the sorptive process is sought through these two
efforts.

The mechanism for actinide sorption is unknown. It is known that iron
and manganese oxyhydroxides, such as goethite, hematite, and pyrolusite,
strongly sorb actinides; therefore, sorption on these minerals must be
considered. Initially the surface properties of these minerals will be
determined by acid titration. Sorption experiments with these oxyhydroxides
and the actinides and technetium will be conducted and the structure and
distribution of surface complexes of the nuclides on the oxyhydroxide
surfaces will be determined by extended x-ray adsorption fine structure
(EXAFS). This technique is developed and has been applied to similar systems

8.3.1.3-61



YMP 'CY-OOl1, Rev. I YMP/CM-0011, Rev. 1

as described in Hayes et al. (1987) and Brown et al. (1987). The EXAFS
technique also will characterize (identify) the oxyhydroxide minerals present
in the tuff as will further characterization work in Section 8.3.1.3.2.
Further details regarding this technique can be found in the study plan.

The ion exchange mechanism will be studied by developing isotherms
describing the sorption of selected radionuclides in pure minerals. These
isotherms will be analyzed using an inversion technique of regularization.
Selectively coefficients for the studied radionuclides will be obtained for
each of the different sorptive sites in the mineral. This site-specific
information will be correlated with structural data for the reactive sites in
the mineral and will be used to obtain information on the relationship
between sorption and structural properties of the sorbing solid. The results
obtained in this manner will be used to attempt prediction of the spatial
variation of sorption in Yucca Mountain using mineralogic composition.

A minimum of 200 tests are anticipated for this activity, however,
additional testing may be required based on the analyses of the data and on
performance assessment calculations. A testing matrix is given in Table
8.3.1.3-3 summarizing the elements and solid phases addressed by this
activity. The effects of variations in surface area on sorption will be
examined by a limited number of bounding experiments. If significant effects
are observed, more detailed testing will be considered.

Table 8.3.1.3-3. Testing matrix for batch sorption measurements as a function
of solid phase composition

Elementsab Solid phase

U Calico Hills tuff:
Pu
Np - zeolitic
Am - vitric
Tc - devitrified
U
Zr
Ni Topopah Spring tuff*
Cs
Sr Tuff from saturated zones
Ba
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Table 8.3.1.3-3. Testing matrix for batch sorption measurements as a function
of solid phase composition (continued)

Elementsab Solid phase

Pure mineral phases: - clinoptilolite
- mordenite
- smectite
- calcite
- Fe and Mn oxyhydroxides

(such as goethite,
hematite, and
pyrolusite)

&Sorption measurements are planned for elements in the first column on the
solid phases in the second column.

bTests will be run at only one concentration.
CTwo samples from different locations.

Actinide tracers in known, stable, and well-characterized oxidation
states are needed for use in this study and for use in Investigation
8.3.1.3.6. Most actinide elements in near-neutral solutions and at expected
repository conditions can exist in more than one oxidation state, each of
which may exhibit different sorption and transport behavior. To characterize
these behaviors, sources of the individual species must be available. Plu-
tonium and other actinides (key radionuclides expected to be present,
Investigation 8.3.1.3.5) will be prepared in specific oxidation states in a
carbonate buffer approximating the carbonate concentration of well J-13
water. The concentration prepared will be the lowest possible in which the
species present can be identified (normally by spectroscopy). These solu-
-7ons will be diluted and immediately used in sorption measurements. The
-emaining stock solution will be monitored during the course of the sorption
experiments to assess the stability of the prepared oxidation state. It is
important to be able to measure the distribution of redox species for studied
elements in the experimental solutions, but the stability of the oxidation
states, while desirable, is not critical. When satisfactory techniques are
developed, quality assurance technical procedures will be written and imple-
mented.

Computer codes to be used include RAYGUN, GAMANAL, and SPECANAL, which
are all standard Los Alamos gamma ray data analysis codes.

8.3.:.3-63



YIP/CM-OOl1, Rev. 1 YNP/CM-0011, Rev. .11.

8.3.1.3.4.1.2 Activity: Sorption as a function of sorbing element
concentrations (isotherms)

Objectives

The purpose of this activity is to characterize the dependence of sorp-
tion coefficients upon the concentration of the element being sorbed by
developing isotherms for the radionuclide. These measured values of Kd will
be compared with the requirements of Issue 1.1 as they are developed. This
activity will develop isotherms for the radionuclides to be tested. These
isotherm data will be incorporated into the sorption data base, for use in
determining element concentration levels at which precipitation begins to
contribute to the measured sorption ratio, and in modeling sorption (Investi-
gation 8.3.1.3.7) to predict retardation along flow paths. Since the concen-
tration of waste elements is expected to change along potential flow paths,
accurate sorption predictions must account for these changes, if significant.
Batch techniques and procedures will be used as described in Activity
8.3.1.3.4.1.1.

Parameters

The data needed are the same as Activity 8.3.1.3.4.1.1.

The data gathered are the sorption coefficients as a function of sorbing
element concentration.

Description

The concentration ranges studied will try to reach an apparent concen-
tration limit (i.e., the highest concentration the solution can maintain when
all other variables are held constant) so that it can be shown that precipi-
tation is not contributing to the sorption ratio. The primary waste elements
to be studied include uranium, plutonium, neptunium, and americium, with con-
centrations ranging from 10-12M to an apparent concentration limit approxi-
mately 10-4 molar, if possible (Table 8.3.1.3-4). The experiments will be
run with eight different concentrations within this range. The number of
-:ncentrations studied may change once the minimum number of points necessary
or adequate isotherms is determined. Tuffs with mineralogy similar to

Calico Hills zeolitic (Tz), to vitric (T,), and to devitrified (Td,) tuffs
will be used. Test procedures are as for Activity 8.3.1.3.4.1.1. A general
test matrix is given in Table 8.3.1.3-4. More elaboration is provided in the
study plan on radionuclide retardation. Approximately 96 tests performed in
duplicate are anticipated. This number will be adjusted based on initial
testing results. The effects of variations in surface area on sorption will
be examined by a limited number of bounding experiments. If significant
effects are observed, more detailed testing will be considered.
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Table 8.3.1.3-4. Sorbing element concentrations of primary waste elementsa,b

Approximate concentration range'sf
Elements Solid phasec:d (M)

U T1z T2V T3dv lOE-12 to 10E-4
Pu Tiz T2V T3 dV IOE-12 to 10E-4
Np Ti2 T2V T3 dv lOE-12 to 10E-4
Am Tiz T2V T3dV 1OE-12 to 10E-4

aExperiments run under ambient laboratory conditions. The liquid phase
for all experiments was well J-13 water.

bLater studies not presently included in this investigation may run
combinations of the actinides to measure the effects of competition among
these radionuclides.

CTi = zeolitic tuff; T2 = vitric tuff; T3dv = devitrified tuff.
dOxyhydroxides, clays, and zeolites listed in Table 8.3.1.3-3 are also

part of this matrix. The isotherm development (ion exchange in Sec-
tion 8.3.1.3.4.1.1) is based on measurements at different sorbing element
concentrations.

*E-12 is exponential notation (10-12).
fNumber of concentrations within given range was approximately eight.

8.3.1.3.4.1.3 Activity: Sorption as a function of ground-water composition

Objectives

The goal of this activity is to measure sorption coefficients as a func-
tion of ground-water compositions anticipated along potential travel paths
and to determine if the values of Kd are above the goals set by Issue 1.1
(Section 8.3.5.13) as they are developed. Ground-water composition can con-
trol the waste radionuclide oxidation state, speciation, and solubility, and
therefore, can have a great effect on the measured sorption ratio. These
data will contribute to the sorption data base and support the sorption model
development and performance assessment calculations. Batch techniques and
procedures will be used as described in Activity 8.3.1.3.4.1.1.

Parameters

The data needed are as follows:

1. Same parameters as for Activity 8.3.1.3.4.1.1.

2. Ground-water compositions and samples from wells at Yucca Mountain.

3. Artificially prepared ground waters.
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4. Composition of unsaturated zone ground waters (Investigation
8.3.1.3.1).

The data gathered are as follows:

1. Sorption coefficients as a function of ground-water composition.

Descrintion

Batch sorption coefficients will be measured in ground waters of varying
compositions and will be compared with the results obtained using well J-13
ground water (Activity 8.3.1.3.4.1.1). Ground water from two Yucca Mountain
wells, USW H-3 and UE-25p#1, will be used in these tests along with artifi-
cially prepared ground water made by spiking well J-13 water with salts to
give compositions simulating and possibly bounding vadose water compositions.
The actinides uranium, plutonium, neptunium, and americium will be tested
with cesium, barium, strontium, tin, and europium for validation of testing
procedures and to fill gaps in the existing data base. Batch techniques and
procedures will be used as described in Activity 8.3.1.3.4.1.1. A general
test matrix is given in Table 8.3.1.3-5. More elaboration is provided in the
radionuclide retardation study plan. A minimum of 60 tests performed in
duplicate are anticipated. This number will be adjusted based on examination
of the initial testing results. The effects of variations in surface area on
sorption will be examined by a limited number of bounding experiments. If
significant effects are observed, more detailed testing will be considered.

Although not part of the present investigation, additional testing may
be necessary in future studies to evaluate the effects of waste package
degradation products in altering sorption characteristics in the ground-water
chemistry of the far field. Other studies may be initiated at a later time
to measure the effects of competition and interaction among radionuclides,
such as possible increases in iron and zirconium concentrations.

8.3.1.3.4.1.4 Activity: Sorption on particulates and colloids

Objectives

The goal of this activity is to determine if sorption of important
radionuclides occurs on particulates or colloids that may be present in
ground waters along potential transport pathways. This is an interactive
effort with others described under Investigations 8.3.1.3.5 (solubility) and
8.3.1.3.6 (dynamic transport). Batch techniques, modified to accommodate the
much smaller sample sizes, will be used to measure sorption. If any sorption
is measured, then the use of sorption coefficients alone may not accurately
predict the transport of sorbed radionuclides. Experiments investigating the
transport of radiocolloids and particulates will be done under Investigations
8.3.1.3.6. Activity 8.3.1.3.6.1.5 (filtration) will investigate how this
transport occurs through porous matrix and through fractured columns. The
results of these experiments will direct the scope of this sorption activity.
Data generated in this activity will not only support Investigation 8.3.1.3.6
but will contribute to the sorption data base and be used to support trans-
port calculations by performance assessment.
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Table 8.3.1.3-5. General test matrix to be used in measuring batch sorption
coefficients in ground waters of varying compositionsa

Element Solid phasebc Sources of ground waterde

U T1Z T2V T3dv USW H-3 JE-25p#l AW1,2,3
Pu T1Z T2V T3dv USW H-3 UE-25p#l AW1,2,3
Np T1Z T2V T3dV USW H-3 UE-25p#1 AW1,2,3
Am T1Z T2V T3dv USW H-3 UE-25p#1 AW1,2,3

aAll experiments done under ambient laboratory conditions. Data to be
compared with results using well J-13 water (Activity 8.3.1.3.4.1.1).

bT1Z = zeolitic tuff; T2. = vitric tuff; T3dV = devitrified tuff.
eZeolites, clays, and oxyhydroxides listed in Table 8.3.1.3-3 may be

included in this testing matrix, if needed.
dUSW H-3 and UE-25p#1 are wells near Yucca Mountain; AW1, 2, 3 refers to

artificially prepared ground water made by spiking well J-13 water.
eTo evaluation potential effects of waste package degradation products,

future tests may involve well-13 water spiked with probable contaminants
(e.g., iron and zirconium) from the near field.

Parameters

The data needed are as follows:

1. Particulates from Yucca Mountain.

2. Identification of particulate composition.

3. Size distribution of particulates.

4. Estimate of size limit for transportable particulates
(Investigation 8.3.1.3.6).

The data gathered are as follows:

1. Sorption coefficients on particulates.

Description

This activity involves the following steps: (1) collection of particu-
late and colloid material and its identification and (2) sorption measure-
ments on the particulates. Particulate (and colloid) material will be
obtained by filtering ground waters pumped from well J-13 and any other work-
ing wells available at the time of collection. This material will be iden-
tified by x-ray diffraction (XRD) and scanning electron microscope (SEM)
analysis. Because of very limited sample availability, batch testing over
the range of radionuclide concentrations and oxidation states, ground-water
compositions and other variables measured in previously described batch
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studies, may not be practical. On the basis of the analyses of results from
other batch tests, the values of these variables showing the most conserva-
tive sorption, but still consistent with site conditions, can be selected in
order to set up a smaller test matrix for the particulate tests. Transport
experiment results (Investigation 8.3.1.3.6) and transport calculations will
also be used to limit the testing activities. The pazticulate-colloid sorp-
tion tests will not be initiated until preliminary testing and analysis is
completed for Activities 8.3.1.3.4.1.1 through 8.3.1.3.4.1.3 and Investiga-
tion 8.3.1.3.6 to allow definition of the test matrix. More elaboration on
this activity will be given in the study plan.

8.3.1.3.4.1.5 Activity: Statistical analysis of sorption data

Objectives

The goal of this activity is to produce statistical correlations and
error estimates. Various statistical approaches will be used on the sorption
data base, as provided by the statistical analysis system for Los Alamos
National Laboratory, to (1) determine those variables (e.g., mineralogy,
ground-water composition, and atmosphere) having the most profound effect on
the sorption coefficients; (2) predict sorption coefficients as a function of
mineralogy and, perhaps, ground-water composition; (3) estimate errors assoc-
iated with predicted sorption coefficients; and (4) identify gaps in the
experimental data. The results of these analyses will be used to bound sorp-
tion coefficients to be used in Investigation 8.3.1.3.7 and for performance
assessment in Issue 1.1 (Section 8.3.5.13).

Parameters

The data needed are as follows:

1. Sorption coefficients as a function of numerous variables
(Activities 8.3.1.3.4.1.1 through 8.3.1.3.4.1.4 and
Study 8.3.1.3.4.2).

2. Mineralogy of tuff samples (Investigation 8.3.1.3.2).

3. Ground-water composition (Investigation 8.3.1.3.1).

The data gathered are as follows:

1. Correlations of sorption with numerous variables.
2. Bounds on sorption coefficients under various conditions.
3. Estimates of errors on predicted sorption coefficients.

Description

Regression techniques will be used to investigate factors that may
significantly influence sorption ratio estimates. The statistical analysis
system package is being used on a trial basis for these analyses. The
computer packages of SOSI; data base management (sorting) and DATATRIEVE, a
data management package will also be used.
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8.3.1.3.4.2 Study: Biological sorption and transport

Objectives

The objective of this study is to determine what effects microorganisms
have on the movement of radioactive waste (i.e, effects on sorption) and to
determine if microbial activities play a role significant enough to be
included in a performance calculation for Yucca Mountain. This study will
identify the quantity, location, and characteristics of past and future
organic materials used at the site and their susceptibility to microbio-
logical degradation. The effect that these microorganisms will have on the
movement of actinides will be determined through analysis of their effect on
ground-water quality, colloid formation, effect on solubility, or by direct
sorption of the actinides.

This study is being undertaken because (1) large amounts of
biodegradable organic materials have been, or will be, introduced into or
near the potential repository area, (2) microorganisms isolated from the NTS
are capable of biodegrading these organic materials and have been shown to
bind plutonium-239 exhibiting an Rd of 10,000, and (3) the mobility of the
microorganisms through the tuff and their effect on the solubility of
radioactive wastes is unknown.

Data generated will be included in the sorption data base and used to
support work in Activity 8.3.1.3.6.1.5 (filtration) and to support transport
calculations (Investigation 8.3.1.3.7 and Issue 1.1, Section 8.3.5.13).

Parameters

The data needed are as follows:

1. Ground-water chemistry (Investigation 8.3.1.3.1).

2. Flow rates and directions of water flows in the unsaturated and
saturated zone.

3. Sorption of actinides on crushed tuff (Study 8.3.1.3.4.1).

The data gathered are as follows:

1. Sorption on microorganisms and data on steady state, v-max, actinide
speciation, and cellular location.

2. Data indicating potential for the transport of radioactive wastes by
microorganisms and microorganism by-products. Data on colloidal
properties and mobility of microorganisms.

3. Understanding of magnitude of microbial activity on retardation and
transport of radionuclides.

4. Identification of microorganisms.
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Description

The following tasks are included in this study: (1) determination of
the growth of microorganisms on fluid (e.g., drilling fluid); (2) evaluation
of the influence of microorganisms on the movement of actinides, such as
colloidal agglomeration and chelation; and (3) determination of the binding
constant of microorganisms to actinides. Before sorption testing can be
done, bacteria must be isolated and cultured in the laboratory. To isolate
the bacteria, samples are taken from soils that have received discharges of
drilling fluids during the course of the drilling operations and are, there-
fore, considered likely to contain microorganisms capable of biodegrading
drilling fluids (USW G-1 and UE-25c#2).

The samples are placed in sterile bottles and immediately returned to
the laboratory for analysis. A mineral salts medium is used to culture these
microorganisms. A controlled amount of drilling fluid is added as the only
energy source for microorganism growth. Solid media are inoculated with
washings of the soil samples. After aerobic or anaerobic incubation at room
temperature, isolated bacterial colonies growing on the medium are trans-
ferred to fresh media and .ncubated to obtain pure colonies. Colony morpho-
logy and microscopic characteristics and viscosity can then be determined.
The growth of microorganisms indigenous to tuff from Yucca Mountain will also
be studied utilizing exploratory shaft samples.

This study will determine the sorption ratio of radionuclides on bac-
teria. A steady-state sorption ratio for the bacteria and radionuclides will
be determined. This is necessary to affix a value to bacterial sorption of
radionuclides. The cellular location (internal versus external) of actinide
sorption will be investigated to determine the stability of sorption. Fur-
thermore, this study will determine if microorganisms preferentially sorb
different oxidation states of a radionuclide. Sorption testing will be done
primarily with plutonium, americium, and neptunium on core samples from USW
G-4 (1,501 ft) using well J-13 water. Samples from the exploratory shaft
will be used when they become available.

The previously unstudied effects of microorganisms on the movement of
actinides through fractured and unfractured tuff will be examined by deter-
mining the movement of plutonium, americium, and neptunium sorbed to bac-
teria. This work will determine if the movement is a function of the bio-
logical mobility or the colloidal dispersion of the bacteria. Furthermore,
the movement of radionuclides chelated by bacterial metabolites (i.e., sider-
ophores) through fractured and unfractured tuff will be determined.

8.3.1.3.4.3 Study: Development of sorption models

Objectives

The purpose of this study is to model the sorption experiments on rocks
and minerals representing the proposed repository block and to derive a
capability to predict sorption coefficients for key radionuclides under water-
rock conditions not included within the experimental program. This infor-
mation will be used in Performance Issue 1.1 (Section 8.3.5.13), by Investi-
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gation 8.3.1.3.7, and by Investigation 8.3.1.3.6 as part of the description of
radionuclide movement from the repository to the accessible environment.

Parameters

The data needed are as follows:

1. Sorption isotherm data for the key radionuclides on representative
whole-rock samples and pure mineral separates (Sections 8.3.1.3.4.1.1
and 8.3.1.3.4.1.3).

2. Surface properties of pure mineral separates (Section 8.3.1.3.4.1.1).

3. Ground-water compositions in the proposed repository block (Section
8.3.1.3.1.1).

4. Speciation data for key radionuclides in representative ground-water
compositions (Section 8.3.1.3.5.1.2).

5. Chemical compositions of the pure minerals (Section 8.3.1.3.2.1).

6. Mineral abundance and composition in rock samples and fracture
fillings found in the proposed repository block (Section
8.3.1.3.2.1).

7. Structure and distribution of surface complexes of the key radio-
nuclides on pure minerals representative of the proposed repository
block (Section 8.3.1.3.4.1.1).

The data gathered are as follows:

1. Models describing the sorption of key radionuclides in the proposed
repository block as a function of the mineralogic composition of the
host rocks or fracture fillings, ground-water composition,
radionuclide concentration, and temperature.

Description

This study will develop the best possible capability for the prediction
of sorption coefficients for key radionuclides in the proposed repository
block based on the available data. The predictive capability will be based
on ion exchange and surface complexation models and data obtained in Studies
8.3.1.3.4.1, 8.3.1.3.4.2, and 8.3.1.3.4.3.

8.3.1.3.5 Investigation: Studies to provide the information required on
radionuclide retardation by precipitation processes along flow
paths to the accessible environment

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents
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* The following sections of the data chapters and support documents
provide a technical summary of existing data relevant to this information
need:

SCP section Subject

4.1.3.4.1 Processes affecting radionuclide concentrations and
speciation in solution

4.1.3.4.2 Solubility and speciation data

4.1.3.4.3 Solubility modeling

Parameters

The following parameters will be measured or calculated as a result of
the site studies planned to satisfy this investigation:

1. Solubility or concentration limits of important waste elements.

2. Ability of waste elements to form natural colloids.

3. Measurements of solubility as outlined by a NRC technical position
"Determination of Radionuclide Solubility in Ground Water for
Assessment of High-Level Waste Isolationw (NRC, 1984a).

4. Sensitivity of solubility limits to variation in controlling
parameters (theoretical).

5. Speciation of waste elements.

6. Models that provide theoretical framework for understanding
solubility, speciation and colloid formation.

Parameters that control solubility and speciation include the following:

1. Water chemistry (dissolved constituents, pH, redox state).
2. Water temperature.
3. Radiation field.

Purpose and objectives of the investigation

The purpose of this investigation is to supply input data for calcula-
tions of radionuclide transport along potential transport pathways from the
repository to the accessible environment at the Yucca Mountain site. These
calculations are required to address the overall system performance objective
for radionuclide release in 10 CFR 60.112 (Issue 1.1, Section 8.3.5.13) and
in making findings on the postclosure system guideline and the technical
guidelines for geochemistry in 10 CFR 960.4 (Issue 1.9, Section 8.3.5.18),
and in the siting criteria of 10 CFR 60.122 (Issue 1.8, Section 8.3.5.17).
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Specifically, Issue 1.1 requires estimates of the means and standard devia-
tions of the solubility limits of radionuclide-bearing compounds under antic-
ipated water chemistry conditions.

There are two ways that radionuclides can be transported with water
moving through the repository toward the accessible environment. Radionu-
clides can travel as dissolved species in the water and as particulate
material carried by the water. This investigation will supply data and
models that can be used to calculate concentration limits (solubilities) of
dissolved waste elements in local water at the Yucca Mountain site; these
concentration limits will be used directly by performance assessment models
of radionuclide transport. This investigation will also supply data and
models describing the formation and stability of natural radionuclide col-
loids in local water. This information will be used in assessing the like-
lihood of colloid transport (Section 8.3.1.3.7) and by Issue 1.1 in the total
systems performance calculation. Radionuclide solubility and speciation data
and models will also be used to support modeling of sorptive behavior as a
function of water chemistry and waste element chemistry (Section 8.3.1.3.4).

Technical rationale for the investigation

It is not practical to measure solubilities of all waste elements that
may exist in radioactive waste under all conditions that may occur at the
repository or along flow paths to the environment. The technical approach
used to select waste elements for solubility measurements and to select the
conditions of these measurements is based on three criteria:

1. Select waste elements that have radionuclides present in large
quantities relative to their EPA release limits (40 CFR 191,
Appendix A, Table I).

2. Select waste elements that are likely, based on present knowledge of
waste element chemistry and expected repository conditions, to have
solubility limits during transport.

3. Select conditions for solubility experiments that will bound expec-
ted conditions at the repository or along flow paths to the environ-
ment.

The radionuclides of primary concern are discussed in Section 4.1.3.1.1.
A review of the chemistry of important waste elements is also given in
Section 4.1.3.4. These sections, along with descriptions of the expected
water chemistry (Section 4.1.2) and changes in water chemistry resulting from
waste emplacement (Section 4.2) form the basis for the selections of solubil-
ity experiments discussed below. The initial emphasis is on americium,
plutonium, and neptunium solubility and speciation; measurements are also
planned for uranium, thorium, radium, zirconium, tin, and nickel. These lat-
ter elements are included in the testing program so that the concentrations
can be used as upper bounds for transport assessments, since sorption work is
not planned for these elements except uranium at present.

Consideration has also been given to the generic technical position
entitled "Determination of Radionuclide Solubility in Ground Water for
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Assessment of High-Level Waste Isolation" (NRC, 1984a) in the selection of
these experiments. This technical position serves as guidance in the pre-
paration of detailed plans for waste element solubility experiments. It
requires that any site that elects to use solubility to limit waste element
release must design experiments to determine the solubility under site-
specific conditions. The experiments discussed in this section are meant to
satisfy the requirements of this technical position.

The various parameters that influence solubility can be divided into
three groups:

1. Those parameters that define the conditions controlling solubility
(water chemistry, temperature, and radiation field).

2. Those parameters that define element behavior (waste-element
chemistry, colloid behavior, and kinetic data).

3. Those parameters necessary to understand precipitation processes
(models).

The primary areas of choice in designing solubility experiments involve
the conditions of the experiment and the elements chosen. For solubility
conditions, five specific parameters have been considered in designing the
experiments: (1) water compositions including pH and redox (speciation of
redox sensitive radionuclides), (2) temperature, (3) identity of the solid
controlling solubility, (4) the presence of other solids, and (5) radiation
effects such as radiolysis. Solubilities that represent upper limits on
waste element concentrations are of primary concern in defining the experi-
ments. However, solubility data without an understanding of the basic
processes involved are of only limited value. Thus, the results that will
aid in understanding and in solubility modeling are stressed.

An important part of this investigation is the modeling of solubility
and speciation of waste elements (Section 4.1.3.4). Modeling will be used
for two purposes: to assess the importance of the various parameters that
nfluence solubility and speciation (e.g., water composition) and to calcu-
ate solubilities under conditions not directly covered by the solubility

experiments. Modeling of solubility and speciation of waste elements has
concentrated on equilibrium methods; this emphasis will continue. Equilib-
rium models require thermodynamic data for solids that are likely to precip-
itate and for aqueous species that may be present in the water. These data
are being developed from literature sources and from the solubility and
speciation data collected as part of this investigation. If nonequilibrium
or kinetic models are found necessary to describe some aspects of waste
element solubility, they will be used as needed.

Movement of natural radionuclide colloids represent a transport mechan-
ism that may be active under site conditions, and may not act to limit the
effectiveness of the sorption barrier in retarding migration. To assess the
potential for colloid transport (Section 8.3.1.3.4), information is needed
about the likelihood of colloid formation under water conditions at the Yucca
Mountain site and the stability of colloids once formed. Two waste elements
that may form stable colloids under these conditions have been identified;
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they are plutonium and americium (Section 4.1.3.4). Because these elements
also contribute significant activity to the waste inventory, colloid forma-
tion and stability experiments are planned with them.

8.3.1.3.5.1 Study: Dissolved species concentration limits

The goal of this study is to provide solubility or concentration limits
for dissolved species of important waste elements under conditions that are
characteristic of the repository and along flow paths toward the accessible
environment. The importance of solubility has been highlighted by the NRC
technical position entitled "Determination of Radionuclide Solubility in
Ground Water for Assessment of High-Level Waste Isolation" (NRC, 1984a). The
experiments described under this study are meant to satisfy the requirements
of this technical position.

The results of this study will be used in the assessment of radionuclide
releases to the accessible environment and to assess the existence of
favorable or potentially adverse conditions at the site.

8.3.1.3.5.1.1 Activity: Solubility measurements

Objectives

The goal of this activity is first to specify the conditions under which
solubility experiments will be carried out and then to measure solubilities
or concentration limits of important waste elements under these conditions.

Parameters

The data needed are as follows:

1. Water chemistry (composition, pH, redox state, oxidation-reduction).
2. Water temperature.
3. Radiation environment.

The data gathered are as follows:

1. Solubilities (concentration limits).

2. Identity of solids controlling solubility.

3. Oxidation states and speciation of the dissolved species in
solution.

Description

Solubility measurements are planned in three water compositions, a
neutral electrolyte, well J-13 water, and drillhole UE-25p#1 water. These
compositions range from a simple system with no complexing except hydrolysis
through well J-13 water (sodium bicarbonate water), which is expected to be
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close to water compositions in the unsaturated zone, to drillhole UE-25p#1
water (calcium bicarbonate water), which is from the carbonate aquifer and
has the highest solute concentration of any water observed in the vicinity of
Yucca Mountain. Table 8.3.1.3-6 shows the test conditions for water used in
measuring the solubility of waste elements.

Table 8.3.1.3-6. Test conditions for water used in solubility measurementsa

Water pH Temperature( 0C)

J-13 6, 7, 8.5 25, 60, 90
UE-25p#1 6, 7, 8.5, 9.5 25, 60
Neutral electrolyte 6, 7, 8.5 25, 60

aWaters will be oxygen saturated.

The pH of the waters will be varied for the measurements (neutral elec-
trolyte at pH 6, 7, and 8.5; well J-13 water at pH 6, 7, and 8.5; drillhole
UE-25p#1 water at pH 6, 7, 8.5, and 9.5). Solubility experiments will be
performed at 25, 60, and 90°C for well J-13 water, and at 25 and 60°C for
drillhole UE-25p#1 water and the neutral electrolyte. These temperatures
cover the range of expected conditions where liquid water may be present.
All measurements will be done under oxidizing conditions (oxygen saturated)
to simulate the conditions found in most waters from Yucca Mountain and
vicinity; this procedure will result in solubilities that are equal to or
greater than solubilities that would be measured under reducing conditions.
Data from tests measuring changes in water chemistry resulting from interac-
tion with the host rock or waste package materials indicate only minor compo-
sitional changes (Section 4.1). No solubility measurements are planned in
which the water compositions are modified to account for these effects. If
future data from experiments involving Yucca Mountain water and local min-
erals or waste package material show significant water composition changes,
this decision will be reviewed.

An attempt will be made to approach steady state in the solubility mea-
surements from both undersaturation and oversaturation. Tests approaching
steady state from oversaturation will be done first and the solids that
precipitate will be characterized. Where possible, these solids will be
prepared and used for experiments that approach steady state from undersat-
uration. This procedure has the advantage of not specifying the solid that
controls solubility, but of allowing the system under investigation to deter-
mine the solid that will precipitate.

There are no plans in the present investigation to include other solids
such as tuff from Yucca Mountain in the solubility experiments. The presence
of tuffs may compromise the ability to obtain meaningful data on the solubil-
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ity of radionuclides. Including tuffs in the tests greatly increases the
complexity of the solubility work because it may not be possible to deconvo-
lute the effects of two operative processes, sorption and precipitation.
When sufficient data have been gathered to generate a fundamental under-
standing of solution chemistry, then the Project will consider expanding the
scope and complexity of the testing to include solubility experiments with
tuff. The potential effects of solids on solubility will be addressed in
Study 8.3.1.3.6.1.

There are no plans to perform solubility experiments in the presence of
gamma radiation. The effects of gamma radiation should not be significant by
the end of the containment period. A number of the waste elements have
radionuclides with high specific alpha activities. The effects of alpha-
radiation will be investigated by performing solubility experiments with two
isotopes of plutonium (Pu-239 and Pu-242) and americium (Am-241 and Am-243)
that have different specific activities.

The choices of waste elements for the solubility experiments are based
on the importance of each waste element (Section 4.1.3.1.1) and the likeli-
hood of solubility having an influence on transport (Section 4.1.3.4). Solu-
bility measurements will first be done for americium, plutonium, and neptu-
nium. At a later date, measurements will begin for uranium, thorium, radium,
zirconium, tin, and nickel. Solubility measurements are not planned for
technetium, cesium, iodine, or strontium. Although radionuclides of these
elements make important contributions to the activity of waste, they may have
high solubilities under conditions at the Yucca Mountain site; thus solubil-
ity might not limit their transport.

8.3.1.3.5.1.2 Activity: Speciation measurements

Objectives

The goal of this activity is to identify important aqueous species of
waste elements under conditions described in Activity 8.3.1.3.5.1.1 and
determine their formation constants. This will be done when important data
are unavailable from any other source outside the Yucca Mountain Project.
This activity is concurrent with the measurement of concentration limits in
Study 8.3.1.3.5.1, and is intended to fill any data gaps so that this
solubility data can be explained by the thermodynamic mod.ling (Activity
8.3.1.3.5.1.3).

Parameters

The data needed are as follows:

1. Important waste elements for which speciation measurements are
needed (Activity 8.3.1.3.5.1.3).

2. Experimental conditions (Activity 8.3.1.3.5.1.1).

3. Water samples (Investigation 8.3.1.3.1).
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The data gathered are as follows:

1. Determination of the identity and measurement of the formation
constants of aqueous species of waste elements.

Description

For this activity, experiments will be performed with waste elements in
solution to determine the identity of the aqueous species formed and their
concentrations under conditions that can be used to determine their formation
constants. Under the conditions expected at Yucca Mountain, carbonate is
expected to play an important role in plutonium and americium speciation.
Initially, plutonium and americium carbonate speciation will be studied.

8.3.1.3.5.1.3 Activity: Solubility modeling

Objectives

The goal of this activity is to develop the thermodynamic models and
data needed to calculate waste element solubilities over the range of
conditions expected at the site.

Parameters

The data needed are as follows:

1. Computer code EQ3/6 (see Sections 8.3.5.10.3.2.1 and 8.3.5.10.3.2.2
for discussions on development of EQ3/6).

2. Thermodynamic data from literature and from Activity 8.3.1.3.5.1.1
and Activity 8.3.1.3.5.1.2.

The data gathered are as follows:

1. Models and data to calculate waste element solubilities (both
equilibrium and nonequilibrium or kinetic models,.

Description

This activity will collect thermodynamic data from the literature and
apply existing chemical equilibrium models to the solubility data developed
in Activity 8.3.1.3.5.1.1 and to data from any other pertinent solubility
experiments in order to test the applicability of the models and data. Where
data on the existence of formation constants of aqueous species are found to
be inadequate, recommendations for measurements will be made to Activity
8.3.1.3.5.1.2. If equilibrium models are found to be inadequate to describe
any solubility data, nonequilibrium models that involve kinetic behavior
(nucleation, precipitation, dissolution, or oxidation-reduction kinetic
models) will be developed. These models will be used to test the consistency
of experimental data and to assess the sensitivity of the solubilities to
variations in controlling parameters such as water composition.

8.3. 1.3-78



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

8.3.1.3.5.2 Study: Colloid behavior

The goal of this study is to determine the stability of waste element
colloids under expected site-specific conditions that might be encountered at
the repository or along flow paths toward the accessible environment. The
results of this study will be used in the assessment of radionuclide releases
to the accessible environment and to assess the existence of favorable or
potentially adverse conditions at the site.

8.3.1.3.5.2.1 Activity: Colloid formation characterization and stability

Objectives

The objective of this activity is to determine the formation and stabil-
ity of waste element colloids. Two waste elements that may form colloids
have been identified; they are plutonium and americium (Section 4.1.3.4).
Although only plutonium and americium will be investigated during the initial
phase of the study of waste element colloids, work will be extended to other
radionuclides if performance assessments of engineered barrier system per-
formance and other field and laboratory data show other radionuclides are
potentially important in colloid formation. This information will be used by
performance Issue 1.1 (Section 8.3.5.13) and Investigations 8.3.1.3.4 and
8.3.1.3.6.

Parameters

The data needed are as follows:

1. Experimental conditions (Activity 8.3.1.3.5.1.1).
2. Water samples (Investigation 8.3.1.3.1).

The data gathered are as follows:

1. Waste elements that form natural colloids.
2. Specific condition under which colloids form.
3. Physical and chemical characteristics of the colloids.
4. Stability of colloids.

Description

Plutonium and americium have been reported to form natural colloids.
Because these elements also contribute significant activity to the waste
inventory, colloid formation and stability experiments are planned for these
elements. The conditions likely to promote colloid formation, the stability
of the colloids, and the disposition of the waste element species as the col-
loids break up will be described. Colloid breakup involves the redissolution
or degradation of the colloid and the eventual fate of the component radio-
active element(s).
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The conditions to be studied for colloid formation, stability, and break
up will include pH, redox state, temperature, concentration of the element,
etc. The effect of these conditions on colloid size, density, composition,
charge, and chemical reactivity will be studied.

8.3.1.3.5.2.2 Activity: Colloid modeling

Objectives

The objective of this activity is to develop models and model parameters
to calculate natural colloid concentrations and stability and to describe the
disposition of the waste element species as the colloids break up. Data col-
lected for plutonium colloids indicate that true equilibrium is not obtained
in solutions with colloids present because of alpha radiolysis products. A
preliminary kinetic model involving oxidation and reduction of soluble plu-
tonium species and plutonium colloids has been partially successful in des-
cribing this behavior, but further model development is needed. An americium
colloid model will also be required.

Parameters

The data needed are as follows:

1. Experimental data on colloid behavior (Activity 8.3.1.3.5.2.1).

The data gathered are as follows:

1. Models and model parameters to calculate natural colloid
concentrations and stability.

Description

This activity will use techniques for modeling chemical and physical
systems to describe the data collected in Activity 8.3.1.3.5.2.1.

8.3.1.3.6 Investigation: Studies to provide the information required on
radionuclide retardation by dispersive, diffusive, and advective
transport processes along flow paths to the accessible environment

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters and support documents
provide a technical sumary of existing data relevant to this investigation:
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SCP section Subject

4.1.3.5.2 Retardation by matrix diffusion during fracture flow

4.1.3.6 Radionuclide transport

4.1.3.6.1 Transport of suspended solids

Parameters

The following parameters will be measured, calculated, or derived as a
result of the site studies planned to satisfy this investigation:

1. Data on diffusion.

a. Longitudinal diffusion.
b. Matrix diffusion.

2. Data on diffusion without advection.

3. Data on adsorption.

4. Data on dispersion.

a. Hydrodynamic dispersion.
b. Channeling.

5. Data on anion exclusion.

6. Data on speciation.

7. Data on sorption kinetics.

8. Data on heterogeneity.

9. Data on colloidal movement.

10. Data on flow in fractured tuff.

Data needed from other investigations are as follows:

1. Hydrologic conditions.
2. Geometry of flow paths.
3. Results of radionuclide sorption in batch tests.

Purpose and objectives of the investigation

The goal of this investigation is to experimentally determine the rate
of movement and effective retardation of radionuclides by dispersive, dif-
fusive, and advective processes. Specifically, Issue 1.1 (Section 8.3.5.13)
needs experimental evidence that could confirm or deny the theory of
advective-diffusive coupling of solute concentrations in matrix and fracture
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flow. This theory is embodied in the transport model for fracture flow
currently used in the transport model of TOSPAC (described in Issue 1.1).
Issue 1.1 states that this information is crucial in establishing the credi-
bility of transport phenomenology embodied in any models used to assess the
consequences of the release scenarios associated with the water pathways.

This investigation will provide the effective diffusivity of radionu-
clide species in the matrix of each rock unit in the saturated and unsatu-
rated zones to the total system performance Issue 1.1. The parameter called
for by Issue 1.1 is an empirical parameter measuring the effective diffusiv-
ity of the matrix-fracture interface (constrictivity-tortuosity factor) for
the saturated and unsaturated zones. Issue 1.6 (Section 8.3.5.12), which
must determine the pre-waste-emplacement ground-water travel time is also
calling for diffusion data from this investigation. Furthermore, permeabili-
ties at the matrix-fracture interfaces are required by Issue 1.1. An under-
standing of dispersion processes and the contributions of sorption to radio-
nuclide retardation in an advective system is necessary to develop the
required parameters for Issue 1.1. Issue 1.1 also requires distribution
coefficients for the rock matrix in the saturated and unsaturated zone beyond
the disturbed zone. The bulk of the sorption data will be gathered in
Investigation 8.3.1.3.4, but if these data are to be used in a dynamic sys-
tem, sorption (distribution coefficients) must be evaluated in this dynamic
system. This investigation will provide that evaluation and support of the
use of the sorption data by Issue 1.1. The results of this investigation,
however, will first be assessed by Investigation 8.3.1.3.7 before being used
in Issue 1.1. Finally, Issue 1.1 requires knowledge of whether a precipitate
(colloid) can be transported through the porous and fractured rock.

Technical rationale for the investigation

This investigation is divided into two studies that have been designed
to understand how radionuclides are transported (retarded) by advective,
diffusive, and dispersive processes. These studies are the (1) dynamic
transport column study (Study 8.3.1.3.6.1) and (2) diffusion study (Study
8.3.1.3.6.2). The dynamic transport column study includes five activities:
crushed tuff column tests (Activity 8.3.1.3.6.1.1), mass transfer kinetics
(Activity 8.3.1.3.6.1.2), unsaturated tuff column (Activity 8.3.1.3.6.1.3),
fractured tuff column (Activity 8.3.1.3.6.1.4), and filtration (Activity
8.3.1.3.6.1.5).

The dynamic transport and diffusion study test matrix is shown in
Table 8.3.1.3-7. This table represents all the tests and analyses that will
be conducted as part of this investigation and presents the processes for
which measured and derived data will be gathered by this task. The matrix
shows which tasks will produce primary data (p) on each process listed and
where effects of processes are observed but not used as a primary source of
data (a).

The following text will briefly describe each test represented in the
matrix. The first six tests listed represent activities and tests under the
dynamic transport column study (Study 8.3.1.3.6.1). The last test listed is
Study 8.3.1.3.6.2 (diffusion).
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Table 8.3.1.3-7. Dynamic and diffusion study test matrix

Longi- Hydro-
Matrix tudinal dynamic Hetero-

Rd Speciation Colloids Kinetics diffusion diffusion dispersion Channeling geneity

Crushed tuff columns p p a a n a a n n

Mass transfer
kinetics

Sorption
kinetics a a a p n p a n n

Solid tuff
columns a a a a a a p n p

Unsaturated tuff
columns a a a a n a a a a

Fractured tuff
columns a a a a a n p p p

Filtration n n p n n n a n n

Diffusion studies a a a a p n n n n

co

I.

W~

Key:

a - effect will be observed, but parameter will be fit or derived from other experiment.
n - negligible effect.
p - primary source of data. I-

I-
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The crushed tuff column activity (Activity 8.3.1.3.6.1.1) will measure
the rate of movement of radionuclides relative to tritiated water and other
well-defined chemical species or colloids through crushed tuff columns. The
primary data resulting from this test are sorption coefficients and evidence
of speciation. Kinetic, matrix diffusion, longitudinal diffusion, and hydro-
dynamic dispersion effects will also be observed in these tests. These tests
will be used to support the use of Kd3 produced from the batch experiments
(Investigation 8.3.1.3.4), by Issue 1.1. Differences between this study and
the batch studies will be investigated in Study 8.3.1.3.6.1. Speciation
information will be used to provide elucidation relative to other processes
such as diffusion and dispersion and will be used to reinterpret batch
distribution coefficients. The process of anion exclusion is significant
because it could reduce the transport time of the anionic radionuclides
through the zeolitic tuff. The observation of colloid breakthrough in this
study will establish the need to treat colloidal movement (Activity
8.3.1.3.6.1.5 (filtration)).

The mass transfer kinetic activity (Activity 8.3.1.3.6.1.2) will inves-
tigate the kinetics of sorption as a function of water velocity. The mass
transfer kinetic activity will provide data to validate or support the use of
retardation factors based on static measurements by performance Issue 1.1.
The activity has two parts: tests run with crushed tuff columns and tests
run with solid rock columns. The crushed column tests will evaluate sorption
kinetics. The primary data from these tests will be kinetic data and data on
longitudinal diffusion, which is diffusion in the direction of flow. Sorp-
tion coefficients, speciation, hydrodynamic dispersion effects and potential
colloid transport will be observed. The solid tuff column tests will provide
primary information on hydrodynamic dispersion and effects of heterogeneity
on mass transfer kinetics. The other effects listed previously will also be
observed.

Dispersion can be a factor when trying to elucidate the processes of
diffusion and sorption kinetics. Dispersion is important to transport pro-
cesses because high dispersivity broadens the breakthrough front of the
radionuclide migration and, therefore, leads to earlier arrival times. Dis-
persion may also affect sorption by creating lower aqueous phase concentra-
-..ons. The apparent dispersion (broadening of the elution curve) depends on
such parameters as diffusivity, water velocity, kinetic rates, and hydrody-
namic dispersivity including channeling (non-Fickian dispersion). The solid
rock column tests will measure the dispersion for nonsorbing tracers that
will be sensitive to hydrodynamic dispersion. Hydrodynamic dispersion can be
defined as the velocity distribution due to laminar flow through pores com-
bined with the effect of tortuous flow paths. The hydrodynamic dispersion of
the solid rock columns is expected to be greater than the crushed tuff
columns due to the solid rock heterogeneity. Sorbing tracers will be used to
test the ability to predict the broadening effects of the combined processes
just discussed. Dispersion in the solid rock column will be smaller than the
dispersion data used in performance calculations; however, the laboratory
experimental data will provide dispersion data in tuff at a small scale that
may be useful in examining the scale dependent nature of dispersion.

There are no primary data being obtained from the unsaturated tuff
column activities; however, all the effects of the processes listed in the
test matrix will be observed except for matrix diffusion. Total system

8. 3 .: . 3-84



YMP/CM-OOll, Rev. 1 YMPICM-0011' Rev. 1

performance calculations (Section 8.3.5.13) will be determining radionuclide
travel-time calculations through the unsaturated zone using data gathered
from experiments performed under saturated conditions. Therefore, the un-
saturated tuff column tests are critical for understanding how the
geochemical-physical processes in a saturated system can be applied to an
unsaturated system.

The fractured tuff column tests will provide primary data on hydrody-
namic dispersion, channeling (non-Fickian dispersion), and heterogeneity. All
other process effects will be observed except for longitudinal diffusion.
Performance Issue 1.1 calls for an empirical measure of diffusivity to be
used in a fracture flow scenario. The effective diffusivities measured in
the column experiments in this investigation will be based on a limited set
of tracers. Empirical diffusivities can be obtained by using the measured
diffusion of these tracers to derive diffusivities for the other radio-
elements. The empirical diffusivities can only be useful in Issue 1.1 if the
information is derived using knowledge of the diffusive and dispersive proc-
esses from this activity and the tests in this investigation. Specifically,
channeling in fractures (non-Fickian dispersion) leads to only a small diffu-
sive flux since channels contribute to a small proportion of the surface area
of the fractures. The non-Fickian dispersion could have a velocity component
that would cause the apparent dispersion to be increased by mass transfer
kinetics (sorption kinetics).

The filtration activity will provide primary data on whether colloidal
material can be filtered or transported through tuff. Radionuclides that may
form natural colloids will be identified in Activity 8.3.1.3.5.2.1. The for-
mation of radiocolloids, however, may reduce the transport time of affected
radionuclides independent of the sorption capabilities of the zeolitic tuff.

The diffusion study will elucidate diffusive processes and provide pri-
mary data on matrix diffusion for performance Issue 1.1. Effects of sorp-
tion, speciation, colloids, and kinetics also will be observed in these
tests. Diffusion data will be collected independently of advective and dis-
persive processes by looking at moving species in a nonadvective flow regime.
Specifically, matrix diffusion associated with fracture flow is of particular
importance to the performance of the repository because diffusion is one of
the two mechanisms that enables radionuclides to contact and, therefore,
interact with sorbing minerals beyond the surface of the fractures. Effects
of matrix diffusion will also be observed in the previously described solid
rock column tests under mass transfer kinetics and in the fractured tuff
column tests.

8.3.1.3.6.1 Study: Dynamic transport column experiments

All the experiments in the dynamic transport column experiment study
measure the breakthrough or elution curve for tracers through tuff columns.
The elution curves can be characterized by (1) the time of arrival and
(2) the broadness or dispersion of curve.

The time of arrival depends on the retardation factor, that, in turn
depends on the Rd. For flow through fractures the arrival time also depends
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on matrix diffusion. Significant deviations (those larger than expected
based on sampling variability) in the arrival time for a radionuclide from
that predicted on the basis of the batch Rd indicates one of the following
problems that must be addressed in performance assessment:

1. The presence of more than one chemical species with different
selectivities in the tuff minerals, which are not readily exchanged.

2. The presence of colloid or pseudo-colloid containing the tracer.

3. Extremely slow adsorption kinetics. (Note that the residence time
for sorbing tracers is generally longer in the column studies than
in the batch measurements.)

4. For solid tuff columns, the process of crushing tuff has altered the
mineral surfaces responsible for sorption.

5. Matrix diffusion in the case of fractured tuff.

6. Solubility effects attributable to the presence of solids.

The broadness or apparent dispersion of the curve depends on the
following:

1. Longitudinal diffusion.
2. Hydrodynamic dispersion due to laminar flow.
3. Sorption kinetics.
4. Channeling.
5. Heterogeneity.
6. Matrix diffusion.

The physical form of the tuff changes the sensitivity of the experiment
to the above processes. For example, crushed tuff minimizes the sensitivity
to channeling, heterogeneity, and differences in mineral composition and
texture between batch measurement and column experiments. A series of
experiments, varying a single parameter, such as water velocity, permits the
measurement of a single process because the parametric dependencies of the
processes are different. For example, the velocity dependence of kinetics is
different from the velocity dependence of hydrodynamic dispersion.

8.3.1.3.6.1.1 Activity: Crushed tuff column experiments

Objective

The purpose of this activity is to measure the rate of movement through
crushed tuff columns of radionuclides relative to tritiated water and other
well-defined chemical species or colloids. The observation of differences in
the sorption ratios measured by the batch technique (Investigation 8.3.1.3.4)
versus the column technique will indicate the presence of more than one chem-
ical species of a radionuclide if all other factors listed previously are
constant. Comparisons with well-characterized anions, cations, and colloids
will determine the charge or colloidal form of the unknown species. By also
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performing these measurements on pure minerals, the minerals responsible for
the sorption of single species can be identified.

Results of the crushed tuff column activity have several applications:
(1) the observation of multiple species will be used in Investigation
8.3.1.3.4 to reinterpret batch distribution coefficients, (2) the retardation
factors from column measurements will be used in performance assessment as
either lower limits for distribution coefficients or to confirm the validity
of the batch distribution coefficients, and (3) the observation of the move-
ment of colloids through crushed-rock column experiments will establish the
need to treat particulate movement in performance assessment. The contribu-
tion to the understanding of the mechanisms of interactions between single
species and individual minerals will improve the confidence level and reduce
uncertainties in the application of laboratory sorption data in performance
assessment calculations.

The probable crushed tuff columns that will be used for these experi-
ments are

1. Two Topopah Spring Member tuffs.
2. Two Calico Hills tuffs (zeolitic and vitric).
3. One Prow Pass Member tuff.
4. Aluminum-poor clinoptilolite.
5. Aluminum-rich clinoptilolite.
6. Aluminum-poor mordenite.
7. Aluminum-rich mordenite.
8. Montmorillonite.
9. Illite.

10. Two feldspars.

The tracers that will be used for this activity and Activities
8.3.1.3.6.1.2 through 8.3.1.3.6.1.4 and Study 8.3.1.3.6.2 are

1. HTO (tritiated water)
2. Iodine-131.
3. Fluorescent polystyrene sols.
4. Dyes.

Cations with single oxidation states and with known solubilities are

1. Cesium-137.
2. Strontium-85.
3. Barium-133.

Key radionuclides include

1. Technetiumt.
2. Plutonium.
3. Americium.
4. Neptunium.
5. Uranium.
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Nonradioactive tracers include

1. Fluoride.
2. Chloride.
3. Sulfate.
4. Nitrate.
5. Bromide.
6. Polystyrene latex.

For most of the activities, the anions will be run in a mixed batch
(together). Tritium will always be run alone. The anions, tritium, and
technetium column experiments will last approximately one week. The radio-
nuclide experiment durations vary depending on the sorption capacity of the
radionuclides. The cations cesium, barium, and strontium have already been
done and the results are similar to the batch experimental results (Treher
and Raybold, 1982).

The crushed-tuff column experiment is composed of three parts: (1) to
characterize the columns, (2) to determine sorption ratios, and (3) to infer
speciation.

The retention volume and intrinsic dispersivity of the crushed tuff
columns that will be used for the other parts of this activity will be
determined. Sorption ratios will then be determined by comparing the crushed
tuff column results with the batch sorption results determined in Investiga-
tion 8.3.1.3.4. The differences observed may verify the presence of more
than one chemical species of a radionuclide or other known tracers. Compari-
son of column and batch technique using pure minerals will also be conducted.
Finally, should the presence of more than one chemical species containing the
radionuclide be observed, speciation can be inferred. This is done by com-
paring the elution curves of well characterized cations, anions, and colloids
to determine the charge or the colloidal form of the unknown species.

Parameters

The data needed are as follows:

1. Batch sorption data from Investigation 8.3.1.3.4.

The data measured are as follows:

1. Column characterization: retention volumes and intrinsic
dispersivity.

2. Retardation factors and retention volumes of tracers.

3. Dispersion in shape of the breakthrough curve.

4. Elemental analysis of exchangeable cations.
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The data derived are as follows:

1. Sorption ratios for cations and key radionuclides.

2. Comparison of sorption ratios between crushed tuff column studies

and the batch technique.

3. Charge of unknown species.

4. Colloidal form of unknown species.

5. Significance of anion exclusion.

Description

Tuff samples from the same lot as Investigation 8.3.1.3.4 will be used

for the crushed tuff columns. The tuff samples were chosen to have mineral-

ogies and sorptive properties that are representative of minerals located

along flow paths to the accessible environment. Furthermore, the actinide

tracers used for this activity will be obtained from Investigation 8.3.1.3.4.

Tritiated water (a nonsorbing tracer) is used to determine the intrinsic

dispersivity of the crushed tuff columns. This requires measuring the void

volume to determine the column porosity. All nonsorbing tracers are not

equivalent because anions and other large molecules are excluded from the

intracrystalline pore space in zeolites and clays.

Sorption ratios for cations and key radionuclides will be determined.

Speciation may be observed as the listed cations and key radionuclides elute.

Sorption ratios may also be determined for column experiments using pure

minerals and these ratios will be compared to the equivalent batch technique

results. Minerals responsible for the sorption of single species can then be

identified.

Actinides have been observed to have a fraction that elutes through

crushed rock columns earlier than expected (Olofsson and Allard, 1986).

Subsequently, the determination of the species of the actinides is important.

The species determination is extremely difficult, particularly for americium

and plutonium, because of the low solubility of both the actinides in near

neutral solutions. For example, the extinction coefficients for plutonium in

a +6 oxidation state limit the measurement to approximately 10-6 molar. The

tracer experiments (batch, column) are performed at lower concentrations; for

this reason, indirect evidence must be used to infer the solution species.

One piece of data that can be used to infer this information is the column

behavior since negatively charged ions (anion exclusion) and large molecules

are eluted earlier than tritiated water. Furthermore, colloidal matter can

be eluted even earlier through a mechanism known as hydrodynamic chromatog-

raphy. Therefore, comparing the known species (e.g., chlorine, known col-

loids) with the unknown species will allow inferences about the charge and/or

colloidal form of the species. This information will be used in evaluating

the results from the batch sorption tests of Investigation 8.3.1.3.4, includ-

ing the sorption of single species on pure mineral samples. In particular,

it has been observed that only minor amounts of technetium are adsorbed in a

tuff column. In general, it is thought that technetium does not adsorb;
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however, this observation is not consistent with batch measurements where
sorption is observed. Detailed work may be needed to reconcile the batch
versus column results and may include redesigning the batch sorption
experiments.

8.3.1.3.6.1.2 Activity: Mass transfer kinetics

Oblectives

The goal of this activity is to determine the elution rate of radionu-
clides as a function of water velocity. The adsorption of radionuclides,
like any chemical reaction, is a dynamic process and has a reaction rate.
The reaction rate can be very rapid as in a simple ion exchange process or
slowed by some intermediate step. If the residence time is short compared
with the reaction rate, the apparent sorption ratio will decrease. These
measurements will establish the mass transfer kinetics limitation and yield
information that can elucidate the sorption mechanism. The elution rate of
cations and key radionuclides as a function of water velocity will be
determined for crushed tuff columns (homogeneous system), solid rock columns
(heterogeneous system), and for pure mineral samples.

Mass transfer coefficients (sorption Kds) will be used by performance
assessment as a basis for establishing the validity of retardation factors
based on static measurements in scenarios involving rapid water movement such
as fracture flow. Mass transfer coefficients will also be used by Investiga-
tion 8.3.1.3.7. Diffusion coefficients for cations will also result from
this activity. These results along with the results from Study 8.3.1.3.6.2
will be used by Investigation 8.3.1.3.7 and Issue 1.1 (Section 8.3.5.13).

Parameters

The data needed are as follows:

1. Dispersion characteristics for crushed tuff (intrinsic dispersivity)
(Activity 8.3.1.3.6.1.1)

The data measured are as follows:

1. Retardation factors and retention volume of tracers.
2. Dispersion in shape of the breakthrough curve.
3. Elemental analysis of exchangeable cations.

The data derived are as follows:

1. Sorption ratios.
2. Kinetic rate constants.
3. Velocity limit to which sorption values are valid.

Description

To establish mass transfer kinetics for a homogeneous system (crushed
tuff columns), this activity will determine sorption rate constants and will
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establish the mass transfer kinetic limitation by determining a velocity
limit to which the sorption values are valid. The dispersivity of the
crushed tuff column must be well characterized to distinguish mass transfer
from dispersion. The crushed tuff columns used will be the same columns used
in Activity 8.3.1.3.6.1.1. The tracers used will be cesium, barium, stron-
tium, uranium, plutonium, neptunium, americium, and technetium. The anions
will not be used in these tests. For strongly sorbing cations or actinides,
shorter crushed columns will be used.

To establish mass transfer kinetics in a heterogeneous system (solid
rock column), this activity will determine sorption rate constants and will
establish the mass transfer kinetics limitation by determining the velocity
limit to which sorption values are valid. This activity will determine
whether the mechanism of mass transfer exhibits a dependence on the hetero-
geneity of the rock column (i.e., mineral dependence). Two solid rock core
samples without fractures from the Topopah Spring Member, possibly two from
the Calico Hills (zeolitic and vitric), and one from the Prow Pass Member
will be used. The mass transfer kinetics experiments will be done using an
apparatus that produces an advective flow through the solid rock column.
This apparatus is in a developmental stage. The tests will be conducted
using the uranium, plutonium, neptunium, americium, technetium, and anion
tracers.

Mass transfer kinetics limitations will similarly be established for
systems of pure minerals. This test will provide information on the kinetics
of adsorption on select sorbing minerals and will assist in elucidating the
mass transfer kinetic data of the previous tests. The minerals to be used
are clinoptilolite, mordenite, montmorillonite, and illite. An analcime
column test may be conducted if it is established that the geochemical-
physical retardation of radionuclides in flow paths at greater depths are
important to the total system transport calculations (Section 8.3.5.13).

8.3.1.3.6.1.3 Activity: Unsaturated tuff columns

Objectives

This activity will measure the relative migration rate of radionuclides
through partially unsaturated rock columns. The present approach to modeling
chemical interactions in unsaturated rock is to treat the chemistry in a way
identical to that of saturated rock, except for modifying the effective
porosity. Although dispersion is expected to vary with saturation state, the
chemistry should not alter over the range of saturation states anticipated
in Yucca Mountain. This assumption about dispersion and sorption must be
verified through experiment. Most of the adsorption isotherms, as discussed
in Chapter 4, show linear behavior. It is unclear whether or not the rock-
water ratio affects radionuclide sorption. The nonlinear behavior exhibited
by some adsorption isotherms may be explained by irreversible adsorption on
small numbers of sites, such that increasing the rock-water ratio effectively
increases the Kd. Conversely, zeolites generally show a decrease in Kd as
the rock-water ratio increases. This may be an experimental artifact related
to the difficulty of separating phases. At any rate, the effects of varying
rock-water ratio will be investigated and details will be in the study plans.
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The summary report (Daniels et al., 1982) discussed the effect of rock-water
ratio on sorption isotherms. Until the chemical composition of pore water in
the unsaturated zone is determined (Section 8.3.1.2.2), there is no evidence
to suggest that there would be a difference in the chemical interaction in
the unsaturated rock due to pore water chemical composition.

The results of the unsaturated tuff column experiments will be used in
Investigation 8.3.1.3.7 and ultimately in performance assessment to validate
models used to calculate unsaturated flow and transport. Also, the retarda-
tion factors, if different from saturated tuff experiments, will be used in
performance assessment calculations for unsaturated zone transport calcula-
tions.

Parameters

Data and models based on saturated tuff are needed. Work on the devel-
opment of an unsaturated column for laboratory scale testing is needed. Data
measured are retardation factors or retention volumes.

The data derived are as follows:

1. Permeability as a function of pressure (matric potential).

2. Saturation as a function of pressure (matric potential).

3. Matric potential of the unsaturated tuff.

4. Sorption ratios.

5. Support or nonsupport of transport or flow models based on a
saturated system.

Description

This activity will develop the unsaturated tuff column apparatus and the
hydrologic properties of the column will be characterized. An unsaturated
tuff column apparatus similar to that used in soil physics will have to be
developed. Because the suction potential of tuff is much larger than that of
soils, this apparatus will have to be designed to operate at high internal
pressure. Conventional porous plates may be adapted for this apparatus, but
other types may have to be tested.

The tuff samples used will be limited to a few Topopah Spring Member
samples and one Calico Hills sample. The unsaturated tuff columns will be
characterized, providing rock characteristics information and characteristic
curves for hydrologic modeling and for the laboratory work in this investiga-
tion. Specifically, the matric potential of the unsaturated tuff will be
characterized and the migration of cations and radionuclides in the unsatu-
rated tuff columns will be studied. Sorption ratios for tritiated water,
chloride, and only weakly sorbing cations will be determined; use of more
highly sorbing cations would hinder completion of this activity in a timely
manner. Results of these tests will ensure the applicability of sorption
values of saturated flow in tuff to an unsaturated system. These tests are
high risk experiments; however, it may be even more difficult to guarantee
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success of geochemical field tests in the unsaturated zone (Study
8.3.1.3.7.2). Alternate experimental approaches will be discussed in the
study plan that will be developed for this study.

8.3.1.3.6.1.4 Activity: Fractured tuff column studies

Objectives

This activity will measure the transport and diffusion of radionuclides
through naturally fractured tuff. Although there is a great body of research
supporting the modeling of contaminant transport through homogeneous porous
media from the column chromatography literature, such support does not exist
for the transport of contaminants through fractures. The tests in this
activity will examine the movement of tracers through naturally fractured
Yucca Mountain cores to test the transport models. Because fracture flow may
be a significant component of flow under some conditions, the movement of
radionuclides along fractures in the tuffs must be understood and quantified.
The quantification is particularly important so that estimates of radionu-
clide transport and retardation under porous and fracture flow regimes can be
compared in the system assessments. Specifically, the coupling of flow in
fractures and diffusion into the matrix must be described and, more impor-
tantly, dispersion due to heterogeneity and channeling must be evaluated.

The results of fracture flow experiments will be used by Investigation
8.3.1.3.7 and performance assessment to validate models describing transport
in fractures. The effective retardation and diffusivities of radionuclides
will be used by performance assessment to calculate radionuclide migration in
the saturated zone and in scenarios involving fracture flow. Also, the move-
ment of nonsorbing tracers in fractures can be used as a reference to aid the
interpretation of carbon-14 dates in ground water. Finally, the information
on the effective retardation of nonsorbing tracers in fracture flow may be
used in calculations of pre-waste-emplacement ground-water travel time (Issue
1.6, Section 8.3.5.12).

Parameters

The data needed are as follows:

1. Diffusivities (gained from diffusion Study 8.3.1.3.6.2).

The data measured are as follows:

1. Fracture permeability.
2. Porosity.
3. Fracture surface topography.
4. Elution curve (tracer concentration as a function of time).
5. Elemental analysis of cations.

The data derived are as follows:

1. Fracture aperture.
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2. Retardation factors for tracers and retention volumes.

3. Dispersion, diffusion into the rock matrix, and sorption ratios.

4. Evaluate retardation in a fracture flow system for retardation
sensitivity analysis (8.3.1.3.7.1) to determine effective
retardation for a fracture flow system.

Description

At present six fractured-core columns are operating. They include four
Topopah Spring Member tuffs, one Bullfrog Member tuff, and one Tram Member
tuff. Samples are limited by the availability of fractured core. There are
no good fractured cores of Calico Hills tuff available at this time. If and
when they are available, this activity will include samples from the Calico
Hills in the tests. Some nonsorbing tracers and cesium, barium, strontium,
technetium, uranium, plutonium, americium, and neptunium will be used as
tracers for these tests. This activity will validate sorption processes in a
fractured system. The fractured tuff column will be characterized by deter-
mining the fracture characteristics such as fracture aperture and fracture
permeability. Fracture apertures will be determined from permeability mea-
surements and inferred using Darcy's Law. The surface topography of the
fractured tuff also will be determined using optical techniques. The method
for measuring permeability will be described in technical procedures not yet
available.

The effective diffusivities measured in these experiments will be based
on a limited set of tracers; therefore, empirical diffusivities for the other
tracers of interest will be obtained by applying the known diffusion of the
limited set of tracers.

The effective retardation for a fracture flow system factor or diffu-
sivity will be determined by measuring the radionuclide elution curve and
fitting the curve to curves generated either with the analytic solution
described in reports referenced in Chapter 4 or when necessary by the TRACR3D
(see Investigation 8.3.1.3.7) computer code. Dispersion will also be de-
rived. All chemical analyses will be done using standard analytical tech-
.. ques, as in Study 8.3.1.3.6.1.

8.3.1.3.6.1.5 Activity: Filtration

Objectives

The tuffs of Yucca Mountain may provide a natural barrier by acting as
an efficient filter for particulate matter. This study will attempt to quan-
tify the filtration of colloids and particulates by the tuff as a function of
particle or pore size. The filtration of various particle sizes will be mea-
sured using solid tuff cores and fractured cores. The results of the filtra-
tion experiments will provide an experimental basis to decide whether or not
particulate transport of radionuclides needs to be considered in the final
performance assessment or if colloid and particulate transport can be ruled
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out on the basis of filtration. The data will also be used by Investigation
8.3.1.3.7 to aid in this assessment.

Solid tuff cores will be used to determine whether Yucca Mountain tuff
is an effective filter given matrix (porous) flow. The same solid core used
by Activity 8.3.1.3.6.1.2 will be used in this activity. Synthetic colloids,
natural colloids, and colloids from Study 8.3.1.3.5.2 will be characterized
in terms of size distributions and then used in the tuff column test. This
activity will also use fractured tuff core to determine whether filtration of
particulates or colloids in a fractured tuff core and matrix diffusion will
occur. The same fractured tuff core used for Activity 8.3.1.3.6.1.4 will be
used.

Parameters

The data measured are size distribution and surface charges of particu-
lates, and the data derived are effective pore sizes and filtration profiles.

Description

As in the activity describing the solid rock column mass transfer kin-
etics (Activity 8.3.1.3.6.1.2), an apparatus will be developed that produces
advective flow through the solid rock column at pressures between 2,000 to
3,000 psi. For both the solid tuff core and the fractured tuff core, the
same particulate tracers will be used. There are many standard particulate
tracers available that require different techniques for detection. The
tracers of choice have not been investigated for transport in tuff as yet.
Possibly plutonium and americium polymers, a synthetic colloid, or a polysty-
rene sol will be used. Fluorescent particles are available that can be
detected by fluorometry. Gold colloids can be detected by plasma emission
spectrometry or neutron activation. In sufficiently high concentration, all
particulate tracers can be analyzed by conventional light scattering (nephe-
lometry).

The particle size distribution of tracers will be determined by dynamic
light scattering. The colloids will also be determined by dynamic light
scattering to ensure that relevant sizes of tracers are used. The dynamic
light scattering, also known as autocorrelator photon spectroscopy, is a
state-of-the-art technique. There will be a need to do some development to
extract the theoretical limit of information contained in the measurement.
The development is primarily one of producing a better code for inverting
integral equations.

8.3.1.3.6.2 Study: Diffusion

This study will measure the diffusivity and kinetics of adsorption in a
purely diffusive system (i.e., no advection). This study supports Activity
8.3.1.3.6.1.4 and overlaps with Activity 8.3.1.3.6.1.2 by providing con-
firmatory results. The measured diffusivities will be used by Investigation
8.3.1.3.7 and Issue 1.1 (Section 8.3.5.13). Kinetic rate constants and
effective diffusivities will be measured from the uptake of radionuclides on
intact tuff as a function of time. Scaling studies will also be conducted to
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determine up to what scale the matrix diffusion model can be applied with
confidence. Technetium, uranium, plutonium, americium, neptunium, cesium,
barium, and strontium will be used in this study.

Three experimental techniques are developed in the following activities
using beakers fabricated from tuff wafers and rock slabs.

8.3.1.3.6.2.1 Activity: Uptake of radionuclides on rock beakers in a
saturated system

Objectives

This activity will measure the uptake of radionuclides by rock beakers
as function of time. By using rock beakers, extraneous components introduced
from other types of vessels are removed. The geometry of the beaker requires
a numerical rather than an analytic solution. These results will provide a
baseline for the following activities on diffusion through a saturated tuff
slab and diffusion in an unsaturated tuff block.

Parameters

The data needed are ionic diffusivities, and the data measured are
elemental analysis of key radionuclides and cations.

The data derived are as follows:

1. Apparent diffusivity as a function of time.
2. Kinetic rate constants as a function of time.
3. Sorption ratios for cations and key radionuclides.

Descrivtion

The problem of sorption of actinides, particularly americium, on vessels
made of plastic or glass can be eliminated by using saturated rock beakers.
The procedure for making the rock beakers from Yucca Mountain tuff s not yet
available; the rock beakers will initially be made of Topopah Sprin Aember
tuff and then the experiments will be extended to Calico Hills tuff The
interior of the rock beaker will be relatively smooth. If the sorF .In of
actinides is principally on the external surfaces of tuff, it woulc .e
expected that a lower Kd would be observed in these experiments tha- in batch
sorption experiments.

The uptake of radionuclides as a function of time will be fit to a
diffusion model with reactions (sorption) to determine the diffusivities and
rate constants. For a linear reversible reaction, an analytic solution
exists. In the event of a more complex reaction mechanism, higher order,
irreversible reactions, or both will be added to the computer code TRACR3D
(Investigation 8.3.1.3.7).
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8.3.1.3.6.2.2 Activity: Diffusion through a saturated tuff slab

Objectives

This activity is designed to measure the diffusion of radionuclides in a
purely diffusive system, no advection. The kinetic rate constant as a func-
tion of time and the effective diffusivity as a function of thickness will be
measured. A scaling study will be made by varying the thickness of the tuff
slab or wafer. The saturated -slabs will be made of Topopah Spring Member
tuff and Calico Hills zeolitic tuff. The results of Activity 8.3.1.3.6.2.1
will be used to interpret the results.

Parameters

The data needed are as follows:

1. Ionic diffusivities.

The data measured are as follows:

1. Porosity.
2. Pore tortuosity.
3. Pore constrictivity.
4. Elemental analyses of cations and key radionuclides.

The data derived are as follows:

1. Kinetic rate constants.
2. Sorption ratios for cations and key radionuclides.
3. Effective diffusivities.

Description

A saturated tuff slab or wafer will separate two solutions, one with
tracers and one without. The migration of radionuclides due to pure
diffusion will be studied. The scaling studies are done by varying the
thickness of the wafer. A thick wafer will produce higher diffusivities.
The grain orientation may affect the diffusion and this would provide some
geometric information in interpreting diffusion in the field. For a thin
wafer, diffusion times would be shorter, thus, the kinetics will be on a
rapid time scale. Kinetics may be limited by a scaling dependence.

8.3.1.3.6.2.3 Activity: Diffusion in an unsaturated tuff block

Objectives

This activity will determine the distribution of radioactivity in the
unsaturated tuff matrix, using an unsaturated tuff block of the Topopah
Spring Member or Calico Hills.

The uptake of radionuclides as a function of time will be fit to a
diffusion model with reactions (sorption) to determine the diffusivities and
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rate constants. For a linear reversible reaction, an analytic solution
exists as has been shown for the simple cations. In the event of more com-
plex reaction mechanisms, higher order and irreversible reactions will be
added to the computer code TRACR3D (Investigation 8.3.1.3.7).

Parameters

The data needed are as follows:

1. Ionic diffusivities.

The data derived are as follows:

1. Apparent diffusivity.
2. Kinetic rate constants as a function of time.
3. Sorption ratios for cations and key radionuclides.
4. Effective porosity.
5. Pore tortuosity and constrictivity.

Description

The method used for studying the distribution of radioactivity entails
drilling a small hole in the unsaturated tuff block and injecting tracers.
This design is used to minimize vapor phase convection. The diffusion or
distribution of the radionuclides will be determined by sectioning the tuff
block using cryogenic methods to minimize drying of the saturated slab and
thus preventing the radionuclides from moving.

8.3.1.3.7 Investigation: Studies to provide the information required on
radionuclide retardation by all processes along flow paths to the accessible
environment

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters and support documents
provide a technical summary of existing data relevant to this investigation:

SCP section Subject

4.1.2 Ground-water chemistry

4.1.3.3 Sorption

4.1.3.4 Processes affecting radionuclide concentrations and
speciation in solution

4.1.3.5 Matrix diffusion

4.1.3.6 Radionuclide transport
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SCP section Subiect

4.1.3.7 Geochemical retardation in the host rock and
surrounding units--anticipated conditions

4.1.3.8 Geochemical retardation in the host rock and
surrounding units--unanticipated conditions

4.2.1 Anticipated thermal conditions resulting from waste
emplacement

4.2.4 Effects of the thermal pulse on radionuclide migration

Parameters

The following parameters will be measured or calculated as a result of
the site studies planned as part of this investigation:

1. Significance and relative importance of physical and geochemical
processes affecting transport.

2. Geochemical-geophysical model of Yucca Mountain.

3. Integrated transport calculations.

4. Transport models and related support.

Purpose and objectives of the investigation

The purpose of this investigation is to support the total systems per-
formance calculations of Issue 1.1 (Section 8.3.5.13). Issue 1.1 requires
calculational models of radionuclide transport in the unsaturated and satu-
rated zone that are capable of representing the effects of flow in at least
two dimensions on the transport of dissolved, reactive solutes and of testing
the theory embodied in the one-dimensional systems-level model used in Issue
1.1. The goal of this investigation is to use the three-dimensional trans-
port model and other multidimensional process codes to support Issue 1.1 and
to determine, characterize, and quantify the cumulative effects of all sig-
nificant processes, physical and geochemical, acting on or controlling radio-
nuclide transport at Yucca Mountain. In using the three-dimensional model to
support the simpler system performance model in Issue 1.1, it must be demon-
strated that the laboratory generated data described in previous investiga-
tions can be reliably transferred to anticipated field conditions. The sec-
ond study of this investigation is intended to address this concern. This
investigation must synthesize all the field characterization data and the
experimental geochemistry data of this test program together with the geo-
chemical field test data gathered in other test programs and as part of this
investigation (Study 8.3.1.3.7.2).

Technical rationale for the investigation

The first study (Study 8.3.1.3.7.1) involves the following three prin-
cipal activities: (1) determine the significance and importance of the geo-
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chemical and physical processes affecting transport, (2) compile a conceptual
geochemical-geophysical model of Yucca Mountain and use it as a basis for
integrated transport calculations (3-D), and (3) support and maintain the
transport models. The second study (Study 8.3.1.3.7.2) outlines the elements
of a strategy to address the question of validating the extrapolation of
laboratory data to field conditions. As site characterization proceeds, the
strategy will be evolved and presented in SCP u=dates, followed by reports on
the results of this work.

To support Issue 1.1 and to calculate the best and most realistic esti-
mates of radionuclide transport at Yucca Mountain, the significance and
relative importance of each physical and geochemical process needs to be
assessed. The assessment will include evaluating the following: (1) geochem-
ical transport processes, (2) physical transport processes, (3) experimental
support and development, (4) particulate transport, (5) coupled phenomena,
and (6) heat load effects.

If a particular process is known to impa - transport generally but is
found to be unimportant in controlling transp' :ut at Yucca Mountain, -hen it
can be excluded from the integrated transport :alculation and perfol ance
assessment calculations. However, this assessment must be based on :.Oe
results from investigations into (1) the significance of the physical and
geochemical processes and (2) the limits of applicability of the physical and
geochemical models thought to affect transport. The laboratory and field
data must be integrated into, and correlated with a determination of the
significance and importance of transport processes and transport calculations
in order to present the most realistic picture of potential transport.

8.3.1.3.7.1 Study: Retardation sensitivity analysis

As a baseline set of input data for the integrated transport calcula-
tions (information item in this investigation), a conceptual geochemical-
geophysical description of Yucca Mountain is needed based on the results,
data, and information generated from the geochemistry, mineralogy-petrology,
hydrology, and other pertinent Yucca Mountain Project tasks. From this
compilation of baseline data, a determination can be made as to what data may
be inadequate or insufficient to make the cumulative, integrated transport
calculations needed to meet the NRC and EPA regulations. The calculations
will be made during the fulfillment of Information Needs 1.1.4, and 1.1.5
(Sections 8.3.5.13.4 and 8.3.5.13.5).

The integrated transport calculations are to be used to determine and
quantify the cumulative and individual effects of all physical and geochem-
ical processes controlling transport. The effects that may be important in
limiting or increasing the total integrated radionuclide release rates can
then be identified. With a completed baseline set of integrated transport
calculations the following can be assessed: (1) the potential effects of
favorable and potentially adverse conditions; (2) the determination that the
site is not disqualified and is not likely to be disqualified; (3) the deter-
mination that the site meets the qualifying conditions and is likely to con-
tinue to meet the qualifying conditions; and (4) probabilistic estimates of
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the radionuclide releases to the accessible environment considering antici-
pated and unanticipated scenarios.

Computer models are used to calculate transport and investigate the sig-
nificant processes affecting transport. The geologic system and the trans-
port processes at Yucca Mountain are very complex (e.g., being unsaturated
and fractured media). To model such a system, the most efficient numerical
tools need to be used. The models must be verified (assuring that a computer
code correctly performs the operations specified in the numerical model and
the computational algorithms used to solve the governing equations are accu-
rate) and validated (assuring that the theoretical foundation of the code
describes the actual system behavior). Alternative numerical approaches in
computer models will be implemented wherever feasible. These alternative
numerical models will include all significant transport processes and possi-
bly increase computational efficiency and numerical stability. Identifica-
tion of the important contributors to uncertainty and those parameters for
which variation within favorable limits have little or no influence on
results from retardation calculations will allow estimates of model sensi-
tivities and uncertainties to be made. Once sensitivities are identified,
unnecessary complexity in the systems models can be reduced (Information
Need 1.1.3), thereby facilitating the probabilistic simulations of systems
performance to be made in fulfilling Information Need 1.1.5.

The following three activities are intended to be interactive efforts
with each other and with the laboratory and field programs presented in other
investigations and the following study (Study 8.3.1.3.7.2).

8.3.1.3.7.1.1 Activity: Analysis of physical/chemical processes affecting
transport

Obiectives

This activity will analyze all the processes that may affect transport;
geochemical transport processes, physical transport processes, particulate
transport, heat-load effects, and coupled phenomena. Results of this study
will be used to support and develop those laboratory experiments designed to
examine the physical and geochemical processes affecting radionuclide trans-
port and other experimental activities under this program and the exploratory
shaft tests (i.e., diffusion experiments). A correlation and validation of
results obtained from laboratory, exploratory shaft, and field experimental
results with transport calculations will also be done.

The investigation of the geochemical processes affecting transport will
be used (1) to interpret sorption, solubility, water chemistry, and precipi-
tation data; (2) to design future experiments; (3) to examine and define the
limits of the applicability of laboratory-measured sorption values to the
field situation at Yucca Mountain; and (4) to verify the applicability of
using parameter values obtained in the laboratory under saturated conditions
in calculations of transport through the unsaturated zone. The investigation
of the physical processes (dispersion, matrix diffusion, and advection) af-
fecting transport will be used (1) to interpret results obtained under
Investigation 8.3.1.3.6, (2) to examine and define the limits of the applic-
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ability of laboratory-measured diffusion and constrictivity values to the
field situation at Yucca Mountain, (3) to examine the impact that fracture
versus matrix flow has on transport, and (4) to correlate the results
obtained from the C-well field tests (Investigation 8.3.1.2.2) and other
field tests (Study 8.3.1.3.7.2) with results obtained from laboratory testing
and modeling activities. The investigation of particulate transport will be
used by performance assessment (Issue 1.1) to establish a need to treat
particulate transport, and a determination of the impact of microbiological
activity on radionuclide transport will be made. The particulate transport
investigations will also be used for the experimental design and interpreta-
tion of results from colloid transport experiments conducted under
Investigation 8.3.1.3.6.

The investigation on the heat-load effects will be used by performance
assessment to establish a need to treat all or some of the heat-load effects,
and in the waste package activities to establish a need to treat all or some
of the heat-load effects in waste package design and for calculations of
radionuclide release from the engineered barrier system.

The investigation into coupled phenomena will be used to improve the
integrated geochemical-geophysical description of Yucca Mountain (Activ-
ity 8.3.1.3.7.1.2), and to interpret experimental results and develop future
experiments, and to develop and perform calculations under Activities
8.3.1.3.7.1.1 and 8.3.1.3.7.1.3.

Parameters

The data needed are as follows:

1. Data from the following investigations and activities:

Investigation Subject

8.3.1.2.2

8.3.1.2.3

8.3.1.3.1

8.3.1.3.2

8.3.1.3.3

8.3.1.3.4

8.3.1.3.5

8.3.1.3.6

Site unsaturated zone hydrologic system

C-well tracer tests

Water chemistry

Mineralogy-petrology information

Mineral-glass stability

Radionuclide sorption, microbial activity

Radionuclide precipitation, solubility, speciation

Physical processes: dispersion, matrix diffusion,
advection (derived values), filtration/transport of
particulates, evidence of speciation, kinetics of
chemical processes (sorption), effects of flow
processes on transport (fracture, matrix)
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Investigation Subject

8.3.1.3.8 Gaseous radionuclide retardation

8.3.1.3.7.2 Applicability of laboratory data to repository
transport calculations

The data gathered are as follows:

1. Significance and importance of

a. Geochemical processes.
b. Physical processes.
c. Particulate transport.

2. Extents of

a. Microbial activity.
b. Heat-load effects.
c. Changes in stress and fractures.
d. Gaseous transport.

3. Effects of coupled processes.

Description

This activity will involve verifying the applicability of using sorption
measurements performed under saturated conditions, in calculations of trans-
port through the unsaturated zone. This activity will also examine the
limits of applicability of conceptual geochemical models (such as the distri-
bution coefficient, Study 8.3.1.3.4.3). The limits of the applicability of
laboratory-measured sorption values to field situation will also be assessed.
Data on sorption (Investigation 8.3.1.3.4), speciation (Investigations
8.3.1.3.5 and 8.3.1.3.6), precipitation-solubility (Investigation 8.3.1.3.5),
ground-water chemistry (Investigation 8.3.1.3.1), and thermodynamic data will
.e used in the assessments. Data from Investigation 8.3.1.3.6 will also
provide input for this assessment by determining how the physical processes
of dispersion, diffusion, and advection will affect radionuclide transport.
This activity will (1) examine the limits of applicability of laboratory-
measured diffusion and constrictivity values to the field situation,
(2) examine the extent to which matrix versus fracture flow processes
contribute to radionuclide transport, and (3) correlate the results obtained
from the laboratory, field, and modeling investigations and activities.

Particulate transport (Activity 8.3.1.3.6.1.5, filtration) will be
investigated using numerical models. The relative importance and signifi-
cance of particulate transport to radionuclide transport, and the extent to
which microbiological activity (Study 8.3.1.3.4.2, biological sorption) may
also have an effect on transport will be determined. Heat-load effects on
hydrology and transport near the repository will be modeled by examining
changes in stress and fractures, and possibly by examining the extent of
gaseous transport (Investigation 8.3.1.3.8). Furthermore, the effects of
coupled processes on transport of radionuclides will be studied to determine
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which of the possible coupled processes should be taken into account by the
total systems performance Issue 1.1 (Section 8.3.5.13).

In particular, the computer codes TRACR3D, COLLOID, TRANQL, WAFE, FEHMS,
and HDOC will be used. TRACR3D is a finite difference three-dimensional flow
and transport code that incorporates geochemical (sorption) and physical
processes and data along with hydrologic and geologic data to do integrated
transport calculations (Activity 8.3.1.3.7.1.2). The COLLOID code will
investigate particulate and colloid transport and the contribution of micro-
bial activity to this transport. The TRANQL code will specifically assess
the geochemical processes (sorption, speciation, precipitation, solubility,
thermodynamics effects) and how they may affect transport. The WAFE code
incorporates a thermal component into the flow and transport code, and
TRACR3D will assess the geochemical-physical conditions under a thermal
regime similar to a repository environment. FEHMS is a finite element code
that couples heat, mass, and stress changes, and assesses their effects on
transport. Finally, HDOC is a code that uses the dynamics of contour methods
to model flow and transport. It is a numerically efficient transport code
that will be used comparatively with the other more complex and involved
codes. This code could be very efficient and economical if it can be shown
to replicate sensitivity studies presently performed by other more computa-
tionally intensive codes. This code then is quite robust and could be
beneficial if used by performance assessment.

The codes all have user's manuals or referenceable procedures or Yucca
Mountain Project milestones associated with them. They are listed here.

Code Citation

TRACR3D Travis, Bryan J., "TRACR3D: A Model of Flow and Transport in
Porous/Fractured Media," LA-9667-MS, Los Alamos National
Laboratory (May, 1984).

TRANQL Cederberg, G. A., R. L. Street, and J. 0. Leckie, 'A Groundwater
Mass Transport and Equilibrium Chemistry Model for Multicomponent
Systems," Water Resources Research, 21(8), 1095-1104 (1985).

HDOC Travis, Bryan J., and L. Eric Greenwade, 'A One-Dimensional
Numerical Model of Two-Phase Flow and Transport in Porous Media
using the Dynamics of Contours Methodology," Milestone C717,
Los Alamos National Laboratory (October, 1985).

FEHMS Zyvoloski, G., and S. Kelkar, 'FEHMS: A Finite Element Heat-Mass-
Stress Code for Coupled Geological Processes,' Milestone R346,
Los Alamos National Laboratory, Los Alamos, NM (March 31, 1987).

COLLOID Nuttall, R. E., Population Balance Model for Colloid Transport,"
Milestone R318, LA-UR-86-1914, Los Alamos National Laboratory
(June, 1986). Submitted to Water Resources Research.

WAFE Travis, Bryan J., "WAFE: A Model for Two-Phase, Multicomponent
Mass and Heat Transport in Porous/Fractured Media," LA-10488-MS,
Los Alamos National Laborastry (October, 1985).

8.3.3. -104



YMP/CM-0011, Rev. 1 YMP/CMOOi1.1 Rev. I

8.3.1.3.7.1.2 Activity: Geochemical/geophysical model of Yucca Mountain and
integrated geochemical transport calculations

Objectives

The objective of this activity is to perform calculations of radionu-
clide transport from the repository to the accessible environment using, as a
basis, an integrated, conceptual geochemical-geophysical model of Yucca Moun-
tain. The geochemical model of Yucca Mountain and the integrated geochemical
transport calculations will be used for site characterization, the environ-
mental assessment, and to resolve Issues 1.1 and 1.8 (Sections 8.3.5.13 and
8.3.5.17). The results will also be used by the performance assessment
subtask to establish the need to treat all or some of the geochemical and
physical processes.

Parameters

The data needed are as follows:

1. Geohydrologic characteristics (Section 8.3.1.2). Recharge rates,
location of water tables, flow paths and fluxes of water and gases
in the unsaturated and saturated zones.

2. Rock characteristics (Sections 8.3.1.4 and 8.3.1.15). Stratigraphy
and structural characteristics, spatial distribution of thermal
conditions and mechanical properties.

3. Engineered barrier characteristics (Issue 1.5, Section 8.3.5.10).
Boundaries of the reference engineered barrier system (EBS), release
rates from the EBS assuming both anticipated and unanticipated
processes and events.

4. Release rate from the waste forms after the contaminant barrier is
breached (Issue 1.4, Section 8.3.5.9).

5. Geochemical characteristics (this program). Water chemistry
(Investigations 8.3.1.3.1 and 8.3.1.2.2); mineralogy-petrology and
rock chemistry (Investigation 8.3.1.3.2); sorption processes
(Investigation 8.3.1.3.4); precipitation processes (Investigation
8.3.1.3.5); dispersive, diffusive, and advective processes
(Investigation 8.3.1.3.6).

6. Potential effects of erosion (Section 8.3.1.6).

7. Potential effects of future climatic conditions (Section 8.3.1.5).

8. Potential effects of igneous and tectonic activity (Sec-
tion 8.3.1.8).

9. Data from the C-well tracer tests.

10. Data from the field tests (geochemistry) of Study 8.3.1.3.7.2.
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The data gathered are as follows:

1. Geochemical-geophysical model.
2. Integrated radionuclide transport calculations.

Description

This activity will first construct an integrated, conceptual geochem-
ical/geophysical description of Yucca Mountain based on the results, data,
and information generated from the geochemistry, mineralogy-petrology, hydro-
logy, and other pertinent Yucca Mountain Project tasks. From this complete
description of Yucca Mountain, an assessment of the areas and specific items
needing further and more intensive investigation can be made. This com-
pilation activity should occur at regular intervals. A technical integrating
committee may need to be formed to review the information in the reference
information base and issue a Yucca Mountain Project assessment of that data
in the form of a geochemical-geophysical model similar to the one produced by
this activity. This committee may also be the correct forum for determining
the Yucca Mountain Project positions on such things as which hydrologic flow
models will be used.

Second, integrated transport calculations on radionuclides from the
repository to the accessible environment will be performed using the geochem-
ical-geophysical model as a basis for the calculation. The integrated trans-
port calculations will be used to determine and quantify the cumulative and
individual effects of all geochemical and physical processes controlling
transport. The effects that may be important in limiting or increasing the
total radionuclide release rates can then be identified. These calculations
serve Activity 8.3.1.3.7.1.1 and are interactive with that activity. Fur-
thermore, these calculations will support and give confidence to the assump-
tions made by performance assessment (Issue 1.1, Section 8.3.5.13) in its use
of a one-dimensional system model for radionuclide transport and the result-
ing cumulative frequency distribution curves for radionuclide releases to the
accessible environment.

The integrated transport calculations can be used to assess the poten-
tial effects of favorable conditions and potentially adverse conditions
resulting from changes in future climatic conditions, erosion, and igneous
and tectonic effects, on the transport and retardation of radionuclides from
the waste package to the accessible environment. This activity primarily
will use the transport codes TRACR3D, WAFE, and possibly HDOC, described in
Activity 8.3.1.3.7.1.1. The WAFE code will be used as necessary based on
requests by and continued cooperation with Lawrence Livermore National Labor-
atory. These particular codes will be improved and new models or methods may
be developed or employed depending upon the specific problems requiring
investigation. Specifically, stochastic methodology may be used to account
for random variations in parameters along the transport paths and imperfect
knowledge of parameters, and to estimate the most likely transport histories.
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8.3.1.3.7.1.3 Activity: Transport models and related support

Objectives

The objective of this activity is to verify the computer codes and to
validate the models used in this study and to identify important contributors
to the uncertainties in retardation calculations (sensitivity analyses).
Because of the special quality assurance requirements placed on the codes and
models used to estimate the performance of a repository, it is expected that
they will require some degree of verification and validation (Section
8.3.5.20.2). Sensitivity analyses will identify the important contributors to
uncertainty in retardation model calculations. Once model sensitivities are
identified, unnecessary complexity in the total systems models can be
reduced, thereby facilitating the probabilistic simulations of systems per-
formance to be made in fulfilling Issue 1.1. The results of the sensitivity
analysis will be used by Activities 8.3.1.3.7.1.1 and 8.3.1.3.7.1.2 and
Investigations 8.3.1.3.1 through 8.3.1.3.6.

Computer models are used to investigate the physical and geochemical
processes affecting transport and estimate the integrated transport of radio-
nuclides (Activity 8.3.1.3.7.1.2). The geologic system and the transport
processes at Yucca Mountain are very complex due to the unsaturated, frac-
tured nature of the porous media. For quality assurance, the models must be
verified, validated, and the important contributors to model uncertainty and
those parameters for which variation within favorable limits have little or
no influence on model results should be identified. While this activity is
closely linked to Activities 8.3.1.3.7.2.1 and 8.3.1.3.7.2.2, the results of
this activity are critical, and therefore, this activity is recognized as
being distinct.

Inherent in this activity and in previous Activities 8.3.1.3.7.1.1 and
8.3.1.3.7.1.2 is the implementation of alternative conceptual models. As
appropriate, alternative conceptual models will be considered in order to
identify the significant processes in the transport calculation. Alternative
numerical methods that increase computational efficiency and numerical
stability will also be examined.

Parameters

The data needed are as follows:

1. Computer model results from all models used in the Yucca Mountain
Project (hydrologic and transport).

2. Results from Activity 8.3.1.3.7.1.1 and Study 8.3.1.3.1.2.

Description

To comply with the Quality Assurance procedure SOP-03-02 (Software
Quality Assurance) the codes being used and generated under this study must
be verified and the models validated.

Verification of a code is defined as the assurance that a computer code
correctly performs the mathematical operations specified in the numerical
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model. One way of verifying a computer code is to compare the numerical
results with analytic solutions of the same problem. Documented benchmarking
and other documented comparisons with independently derived results are also
acceptable forms of verification (SOP-03-02). Validation of a model is
defined as the assurance that a model correctly represents the physical proc-
esses embodied in it and the software is applicable to the problem. Plans
for verification and validation are discussed in Section 8.3.5.20.2.

The sensitivity analysis will identify the important contributors to
uncertainty in retardation model calculations among parameters used in con-
structing the transport models and quantify the influence of these parameters
on model results. Parameters for which variation within foreseeable limits
has little or no influence on results of calculations will be identified.
This analysis will be closely tied to Study 8.3.1.3.7.1.1. For example, if a
model is very sensitive to relatively small changes in one specific parameter
value, then that parameter must be well-defined with low uncertainties.
These two tasks will be iterative.

The following codes will be used

Code Citation

TRACR3D Travis, Bryan J., "TRACR3D: A Model of F.,w a::
Transport in Porous/Fractured Media,' LA-9667-MS, Los
Alamos National Laboratory (May, 1984).

TRANQL Cederberg, G. A., R. L. Street, and J. 0. Leckie, "A
Groundwater Mass Transport and Equilibrium Chemistry
Model for Multicomponent Systems," Water Resources
Research, 21(8), 1095-1104 (1985).

HDOC Travis, Bryan J., and L. Eric Greenwade, "A
One-Dimensional Numerical Model of Two-Phase ow and
Transport in Porous Media using the Dynamics
Contours Methodology," Milestone C717, Los Alamos
National Laboratory (October, 1985).

FEHMS Zyvoloski, G., and S. Kelkar, "FEHMS: A Finite Element
Heat-Mass-Stress Code for Coupled Geological
Processes,' Milestone R346, Los Alamos National
Laboratory (March 31, 1987).

COLLOID Nuttall, H. E., "Population Balance Model for Colloid
Transport,w Milestone R318, LA-UR-86-1914, Los Alamos
National Laboratory (June, 1986). Submitted to Water
Resources Research.

WAFE Travis, Bryan J., *WAFE: A Model for Two-Phase,
Multicomponent Mass and Heat Transport in
Porous/Fractured Mediaw LA-10488-MS, Los Alamos
National Laboratory (October, 1985).
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8.3.1.3.7.2 Study: Demonstration of applicability of laboratory data to
repository transport calculations

Objectives

The goal of this study is to outline the strategy that will be used to
demonstrate the validity of the laboratory generated geochemical data and the
validity of transport calculations using that data. In particular, the data
to be validated is from the Geochemistry Program (8.3.1.3) and the transport
model is the code TRACR3D (8.3.1.3.7.1). This study will also support the
total system performance calculations described in Section 8.3.5.13.

Parameters

The strategy will include modeling and a combination of large-scale
laboratory experiments, field studies, consideration of natural analogs,
information from processes in the soil zone, and peer review. Examples of
activities for each of these factors and its applicability to the goal of
this study are briefly described below.

Description

Modeling

The integrated transport calculations being performed in Study
8.3.1.3.7.1 will be used to zetermine and quantify the cumulative and indi-
vidual effects of all physical and geochemical processes controlling trans-
port. The major contributing factors to uncertainty in transport calcula-
tions and factors to which the transport calculations are the most sensitive
will be identified. The results of these calculations, which identify the
important parameters, will be used to aid in the planning and interpretation
of the larger scale experiments and field tests described below. The tests
themselves may then serve to partially validate the transport models.

Large scale laboratory experiments

The use of the data from experiments, such as those described in the
following text, to establish the applicability of laboratory data to reposi-
tory transport calculations will be evaluated in this study.

Experiments at a scale larger than are currently being conducted in
8.3.1.3.6.1 (dynamic transport column experiments) are necessary to investi-
gate scaling phenomenon. Intact tuff blocks may also be removed from areas
where other surface based testing may occur, for example, that described in
the third activity in this section (field-scale tests). A tuff block (1 m by
1 m) would be removed from the Calico Hills unit. Blocks with discrete frac-
tures would be preferred in order to resolve the question whether the Calico
Hills unit would have open or closed fractures. Furthermore, zeolites are
abundant in this unit and the unit is considered to be the primary natural
barrier to nuclide migration.

The intact tuff blocks would be sent to the geochemical laboratory in
Canada supported by the Canadian waste repository program where an existing
facility is available to do these larger scale flow and transport experiments
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on rock blocks. Information would be gained regarding flow paths, scale and
effective retardation. This effort to scale up the experiments is an import-
ant step to doing field-scale transport experiments.

Field testing

Field testing may be the only way to establish the applicability of
laboratory data in system performance transport calculations. Furthermore,
validation of unsaturated zone flow and transport models is necessary. There
are three activities that make up the overall field test strategy. The first
activity is planned intermediate scale flow and transport experiments in
caissons at the Los Alamos National Laboratory. The second activity is
geochemical field tests to be conducted in a surface facility outside the
Yucca Mountain exploratory block. The third activity is aimed at utilization
of nuclide migration and transport data from the Nevada Test Site.

Several field-scale studies are already described in Chapter 8. Sec-
tions 8.3.1.2.3.1.5 through 8.3.1.2.3.1.8 describe testing of the C-wells
with both conservative and reactive tracers. These tests are in the satu-
rated zone and will be used to measure the physical and chemical properties
of the geological media in the saturated zone that will affect radionuclide
retardation in the Yucca Mountain vicinity. In addition, the results will be
used to test numerical codes being used for predicting flow and transport.

A. Intermediate scale tests (caisson tests)

The goal of the caisson test is to provide data that will exercise the
physics embodied in three-dimensional models of flow and transport in
unsaturated porous media. Modeling of the data by Yucca Mountain Project
participants will answer questions concerning validity of unsaturated zone
flow and transport models.

A caisson is basically a galvanized highway culvert 3 m in diameter and
6 m deep put on its end on a concrete floor. The caissons are clustered
around a central access caisson with six experimental caissons composing a
single cluster. These intermediate-scale experiments offer many of the
advantages of laboratory scale experiments over field experiments, while
allowing for a much larger experimental scale. These advantages are as
follows:

1. Known porous materials are used so that heterogeneities can be
controlled and material characteristics are more well defined.

2. Instrtunentation can be placed in desirable positions at the time of
construction.

3. Input and boundary conditions can be more easily controlled.

These factors all help to minimize characterization problems in data
analysis. Disadvantages of intermediate-scale experiments include

1. The effects of natural heterogeneities cannot be investigated.
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2. The scale of the facility may not be sufficient for scale-dependent
processes to be exhibited.

Therefore, while intermediate-scale experiments cannot replace field
experiments for model validation because the effects of system hetero-
geneities and scale-dependent processes must be identified, they serve as a
mechanism to move from laboratory-scale to field-scale experiments because
scale-up effects can be studied independent of system heterogeneities.

The proposed experiment will be conducted at the intermediate-scale
caisson facility located at the Engineering Experimental Test facility as Los
Alamos National Laboratory. Six experimental caissons are clustered around a
central access caisson at the facility. Access ports are located between the
experimental and access caissons that allow instruments such as solution
sampling devices, neutron probe access tubes, and tensiometers to be inserted
with depth. When filled with a porous medium, the caissons can be used to
conduct well-controlled, well-monitored experiments of flow and transport in
either saturated or unsaturated porous media.

For the proposed experiment, the caissons will be filled with crushed
Bandelier tuff, which has been used as the porous medium in several previous
caisson studies and has been extensively characterized mineralogically, chem-
ically, and hydraulically. A flux will be applied over a small area at the
top boundary of the caisson so that a three-dimensional flow and transport
region will develop. The flux will be applied at a rate that is low enough
to avoid saturated conditions but high enough to maintain tensions above a
500-cm level, which is necessary to avoid operational difficulties with
tensiometers and solution samplers. Pre-experimental modeling exercises will
be used to determine the design flux, the inflow area, and the placement of
the monitoring instruments for the experiments.

The study plan to be developed for the caisson tests will include
information on previous caisson experiments, the characterization of the
Bandelier tuff, experimental constraints (limitations of the experimental
apparatus and facilities), and the experimental design and test
implementation.

B. Field-scale tests

The purpose of field-scale tests is to study tracer migration in the
Calico Hills unit, to determine if fracture flow is possible in the unit, to
validate the laboratory generated geochemical data, and to validate transport
codes being used to model nuclide migration in the unsaturated tuffs at Yucca
Mountain. A field scale test outside the exploratory block at a surface fac-
ility, an audit in the Calico Hills unit, is recommended. It is very import-
ant to be able to characterize and test this primary barrier at the field
scale. The adequacy of unsaturated tuff in Yucca Mountain as a barrier must
be sufficiently proven, and as yet, there are relatively few data on this
system.

The adit would be designed such that several different field tests could
be conducted, such as diffusion tests, in situ single fracture tests, and
flow tests in complex fractures (by injection or infiltration). These tests
would answer some key questions:
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1. In the absence of moving water, what are the rates of diffusion of
specific elements into the pore system of the Calico Hills tuff?

2. In fractures containing flowing water, what mechanisms control the
movement of specific elements?

3. What is the fracture network in the Calico Hills, and what is the
fracture/matrix coupling?

The field test proposal is only in a conceptual phase. The study plan
for proposed tests will include the design of the surface facility (adit),
the details of each proposed geochemical test, and details of preliminary
modeling work.

C. Field studies at the Nevada Test Site

There is a tremendous potential for scientific study of radionuclide
migration at the Nevada Test Site. Because of weapons tests, nuclide migra-
tion and particulate transport can be studied in a geologic setting that is
similar to the repository area. The site represents an opportunity to study
migration from tests on a field scale, in situ, that in some instances are
20 yr old. Interaction with the hydrology/radionuclide migration program
already established by the Nevada Operations Office of the DOE has been
initiated (Blanchard and Elle, 1988). The possibility for utilizing this
information source will be investigated, consistent with the limitations
imposed by the need to maintain appropriate national security measures.

Natural analogs

A complimentary approach to laboratory testing, field testing and
geochemical modeling is the study of natural analogs. Natural analogs
provide a tool for evaluating the operation of potentially important geo-
chemical processes over geologic time. These studies have not received major
attention in the geochemical site characterization program for Yucca
Mountain. The geochemical studies, which are described in Chapter 4, have
been concerned largely with developing an understanding of the basic geo-
chemistry of radionuclide transport. However, as these studies progress and
the site characterization activities for geochemistry become better under-
stood, detailed models will be developed for the geochemical environment of
Yucca Mountain. These models will be based on laboratory and field data, and
the extrapolation of these data to the Yucca Mountain site will be through
computer modeling as part of the retardation sensitivity task. As these
models are refined, it will be possible to identify key elements of the geo-
chemical system that affect strongly site performance and must be understood
with a high degree of confidence. Furthermore, it is possible that infer-
ences relative to the sorption behavior of selected radionuclides in the
rock-water system at Yucca Mountain can be obtained from analyses of some
U-Th decay chain daughters in ground water. This additional natural analog
approach will be considered during site characterization and used, if appro-
priate. The information that will be needed to validate the application of
performance modeling can be provided in part through studies of carefully
chosen natural analogs.
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A primary benefit of natural analog studies that is unique is the time
perspective. Field Studies of processes of radionuclide migration are time
limited and are restricted to small volumes of rock compared with the site.
These limitations may restrict the use of highly sorptive tracers; may not
adequately represent scaling problems; may not allow complete evaluations of
fracture networks and the relative importance of down-gradient, geometric
variations in fracture systems; and may not allow adequate extrapolation of
results for the required 10,000 yr containment period. Studies of natural
analogs provide one means to evaluate the impact of these limitations.
Natural analogs can be chosen that provide data concerning the operation of
geochemical and geochemical rock systems for periods of tens to hundreds of
thousands of years.

There are, however, some limitations to natural analog studies. The
most important is past work involving natural analogs was concerned with
systems that are no longer active. Complete information may not be available
concerning the geochemical environment of the system or the hydrologic system
that controlled radionuclide migration. Natural analog systems must be as
similar as possible to the hydrological and geochemical environment of the
Yucca Mountain site to provide useful information for site characterization
and model validation. Studied natural analog systems must be carefully
chosen so that useful information can be provided for the Yucca Mountain site
or attempts must be made to extract analog information from the Yucca Moun-
tain site. Two possible study directions for natural analogs are proposed.
First, analog studies can be restricted to currently active systems where
information can be obtained for geochemical and hydrological processes.
Second, considerable technical progress is being made in the development of
radiometric methods for estimating processes of radionuclide migration. In
addition to the more conventional isotope systems (U-Th decay series, T, D,
oxygen-18, carbon-14), new progress has been made with other systems such as
chlorine-36, iodine-129, and the noble gases. These isotopic systems may
allow inferences or bounds to be developed concerning the operation of geo-
chemical and hydrologic processes in the analog environment. Innovative
applications of studies of natural isotope systems can be applied to analog
environments and to Yucca Mountain itself.

The role of natural analog studies for the characterization of the Yucca
Mountain site at this time cannot be described with certainty. However,
studies using information from natural analogs will probably be required for
several geochemical topics. These include (1) validation of sorption models
for individual waste radionuclides, (2) evaluation of the retardation models
for elements showing complex and variable geochemical behavior in the natural
environment (actinides), (3) validation of transport models involving flow
through fracture networks, and (4) validation of SiO2-kinetics models con-
cerning the stability of secondary alteration minerals in Yucca Mountain
(Study 8.3.1.3.3.1).

Soil zone data

There is a large and growing body of literature on the movement of con-
taminants in the near surface or soil zone and a substantial amount of the
literature deals with the unsaturated zone. As a start, a literature search
is proposed to determine availability and applicability of this type data.
Focus will be placed on the proposed INTRAVAL field tests, particularly those
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being conducted by the University of Arizona. Investigative overlap with
Yucca Mountain Project studies will be identified. A study plan will be
developed based on the evaluation and literature review.

Peer review

An important and critical part of establishing the credibility of the
results of this study is peer review. The peer review process will be
considered for use during all -stages of this investigation, from conceptuali-
zation of the experiments to the review of the final results. Peer review
can also become technical arbitor where no appropriate combinations of labor-
atory, field, and literature data can be identified to support the extension
of lab data to the field.

8.3.1.3.8 Investigation: Studies to provide the required information on
retardation of gaseous radionuclides along flow paths to the
accessible environment

Technical basis for obtaining the information

Link to the technical chapters and applicable support documents

The following sections of the site characterization plan data chapters
and support documents provide a technical summary of the existing data
relevant to this information need:

SCP section Subject

4.1.3.6.2 Gaseous transport

Parameters

The parameters obtained from other investigations are

1. Identification of the gaseous species.
2. Composition of the unsaturated zone gas phase.
3. Mechanism for gaseous transport.
4. Flow paths available in unsaturated zone.
5. Water chemistry.
6. Physical state of the water in the unsaturated zone.

The parameter obtained from this investigation is gaseous radionuclide
transport calculations.

Purpose and objectives of the investigation

The purpose of this investigation is to supply input data for calcula-
tions of gaseous radionuclide transport from the repository to the accessible
environment at the Yucca Mountain site. These calculations are required to
address the overall system performance objective for radionuclide release in
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10 CFR 60.112, Issues 1.1, 1.2, and 1.3 (Sections 8.3.5.13, 8.3.5.14, and
8.3.5.15), and in making findings on the postclosure system guideline and the
technical guidelines for geochemistry in 10 CFR Part 960, Issue 1.9 (Sec-
tion 8.3.5.18). Specifically, Issue 1.1 requires an estimate of the standard
deviation of the residence time in the repository overburden of the C-14
nuclei released at the repository level. The objective of this investigation
is to provide the data necessary for developing a chemical model that can be
used to calculate this residence time. The residence time can then be used
to calculate the rates of transport of gaseous radionuclide species between
the repository and the accessible environment, and to verify experimentally
the models of gaseous radionuclide transport and retardation that are used to
assess radionuclide release.

Technical rationale for the investigation

The location of the repository in the unsaturated zone presents the pos-
sibility that radionuclides that can exist as gases can be transported toward
the environment through gaseous flow paths in the unsaturated zone. Gaseous
transport driven by concentration gradients (diffusion) or by convective flow
is possible. Activity 8.3.1.2.2.7.1 (gaseous-phase chemical investigation)
is focused on understanding the nature of the gas transport processes within
the unsaturated zone. There are several mechanisms, however, that can retard
the rate of radionuclide transport in the gas phase. The two most likely to
be effective are isotopic exchange between the gas phase and aqueous phase,
and the solubility of the gaseous species in the aqueous phase.

The initial approach to studying the retardation of gaseous species
along flow paths is to do preliminary calculations of the rates of transport
of gaseous radionuclide species considering the various driving forces that
may exist and without consideration of possible retardation mechanisms. The
mechanisms that can affect transport of gaseous species will be identified
and calculated rates of interphase transport between the gas and aqueous
phases will be used to evaluate the various retardation mechanisms. This
analysis depends on a knowledge of the chemical nature of the gaseous radio-
nuclides (the most important being carbon-14 as carbon dioxide and iodine-131
as iodine gas), the quantity, distribution, and chemistry of water that can
contact the gas phase in the unsaturated zone, the nature of the driving
force for transport (convection or diffusion), and the nature of the flow
paths for gas in the unsaturated zone (porous flow or fracture flow). Infor-
mation about hydrology (water quantity and distribution), gaseous flow paths,
and the importance of connection in the unsaturated zone will be obtained
from Investigation 8.3.1.2.2.

A program of experimental measurements of gas transport in unsaturated
zone rock may be required to verify the calculational models used for this
analysis. A decision to plan and initiate an experimental program will be
made based on the results of the analysis described above.

Information from the activities just described will be combined to
calculate the rates of gaseous species transport under expected repository
conditions in the modeling in Investigation 8.3.1.3.7. From these results
the contribution of gaseous releases to the total system releases will be
determined.
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8.3.1.3.8.1 Study: Gaseous radionuclide transport calculations and
measurements

The goal of this study is (1) to calculate the rates of transport of
gaseous radionuclide species (Activity 8.3.1.3.8.1.1) between the repository
and the accessible environment considering the various driving forces and
retardation mechanisms that may exist and (2) to experimentally verify poten-
tial existing models of gaseous radionuclide transport and retardation that
are used to assess radionuclide release to the environment. The need for the
second goal will depend on the results of the gaseous radionuclide transport
calculation (Activity 8.3.1.3.8.1.1). The results of Activity 8.3.1.3.8.1.1
will be used to plan a series of experimental measurements (Activity
8.3.1.3.8.1.2) of radionuclide transport in unsaturated tuff if the calcula-
tions do not provide sufficient assurance of radionuclide containment. If
calculated results with their associated uncertainties are adequate to assess
the release of gaseous radionuclides for performance assessment calculations,
Activity 8.3.1.3.8.1.2 may not be required. The results will be used to
determine radionuclide releases to the accessible environment and to evaluate
the existence of potentially adverse conditions.

8.3.1.3.8.1.1 Activity: Physical transport mechanisms and rates--
retardation mechanisms and transport with retardation

Objectives

The goal of this activity is to determine the manner in which gaseous
species are transported in the unsaturated zone and to calculate transport
rates without retardation. This activity will then identify the retardation
mechanisms that can affect the transport of gaseous species through the
unsaturated zone and model these processes so that the effects on transport
rates can be evaluated.

Parameters

The data needed are as follows:

1. Gaseous radionuclide species (Issue 1.1).

2. Gas phase composition (Investigation 8.3.1.2.2).

3. Mechanism of gaseous transport (Investigation 8.3.1.2.2 and
Information Need 8.3.2.2.6).

4. Flow paths for gaseous transport (Investigation 8.3.1.2.2).

5. Water chemistry (Investigations 8.3.1.3.1 and 8.3.1.2.2).

6. Physical state of the water (Investigation 8.3.1.2.2).
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The data gathered are as follows:

1. Rates of gaseous transport without retardation.

2. identification of retardation mechanisms that affect gaseous
transport.

Description

This activity will calculate gaseous species transport in the absence of
retardation mechanisms by applying gas transport models for convective flow
and diffusion to the physical description of the system. These models will
be obtained from the literature if they exist. This activity also will sur-
vey the literature on processes such as isotopic exchange and gas solubility
to identify those processes that can affect gas transport. Processes that
appear effective will be modeled to assess their influence on transport of
gaseous radionuclide species in the unsaturated zone. Gas transport rates
with retardation will be calculated.

8.3.1.3.8.1.2 Activity: Gas transport measurements

Objectives

The goal of this activity is to measure experimentally gas transport
rates under typical unsaturated zone conditions to verify calculational
models of gas transport and retardation if they exist.

Parameters

The data needed are as follows:

1. Identity of the gaseous species (Investigation 8.3.1.3.5).

2. Gas phase composition (Investigation 8.3.1.2.2).

3. Gas transport mechanism (Investigations 8.3.1.3.5 and 8.3.1.2.2 and
Section 8.3.2.2.6).

4. Water chemistry (Investigation 8.3.1.3.1).

5. Physical state of the water (Investigation 8.3.1.2.2).

The data gathered are as follows:

1. Measurement of gas transport rates.

2. Verification of calculational models of gas transport and
retardation.
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Description

This activity will perform experimental measurements of gaseous trans-
port rates and retardation processes in order to verify calculational models
of these processes if they exist. The exact nature of the experimental
measurements are not determined at this time. Examples of the kinds of
measurements that may be needed are (1) measurements of isotopic exchange
rates of carbon between carbon dioxide and aqueous carbonate under flow or
diffusion conditions typical of the unsaturated zone or (2) measurements of
interphase transport rates of carbon dioxide or iodine between the gas phase
and an aqueous phase in pores or fractures.
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8.3.1.4 Overview of the rock characteristics program: Description of the
present and expected rock characteristics required by Derformance
and design issues

Summary of performance and design requirements for rock characteristics
information

Compliance with performance and design criteria for a geologic reposi-
tory will require information about the rock characteristics of the Yucca
Mountain site. This information will be used in the design of underground
repository facilities and to support assessments of site performance related
to ground-water travel time, waste-package lifetime, radionuclide releases
from the engineered-barrier system (EBS), and radionuclide releases to the
accessible environment. The various regulatory requirements are concerned
with rock characteristics, conditions, and processes in different subsurface
regions within and around Yucca Mountain. The rock characteristics are also
an important component of model validation, particularly for establishing the
boundary and initial conditions and the geometry of the model.

The siting criteria discussed in 10 CFR 60.122 must also be evaluated,
including the favorable condition for waste emplacement at a minimum depth of
300 m and characterization of structural, stratigraphic, and geomechanical
conditions to determine if potentially adverse conditions are present.
Design criteria for the underground facility, seals of shafts and boreholes,
and waste packages are also evaluated in the context of the natural rock
properties of the site. Assessments of whether the performance objectives,
siting criteria, and design criteria can be met will rely on information
about the stratigraphy and structure of the Yucca Mountain site, the
properties of the rock units occurring at the site, and the temperature and
stress conditions before excavation of underground openings.

Approach to satisfy performance and design requirements

The geologic and geophysical site characterization activities described
in this section provide an important category of information needed to
develop a three-dimensional physical property model, i.e., the geometry
associated with the material properties of the rock at the Yucca Mountain
site. The objective of the three-dimensional model is to provide a computer-
based representation of the physical properties of the rocks at the site.
The data base for the model will contain the distribution of parameters
(physical properties) within property-dependent units. An important function
of the computer-based model will be to provide input for numerical computer
analyses that involve hydrologic, thermal, thermomechanical, and geochemical
processes.

The three-dimensional physical properties model is a representation of
the Yucca Mountain repository site containing various kinds of data on its
geologic, geohydrologic, thermal, mechanical, and geochemical properties.
The model will allow predictions of how a physical property changes spatially
within and across the boundaries of the model. The boundaries represent
distinct changes in a property.
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The location of the physical property boundaries will be based on three
sources of information: (1) geologic studies, (2) geophysical studies, and
(3) the physical property data. The physical properties model could be
developed based entirely on the samples from site characterization. How-
ever, the geologic complexity of the Yucca Mountain site may cause large
amounts of uncertainty associated with the variability of the properties
between sample locations. Therefore, the physical property data will be
correlated with the geologic and geophysical data to reduce the uncertainty
between sample locations. The nature and number of site characterization
studies to be conducted will be determined by the current understanding of
the site and by the level of confidence required for the physical properties
and the numerical models in which they are being input.

Figure 8.3.1.4-1 provides the overall logic for developing the three-
dimensional physical property model. The geologic, hydrologic, geochemical,
and thermal/mechanical properties are the fundamental information to be con-
tained in the model. The geologic framework serves as the geometric frame-
work for the physical property model. The hydrologic, geochemical, and
thermal mechanical properties will be developed in Sections 8.3.1.2, 8.3.1.3
and 8.3.1.15 respectively. These separate categories of properties are
called on in this section in order to integrate them into the physical prop-
erties model. Table 8.3.1.4-1 serves as the first step in the correlation of
parameter requests from design or performance issues (e.g., performance or
design parameters in sections 8.3.5.12, 8.3.5.13, 8.3.2.2, and 8.3.3) and
results from data gathering activities (activity parameters and associated
characterization parameters). The parameter categories listed in Ta-
ble 8.3.1.4-1 are topical categories that are used to translate data requests
for types of design and performance information into similar types of site
data to be collected. Because of the diversity and volume of data needs
called for in the design and performance issues and data provided by
characterization activities, it is inappropriate to expect a one-to-one
correspondence between a requested performance parameter and an activity
parameter. Rather, a given characterization parameter in almost every case
will require data reduction and analysis to transform them into the
information directly used in design or performance analysis. In order to
improve the confidence in the results from a characterization act>,ity, data
from related activities will be analyzed for corroboration.

Characterization parameters commonly will take the form of map- and ther
two- or three-dimensional illustrations, such as isopach maps, isopleth maps
and structure contour maps, or diagrams displaying statistical distributions
of activity parameters throughout the site. Many parameters will also
include a spatial oz unit-specific component such as an isopach map of a
specific stratigraphic unit wit; a spf tied area. The eventual formula-
tion of an appropriate testing . s fo -ch characterization parameter will
include the identification of ( tentae parameter goals, (2) current
estimate of parameter values, curre- :onfidence level, and (4) needed
confidence level. For example, if an it e.ach map of the thermomechanical
unit TSw2 within the boundary of the repository perimeter drift is identified
as a characterization parameter, then the tentative parameter goal may be
that contours are accurate to within -30 m. Current estimates of the
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Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 1 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES

1.1
1.6
1.11
1.12
4.4

8.3.5.13
8.3.5.12
8.3.2.2
8.3.3.2
8.3.2.5

Rock-unit contact
location and
configuration

t.

I.

Attitude, ash-flow zones
Attitude, bedded-tuff zones
Attitude, lithostratigraphic units
Borehole diameter
Color, lithostratigraphic units
Contacts, flow units
Contacts, lithostratigraphic units,

nature
Correlatable sequences
Depth, lithostratigraphic units
Geophysical signature, litho-

stratigraphic markers
Key marker beds
Lateral continuity of horizons
Lithology, stratigraphic sequence
Locations, bedded tuff units
Magnetic property changes, core

samples
Petrographic changes, core samples

Seismic velocities
Spontaneous potential
Stratigraphic sequence, Topopah

Spring welded unit
Strat igraphic sequence, litho-

stratigraphic units
Thickness, flow units
Thickness, lithostratigraphic units

8.3.1.4.2.2.1
8.3.1.4.2.2.1
8.3.1.4.2.1.1
8.3.1.4.2.1.3
8.3.1.4.2.1.1
8.3.1.4.2.1.5
8.3.1.4.2.1.1

8.3.1.4.2.1.1
8.3.1.4.2.1.1
8.3.1.4.2.1.3

8.3.1.4.2.1.1
8.3.1.4.2.1.2
8.3.1.4.2.2.4
8.3.1.4.2.1.1
8.3.1.4.2.1.5

8.3.1.4.2.1.4
8.3.1.4.2.1.3
8.3.1.4.2.1.3
8.3.1.4.2.2.4

8.3.1.4.2.1.1

8.3.1.4.2.1.5
8.3.1.4.2.1.1

R
11IC>
�_4

�0
M

I-
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Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 2 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES (continued)

Vertical distribution, lithostrati-
graphic units

8.3.1.4.2.1.2

OD

.A

1.1
1.6
1.11
1 . 12
4.4

8.3.5.13
8.3.5.12
8.3.2.2
8.3.3.2
8.3.2.5

Rock-unit lateral
and vertical
variability

U'.

Acoustic velocity, core samples
Age, potassium-argon, litho-

stratigraphic units
Areal extent, exposed bedrock
Density, bulk, in situ
Density, grain and bulk, core samples
Density, variations
Depositional characteristics, litho-

stratigraphic units
Depositional units, Topopah Spring

Member
Electrical conductivity
Electrical resistivity, core samples
Electromagnetic properties, variations
Emplacement history, ash-flow tuffs
Extent, lithostratigraphic units
Gravitational field, variations
Hydraulic conductivity, core samples
Induced polarization, core samples
Laboratory/in situ rock property

correlation, surface and subsur-
face geophysics

Lateral continuity, horizons

8.3.1.4.2.1.4
8.3.1.4.2.1.1

8.3.1.4.2.2.1
8.3.1.4.2.1.3
8.3.1.4.2.1.4
8.3.1.4.2.1.2
8.3.1.4.2.1.1

8.3.1.4.2.1.5

8.3.1.4.2.1.3
8.3.1.4.2.1.4
8.3.1.4.2.1.2
8.3.1.4.2.1.1
8.3.1.4.2.1.1
8.3.1.4.2.1.2
8.3.1.4.2.1.4
8.3.1.4.2.1.4
8.3.1.4.2.1.4

8.3.1.4.2.1.2

1-_



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 3 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES (continued) I-

OD

i�.

IM

Lateral continuity, repository host
horizon

Lateral extent, ash-flow zones
Lateral extent, bedded-tuff zones
Lateral variability, lithostrati-
graphic units, exploratory shaft
facility drifts

Lithic fragments, concentration
variations, subunit contacts

Lithic fragments, type and abundance,
lithostratigraphic units

Lithic-rich subzones, locations,
flow units

Lithologic uniformity, relations
to density, seismic velocity,
porosity, and resistivity

Lithophysal zone characteristics,
lithostratigraphic units

Lithophysal zones, geophysical
signatures

Magnetic field intensity, total
Magnetic field, variations
Magnetic susceptibility

Porosity, core samples
Porosity, variations

8.3.1.4.2.2.4

8.3.1.4.2.2.1
8.3.1.4.2.2.1
8.3.1.4.2.2.4

8.3.1.4.2.1.5

8.3.1.4.2.1.1

8.3.1.4.2.1.5

8.3.1.4.2.1.4

8.3.1.4.2.1.1

8.3.1.4.2.1.3

8.3.1.4.2.1.2
8.3.1.4.2.1.2
8.3.1.4.2.1.3,
8.3.1.4.2.1.5

8.3.1.4.2.1.4
8.3.1.4.2.1.3



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 4 of 12)

Calls by performance
and design issues

Issue SCP section
Parameter
category

Response by rock characteristics program
Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES (continued)

co

:I.I

Pumice characteristics, lithostrati-
graphic units

Pumice clasts, concentration varia-
tions, subunit contacts

Pumice clasts, concentrations, flow
units

Rock characteristics, changes,
Topopah Spring Member

Seismic velocity, contrasts
Statistical analysis crossplots,

geophysical measurements
Thickness, ash-flow zones
Thickness, bedded-tuff zones
Thickness, volcanic section, from

electromagnetic surveys
Transport history, ash-flow tuffs
Variability, lateral, lithostrati-

graphic units

8.3.1.4.2.1.1

8.3.1.4.2.1.5

8.3.1.4.2.1.5

8.3.1.4.2.1.5

8.3.1.4.2.1.2
8.3.1.4.2.1.3

8.3.1.4.2.2.1
8.3.1.4.2.2.1
8.3.1.4.2.1.2

8.3.1.4.2.2.1
8.3.1.4.2.1.1

1.1
4.4

8.3.5.13 Rock-unit
8.3.2.5 mineralogy and

petrology

Alteration history, ash-flow tuffs
Alteration, degree and type, litho-

stratigraphic units
Clay concentrations, from induced

polarization data
Compositional changes, anomalous,

subunit contacts
Cooling history, ash-flow tuffs

8.3.1.4.2.2.1
8.3.1.4.2.1.1

8.3.1.4.2.1.4

8.3.1.4.2.1.5

8.3.1.4.2.2.1



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 5 of 12)

Calls by performance
and design issues

Issue SCP section
Parameter
category

Response by rock characteristics program
Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES (continued)

co
LI

:0.
J.I

Curie temperature
Demagnetization, alternating field
Demagnetization, thermal
Depositional breaks, locations, flow

units
Essential minerals, abundance
Gamma-radiation intensity tempera-

ture, relative
Glassy intervals, lithostratigraphic

units
Grain size, bedded-tuff intervals,

lithostratigraphic units
Grain size, variations, flow units
Induced polarization
Isotopes, gamma-ray spectrometry
Magnetic minerals, composition
Magnetic minerals, grain size
Magnetic minerals, grain size

variation
Magnetic minerals, relative abundance
Magnetization, anhysteritic remanent
Magnetization, isothermal remanent
Magnetization, remanent, orientation

and magnitude
Magnetization, saturation
Mineral phases, diagenetic, bedded

tuffs

8.3.1.4.2.1.5
8.3.1.4.2.1.5
8.3.1.4.2.1.5
8.3.1.4.2.1.5

8.3.1.4.2.1.1
8.3.1.4.2.1.3

8.3.1.4.2.1.1

8.3.1.4.2.1.1

8.3.1.4.2.1.5
8.3.1.4.2.1.3
8.3.1.4.2.1.1
8.3.1.4.2.1.5
8.3.1.4.2.1.5
8.3.1.4.2.1.5

8.3.1.4.2.1.5
8.3.1.4.2.1.5
8.3.1.4.2.1.5
8.3.1.4.2.1.5

8.3.1.4.2.1.5
8.3.1.4.2.1.1

004



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 6 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

ROCK UNIT GEOMETRY AND PROPERTIES (continued) I-

L.

.a~

Mineral phases, diagenetic, bedded
tuffs

Mineral phases, distinctive morpholo-
gies

Mineralogy, bedded-tuff units
Mineralogy, lithostratigraphic units
Paleomagnetic directions, litho-

stratigraphic units
Petrography, lithostratigraphic units
Potassium, uranium, thorium content
Primary crystallization, lithostrati-

graphic units
Smectite-rich intervals, geophysical

signatures
Sorting, bedded-tuff units
Sorting, lithostratigraphic units
Spherulitic zones, lithostratigraphic

units
Textural variation, across flow-unit

boundaries
Texture, lithostratigraphic units
Welding characteristics, anomalous,

subunit contacts
Welding, lithostratigraphic units
Zeolite-rich intervals, geophysical

signatures
Zeolites, concentrations, from

induced polarization

8.3.1.4.2.1.1

8.3.1.4.2.1.1

8.3.1.4.2.1.1
8.3.1.4.2.1.1
8.3.1.4.2.1.5

8.3.1.4.2.1.1
8.3.1.4.2.1.3
8.3.1.4.2.1.1

8.3.1.4.2.1.3

8.3.1.4.2.1.1
8.3.1.4.2.1.1
8.3.1.4.2.1.1

8.3.1.4.2.1.5

8.3.1.4.2.1.1
8.3.1.4.2.1.5

8.3.1.4.2.1.1
8.3.1.4.2.1.3

8.3.1.4.2.1.4

0-
4



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 7 of 12)

Calls by performance
and design issues . Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

FRACTURE GEOMETRY AND PROPERTIES

1.1
1.6
1.11
1.12
4.4

8.3.5.13
8.3.5.12
8.3.2.2
8.3.3.2
8.3.2.5

Fracture
distribution

I

Fractal analysis
Fracture characteristics, spatial

variation
Fracture distribution, spatial
Fracture frequency, apparent,

lateral variability
Fracture frequency, variation with

depth
Fracture frequency, variation with

lithostratigraphic unit
Fracture location
Fracture network geometry
Fracture network, three-dimensional

distribution, exploratory shaft
facility

Fracture networks
Fracture patterns, local, variations
Fracture, spatial distribution
Fractures, subsurface, near fault

zones, lateral variability
Seismic properties, relation to

fracture properties
Seismic shear-wave amplitudes
Seismic shear-wave polarizations
Seismic shear-wave travel times
Seismic-wave propagation

characteristics

8.3.1.4.2.2.2
8.3.1.4.2.2.5

8.3.1.4.2.2.2
8.3.1.4.2.2.3

8.3.1.4.2.2.3

8.3.1.4.2.2.3

8.3.1.4.2.2.3
8.3.1.4.2.2.2
8.3.1.4.2.2.4

8.3.1.4.2.2.2
8.3.1.4.2.2.2
8.3.1.4.2.2.4
8.3.1.4.2.2.3

8.3.1.4.2.2.5

8.3.1.4.2.2.5
8.3.1.4.2.2.5
8.3.1.4.2.2.5
8.3.1.4.2.2.5

I.-

(p



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 8 of 12)

Calls by performance
and design issues

Issue SCP section
Parameter
category

Response by rock characteristics program
Activity parameter SCP activity

FRACTURE GEOMETRY AND PROPERTIES (continued)

1.6
1.11
4.4

8.3.5.12
8.3.2.2
8.3.2.5

.D

orientation

Fracture aperture

Fracture attitude, statistical
distribution

Fracture attitude, variation with
depth

Fracture attitude, variation with
lithostratigraphic unit

Fracture orientation
Fracture orientation, statistical
distribution

Fracture strike direction, lateral
variability

8.3.1.4.2.2.3

8.3.1.4.2.2.3

8.3.1.4.2.2.3

8.3.1.4.2.2.2
8.3.1.4.2.2.2

8.3.1.4.2.2.3

I-.

I

1.6
1.11
4.4

8.3.5.12
8.3.2.2
8.3.2.5

Fracture aperture 8.3.1.4.2.2.2,
8.3.1.4.2.2.3,
8.3.1.4.2.2.4

1.6
1.11
4.4

1.11
4.4

8.3.5.12
8.3.2.2
8.3.2.5

Fracture persis-
tence

Fracture connectivity
Fracture dimension
Fracture intersections, distribution
Fracture persistence
Fracture persistence, statistical
distribution

Fracture mineralization, degree
Fracture roughness

Fracture surface profile

8.3.1.4.2.2.2
8.3.1.4.2.2.3
8.3.1.4.2.2.2
8.3.1.4.2.2.2
8.3.1.4.2.2.4

8.3.1.4.2.2.3
8.3.1.4.2.2.2,

8.3.1.4.2.2.3
8.3.1.4.2.2.4

8.3.2.2 Fracture-filling
8.3.2.5 mineralogy

and physical
properties



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 9 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

FRACTURE GEOMETRY AND PROPERTIES (continued) I.,

Fracture surface profile
Fracture types
Fracture-filling mineralogy

8.3.1.4.2.2.3
8.3.1.4.2.2.3
8.3.1.4.2.2.2,

8.3.1.4.2.2.3,
8.3.1.4.2.2.4

FAULT GEOMETRY AND PROPERTIES

I. 1.1
1.6
1.11
4.4

8.3.5. 13
8.3. 5. 12
8.3.2.2
8.3.2.5

8.3.5.13
8.3.5.12
8.3.2.2
8.3.2.5

8.3.5.13
8.3.5. 12
8.3.2.2
8.3.2.5

Fault location

Fault
orientation

Fault length and
width

Fault location
Fault trends, from electromagnetic

surveys
Structural domains
Structural rotations, magnitude from

paleomagnetic directions
Tectonic style, faults
Tectonic style, faults, Ghost Dance

fault

Fault and fault-zone attitude
Fault orientation
Structural rotations, magnitude

from paleomagnetic directions

Fault and fault-zone length
Fault-zone width

8.3.1.4.2.2.3
8.3.1.4.2.1.2

8.3.1.4.2.2.4
8.3.1.4.2.1.5

8.3.1.4.2.2.4
8.3.1.4.2.2.4

8.3.1.4.2.2.1
8.3.1.4.2.2.4
8.3.1.4.2.1.5

8.3.1.4.2.2.1
8.3.1.4.2.2.1,

8.3.1.4.2.2.3

1.1
1.6
1.11
4.4

1.1
1.6
1.11
4.4



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 10 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

FAULT GEOMETRY AND PROPERTIES (continued) I-.

1.11
2.3
4.4

8.3.2.2
8.3.5.5
8.3.2.5

Fault displacement Fault displacement, deep-seated
faults, indication from lateral
discontinuities

Fault displacement, faults and
fault zones

Strike-slip faults, indications from
lateral discontinuities

Structural domains
Tectonic styles, faults
Tectonic styles, faults, Ghost

Dance fault

Alteration characteristics, fault
zones

Fault and fault-zone characteristics,
near-surface faults and zones

Fault physical characteristics

8.3.1.4.2.1.2

8.3.1.4.2.2.1

8.3.1.4.2.1.2

8.3.1.4.2.2.4
8.3.1.4.2.2.4
8.3.1.4.2.2.4

8.3.1.4.2.1.2

8.3.1.4.2.2.1

8.3.1.4.2.2.4

I-.
WA

4.4 8.3.2.5 Fault-zone
mineralogy
and physical
properties

GEOLOGIC FRAMEWORK

1.1
1.6
1.11
1.12
4.4

8. 3. 5. 13
8.3.5. 12
8.3.2.2
8.3.3.2
8.3.2.5

Geologic framework Correlation diagrams, lithostrati-
graphic units

Correlation of laboratory values
and in situ values for rock
properties

8.3.1.4.2.3.1

8.3.1.4.2.3.1



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 11 of 12)

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

GE.

GEOLOGIC FRAMEWORK (continued)

I-.

.AP

Cross sections, lithostratigraphic
units

Fractures, spatial distribution
Geologic model, three-dimensional
Interpretation of depositional and

and diagenetic history of rock
units

Interpretation of distribution of
lithology, petrology, petrography,
and mineralogy of rock units

Isopach maps, lithostratigraphic units
Isopleth maps, rock property values
Relations between geologic and geo-

physical characteristics of rock
units

Rock properties, three-dimensional
distribution

Structure contour maps, litho-
stratigraphic units

Surface geologic maps

8.3.1.4.2.3.1

8.3.1.4.2.3.1
8.3.1.4.2.3.1
8.3.1.4.2.3.1

8.3.1.4.2.3.1

8.3.1.4.2.3.1
8.3.1.4.2.3.1
8.3.1.4.2.3.1

8.3.1.4.2.3.1

8.3.1.4.2.3.1

8.3.1.4.2.3.1

GEOLOGIC MODEL

1.1
1.6
1.11

8.3.5.13
8.3.5.12
8.3.2.2

Geologic model
synthesis

Age, fracturing
Chronology, faulting
Chronology, faulting, relative

8.3.1.4.2.2.4
8.3.1.4.2.2.1
8.3.1.4.2.2.3



Table 8.3.1.4-1 Activity parameters provided by the rock characteristics program that support
performance and design issues (page 12 of 12)

LI-

I-.

II

Calls by performance
and design issues Parameter Response by rock characteristics program

Issue SCP section category Activity parameter SCP activity

GEOLOGIC MODEL (continued)

1.12 8.3.3.2 Faulting chronology 8.3.1.4.2.2.1
4.4 8.3.2.5 Fracture chronology, fracture 8.3.1.4.2.2.2

development
Fracture chronology, relative 8.3.1.4.2.2.3

changes due to tectonism--see 8.3.1.8.2
tectonism studies

Fracture chronology, relative 8.3.1.6.4.1
changes due to erosion--see
erosion studies

Saturation 8.3.1.4.2.1.3
Water content 8.3.1.4.2.1.3
Relationships among hydrologic 8.3.1.4.2.2.5

test results, VSP fracture data
and lithologic data

Relationships among geochemical 8.3.1.4.2.2.5
test results, VSP fracture data,
and lithologic data

Poisson's ratio 8.3.1.4.2.1.3
Young's modulus 8.3.1.4.2.1.3
Relationships among geomechanical 8.3.1.4.2.2.5

test results, VSP fracture data,
and lithologic data
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parameter will be obtained from information or references in Chapter 1 of the
Site Characterization Plan (SCP). Needed confidence levels will indicate how
important this information is to design and performance issues. Current
levels of confidence will, in most cases, be low.

The grouping of performance parameters into categories is a necessary
first step because individual parameter requests commonly differ with respect
to such things as specific spatial locations, stratigraphic units, and
associated goals, in some cases for the same parameter type within a given
category. Thus, the parameter categories are defined to properly correlate
sets of related design or performance parameters with corresponding sets of
characterization parameters.

Table 8.3.1.4-1 lists activity parameters associated with each parameter
category that incorporates information provided by the rock characteristics
program. The following explanation is provided to summarize the types of
design and performance parameters encompassed by each category.

The table entries labeled "rock unit geometry and properties," "fracture
geometry and properties," 'fault geometry and properties,' and "geologic
framework' each represents a broad group of geologic and geophysical informa-
tion (Figure 8.3.1.4-1). 'Rock unit geometry and properties' is divided into
three parameter categories: rock unit contact location and configuration;
rock unit lateral and vertical variability; and rock unit mineralogy and
petrology. The performance and design parameters associated with wrock unit
contact location and configuration' include such items as unit contact
attitudes for geohydrologic, geochemical, thermomechanical, and lithologic
units; thickness of the Topopah Spring and other rock units; lateral extent
of thermomechanical units; attitudes of various units; and depths to various
unit contacts. Rock unit lateral and vertical variability includes such
performance and design parameters as spatial correlation scales for hydro-
logic and geochemical properties, and extent and abundance of lithophysal
cavities in the Topopah Spring Member. The category wrock unit mineralogy
and petrology" combines requests for site information on such parameters as
calcite cementation above the repository, radionuclide concentrations, and
mineralogy around the waste packages.

The second group of parameter categories, "fracture geometry and prop-
erties," addresses information about the fracture network of Yucca Mountain.
It includes five parameter categories. The first, 'fracture distribution,"
includes design and performance requests primarily for fracture frequency,
spacing, and abundance, as well as for spatial distribution to aid classi-
fication of fracture and joint sets. The second category, 'fracture orienta-
tion," is self explanatory and provides a rare one-to-one match with per-
formance and design requests. The next category in this group, 'fracture
aperture,' includes requests for fracture widths and their local spatial
distribution. The category for 'fracture persistence' includes requests for
persistence, as well as fracture length. The last category in this group,
'fracture filling mineralogy and physical properties,' includes parameter
requests for such items as roughness of fracture walls, distribution and
concentrations of fracture fillings in the repository, and fracture
weathering information in the Topopah Spring Member.
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The next broad group of parameters categories, 'fault geometry and
properties,' deals with the characteristics of faults and fault zones. The
first four of these categories are self-explanatory and summarize design and
performance requests for information on fault locations, orientations, length
and width, and displacement. The fifth and last entry, "fault zone mineral-
ogy and physical properties," has no specific corresponding requests from
design and performance issues that are directly addressed by the characteri-
zation program for rock characteristics. The hydrological, thermomechanical,
and geochemical properties of rock materials within fault zones are
requested, but are listed under parameter categories for the type of property
(e.g., permeability or retardation coefficient) in the appropriate character-
ization program (Sections 8.3.1.2, geohydrology program; 8.3.1.3, geochem-
istry program; and 8.3.1.15, thermal and mechanical properties program).
Also, several requests for information relating to faulting potential and to
location of faults with such potential are not listed here but are addressed
in the sections on postclosure tectonics (Section 8.3.1.8) and in preclosure
tectonics (Section 8.3.1.17).

The last general category of parameters, "geologic framework," repre-
sents a set of synthesized parameters that will eventually constitute
"characterization parameters." The form and content of these parameters are
under development but will provide a vehicle for reducing the data repre-
sented by activity parameters" to a proper form for transfer to uses in
design and performance analysis.

As previously mentioned, a three-dimensional model could be developed
based only on physical property data from core samples. Various interpola-
tion methods can be used to estimate the variation in the value of a property
of the rock between the locations of the samples. The use of the rock prop-
erty data determines the degree to which it is important to know precisely
how a particular property varies with the distance from the sample location.
For example, if a hydrologic numerical model for calculating ground-water
travel time requires a value for the effective permeability, several con-
siderations will determine how well effective permeability must be known.
First, the question of what level of uncertainty on travel time is acceptable
should be addressed. Second, the sensitivity of the travel-time calculation
to the effective permeability must be determined. If the travel time is very
sensitive to permeability and the uncertainty associated with the calculation
must be small, activities to obtain additional information to better describe
the spatial variability of the parameter are justified. The planned geologic
and geophysical studies are intended to identify correlations between the
properties of interest that can be directly measured and other properties
that must be estimated. The results of the geologic studies will therefore
be used to calibrate the geophysical data and provide additional sources for
correlating parameter information.

Alternative conceptual models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that
summarize (1) the current hypotheses regarding how the site can be modeled
and how modeling parameters can be estimated; (2) the uncertainty associated
with this current understanding, including alternative hypotheses that are
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also consistent with available data and that may compose an alternative
conceptual model; (3) the significance of alternative hypotheses; and (4) the
activities or studies designed to discriminate between alternative hypotheses
or to reduce uncertainty. Integration of information from different
disciplines increases confidence in the data and is often necessary to com-
prehensively evaluate alternative hypotheses. The inductive reasoning proc-
ess based on the results of hypothesis tests will be used to validate models
for assessing the long-term performance of the site (Section 8.3.5.20).
Accordingly, the hypothesis-testing tables for each site program call for
information from studies and activities in other programs, as appropriate.
Table 8.3.1.4-2 is the hypothesis-testing table for the site rock
characteristics program.

To help ensure comprehensiveness of the hypotheses considered in Ta-
ble 8.3.1.4-2, hypotheses for modeling site rock characteristics have been
divided into elements or components that describe the geological domain
covered by the model, the stratigraphic geometry that affects the behavior of
the model, and the structure elements that affect the model. These elements
are listed in column one.

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

The third column in Table 8.3.1.4-2 provides a judged level of uncer-
tainty designated high, medium, or low associated with the current represent-
ation for each element. A brief rationale for the judgment is also given.

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

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

Column six gives the needed confidence in the indicated pezrormance
measure or performance parameter, as defined in the performance allocation
tables.

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

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.
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Table 8.3.1.4-2. Current representation and alternative hypotheses for models for the rock
characterization program (page 1 of 5)

Studies or
activit ies

Uncertainty and Alternative to reduce
Current representation rational* hypothesis Significance of alternative hyeothesis uncertainty

--Neoed con-

fidence in Sensitivity of
Performance measure, parameter or parameter or

Hodel Current design o: perform- pertormance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty

Geologic Area encompassing
domain controlled area

and defined by
major structural
boundaries to
west, north, and
east, end arbi-
trarily by a few
km outaide con-
tt.lled area to
South

Vertical extent
includes entire
tertiary section

Low--properties sn4
processess outside
model domain
unlikely to affect
rock properties
within controlled
area

Low-medium--proper-
ties of rock below
Tertiary unlikely
to be significant
influence on design

II.
.e.

None

Vertical extent
includes Ter-
tiary section
plus upper part
of underlying

aeleozoic

Ground-water travel
time /GWrTTJ;
radionuclide
release to access-
ible environment,
repository design

GWTt: radionucide
release to
accessible envir-
onment

High Low--geologic
domain encom-
passes likely
extent of con-
trolled area

High Low--repository,
all facilities
and primary

barrier (unsatu-
rated zone) are
entirely within
upper part of

Tertiary section

Low--existing
data indicate
that geologic
domain is not

1hkely to
change

Low--pertform-
ance or
design not
likely to be
affected by
properties
below Ter-
tiary section

Low-medium--
more adequate
characterira-
tion of unit
contacts and
and vertical
variability
within units
needed

Investigation
8.3.1.4.2--
geologic frame-
work

8.3.1 .4.2.1,
8.3.1.4.3.1

Strati- FirsE-order ver-
graphic tical variability
geomtry imparted by east-

dipping layered
volcanic and
volcaniclastic
sequences

Nedium--distinct
changes in lithol-
ogy, including
weIding of asb
flove, correspond
to well-detined
atfatigrephic
units, bowevnr
vertical varia-
tion within
units are less
well defined
and may be as
important

Mediumi--geomet ry
of mineralogical
alteretiom bomee
not well knows

Laterally aniso-
tropy due to
variation in
primary crys-
tallisation and
secondary alter-
ation of individ-
cal layers

GMT; ground quality,
thermal/mechanical
response, radio-
nuclide releasca
to accessible
environment, depth
to lower boundary
of primary barrier,
geochemical retard-
ation properties of
host rock and
underlying units

High High--vertical var-
iability defines
GWTT and radionuc-
lide migration

B3.1.4.2.1,
8.3.1.4.3.1

Second-order
vertical varia-
bility in rock
properties
imperted by

Mineralogical
alteration does
not affect rock
propertie. of
interest

Same as above High High--GWTT and
redionuclide
migration

High--more ade-
quate charac-
teristics
of the upper
boundary of

8.3.1.3.2.1,
8.3.1.3.2.2,
8.3.1.3.4.1,
8.3.1.4.2.1,
8.3.1.4.3.1



Table 8.3.1.4-2. Current representation and alternative hypotheses for models for the rock
characterization program (page 2 of 5)

Studies cr
ac ivi te

Uncertainty and Alternative to reduce

Current representation tationale hyxcthesis Significance of alternative hycothesis uncertair
Padded con-
!idence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

clemant representat ion ance parameter measure to hypothesis uncertainty

'U

I.-.

Strati-
graphic
geometry
Econtinued)

manoralogical
alteration in
distinct quasi-
horizontal zones
transacting
primary unit
contacts

mineralogical
alteration is
geometrically
random and can-
not be mapped

mineralogical
alteration is
very important

5-r%)

First-order lateral
variability
within layered
rock units impar-
ted by volcanic
and volcaniclat-
tic depositional
proceaaer related
to distance to
source, i.e.,
properties within
units are noa-
stationary

Lateral end verti-
cal veziability
of rock proper-
ties is heteto-
geneous and gao-
statistical anal-
ysis techniques
Ivariogram, auto-
ccrrelation) aro
adequate for
characterizing
heterogcnity

Medium--site data
and numerous
analyses strongly
indicate lateral
change in rock
properticn and
magnitude of
changes is related
to coefficient of
variation end is
unknown

No systematic
lateral change
in rock prop-
erties occur in
layered volcanic
and volcanistic
sequences

Same as above High Medium--lateral
variability has
less effect on
GITT and radio-
nuclide migration

High-medium--
magnitude of
lateral chan-
ges need to
be better
characterired
before effect
on performance
and design can
be evaluated

0.3.1.4.1.3,
8.3.1.4.2.1,
8.3.1.4.3.1

Nadium-bigh--local
maIl-scale va&ia-

bility pay be so
great tkat units
may be considered
homogeeoun, i.e.,
nugget effect is
large relative to
variance at sill

Variability of
parameters within
the units is
purely homoge-
Aeous

Other Markovian
processes can
be used to
characterize
heterogeneity
such as fractal
analysis. Fourier
analysis, and
others

Same as above high to Medium--modal used
sodium significantly

affect resulting
Gflt and radio-
nuclide migration
calculations and
design

Low--for per-
formance
assessment
because model-
ing scale will
be set conser-
vatively equal
to or larger
than the
variogram
range

Medium--for
design since
local failures
may depend on
small-scale
variogram
structure

8.3.1.4.2.1,
8.3.1.4.3.1.
8.3.1.4.3.2

1-.



Table 8.3.1.4-2. Current representation and alternative hypotheses for models for the rock
characterization program (page 3 of 5)

Studies or
act ivit isa

Uncertainty and Alternative to reduce

Current retresentation rationale hypothesis Significance of alternative hypothesis uncertainty
,.eeaea con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce
element representation ance parameter measure to hypothesis uncertainty

LD

Structure First-order lateral Low--available data
anisotropy indicate faults
imparted to rock and fractures ate
PAss by tectonic tonally distributed
faults and frac-
tures that
increase in
abundance to
south

Intact blocks are High--tfults are
inclined and rec- curvlinear in
tangular in cross- plan; they may
section and are curve and flatten
bounded by imbri- with depth
cate normal faults
that continue at
depth as parallel
faults

Fra tures along Low--drillhole data
me intercon- indicate many
nected pathways fractures are open
are open in upper km

Faults and frac-
tures are
uniformly dis-
tributed in geo-
logic domain

Intact blocks are
lensoid in all
dimensions due to
imbricate normal
faults that ana-
siomose and
flatten with depth

Fractures are
essentially
closed

Fractures apertures
cotrrlated with
orientation and
magnitude of
principal
stresses

GWTT (depth to water
table, gradient
fracture permes-
bilitya, usable
area

Usable area, ground

quality, potential

for significant
displacement,
drifts and accesses
usable for 100 yz,
rockfall

GWTT; radionuclide
release to
accessible envir-
onment

Same as above

High Medium--GWTT in
saturated zone
may be dependent
on fracture dis-
tribution

High Nigh--alternative
interpretation of
geometry of fault

blocks could
affect usable

a"*& of reposi-
tory

High High--open frac-
tures would sig-
nificantly effect
GWrT, especially

in the saturated
tone

Medium--effects
of structural

anssotropy

on perform-
ance needs
better under-
standing

High--effects
of fault geo-
metry on
usable area
of reposi-
tory needs

evaluation

Medium--satu-
rated-zone
GWTT depends
on fracture
aperture, but
is backup
barrier,
unsaturated-
zone GMTI
depends on
matric poten-
tial more
than aper-
ture

Medium--satura-
ted-zone GWTt
depends on
fracture

aperture, but
is backup

8.3.1.4:1 .3,
8.3.1.4.2.1,
8.3.1.4.2.3,
8.3.1 .4.3.1,
8.3.1.4.3.2

Same as above

Same as above

Vertical and
lateral varia-
tion in degree
of alteration

Medium--prelininary Converse
data support
current represen-
tation

Same as above High High--openess
of fractures

would signifi-
cantly affect
GM T and radio-
nuclide migration

Same as above



Table 8.3.1.4-2. Current representation and alternative hypotheses for models for the rock
characterization program (page 4 of 5)

Studies or
activities

Uncertainty and Alternative to reduce
Current representation rationale hypothesis Sionificance ot alternative hxeothesis uncertainty

Feepeo Con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

element representation *nce parameter measure to hypothesis uncertainty

barrier,
unsaturated-
zone GWIT
depends on
matric poten-
tial more
than aper-
ture

co

L.a.

t%)I

Opel. fractures
are coated with
secondary *an-
erals

nedli u--preli iLinry Converse

data support cur-
rent representa-
tion

Same as above nedium 4edium--secondary
coating of open
fractures not
expected to sig-
nificantly affect
GWTT or radio-
nuclide migration

Fracture aperture
is very sensitive
to small changes
in stress and to
applied hydraulic
loadiag

Low-medium--varia-
tion in tectonic
stress not likely
in 10,000 years

Fracture aperture Same as above
is not sensitive
to stress changes

High Low--probability of
changes in stress
and significant
hydraulic loading
is low

nedium--addi-
tional data
needed on
nature of
secondary
minerals
coating open
fractures

Medium--effect
on GWTT not
significant
for pre-1aste
eoplacement
in controlled
area but
radionuclide
migration of
10,000 yr
may be sig-
nificant

8.3.1.17.4.S

8.3.1.3.2.1 3,
8.3.1 .4.2.2.
8.3.1 .4.2.3.
8.3.1.4.3.1,
8.3.1.4.3.2



Table 8.3.1.4-2. Current representation and alternative hypotheses for models for the rock
characterization program (page 5 of 5)

.)

I.I

Studies or
activities

Uncertainty and Alternative to Ceduce
Current representation rationale hy othesis Stanificance of alternative hpothesis uncertainty

Weedae con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

element representation ance parameter measure to hypothesis uncertainty

Structure Lateral variation Same as above High Medium--heterogen- hedium--addi- 8.3.1.17.4.8
Icon- in fracture aper- iety in distribu- tional data
tinued) ture correlated tion of aperture needed on

with lateral could affect GWTT possible cor-
variation in relatrion
in situ stress between aper-

ture and
stress

tock The repository Mediium--current Converse Emplacement bore- High High--GTT; radio- High--alter- 8a3.1.42.2,
character- block does not estimates of tip hole stability nuclide migration native hypo- 8.3.1.8.2.1,
istics contain a large in situ stress retrieval, con- thesis ques- 8.3.1,8.3.3,

number of faults state and assutmcd tainer lifetime), tions suita- 8.3.1.15.2.1,
that will result distribution, room stability bility of 8.3.1.17.2.1,
in localized orientation, and (worker safetyl, site 8.3.1.17.4.8
failures through- properties of permeability
Out the reposi- faults precludes (GWTT, radio-
tory when sub- inducing movement nuclide aigra-
)ected to expec- along a majority tionl, seal
ted conditions of the faults when performance
(i.e., tepea- excavation and
turo, excavation thermally induced
and thermally stresses are
induced stress) introduced

Localited failure Hedium--steble Converse Same as above High Sam as above Same as above 8.3.1.4.2.2,
along nuaerous openings indicated 8.3.1.4.2.3,
fracture zones by empirical and *.3.1.8,2,1,
when subjected numerical analysis 8.3.1.8.3.1,

to expected con- 8.3.1.8.3.2.
ditions (i.e., 8.3.1.6.3.3,
temperature, .3.1.17.2.1,
excavation and 8.3.1.17.4.1
thermally induced
si1Cess
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The final column identifies the characterization studies or activities
that will discriminate among alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

Interrelationships of rock characteristics investigations

This characterization program has been divided into three investiga-
tions: (1) development of an integrated drilling program and integration of
geophysical activities, Investigation 8.3.1.4.1; (2) geologic framework of
the Yucca Mountain site, Investigation 8.3.1.4.2; and (3) development of
three dimensional models of rock characteristics at the repository site,
Investigation 8.3.1.4.3. Feeding into Investigation 8.3.1.4.3 will be the
results of investigations in Section 8.3.1.2 (geohydrology), Section 8.3.1.15
(thermal and mechanical rock properties) and Section 8.3.1.3 (geochemistry).

8.3.1.4.1 Investigation: Development of an integrated drilling program and
integration of geophysical activities

This investigation is composed of two planning and evaluation
activities. The first activity is designed to provide a mechanism for
overall integration of the surface-based activities to be conducted during
site characterization. Integration is important to ensure that the data
needed to improve site models for use in performance assessment and
repository design are obtained in an efficient and cost-effective manner.
The second activity is designed to provide a focal point for integration of
all geophysical site characterization activities. Because geophysical
activities provide data to a number of site programs, as well as to both
performance and design issues, it is important that the planned activities
are periodically reviewed to determine if the data base being developed is
adequate for the range of planned uses.

8.3.1.4.1.1 Activity: Development of an integrated drilling program

Objectives

The objectives of this activity are to

1. Ensure representativeness of data acquired during surface-based site
characterization activities and that data represent the range of
phenomena and structural characteristics needed for performance
assessment.

2. Integrate and prioritize surface-based activities to produce a
schedule that best addresses representativeness and efficacy
concerns, given budgetary constraints. Monitor conformance with
plans, especially with respect to site performance impact
(particularly the nature and extent of surface disturbance, fluid
use, and penetrations of the unsaturated zone and the repository
horizon). Review planned activities with respect to methodology,
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monitor activities in progress, and provide a means to effect
changes if necessary. Address sample and data requirements through
linkage and integration with other activities.

3. Maintain a system of technical element baseline approval and
control. Such a system is needed to ensure conformance with
planning and integration, and to control changes to plans that have
the potential to adversely impact site performance; testing
interference; or data and samples exchanged between activities.

Parameters

There are no parameters for this activity.

Description

Drilling is an integral part of many of the surface-based investigations
planned to obtain information needed for repository design and performance
assessment. The specific activities and proposed boreholes are summarized in
Section 8.4 and each program investigation. More specific and updated
technical data on these activities are provided in the Surface Based
Investigation Plan (in draft). Boreholes have been sited to satisfy two
different strategies: (1) characterize anomalies and gather data on
subsurface conditions to sample known or inferred features of interest and
(2) characterize the statistical distribution of needed parameters to obtain
samples representative of an entire volume of interest. Consistent with the
requirements of 10 CFR 60(c)(4), the location and drilling of the exploratory
boreholes are being coordinated with the repository design. More details of
this coordination, particularly with regard to the potential impact of site
characterization activities on repository performance, are provided in
Section 8.4.

To this end, the integration of surface-based borehole siting, sampling,
and testing will be optimized by (1) coordinating sampling and testing
programs to reduce redundant sampling and testing; (2) minimizing both the
potential alteration of ambient surface and subsurface conditions within the
repository environment and the creation of possible preferential pathways
caused by drilling boreholes that need to be sealed as required by 10 CFR
60.134; (3) ensuring that drilling and sampling methods are well matched to
applicable technical, regulatory, and scientific requirements; (4) maximizing
cost-effectiveness of drilling program; and (5) maximizing information
obtained by increasing both the sampling of the subsurface rock mass and the
data obtained from in situ monitoring activities. Each drillhole proposed in
various site characterization programs (see Section 8.4 and specific program
investigations) represents a source of data intended to answer a particular
requirement of design or performance assessment. Where feasible, objectives
for separate, currently planned holes may be combined, if appropriate data
can be obtained from a single hole. The process of integrating the drilling
program as site characterization proceeds may include the addition of new
drillholes or deletion of previously scheduled holes as a result of pre-
liminary results of early studies and activities.
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Planned surface-based field activities have been integrated to a
significant degree. Examples of such integration are (1) all planned
penetrations of the repository horizon in the immediate vicinity of the site
will meet the criteria of the systematic drilling program to reduce the total
number of penetrations; (2) the prototype unsaturated-zone drilling activity
will support selection of drilling methods for the multipurpose boreholes
(MPBH) (presently being reevaluated), the unsaturated-zone boreholes, the
systematic drilling program, and the site vertical borehole study; (3) a
series of tracer tests in the-C-hole complex will determine if existing
drillholes across the site will suffice for saturated-zone characterization
instead of additional multi-well complexes; and (4) the drilling schedule is
based on prioritization of surfaced-based testing activities, which is linked
to generally recognized performance assessment requirements.

An initial program of surface-based activities will be evaluated and
baselined. Additional detail on the drilling and borehole testing proposed
in the SCP is provided in the Surface Based Investigation Plan (SBIP). The
effect of this integration activity will be two-fold: (1) the program of
activities will be evaluated and modified, as necessary, to ensure that
interference between activities and potential effects on site performance
will either be eliminated or mitigated to the extent practical and (2) the
program will be subject to a technical change-control procedure pertaining to
surface-based testing that will ensure that changes to activities will not
have an adverse impact on site performance or adjacent activities. Acti-
vities in the SCP will be evaluated to identify proposed sampling and to
identify any changes needed to the existing drilling program to satisfy
sampling requirements that are not attached to specific boreholes.

Revisions resulting from evaluations of representativeness of data,
potential test interference, site performance, advanced conceptual design,
and license application design impacts will be described in the semiannual
progress reports. Likewise, new data, analyses, or topical information will
be made available in order to continue the process of integration. This
process will develop, using the above information, new priorities and
schedules to be used for near-term and long-term field activities planning.
The SBIP will be updated at regular intervals to maintain current information
on the updated activity plans for drilling and borehole testing.

8.3.1.4.1.2 Activity: Integration of geophysical activities

Objectives

This activity will provide a mechanism for information exchange, an
analysis of data and other technical information, and an overview of planned
geophysical site characterization activities. The objectives for geophysics
integration are to increase (1) the effectiveness of planned geophysical
surveys through consideration of past efforts both within and outside the
Yucca Mountain Project and (2) the overall effectiveness of geophysical ex-
ploration by analysis of how each planned survey addresses specific infor-
mation requirements for site licensing.
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Parameters

No activity or characterization parameters are produced by this
activity.

Desriotion

Planned geophysical surveys will collect different types of data that
will be used to support geologic, hydrologic, and tectonic models of the
site. These models serve as the basis for certain performance assessment and
design analyses. The models are identified in Sections 8.3.1.2 through
8.3.1.17. Much of the geophysical information obtained will not directly
provide parameters for use in probabilistic assessments. Rather, performance
assessment and design are supported by the use of such geophysical informa-
tion to ensure that the range of variability of site characteristics consid-
ered in calculations is representative of actual site conditions. Similarly,
geophysical applications such as fault detection are a form of nonprobabi-
listic support for the representativeness of site data.

This integration activity will review and evaluate planned geophysical
surveys for (1) consistency with the results from past surveys, (2) direct or
supportive uses of the data for licensing, (3) the likelihood that useful
data will be generated, (4) the need for the planned effort with respect to
alternate methods for obtaining the data, and (5) scheduling with respect to
other studies and the overall priorities for site characterization. An on-
going component of this activity involves planning, study plan review, mon-
itoring performance of field activities, review of applicability of various
geophysical activities, and development of an overall strategy for applica-
tion of geophysical methods.

An additional component of this activity will involve detailed review
and evaluation of particular applications for geophysical methods, including
feasibility studies when appropriate. Methodological information, including
results from past geophysical activities at Yucca Mountain, will be reviewed
to ensure the effectiveness of planned activities. Existing geologic and
hydrologic information, and interpretations from past geophysical activities,
will be evaluated to identify specific needs to be addressed. Information
needs identified through the performance allocation process for technical
areas, such as tectonics, mineral resources, rock characteristics, and hy-
drology, will be further defined and assessed for common objectives. The
following applications of geophysical methods will be reviewed: (1) inter-
mediate depth structural characterization of Yucca Mountain and vicinity
(Study 8.3.1.17.4.7), (2) detection and characterization of fractures and the
extent of fault zones within the conceptual perimeter drift boundary and
immediate vicinity (Study 8.3.1.4.2.2), (3) depth to the water table in the
vicinity of the site (Study 8.3.1.2.3.1.2), and (4) detection of potentially
economic mineral deposits (Study 8.3.1.9.2.1). As the reviews and evalua-
tions progress, changes in planned activities will be reported in semiannual
progress reports.
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8.3.1.4.2 Investigation: Geoloaic framework of the Yucca Mountain site

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of Chapter 1 of this document summarize available
data relevant to the Yucca Mountain stratigraphy and structure, and identify
areas of insufficient or inconclusive information:

SCP section Subject

1.2.2.2 Cenozoic rocks (stratigraphy and lithology at Yucca
Mountain)

1.3.2.2.2 Structures and structural history of Yucca Mountain

1.8.1.2 Stratigraphy and lithology

1.8.1.3 Structural geology and tectonics

1.8.2.1 Relation of geology to repository design

Parameters

Table 8.3.1.4-1 summarizes the geologic characteristics that will be
measured or calculated as a result of the studies planned for this investi-
gation. The geologic characteristics provided through this program will be
used in developing the hydrogeologic stratigraphy in Section 8.3.1.2, and the
geochemical stratigraphy in Section 8.3.1.3. The geologic characteristics
will also be combined with the data developed in Investigations 8.3.1.15.1
and 8.3.1.15.2 and in Site Programs 8.3.1.2 and 8.3.1.3 to develop three-
dimensional models of thermal, mechanical, hydrologic, and geochemical
properties in Study 8.3.1.4.3.2.

Purpose and objectives of the investigation

The objectives of this investigation are three-fold and, in general,
cover those studies and activities that will allow an understanding of the
large-scale variation in stratigraphy and structure in support of design and
performance assessment calculations. First, this investigation will provide
primary data on the lateral and vertical variations in site stratigraphy
through acquisition of borehole cores and cuttings and surface geologic
mapping. Second, it will provide information that will allow three-
dimensional modeling (through the use of borehole and surface geophysical
surveys) of the variation in properties of interest between points of primary
data. Lastly, it will provide information on the lateral and vertical vari-
ation of structural elements that may affect in situ properties of interest
(e.g., fracture-related flow) in conjunction with site characterization
investigations on geohydrology, geochemistry, postclosure tectonics, and
seismicity (i.e., preclosure tectonics) (Sections 8.3.1.2, 8.3.1.3, 8.3.1.8,
and 8.3.1.17).
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Technical rationale for the investigation

Development of a comprehensive, three-dimensional description of geo-
logic and geophysical characteristics of the site requires integration of
information from subsurface investigations, geologic mapping, surface-based
and subsurface- geophysical surveys, and geologic studies in the exploratory
shaft and underground drifts. This model provides the geologic constraints
for developing quantitative three-dimensional models of rock properties in
Investigation 8.3.1.4.3. Such a model must be compatible with the strati-
graphic, structural, and tectonic setting of the region, and must incorporate
genetic models that address depositional, thermal, and alteration histories
of local volcanic rock units, part of which are developed under Site Program
8.3.1.8.

On the basis of structural considerations, the areal extent of geologic
investigations at Yucca Mountain can be divided into two areas, repository
perimeter drift and site, as defined below (Figure 8.3.1.4-2). The perimeter
drift defines an area where a significantly lower concentration of faults has
been mapped relative to surrounding areas. This area is bounded on the north
and northeast by Drill Hole Wash. The Solitario Canyon fault zone marks its
western border, and a belt of small-scale structural features north of
Abandoned Wash limits its eastern and southeastern extents. The site area
boundary is located outward approximately 4 to 12 km from the boundaries of
the perimeter drift. The northern, eastern, and southern limits of the
region of investigation around the site are selected primarily on the basis
of differences in structural styles inferred from existing geologic maps
(Scott and Bonk, 1984; Maldonado, 1985). They include Prow Pass (Claim
Canyon Caldron), Fortymile Wash, and a northeast-trending lateral fault south
of Busted Butte. The western boundary of the study region has been selected
at the Windy Wash fault zone on the basis of maintaining a similar amount of
lateral distance from the perimeter drift.

The site geologic investigations can be divided into three principal
investigations: (1) development of an integrated drilling program
(8.3.1.4.1), (2) geologic framework of the Yucca Mountain site (this investi-
gation), and (3) development of three-dimensional models of rock character-
istics at the repository site (8.3.1.4.3). The area of investigation will
include a larger area than the site as the understanding of the character-
istics of each lithostratigraphic unit on a regional scale will allow a
higher level of confidence when using deterministic infoor-ation to interpo-
late between drillholes, shafts, and surface exposures within the site area.
Integration of these investigations requires continual correlation at all
levels from data collection to analysis and interpretation. These investiga-
tions will provide geologic, geomechanical, geothermal, geohydrologic, and
geochemical information for the data base needed by the performance and
design issues (Table 8.3.1.4-1).

Geophysical surveys may play a major role in providing information on
the gross spatial distribution of bulk properties. They also will be used at
particular drillholes to interpolate between depth intervals from which cores
or other samples were acquired. Geophysical surveys will be evaluated, and
if proven effective, will be used to detect possible rock property contrasts
between drillholes. Surveys not proven to be effective will be eliminated
from the investigations pr-gram. The results of direct in situ measurements
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Figure 1.3.1.4-2. Areas of geologic investigation at Yucca Mountain
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made from drillholes and from the exploratory shaft facility, will be used to
analyze data from methods such as seismic or electrical tomography to develop
quantitative and empirical relationships needed to characterize subsurface
variability between shafts and drillholes. A fundamental element of strati-
graphic studies is the development of a data base of rock sample analyses
collected from holes drilled for geologic and hydrologic purposes. Contin-
uously ccred geologic drillholes will continue to be used to establish the
reference stratigraphic framework to currently planned depths of 1,828 m from
which comparative studies between geophysical and geologic characteristics
can be made. Geophysical relationships that are established in core studies
can then be applied to the stratigraphic study of rotary drillholes (where
rock samples are limited to drill bit cuttings and sidewall samples) and to
the geologic interpretation of data derived from surface-based and subsurface
geophysical surveys. With the incorporation of additional stratigraphic data
collected from surface field studies, a more complete stratigraphic data base
will be used to map the distribution of intrinsic lithologic characteristics
within Yucca Mountain. Primary geologic parameters that influence the dis-
tribution of rock properties include chemical composition, degree of welding,
primary crystallization, and type and degree of alteration. Surface and sub-
surface mapping of lithologic characteristics within stratigraphic units aids
in interpreting the transportation, emplacement, cooling, and alteration his-
tories of major ash-flow tuff sheets. In turn, these interpretations will
aid in the prediction of physical properties in parts of the repository block
where relatively few subsurface samples will be collected. Stratigraphic
investigations are grouped under Study 8.3.1.4.2.1.

Characterization of the structural setting of the site requires detailed
study of local fault and fracture systems and their relation to the local and
regional stratigraphic, tectonic, and geophysical framework. Recognition of
small-scale structures within and near the site area is achieved through
detailed mapping of zonal features of exposed ash-flow stuffs and interpreta-
tion of detailed surface and subsurface geophysical surveys. An under-
standing of the fracture network at the site requires the application of
innovative approaches because the fracture system (1) is poorly exposed at
the surface, (2) is predominantly composed of steeply dipping (high-angle)
fractures, (3) includes fractures induced by both tectonic and cooling proc-
esses, and (4) includes strata-bound subsystems. Lateral components of the
system are studied principally by mapping and analyzing surface exposures.
Characterization of the vertical component of the fracture system will
largely be achieved through detailed study of the exploratory shaft and
drifts, and to a lesser degree, by examination of drillhole walls and core
samples. In addition, borehole geophysics, particularly surface-to-borehole
seismic profiling, cross-hole seismic surveys, and borehole-to-surface elec-
trical resistivity methods may provide information regarding bulk distribu-
tion of fractures. Structural investigations are grouped under Study
8.3.1.4.2.2.

Stratigraphic and structural information will be used in Investigation
8.3.1.4.3, to constrain the interpretation of thermal and mechanical proper-
ties (Investigation 8.3.1.15.1), the in situ thermal and stress conditions
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(Investigation 8.3.1.15.2), geohydrologic properties (Investigations
8.3.1.2.1 and 8.3.1.2.2), and geochemical properties (Investigation
8.3.1.3.2). The final product (Study 8.3.1.4.3.2) is a three-dimensional
model of rock characteristics of Yucca Mountain, which will be used in
verifying the design of the underground facility and assessing performance.

8.3.1.4.2.1 Study: Characterization of the vertical and lateral
distribution of stratigraphic units within the site area

The objective of this study is to determine the vertical and lateral
variability and emplacement history of stratigraphic units and lithostrati-
graphic subunits within the Yucca Mountain site area.

Geologic mapping, geophysical surveys, borehole evaluations, and geo-
logic sampling, testing, and analysis will be used to gather pertinent
geologic data, develop lithologic correlations, and describe the geologic
stratigraphy of the site area. Surface-based mapping and borehole activities
will be complemented by geologic mapping and testing in the exploratory shaft
and drifts (Activity 8.3.1.4.2.2.4).

Activities planned for this study include (1) surface and subsurface
stratigraphic studies of the host rock and surrounding units, (2) surface-
based geophysical surveys, (3) borehole geophysical surveys, (4) petro-
physical properties testing, and (5) correlation of stratigraphy and rock
magnetic properties.

8.3.1.4.2.1.1 Activity: Surface and subsurface stratigraphic studies of the
host rock and surrounding units

Objectives

The objective of this activity is to determine the spatial distribution,
history, and characteristics of stratigraphic units within the Paintbrush
Tuff, tuffaceous beds of Calico Hills, Crater Flat Tuff, and possibly older
volcanic rocks within the site area.

Parameters

The characterization parameters for this activity are

1. Welding and primary crystallization characteristics of lavas and
ash-flow tuffs.

2. Petrographic characteristics.

3. Pumice characteristics.

4. Type and abundance of lithic fragments.

5. Characteristics of lithophysal zones.
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6. Degree and type of alteration.

7. Depth, thickness, attitude, and extent of lithostratigraphic units.

8. Location and general characteristics of bedded tuff intervals,
including grain size and sorting characteristics, diagenetic mineral
phases, and depositional characteristics.

Description

Characterization of the stratigraphic sequence within the site area will
use (1) borehole drilling and coring, (2) sampling, lithologic examination,
and analysis of drill-bit cuttings and core, (3) borehole video surveys and
logging, (4) surface-outcrop mapping; (5) petrographic and geochemical
analysis of drillcore, cuttings, and outcrop samples, and (6) surface and
borehole geophysical surveys.

Geologic and geophysical data derived from existing holes and additional
holes will provide information to aid in the development of three-dimensional
rock characteristics models of the proposed repository area.

Pending the integration of the drilling program, three additional
continuously cored holes may be drilled (Figure 8.3.1.4-3) in the vicinity of
the site to better explain inferred geologic and geophysical anomalies and to
help determine the lithologic variability in the Paintbrush Tuff, tuffaceous
beds of Calico Hills, and Crater Flat Tuff. One hole (USW G-5) would be
located along the northeast flank of Yucca Mountain, to determine if abrupt
changes in lithologies of underlying units or changes in structural style
within Yucca Wash are factors that influence the steeper gradient in the
potentiometric surface north of drillhole USW G-1. Another hole (USW G-6) is
planned along the northwest flank of Yucca Mountain in the vicinity of Windy
Wash. This hole is expected to provide representative stratigraphic data for
this area and allow correlation of thicknesses of key stratigraphic units
across the site area. A third hole (USW G-7) may be located about 5 km
southwest of Busted Butte in the southern part of Yucca Mountain. Within
this area the Paintbrush Tuff is extremely thin and appears to on lap an
inferred high point in the preexisting topography. This hole will be used to
determine the nature of this feature and its effect on ground-water travel
times and potential flow paths in southern Yucca Mountain for saturated zone
flow modeling (Section 8.3.1.2.3.3). These holes will allow interpolation of
lithologic characteristics between the repository area where more densely
spaced holes may be drilled (Investigations 8.3.1.4.1 and 8.3.1.4.3) and the
preliminary boundary of the accessible environment.

Studies of the hydrology of the unsaturated and saturated zones include
plans for borehole drilling and coring (Section 8.3.1.2). The total suite of
holes drilled by the DOE will provide an opportunity to study the lateral
variability of the Topopah Spring Member, other members of the Paintbrush
Tuff, tuffaceous beds of the Calico Hills, Crater Flat Tuff, and other units,
and will provide samples for geologic evaluation.
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the lithostratigraphic subunits between the ground surface and the upoer zar:
of the tuffaceous beds of the Calico Hills. The distribution of lithoDhvsa.
zones within the Topopah Spring Member will be mapped in the exploratory
shaft facility.

Bedded tuffs that divide major ash-flow tuffs commonly range in thick-
ness from less than 1 m to about 61 m (Table 8.3.1.4-3) and include a variety
of lithologies that range from -Fine-grained tuffaceous sandstone to very
coarse ash-fa'_ tuf'. Core re~-very is typically poor in the unsaturated
zone; consequently nearby outcrops will be sampled in the northern part of
Yucca Mountain to fill gaps in the data. This study will aid in identifying
stratigraphic lateral continuity and inhomogeneities that may act as poten-
tial lateral flow paths.

Video camera surveys will be performed in all holes drilled in the
vicinity of Yucca Mountain. The textural and tonal contrasts that are seen
on camera logs will provide valuable information about key stratigraphic
features such as the vertical distribution of lithophysal cavities, thin-
reworked and ash-fall tuff intervals, non- to partially welded zones, lithic-
rich zones, spherulitic zones, glassy intervals, relative degree of sorting,
relative sizes of pumice clasts, and nature of contacts between units.
Video-camera observations will be correlated with core, drill bit-cuttings,
and geophysical logs to interpret the subsurface characteristics of rock
units.

The ability to predict lateral variability of the Paintbrush Tuff, tuf-
faceous beds of the Calico Hills, and Crater Flat Tuff beyond the perimeter
drift can be enhanced by conducting a study of outcrops in highlands sur-
-rounding the site area. Stratigraphic sections of sufficient thickness will
be described and measured principally within the southwest quadrant of the
NTS and in Crater Flat. Areas of particular interest will include northern
Crater Flat, Calico Hills, Fortymile Canyon, Little Skull Mountain, Skull
Mountain, and the northernmost part of Yucca Mountain. Efforts will focus on
identifying and correlating lateral variations of subunits of the Topopah
Spring Member (Figure 8.3.1.4-4). Additional thickness data also will be
collected for the Yucca Mountain and Pah Canyon members, tuffaceous beds of
Calico Hills, and Prow Pass and Bullfrog members (Figure 8.3.1.4-5).

Rock samples will be examined megascopically as well as with hand lens
and binocular microscope. Samples of particular interest will be selected
for further petrographic, mineralogical, and isotopic analyses. Samples also
will be selected for detailed petrographic and geochemical analyses (see
activities described in the geochemistry program (Section 8.3.1.3)). Mega-
scopic descriptions, coupled with analyses of selected thin sections and
grain mounts, will focus on identifying distinctive lithologies, key marker
beds, and correlatable sequences. Scanning electron microscopy (SEM) will be
used to characterize distinctive morphologies and interpret modes and
environments of deposition. X-ray powder diffraction and microprobe analyses
on selected samples will be used to identify relative abundance of mineral
phases.

On the basis of the mineralogical studies by Los Alamos National Labora-
tory (Section 8.3.1.3, geochemistry) of core from Yucca Mountain, about 100
intervals (samples) of mordenite-bearing or suspected mordenite-bearing core
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Table 8.3.1.4-3. Volcanic stratigraphy at Yucca Mountain

Potassium-
argon dating
method age Range in

(million Magnetic Rock unita thickness
years) polarityb (m)

10.2 NDC Basalt dikes ND
* Timber Mountain Tuff ND

11.3 * Rainier Mesa Member 0-46
Bedded tuff 0-61

* Paintbrush Tuff ND
12.5 R * Tiva Canyon Member 69-148

Bedded tua_ 1-15
R * Yucca Mountain Member 0-29

Bedded tuff 0-47
R * Pah Canyon Member 0-71

Bedded tuff 0-9
13.1 N * Topopah Spring Member 287-359

Bedded tuff 1-17
13.4d Tuffaceous beds of Calico Hills 27-289

Bedded tuff 0-21
* Crater Flat Tuff ND

N * Prow Pass Member 80-193
Bedded tuff 2-10

13.5 N * Bullfrog Member 68-187
Bedded tuff 6-22

R * Tram Member 190-369
Bedded tuff 3-50

N Dacite lava and flow breccia 0-249
Bedded tuff 0-14

I * Lithic Ridge Tuff ND
Bedded tuff 3-7

13.9 Older volcanic rocks 345+
and volcanogenic
sedimentary rocks

aNames and rankings of some units do not conform to U.S. Geological
Survey usage. Formally recognized names are preceded by asterisks.

bPolarity symbols: R - reversed, N - normal polarity, I - intermediate
between reversed and normal.

CND - not determined.
dAge determined from associated lava flow.
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from drilholes USW G-1, UtSW G-2, USW G-4, and UE-25b#lh will be selected for
additional studies. All samples will be from the Crater Flat TuEf,
tuffaceous beds of Calico Hills, and the lower part of the Paintbrush Tuff.
The mineralogy of each sample will be determined by X-ray powder diffraction.
Results of these determinations will provide the abundance of mordenite (a
zeolite) in each sample and will be the basis for further selecting of
certain samples for additional investigation by optical microscopy of these
sections and arain mounts, SEM, and electron microprobe analysis. Studies by
optical micrcscocv and SEM will provide information on the morphology and
zonation of the various zeolite minerals that may act as sorbing agents for
radionuclides during the postclosure time frame.

Data obtained from geologic mapping, borehole drilling, coring, video
surveys, sampling and petrographic analysis and geophysical studies will be
compiled into stratigraphic and litholoaic models. This information will be
used with geophysical data (Activities 8.3.1.4.2.1.2 and 8.3.1.4.2.1.3)
petrophysical data (Activity 8.3.1.4.2.1.4), rock magnetic properties
(Activity 8.3.1.4.2.1.5), and data from investigation of tectonics and
igneous processes (Site Programs 8.3... and 8.3.1.17) to formulate the site
geologic model in Study 8.3.1.4.2.3. These models will provide the geologic
framework for use in the development of models of the vertical and lateral
variability of subsurface rock properties.

8.3.1.4.2.1.2 Activity: Surface-based geophysical surveys

Objectives

The objective of this activity is to improve confidence in stratigraphic
models of Yucca Mountain by incorporating geophysical constraints.

Parameters

The parameters of this activity are

1. Seismic velocity contrasts, seismic attenuation, seismically reflec-
tive horizons, density variation, local variations in magnetic-field
orientation and strength, and variations in electrical properties
which are associated with vertical or lateral changes in lithology.

2. Lateral continuity of horizons defined by geophysical surveys.

Description

Surface-based geophysical surveys will be used to help define the
lateral and vertical distribution of the stratigraphic units and litho-
stratigraphic subunits of the Yucca Mountain tuffs. These tests will be
integrated under Activity 8.3.1.4.2.1.6 with surface-based geophysical
surveys being performed in other site characterization programs. Table
8.3.1.4-4 summarizes the geophysical techniques that will be used to study
the vertical and lateral continuity of rock units. The table provides
information on the location and scope of the survey and is divided into two
parts. The first part describes geophysical surveys to be used by
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Table 8.3.1.4-4. Summary of geophysical studies for Site Program 8.3.1.4 (rock characteristics)
(page 1 of 10)

Method SC? section Location Scope Decision points Comments

ACTIVITIES DESCRIBED IN STUDIES 8.3.1.4.2.1 AND 8.3.1.4.2.2

Seismology

Vertical seismic
profiling

Intermediate
depth seismic
refraction

8.3.1.4.2.2.5

8.3.1.4.2.1.2

Repository block
and vicinity

E-w line across
Yucca Mountain,
N of block

15 to 25 geotomographic
profiles, 0.2 to 2 km
in length, cross-hole
and surface-down-hole
surveys. Directional
shear and compression
energy sources

Explosive sources;
shotholes

Decision to pro-
ceed (DTP) after
feasibility test

DTP after calibra-
tion in shaft and
drifts

None

Used to map 3-dimensional
network of rock mass
fractures. 20-m per
pixel geometry.

See Sutton (1985)

I-

Paleomagnetism

Site 8.3.1.4.2.1.5 Yucca Mountain Orient drill core as it
becomes available.
Establish reference
orientation through
study of outcrop
samples. Determine
magnetic character of
outcrop samples to
aid in interpretation
of aeromagnetic data

None See Rosenbaum (1983),
Rosenbaum and Rivers
(1984), Rosenbaum and
Snyder (1985),
Rosenbaum (1985)

Borehole geophysical methods

Geophysical
logging

Borehole
gravimetry

8.3.1.4.2.1.3 Yucca Mountain 15 water-table (WT)
drillholes, existing
deep holes that can
be made available,
and all new holes
that reach the base

None Already have data in H-1,
P 1, C 1, G-3, and G-4.
Data will be used to
model structure in the
immediate vicinity of
each borehole, to study
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Method SCP section Location Scope Decision points Comments

ACTIVITIES DESCRIBED IN STUDIES 8.3.1.4.2.1 AND 8.3.1.4.2.2 (continued)

Borehole gravi-
metry (continued)

of the Topopah Spring
Member (Tpt)

lithophysal zones, and
to model the Paleozoic
surface beneath Yucca
Mountain. See Robbins
et al. (1982), Healy
et al. (1984), and
Healey et al. (1986)

I-.

C.
Borehole

magnetic
logs

8.3.1.4.2.1.3 Yucca Mountain 15 WT drillholes, and
new drillholes before
casing operations

None

.

.5-

Used to determine map-
pable magnetic events
for studying structural
integrity of Yucca
Mountain, and to
supplement paleomag-
netic and lithophysal
studies. See Hagstrum
et al. (1980).

Induced
potential
logs

8.3.1.4.2.1.3 Yucca Mountain Test in one or two
drillholes

Evaluate for
effectiveness
after 1 or 2
drillholes

Feasibility study to
*determine if the method
can be used to map
zeolitized rock

Commercially
available
logs

8.3.1.4.2.1.3 Yucca Mountain All existing unlogged
drillholes, all new
holes, and relog
selected holes

None To obtain parameters for
hydrologic, geologic,
and geophysical models,
and to determine uni-
formity and lateral
distribution of rock
properties within the
stratigraphic units.
See Spengler et al.
(1979), Maldonado
et al. (1979), Daniels
and Scott (1981),
Hagstrum et al.
(1980), Daniels
et al. (1981), Muller
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Method SC? section Location Scope Decision points Cotments

ACTIVITIES DESCRIBED IN STUDIES 8.3.1.4.2.1 AND 8.3.1.4.2.2 (continued)

Commercially
available logs
(continued)

(1982), Muller and
Kibler (1983 and 1984),
Spengler and Chornack
(1984), Muller (1985),
and Muller and Kibler
(1985)

.

.5zI

Borehole
radar logs

Acoustic
televiewer
logs and
TV camera
logs

8 .3.1.4. 2.2 .3

8.3.1.4.2.2.3

Yucca Mountain

Yucca Mountain

Drillholes that pene-
trate the base of the
Topopah Spring Member

All Yucca Mountain
drillholes

Evaluate for
effectiveness
after 1 or 2
drillhole3

Primarily used for frac-
ture detection or to
demonstrate the absence
of fractures in the
unsaturated zone

None For fracture and fault
zone detection, and
stratigraphic and
lithologic correlation.
See Healy et al.
(1984), Stock et al.
(1984), Stock and
Healy (1984), Stock
et al. (1985)

Large spacing
electromag-
metic IEM)
and resi5
tivity
logs

8.3.1.4.2.1.3 Yucca Mountain Selected drillholes After evaluation
of surface and
borehole data

To determine accurate
large-volume in situ
values for studying
fracture and litho-
phyaal zone, - d for
interpreting anomalies
detected with surface
and borehole data

Borehole to
surface methods

Resistivity
and EN
methods

8.3.1.4.2.1.3,
8.3.1.4.2.2.3

Yucca Mountain Selected drillholes After evaluation
of surface and
borehole data

W

For fracture studies in <
the unsaturated zone,
to obtain detailed
structure in areas of
anomalous surfar
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Method SCP section Location Scope Decision points Comments
I-.

ACTIVITIES DESCRIBED IN STUDIES 8.3.1.4.2.1 AND 8.3.1.4.2.2 (continued)

Resistivity and
EM methods
(continued)

geophysical data and
in critical locations
such as the shaft site
and surface facilities
locations, and to
verify projected
faults at critical
locations. See Daniels
and Scott (1981)

Same as previous, and to
obtain parameters for
designing effective,
deeper-penetrating
seismic surveys

C)

Z.,)

IA

High reso-
lution P
and S wave
seismic

8.3.1.4.2.1.3 Yucca Mountain Selected drillholes After evaluation
of surface and
borehole surveys

Surface to
hole
seismic
refraction

8.3.1.4.2.1.3 Yucca Mountain Selected drillholes After evaluation
of surface and
borehole surveys

Same as two previous, and
for critical fault
location and bed
tracing

Borehole to
borehole
methods

Petrophysics

8.3.1.4.2.2.5

8.3.1.4.2.1.4

Yucca Mountain
close-spaced
holes for
hydrologic
testing and
for surface
facilities
studies

Yucca Mountain

Selected drillholes

Selected core from
cored drillholes

None Geotomography to map
fractures and demon-
strate mappabiiity
of features that inter-
sect the drillholes
using resistivity, EM,
radar, and high reso-
lution P and S seismic
(Yo Yo) methods

None To verify geophysical log
accuracy, calibrate
computed logs, deter-
mine properties that
are not or cannot be
measured in situ, and
to model and interpret
surface geophysical
studies
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Method SCU section Location Scope Decision points Comments

SUMHARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2

CD:

U)

Seismology

Deep refraction

Shallow (Bison)
refraction and
shear wave
refraction and
reflection

8.3.1.17.4.3.1

8.3.1.17.4.4.1
and others

e-" transect,
Indian Spring-
Stovepipe Wells
(Figure 8.3.1.-
17-12)

Quaternary
faults, Yucca
Mountain and
vicinity

Reversed profiles and
cross-profiles, shot-
points 8- to 20-km
spacing

250-500 m traverses,
portable instruments,
sledgehammer energy
source. Shear wave
method uses 12 (or
more) geophones, 3-m
spacing

None Existing surveys shown in
Figure 8.3.1.17-13.
See Pankratz (1982),
Mooney et al. (1982),
Hoffman and Mooney
(1983), Hoover et al.
(1982), Monfort and
Evans (1982), and
Sutton (1984)

Number and loca-
tion to be
decided on the
basis of geo-
logic mapping

Maximum depth of penetra-
tion 100 m. Used to
detect offset in sur-
ficial deposits. Shear
wave method capable of
detecting 30 cm offset

Evaluation of
proposed deep
reflection
survey

8.3.1.17.4.3.1 Proposed survey
l5km test
located to the
south of Amar-
gosa Valley or
southwest of
Beatty

To be determined DTP after evalu-
ation of prelim-
inary tests
(15 km recon.

line) and peer
review

COCORP survey extending
northward into southern
Death Valley produced
marginal quality data,
although data in the
upper one second are
locally good. Five- and
ten-second reflections
were imaged with fair
continuity. See
de Voogd et al. (1986).
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Method SC? section Location Scope Decision points Comments

SUMMARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2 (continued)

Intermediate
reflection and
intermediate
refraction

Shallow (Mini-
sosie) reflec-
tion

8.3.1.17.4.7.1

8.3.1.17.4.7.8
and others

Controlled area,
Yucca Mountain

Crater Flat,
Jackass Flats
(Figure
8.3.1.17-8)

Evaluate previous
results, assess
potential for appli-
cation of this method
to Yucca Mountain,
plan new application
if appropriate

7 to 1 profiles, 1 to
5 km in length, hand
carried instruments.
Energy from battery
of hand-operated
tampers

None This is a planning activ-
ity only. Previous
reflection survey using
Vibroseis at Yucca
Mountain failed
(McGovern, 1983). More
recent surveys using
air gun at Mid Valley
produced useful results
(McArthur and Burkhard,
1986). See also Hoover
et al. (1982).

o-

.U'

DTP after evalu-
ation of two
preliminary
profiles selected
from profiles
indicated in
Figure 8.3.1.4-8

Maximum depth of penetra-
tion 1 km. Used to map
shallow structural and
stratigraphic features.
Additional Mini-sosie
surveys at Yucca Moun-
tain are planned in
Activity 8.3.1.4.2.1.1

Gravity investigations

Regional maps 8.3.1.17.4.12.1 Yucca Mountain
and vicinity

Beatty 1:100,000 quad,
Pahute Mesa 1:100,000
quad, NTS 1:100,000
map area, Yucca Moun-
tain, 1:48,000 map
area

None Field work complete, com-
pilation complete,
final results not yet
available. See Snyder
and Oliver (1981),
Ponce (1981), Ponce and
Oliver (1981), Hoover
et al. (1982),
Ponce and Hanna (1982),
Jasma et al. (1982),
Ponce (1984), and
Snyder and Carr (1984).
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Method SCP section Location Scope Decision points Comments

SUMMARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2 (continued)

.0

Site area map

Detailed surveys,
deep reflection
profiles and
shallow reflec-
tion profiles

8.3.1.17.4.7.2 Yucca Mountain 1:24,000 map of site
and vicinity, 200 ft
spacing of stations
along E-W lines spaced
500 ft apart (where
topography permits)

Gravity determinations
along profiles at
500 ft (150 m) spacing

None Will require as many as
7,500 additional
stations. Useful for
establishing strati-
graphic variability
of repository host rock
and fault location and
offset. See Snyder
(1981), Snyder and Carr
(1982), Jansma et al.
(1982), Kane et al.
(1981), Ponce et al.
(1985)

asb

8.3.1.17.4.3.1 Stovepipe Wells,
Yucca Moun-
tain, Indian
Springs. Pre-
cise location
to be deter-
mined.

DTP only if seis-
mic surveys run

Assists interpretation
of seismic results

magnetic methods

Regional aero-
magnetic maps

8.3.1.17.4.12.1 Yucca Mountain
and vicinity

Beatty, Pahute Mesa,
Indian Springs, and
Pahranagat 1:100,000
quadrangles to be
compiled from exis-
ting surveys

None Field investigations com-
plete; compilation 80%
(7) complete. See Kane

et al. (1981), Hoover
et al. (1982), Kane
and Bracken (1983),
U.S. Geological Survey
(1984), Ponce (1984)

Site aeromag-
netic maps

8.3.1.17.4.7.3 Yucca Mountain 1:12,000 scale map of
site and vicinity,
continuous aeromag-
netic survey along

None 1:62,500 scale map com-
plete (U.S. Geological
Survey, 1984). See also
Jansma et al. (1982),
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Method SCP section Location Scope Decision points Conuents

SUMARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2 (continued)

(1D

Site aeroakagnetic
maps (continued)

E-W flight lines
spaced 1/16 mile
(0.1 kIm)

Bath et al. (1982),
Kane et al. (1982),
Kane and Bracken
(1983), and Bath and
Jahren (1984)

OD

t-J

Ground magnetic
survey, deep
reflection
profiles and
shallow reflec-
tion profiles

8.3.1.17.4.3.1 Stovepipe Wells,
Yucca Moun-
tain, Indian
Springs. Pre-
cise location
to be deter-
mined.

Magnetic determinations
along profiles at 10
to 20 ft (3 to 6 m)
spacing where accessi-
ble by truck, 50 to
100 ft (15 to 30 m)
spacing elsewhere

DTP only if seismic Assists interpretation of
surveys run seismic results

Site ground mag-
netic surveys

8.3.1.17.4.7.4 Yucca Mountain
(Figure
8.3.1.4-9)

Ground magnetic surveys
at (1) known and
inferred structures,
(2) vicinity of
drillholes, (3) vic-
inity of shaft and
surface facilities,
(4) anomalies detected.
Surveys to be semicon-
tinuous: 10 to 20 ft
(3 to 6 m) spacing

Number and loca-
tion to be deter-
mined through
evaluation of
geologic and geo-
physical mapping

Primary purpose is to
locate concealed
extensions of faults.
See Bath and Jahren
(1984), Scott et al.
(1984), and Bath and
Jahren (1985)

Curie isotherm 8.3.1.8.5.2.1 Yucca Mountain
region

Analysis of existing
regional aeromagnetic
data

None Purpose is to map config-
uration of Curie iso-
thermal surface, and to
compare areas of
shallow isotherms with
areas of high heat flow
and recent volcanism.
See Connard et al.
(1983)
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(D

Method SC? section Location Scope Decision points Comments e

SUMMARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO W
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2 (continued) <

Electrical methods

UP.

Regional mag-
netotelluric
(MT)

Surface geoelec-
tric investi-
gations
(airborne EM,
slingram, VLF,
dc resistivity,
EM soundings,
tensor audio
magnetotelluric
and telluric
profiling
filing)

8.3.1.17.4.3.1

8.3.1.17.4.7.5

Yucca Mountain,
Crater Flat,
Jackass Flats,
Amargosa Desert,
Death Valley
(figure
8.3.1.17-12)

Yucca Mountain

Detailed survey with
stations at 3 to 5 km
spacing of Yucca
Mountain, Crater Flat,
and northern Amargosa
Desert. Reconnaissance
survey with stations
at 10 km spacing in
remainder of area

Assess potential for
application of these
methods, evaluate
previous results,
plan new applications
if appropriate,
conduct prototype
tests

None Previous survey
by Furgerson (1982)
shows mappable conduc-
tivity contrasts in
1 to 15 km depth
range. See also
Kauahikaua (1981), and
Hoover et al. 11982)

DTP with full-scale
application of
selected methods
only if warranted
by results of
prototype testing

Applied to structural and
stratigraphic problems
at the site by Flanigan
(1981), Smith and Ross
(1982), Fitterman
(1982), Hoover et al.
(1982), Senterfit
et al. (1982), Scott
et al. (1984),
Frischkenecht and
Raab (1984). Other
studies in region
include Zablocki
(1979), Anderson
(1982), Smith et al.
(1981), Greenhaus and
Zablocki (1982)

Radiometric and remote
sensing methods

Surface and air-
borne gamma
ray investiga-
tions

8.3.1.17.4.7.6 Yucca Mountain Assess potential for
application of these
methods with prelim-
inary survey over
known faults using

-ic ground measure-

DTP with full-scale
application of
airborne methods
only if warranted
by results of
preliminary survey

Could detect percolation
of radon through fault
zones (gamma emitting
daughter bismuth-214)
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SUMMARY OF GEOPHYSICAL STUDIES FROM OTHER INVESTIGATIONS CONTRIBUTING TO
SITE GEOLOGY STUDIES 8.3.1.4.1.2 AND 8.3.1.4.2.2 (continued)

Thermal infrared
investigations

8.3.1.17.4.7.7 Yucca Mountain Assess potential for
application of air-
craft and satellite
thermal infrared
imagery in mapping of
fracture network

DTP based on eval-
uation of cost
and expected
results

Method depends on detec-
tion of surface temp-
erature variation,
which are largely
dependent on soil
moisture content, which
in turn is in part
related to infiltra-
tion along fractures.

co

I .
Thematic Mapper

Satellite
Imagery

8.3.1.17.4.3.5 Yucca Mountain
and vicinity

Tapes of the four
Thematic Mapper V
scenes encompassing
the Yucca Mountain
Region (Beatty,
Indian Springs,
Pahute Mesa, and
Pahranagat 1:100,000
quads) to be used to
produce spectral and
spectral ratio maps,
from which areas
containing distinc-
tive patterns of
lineations will be
delineated.

None Used to define structural
domains, areas of well-
developed desert var-
nish, and areas of
hydrothermal
alteration.

Paleomagnetism

Region 8.3.1.17.4.3.2 Little Skull
Mountain,
Crater Flat,
Skull mountain,
southern Yucca
Mountain, east-
ern Yucca Fiat.

10 to 20 sites at Little
Skull Mountain will
be sampled. If useful
results are obtained,
other sites as listed
may be sampled.

DTP only if useful
results obtained
at Little Skull
Mountain, and if
suitable, strata
are present.

Preliminary results at
Yucca Mountain indicate
30 degrees rotation
(Scott and Rosenbaum,
1986)



YNP/CM-001l, Rev. 1 YMP/CM-0011, Rev. 1

Characterization Program 8.3.1.4, and the second part identifies geophysical
surveys that are used primarily for Characterization Program 8.3.1.17
(preclosure tectonics) and Characterization Program 8.3.1.8 (postclosure
tectonics) but will be used to develop the geologic model. Geophysical
surveys will also aid in determining favorable sites for drillholes. These
detailed geophysical surveys will include (1) seismic refraction, (2) seismic
reflection, (3) gravity and magnetics, and (4) electromagnetic soundings.

A seismic refraction profile will be acquired in the Yucca Wash area
(Figure 8.3.1.4-6). This profile will be used to investigate significant
velocity contrasts in the volcanic section that are associated with abrupt
lateral changes in lithology, and that may be the result of structural
displacement or alteration associated with a steep gradient in the potentio-
metric surface north of drillhole USW G-1 and in the vicinity of proposed
corehole USW G-5.

After proof-of-technique trials, as many as 15 seismic reflection pro-
files may be performed using a shallow penetrating, high-resolution method
called Mini-sosie (Barbier, 1963). This technique will be used to study the
position of marker-horizons that have a sufficient contrast in seismic
velocity and is expected to be useful to a maximum depth of about 1,000 m.
Of specific interest are possible marker horizons that may be buried beneath
Yucca Wash and Midway Valley (Figure 8.3.1.4-7). Information collected will
also be used to trace individual faults by studying the lateral continuity of
reflecting horizons. This technique differs from previous reflection studies
because it is designed to penetrate only the upper geologic section.

Two detailed ground magnetic and gravity surveys will be performed
across Yucca Wash (near USW G-5) and south of Busted Butte (near USW G-7)
(Figure 8.3.1.4-8) in association with proposed geologic coreholes USW G-5,
USW G-6, and USW G-7. In situ magnetic and density variations will be used
to map the local vertical and lateral distribution of lithostratigraphic
units.

A number of geophysical surveys that will be performed for tectonics
Investigation 8.3.1.17.4 will also provide information for evaluation of
stratigraphy and structure. These surveys and methods are indicated in the
second part of Table 8.3.1.4-4. Many of these methods have not been tried at
the Yucca Mountain site and will be tested before application for data
collection purposes.

Shallow seismic refraction and shear wave refraction and reflection,
will be used for investigation of faults in the vicinity of Yucca Mountain,
using sledgehamer and shear wave sources. The number and location of the
traverses will be based on the results of detailed geologic mapping. These
surveys are more completely described in Activities 8.3.1.17.4.4.1 and
8.3.1.17.4.4.4. In addition, a program of intermediate seismic reflection in
the vicinity of Yucca Mountain is planned in Activity 8.3.1.17.4.7.1, using
such sources as vibrators, explosives, and air guns. The locations of these
seismic lines will be determined after further acquisition and analysis of
tectonic data using criteria that will include obtaining the requisite
stratigraphic information needed to input to the geologic model of the site.

8.3.1.4-50
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Gravity and magnetic data will be acquired at 500-ft intervals along the
same surface profiles as the intermediate seismic data and shallow seismic
surveys. In addition, a site gravity map at a scale of 1:24,000 is proposed
(Activity 8.3.1.17.4.7.2), for which as many as 7,500 gravity stations would
be required. The stations would be located at 200-ft intervals along lines
spaced about 500 ft apart. An aeromagnetic survey is proposed which would
produce a higher resolution map (1:24,000 scale) than previous surveys (Bath
et al., 1982; Jansma et al., 1982; Kane and Bracken, 1983; Bath and Jahren,
1984), but over a smaller region. Additional gravity and ground magnetic
surveys may be performed to investigate aeromagnetic anomalies, the location
of proposed shafts and repository surface facilities.

Various electrical methods including airborne electromagnetic (EM)
surveys, EM soundings, tensor audio magnetotellurics, telluric profiling, and
direct current resistivity will be evaluated for application to tectonic,
structural, and stratigraphic problems in Activity 8.3.1.17.4.7.5. In
addition, radiometric (airborne gamma intensity) and remote sensing methods
(thermal infrared scanner and Thematic Mapper V) will be evaluated in
Activities 8.3.1.17.4.7.7 and 8.3.1.17.4.3.5 for application to detection of
faults and fractures at the surface. Radiometric or surface temperature
anomalies may be associated with radon emanation or water infiltration,
respectively, along faults or fractures. Application of these electrical and
remote sensing methods for site characterization will depend on the outcome
of feasibility tests.

Electromagnetic surveys will be performed to investigate the thickness
of the volcanic section and fault trends in Yucca Wash (near USW G-5).
Alteration zones associated with fault zones will be evaluated and may
provide evidence of hydraulic connectivity of the inferred fault system.

8.3.1.4.2.1.3 Activity: Borehole geophysical surveys

Objectives

The objectives for this activity are (1) to aid in the definition and
refinement of the location and character of lithostratigraphic units and
contacts between units and (2) to determine the distribution of rock
properties within lithostratigraphic units.

Parameters

The parameters for this activity are the direct measurements d
quantities derived from geophysical logs, statistical analysis, cr ss plots,
and correlation with core data, including the borehole diameter, in situ bulk
density, electrical conductivity, resistivity, spontaneous potential, gamma
radiation intensity, temperature, induced polarization, porosity, saturation,
potassium-uranium-thorium (K-U-Th) content, water content, seismic veloci-
ties, deformation moduli, magnetic susceptibility, and total magnetic field
intensity.

8.3.1. 4-54
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Description

A suite of commercially available geophysical logs will be obtained in

future holes drilled in the vicinity of Yucca Mountain. Additional

experimental geophysical logs also will be obtained in selected boreholes.

Geophysical log data will be correlated with measurements of properties such

as porosity, saturation, water content, seismic velocity (in the unsaturated

zone), deformation moduli, magnetic susceptibility, total magnetic field

intensity, K-UT-Th content, and hydraulic conductivity.

Compensated-density, induction, resistivity, and spectral-gamma logs

will be used most frequently for lithologic correlations, although other logs

may be used such as caliper, spontaneous potential, temperature, neutron, and

induced polarization. Signatures of compensated-density logs will provide

information to identify dominant lithophysal zones in boreholes where only

drill bit-cutting samples will be available, or where poor resolution exists

on borehole video-camera logs. Induction, resistivity, and spectral-gamma

logs are expected to serve as indicators of smectite- and zeolite-rich

intervals. These logs also will be used to identify key stratigraphic

markers at the top and base of major ash-flow tuffs, which commonly show an

increase in alteration.

Borehole samples, borehole video-camera logs, and geophysical logs will

be correlated to help determine the vertical and lateral continuity of the

lithostratigraphic units. Geophysical log data will provide rock property

data for the unsaturated and saturated zone hydrology models and mechanical

and thermal models of the host rock and surrounding units.

Borehole gravimetry will be used in available boreholes to obtain bulk

density and structural information for the region around each hole. In

addition, data from this technique will be used to study lithophysal zones,

and to model the Tertiary-Paleozoic surface at the site. Gravimeter logs

have been obtained for several holes (UE-25p#1, UE-25c#1, and USW H-1)

including several which were continuously cored (USW G-3 and USW G-4). Addi-

tional logs will be acquired from as many as 15 of the existing and proposed

water table holes which are nearest the site, existing deep holes as avail-

able, and all of the proposed holes which penetrate the base of the Topopah

Spring Member.

Large spacing electromagnetic (EM) and resistivity logging will be

tested and evaluated to determine applicability for studying fracture and

lithophysal zones, and for interpreting anomalies detected by means of other

borehole and surface geophysical methods. The application of these methods

to acquisition of site characterization data will depend on the outcome of

preliminary testing.
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8.3.1.4.2.1.4 Activity: Petrophysical properties testing

Objectives

The objective of this activity is to provide geophysical and rock
property data to be used in the interpretation of surface-based and borehole
geophysical surveys.

Parameters

The parameters for this activity are

1. Electrical resistivity and bulk density of core samples containing
in situ pore waters.

2. Electrical resistivity, induced polarization, bulk density, grain
density, porosity, seismic velocities, and hydraulic conductivity on
resaturated samples.

Description

Rock property testing will provide data for use in the interpretation of
surface and borehole geophysical surveys (Activities 8.3.-.4.2.1.2 and
8.3.1.4.2.1.3). Laboratory measurements will be made on core samples
obtained from boreholes drilled in the area of interest. Mechanical and
thermal properties determined by those testing activities described in
Investigation 8.3.1.15.1 and other activities under Investigation 8.3.1.4.2
(this investigation) will also be used in interpretation of geophysical
surveys.

This activity will provide data on (1) the degree of water saturation
within the rock above the static water level, (2) the moisture flux through
the rock matrix, (3) preferential paths for water flow, (4) the potential for
contaminant transport by means of diffusion processes, (5) concentrations of
clays and zeolites within the measured stratigraphic section, (6) statistical
relationships of various rock properties to provide information on the degree
of welding, alteration, and compositional uniformity, and (7) rock property
variation for integration in a three-dimensional geophysical model of the
site.

8.3.1.4.2.1.5 Activity: Magnetic properties and stratigraphic correlations

Objectives

The objectives of this activity are to

1. Provide magnetic property data to aid the interpretation of volcanic
stratigraphy and structure of rock units within the Yucca Mountain
site area.
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2. Use paleomagnetic directions to provide orientations for drill core
segments.

3. Assess the rotation of rock units in relation to the geologic
structures of Yucca Mountain from paleomagnetic indications.

Parameters

Three categories of parameters are required for this activity.

1. Measured magnetic parameters:

a. Orientation and magnitude of remnant magnetism.
b. Magnetic susceptibility.
c. Curie temperature.

2. Measured properties of flow units:

a. Textural variations across boundaries.
b. Grain size variations.
c. Pumice clast concentrations.
d. Locations of lithic-rich subzones.
e. Nature of contacts between flow units.

3. Inferred properties of flow units:

a. Locations of deposition breaks.
b. Thicknesses of individual flow units.

Description

Natural remanent magnetization (NRM) and magnetic susceptibility exhibit
systematic variation that correlates with depositional breaks within several
major ash-flow tuffs. Data will be collected to help understand the observed
mineralogical variations that produce the observed changes in magnetic
susceptibility and remnant magnetization. Empirical relationships will be
developed between depositional breaks and variations in these magnetic
properties to provide information for the three-dimensional geologic model.

Lithologic relationships will be developed based on observations of the
following rock properties: (1) measurement of NRM, (2) measurement of
anhysteritic remanent magnetization (ARM), (3) measurement of isothermal
remanent magnetization (IRM), (4) measurement of saturation magnetization
(Msat), (5) measurement of magnetic susceptibility, (6) alternating field
demagnetization, (7) thermal demagnetization, and (8) curie temperature
determination.

Oriented samples for rock magnetic properties testing will be collected
from surface outcrops in the vicinity of Yucca Mountain. Sampling sites will
be selected where geologic evidence indicates that the area is relatively
undisturbed and the identity of the unit sampled is well known. These sites
are used to establish reference paleomagnetic directions for geologic units.
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Other sites will be selected where rotations of the geologic structure will
be evaluated. Data from these sites will be used to assess the magnitudes of
the rotations.

Samples have been collected from drill core segments at 3-m intervals
from throughout drillholes USW G-1, USW G-2, USW GU-3, and USW G-3. Samples
also have been collected from throughout the sections penetrated by two
drillholes located on Crater Flat (VH-1 and VH-2). Further sampling from
drill core will be obtained from oriented core segments.

Variations in magnetic properties determined in the laboratory will be
used to collect intervals of core from drillholes USW G-l, USW G-2, USW GU-3,
and USW G-3 for detailed petrographic studies. Studies will focus on identi-
fying subtle variations across contacts that separate subunits of major
ashflow tuffs. These features include textural changes, localized concentra-
tions of pumice clasts and lithic fragments, anomalous welding character-
istics, and subtle compositional changes that may correlate with abrupt
changes in magnetic properties.

Measurement of NRM and remanent magnetization will be determined with a
spinner magnetometer after at least one level of alternating field demagneti-
zation. Progressive alternating field and thermal demagnetization will help
assess mineralogical variations within the rock. Additional rock magnetic
measurements (ARM, IRM, Msat) will be used to help assess variation in the
composition, relative abundance, and magnetic grain size of magnetic miner-
als. Selected samples are subjected to progressive thermal demagnetization
in order to determine blocking temperature spectra and to assess whether
samples possess multiple components of remanent magnetization. Curie temper-
atures will be determined from rock chips of mineral separates to help define
the magnetic minerals present in the samples.

Measurements of the relative magnitude of magnetic susceptibility will
be obtained using a hand-held magnetic susceptibility meter. This meter will
provide relative values, and will help limit the size of intervals of core
selected for petrographic studies. If this technique proves to be success-
ful, the instrument will be used in continuously cored holes.

To measure total intensity and magnetic susceptibility variation with
depth, borehole magnetic surveys using an experimental flux-gate magneto-
meter, proton-spinner magnetometer, and susceptometer will be performed as
described in Activity 8.3.1.4.2.1.3. These logs will be correlated with
available geologic data. Geologic correlations will focus on identifying
depositional units and rock characteristics changes in the Topopah Spring
Member.

8.3.1.4.2.1.6 Activity: Integration of geophysical activities

Objectives

This activity will provide a mechanism for information exchange,
analysis of data and other technical information, and review of planned
geophysical site characterization activities. The operating principles for
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geophysics integration are that (1) the effectiveness of planned geophysical
surveys can be increased through consideration of past efforts both within
and outside the Yucca Mountain Project; and (2) the overall effectiveness of
geophysical exploration can be increased by analysis of how each planned
survey addresses specific information requirements for site licensing. The
objectives of the geophysics integration activity are then to optimize the
effectiveness of geophysical activities for providing data that support site
licensing, from cost and technical perspectives.

Parameters

No activity or characterization parameters are provided by this
activity.

Description

Planned geophysical surveys will collect different types of data, which
may be used to support geologic, hydrologic, and tectonic models of the site.
(In this context, model refers to interpretation of the history of causative
processes giving rise to the present state, based on observations and infer-
ence.) Such models are identified as steps in the issue resolution
strategies of Sections 8.3.1.2 and 8.3.1.4, although the form and content are
not described explicitly. Much of the information contained is expected to
be nonquantitative and therefore will not directly support probabilistic
assessments. However, performance assessment is supported by the use of such
information to ensure that the range of variability of the site
characteristics included in performance calculations is representative of
actual site conditions. Similarly, geophysical applications such as fault
detection are a form of nonprobabilistic support for.the representativeness
of site data.

8.3.1.4.2.2 Study: Characterization of the structural features within the
site area

The objective of this study is to determine the frequency, distribution,
characteristics, and relative chronology of structural features within the
Yucca Mountain site area.

Surface and subsurface structural studies will be performed to identify
and characterize fracture-fault systems within the site area. Detailed
geologic mapping of zonal features in ash-flow tuffs that crop out at the
surface of Yucca Mountain will provide the necessary stratigraphic control
for identifying small-scale faults. Lateral variability of fracture networks
will be studied by detailed mapping and pavement analysis. Subsurface
distribution and geologic characteristics of fracture-fault zones will be
studied by analysis of core samples, borehole evaluations, exploratory shaft
facility studies, and application of geophysical techniques. Results of
these studies will be integrated with hydrologic study results described in
Section 8.3.1.2 to provide information for the development of geologic models
of the site (Study 8.3.1.4.2.3).
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Geologic mapping of the exploratory shaft facility ramp and drifts will
include detailed fracture mapping and photogeologic recording. Borehole
evaluations in the exploratory shaft facility after drilling and coring will
include video, geophysical and vertical seismic profiling surveys.
Fracture-filling mineralogy studies in the ramps, drifts, and boreholes will
be conducted to evaluate the chronology of fracture development.

Preparation of a three-dimensional geologic model (Study 8.3.1.4.2.3)
requires discrimination between natural fractures and those induced by
excavation and construction-related activities. The photographic methods
discussed in Activity 8.3.1.4.2.2.4 (Geologic mapping of the exploratory
shaft facility) are useful in documenting the existing fracture network but
may have difficulty in discriminating natural from induced fractures.
Geologic mapping in the underground can aid in recognizing blast-induced
fractures, by, for example, noting the absence of mineralization or by
tracing the fracture back to the point of origin at a shot point.

In addition to the characterization of structural features, the
geological mapping of the ramps and drifts will include mineralogic,
petrologic, and petrographic studies as described in Section 8.3.1.3.2.1.

Activities planned for this study include (1) geologic mapping of zonal
features in the Paintbrush Tuff at a scale of 1:12,000, (2) surface-fracture
network studies, (3) borehole evaluation of fractures and faults, (4)
geologic mapping of the exploratory shaft facility ramps and drifts, and (5)
vertical seismic profiling studies.

8.3.1.4.2.2.1 Activity: Geologic mapping of zonal features in the
Paintbrush Tuff

Objectives

The objectives of this activity are (1) to map zonal variations within
exposed tuffs that will aid in the identification of structural displacements
at a scale of 10 m or less, and (2) to detect subtle changes in structural
styles.

Parameters

The parameters for this activity are

1. Thickness, attitudes, and lateral extent of zones within ash-flow
and bedded tuff intervals, areal extent of exposed bedrock.

2. Attitudes, lengths, displacements, and near-surface characteristics
of faults and fault zones.

Descrivtion

Geologic mapping of zonal variations in ash-flow sheets and structural
features that are exposed over much of the site area has been completed and
published at a scale of 1:12,000. The mapped area forms an irregular
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pattern, the boundaries of which roughly coincide with prominent topographic
features (Figure 8.3.1.4-9, Area A). The northernmost limit of the map is
Prow Pass; the northeastern boundary is Yucca Wash; the eastern limit is
Fortymile Wash; the southern extent is the southernmost exposure of Fran
Ridge; and the western limit is Windy Wash.

Mapping will extend outward from the western and southern boundaries of
the mapped area to include areas east of longitude 1160 32' and areas north
of latitude 360 (Figure 8.3.1.4-9, Area B). The mapping will identify thick-
ness, attitude, and lateral extent of zones within ash-flow tuffs and bedded
tuff intervals; areal extent of exposed bedrock; and attitudes, lengths,
displacements, and near-surface characteristics of faults and fault zones.
Northern, northeastern, and eastern limits of the map area will not be
extended because rock units of interest are poorly exposed in those areas.
The need for larger scale mapping (e.g., 1:2,400) in the immediate vicinity
of the repository facilities will be assessed.

Geologic information that is initially documented on aerial photographs
during field mapping will be transferred to stable topographic base maps by
using high-precision photogrammetric techniques.

8.3.1.4.2.2.2 Activity: Surface-fracture network studies

Objectives

The objective of this activity is to provide measurements and analyses
of fracture networks to support modeling of hydrologic potential flowpaths,
particularly in unsaturated zones. Applications are also expected to aid
development of tectonic models and determination of the mechanical response
of fractured rock to excavation and thermal loading. The analyses will
provide quantitative data for determining spatial distribution of fractures,
chronology of fracture development, and parametric characteristics of
fractures. Applications are expected to aid in the development of tectonic
models and possibly to aid in the determination of the bulk response of
fractured rock in the context of excavation and loading.

Parameters

The parameters for this activity are fracture orientation, frequency,
aperture, roughness, persistence, spatial distribution, fracture-filling
mineralogy, relative age, and tectonic style.

Description

The characterization of fracture networks on the surface of Yucca
Mountain will be carried out through a phased program of detailed studies of
outcrops (either natural or cleared). Because analyses of fractures in
drillholes (Activity 8.3.1.4.2.2.3) and fractures exposed in the exploratory
shaft (Activity 8.3.1.4.2.2.4) are based on relatively small samples that
emphasize the vertical dimension, analyses based on surface exposures of
fractures provide a unique opportunity to understand lateral variations and
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other fracture characteristics in different stratigraphic units. The
applicability of data from fracture studies and fracture networks projected
to the subsurface will depend largely on the comparison of the data with the
result of fracture analyses conducted in the exploratory shaft facility.

Detailed studies included in this activity will provide site-specific
data from outcrops on Yucca Mountain. This activity will focus primarily on
the Paintbrush Tuff, and to a lesser extent, the tuffaceous beds of Calico
Hills units exposed within the site area boundary (at Prow Pass). Strati-
graphically lower units, such as the Crater Flat Tuff, do not crop out in the
site area boundary but are exposed within several miles of the site. If
preliminary studies in the site area clearly establish that there is a need
for additional fracture network data from offsite outcrops, preliminary
evaluations of the transferability of data from offsite outcrops will be
performed. If these studies demonstrate that these data are convincingly
transferable to the site (e.g., apparently good correlation with fractures
mapped in exploratory shaft facility ramps and drifts), additional fracture
data may be derived from exposures in such areas as the southern part of
Yucca Mountain, Little Skull Mountain, northern Crater Flat, and along U.S.
Highway 95.

As no detailed surface-fracture network study of this scope involving
comparable rocks has been attempted, extensive innovation in measurement and
analytical procedures will be required. Throughout this activity a phased
approach will be employed whereby the results from sites already studied in a
given unit will be considered in determining the need for additional data.

Preliminary work indicates that most fractures are strata-bound.
Therefore, fluid-flow paths through fractures depend to a large degree on the
changes of fracture networks within lithostratigraphic units. Outcrop
locations will be chosen to provide lateral coverage and vertical sampling
through the stratigraphic section exposed at the surface of Yucca Mountain.
The outcrops will provide two-dimensional surfaces through three-dimensional
fracture networks.

Three methods are planned for surface fracture studies: (1) bedrock-
pavement (pavement method), (2) uncleared-outcrop method (outcrop method),
and (3) photogeologic method. For the pavement method, cleared bedrock
surfaces are mapped, and fracture parameters are recorded. For the outcrop
method, fracture parameters are recorded from incompletely exposed natural
outcrops. For the photogeologic method, linear features are mapped from
aerial photographs by means of a stereoplotter. Differences between the
uncleared outcrop methods and the pavement method hinge on the degree of
exposure (and, therefore, mappability) and the number of parameters that can
be measured by each method.

Aerial photographs of 1:2,400 scale were used to test the photogeologic
method (Throckmorton, 1987). Results of this study showed that most fracture
traces were not discernible because of poor exposures and inadequate (too
small) photographic scale. In addition, trace bearings and trace lengths
measured on the photos differed from those measured in the field, indicating
that many traces mapped from the photos represented lineations other than
fractures. On the basis of these results, the photogeologic method was
rejected, but may be tested again with larger-scale photographs.
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Data collected on parameters listed previously will be analyzed in
various ways. Fracture orientations (strike and dip) of each network will be
plotted onto lower hemisphere equal-area projections. Frequency
distributions of fracture trace-lengths, aperture, and surface roughness will
be plotted and characterized for fracture networks. Other statistical-
geometric methods will be applied to the fracture data base where
appropriate. In addition to other analytical methods, a fractal analysis of
each pavement will quantify the spatial distribution of fracture traces and
fracture trace intersections. Fractal geometry will be used as a means of
statistically determining scaling characteristics of fracture networks
(Barton et al., 1986). Fractal analysis may offer a technique to
characterize the complex three-dimensional fracture systems in the repository
block (Barton and Larson, 1985; Barton et al., 1985).

8.3.1.4.2.2.3 Activity: Borehole evaluation of faults and fractures

Objectives

The objectives of this activity are to

1. Assess the reliability and usefulness of available borehole
techniques for identifying and characterizing the subsurface
fracture distribution.

2. Determine vertical and lateral variability and characteristics of
subsurface fractures.

3. Identify subsurface characteristics of fault zones.

Parameters

The parameters for this activity are

1. Fracture location, dimension, type, orientation, relative
chronology, aperture, degree of mineralization, mineralogy of
fillings, surface profile, roughness, and apparent frequency.

2. Lateral variability in apparent fracture frequencies and strike
directions of fractures within lithostratigraphic units, and
subsurface fracturing closely associated with fault zones.

Description

Analysis and interpretation of subsurface characteristics of faults and
fractures in the site area will, in part, be based upon (1) core sampling and
fracture logging, (2) borehole video camera logging, and (3) acoustic tele-
viewer surveys and logging.

Fracture and fault studies in continuous core will help determine the
relative spatial relationships of these features. Measurements will include
relative chronology, apertures, and fracture surface characteristics (such as
surface profile and roughness), degree of mineralization, and mineralogy of
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fillings. Attitudes of fractures and faults will be obtained by analysis of
oriented cores and by orienting segments of core based on reorientation using
paleomagnetic techniques (Activity 8.3.1.4.2.1.5).

The term "roughness' is used to represent the condition of joint
roughness, which can be parameterized in different ways including the joint
roughness coefficient of Barton and Choubey (1977). The term 'roughness
coefficient' is used exclusively to refer to this parameterization; whereas
the usage "roughness' is more general.

Careful reconstruction and analysis of core segments will not eliminate
many of the sampling limitations that are inherent to the study of fractures
in near-vertical coreholes, particularly at Yucca Mountain where vertical
fractures dominate. Characterization of fractures in core provides only one
dimension of the total fracture network and will be integrated with surface
studies that provide information from other sampling orientations to help
understand sample bias in corehole data. The relatively small sample size of
core also precludes the study of fracture dimensions. No distinction can be
made between large, through-going fractures and fractures that have very
short trace lengths. Future coreholes will be used to aid in planning stud-
ies in the exploratory shaft facility ramps and drifts (Activity
8.3.1.4.2.2.4) where more accurate observations of three-dimensional fracture
networks can be made.

A continuous visual display of borehole walls will be obtained in future
holes drilled in the vicinity of Yucca Mountain by using an instrument
assembly that includes a borehole television camera, compass, light source,
and digital depth readout. Video-camera tapes will be reviewed and the
location, orientation, and relative abundance of fractures will be recorded.
Fracture data will be compiled to show changes in the apparent frequency of
fractures as a function of depth, stratigraphic unit, and lithostratigraphic
unit. Directional orientation histograms will be constructed that illustrate
distribution of strike and dip directions within appropriate lithostrati-
graphic and stratigraphic units. These types of compilations will provide a
means for estimating the degree of lateral variability in apparent fracture
frequencies and strike directions of subhorizontal fractures within
lithostratigraphic units, and provide a means for estimating subsurface
fracturing closely associated with fault zones. Variability of vertical
fractures will be compiled from mapping in the drifts and horizontal
boreholes in the exploratory shaft facility.

Acquisition of a continuous record of fractures intersecting a borehole
is the primary advantage of using oriented borehole television to map
fractures in the subsurface. However, several limitations of the method can
be identified that limit the characterization of fracture networks. They
include the following:

1. Data are biased because vertical fractures are not adequately
sampled as in core studies.

2. Only one dimension of the fracture network is sampled.
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3. Inaccuracies in identifying and measuring the toes and heels of
fracture planes that cut the borehole limit data acquisition from
borehole television to strike and dip directions only; the amount of
dip of fracture planes often cannot be confidently measured and,
therefore, true fracture spacings cannot be obtained.

4. Important fracture parameters that are useful for characterizing
fracture sets, such as persistence, roughness, and mineral coatings,
cannot be measured directly from borehole television images.

The significance and validity of subsurface fracture analyses based on
core and television camera logging will depend largely on comparison with
results of fracture analyses conducted in the exploratory shaft facility.

Acoustic televiewer logging is an additional technique that can be used
to study the distribution of fractures in the saturated zone by inspection of
borehole walls. The televiewer provides an oriented image of the acoustic
scattering profile of the borehole, in the form of a continuous log. The
borehole is displayed on the log as if it were split vertically along
magnetic north and unrolled onto a vertical plane. Nonvertical fractures
form distinctive sinusoidal features that can be used to measure strike and
dip directions as well as the amount of dip.

Fracture attitudes will be measured from existing televiewer logs as
well as from logs of future holes. Data sets will be compiled to show the
vertical variations as a function of depth and lithostratigraphic units. As
in the analysis of fractures from video-camera observations, data will be
displayed on direction orientation histograms. This will allow comparative
analyses between drillholes. Unlike the video-camera log, the amount of dip
often can be calculated from the televiewer log at depths where accurate
determinations of hole diameters can be made from existing caliper logs.
Acquisition of these data will allow application of statistical methods such
as stereonet contouring to determine the significance of any preferential
spatial distributions.

Several other borehole geophysical methods, including borehole-to-
borehole techniques, will be evaluated in available drillholes at the site.
These methods will include borehole radar, crosshole resistivity, crosshole
EM, crosshole radar, and high resolution crosshole seismic surveys (Ta-
ble 8.3.1.4-4). Evaluations also will involve comparative studies of the
various methods used to identify subsurface fractures. Stratigraphic
intervals for which fracture data are available for several subsurface
techniques will be analyzed to assess the utility of each method.

8.3.1.4.2.2.4 Activity: Geologic mapping of the exploratory shaft facility

Objectives

The objectives of this activity are to
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1. Determine the vertical and horizontal variability of fracture
networks in the exploratory shaft facility ramps, drifts, and
boreholes.

2. Characterize major faults and fault zones in the subsurface.

3. Map the lithostratigraphic features of the subunits, and the
abundance and character of lithophysal zones.

4. Assist in evaluation of test locations in the exploratory shaft
facility.

Parameters

Three categories of parameters are required for this activity.

1. Fault parameters:

a. Geometry.

b. Physical characteristics.

c. Tectonic styles of faults bounding the repository on the
northeast and east, and of the Ghost Dance fault.

2. Fracture parameters:

a. Orientation.
b. Aperture.
c. Roughness.
d. Fracture persistence.
e. Surface characteristics.
f. Mineralogy.
g. Relative ages.
h. Spatial distribution.

3. Stratigraphic parameters:

a. Hand-specimen lithology of Yucca Mountain stratigraphic
sequence.

b. Lateral variability of repository host horizon.

Description

Major subsurface structural features, such as the Drill Hole Wash and
imbricate normal fault zones near the northeastern and eastern boundaries,
respectively, of the repository will be directly studied in the exploratory
shaft facility. The character of the Ghost Dance fault within the repository
will be investigated and lateral variability of the lithologic character of
the repository host rock will be determined. Data obtained from fracture
mapping in the ramps and drifts will be combined with surface studies to
describe the three-dimensional fracture network within the exploratory shaft
facility.
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Geologic mapping of the exploratory shaft facility ramps and drifts will
take place after new wall exposures are cleared and surveyed.

Mapping in the ramps and drifts can provide a detailed description of
stratigraphic, lithologic, and structural features and will provide data as
required by 10 CFR 60.21(c) for inclusion in the safety analysis report. De-
scriptions of fracture networks and intersections are enhanced by continuous
observation because fracture spacing and attitude commonly vary over dis-
tances of tens to hundreds of meters. Both objectives can be met in a timely
manner by a two-tiered approach to the mapping: (}) analysis of stereoscopic
photographs (photogrammetric geologic mapping) and (2) continuous detailed
mapping along reference lines (detailed line surveys).

Stereoscopic photographs will be taken of exposed surfaces in the
exploratory shaft facility ramps and in the walls and crown of drifts in the
exploratory shaft facility, as mining progresses; floors and working faces
will not be mapped unless anomalous geologic features are exposed. Geologic
maps will include discontinuities such as faults, fractures, breccia zones,
and other features of interest including lithologic and stratigraphic
features. These features will be identified based in part, but not
exclusively, on predetermined criteria. The maps will be prepared from
stereoscopic photographs using close-range photogrammetry and direct
observation.

Stereophotography and in situ mapping of the ramps and drifts will be
done routinely as fresh rock is exposed. Close-range photogrammetry will
provide continuous data in the ramps and drifts. In the ramps, detailed in
situ measurements will be made of geologic features along horizontal
reference lines. In the drifts, line surveys will be done continuously along
one wall, or more as required at significant changes of geologic features.

Detailed mapping will be emphasized in the areas adjacent to the
exploratory shaft facility tests at both the Topopah Spring and Calico Hills
levels, areas near major geologic structures within the repository, and
across geologic structures near the borders of the repository. In addition,
investigators will make detailed maps of test rooms and will log cores from
holes drilled for hydrologic, geomechanical, and geochemical tests in the ESF
main test level and at the Calico Hills level.

If unusual zones of alteration or fracture-filling minerals are
encountered, representative samples will be acquired in conjunction with
geologic mapping, as appropriate for mineralogical and age determinations.
The location of origin of such samples, and the observed relationships
between fracture mineralization and fracture orientation, will be recorded.
Petrographic and x-ray diffraction analysis, and uranium-thorium
disequilibrium dating, will be performed on collected samples by scientists
working on other activities.

Fracture coatings are more commonly preserved underground than near the
surface, and are protected to a greater degree from isotopic exchange.
Uranium-thorium disequilibrium dating of calcite and uraniferous opal will be
performed as a part of other activities (Investigation 8.3.1.3.2). Electron
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spin resonance (ESR) dating of quartz and potassium-argon dating of clay
fracture coatings from subsurface samples will also be performed as a part of
Investigation 8.3.1.3.2.

Studies of fracture-filling mineralogy by other activities will be used
to determine formation of the filling minerals to help infer the ages of
fracturing and to estimate rates of tectonism. This information will be used
in assessments of the potential for and likely character of additional frac-
turing and seismic activity at Yucca Mountain. The results of these analyses
will be integrated with the evaluations planned for postclosure and preclo-
sure tectonics and repository design.

Analyses of the ages of fracture mineralogy also provide information to
aid in the interpretation of past fracture hydrologic-mineralogic processes
in the repository host rock and surrounding units. These studies will be
integrated with fracture mineralogy evaluations in unsaturated zone hydrology
and mineralogic and geochemical activities.

Products derived from this activity will include (1) a stereophoto-
graphic record of the geologic features exposed on the ramp walls and on the
walls and crown of drifts; (2) geologic maps (combination in situ and
photogrammetric) of lithologic, stratigraphic, and structural features
including fracture networks as exposed on the ramp walls and on the walls and
crown of drifts; (3) fracture orientations and statistical distributions; (4)
fracture persistence and statistical distributions; (5) fracture roughness
and statistical distributions; (6) fracture apertures and statistical
distributions; (7) fracture infilling percentage and statistical
distributions; (8) fracture intersection data; (9) two- and three-dimensional
expression of fracture density; (10) three-dimensional estimate of fracture
network characteristics and variability (fractal analysis); (11) structural
domains; (12) tectonic style; (13) paleostresses as suggested by
displacements along faults; (14) lithology and stratigraphy; (15) an
assessment of the lateral variability of geologic features within the ramp
and drifts; and (16) representative lithologic and mineralogic samples.

8.3.1.4.2.2.5 Activity: Seismic tomography/vertical seismic profiling

Objectives

The objectives of this activity are to

1. Investigate, and if successful, provide a means for broadly
detecting and characterizing the subsurface fracture network in
regions between the surface, boreholes, and underground workings.

2. Calibrate and relate the seismic propagation characteristics of the
host rock to the fracture patterns observed in boreholes and under-
ground workings, and to extrapolate the observed fracture patterns
to the surrounding region.
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Parameters

The parameters for this activity are travel time, amplitudes, and
polarizations of the direct, reflected, and refracted compressional and shear
waves (SH and SV), as well as other wave propagation characteristics identi-
fied by investigating the relationship of wave propagation characteristics to
fracture properties.

DescriDtion

Tomographic vertical seismic profiling (VSP) techniques may be used to
study the degree and character of fracturing of the rock mass. Feasibility
studies will be performed to establish whether these techniques are appli-
cable to the unsaturated zone at Yucca Mountain. If they are successful,
then multi-offset, multisource (P, SV, and SH) VSP surveys would be conducted
between the surface and existing drillholes, and between the surface and the
underground excavations of the exploratory shaft facility, to detect and map
spatial variation of seismic propagation characteristics in the repository
area. Seismic characteristics are expected to correlate in a useful manner
with observed fracture characteristics. The objective will be to derive a
series of maps of the fracture characteristics of the subsurface, to be used
in development of a three-dimensional descriptive model of fracturing at
Yucca Mountain. From previous VSP studies, it is estimated that significant
spatial variation of seismic propagation characteristics may be detected
using pixels with dimensions as small as 20 m. The velocities, amplitudes,
and polarizations of seismic phases recorded on three-component sensors may
be used to broadly characterize fracture orientations, density, and spacing.
Tomographic analysis using the travel times, amplitudes, and shear wave
polarization may be used to relate seismic characteristics to the fracture
characteristics. Three-component sensors will be placed in available
boreholes with the compressional and shear wave sources placed at the
surface. Interpretation of surveys in boreholes will be augmented by
performing similar surveys in drifts at the Topopah Spring and Calico Hills
levels where more direct observations of fracture characteristics can be
obtained. The hydrologic, geochemical, and geomechanical test results
obtained in the exploratory shaft facility will be evaluated in terms of the
fracture information from the VSP surveys. If successful, the VSP approach
may provide a means for extrapolating important characteristics of the site
directly measured at select locations to the greater region encompassed by
VSP studies.

The following steps are proposed for the VSP work. First, structural
and fracture domains with similar properties will be selected and defined in
the exploratory shaft facility after geologic mapping has been conducted.
Second, appropriate sensors will be installed in drillholes into the drift
walls, providing a vertical array of sensors that can then be used to carry
out the VSP work with the P- and S-wave sources at the surface. Finally,
after the instrumentation has been emplaced, the VSP survey will be
conducted.
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Laboratory analysis of core samples will be performed to observe and
measure seismic propagation effects needed for interpreting the charac-
teristics of the in situ rock mass. Fractured and unfractured specimens will
be subjected to seismic excitation at test conditions (frequency, strain
amplitude) representative of field test conditions.

8.3.1.4.2.3 Study: Three-dimensional geologic model

Objectives

The objective of this study is to develop a three-dimensional geologic
model of the site area. In doing so, much of the study will involve
synthesis of the results of other studies in the investigation to develop a
model that will be integrated into the three-dimensional rock characteristics
model described in Study 8.3.1.4.3.2 of Investigation 8.3.1.4.3.

8.3.1.4.2.3.1 Activity: Development of a three-dimensional geologic model
of the site area

Objectives

The objective of this activity is to develop a three-dimensional
geologic model of the Yucca Mountain site that incorporates stratigraphic,
structural, geophysical, and rock properties information pertinent to site
characterization, and design and performance assessment activities.

Parameters

The parameters of this activity fall into three categories.

1. Stratigraphy-lithology (lateral and vertical variations in
lithostratigraphic units):

a. Depth.
b. Thickness.
c. Attitude.
d. Welding and crystallization.
e. Alteration.
f. Petrography.
g. Lithophysal zones in Topopah Spring Member.
h. Geophysical characteristics.

2. Faults:

a. Distribution.
b. Displacements.
c. Orientations.
d. Age relationships.
e. Physical features.
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f. Geophysical characteristics.
g. Tectonic styles.

3. Fractures:

a. Spatial distribution.
b. Frequencies.
c. Persistence.
d. Orientations.
e. Age relationships.
f. Surface characteristics.
g. Interconnectedness.
h. Aperture.
i. Filling mineralogy.
j. Mineral infilling distribution.
k. Geophysical characteristics.

Description

Geologic data that are collected from coreholes, drillholes, outcrops,
and geophysical studies will be used to construct isopach maps, structural
contour maps, correlation diagrams, and cross sections. These illustrations
will show the distribution and lithologic variability of stratigraphic units
that underlie the site and surrounding areas such as Crater Flat and Jackass
Flats. Principal scales of compilations will be 1:48,000, 1:24,000, and
1:12,000.

As stratigraphic, structural, and geophysical studies progress from data
collection and documentation phases into interpretation phases, important
sources of information will be reviewed, assessed, and integrated into a
model that describes all relevant aspects of the site geology. This
descriptive model will also incorporate geologic constraints discovered
during development of models of the depositional and diagenetic histories of
units.

8.3.1.4.3 Investigation: Development of three-dimensional models of rock
characteristics at the repository site

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

The following sections summarize available data relevant to the
development of three-dimensional models of rock characteristics for the
repository area and the immediate vicinity.
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SCP section Subject

1.2.2.2 Cenozoic rocks (stratigraphy and lithology at Yucca
Mountain)

1.3.2.2.2 Structures and structural history of Yucca Mountain

1.8.1.2 Stratigraphy and lithology (summary of significant
results)

1.8.1.3 Structural geology and tectonics (summary of significant
results)

1.8.2.1 Relation of geology to repository design

2.9.1.1 Geoengineering properties (sumary)

2.9.1.2 Relationship of data to performance objectives

2.9.1.3 Preliminary evaluation of data uncertainty

3.6.1 Hydrogeologic units

3.10.1 Sumnary of significant results (hydrogeology)

4.5 Summary of significant results (geochemistry)

Parameters

The principal result of this investigation will be the development of
computer-based representations of the three-dimensional distribution of
physical property data. Contour maps or cross sections will show the spatial
distribution of such parameters as rock compressive strength, thermal conduc-
tivity, or gas permeability. Specific parameters to be modeled include those
rock characteristics parameters requested as input to design or performance
assessment information needs. As an intermediate step in the three-
dimensional modeling process, this investigation will provide data such as
porosity, saturated hydraulic conductivity, and saturation to provide a basis
for defining the detailed spatial variability of the tuff rock mass upon
which all rock characteristic distributions depend. Analysis of the core
obtained by this study will also provide data pertaining to the following:

1. Location of geologic contacts.

2. Basic rock descriptions including degree of welding, types of pumice
or lithic fragments, abundance of lithophysae, gross mineralogy, and
alteration.

3. Subsurface characteristics of faults.

4. Fracture frequencies and orientation.

5. Rock quality designation.
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The core will be available for more detailed examination of lithology,
fractures, faults or other geologic features by other studies and investiga-
tions (particularly Investigation Section 8.3.1.4.2, geologic framework). As
additional information from detailed study of core, geophysical logs, and
other investigations becomes available, the three-dimensional model will be
modified to reflect the new data.

Purpose and objectives of the investigation

The purpose of developing three-dimensional, computer-based models of
rock characteristics at the Yucca Mountain site is two-fold: (1) to summarize
information gained during the course of Investigations 8.3.1.4.2 (geologic
framework), 8.3.1.2.1 through 8.3.1.2.3 (hydrologic material properties),
(thermal/mechanical properties) and (2) to provide a mechanism for transfer
of this integrated information to the design and performance assessment
issues.

Specifically, performance assessment and design issues have called for
quantitative information regarding the spatial distribution of various rock
characteristics (Table 8.3.1.4-1). Numerous investigations have been
designed to acquire the basic quantitative data or to develop the geologic
framework that must be considered in the development of a three-dimensional
model of rock characteristics.

Technical rationale for the investigation

This investigation consists of activities that integrate information
collected by numerous other investigations. These diverse types of field and
laboratory data are presented in the form of three-dimensional models of rock
characteristics--models that have been requested by, and that will be
utilized directly by, design and performance assessment studies.

Construction of a three-dimensional block model of rock p--perties that
represents actual rock characteristics at the Yucca Mountain e is much
more than the arbitrary upluggingu of quantitative values foz me rock pro-
perty into the proper wboxw in three-dimensional space. Inti Alation
algorithms are numerous, yet application of different procedur.e.s may yield
vastly differing interpretations of identical input values. The critical
factor for developing a model that is representative of in situ conditions is
the extent to which the quantitative determinations of some rock property
value are constrained by the geologic framework (Investigation 8.3.1.4.2) of
the Yucca Mountain area. A porosity model that does not respect constraints
imposed by geologic knowledge of the eruptive and depositional history of the
rocks involved, the general vertical and lateral variability of similar rocks
elsewhere, and the observed displacement of original rock units by faulting
will not be generally accepted and therefore will not be useful to a perform-
ance assessment analyst or design engineer.

The essential philosophy of model development will be to use detailed
information regarding the spatial structure of selected rock characteristics
(e.g., porosity, saturated hydraulic conductivity) obtained by Study
8.3.1.4.3.1 (systematic drilling program) and less abundant, quantitative
rock characteristics data obtained by Investigations 8.3.1.2.1. through
8.3.1.2.3, 8.3.1.3.2 and 8.3.1.15.1 in or-,r to determine the spatial corre-
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lation structure of the rock characteristic(s) under current consideration.
Quantitative descriptions of the identified spatial structure will be com-
pared with descriptions of the geologic framework of Yucca Mountain (In-
vestigation 8.3.1.4.2), and major discrepancies will be resolved. The quan-
titative descriptive data will then be interpolated and projected using a
standard mathematical algorithm to create a model of the desired proper-
ty(ies) as requested by performance assessment and design issues.

8.3.1.4.3.1 Study: Systematic acquisition of site-specific subsurface
information

Only one activity is planned under this study.

8.3.1.4.3.1.1 Activity: Systematic drilling program

Objectives

This activity will acquire physical rock samples, analytical data, and
basic descriptions of the subsurface geology of the repository site on a
systematic basis. These samples and information are important for
characterizing the three-dimensional distribution of rock characteristics,
and hydrologic and geochemical variables, for the unsaturated zone at Yucca
Mountain. Other information and samples will also be provided because of
this access to the shallow saturated zone.

Borehole locations and drilling methods used by this activity are
technically and programmatically integrated with other activities, including
8.3.1.2.2.3.2 (site vertical boreholes study), 8.3.1.2.3.1.1 (Solitario
Canyon fault study in the saturated zone), and 8.3.1.2.3.1.2 (site
potentiometric-level evaluation). Consistent with the requirements of 10 CFR
60(d)(4), the location and drilling of the boreholes in the systematic
drilling program are being coordinated with the repository design. More
detail on this coordination effort (particularly regarding the potential
impact on repository performance of site characterization activities in
general and the systematic drilling program in particular) is provided in
Section 8.4. The integration and coordination of these activities will be
accomplished in Activity 8.3.1.4.1.1, development of an integrated drilling
program.

Parameters

Parameters to be provided through the acquisition of samples and data by
this activity include the following:

1. Locations of contacts of geologic and thermal-mechanical strati-
graphic units (Ortiz et al, 1985).

2. Lithologic and petrologic descriptions of core or cuttings, in-
cluding welding and primary crystallization characteristics.
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3. Locations and characteristics of lithophysal zones and other altered
zones.

4. Locations and characteristics of faults.

5. Fracture frequency and orientation.

6. Core recovery data, including rock quality designation (RQD).

7. Matrix porosity.

8. Unsaturated matrix hydraulic conductivity.

9. Matrix saturation and in situ potential.

The sample logging, wireline logging, and laboratory testing needed to
investigate these parameters will be conducted under the associated geologic,
hydrologic, and geochemical activities. The strategy for locating boreholes
is based on the requirements of the three-dimensional rock characteristics
model (Study 8.3.1.4.3.2), and on other studies that involve analysis of
spatial variability (e.g., Activity 8.3.1.2.2.3.1, matrix hydrologic proper-
ties testing). The objectives of this strategy are to provide areal coverage
within and immediately adjacent to the perimeter drift and to provide infor-
mation for the evaluation of the geostatistical approach for characterizing
spatial variability and obtaining representative data.

Description

Surface based testing planned for site characterization may be
categorized according to two different approaches: the "feature sampling"
program or the systematic program. The feature sampling approach tests
specific hypotheses about behavior of the site; boreholes are located where
anomalous behavior is expected or proximal to important structures controlling
variability. The systematic approach uses only certain information for
locating boreholes, and thus, is unbiased with respect to what is known about
the site. Representative (conditionally unbiased) sampling may yield smaller
predictive uncertainty if known anomalies are avoided, or greater uncertainty
if extreme behavior is not restricted to known anomalies. The systematic
approach relies on the feature sampling approach, and thus on hypothesis
testing, for characterizing extremes. The systematic approach involves more
closely spaced boreholes in the immediate site area than the feature sampling
approach. Both approaches provide the sampling coverage needed for engineer-
ing design and performance assessment calculations.

The systematic drilling program consists of twelve boreholes, located in
conjunction with the feature sampling program, including (1) seven boreholes
to provide areal coverage and (2) five boreholes to provide information for
evaluation of the geostatistical approach. The systematic drilling program is
intended to provide samples and data for evaluating the variability of hydro-
logic, geochemical, geomechanical, and other characteristics as discussed in
Section 8.4.2.1.5. This information, in conjunction with that from the
feature sampling program, will be used to evaluate the current understanding
of unsaturated-zone flow and transport and alternative hypotheses for flow
processes. The most pervasive data needs are for the immediate site area
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where such processes as gaseous transport lateral diversion, fracture-matrix
interaction, nuclide sorption in the unsaturated zone, and geomechanical rock
mass response could significantly affect site performance. The systematic
drilling program, therefore, focuses on the immediate site area; additional
information from outside the area will be obtained from various existing and
planned boreholes of the feature sampling program.

If feature(s) are discovered, characterization plans will be reevaluated
and may be modified. It is expected that the feature sampling program would
be modified, for example, by adding drillholes to the site vertical boreholes
study of the unsaturated zone to investigate newly discovered features.
However, the systematic drilling program could also be modified by changing
the location of a planned borehole or adding a new one. Data from the feature
sampling program and the systematic program will be reevaluated on an ongoing
basis during site characterization, as discussed in Investigation 8.3.1.4.1
(development of an integrated drilling program). All drilling plans are
flexible and can be modified as the result of ongoing evaluation.

The unsaturated portion of each borehole will be drilled dry, without the
use of water or other conventional drilling circulation liquids, to preserve
sample quality and prevent damage to the formation to the extent practicable.
Each borehole will be drilled to a depth of approximately 100 m below the
water table; the unsaturated zone will be protected by casing or other means
from water produced while drilling below the water table. Other drilling
criteria are (1) continuous core sampling capability; (2) penetration to at
least 2,600 ft; (3) monitoring of circulation air for immediate detection of
perched water in the unsaturated zone; (4) modest drill pad requirements
(i.e., approximately 200 ft in the largest dimension); and (5) incorporation
of borehole standoff from repository drift into the borehole siting. Borehole
locations were selected according to the areal coverage and spacing criteria
described below, and then modified slightly where necessary to provide better
access in rugged terrain, thus reducing surface disturbance. The selection of
a drilling method is linked to the results of prototype drilling, which is
associated with the site vertical boreholes study (Activity 8.3.1.2.2.3.2).

Areal Coverage

Seven boreholes, USW SD-1 through USW SD-7, are located within or just
outside of the conceptual perimeter drift boundary (CPDB) (Figure
8.3.1.4-10). These seven holes, when combined with planned USW boreholes
UZ-2, UZ-3, UZ-7, UZ-8, and H-7 of the feature sampling program, result in
approximately uniform areal coverage of the area within the CPDB at an
effective borehole spacing of roughly 3,000 ft. Figure 8.3.1.4-10 shows the
planned borehole locations with circles of a 1,500-ft radius centered at each
borehole; deviations from regular coverage result from a requirement for
reasonable access in the rugged terrain. Two quantities were considered in
adopting the 3,000-ft spacing: (1) the correlation length for variability of
basic physical properties (e.g., matrix porosity; pneumatic conductivity) and
(2) the minimum number of boreholes in the feature sampling program with which
data from the systematic program will be compared for detection of bias.
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The tuffaceous beds of the Calico Hills have been designated as a primary
barrier for waste isolation in the performance allocation process described in
Section 8.1. A review of selected physical properties data (porosity and air
permeability) available for the tuffaceous beds of the Calico Hills unit
indicated that the maximum range of spatial correlation for this unit was
roughly 3,000 ft. This 3,000-ft distance is a preliminary estimate of the
distance over which these properties can be interpolated using the
geostatistical approach. These preliminary results suggest that one or more
boreholes should be less than .3,000 ft away from any given location to reduce
the uncertainty (relative to taking the mean and standard deviation of all the
data). The 3,000-ft spacing also provides that for 87.2 percent of the area
within the CPDB, any given point within the CPDB will be less than 1,500 ft
away from at least one borehole. The integrated feature sampling and
systematic drilling programs will thus provide acceptable areal coverage of
the area within the CPDB. If a geostatistical model with correlation length
of about 3,000 ft or more is used in conjunction with performance assessment,
then reduction of statistical uncertainty throughout the site area would
result without additional drilling.

An alternative basis for the number of boreholes in the areal coverage
scheme is to approximate the minimum number of similar boreholes in the
feature sampling program, with which statistical comparison can be used for
detection of bias. The number of such boreholes in the feature sampling
program has been set by plans for hypothesis testing. Five such boreholes are
planned in the immediate site vicinity including USW holes UZ-2, UZ-3, UZ-7,
UZ-8, and H-7 (Activities 8.3.1.2.2.3.2 and 8.3.1.2.3.1.1). Other such
boreholes are also available at slightly greater distances from the site. In
general the number of boreholes in the 'unbiased' set should be comparable to
the number of other boreholes, for statistical comparison. This rationale
assumes that the Calico Hills unit will eventually be investigated by borehole
penetration or excavation at the exploratory shaft facility location.

Geostatistical evaluation

The systematic drilling program is intended to provide sufficient data
for meaningful evaluation of the geostatistical approach to modeling spatial
variability, particularly for basic matrix properties including porosity,
saturation, and saturated.hydraulic conductivity. Preliminary plans for new
drilling, combined with data from existing boreholes, will provide information
about the spatial variation of certain rock characteristics at the site.

The information needed to evaluate the geostatistical approach consists
of sufficient numbers of pairs of observations (boreholes) separated by
various distances ranging from about 1,000 ft up to about 10,000 ft. The
lower separation value corresponds roughly to the upper spacing limit of
sampling in the ESF and associated boreholes. The upper value approximates
the maximum dimension of the CPDB.

Trend analysis is typically required for geostatistical evaluation. Data
trends with depth or borehole location may be related to such factors as
distance to the eruptive source of a tuff unit, or stratiform lithologic
differentiation that occurs during welding and cooling (Section 8.4.2.1.5.4).
Methods used for trend fitting usually require data from outside the study
area (e.g., outside the CPDB) to constrain the trend model at the edges of the
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study area. A wide distribution of boreholes, is therefore, needed for detec-
tion and modeling of data trends within the site area. For hydrologic state
information (e.g., matrix saturation), this control will be provided by a
number of planned boreholes outside the perimeter drift (including UE25 holes
UZ-4, UZ-5, UZ-9, UZ-9A, and UZ-9B, and USW holes UZ-10, UZ-11, UZ-12, UZ-13,
UZ-14, WT-8, and WT-9). The same boreholes may be used for modeling trends in
stratigraphy or physical properties, and additional control may be obtained
from numerous existing boreholes (including UE25 holes a#1, b#1, c#1, c#2,
c#3, and WT#18, and USW holes H-1, H-3, H-6, G-1, G-2, G-3, GU-3, WT-1, WT-7,
and UZ-1).

Gridded locations provide the maximum density of borehole pairs at dis-
crete spacings; however, the need to control surface disturbance at Yucca
Mountain, and the integration of systematic drilling with the feature sampling
program, make a gridded program impractical. Instead, a standard approach is
used whereby borehole pairs are grouped in spacing ranges. A rule of thumb
for geostatistical analysis holds that the number of pairs in each spacing
range should be at least 30. The actual number of pairs that is acceptable
for each spacing range will depend heavily on the data values. However, the
rule is a valid basis for planning the systematic drilling program, because
insufficient information is available (especially at the smaller spacings) to
indicate otherwise.

According to statistical principles, the borehole pairs used for
statistical modeling should reside within a domain where it is physically
reasonable to use a single model for prediction, and where certain statistical
properties of variability are uniform. For the systematic drilling program,
the domain is taken as the area within the perimeter drift and immediate
vicinity. It would be impractical to drill the entire domain at 1,000-ft
spacing, and so the small spacings are investigated in a limited area. The
assumption that this area is representative of the domain will be evaluated
from the results of the twelve planned boreholes, and other boreholes of the
feature-sampling program, and possibly investigated further in additional
systematic drilling.

Boreholes SD-8 through SD-12 on Figure 8.3.1.4-11 are located just
outside the southeastern part of the CPDB. They are clustered in reasonably
accessible locations near USW UZ-7, USW UZ-8, and the UE25 UZ-9/9A/9B complex
of boreholes, which increases the number of spacings. The distribution of
different spacings possible from the systematic drilling program (USW holes
SD-1 through SD-8 and SD-10 through SD-12, and UE25 SD-9), plus the other
planned penetrations indicated on Figure 8.3.1.4-10, is shown by the histogram
of Figure 8.2.1.4-12. The spacings in this figure are sorted in ranges of
1,000 ft, but may be redefined if appropriate for geostatistical modeling.
Several existing boreholes within the perimeter drift or immediate vicinity
are accessible for relogging and resampling; if these holes (USW holes UZ-6,
UZ-6S, H-6, G-1, G-3, GU-3, G-4, and WT-Z; and UE25 holes a0l, b#l, c#1, c#2,
and c#3) are included in the spacing compilation, the histogram of Figure
8.3.1.4-13 results. The two figures show that the systematic drilling
program, together with existing boreholes and additional planned drilling,
results in greater than 30 borehole pairs in spacing ranges up to 10,000 ft.
Thus the systematic drilling program meets the requirements for geostatistical
evaluation, and will provide significant additional information for a subset
of rock characteristics if integrated with existing boreholes.
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Migrt.e .3.1.4-11s. Yucca Mountain systematic drilling program- small scale variability test drill hole location
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SITE AND ARE DESIGNATED WITH THE PREFIX UE25: &#I. bWl. WT#18. UZ-4, UZ-5. UZ-9, UZ-9A, UZ-98,
SD-9, AND VSPI1. THE REMAINING DRILL HOLES (OUTSIDE THE BOUNDARY) ARE DESIGNATED WITH
THE USW PREFIX. I
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Some loss of information may be incurred from separate use of boreholes
located in clusters, for generating larger spacings. For example, the USW
UE25 USW UZ-9 complex of boreholes (spaced about 100 ft apart) will be used in
conjunction with USW holes SD-8, SD-10, SD-li, and SD-12; and UE25 SD-9 for
generating multiple spacings of 1,000 ft or more. This effect depends on the
correlation structure, and on persistence of residual trends in the data set.
When the data from the boreholes just listed become available, the effect will
be evaluated to determine the extent to which it causes bias in the evaluation
of the geostatistical approach.

Analysis and sampling strategy

All available core will be described, photographed, and logged
graphically for unit contacts, fracture parameters, and gross engineering
indicators such as RQD. A small suite of matrix properties including
porosity, saturation, and saturated conductivity will be intensively analyzed
for spatial dependence. The underlying logic is that the basic spatial
correlation patterns determined in this manner can probably be correlated
statistically to the spatial distribution of other rock characteristics.
Measurement of these parameters is relatively inexpensive and can be extended
to a large number of samples, increasing confidence. Rock characteristics
such as unsaturated matrix conductivity are much more costly to measure and
cannot be similarly repeated. Once a common correlation structure has been
established, the set of more frequent measurements can be used directly for
estimating the sparse set.

Subsequent to logging, the recovered material will be sampled systemat-
ically according to a predetermined scheme. This scheme is designed to
support statistically representative measurements of the following basic
properties saturation, porosity, and saturated hydraulic conductivity. After
basic measurements are completed, the same samples (along with other samples
according to the scheme) will be analyzed by different studies, culminating in
measurements that require destructive testing. Determination of multiple
properties from the same specimens is important for correlating variability of
different parameters with nonuniform measurement support. Figure 8.3.1.4-14
summarizes in a conceptual manner the coordination of multiple sampling
efforts for the same specimens. The scheme that is actually used will be
determined through further planning and the integration function of the
Project Sample Overview Committee.

The sampling program for sample group A (sampled for porosity, saturated
hydraulic conductivity, and saturation) will be conducted in the Sample
Management Facility according to the preietermined scheme. In this conceptual
scheme, porosity and saturation data are measured on samples collected every
1.5 m (5 ft); saturated conductivity would be measured for alternating
samples, or every 3 m (10 ft). A secondary sampling program would be
undertaken in at least two intervals within each unit to sample close-order
variability. This secondary program is represented schematically on the
left-hand side of Figure 8.3.1.4-14.

8.'.:.4-86
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Sample group B (Figure 8.3.1.4-14) may be collected to investigate rock
characteristics that do not require the same intensity of sampling as group A.
This may be because less confidence in the parameter is required by the
performance allocation, or because the cost of a single measurement is many
times the cost of a porosity or saturation test. Similarly, sample groups C
and D would be collected for investigation of properties with different
requirements. All the sample groups are referred back to the basic matrix
properties, because all the samples were originally tested in the same way.
The statistical model for variability of each group can be enhanced (at least
in principle) through the use of the model for basic properties.

8.3.1.4.3.2 Study: Three-dimensional rock characteristics models

8.3.1.4.3.2.1 Activity: Development of three-dimensional models of rock
characteristics at the repository site

Objectives

The objective of this activity is to develop computer-based three-
dimensional models that integrate quantitative and semiquantitative data on
rock characteristics in light of constraining information developed by
studies of the geologic framework of the Yucca Mountain site (Investi-
gation 8.3.1.4.2).

Description

This study will serve as the process whereby the majority of location-
specific site characterization data describing rock characteristics is sum-
marized and interpreted in light of a constraining geologic framework (Inves-
tigation 8.3.1.4.2) for Yucca Mountain. This study also will result in
models that will be the means by which these data pass from site character-
ization investigations to design and performance assessment studies. Because
the rock characteristics data and the geologic framework information both
will be represented as three-dimensional computer-based models that are
closely linked to the Yucca Mountain Project Technical Data Base, representa-
tions of the model may take many forms depending upon the use of the infor-
mation. For example, information from the model may be represented as
contour (isopleth) maps, cross sections, level plans, 3-D" perspective
illustrations, statistical distributions (histograms, means, variances), and
as numerical data files for direct input to computer codes used for perform-
ance assessment or design analyses. The primary requirement of input data
for the three-dimensional rock property models is systematic and statis-
tically valid (unbiased) sampling at scales adequate to allow quantitative
characterization of the spatial variability of the parameters of interest at
Yucca Mountain. Characterization of spatial variability will depend heavily
upon geostatistical techniques. Determination of sampling intervals and
parameters will rely upon geostatistical analysis in conjunction with sensi-
tivity studies conducted by the associated performance assessment or design
information needs.

8 .3.1.4-87
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Much of the analysis of the spatial variability will depend upon

detailed knowledge of a few selected rock characteristics (e.g., porosity,

saturated hydraulic conductivity, saturation) that will be obtained as part

of the integrated drilling program described by Investigation 8.3.1.4.1.

These parameters will serve as surrogates in determining the spatial varia-

bility of several other parameters needed by performance assessment and

design issues in preliminary stages of the analyses. Because the basic

spatial distribution of properties of the rock mass at Yucca Mountain is that

produced by the processes of volcanic eruption, transport, deposition, and

post-depositional alteration (including welding and devitrification), the

quantitative description of the distribution should correspond to parameters

that derive their distribution from some part of those emplacement and

alteration processes.

The measured values of parameters from which the final modeling activi-

ties will be conducted, will come largely from Site Programs 8.3.1.2 (geohy-

drology), 8.3.1.3 (geochemistry), and 8.3.1.15 (thermal and mechanical prop-

erties).

The models typically will be constructed as follows. First, measured

values of the hydrogeologic, geochemical, or thermal/mechanical parameters of

interest (from drillholes and the exploratory shaft facility) will be mapped

into their proper three-dimensional location in model space. Second,

geologic framework information (the altitude of geologic contacts, fault

locations and offsets, etc.), from Investigation 8.3.1.4.2 also will be

mapped into three-dimensional model space. The spatial structure of the

observed values (actual measurements) will be determined by geostatistical

techniques (variogram or covariance analysis). The spatial structure of a

group of related parameters may be further refined by study of the cross-

covariances among those quantities. Conflicts between the observed spatial

structure of quantitative data and the structure implied by the geologic

framework will be resolved (e.g., identification of a concealed fault,

reinterpretation of volcanic source area or flow path, or identification of

some previously unknown alteration phenomenon). Surface-based and borehole

geophysical interpretations will also provide a constraint upon subsurface

modeling. The geostatistical techniques of covariance analysis and kriging

will be used to determine when the spatial structure of a parameter of

interest is sufficient.

Hydrologic, thermal/mechanical, and geochemical rock property measure-

ments then will be interpolated into unsampled areas constrained by the

observed values at sampling points, by the faulted stratigraphy, and by the

identified spatial structure. The most detailed approach to this phase of

modeling involves the formulation of a three-dimensional block model, wherein

the site is divided into numerous orthogonal blocks and each block is suffi-

ciently small that the parameter of interest may be treated as constant

within the block. Once the structure of the data is determined, the values

of unsampled blocks are estimated (interpolated) by techniques such as

kriging (or cokriging). Geostatistical techniques provide estimates of the

uncertainty associated with each parameter within each block. Estimates of

the probability that the true value in each block exceeds some predetermined

limit or is within some range of values (specified by the corresponding

performance assessment or design issue) are also possible.

8.3.1.4-89
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8.3.1.5 Overview of the climate proaram: Description of future climate
conditions, required by the performance and design issues

Summary of performance and design requirements for climate information

Certain performance and design issues address requirements that climate
and climate-related factors be determined for past, present, and future
conditions (Investigation 8.3.1.5.1) and that the effects of future climate
on hydrology be determined (Investigation 8.3.1.5.2). The results of
Investigation 8.3.1.5.1 are necessary inputs to Investigation 8.3.1.5.2.
Pertinent available data on recent climate, meteorology, and paleoclimate are
presented in Chapter 5 along with a discussion of methods for predicting
future climate. Similarly, available hydrology data pertinent to Yucca
Mountain are presented in Chapter 3. The general conclusions from Chapters 3
and 5 are that more data are required than are presently available on the
paleohydrology, paleoclimate, and modern climate of the Yucca Mountain area
in order to adequately predict future climate and its possible effect on site
hydrology relative to repository performance.

Plans for two investigations making up the climate program are given in
Sections 8.3.1.5.1 and 8.3.1.5.2. Other plans for site investigations
requiring climate information include those for the erosion program (Sec-
tion 8.3.1.6), the geochemistry program (Section 8.3.1.3), the preclosure
hydrology program (Section 8.3.1.16), and the geohydrology program (Sec-
tion 8.3.1.2). The relationship between the climate program and the design
and performance issues is shown in Figure 8.3.1.5-1.

The climate program consists of investigations designed to provide data
on past, present, and future climate conditions and to determine the effects
of climate change on surface, unsaturated-zone, and saturated-zone hydrology.
Specifically, determining the effects of future climate on geohydrology helps
to satisfy the following performance and design issues.

Issue Short title SCP section

1.1 Total system performance (the 8.3.5.13
system performance objective for
limiting radionuclide releases to
the accessible environment as
required by 10 CFR Part 60 and
40 CFR 191.13)

1.8 NRC siting criteria (the favorable 8.3.5.17
and potentially adverse conditions
of 10 CFR Part 60)

1.9a Higher level findings (postclosure) 8.3.5.18
of 10 CFR Part 960: (1) 960.4-2-1,
qualifying condition for geohydro-
logy, (2) 960.4-2-4, qualifying
condition for climate

8.3.1.5-1
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Issue Short title SCP section

1.9b Comparative evaluation over next 8.3.5.18
100,000 yr

1.10 Waste package characteristics 8.3.4.2
(postclosure)

1.11 Configuration of underground 8.3.2.2
facilities (postclosure)

1.12 Seal characteristics 8.3.3.2

For the 10,000-yr period (Issues 1.1, 1.8, 1.9a, 1.10, 1.11, and 1.12),
it has been determined that information needed to satisfy Issue 1.1 will be
sufficient to address Issues 1.8, 1.9a, 1.10, 1.11, and 1.12. However, to
satisfy Issue 1.9b (the comparative evaluation over the next 100,000 yr),
additional information is required within the climate program, including
additional data and slightly different modeling strategies (Sec-
tion 8.3.1.5.1.6.2).

Table 8.3.1.5-1 lists the specific repository performance scenarios
related to climatic change in the 'initiating event or processw column.
These scenarios have been identified as being of concern to Issues 1.1 and
1.9b. Each scenario has a related performance measure, as shown in column 2.
Each performance measure has two performance parameters in the third column,
related to either the 10,000-yr or 100,000-yr period. Each performance
measure has an additional parameter assigned as the quantitative bound on the
expected magnitude of the performance parameter. Following the performance
parameters are the tentative goals and corresponding confidence levels needed
to meet the total system performance objectives.

The primary climatic variables that have an effect on the performance
measures include magnitude and intensity of precipitation, storm types as
they influence initial runoff and snow accumulation, and snowmelt and
evapotranspiration. The relationship between the performance parameters and
the related climate investigations is presented in the next section.

Approach to satisfy performance and design requirements

The investigations, studies, and activities within the climate program
are designed to provide estimates of future climatic conditions and estimates
of the effects of future climate on hydrologic conditions. Figure 8.3.1.5-2
traces the flow of information to show how data-gathering activities lead to
modeling and synthesis activities to finally result in a determination of the
effects of future climate on unsaturated-zone, saturated-zone, and surface-
water hydrology to satisfy Performance Issues 1.1 and 1.9b (and subsequently
Issues 1.8, 1.10, 1.11, and 1.12) as discussed in the previous section. This
figure ties into Table 8.3.1.5-2.

8.3.1. 5-3



Table 8.3.1.5-1. Initiating events or processes and associated performance measures (for
program) (page 1 of 2)

cli mat e

I-

ded °
idence F

Init iat ing
event or process

Intermediate
performance measures

Performance
parameters

Tentative
goal

Nee
confi

Climatic changes
cause increase in
infiltration over
C-area

Radionuclide transport time
through U2b, given fixed
UZ thicks.ess, rock hydro-
logic properties, and
geochemical properties

Expected magnitude of
flux change due to
climatic changes over
next 10,000 yr Ito
satisfy Issue 1.1)

Show expected flux
change will be
< 5 rm/yr

High
c

co

I.

Expected magnitude of
flux change due to
climatic changes
over 100,000 yr
(to satisfy
Issue l.9b)

Show expected flux
change will be
< 5 mm/yr

High

Climatic changes
cause an increase
in altitude of
water table

Radionuclide transport time
through U0, given fixed
UZ rock hydrologic and
geochemical properties

Expected magnitu.. of
change in water-table
level due to climatic
changes over next
10,000 yr (to satisfy
Issue 1.1)

Show expected magnitude
of change in water-
table altitude will
be <+100 m

High

Expected magnitude of
change in water-table
level due to climatic
changes over next
100,000 yr Ito
satisfy Issue l.9b)

Show expected magnitude
of change in water-
table altitude will
be <+100 -

Moderate

Climatic change
causes an increase
in the gradient of
the water table
within the C-area

Radionuclide transport time
through SZ% given fixed
distances to accessible
environment boundary

Expected magnitude of
change in water-table
gradient due to cli-
satic change over the
next 10,000 yr (to
satisfy Issue 1.1)

Show change will be
< 2 x 10-3

Moderate

Q

r'I
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Table 8.3.1.5-1. Initiating events or processes and associated performance measures (for climate
program) (page 2 of 2)

I

0

I.
Initiating

event or process
Intermediate

performance measures
Performance
parameters

Tentative
goal

Needed
confidence

Expected magnitude of
change in water-table
gradient due to
climatic change
over next 100,000 yr
(to satisfy Issue 1.9bi

Show change will be
c 2 x 10-3

:0

Moderate

Climatic change
causes appearance
of surficial dis-
charge points with-
in C-area

.I

Radionuclide transport time
through SZ, given fixed
SZ rock hydrologic and
geochemical properties

Expected locations of
surficial discharge
points within C-zone
over the next 10,000
yr; magnitudes of
discharges at each
location (to satisfy
Issue 1.1)

Show that no significant
surficial discharge
points could appear
within C-area, given
a water-table rise
<*160 a

Moderate

Expected locations of
surficial discharge
points within the
C-zone due to climatic
change over the next
100,000 yr Ito satisfy
Issue 1.9b)

Show that no significant
surficial discharge
points could appear
within C-area, given
a water-table rise
<+160 a

Moderate

aC-area - controlled area.
bUZ - unsaturated zone.
°SZ - saturated zone.
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Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 1 of 6)

Calls by performance
a ignissues Parameter Response by climate characterization program

Issue SCP section category Activity parameter SCP activity

<.

1.1, 1.9b

1.1, 1.9b

., -
"I

8.3.5.13,
8.3.5.18

8.3.5.13,
8.3.5.18

Present regional
climate

Quaternary regional
paleoclimate

Monthly and annual values for temp-
erature

Monthly and annual values for
precipitation

Monthly and annual values for wind-
velocity

Spatial and temporal variation of
precipitation

Spatial and temporal variation of
air temperature

Paleontology (ostracodes, diatoms,
aquatic palynomorphs, etc.) in
marsh, lake, and playa deposits

8.3.1.5.1.1.1

8.3.1.5.1.1.1

8.3.1.5.1.1.1

8.3.1.5.1.1.1

8.3.1.5.1.2.1

Lithostratigraphy of marsh, lake, and
playa deposits

Clastic sedimentology of marsh, lake,
and playa deposits

Chemical sedimentology of marsh,
lake, and playa deposits

Major element analyses of bulk
sediments from marsh, lakes,
and playas

Carbonate mineralogy of bulk sedi-
ments from lakes, marshes, and
playas

8.3.1.5.1.2.2

8.3.1.5.1.2.2

8.3.1.5.1.2.2

8.3.1.5.1.2.2

8.3.1.5.1.2.3

I~.,

C'K



Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 2 of 6)

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

Issue SCP section category Activity parameter SCP activity
PUc

1.1, l.9b
(continued)

8.3.5.13,
8.3.5.18
(continued)

Quaternary regional
paleoclimate
(continued)

Non-carbonate mineralogy of bulk
sediments from lakes, playas, and
marshes

Stable isotope analyses of bulk
sediments from lakes, playas,
and marshes

8.3.1.5.1.2.3

8.3.1.5.1.2.3
co

an

ID

Ages of playa, lake, and marsh
deposits

Pack-rat midden compositions
Pack-rat midden distributions
Pack-rat midden ages

Pollen and spore compositions
Pollen and spore distributions
Pollen and spore ages

Pollen-climate transfer functions
Vegetation-climate and pollen-

climate response surfaces

8.3.1.5.1.2.4

8.3.1.5.1.3.1
8.3.1.5.1.3.1
8.3.1.5.1.3.1

8.3.1.5.1.3.2
8.3.1.5.1.3.2
8.3.1.5.1.3.2

8.3.1.5.1.3.3
8.3.1.5.1.3.3

1.1, 1.9b 8.3.5. 13,
8.3.5.18

Quaternary regional
paleoenvironment

Soil morphology and distribution
Soil physical properties
Soil chemical properties

8.3.1.5.1.4.1
8.3.1.5.1.4.1
8.3.1.5.1.4.1

>1
<D! I

0O



Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 3 of 6)

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

Issue SCP section category Activity parameter SCP activity

0

!0

M

1.1, l.9b
(continued)

8.3.5.13,
8.3.5.18
(continued)

Quaternary regional
paleoenvironment
(continued)

Dust physical properties
Dust chemical properties
Soil water holding capacity
Soil partial pressure of C02
Movement of soil solutions
Rates of carbonate translocation
in soils

Ages of soils

Li'

8.3.1.5.1.4.1
8.3.1.5.1.4.1
8.3.1.5.1.4.1
8.3.1.5.1.4.1
8.3.1.5.1.4.1
8.3.1.5.1.4.1

8.3.1.5.1.4.1

8.3.1.5.1.4.1,
8.3.1.5.1.4.2

8.3.1.5.1.4
8.3.1.5.1.4.1,

8.3.1.5.1.4.2
8.3.1.5.1.4.1

Physical properties of surficial
deposits

Soil mineralogical properties
Ages of surficial deposits

Soil water chemistry

Distribution of surficial deposits
Thickness of surficial deposits
Chemical properties of surficial

deposits
Mineralogical properties of

surficial deposits

Ages of eolian deposits
Trace element geochemistry
in eolian deposits

Trace element geochemistry in
alluvium

Paleowind velocity

8.3.1.5.1.4.2
8.3.1.5.1.4.2
8.3.1.5.1.4.2

8.3.1.5.1.4.2

8.3.1.5.1.4.J
8.3.1.5.1.4.3

8.3.1.5.1.4.3

8.3.1.5.1.4.3

I-.

(D



Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 4 of 6)

Q-

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

Issue SCP section category Activity parameter SCP activity

F-a

ci:

l

1.1, 1.9b

1.1, 1.9b

8.3.5.13,
8.3.5.18

8.3.5.13,
8.3.5.18

Paleoclimate paleo-
environmental
synthesis

Future climate

Paleoprecipitation distributions
Paleoprecipitation intensities
Paleotemperature patterns
Paleoevaporation rates
Time series of paleoprecipitation

at key locations
Time series of paleoevaporation

rates at key locations
Time series of paleotemperature

at key locations
Magnitude of high paleoprecipi-

tation
Duration of high paleoprecipi-

tation periods
Occurrence of high paleosnowmelt
Magnitude of low paleotemperatures
Magnitude of low paleoevaporation

Future seasonal distribution and
average annual rainfall

Future type and intensity of storms
Future distribution and average
annual snowfall and rapidity of
snowmelt

Future evapotranspiration
Future cloud cover
Future temperature
Future wind speed and direction

8.3.1.5.1.5.1
8.3.1.5.1.5.1
8.3.1.5.1.5.1
8.3.1.5.1.5.1
8.3.1.5.1.5.1

8.3.1.5.1.5.1

8.3.1.5.1.5.1

8.3.1.5.1.5.1

8.3.1.5.1.5.1

8.3.1 .5.1.5.1
8.3.1.5.1.5.1
8.3. 1.5. 1.5.1

8.3.1.5.1.6.3

8.3.1.5.1.6.3

8.3.1.5.1.6.3

8.3.1.5.1.6.3
8.3.1.5.1.6.3
8.3.1.5.1.6.3
8.3.1.5.1.6.3

I-.

ID



Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 5 of 6)

I-

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

Issue SCP section category Activity parameter SCP activity

1.1, l.9b 8.3.5. 13,
8.3.5.18

Quaternary regional
paleohydrology

Paleoflood magnitudes
Paleoflood frequencies
Paleoflood hydraulic characteristics
Paleoflood debris movement

quantities
Paleoflood debris movement

characteristics

I-

8.3.1.5.2.1.1
8.3.1.5.2.1.1
8.3.1.5.2.1.1
8.3.1.5.2.1.1

8.3.1.5.2.1.1

8.3.1.5.2.1.2
8.3.1.5.2.1.2

8.3.1.5.2.1.2

Travel times from Cl36 and C14
Unsaturated zone water isotopic

characteristics
Unsaturated zone water chemical

characteristics

Past evapotranspiration rate
Past potentiometric head
Location, type, and extent of

hydrogeologic units
Transmissivity
Discharge of paleoseeps and

paleosprings
Locations of paleoseeps and

paleosprings

Analog infiltration rate
Analog recharge rate
Analog site effective moisture

8.3.1.5.2.1.3
8.3.1.5.2.1.3
8.3.1.5.2.1.3

8.3.1.5.2.1.3
8.3.1.5.2.1.3

8.3.1.5.2.1.3

8.3.1.5.2.1.4
8.3.1.5.2.1.4
8.3.1.5.2.1.4

1-.



Table 8.3.1.5-2. Activity parameters provided by the climate program that support performance and
design issues (page 6 of 6)

l

I-.

I1..

M

Calls by performance
and design issues

Issue SCP section
Parameter
category

Response by climate characterization program
Activity parameter SCP activity

.

F-'

I

1. 1, 1. 9b
(continued)

1.1, 1.9b

8.3.5.13,
8.3.5.18
(continued)

8.3.5.13,
8.3.5.18

Quaternary regional
paleohydrology
(continued)

Paleoclimate/
paleohydrology
synthesis

Mineralogy of calcite-silica
deposits

Petrology of calcite-silica
deposits

Morphology of calcite-silica
deposits

Paleontology of calcite-silica
deposits

Chemistry of calcite-silica
deposits

Ages of calcite-silica deposits
Isotopic concentrations of calcite-

silica deposits

Relationship between climate
(e.g. precipitation, tempera-
ture, evapotranspiration) and
infiltration and recharge

8.3.1.5.2.1.5

8.3.1.5.2.1.5

8.3.1.5.2.1.5

8.3.1.5.2.1.5

8.3.1.5.2.1.5

8.3.1.5.2.1.5
8.3.1.5.2.1.5

8.3.1.5.2.1.1,
8.3.]1.5.2.1.2,
8.3.1.5.2.1.3,
8.3.1.5.2.1.4,
8.3.1.5.2.1.5

q

xI

0-
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Table 8.3.1.5-2 provides a direct link between the climate-related
performance parameters (Table 8.3.1.5-1) and the activities in the climate
characterization program by using "parameter categories." Each parameter
category represents a group of activities (and the parameters to be addressed
by those activities) that will be used to evaluate the climate-related
performance parameters. There are seven parameter categories: present
regional climate, Quaternary regional paleoclimate, Quaternary regional
paleoenvironment, paleoclimate-paleoenvironmental synthesis, future climate,
Quaternary regional paleohydrology, and paleoclimate-paleohydrology
synthesis. From Table 8.3.1.5-1, there are essentially four types of
performance parameters relating to changes in ground-water flux, changes in
the elevation of the water table, changes in the gradient of the water table,
and the potential for surface discharge points for ground water in the
controlled area. All the parameter categories represent activities that
provide information, directly or indirectly, to each of these performance
parameters. The most direct link is between the future climate and the
paleohydrology-paleoclimate synthesis parameter categories; however, the
other categories are linked indirectly to the performance parameters through
these categories.

The parameter categories listed in the table, which group the activity
parameters, correspond to many of the square boxes on Figure 8.3.1.5-2. Two
boxes, "present geohydrologic conditions" and "geohydrologic model," are not
represented in the table because these activities do not take place within
the climate program. The activity parameters represent either field or
measured data or are directly calculated from field or measured data. These
activity parameters are generally the output from their associated SCP
activity listed in the next column. For data-gathering activities (far right
on logic diagram), the associated parameter category is generally just a
study-level grouping. For synthesis activities, which analyze data from
multiple studies and activities, the parameter categories correspond exactly
to the synthesis activities, and the associated activity parameters are the
output from the synthesis activity. Modeling activities also have a direct
correlation to parameter categories.

In all instances the calls by performance and design issues listed in
the first column are derived from Issues 1.1 and 1.9b, and will also be used
to satisfy Issues 1.8, 1.9a, 1.10, 1.11, and 1.12.

The following discussion follows the logic diagram and table and ties
the climate program to the design and performance issues:

The first data-gathering activity (8.3.1.5.1.1.1) is designed to
contribute to the characterization of the present regional synoptic climate
along with temporal and spatial variations. This characterization is used to
calibrate models of future climate as shown in the figure. The table shows
the activity parameters (or data) gathered in this activity along with the
parameter category associated with this study (modern regional climate).

The next two data gathering studies, 8.3.1.5.1.2 and 8.3.1.5.1.3, are
designed to contribute to a chronology of paleoclimate. These studies draw
upon evidence from lake, playa, and marsh sediments and terrestrial ecology
(pollen and pack rat middens) to develop a qualitative interpretation of the
Quaternary regional paleoclimate. The activity parameters associated with
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these activities are shown in the table and fall under the category "Quater-
nary regional paleoclimate." These studies form the basis for further
activities within the climate program.

Complementing the paleoclimate history will be four data-gathering
activities (8.3.1.5.1.4.1 to 8.3.1.5.1.4.4) leading in the same manner to a
chronology of paleoenvironment. These activities draw upon lines of evidence
from soils, surfizial deposits, eclian deposits, and geomorphology. The
paleoclimate and paleoenvironmental activities are to be integrated
ultimately into a paleoclimate-paleoenvironmental synthesis (Activity
8.3.1.5.1.5.1) . It is expected that the principal line of evidence for the
synthesis will be the paleoclimate history and that the paleoenvironment
history will serve to complement the paleoclimate chronology. This synthesis
is necessary for the assessment of long-term variability of paleoclimate and
to provide a basis for the estimation of future climatic episodes. In
addition, the results of this synthesis activity will be used to determine
the potential effects of future climatic conditions on hydrologic conditions.
The specific output from this synthesis activity includes an assessment of
paleoclimatological conditions, which will be used in the future climate
modeling activities and in the paleohydrology activities.

Activities pertaining to the modeling of future climate are shown on
Figure 8.3.1.5-3. Activity 8.3.1.5.1.6.1 contains the plans for global
climate modeling and does not require input from any previously discussed
site activities. The feasibility activity for regional numerical modeling
requires information on present regional climate. The purpose of this
activity is to determine if a regional numerical model is likely to provide
timely and scientifically valid results. An additional empirical modeling
activity (8.3.1.5.1.6.4) uses the integrated paleoclimate-paleoenvironmental
chronology from Activity 8.3.1.5.1.5.1 to project past climatic episodes into
the future. In the empirical modeling approach, the climatological values
for past climatic regimes will provide estimates for ranges that may occur in
the future. Therefore, the activity parameters listed under the category
"future climate modeling' will be derived from either a linked global-
regional modeling approach (8.3.1.5.1.6.3), a separate empirical modeling
approach (8.3.1.5.1.6.4), or both. This model output will be used to
determine the effects of future climate on geohydrology.

Five activities (8.3.1.5.2.1.1 to 8.3.1.5.2.1.5) will generate the data
to be used to determine the Quaternary regional ground-water flow system.
These activities include estimating severe paleorunoff and paleofloods,
determining relationships between paleoinfiltration and paleorecharge,
identifying areas of paleorecharge and paleodischarge in the Yucca Mountain
region, and assessing the conditi ns and rates of recharge in that region.
The specific activity-level parameters, which consist of measured or
collected data, are shown in the table and are used to develop a picture of
the paleohydrology at Yucca Mountain.

The data generated to determine the Quaternary regional paleohydrology
will then be used along with the paleoclimate-paleoenvironmental data to
determine the relationships between paleoclimate and paleohydrology. This
synthesis work is not an independent study or activity but rather occurs
within each of the paleohydrology activities. The parameter category,
"paleoclimate-paleohydrology," contains one activity parameter, 'relation-
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ships between paleoclimate and paleoinfiltration and paleorecharge," that is
an additional output from each paleohydrology activity.

Activities within the geohydrology program (8.3.1.2) will proceed in
parallel with the above mentioned climate program activities. Specifically,
studies addressing the unsaturated- and saturated-zone hydrologic system
(8.3.1.2.2.10 and 8.3.1.2.3.2) will be used to develop models of the flow
systems in both the unsaturated and saturated zones. These models will be
used to assist in the evaluation of baseline hydrologic conditions.

At this point, information will be available (1) on future climatic
conditions, (2) on the relationships between paleohydrology and paleoclimate,
and (3) from the geohydrology program (models of flow systems of the
unsaturated and saturated zones and the surface water system) as shown in
Figure 8.3.1.5-2. These three sources of information will be used by climate
program Study 8.3.1.5.2.2 to characterize future regional hydrologic
conditions based on the estimated climatic changes. The result of this study
will be an estimate of the impact of future climate changes on the overall
hydrologic system. The first activity (analysis of future surface hydrology)
will result in a determination of future precipitation-runoff relationships
to be used by the erosion program (8.3.1.6). The next activity (analysis of
future unsaturated-zone hydrology) will provide quantitative estimates of
future infiltration, percolation, and saturation of the unsaturated zone due
to climatic changes, which are essentially some of the performance parameters
listed in Table 8.3.1.5-1 used to satisfy the performance objectives of
Issues 1.1 and l.9b. The final activity will provide estimates of future
water-table altitude, ground-water flow rates, and ground-water velocity,
corresponding to other performance parameters listed in Table 8.3.1.5-1. The
performance parameters listed in Table 8.3.1.5-1 will address the performance
objectives of Issues 1.1 and 1.9b and therefore Issues 1.8, 1.9a, 1.10, 1.11,
and 1.12.

The information presented in Table 8.3.1.5-2 is a step toward the
development of 'characterization parameters" for the climate program.
Characterization parameters will be a specific limited set of parameters for
which quantitative testing bases will be established. These testing bases
will express, through parameter goals or degree of accuracy, how well a
particular parameter important to the climate program needs to be understood.
Characterization parameters will be developed from the individual activity
parameters in the following parameter categories: paleoclimate-paleo-
environment synthesis, future climate, and paleoclimate-paleohydrology
synthesis. An example of one such characterization parameter is future
precipitation. Initial sensitivity analyses performed on the hydrologic
models will provide an idea as to how well future precipitation is needed to
be known and what ranges of values are significant. This process will help
to guide the future climate modelers as to how well they need to determine
future precipitation and aid in prioritizing the activities within the
climate testing program.

Alternative Conceptual Models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that
summarize (1) the current hypotheses regarding how the site can be modeled
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and how modeling parameters can be estimated; (2) the uncertainty associated
with this current understanding, including alternative hypotheses that are
also consistent with available data and that may compose an alternative
conceptual model; (3) the significance of alternative hypotheses; and (4) the
activities or studies designed to discriminate between alternative hypotheses
or to reduce uncertainty. Integration of information from different
disciplines is often necessary to comprehensively evaluate alternative
hypotheses. Accordingly, the hypothesis-testing tables for each site program
call for information from studies and activities in other programs, as
appropriate. Tables 8.3.1.5-3, 8.3.1.5-4, and 8.3.1.5-5 summarize the
current status of regional climate, paleoclimate, and paleohydrologic
modeling, respectively, that is being performed as part of the climate site
program.

To help ensure comprehensiveness of the hypotheses considered in Ta-
bles 8.3.1.5-3, 8.3.1.5-4, and 8.3.1.5-5 hypotheses involved in climate
modeling have been divided into elements or components that describe the
physical domain defined by the model, the driving forces/processes that
influence the behavior of the model, the boundary conditions that affect the
model, the system geometry of the physical components of the model, and the
system response dynamics of the model in response to its driving forces,
boundary conditions and system geometry. These elements are listed in column
one.

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

The third column in Tables 8.3.1.5-3, 8.3.1.5-4, and 8.3.1.5-5 provides
a judged level of the uncertainty designated "high," "moderate,' 'low"
associated with the current representation for each element. A brief
rationale for the judgment is also given.

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

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

Column six gives the needed confidence in the indicated performance
measure or performance parameter, as defined in the performance allocation
tables.

The seventh column presents a judgment of the sensitivity of the
performance parameters in column five to the selection of hypotheses in
columns two and four for that element. The sensitivity is rated high if
significant changes in the values -- the performance parameter might occur if
an alternate hypothesis were found to be the valid hypothesis for the system.
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Table 8.3.1.5-3. Current representation and alternative hypotheses for regional model for the climate
program (page 1 of 4)

Current seotesenta: ion

Hode I Current
element representation

Uncertainty and
rationale

Alternative
hypothess I _

SLudies (it
activities
t,, reduce

-_ns!eIi Ls'tY...

Q)

CZ)

(D1

Per tormance
measure, desigi
or per f ormance

paraeter

Sili g icance _f alternative hypothesis
Veired con-
tidence in Sensitivity of

I parameter or parameter or
performance performance measure

measure to hypothesis

_ _ _

Need to reduce
uncertainty

Physical
domain

co

Great Basin and
parts of sur-
rounding con-
tinental land
smaa and eastern
Pacific Ocean,
between 2401
latitude and
50,11 latitude;
3.000 km by
3,000 km, with
center near
Yicc Mountain

Regional climate
Is driven prin-
cipally by the
broader global
climate, as
established by
conditions at
regional-global
model boundaries

ReaionIal climate

High--degree of
spatial resolu-
tion obtainable
in this region
is unknown;
effects of bound-
sry conditions
are unknown

High--although
boundary condi-
tions are
espected to be
the principal
driving forces
for regional
climate, relative
significance of
regional factors
is uncertain

Larger area is
appropriate to
reduce bound-
ary effects

Smaller area is
appropriate
to obtain
needed degree
of spatial
resolution

Flux in unsatu-
rated sone

Thickness of
unsaturated zone

flux in saturated
sone

Length of flow
path in saturated
zone

High

High

Low

Low

Same as High--performance
above parameters are

directly influenced
by factors that
affect climate

Medium iigh- -need
high resolu-
tion capable
of providing
site-specitic
chakdcteris-
tics at
Yucca Mountai

Hiqh- -need
to under-
stand tac-
tors that
affect
regional
climate to
predict
ftuure cli-
mate
accurately

6.3.1 5 1 5 ,1
0.3.1.5 1 6.2,
6.3.1.5.1.6.3

n

8.3 1.5 .1 51,

6.3.1.S.1 6 1,
e.3.1.5.1.6,2

Driving force/
processes

Mone identified Sam as above

is modified by
conditions within
the region,
including land-
surface toughness,
stability of
atmosphere, low-
level winds, and
tewerature and
buiudity gradi-
ents affected
by possible lakes
that may form in
playa basins in
periods of
increaeed effec-
tive moistural

C)3

I.

(0



Table 8.3.1.5-3. Current representation and alternative hypotheses for regional model for climate
program (page 2 of 4)

Current rei resentation
Uncertainty and

rationale
Alternat iVe
hypothesis

Studies car
act ivit ies
to reduce

_un ertaint Y

Per tormance
measure, desig
or performance

parameter

Si naicarice of alternative hypothesis

fidence In Sensitivity of
n parameter or parameter or

performance performance measure
measure to hypothesis

0-

Mode I
element

Current
Kepresentation

Need to reduce
uncertOlnty

Houndary condi-
tions

Boundaries withim
region include

Topography
efaects of

mountain
and lou-
ISO")

-Land use/
albdo

-vegetation
distribution

-Disttibutioc
of sea-
surface
temperptures

sigh--although
boundaries have
been identified.
the effects of
boundary condi-
tions on cli-
mate in the
region have not
been defined

None identified Same as above Same as High--specitic cli-
above matic predictions

are highly depend-
ent on nature of
boundary conditions

High--need to
determine
which bound-
ary condi-
tions are
most influ-
ential And
their rates
of variStion

8.3.1. 5 1 6.2,
8.3.1.5. 1.6.3

co

Iii

External bound-
aries with global
system include
fluxes of sa-
tun. beat. sd
vapor

boundaries are
variable ls
time

Lw--geologic
record indi-
cates varia-
tions la acme
boundary con-
ditions during
the past
100,000 yr

Low--rates of
change arm low
enough that no
significant
alteration of
geometry is
expected

"ono identified Sam as above Same as High--climatic pre-
above dictions are bighly

dependent on degree
of variability in
boundary conditions

Low--based on 8.3.1.5.1.6 2,
low uncer- 8.3.1.S 16.3
talnty

System Geometry Present land-
aea configu-
rat ion and
topography
will not
change sig-
nificantly
during the
10, 000-yr
isolation
period

None identified Sam as above Nigh--
9gowetry
of system
signi fi-
cant ly
Affects
climatic
corid -
tions

High Low--based on 8 3.I.S.1.f.2
uncertainty 8.3.1.5.1.6.3

0

I-,.

'I

0



Table 8.3.1.5-3. Current representation and alternative hypotheses for regional model for climate
program (page 3 of 4)

Uncertainty and Alternative
Nationale hvpothesi$

studies ot
act aVlt leg
to reduce
u ! n,: ! !A!n! __

ci

ci

0>
Current representation

Per tormance
measure. desigi
or performance

parameter

Significance of aIternative hypothesis
-leepep con-

fidence in Sensitivity of
sk parameter ox parameter or

per formance pertormance measure
measure to hypothesis

_ .

Hodel
element

Cur rent
repiesentation

Heed tu reduce
uncertainty

System response/
dynamics

.
Wi

t-n

During the
10,000-yr iso-
lation period,
natural end
enthropogenic
processes
will Caus*
changes In
see-taupers-
ture patterns,
composition at
atmosphere,
and orbital
parameters;
as a result,
shifts is
temperature,

precipitation,
wind, sd
tvapottras-
piration will
occur

During first
1,000 yr.
warming trend
(2-4C) will
occur, with
significantly
increased pre-
cipitation
1greenhouse
etfect)

sigh-prelininary
modeling has
shown a wide
cange of possi-
ble tuture Cli-
Rates

See subsets of
alternative
hypotheses
below

Same as above high high High--hydro-
logic condi-
tions during
the O.,000-yr
isolat ion
period are
greatly
dependent on
climatic
conditions

8.3 1.5.1.6.2
.3A1.5.16.3

Sam as sove Greenhouse effect
will have
little impact
In this region;
thus, no signi-
ficant increase
in precipitation
is expected
during next
1.000 yr

Same As ebove High Nigh Same as above Same as above
Subset of model element; overall ranking given with element above

C)

.C

I .

!



Table 8.3.1.5-3. Current representation and alternative hypotheses for regional model for climate
program (page 4 of 4)

Current reP sesentat ion
Uncertainty and

rat ionale
Alternat ice
hypothesisa

StmdLeS 0S
act IVIL ke%
it, redULe

i0
Performance

measure, desigi
01 p erfoimnce

palameter

S5 nf ance of aktetnatvebptei1~~ a ia traive hypothesis

fidence in Sensitivity of
parameter or parameter or
performance perfornance measure

weasure to hypothesis
Need to reduce
uncertainty

Mode I
oleent

Current
Irepreestatioc ..

System response/ Acter 1,0l0 Sm as &bove Glacial/inter- Same as above High High Same as above Same as above
Icontinuedi ytr cooling glacial cli- Subset of model element; overall ranking given with elemenL Above

trend will matic shifts
occur with are slow

signifl- enough that
castly no signiti-
decreased cant changes
precipita- in temperature
tion Imtu- or precipita-
rat treed tion are
toward gla- expected in
cial period) 10,000-yr

isolation
period

I.-

.

iI-

(-I

N)I
I-.

I-
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Table 8.3.1.5-4. Current representation and alternative hypotheses for paleoclimate modeling for the
climate program (page 1 of 4)

Studies or
ACtiVlt es
tu reduce

un~cet. iirt ': I.-.Current rertresentatior.
Uncertainty and

rati onale
Alternative
hypothesis SignLficance ot aiternative h-pothesis

Performance
measure, design
or perforuance

parameter

le-eae~d con-
fadence in

parameter or
perfolmance
measure

Sensitivity of
paraMeter or

peiformAnce measure
to hypothesis

model
eleament

Cur ret
representation

Need to reduce
uncertainty

thysical domain Southern Great
Sasn is the
appropriate
domain lot
paleooclute
studies

co

W2

Low--aleC to be
esamined for
paleoclisets
*videnCe oneds to
be rtgional in

scope, but coAn-
strained to gen-
etal area of
interost

Western U.S.
west of 100'

N longitude)
and eastern
facific Ocean
Ito include
data from deep-
sea sediment
cores) is appro-
priate domain

Future:
flux in the

unsaturated
zone

Thickness of

the unsatu-
rated zone

Flux in the

saturated
zone

Lengths of
flow paths
in the Matu-
rated zone

High Low--values of param-
eters ear not
dependent on sire

high

Low

Low 8.3.1 t 11

8.3.1.5.1.4,

and
8.3.1.5.1.5

Rn
NJr
fNJ Low

Driving forces/
processes

analogs exist in

the paloo-
climeic record
of present
cl iates;

future climates

uill be deter-

mined by the
same driving
torces end
processes that
operate today
and that oper-
ated in the

past

major long-term
4104 - 10 yrE)
paleocli ate
variations have
been periodic.
driven by
periodic orbital
variations of
the earth

edisu--S wide
spectror of
prseoclimstlc
conditions Is
reflected in
the geologic
record, and
probably encon-
passes present
and tuftne
conditions

Low--earth's
orbital arlla-
tions are known
and have been
correlated with
geologic evidence
of climate
variations

No analogs exist;
present and
future condi-
tions are unique
due to anthropo-
genic effects

Major long-term
(10' - 105 yE)
paleocl istat
varierine have
been quasi-
periodic. They
are predomi-
nantly driven
by climate
changes that ata

Same as above

Same as above

Same as Low--values of
above parameters do not

depend on existence

of analogs

Same as High--values of
above parameters depend

on future climate,
which is sensitive
to orbitally
induced variations
in atmospheric

conditions

Medium--need 8.3.1.5.1.1
to have 8 3.1.5.1.2
assurance t.l.l.S.I.l
that geologic t l lS 4

record can be 8.3.1.5.1.5
used to eval- and
uate paloo- 8.3.1.5.1.6
climate, in
order to
guide and
check climate

models

Low--existing 8.3.1.5.2,
data are 8.3.1.S 3
sufficient 8.3.3 5.4,
to establish 8 1.1 S

periodic and
nature of 8.3.1.5.6
paleocil mat
variations
in the geo-

logic record

C)
It.
.I

II.



Table 8.3.1.5-4. Current representation and alternative hypotheses for paleoclimate modeling for the
climate program (page 2 of 4)

0

"II

C>

cur tent repr-------i-ii
Uncertainty and Alternative

rationale hypothesis

Studies or
act vat ies
to reduce
uncertaflnty

Per foruance
measure, desigi
or performance

parameter

Siainifcance c' alternative hvOothesis

Vee3ed cc:. -
fadence in Sensitivity of

Is parameter or parameter or

performance performance measure
measure to hypothesis

Mode I
element

Currant
representat ien

Need to reduce
uncertainty

Driving forces/
prOcesseS
Icont inued)

abrupt and occuc
only when thresh-
olds in sea-
surface tem-
perature are
exceeded

L..

(.11

LtJW

biospheric cO po-
nents have
significantly
affected pest
atmospheric
Conditions and
Climate

Lou--present axis- Ione identified
tence of forests,
marines plankton
populations, and
mamal populations
af*fct atmospheric
cpositon and
albodo, and thus
climate

Same as above SAMe s High--values of
above parameters

depend on future
climate, which
is sensitive to
biospheric
components

Medium--need
to identify
geologic
evidence of
pa leoc l imat es
that were
simlar to
expected CO.
induced cli-
mate, as a
guide and
check for
climate model

Same as above

bound ry
conditions

Boundaries that
affected paleo-
climates s the
region er* si-
lag to those of

darn climate.
*ad include

Solar radia-
tion

Atmospheric
composition

Ice-sheht
location

Topography
Cxtent of sea

ic$
Surface albtdo

Lou--these are
generally recog-
mited boundaries
that cox be
assuted to apply
to past as well
an present cli-

"too

lone identified Sam as above Sam as Low--values of
above parameters do

not depend on
definition of
past boundaries

Low 8.3.1.5.1 1
3.1 5 1 .2

S. 3. 1.5.1. 1

*nd
6.3.1.5.1 .s

I,

(ti

<D



Table 8.3.1.5-4. Current representation and alternative hypotheses for paleoclimate modeling for the
climate program (page 3 of 4)

9

I).-

~I
Wt

M-

Currea repreSetAtt tion
Uncertainty and

rationale
Alternat ive
hypothesis

Studies or
act ivt ies
to reduce

_ n(eria ant v,

Performance
measure, desigi
of performance

parameter

Significance c! alternative hypothesis
Iee:d con-
tidence in Sensitivity of

n parameter or parameter or
performance performance measure

measure to hypothesis

-

mode I
element

Current
reprosentat ioa

Need to reduce
uncertainty

CAD

i I'

r I

boundary boundary coai- Medium--although j

conditions tions for boundary condi-I
Icontinuedl paleoclimetet tions probably

during the were different,
Oueternary were magnitudes of
at times sub- changes are
st nt iaIly uncertain
different from
those of today

System The Ouaternery Low--genegally,
geometry paleocl etlc the Quaternary

record consists paleocliate
of paleontologic system can be
and stratigre- adequatoly
phic evidence described In
and the disetti- this framework
bution of
Quaternary sut-
ficial depositt
and geinorphic
features within
the pbysical
domaiC

In the southern
Great Basin,
boundary condi-
tions during the
Quaternary weet
not substantially
different from
those of today

Deep sea cores
from the eastern
Pacific Ocean
are a significant
component of the
record needed to
unde rstand
southern Great
basin paloo-
climates

Same as above

Sam as above

Same as Low--values of
above parameters do not

depend on degree
of difference
between past and
present climatic
boundary conditions

SAM as Low--values of
above parameters do not

depend on detini-
tion of Quaternary
paleoclimatic

system geometry

Hedium--need 8.31SI.I
improved 53.I.S.I.2

understanad- 8.3.1.5I 1 3,
Ing of past 5.3.1.5 1
boundary and
conditions to 5.3.I S I.S
guide and
check climate
models

Low 5.115.1 2

B. 3. 1 .5 1 3,

and
. 3. 1.5. 1.5

System response/
dynamics

Queternary cli-
matic condi-
tions produced
on identifiable
reocrd trom
which these
conditions can
be interpreted

Medim--oM goo-
logic features
are known to be
climatic ind1-
cators t9.g.,
plant macrO-
fossils in pack
trt s.iddonsl, but
record is sperse,
and othet signa-
tures may be too
subtle to iden-
tify and interpret

Short -tea or
&inoi clilmtic
fluctuations
leave no dis-
cernable record

Sam as above Sam es Low--values of
above parameters do

not depend on
the nature of
the geologic
record or
Quaternary
climatic condi-
tions

Hedium--need
to be able
to recognite
and Inter-
pret the
geologic
record of
Guaternary
cli atic
conditions
to correlate
with palao-
climate
sode Ia

8.3.1..1..2,
d 3 1 5 1 2

9.31 1.5 1.4,
*nd
B. 3.1.51.5

C)

C)

(D

a.,



Table 8.3.1.5-4. Current representation and alternative hypotheses for paleoclimate modeling for the
climate program (page 4 of 4)

Current reoresentation
Uncertainty and Alternative

rationale hu~thess

Studies or
act ivit Jes
to reduce
uncetalt _

Performance
measure, design
ot pertorman~e

pat merter

Significance c: alternative hypOthe3Is
neeep con-
tidrnce in Sensitivity of

paramter or parameter or
performence performance measure

measure to hypothesis
Mode I
elant

Current
znpresemStaIce

bleed to reduce
uncertainty

System response/
dynamics
Iconditione

U,I

The geologic
record is too
altered or too
Complex to be
interpreted in
terms of paieo-
climet:

In the southern
Great lasin, no
substantially
different cli-
mates occurred
during the
the Quaternary

Same as above

Sam as above

Same as
above

Same as above Same as above Saxe as above

During the
Quaternary,
climatic con-
ditioss were
at times sub-
stantially
difterent trim
modern climates;
only duriag the
last later-
glacial period
wege cooditiose
as warm globally,
ncluin"g the
soutbeirm Giret
Basis

Nigh--Avidence
indicates that
daffnrent cli-
mtic conditions
existed duting
the Qucternary,
but the mcgni-
tudes of the
difference.
are uncertain

Same as Nedium--values ot
above parameters depend

on future climate;
climatic condi-
tions during
Quaternery are
likely to be
repeated in the
future

High--need to
understand
magnitude of
climatic
changes In
the Quater-
nary, in
order to
relate to
paleohydrol-
ogy and to
guide and
check climate
modeling

.3 1. 5. 1.2,

and
8.3.1 .5.) .4

0
I-.

,Ii
4~



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 1 of 6)

Current repf.sentat ion
Uncertainty and

rationale
Alternative
hbpothesis

Studies or
act ivit ies
to reduce
uncertaintySignificance of alternative hypothesis

Performance
measure, design
or performance

paraeter

Peeoea con-
tidence in

parameter ot
pertormance

measure

Sensitivity of
parameter or

pertormance measure
to hypothesis

Hda1
*l-ant

Current.
reptesentatiom

Need to reduce
uncertainty

Plhysical doa in Oydrogeologic
study orea a*d
nearby ear-
rousding south-
era Greet Main
is the appro-
priate doels
for palaOhy-
drology studies

CO

n
U,1
N)%

law--area to be
esamimed tot
paleobydrologic
evidence "ede
to be regional
to scopeand
defined in port
by regional
ground-watet
tlow systen

Madium-large ele-
vation difference
between modern
water table and
spring deposits
at furnace Creek
end Ash eaadows
indicates a decli
in the water tabI
the relative
influence of tec-
tonics ad clieat
change in louei
the decline is
Wacertaol

Larger (ar
smaller) are&
io appropri-
ate for p8l5o-
hydrology
studies

lona identified

Present and future:
flux in the

unsaturated
zone

thickness of
unsaturated
zone

flux in the
saturated
tone

Lengths of
flow paths
in the satu-
rated zones

Sam as above

Nigh

High

Low

Low

Low--values ot
paramters are not
dependent on size
of area studied

LoW 8.3.1.S.2.I

Driving forces/ Progressive late
processes Tertiary and

Quaternary tec-
toaic lowering
of Death Valley,
cobined with
generally
increasing
aridity, caused
a met lowering
of the regional
water table

Same as Nedium--tuture trends
above in water-table

altitude depend in
part on exrapola-
tion of past trends
and their control-
ling factors

Msdium--nred S.l.lS2.1.3
to under- 8.3.1.5.2.1.5
stand causes 6.3.1..3.2,
of past 8.3.114.9
trends to 8.3.1,17.4.12
predict
future trends
accurately

guaternary pale.-
climate flucte-
atios were
principally
responsible tot
changes in
hydrologic co-
ditiocs; Qua-
ternary tectonic,
thermal, and
volcanic pro-
cesses had minor
roles

xigh--relative
roles of climte,
tectonic, thebnl,
and volcanic pro-
ceases are not
well understood

Tectonic events
and thernil
processes ware
primarily
responsible for
Custernary hydro-
logic changes;
climate tore.$
were minor

Sam as above Sam s Low--actual values of
above pertozuanCe param-

eters not greatly
affected by cause
of Qustnrnary
conditions

High--noed to
undersutnd
cause of
hydrologic
changes to
Queternary
to predict
future
conditions
accurately

.3. 1.52. 1,
6.3.1.6.3.1,
.3.1.8.32

6.3.1.8.3.3.
.3.1. 5. 1.2,
6.3.1.S.1.3.
6.3.1.S.I.*,
and
.3.15.1.S



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 2 of 6)

Studies or
actilviti.es

Uncertainty and Alternetive to reduce
Current repreaentetion rationale hVl, ElsuS significance of alternative hypothesis us n

Performance fidence n Sensitivity of
measure, design pramter or parameter or

01dsl Current or performance performance performance easure Need to reduce
clnnt retreseetatieo parameter measure to hypothesis uncertainty

Driviag farea/
piromcese.
lcostinued)

Pedogemi pro-

re41= ble for
the hydrogeelo
deposits
Observed is

tra* 14

dIf_*-all data
Ome Coasietemt
with a pedogesic
Origin, hot BOVA
proves It

Deposits were
formed by
discharge of
ground water
trom a formrly
much higher
regional water
table

Sme as above

Sa_ s above

am as Lw--actual values of
above performance param-

eters are not
affected by cause
of hydrogenic
deposits in
Trench 14

High--need to 8.3.1.5.2.1.5
understand
cause of
deposits in
Trench 14 to
evaluate
likelihood
of future
occurrence

Sam as above 8.3.1.5.2.1.5
t.,I
u-

Deposits in
Trench 14 were
formed from
deep-seated
ground wator
forced upward
by rsimic
pumping or other
tectonic/therml
process

Deposits in
Trench 14 were
were tormed tram
discharging
parched water

9gh-too few data Sam s above
arte availble tot
ethier dposite
sear ItOW Hoe-
tais to adequately
teat hypothesis

Same as
above

Se as aboVe

Same as above San as
above

Same as above Sam as above 03.1.5.2.15

Deposits that are
physically si-
ile: to those Lm

Stec 14 wero
formed by the
a_ prosesss"
* those
observed is
Treack 14

S as above Sm as
above

Se as above Sms as above Same as above

.3

I'.

I-.

I.



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 3 of 6)

Uncertainty and Alternative
rationale hypothesis

Studie- or
act Ivit its
to neauce

Current representation

Performance
measure, dosig
or perforuance

parameter

Suqniticance ct alternatave hypothesis
-ecaea e-n-

fidence an Sensitivity of
n paramete: or parameter or

pertormence performance measure
measure to hypothesis

-

mode I
element

CuCreuit
rapresentstion

Need to reduce
uncertainry

Boundary
conditions

co~

the upper, lower,
and lateral
hydrologic
boundaries that
deftmed the
paleohydrologic
system is the
Ountarnary are
approsimately
the am eo

those that
detine the
modr system

The principle of
unitormitario-
nsig applies;
post hydro-
logic conditions
can be correctly
interpreted trem
the geologic
record, and
future conditions
can be eccurately
predicted,
btcauoe pest and
future relatios-
ships wce Nmd
will be the em
as those of today
thus, a"ng the
approaches to
paleohydrology
investigations,

LOW--mo major
chasges la the
hydrologic aye-
ta_ sre recog-
nised tra the
geologic record
that "Ild
reselt is a
redefinition Of
boundacles

Low--this is a
widely accepted
principle that
is used to
guide geolo-
logic inter-
pretation

The boundaries
that defined the
hydrologic system
during the Gus-
ternary were
substantially
different trom
those of today,
because of major
differences in
hydrogeologic
framoork and/or
climate between
then and now

tlant and animal
adaptations to
Onvironmental
changes make
using fossil
evidence tenu-
ous in inter-
preting past
or predicting
future hydro-
logic condi-
tions
aodern geohydro-

logic relation-
ships Include
may coplexly
interrelated
variables that
aro not din-
cernable in the
geologic recotd;

Same as above Sae as Low--the actual
above values of per-

formance parem-
eters are not
greatly affected
by the detini-
tion of Ouster-
nary boundaries

Low 8.3.1.5.2.1

Sam as above

Sam as #bowe

Sam as Low--actual values
above of performance

parameters do not
depend on validity
of principle of
uni formit arinis

Low--assume
uniform-
tar ianism
applies, but
recognize
possible
*rrors that
May result
and adjust
for known -
departures

S&P5 as
above

8.3.1.5.1.2
through
8.3.1.5.1 S.
and

8.3.1.5.1.2
through
* 3 .1 .5. 1 .5
and
1.3.1.5.2.1

Sam as
above

Sam as above

I,-.



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 4 of 6)

Curient ,epresentetion
Uncertainty and

rational.
Alternat lve
hypthesis

Studies or
activities

to seduce
unceltaint V

I.-

a.-.

I.-)Partormance
measure, desigi
or performance

pa imater

Signiticance of alternative hypothesis
nee ea con-

idencc in Sensitivity of
paameter ar parameter or
performance performance easure

SWAsure to hypothesis
Hode I

element

Current
represenftati1on

Need to reduce
uncertainty

oundary it is pptopriato
conditions to inclade the
(continuedl tudy of aa109

recharge altos,
analyse of
lainfall-tunoff
relaticesbipa,
and iaterprota-
tion of tonnil
evidotce

therefore, use
of that record
to interpret
past and predict
future conditions
in inappropriat&

Li'

t',)
t0

the locations of
hydrologic
boundaries
frecharge/dia-
charge aitos,
Altitude of
water table,
lower boundary\
and the values
of vater flumes
were at time
during the
Qucteruary sub-
stantially dif-
fereat fron
tbose of today

Ob. guateroary
paoleoydrologic
systs eo-
gists prim-
cIpally of
Ousternary
surficial
and hydro-
logic deposits
and cutrrat
Lectures euch
as aquiter.,
aquitards.
and Structural
boundaries

Mediua--aithough
boundary lCe-
tioss ad Clan#
are believed to
have beoe differ-
eat, magnitudes
are uncertain

Lo--witb em
eaceptioca (Such
as ewideac of
formely higher
*otnr tables in
the torm ot
fracture coat-
lngnl, the
Quaternary
poloohydaologic
system cal be

adequately des-
ctibed In this
framework

Hydrologic bound-
ary location
and ftiuxs dut-
ing the Quater-
nary were the

*we or only
slightly
different fron
those of today

None identified

Sam. as above Sam as Low--actual values
above of per formnce

parmeters are
not greatly
dapendent upon
whether condi-
lions in the
past were sub-
santially
different frun
those of today

Iedium--need
to know
boundary
locations
and fluxes
to predict
future con-
dit ions
accurately

LoW

8. 3.1. 5 .2. 1.
* 3 1.8.3.1,

.3.1 B.3.2,
S .31 I. 3. 3,

.3.1.2.1 .4.
and
1.3.1.2.3.3

through

8.3.1.5.2.1.
and
8.3.1.2.3.2

System
g01t ry

Sam a# above Same as Low--actual values
above ot performnce

paramters do
not depend on
definition of
Quaternary paleo-
hydrologic sys-
tem geomtry

0
0I

_..



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 5 of 6)

Uncertainty and
rat ionale

Alternat ve
hkeothesis .

Studjes or
£ctivities
to reduce
uncertainty

I.-

I.-

'I

a--

Current gepresentat ion

Performance
measure, desigi
or performance

parameter

Significance of alternative hypothesis
- eeed co- -

iidence in Sensitivity of
parameter or parameter or
performance performance measure

Measure to hypothesis
Mode I

e lment
Cur rent

reprisentation
heed to redu e
uncertainty

co

LI.

ci

System lone selected ligh--eithet Ground-water
gstrTy I) greateg fluses flow pathways
Icontinued) and higher water- during the

table altitudes Quaternary
during the were different
Quatetmary trom or about
resulted in the sam at
suhatsatially those of today
different flow
pathways$ or
42) differences
is bydrologic
conditioms Were
not eufficient to
altat flow paths
aslgaticantly

Same as above Same as Medium--actual
above performancr

parameters are
not greatly
dependent on
Quaternary
flow pathways,
unless those
pathways have
since been
modified by
geologic
processas

High--need tO
establish
what the
Quaternary
pathways
were, and
any modati-
cat ions, to
predict
future
pathways
accurately

* .3.1.2.1 .4
3. 1.2. 3. 3,

and
8.3.1.8.3.3

System response)
dynamics

Quaternary
hydrologic
condit ios
produced an
identifiable
geologic record
from which
those condi-
tiona can be
interpreted

"edium--some
spoects ot Modern

hydrologic ptoc-
asses atr known

to create a geo-
logic record
(eg., aptping
deposits, flood
deposits), but
other signatures
may he too sub-
tle to identify
sa laterpret

Short-term fluc-
tuations of
hydrologic con-
ditions leave
no discernablo
record

The geologic
record is too
alteted or too
complez to he
interpretable
In term of
poliobydrology

The hydrologic
system
ad just ed
rapidly to
Quaternary
clinte
chenges. with
no major
changes in the
flow system

Same as above San as Low--actual values
above of performance

parameters do not
depend on the
nature of the geo-
logic record of
Ouaternary hydro-
logic conditionas

High--need to
be able to
recogni re
Snd inter-
pret the
geologic
record of
Quaternary
hydrologic
conditions
to predict
future con-
dit ions
accurately

Nigh--need to
understand
magnitude and
cyclicity of
hydrologic
changes cause
by Quatarnary
Climate, in
order to pre-
dict future
conditions
accurately

8. 3. 1 51.2
through
8.3.1.5.1.5.

.3.1 .5.2.1,
and
8.3.1.3.2.1

Response to The hydrologic
climate chAnges that

resulted from
Quaternary
climate fluc-
tuatIons were
substeetial

Nigh--evidence
indicates that
different hydro-
logic conditions
existed duting
the Quaternary,
but the ielet iv
magnitudes result-
ing from various
causes &ar

uncertein

Same as &bowv Same as hedium--actual per-
above forance parameters

are not greatly
dependent on Mag-
nitude of changes
of changes caused
by Quaternary cli-
ate although
values could be
affected because
cyclical nature of
climate change

8.3.1.5.1.
4.3.1.5.2.1 £

ci

;.-

mI



Table 8.3.1.5-5. Current representation and alternative hypotheses for paleohydrology modeling for the
climate program (page 6 of 6)

cutment representation
Uncertainty and

rationale
Alternative
hypot hesis

Studies or
act i vic ies
to reduce
unce t a nt y

ci

ci

I.-.

performance
measure, desigi
or performance

patameter

Significance of alternative hYpothesis
m eicnd con-

tidence in Sensitivity of
I permter or parameter or

performance performance measure
measure to hypothesis

Node I
elemnt

Current
reprnentoation

Nleed to leduce
uncertainty

co

I.-

I.-

Response to Quaternary fault-
tectosics ing produced

shOrt-torm,
local, and
small08i
tude chamg s
on the hydro-
logic system

Response to Thermally drlven
thermal convection did
forces not hawv a

sigt icant
effect on
gcound-water
flow during the
Quatersary

Nigh--evidence
indicates that
different hydro-
logic conditions
existed during
the Qgutersarp,
but the relative
manitudets result-
log Iron various
causes age
uncertaim

ligh--sao evidence
exists of therm-
ally drives coO-
vection under
present coadi-
tions; cyclic
toctonic/tbe rasl
processes could
have affected
hydrologic con-
ditions during
the Quaternary.
but magnitude
io uncertein

Quaternary
faulting signif-
icantly altered
the hydrologic
system

Thermally driven
convection
had a signifi-
cant effect on
ground-water
flow during the
Quaternary

Soe as above Same as Hedium--values of
above performance param-

eters are dependent
in part on changes
in hydrogeologic
framework that
occurred during
Ouaternery
tectonism

High--need to 6 3.l.t 3 l
understand 8.3.1..3.2,
the response 8.3.1.0.3.3
of the
hydrologic
system to
tectonism,
as evidenced
in part by the
Ouaternary
record

Sam as above Same as Kedium--potential
bove cyclic nmture

of tectomic/
thermal pro-
cesses could
result in past
conditions
affecting per-
formance
parameters

Medium--need
to under-
stand re-
sponse of
hydrologic
system to
thermal
effects,
although dis-
t inguishing
thermal effect
from others ii
the Quatetrar
geologic
record Is
likely to be
difficult

Low--lthough
need to
understand
effects of
volcanisis
on hydro-
logic con-
dit lons
should such
an event
occur at
Yucca Nountais

8.3.1.8I3.1.
8. 3. 1.8. 3.
6.3. 1 .6 3.3.
6.3 .1.5 .2 .1.
6.31.15.2.1.5

Response to Quatemnary
volcsaism volcamo_ had

only localizsd
affects Da
hydrologic
conditions

Low--locallsed
and sparse nature
of Quatarnary
volcanift likely
had little
regional effects
on hydrologic
conditione

Rffectr of
Quaternary
volcaniam had
far-reaching
effects on
bydrologic
condit ione

Ss" as above Soa as Low--actual values
above of performance

pareamters are
not greatly
dependent on
extent of effects
of Ousternary
volcanism

and
6.3.1.6.3.3 0

I.-

I.



YMP/CM-OO11, Rev. 1 YMP/CM-OO11, Rev.

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameter, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The final column identifies the characterization studies or activities
that will discriminate between alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

Interrelationships of climate investigations

Investigation 8.3.1.5.1 is designed to address the data, parameters, and
processes that can be used to derive a model of future climatic change. This
model is needed to predict potential future climatic changes that may
(through the hydrologic regime) alter the long-term waste isolation
capability of the Yucca Mountain site.

Data will be collected to characterize the present regional climate
(Study 8.3.1.5.1.1) including the spatial and temporal variation. A study of
the climatic inferences from paleolake, playa, and marsh sediments (Study
8.3.1.5.1.2) will draw upon the paleontology, stratigraphy, sedimentology,
geochemistry, and chronology of these deposits. A study of the climatic
implications of terrestrial paleoecology (Study 8.3.1.5.1.3) will draw upon
evidence from pack rat midden macrofossils, palynology, and vegetation-
climate relations. A paleoenvironmental study of the Yucca Mountain site
(Study 8.3.1.5.1.4) will draw upon investigations into rates and conditions
of soil development, distribution and geomorphology of surficial deposits,
and the eolian history of the region. The paleoclimate history (from Studies
8.3.1.5.1.1 through 8.3.1.5.1.3) and the paleoenvirorment history
(8.3.1.5.1.4) will cross-check and complement each other and will be combined
to create a final paleoclimate-paleoenvironment synthesis (Study
8.3.1.5.1.5), an integrated chronology, and a description of paleoclimate
episodes at Yucca Mountain and environs.

The chronology produced in Study 8.3.1.5.1.5 will serve as the data base
for the culmination of Investigation 8.3.1.5.1, modeling of future climates
(Study 8.3.1.5.1.6). This study will employ a parallel approach of empirical
modeling and numerical modeling to describe the timing and meteorology of
future climate scenarios. This output will be used in Investigation
8.3.1.5.2 to estimate responses of the hydrologic regime to future climate.

Investigation 8.3.1.5.2 is designed to address the potential effects of
future climatic conditions on hydrologic conditions. The characterization of
Quaternary regional hydrology (Study 8.3.1.5.2.1) has the overall objective
of defining relations between paleohydrology and paleoclimate, in order to
understand how the hydrologic regime will respond to future climatic
conditions. The study is planned to evaluate regional paleoflooding
(Activity 8.3.1.5.2.1.1) and to assess both infiltration and percolation in
the unsaturated zone and also ground-water potentiometric levels during the
Quaternary (Activity 8.3.1.5.2.1.2). Isotopic composition and chemistry of
water in the unsaturated zone will be analyzed to assess the Quaternary
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infiltration and recharge history of Yucca Mountain. An evaluation of
paleodischarge areas and an evaluation of past water levels in carbonate
caverns (Activity 8.3.1.5.2.1.3) will be completed to determine past
discharge areas and regional ground-water levels. Potential modern analogs
to pluvial climates at Yucca Mountain will be studied (Activity
8.3.1.5.2.1.4) to estimate conditions and rates of ground-water recharge at
Yucca Mountain during the Quaternary. The hydrologic origin and significance
of calcite and silica deposits in faults and fractures in the vicinity of
Yucca Mountain (Activity 8.3.1.5.2.1.5) will be factored into this
evaluation.

A study is planned to characterize the future regional hydrology taking
into account future climatic changes (Study 8.3.1.5.2.2). A precipitation-
runoff model is planned to simulate paleoconditions of precipitation and
runoff (Activity 8.3.1.5.2.2.1). The model will then be used to estimate
future precipitation-runoff conditions from scenarios for future climatic
change. In addition, the unsaturated zone hydrologic model will be used to
predict the potential changes in infiltration, percolation, and the degree of
saturation due to future climatic change (Activity 8.3.1.5.2.2.2).

Finally, a synthesis of future hydrologic characteristics due to
climatic changes will be completed (Activity 8.3.1.5.2.2.3). The objective
of this study will be to integrate data on paleoclimatic and paleohydrologic
conditions to complete a reconstruction of paleoclimatic conditions. The
paleoclimatic reconstruction will be used, together with the meteorology of
future climate scenarios and models of the present ground-water regime from
Section 8.3.1.2 (geohydrology program), to predict the impacts of future
climatic change on the unsaturated and saturated zone hydrologic system at
Yucca Mountain. This study will involve incorporating paleohydrologic data
into models to estimate potential changes in the altitude and gradient of the
water table caused by future climatic change.

8.3.1.5.1 Investigation: Studies to provide the information required on
nature and rates of change in climatic conditions to predict future
climates

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this information need:

SCP section Sublect

5.1 Recent climate and meteorology
5.2.1.1 Quaternary global paleoclimate
5.2.1.2 Quaternary regional paleoclimate
5.2.2.1 Components of the climate system
5.2.2.2 Climatic variations
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SCP section Subject

5.2.2.3 Climate prediction methods
5.2.3 Site paleoclimatic investigations
5.3.1 Significant results

Parameters

The following parameters will be collected, measured, or calculated as a
result of the site studies planned as part of this investigation:

1. Recent meteorological data.

2. Great Basin historical climatic data--spatial and temporal
variability of precipitation, wind, temperature, cloud cover.

3. Selected Great Basin hydrologic data--stream discharge, lake level.

4. Age, fossil content, sedimentary characteristics, mineral content,
chemical content, and magnetic properties of lake, playa, and marsh
sediments.

5. Age and paleontologic characteristics of pack rat midden macrofossil
assemblages.

6. Vegetation-climate calibrations--response surfaces, transfer
functions.

7. Prehistoric variation in lake levels over the Quaternary.

8. Synoptic 'snapshots' of prehistoric climate extremes.

9. Analysis of Quaternary soil and surficial deposit properties, and
Quaternary geomorphic characteristics of surfaces and drainages.

10. Forecasts (a general estimation, not a specific parameter or
variable) of climatic variables for the next 100,000 yr in southern
Nevada.

Other site studies that supply information to support the determination
of the previous parameters are as follows:

Study Subject

8.3.1.12.1.1 Characterization of the regional meteorology
8.3.1.2.2.1 Characterization of unsaturated zone infiltration
8.3.1.5.2.1 Characterization of Quaternary regional hydrology
8.3.1.6.1.1 Distribution and characteristics of past erosion

Purpose and objectives of the investigation

Investigation 8.3.1.5.1 provides information to help satisfy performance
and design Issues 1.1, 1.8, 1.9a and b, 1.10, 1.11, and 1.12. Recent meteor-
ological data and Great Basin historical climate data will be used to cali-
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brate (using present conditions) and validate (using past conditions) models
of future climate. A paleoclimate-paleoenvironment synthesis will be derived
from lake, playa, and marsh sediments, pack rat middens, vegetation calibra-
tions, and soil and surficial deposits. This synthesis will provide time-
sequential reconstructions for the modeling activities as well as for
Investigation 8.3.1.5.2. These models will attempt to forecast climatic
variables for the next 100,000 yr to determine climatic conditions.

Technical rationale for the investigation

The arid climate of the southern Great Basin is one of several factors
making Yucca Mountain potentially attractive for the long-term disposal and
isolation of radioactive waste. The persistence of arid conditions (and an
accompanying thick unsaturated zone) in the region through the postclosure
period would be advantageous to waste isolation. However, paleoclimatic
studies in the surrounding region indicate that the modern degree of aridity
is atypical of the past few hundreds of thousands of years. Shallow ground-
water recharge occurred in southern Nevada between 20,000 and 10,000 yr ago
(Claassen, 1985), when major climatic changes created vast lakes in many of
the valleys of Nevada, Utah, and eastern California (Section 5.2). Although
such high magnitude events may be cyclic on a time scale of 100,000 yr, most
of the intervening periods appear to have been wetter than today
(Smith, G.I., 1983).

When viewed on a scale of hundreds to thousands of years, climate is
constantly changing, and future climatic fluctuations may significantly
affect the hydrologic regime and erosion rates at Yucca Mountain. Thus,
climate change must be considered when evaluating the suitability of the
repository site.

If data are discovered within the Quaternary geologic period that docu-
ment the above objectives, they will be studied. The exact studied time
interval will be flexible depending upon the completeness of the recovered
stratigraphic data. However, the late Quaternary will be emphasized.

Climatic scenarios of concern. Our present understanding of past
climates suggests that there are primarily two recurring large-scale
circulation patterns which may result in higher levels of effective moisture
in southern Nevada. The future occurrence of either pattern could have a
negative impact on the proposed repository. The first pattern is associated
with the growth of continental ice sheets during glacial periods. Under
modern conditions, the westerlies and the associated jet stream are strongest
and in their most southerly position during winter, when cold arctic air is
in close proximity to warm tropical air. During glacial periods, arctic air
masses reached farther south than today in all seasons, but tropical air did
not contract towards the equator to any significant degree (because orbitally
induced variations in insolation have little effect in low latitudes). Thus,
polar and tropical air masses would interact with each other year round in a
region farther south than today, thereby potentially increasing frontal
activity (storminess) and precipitation in the NTS region. An increase in
frontal activity through the year would increase precipitation and reduce
evaporation, factors that have the potential to increase recharge.
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The second pattern involves an orbitally induced variation in insolation
that results in higher than modern summer temperatures over land in the mid-
dle and high latitudes of the northern hemisphere. Under such conditions
about 9,000 yr ago, the increased temperature contrast between land and sea
brought moist tropical air masses (monsoons) into North Africa and the Indian
subcontinent. The resulting increased rainfall and reduced evaporation
turned now desert areas into savannas and woodlands (Kutzbach and Otto-
Bleisner, 1982). Similar changes have been postulated to have occurred in
the NTS region (Spaulding and Graumlich, 1986) and may occur again in modi-
fied form if future increases in atmospheric CO2 concentrations cause a
'greenhouse effect' on global climate.

In addition to the two patterns described above, both associated with
extremes in glacial and solar insolation boundary conditions, it appears that
other, more moderate, configurations of boundary conditions may result in
high levels of effective moisture in the region of southern Nevada. For
example, within 150 km of Yucca Mountain moderate to high lake levels were
maintained for much of the period between the last interglacial (about
125,000 yr before present) and the last glacial maximum (about 20,000 yr
before present) (G. I. Smith, 1983).

Paleoclimatic studies at Yucca Mountain will attempt to determine the
past frequency and timing of occurrences of the scenarios listed above and to
identify other patterns of past climatic circulation that led to high levels
of effective moisture. Future climatic studies will attempt to estimate the
probability of occurrences of these and other scenarios over the next 10,000
to 100,000 yr.

Paleoclimatic studies. The primary objectives of the paleoclimatic
studies are to

1. Determine the magnitude, duration, and timing of past major periods
effectively wetter than modern conditions in and near southern
Nevada.

2. Provide data to establish the relationships between paleoclimate
change and corresponding paleohydrologic responses.

3. Establish, where possible, the relationships between past climatic
changes near Yucca Mountain and predictable elements of larger scale
(global or northern hemispheric) climatic changes, such as those
induced by changes in the earth's orbit.

4. Provide the basis for the testing of numerical climate models.

Constituent studies. The studies under the paleoclimatic investigation
are

1. Study 8.3.1.5.1.1--Characterization of modern regional climate. The
modern climate is the baseline for establishing the relationships
between climatic variables (such as precipitation or temperature)
and the various proxy data (such as plant distributions or lake size
or chemistry). Thus, understanding modern climate is essential to
reconstructing the past and predicting the future.
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2. Study 8.3.1.5.1.2--Paleoclimate study: lake, playa, marsh deposits.
Paleontological, stratigraphic-sedimentologic, and geochemical indi-
cators preserved in lacustrine sediments provide the principal rec-
ord of paleohydroenvironments, which for most shallow water systems
are also sensitive paleoclimate records and the only available long
records of climate change. These records will-provide relative
estimates of climate properties and in some instances may provide
quantitative estimates of climate.

3. Study 8.3.1.5.1.3--C..imatic implications of terrestrial paleo-
ecology. Plant macrofossil assemblages from pack rat middens and
fossil pollen spectra from stratigraphic deposits will provide the
basis for reconstructing vegetation change near Yucca Mountain and
in the surrounding region. Numerical methods (response surfaces,
transfer functions) will translate these vegetation records into
quantitative estimates of past changes in precipitation,
temperature, and other climatic variables.

4. Study 8.3.1.5.1.4--Paleoenvironmental history. Investigations of
soils and surficial deposits at Yucca Mountain are necessary to
define the responses of local depositional and erosional regimes to
climatic change.

5. Study 8.3.1.5.1.5--Paleoclimatic-paleoenvironmental synthesis. The
various lines of evidence will be synthesized into chronologies of
paleoclimatic changes in formats suitable for input into the paleo-
hydrologic studies and the future climates studies.

6. Study 8.3.1.5.1.6--Characterization of the future regional climate
and environments. Future climate will be estimated for the next
100,000-yr period, with emphasis on the next 10,000 yr. Quantita-
tive estimates of climatic parameters will result from using
numerical and/or empirical models. Paleoclimatic data can
empirically suggest possible boundary conditions. Linked
global-regional numerical models may provide the needed climate
estimates for Yucca Mountain.

Spatial scale. Investigators working within the paleoclimate program
will attempt to discover any available evidence of past periods of greater
than modern effective moisture in as close proximity to Yucca Mountain as
possible. Data bearing on this problem that are available near the proposed
repository include (1) plant assemblages from pack rat middens; (2) micro-
paleontological, geochemical, and sedimentological data from playa and paleo-
marsh sediments; (3) terrestrial pollen data; and (4) vertebrate paleonto-
logical data from outcrops, pack rat middens, and paleomarsh sediments.
(Refer to Tables 5-13 and 5-14 and Figure 5-24 for an analysis of currently
available data.) In addition to these data, the age and nature of surficial
deposits and soil development will be assessed, as appropriate, to develop an
understanding of the paleoclimatic record at Yucca Mountain.

The characteristics of local playa and marsh records are planned to be
evaluated in terms of climatic sensitivity, sediment accumulation rates, and
preservation of paleontologic and mineralogic climatic indicators.
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These records

1. Represent available aquatic record of Quaternary climatic and
hydrologic events near Yucca Mountain.

2. Have direct bearing on hydrologic models and the tie between
regional climatic change and local hydrologic changes.

3. Can be related to regional framework of climatic and hydrologic
changes developed through regional paleoclimatic studies (discussed
below). In this light, local aquatic records will provide evidence
on climatic episodes that have resulted in significant hydrologic
responses in this area but are of much less importance regionally.

Climate is operative on a regional scale, and no single station or
paleoclimatic site can provide an adequate record of past variability or be
representative of the climate over the entire recharge area. The same char-
acteristic applies to paleoclimatic records, which, on a regional scale, are
necessary to provide a check on the continuity of the local records thereby
reducing the uncertainty involved in identifying major past periods of higher
effective moisture. Regional records, especially from extant lakes and wet
playas, should provide thicker stratigraphic sections and greater temporal
resolution for dating past periods of major recharge. The potential for
missing portions of the record through deflation, etc. will be minimized by
studying such sites. Regional scale data are also necessary for describing
variations in past storm track positions, and for testing hypotheses on
temporal and spatial patterns of climatic change. These aspects would
require a spatial network of sites for key time periods in the past. The
sources of paleoclimatic proxy data available on a regional scale are the
same as on the local scale, with the notable addition of permanent lakes as
sources of micropaleontological, geochemical, and sedimentological data.

Temporal scale. Over the last 50,000 yr, the climate of the Northern
Hemisphere has changed from 'interstadial glacial' (about 65,000 to 35,000 yr
B.P.), to "full-glacial' conditions (about 20,000 to 18,000 yr B.P.), to
conditions warmer than today (about 9,000 to 6,000 yr B.P.), to modern
conditions. This period thus offers examples of extreme configurations of
global climatic boundary conditions, and the effects of these changes in
southern Nevada are planned to be studied in detail. Available techniques
for dating paleoclimatic changes are also most precise over this period and
"synoptic snapshots' of paleoclimatic conditions at appropriate times in
southern Nevada can be constructed for numerical model evaluation.

The global climates of the next 10,000 to 100,000 yr may include a
transition from the current interglacial, to moderate glacial, to full-
glacial conditions. To understand the ramifications of this change, the last
200,000 yr are planned to be studied in moderate detail to provide examples
of the climatic effects of such global changes on the Yucca Mountain region.

Over the last 500,000 to 1,000,000 yr, climatic conditions have varied
enough to allow boreal small mammals such as the bog-lemming to live in wet
seeps on Yucca Mountain. Some knowledge of these seemingly very different
conditions is required to predict the possible magnitudes of future wet
episodes at Yucca Mountain.
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Future climate investigations. Forecasts of future climatic conditions
at Yucca Mountain will be made primarily through numerical models of the cli-
mate system. A general circulation model (GCM) of global climate will be
used to describe the expected responses of global climate to future varia-
tions in glacial ice extent, orbital parameters (which affect the distribu-
tion of incoming solar radiation on the earth's surface), atmospheric chem-
istry, and other climatic boundary conditions. If proven feasible, a region-
al-scale mesoscale model will be linked to the GCM to provide the spatial
resolution necessary for forecasting the future climatic conditions at Yucca
Mountain.

Before numerical models can be used to forecast future climatic condi-
tions, they must incorporate evidence of past climatic change as recon-
structed from paleoclimatic proxy data in the region on time scales commensu-
rate with the periodicity of earth-sun orbital relations. This refinement is
necessary because of the effects of complicated feedback systems, lag times,
and topographic barriers on climate. It is performed by comparing paleocli-
mate records with model results and by improving the model so that it simu-
lates known past climates more accurately.

The models will be calibrated and checked using present-day and his-
torical data sets that will be evaluated in simulations of climates of key
historic times such as periods of high lake stands, desiccation, vegetative
change, or ground-water recharge.

Following successful model testing exercises, scenarios will be
developed that include boundary conditions to account for inputs from natural
and human activities to the atmosphere. The possible effects of volcanic
dust, aerosol, and carbon dioxide on future climate conditions will be
examined.

If the approach of linked global-regional numerical models does not
prove feasible, then an alternative approach of empirical modeling paleo-
climatic data to estimate future climate is planned.

8.3.1.5.1.1 Study: Characterization of modern regional climate

The objective of this study is to provide a baseline and a background
for the interpretation of climatic variation. Characterization of the
synoptic climate will result in the determination of modern spatial and
temporal variations in precipitation, air temperature, cloud cover, and other
meteorological variables. These data will be used in the development of
modern vegetation-climate calibration relationships, in the assessment of
lake-climate relationships, and in the development and testing of climate
circulation models and in specifying relationships between global-scale
circulation patterns and the regional and local climate features of relevance
to site performance coordinated by the overview activity in Section
8.3.1.12.1.2.
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In cooperation with meteorology program (8.3.1.12) and geohydrology
program (8.3.1.2), efforts will be made to relate modern storms (and their
trajectories) to the isotopic signatures of infiltrating ground water. This
analysis will be assisted by modeling of the carbon isotope systematics in
ground water. These data may provide insight into past air-mass trajectories
and will be available to the climatology program.

8.3.1.5.1.1.1 Activity: Synoptic characterization of regional climate

Objectives

The objectives of this activity are to

1. Provide the basis for developing vegetation-climate relationships,
lake-climate relationships, and climate-circulation models (meteor-
ological data).

2. Provide an understanding of spatial and temporal variation in cli-
mate (synoptic climate).

3. Determine the climate conditions (i.e., time, temperature, season-
ality, and air masses) under which recharge occurs (isotopic data).

Parameters

The parameters for this activity are

1. Meteorological data, such as monthly and annual values for temper-
ature, precipitation, wind velocity, from a regional network of
sites.

2. Synoptic climate, such as spatial and temporal variation of precipi-
tation, air temperature, cloud cover, and wind velocity.

Description

Meteorological data will be compiled from U.S. Weather Service stations
from the southern Great Basin and surrounding region. The synoptic climate
of the Great Basin region will be determined through statistical correlations
with larger scale climate information. These correlations will include the
longest usable climatic record, including possible use of tree ring data if
applicable, and will be used to identify patterns of specific weather system
development and to determine how the systems affect areas of particular
interest within the Great Basin.

A network of weather stations will be set up in the region, in coopera-
tion with meteorology program 8.3.1.12 and geohydrology program 8.3.1.2.
Each station will include a precipitation collector for oxygen-18 and
deuterium samples, a tipping bucket, and a temperature probe connected to a
data logger. Temperature data will be collected every 15 to 20 min; water
samples will be collected whenever possible within 24 hrs of a storm event.
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The data will be statistically analyzed to determine the relation of cvae -
18 to deuterium to storm track, air temperature, altitude, and season.
Results of the analysis will be used in Study 8.3.1.5.1.2 (paleclacustrine
studies) to assist i.. estimating the source and seasonality of recharge that
occurred in the Qua-ernary in the Yucca Mcuntain region. and in Activitv
8.3.1.5.2.1.2 (Quaternary unsaturated zone hydrochemical analysis).

8.3.1.5.1.2 Study: Paleoclimate study: lake, playa, marsh deposits

This study will establish the nature, timing, duration, and amplitude of
paleoclimate changes based on analyses of paleontologic, geochemical, and
stratigraphic-sedimentologic data obtained from lacustrine sediments in or
near southern Nevada (Figure 8.3.1.5-4). Planned locations of the marsh,
playa, and lake sampling sites may change as data are collected and analyzed.
The sampling strategy and any such changes will be reported in the study plan
and SCP progress reports. :n addition, information will be collected on
paleolake levels and sizes to identify the timing and extent of paleoclimate
events. These analyses will provide estimates of past changes in precipita-
tion, temperature, relative moisture balance, and other climatic parameters.
These estimates, when integrated regionally for particular climatic episodes,
will aid in identifying the particular pattern of atmospheric circulation
(air-mass interactions) responsible for the observed variations. Moreover,
these estimates will provide the basic data to be used for analyzing past
climatic periodicity and for validating climate models.

Because climate variability may contribute significantly to the hydro-
logic system, especially in terms of recharge and discharge, the results of
this study will also be central to the paleohydrologic studies of this area
(Section 8.3.1.5.2). The degree to which past climatic and past hydrologic
changes are linked will provide a basis for comparing or linking the outputs
of models that predict future climatic and hydrologic variability.

8.3.1.5.1.2.1 Activity: Paleontologic analyses

Objectives

The objective of this activity will be to assemble and interpret, in
paleoclimatic terms, detailed records of ostracodes, diatoms, and pollen,
along with other types of fossils as warranted by specific paleoclimatic
questions. This record will involve collection, identification, enumeration,
and interpretation of paleontologic data that emphasizes the past 50,000 yr
in great detail, the past 200,000 yr in moderate detail, and the past
1,000,000 yr in some detail. Calcareous fossils will also be collected for
geochemical and age analyses of their carbonate.

Parameters

The parameters for this activity include paleoenvironmental interpreta-
tions of ostracodes, diatoms, aquatic palynomorphs, and other paleobiotic
remains.
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Description

Ostracodes. Ostracodes are minute crustacea with bivalved calcite cara-
paces that can be identified to the generic or specific levels. They are
largely benthic animals, living at or just below the sediment-water inter-
face. Ostracode life-cycles range from about 3 weeks to well over a year,
and their ecology is therefore centered upon annual or seasonal phenomena.
Ostracodes live in virtually all oxygenated water bodies that persist for
more than about a month. They attain their highest population densities in
quiet or gently flowing water and are most commonly preserved in circum-
neutral to alkaline water.

Nonmarine ostracodes are divided into two major ecologic groups: those
that live in surface waters (epigean) and those that live in ground water
(hypogean). Epigean taxa may be further divided ecologically into those
living in ground-water discharge environments and those that live in lacu-
strine environments. Both ground-water discharge and lacustrine taxa may be
further subdivided into groups of taxa that only live in very particular
environments such as continuously cold water (cryobionts) or continuously
warm water (thermobionts), or water that is warm for at least a given period
during the year (thermophilic). Ostracodes are very sensitive to water
chemistry, with the distribution of some taxa determined by the major dis-
solved ion content of the water. Other parameters, such as turbidity, oxygen
levels, and biotic factors appear to influence ostracode productivity rather
than their presence or absence.

Most ostracode species have well-defined biogeographic ranges that
appear to be limited by seasonal variations in water temperature and
chemistry. Ostracodes are capable of entering new environments through the
transport of adult ostracodes or eggs by birds, insects, or wind. Similarly,
as environments change, some species will no longer be able to survive and
will become locally extinct. Thus ostracodes may rapidly expand or contract
their geographic ranges in response to changing hydroenvironmental and cli-
matic conditions. Ostracodes will be collected in conjunction with Activity
8.3.1.5.2.1.3 (evaluation of past discharge areas).

Diatoms. Diatoms are single-celled algae that produce an opaline silica
frustule, which provides precise taxonomic information. Various species of
diatoms cover a range of aquatic habitats from the sediment-water interface
to the open-water epilimnion. Diatoms are short-lived organisms and there-
fore can respond by increasing species abundance to environmental phenomena
operating on weekly time scales.

Particular diatom species are known from all aquatic environments within
the photic zone. Diatom species are especially sensitive to water quality,
including parameters such as solute composition, salinity, and pH. They are
also extremely sensitive to the availability of nutrients such as nitrogen,
phosphorous, silica, and dissolved organic compounds.

Diatoms have an excellent fossil record, and, unlike ostracodes, diatoms
are commonly preserved in acidic environments or any environment low in HCO3
activity. Where both groups of organisms are preserved, the diatoms may
provide useful information on short-term environmental phenomena that may
have no obvious impact on the ostracode population. Conversely, ostracodes
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appear to be better Suited to recognizing what may be termed the general
environmental aspects of an aquatic environment such as temperature or water
composition.

Aquatic palynomorphs. The pollen record of emergent or submergent
macrophytes and the remains of certain algae provide important information
about the chemical, and to a lesser extent thermal, properties of the water
in which they lived. The response of aquatic plants to their general
chemical environment is quite similar to the response of diatoms and
ostracodes discussed above. In addition, aquatic macrophytes are sensitive
to the stability of a water mass. For example, emergent plants such as
cattails require that local water level remain within a specified range or
they will drown from rising water levels or desiccate from falling levels.
The stability of a water body on a seasonal to annual scale is an important
hydrologic and climatic property.

Other biotic remains. Other fossils, ranging from terrestrial verte-
brates to aquatic chrysophyte cysts and branchiopods, may prove vital to
understanding the nature of a particular climate record. The way in which
climate interpretations would be made from other kinds of fossils generally
follows the format given above for ostracodes, diatoms, and pollen. Other
types of fossils can be used to evaluate and refine the climatic interpreta-
tions derived from the principal organisms and may offer information not
available from these organisms. For example, the occurrence of branchiopod
fossils together with ostracodes implies a wet-playa hydrology whereas the
presence of branchiopods without ostracodes implies a dry-playa hydrology.
The recognition of a wet and dry playa record from cores in the modern day
dry playas near Yucca Mountain would have climatic significance.

Paleoclimatic interpretations of aquatic records. The ecologies of
ostracodes, diatoms, and other aquatic organisms are necessarily related to
the properties of the water in which they live. To extract climatic infor-
mation from the fossil record of aquatic organisms, a relationship between
aquatic parameters and climate parameters must be established.

Shallow wet-playa lakes, marsh ponds, and spring pools from shallow
aquifers are surface-water features that are common today and were common in
the past in southern Nevada. The water columns in each of these environments
will typically be thermally coupled to the daily or weekly changes in air
temperature over the water body (Forester, 1987). Furthermore, the water
temperature of spring vents from shallow aquifers provide good estimates of
mean annual air temperature. The seasonal variability in water temperature
of standing bodies or the constant value of spring vents provides a thermal
habitat that determines occurrence and abundance of all aquatic organisms,
but especially ostracodes. New taxa appear as the thermal habitat changes
with changing climate, while others become locally extinct. Thus knowledge
about the thermal ecology and biogeography of aquatic taxa provides direct
information about water temperature that may then be interpreted in terms of
air temperature. These interpretations may be qualitative, based on empiri-
cal observations; semiquantitative, based on multivariate analyses
techniques; or quantitative, based on statistical analyses and organism
physiology.
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Climate may play an important role in determining water chemistry when
water with a given input composition is evaporatively coupled to the atmos-
phere over the basin. Wet periods result in dilution or flushing of dis-
solved salts from the basin. Dry periods result in concentration and solute
evolution due to selective mineral precipitation and other processes. The
chemistry of the surface water body is thus coupled to the atmospheric mois-
ture balance over the water body. The chemical character of the water estab-
lishes a chemical habitat that determines organism occurrence and abundance.
As the chemical habitat changes with changing climate, new taxa appear or
become locally extinct and thus provide a record of the paleochemistry. Thus
knowledge about the chemical ecology of aquatic taxa, especially diatoms and
ostracodes, provides direct information about paleohydrochemistry that may be
interpreted in terms of moisture balance. As with paleotemperature, these
interpretations may be qualitative, semiquantitative, or quantitative.

The response of water chemistry to climate is operative on all time
scales and for basins of all sizes whereas the response of water temperature
to climate may be most sensitive in shallow water bodies that remain ther-
mally mixed in all seasons. Aquatic records, whether they provide only
hydrologic or both hydrologic and climatic information, are important to any
study that seeks to understand past climate, because they are integrating
climate processes that are operating on seasonal or annual scales rather than
the much coarser scales common to other records.

8.3.1.5.1.2.2 Activity: Analysis of the stratigraphy-sedimentology of
marsh, lacustrine, and playa deposits

Objectives

The objectives of this activity are to

1. Identify and characterize the general physical and chemical proper-
ties of sedimentary units from outcrops, shore deposits, and cores.
This information will provide a physical and relative temporal
framework within which various paleoenvironmental studies will be
made.

2. Determine the specific environment of deposition for the sedimentary
units using the principles of clastic and chemical sedimentology.

Parameters

The parameters for this activity are

1. Lithostratigraphy of marsh, lacustrine, and playa deposits.

2. Clastic and chemical sedimentology of marsh, lacustrine, and playa
deposits.
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Description

Reconnaissance coring, trenching, and seismic techniques will provide
information about sample sites, access to sediments that cannot be sampled in
outcrop, and general information about subsurface stratigraphy for all forms
of analyses. This will minimize needed samples and maximize the climatic
information obtained from the samples.

Lithostratigraphy involves the lithologic characterization of sedi-
mentary units in order to define sedimentary units and to place these units
in space and time. Investigations will describe sediment thickness, color,
grain size, texture, bedding, magnetic susceptibility, bulk elements,
mineralogy, and other properties deemed necessary for accomplishing this
task.

Clastic and chemical sedimentology involves identifying and describing
the chemical and physical nature of the sedimentary units identified by
lithostratigraphy in order to define the nature of the depositional environ-
ment. Properties such as grain size, composition, bedforms, nature of
contacts between sediment units or other properties that will aid in inter-
preting deposition environment will be investigated. Sedimentologic data
provide general paleoclimatic information together with general environmental
boundary conditions for other studies.

8.3.1.5.1.2.3 Activity: Geochemical analyses of lake, marsh, and playa
deposits

Objectives

The objective of this activity is to provide a detailed chemical and
mineralogic characterization of all sediments to provide information about
the chemistry of the water from which the minerals precipitated and to
determine sediment provenance.

Parameters

The parameters for this activity are

1. Element analyses of bulk sediments.
2. Carbonate mineralogy.
3. Noncarbonate mineralogy.
4. Stable isotope analyses.
5. Other chemical parameters.

Description

Element analvses of bulk sediments. Element analyses of bulk sediments
involves determining the kind and quantity of elements present in sediment
samples taken as a time series from a core. These data are subjected to a
variety of multivariate analyses to characterize the data set in terms of
origins of particular element groups. This information provides important
insights into chemical processes (end:genic and authigenic (diagenetic))
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operating within the local environment as well as processes (allogenic) that
contribute materials from the surrounding region. These types of data are
important for characterizing past climate because the endogenic-authigenic
processes provide information about water chemistry that may be related to
moisture balance whereas the allogenic record provides information about
stream input and other factors that may characterize wet periods.

Carbonate mineralogy. Endogenic carbonate mineralogy is related to the
Mg/Ca ratio of the water from which the carbonate precipitated. As lake
water evaporates, the Mg/Ca ratio increases or conversely, as lake water is
diluted or flushed, the ratio decreases resulting in a different suite of
carbonate minerals. The expected mineral sequence from dilute water to con-
centrated water is low-Mg calcite, high-Mg calcite, aragonite (or dolomite),
and monohydrocalcite. Thus, knowledge about the carbonate mineral sequence
through a sedimentary deposit may provide evidence for wet and dry cycles.
Moreover, biogenic carbonate, principally the shells of ostracodes or snails,
may provide information about the temperature and salinity of the water in
which the carbonate was precipitated. The Mg/Ca ratio of biogenic calcite is
known to be closely related to the temperature at which the carbonate precip-
itated, whereas the Sr/Ca ratio appears to be related to the salinity of the
water. Temperature and salinity are important climate indicators in
climatically sensitive aquatic environments.

Noncarbonate mineralogy. Noncarbonate minerals such as salts and silica
minerals (opals, clays) provide information about the composition of the
parent body of water, about the diagenetic postdepositional environment, or
both. The former provides information about moisture balance, whereas th-
latter provides an indication of the degree of alteration of a sedimentary
unit.

Stable isotopes. Stable isotopes, principally of oxygen and carbon, but
also of strontium, sulfur, deuterium/hydrogen, provide information about the
source/temperature of precipitation, water salinity, water temperature, and
other forms of environmental information. This information, as with aquatic
microfossils, provides a means of evaluating the moisture balance or temper-
ature of the atmosphere over the water body.

Other chemical parameters. Other types of geochemical analyses may
prove necessary in some situations. Marsh sediments, for example, may be
especially rich in organic compounds or other components not coummon in
playas.

8.3.1.5.1.2.4 Activity: Chronologic analyses of lake, playa, and marsh
deposits

Objectives

The objective of this activity is to obtain an accurate, precise
chronologic framework for the paleoclimatic information acquired in this
study. Moreover, all age information should, whenever possible, be tested
with other techniques to reduce uncertainties.
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Parameters

The parameters for this activity are ages of biostratigraphic indicators
and sediments using the following techniques: carbon-14, amino acid, thermo-
luminescent dates, uranium-series, uranium-trend, paleomagnetism, tephra-
chronology, fossils, and others.

Description

Carbon-14. Radiocarbon analyses will be conducted on organic rich
sediments, on terrestrial organic matter deposited in aquatic sediments, or
on biogenic carbonate using conventional or tandem accelerator methodologies.
Radiocarbon can provide age information in the age range from modern to
50,000 yr before present, but is subject to decreasing confidence with
decreasing sample size, increasing age, and errors due to contamination.

Amino acids. Amino acid analyses may be applied to well-preserved
mollusc or ostracode shells. Particular amino acids are known to change from
one state to another as a function of time and temperature. Thus when
temperature is known to have been relatively constant, amino acid analyses
may provide age, but when thermal histories are variable amino acid data may
be used for relative age or as a correlation tool.

Thermoluminescent dating. This technique is in the experimental stage
at this time, but may prove useful for dating aquatic sediments in the age
range of 2,000 to 250,000 yr before present. The value of this method over
most others is that it is usually not dependent on local geochemistry.

Uranium-series. Uranium-series analyses are conducted largely on inor-
ganic or biogenic carbonates. This method is useful for obtaining ages on
materials that incorporate uranium but no thorium at the time of crystalli-
zation, and remain closed to uranium and its daughter products throughout
their history. The age range of this method is from about 5,000 to approxi-
mately 350,000 yr before present.

Uranium-trend. Uranium-trend analyses will be conducted largely on
surface sediments such as marsh outcrop or soil sequences. It may be appli-
cable to playa cores under some circumstances. This method is an open-system
dating method based on uranium-series decay and the migration of daughter
products of U-238 through a soil or sediment column. The method is most
effective on samples in the range of 60,000 to 600,000 yr.

Paleomagnetism. Paleomagnetic analyses will be applied to core and
trench sediments to establish the remanent magnetism. Except for geologi-
cally short intervals, the past 700,000 yr has exhibited normal polarity. In
most instances, the discovery of reversed polarity sediments indicates they
were deposited before this date.

Tephrachronology. This method involves the comparison of the chemical
and physical characteristics of volcanic ashes with those of ashes of known
ages. Included in this activity will be potassium-argon dating of volcanic
materials intercalated with lake, playa, and marsh deposits.
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Fossils. The geologic history of many terrestrial and aquatic organisms
are well known so that the occurrence of these organisms provides an age
range for the sediment. Moreover, the timing of the expansion or contraction
of biogeographic ranges for some organisms, largely rodents, is known so that
the occurrence of such taxa in a particular area offers a more refined age
than the geologic range of the species.

Other chronological methods. Techniques such as stratigraphic position,
sediment accumulation rates, soil development, degree of weathering, or pres-
ence of artifacts may offer needed age estimates. Moreover, some forms of
isotopic analyses, such as strontium isotopes, may provide a way of recogniz-
ing sediments deposited from different waters and thus offer a relative age.

Additional records that may be utilized include tree-ring data that have
been collected in central and western Nevada as discussed in Chapter 5.
These data may be interpreted to determine relationships between tree-ring
widths and seasonal fluctuations in climate on the scale of 10 to 1,000 yr.
This interpretation may be useful in the development of paleoclimatic
transfer functions.

8.3.1.5.1.3 Study: Climatic implications of terrestrial paleoecology

This study will provide quantitative estimates of changes in climatic
variables (e.g., precipitation and temperature) for the southern Great Basin.
Plant macrofossils from pack rat middens will provide coverage for the last
50,000 yr (Activity 8.3.1.5.1.3.1), while fossil pollen from land plants
recovered from cores of lacustral sediments will cover at least the last
150,000 yr (Activity 8.3.1.5.1.3.2). Transfer functions, response surfaces,
or both will be developed through the statistical comparisons of modern
climate to the vegetation data, and these equations will be used in the
reconstructions of past climates from the paleovegetation data (Activity
8.3.1.5.1.3.3).

8.3.1.5.1.3.1 Activity: Analysis of pack rat middens

Objectives

The objective of this activity is to determine the nature, timing,
duration, and magnitude of past vegetation change as recorded in plant
macrofossil assemblages preserved in ancient pack rat middens.

Parameters

The parameters for this activity are

1. Macrofossil assemblages collected from pack rat middens in the
southern great basin and surrounding region.
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2. Radiocarbon age estimates.

3. Other data--vertebrates, insects, isotopic data.

Description

Pollen studies (discussed in activity 8.3.1.5.1.3.2) are generally
carried out in permanently wet environments, but pack rat midden analysis is
restricted to the semiarid and arid deserts of western North America. In
this method, past vegetation is reconstructed from plant remains preserved in
middens deposited in rock cavities by rodents of the genus Neotoma (pack
rats, wood rats, or trade rats). The plant remains can often be identified
to the species level, and the assemblages are believed, based on the contents
of modern middens, to represent vegetation growing within a radius of 30 m of
the midden at the time of accumulation.

Pack-rat middens are collected by extracting kilogram-sized samples of
material from different levels of the deposit. These are soaked in water to
dissolve the cementing material and sieved to concentrate the plant remains
(e.g., stems, needles, leaves, and seeds). When dry, the plant material is
sorted and counted or weighed to produce a quantified record of the different
plant taxa present.

Selected plant macrofossils or other materials from each midden are
submitted for radiocarbon analysis. This dating method provides an estimate
of the age of the midden assemblage, accurate to within a few hundred years.
in instances where more precise dating is required, multiple samples from the
same midden are submitted for radiocarbon dating. The paleobotanical data
from the individual midden assemblages are compiled to create time series of
vegetational change from a given area and vegetational setting. Replication
of pack rat chronologies from sites with similar settings ensures that site-
specific phenomena do not introduce bias into the interpretation of the data
set.

In addition to plant macrofossils, pack rat middens are rich sources of
vertebrate and insect remains, pollen, and cellulose for isotopic investiga-
tions. The data may be analyzed to elucidate certain paleoclimatic signals.
This activity will be carried out in conjunction with Activity 8.3.1.5.2.1.4
(analog recharge studies).

8.3.1.5.1.3.2 Activity: Analysis of pollen samples

Ob-ectives

The objective of this activity is to determine the nature, timing,
duration, and magnitude of past vegetation change as recorded in the
stratigraphic record of fossil pollen grains.
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Parameters

The parameters for this activity are

1. Pollen assemblages collected from lacustrine, marsh, and playa
sediments (and other sedimentary deposits) in the southern Great
Basin.

2. Radiocarbon dates, tephrochronology, and other chronological
markers.

Descrintion

Studies of fossil pollen in stratified deposits have been used exten-
sively to reconstruct fluctuations in temperature and precipitation over the
last 20,000 yr. The applicability of the method has been limited in the
western united states by the relative scarcity of bogs and small lakes, the
optimal settings for most types of pollen studies. However, paleoclimato-
logical insights have been gained from studies of the fossil pollen contained
in sediments deposited in western pluvial lakes, alpine lakes, caves, rock
shelters, and alluvium. Pollen records, in general, provide quasi-continuous
records of regional vegetational change. While the majority of these studies
are restricted to the Holocene, palynological studies of pluvial lake, marsh,
and playa sediments also provide information over the period of 10 to several
hundreds of thousand years ago.

Pollen is extracted from samples by dissolving unwanted mineral and
organic matter in the sample with strong acids and bases. The pollen is
comparatively resistant and will remain and become concentrated after disso-
lution. The pollen is stained to enhance its microstructural detail and
mounted on microscope slides for examination. Pollen grains of known plant
taxa are identified, tabulated, and plotted stratigraphically according to
absolute concentration (per gram or cubic centimeter of sediment) or relative
percentages. The stratigraphic plots are interpreted in terms of increasing
or decreasing amounts of plant taxa responsible for the various pollen types,
taking into account the relative pollen production of individual plant
groups, the ease by which pollen is distributed, and the processes by which
it is incorporated into the sediment and preserved.

In some instances, pollen studies will be conducted at the same sites as
those for paleolacustrine investigations (Study 8.3.1.5.1.2), because lake
sediments may contain well preserved pollen and represent more or less con-
tinuous deposition. However, because of exposure and oxidation, playa
deposits may be unsuitable for pollen anal-:sis. Pack rat middens also con-
tain pollen, particularly from the local Vegetation surrounding the midden
site, and its analysis can be helpful in determining the nature of the pollen
rain (the pollen coming from and falling on any region) in areas where lakes
and marshes are few.
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8.3.1.5.1.3.3 Activity: Determination of vegetation-climate relationships

Ob ectives

The objective of this activity is to translate the vegetational records
provided by pack rat midden and palynological investigations and available
dendroclimatological data into quantitative estimates of past climatic
variables.

Parameters

The parameters for this activity are

1. Vegetation-climate, pollen-climate response surfaces, or both.
2. Pollen-climate transfer functions.

Description

Palynological and pack rat midden studies together provide a regional
network of time series of vegetational change spanning the last few tens of
thousands of years. Much of the evidence for past climatic variations comes
from such paleoecological records of past vegetation. Tree-ring data that
have been collected in central and western Nevada may be interpreted to
determine relationships between tree-ring widths and seasonal fluctuations in
climate on the scale of 10 to 1,000 yr. This analysis will be conducted in
conjunction with similar analyses in Activity 8.3.1.5.1.2.4 and supplemented
by absolute and relative dating techniques. The interpretation of these
paleoecological records in climatic terms requires information on the modern
relationships between vegetation and climate. Given the understanding of
such relationships, and with certain assumptions, it is possible to infer the
nature of the climatic variations responsible for the vegetation changes
recorded by the fossil evidence.

Relationships between modern vegetation and climate are also required
for evaluating of climate simulation models. To judge the ability of the
model to simulate correctly the past climate, modern vegetation-climate rela-
tionships are used to transform model simulations of past climates into esti-
mates of past vegetation; these can then be compared with the observed fossil
record.

There are two related approaches for constructing statistical relation-
ships between modern vegetation and climate data: (1) a transfer function
approach in which individual climate variables are expressed as a function of
several vegetation predictor variables (e.g., the percentages of different
pollen types) and (2) a response function approach in which the relative
abundances (or the presence or absence) of individual taxa are expressed as
nonlinear functions of one or more environmental variables.

The transfer function approach usually makes use of a multiple regres-
sion analysis to construct a relationship between a particular climate vari-
able and a number of predictor variables, which are generally the percentages
of individual pollen types. In practice, a data set of paired observations
of modern surface pollen samples and climate is required for calibration of
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the equation. The resulting equation is then applied to fossil pollen data
to interpret them in climatic terms.

In the response function approach, the relative abundance or probability
of occurrence of different taxa is expressed as a nonlinear (usually poly-
nomial) function of one or more environmental variables. The resulting
functions are usually displayed as "response surfaces" that show how the
abundance or probabilities vary in the space defined by the environmental
variables. For relative abundance data, the response functions are fit using
linear regression, while for presence-absence data, the surfaces are fit
using logistic regression.

Because response functions illustrate the environmental preferences of
different taxa, they can provide guidance in the qualitative interpretation
of fossil data in climatic terms. Quantitative reconstruction is possible as
well, using response functions of several taxa to determine the environmental
conditions necessary to give rise to a particular fossil assemblage.

Application of response functions for climate model validation is rela-
tively straightforward. The relative abundance or the presence or absence of
different taxa can be simulated by applying response functions to the values
of climate variables simulated by climate models. The simulated vegetation
variables can then be compared with the observed. In a typical example, the
climate model would be set up to simulate some specific paleoclimate, and the
simulated vegetation would be compared with the observed fossil record.

8.3.1.5.1.4 Study: Analysis of the paleoenvironmental history of the Yucca
Mountain region

The objective of this study is to evaluate the paleoenvironmental record
at Yucca Mountain and surroundings in the light of the inferred paleoclimate
history of the southern Great Basin. It also provides information to
distinguish between effects resulting from surficial processes, as opposed to
tectonic activity, and to evaluate the age of tectonic events. The chron-
ology of the erosional and depositional responses to climatic changes at
Yucca Mountain will be used to cross-check and supplement the reconstruction
of paleoclimate. A detailed paleoenvironmental history is needed to dis-
tinguish short- and long-term tectonic effects from local climatic controls
on surficial processes. Therefore, dated deposits in th.s study will be used
to constrain ages and recurrence intervals of fault movements.

The paleoenvironmental history of the Yucca Mountain region is a record
consisting of surficial deposits and landforms resulting from a combination
of specific climatic and tectonic conditions. Surficial processes involving
weathering, water, and wind are dominantly controlled by climatic conditions.
In surficial deposits with well-constrained ages, specific indicators of
paleoclimate can be compared with the regional paleoclimatic history. Less
specific indicators of paleoclimate at Yucca Mountain can be reconstructed
from soils of different ages and from depositional environments of surficial
deposits.
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Although the characteristics of the diverse arid-region surficial
deposits at Yucca Mountain and surroundings do not allow the precise deter-
mination of such climatic parameters as temperature and precipitation, they
contain a valuable record of paleoclimate data pertinent to the site itself.
The surficial deposits provide a tool for understanding how the Yucca Moun-
tain region has responded to Quaternary climatic episodes and climatic change
in the southern -Great Basin, in that they suggest that the types and intensi-
ties of different erosional and depositional processes have changed through-
out the Quaternary. To ascertain whether the climatic responses at Yucca
Mountain have been synchronous with those of the rest of the Great Basin, it
will be necessary to compare the paleoenvironmental record at Yucca Mountain
(from surficial deposits data) with the regional paleoclimate history. If
the responses have not been synchronous, it will be necessary to examine
other factors besides regional paleoclimate to explain the history of ero-
sional and depositional response at Yucca Mountain. Thus, the paleoenviro-
nmental history serves as both a cross-check on the regional paleoclimate
history, as well as a means by which the effect of past hydrologic and
erosional episodes upon the Yucca Mountain landscape can be quantified. In
addition, this history bears on assessing the influence of local and regional
tectonic processes on the surficial processes operating at Yucca Mountain.

The modeling of soil properties at Yucca Mountain will result in a defi-
nition of the relation of the properties of late Holocene soils to modern
climatic parameters, the comparison of paleoclimate scenarios to soil prop-
erties, and the quantification of soil development over time for use as a
dating technique. Investigation of modern soils forming under soil moisture
conditions similar to wetter paleoclimates at Yucca Mountain will result in
the ability to characterize soil properties resulting from past pluvial
conditions. Mapping of the surficial deposits of the Yucca Mountain area
will aid in the evaluation of the influence of paleoclimate on their genesis
and the history of erosion and landform development. Reconstruction of the
eolian history of Yucca Mountain will result in an understanding of the role
of eolian deposition and erosion in the paleoenvironment and aid in defining
the Quaternary paleoclimates at Yucca Mountain.

8.3.1.5.1.4.1 Activity: Modeling of soil properties in the Yucca Mountain
region

Objectives

The objectives of this activity are to

1. Determine the relations among properties of late Holocene soils and
modern climatic parameters.

2. Compare properties of selected soils at Pahute Mesa and areas near
Tonopah, which have formed under conditions similar to those that
may have existed at Yucca Mountain during pluvial conditions of
Pleistocene glacial climatic cycles.

3. Compare properties of early Holocene and Pleistocene soils to
paleoclimatic models that are reconstructed from other lines of
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evidence, such as paleolimnology and terrestrial paleoecology, as a
check on these models.

4. Frame climatic scenarios as a function of the depth, distribution,
and quantity of pedogenic carbonate and other soil parameters.

5. Quantify rates of soil development in specific climates for use as a
dating tool for Quaternary deposits and ages of fault movements.

Parameters

The parameters for this activity are

1. Soil morphology and physical and chemical properties of Holocene and
Pleistocene soils formed on a variety of parent material
lithologies, under modern climates similar to Yucca Mountain at
present and during the latest glacial maximum (the Pahute Mesa and
Tonopah climatic analog sites).

2. The understanding of how airborne dust contributes to the develop-
ment of soils on parent materials containing a high proportion of
gravels.

3. Physical and chemical analyses of dust.

4. Field measurements of soil partial pressure of carbon dioxide (pCO2)
and available water-holding capacity (AWC).

5. Movement and composition of soil solutions as determined by
lysimeter studies.

6. Rates of carbonate translocation in soils of known composition,
texture, and pCO2 , under different climatic regimes and rates of
accumulation of dust.

7. Rates of soil development from physical and chemical properties of
dated soils, including field-described properties (color, texture,
structure, clay content, and consistency) and laboratory measured
properties (clay mineralogy, major elements, bulk density, soluble
salts, carbonates, and extractable iron oxides).

8. Ages of soils at study sites (using cation ratios of rock varnish,
potassium-argon, radiocarbon, uranium-trend, uranium-series, and
thermoluminescence dating techniques). Experimental isotopic dating
techniques such as beryllium-10 and chlorine-36, may be used if they
are proved useful and reliable.

Description

One aim of this activity will be to compare theoretical carbonate
distributions, resulting from computer modeling under various simulated
climatic conditions, with real carbonate distributions in sampled soils.
This will result in a line of evidence that can be used as a check on
paleoclimate models as reconstructed from other lines of evidence (paleo-
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limnology and terrestrial paleoecology). Another check on the paleoclimatic
history of Yucca Mountain will be provided by comparison of the properties of
analog soils formed under the modern climates at Pahute Mesa and Tonopah with
late Pleistocene and older soils formed at Yucca Mountain. The analog soils
have formed under approximately the same moisture levels as Yucca Mountain
and the surrounding region during pluvial conditions of Pleistocene glacial
climatic cycles. Another aim of the activity is to apply the rates of soil
development calculated from the physical and chemical properties of dated
soils to undated soils in order to estimate the ages of undated soils. These
ages will be important in the estimations of ages of Quaternary deposits and
fault movements at Yucca Mountain and surroundings.

Soil properties are a function of time and climate. In particular, the
distribution and concentration of calcium carbonate and other soluble salts
are linked to temperature and precipitation. This relation can be quantified
if other factors such as the available water-holding capacity (AWC) of the
soil and the composition and influx rate of dust are known. Computer model-
ing of soils under various climatic regimes can simulate the distribution
(depth) and concentration of carbonate in soils. This information, when
compared with the movement of carbonate as measured by lysimeters and with
carbonate distribution in soils of known age, will permit the evaluation and
cross-checking of paleoclimate models proposed for the Yucca Mountain area
from paleolimnology and terrestrial paleoecology. Paleoclimate models can be
modified if the actual distribution of soil carbonates conflicts with
distributions predicted by these models.

Rates of soil development will be calculated for dated surficial
deposits, using measured physical and chemical properties. The result of
these calculations will be the quantification of the development of some soil
properties over time. Knowing the rates at which certain features of a soil
develop will allow the dating of previously undated soils, through the
examination and measurement of the same properties and the application of
known rates. It is expected that this method of dating surficial deposits
will also be applied to bracketing ages of fault movement in the Yucca
Mountain area.

Backhoe trenches will be excavated in soils developed on surficial
deposits of known or inferred ages. The sites will be classified according
to deposit age. Soil profiles at a minimum of two sites for each age cate-
gory will be sampled and described. Sites under consideration in California
include Silver Lake and the Cima volcanic field. These particular sites may
provide information to the soil modeling effort. They are localities that
are characterized by relatively complete stratigraphic sections that contain
multiple well-developed paleosols of various ages. The chronology of the
paleosols at these localities is well established by radiometric age dates
and may provide a relatively complete record of soil development during
Quaternary time. Proposed sites in Nevada include Kyle Canyon, Beatty,
Fortymile Wash, Pahute Mesa, and a location near Tonopah.

A regional network of dust traps has been set up in a variety of cli-
matic, lithologic, and geomorphic settings. The purpose of the network is to
collect airborne dust in marble traps to simulate dust additions to soils
developed in gravelly parent materials. Samples will be collected at least
once a year. Dust-collection data are required for input for the computer
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modeling of carbonate translocation and are not available in the existing
soils literature.

Soil and dust samples will be analyzed in the laboratory for physical
and chemical properties related to climate and age. The properties that may
be measured include, but are not limited to, (1) particle size distribution,
(2) organic matter content, (3) carbonate and silica content, (4) soluble
salts, (5) extractable chemistry, (6) major and minor element chemistry,
(7) soil water, (8) density, (9) mineralogy, and (10) morphology.

Available water-holding capacity and PCO2 is measured in gravelly desert
soils of a variety of ages at various locations in the vicinity of Yucca
Mountain. These data are required as input for the computer modeling of
ground-water transport of carbonate and are not available in the existing
soils literature. Also, the movement and composition of soil solutions in
soils near Yucca Mountain will be measured by lysimeters. This data will be
compared with the movement of soil solutions predicted by computer modeling.

Therefore, a computer program has been developed to model the movement
of carbonates in solution through soils of varying texture and AWC under
varying climatic conditions. This computer program is based on a compartment
model that considers a soil to be a vertical stack of compartments; each
compartment has physical properties that affect the development of calcic
horizons (Arkley 1963; McFadden and Tinsley, 1985; Mayer et al., 1988).
Physical properties can differ between, but not within, compartments, and
water and solutes can move from upper to lower compartments. The program
will be used to simulate carbonate development in soils according to the
paleoclimatic conditions developed from paleolimnologic and terrestrial
paleoecologic evidence. Simulated soil conditions will be compared with real
soil conditions at Yucca Mountain to evaluate the paleoclimate history and,
if necessary, modify it.

8.3.1.5.1.4.2 Activity: Surficial deposits mapping of the Yucca Mountain
area

Objectives

The objectives of this activity are to

1. Determine the distribution, age, genesis, soil properties, and
physical properties of surficial deposits at Yucca Mountain and
surroundings.

2. Evaluate the influences of climate and tectonics on the genesis of
surficial deposits.

3. Provide a map of surficial deposits for facility placement planning,
geomorphic studies, engineering property studies, and surface
infiltration studies.

4. Determine the distribution of major concentrations of calcite-silica
vein deposits at or near the ground surface at Yucca Mountain.
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Parameters

Among the parameters under consideration are the following:

1. Distribution, spatial relationships, and thicknesses of the various
types of surficial deposits (e.g., fluvial, eolian, and colluvial).

2. Chief physical properties of surficial deposits, including
lithology, stone content, particle size distribution, bulk density,
soil moisture content, texture, color, and depositional features.

3. Chemical and mineralogical properties of surficial deposits and
soils may include, but are not limited to, clay mineralogy, calcium
carbonate content, amount of amorphous silica, amounts and types of
soluble salts, amounts and types of extractable iron, and soil water
chemistry.

4. Chief soil characteristics, including the profile, color, structure,
texture, stone content, secondary clay amounts, calcium carbonate
content, secondary silica content, consistency, and plasticity.

5. Ages of surficial deposits and soils.

6. Interpreted paleotemperatures during carbonate deposition.

7. Distribution of major outcropping or near-surface calcite-silica
vein deposits at Yucca Mountain.

Description

The distribution, spatial relationships, and thicknesses of the various
surficial deposits of the Yucca Mountain area will be defined; the definition
will be aimed at identifying the geomorphic settings of the various deposits
(e.g., fluvial, eolian, and colluvial), the areal extents and proportion of
each type of deposit within the region, their thicknesses, and their vertical
and horizontal stratigraphic relations. The distribution of surficial depos-
its will be determined by mapping the deposits on aerial photographs and
possibly on satellite imagery. The contacts of the deposits will be verified
in the field by examining trenches and natural exposures. Field descriptions
of surficial deposits and soils will focus upon characteristics and param-
eters that will aid in determining their age and genesis, as well as the
influences of past climate and tectonics. The area of investigation is shown
in Figure 8.3.1.5-5. This activity will be carried out in conjunction with
Activity 8.3.1.6.1.1.1 (development of geomorphic map of Yucca Mountain).
This activity will also interface and complement the work done in Section
8.3.1.14.2 (studies to provide soil and rock properties at potential loca-
tions of surface facilities).

To supplement the mapping (particularly with regard to deposit thick-
nesses, but more importantly for the description and sampling of the sur-
ficial deposits and soils), shallow trenches will be excavated by backhoe,
bulldozer, or both at key sites. In addition to the detailed description of
the stratigraphy, soil morphology, and other physical characteristics of the
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Figure 8.3.1.5-5. Approximate boundaries of Yucca Mountain surficial deposits mapping
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surficial deposits, samples will be collected for physical, chemical, and
ineralogic analysis and for stable isotope analysis and dating. Another
supplemental procedure for the mapping will be the compilation and inter-
pretation of lithologic logs of previously drilled shallow drillholes to
determine the thickness and other physical properties of surficial deposits
encountered in drilling. This information will be correlated with results of
the mapping and trenching procedures.

Soil water samples will be collected at selected sites for chemical
analysis. Chemical data for modern soil water will aid in determining the
paleoclimatic implications of the relative abundance, form, and distribution
of secondary calcium carbonate and amorphous silica in the various surficial
deposits. Also, this data will aid in applying the findings of the soil
moisture analog study to the interpretation of paleosoil moisture conditions
in the Yucca Mountain area.

Laboratory analysis of surficial deposits and soils will be conducted to
determine a variety of physical, chemical, and mineralogical properties.
These properties may include, but are not limited to, (1) particle size
distribution, (2) bulk density, (3) soil moisture content, (4) clay miner-
alogy, (5) calcium carbonate content, (6) amounts of amorphous silica, and
(7) amounts and types of soluble salts and extractable iron. Data from these
analyses will provide a basis for characterizing key physical, chemical, and
mineralogic properties of the surficial deposits and soils, and will aid in
the determination of their genesis and relative ages.

The surficial deposits will also be dated to aid in correlation of
depositional events with Pleistocene glacial and interglacial climatic cycles
and the periods of transition between these cycles. Dating techniques will
include uranium-series, uranium-trend, radiocarbon, thermoluminescence, and
cation ratio dating. Dating will also contribute to the effort to correlate
paleoecological evidence with the paleoenvironmental (erosional and
depositional) history of Yucca Mountain area.

The uranium-series dating technique has been a useful tool in estimating
the ages of crystallization of secondary carbonates. This technique can
potentially be used on any materials that incorporate uranium but no thorium
at the time of crystallization, and remain closed to uranium and its daughter
products throughout their history (Bradley, 1985).

Preliminary analysis (Knauss, 1981) suggests that Quaternary secondary
silica should be an ideal material for uranium-series disequilibrium methods.
Dates on amorphous (opaline) silica would provide minimum limiting ages for
their host sediments, and dates on buried opals would provide maximum limit-
ing ages for overlying sediments. Secondary carbonates occur in a wide vari-
ety of forms in the Yucca Mountain area. Many have developed in surficial
deposits; others occur as root casts in eolian-alluvial-colluvial 'sand-ramp"
deposits, as fracture-fill materials, and as throughflow seep deposits. Two
important characteristics of these carbonates make them suitable materials
for deriving paleoclimatic informati^r.: (1) they may have been deposited by
meteoric waters and thus would reflect in part the temperature of crystalli-
zation in the near-surface environment and (2) they are datable by uranium-
series disequilibrium methods. Uranium is quite soluble in meteoric waters
that pass through uranium-bearing minerais, especially in near-surface envi-
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ronments characterized by oxidizing conditions. Trace amounts of uranium are

thus carried through soils, unconsolidated materials in water, or both and

coprecipitated with calcium carbonate. In contrast, thorium is characterized

by extreme insolubility in near-surface environments and thus does not copre-

cipitate with uranium because it is not leached from thorium-bearing min-

erals. This is significant because, with time, the amount of thorium-230

will increase by radioactive decay of uranium-234. The ratios of the activ-

ity of thorium-230 to its parent uranium-234 and its grandparent uranium-238

are used to calculate the date of crystallization of the carbonate. At pres-

ent, this method is useful back to about 350,000 yr.

Uranium-trend dating is an open-system dating method based on uranium-

series decay and the migration of daughter products of uranium-238 through a

soil or sediment column. In the Yucca Mountain area, the uranium-trend

dating method has thus far been limited mainly to alluvial deposits because

they are the most extensive Quaternary sediments. Because one of the per-

tinent questions to be answered in geologic investigations of Yucca Mountain

is the rate of hillslope erosion (Section 8.3.1.6), accurate dating of

colluvial deposits is desirable. Dating of eolian sediments is also useful,

because such deposits are significant from a paleoclimatic point of view. If

uranium-trend dating is feasible on colluvial and eolian deposits, the

derived ages should be consistent with the relative ages. Such a test is

only a partial check on the suitability of the method, because consistent

relative ages may result but may be incorrect in terms of absolute age. A

further check is provided by the linearity of the uranium-trend plots; plots

that show poor linearity indicate that the material is unsuitable for dating

and little confidence can be placed in the derived absolute ages. Good

linearity and consistent relative ages strongly suggest correct absolute

ages. Alluvial deposits in this area generally show excellent linearity on

uranium-trend plots. A final and more rigorous test of the suitability of

the method would be to compare derived uranium-trend ages with independent

absolute dating methods such as conventional closed-system uranium-series

dates on secondary carbonates that occur in the same deposits or potassium-

argon dates on volcanic rocks that underlie the deposits. This uranium-trend

method is most effective on samples in the range of 60,000 to 600,000 yr

(Rosholt et al., 1985).

Isotopic analyses of secondary carbonates will be performed to determine

paleotemperatures from proportions of stable isotopes. The results of these

analyses will include isotopic composition of secondary carbonates (oxygen-16

to oxygen-18 and carbon-13 to carbon-12 ratios), differences between crystal-

lization temperatures of secondary carbonates and Holocene average tempera-

tures of crystallization, and dates of crystallization of secondary carbon-

ates. One of the primary factors controlling the oxygen isotope composition

of secondary carbonates in near-surface environments is temperature of crys-

tallization. Theoretical and empirical studies have shown that the ratio of

oxygen-18 to oxygen-16 varies systematically with temperature in carbonates

if the oxygen isotope compositions of the source waters are similar. Depar-

ture of carbonate crystallization temperatures from the present value can be

determined using oxygen isotope compositions of Pleistocene samples in com-

parison with isotope composition of Hclocene samples. Paleotemperatures thus

determined can be very useful in tes:ing the hypothesis that pluvial periods

were caused at least in part by cooler temperatures and reduced rates 
of

evapotranspiration. In addition, s nce there is a regular change in oxygen
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isotope composition of carbonates with temperature, the magnitude of temper-
ature change can be estimated. Empirical studies have shown that carbon
isotopic composition of soil carbonates is controlled to a great extent by
the type of plant community. Because temperature is one of the controlling
factors in plant geography, determination of the former vegetation type will
serve as an independent, qualitative check on the paleotemperature determina-
tions.

Erosional landforms ("nivation basins") above 2,200 m in the high moun-
tain ranges near the Nevada Test Site reflect the past occurrence of peren-
nial snowfields (Dohrenwend, 1984). Although the time of formation of these
features is not yet known with certainty, they are presumably of Late
Wisconsin age. The occurrence of perennial snowfields provides evidence on
the past climate at the upper reaches of the recharge areas for Yucca
Mountain. Investigations of these features will focus on their geographic
and elevational distribution, their age, and the paleoclimatic inferences
that can be drawn from their occurrence.

The distribution of those calcite-opaline silica accumulations whose
stratigraphic relations and areal locations suggest possible derivation from
major calcite-opaline silica vein deposits will be noted. Stratiform bodies
of secondary calcite opaline silica of pedogenic origin are associated with
all older soils at Yucca Mountain. Calcite-opaline silica within the vein
deposits is physically somewhat similar, but forms steeply dipping veins
within faults and fracture systems. The veins may have formed through
downward infiltration of solutions associated with pedogenic processes, or
they may have formed though a variety of other processes (see discussion of
calcite-opaline silica vein deposits, Activity 8.3.1.5.2.1.5). Distinction
between these alternative hypotheses may have significant hydrologic
implications, hence information on the distribution of these deposits will be
collected as part of the surficial deposits mapping of Yucca Mountain, and
supplied to Activity 8.3.1.5.2.1.5 (studies of calcite and opaline silica
vein deposits) for further analysis.

8.3.1.5.1.4.3 Activity: Eolian history of the Yucca Mountain region

Objectives

The objectives of this activity are

1. Document eolian erosion and deposition in the Yucca Mountain area
during the last 750,000 yr.

2. Determine paleoenvironmental conditions during times of eolian
deposition and intervening times of surface stability and soil
formation.

3. Determine source areas of sand and silt.
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Parameters

The parameters for this activity are

1. Age of eolian sediments and soils developed on eolian deposits by
uranium-series methods, thermoluminescence, and volcanic ash
identification.

2. Textural characteristics of sediments.

3. Mineralogy of sediments.

4. Paleowind directions--directly determined from faceted bedrock
surfaces, or determined from cross-bedding azimuth measurements of
dune deposits.

5. Paleowind velocities--indirectly determined by measuring platelet
spacing on the surface of abraded quartz grains.

6. Concentrations of thorium, titanium, zirconium, yttrium, and niobium
in alluvial and eolian sands and in alluvial and eolian silts.

Description

Eolian deposits are widespread in the Yucca Mountain area. Thick
deposits of sand have been blown against Fran Ridge, Busted Butte, and
southern parts of Yucca Mountain, and veneers of eolian silt mantle nearly
all flat and gently sloping surfaces and ridge tops in the area. These
deposits range in age from at least 740,000 yr to only a few thousand years
old. Thus, the great spatial and temporal distribution of eolian deposition
and erosion, and the intervening episodes of surface stability and soil
formation, record a long history of climatically influenced conditions at
Yucca Mountain. Dating of eolian deposits is also important to the recon-
struction of Quaternary fault movements at Yucca Mountain, because several
major north-south trending faults offset these eolian deposits.

Eolian sands will be dated primarily by identifying volcanic ashes that
are interbedded in sand ramps, and by uranium-series dating of secondary
carbonates in the soils developed on these deposits. Paleoenvironmental
conditions that have well-constrained ages can then be compared with other
paleoclimatic reconstructions, most notably the lacustrine records developed
under Activity 8.3.1.5.1.2.1. Because the paleoclimate record derived from
pack rat middens in the Yucca Mountain area is limited to the age range of
radiocarbon dating (about 50,000 yr before present), dated eolian deposits
are one of the few sensitive paleoclimatic indicators available for recon-
structing paleoenvironments older than 40,000 yr.

The Bishop ash has already been observed in the sand ramps, indicating
that eolian deposition in the Yucca Mountain region began before 740,000 yr
B.P (Izett, 1982). Volcanic ashes of Lava Creek (610,000 yr B.P.) and
Lathrop Wells basaltic core (the late Quaternary) occur in the Yucca Mountain
area and may occur in the sand ramps.
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Uranium-series dating of the sand ramps is possible because these
sediments contain secondary carbonates of two distinct types. The first type
takes the form of rhizoliths or root casts; these features form as sheaths
and casts of plant roots in sandy calcareous sediments. The presence of a
plant cover implies that the sediments have been stabilized and that little
or no deposition is taking place. The second type of carbonate deposit found
in the sand ramps is laminar calcrete. Studies conducted elsewhere in the
southwestern United States indicate that most laminar calcretes are of
pedogenic origin and take a considerable amount of time to form after
stabilization of the geomorphic surface (Gile et al., 1965). Uranium-series
dating of rhizoliths yields a close minimum age for the time of stabilization
of a sand ramp surface. Uranium-series dating of laminar calcretes yields a
minimum age for the underlying sediments, but also a maximum age for
overlying sediments. Thus, by dating both types of carbonates, bracketing
uranium-series dates can be obtained for many of the sand ramp sediments; for
the uppermost units, close minimum ages can be obtained.

Fine-grained eolian silt is an ideal geologic material for dating by
thermoluminescence analysis over a time range of the last 100,000 yr. Silt-
rich eolian deposits mantle gently dipping surfaces and may represent one or
more episodes of eolian deposition. Preliminary thermoluminescence dating of
vesicular A horizons from the Yucca Mountain area indicates that deposition
of the fine silt fraction took place in the mid-Holocene (Whitney et al.,
1986).

The distribution and thickness of these dated eolian deposits, both sand
and silt, will be mapped to aid in the reconstruction of paleowind directions
and in the identification of sediment source areas. Regional wind directions
can be reconstructed from the position of dunes with respect to topographic
barriers, and by regional comparison of the geometry, cross-bedding azimuths,
and thickness of the deposits. Paleowind directions will also be measured
from the orientation of wind-abraded bedrock surfaces on hills and mountains.

The geochemistry of immobile trace elements will be studied in eolian
sediments to identify sediment source areas. Sand and silt-rich soil
A horizons, typically with vesicular structure, are common surface horizons
in soils of arid regions, including most soils in the Yucca Mountain area.
Investigators who have studied these features in other parts of the south-
western United States have concluded that many such features are (1) pri-
marily eolian in origin and (2) of Holocene age (McFadden et al., 1986).
Particle size analyses of vesicular A horizons from the Yuy-a Mountain area
indicate that these features have modal sizes in the fine sand and fine silt
fractions, suggesting that (1) the features are probably eolian and (2) two
sources of sediment may be involved, one local (fine sands) and one distant
(fine silts). If the source of the fine silts can be identified, it may be
possible to reconstruct the mid-Holocene paleowind pattern. The most likely
candidates as distant sources for the fine silts are unvegetated playa sur-
faces found in the structural basins of southern Nevada. Identification of
the source basin or basins is possible by analysis of playa fine silts and
vesicular A horizon fine silts for immobile trace element concentrations.
The term immobile here refers to elements that are usually chemically immo-
bile under surface conditions. Such elements (thorium, titanium, zirconium,
yttrium, and niobium) are not leached from crystal lattice positions under
subaerial conditions and hence can serve as sianatures for basins with
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distinctive lithologies. The five trace elements to be measured are those
that have been used most extensively by igneous petrologists in classifica-
tions of volcanic rocks of different origins; their use here is appropriate
because most of the basins in southern Nevada receive sediments eroded
primarily from Tertiary volcanic rocks. In a similar fashion, local sources
of the fine sands found in the vesicular A horizons can be identified using
the same trace elements. Collectively, the data should identify the sources
of sediment in soil A horizons and allow reconstruction of local and
synoptic-scale paleowind patterns in the mid-Holocene.

Investigations of sand mineralogy will be performed to augment both
sediment source identification and to search for volcanic ashes. Textural
characteristics of the eolian deposits will be analyzed to aid in reconstruc-
ting eolian conditions and to determine how much sand has been reworked by
alluvial processes. Bimodal grain-size distributions, for example, exist in
the silt mantles, indicating two sources of sediment in the deposit.

Terrestrial paleoecologic studies will be done on pollen, teeth, bones,
rootcasts, and burrows where such evidence is found and can be determined to
indicate local paleoenvironmental conditions. Tests will be done to deter-
mine whether or not the pollen preserved in sand ramp sands and interbedded
soils is of local or regional origin. This information can then be compared
with paleoenvironmental information derived from macrofossil studies of local
pack rat middens (Study 8.3.1.5.1.3). Soils analyses undertaken as part of
the surficial deposits mapping of Yucca Mountain (see description of Activity
8.3.1.5.1.4.2) will yield paleotemperature information from oxygen isotopic
analyses, and ranges of paleotemperatures and precipitation based on modeling
of several soil properties (Activity 8.3.1.5.1.4.1).

Paleowind velocities will be measured indirectly by studying the surface
textures of eolian quartz grains with a scanning electron microscope. The
frosting of quartz grains is known to be caused by abrasion, and at the
microscopic level this frosting is seen to be the formation of a series of
parallel plates. The spacing between individual plates is related to the
velocity of the wind that last transported the grains. Measurements of plate
spacing on grains from different age deposits will allow comparison of
paleowind velocities with those of present winds.

8.3.1.5.1.5 Study: Paleoclimate-paleoenvironmental synthesis

This study consists of one activity and will compare the paleoclimatic
estimates from the various proxy data sets and provide data syntheses in the
formats required for future climate and paleohydrology investigations.
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8.3.1.5.1.5.1 Activity: Paleoclimate-paleoenvironmental synthesis

Objectives

The objective of this activity is to provide summaries of the paleo-
climatic data in formats that can be utilized by investigations of future
climatic changes and paleohydrology.

Parameters

The parameters for this activity are

1. Synoptic snapshots of climatic conditions during key time periods in
the past.

2. Time series (chronologies) of changes in climatic variables (e.g.,
precipitation and temperature).

3. Estimates of magnitude, timing, and duration of major past periods
of high effective moisture.

DescriDtion

Paleoclimatic data will be used (1) in future climate investigations to
evaluate numerical climate models, (2) to establish the relationships between
past periods of high levels of effective moisture in southern Nevada and
global climate states, and (3) to provide input into paleohydrological
models. The paleoclimatic estimates from paleolacustrine investigations,
terrestrial paleoecology, and paleoenvironmental investigations must be
compared and synthesized into the forms required by these other studies.

The first use of the synthesized paleoclimatic data is in evaluating
numerical climate models. The numerical climate models will be constructed
on the basis of modern climatic data, and paleoclimatic investigations will
provide independent data for model evaluation. This exercise will require
mapped arrays of paleoclimatic estimates (synoptic snapshots) for key time
periods in the past (primarily over the last 50,000 yr). The periods will be
selected to provide a range of differing boundary conditions, such as global
ice maxima versus minima, and will demonstrate the validity and sensitivity
of the models to changes in these conditions.

The second application of the paleoclimatic data is to support a second
approach to predicting aspects of future climatic variations in southern
Nevada will involve identifying the global climate states (e.g., glacials,
interglacials, and interstadials) that accompanied regional periods of high
effective moisture. Estimates of the characteristics, magnitudes, and
durations of such periods will provide guidance in estimating the climatic
infiltration parameters that would occur at Yucca Mountain, if, for example,
a glacial climate occurred in the next 10,000 to 100,000 yr. The paleo-
climate data base may be adequate to identify periodic components in past
climatic variations to provide a basis for estimating the timing of future
changes. This approach will require time-series data of variations in
climatic parameters.
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Mapped summaries of paleoclimatic estimates will be compared with paleo-
hydrologic data to establish the relationships between climatic phenomena and
changes in hydrologic parameters. These maps will be similar to those
required for model validations, but will be centered on Yucca Mountain and
will be on finer, smaller spatial and temporal scales. Ongoing scientific
work that bears directly on these modeling efforts is being carried out under
the COHMAP project (Webb et al., 1987), a -joint venture including Brown
University, the University of Wisconsin, and the National Center for
Atmospheric Research (NCAR). The COHMAP project includes mapping of general
circulation model (GCM) simulated climates (from the NCAR Community Climate
Model) at 3,000-yr intervals back to full glacial. The simulations are then
compared with conditions inferred from paleoclimate indicators (e.g., fossil
pollen). The results of the COHMAP project are expected to be extremely
useful in implementing the site characterization plans, and COHMAP activities
will be integrated with the SCP activities wherever appropriate.

8.3.1.5.1.6 Study: Characterization of the future regional climate and
environments

The objective of this study is to estimate values for climatic param-
eters for the Yucca Mountain area over the next 100,000 yr, with special
emphasis on the next 10,000 yr. The values for these parameters will be used
in the hydrologic modeling of the ground-water regime at Yucca Mountain
(Investigation 8.3.1.5.2) and in the investigation of the effects of future
climate on erosion at Yucca Mountain (Investigation 8.3.1.6.2). Estimates
for future precipitation, temperature, evapotranspiration, and other
parameters will result from the modeling of certain climate scenarios
expected to occur in the southern Great Basin over the next 100,000 yr.

Modeling of future climate requires the development of a procedure for
quantitatively evaluating the characteristics of future climate scenarios.
This study will employ a dual approach to modeling: a numerical approach
(Activities 8.3.1.5.1.6.1 through 8.3.1.5.1.6.3) and an empirical approach
(Activity 8.3.1.5.1.6.4). Both approaches first require the establishment of
an integrated time series of paleoclimate change and the selection of
expected future climate scenarios based on the nature and timing of climate
scenarios in the Quaternary. In the numerical modeling approach, a linked
global-regional numerical model will be employed to calculate the future
meteorological parameters. The regional model will use boundary conditions
for future scenarios as derived from a global climate model as well as from
paleoclimate evidence from corresponding similar episodes in the Quaternary.
In the empirical modeling approach, values of climate parameters for future
scenarios will be estimated from evidence in the paleoclimate record for
corresponding similar episodes in the Quaternary.

Both the numerical and the empirical approaches to modeling future
climate are descriptive methods. They are two different ways of describing
the meteorology of future climate scenarios, and both are based on the paleo-
climate history of the region. This history will include the timing,
duration, and meteorologic nature of Quaternary climatic episodes. The
prehistorical record of climate must extend far enough back into the past and
be dated with enough precision to allow the reconstruction of an integrated
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time series of paleoclimate from paleolacustrine, terrestrial paleoecologic,
and paleoenvironmental evidence (Study 8.3.1.5.1.5).

As an integral part of this study, two advisory panels will be formed.
These panels, made up of specialists in areas of climate modeling, will be
used to assess the specific details of the two climate modeling efforts
(i.e., the global modeling and the regional modeling, if the feasibility
study determines that regional modeling is appropriate), with particular
attention to be given to (1) the development of criteria to evaluate the
different models available and the different techniques used, (2) the
establishment of boundary conditions, (3) the expected and realistically
attainable output from each model, and (4) the ability of the two models to
interact with each other. The potential use of the advisory panels is
identified in the following discussion of the activities to be conducted
under this study.

8.3.1.5.1.6.1 Activity: Global climate modeling

Objectives

The objectives of this activity are to

1. Identify and estimate factors controlling global climate.

a. Develop a sequence of "snapshots" of possible climate scenarios
at intervals of up to 1,000 yr over the next 10,000 yr.

b. Develop a set of anticipated global climate scenarios over the
next 100,000 yr.

2. Compute the configuration and extent of ice sheets at regular
intervals of time over the next 100,000 yr to determine the effects
of such ice volume changes upon the climatic system.

3. Provide boundary conditions, including precipitation, temperature,
cloud cover, evapotranspiration, and wind velocity for regional
climate models through the use of general circulation models.

Parameters

The output from the global climate modeling, to be used as boundary
conditions for the regional modeling includes means and ranges of the
following parameters:

1. Surface temperature.
2. Cumulative precipitation rate.
3. Condensed moisture.
4. Fractional cloud amount.
5. Averaged solar flux absorbed at surface.
6. Averaged solar flux absorbed by earth and atmosphere.
7. Averaged infrared flux upward at surface.
8. Averaged longwave flux at top of atmosphere.
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9. Averaged total albedo of surface and atmosphere.
10. Shortwave heating rate.
11. Longwave heating rate.
12. Convective temperature change.
13. Sensible heat flux at surface.
14. Latent heat flux at surface.
15. Wind velocity.

Description

The paleoenvironmental record for the Quaternary Period suggests that
significant variations in climate have occurred in the past and are likely to
occur in the future. Modeling future global and regional climate will help
determine whether such variations in climate can significantly affect the
proposed repository at Yucca Mountain. General circulation models (GCMs) can
provide three-dimensional simulations of the atmosphere at too coarse a spa-
tial resolution to provide meaningful results for specific sites. Regional
mesoscale models are capable of disaggregating GCM output to represent expli-
citly the physical processes that govern the hydrologic balance. Therefore,
the goal of this study is to link a GCM with a regional model to predict
future climate.

The prediction of future global climate rests largely on calculation of
extreme climatic conditions (scenarios) that can be anticipated to occur in
the future. A coupled ice sheet-energy balance modulus expected to be used
to identify the scenarios pertinent to hydrology that are associated with
repository performance. At present, the following scenarios have been
identified as being of concern:

1. Natural variability under modern conditions.

2. Glacial periods that may correspond to pluvial conditions in the
southern Great Basin.

3. A 'super' glacial and resulting conditions in the southern Great
Basin.

4. A "super" interglacial, in which increases in carbon dioxide and
other trace gases lead to significant global warming.

5. A "super-longw period of changed climate, that, by virtue of its
duration, could adversely affect site performance.

In addition, future climate for the next 10,000 yr will be modeled in
time intervals of up to 1,000 yr in duration. Additional scenarios and time
periods will be run as required by results of the energy balance model runs
or other sources.

The best known changes in the global climate system during the Quater-
nary Period accompanied the growth and decay of major ice sheets. These
glacial-interglacial cycles have been shown to correlate with the variations
in orbital parameters of the earth (i.e., longitude of perihelion, obliquity,
and eccentricity (Hays et al., 1976)).
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One goal of climate modeling is to demonstrate that these ice volume
variations follow deductively from a simple set of mathematical statements or
forcing functions. Computer codes have been developed to simulate climate
change based upon these forcing functions. These climate drivers will pro-
vide (1) estimates of the probability of certain climate scenarios, (2) tim-
ing of climate scenarios of concern, and (3) rough estimates of future
climate states.

The first major step in the modeling activity involves estimating
configurations of each major ice sheet on the globe at regular intervals of
time over the next 100,000 yr. Although orbital variations may induce
glacial-interglacial cycles, one of the important factors helping to maintain
ice ages is the extensive ice sheets which increase the albedo of the earth.
Therefore, a two-dimensional ice sheet model will be developed in this
activity and will be calibrated to output from the global climate drivers.

General circulation models (GCMs) are sensitive to the volume and dis-
tribution of glacial ice covering the earth as well as variations in the
orbital parameters of the earth. These scenarios of interest will be deter-
mined by an expert panel after examination of the simulated evolution of
boundary conditions as produced by the climate-driver models possibly aug-
mented by an energy-balance model. The scenarios of interest may not be
limited to extreme boundary conditions, but may include situations which,
because of their temporal persistence or other characteristics, are poten-
tially relevant to site performance. Therefore, output from the climate
driver and ice sheet models will be used as boundary conditions for GCM runs
at the time periods or for the scenarios of interest. Additional boundary
conditions for runs of GCMs include the locations and elevations of
continental areas, the locations and elevations of continental ice, the
locations and temperature of sea ice, surface albedo, and sea-surface
temperature.

Since uncertainties exist in specifying or computing factors such as CO2
level or sea surface temperatures, the model simulations will include a
sensitivity analysis of climate response to a plausible range of variables
that may contribute to global climate change.

Present plans for the GCM modeling will use the CCM at the National
Center for Atmospheric Research. This approach has been approved by the
advisory panel mentioned earlier. A version of the CCM under development
includes an oceanic circulation component and should result in documented,
well-tested codes by FY 1989.

Initial model simulations are designed to determine the sensitivity of
climate to uncertainties in the specified boundary conditions. These
simulations will be done with fixed sea surface temperatures. Future
simulations will be designed to incorporate the full seasonal cycle. Output
data will include estimates of precipitation, temperature, cloud cover,
evapotranspiration and wind velocity. Regional processors will be developed
to manipulate the data that surrounds the Yucca Mountain site in coordination
with the regional modeling activity. :nput to the regional models will be in
the form of boundary conditions.
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Published model results (CLIMAP Project Members, 1981) for the last
glacial maximum will provide a set of benchmarks in the early stages of the
activity. Some examination of the appropriateness of the model results can
be obtained from the comparisons to the various time horizons represented in
the geologic record.

The documentation of all the computer codes and mathematical and
numerical models will follow NRC guidelines for documentation of codes (NRC,
1983a). The codes will be evaluated through an examination of the ability of
the coded procedures to reproduce accurately the modern circulation patterns
and those reconstructed for the last glacial maximum and other time horizons
(where data are available). All model results will.be reviewed by the
advisory panel at regular intervals during the characterization process.

8.3.1.5.1.6.2 Activity: Regional climate modeling

Objectives

The objective of this activity is to establish the feasibility of using
a regional scale numerical climate model for predicting future climatic
conditions at Yucca Mountain. If this task is accomplished, the model will
be calibrated against modern climatic data and validated with paleoclimatic
data.

Parameters

The parameters for this activity are

1. Calibration of a regional-scale numerical climatic model (with
historic data).

2. Evaluation of a regional-scale model (with paleoclimatic data).

Description

A feasibility study will be initiated to evaluate the applicability of
numerical regional climate modeling in accomplishing the climate prediction
requirements of the Yucca Mountain Project within appropriate time and cost
constraints. Regional numerical modeling is used to describe the meteorology
of expected future climate scenarios resulting from the interpretation of the
paleoclimate record. A numerical regional model is a mathematical descrip-
tion of the dynamics of the earth's atmospheric circulation, based upon the
equations of fluid flow and specifi: boundary conditions. The model
describes how the earth's atmosphere responds to imposed boundary conditions,
with the output of the model being in the form of calculated values of
meteorological parameters (precipitation, temperature, etc.) for discrete
geographic areas--rectangles created by gridding the earth's surface parallel
to latitude and longitude. Reducing grid size increases the spatial resolu-
tion of the model at the cost of increased computational load. The practi-
cality of small grids will be studied.
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The feasibility of a regional modeling approach would first be estab-
lished by demonstrating that current climate conditions can be adequately
simulated over the southern Great Basin. This exercise would emphasize
amounts and seasonal patterning of precipitation and other surface climato-
logical conditions. If it is successful in these simulations, the model
would be tested against Quaternary paleoclimatic conditions for periods with
adequate observational characterization of surface climate. If these efforts
were also successful, the model would be deemed suitable for generating
future climate scenarios for the proposed repository site at Yucca Mountain
and would be so employed.

The development of a numerical atmospheric model will be pursued only if
the proposed feasibility study indicates that the numerical modeling approach
would be an effective and timely method of accomplishing the Yucca Mountain
Project climate prediction objectives. If the feasibility study does not
produce encouraging results in terms of the resolution desired and
computational efficiency regarding regional numerical modeling, as determined
from criteria established by an expert panel, then the characterization of
future regional climate and environments will be based essentially on the
empirical modeling approach.

8.3.1.5.1.6.3 Activity: Linked global-regional climate modeling

Objectives

The objectives of this activity are to

1. Formulate reasonable hypotheses for scenarios of future climate in
the southern Great Basin and Yucca Mountain over the next
100,000 yr, with emphasis on the next 10,000 yr.

2. Model meteorological parameters of expected climate scenarios for
the southern Great Basin.

3. Use the quantitative meteorologic descriptions resulting from the
modeling of future climate scenarios to derive measurements of
climate parameters to be used in hydrologic modeling of the Yucca
Mountain area and in investigating the effects of climate on erosion
at Yucca Mountain.

Parameters

The parameters for this activity are

1. Estimates of the nature, timing, and probability of occurrence of
future climate scenarios.

2. Meteorologic parameters of expected future climate scenarios:
average annual rainfall, seasonal distribution of rainfall, type and
intensity of storms, average annual snowfall, distribution and
duration of snow cover, rapidity of snowmelt, evapotranspiration,
cloud cover, and temperature.
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3. The values of meteorologic parameters over requisite time spans, to
be used in the hydrologic modeling of Yucca Mountain and in erosion
investigations.

Description

Following the testing period for the regional climate model, it will be
decided if such a modeling approach is within the time and cost constraints
of the Yucca Mountain Project. In addition, the defensibility of the model
on its own will be analyzed as well as its ability to link with the global
climate model. If the regional numerical model receives approval from an
expert panel, it will be linked with a GCM (Section 8.3.1.5.1.6.1) to
simulate future climatic conditions at Yucca Mountain. The outputs of the
global future climate modeling activity will be used as boundary conditions
on regional climate model runs to simulate future climate conditions at Yucca
Mountain.

8.3.1.5.1.6.4 Activity: Empirical climate modeling

Objectives

The objectives of this activity are to

1. Formulate reasonable hypotheses for scenarios of future climate in
the southern Great Basin and Yucca Mountain over the next
100,000 yr, with emphasis on the next 10,000 yr.

2. Model meteorological parameters of expected climate scenarios for
the southern Great Basin.

3. Use the quantitative meteorologic descriptions resulting from the
modeling of future climate scenarios to derive measurements of
climate parameters to be used in hydrologic modeling of the Yucca
Mountain area and in investigating the effects of climate on erosion
at Yucca Mountain.

Parameters

The parameters for this activity are

1. Estimates of the nature, timing, and probability of occurrence of
future climate scenarios.

2. Meteorologic parameters of expected future climate scenarios over
requisite time spans: average annual rainfall, seasonal distribu-
tion of rainfall, type and intensity of storms, average annual
snowfall, distribution and duration of snow cover, rapidity of
snowmelt, evapotranspiration, cloud cover, wind speed and direction,
and temperature.
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Description

The empirical approach to climate modeling will be the direct applica-
tion of meteorological values estimated for paleoclimate episodes to the
description of analogous scenarios expected to occur in the future. For a
given scenario, values of precipitation, temperature, and other parameters
would be estimated directly from the paleolacustrine, terrestrial paleo-
ecologic, and paleoenvironmental evidence. A simplistic example would be the
following: statistical examination of the paleoclimate record might show
that there is a moderate-to-high probability of another period of higher-
than-present precipitation and lower-than-present temperatures (a pluvial),
spanning several thousand years, occurring at some time between 80,000 and
100,000 yr from the present. To characterize the meteorology of this
expected episode, the values of meteorologic parameters for prior pluvial
episodes are assembled from the physical evidence of the palecolimate record.
The averages, seasonality, ranges, and areas of uncertainty for the param-
eters are synthesized in a form usable as input for hydrologic modeling. It
should be noted that this approach of directly applying paleoclimate data to
expected future scenarios is based directly on physical evidence, and on the
assumption that climatic episodes within the next 100,000 yr in the southern
Great Basin will resemble events in the Quaternary paleoclimate history of
the area. The record of past climatic variations can thus provide a guide to
the range of climatic conditions foreseeable in the future, providing that
the large-scale controls of climate remain similar to those that prevailed in
the past. The increase of CO2 concentrations in the atmosphere in the future
(due to the burning of fossil fuels, etc.) makes it likely that the large-
scale controls of climate in the future may differ from those experienced
during the Quaternary. As a result, numerical approaches to the prediction
of future climate may be required to supplement the empirical methods.

The time series of paleoclimate will then be statistically examined for
possible periodic components in climatic variation, including an examination
for the presence of astronomical forcing of atmospheric circulation (the
influence of changes in the earth's orbital relations to the sun on global
air mass circulation). The present state of our knowledge of Great Basin
climate history, as evidenced by the highstands of paleolake systems,
suggests periodic components in climatic episodes of higher-than-present
effective moisture in the Great Basin. Should this be confirmed statisti-
cally, it will then be possible to apply this periodic forcing function to
estimating the timing of possible future pluvial episodes over the next
100,000 yr. This exercise will be aided by the fact that the variations in
orbital parameters (eccentricity, obliquity, and precession) governing
astronomical forcing can be estimated over the next 10,000 to 100,000 yr, and
thus changes in insolation in that period are predictable.

If a periodicity in the climate record can be established, a sequence of
expected future climate scenarios can be formulated for the next 100,000 yr,
possibly accompanied by estimates of probabilities of occurrence for dif-
ferent climatic scenarios over this period. Should a periodicity not be
clearly established, it will become necessary to use an alternative approach
to estimating the timing of future climate scenarios. Such an approach would
likely be a statistical description of the probabilities of certain climate
scenarios recurring over the next 100,000 yr.

8.3.1.5-74



YMP/CM-0011, Rev. 1 YMP/CM-OO;', Rev. 1

8.3.1.5.2 Investigation: Studies to provide the information required on
potential effects of future climatic conditions on hydrologic
characteristics

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

3.7.4
3.9.8
5.2.1
5.2.2
5.2.3

Paleohydrology (regional)
Paleohydrology (site)
Paleoclimatology
Future climatic variation
Site paleoclimatic investigations

Parameters

The following parameters will be measured, estimated, or calculated as a
result of the site studies planned as part of this investigation:

1. Relationship between climate and infiltration.

2. Past and future surface water characteristics--locations, frequency,
and hydraulic properties of past and future flood events.

3. Past and future unsaturated-zone hydrologic characteristics--
hydrochemical characteristics as an indication of past hydrology and
prediction of future ground-water flow conditions.

4. Past and future saturated-zone hydrologic characteristics--water
table altitude, and recharge and discharge locations and rates.

Other site studies that provide information that support the deterimina-
tion of the previous parameters include the following:

SCP section Studo

8.3.1.2.1.2

8.3.1.2.1.3

8.3.1.2.1.4

8.3.1.2.2.1

Characterization of the regional surface water
(present-day surface-water conditions)

Characterization of the regional ground-water flow system
(present-day regional geohydrology)

Regional hydrologic system synthesis and modeling
(present-day regional hydrology)

Characterization of unsaturated zone infiltration
(present-day infiltration at the site)
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SCP section

8.3.1.2.2.3

8.3.1.2.2.7

8.3.1.2.2.8

8.3.1.2.2.9

8.3.1.2.3.1

8.3.1.2.3.2

8.3.1.2.3.3

8.3.1.5.1.1

8.3.1.5.1.2

8.3.1.5.1.3

8.3.1.5.1.4

8.3.1.5.1.6

8.3.1.16.1.1

Study

Characterization of percolation in the unsaturated zone
(present-day unsaturated-zone flux at the site)

Hydrochemical characterization of the unsaturated zone
(present-day unsaturated-zone flux at the site)

Flow in unsaturated, fractured rock

Site unsaturated zone modeling, synthesis, and integration
(present-day unsaturated zone geohydrology)

Characterization of the saturated zone ground-water flow
system (present-day saturated zone geohydrology)

Characterization of the saturated zone hydrochemistry

Saturated zone hydrologic system synthesis and modeling
(present-day saturated zone geohydrology)

Characterization of the modern regional climate
(present-day regional climatic conditions)

Regional paleolimnologic studies (past regional climatic
conditions)

Regional terrestrial paleoecologic studies (past regional
climatic conditions)

Analysis of paleoenvironmental history of the Yucca
Mountain region (past environments at the site)

Characterization of the future regional climate and
environments (future climatic conditions at the site)

Site flood and debris hazards studies (present-day flood
potential at the site)

Purpose and objectives of the investigation

This investigation (8.3.1.5.2) provides information to help satisfy per-
formance and design Issues 1.1, 1.8, 1.9a and b, and 1.10. Reconstructions
from Investigation 8.3.1.5.1 along with past surface water, and unsaturated-
and saturated-zone characterizations will lead to an understanding of the
Quaternary regional hydrologic regime. This information along with models of
future climate conditions and estimates of future meteorological conditions
from Investigation 8.3.1.2.1, and models of the unsaturated and saturated
zones from the geohydrology program (Section 8.3.1.2) will help determine the
effects of climate change on geohydrology. This will require the development
of a relationship between climate and infiltration and recharge.
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Technical rationale for the investigation

Climatic, igneous, tectonic, and erosional processes may potentially
change the geohydrologic setting at Yucca Mountain. The purpose of this
investigation is to determine the hydrologic conditions during the Quaternary
that have differed significantly from present conditions due to changes in
the climatic processes. This information will be used to evaluate the like-
lihood of recurrence over the next 100,000 yr of episodic conditions that may
affect the regional flow system. Of specific interest are (1) the maximum
altitude of the water table during pluvial periods of the Pleistocene Epoch,
(2) the effects of water-table rises on shortening of ground-water flow paths
to discharge areas, and (3) the magnitude of increases in recharge during
pluvial periods. With this information, questions such as the following can
be addressed: "What is the possibility of the repository flooding due to a
rising water table during a return of pluvial conditions?" and "How large an
infiltration flux might move through the repository in the future?" These
potential future hydrologic conditions resulting from changing climatic
conditions will be predicted through the use of numerical model sensitivity
analyses. These sensitivity analyses (which are discussed in detail in each
appropriate activity) will involve assessing the sensitivity of flow in the
unsaturated and saturated zones to variations in infiltration and recharge.

The relationship between climate and infiltration and recharge will be
developed on the basis of studies conducted under this testing program. Once
this relationship is developed, the results of the sensitivity analyses will
be used to identify the climatic parameters needed for assessing future con-
ditions in the unsaturated and saturated zones. This information can then be
used by the future climate modeling study (Section 8.3.1.5.1.6) to simulate
the necessary scenarios that describe the conditions and occurrence of signi-
ficant periods of climatic variation. Subsequently, the hydrologic models
will use these predicted climatic conditions to simulate future infiltration
to the unsaturated zone and recharge to the saturated zone.

Recurring pluvio-glacial climate conditions could shorten the time for
radionuclide transport from the repository to the accessible environment if
it is shown that percolation flux is increased through the repository block.
The velocity increase produced by increased infiltration will be predicted by
site-scale modeling. Also of significance is the maximum water-table rise
that might accompany a recurring pluvio-glacial climatic condition, travel
time be shortened by reducing the thickness of unsaturated zone below the
repository (Czarnecki, 1985).

The water-table altitude beneath the repository block reflects an
interaction of many factors, including (1) the local recharge rate, (2) the
lateral flux in the saturated zone resulting from recharge in upgradient
areas, (3) vestiges from prior climatic regimes that persist because of stor-
age effects, (4) distance to and altitude of regional discharge boundaries,
and (5) especially, the distribution of conductivities and structures in the
saturated zone. Computer models can functionally relate these conditions. A
water-table change can be predicted due to a change of any one (or more) var-
iable, if the model has been calibrated and checked against known conditions.
Obtaining reliable predictions of water-table change will require knowledge
of past changes of recharge distribution and discharge positions as well as
sufficient detailed geometry and conductivities of units in the entire flow

8.3 .1 .5-77



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

field. The studies of this investigation include (1) the interpretation of
geomorphic and stratigraphic evidence of paleofloods; (2) the evaluation of
analog recharge sites to estimate past, and, therefore, future, infiltration
characteristics (ground-water recharge); (3) the search for hydrochemical
evidence of waters that infiltrated in the past; and (4) the location of past
points of ground-water discharge as evidenced by former springs, mineral vein
fillings, and cave deposits recording higher water levels in the past. These
studies have been formulated to provide the information required to predict
the water-table fluctuations.

Paleoflooding will be investigated to improve the knowledge of severe
surface runoffs during prehistoric times and to ascertain the relationships
between those floods and paleoclimates. The investigation will examine allu-
vial deposits, debris-flow scars and deposits, severe erosion scars, and
stone-stripe deposits to improve the understanding of the processes that
formed them, and to determine whether these features have modern analogs that
were formed or are forming under present climatic conditions. Results will
provide a perspective on differences and similarities between past and pres-
ent floods, and the relations to different climates. In addition, an
improved understanding of the relation between paleoclimate and past floods
will supplement predictions of future flooding based on rainfall-runoff
modeling (Section 8.3.1.2.1.3).

The increased recharge that would occur under a return to pluvial condi-
tions would depend upon a variety of interrelated factors. These factors
include not only the amount of increase in average annual precipitation, but
also the seasonal distribution and type of precipitation; the amount and rate
of snowmelt; and changes in evapotranspiration, runoff characteristics, and
soil and plant cover. Modern settings analogous to past climatic conditions
at Yucca Mountain will be identified, instrumented, and studied to determine
the infiltration versus precipitation relationships that relate to past and
future climates. These modern settings, referred to as analog recharge
sites, will be identified based on the rock-soil-vegetation cover, geology,
topography, meteorological conditions, and hydrochemical properties of the
precipitation, surface water, and soil moisture. Then, by evaluating the
characteristics of each site, the conditions and rates of ground-water infil-
tration and recharge representative of past and future pluvial conditions
will be estimated.

To gain a further understanding of the Quaternary ground-water condi-
tions at Yucca Mountain, the discharge area of the ground-water basin will be
studied for evidence of prior water-table elevation, discharge, and tempera-
ture. The potentiometric surface in the regional carbonate aquifer is gentle
in slope due to the high transmissivity (Section 3.6). Provided that
tectonic deformation can be ruled out, prior gradients obtained from paleo-
spring elevations are related linearly to prior discharge. Slope extrapola-
tion to the site and to recharge areas may provide estimates of prior poten-
tiometric altitudes. A study of paleospring deposits and fossils contained
in them will indicate altitudes of former discharge points and suggest paleo-
discharge rates. These studies are justified on the same basis as are
efforts to interpret the fossil record and the paleohydrology of recharge
areas. Both boundary conditions need to be defined for any one time modeled.
Redundant and confirmatory data, such as the detailed study of zeolites for
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evidence of fossil saturation levels, will help substantiate the hydrologic
model predictions.

Remote sensing and field survey methods will be used to locate struc-
tural features presently or formerly controlling regional flow and discharge
areas. Biologic and fossil evidence will be assessed for past discharge
rates and climatic implications. Carbonate deposits will be sampled in
caves, where they formed at various levels reflecting different water-table
elevations. Carbon and oxygen isotope ratios in such minerals reflect the
age and climate of the waters that formed them; thus, cyclic history may be
recorded for regional interpretation of the basin hydrology. Past discharges
will also be estimated in discharge areas from measured conductivities and
computed gradients.

On the basis of current knowledge of hydrogeologic properties, fluxes,
hydraulic heads, and estimated recharge rates, past water-table altitudes
will be calculated. To further reduce uncertainty in these results, addi-
tional information about past water tables will be sought. Hydrochemistry
will be used to produce a second line of evidence for paleosaturation
altitudes. Hydrochemical analyses have the potential of identifying waters
of an age and oxygen-18/oxygen-16 ratio consistent with infiltration during a
past pluvial period, thereby providing information on flow velocities and
paths. In principle, a sufficiently refined model can then predict future
fluctuations in the water-table altitude if adequate boundary conditions are
provided for the various climatic regimes.

8.3.1.5.2.1 Study: Characterization of the Quaternary regional hydrology

The objective of this study is to characterize the distribution of sur-
face water, the unsaturated zone infiltration and percolation rates, and the
ground-water potentiometric levels during the Quaternary Period in the vicin-
ity of Yucca Mountain.

Activities planned for the study are (1) an evaluation of regional
paleofloods, (2) an analysis of unsaturated zone hydrochemistry, (3) an
evaluation of past regional discharge areas, (4) an analog recharge study,
and (5) an assessment of calcite-silica vein deposits.

8.3.1.5.2.1.1 Activity: Regional paleoflood evaluation

Objectives

The objectives of this activity are to

1. Identify the locations and investigate the hydraulic characteristics
of paleoflood events, and compare this evidence with the locations
and characteristics of modern flooding and geomorphic processes.
These findings and comparisons will improve knowledge of the rela-
tionships between climate and flooding.
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2. Assess the character and severity of paleoflood and debris hazards
to assess the potential of flood and debris hazards for the reposi-
tory during the preclosure period.

Parameters

The parameters for this activity are

1. Magnitudes, frequencies, areal extent, and hydraulic characteristics
of paleoflood flows.

2. Quantities and characteristics of debris movement during paleo-
floods.

Description

Two trenches have been dug in the north fork of Coyote Wash; one cross-
channel trench and one T-shaped trench. These trenches have exposed deposits
recording a complex sequence of debris-flow and flood-flow events that
occurred during the late Quaternary Period. The trenches have been mapped
and analyzed to determine the interpretable characteristics of the
paleofloods. Additional trenching, mapping, and stratigraphic analyses of
alluvial deposits in neighboring stream channels north and south of Coyote
Wash, and throughout the region surrounding Yucca Mountain and the Nevada
Test Site will be performed to improve understanding of past flooding in the
Yucca Mountain region.

Erosion scars, stone stripes, and other debris deposits will be evalu-
ated with regard to the geomorphic processes responsible for their formation
(Investigation 8.3.1.6.1). Areas and drainages of concern will be recon-
noitered for erosion scars and hillslope deposits. The features that may be
the products of past extreme surface-water runoffs will be examined and
recorded. Attempts will be made to develop criteria for dating the features
to increase the value of these data with regard to ages and frequencies of
debris movement. The widespread presence of stone stripes on hillslopes at
and around Yucca Mountain may be evidence of paleofloods and related land-
slope failures. The presence of these large deposits of cobbles and boulders
over substantial areas of steeply sloping terrain poses the concern that they
could become entrained in future landslope failures and become incorporated
within fluvially transported debris. Improved knowledge of the age and
genesis of these deposits should confirm or allay concerns regarding their
potential for contributing to future debris hazards. Results will be used in
analyses of flooding and debris hazards (Investigation 8.3.1.16.1).

Attempts will be made to date allvial surfaces and unconsolidated
stream-channel deposits. Much of the unconsolidated debris underlying
alluvial surfaces and comprising stream-channel deposits was deposited by
surface runoff. A determination of the ages of these alluvial surfaces will
provide valuable knowledge of past floods. Specifically, it will date the
recency of severe flooding at the sites of the deposits, and collectively,
these ages may suggest whether severe runoff events of the Yucca Mountain
area might be episodic or relatively continuous during recent geologic time.
Relative ages of the surfaces will be determined from geomorphic mapping, and
absolute ages might be determined using the newly developed technique of
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rock-varnish dating. A field and photo reconnaissance of areas of concern
should help dictate the techniques to be applied in dating the surfaces.

The evidence of paleoflooding will be compared with the magnitudes and
frequencies of historical floods. The streamflow and runoff information
collected as part of the activities called "surface-water runoff monitoring"
and "transport of debris by severe runoff' will be compared to assess the
frequencies and magnitudes of present-day flooding in and around the Nevada
Test Site. Available evidence and knowledge of paleofloods will be compared
with knowledge developed on current flooding to determine whether present-day
flooding is more or less frequent and larger or smaller than past flooding.
Modern geomorphic channel and slope processes and their resultant sediment
deposits will be compared with fluvial and slope deposits of the past to
determine similarities and dissimilarities between modern and paleo
processes.

8.3.1.5.2.1.2 Activity: Quaternary unsaturated zone hydrochemical analysis

Objectives

The objectives of this activity are to

1. Determine the past and infiltration percolation history at Yucca
Mountain by analyzing the isotopic and chemical characteristics of
water from the unsaturated zone.

2. Understand the past unsaturated-zone hydrologic system by modeling
vadose-water hydochemistry to help predict the future hydrologic
system.

Parameters

The parameters for this activity are the isotopic composition and
chemistry of unsaturated-zone water; travel times (chlorine-36, carbon-14,
tritium), flow paths (oxygen-18/oxygen-16 ratios, deuterium/hydrogen ratios),
and sources of past recharge in the unsaturated zone.

Description

One methodology for characterizing the unsaturated-zone hydrology of
Yucca Mountain during the Quaternary in terms of residence times, flow paths
and mechanisms, and sources of infiltration will be from the chemical and
isotopic characteristics of present-day vadose gas and water. Chlorine-36
and carbon-14 dating of ground water, and carbon-14 dating of carbon-dioxide
gas in the unsaturated zone, combined with flow paths determined for
stable-isotope ratios (oxygen-18/16, deuterium/hydrogen, and carbon-13/12)
and chemical compositions (major cations, anions, and trace elements), should
permit the calculation of water or gas travel times. If caliche dissolution
is occurring at Yucca Mountain, carbon-14 age corrections should be made
using carbon isotopic data on caliche water bicarbonate and carbon dioxide
gas (see unsaturated-zone hydrochemistry study plan for details). There will
be no direct data collection as part .f this activity. The chemical and
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isotopic data will be collected in Activities 8.3.1.2.2.7.1, 8.3.1.2.2.7.2,
and 8.3.1.2.2.4.8. The interpretations of these data on flow paths and
travel times will be compared with those parameters obtained by chemical
hydraulic methods.

The results of other investigations associated with paleohydrology and
paleoclimate, from which past vadose-water movement may be inferred, will be
used in conjunction with the hydraulic parameters and hydrochemical and
isotopic data of surface and subsurface waters for the interpretations of the
Yucca Mountain recharge history.

All pore-water samples, if enough water can be obtained, will be
analyzed for (1) carbon-14, tritium, and chlorine-36 isotopic activity;
(2) oxygen, hydrogen, and carbon isotope ratios; and (3) water chemistry. If
perched water is encountered in boreholes or the exploratory shaft facility,
water samples will also be collected for chemical and isotopic analysis.
Carbon-14 and chlorine-36 activities will be determined by tandem-accelerator
mass spectrometry. Tritium activity will be analyzed using low-level gas
counters or liquid scintillation counters. Stable isotope ratios will be
determined using isotope-ratio mass spectrometry. Water chemistry, cations
and anions, will be analyzed using inductively coupled plasma and ion
chromatography. These tests will be performed in conjunction with other
hydrochemical tests conducted in Activity 8.3.1.2.2.4.8.

8.3.1.5.2.1.3 Activity: Evaluation of past discharge areas

Objectives

The objectives of this activity are to

1. Determine the location, type, and extent of hydrogeologic units in
the ground-water discharge areas of the Amargosa Desert and Death
Valley.

2. Understand the past quantity and quality of water in the discharge
areas of Franklin Lake, Amargosa Desert-River, and Peter's Playa and
to determine the paleohydrologic significance of Peter's Playa and
Franklin Lake as discharge areas.

3. Determine the location and hydrogeologic characteristics of paleo-
spring deposits in the discharge area.

4. Determine the location and amount of discharge by evapotranspiration
that has occurred at past discharge sites.

5. Understand the past and present discharge areas of the regional
hydrologic system in order to predict the future saturated zone
hydrologic system at Yucca Mountain.

6. Determine past ground-water levels in carbonate caverns as evidence
of past hydrologic conditions.
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Parameters

The parameters for this activity are

1. Past rates of evapotranspiration
2. Hydrogeologic units (location, type, and extent) in discharge areas.
3. Location of past discharge areas.
4. Past discharge of springs and seeps.
5. Past potentiometric head.

Description

Remote sensing techniques will be used to identify lineaments, fracture
zones, types of vegetative cover and types of surficial units so that their
hydrologic implications can be determined. The types of remote sensing tech-
niques being considered for use include (1) Landsat multispectral scanner
(MSS) and thematic mapping (TM) spectral bands; (2) high-and low-altitude
aerial photography (black and white, color, and color infrared); (3) low-
altitude predawn thermal data taken before, during, and after storm events;
and (4) side-looking airborne radar. Remote sensing will be done in conjunc-
tion with Investigation 8.3.1.8.2. A literature search will be conducted to
gather information about previous studies using these remote sensing tech-
niques, and appropriate data bases will be collected from national agencies
and private contractors. If necessary, new surveys will be run to supplement
the existing information.

Linear features such as lineaments and fracture zones, will be mapped to
identifv areas of interaqu:.fer connection. Existing geologic, geophysical,
geochemical, hydrologic, and seismic activity data will be used to supplement
the remote sensing data. Evidence of paleotectonic activity such as a facies
change, and thickening or thinning of sedimentary units, will be identified
from geologic data. Evidence of crystalline-basement discontinuities
(structural or lithologic) will be identified by analyzing the geophysical
data. Hydrologic and geochemical data will be compared with the lineament
map to determine where linear structural or stratigraphic features appear to
affect ground-water flow.

The characteristics of the vegetative cover and surficial units will
also be identified using remote sensing techniques and categorized into units
of equal infiltration-discharge capacity. Reflective and thermal-spectral
characteristics will be used to identify the types, spatial distribution, and
density of the vegetation and surficial units. The soil moisture content
will also be evaluated using reflective and thermal scanner data. Field
inspections will be made to verify the remote sensing data. The correlation
between the hydrologic and spectral properties of the sutficial materials
will be evaluated.

Past evapotranspiration rates will be estimated from modern evapotrans-
piration rates in the study area (Study 8.3.1.2.1.3), the modern rates deter-
mined for analog sites (this study), and changes in rates that may result as
a function of changes in climate (Investigation 8.3.1.5.1). Variables to be
quantified for the study area and analog areas include climate, runoff,
vegetative cover, depth to water table, soil type, and infiltration. Once
the effects of their variability as a function of climate has been deter-
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mined, past and future evapotranspiration can be estimated on the basis of
predicted climate change.

The infiltration-discharge characteristics of the surficial units and
the areas of interaquifer connections will be incorporated into the three-
dimensional hydrologic flow model of the regional ground-water-flow system
(Activity 8.3.1.5.2.2.3).

Where possible, discharge from springs and seeps will be measured.
Water-level measurements will be made in existing wells, caverns, and springs
in addition to those collected under Investigations 8.3.1.2.1 and 8.3.1.2.3.
Approximately five sites will be selected and recorders installed to provide
a record of discharge.

Carbonate caverns located in the ground-water discharge areas south of
Yucca Mountain provide a convenient window to the regional carbonate aquifer.
The caverns will be mapped, sampled, and analyzed. Previous studies of
deposits from these caverns suggest a possible 300,000-yr record of carbon
and oxygen isotope variation (Winograd et al., 1985) that may provide in-
formation about the Quaternary geohydrologic and paleoclimatologic conditions
at these sites and at Yucca Mountain. Deposits on the cavern walls provide a
record of water-level changes in the regional carbonate aquifer dating back
through the Quaternary. Biologic evidence from the cavern deposits also
provides an association with ground-water chemistry.

Where possible, several available caverns will be entered, mapped, and
sampled. Approximately 50 samples of the carbonate layers that are exposed
on the cavern walls will be collected. The water in these caverns will also
be sampled.

The samples will be analyzed to determine mineralogic and biologic com-
position and age. Information such as ostracode and diatom biology will be
used to provide data about mode and environment of occurrence, including
water chemistry. Up to 150 thin-sections of carbonate samples will be
analyzed to determine mineralogic variations that provide evidence of varying
ground-water conditions. Scanning electron microscope (SEM) and x-ray
techniques will also be used on up to 100 of the thin-sections to determine
the microscopic structure and composition of the banded carbonate units.
Chemical, physical, and isotopic analyses will be run on up to 50 samples to
determine the age of the water in the aquifer.

Shallow test holes will be rotary drilled or hand augered in the ground-
water discharge area south of Yucca Mountain to obtain samples of the subsur-
face materials. Up to 50 rock-mineral and water samples will be analyzed to
determine radiometric dates. The dating method used will depend on the
sample type and amount of sample available. Thin-sections will be made from
the collected samples and analyzed to determine the mineralogic makeup of the
materials. Samples will also be analyzed using x-ray, SEM, particle induced
x-ray emission (PIXE), inductively coupled plasma {spectrometer) (ICP), and
chemical analyses to provide additional mineralogic information that will be
used to support the chemical, geologic, and hydrologic studies. The drill
cuttings and core will be evaluated for biological indicators, such as
ostracodes, diatoms, and opal phytoliths, using standard methods such as
screening and washing of samples and microscope analysis of residue. Samples
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will be analyzed to determine the species and the environmental conditions
under which the biologic indicator lived.

Studies of ostracode ecology along with studies of ostracode-valve
chemistry will be conducted at selected sites to provide detailed information
about the thermal and chemical properties of both discharging ground-water
and also of the pools, ponds, and marshes supported by that water. This
modern ecologic study conducted in conjunction with Study 8.3.1.5.1.2 will
use about 30 ground-water discharge environments surrounding Yucca Mountain.
The selection of sites will be based upon acquiring water upwelling from the
regional aquifers, water from or near recharge sites in the mountains, and
water derived from perched ground water in the valleys. Site selection will
emphasize thermal and chemical diversity of modern discharging ground water
as well as the aquatic environments supported by the discharging ground
water. The selected sites will be sampled on at least a quarterly basis and
a few key sites may be sampled more frequently. Sampling at each site will
include multiple samples of each local subenvironment such as spring vents,
spring pools, and marshes, as well as the ground water itself at some sites.
The expected sample set will be approximately 400 samples. The study and
calibration of the magnesium-calcium and strontium-calcium ratios in biogenic
carbonate will be based on living material collected from a limited number of
sites as well as on laboratory cultures of material from those sites.

The data derived from the previous collections will be organized in two
ways: (1) a record of all environmental parameters (temperature, hydrochemi-
cal) associated with a species living at the time of collection and (2) the
absolute and relative abundances of all adult ostracodes found in one or more
quantitative sediment samples taken from each environment. Both sets of
information will be evaluated statistically as well as qualitatively and will
form the baseline information needed to properly interpret any taxa found in
the fossil record. The ostracode-valve chemistry data will be used to estab-
lish magnesium/calcium and strontium/calcium partitioning coefficients for
common species to determine the potential temperature and salinity resolution
of this method. Ecological and chemical data from the ostracodes will be
correlated with the modern ground-water hydrology to establish process rela-
tionships between all ostracode environmental data and known ground-water
hydrology, thereby providing the basis for evaluating the nature of past
discharge areas.

Results of this activity are expected to provide estimates of the past
ground-water levels in the vicinity of Yucca Mountain during the Quaternary
to be used in conjunction with past ground-water level data derived from
evaluations at other regional discharge areas.

8.3.1.5.2.1.4 Activity: Analog recharge studies

Objectives

The objective of this activity is to estimate the conditions and rates
of ground-water recharge (infiltration) during the Quaternary in the vicinity
of Yucca Mountain.
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Parameters

The parameters for this activity are

1. Recharge rates of analog sites.
2. Infiltration rates of analog sites.
3. Effective moisture of analog sites.
4. Relationships between climate and infiltration and recharge.

Description

Four or five localities will be evaluated to determine if they are
suitable as late Pleistocene analog recharge sites. This evaluation will
consist of characterizing the rock types, vegetation types and coverage,
precipitation amounts, and topography. Sites will be selected that include a
range of climatic conditions postulated to have existed on Yucca Mountain
during the past pluvial climatic regimes of the late Pleistocene; data will
be collected and used to determine paleorecharge rates.

At each selected site, the infiltration rate will be evaluated, and this
value will establish the upper limit on recharge at that site. Water samples
will be collected from the vadose-water zone to determine the local infiltra-
tion quantity and chemistry. To estimate infiltration rates from the sam-
ples, hydrochemical technique that uses the mobile chloride ion as a tracer
through the hydrologic cycle will be used (Claassen 1986). The plant commun-
ity and its relationship to recharge and soil moisture will be studied to
estimate an infiltration rate for the whole basin. Remote sensing techniques
will be used to determine type, spatial distribution, and density of vegeta-
tion. Soil temperatures also will be collected on a continuous basis. Eval-
uation of soil characteristics to determine their hydrologic properties and
effect on consumptive water use will be evaluated if needed.

The temporal and spatial variability of chloride deposition will be
calculated or measured at each of the selected sites. To accomplish this
task, samples of precipitation, surface water, and moisture content of soils
from the vadose water zone will be collected and analyzed. The integrated
precipitation samples will be collected four times per year using a bulk
sampler. Surface-water samples will also be collected from creeks and
springs. Soil-moisture samples will be analyzed for ionic concentrations and
for hydrogen and oxygen isotope ratios. A computer code will be developed to
calculate the chloride chemistry in the recharge water.

Stream gaging measurements may be made at each of the selected sites and
continuous-stage recording instruments installed where appropriate when
necessary. Crest-stage gages will be used to back up the peak runoff
measurements made by the continuous recorders. These stream measurements
will be used to aid in the development of a local basin water budget.

Field investigations will be conducted to locate and collect contempo-
rary pack rat middens from each selected site. The contemporary plant com-
munities and pack rat collecting habits also will be investigated in the
field and by field experiments in conjunction with Activity 8.3.1.5.1.3.1
(analysis of pack rat middens). Plant macrofossil assemblages will be col-
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lected in the field and sent to the laboratory for identification. These
modern biological indicators will be interpreted and compared with similar
macrofossil data that were collected in the vicinity of Yucca Mountain.

8.3.1.5.2.1.5 Activity: Studies of calcite and opaline silica vein deposits

Objectives

The objective of this activity is to determine the ages, distribution,
origin, and paleohydrologic significance of calcite and opaline silica
deposits along faults and fractures in the vicinity of Yucca Mountain.

Parameters

A list of possible parameters includes

1. Mineralogy--including minerals present, degree of crystallinity, and
chemical composition.

2. Petrology--including textures and mineral paragenesis.

3. Morphology--including large scale structure and vertical and areal
extent.

4. Paleontology--including species present and absolute and relative
abundances.

5. Chemistry--including major, minor, and trace element contents of
bulk samples and mineral separates.

6. Hydrology--including modeling of possible flow paths.

7. Geochronology--including uranium-series, uranium-trend, potassium-
argon dating method, and fission-track ages of fracture-filling and
fracture-hosting materials.

8. Isotopic compositions of hydrogen, carbon, oxygen, strontium, and
lead.

Description

Cryptocrystalline calcite, with and without opaline silica, fills many
faults and fractures in the vicinity of Yucca Mountain. These fillings may
have originated by one or more mechanisms including pedogenic, perched-water
spring, deep-seated spring, hydrothermal spring, or hydrotectonic processes
similar to those described by Kopf (1982). Each possible origin may have
significant implications for the paleohydrology at repository depth, and
thus, knowledge of the origin is important for predicting anticipated and
unanticipated events that may act on the repository in the future.
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Plans for this activity are flexible because results obtained by many
different methods will need to be integrated. Additionally, results from one
method may either obviate or necessitate tests by other methods. Finally,
before initiating the investigations, a detailed plan will be subjected to
critical review by an external peer panel and will be modified according to
suggestions of the review committee.

The general approach will be to gather data through a multidiscipline
approach that will include field investigations, mineralogy, geochemistry,
fluid-inclusion studies, geochronology, tracer-isotope, stable-isotope
studies, paleontology, and hydrology. Materials that will be studied include
not only fault and fracture fillings found in trenches, natural exposures,
and drill cores, but also possible analog deposits such as cold spring,
hydrothermal spring, and pedogenic deposits. Some of the materials collected
by this broad approach are expected to have applications to other activities.
For example, some data and raw sample material will likely be applicable to
seismotectonic activities, and thus close cooperation with these aspects of
the program will be necessary.

Field investigations of the deposits will be accomplished through a
combination of trenching and drilling. Veins exposed in trench walls will be
mapped in detail. Samples will be collected such that any changes in char-
acter as a function of lateral extent or vertical extent will be represented.
If trenching does not expose the maximum depth of at least one vein deposit,
a series of shallow vertical holes may be drilled so as to intersect the
fracture containing the vein deposit at successively greater depths. If a
base for the deposit is not found by a depth of 20 m, an angle hole may be
drilled to an approximate depth of 80 m to attempt to ascertain the depth
limit of the deposit.

Standard mapping techniques will also be used (as part of Activity
8.3.1.5.1.4.2) to determine the location and areal distribution of calcite
and opaline silica deposits in the vicinity of Yucca Mountain. This datum
will constrain possible origins for the deposits and will be a critical point
for modeling of the paleo and possible future hydrologic flow systems. If
field mapping locates an unfaulted calcite and opaline silica deposit at a
bedrock-colluvium contact, that deposit will be thoroughly investigated as a
possible analog to the fracture filling exposed in trench 14, a trench
located near the proposed surface facility rate.

Fracture-filling materials, wallrock of the fractures, and samples of
possible analog materials will be subjected to mineralogic study by such
techniques as petrographic microscopy, x-ray diffraction, scanning electron
microscopy, and standard clay-mineral analysis. Precise knowledge of mineral
assemblages, degree of crystallinity of diagnostic phases, and mineral para-
genesis of the fracture-filling materials may provide constraints on the ori-
gin of the deposits. In addition, alteration and reaction textures (or lack
thereof) in the wallrock of the fractures may further constrain theories of
origin.

Geochemical investigations will be used in support of and in conjunction
with mineralogic studies. Major, minor, and trace-element compositions of
whole-rock samples and of samples from specific phases from fracture-filling
and analog materials may prove to be diagnostic for certain possible modes of
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origin. The final choice of analytical methods will depend on sample sizes
available, necessary precision, and detection limits. Anticipated methods
include x-ray fluorescence, instrumental neutron activation analysis, and
electron microprobe analysis. If any of the geochemical data reveal
information of possible economic interest, samples will be referred to those
investigating this aspect of the site (Section 8.3.1.9, human interference
program).

Fluid inclusions (trapped samples of the liquids from which crystals
grew) are common in carbonate and silicate minerals that crystallized in a
variety of environments. Such inclusions, if present, will be analyzed in
the fracture-filling materials as well as in samples from possible analogs.
If fluid inclusions are of more than one phase, they will be heated to the
homogenization temperature that represents a minimum estimate of the
temperature of deposition.

Ages of fracture-filling materials will be determined by a number of
different methods. These ages will be important in the understanding of
sequential changes in the paleohydrology and in the determination of
chronology for paleotectonics. The data will then be used to predict future
hydrology and tectonics. Uraniferous calcite and opaline silica that behaved
as closed systems can best be dated by uranium-series techniques. Uranium-
series dating techniques on calcite and opaline silica may further constrain
the age of these deposits if the uranium in these minerals behaves as a
closed system. If suitable samples of volcanic ash can be obtained from
within the fracture zones, potassium-argon dating will be attempted.
Fission-track dating of apatite crystals separated from the wallrocks of the
fractures will be attempted to see if temperatures were high enough to reset
or lower apparent ages of the volcanic rocks.

The isotopic compositions of strontium and lead in the calcite-silica
deposits and in samples from possible analog materials will be determined to
see if these data can provide constraints on the origin of the calcite and
opaline silica deposits. These isotopic compositions should be dependent on
the isotopic compositions of the rocks through which the depositing fluid
flowed and thus if the fluids passed through isotopically distinct units like
those known to exist below Yucca Mountain, the data may identify
paleohydrologic flow paths.

The isotopic compositions of oxygen, carbon, and hydrogen in the
fracture-filling materials depend on temperature of deposition and isotopic
compositions in the depositing fluid. If fluid inclusions can be found and
analyzed, a unique temperature of deposition can be determined. Alterna-
tively, the isotopic compositions of phases that crystallize in equilibrium
with one another can be used to estimate the composition of the depositing
fluid and the temperature of deposition. If the fact that equilibrium
existed cannot be established, comparison of the data with data from possible
analogs will at least constrain possible modes of origin.

Virtually all surface and many subsurface waters contain aquatic organ-
isms and some of these become preserved as fossils in chemically precipitated
deposits. The organisms present in a given body of water are determined by a
large number of factors including temperature and chemical composition of the
water. If organisms such as ostracodes are preserved within the fracture-
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filling material, their species and the trace-element composition of their
calcareous remains can be compared with hydrologic and biologic data for
present-day analogs to tightly constrain possible modes of origin.

The final phase of this activity will be to test possible modes of
origin for consistency with hydrologic flow models (Section 8.3.1.2.1).

8.3.1.5.2.2 Study: Characterization of the future regional hydrology due to
climate changes

The objective of this study is to characterize the impacts of potential
future climate changes on the regional and site surface-water system, the
site unsaturated-zone hydrology, and the regional and site saturated-zone
hydrology.

8.3.1.5.2.2.1 Activity: Analysis of future surface hydrology due to climate
changes

Objectives

The objectives for this activity are to

1. Simulate past changes in runoff and surface-water storage (lakes)
resulting from past climatic change.

2. Use the relationship between paleoclimate and paleo surface-water
conditions to predict the impact of future climatic conditions on
surface-water hydrology at the site.

Parameters

The parameters for this activity are past and future runoff and
surface-water storage.

Description

Precipitation-runoff relations of modern surface-water conditions and
basin characteristics will serve as the basis for the development of a
present-day precipitation-runoff model (or models) for the Yucca Mountain
site. Sufficient data will be collected through the current precipitation
and streamflow gaging programs (Activity 8.3.1.2.1.2.1 and Section 8.3.1.12)
and rainfall-runoff modeling in Fortymile Wash basin (Activity 8.3.1.2.1.3.3)
to allow modeling of modern-day, precipitation-runoff relationships. The
model will be run to simulate estimated paleoconditions derived from other
activities such as precipitation, snowpack conditions, soil evaporation,
interception of precipitation by vegetation, and transpiration. These model
runs will be used to validate the model against inferred conditions derived
from past proxy records. The model will be used to simulate future runoff
conditions resulting from hypothesized climatic change based on results of
the paleorunoff simulations.
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8.3.1.5.2.2.2 Activity: Analysis of future unsaturated zone hydrology due
to climate changes

Objectives

The objective of this activity is to predict quantitatively the poten-
tial effects of future climatic conditions on infiltration, percolation, and
the degree of saturation of the unsaturated zone at Yucca Mountain.

Parameters

The parameters for this activity are

1. Relationship between climate and infiltration.

2. Time-dependent spatial distributions of moisture potential, pore-gas
pressure, saturation, and moisture flux.

Description

The unsaturated-zone hydrologic model, to be developed in Activity
8.3.1.2.2.9.3, will provide a calibrated model of present-day flow conditions
and processes. The model will be calibrated using initial and boundary
conditions, and geohydrologic material properties. The results of artificial
infiltration studies will be incorporated into the model development
(Activity 8.3.1.2.2.1.3). Sensitivity studies will be performed on a
sequence of transient simulations over the next 10,000 yr during which the
rate of net land-surface infiltration will be varied over time and space.
These mathematical simulations will investigate the effects of scenarios
chosen to represent infiltration rates resulting from probable climatic
changes extrapolated from paleoclimatologic and paleohydrologic conditions.
The set of simulations will delimit the sensitivity of the moisture-
potential, saturation, perched-water, and moisture-flux distributions within
the natural, unsaturated-zone flow system to changes in infiltration arising
from climatic variations.

8.3.1.5.2.2.3 Activity: Synthesis of effects of possible future recharge
due to climate changes on hydrologic characteristics of the
Yucca Mountain saturated zone

Objectives

The objectives of this activity are to

1. Reconstruct paleohydrologic conditions at Yucca Mountain and use
these conditions together with the paleoclimatic conditions
reconstructed under Investigation 8.3.1.5.1 as a basis to predict
the impact of future climatic conditions on the saturated-zone
hydrologic system.
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2. Synthesize the existing paleohydrologic data through the use of
numerical simulation techniques to determine the effects that
greater recharge would have on water-table altitude, ground-water
flow paths, and hydraulic gradients between Yucca Mountain and the
accessible environment.

Parameters

The parameters for this activity are

1. Relationship between climate and recharge.
2. Distribution of potentiometric head (past, present, and future).

Description

Records of past climates for the Yucca Mountain area indicate that
conditions wetter and cooler than modern day have occurred in the past
(Section 5.2.1). These conditions may have led to higher water levels in the
past (Winograd and Szabo, 1986). Correlations between past climatologic and
geohydrologic conditions, including past recharge rates, will be inferred
using paleowater levels determined from the study of past discharge areas and
analog recharge sites. Past climate changes will be correlated with geologic
and biologic evidence of paleohydrologic conditions (Activities 8.3.1.5.1.2.1
and 8.3.1.5.1.3.1).

A three-dimensional numerical ground-water flow model of the regional
flow system (developed under Activity 8.3.1.2.1.4.4.) will be calibrated
using modern-day conditions. The higher water levels inferred for the past
will be simulated to estimate the magnitude of past recharge.

The simulation of wetter conditions will be used to assess potential
changes in water-table altitude, ground-water flow rates, and ground-water
flow directions. Recharge will be varied from modern conditions up to the
maximum probable amount to be expected in the next 10,000 yr. Sensitivity
analyses will be done to determine the appropriate time periods needed for
model input.

Results of previous modeling (Study 8.3.1.2.1.4) will be the basis for
future work. Recharge boundary fluxes applied to both two- and three-
dimensional models for regional ground-water saturated flow (Czarnecki, 1985;
Sinton and Downey, 1986) were based on the best estimates of recharge
believed to occur either as throughflow into the area or as a really
distributed recharge. Principal areas where significant a really distributed
recharge may occur are Pahute Mesa, Rainier Mesa, Timber Mountain, and
Fortymile Wash.

New data on climatic conditions and recharge mechanisms under various
scenarios (monsoon versus thunderstorm versus snowfall precipitation and
corresponding vegetation changes) will be incorporated into the simulation of
increased-recharge conditions.
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8.3.1.6 Overview of the erosion proaram: DescriPtion of the future
erosional rates required by the performance and desian issues

Summarv of performance and desian requirements for erosion information

The following summarizes the requirements for erosion data from the
design and performance issues:

1. The surface characteristics program (8.3.1.14) requires information
on the expected magnitude and locations of erosion both on bedrock
and alluvial-colluvial surfaces.

2. Issue 1.12 (Section 8.3.3.2, seal characteristics) requires informa-
tion on the erosion potential (rates) near shafts to support the
design of seals.

3. The human interference program (8.3.1.9) requires information on
erosion to determine the most suitable locations for the surface
markers and monuments of the warning system.

Existing regional data indicate that erosion will not affect the minimum
burial depth (200 m) required by 10 CFR 960.4-2-5(b). Using the maximum ero-
sion rates presented in Section 1.1 (Table 1-3) of 40 cn/1,000 yr, the amount
of erosion that will occur over the next 10,000 yr (4 m), or even 100,000 yr
(40 mi), is much less than the total burial depth. Therefore, even an in-
crease in erosion rates by a factor of two or three would have no impact on
burial depth relative to the 200 m disqualifying condition.

Large-scale mass wasting (e.g., rock slides and debris flows) does not
appear to pose a significant hazard to waste isolation at Yucca Mountain.
Eolian processes and plans to investigate them within the climate program are
discussed in Section 8.3.1.5.1.4.3. The erosion test program concentrates on
fluvial and hillslope erosion.

Approach to satisfy performance and design requirements

The general strategy used in developing the postclosure erosion program
is to identify the site-specific geomorphic parameters and data that are
needed to satisfy the design and performance issues and to ensure that the
200 m disqualifying condition is not exceeded. As discussed in Chapters 1,
3, and 5, the desert environment of the southern Great Basin is one of the
factors that has made Yucca Mountain potentially advantageous for the long-
term disposal of high-level radioactive waste. From the standpoint of waste
containment, the comparative aridity of the climate and the relatively low
rates of tectonic uplift (relative stability of the tectonic setting) during
the Quaternary period have kept the long-term erosion rates low. The future
persistence of tectonic stability coupled with the semiarid-to-arid climatic
conditions would result in continued low erosion rates through the post-
closure period, and assist in the isolation of the waste. Thus, erosional
processes are not believed to pose a hazard to waste isolation at Yucca
Mountain.
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For the integrity of the repository to be at risk from erosional
breaching, a combination of hiahlv unlikely topographic, climatic, and
tectonic conditions would be requ_:d. Climatic change in the postclosure
period to relatively wetter semiarid conditions would result in a sustained
period of higher precipitation and runoff, possibly increasing the average
upland erosion rate above the present level. Although data presented in
Chapter 1 indicate that Quaternary erosion rates during wetter climates were
not substantially greater than present-day rates, an increase of precipita-
tion and runoff could result in slightly higher erosion rates at Yucca
Mountain. The erosion rates could also be aggravated by a period of sus-
tained tectonic uplift, if uplift rates were to greatly exceed those esti-
mated for the Quaternary period. It must be emphasized, however, that the
probability of this hypothetical scenario occurring is extremely low. The
relative vertical tectonic adjustment has been less than 3 cm/1,000 yr during
the late Cenozoic (Miocene to present), and the average maximum downwasting
rate was estimated to be 2 cm/1,000 yr (Section 1.1). It is highly unlikely
that climatic or tectonic changes during the postclosure period will signifi-
cantly change the rate of downwasting. Additionally, increased erosion of
hillslope and uplands would result in increased aggradation on piedmonts and
lowlands which would decrease local stream gradients and the potential for
further hillslope and upland erosion.

Because erosion is not expected to pose a hazard to the isolation of
waste at Yucca Mountain (Issue 1.1, Section 8.3.5.13), very few performance
and design issues request information from the erosion program. Only
Issue 1.12 (Section 8.3.3.2, seal characteristics), the surface character-
istics program (Section 8.3.1.14), and the human interference program
(Section 8.3.1.9), require input from the erosion program. In addition, the
preliminary performance allocation for the surface system element (1.1.1)
(Section 8.3.2.5) has established tentative goals for several parameters
dealing with erosion at surface facilities. Table 8.3.1.6-1 lists the
parameters requested by these issues and programs.

Issue 1.12 (seal characteristics, Section 8.3.3) requests information on
the erosion potential near shaft entry locations. This information will be
provided through Investigation 8.3.1.6.1, which will determine the current
rates of erosion at the site and through Investigations 8.3.1.6.2 and
8.3.1.6.3, which will investigate alternative conceptual models for erosion,
i.e., the potential effects of future tectonic activity and climatic
conditions on erosion at the site. The surface characteristics program
(8.3.1.14) requires information on the present locations and rates of ero-
sion. This information will be provided by Investigation 8.3.1.6.1.

The human interference program (8.3.1.9) requires information on erosion
that will support the determination of the reliability and survivability of
surface markers and monuments. Although erosional processes are not expected
to pose a hazard to waste containment and isolation, the effects of rapid
stream incision needs further study because of its potential consequences to
surface markers and monuments. Markers need to be placed in areas of limited
erosion or deposition to aid survivability. The data obtained from studies
of stream incision will be used in the design of the warning system, and will
augment those studies being undertaken in support of the surface character-
istics program (Section 8.3.1.14). Investigations 8.3.1.6.2 and 8.3.1.6.3
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will provide information on the potential effects of future tectonic and
climate activity on erosion at the site. This information will also be used
to locate surface markers and monuments in areas with potential for low rates
of future erosion to enhance survivability.

The relationship between the investigations performed under this charac-
terization program and the issues and programs that require information on
erosion locations, rates, and processes is shown in Figure 8.3.1.6-1.

Interrelationships of erosion investigations

Four investigations have been developed to provide the data required by
the performance and design issues. Many of the necessary parameters have
been obtained and evaluated as part of the ongoing scientific studies at the
Nevada Test Site (NTS) in support of the weapons testing program. In most
instances, data are not site specific and, therefore, not adequate to satisfy
the performance and design issues. Studies will be carried out during site
characterization to satisfy these remaining data needs.

Investigation 8.3.1.6.1 will collect site-specific data on Quaternary
erosion and stream incision rates that will be used to calculate average
erosion rates on Yucca Mountain and to develop a history of the downcutting
episode(s) of Fortymile Wash. Investigation 8.3.1.6.2 includes studies to
assess the potential effects of future climatic changes on locations and
rates of erosion. Previously established regional erosion rates suggest that
future changes in the climatic regime will not significantly affect upland
and hillslope erosion rates. Local erosion data on Yucca Mountain and an
evaluation of the relationship of increased runoff in Fortymile Canyon,
Fortymile Wash, and their tributaries to localized stream incision rates are
needed for Information Need 2.7.1 (Section 8.3.2.3.1). Investiga-
tion 8.3.1.6.3 will evaluate the effects of tectonic activity on rates of
erosion.

Investigation 8.3.1.6.4 addresses the potential effects of erosion on
the baseline hydrologic, geochemical, and rock characteristics at Yucca Moun-
tain. Because the effects of erosional processes on the baseline conditions
are not expected to pose any hazard to waste isolation and are not expected
to affect the postclosure ground-water travel time, no further studies or
activities are planned. These topics will be addressed in a topical report
that will present the discussion supporting termination of the erosion
program.

Other investigations will provide data in the form of input parameters
to the erosion program. Investigations 8.3.1.5.1 and 8.3.1.8.2 will provide
data on the nature and extent of future climatic changes and tectonic activ-
ity, respectively. Data obtained to date on regional tectonic and climatic
activity during the Quaternary Period suggest that very little change will
occur in the erosional regime at Yucca Mountain during the postclosure period
as a result of these processes (Chapters 1 and 5). Limited site-specific
studies will be completed to determine quantitatively, on the basis of
Quaternary erosion rates, the extent of potential stream incision that could
result from future tectonic activity and climatic changes.
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Although the long-term average upland and hillslope erosion rates have
been established for the southern Great Basin, they may not be representative
of actual erosion rates on Yucca Mountain or of the short-term episodes of
stream incision that may occur when a critical process threshold is exceeded.
Fortymile Canyon, Fortymile Wash, and their tributary channels located on the
eastern flanks of Yucca Mountain may be subject to critical threshold (com-
plex) response (the reaction of a fluvial system to a disruption of the equi-
librium of the system). As discussed in Chapter 1, Sec- tion 1.1.3.2, very
little site-specific information is presently available that would allow for
the quantification of erosional processes at Yucca Mountain. Those data
needs will be satisfied during site characterization.

8.3.1.6.1 Investigation: Studies to determine present locations and rates
of surface erosion

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Sections 1.1 (geomorphology), 3.2.1 (flood history and potential for
future flooding), and 5.1 (modern climate and meteorology) summarize existing
data relevant to this investigation. As discussed in these sections, site-
specific data are not available for rates and locations of erosion, espe-
cially along Fortymile Canyon, Fortymile Wash, and their tributaries.

Parameters

Three groups of parameters will be measured or calculated as a result of
the site studies planned for this investigation:

1. A geomorphic map of Yucca Mountain that defines areas of active
erosion and areas of no erosion (i.e., geomorphic stability).

2. Rates, locations, and causes of incision in Fortymile Wash and its
tributaries.

3. Average rates of hillslope erosion on Yucca Mountain.

Other site studies will provide data to support the determination of
these parameters. Activities in support of Investigation 8.3.1.2.1 will
supply data on the regional meteorology and surface water system. Investi-
gation 8.3.1.5.1 will provide geomorphic information on surficial deposits
and geomorphic interpretation of Quaternary history. Investigation 8.3.1.5.2
will provide paleoflood evaluations. Site flood and debris hazard data will
be provided from Investigation 8.3.1.16.1.

Purpose and objectives of the investigation

The objectives of this investigation are to obtain the site-specific
data needed to calculate average Quaternary hillslope erosion rates and
accurate average short-term erosion rates associated with episodic erosion.
This investigation will perform three activities and use information from the
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climate (Section 8.3.1.5) and geohydrology (Section 8.3.1.2) programs to sup-
port these objectives. Figure 8.3.1.6-2 shows how these data-collection
sections will support the determination of present rates and locations of
surface erosion. Three kinds of data will be obtained to characterize past
distribution of hillslope and alluvial deposits, and surfaces of different
ages will be shown on a geomorphic map of Yucca Mountain. First, the map
will show the extent to which modern erosion has affected an essentially
Pleistocene landscape. Second, local stream incision rates will be calcu-
lated by dating incised stream terraces and sand ramps by uranium-trend,
uranium-series, radiocarbon, and cation ratio (rock varnish) dating methods.
Third, average erosion rates on hillslopes will be calculated from dated
hillslope surfaces by the rock varnish dating method.

Desert geomorphic processes acting in conjunction with extensional
tectonism have molded the present topography of the Yucca Mountain area, and
these processes continue very slowly to modify the landscape. The predomi-
nantly semiarid-to-arid climates of the past and present have helped to pre-
serve the landscape of the region surrounding Yucca Mountain. Weathering in
arid environments proceeds more slowly than in more humid environments, and
materials on most of the bedrock slopes of the mountain appear to be only
slightly weathered. Available data suggest that the region surrounding Yucca
Mountain has been geomorphically stable during much of the middle and late
Quaternary, and that rates of geomorphic processes are likely to remain gen-
erally low during the next 10,000 yr.

The locations of modern erosion are best shown on aerial photographs and
large-scale topographic maps of Yucca Mountain where the drainage networks
are clearly defined. Erosion on hillslopes is visible on aerial photographs
because the recently stripped slopes are much lighter in color than adjacent
deposits, which are coated with dark desert varnish. The amount and dis-
tribution of modern erosion is of very limited extent when compared with the
vast areas of stable Pleistocene deposits in the Yucca Mountain area. The
contrast between limited areas of modern upland and hillslope erosion versus
large stable areas is a strong argument for low erosion rates at the proposed
repository site.

Average late Tertiary and Quaternary erosion rates for local areas of
the southern Great Basin and northern Mojave Desert have been inferred from
height differences between active and relict basalt-capped erosion surfaces.
Estimates based on this approach for several widely separated upland areas
range between 1.2 and 4.7 cm per 1,000 yr for periods of 1.1 to 10.8 mil-
lion years, and the differences in these average rates show no apparent
relation to regional variations in late Tertiary and Quaternary vertical
tectonic activity. Degradation of upland areas in the Yucca Mountain region
is relatively slow, with average downwasting rates over the last 1 to 5
million years probably between 0.5 to 2.0 cm per 1,000 yr on lower hillslopes
nd proximal piedmont areas and less than 0.5 cm per 1,000 yr in middle and
distal piedmont areas. Thus, it would appear that the general degradation of
upland areas in the region surrounding Yucca Mountain is proceeding rela-
ively slowly.
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The sporadic nature and limited areal extent of individual precipitation
events are major impediments to an accurate characterization of present-day
erosion. Few data have been collected in the Great Basin to correlate indi-
vidual storm events with corresponding volumes of sediment transported out of
a basin with the associated storm runoff. Because the storms can be of very
limited areal extent, a single storm may cause measurable hillslope erosion
and flooding in one tributary while not providing sufficient precipitation to
an adjacent tributary to cause runoff. Furthermore, the next storm to cause
measurable erosion on the same hillslope may occur in the same month, or not
for several years or even decades. The sporadic nature of these storms
causes the complex response of the fluvial systems.

Complex response is a term applied to the reaction of a fluvial system
to a disruption of the equilibrium of the system. Such disruptions can be
due to base-level lowering, tectonic uplift or tilting, climatic change, or
human activity. The disruption of equilibrium causes a critical threshold to
be exceeded (Chapter 1, Section 1.1), and the system does not respond uni-
formly throughout. The lower-order tributary streams of the system do not
respond at the same rate as the main channel (e.g., Fortymile Wash and its
tributaries). In the example of base-level lowering, a pulse of erosion
along the main channel will result in rejuvenation of the tributaries. The
influx of sediment from the rejuvenated tributaries can result in aggradation
on the main channel, and downcutting may stop until such a time when the
aggraded material has been removed. When the system has removed the aggraded
material, another episode of erosion may occur. Thus, erosion is episodic
and depends on the response of the entire system (Matthusen, 1986).

Direct measurement of present rates of erosion at Yucca Mountain may be
difficult to obtain over the next several years of site characterization.
Stream gaging equipment has been installed and more stations are planned, but
there is no guarantee that a variety of storms will take place over these
specific drainages during the next few years. Even if storm events do occur,
the characterization of erosion locations and calculated rates of erosion may
be based on limited observations and collected discharge and sediment data,
and may not accurately reflect long-term erosion rates.

Indirect measurements are thus necessary to supplement direct measure-
ments to better characterize recent hillslope erosion and floods. These
measurements include the evaluation of flood and debris-flow hazards from
Holocene deposits and discharge volumes of paleofloods calculated from maxi-
mum particle size and engineering analysis techniques. These activities are
all included within the description of the regional surface-water system
(Study 8.3.1.2.1.2), the characterization of regional meteorology (Section
8.3.1.2.1.1), geomorphic studies (Section 8.3.1.5.1), paleoflood evaluation
(Activity 8.3.1.5.2.1.1), and site flood debris-hazards studies (Activity
8.3.1.16.1.1).

One study, consisting of three activities, will be performed in support
of Investigation 8.3.1.6.1. The study will focus on the identification and
quantification of active erosional processes. Data on these processes and
stream-incision rates will be used to determine the cause of downcutting in
Fortymile Wash.

8.3.1.6-9
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8.3.1.6.1.1 Study: Distribution and characteristics of present and past
erosion

The objectives of this study are to identify the erosional processes
that have been operating in the Yucca Mountain area during the Quaternary, to
identify the specific locations of past erosion, and to quantify the rates of
the different processes and assess their relative importance.

A geomorphic map of the Yucca Mountain area will delineate erosionally
active and stable areas, and will correlate the various surficial deposits
with those geomorphic processes responsible for their origin. Investigation
of the downcutting history of Fortymile Wash will yield ages of stream
terraces, depths of stream incision, steam gradients, and lithologies of
stream gravels, which will aid in identifying the controls on local stream
incision.

8.3.1.6.1.1.1 Activity: Development of a geomorphic map of Yucca Mountain

Objectives

The objectives of this activity are to (1) determine the areal distribu-
tion of active erosional areas and geomorphically stable areas and (2) deter-
mine the spatial distribution of the different types of geomorphic processes
and associated deposits.

Parameters

The parameters for this activity are

1. The locations of areas of active erosion.

2. The locations of geomorphically stable areas and the distribution of
deposits originating from different geomorphic processes.

Description

The distribution of landforms and areas of present and past erosion at
Yucca Mountain will be shown on a geomorphic map of the area. The map will
show areas of modern erosion and the stable areas that are largely unaffected
by modern erosion. Accurate distribution of areas of modern erosion is
important for calculation of present and future erosion rates.

The geomorphic map will be a derivative map of the surficial deposits
map (Activity 8.3.1.5.1.4.2). The surficial deposits map will show the types
and ages of surficial deposits on the landscape. The geomorphic map will
show landforms (both bedrock and surficial deposits) and the types of past
and present geomorphic processes that are chiefly responsible for their for-
mation. Ages of deposits can be used to infer the relative stability or in-
stability of the landforms. The geomorphic map will be constructed from much
of the aerial photographic interpretation and field checking of deposits and
map-unit contacts that will be undertaken during preparation of the surficial
deposits map (Activity 8.3.1.5.1.4.2). Dating of surficial deposits will
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also be accomplished in the surficial deposits map activity. The geomorphic
interpretation of the surficial deposits will be primarily based upon the
interpretations of origins from other paleoenvironmental studies of Yucca
Mountain (Study 8.3.1.5.1.3) and reported in the synthesis of the Quaternary
history of Yucca Mountain (Activity 8.3.1.5.1.5.1).

8.3.1.6.1.1.2 Activity: Analysis of the downcutting history of Fortymile
Wash and its tributaries

Objectives

The objectives of this activity are to (1) determine stream-incision
rates on Fortymile Wash and selected tributaries and (2) determine the
cause(s) of the major downcutting episode(s) on Fortymile Wash.

Parameters

The parameters for this activity are

1. The ages of stream terraces.
2. The depths of stream incision.
3. Present and past stream gradients.
4. The lithologic composition of stream gravels.

Description

Fortymile Wash is a major geomorphic feature situated about 3 km east of
the proposed repository site. The wash flows south out of the Timber Moun-
tain caldera drainage basin, about 680 km2 in size, and is incised 20 to 25 m
into Quaternary deposits along its course east of Yucca Mountain. Dune,
Sevier, and Yucca Washes are incised from 2 to 25 m into Quaternary deposits.
These washes and their tributaries are incised as much as 100 m into bedrock
dip slopes along the fault and fracture zones on the east side of Yucca
Mountain.

Rates of stream incision are greater than surface degradation rates, and
the downcutting of the Fortymile Canyon represents the highest localized ero-
sion rates for the Yucca Mountain area. The average rate of stream incision
below the main stream terrace is about 8.5 cm per 1,000 yjr. However, the age
of the stream terrace is based not on a direct radiometric age, but on the
correlation to isotopically dated deposits with similar soil development. In
this activity, all major stream terraces on Fortymile Wash will be dated by
either uranium-trend, uranium-series, rock varnish (cation ratios), or radio-
carbon methods. By dating all terraces, average incision rates can be re-
fined for specific intervals of downcutting between episodes of valley aggra-
dation and subsequent terrace formation. Terraces on Fortymile Wash tribu-
taries will be dated in an effort to refine the youngest episodes of valley
aggradation and incision. These site-specific incision rates will be used to
calculate future erosion rates near the repository. This information may
also be valuable for interpreting the paleoenvironmental history of Yucca
Mountain (Study 8.3.1.5.1.4).
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Another aspect of this activity is to determine the cause or causes for
the downcutting of Fortymile Canyon, which is unusually deep compared with
other canyons in Great Basin piedmonts and basins. To identify contributing
factors to this unique geomorphic feature, former stream gradients will be
reconstructed from stream terrace profiles, and stream gravel lithologic
compositions will be examined to identify any changes in upper basin source
areas. These two activities will help in deciding if stream capture was a
major factor in the formation of Fortymile Wash. Also, all relevant subsur-
face information, including both drillhole and geophysical data, will be
examined to decide if Fortymile Wash is situated along a fault or fault zone.

8.3.1.6.1.1.3 Activity: An analysis of hillslope erosion at Yucca Mountain

Objectives

The objectives of this activity are to (1) determine the average rates
of Quaternary hillslope erosion on Yucca Mountain in bedrock and surficial
deposits and (2) determine the genesis and the rates of movement of hillslope
deposits.

Parameters

The parameters that will be obtained by this activity are

1. The absolute ages of the rock varnish coatings of bedrock and
surficial deposits.

2. Maximum incision depth of hillslopes and adjacent dated surfaces.

3. Descriptions of the textures, grain size distributions, and sedi-
mentary structures of the surficial deposits.

4. The calculated volume of sediment removed from hillslopes by
erosional processes.

Description

The calculation of site-specific erosion rates will be accomplished
using a new rock-varnish dating technique. Rock varnish, Llso called desert
varnish, is nearly ubiquitous in arid and semiarid regions. Rock varnish is
a thin coat of ferromanganese oxides, clay minerals, and biologic materials
accreted on rocks in a variety of environmental settings. Varnished deposits
and surfaces can be dated because several mobile cations in the varnish are
depleted with time. The ratio of mobile to immobile cations (K+Ca/Ti)
decreases with time, providing a relative age sequence for varnishes in a
given area (Section 8.3.1.17.4.9.1).

Absolute age estimates have been determined by calibrating the cation-
leaching curve with cation ratios from potassium-argon-dated volcanic rocks
in Crater Flat and uranium-trend-dated alluvial deposits along the flanks of
Yucca Mountain and within the surrounding washes and canyons (Barrington and
Whitney, 1987). Maximum incision parallel to the dated hillslope deposits
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and bedrock surfaces will be measured, and volumes of denuded sediment will
be calculated where possible. Erosion rates for both bedrock and surficial
deposits will be used to estimate future erosion rates during the postclosure
period.

8.3.1.6.2 Investigation: Potential effects of future climatic conditions on
locations and rates of erosion

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Sections 1.1.3 and 5.2.2 of the SCP data chapters provide a technical
summary of existing data relevant to this investigation. Section 1.1.3
addresses the influence of climate on geomorphic processes, average erosion
rates in the region surrounding Yucca Mountain, and significant late Quater-
nary geomorphic processes in the Yucca Mountain area. Future climatic vari-
ations and conceptual models used to investigate future climatic variation
are presented in Section 5.2.

Parameters

This investigation will synthesize the results of studies undertaken in
support of Investigations 8.3.1.5.1 (nature and rates of climate change) and
8.3.1.6.1 (present locations and rates of surface erosion). Thus, the param-
eters themselves are the results and conclusions from these studies. The
parameters that will be used as input to this investigation are (1) predicted
climate of the Yucca Mountain region over the next 1,000 to 100,000 yr, in-
cluding the predicted timing of climatic changes, and the nature and duration
of predicted climatic episodes; (2) the present locations and rates of sur-
face erosion; and (3) the distribution and characteristics of past erosion.

Purpose and objectives of the investigation

An estimate of the potential effects of future climate on locations and
rates of erosion will be derived in this investigation from converging lines
of evidence. Figure 8.3.1.6-3 shows how information from Investiga-
tion 8.3.1.5.1 and from the activities within Investigation 8.3.1.6.1 will be
used to determine potential effects of future climatic conditions on
locations and rates of erosion. A projected sequence of climatic episodes,
including the timing for their initiation and duration, will result from the
climate modeling for Investigation 8.3.1.5.1. An ancillary product of the
preparation for modeling will be a correlation of the paleoclimatic history
of the southern Great Basin with the paleoenvironmental history of Yucca
Mountain (erosional and depositional responses to climate). From the studies
for Investigation 8.3.1.6.1 will come a characterization of present and past
locations and rates of erosion in the Yucca Mountain region. Fitting the
projected future climate sequence with corresponding known erosion rates and
past geomorphic responses will allow the quantification of erosion effects at
Yucca Mountain over the next 10,000 yr.

8.3 .1. 6-13



DATA
REQUIRED

DATA
COLLECTION

0

I-.

no

I--

Ir-.

IN V ESTIS A TIO N ~GT U D J S .6 3. A C TIV ITY 3 3 1 3 2 IINVESTIGATION 8.3.1.2.2 INFLUENCE OF EVALUATION OF IMPACT
POTENTIAl EFFECTS OF FUTURE CLIMATIC OF FUTURE CLIMATIC _

FUTURE CLIMATIC CONDITIONS ON CONDITIONS ON
CONDITIONS ON LOCATIONS LOCATIONS. RATES LOCATIONS. RATES OF

AND RATES OF EROSION OF EROSION EROSION

PRESENT RATES.
LOCATION OF EROSION,

RELATIONSHIP TO
CLIMATE

DISTRIBUTION OF
PAST EROSION

SURFACES
RELATIONSHIP TO

PAST CLIMATE
CONDITIONS

STUDY S.S.I.U.. 1
PRESENT RATES.

LOCATIONS OF
EROSION

ACTIVITY U.U.I.S.I.I.2j DOWNCUTTING HISTORY
OF FORTYMILE WASH

- ACTIVITY S.S.I.U.I.I.3 |I HILLSLOPE EROSION

oi
0~

0)
t2

Figure 8.3.1.6-3. Logic diagram for Investigation 0.3.1.6.2.



YMP/CM-OOll, Rev. 1 YMP/Cm-001-1, Rev. I

Yucca Mountain lies within one of the warmest and driest regions of the
United States, with mean annual precipitation averaging about 110 mm per year
and relative humidity commonly ranging between 25 and 55 percent. The full-
glacial climate in the southern Great Basin is thought to have been semiarid
in the basins and lower ranges, although subhumid climates may have existed
in the highest mountains. Mean annual temperatures during full glacials were
probably about 7 to 100C colder than at present; annual precipitation was
less than 40 percent greater than at present. Glacial processes were proba-
bly not active in the Yucca Mountain area during most or all of the Quater-
nary; lacustrine processes in the Great Basin appear to have been confined to
playas, and lacustrine records from the southern Great Basin do not indicate
deep lakes or continuous depositions during the late Quaternary.

The semiarid to arid climates of the past and present are responsible
for low rates of weathering at Yucca Mountain. Physical weathering appears
to be chiefly confined to exposed bedrock hillslopes and piedmont surfaces.
Modern surface flow and sediment transport are brief and intermittent.

A future episode of increased precipitation would probably cause an
increase in erosion rates. An estimate for (1) the timing, duration, and
probability of an expected episode of increased erosion and (2) the expected
quantitative effects of the episode at different locations in the Yucca
Mountain region (e.g., stream incision versus hillslope erosion) will be
made. Anticipated geomorphic responses to possible predicted increases in
precipitation at Yucca Mountain will be based on past erosional responses to
full pluvial climates during the Quaternary (Study 8.3.1.5.1.4).

One study, consisting of one activity, will be performed in support of
this investigation. The study will be a synthesis of the results from
activities in support of Investigations 8.3.1.5.1 and 8.3.1.6.1.

8.3.1.6.2.1 Study: Influence of future climatic conditions on locations and
rates of erosion

The objectives of this study are to determine the effects of future cli-
matic conditions on the locations and rates of erosion. This synthesis study
will use climate and erosion parameters generated by Investigations 8.3.1.5.1
and 8.3.1.6.1 to identify areas and rates of potential stream incision and
increased erosion.

8.3.1.6.2.1.1 Activity: Synthesis and data evaluation of impact of future
climatic conditions on locations and rates of erosion

Objectives

The objectives of this activity are to integrate Quaternary climate
conditions and rates of surface erosion with predicted conditions of future
climate, and to estimate significant changes in the character, distribution,
and ratio of surface erosion in the Yucca Mountain region over the next 1,000
to 100,000 yr.

8.3.1.6-15



Y1P/CM-00ll, Rev. 1 YNP/CM-0011, Rev. 1

Parameters

Three sets of parameters will be evaluated in this activity:

1. The predicted climate of the Yucca Mountain region over the next
I1,000 to 100,000 yr, including the predicted timing for climatic
changes and the nature and duration of predicted climatic episodes.

2. The present locations and rates of surface erosion and their
relationship to present climatic conditions.

3. The distribution and characteristics of past erosion and their
relationship to past climatic conditions.

Description

One of the expected results of Investigation 8.3.1.5.1 will be the
derivation of regional climate history for the Quaternary from paleolimno-
logic and terrestrial paleoecologic lines of evidence (Studies 8.3.1.5.1.2
and 8.3.1.5.1.3). However, another product of this investigation will be
synthesis of the site-specific Quaternary paleoenvironmental history of Yucca
Mountain and surroundings, on the basis of local surficial deposits, soils,
and past geomorphic processes (Study 8.3.1.5.1.4). The paleoenvironmental
evaluation will focus on the geomorphic responses to paleoclimates and cli-
matic changes. The evaluation will also incorporate data on distribution and
characteristics of past erosion. A paleoclimate-paleoenvironmental synthesis
(Study 8.3.1.5.1.5) will tie the paleoclimate history (especially known epi-
sodes of temperature and precipitation extremes) to dated responses in the
depositional and geomorphic record that reflect these extremes. A possible
example would be correlating an episode of higher precipitation, as evidenced
by the palynology of lacustrine sediments, to a period of rising base levels
as reflected in a dated period of stream aggradation or reduced incision.
Thus, the paleoenvironmental history can serve as the baseline study to
examine the relationship between different climatic episodes and the geo-
morphic responses that controlled erosion during the Quaternary. These
responses can then be applied to future predicted climates, from which pre-
dicted erosion rates can be calculated.

To determine the effects of future climate on erosion, it will be neces-
sary to integrate the results from Investigation 8.3.1.5.1 (nature and rates
of climate change) with those from Investigation 8.3.1.6.1. The first impor-
tant result of the latter studies will be the correlation of locations (e.g.,
stream incision) and rates of erosion to present climatic conditions. The
second will be the determination of erosion rates and distribution of fluvial
and hillslope processes during the Quaternary. By combining Quaternary ero-
sion rates with the correlation between the regional paleoclimatic and local
paleoenvironmental histories, together with the predicted future climates, it
will be possible to describe expected locations and rates of erosion in re-
sponse to expected future climatic episodes. If the durations of the future
climatic episodes can be reasonably estimated, it will then be possible to
quantify the effects of erosion at Yucca Mountain over the next 1,000 to
100,000 yr.
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8.3.1.6.3 Investigation: Studies to provide the information required to
determine the potential effects of future tectonic activity on
locations and rates of erosion

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation. Section 1.3.2
discusses the structures and structural history of Yucca Mountain and the
vertical and lateral crustal movement as they relate to tectonic activity.
Section 1.1.3 examines the influence of tectonism on geomorphic processes and
its effects on average erosion rates in the Yucca Mountain area and discusses
significant late Quaternary geomorphic processes in the Yucca Mountain area.

Parameters

Four sets of parameters will be used in the site studies planned to
obtain the needed information. This investigation is necessarily a synthesis
of the results of studies undertaken to satisfy other investigations. Rates
of regional uplift and subsidence, as determined from studies of tectonic
geomorphology and the geodetic leveling network, will be supplied from Inves-
tigation 8.3.1.8.2. The present and past locations and rates of surface
erosion will be determined from the geomorphic map. The effects of future
climate on erosion will be obtained from Investigation 8.3.1.6.2.

Other site studies that provide data that support the determination of
the parameters needed for this investigation include (1) a synthesis of the
paleoenvironmental history of the Yucca Mountain region from Study
8.3.1.5.1.4 and (2) the tectonic model synthesis from Section 8.3.1.17.4.12.

Purpose and objectives of the investigation

Estimates of the potential effects of future tectonic activity on loca-
tions and rates of erosion will be derived in this investigation using infor-
mation from Investigation 8.3.1.8.2, from Investigation 8.3.1.5.1, and from
other activities performed within this program. The logic diagram for this
investigation is shown in Figure 8.3.1.6-4.

Geomorphic processes in the southern Great Basin and northern Mojave
Desert are determined largely by climate, existing topography, and tectonic
activity, and by the spatial and temporal relations between these determi-
nants. Late Cenozoic extensional tectonism and a predominantly semiarid-to-
arid climate have combined to produce a structurally dominated landscape of
high relief with narrow, rugged uplands separated by broad, gently sloping
lowland basins. Within this landscape, erosion and erosional processes are
concentrated in the high, steep, and relatively moist uplands, whereas dep-
osition and depositional processes are generally concentrated in the low,
gently sloping, and relatively arid lowlands. The intervening piedmonts
serve primarily as surfaces of transport between the eroding uplands and
aggrading basins.
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Differential vertical movement induced by regional extensional tectonism
has probably been the single most important factor in the development of the
landscape of the region surrounding Yucca Mountain. Essentially all land-
scape elements in the southern Great Basin and northern Mojave Desert are the
structurally dominated products of late Cenozoic tectonism. However, with
the exception of the southwest Great Basin and its bounding fault zones, tec-
tonism appears to have played a much less significant role in regional land-
scape evolution during the Quaternary. For example, regional morphometric
analyses indicate that large areas of the northern Mojave Desert and southern
Great Basin (in particular, the eastern and southern sections of the Gold-
field block of the Walker Lane belt as discussed in Chapter 1, Geology) have
undergone little, if any, vertical tectonic activity during the Quaternary.
Local tectonic stability since latest Miocene time is documented by relations
between potassium-argon-dated lava flows and relict and active erosion sur-
faces near the Cima volcanic field in the northeastern Mojave Desert and in
the Pancake and Reveille Ranges of the central Great Basin. In the Yucca
Mountain area, average rates of relative vertical tectonic adjustment during
the latest Tertiary and Quaternary have been less than 3 cm per 1,000 yr.
The impact of extensional tectonism on the late Quaternary landscape of Yucca
Mountain has been extremely small, and the impact upon the magnitude and dis-
tribution of degradational processes in the area is very local, even in the
vicinity of Quaternary faults.

If uplift rates at Yucca Mountain during the postclosure period are
negligible, then (using present estimates of erosion rates) the average
erosion rate of the mountain would probably be about 1 m over the next
10,000 yr. If the estimated Quaternary rate of uplift is projected over the
postclosure period, even with a return to pluvial conditions, it is highly
unlikely that the average rate of erosion will increase significantly. These
regional erosion and uplift rates need to be verified with the site-specific
data from Yucca Mountain.

One study will be undertaken under Investigation 8.3.1.6.3. The study
consists of one synthesis activity that will integrate data generated from
tectonics investigations and from Investigations 8.3.1.6.1 and 8.3.1.6.2.

8.3.1.6.3.1 Study: Evaluation of the effects of future tectonic activity on
erosion at Yucca Mountain

The objective of this study is to identify the potential effects of tec-
tonic activity on erosion at Yucca Mountain during the postclosure period.
The study is aimed at (1) defining those components of erosion that are
dependent upon tectonic activity, and (2) determining how future tectonic
adjustment might influence local incision rates.
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8.3.1.6.3.1.1 Activity: Synthesis and data evaluation of the impact of
future uplift or subsidence and faulting on erosion at Yucca
Mountain and vicinity

Objectives

The objectives of this activity are to estimate (1) the effects of tec-
tonic activity on erosion over the repository postclosure period on the basis
of probable future tectonic scenarios for the Yucca Mountain region, (2) the
locations and rates of present and past erosion for-present climatic condi-
tions, and (3) the effects of future climatic conditions on erosion.

Parameters

Four sets of parameters will be evaluated in this activity:

1. The rates of regional uplift and subsidence, as determined from
studies of tectonic geomorphology (Section 8.3.1.17.4.9) and the
geodetic leveling network (Section 8.3.1.17.4.10).

2. The tectonic model synthesis, including the probability and expected
magnitude of faulting in the Yucca Mountain area during the reposi-
tory postclosure period from Sections 8.3.1.17.2 and 8.3.1.17.4.

3. Present and past locations and rates of erosion from Investiga-
tion 8.3.1.6.1.

4. Estimated effects of future climate on erosion from Investiga-
tion 8.3.1.6.2.

Description

This synthesis activity will be aimed at identifying the magnitudes of
the components of erosion rate (both local and regional) caused by Quaternary
tectonic activity, and assessing the effects of probable future tectonic
activity on rates of erosion expected in the Yucca Mountain region over the
repository postclosure period. The tectonic data for this synthesis will be
derived from Programs 8.3.1.8 and 8.3.1.17. Erosion rate data will come from
Study 8.3.1.6.1.1 (distribution and characteristics of present and past
erosion), Activity 8.3.1.6.1.1.3 (hillslope erosion), Activity 8.3.1.6.2.1.1
(impact of future climatic conditions on erosion), and Study 8.3.1.5.1.4
(paleoenvironmental history of Yucca Mountain region).

The apportionment of local and regional erosion rates (Quaternary
through present) into components attributed to climatic and tectonic causes
will be critical to this activity. Although climatic conditions are believed
to be the dominant control on erosion rates, proposed studies on past erosion
in the Yucca Mountain region and the reconstruction of the paleoenvironmental
history will yield a quantification of the tectonic erosional component for
the Quaternary. Combining local data with projected regional uplift or sub-
sidence rates, and probable local fault movement, will result in quantitative
estimates for the tectonic influences on erosion rates in the postclosure
period.
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8.3.1.6.4 Investigation: Potential effects of erosion on hydrologic,
geochemical, and rock characteristics

Because existing data on the effects of erosion on hydrology, geochem-
istry and rock characteristics satisfy the design and performance require-
ments, no further studies are planned. Instead, a topical report will be
prepared by the Yucca Mountain Project to document the tentative conclusion
that erosion will have a negligible effect on the hydrologic, geochemical,
and rock characteristics important to waste isolation. The steps to be used
in addressing this investigation are shown in Figure 8.3.1.6-5.

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters summarize the
information related to this investigation:

SCP section

1.1.3.2

1.1.3.3

1.8.1.1.2

1.8.3.1

2.1, 2.2, 2.3

2.4, 2.5

2.6

2.7

2.8

3.7.1

3.7.2

3.9.3

3.9.4

3.10

4.1

Subject

Average erosion rates in the region surrounding Yucca
Mountain

Significant late Quaternary geomorphic processes in the
Yucca Mountain area

Discussion of significant results (geomorphology)

Information needs bearing on geomorphology

Mechanical properties of rock units

Thermal and thermomechanical properties

Existing stress regime

Special geoengineering properties

Excavation characteristics

Areas of recharge and discharge

Regional ground-water flow paths

Conceptual model for ground-water flow system

Calculations of ground-water velocity and travel time

Summary sections

Baseline geochemical characteristics at Yucca Mountain
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Parameters

The parameters for this investigation are

1. The expected effects of erosion on hydrologic, geochemical, and rock
characteristics during the 10,000 yr postclosure period.

2. The probability that the repository will be exhumed during the next
10,000 to 100,000 yr..

Purpose and objectives of the investigation

The product of this investigation, a topical report, will address the
possibility that erosional processes at Yucca Mountain could adversely affect
the potential for radionuclide releases to the accessible environment because
of changes in the ground-water system, the geochemical conditions, or the
rock characteristics. The likelihood of radionuclide releases because of
changes in the hydrologic system is negligible. The probability that erosion
will modify the surface-water regime during the postclosure period is ex-
tremely small. For erosion-induced changes in hydrologic characteristics to
adversely affect waste isolation, a reduction in ground-water travel time re-
sulting from the removal of enough rock above the water table to modify hy-
draulic gradients and locations of recharge or discharge near Yucca Mountain
would be necessary. It is highly unlikely that expected erosion rates (even
considering possible changes in climate and tectonism) will be adequate to
cause the removal of sufficient overburden material necessary to change the
hydrologic conditions.

Erosion-induced changes in geochemical characteristics that might ad-
versely affect waste isolation most likely would be changes in geochemical
properties along flow paths to the accessible environment. The effects of
erosion on the geochemical properties along flow paths for both ground water
and gases will be discussed in the topical report. Erosion is expected to
have negligible effects on mechanical, thermal, or thermomechanical proper-
ties, on special geoengineering properties, or on excavation characteristics
within the controlled area in ways that would affect waste isolation. Ero-
sion may very slightly modify in situ stresses, but the expected amount of
erosion within the controlled area and the corresponding change in in situ
stress is so small that effects on waste isolation will be negligible.

One study, consisting of a synthesis activity and an analysis activity,
will be undertaken in support of this investigation. The objective of the
synthesis activity is to integrate the existing erosion data and additional
erosion data that will be obtained from Investigations 8.3.1.6.1 through
8.3.1.6.3, with information on the hydrologic, geochemical, and rock charac-
teristics. These data will be used to develop a topical report that will
address the expected effects of erosion on conditions at the site needed to
address the requirements of 10 CFR Part 60.
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The objective of the analysis activity is to apply statistical tech-
niques to information obtained from Investigations 8.3.1.6.1 through
8.3.1.6.3 to determine with a high level of certainty the probability that
repository exhumation by erosional processes will not occur over the next
10,000 and 100,000 yr. The results of the statistical analysis will be
presented in a topical report.

8.3.1.6.4.1 Study: Development of a topical report to address the effects
of erosion on the hydrologic, geochemical, and rock
characteristics at Yucca Mountain

Objectives

The objective of this study is to assemble data showing the expected
effects of erosion on (1) the hydrologic, geochemical, and rock character-
istics of the controlled area and (2) the ability of the mined geologic dis-
posal system to effectively isolate waste over 10,000 and 100,000 yr after
disposal.

Parameters

The following parameters will be considered in the topical report:

1. Rates and locations of future erosion.

2. Depth to water table in the controlled area.

3. Geochemical process along flow paths to the accessible environment.

4. Effect of erosion on retardation of radionuclides by all geochemical
processes along ground-water flow paths and gaseous flow paths.

5. Effects of erosion on in situ stresses in the controlled area.

Description

Two topical reports will be prepared that will assemble and analyze
existing data and data gathered during site characterization. The first
report will address the expected magnitude of erosion in Zhe controlled area
and the extent to which such erosion would reduce ground-water travel time to
the accessible environment. The report will also identify and address the
expected effects of erosion on the geochemical characteristics along flow
paths and the expected effects of erosion on the in situ stresses in the
controlled area.

In the second report, existing information and data obtained during site
characterization will be used in performing statistical calculations to
determine the probability that erosion of overburden materials will result in
repository exhumation during 10,000 and 100,000 yr after closure.
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8.3.1.7 Overview of rock dissolution program: Description of rock
dissolution required by the performance and design issues

Because the findings made for the Yucca Mountain environmental assess-
ment (DOE, 1986b) are adequate to meet the requirements of Issue 1.8 (Section
8.3.5.17, NRC siting critieria) and 1.9 (Section 8.3.5.18, higher level
findings--postclosure system and technical guidelines), no additional studies
are specifically planned to resolve this issue. Further work related to
chemical and mineralogical changes in the post-emplacement environment is
discussed in Section 8.3.4.2.4.1.

8.3.1.7.1 Investigation: Rates of dissolution of crystalline and
noncrystalline components in tuff

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

4.1.1 Mineralogy and petrology
4.1.1.3.1 Potential host rock
4.1.1.4 Mineral stability
4.1.2 Ground-water chemistry

Parameters

For this investigation, parameters are not applicable.

Purpose and objectives of the investigation

For this investigation, purpose and objectives are not applicable.

Technical rationale for the investigation

This investigation has been satisfied by information presented in the
Yucca Mountain environmental assessment (DOE, 1986b). The conclusions in the
environmental assessment were as follows:

1. No evidence of Quaternary dissolution fronts or other dissolution
features has been found.

2. None of the minerals in the host rock are considered soluble under
expected repository conditions.
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3. There is no evidence of past or potential future significant
dissolution that would provide a hydraulic interconnection between
the host rock and any imnediately surrounding geohydrologic unit.

4. The minerals that compose the rock in and around Yucca Mountain are
considered insoluble, and significant subsurface rock dissolution is
not a credible process leading to radionuclide releases greater than
those allowable under the requirements of 10 CFR Part 960 and 10 CFR
Part 60.

Because the findings made for the EA are adequate to meet the higher
level findings of 10 CFR Part 960 and 10 CFR Part 60, no additional studies
are specifically planned to address this issue. Studies on mineral stability
are described in Section 8.3.1.3 (Geochemistry Program). These studies are
being done to assess geochemical retardation along flow paths to support the
assessments made in Issue 1.1 (total system performance, Section 8.3.5.13).
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8.3.1.8 Overview of the postclosure tectonics program: Description of
future tectonic processes and events required by the performance and
Lesign issues

Summary of performance and design requirements for postclosure tectonics
information

The flow of data through the postclosure tectonics program is shown in
Figure 8.3.1.8-1. The performance and design requirements that the postclo-
sure tectonics program must address are to supply data on the probability and
effects of tectonic "initiating events" that may alter existing conditions at
Yucca Mountain and adversely affect repository performance. These require-
ments for tectonic information can be summarized as follows:

1. Data on the probability and effects of potentially significant
tectonic release-scenario classes addressing both anticipated and
unanticipated conditions that are needed for performance assessment
calculations of radionuclide releases to the accessible environment
(Issue 1.1, Section 8.3.5.13, total system performance).

2. Data required to perform the analysis to determine the degree to
which each of the favorable and potentially adverse conditions
listed in 10 CFR 60.122 contributes to or detracts from isolation
(Issue 1.8, Section 8.3.5.17, NRC siting criteria).

3. Data needed to accommodate requirements for knowledge of site-
specific tectonic conditions in design concepts for the geometry,
layout, and emplacement borehole locations of the underground
facility (Issue 1.11, Section 8.3.2.2, configuration of underground
facilities (postclosure)).

4. Data required so that the higher level findings of 10 CFR Part 960
can be evaluated (Issue l.9a, Section 8.3.5.18, higher level
findings (postclosure)).

Four investigations in the postclosure tectonics program provide the
analysis and assessment of data necessary to meet these requirements (Fig-
ure 8.3.1.8-1). These four investigations have been designed to parallel the
intermediate performance measures and initiating events defined in Sec-
tions 8.3.5.13 and 8.3.2.2. Investigation 8.3.1.8.3 (tectonic effects on
hydrology) has been further subdivided into three separate intermediate per-
formance measures because of the number of performance parameters that have
been identified by Issue 1.1 in this investigation. The final column of Fig-
ure 8.3.1.8-1 identifies the investigations that will provide data required
by Investigations 8.3.1.8.1 through 8.3.1.8.4 in order to complete their
analysis and assessment for the postclosure tectonics program. These data
collection investigations include Investigation 8.3.1.8.5, which will house
the data collecting studies and activities specific to the postclosure tec-
tonics program, and investigations from several other programs that provide
important data for the analysis and assessment investigations.

8.3.1.8-1
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Tables 8.3.1.8-1 through 8.3.1.8-6 list the favorable and potentially
adverse conditions on which data are required for the resolution of Issue 1.8
and the performance measures, intermediate performance measures and
performance parameters on which data are required by Issue 1.1 and
Issue 1.11. Each table is linked to a specific performance or intermediate
performance measure identified by Issue 1.1 or 1.11 and a specific post-
closure tectonics program investigation. The first column in Part A of the
tables identifies the performance or design issue that has requested infor-
mation from the postclosure tectonics program. The second and third columns
identify the potentially adverse and favorable conditions from Issue 1.8 that
will be addressed by each initiating event.

The fourth column lists the initiating events identified by Issues 1.1
or 1.11 that are related to the performance measure or intermediate perfor-
mance measure. Initiating events are tectonic events or processes that, if
they should occur during the period of interest, could directly or indirectly
lead to releases or adversely affect estimates of release at the accessible
environment boundary. An example of an initiating event that could directly
lead to releases is the penetration of the repository by a volcanic event.
Most initiating events only indirectly affect estimates of release by
potentially altering another parameter (such as average percolation flux
rates) that, if changed, could adversely affect estimates of releases at the
accessible environment boundary.

The fifth and sixth columns identify a performance measure and associ-
ated goal. Performance measures are high level measures of total system
performance and are described in more detail in Section 8.3.5.13 (Issue 1.1)
and Section 8.3.2.2 (Issue 1.11). The seventh and eighth columns describe an
intermediate performance measure and associated goal that is related to a
significant component of the radionuclide release calculation (e.g., average
percolation flux rates) that could be altered by tectonic processes or
events. The goal for the intermediate performance measure is not intended to
indicate the expected value that will result from the analysis of the tec-
tonics program or the value at which the site would fail to meet the system
performance objective. Instead, the goal provides an estimate of when the
initiating event may start to become significant in performance calculations
and is intended to provide guidance to the tectonics program on the level of
accuracy or precision required in the program's analyses. The intermediate
performance measures and the scenario classes to which they belong are
further described in Section 8.3.5.13 for Issue 1.1 or in Section 8.3.2.2 for
Issue 1.11.

The final column in Part A describes the performance parameters that
have been related by Issue 1.1 or Issue 1.11 to each initiating event. For
each initiating event in the tectonics program there are usually two perfor-
mance parameters. The first performance parameter provides the probability
that the tectonic event described in the initiating event will occur during
the period of interest. In many instances, estimating probabilities for a
tectonic initiating event over 10,000 yr may be difficult. Evaluation of
these probabilities are subject to considerable uncertainty, but these uncer-
tainties are quantifiable using available data and judgment. The second
performance parameter provides a description of the effects of the event on
the concern described in the intermediate performance measure should such an
event actually occur. The specific requirements of 10 CFR Part 960 are not

8.3 . .8-3



Table 8.3.1.8-la. Investigation 8.3.1.8.1 - Studies to provide information required on direct
releases resulting from volcanic activity

1I-

S.-

WI

latest tally adverse
KID section conditlmn eddsaas"
requesthing 110 Crk E0.122c;)
parameter ISec~tio 6.3.5.17)

Favorable
condititon addressed

410 CFO 60.122(b)I
Ilection I.3.S.171

Initiating
event

Intermediate
terformunce Tentative performance

measure goal parameter
Pe I IGC a e

pl ametelGoa I

8.3.5.13 lIssue
1.1, total
system per-
tormance)

15 I Volcanic erupt ion pene-
trates repository and
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to the accessible
environment.

<<I Not applicable Not
appli-
cable

Annual probability of
volcanic erupt ion
that penetrates the
repository

6.3.5.11 (Issue
1... 3 t sting
criterial

Efte-t. of volcanic

eruption penetrating
repository. including
area Ot repository
disrupted

UJ
;.

6.3.5.16 (Issue
1.9. higher
level findings-
postclosurel

*ur4t - ai*ectd partta pertomme ms mz (lacto 6.3.5.13).
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Table 8.3.1.8-lb. Investigation 8.3.1.8.1 - Studies to provide information required on direct releases
resulting from volcanic activity (page 1 of 2)

Testing basic
Current Needed

Tentat ive estimate Confidence confidence
Pertfomance parefter oeeded Characterization lsai9e or in cuizent iii final Investigations Pey slulies ot activities
p~aaetez goal confidence paraaeteI bound) estimate values supplying data supplyiaug data~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~<1

knnual probability of < 10 5 per yr High Location and timing See Section Moderate High 6.3.1.8.5 8.3.1.8 S..I - VolcaiLsm dzill-
volcaic eruption of volcanic events 1.3.2.1.2 Wles
that penetrates the 8G3.1.8.5 1.2 - Geochronology
sapositogy St udiec

8 3.1.8.S.1.3 - Field geologic
studies

6.3.I.S.S.I - Geochemistry of
Scoria sequences

co Evaluation of See Section Low loderate 8.3.1.8.1 8.3.1.S.I.I.1 - Location and
structural con- 1.3.2.1 timing of volcanic events
trols on cal-

4-.* canism 8.3.1.6.5 8.3.1.8.5.1.3 - Field geologic
st udle3

8.3.I.8.5.IS - Geochemical
cycles of basaltic volcanic
fields

8.3.1.17.4 8.3.1.17.4.12.1 - Evaluate tec-
tonic processes and tectonic
stability At the site

fresence of maw. See Section Low Moderate 6.3.1.11.4 8.3.1.17.4.7 - Sub3surtace geome-
bodies in the 1.3.2.1 try of Ouaternary faults at
vicinity of thc Yucca Mountain
$its

8.3.1.8.5 8.3.1.S.25.21 - Evaluation of
depth of curie temperature
I sot he rm

.3.1.a8S.2.3 - Heat flow at
Yucca Mountain

*.3.1.17.4 8.3.1.17.4.1.2 - Monitor current
seismicity

8 3I 1 4 I- Cvaluate cxustAl
structure and subsurface
expression of QuatErnary faults

CD,



Table 8.3.1.8-lb. Investigation 8.3.1.8.1 - Studies to provide information required on direct releases

resulting from volcanic activity (page 2 of 2)

Per to*magnr e
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0

I-.
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eruption penetrating
repository, including
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eat htt

Slow that
* 0.10 of
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hility of (0.1
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an intrusion
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bolian eruptions
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area dis-
rupted

Moderate None planned
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1.3.2.1
and 1.5.1)

Effects of hydro- Data not
volcanic eruptions available

Low Moderate . 3.1.8.5 e. 3 IB8 SI.3 - field geologic
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I
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0
~0
I-.
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Table 8.3.1.8-2a. Investigation 8.3.1.8.2 - Studies to provide information required on rupture of
waste packages due to tectonic events

potent ially adverse
SCP section condition addressed
requesting (10 CUr 60.122fte)
parameter ISection 8.3.5.17)

Favorable
condition addressed
(1o crR 60.1224b)l
ISection 8.3.5.171

Initiating Petformance
event measure

lent at i ve
goa I

Intermediate
per f orLace

parameter

C)

C)

I-.

kPeltornulnce p-rdmetex

*.3.5.1 1 1I3sue
1.6, 9NC
slting
criterial

6.3.2.2 (Issue
1.11. config-
urat ion of
underground
taci lit ies-
postclasuce)

6.3.5.16 (Issue
19, higher
level findings-
postclosurel

15 Igneous intrusion
penet rat Ing
repository
resulting In
failure of waste
packages

Usable area:
as usable
area ade-
quate for
70.000 ?trU
of waste?

Usable area: J
is usable
area ade-
quate for
70,000 MrU
of waste?

co

Iv

.c

11 Offset of one or
more faults
intersect waste
packages and
cause fatlure

Probability < 0.1
in 1,000 yr that
> 0.5° of waste
packages will be
ruptured by tec-
tonic processes
or events

Probability c 0.1
in 1,000 yr that
> 0.5% of waste
packages will be
ruptured by tec-
tonic processes
or events

Placement of waste
packages in
zones with rock
properties that
will not lead
to failure
during expected
ground motions

Probability < 0.1
Ln 1,000 yr that
>0.5% of waste
packages will be
ruptured by tec-
tonic processes
of events

Not applicable lrotuatiilty of )giitiUs
intrusion peiietirting
repository

Etffects of igneous intru-
sion penetrating
repository

Not applicable

12
1 3
14

11

Ground motion
causes spelling
or failure and
closes air gap
*round waste
package

Folding or dis-
tributed shear
causes waste
emplacement
borehole defor-
mation end
results in waste
peckage failure
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of waste?

Usable area:
is usable
area ade-
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Number of waste packages
affected by fault
penetrating repository

Probability ot faulting
with displacement over
S cm in repository
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Rate of deformation due
to folding or distributed
shearing in repository
hot i zon
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Table 8.3.1.8-2b. Investigation 8.3.1.8.2 - Studies to provide information required on rupture of
waste packages due to tectonic events (page I of 2)

Testing basis _ _
Current Heeded

Tentative e4st iAte Confidence confidence
parameter Needed Characterization frangq or in current in final Investigations

90oa confidence parameter bound) estimate values supplying data

0

C>

I-.-

Per f'.rsanct
PacIamet ci

rey studies of activities
supplying data

Probability o0 igneous
intrusion peonettat-
ing repository

Annual proba-
bUlty les
them 10-

Nigh Characterization lo-* to lo-i'
paramters iden-
tical to Inveati-
gation 1.19.1

Moderate Nigh .3. 1. 1 8.3.1 8.1 1 14 - Probability calcu-
lations and assessment

Effects of igneous
intrusion penetcat-
iog repository

Humbar of waste pack-
*ges affected by fault
penetrating repOsi-
tory

Less than 0.5% ot
waste packages
disrupted

Low1

L.

rID

Less than- 0.5 ot High
waste packages
intersected by
a single fault
with a 95S
level of con-
lidence

Nuiwer of waste I to 10
packages dis-
rupted by Intru-
sion

Width of Quater- (5 S

arsy fault zones
in and near site
in which faulting
exceeds S co in
a single avant

Orientation of 1.25.W -
faults in and
nea the reposi-
tory block

moderate Moderate .3. 1..1 8.3.1 8 1.2 - Eftects of
St roobol ian erupt ions

6.3.2.2.1 8.3 2.2.3 - Design concepts tor the
underground facility

Low Moderate 0.3.1.17.4 8.3.1.17.4.2.2 - Conduct exploratory
Lrenching in Midway Valley

t.1.I 17.4.8.2 - Evaluate age and
racurrence of movement on
suspected and known Quaternary
taults

H.25.t Moderate Moderate 8.3.1.4.2 8.3.1.4.2.2.1 - Geologic mapping
of zonal features of Paintbrush
Tuft

8.3.1.4 8 1 1 7 2.11- Oevelopment of 3-0
geologic model ot the site area

Sapoaitory layout
Ot waste pack-
ages and fault
slip rates

See Section ModeratE

(. 2.0;
< 0.01 W/yr

S. 3.1 .17.4 8 1 1174 - Evaluate Quaternary

geology and potential Q0ategnAty
faults at Yucca mountain

High 8.3.2.2.3 6.3.2.2.3 - Design concepts for
the underground facility

0.3.1.17.4 6.3.1.17.4.2.2 - Conduct exploratory
trenching in Midway Valley

t 3.1 17.4.0.1 - Evaluate Quaternary
geology and potential Quaternary
faults at Yucca mountain

6.831.17.4.6.2 - Evaluate age and
recurrence of Movement on
suspected and known Quaternary
faults
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Table 8.3.1.8-2b. Investigation 8.3.1.8.2 - Studies to provide information reqjired on rupture of
waste packages due to tectonic events (page 2 of 2)

Cl

Performance
par'tr

tentative
parameter

goal
Needed Characterization

confidence parater

Testing basis
Current Weeded

estimate Confidence confidence
Usnge or in current in final Investigations

boundl estimate values supplying data
Itey studies or Activities

supplying data

Probability of faultieg
with displacement
over S cm in tepopl-
toty

Annl proba-
biltr loss
than 10- of
faulting
with diaplace-
mnt over S am

GOdetato Ch racteristica of
faults that paun-
trate the reposi-
tory with total
offset > 10 -

Density See Section
1.3.2.2.2

Length < 3000 a
total Offset 10-50 a

8.3.1.17.4 1.3.1.4.2.2.1 - Geologic mapping
of zonal features of Paintbrush
tuff

* 3.I.2.3. I- Development of 3-D
geologic model of the site area

Low

Moderate
Moderat*

Moderate

High
High

.3. 1 .4.2 8.3.1.17.4.6.1 - Evaluate Quaternary
geology and potential Quaternary
faults at Tucca mountain

4.3.1.17.4.6.2 - Age and recurrence
of movement on surpected and
known Quaternary faultsW&

aV

Charactatistics of
Guaternery faults
in and near site
with slip rates
> 0.001 r/yr

.3. 1.17. 4 .3.1.17.4.6.1 - Evalute Ouaternsry
geology nad potential Quaternary
faults at Tucca mountain

*.3.1.17.4*6.2 - Age and recurrence
of movemnt on suspected and
known Quaternary faults

0.3.1.11.4.12.l I Evaluate tectonic
processes and tectonic stability
at the site

EzeCted ground motion
at enplacement bore-
holas in 1,000-yr
period

Rate of deformation
due to folding or
diattibuted teharieg
in repository
horizon

Probability of
exceeding
ground motion
values < 0.1 In
1.000-yr

waste aplacmnt
boraholas will
be uDbjoCt to
< 0.OOS *haat
stain in 1,000
yrs as & reselt
of folding or
deformation

Location
Slip rate
lengt h

total offset

loderate Characterization
paramters idea-
tical to Inveo-
tigation
6.3.1.17.3

LOW Nature and age of
folding in the
repository bori-
son

See rigure 1-3m
t 0.01 r/yr
< 35 km
200-500 a

Ctpectsd pGa
410,000 yr
return
petiodf
0. 5-0 P9

No detectable
folding in
10 miliion
yr

Low-moderate Moderate

Moderats
Moderate

Low
Low

High
High

Moderate
High

Nodarate High

.3. 1.17. 3 6-.1.11.3.5.2 - Characterize ground
motion from the controlling
seismic events

1.3.1.17.3.6.2 - Evaluate ground
motion probabilities

0.3.1.4.2 0.3.1.4.2.2.1 - Geologic mapping of
tonal features of Paintbrush
tuff

8.3.1.4.3 8.3.1.4.2.3.1 - Development of 3-0
geologic model of the its areo

8.3.1.17.4 8.3.1.17.4.12.1 - tvaluate tectonic
processes and tectonic stability
at the site

8.3.1.0.3. 1.3.1.8.2.1 - Calculation of the
numer of wast* packages inter-
sected by a fawlt

raPG - Peak Ground Acceleration.
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Table 8.3.1.8-3a. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 1; alteration
of average percolation flux) (page 1 of 2)

Potentially adverse Favorable
SdIP section conditlo addressed condition addressed Intermdiets
requesting 410 CPa 0;1221c)J (10 CFR i0.122(b)) Initiating Performance performance Performance
parter seetlo * 3.5.17\ (Section 0.3.5.17 event measure Goal measure Gool par a

1.3.5.13 (issue 3, 1S 1, (1 $ Volcanic eruption EPPW << 1 Radionuclida Tetoni.e .erce- A-..nu o.b -. u
1I1, total
stant per-

5.3.5.17 (Issue
1.0, NC siting
eriterial

*.3.5.18 1Issue
1. 9, highet
level findings-
postclosure)

causes flows or
other changes in
topography that
result in
impoundment or
diversion of
drainage

transport time
through 1Zbh
given fixed Ut
thickness, rock
hydrologic pro-
perties and

geochemical
propertiesft

Z.

6
I

C)�

e5s and events
will not
adversely alter
the average
percola:ion flux
at the top
of the Topopah
Spring welded
unit by more
than a factor
of 2. The
probability of
exceeding the
goal will be
<0.1 in
10,000 yr

-- . '-- ... 9&ty

of volcanic
events within
the controlled
area

Effects of a vol-
canic event on
topography and
flux rates

Igneous intrusion,
such as a sill,
that could
result In a sig-
niticant change
ln averag fluxt

Same as
above

Same as
above

Sam as above

3, 4, 11 1, S MI Offset Go fault
creates surface
sipounts,
alters drainage,
creates perched
aquifers, or
changes dip of
tuff beds, there-
by significantly
changing average
flux

53m as SM as
above above

Sam as above

Sam es bove Annual probability
of significant

igneous intru-
sion in the
controlled area

Effects of an
igneous intru-
sion on flux
rates

Sam as above Probability of
offset > 2 a on
a fault in the
controlled area
in 10,000 yr

Probability of
changing dip by
> 2 in 10.000
yr by faulting

Effect of faulting
flux rates

I,
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Table 8.3.1.8-3a. Investigation 8.3.1.8.3 - Studies to provide information required oil changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 1;
alteration of average percolation flux) (page 2 of 2)

Potentially adverse
SCF section condition addressed
request ng (10 Cfl 60.1221c))
parameter (Section 8.3.5.171

tavorable
condit ion addressed
(10 CFR 60.1221bil
fSection 8.3.5.17)

Init tat ang
event

Per foremance
medsu'e

Intermedi ate
per f ormance

measure
peillu
pa~ai

0

1-,

I mdrI( e

Ikttet 01Goal

3. 4, 11 1I Ili) Folding changes
dip of tuft beds
controlled area
thereby signifi-
cantly changing
average flux

£PPM << I Same as above Saue as above Pf~bjbllt y of
chaunqmng dip by

> 2 it. lO0,oO
yr by tulding

I--

3, 4, 11, 16 1. LIES

(Jo

i.l

Uplift or subsi- Same as above SAme as
dence changes above
topography or
drainage thereby
significantly
changing average
flux

Same as above Same as above Probdbmlity of
exceedinq 30 a
elevation change
in 10,000 yr

co

*tPPH - expected partial pettormace msucs see SectioD I 1 513\
bt - unsaturtd soma.

0

I



Table 8.3.1.8-3b. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrolyqy due to tectonic events (Study 1; alteration
of average percolation flux) (page 1 of 2) C)

f-

Testinq basis

Per formance
par aeter

Tentat Ive
parameter

goal

Current
est iate

Irange of
bound)

Needed
Confidence confidence
in current in final
estimate vdlues

Needed Characterization
confidence parameter

Invest igat ions
supplying data

tb

Key stulies or actiVities
supplying data

Annual probability of
volcanic events
within the con-
trolled area

< l0o$ per yr Nigh Probability Calcu- 10' to 10-'
lation for wol- per yr
canic events

Hoderate High 8. 3. 1 .8 .1 8.3.1.81 .1 .4 - krowdatI ity calcu-
lat ions aid Assessment

Cl>

co-

ttfects of a volcanic
event on topog-
raphy and flux
rates

Show topographic
changes aCe nOt
greet enough to
significantly

affect flux

Low Data on topo-
graphic changes
caused by an
eruption

Hydrologic model
of flow in the
unsaturated tone

See Section
1.5.1.2.2

See Section
3.9.3.2.1

Node rate

Moderate

Hoderate 8.3.1.8.1 8.3.1.8.1 2 - Effects of Strom-
bolian eruptions

8. 3.1 ..1. 2. 2 - Effects of hydro-
volcanic eruptions

High 8.3.1.2.2 8.3.1.2.2.8 - flow in unsaturated.
fractured rock

8.3.1.2.2.9 - Site unsaturated
gone modeling, synthesis, And
integrat ion

High 8.3.1.8.1 8.3.1 S.1.1.4 - Probability calu-
1stions and assessment

Annual probability of
significant igneous
intrusion in the
controlled area

Effects of an igneous
intrusion on flux
gates

< 10$ per yr High Probability CalCu- 10-7 to 10-0
lation tor igne- per yr
ous events

Moderate

Show qgn ous
intrusion will
not signiti-
cantly affect
flux because
of depth, locea-
tion, and extent
of Intrusion

Low Orientation and
dimensions of
poasible intru-
sions at the site

Hydrologic model
of flow in the
unsaturated
*otl

- v. 3O0E; < 4
km x 0. 3-
4

See Section
3.9.3.2.1

moderate Moderate No new
activities
planned

None

Probability of offset
> 2 a on a fault is
the Controlled atre
in 10.000 It

< 10-I peg
lo, W Ft

Moderate Vertical slip rate Slip rate
*nso recurrence < 0.01 M

ntervel on per yr
Ouatecaary faults
ia end Dear the
site

Moderate High 6.3.1.2.2 8.3.1.2.2.8 - flow in unsaturated,
fractured rock

8.3.1.2.2.9 - Sste unsaturated
zone modeling, synthesis, and
intEgration

Moderate High 8.3.1.11.4 8.3.lI17.4.4.3 - Evaluate Stage-
coach Road fault zone

8.3.1.17.4 8.3.1.11.4.6.2 - Evaluate agq and
recurrence of mocement on suv-
spected and known Quaternary
faults

C
C>
I-i

W-

(M



Table 8.3.1.8-3b. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 1; alteration
of average percolation flux) (page 2 of 2)

I-.
I-,

Per toruance
paiaetisz

Tent at tie
parameter

goal

Testing basis
Current Needed

estimate Confidence confidence
(range or in current in final Investigations

bound) estimate values supplying data
Needed

confidence
Ctharacterization

paraetor
rey stud er, or dCtiVii es

supplying data

trobability of changing < 10-4 por
dip by W in 10.000 10,000 ye
yr by faulting

LOw Vertical slip rate < 0.01 n
on Quaternary per yr
faults in and
near the site
and sate of tilt-
ing

Moderate High 8.3.1.11.4 8.3.I.t7.4.6 - Evaluatt Quater-
nary geology and potential Qua-
ternary faults at Yucca Mountain

8.3.1.17.4.6.2 - Evaluate age and
recurrence of movement on sus-
pected and known Quaternary
faults

8.3.1.4.2 8.3.1.4.2.2 1 - Geologic mapping
of zonal features of Paintbrush
luft

8.3.1.4.3 8.3.1.4.2.3 1 - Development of a
3-D geologic model of the site
area

co

(-j

Effect of faulting on
flux rates

Show faulting
will not signi-
ficantly affect
flux because of
low slip rate

Modetate Hydrologic model
of flow in the
unsaturated
zone

See Section
3. 9. 3. 2 .1

Moderate High 8. 3. 1. 2 .2 8.3.1.2.2.8 - Flow in unsaturated,
fractured rock

8.3.1.2.2.9 - Site unsaturated
tone modeling, synthesis, and
integrat ion

Probability of changing n 10-' per
dip by >2 in 10,000 10,000 yr
yE by folding

Low Rate of folding in
the unsaturated
zone *ect ion

Low Rate of uplift or
subsidence at
site

No detectable
folding in

10 million
Yr

< 3 x l0-2 _
per yr

Moderate High 8. 3.1 .4 .2 8.314.2.2.1 - Geologic mapping
of the exploratory shaft and
drifts

6.3.1.4.3 8.3.1.4.2.2.4 - Geologic mapping
of the exploratory shaft and
drifts

Moderate 8.3.1.17.4 8.3.1.4.2.3.1 - Development of a
3-0 geologic model of the site
Area

trobability of *xceed-
ing 30 * elevation
clange in 10.000 yr

< 10'4 per

10,000 yr
Moderate

8.3.1.17.4.9.2 - Evaluate extent
of Quaternary uplift and subsi-
dence at and near Yucca Mountain

8.3.1 17 4.1.10 - Geodetic leveling B.-.

1-1

I-.

__



Table 8.3.1.8-4a. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 2; changes in
water table elevation) (page 1 of 2)

Fotentially adverse Favorable
SCP section condition addressed condition addressed Intermediate -

requesting (10 CrF 60.122(cl) tl0 CR 60-1221bl) 11. tiat Ing Performance performance
parameter (Section 0.3.5.171 (SectiOn *.3.5.117 event measure Goal measure Goal kertoru4nce parameter b

6.3.5.13 Issue
1.I, total
syiteS pM-

formance)

6.3.5.17 (Issue
I.9, NRC siting
c' iteria)

*.3.5.16 lIssue
1.9. higher
level
findings -
postclosuls)

5, 15, 22, 23 1. 61il) Igneous intrusion
causes barriec
to flow or ther-
mal effects that
alter water-table
level

[PPM << I Radionuclide transport
time through UZt,
given ftied UZ rock
hydrologic and geo-
chemical properties

Water table
will not
rise to
within 100 a
of emplaced
waste in
10.000 yr

Annual probability of
d sAnla fcalt
igneous intrusko,
within 0.5 km of
controlled area

boundary

co

I-

I.-

No dischbrge Barrier-to-flow
points created effects of igneous
in the con- intrusions on wateL-
trolled area table levels

Perched aquifer: Thermal effects of
will not be igneous Intiublons
created within on water-tjtle
100 a of levels

emplaced waste

The probability
of exceeding
the goals will
be ' 0.1 in
10,000 yr

Same as above Same as above Probability that
strain-induced

changes Increased to
potontiometric level

to > 550 * mean see

level

4, 5, 11, 22. 23 1 Sliil Episodic changes Same as
in strain in the above
rock masa due to
faulting causes
changes in
water-table
level

Same as
above

00C,
Co

F_

'I



Table 8.3.l.8-4a. Investigation 8.3.1.8.3 - Studies to provide information
unsaturated and saturated zone hydrology due to tectonic
water table elevation) (page 2 of 2)

required on changes in
events (Study 2; changes i n 0

0

(IPotentially adverse
SCP section condition addressed
requesting 110 CFr 60.1221c))
parameter ISection 1.3.5.111

Pavorable
condition addressed

110 tFR 60.1221?D
fSection 8.3.5.111

Init iat ing Pertorumace
event measure

Initermediate
performance

Goal measure Goal Perftormance parda

4, 5. 11, 22. 23

4, 5 11, 22, 23

1, O lii Folding, uplift,
or subsidence
lowers reposi-
tory with
respect to
water table

1. llil£ Otfset on fault
jux taposes
transaisaive end
nontransaissive
units resulting
in either the

creation of a
perched aquifer
Or a rise in the
water table

SaMe as Same as
above above

Same as above

Same as above

Same as above Probabli*ty that
repository will be
lowered by 100 m
through act iou. of

ouiding, uplift, or
subsidence it, 10,000
Yr

Same as
above

Same as

above
Same as above

It
c-f

Probabt I Ity Ca tot Al
oftsetS > 2 0 a in
10.000 yr on a
fault within
controlled area
boundAry

Etftects of fault off-
set on water-table
levels

6tPPN - expected partial pertormnCe meaure lsee Section *.3.5.131.
bal - unsaturated sone.



Table 8.3.1.8-4b. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 2; changes in
water-table elevation) (page 1 of 2)

:0

I.-

Per formance
paCi*st*E

Tent at ive
parameter

goal

Cur rent
est imate

hange or
boundl

Testinq basis

Confidence
in current
estimate

Needed
confidence
in final Investigations
values supplying data

Needed
confidence

Characteriration
pagameter

Key studies or activities
supplying data

'LI

I-..

Annual probability of
a significant
igneous intrusion
within 0.5 km of
controlled area
boundary

eafr ier-to-f lou etfects
of igneous Intruslons
on steg-table lvels

Therual effects of
igneous intrusions
on water-table
levels

< IC-I per yr moderate Probability calcu- 10'1 to 10-
lation for vol- per yr
canic events

Hode rate

Show water table
will not rise
to within 100 m
of repository
horlson in
10,000 yr

Show water table
will not rise
to within 100 a
ot repository
horizon in
10,0000 yr

Low Orientation and
dimensions ot
possible Intru-
sions at the site

Hydrologic model
of saturated
tone flow system

Low Model thermal
effects around a
dike

Hydrologic *odel
of saturated
zone flow system

Low Strain rates and
strain changes
due to faulting

Orientat ion.
N 20-40E.
Length:
400-4000 -

See Section
3.. 13.2.2

4001C at 2 a
distance
after 40
days

See Section
3.9.3.2.2

Moderate

Moderate

Moderate

Moderte

Moderate 6.3.114 3.3.i.1 I4 12.1 - Evaluate tectonic
processes and tectonic stability
at the site

High .3. 1. 8. 1 91.31 6.1.I 4 - Probability calcu-
lati ons and assessment

High .3. 1. 2. 3 .3.1.2.3 11 - Conceptualiration
of saturated zone flow models

Moderate 6.3.1 9 .3*1. .12.1 - Effects of Strom-
bolian eruptions

9.3.1.0.1.1.1 - Presence of ianpa
bodies in vicinity of site

High 6.3.1.2.3 6.3.1.2 3.3.1 - Concelauualzation
of satuatiie zone flow models

trobability [hat
strain-inducae
changes increase
potantiosetric level
to > 650 m MSL6

Probability that
repository will be
lowered by 100 a
through action ot
foldinq, uplift, or
subslilerce in
10,1000 yr

< 10-' per Yr See Section
1.3.2 3

Low Moderate 0.3.1.17.4 9 .3.1.174 12.1 - Evaluate tectonic
processes and tectonic stability
at the site

Hydrologic model See Section
of saturated 3.9.3.2.2
cone flow system

Moderate High S.3.1.2.3 *.3..2.3.3.1 - Conceptualization
of satuated zone flow models

< 10-4 Pet

10,000 yr

LoW rolding, uplift,
and subsidence
rates in site
area

< 1 10-'
We pot yr

Moderate Moderate .3. 1 17 4 0.3.1.17.4.9.2 - Evaluate eatent
of Quaternary uplift and subsi-
dence at and near Yucca Mountain
1. I 71.4 10 - Geoidetic leveling

P.3.1.4.2 1.3 1 4 2.2L1 - Geologic Ppp rn
ot zonal teatures ot Paintbrush
Tuft

6.3.1.4 2 2 4 - Geologic eappinig
of exploratory shaft arid drifts

6.3.1.4.3 33B. 1.4.2.3.1 - Development of a
3-0 geologic model of the site
arEA

0

0-

'T



Table 8.3.1.8-4b. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 2; changes in
water-table elevation) (page 2 of 2)

Fer Iorpuice
par aett

tent at ive
paxamrta'

goa)

Testing ba s is
Current Needed
estimate Confidence cnfndence

1Jange or in current an final Investigations
bound4 estimate values supplying data

Weeded
cont idence

Characttet rat ion
paramtee

rey studies or activities
supplyang data

Probability ot total
ottsets > 2.0 a in
10,000 yr on a
fault within con-
trolled Area
boundary

Itfects ot fault oft-
set on water-table
levels

I'

I.-

< 10-1 per
10,000 yr

Show water table
will not rise

to within 100 a
ot repository
horiron in
10,000 yE

Low Slip rates on Qua- t 0.01 _/yr
ternary faults
in and nner site

High Otientation and H.25E. -
length ot fault- 11.25W10.
ing 10-20 km

Hydrologic model See Section
of saturated 3.9.3.2.1
zone flow system

Hydrologic model See Section
at unsaturated 1.9.3.2.I

flow System

Evidence of higher See Sect ion
water levels in 1.2.2.2.10

Quaternary due
to faulting

Moderate High 8. .1.17.4 6. 3.1 1 .4 . - valate SEage-
Coach RoQA tfult zone

8 3.ll17 4.6 1 - Evaluate Quater-
nary geology and potential
Quaternary faults at Yucca
Mounta n

8.3.1174.6 2 - Evaluate age and
recurrence of movement Qn sus-
pected and known Quaternary
faults

8.131.117.1 - Hejevant edrthsuake
sources

Moderate Moderate 93.1.17. 3

Moderate High 8.3.1.2.3 8.3.1.2J3.l - Conceptualizaraon
of SAturated *one flow mo0els

Moderate High 8.3.1.2.2 6 3.1.2.2 8 - Flo. an unsaturated,
fractured rock

9.3.1.2.2.9 - Site unsatulat4d
zone modeling, synthesis, and
inte*qraE ion

9.3.1.5.2.1.5 - Studies of calcite
and op41aLn silica vern deposits

Low Moderate 8.3.1.5.2

*M5L - "an sea level.

I-.

.-'

PIJ.



Table 8.3.1.8-Sa. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 3; alteration
of rock properties along significant travel paths)

botentielly afer"e tFvorable
SCF section condition addebss condition addressed Intermediate
requesting 410 Cre i0.1221c) (110 Cro 40.122(bil Initiating Performance performance
parameter ISection 6.3.5.17) tSection 1.3.5.171 event easure Goal measure Goal

513.5.1 1 I3SUe 5, 15, 24 1, l1i) Igneous intrusion EPPH << I Radionuclide trans- The localize

0

I-i

:0

I-.-

ferftosince prameltet

3 A
1.1, total
system peR-
tormancel

135.17 (Issue
1.#, "ItC
sit ing
criteria)

1.3.5.1 /Issue
1.5. higher
level findings-
postc losurls

causes changes
in hydrologic
properties

pOrt time through
UZt, given fixed
thickness ot UZ

flux along
travel paths
fro, the
repository to
the accessible
envi ronment
will not be
* gnificant ly
increased for
distances that
are a signiti-
part of the
the travel patr
over 10,000 yr

Sam5 as above

innudl prbliability of
significant igneous
Intrusions Within
0.5 km of con-
trolled area
boundary

LI

CD
I

4, 5 11, 24 1, 0(J) Episodic offset on
faulting causes
local changes in
rock hydrologic
properties,
thereby destroy-
ing existing
barriers to flow,
creating barriets
to flow, or
creating new
conduits tot
diainnae

1, O/i) Changes in stress
or $ttrin In the
controlled area
resulting from
episodic fault-
ing, folding, or
uplift causes
changes in the
hydrologic prop-
cities of the
rock mass

Same as
above

Sae as Same as above
above

Eftects of igFeous
intrusions on local
fracture permea-
Lilities and *ttec-
tive porosities

Annual probabikity of
faulting *vents on
Quaternary faults
within 0.5 km of

controlled area
boundary

Effects of fault
motion on local
fracture permeabil-
ities and effective
porosities

4, S. 11, 24 Same as
above

S_ as Sas as above
&bowe

Sam as Above Effects of changes of
stress or sttain on
hydrologic properties
of the rock mass

0
I

CH
H-

0
'1)

H-
*EPrH - expected partial pertornce measure (Section 6.3.5.131.
b0 1 - unsaturated tome.



Table 8.3.1.8-5b. Investigation 8.3.1.8.3 - Studies to provide information required on changes in
unsaturated and saturated zone hydrology due to tectonic events (Study 3; alteration
of rock properties along significant travel paths)

Per formance
peramater

Tent at ive

parameter
goal

Testing basis
Currant He-eded

estliate Confidence confidence
lrange or in current In trnal Investigations

bound) etlimate values supplying data

0I

0

CD
i6

Z_

d

i

Needed Cherecterizatlon
confidence parameter

Key studies or activitiss
Supplying data

ci

S.

Annual probability of
significant igneous
intrusions within
0.5 km oat con-
trolled Alea
boundary

Effects of igneous
intrusions on local
fracture pereiza-

bilitlie end attec-
tliv porositzes

Annual probability of
faulting events on
Oueternary faults
within 0.5 km ot
cont tolled area
boundary

< 10- per yr

Show no signifi-
cant chang*s
in rock hydro-
logic proper-
ties

Show < 10 ,- pet
yr tor each
fault

Moderate Probability calcu- 10-' to 10-'

lation for Vol- per yr

canic events

Low Evidence of change ho data

in rock proper- available

ties around dikes

in the region

Mode rat e

Low Moderate 8.3.I.8.5 B 3.l 8.5.2.2 - Chemical ana phys-
ical changes around dikes

High 811d10.3. .3.6. I .1 .4 - 1robability calcu-
lat lons and assessment

High Location of Oua-
ternary faults
In and neat site

Slip rate and
recurrence
interval for
Quaternary taults
in and near site

See figure
1-36

Slip cate
C 0.01 _
Par yr

Moderate

Mode rate

Nigh S.3.l.l1.4 8.3.1.114 6.1 - Evaluate Quatez-
nary geology and potential
Quaternary faults at Yucca
Mountain

High 8.3.1.17.4 d.3.1.17.4 6.2 - Evaluate age and
recurrence ot movement on sus-
pected and known QuaternaLy
tault I

Effects ot fault motion
on local fracture
permeabilities and
effective porosities

Show change in
fracture per-
snability is

a factor of 2,
and that frcs-
tute porosity
increases

Show changes
in conduc-
tivity and
porosity
of rock iass
are < a
factor of 2

High Evidence of epi- See Section
sodic rock prop- 1.3.2.2.2
arty changes
along faults

Low I.derate 8.3.1.4.2 -.3.1.4.2.2.3 Borehole evalua-
tion of faults and fractures

8.3.1.4.2.2.4-Geologic mapping
of exploratory shaft and drifts

83.1.3.2.1.3- Fracture
mineralogy

Effects of changes ot
stress or strain on
hydrologic properties
of the rock mass

Low Potential stress
and strain

See Section
1.3.2.3

changes in the
rock mass due to
faulting Oc Other
tectonic processes

Hydrologic models See Sections
of flow in the 3.9.2.1 and
saturated And 3.9.3.2.2
unsaturated sone

Low Moderate 8.3.1.17.4 .3.l...12. -Evaluate
tectonic processes and tectonic
stability at the site

Low Moderate 8.3.1.2.2 8.3.1.2.2.8 - flow in unsAturateti
fractured rock

8.3.1.2.2.9 - Site unsaturated
zone modeling, Synthesis, And
integration

8.3.1.2.1 0.3.1,2.3.3.1 - Conceptuazizatior
of saturated zozze tlo. moaeli

0

'V
I3



Table 8.3.1.8-6a. Investigation 8.3.1.8.4 - Studies to provide information required on changes in rock
geochemical properties resulting from tectonic processes I)

Pot ent ially adverse
SCP section condition addrnesed
requesting 310 crU 64.1221c))
parameter ISection 0.3.5.17

Favorable
conditlon addressed

41 CFR 60.1223b)
ISection 8.3.5.171

Initiating Performance
event measure

Intermediate
pe oromance

Goal msure

0

I
I.-

ce parameter xl
(1:1

b__ ty

abbl IIt y of

inr u.io -. 1

Goal Pertolmanc

6.3.5.13 tIssue
I.), total
system per-
formaincel

0.3.5.17 lIssue
I . N, 11C
S at inq
cmIter al

6, is, 24 1, 3 Igneous intrusion
causes changes
is cock geochem-
ical properties

EPPH- << I ladionuclide
transport time
through UZb,
given fixed
thickness of
UZ

Same as above Same as Same as above
above

For radionuclides
with travel
times less than
10.000 yr. the
change in Ids'
will not be
more than a
factor of 2
in 10,000 yE
with a high
level of
confidence

Annual prot

within 0.5 kS of
the controlled
area boundary

Effects of intrusions
on local rock geo-
chemical properties

CK)

;M

rcI

* 1.5.16 Issue
I .9, higher
level findings-
postclosugel

*. 11, 24 1, I Offset on a fault
causes changes
in movement of
ground weter
that results in
mineralogical
changes along
fault Sone

*, 11, 24 1. 3 Offset on a fault
changes travel
pathway to one
with different
geochasical
properties

Same as above Same a Same as S bove
above

Same as above Probabilty of move-
ment and location
of Quaternary
faults in control-
led area

Degree of mineral
changes in fault
xone in 10,000 yr

5Sam as above Probability of total
offsets > 2.0 SI in
10,000 yr on a
fault within 0.5 Im
of controlled atea
boundary

tfRects of fault off-
set on travel path-
way

Same as above Degree of mineral
change in the con-
trolled are result-
tang from changes
in water-table
level or flow pAtl2
an 10,000 yr

a. 11 24 1, 3 Tectonic processes Sao as above
cause changes in
ground-water
table or move-
ment that results
in mineral
changes in con-
trolled area

Sam as Same as above
above

I.-

*EPPM - expected partial performance measure (Section 0.35.131
bUZ - unsaturated gone.
'K. - distribution coefficient.

-- - (U)M



Table 8.3.1.8-6b. Investigation 8.3.1.8.4 - Studies to provide information required on changes in rock
geochemical properties resulting from tectonic processes (page 1 of 2)

I-
I.-

Pet formance
Paaimeter

Tent at ive
parameter
goal

Needed Characteri rat ion
confidence parameter

Current
est imate
frange or

bound)

Testing basis

Confidence
in Current
estimate

Ieaded
confidence
In final Investigations
values supplying data

Iey st udieS O0 act ivi ieS
supplying data

Annual probability ot
significant igneous
intrusions within
0.S kI of the con-
troliled area
boundary

Effects of intrusions
on local rock geo-
chemical properties

Probability of movement
within 2 km of our-
lace and location of
Quaternary faults in
controlled area

< 11- per yr Moderate Probability calcu- 107' to lo-,
lations tor Vol- peg yr
canic events

Moderate High 8. 3.1 f1 8 3l 18l1 14 - Probability calu-
lAt Lons and assessment

coJ

IIM

Show potential
changes in
mineralogy
will not be
oatensive

< 10-4 per yr
for each
fault

Low Ividence of change Data not
in geochemical available
properties around
dikes in the
region

Low moderate 8.3.1.8.5 8.3.1.8.5.2.2 - Chemical and
physical changes around dikes

Moderate Location of Qua-
ternary faults
in controlled
area

See figure
1-36

Moderate

Mode rate

High 8.3.1.17.4 8.3.1.7 4.6. 1 - Evaluate Quaternary
geology and potential Quaternary

faults At yucca Mountain

High 8.3.1.17.4 8.31 17.4.6.2 - Evaluate age and
recurrence of movement on ss-
pected and known Quaternary
faults

Slip rate and ( 0.01 -
recurrence Inter- per yr
vals for Quater-
nary faults in
the controlled
&rea

Degree of mineralogic
change In fault sone
in 10,000 yr

Show adverse
changes in
mineralogy
will not
OCCUt

Modetate Nature and age
of minerelogic
changes on
faults in the
controlled ar

See Section
1.3.2.3

Low Moderate 8.3.1.4.2 813.1.4.2.2.3 - lorehole valua-
tion of faults and fractures

8.3.1.4.2.2.4 - Geologic mapping
of shafts and drifts

*.)113.2.l.3 1- rsrcture

mineralogy
8.3.1.3.2.2 - History of

munetalogic and geoche-acol
alteration of Yucca Mountain

PrI c-b II it y of ror al

offsets > 2.0 a in
1o.000 yr on a fault
wiihin conrrflled

area bounlary

< 10- per
10,000 yr

Moderate Slip rates on Qua- < 0 01 _a
ternary laults per yr
In And nIeAr Site

Moderate High 8.3.1.17.4 8.3.ll17 4.41- Evaluate Stage-
coach PoJd fault ZOne

83.1. 17.4 t., - Evaluare aje and
rectr(0nte Ot Movement n 3us-
pecteS and kntwn Q.ateri1
fault s

0
01
B-.

!as

W-



Table 8.3.1.8-6b. Investigation 8.3.1.8.4 - Studies to provide information required on changes in rock
geochemical properties resulting from tectonic processes (page 2 of 2)

_ ba_ _ _ _ o

- Uesting basis
Cr. ent -V U-d-

Per forance
parametet

tentat ile
Plameter
goal

Needed Characterization
confidence parameter

estimate
(range or

boundl

Cont idence
in current
eat imate

confidence
in final InVestigations
values supplying data

IKey studies o( aCtivities
supplying data

W

I.4

tffects of fault offset Show significant
on travel pathway change. will

not OcCuE

Moderate Nydrologic rtodels
of unsaturated
And saturated
tone flow

See Sect ions
3.9.3.2.1
and
3.9.3.2.2

Data not
available

Hoderate High S.3.1.2.2 6.3.1.2.2 8 - flow in unsaturated,
fractured rock

S.3.1.2.2.9 - Site unsaturated
tone modeling, symthesis, and
integration

8.3.1. 2. 3

co)

Degree of mineralogic
change in the con-
trolled area result-
ing from changes in
water-table level
or flow paths in
10,000 yr

Show adverse
changes in min-
eralogy will
not occur

Low Probability and
magnitude of
hydrologic
changes

LoW moderate 6.3.1.6.3

6.3.1.8.3.3.1 - ConceptualtiatLon
of saturated zone flow models

d.3.1.8.3,2.2 - Assessment of the
effects of igneous intrusion on
water-tabIle elevations

0.3.1.8.3.2.3 - Assessment of the
effect of strain changes on
water-table elevation

6.3.1.6.3.2.4 - Assessment ot the
effect of folding, uplift, or
subsidence on water-table eleva-
tion

6.3.1.8.3.2.6 - Assessment of the
effect of faulting on water-
table elevation

"II

0

C>

lI.-



YMP/CM-00ll, Rev. I YMP/CM-0011, Rev. I

explicitly addressed in the tables because it has been determined that no
additional data are needed to make the higher level findings of 10 CFR Part
960 over that required to resolve Issue 1.1 (total system performance, Sec-
tion 8.3.5.13) and Issue 1.8 (10 CFR Part 60, NRC siting criteria, Sec-
tion 8.3.5.17). Detailed discussion of the 10 CFR Part 960 higher level
findings can be found in Section 8.3.5.18 (higher level findings--post-
closure).

Part A of Tables 8.3.1.8-1 through 8.3.1.8-6 basically repeats the
information called for in Tables 8.3.5.13-9 through 8.3.5.13-16 in Issue 1.1
and the requirements of Issue 1.11 (Section 8.3.2.2). Part B of the tables
indicates the data that will be used and the activities supplying the data
necessary in addressing the performance parameters. The first column of Part
B repeats the performance parameters from Part A to provide a link between
the two parts of the table. The second column provides a tentative parameter
goal for the performance parameter. Like the goals for intermediate perform-
ance measure, performance parameter goals are intended to provide guidance on
the level of accuracy or precision required in addressing the performance
parameter rather than indicating anticipated results or levels at which total
system performance objectives would not be met. The third column presents a
subjective judgment on the needed level of confidence and relative importance
of the performance parameters in order to demonstrate that the goals for the
performance measure and intermediate performance measure are satisfied.
These judgments combine a consideration of the level of detail that can
reasonably be achieved in addressing the parameter, the probability of the
initiating event having a significant impact on the component of the system
performance calculation being considered, and the probability of the initiat-
ing event occurring. The information in this column is intended to provide
guidance to the data gathering activities on the relative amount of effort
that should be expended in addressing each performance parameter.

The fourth column identifies the characterization parameters associated
with each performance parameter. A characterization parameter is an item of
information necessary to prepare the analysis called for in the performance
parameter. Characterization parameters are frequently higher level param-
eters themselves in that data supplied by other activities must generally be
compiled and synthesized to supply the necessary information. The fifth
column provides the current estimate of the characterization parameter.
These estimates are based on the data presented in Chapter 1, the references
supporting Chapter 1, and the technical judgments based on these data. The
sixth and seventh columns provide a judgment of the confidence in the current
estimate of the characterization parameter and a judgment of the confidence
needed at the end of site characterization in the characterization parameter.
These two columns are intended to provide guidance to the data collecting
activities on the amount of additional effort that is required to complete
the program. The final two columns in Part B identify the investigation
number, and number and short title of the specific studies or activities that
are called upon to supply data to satisfy the characterization parameter.

The approach used in this program to satisfy the data needs listed in
the performance parameters is to have one activity associated with each
initiating event whose role is to prepare a report that provides an assess-
ment of that event. The assessment w:.2l address the performance parameters
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associated with the initiating event and provide an overview of the prob-
ability of significant changes in existing conditions that could affect
radionuclide release rates resulting from the tectonic process being consid-
ered. The report will provide the basis for deciding how the initiating
event will be treated in repository performance assessment calculations. The
data presented in Chapters 1 and 4 indicate that several of the initiating
events (e.g., those related to uplift, folding, and geochemical changes) can
be considered as non-credible in repository release calculations. In these
cases, the reports prepared by this program will document this conclusion
using existing data or bounding calculations, and little or no additional
data will be gathered to directly address these initiating events.

Approach to satisfy performance and design requirements

Both the NRC technical criteria (10 CFR 60.122) and the DOE siting
guidelines (10 CFR 960.4-2-7) require that prediction of future tectonic
processes and events be determined from projections based on an examination
of these processes and events during the Quaternary. The Yucca Mountain
Project, therefore, intends to base its analysis of performance measures on a
projection of Quaternary rates of tectonic processes on geologic structures
at and proximal to the site.

This program also supplies data for the resolution of Issue 1.8 (Section
8.3.5.17): analyses to determine the degree to which each of the favorable
and potentially adverse conditions, if present, has been characterized and
the extent to which it contributes to or detracts from isolation. Specific
guidance on the scopes of these analyses is provided in
10 CFR 60.21(c)(1)(ii)(B): "For the purpose of determining the presence of
the potentially adverse conditions, investigations shall extend from the
surface to a depth sufficient to determine critical pathways for radionuclide
migration from the underground facility to the accessible environment.
Potentially adverse conditions shall be investigated outside of the
controlled area if they affect isolation within the controlled area."

The data identified in the first four investigations will provide the
additional detail necessary to accurately characterize the effects of tec-
tonic processes operating at or near the site and to measure the rates at
which they operated during the Quaternary. This information will then be
used to provide the projection of future rates necessary to satisfy the
performance parameters. Before each data gathering activity begins, the
related performance parameters will be evaluated to determine if currently
available data are sufficient to satisfy the parameter with the required
level of confidence. If the performance parameter has been satisfied, then
further studies will not be undertaken (Figure 8.3.1.8-2). If the parameter
has not been satisfied, then the feasibility of planned or potential activ-
ities will be evaluated to determine if the activities will reasonably
increase the level of confidence in the parameters that describe the process
or not. If it is not feasible to increase the level of confidence, then no
additional studies will be performed and the site performance will be evalua-
ted on the basis of available data. The data gathering activities identified
in the analysis and assessment investigations will be undertaken if they are
found to provide the additional data or confidence necessary to resolve the
performance parameter.
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Figure 8.3.1.8-2. Parameter analysis
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Various data are used to make the projections of tectonic processes and
events into the future, including earthquake observations, fault measure-
ments, geologic mapping, drilling, gravity and magnetic surveys, and other
geophysical data. Alternative interpretations of the data will be explored
and evaluated with respect to implications for repository performance. These
multiple interpretations will be refined to the extent necessary to establish
the degree of confidence in the parameter characterization that is specified
by the intermediate performance measure goals and performance parameter goals
(Tables 8.3.1.8-1 through 8.3.1.8-6).

Five investigations have been identified under the postclosure tectonics
program. The first four investigations are related to the six intermediate
performance measures in Tables 8.3.1.8-1 through 8.3.1.8-6. The studies and
activities connected with these investigations provide the analysis and in-
terpretation necessary to evaluate the site against the performance param-
eter. These analysis activities also identify the type and level of detail
of the data necessary for the resolution of the performance parameter. Be-
cause the analysis and interpretation activities for different performance
parameters repeatedly call for the same type of data, data gathering activi-
ties are grouped separately under a fifth investigation that feeds data as
required to the analysis activities associated with the performance and
characterization parameters. The interrelationships among the investigations
in this program are shown in Figure 8.3.1.8-1. Much of the data required to
resolve this issue will be collected by activities associated with other
programs. These activities and the data they are required to provide are
identified in the investigation descriptions and in their accompanying logic
diagrams.

Studies for Investigation 8.3.1.8.1 will provide the analyses to satisfy
the performance parameters related to direct releases resulting from volcanic
activity These performance parameters address the initiating event related
to the d_ -act intrusion of magma into the repository or potential explosive
episodes (hydrovolcanism) that may result from such intrusions which could
directly result in releases to the accessible environment. As discussed in
Sections 1.3 and 1.5, basaltic volcanism is considered the only credible
scenario for igneous intrusion in the controlled area during the postclosure
time period. Preliminary calculations of the probability of basaltic volcan-
ism (Section 1.5.1.2.3) indicate that this type of igneous activity may fall
into the range of unanticipated events (between 10-5 and 10-8 annual proba-
bility). The performance goal assumes that annual probabilities of occur-
rence for this type of event are independent of time (Poisson recurrence
model) and sets for a goal that this type of event will remain unanticipated
with a high level of confidence (10-6 annual probability or 99 percent level
of confidence that the event will not occur in 10,000 yr). The strategy used
in this investigation is to gather more refined data on the age, occurrence,
and relation to geologic structure of basaltic volcanism in the site area and
to use these data to calculate more detailed probabilistic assessments of the
potential for basaltic volcanism intersecting the repository or occurring in
the controlled area. The possibility that the occurrence of volcanism is not
random over the region, but controlled by geologic structures or other fac-
tors will also be considered in the assessment. A second part of the strat-
egy will be an assessment of the effects on a repository of Strombolian or
hydrovolcanic eruptions that penetrate the repository.
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Investigation 8.3.1.8.2 will provide the analyses to resolve the per-
formance measure related to the failure of waste packages due to tectonic
events. Structural deformation resulting from tectonic processes such as
faulting (including detachment faulting), uplift, subsidence, or folding
could adversely affect the effective lifetime of the waste packages in
containing the waste. If deformation was found to be significant enough that
the requirements for waste package performance could not be met, the changes
required in repository geometry may be such that the repository would no
longer be able to accommodate.the specified volume of waste (70,000 MTU).
The goal (Table 8.3.1.8-2) for the performance measure is derived from the
considerations discussed in Section 8.3.4.2. Section 8.3.4.2 sets design
goals for rock-induced loads to the waste package. One goal states that less
than 0.5% of the waste packages will be breached by anticipated tectonic
processes and events that may occur during the first 1,000 yr. This level is
designed to be compatible with the overall goal for waste package performance
from all modes of failure of less than 5 percent in 300 yr and less than 20
percent in 1,000 yr. (Section 8.3.5.9). The level of confidence for the
performance goal was set so that exceedance of the goal would be an
unanticipated event.

The first initiating event considered under this intermediate perform-
ance measure is the possibility of igneous activity such as the intrusion of
a dike or an explosive hydrovolcanic event which could lead to waste package
failure (Table 8.3.1.8-2). The number of waste packages affected by a
disruptive event such as a hydrovolcanic eruption has not been estimated.
The performance parameter goal was set to have the penetration of the repos-
itory in 1,000 yr by igneous intrusions be an unanticipated event because
waste package disruption scenarios only need to consider anticipated events.

The second initiating event considers the effect of fault displacement
on waste package integrity. A value of 5 cm was selected as the performance
parameter at which fault displacement becomes significant over a 1,000-yr
period because at this value it is estimated that the 7.6-cm air gap around
the waste package (Sections 6.2.6.2 and 7.3.1.3) would be partially closed
and any additional displacement might result in undesirable reduction of the
air gap or possible waste package failure.

The strategy for demonstrating that faulting will not lead to signifi-
cant waste package failure in 1,000 yr will be to locate and characterize
Quaternary faults in and proximal to the controlled area. Because these
faults (such as Windy Wash and Paintbrush Canyon (Section 1.3.2.2.2)) have
very low slip rates, it is anticipated that the demonstration can be made
that the occurrence of 5 am of displacement in 1,000 yr on even these longer,
more significant faults is a very low probability event. The characteristics
of the known Quaternary faults in the area will be compared to those of the
faults that penetrate the repository block to demonstrate that these smaller
faults are much less likely to support a slip rate comparable to the larger
faults in the area. A second part of the strategy will be to estimate the
number of waste packages a throughgoing fault would intersect in the reposi-
tory. Using the formula of Link et al. (1982) to estimate the hazard posed
by faulting, a randomly oriented fault would intersect about ten waste
packages out of an inventory of 18,000 waste packages in a 510 ha repository.
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This type of analysis will be used to demonstrate that significant displace-
ment would have to occur on several faults to create failures on more than
0.5 percent of the waste package inventory.

The third initiating event considers the possibility that high rates of
folding operating over a 1,000-yr period could result in sufficient waste-
emplacement borehole deformation to lead to waste package failure. The per-
formance parameter goal was selected so that, if the goal is met, then
bending of waste emplacement boreholes by folding or deformation due to
distributed shear of more than 5 cm will not be a credible event (less than
l0-8 annual probability). The value of 5 cm for the goal for borehole defor-
mation was also selected on the basis of a substantially reduced air gap
around the waste package. The strategy for demonstrating compliance with the
performance parameter goal will be to demonstrate the absence of significant
folding in the repository horizon during the last 10 million yr.

Regional uplift and subsidence are not considered credible processes
that could lead to waste package failure. The only conceivable mechanism by
which uplift could lead to waste package failure is for extreme uplift rates
to occur, which could lead to the exposure of waste packages to erosional
processes. This initiating event is considered separately in Investigation
8.3.1.6.3.

Investigation 8.3.1.8.3 addresses the effects tectonic processes may
have on hydrologic characteristics in the controlled area. A set of three
intermediate performance measures have been identified as the significant
hydrologic factors that could be adversely affected by tectonic processes and
events. The three intermediate performance measures are alteration of
average percolation flux, changes in water-table elevation, and alteration of
rock properties along significant potential travel paths (Tables 8.3.1.8-3 to
8.3.1.8-5 and Section 8.3.5.13).

The initiating events identified for the intermediate performance mea-
sure that addresses the alteration of average percolation flux are concerned
with tectonic processes that could alter flux rates such as (1) the creation
of impoundments due to volcanic flows or the formation of fault scarps,
(2) the diversion of drainage due to volcanic activity, faulting, uplif-, or
subsidence, (3) the creation of perched aquifers above the repository due to
faulting, (4) the creation of impermeable zones such as the injection of a
sill, and (5) a change in dip of the repository rock due to faulting or
folding. The basic strategy in addressing this intermediete performance mea-
sure will be to measure the Quaternary rate of igneous activity and tectonic
deformation due to faulting, folding, uplift, and subsidence in the reposi-
tory area and demonstrate that these rates are low enough that the perform-
ance parameter goal would not be exceeded in a 10,000-yr period.

The intermediate performance measure concerned with changes in water
table elevation (Table 8.3.1.8-4) considers the possibility that tectonic
events or processes could result in rises in the water table, changes in the
potentiometric level of confined aquifers, or the creation of perched aqui-
fers. Such changes could result in the shortening of the ground-water travel
pathway in the unsaturated zone and altered radionuclide release rates to the
accessible environment. Changes in water-table elevation may also affect
hydraulic gradients and the location of discharge points. The distance from
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the repository horizon to the water table is currently about 250 m. The
intermediate performance measure goal was set at a distance of greater than
100 m because it is estimated that the reduction in unsaturated zone release
rates would become significant at this point.

The effects of tectonic initiating events considered as possible causes
for these changes in the length of the unsaturated zone pathway in Table
8.3.1.8-4 include (1) the creation of barriers to ground-water flow as a
result of the formation of igneous dikes, (2) offsets that juxtapose units
with differing hydrologic properties due to movement on a fault, (3) the
change in elevation of the repository with respect to the water table due to
folding or subsidence, and (4) the change in water-table elevation or poten-
tiometric level that might result from strain changes through the faulting
cycle.

The intermediate performance measure addressing the alteration of rock
properties along significant potential travel paths is concerned with possi-
ble changes in rock properties due to tectonic processes that could result in
changes in the hydrologic flow properties of the rocks in the controlled
area. The effects of initiating events considered are (1) changes in rock
properties due to an igneous intrusion, (2) change in rock properties along a
fault due to fault movement that results in the creation or destruction of
barriers to lateral flow or the creation of conduits of increased vertical
flow, and (3) changes in the hydrologic properties of the rock mass due to
episodic changes in strain due to faulting or folding (Table 8.3.1.8-5).
This intermediate performance measure will also consider the effects that
changes in rock properties could have on the movement of gaseous decay
products in the unsaturated zone. The strategy for evaluating the magnitude
of such changes will be to estimate the rate of tectonic activity in the area
and estimate the impact of tectonic processes through hydrologic modeling.

Investigation 8.3.1.8.4 addresses the possibility that geochemical
characteristics could be changed in the controlled area as a result of
tectonic processes and events. This investigation addresses the concerns of
the intermediate performance measure that addresses the possible changes in
rock geochemical properties or ground-water chemistry resulting from tectonic
processes and events (Table 8.3.1.8-6). The goal for this intermediate
performance measure was set so that tectonic processes would not adversely
affect the radionuclide release rate due to changes in the distribution
coefficient (Kds) of the rock by more than a factor of 2 in 10,000 yr for
those radionuclides with expected travel times of less than 10,000 yr with a
high level of confidence. The effects of initiating events that are consid-
ered for this intermediate performance measure are (1) alteration of the
country rock caused by an igneous intrusion, (2) changes in the mineralogy
along a fault zone due to changes in ground water flow paths caused by
faulting, (3) changes in travel paths due to faulting, and (4) mineralogic
changes caused by fluctuations in water level due to tectonic events. The
principal strategy in addressing this intermediate performance measure will
be to investigate the nature and extent of mineralogic changes that have
occurred in the past around dikes and faults in the area around the site.
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The studies and activities that provide the data for the analyses of the
intermediate performance measures are collected under Investigation
8.3.1.8.5. The data-gathering studies and activities are aggregated
separately from the investigations addressing the intermediate performance
measures because each of the intermediate performance measures tends to ;all
on the same data to analyze its initiating events. The separation of data-
analysis activities from data-gathering activities by placing them in dif-
ferent investigations is believed to improve and clarify the logic flow in
the investigations related to the analysis of the intermediate performance
measures and to identify more clearly the nature and level of detail of data
that must be collected. The activities collected under Investigation
8.3.1.8.5 for this tectonics program are few because most of the data neces-
sary for the resolving of the intermediate performance measures are supplied
by activities in other programs. The data that are being supplied by activi-
ties in other programs are identified in Tables 8.3.1.8-1 to 8.3.1.8-6 and in
the investigation descriptions.

Alternative Concevtual Models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that
summarize (1) the current hypotheses regarding how the site can be modeled
and how modeling parameters can be estimated; (2) the uncertainty associated
with this current understanding, including alternative hypotheses that are
also consistent with available data and which may compose an alternative
conceptual model; (3) the significance of alternative hypotheses; and
(4) activities or studies designed to discriminate between alternative
hypotheses or to reduce uncertainty. Integration of information from dif-
ferent disciplines is often necessary to comprehensively evaluate alternative
hypotheses. Accordingly, the hypothesis-testing tables for each site program
call for information from studies and activities in other programs, as
appropriate. Tables 8.3.1.8-7 and 8.3.1.8-8 summarize the current under-
standing in the modeling of local and regional tectonics, respectively, that
is being performed as part of the preclosure Tectonics Site Program.

To help ensure comprehensiveness of the hypotheses considered in Tables
8.3.1.8-7 and 8.3.1.8-8, hypotheses for postclosure tectonics modeling have
been divided into elements or components that describe the physical domain
defined by the model, the driving forces/processes that influence the behav-
ior of the model, the boundary conditions that affect the model, the system
geometry of the physical components of the model, and a series of elements
that describe the system response dynamics of the model in response to its
driving forces, boundary conditions and system geometry. These elements are
listed in column one.

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

The third column in Tables 8.3.1.8-7 and 8.3.1.8-8 provides a judged
level of uncertainty designated "high,' "moderate," or "low' associated with
the current representation for each element. A brief rationale for the
judgment is also given.
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Uncertainty and Alternative to Leduce

Current rcprsentation rationale hypothesis Significance of alternative hypothesis uncertainty
Needed con-
fidence in Sensitivity of

Performance measure, parameteg or parameter or
IMdel Current design or perform- performance performance measure teed to reduce

elinnt reprtesetatiaa once parameter measure to hypothesis uncertainty

SYSTEH ESPONSEF/DYNAS4ICS

Faulting
v.eometry
and
mechanisms
Icontinued)

cUo

Lin

Related to a Same as above medium to
strike-slip high
fault concealed
beneath a
detached upper
fault plate

Normal faults Sam as above nediue to
resulting fron high
incipient lift-
ing along the
Death Valley-
Pancake Range
tone due to
thermally driven
processes

Sam as above High Sam as above

Sam as aboveSam as above

fault Som faults in SAd
activity nGar the 0oe-

ttolled aCe have
been active io
Quatersary time

Low--trenching data
show Quaternary
activity

None identified Probability of medium to
faulting with dis- high
placements over
S o in repository
and at location of
facilities impot-
tant to safety

High--presence of
Quaternary fault-
ing increases
design and P.A.
concerns related
to faulting

Hone wone

Vaulting Slip rates on
gates faults near the

controlled areo
are low (<0.01
=/yr) with long
recrrence inter-
Vals Ml0,000 yO

Nediuma-no direct
measurnts of
strike-Slip
conponent

Slip rates are
higher because
of an unrecog-
nixed co ponent
of strike-slip
faulting

Probability of
faulting with
displacemeAt S
over S co in
repository and
and at location
of facilities
important to
safety

madium to Nigh--slip rates
high important in

estimating prob-
ability of Vat-
iou, sized
faulting events

High .3.1.17.4.4.2,
.3.1.17.4.4,

8.3.1.17.45.
and
5.3.1.17.4.3.2



Table 8.3.1.8-7. Current representation and alternative hypotheses for the local model for the
preclosure tectonics program (page 6 of 9)

StudI0s Os

uncertainty Bnd Alternative to reduce
Current representation rational'S hothesis _ Significance of alternativeohyPothesis uncertainty

neeao con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Nodal Current design or perform- pertormance performance measure Need to reduce

elomnt repressatation once parameter easure to hypothesis uncertainty

SYSThI RESPONSE/DYNTAMICS continued)

Vault
rupture
pattern

No hypothesis
selected

LAJ

I-.

t6

nigh--current data
insufficient to
choose mong possi-
ble aiternatives

Individual faulting
events are con-
fined to single
fault trands on
the north-trending
faults around the

, site

Probability of
faulting with
displacements
over 5 Cm in
repository and
at location of
facilities
kmportant to
safety

Medium to High--nature of
high single event

displacements
significant in
estimating earth-
quake magnitude
and probability
of faulting

High 8.3.1 .17.4.6.2,
8.3.1.17.4.4,
8.3 .1 17.4 .5,
and
8.3.1.17.4.3.2

Movemnt occurs on
several parallel
north-trenadig
faults during a
single faulting
event

Same as above Median to
high

Sam as above

Sam an above

High

High

Sam as above

Same as aboveThe north-trending Sm as &bowe
faults aer second-
ary faults or
splays ftt of a
larger fault
major strike-

slip or detach-
mnt feature)
and move at the
em tis mowv-
mat occurs De
the larger fault

Medium to
high

TMe of Qustenary vol-
volosami caIc events

in arte ar
charactertid
by Strooliaa
eruptions cith
a possible
initial phase
of hydrovel-
canto activity

Low--only type of
observed activity
in t4_it during
gustasnary

Noon identified tffects of volcanic Mdiai ,
eruption penetrat-
ing repository,
including area ot
repository
disrupted

None--no alterna-
tive identified

None None
C~

.I

I .



Table 8.3.1.8-7. Current representation and alternative hypotheses for the local model for the
preclosure tectonics program (page 7 of 9)

Stjitea or
activities

Uncertainty and Alternative tc reduce
Current representation rationale hvpothesis Significance of alternative hypOthesis u certdinty

Ileceae con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perfor.- performance performance measure Need to reduce

element represeatatiom *nce parameter measure to hypothesis uncertainty

SYSTEM RESPONSE/DYNAHICS Icontinued)

Controls
On
volcanim

Wo

lo hypothesis Nodita to igb-
*electe4 the probability

of voleonlt is
currently modeled
as a PoiSSonia
process. out
individual *vents
in the domain
appear to be
localized along
faults or other
linear structural
features

The occurrence of
volcanis is
g"nreally ran-
domly distribu-
ted in the domain

Annual probability
of volcanic erup-
tion that penetrates
the repository

co
IJ

High Meditm--if faults
control location
on a local scale,
they could affect
probability esti-
mates for site
disruption. Now-
ever, if proba-
bility were higher
at certain loca-
tions 4e.g..
Lathrop Wells
cone), then
probabilities at
repository may be
lowered

Medium 8.3.1.8.1.1.2,
8 .3.1.8.5.1.4,
8.3.1. 17.4.6.2
8.3-1.17.4.12.1,
8. 3. 1 .17.4. 7.2,
and
8.3.1.17.4.7.3

Structural teo-
tures, auch ae
faults or fault
intereectione.
may Control the
location of
volcanic vents

Sam as above High

High

Saw as above

Sam as &bowv

Iledium Same as above

Medium Same as aboveTbe occurrence ot Sam as above
volcanic evente
is related to
the occurrence
of faulting
events lag.,
presence of
ash In fault
*one e

Aii
,li

.I

A .



Table 8.3.1.8-7. Current representation and alternative hypotheses for the local model for the
preclosure tectonics program (page 8 of 9)

Studies or
act I vit its

Oncertainty and Alternative to reduce
Current reDresentation rational hypothesis Significance of alternative hypothesis uncertaintt

pecoeg con-
fidence in Sensitivity of

Performance measure, parameter or parameter or

Model Curront design or perform- performance performance measure Need to reduce
almot rprEsmentati once parameter measure to hypotheais uncertainty

SrSTH IttSPOSE/DYINAMCS /cont inued)

Rete of Rate of volcanime MWdjtm--brtter
volcmim_ &nd "gm gee- detimg of volcanic

sration hs bee_ events seeded
declining in the
domain in
Quaternary ed
late Tertiary
time

.

U)

cn trfectn volcanic or ig"-
oe ground- O$ v eentn will
water flow not nigaificantly

affect unsatura-
ted toee or
grouad water
flow over the
"a 10,000 rt

Ltw--feder dikes
too mrrow And
abort liled to
altor heat flow.
Ig1eova events
large enough to
alter heat flow
require more
then 10,000 yr
to develop.
gvent probability
very low

The rate of
volconims end
magme generation
has been constant
of increasing
during the
Quaternary and
late Tertiary

Volcanic and igno-
Oun events may
produce thermal
anomalies or phys-
ical barriers that
alter ground water
flow, ioisture
flux in the
unsaturated sone,
and the elevation
of the water table

Annual probability
of volcanic eruption
that penetrates the
repository

Thermal effects of
igneous intrusions
and volconism on
water-table
elevations

Radionuclide trans-
port tine through
unsaturated tone

hediuo

nigh

High High--rate important
in calculating
probability

Hedium--if event
occurred that had
thermal effects
great enough to
significantly aite
water table eleva-
tions, then
repository perform
ance could be
affected

S as above

High

Low--igneous
events that
could cause
signi ticant

r Changes
unlikely and
take >10,000

- years to
develop

Sam as above

and

8.3l.1.832.

8.3.1.5.3.2

8.3.1.8.3.2

Tectonic events
will t c
eignificaft

champ~s La the
Wistmte flux
rotes through
the saturated
oe" ad uveat-

urated some
during the "at
10,000 yr

Madim--moumt of
future Chang not
considered dignift-
ceet beCause poten
tial surface and
subaurtce changes
mot great enough
to significantly
influence flux
rates

Episodic faulting,
volcanls, or
other tectonic
events my cause
Corresponding
changes in out-
face and subsur-
face features
that affect
moisture flus
rateu through tha
saturated or
unaaturated sono
and could affect
performance

ladionculde trans-
port time through
unsaturated cone,
given fired
unsaturated rone
thickness, rock
hydrologic prop-
ertiea and
geochemical
properties

Nigh High--basis for
calculating
release rates
could be altered
it event proba-
bility and ties,
_ount of flux
change ware
significant

tediu --
signticant
changes
unlikely
since surface
or subsurfaCe
effects due
to faulting
or volcanima
are not
likely to be
great enough
to influence
flux rates

8.3.1.8.3.1

0

'1

CI.

I .

'A,

"i



Table 8.3.1.8-7. Current representation and alternative hypotheses for the local model for the
preclosure tectonics program (page 9 of 9)

0

I-

I-.

(DiCurrent representation
Uncertainty and

rationale
AIternat ive
hypothesis

St 'OIei3 0I

at't Icit &Cs
t.. rece

__Uiceq!AjCSiqnificance of alternative hypothesis
Feeded con-

fidence in
Performance measure, parameter or
design or perform- performance

ance parameter measure

Sensitivity of
parameter or

performance measure
to hypothesis

Model Current
*1ement represontatioa

Need to r.a,
uncertainty

SYSTEM ILSPOIESE/Db'NAMtIC 4continuad?

co

L.I

1I-

k.0

ff fects
on ground-
water flow
1eont anuad)

Tectonic events
will not cauae
significant
changes In water
table elevation
during tho malt
10,000 yr

Tectonic events
will not cause
signs ticant
changes in rock
matrix or frac-
ture hydrologic
properties dor-
ing the nmat
10,000 yr

Rock geochisical
properties are
not affected
by tectonic
processes during
the next 10,000
yr

Nedius--more data
nd"ed on possible

indicator. of past
fluctuations.
SNoe analysis
needed on size of
possible effects

Hedium--if trac-
ture dilation and
fracture filling
with carbonate,
silica or manganese
oxide are signifi-
cant and rapid
processes, then
changes is flux
rates and travel
time through the
unsaturated zos
Could oCcuC

Low--rate of rock
geochemical change
too low to pro-
duce significant
change in
10,000 yr

tpisodic faulting
and strain
release or other
tectonic *vents
may cause periodic
fluctuationa in
water table eIe-
vations that are
significant to
repository
performance

Episodic faulting
and strain release
or other tectonic
events may cause
changes in the
fracture hydro-
logic properties
that are signifi-
cant to repository
pertormance

The hydrologic
changes caused by
tectonic events
may significantly
alter rock geo-
chemical
propert ies

ladionuclide trans-
port time through
unsaturated zone,
given fixed
unsaturated tone
rock hydrologic
properties, and
geochemical
properties

Radionuclide trans-
port tim through
unsaturated zone,
given fixed unset-
uratcd zone thick-
ness. flux rates,
and geochemical
properties

Radionuclide trans-
port time through
unsaturated zone,
given fixed
unsaturated zone
thickness, rock
hydrologic
properties, and
flux rates

Nigh r jh--basis for
calculating
release rates
could be altered
it event proba-
bility and amount
of water table
change were
significant

High Nigh--basis for
calculating
release rates
could be altered
it event proba-
bility sad degree
-of hydrologic
property change
were signtic ant

High Hedium--basis
for calculating
release rates
could be altered
it event proba-
bility and amount
of geochemical
cnange were
significant.
However, geo-
chemistry not a
primary barrier

Nigh--some
nt erpreta-

tions of
existing data
allow
alternative

Medium--data
needed on
rites of frac-
ture dilation
and nineral
infatling in
fractures

8.3.1.8.3.2

0. 3.1.0.3.3

Chamical
properties
along flow
paths

Low--rate of 8.3.1.8.4.1
change too
low to be
i g i t Icant
in 10,000 yt

I-..

-Controlled area is the actual area chosen according to the 10 crR 60.2 definition.



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for the
postclosure tectonics program (page 1 of 6)

0
0Ql
iD

Cur ten, ref resent at son
Uncertainty and

rat Ionale
Alternat ive

hypothesis _

St U IIi Cf(,

.C t L V. .4,5

tG IC.3.ice

f.iii f di ci r.hpothesSbof510111 aIcUA- of aIteIflat Ivt hypothe313
7eaileff-VO6-

Hidel Current
elemnt re*ptIsentatLi&

ftdence in
Performance measure, parameter or
design or perform- performance

ance parameter measure

Sensitivity of
parameter or

performance measure
to hypothesis

Need to tejuce
UI ICt td fit y

Physical
daosi n

I-

40

1:i.tle crust,
southbern Great
Basin

mechanical plate
litefact iot

Low--cegional pro-
cesses outside
model domain
unlikely to affect
site design or
perftormince

Low--geophysicol,
geochamical. nd
beet flow data
support current
representation

NMA

fantle convection
cell

NA NA NA

HedLum--mant le
convect ion could
provide mechanism
for producing
changes in beat
flow

Lou--processes 8.3.17)4.I..
outside domain
unlikely to
affect design
or per tormance

Driving
torces/
processf&

Thermal effects of
igneous intrusions
and volcanism on
water table levels

ned Lot Low--exist ing
data gen-
erally sutff-
Cient to
differentiate

8.3.1.17.4 1-2

boundary Norsiontal strains
conditions must be conasi-

tent with 00a-
ternary Pacific-
North l Crica
plate movemt
hbstory

vertical strains-
no boundary con-
dition specified

System brittle crust--
geoimtry 15 km thick,

underlain by
ductile litbo-
sphere

brittle cruet is
cut by Inactive

Low--no alternatives None identified
available

Annual probability
of volcanic *rup-
tion that pene-
trates the
repository

Probability of
faulting with
displacement
over S co in
repository and
at location of
facilities
important to
safety

High Lou--probability
estimates not
greatly depen-
dent on regional
model

Low--existing
data gen-
erally suffl-
cient to
differentiate

8.3.1.17.4.1 2 2

Mledium to Low-miedium--
high regional strain

rates influence
faulting proba-
bilities but
local variations
more significant

Low-existing
data suffi-
cient and
increased
accuracy
probably not
reasonably
achievable

8.3.1.17.4 12.2

Low--geophysical
and heat flow
data provide
support for cur-
rent reprevsntat ion

Convection cell in
mantle Inltroduces
heat and strain
into brittle
cruet and results
in crustsl thin-
ning JDeath

Thermal etfects of MedIum
19igeous intru-

sions or volca-
nism on water
table levels

Medium--mant le

convection could
provide mechanism
for producing
changes in heat
flow

Me ll Wi --
CXI St I i Id

fi.i.rly sffix-
cient to
di ffefent ite

8 3 7 1 2 4 I.,
adI'
8. 3.1 1 I 4 .i

0

I-.



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for the
postclosure tectonics program (page 2 of 6)

0
I-

(II

"I

Current representation
Uncertainty and Alternative

rationale __qotheSis

Stulies or
act avat ics
tU. rI Jute

_ _ _ _

model Current
element representatioo

Perfornce measi
desigqi or perfori

ance parameter

Significance of alternative hypothesis
Reeded con-

fidence in Sensitivity of
ire, parameter or pdramteter or
*- performance performance measure

measure to hypothesis
Need to xeJuce

uncertainty

- -------- _'_ __ -

System
goomet ry
/contin-
ued)

*nd active
faults of vat-
ous orientit ions

Ductile crust and
underlying mantle
are relatively
passive elent

Valley-Pancake
Range lone Is
incipient rist)

Annual probability High
of volcanic
eruption that
penetrates the
repository

Low--probability
estiMates not
greatly depen-
dent on regional
model

Sam. 4s above

co

I.
t0

Same as atove

Same as aboveRadionuclide trans-
port time through
unsaturated tone

High Miedium--proxtity Same as above
of Yucca Mtountain
to postulated
incipient rift
could attect
strain rate and
fracture dilation.
changing water
table elevation
And rock hydro-
logic properties
in unsaturated
zone

SYSTEM4 RlsPOOsE/DYNAMIcs

Regional
faulting
mechanimas

tona selecte4 tfigh--data do not
support a single
hypothesis; geo-
logic and seismic
reflection data
indicate exten-
sional odel with
detachments; data
frcm historical
earthquakes indi-
cate planar normal
faults with a
strike-slip con-
component and high-
angle, deep-focus
strike-slip faults

Regional extension
do.inatea; any
strike-slip
motion is the
result of *xten-
sional proCesses
leg., detachment
faulting with
bounding shallow
strike-slip
faultas

Probability of
faulting with
displacements
over 5 cm in
repository and
at location of
facr lit ies
important to
safety

ledium to Msdium--regional
high dynamics affect

faulting esti-
mates but local
faulting rela-
tionships more
significant;

regional models
may allow a
variety of local
fault geometries

Medium--more
important;
reduce uncer-
taint Les
about nature
of local
faulting tor
aesiqn aisi
per toriance
than to
resolve
fault ing
mechanisms
throughout
the domain

. 3. 11.4. 12. 2
S. 3.1. 1. 4.3. 1.

and
.3.1.1I1.4.3.2

0
0

I-4111

CO
(D



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for the
postclosure tectonics program (page 3 of 6)

Current Ireresentataon
Uncertainty and

Eat ionale
Alternat ve

hypot he s i s

Studies or

at ivit ees
ti. Eedu r

VlCetar

CD
I,-,

I-.

(D

Sign&t cance of alternatace hypothesis
Reeoep con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
design or perform- performance performance measure Need t- ,educe

ance parameter measure to hypothesis uncertdirty
sodel Cu:rent

elent representation

SYSTEM RESPONSE/DYNAM4ICS (contsnuedf

Regional
faulting
mechanisms
Econt inuedi

co

I)

Strike-slip fault- Same as above
ing is a primary
feature that
controls the
Quaternary tec-
tonics of at
last part of
the domain; a
part of Pacific-
North American
right-lateral
tgonstorm move-
ment is comuuni-
cated inland to
Death Valley-
furnace Creek

faults and
Walker Lane.
Faulting results
from right-

lateral movemnt
on en echelon
strands of the
Walker Lane, end
dip-slip movement
on north- to north-
east trending
normal faults
connecting these
strands.

Same as
above

Same as above Same Ai Above SAme &!. above

I-.

I-.

I,.



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for the
postclosure tectonics program (page 4 of 6)

Uncertainty and
zat ionale

Alternat ive
iypUt Ae s s

StuS,t1C of
A& tI ~Itl eh
to IeiuCt

I-911I
C)
II-I
I-
I

W
M

Current rej"feCfl-tatioli S an, tfcanc. -t ea enati ve hvpotbes s

Weeae con-
fi adence in

PeiformAnce measure, parameter or
design or perform- performance

ance parameter measure

Sensitivity of
parameter or

performance measure
to hypothesis

Iodel Current
*lment representatioil

Need to ieJucc
uncertainty

SYSTEM P.ESIONSEIOYRAWIS lcontinued)

co

I-.

1..
L.I)

frequency
and dis-
t ribut ion
of events

None selected High--frequency and
distribution of
significant events
across domain aot
well known

Volcanism and
faulting sn the
domain are
episodic;
probability of
events may be
modeled as
Poissonian

Probability of
faulting vith
di splaceent s
over S cm in
repository and
at location of
facilities
important to
safety

Medium to Low-medium--
high variability of

event occurrence
probably great
enough that
Foissonian
assumptions are
sufficient even
if processes are
cyclic; cyclic
hypotheses most
significant if
it is assumed
site is in
quiescent zone

Lo-medium--
hazard
analyses will
generally
assume site

is in active
part of A
cycle, and
use the

highest mea-
sured rate
tor a defin-
able part of
the Quaternary

8.3.1 1.4 12.2,
8. 3 1 1.4 .3.2

8.3 I B 5 I 5
and
8.3.1.B.5.1.2

Volcanism and
faulting in the
domain are
cyclic; zones in
the domain may
be active for a
period And then
quiescent as
activity mligrates
to another zone

Annual probability High
of volcanic
eruption that
penetrates the
repository

Same as above Sam as above Same as above

Madionuclide trans-
port time through
unsaturated zone

High Low-medium--
changes in rate
of events could
cause changes in
strain rate and
fracture dilation
that could change
water table
elevationr and
rock hydrologic
ptoperties

Sae as above Same as above

a-.

1-.



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for the
postclosure tectonics program (page 5 of 6)

0

.-*

;VTCurrent !qresentation
Uncertainty and

rat ionale
Alternat ive

htypctt it S

Studllies oa
act wiit aes
tu. reduce

_zlatSignificance of alternative hypothesis

ueeoeu con-
tidence in

Performance measure, parameter or
design or perform- pertormance

ance parameter measure

Sensitivity of
parametex or

performance measure
to hypothesis

odeal Current
element representat ion

Need tU reduce
uncertLinty

SYSTEMI RLSVOOSE/DYNANICS (continued)

tatension
atse and

distribu-
tion

Average east-west
extension rate
across domain is
about I e pet
yr in the
Quaternary, but
eatension is
concentrated in
local zones

Nediam--degroo of
localizatloa of
extensioe not wall
known

Average east-west
estension rate
across domain is
about I o per
yr in the
Quaternary, and
estension is
evenly 4istrib-
uted across
Great Basin

Probability of
faulting with
displacement
over 5 e in
repository and
at location of
facilities
important to
safety

Pleitum to Lou-medium--
high regional strain

rates influence
faulting proba-
bilities but
local variations
sore significant

II
.55.

Lo--existing
data on
regional
rates suffi-
cient and
increased
accuracy
probably not
reasonably
achievable;
local model
Will assess
local rates

Lov--only I
minor amount
of confirma-
tory data
needed

8. 3 1 1 4 12 2

mature of Volcanic features
volcenism are rod by this,

short-lived
dikes rom deep
mantle sources
in an eatensional
environmest:

faults mAy Pro-
Vide preterred
pathweye for
occvrreoce

Low-umdi um-
relatively low
beat flow, basalt
geochemistry,
nnd low-volumm.
widely distributed
naturt of Volcen-
im support
representation

Incipient rift
hypothesis.
Quaternary vol-
canic rocks
originate
through melting
along rift sone
coincident with
Death Valley-
Pancake Rang
sone

Thermal effects of
igneous intru-
sions and vol-
canism on water-
table levels

Annual probability
ot volcanic
eruption that
penetrates the
repository

Same as above

Medium--
incipient rift
could provide
mchanism for
producing
changes in heat
flow

Low--ptobability
estimates ot
greatly
dependent on
regional model

Same as above

8.3.1.11.4.12 2.
8.3.1 17.4.V3,
8. 1 11.d 4 3 2
8 3. 1 .8. 1 1 .2,
h 3.1.8.1.1.3,
and
8.3.1 8 5 1 S

Nigh Sam as above Same as above

Leaky transform
hypothesis;
Ouaternary vol-
canic rocks
leek up along
pull-aparts con-
necting on
echelon seg-
ments of wrench
fault ystm

Same s
above

Same as above Same as above
0

CI-

(Ii



Table 8.3.1.8-8. Current representation and alternative hypotheses for the regional model for tLhe
postclosure tectonics program (page 6 of 6)

I-.

QI

t-'
Current representation

Uncertainty and
tat ionale

Alternat ive
hypothesis

Studies or
act ivit ies
to teluce

-_unceIany_"j~4canice of alternative hypothesis
ieadea con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
design or perform- pertorrance performance measure Need to reduce

ance parameter measure to hypotbests uncertainty
todel Current
*lewent representation

SYSTEM4 RESPOISE/DYWIAi4ICS Icoat inuedl

c-il

Distribu- The Death Valley-
tion of Pancake pang*
volcanism volcanic Rone

is a signifi-
Cant feature
controlling the
occurrence of
volcanism in
the domain

Hedium--with wide
distribution of
volcani in
docain, alignments
or trends are
always subjective

Other volcanic
lineaments or
patterns can
be drawn that
connect the
volcanic fields
of the region
(e.g., volcanic
lineament pat-
tern of Smith
and Luedke. 19841

innual probability High
of vAlcanic
eruption that
penet rates the
repository

Low--probabil Ity
estimates not
greatly dependent
on lineamaent
model because
area used in
calculation is
smaller than
width of lineament

Low--difficult 8.3.I.S.S.l.S
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The fourth column describes alternative hypotheses to the current
representation that are consistent with currently available data. As site
characterization proceeds and more information becomes available, alternative
hypotheses may be deleted or added or the current hypothesis may be revised
and refined.

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

Column six gives the needed confidence in the indicated performance
measure or performance parameter, as defined in the performance allocation
tables.

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

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The final column identifies the characterization studies or activities
that will discriminate between alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

Interrelationships of postclosure tectonics investigations

The interrelationship among issues, programs, investigations, favorable
conditions, and potentially adverse conditions is shown in Tables 8.3.1.8-1
to 8.3.1.8-6, Figure 8.3.1.8-1, and in the logic diagrams accompanying the
investigation descriptions.

The assessment of potential igneous activity in Investigation 8.3.1.8.1
will require an improved data base on the nature and rate of past activity in
order to prepare a probabilistic calculation on the possibility of future
igneous activity. The assessment will also include a consideration of possi-
ble structural controls on igneous activity and an evaluation of the possi-
bility of magma sources underlying the site. A second study will evaluate
the disruptive effects of Strombolian and hydrovolcanic eruptions should they
occur at the repository.

Investigation 8.3.1.8.2 is composed of one study that will assess the
likelihood and effects of each of the four initiating events on waste package
integrity. Data for the assessment sf waste package rupture due to igneous
activity will come from Investigation ;.3.1.8.1. The assessment of waste
package rupture due to faulting will use (1) data on the number of waste
packages that could be intersected by a throughgoing fault and (2) data on
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the slip rate, recurrence interval and displacement of individual events,
length, sense of movement, and width of zone of Quaternary deformation for
the north-trending normal faults found in and near the controlled area from
Investigations 8.3.1.17.4 and 8.3.1.4.2.

The performance parameter goals for folding indicate levels of signifi-
cance that are so high in relation to natural rates that existing data and
data from Investigation 8.3.1.4.2 are sufficient to make an assessment. Only
minor studies to gather additional data on folding in the region are planned.

Investigation 8.3.1.8.3 will use data on the nature and rates of igneous
activity, faulting, folding, uplift, and subsidence collected by the investi-
gations listed in Tables 8.3.1.8-3 to 8.3.1.8-6 to perform an assessment of
the amount of change that could be expected over the next 10,000 yr for the
three hydrologic concerns discussed in the intermediate performance measures.
In each instance, this assessment will have two parts and will be an itera-
tive process. The first part will be an estimation of the probability of
occurrence of tectonic processes that could affect hydrologic properties and
a characterization of the type of changes that could occur and the volume of
rock affected. The second part of the assessment will be hydrologic modeling
of potentially significant changes in model parameters due to tectonic proc-
esses to determine the expected amount of change in the hydrologic inter-
mediate performance measures. This investigation therefore supplies the
interface point needed for the integration of data between the geohydrology
and postzlosure tectonics program staff.

Investigation 8.3.1.8.4 will provide the analysis necessary to address
the intermediate performance measure concerning changes in rock geochemical
properties resulting from tectonic processes. The data necessary to perform
the analysis will be supplied by activities in Investigations 8.3.1.17.4,
8.3.1.2.2, 8.3.1.2.3, and 8.3.1.4.2 (Table 8.3.1.8-6). The analysis will use
data on mineral changes around dikes and faults in the area surrounding the
site to project the amount of expected change in the next 10,000 yr. Other
studies and activities will evaluate the probability of the initiating events
and evaluate the potential mineral changes that could result from the
occurrence of those events.

Investigation 8.3.1.8.5 will house the data-gathering studies and activ-
ities that are called for by the analysis activities. The studies contained
in this investigation are related to the probability and effects of volcanic
events and folding in region surrounding the repository. All other required
data will be collected by investigations related to other programs.

Schedule information for Site Program 8.3.1.8 (postclosure tectonics) is
presented in Section 8.3.1.8.6.
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8.3.1.8.1 Investigation: Studies to provide information required on direct
releases resulting from volcanic activity

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP data chapters and support documents
provide a technical summary of existing data relevant to this investigation:

SCP section Subiect

1.3.2.1 Volcanic history

1.5.1 Volcanism

1.8.1.3.1, Significant results (structural geology and
tectonics), 1.8.1.3.2 discussion of significant
results

1.8.1.5.1 Significant results (long-term regional stability)

Parameters

The following performance parameters (Table 8.3.1.8-1 and Sec-
tion 8.3.5.13) will be measured or calculated as a result of the studies
planned to satisfy this investigation:

1. Annual probability of a volcanic eruption that penetrates the
repository.

2. Effects of a volcanic eruption penetrating the repository including
area of repository disrupted and confidence bounds of estimate.

Purpose and objectives of the investigation

The purpose of this investigation is to provide the data required for an
assessment of repository performance with respect to the possibility of
direct releases resulting from volcanic events. The two performance param-
eters for this investigation have been identified by Issue 1.1 (Sec-
tion 8.3.5.13 and Table 8.3.1.8-1). The evaluation of these two performance
parameters is the subject of the two studies in this investigation (Fig-
ure 8.3.1.8-3). The two studies in this investigation will also supply the
data required by Issue 1.8 (Section 8.3.5.17) to address the favorable and
potentially adverse conditions of 10 CFR 60.122 listed in Table 8.3.1.8-1.
Investigations 8.3.1.8.2 through 8.3.1.8.4 will also use the results of this
investigation in their analyses of other intermediate performance measures.
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Technical rationale for the investigation

This investigation considers the single initiating event of a volcanic
eruption penetrating the repository and resulting in direct releases to the
atmosphere or land surface. As discussed in Sections 1.3.2.1 and 1.5.1,
basaltic volcanism is considered to be the only credible type of activity to
have a possibility of occurrence in the next 10,000 yr. Releases could occur
as the result of a dike that feeds a volcanic vent intersecting the reposi-
tory and entraining some waste. The waste could be ejected in a Strombolian
eruption as pyroclasts and incorporated in an ash fall and cinder cone. As
an alternative, if the ascending magma intersects a body of ground water, a
hydrovolcanic explosion could occur at depths great enough to cause disrup-
tion of the repository. This hydrovolcanic type of eruption might result in
the ejection of waste fragments as a result of the explosions from a tuff-
ring or maar volcano. Hydrovolcanic eruptions may change in time to a Strom-
bolian eruption resulting in the formation of a cinder cone.

Study 8.3.1.8.1.1 correlates to the first performance parameter listed
in the previous section. This study will analyze the data collected by the
program and estimate the probability of a volcanic event intersecting the
repository. The logic flow for the four activities contained in the study is
shown in Figure 8.3.1.8-3. The probability calculations will be refined
versions of the estimates presented in Section 1.5.1.2 and will assume that
the occurrence of basaltic volcanism in the region is independent of time and
location (Poisson recurrence model). It is possible that the occurrence of
volcanism is not actually a completely random process but that the location
of volcanic vents and the probability of their occurrence can be affected by
regional structural trends, local structures, and even topography. The in-
fluence of regional structural trends was factored into the area ratio (area
of repository/area to which volcanic event rate applies) of the probability
calculations (Section 1.5.1.2.3). The possibility of local structural con-
trols will be assessed by evaluating the location of late Cenozoic basaltic
vents in relation to known structures and aeromagnetic, gravity, and seismic
data. The results of these analyses will be incorporated into the final vo-
lcanic probability assessment as appropriate. Geophysical evidence will also
be evaluated for indications that magma bodies may be present in the vicinity
of the site. The evidence for the presence or absence of magma bodies will
also be factored into the probabilistic estimates.

Study 8.3.1.8.1.2 correlates with the second performance parameter
listed in the previous section and will consider the effects a basaltic
eruption could have on repository performance if such an event should occur.
Two types of eruptions have been found to be characteristic of past activity
in the region: Strombolian and hydrovolcanic (Section 1.3.2.1.2 and 1.5.1.2).
Sufficient data have been collected on the effects of Strombolian eruptions
for an analysis of repository performance so no additional field data
gathering is planned. Additional data are needed on the effects of and
controls of hydrovolcanic eruptions. This study will integrate current and
newly acquired data into a format that can be used for repository performance
assessment.
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8.3.1.8.1.1 Study: Probability of a volcanic eruption penetrating the
repository

The purpose of this study is to assess the probability of future
volcanic activity with respect to siting of a repository for storage of high-
level radioactive waste at Yucca Mountain. The probability assessment will
be completed through a combination of studies and the results of these
studies will be compared for consistency (Crowe et al., 1983a). The proba-
bility that volcanic activity could intersect the repository will be esti-
mated from the analysis of a variety of data on the location and timing of
volcanic events during the last 4 to 8 million yr, magma generation rates,
structural controls on the location of volcanic activity, and geophysical
data on the locations of potential magma bodies that could be the sources for
future events.

8.3.1.8.1.1.1 Activity: Location and timing of volcanic events

Objectives

The objective of this activity is to synthesize the data collected by
other activities (Figure 8.3.1.8-3) on the dating, location, and volume of
late Cenozoic volcanic events in the region surrounding the site. These
additional data will be used by Activity 8.3.1.8.1.1.4 to produce revised
probability estimates of the disruption of the repository by volcanic events.

Parameters

The parameters for this activity are the location, age, and volume of
volcanic deposits within 70km of the site and younger than 8 million yr.

Description

Data from the literature, previously completed studies and the planned
studies in Investigation 8.3.1.8.5 will be compiled and synthesized to pro-
duce maps showing the age, location of vents, and distribution and volume of
lava and pyroclastic deposits erupted from the vents. The resulting maps
will be interpreted to determine eruptive patterns of volcanic activity
during the last 8 million yr. Magma volumes will be calculated as dense rock
equivalents versus time and vent counts will be calculated to provide data
for forecasting future rates of volcanic activity for pronability calcula-
tions (Crowe et al., 1982). The data and analyses produced by this activity
will be used to calculate the probability of volcanic eruptions (Activ-
ity 8.3.1.8.1.1.4) and in the evaluation of possible structural controls on
volcanic activity (Activity 8.3.1.8.1.1.2).
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8.3.1.8.1.1.2 Activity: Evaluation of the structural controls of basaltic
volcanic activity

Objectives

The time-space distribution of basaltic volcanic activity may not be
completely random across the site area. This activity will investigate the
time-space patterns of past volcanic activity in the Yucca Mountain region
and the possible structural controls of volcanic centers and potential future
volcanic centers at and adjacent to Yucca Mountain. Statistical evaluation
of geophysical data will be undertaken to assess the significance of possible
local and regional structures on the area ratio of the probability
calculation.

Parameters

The data gathered from other activities that are needed for this work
are

1. A tectonic model for the Yucca Mountain region (including fault map
of the region that differentiates Quaternary faults from older
faults and a late Cenozoic tectonic map of the region; Activity
8.3.1.17.4.12.2: evaluate tectonic models).

2. Aeromagnetic, gravity and seismic data for the Yucca Mountain
region.

3. Field mapping of young volcanic centers (< 4 million yr old) in the
Yucca Mountain region (Activity 8.3.1.8.5.1.3: field geologic
studies).

4. Geochronology measurements for young volcanic rocks (<4.0 million yr
old; Activity 8.3.1.8.5.1.2: geochronology studies).

5. Petrologic cycles of volcanic rocks in the Yucca Mountain area (<8.0
million yr old) and from other basaltic volcanic fields of the
southern Great Basin (Activity 8.3.1.8.5.1.5: petrologic cycles of
basaltic volcanic fields).

The data to be gathered by this activity are

1. Cluster analysis of aeromagnetic data.

Description

The time-space patterns of basaltic volcanic activity will be examined
for the Yucca Mountain region. Crowe et al. (1983b, 1986) divided the
basalts of the Yucca Mountain region into three episodes. The time-space
patterns of each episode of activity will be examined with an emphasis on the
youngest episode (<4 million years old). The objective of this activity will
be to determine if there is a random or patterned distribution through space
and time of sites of basaltic volcanic activity. Geologic and geophysical
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evidence concerning the distribution of surface and subsurface volcanic
activity will be included in this examination and the results of these
studies will be integrated with the tectonic models developed in Investiga-
tion 8.3.1.17.4.

Three important lines of evidence will be evaluated for the volcanic/
tectonic structural studies. First, plots of magma volume versus time for
volcanic activity of the Yucca Mountain area show declining rates of magma
production through time. This interpretation must be tested using refined
data for the age of volcanic activity from Activity 8.3.1.8.5.1.2
(geochronology studies), and for the volume of volcanic activity from
Activity 8.3.1.8.5.1.3 (field geologic studies). Second, geochemistry
studies of the Crater Flat area (Vaniman et al., 1982; Crowe et al., 1983b,
1986) show distinct petrologic trends through time. The oldest basalts of
the Crater Flat area are hypersthene-normative hawaiite and the youngest
basalts are nepheline-normative hawaiite or basanite. These same trends have
been observed, but not documented in detail, at other basaltic volcanic
fields of the Basin and Range province (Lunar Crater and Cima volcanic
fields). Further work is required to determine if the transition to
nepheline-normative basalt is indicative of the waning or termination of
volcanic activity at a field. Third, the transition from hypersthene- to
nepheline-normative basalt in the Crater Flat area is accompanied by a
decrease in the volume of eruptive products and an increase in the frequency
of eruptions. This observation, if valid, may affect assumptions used for
forecasting future rates of volcanic activity. It must be tested by studying
time variations in the petrology and volume of basaltic activity at other
volcanic fields in the Yucca Mountain vicinity.

The three topics, magma volume/time, petrologic patterns through time,
and the decreased volume/increased eruptive frequency through time all are
important observations that affect assumptions used for calculating the
probability of future volcanic activity at Yucca Mountain. It is important
that these concepts be tested at other volcanic fields in the region,
particularly fields that have a more voluminous record of eruptive activity,
to test the implications of conclusions for the Yucca Mountain area (Activ-
ity 8.3.1.8.5.1.5).

The second topic to be examined for this activity is the local struc-
tural controls for sites of volcanic activity in the Yucca Mountain area.
Cluster analyses routines will be used to assess spatial patterns of aero-
magnetic data in the Yucca Mountain area. Identified patterns will be cor-
related with known structures in the Yucca Mountain area and the location of
volcanic centers to identify what structural features control the location of
volcanic vents. This information will be used to test for the presence of
potential structural features in the Yucca Mountain exploration block that
could provide pathways for the localization of future volcanic activity. The
results of this analysis will be factored into the volcanic probability cal-
culations (Activity 8.3.1.8.1.1.4).
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8.3.1.8.1.1.3 Activity: Presence of magma bodies in the vicinity of the
site

Objectives

The objective of this activity is to review geophysical and geochemical
data collected in the vicinity of the site to assess whether there are any
indications of the presence of crustal magma bodies that could be the source
of future volcanic activity.

Parameters

The parameters for this activity are seismic refraction, seismic reflec-
tion, gravity, magnetics, magnetotelluric, curie temperature isotherm, heat
flow, teleseismic P-wave residuals, V./V, variations, and the noble gas iso-
topic ratios in ground water with an emphasis on the 3He/4He ratios.

Description

An important part of the assessment of volcanic hazards for the Yucca
Mountain site is a determination of whether there are any indications of the
presence of magma bodies or indications of the operation of magmatic process-
es in the crust beneath the Yucca Mountain area. There are two purposes for
this activity: (1) to monitor and evaluate results from other activities to
ensure that sufficient site characterization data are being obtained to ade-
quately investigate the presence or absence of magma bodies in the Yucca
Mountain vicinity and (2) obtain data on the isotopic composition of the no-
ble gases, with an emphasis on the 3He/4He ratios, in the ground water around
Yucca Mountain. These isotopic data can be used to test for the presence of
magma bodies beneath the site.

There are two types of potential magma systems that could be present
beneath the site. The first is magma, systems associated with silicic
volcanic fields such as the Coso, Long Valley, and Valles fields (Reasenberg
et al., 1980; Walck, 1988; Lachenbruch et al., 1976, Sass and Morgan, 1988).
Magma bodies of this type, if present, are likely to occur at depths of 5 to
15 km. As noted in Chapter 1 (Section 1.5.1.1), an absence of shallow
silicic magma bodies beneath the Yucca Mountain area is suggested by the low
heat flow and absence of high temperature springs. The second potential
occurrence of magma bodies is in association with basaltic magma. Magma
bodies of this type have been hypothesized in southern Death Valley, in
association with a small volume Quaternary basalt center (de Voogd et al.,
1986), in the southern Rio Grande rift near Socorro (Brown et al., 1979;
Jiracek et al., 1979; Rinehart et al., 1979) and in Indian Wells Valley south
of the Coso region (Walck, 1988). Magma bodies of this type could be present
at depths of 10-30 km. The presence of Quaternary basaltic centers in the
Yucca Mountain area suggests the possibility that basaltic magma bodies could
exist at midcrustral levels beneath the site.

The primary source of data for an evaluation of the presence of magma
chambers will be obtained from Study 8.3.1.8.5.2 (characterization of igneous
intrusive features) and from Activity 8.3.1.17.4.3.1 (the deep geophysical
survey transects across Yucca Mountain). The important activity of Study
8.3.1.8.5.2 is 8.3.1.8.5.2.1 (evaluation of depth of curie temperature
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isotherms). This work will compare areas of shallow, higher temperature
isotherms with areas of recent volcanism and areas of high heat flow to

determine whether the data are consistent with the presence of subsurface
magma bodies. Activity 8.3.1.8.5.2.3 (heat flow at Yucca Mountain and

evaluation of regional ambient heat flow and local heat flow anomalies) will

provide data to evaluate the magnitude and areal extent of the thermal
perturbation due to Quaternary igneous activity. The important techniques
from Activity 8.3.1.17.4.3.1 include seismic refraction and reflection
profiles, gravity, magnetics, and magnetotelluric surveys closely associated
with the profiles. Detection of magma chambers is one of multiple objectives

of Activity 8.3.1.17.4.3.1. This activity will monitor the results of Activ-
ity 8.3.1.17.4.3.1 to ensure that no changes are made to the geophysics
activities that would compromise the ability to detect magma bodies and to
recommend any additional geophysical studies that may be needed for the magma
body studies. Examples of possible additional data include further work with
P-wave residuals and evaluations of three-dimensional variations in VP /V1.

Additional studies that are complementary to the geophysical studies
will be conducted as part of this task. The 3He/4He ratios in ground water
adjacent to and surrounding Yucca Mountain will be measured to search for
evidence of the presence or absence of subsurface magma bodies. The isotopic
composition of mantle helium is distinctively different from the radiogenic
crustal production composition (Kurz and Jenkins, 1981; Kurz et al., 1983).
Because of these differences, the 3He/4He ratios of helium can be measured in
ground water to test for characteristic signatures of helium production
reservoirs. These ratios are sensitive to the lithologies containing the
ground water, to the age of the ground water and to the tectonic and volcanic
processes affecting the region of a ground water system. Torgersen et al.
(1987) identified enriched 3He/4He ratios in ground water of eastern
Australia. They suggested that the high ratios could be produced by contin-
ued young intrusive activity associated with known lava flow fields, despite
the absence of surface volcanic deposits in the vicinity of the He anomaly.
Measurement of 3He/4He ratios in ground water for drillholes at and
surrounding Yucca Mountain will allow an evaluation of several possible
occurrences of subsurface magma bodies including (1) undetected magma bodies
beneath the Yucca Mountain site, (2) undetected magma bodies at depth associ-
ated with possible detachment fault systems away from but feeding toward the
Yucca Mountain site (Section 1.3.2.2.1), (3) subsurface magma bodies asso-
ciated with Quaternary sites of basaltic volcanic activity in and surrounding
Crater Flat, and (4) subsurface magma bodies associated with the Spotted
Range-Mine Mountain structural zone (Section 1.3.2.2.1).

Additional activities in the Site Characterization Plan that will use
data from and contribute data to this activity are included under Study
8.3.1.17.4.12 (tectonic models and synthesis). Specifically in Activity
8.3.1.17.4.12.1 (evaluate tectonic processes and tectonic activity stability
at the site), the interrelationships between detachment faults and the Death
Valley-Pancake Range zone will be evaluated. One potential pathway for ris-
ing magma, if it is present beneath the Yucca Mountain region, is along
detachment faults. Activity 8.3.1.17.4.12.2 (evaluate tectonic models) will
consider two possible models of Quaternary volcanism: (1) association with an
incipient rift zone (Death Valley-Pancake Range zone) and (2) a leaky

8.3.1. 8-55



YMP/CM-0011, Rev. 1 YMP/CM-0011' Rev. 11

transform model. Both models require a differing geometry of crustal and
subcrustal magma feeder systems beneath the Yucca Mountain area and would
result in modifications of predictions of the possible locations and geometry
of crustal magma bodies.

8.3.1.8.1.1.4 Activity: Probability calculations and assessment

Objectives

The objective of this activity is to revise the estimates of the proba-
bility of volcanic disruption of a repository site at Yucca Mountain (Crowe
et al., 1982) incorporating newly acquired data on the age, location, and
volume of volcanic centers in the Nevada Test Site region and the results from
activities investigating the possibility of structural controls of sites of
volcanic activity and the presence of magma bodies in the Yucca Mountain area.
These data may result in modifications of the area ratio and the rate of
volcanic activity used in the probability formula.

Parameters

The parameters for this activity are

1. Maps showing the location and age of volcanic vents within 70 km of
the site.

2. Magma generation rates within 70 km of the site.

3. Structural controls on volcanism.

4. Evidence for the presence of magma bodies in the vicinity of the
site.

Description

Data from parameters 1 through 4 are used for probability calculations.
The probability of disruption of a repository by basaltic magma is formulated
as a case of conditional probability

Pr - 1E2 given E1 (8.3.1.8-1)

where Pr is the probability of repository disruption, El is the rate of
occurrence of volcanic events, and E2 is the probability of intersection of a
repository by magma given El. This probability is expressed as (Crowe
et al., 1982)

Pr (no disruptive event before time th- e -Xtp (8.3.1.8-2)

where l is the rate of volcanic activity and p is the probability that an
event is disruptive. The most difficul: parameter to estimate for the
calculations is . . The Yucca Mountain Project has defined the parameter X
in two ways using data for the Yucca Mountain region: (1) cone counts
through time and (2) calculations of magma volume through time (rate of magma
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production). Alternative models are possible but are difficult to test with
the limited data from the Yucca Mountain region. Much more comprehensive
data will be obtained from high cone-density volcanic fields. These data
will be used to test existing methods for calculating volcanic rates and
developing additional alternative methods. If new methods are developed,
they will be tested using the Yucca Mountain data set. Further work will be
undertaken to attempt to revise the probability of repository disruption (p).
Cluster analysis of the aeromagnetic and gravity data will be used to attempt
to correlate spatial trends with sites of surface volcanic activity. If
these correlations are successful, the disruption ratio will be revised for
the probability calculations. Ongoing work described in Chapter 1 has shown
that there has been a progressive southwest migration of sites of basaltic
volcanic activity through time. These data lead to the conclusion that the
Yucca Mountain region has passed the peak of the most intense volcanic
activity. This interpretation will be tested using information on time-space
patterns of basaltic volcanism from Activity 8.3.1.8.1.1.1. The results of
the revised probability calculation and assessment will be summarized in a
report that includes the following:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment on the probability of volcanic events.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.1.2 Study: Effects of a volcanic eruption penetrating the
repository

The purpose of this study is to gather data on the effects of a poten-
tial volcanic eruption should such an eruption penetrate the site. The data
will be used by Issue 1.1 and the other investigations in this program to
assess the consequences of such an eruption on repository performance.

8.3.1.8.1.2.1 Activity: Effects of Strombolian eruptions

Objectives

The objective of this activity is to summarize the effects of a
Strombolian eruption on a repository. The sunYary will be available for use
in consequence analyses of possible radiological releases.

Parameters

The parameters for this activity are representative eruption parameters
for Strombolian eruptions, including area of repository disrupted and confi-
dence bounds of estimate.
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Description

The published literature and completed Project reports (e.g., Link
et al., 1982) provide sufficient data for the completion of this activity.
This activity will compile and summarize those data for use in consequence
analyses.

The data used will include the area of the repository that could
potentially be disrupted, characteristics and dimensions of intrusions (dikes
and sills) associated with an eruption, thickness and extent of flows and
ashfalls, temperatures of magma, and duration of eruptions. The data sum-
marized by this activity will also be used in Investigations 8.3.1.8.2,
8.3.1.8.3, and 8.3.1.8.4.

8.3.1.8.1.2.2 Activity: Effects of hydrovolcanic eruptions

Objectives

:-he objective of this activity is to obtain geologic parameters for the
disruption of a repository by magmatic activity accompanied by hydrovolcanic
(magma-water) explosions. Critical parameters controlling the hydrovolcanic
explosions will be identified and information obtained on these parameters
will be used for calculations of the radiological release levels for
performance assessment.

Parameters

The parameters for this activity are the representative eruption
parameters for hydrovolcanic eruptions including the area of repository
disrupted and the confidence bounds of the estimate.

Description

Eruption parameters will be defined for an eruption scenario involving
an initial hydrovolcanic eruption changing in time to a Strombolian eruption.
Parameters for a Strombolian eruption w'-hout a hydrovolcanic component have
been completed (Link et al., 1982). Th . are two important categories of
evidence related to the possibility of I .rovolcanic activity at Yucca
Mountain: (1) theoretical models of magr.a/water interaction show that
hydrovolcanic explosions are possible in the Yucca Mountain setting and
(2) geologic evidence suggests that the likelihood of a hydrovolcanic explo-
sion decreases with increasing depth of the water source (Crowe et al.,
1986). Consequence studies of the area of the repository disrupted by a
basaltic eruption need to be repeated with a modified eruption scenario that
includes hydrovolcanic explosions. Two topics require further studies for
these modifications. First, likely scenarios for hydrovolcanic eruptions
need to be identified based on information obtained from field studies of
basalt centers that exhibited hydrovolcanic activity (Activity 8.3.1.8.5.1.3)
and a review of the literature should be conducted. Second, data on key
geologic parameters need to be obtained from the scenarios. The data needed
will be used to predict (1) whether an ascending magma body will intersect
water at a depth to cause an explosive fuel-coolant type reaction between
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magma and water, and (2) whether that reaction will be of sufficient mag-
nitude to cause an explosive eruption that will disrupt the repository,
possibly breach waste canisters, and cause the release of radioactive waste
at the surface.

8.3.1.8.2 Investiaation: Studies to provide information required on rupture
of waste packages due to tectonic events

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1 Volcanic history
1.3.2.2 Structural history
1.4.: 5 Seismic hazard within the southern Great Basin
1.5.1 Volcanism
1.5.2 Faulting

Parameters

The following performance parameters will be measured or calculated as a
result of the site studies planned as part of this investigation:

1. Probability of igneous intrusion penetrating repository.

2. Effects of igneous intrusion penetrating repository.

3. Effects on waste packages of a fault penetrating the repository.

4. Probability of faulting with displacement over 5 cm in repository.

5. Expected ground motion at emplacement boreholes in 1,000-yr period.

6. Rate of deformation due to folding or distributed faulting in
repository horizon.

Purpose and objectives of the investigation

The purpose of this investigation is to provide the data necessary for
an analysis and assessment of repository performance with respect to the
possibility of tectonic processes and events affecting the lifetime of waste
packages. The six performance parameters listed in the previous section have
been defined to address the performance measure identified by Issue 1.11
(Section 8.3.2.2). The types of tectonic initiating events that may affect
waste package performance and that will be considered in this analysis are
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listed in Table 8.3.1.8-2. The study and activities in this investigation
will take data gathered by field studies in this and other programs and
provide an analysis of the probability of the initiating events and their
effects on waste package performance for use by Issue 1.11 (Section 8.3.2.2)
in assessing layout and design of the underground facilities.

This investigation will also provide data on the nature of tectonic
processes operating at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
siting criteria) in its analys-is of favorable and potentially adverse con-
ditions. The specific conditions addressed by this investigation are listed
in Table 8.3.1.8-2.

Parameter 5 indicates the need for data on the ground motion that would
be expected during the waste package lifetime. This parameter and its
related initiating event respond to the need identified in Issue 1.11 (Sec-
tion 8.3.2.2, configuration of underground facilities (postclosure)) for such
data. Issue 1.11 will use the ground motion data to evaluate the design of
emplacement drifts and boreholes in order to assess their postclosure
stability.

Technical rationale for the investigation

The flow of data and interconnections between activities is shown on
Figure 8.3.1.8-4. The first initiating event considered in this program is
the possibility that igneous intrusions penetrating the repository could
adversely affect waste package performance. This initiating event is similar
to the one considered in Investigation 8.3.1.8.1, but assumes that the
basaltic dikes or sills that might penetrate the repository do not feed a
volcanic vent and do not directly result in releases at the ground surface.
Activity 8.3.1.8.2.1.1 will address this initiating event and satisfy param-
eters 1 and 2. The assessment of this initiating event will be similar to
that in Tnvestigation 8.3.1.8.1 and will use the data analyzed in that
investigation to calculate the probability of igneous intrusions penetrating
the repository. The number of waste packages that an intrusion might
intersect will also be calculated using data on the probable length, width,
and orientation of intrusions and current repository design concepts.

The second initiating event considers the possibility that failure of
waste packages could occur due to a fault that intersects waste packages and
experiences offset that is great enough to cause failure through shearing.
Activities 8.3.1.8.2.1.2, 8.3.1.8.2.1.3, and 8.3.1.8.2.1.4 will assess this
initiating event and satisfy parameters 3 and 4. This assessment will
include calculating (1) the probability that faulting with offset great
enough to cause waste package failure would occur in the repository and
(2) the number of waste packages that a through going fault might intersect.
These activities will organize and assess data collected by Programs 8.3.1.17
and 8.3.1.4 to characterize the nature and Quaternary activity of faults that
penetrate the repository and those faults in and near the controlled area.
Because of the scarcity of Quaternary deposits on Yucca Mountain, it may not
be possible to directly demonstrate the degree of Quaternary activity present
on all the faults that potentially penetrate the repository. It is therefore
probable that the assessment of the probability and amount of movement on
these faults will be characterized by comparison with the known Quaternary
faults in the vicinity of the site that have a similar trend and sense of
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movement. Faults such as the Paintbrush Canyon, Solitario Canyon, and Windy
Wash traverse areas are underlain by Quaternary deposits of a variety of ages
(Sections 1.2.2.3 and 1.3.2.2.2) that can be used to determine the nature and
rate of Quaternary activity. The comparison of the faulting potential of
these larger faults with faults penetrating the repository will incorporate a
consideration of the differences in length and total displacement between the
two classes of faults. When all these data are collected and coordinated, an
annual probability of fault displacement exceeding 5 cm will be calculated
for faults that may penetrate the repository.

The second part of the assessment will be a calculation of the number of
waste packages that a fault might intersect should a faulting event, with
sufficient offset to rupture waste packages, occur. Data will be compiled on
the length and width of fault zones, and then calculations similar to those
in Link et al. (1982) will be carried out using current repository designs to
estimate the number of waste packages that might be affected.

The third initiating event considers the possibility that around motion
occurring during the postclosure period could cause spalling or failure in
the underground workings that would result in corrosion or mechanical failure
of waste packages due to closure of the air gap around them. Activity
8.3.1.8.2.1.5 will partially address this initiating event and address
parameter 5 by calculating expected ground motion values in the repository
during the lifetime of the waste packages. The performance of underground
excavations under these ground motion conditions will be evaluated separately
in Issue 1.11 (Section 8.3.2.2). In this investigation, the ground motion
estimates for preclosure design in Investigation 8.3.1.17.3 will be reviewed.
Appropriate ground motion parameters for the postclosure time period will
then be calculated on the basis of this data.

The fourth initiating event considers the possibility that folding, or
fault offset distributed across a broad zone of minor shearing, could suffi-
ciently deform the waste-emplacement boreholes through a closure of the air
gap surrounding the waste packages such that the waste packages would fail
through bending. Activities 8.3.1.8.2.1.6 and 8.3.1.8.2.1.7 will address
this initiating event and satisfy parameter 6. These activities will collect
data on rates and amount of post-Miocene folding in the repository horizon by
reviewing the detailed geologic and structure contour maps of the repository
horizon generated by Program 8.3.1.4. Rates of deformation will then be
calculated using these data, and a probability of significant waste package
failure due to deformation processes calculated.

8.3.1.8.2.1 Study: Analysis of waste package rupture due to tectonic
processes and even-s

The assessment of the probability and effects of all tectonic processes
and events that could result in adverse effects on waste package lifetime are
aggregated under this study.
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8.3.1.8.2.1.1 Activity: Assessment of waste package rupture due to igneous
intrusion

Objectives

The objective of this activity is to review and organize supporting
field data collected by other activities, and to use this data to calculate
the probability of an igneous intrusion penetrating the repository and the
number of waste packages that would be affected by such an event.

Parameters

The parameters for this activity are

1. Probability of an igneous intrusion penetrating the repository.
2. Number of waste packages affected by an igneous intrusion.

Description

This activity will use the data and probability calculations in Activity
8.3.1.8.1.1.4 as the basis for estimating the probability that an igneous
intrusion may penetrate the repository. The results of Link et al. (1982)
will be reviewed and compared with current repository designs and the results
of Activity 8.3.1.8.1.2.1 to calculate the number of waste packages that
might be intersected by an igneous intrusion. These previous estimates will
be revised as necessary to incorporate current data and designs. A report
will be prepared that

1. Organizes and summarizes the data on which calculations are based.

2. Presents the theory and calculations used to estimate the
probability of igneous intrusion and the number of waste packages
affected.

3. Presents a discussion and assessment of the assumptions and
uncertainties of the data and the calculations.

8.3.1.8.2.1.2 Activity: Calculation of the number of waste packages
intersected by a fault

Objectives

The objective of this activity is to collect and suimmarize the relevant
data from other activities and calculate the number of waste packages that a
fault penetrating the repository would intersect.

Parameters

The parameter for this activity is the number of waste packages affected
by a fault penetrating the repository.
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Description

This activity will review data collected by trenching and geologic
mapping activities in and around the site by Programs 8.3.1.4 and 8.3.1.17.
The data on the length, width, and orientation of known Quaternary fault
ruptures will be summarized. Representative values for these fault charac-
teristics will be selected for use in calculations. Current repository
designs will be reviewed to collect data on the layout and emplacement mode
of waste packages. These data will be used to calculate the number of waste
packages that a fault might intersect in the repository. The calculation
method will be similar to that used by Link et al. (1982) for volcanic events
and will result in a probability distribution of possible effects.

8.3.1.8.2.1.3 Activity: Probability and rate of faulting

Oblectives

The objective of this activity is to summarize and evaluate the
available data on slip rates and recurrence intervals on faults in and near
the controlled area.

Parameters

The parameters for this activity are

1. Evidence of Quaternary activity on faults penetrating the
repository.

2. Density, length and total displacement of faults penetrating the
repository.

3. Slip rates and recurrence intervals of faults with Quaternary
activity in and near the controlled area.

4. Location, length, and total displacement of faults with Quaternary
activity in and near the controlled area.

Description

This activity will collect and summarize data on the length, total
displacement, and Quaternary activity of faults that are mapped in and near
the controlled area and can be projected downward or laterally to intersect
the repository. The data will be gatrered by several activities in Programs
8.3.1.4 and 8.3.1.17 (Figure 8.3.1.8-4). The data will consist of detailed
bedrock geologic maps, structure contour maps, Quaternary deposits maps,
remote sensing and geomorphic analyses, and trench logs. The various types
of data available will be analyzed and compared with each other to generate a
summary of the characteristics of these faults.
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Data will also be collected and summarized on the length, total dis-
placement, slip rate, and recurrence interval of Quaternary faults such as
the Paintbrush Canyon, Solitario Canyon, and Windy Wash that are in and near
the controlled area. These data will come from trenching and mapping studies
carried out mainly by Activities 8.3.1.17.4.6.1 and 8.3.1.17.4.6.2. The
analyses and data summaries will be used by Activity 8.3.1.8.2.1.4 to assess
the probability of significant effects on waste package lifetime due to
faulting.

8.3.1.8.2.1.4 Activity: Assessment of waste package rupture due to faulting

Objectives

The objective of this activity is to complete an assessment of the prob-
ability of faulting in waste emplacement boreholes and effects of faulting on
waste package lifetime.

Parameters

The parameters for this activity are

1. Effects on waste packages of a fault penetrating the repository.

2. Probability of faulting with a displacement over 5 cm in the
repository.

Description

This activity will take the data summarized and compiled by Activities
8.3.1.8.2.1.2 and 8.3.1.8.2.1.3 and prepare an assessment of the hazard posed
by fault displacement to waste package lifetime. The results of this assess-
ment will be contained in a report that includes the following topics:

1. A summary of data on the characteristics of the faults projected to
intersect the repository.

2. A summary of data on the characteristics of the Quaternary faults in
and near the controlled area.

3. The calculation of the probability of a cumulative 5-cm displacement
occurring in 1,000 yr on a known Quaternary fault in and near the
controlled area using slip rates or recurrence intervals and
including the type of analysis presented in URS/Blume (1987).

4. A comparison of the characteristics of known Quaternary faults in
and near the controlled area with the characteristics of faults
projected to intersect the repository and an estimation of the
probability of a cumulative 5-cm displacement occurring in 1,000 yr
on a fault intersecting the repository.
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5. An evaluation of the number of faults penetrating the repository on
which cumulative displacements greater than 5 cm could occur during
a 1,000 yr period and the interrelationship of events on different
faults.

6. The calculation of the number of waste packages that a fault pene-
trating the repository would intersect.

7. An analysis of the assumptions and uncertainties contained in the
data and calculations used for the assessment.

8.3.1.8.2.1.5 Activity: Assessment of postclosure ground motion in the
subsurface

Obiectives

The objective of this activity is to provide an assessment of expected
ground motion at the repository horizon in a 1,000-yr period.

Parameters

The parameter for this activity is the expected ground motion at
emplacement boreholes in 1,000-yr period.

Description

This activity will supply data that will be used by Issue 1.11 (Sec-
tion 8.3.2.2) to analyze the postclosure performance of the underground
workings under earthquake loading conditions. Data from Studies 8.3.1.17.3.5
and 8.3.1.17.3.6 will be used to characterize ground motions that have a
probability of less than 0.1 of being exceeded in the 1,000-yr waste package
lifetime. Time histories representative of the estimated ground motions at
the repository horizon will be prepared for use in the engineering evalua-
tions. A report will be prepared that

1. Summarizes the data used in the analysis.

2. Discusses the methods used to estimate expected ground motion
levels.

3. Analyzes the assumptions and uncertainties in the data and
estimation methods.

4. Provides time histories and other data characterizing expected
ground motion parameters for use in engineering analysis.
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8.3.1.8.2.1.6 Activity: Nature, age, and rate of folding and deformation in
the repository horizon

Objectives

The objective of this activity is to provide an estimate of the rate of
folding or deformation in the repository horizon during Quaternary time.

Parameters

The parameters for this activity are

1. Wavelength and amplitude of folds in the Miocene rocks of the
repository horizon.

2. Amount and nature of deformation resulting from faulting in the
repository horizon.

Description

This activity will collect and analyze data from Program 8.3.1.4 (rock
characteristics) to characterize folding in the repository horizon. The data
evaluated will include geologic maps, detailed structure contour maps, and
maps of the shafts and drifts. Data on the wavelength and amplitude of any
folds found in the area of the repository will be summarized. The site data
will also be reviewed for evidence of warping, distributed shear or faulting.
Data on the width of Quaternary zones of deformation around faults in the
area will also be taken from Activity 8.3.1.8.2.1.2. All the data will be
used by Activity 8.3.1.8.2.1.7 in its evaluation of the rate of folding and
deformation in the repository and its effect on waste package integrity.

8.3.1.8.2.1.7 Activity: Assessment of waste package rupture due to folding
and deformation

Objectives

The objective of this activity is to provide an assessment of the hazard
resulting from folding and deformation to waste package integrity.

Parameters

The parameter for this activity is the rate of deformation due to
folding or faulting in the repository horizon.

Description

This activity will use the data generated by Activity 8.3.1.8.2.1.6 and
data on the rate and changes in deformation in the Neogene from Study
8.3.1.17.4.12 to estimate the rate of folding or deformation in the reposi-
tory horizon and describe the effects such folding may have on waste package
integrity. This activity will result in a report that will include
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1. The data used in making the assessment.

2. The methods used to calculate or estimate Quaternary folding rates.

3. Quaternary folding rates and an assessment of the impact on waste
package integrity.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3 Investigation: Studies to provide information required on changes
in unsaturated and saturated zone hydrology due to tectonic events

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1 Volcanic history

1.3.2.2 Structural history

1.3.2.3 Existing stress regime

1.5.1.2 Basaltic volcanism

1.5.2 Faulting

3.6 Regional hydrogeologic reconnaissance of
candidate area and site

3.9 Site hydrogeologic system

Parameters

The following performance parameters will be measured or calculated as a

result of the site studies planned as part of this investigation:

1. Annual probability of volcanic events within the controlled area.

2. Effects of a volcanic event on topography and average flux rates.

3. Annual probability of significant igneous intrusion within 0.5 km of

the controlled area.

4. Effects of an igneous intrusion on average flux rates.
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5. Probability of offset more than 2 m on a fault in the controlled
area in 10,000 yr.

6. Probability of changing dip by greater than 2 degrees in 10,000 yr
by faulting.

7. Effect of faulting on average flux rates.

8. Probability of changing dip by greater than 2 degrees in 10,000 yr
by folding.

9. Probability of exceeding 30 m of elevation change in 10,000 yr.

10. Barrier-to-flow effects of igneous intrusions on water-table levels
and hydraulic gradients.

11. Thermal effects of igneous intrusions on water-table levels and
hydraulic gradients.

12. Probability that strain-induced changes will increase potentiometric
level to greater than 850 m mean sea level (MSL).

13. Probability that repository will be lowered by 100 m through action
of folding, uplift, or subsidence in 10,000 yr.

14. Probability of total offsets more than 2.0 m in 10,000 yr on a fault
within 0.5 km of controlled area boundary.

15. Effects of fault offset on water-table levels and hydraulic
gradient.

16. Effects of igneous intrusions on local fracture permeabilities and
effective porosities.

17. Annual probability of faulting events on Quaternary faults within
0.5 km of controlled area boundary.

18. Effects of fault motion on local fracture permeabilities and
effective porosities.

19. Effects of changes of stress or strain on hydrologic properties of
the rock mass.

Purpose and objectives of the investigation

The 19 performance parameters listed above have been identified by Issue
1.1 (Section 8.3.5.13 and Tables 8.3.1.8-3 to 8.3.1.8-5) to address the
possibility that tectonic processes and events could produce the following
changes in existing hydrologic conditions:

1. Alteration of average percolation flux over the repository.

2. Changes in water table elevation that affect the length of the
unsaturated zone travel path or hydraulic gradients.
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3. Alteration of rock hydrologic properties along significant travel
paths.

The three studies in this investigation will provide assessments of the
likelihood and magnitude of these hydrologic changes for use by Issue 1.1 in
analyzing total system performance of the repository in limiting radionuclide
releases to the accessible environment. Several of the initiating events
considered in this investigation probably will have no significant impact on
repository performance because of the very low rates at which the related
tectonic processes operate at Yucca Mountain (e.g., folding, uplifting, and
subsidence). It is anticipated that little or no additional data will be
required to complete the assessments of the initiating events related to
these tectonic processes. The level of effort for the activities related to
these initiating events is therefore anticipated to be low and to consist
primarily of organizing and presenting existing data in order to provide the
basis for eliminating these initiating events from consideration during
performance assessment evaluations. A higher level of effort will be given
to those initiating events judged to have a higher probability of affecting
repository performance (i.e., faulting and strain effects).

This investigation will also provide data on the nature of tectonic
processes operating at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
siting criteria) in its analysis of favorable and potentially adverse
conditions. The specific conditions addressed by this investigation are
listed on Tables 8.3.1.8-3 to 8.3.1.8-5.

Technical rationale for the investigation

The flow of data and interconnections between activities in each study
are shown on Figures 8.3.1.8-5 to 8.3.1.8-7. Study 8.3.1.8.3.1 considers the
initiating events that may affect the average percolation flux over the
repository. The first initiating event considered in this study is the
possibility that volcanic events may alter topography as a result of the
extrusion of volcanic flows or other effects and create impoundments or
diversions of drainage that could adversely affect average percolation flux
rates. The second initiating event considers the possibility that in igneous
intrusion such as a sill intruded above the repository horizon cou divert
downward percolating waters to the area above the repository and t. ceby
increase average percolation flux rates. The first two activities in the
study address these initiating events and will satisfy parameters 1 to 4.
Activity 8.3.1.8.3.1.1 will use data from Activity 8.3.1.8.1.1.4 to calculate
the probability of igneous events occurring in the larger area encompassing
the controlled area and a buffer zone. Activity 8.3.1.8.3.1.2 will summarize
the available data on the size and location of volcanic and igneous features
that could occur in the area. This activity will also perform modeling stud-
ies to estimate the amount of change in flux rates that could occur as a
result of an igneous event. The activity will then use this data and the
data from Activity 8.3.1.8.3.1.1 to (1) provide an assessment of the possi-
bility that significant changes could result from these initiating events and
(2) prepare a report.
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Figure 8.3.1.8-7. Logic diagram for Study 8 3 1 8 3 3 (effects of faulting on local fracture permeability and effective porosity)
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The third initiating event considered by Study 8.3.1.8.3.1 is the
possibility that fault offset could affect average percolation flux rates.
Effects to be considered include surface topographic changes such as the
creation of a scarp that could create impoundments or divert drainage; and
subsurface changes, such as the juxtaposition of units of differe- t hydro-
logic properties or change in the dip of beds that could create perched
aquifers or divert subsurface drainage toward the repository. Activity
8.3.1.8.3.1.3 will collect and summarize field data gathered by other activ-
ities and calculate slip rates, recurrence intervals and probable cumulative
offset in 10,000 yr for faults in and near the controlled area. Activity
8.3.1.8.3.1.4 will perform hydrologic modeling studies to estimate the effect
of faulting on flux rates. Activity 8.3.1.8.3.1.5 will use the data
generated by the previous two activities to (1) gE *3rate an assessment of the
effect of probable fault movement on flux razes t: will satisfy parameters
5 to 7 and (2) prepare a report.

The fourth initiating event considers the possibility that folding
processes could change the dip of beds in the repository area sufficiently to
alter flux rates. This could occur where downward percolating waters are
diverted laterally at the contact with a low permeability unit. The lateral-
ly moving waters at the contact could be diverted toward the repository by
folding, thereby increasing repository flux rates. The fifth initiating
event considers the possibility that rapid rates of area-wide uplift or sub-
sidence could alter drainage patterns or gradients sufficiently to affect
flux rates. These initiating events and parameters 8 and 9 assc -ted with
them will be addressed by Activities 8.3.1.8.3.1.6 and 8.3.1.8.3. Activ-
ity 8.3.1.8.3.1.6 will collect and summarize field data from othe. :ivities
and calculate uplift and subsidence rates for the area including ; Site.
Activity 8.3.1.8.3.1.7 will use these rates and rates of folding c :lated
by other activities to estimate the amount of folding uplift and su: dence
expected in 10,000 yr. The activity will then (1) perform an assessmi-int of
the effect of these changes on average percolation flux rates using
hydrologic modeling techniques and (2) summarize the assessment in a report.

Study 8.3.1.8.3.2 will analyze the possibility that tectonic processes
and events could cause changes in the elevation of the water table or the
potentiometric surface of confined aquifers. Rises in the water table would
shorten the length of the unsaturated zone travel path and affect release
rates. Such rises could also change the hydraulic gradient, alter the loca-
tion of discharge points, or create perched aquifers in the area of the site.
These effects could affect ground-water travel times or place locally satu-
rated zones in close proximity to the waste. Four initiating events have
been identified in connection with this study (Table 8.3.1.8-4).

The first initiating event considers the possibility that igneous
intrusions could affect water table elevations by creating barriers to flow
such as a dike or creating thermally driven circulation systems that could
cause water to rise to repository levels as the result of an intrusion or
volcanic event. Activity 8.3.1.8.3.2.1 will collect and summarize data from
other activities (Figure 8.3.1.8-6) on the dimensions and orientations of
probable intrusions and the thermal effects around such intrusions. Hydrc-
logic models of existing conditions at Yucca Mountain will then be used to
estimate the magnitude of the changes that could result from igneous events.
Activity 8.3.1.8.3.2.2 will take the results of this activity and combine

8.3 .1. 8-74



YMP/CM-OO11, Rev. 1 YMP/Cm-0011, Rev. 1

WM-I I

4 -S-9)

fa fe- :

them with data on the probability of such intrusions (Activity 8.3.1.8.3.1.1)
to produce an assessment of the effects igneous intrusions would have on
water table levels and will satisfy parameters 10 and 11. This activity will
also prepare a report summarizing the results of the assessment.

The second initiating event considers the possibility that episodic
movement on faults could result in variations in stress and strain levels in
the rock mass that produce relatively short-lived fluctuations in water-table
or potentiometric levels. If these fluctuations are great enough, these
episodic changes could result in the periodic saturation of the repository
horizon due to a general rise in the water table or water moving upward along
a conduit such as a fault from a confined aquifer. Activity 8.3.1.8.3.2.3
will provide an assessment of the probability and magnitude of these effects
and satisfy parameter 12. The activity will collect data on strain rates in
the region and calculate the amount and nature of expected changes during a
faulting event. Modeling studies will then be performed to analyze the
amount of water table fluctuation that could be expected. The assessment
will also include a consideration of the field evidence that significant
water-table or potentiometric surface fluctuations have occurred in the past
near Yucca Mountain and an evaluation of reports of water table occurring in
connection with earthquakes at other locations. The activity will also
prepare a report summarizing the assessment and~the supporting data.

The third initiating event considers the possibility that folding, up-
lift, or subsidence could significantly change the position of the repository
with respect to the water table in 10,000 yr. Activity 8.3.1.8.3.2.4 will
review the data collected by other activities on the rates of folding, up-
lift, and subsidence in the area to provide an assessment of the probability
of significant changes of this type and satisfy parameter 13.

The fourth initiating event considers the possibility that offset on
faults could be great enough to juxtapose lithologic units of differing hy-
drologic properties and produce changes in ground-water flow that result in
rises in the water table or the creation of perched aquifers. Activity
8.3.1.8.3.2.5 will conduct a hydrologic modeling study to estimate the amount
of change in water-table levels that could be expected for a range of
displacements. Activity 8.3.1.8.3.2.6 will combine this data with data on
the probability of significant offsets (Activity 8.3.1.8.3.1.3) to produce an
assessment of the probability of significant changes in water levels in a
10,000-yr period and satisfy parameters 14 and 15. The activity will also
produce a report summarizing the data and the results of the assessment.

Study 8.3.1.8.3.3 will consider the possibility that tectonic processes
and events could alter the rock properties governing ground-water flow along
significant travel paths. The initiating events are related to events or
processes that could produce local changes in the saturated fracture permea-
bility or fracture effective porosity. If such changes were to occur, they
could result in the formation of barriers to ground-water flow or the crea-
tion of conduits to enhanced flow that could adversely affect the containment
or transport rate of wastes. Three initiating events have been identified
under this study (Table 8.3.1.8-5).
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The first initiating event considers the possibility that an igneous
intrusion could cause changes in the physical properties of the surrounding
rocks. Activity 8.3.1.8.3.3.1 will collect and summarize data from the
literature and field data gathering activities on the effects of the intru-
sion of dikes and sills in tuffs (Figure 8.3.1.8-7). This data will be
combined with data on the probability of such intrusions in the controlled
area (Activity 8.3.1.8.3.1.1) to produce an assessment that satisfies param-
eter 16 on the expected changes in local fracture permeability and fracture
effective porosity resulting from igneous intrusions. The activity will
result in a report summarizing the data and the results of the assessment.

The second initiating event considers the possibility that periodic
offset on Quaternary faults in and near the controlled area could cause
temporary changes in physical properties along the fault. These changes
could result in the fault becoming a barrier to lateral ground-water flow or
a conduit to vertical flow until mineralization or other processes return
conditions to present values. Activity 8.3.1.8.3.3.2 will collect and
summarize data from other activities on the width of fracturing around fault
zones and evidence of significant fracturing and recementation along faults.
These data will be used to predict the variation in physical properties that
can occur along faults through the faulting cycle. This information will
then be combined with data on the probability of faulting events in the con-
trolled area (Activity 8.3.1.8.3.1.3) to produce an assessment of the effects
of the initiating event and satisfy parameters 17 and 18. The activity will
also produce a report siumarizing the data and the results of the assessment.

The third initiating event considers the possibility that episodic
faulting, folding, uplift, or subsidence could result in cyclic changes in
the physical properties of the rock mass because of changes in the stress and
strain regime. Activity 8.3.1.8.3.3.3 will address this possibility and
satisfy parameter 19 by summarizing data on strain rates in the area and
modeling the changes in rock fracture permeability and porosity that could
result. The activity will also produce a report summarizing the data and the
results of the assessment.

The activities that assess the probability and effects related to any
particular initiating event will also consider the possibility that other
initiating events, which could also occur as part of the tectonic process
being considered, will influence the assessment. For example, the activity
that assesses the effects of faulting on flux rates (8.3.1.8.3.1.5) will also
consider the results of the activities that assesses the effects of faulting
and strain on the hydrologic properties of the rock mass (8.3.1.8.3.3.2 and
8.3.1.8.3.3.3). The probability and effects of different processes (such as
changes in thermal flux and strain rates) that might occur at the same time
and produce a coupled effect will also be considered. The assessments are
intended to provide the probability range and range of effects of coupled
processes that can be considered during performance assessment (Issue 1.1).
Different activities that consider various aspects of the same process (for
example, 8.3.1.8.3.2.3 (effect of strain changes on water table elevation)
and 8.3.1.8.3.3.3 (effect of strain changes on hydrologic properties of the
rock mass)) will also be closely coor inated so that estimates used about the
nature of the process agree.
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8.3.1.8.3.1 Study: Analysis of the effects of tectonic processes and events
on average percolation flux rates over the repository

This study will produce analyses and assessments of the probability and
effects of tectonic initiating events that may result in changes in the
average percolation flux rate at the top of the Topopah Spring welded unit.

8.3.1.8.3.1.1 Activity: Annual probability of volcanic or igneous events in
the controlled area

Objectives

The objective of this activity is to calculate the annual probability of
igneous and volcanic events within 0.5 km of the controlled area boundary.

Parameters

The parameters for this activity are

1. Annual probability of volcanic events within the controlled area.

2. Annual probability of significant igneous intrusion within 0.5 km of
the controlled area boundary.

Description

This activity will take the data developed in Activity 8.3.1.8.1.1.4 on
the probability of volcanic and igneous events penetrating the repository and
expand that analysis to calculate probabilities for the area within 0.5 km of
the controlled area boundary. Special attention will be paid to the possi-
bility that the influence of structural controls on igneous activity may be
different for this larger area than for the repository. The data supplied by
this activity will be used by Activity 8.3.1.8.3.1.2 and in other studies in
this investigation as part of the assessments of the effects of igneous
activity in producing possible changes in hydrologic characteristics.

8.3.1.8.3.1.2 Activity: Assessment of the effects of igneous intrusions and
volcanic events on flux rates

Objectives

The objective of this activity is to produce an assessment of the pos-
sibility that volcanic or igneous events could cause significant changes in
the average percolation flux rate at the top of the Topopah Spring welded
unit.
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Parameters

The parameters for this activity are

1. The effects of a volcanic event on topography and average flux
rates.

2. The effects of an igneous intrusion on average flux rates.

Description

This activity will collect and summarize data from the literature and
other activities on the thickness and extent of lava flows and ash falls and
the dimensions of Strombolian cones or hydrovolcanic maars that are possible
in the site area. The data on these features will be reviewed to determine
whether the appearance of such features could substantially alter average
flux rates through changes in drainage and topography. This activity will
also compile data and complete an estimate on the length, depth, and orienta-
tion of possible dikes and sills in the area. These data will then be used
in computer modeling of the hydrologic flow system to determine the effect of
intrusions on flux rates. The results of this analysis will be combined with
the probability of such igneous events occurring calculated by Activity
8.3.1.8.3.1.1 into an assessment of the probability of significant changes in
flux due to igneous events. The activity will prepare a report that will
address the following topics:

1. A summary of the data used in the assessment.

2. A discussion of the methods and models used in the analysis.

3. The results of the assessment.

4. A discussion of the assumptions and uncertainties in the data and
the methods of analysis.

8.3.1.8.3.1.3 Activity: Faulting rates, recurrence intervals, and probable
cumulative offset in 10,000 yr

Objectives

The objective of this activity is to provide estimates of the slip
rates, recurrence intervals, and probable cumulative offset in 10,000 yr on
Quaternary faults in and near the controlled area.

Parameters

The parameters for this activity are

1. Location and spacing of Quaternary faults in and near the controlled
area.

2. Slip rates on Quaternary faults in and near the controlled area.
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3. Recurrence intervals on Quaternary faults in and near the controlled
area.

4. Present dip of tuff beds at Yucca Mountain in and near the
controlled area.

Description

This activity will collect and summarize data from a number of field
data gathering activities and synthesize that data to provide estimates of
the parameters listed above. The data to be reviewed and summarized include
detailed bedrock geologic mapping, mapping of Quaternary deposits and faults,
detailed structure contour maps, and logs of trenches across Quaternary
faults. Figure 8.3.1.8-5 indicates the key data gathering activities that
will be supplying this data. The bedrock and Quaternary geologic maps and
the structure contour maps will be used to define the location, length, and
orientation of Quaternary faults in the area of the repository. Data on the
amount and age of displacement from trench logs, detailed structure contour
maps, and detailed geologic maps will be used to calculate slip rates and
recurrence intervals. Slip rates for time intervals extending from the
present to the Miocene will be calculated in order to determine Quaternary
slip rates and to analyze the changes that have occurred in slip rates over
the last 15 million yr. The detailed structure contour maps will also be
used to determine the range of possible down-dip fault geometries that need
to be considered in the depth range that is significant in calculating the
effects of faulting on hydrologic properties. These structure contour maps
will incorporate data obtained from the geophysical, drilling, and mapping
activities. The information generated by this activity will be used by
Activity 8.3.1.8.3.1.5 and the other studies in this investigation to satisfy
the performance parameters.

8.3.1.8.3.1.4 Activity: Effects of faulting on average flux rates

Objectives

The objective of this activity is to estimate the effects that the cre-
ation of scarps, the diversion of drainage, the change in the dip of beds, or
the juxtaposition of beds due to fault offset would have on average perco-
lation flux at the top of the Topopah Spring welded unit.

Parameters

The parameters for this activity are models of average flux rate change
resulting from a range of faulting conditions.

Description

This activity will generate models that can be used by Activity
8.3.1.8.3.1.5 to analyze the probability of significant changes in average
percolation flux rates due to fault activity. These models will be based on
the models of present conditions that control flux rates in Studies
8.3.1.2.2.8 and 8.3.1.2.2.9. This activity will consider the perturbations
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to current conditions resulting from the offset or tilting of beds and
changes to topography that a faulting event may cause. Various amounts and
locations of offset will be modeled to determine the point at which fault
offset could become a significant factor in controlling flux rates.

8.3.1.8.3.1.5 Activity: Assessment of the effects of faulting on flux rates

Objectives

The objective of this activity is to provide an assessment of the
probability that average percolation flux rates at the top of the Topopah
Spring welded unit at Yucca Mountain would be significantly affected by dis-
placement due to future fault activity.

Parameters

The parameters for this activity are

1. Probability of cumulative offset more than 2 m on faults in the
controlled area in 10,000 yr.

2. Probability of changing dip by greater than 2 degrees in 10,000 yr.

3. Effect of faulting on average flux rates.

De scrivt ion

This activity will use the data and models generated by the two previous
activities to prepare an assessment of the probability that faulting will
significantly affect flux rates at Yucca Mountain. The data on slip rates
and recurrence intervals will be used to calculate the probability that
faulting events will occur during a 10,000-yr period. These data will also
be used to calculate the amount of expected offset in single events, the
cumulative offset in 10,000 yr, and the probability of significantly large
cumulative offsets (>2 m) occurring. It was judged that a cumulative 2 m
offset might begin to produce significant effects on flux rates due to the
creation of surface impoundments, juxtaposition of hydrologic units, creation
of perched aquifers, and change in dip. The data on the present dips at the
site, location and spacing of Quaternary faults, and slip rates will be
analyzed to estimate the amount of change in dip that could result from fault
displacement in 10,000 yr and the probability of significant changes (>2)
occurring. The models from Activity 8.3.1.8.3.1.4 will then be used to
estimate the effects of expected faulting conditions on flux rates. A report
that contains the results of the assessment will be prepared that includes
the following topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques used and their results.
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3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.1.6 Activity: Uplift rates in the controlled area

Objectives

The objective of this activity is to calculate the rate of uplift or
subsidence in and around the controlled area.

Parameters

The parameter for this activity is the uplift or subsidence rates in and
around the controlled area.

Description

This activity will compile and summarize data collected by other field
data gathering activities that can be used to calculate the rates of uplift
and subsidence affecting the controlled area. Data such as geodetic leveling
and the geomorphic and geologic indicators of Quaternary uplift and subsi-
dence will be used in the calculation. The rates estimated by this activity
will be used by Activity 8.3.1.8.3.1.7 and the other studies in this investi-
gation to assess the effect of uplift and subsidence on hydrologic condi-
tions.

8.3.1.8.3.1.7 Activity: Assessment of the effects of folding, uplift, and
subsidence on flux rates

Objectives

The objective of this activity is to assess the probability that fold-
ing, uplift, or subsidence will significantly alter average percolation flux
rates at the top of the Topopah Spring welded unit over the repository.

Parameters

The parameters for this activity are

1. The probability of dip changing by greater than 2 degrees in
10,000 yr by folding.

2. The probability of exceeding 30 m of altitude change in 10,000 yr.
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Description

This activity will use the data generated by Activities 8.3.1.8.2.1.6
and 8.3.1.8.3.1.6 to calculate (1) the expected amount of change in dip and
altitude in 10,000 yr and (2) the probability that significant changes would
occur. If significant changes are considered credible, models based on the
present conditions controlling flux rates in Study 8.3.1.2.2.5 will be devel-
oped to consider the perturbations to current conditions resulting from the
tilting of beds and changes to topography that could occur. A report will be
prepared that includes the following topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques used and their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.2 Study: Analysis of the effect of tectonic processes and events
on changes in water-table elevation

This study will produce analyses and assessments of the probability that
tectonic initiating events could result in significant changes in the eleva-
tion of the water table or potentiometric surface, changes in the hydraulic
gradient, the creation of discharge points in the controlled area, or the
creation of perched aquifers in the controlled area.

8.3.1.8.3.2.1 Activity: Thermal and barrier-to-flow effects of igneous
intrusions on water-table elevation

Objectives

The objective of this activity is to model the effects that dikes or
other intrusions would have on water-table elevation due either to the
barrier to flow created by intrusion or the thermal pulse produced by the
intrusion.

Parameters

The parameters for this activity are models for predicting the effects
of igneous intrusions on water-table levels. The data requirements support-
ing the modeling efforts and the relationship of the requirements to the data
gathering activities that will support this activity are shown on Fig-
ure 8.3.1.8-6.
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Description

This activity will produce models for use in assessing the effects of
igneous intrusions on water-table levels. The relationship of this modeling
activity to data gathering activities is shown on Figure 8.3.1.8-6. These
models will be based on the computer models of present ground-water flow
developed in Activity 8.3.1.2.3.3.1. These computer codes will be used
directly or modified by the hydrologists from the 8.3.1.2 program who are
assigned to this activity. The first part of the modeling activity will
consider the perturbations to current conditions resulting from the barriers
to flow that intrusive features such as a dike might produce. Dikes of
various sizes and orientations will be modeled to estimate the range of
effects and determine at what point igneous intrusions would begin to produce
significant changes.

The second part of the modeling activity will consider the thermal
effects of an intrusion on water levels. As discussed in Sections 1.3.2.1.2
and 1.5.1, basaltic volcanism is considered to be the only credible intrusive
scenario during the postclosure period. This type of activity is character-
ized by the intrusion of dikes from magma bodies with depths of 20 to 30 km.
Therefore, the intrusion of a dike is considered to be the only credible
process by which changes in the thermal characteristics of the site could
occur. Published methods (e.g., Link et al., 1982) will be used to calculate
the magnitude and extent of thermal changes around a dike. The results of
Activity 8.3.1.8.1.1.3 will also be reviewed to determine if there are any
indications of magma bodies in the vicinity of the site with the potential
for significant movement in 10,000 yr that could produce significant changes
in the thermal gradient. Computer models based on the ground water flow
models developed in Activity 8.3.1.2.3.3.1 will then be generated that
predict the effects of thermal changes on water levels. These models will be
used by Activity 8.3.1.8.3.2.2 in the assessment of the probability that
igneous intrusions will cause significant changes in water-table levels.

8.3.1.8.3.2.2 Activity: Assessment of the effects of igneous intrusions on
water-table elevations

Objectives

The objective of this activity is to produce an assessment of the proba-
bility that igneous intrusions will cause (1) significant changes in the
elevation of the water table or potentiometric surface, (2) changes in the
hydraulic gradient, (3) the creation of discharge points in the controlled
area, or (4) the creation of perched aquifers in the controlled area.

Parameters

The parameters for this activity are

1. Barrier-to-flow effects of igneous intrusions on water-table levels
and hydraulic gradients.

8.3.1. 8-83



YMP/CM-OOll, Rev. 1 YMP/CM-00il, Rev. 1

2. Thermal effects of igneous intrusions (such as heat from below,
point sources, line sources, or spherical sources) on water-table
levels and hydraulic gradients.

Description

This activity will use the data in Activity 8.3.1.8.3.1.1 to estimate
the probability of an igneous event occurring in or near the controlled area.
It will also collect and summarize data from other data gathering activities
(Figure 8.3.1.8-6) to estimate the length, thickness, and orientation of
possible future intrusions. This data will then be used with models devel-
oped in Activity 8.3.1.8.3.2.1 to estimate the effects of expected intru-
sions. This activity will also review the available literature for evidence
of water-table changes during volcanic events in other parts of the world
that are analogous to the types of events that might occur in the vicinity of
the site. All of this information will then be integrated to produce an
assessment of the probability that igneous intrusions will cause significant
changes in the elevation of the water table or potentiometric surface,
changes in the hydraulic gradient, the creation of discharge points in the
controlled area, or the creation of perched aquifers in the controlled area.
The results will be summarized in a report that will include the following
topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques used and their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.2.3 Activity: Assessment of the effect of strain changes on
water-table elevation

Objectives

The objective of this activity is to estimate the probability that
changes in stress or strain resulting from faulting events could signifi-
cantly alter water-table levels or potentiometric surfaces in and around the
controlled area.

Parameters

The parameter for this activity is the probability that strain-induced
changes will increase the water-table level or the level of potentiometric
surfaces to more than 850 m mean sea level (MSL).
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Description

This activity will use the models of present flow in the saturated
zone from Activity 8.3.1.2.3.3.1 to develop a model to predict the effects
on the level of the water table or potentiometric surfaces in the vicinity
of the site of changes in the present level of stress or strain caused by a
faulting event. Data on the magnitude of such changes in stress and strain
will be estimated using theoretical calculations and data from Activity
8.3.1.17.4.12.1. The model will be used to estimate the effects of anti-
cipated strain changes and to determine the point at which such strain
changes could become significant.

This activity will also compile and analyze data on the effects of his-
toric earthquakes on water-table elevations. Earthquakes that have induced
water-table fluctuations will be studied to determine the type of material in
which changes occurred (rock or alluvium), the amount and duration of
changes, and the local geologic and ground-water conditions that may influ-
ence whether or not significant changes occur. The results of this analysis
will be compared with conditions present at the site to estimate whether any
of these occurrences represent analogs of possible future site behavior.

Field evidence from the site will be reviewed to determine if there is
any evidence of past water-table fluctuations that may be related to tectonic
events. For example, the results of Activity 8.3.1.5.2.1.5 will be reviewed
to determine whether or not the calcite-silica deposits that are found along
some faults are episodic spring deposits that may be related to fluctuations
of the water table or potentiometric surface or whether the deposits are the
result of surface pedogenic processes.

The results of these studies will then be incorporated into an assess-
ment evaluating the possibility of significant water-table fluctuations due
to strain changes. The results of the assessment will be summarized in a
report that will include the following topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques used and their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.2.4 Activity: Assessment of the effect of folding, uplift, or
subsidence on water-table elevation

Objectives

The objective of this activity is to provide an assessment of the prob-
ability that folding, uplift, or subsidence could change the elevation of the
repository with respect to the level of the water table sufficiently to
significantly alter the length of the unsaturated zone travel path.
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Parameters

The parameter for this activity is the probability that the repository
will be lowered by 100 m through the action of folding, uplift, or subsidence
in 10,000 yr.

Descrintion

This activity will use the data generated by Activities 8.3.1.8.2.1.6
and 8.3.1.8.3.1.6 to calculate the expected amount of change in the elevation
of the repository horizon over 10,000 yr caused by folding, uplift, or sub-
sidence. This activity will also assess the probability that changes of a
significant nature would occur. The results of the assessment will be
surmnarized in a report that will include the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.2.5 Activity: Effects of faulting on water-table elevation

Objectives

The objective of this activity is to produce models to analyze the
potential for fault offset to change the elevation of the water table or
potentiometric surface, change the hydraulic gradient, create discharge
points in the controlled area, or create perched aquifers in the controlled
area.

Parameters

The parameters for this activity are the models for predicting the
effects of faulting on water-table levels.

Description

This activity will use the models of present flow in the saturated zone
from Activity 8.3.1.2.3.3.1 and unsaturated zone from Studies 8.3.1.2.2.8 and
8.3.1.2.2.9 to develop a model to predict the effects of a faulting event on
the level of the water table or the creation of a perched aquifer. The
effects of a variety of fault offsets, orientations, down-dip geometries, and
locations will be calculated to estimate the point at which faulting could
become significant. The models produced by this activity will be used by
Activity 8.3.1.8.3.2.6 in the assessment of the effects of faulting on
water-table levels.
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8.3.1.8.3.2.6 Activity: Assessment of the effect of faulting on water-table
elevation

Objectives

The objective of this activity is to prepare an assessment of the proba-
bility that fault offset will result in significant changes in the elevation
of the water table or potentiometric surface, changes in the hydraulic gra-
dient, the creation of discharge points in the controlled area, the creation
of perched aquifers in the controlled area in 10,000 yr.

Parameters

The parameters for this activity are

1. Probability of cumulative offsets more than 2.0 m in 10,000 yr on
faults within 0.5 km of the controlled area boundary.

2. Effects of fault offset on water-table levels and hydraulic
gradient.

Description

This activity will use the data on slip rates and recurrence intervals
on Quaternary faults in and near the controlled area from Activity
8.3.1.8.3.1.4 to calculate the expected cumulative displacement in 10,000 yr
and the probability of significant cumulative offset (>2 m) occurring on any
fault. These data and data on the length and location of Quaternary faults
will then be used with the models produced in Activity 8.3.1.8.3.2.5 to
estimate the changes that would be produced under anticipated and unantici-
pated conditions.

This activity will also consider the results of Activity 8.3.1.8.3.2.3
on the evidence of possible past changes in water-table levels in the site
area and the effects of faulting during historic earthquakes on water-table
levels. The above data will then be incorporated into an assessment of the
probability of significant cumulative fault offsets occurring in 10,000 yr
and the effects of cumulative fault offset on water-table elevation. The
assessment will include an analysis of possible changes in the elevation of
the water table or potentiometric surface, changes in the hydraulic gradient,
the creation of discharge points in the controlled area, the creation of
perched aquifers based on the results of the modeling and probability cal-
culations. The results of the assessment will be summarized in a report that
will include the following topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques used and their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.
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8.3.1.8.3.3 Study: Analysis of the effects of tectonic processes and events
on local fracture permeability and effective porosity

The activities in this study address tectonic initiating events and
processes that could cause local changes in saturated fracture permeability
or fracture effective porosity.

8.3.1.8.3.3.1 Activity: Assessment of the effects of igneous intrusions on
local fracture permeability and effective porosities

Objectives

The objective of this activity is to assess the possibility that igneous
intrusions, such as dikes or sills, could cause changes in the hydrologic
flow properties of the surrounding rocks.

Parameters

The parameters for this activity are the effects of igneous intrusions
on local fracture permeabilities and effective porosities.

Description

This activity will use the results of Activity 8.3.1.8.3.1.1 on the
probability of igneous intrusions in and near the controlled area and Activ-
ity 8.3.1.8.5.2.3, which measures the nature and extent of physical changes
around intrusions in tuff. These data will be reviewed, summarized, and
combined into an assessment of the probability that igneous intrusions could
result in significant changes in local saturated fracture permeability and
fracture effective porosity. The assessment will also include a considera-
tion of how probable changes in physical properties could affect the movement
of gaseous decay products in the unsaturated zone. The assessment will be
summarized in a report that includes the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties.in the data and the
assessment.

8.3.1.8.3.3.2 Activity: Assessment of the effects of faulting on local
fracture permeability and effective porosities

Objectives

The objective of this activity is to assess the probability that move-
ment on faults could result in significant local changes in saturated frac-
ture permeability and fracture effective porosity along the fault that could
affect the regional ground water flow system.
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Parameters

The parameters for this activity are

1. The annual probability of faulting events on Quaternary faults
within 0.5 km of the controlled area boundary.

2. The effects of fault motion on local fracture permeabilities and
effective porosities.

Description

This activity will determine the nature of faulting and calculate the
annual probability of faulting in and near the controlled area using the data
on slip rates, recurrence intervals, down-dip geometry, and number of faults
from Activity 8.3.1.8.3.1.3. Data on the width of fracture zones around
faults, evidence of the possible episodic brecciation and recementation of
mineral fillings along fault zones, and the age and nature of the mineral
fillings will be collected and summarized after reviewing the core logs, the
geologic mapping of shaft and drifts, and fracture mineralogy studies col-
lected by other field data gathering activities (Figure 8.3.1.8-7) near Qua-
ternary faults. These data will be analyzed to determine the nature, extent,
and duration of changes in physical properties that could occur along faults
in the vicinity of the site. An assessment of the probability of significant
changes will then be produced by integrating all the above results. The
assessment will also include a consideration of how the probable changes in
physical properties could affect the movement of gaseous decay products in
the unsaturated zone. The assessment will be summarized in a report that
includes the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.3.3.3 Activity: Assessment of the effects of stress or strain on
hydrologic properties of the rock mass

Objectives

The objective of this activity is to assess the probability that changes
in stress or strain conditions around the site caused by a tectonic event
could result in significant changes in the saturated fracture permeability
and fracture effective porosity of the rock mass.

Parameters

The parameters for this activity are the effects of changes of stress or
strain on hydrologic properties of the rock mass.
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Description

This activity will use theoretical calculations and the data from
Activity 8.3.1.17.4.12.1 to estimate the magnitude of stress and strain
changes through the faulting cycle for the site area. Modeling studies will
then be performed to estimate the effect that these changes might have on
hydrologic properties. These results will then be combined with the prob-
ability of faulting events in and near the controlled area to calculate the
probability that significant changes in the physical properties of the rock
mass could occur. The assessment will also include a consideration of how
the probable changes in physical properties could affect the movement of
gaseous decay products in the unsaturated zone. The assessment will be
summarized in a report that includes the following topics:

1. A summary of the data used in the assessment.

2. A summary and discussion of the models used in the assessment and
their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.4 Investigation: Studies to provide information required on changes
in rock geochemical properties resulting from tectonic processes

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1 Volcanic history

1.3.2.2 Structural history

1.5.1.2 Basaltic volcanism

1.5.2 Faulting

4.1.3.7 Geochemical retardation of the host rock and surrounding
units--anticipated conditions

4.1.3.8 Geochemical retardation of the host rock and surrounding
units--unanticipated conditions

4.4.2 Potential effects of natural changes

8.3.1.8-90



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

Par-ameters

The following performance parameters will be measured or calculated as a
result of the site studies planned as part of this investigation:

1. Effects of igneous intrusions on local distribution coefficients.

2. Degree of mineralogic change in fault zones in 10,000 yr.

3. Effects of fault offset on travel pathway.

4. Degree of mineralogic change in the controlled area resulting from
changes in water-table level or flow paths due to tectonic processes
in 10,000 yr.

Purpose and objectives of the investigation

The four performance parameters listed in the previous section have been
identified by Issue 1.1 (Section 8.3.5.13, total system performance, and
Table 8.3.1.8-6) to address the possibility that tectonic processes and
events could produce significant changes in the geochemical properties of the
rocks of the controlled area that control the rate of radionuclide movement
(distribution coefficients (Kds)). The study and activities in this inves-
tigation will address these requirements by providing assessments of the
probability that the tectonic initiating events that have been recognized by
Issue 1.1 could significantly alter distribution coefficients. These results
will be used by Issue 1.1 to analyze total system performance of the reposi-
tory in limiting radionuclide releases to the accessible environment. The
initiating events considered in this investigation probably will have no
significant impact on repository performance because of the very low rate at
which mineral alteration occurs in the site area (see Section 4.1.1.4). It
is anticipated that the data to be gathered in the geochemistry program
(Section 8.3.1.3) to address other concerns will provide the data necessary
to evaluate the rate of geochemical change. The level of effort for the
activities related to these initiating events is therefore anticipated to be
low and to consist primarily of organizing and presenting the data collected
in other programs to provide the basis for evaluating the credibility of the
initiating events in performance assessment activities.

This investigation will also provide data on the nature of tectonic
processes operating at the site for use by Issue 1.8 (Section 8.3.5.17, NRC
siting criteria) in its analysis of favorable and potentially adverse
conditions. The specific conditions addressed by this investigation are
listed on Table 8.3.1.8-6.

Technical rationale for the investigation

The f'ow of data and interconnections between activities in the single
study of this investigation are shown on Figure 8.3.1.8-8. The first tec-
tsniz initiating event considered in this investigation is the possibility
that an igneous intrusion could alter the mineralogy of the surrounding host
rocks. Activity 8.3.1.8.4.1.1 will provide an assessment of this initiating
event and satisfy parameter 1 by considering (1) the probability of an igne-
ous intrusion occurring in the controlled area and (2) the e:xtent and nature
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of mineral changes that have been found to occur around dikes and sills in
tuffs during field studies. The activity will combine these data in an
assessment of the probability that significant changes would occur.

The second initiating event considers the possibility that offset on a
fault could result in significant mineral changes along the fault that could
affect local distribution coefficients. Changes in distribution coefficients
could result from the growth of mineral fillings in the fault zone itself or
from the sealing effect of the mineral fillings that prevent interaction
between fluids moving through the fault zone and the surrounding country
rock. Activity 8.3.1.8.4.1.2 will provide an assessment of this initiating
event and satisfy parameter 2 by analyzing data from core and the mapping of
drifts and shafts to review the evidence of significant changes during past
faulting events to determine the age, type, and extent of mineral changes
that have occurred. The probability and location of faulting events will be
determined from mapping and trenching activities that will provide data on
slip rates, recurrence intervals, and locations of Quaternary faults. The
assessment will integrate these data.

The third initiating event considers the possibility that offset on a
fault could significantly affect distribution coefficients by diverting flow
to pathways with significantly different mineral properties or water chemis-
try as a result of the juxtaposition of different lithologic units. Activity
8.3.1.8.4.1.3 will provide an assessment of this initiating event and satisfy
parameter 3 by conducting modeling studies to determine the amount of offset
necessary to produce significant changes. The results of the modeling activ-
ity will be combined with the probability that such offsets could occur using
data on slip rates and recurrence intervals of faults in and near the con-
trolled area as part of the assessment. The activity will summarize the
results of the assessment in a report.

The fourth initiating event considers the possibility that changes in
water-table levels or ground-water movement as a result of tectonic processes
could produce significant mineral alteration in the formerly unsaturated
rocks. Activity 8.3.1.8.4.1.4 will provide an assessment of this initiating
event and partially satisfy parameter 4 by calculating the probability of
significant faulting events and the nature of water-table fluctuations that
could be expected from such events. Activity 8.3.1.3.7.1.2 will complete the
characterization of this parameter by calculating the rate that mineral
changes could occur in this environment using data on the history of mineral
and geochemical alteration at Yucca Mountain and incorporating the results in
the integrated geochemical transport calculations. These data will be com-
bined with the results of Study 8.3.1.8.3.2 on the probability of significant
water-level changes occurring as the result of tectonic processes to complete
the assessment. The activity will summarize the results of the assessment in
a report.
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8.3.1.8.4.1 Study: Analysis of the effects of tectonic processes and events
on rock geochemical properties

The activities in this study provide assessments of the initiating
events related to local changes in distribution coefficients resulting from
tectonic processes and events.

8.3.1.8.4.1.1 Activity: Assessment of the change in rock geochemical
properties due to igneous intrusions

Objectives

The objective of this activity is to assess the probability that igneous
intrusions will cause significant changes in local distribution coefficients
in the controlled area in 10,000 yr.

Parameters

The parameters for this activity are the effects of igneous intrusions
on local distribution coefficients.

Description

This activity will use the data collected by Activity 8.3.1.8.5.2.2 on
the nature and extent of mineral changes occurring around dikes in tuffs to
evaluate whether the observed changes would significantly alter distribution
coefficients in the controlled area. The results of this evaluation will be
combined with the probability of igneous intrusions occurring in the con-
trolled area from Activity 8.3.1.8.3.1.1 to produce the assessment on the
probability of significant change. The results of the assessment will be
summarized in a report that will include the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.4.1.2 Activity: Assessment of the degree of mineral change along
fault zones in 10,000 yr

Objectives

The objective of this activity is to assess the probability that local
distribution coefficients will be significantly altered along faults in
10,000 yr by displacement events.
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Parameters

The parameter for this activity is the degree of mineral change along a
fault zone in 10,000 yr.

Description

This activity will review and summarize the data on the nature and
extent of mineralization along faults for evidence of brecciation and rece-
mentation that would result from periodic fault offset. This data will come
from drilling activities that recover core from fault zones and the activi-
ties that will conduct geologic mapping of the shafts and drifts of the
exploratory shaft facility. Data on the age and mineralogy of these zones
will also be used in an assessment of the nature, extent, and rate of possi-
ble changes in distribution coefficients. These results will be combined
with the probability of faulting events occurring in the controlled area
derived from the data on slip rates and recurrence intervals in Activity
8.3.1.8.3.2.3 to complete the assessment of the probability that significant
changes will occur. The results of the assessment will be summarized in a
report that will include the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.4.1.3 Activity: Assessment of the effects of fault offset on travel
pathway

Objectives

The objective of this activity is to assess the possibility that offsets
occurring on faults in 10,000 yr in the controlled area will divert radio-
nuclides to travel pathways with significantly different distribution coeffi-
cients or water chemistry.

Parameters

The parameters for this activity are the effects of fault offset on
travel pathway.

Description

This activity will use models based on the models of flow in the satu-
rated and unsaturated zones under current conditions from Activity
8.3.1.2.3.3.1 and Study 8.3.1.2.2.5 to estimate the amount of offset neces-
sary to produce significant changes in radionuclide travel pathways. To pro-
duce the assessment, these results will be combined with the probability of
such displacements occurring in the controlled area derived from slip rate
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and recurrence interval data in Activity 8.3.1.8.3.1.4. The results of the
assessment will be summarized in a report that will include the following
topics:

1. A summary of the data and calculations used in the assessment.

2. A discussion of the modeling techniques and their results.

3. The results of the assessment.

4. An analysis of the assumptions and uncertainties in the data and the
assessment.

8.3.1.8.4.1.4 Activity: Assessment of the degree of mineral change in the
controlled area resulting from tectonically induced change in
water-table elevations

Objectives

The objective of this activity is to assess the probability and nature
of tectonically induced changes in water-table level that might result in
significant mineral changes in the newly saturated or unsaturated rock.

Parameters

The parameter for this activity is the degree of mineral change in the
controlled area resulting from changes in water-table level or flow paths
caused by tectonic processes in 10,000 yr.

Description

This activity will generate an assessment of the probability that fault-
ing events could significantly alter water levels during the postclosure
period and estimate the amount of these water-table fluctuations. The data
for this assessment will be provided by Study 8.3.1.8.3.2. The assessment
will be used by Activity 8.3.1.3.7.1.2 to complete characterization of the
parameter by calculating the degree of mineral change such fluctuation could
produce and the effect of these changes on the geochemical/geophysical model
of Yucca Mountain and integrated geochemical transport ca-:ulations. The
results of the assessment will be sinmarized in a report that will include
the following topics:

1. A summary of the data and calculations used in the assessment.

2. The results of the assessment.

3. An analysis of the assumptions and uncertainties in the data and the
assessment.
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8.3.1.8.5 Investigation: Studies to provide the information required by the
analysis and assessment investigations of the tectonics procram

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

The following sections of the SCP data chapters provide a technical
summary of existing data relevant to this investigation:

SCP section Subject

1.3.2.1 Volcanic history
1.3.2.2 Structural history
1.5.1 Volcanism

Parameters

The following parameters will be measured or calculated during the
studies planned to satisfy this investigation:

1. Location, age, and volume of igneous deposits younger than
4 million yr and within 70 km of the site.

2. Detailed maps showing the relation of geologic structures to
selected young volcanic centers.

3. Map showing depth to curie isotherm.

4. Chemical and physical changes around dikes in tuff.

5. Petrology and geochemistry of late Cenozoic volcanic rocks in the
region.

6. Evaluation of folding in the region and its relation to faulting or
detachments.

7. Evaluation of heat-flow data.

Purpose and objectives of the investigation

The studies and activities in this investigation will collect the field
data called for by the analysis and assessment activities in Investigations
8.3.1.8.1 through 8.3.1.8.4. Because most of the data required by these
analysis and assessment activities are being collected by other programs, the
activities in this investigation are limited to a small number providing data
to support the analysis of volcanic, igneous intrusion, and folding pro-
cesses. Figures 8.3.1.8-3 through 8.3.1.8-8 and Tables 8.3.1.8-1 through
8.3.1.8-6 show the relationship of the data gathering activities in this sec-
tion to the analysis and assessment investigations.
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Technical rationale for the investigation

One of the main requirements in the evaluation of the hazard of volcanic
or igneous events is the calculation of the probability that such events
would actually occur in the repository or the controlled area. Parameter 1
indicates the data required by Activities 8.3.1.8.1.1.1 and 8.3.1.8.1.1.4 to
carry out this calculation. Activities 8.3.1.8.5.1.1 through 8.3.1.8.5.1.4
are designed to improve the existing data base on the age, location, and vol-
ume of young volcanic and igneous rocks in the region surrounding the site.
These activities refine the dating of known occurrences using a variety of
techniques, many of which have not previously been employed, and determine by
drilling the nature of suspected buried deposits.

Another concern related to the probability of volcanism in the site area
is that the location of any intrusion may not be entirely random across the
area but controlled by structural features. To address this possibility,
parameter 2 has been identified as one of the data requirements of Activity
8.3.1.8.1.1.2. Activity 8.3.1.8.5.1.3 will satisfy the requirement by com-
pleting detailed geologic mapping around selected volcanic features to clar-
ify the relationship that might exist between the volcanic features and local
structures. Parameter 5 has also been identified as a data requirement of
Activity 8.3.1.8.1.1.2; this parameter will be used to address tectonic
models for the time-space patterns of igneous events in the Yucca Mountain
area and the structural controls for volcanic sites or future volcanic sites
at or adjacent to Yucca Mountain. These data will be factored into probabil-
ity calculations. Activity 8.3.1.8.5.1.5 will evaluate petrologic and volume
trends of volcanic fields through time to test for indications of waning vol-
canism or increases in the rate of eruptive activity associated with decreas-
ing eruption volumes.

For data on thermal anomalies in the area that might be related to magma
bodies that could be sources of volcanic or igneous activity, parameters 3
and 7 have been identified as a data requirements of Activity 8.3.1.8.1.1.3.
Activities 8.3.1.8.5.2.1 and 8.3.1.8.5.2.3 will satisfy the requirement by
generating maps showing the depth to the curie isotherm and heat-flow data in
the area surrounding the site.

Parameter 4 has been identified as a data requirement of both Activities
8.3.1.8.3.3.1 and 8.3.1.8.4.1.1 and will provide information on the nature
and extent of physical and geochemical changes around dikes and other intru-
sions. Activity 8.3.1.8.5.2.2 will satisfy this requirement by collecting
the required data from field studies of known intrusions in the region around
the site and from literature reviews.

Parameter 6 will provide general regional data on the relationship of
Neogene folding in the region to faults and detachments. Activity
8.3.1.8.5.3.1 will satisfy this parameter by reviewing the available
literature and possible detailed mapping in selected areas.
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8.3.1.8.5.1 Study: Characterization of volcanic features

The activities under this study will provide refined data on the age,
location, and volume of young volcanic rocks in the vicinity of the site.
These data will be used to refine the calculations on the probability of
igneous or volcanic events occurring in the controlled area and penetrating
the repository. Much of the work for this study has been completed and is
described in Chapter 1. The focus of this study is to summarize continuing
activities that are necessary to complete risk assessment. The major activ-
ities include (1) geochronology studies to refine the ages of Quaternary
basaltic activity and the youngest silicic volcanic activity in the Yucca
Mountain area, (2) refining the area parameter used in probability calcula-
tions based on revised procedures to quantify the structural controls of sur-
face volcanic centers, (3) drilling of prominent aeromagnetic anomalies in
Crater Flat and the Amargosa Valley that are inferred to represent shallowly
buried basaltic volcanic centers, and (4) collecting additional field data on
the possibility of structural controls on volcanism in the vicinity of the
site.

Other activities in this study will investigate the petrologic and geo-
chemical cycles of volcanic fields in the region. The goals of these activi-
ties are to

1. Establish the geochemical sequence through time of the lava flows
and scoria deposits at Crater Flat for correlation with basaltic
ashes exposed in various trenches excavated in alluvium for the
preclosure tectonic program (Study 8.3.1.17.4.6) and test petrologic
models of polycyclic volcanism.

2. Examine and document the temporal and spatial geochemical patterns
of the late Cenozoic basaltic fields of the southwest Basin and
Range province. These patterns will be compared in Activ-
ity 8.3.1.8.1.1.2 with patterns established from the Crater Flat
data and to test tectonic models for the spatial distribution for
volcanic activity at the Crater Flat volcanic field.

These data will be used in Activity 8.3.1.8.1.1.2 to assess the signifi-
cance of petrologic patterns of the Crater Flat volcanic field and to exam-
ine, in conjunction with geophysical data, the possibility that the Death
Valley-Pancake Range volcanic zone (DV-PRVZ) represents an incipient rift
zone.

8.3.1.8.5.1.1 Activity: Volcanism drillholes

Objectives

The objective of this activity is to investigate the origin of four
aeromagnetic anomalies found in Crater Flat and the Amargosa Valley. These
anomalies are inferred to represent shallowly buried basaltic or silicic
volcanic centers or intrusive bodies. The anomaly sites will be drilled and
continuous core recovered from the drillholes. Data from this work will be
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used to refine probability calculations, to evaluate the tectonic setting of
volcanic centers, and to test concepts of the temporal geochemical patterns
of basalts in the NTS region.

Parameters

The data gathered by other activities and needed for this activity are

1. The location and extent of aeromagnetic anomalies.

2. The potassium-argon (K-Ar) and Ar-40/Ar-39 age determinations of
volcanic material recovered by the drilling program. This informa-
tion will be obtained from Activity 8.3.1.8.5.1.2.

The data to be gathered by this activity are

1. Core from drillholes.
2. Stratigraphy and location of core from drillholes.
3. Magnetic polarity measurements of core.
4. Major-element geochemical data of recovered volcanic materials.
5. Trace-element geochemical data of recovered volcanic materials.
6. Sr and Nd isotopic data of recovered volcanic materials.
7. Petrography of recovered volcanic materials.

Description

The inferred, buried volcanic centers may represent volcanic events that
have not been documented in the geologic record. These anomalies need to be
drilled, dated, and volumes obtained to apply to volcanic rate calculations
used for the probability model for the Yucca Mountain area.

Four anomalies have currently been identified from aeromagnetic data
for investigation using drillholes (USGS, 1978). One is located in south-
west Crater Flat; the remaining three are in the Amargosa Valley (Fig-
ure 8.3.1.8-9). The anomaly sites will be drilled and core recovered from
volcanic rocks encountered in the hole. Four drillholes are currently
planned and each will be drilled to a depth of approximately 330 m.

The anomalies may be buried surface volcanic centers or they could be
intrusive bodies. If they are intrusive bodies, there are no established
constraints on their age--they could be as young as the younger events in the
Yucca Mountain region. The thickness of the recovered volcanic core material
and the geometry of aeromagnetic anomalies will be used to estimate volumes
of buried volcanic centers. This data will be combined with potassium-argon
ages to refine probability calculations and establish a tectonic model of
basaltic volcanic activity (Activity 8.3.1.8.1.1.4). K-Ar ages of the core
will be combined with major- and trace-element data and isotopic data to test
geochemical patterns of basaltic volcanism in the NTS region (Activities
8.3.1.8.5.1.4 and 8.3.1.8.5.1.5).
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8.3.1.8.5.1.2 Activity: Geochronology studies

Objectives

The objective of this activity is to establish the chronology of basal-
tic volcanism and the youngest silicic volcanic activity in the Yucca Moun-
tain region. These data will be used to revise the rate parameter of the
volcanic Probability calculations and to determine the age of cessation of
silicic volcanic activity. The geochronology studies have been under way for
a number of years and the chronology of older basaltic activity (> 8 million
yr) has been established. Further studies are required for three topics:

1. The age of Quaternary volcanic events in the Yucca Mountain region.

2. The age of the youngest volcanic event in the Yucca Mountain area.

3. The age of the youngest silicic volcanic activity in the region with
emphasis on the Black Mountain caldera or young silicic rocks that
may be encountered in shallow volcanic drillholes.

Parameters

The data gathered by other activities and needed for this activity are

1. Geographic location and geologic field relations of volcanic rocks
or volcanic features used for age determinations. This information
will be obtained from Activity 8.3.1.8.5.1.3.

2. Core from volcanic rocks recovered from the volcanism drillholes.
This material will be obtained from Activity 8.3.1.8.5.1.1.

The data to be gathered by this activity are

1. Age determinations of volcanic rocks using the potassium-argon
(K-Ar) and Ar-40/Ar-39 methods.

2. Age determinations of silicic volcanic rocks using a single crystal,
laser-fusion method for determination of the Ar-40/Ar-39 ages.

3. U-Th disequilibrium measurements of crystals and whole rock for age
calibration of basaltic volcanic rocks.

4. Measurement of the cosmogenic He-3 accumulation in basaltic volcanic
rocks to obtain the surface exposure age of the rocks.

5. Measurement of the cosmogenic Cl-36 accumulation in basaltic vol-
canic rocks to obtain the surface exposure age of the rocks.

6. Measurement of cation element ratios in desert varnish developed on
basaltic volcanic rocks to calibrate the time of surface exposure of
the rocks.
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7. Carbon-14 dating of desert varnish developed on basaltic volcanic
rocks to determine the surface exposure age of the rocks or volcanic
features.

8. Measurement of the paleomagnetic pole position of young basaltic
volcanic rocks to test age constraints from crystallization and
surface exposure age determinations.

9. Measurement of scoria cone and lava flow geomorphic parameters to
evaluate the surface exposure age of the volcanic features.

10. Measurement of soil development for evaluation of the age of soils
developed on young basaltic rocks or volcanic features.

Description

Potassium-argon (K-Ar) age determinations are needed to establish the
chronology of volcanic activity in the Yucca Mountain region. Previous work
has established the timing of major episodes of activity in the region (Crowe
et al., 1986). The focus of work for probability calculations has been based
on patterns of basaltic activity during the last 4.0 million yr (Crowe
et al., 1982). The age of basaltic volcanic events during this interval is a
key parameter for the probability calculations. It is important, therefore,
to obtain high quality age determinations for volcanic events in this age
interval. Duplicate ages are needed for the volcanic centers to
(1) establish the accuracy and precision of the age determinations and
(2) allow statistical analysis of age data.

A second problem is the age of the youngest silicic volcanic center in
the Yucca Mountain region, the Black Mountain caldera. Published ages of the
Thirsty Canyon Tuff, the major outflow unit of the Black Mountain caldera,
are as young as 6.5 million yr (Kistler, 1968). These age determinations
were obtained from anorthoclase mineral separates. This mineral tends to
lose Ar and therefore the ages are probably minimum ages and do not record
the crystallization age of the mineral. Dated basalt flows that overlie
individual units of the Thirsty Canyon Tuff range in age from 8.0 to 9.1
million yr and are inconsistent with the anorthoclase ages. This inconsis-
tency needs to be resolved through additional K-Ar dating of the overlying
basalt flows and determination of single-crystal Ar-40/Ar-39 ages of minerals
in the Thirsty Canyon Tuff.

The final problem that requires refinement of continuing work is an
evaluation of the age or ages of the Lathrop Wells volcanic center. This
center was considered to be about 200,000 to 300,000 yr old as reported in
the environmental assessment for Yucca Mountain (DOE, 1986b). However, new
data suggest the lava flows are somewhat younger and the scoria cone is much
younger than this reported age (Wells et al., 1988; Crowe et al., 1988; Crowe
and Turrin, 1988). A sufficient number of K-Ar dates will be obtained to
resolve the age of the lavas through statistical analysis and to address the
problem of why there has been such variability in the results of K-Ar age
determinations. Dating of the scoria zone is much more difficult. To
resolve this problem, a variety of techniques will be used that either
provide crystallization ages of the magma that formed the cone or date the
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time of surface exposure of the cone. Because these techniques are develop-
mental, multiple results will be obtained from two separate laboratories, and
the results will be compared for consistency. Additionally, the measurements
of paleomagnetic pole positions, the evaluation of geomorphic parameters of
the cone, and the soils chronology provide cross-checking procedures for the
data obtained from crystallization ages and surface exposure ages.

8.3.1.8.5.1.3 Activity: Field geologic studies

Objectives

The objective of this activity is to establish the field geologic rela-
tions and the eruptive history of basaltic volcanic centers in the Yucca
Mountain region. Most of the work is completed, including reconnaissance
mapping of older volcanic centers (>6 million yr) and detailed mapping of
younger volcanic centers. Two problems remain:

1. Recently acquired geochronology data have shown that some small vol-
ume basalt centers may be polycyclic (i.e., formed during multiple
cycles of volcanic activity separated by significant intervals of
inactivity). Further geologic mapping coupled with geochronology
studies are required to investigate how common polycyclic activity
is at the young (<4.0 million yr) volcanic centers of the Yucca
Mountain region.

2. Field studies are needed to attempt to correlate scoria sequences
exposed in alluvial deposits in trenches with the scoria cone
deposits in the Crater Flat area.

Parameters

The data gathered by other activities and needed for this activity are

1. The results of geochronology studies from Activity 8.3.1.8.5.1.2.

2. The results of scoria geochemistry studies from Activity
8.3.1.8.5.1.4.

The data to be gathered by this activity are

1. Contact relations and geologic maps of basaltic volcanic centers in
the Yucca Mountain region.

2. Eruptive sequences of basaltic volcanic centers in the Yucca
Mountain region.

3. Volumes of eruptive deposits of the basaltic centers in the Yucca
Mountain region.

4. Tephra sequences and correlations among the scoria deposits of the
basaltic volcanic centers of the Yucca Mountain region.
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Description

A major assumption over the past several decades in geology is that
small volume volcanic centers form during short periods of time (days,
months, or at most years). Rock units such as separate lava flows or scoria
cone clusters at basaltic volcanic centers are inferred to have formed vir-
tually instantaneously relative to the resolving ability of conventional
dating techniques. Recent geologic work using new techniques for dating the
time of surface exposure of volcanic features combined with geomorphic anal-
ysis of degradation rates of volcanic features, and calibration of the time
required for development of soils on young volcanic rocks has shown that some
basaltic volcanic centers may be polycyclic. This means that they were
formed from multi- pulses of basaltic activity with significant time inter-
vals between even The time interval between pulses may be sufficiently
long to affect the rate parameter of probability calculations. Studies at
the Lathrop Wells volcanic center suggest that it was formed by two, possibly
three, pulses of basaltic magma over a period of time that may have exceeded
100,000 yr. Further geologic mapping coupled with geochronology studies are
needed to evaluate the possibility of multiple eruption cycles at the Quater-
nary volcanic centers of the Yucca Mountain region. This work will allow
refinement of constructed curves of magma volume versus time, which yields
the rate of generation of magma, a key parameter for probability calcula-
tions. The second problem, correlation of tephra sequences, requires the
same information base. Petrologic studies conducted to date assume the com-
position of lava represents the composition of the entire range of eruptions
at small volume basalt centers. If these centers are polycyclic, the magma
that formed separate pulses may differ in composition. Geologic mapping is
required to identify the separate eruptive units, and these units will be
evaluated as potential eruptive sources for tephra deposits that are inter-
bedded with alluvium in the Yucca Mountain region.

8.3.1.8.5.1.4 Activity: Geochemistry of scoria sequences

Oblectives

The objective of this activity is to determine the geochemistry of
scoria sequences of different ages at the Lathrop Wells center and older
centers in the Crater Flat area. These data will be used to test and develop
petrologic models of polycyclic volcanism. The models will be used to test
geologic assumptions made for (1) the probability calculations and (2) the
time-space tectonic model for the distribution of basaltic volcanism
developed from Activity 8.3.1.8.1.1.2. In addition, the data on the
geochemistry of the scoria sequences will also be used to correlate basaltic
ash interbedded in trenches with their correct eruptive source.

Parameters

The data gathered by other activities and needed for this activity are

1. Field relationships of scoria sequences at the Lathrop Wells
volcanic center. This information will be obtained from Activity
8.3.1.8.5.1.3.
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2. Ages of multiple scoria sequences at the Lathrop Wells center. This
information will be obtained from Activity 8.3.1.8.5.1.2.

The data to be gathered by this activity are

1. Major-element data of scoria from Lathrop Wells center, centers of
the 1.1 to 1.5 million-year-old event in Crater Flat, and the 0.3
million-year Sleeping Butte basalt centers.

2. Trace-element data of scoria from Lathrop Wells center, centers of
the 1.1 to 1.5 million-year-old event in Crater Flat, and the 0.3
million-year Sleeping Butte basalt centers.

3. Mineral chemistry and petrography of scoria from Lathrop Wells
center, centers of the 1.1 to 1.5 million-year-old event in Crater
Flat, and the 0.3 million-year Sleeping Butte basalt centers.

4. Major- and trace-element chemistry of lava flows at the Lathrop
Wells center, the 1.1 to 1.5 million-year cycle in Crater Flat, and
the 0.3 million-year Sleeping Butte basalt center. Most of this
information has already been obtained (Crowe et al., 1986).

Description

At least two eruptive events, separated by a significant time interval,
occurred at the Lathrop Wells center. This indicates that small basaltic
centers of this type may be polycyclic. The major-, trace-element, and
mineral chemistry of scoria sequences, bombs, and lava flows will be deter-
mined and combined with chronologic information (Activity 8.3.1.8.5.1.2) to
test petrologic models of polycyclic volcanism. An understanding of the
mechanisms of polycyclic volcanism derived from this modeling will provide an
important means of assessing the possibility of future eruptions at the
Lathrop Wells center. The geochemistry of scoria sequences will be used to
correlate eruptive events to basaltic ash deposits exposed in trenches dug
for tectonic studies (Study 8.3.1.17.4.6). In addition, the geochemistry of
scoria can be used to constrain the existence of discrete eruptive events
where field relationships may be ambiguous.

8.3.1.8.5.1.5 Activity: Geochemical cycles of basaltic volcanic fields

Objectives

The objective of this activity is to determine the time-space
geochemical variations of the volcanic fields of the southern Great Basin.
These patterns will be compared with the documented geochemical patterns for
the volcanic fields of the Yucca Mountain area. This information will be
used to test a model that associates changes in basalt composition, increases
in the eruptive frequency of polycyclic eruptions, and decreases in the
volume of eruptive activity with the waning or termination stages of basaltic
volcanic fields. This model, if valid, supports the idea that the Yucca
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Mountain area has passed the peak of maximum basaltic volcanic activity.
Probability calculations, which are based on the peak rate of activity, could
therefore be shown to be a worst-case approach to volcanic risk assessment.

Parameters

The data gathered by other activities and needed for this activity are
geologic, geochemical, and geochronologic data (geologic maps, geochemical
data, and K-Ar ages) for volcanic fields of the southern Great Basin. This
information will be obtained from the published literature and from
Activities 8.3.1.8.5.1.2, 8.3.1.8.5.1.3, and 8.3.1.-8.5.1.4.

The data to be gathered by this activity are geochemical patterns of
basaltic volcanism through time for volcanic fields of the southern Great
Basin.

Description

Geochemical and geochronological studies of basalt of the Yucca Mountain
area have shown that there are distinct variations in these parameters with
time. Early eruptions were moderately high volume (> 0.5 kM3 ) hypersthene
hawaiite (3.7 to 1.1 million years). Subsequent eruptions were smaller
volume (0.1 kM3 ) and the rocks are increasingly undersaturated (Vaniman et
al., 1982; Crowe et al., 1986). Similar trends have been noted at the Lunar
Crater and southern Death Valley volcanic fields (Crowe et al., 1986). These
geochemical patterns may be indicative of the terminal stage of basaltic
volcanic activity at a volcanic field. If this interpretation is valid, it
supports the concepts being developed for the volcanic/tectonic model for the
Crater Flat area, including (1) southwesterly migration of basaltic volcanic
activity in the Yucca Mountain region and (2) the observed decreased volume
of basaltic activity in the Yucca Mountain area. Both concepts support the
assumption that the calculated probability bounds for future volcanic
activity at Yucca Mountain are worst-case values. If volcanism is waning for
this area, rates of magma generation calculated for past volcanic activity
should be higher than future rates.

These concepts need to be tested by examining the time-space geochemical
trends of other basaltic fields of the southern Great Basin. Emphasis would
be placed on examining the geochemical patterns of older fields where there
is clear evidence that volcanic activity has ended (no basaltic volcanic
activity in Quaternary time). The patterns observed for .the Yucca Mountain
area need to be corroborated at several volcanic fields to support the
volcanic/tectonic model. A second important parameter is the apparent
increased frequency of volcanic eruptions associated with the transition to
small volume, undersaturated basalt. This parameter needs to be investigated
to determine if the trend could result in small-scale fluctuations in rates
of volcanic activity. The fluctuations could be significant in forecasting
future volcanic activity.
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8.3.1.8.5.2 Study: Characterization of igneous intrusive features

The activities in this study will gather data concerning the presence of
thermal anomalies in the area and data on the geochemical and physical
effects of intrusions on the surrounding rock. The evidence for the presence
or absence of thermal anomalies will be used as part of the evaluation of the
presence of significant magma bodies in the area and their relation to the
probability of future volcanic events. The data on the effects of intrusions
on surrounding rocks will be used as part of the assessments of the proba-
bility of significant changes on local fracture permeabilities and local
effective porosities (Study 8.3.1.8.3.3) and local distribution coefficients
(Study 8.3.1.8.4.1).

8.3.1.8.5.2.1 Activity: Evaluation of depth of curie temperature isotherm

Objectives

The objective of this activity is to determine the depth of the curie
temperature isotherm by analyses of existing magnetic survey data.

Parameters

The long wavelength attributes of magnetic survey data are the
parameters for this activity.

Description

The curie temperature isotherm is the deepest level that significant
crustal magnetic sources can exist; anomalies from these sources consequently
have long wavelengths and very low amplitudes compared with shallower crustal
sources. Hence, any method used to study the limiting depth of these sources
must be capable of characterizing the long wavelength attributes of a magne-
tic survey. The Connard-Couch technique (Connard et al., 1983), accomplishes
this characterization by dividing the survey area into overlapping rectangu-
lar cells, calculating the power spectrum of each cell, and analyzing the
shape of the long wavelength part of each spectrum. All of the sources
contributing to the spectrum are treated as a statistical set, or ensemble.

This method and its application to a part of the Oregon Cascade Range
was described by Connard et al. (1983). Their curie temperature depths
agreed approximately with published heat flow measurements, recent structural
features, and surface geothermal manifestations. Couch et al. (1985) have
summarized their results in the Cascade Range. They now have analyzed mag-
netic data over the Cascade geologic province from Mount Hood to Lassen Peak,
and the agreement between their curie temperature depths and heat flow
measurements is quite remarkable.

The proposed method has some limitations. Anomalies due to deep sources
are difficult to separate from their dominant shallow counterparts, no matter
which method is used, and particularly in Nevada, where the data are of
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lesser quality and the geologic situation more complex than in the Oregon
Cascade Range. Finally, the method estimates the depth to the bottom of mag-
netic sources, which are assumed to correspond to curie temperatures.

Nevertheless, this technique offers a method for characterizing undula-
tions of the curie temperature isotherm in Nevada, and to compare areas of
shallow isotherms with areas of recent volcanism and zones of high heat flow.

8.3.1.8.5.2.2 Activity: Chemical and physical changes around dikes

Objectives

The objective of this activity is to gather data on the nature and
extent of chemical and physical changes that may occur in the surrounding
tuffs as a result of the intrusion of dikes or sills.

Parameters

The parameters for this activity are

1. The extent and nature of changes to physical properties such as
fracturing and effective porosity that could affect ground-water
flow in tuffs surrounding a basaltic dike or sill.

2. The extent and nature of changes to geochemical properties that
could affect local distribution coefficients (KdS) in tuffs sur-
rounding a basaltic dike or sill.

Description

As discussed in Sections 1.3.2 and 1.5.1, basaltic volcanism is con-
sidered the only credible igneous process that could affect the site. This
activity will investigate the possibility that the intrusions related to this
type of activity such as dikes or sills could adversely affect the hydrologic
or geochemical characteristics of the surrounding rock in a significant man-
ner. The first phase of the activity will be a literature review of the
effects of dikes and sills of the type expected in the area on tuffs and
other rock types. This will be followed, as necessary, by a field investiga-
tion of selected localities in the region where dikes or sills are known to
have penetrated rock types similar to those found at the site. The rocks
surrounding these intrusions will be examined petrologically to describe the
nature of the mineral changes caused by the intrusion and the distance that
these changes extend from the intrusion. Changes in fracturing and other
physical characteristics that could affect ground-water flow will also be
described. These data will be used by Activities 8.3.1.8.3.3.1 and
8.3.1.8.4.1.1 as part of the assessment of the effects of igneous intrusions
on hydrologic and geochemical characteristics of the site.
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8.3.1.8.5.2.3 Activity: Heat flow at Yucca Mountain and evaluation of
regional ambient heat flow and local heat flow anomalies

This activity will be undertaken in cooperation with Activity
8.3.1.9.2.1.3 (assessment of geothermal resources). Both activities are
aimed at characterizing the local geothermal regime as it might relate to
repository performance during the postclosure period. Activity 8.3.1.9.2.1.3
will focus on assessing geothermal activity as a potential resource. This
activity (8.3.1.8.5.2.3) will evaluate the local ambient heat flow and local
heat flow anomalies in relation to Quaternary igneous bodies. Data com-
pilation and evaluation will be carried out jointly through both activities.

Objectives

The objectives of this activity are to

1. Compile available heat flow data at and near Yucca Mountain and
identify local heat flow anomalies in conjunction with Activity
8.3.1.9.2.1.3. The quality of these data will be assessed under
this activity (8.3.1.8.5.2.3) in conjunction with Activity
8.3.1.9.2.1.3.

2. Compile available calcite and silicate geothermometry data from
calcite and silica deposits in soils and core and along faults in
the vicinity of Yucca Mountain. These data will be assessed with
respect to their utility for measuring thermal and hydrothermal
perturbation associated with Quaternary volcanism, such as that at
the Lathrop Wells volcanic center. In addition, the utility of such
data for calibrating and evaluating theoretical calculations of the
thermal and hydrothermal effects of volcanism will be assessed.

3. Assess the potential value of additional heat flow and other geo-
thermometry studies for satisfying project goals. Recommendations
will be made as to the objectives, nature and scope of any addi-
tional studies that may be needed, including the collection of
geothermal data from existing or planned drillholes or specific
methods of drill hole construction necessary to collect the highest
quality heat flow data.

Parameters

The parameters for this activity are

1. Geothermal profiles of drillholes.
2. Temperature of ground water from springs and wells.
3. Thermal conductivity of core and other samples.
4. Surface temperature.
5. Silica geothermometry of water samples.
6. Calcite geothermometry of calcite-silica deposits.
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Description

Local heat flow anomalies could be associated with faults, shallow magma
bodies, and/or local areas of anomalous ground-water flow, such as segments
of thermally driven ground-water convection cells. Internally consistent
heat-flow calculations from drillhole UE-25a#3 in the Calico Hills yield
values of as much as 3.08 to 3.34 heat flow units. These data are between
two and three times the expected ambient values according to Sass et al.
(1980), who suggest that Calico Hills is the focus of an ascending segment of

a geothermal convection cell. The ambient thermal regime beneath Yucca
Mountain is not known with sufficient confidence that a similar geothermal
process can be ruled out there. In this activity, heat-flow calculations
will be made for existing and planned drillholes where feasible. The data
will be compiled onto maps and compared with other geological, hydrological,
and geophysical data. Recommendations for additional heat-flow measurements
will be made to evaluate local heat-flow anomalies. Such recommendations
could include plans for an additional drillhole specifically constructed to
acquire high quality data to evaluate regional ambient heat flow. Additional
heat-flow data could also be required to evaluate tectonic or fault models,
tectonic history, geothermal resource potential, regional ground-water flow,
and/or calculation of ambient heat flow at and near Yucca Mountain. The
silica geothermometry method used by Fournier et al. (1979) will be evaluated
as to its utility in corroborative heat-flow calculations for Yucca Mountain
in conjunction with Activity 8.3.1.9.2.1.3.

An understanding of the present thermal regime also is helpful to
evaluate the magnitude and areal extent of the thermal perturbation due to
Quaternary igneous activity. Available calcite and silica geothermometry
data from calcite and silica deposits along faults and in soils and cores in
the vicinity of Yucca Mountain (collected for Activity 8.3.1.5.2.1.5) will be
compiled and assessed as to their utility for measuring thermal and hydro-
thermal perturbation associated with volcanism such as that at the Lathrop
Wells volcanic center (part of which may be synchronous with a pluvial maxi-
mum). Such data will also be evaluated as a method to confirm calculations
of the thermal effects. Plans for additional studies will be made depending
on the findings of this activity and program needs.

8.3.1.8.5.3 Study: Investigation of folds in Miocene and younger rocks of
region

The objective of this study is to establish the regional pattern and
rate of Neogene folding. The parameters to be determined are distribution,
amplitude, and age of folds.

8.3.1.8.5.3.1 Activity: Evaluation of folds in Neogene rocks of the region

Objectives

The objective of this activity is to establish the pattern, rate, ampli-
tude, and wavelength of post-middle-Miocene folding in the region.
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Parameters

The parameters for this activity are the distribution, amplitude, and
age of folds.

Descriction

Neogene strain within the Nevada Test Site (NTS) and vicinity consists
of displacements due both to folding and to faulting. To explain the strain
in terms of some tectonic model or theory, the contribution from folding as
well as faulting must be considered. Preliminary evaluation indicates that
where detachment faults are present, the wavelength of folds in upper-plate
rocks is substantially less than that in lower-plate rocks. No attempt has
as yet been made to rationalize fold patterns or relate them to wrench
tectonics, but it is possible that the fold pattern in the area of inter-
section of the left-lateral fault systems (Mine Mountain and Rock Valley
faults) with the right-lateral faults of the Las Vegas Valley shear zone may
help show whether these faults are contemporaneous conjugate systems or
independent systems of different age.

As a first step, data pertaining to folds from existing detailed geo-
logic maps of the NTS will be abstracted and synthesized. Depending on the
results of this effort, it may be necessary to supplement the data base
through detailed mapping of folds in selected areas.

Evaluation of the structural attitude of Neogene rocks of the NTS and
vicinity will involve synthesis of data pertaining to the structural attitude
of the Horse Spring, Pavits Spring, and the younger volcanic, pyroclastic,
and volcaniclastic rocks from existing detailed geologic maps.
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8.3.1.9 Overview of the human interference Drogram: Description of
potential future human activities at or near the site, required by
performance and design issues

Summary of performance and desian requirements for human interference
information

The postclosure human interference test program addresses (1) the like-
lihood of inadvertent human intrusion into a mined geologic disposal system
(MGDS), (2) interference with long-term MGDS performance due to human
activities, and (3) the possible consequences of such interference events.
The likelihood of these events must be very low, because the potential
consequences of events of this nature may pose unacceptable risks to the
public health.

The performance and design requirements for the human interference
program directly reflect the regulatory requirements of the NRC, the EPA, and
the DOE. These requirements, and their relationships to the human activities
program can be summarized as follows:

1. Issue 1.1 (total system performance, Section 8.3.5.13) requires
information that can help in estimating the probability of human
intrusion and interference during the postclosure period. This will
be accomplished through the development of release scenarios. The
development of these scenarios will focus on relating potential
specific human activities to the specific effects on the variables
of the system important to waste isolation. Thus, the human
interference program will focus on identifying those factors that
can affect the probability of future inadvertent human interference
(i.e., the presence of potential economic resources at the site, and
the long-term survivability of the surface markers), and describing
qualitatively and quantitatively the effects of specific human
activities.

2. Issue 1.8 (NRC siting criteria, Section 8.3.5.17) addresses NRC
regulations 10 CFR 60.21(c)(13), 60.122(a), 60.122(c)(2), and
60.122(c)(17) requiring that resources at the site with current
markets be identified, and described in terms of net and gross
values. Resources that occur in abundances that may be marketable
in the future must also be identified and described in terms of
physical factors such as tonnage (or other amount), grade, and
quality. The evaluation of resources, including undiscovered
resources, shall be conducted for the site in comparison to areas
similar to the site that are representative of and are within a
similar geologic setting. A complete assessment of the potential
consequences of exploration activities (e.g., drilling) or resource
extraction that could realistizally influence the ability of the
MGDS to isolate waste during the postclosure period, is required.
This would include identification of human activities such as
ground-water withdrawal and fluid waste injection.

3. Issue 1.9 (higher level findings - postclosure system and technical
guidelines, Section 8.3.5.18) Is -ne evaluation of the site against
the qualifying and disqualifying .znditions of the DOE siting
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guidelines. For the site to be considered for selection as the
first repository, it must be demonstrated that the site is located
in an area such that natural resources at or near the site are not
likely to give rise to interference activities. The presence of
natural resources (whether known to be present or inferred to be
present) could lead to exploration and exploitation activities by
future generations that might affect long-term repository perform-
ance. Thus, information regarding the natural resource potential at
and in the vicinity of the site will be obtained during the human
activities program. The land ownership and mineral rights program
(Program 8.3.1.11) addresses postclosure site ownership and control
concerns, and discusses the only other qualifying conditions related
to human interference.

4. Issue 4.4 (preclosure design and technical feasibility, Sec-
tion 8.3.2.5) requires site-specific data for the design and place-
ment of the permanent warning system. The warning system, which
will consist of surfacs markers and monuments, will be placed along
the boundary of the controlled area following repository closure and
decommissioning. (The controlled area is the actual area chosen
according to the 10 CFR 60.2 definition of controlled area.) Param-
eters relative to natural processes like erosion, deposition, ground
motion, and burial by volcanic materials are required to identify
the most suitable locations for the markers.

Approach to satisfy performance and design requirements

The consideration of inadvertent human intrusion or human interference
events is based on several assumptions (10 CFR Part 60; 40 CFR Part 191,
Appendix B). These assumptions, reproduced from the regulations, are as
follows

Processes and events initiated by human activities may only be
found to be sufficiently credible to warrant consideration if
it is assumed that (1) the monuments provided for by this part
are sufficiently permanent to serve their intended purpose;
(2) the value to future generations of potential resources
within the site can be assessed adequately under the
applicable provisions of this part; (3) an understanding of
the nature of radioactivity, and an appreciation of its
hazards, have been retained in some functioning institutions;
(4) institutions are able to assess risk and to take remedial
action at a level of social organization and technological
competence equivalent to, or superior to, that which was
applied in initiating the processes or events concerned; and
(5) relevant records are preserved, and remain accessible, for
several hundred years after permanent closure (10 CFR 60.2).

The [U.S. Environmental Protection] Agency believes that the
most productive consideration of inadvertent [human] intrusion
concerns those realistic possibilities that may be usefully
mitigated by repository design, site selection, or use of
passive controls (although passive institutional controls
should not be assumed to completely rule out the possibility
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of intrusion). Therefore, inadvertent and intermittent
intrusion by exploratory drilling for resources (other than
any provided by the disposal system itself) can be the most
severe intrusion scenario assumed by the implementing
agencies. Furthermore, the implementing agencies can assume
that passive institutional controls or the intruders own
exploratory procedures are adequate for the intruders to soon
detect, or be warned of, the incompatibility of the area with
their activities. (40 CFR Part 191, Appendix B.)

The approach to assessing future human activities at Yucca Mountain will
be consistent with the previously presented assumptions. The program will
follow the principle that highly speculative intrusion scenarios will not be
included, and that only those factors and potentially adverse human
activities that could directly affect waste isolation will be addressed.

Human interference presents special problems because of its dependence
upon unpredictable future human activities. This anthropogenic factor makes
defining the potential for radionuclide releases resulting from human
activities, in quantitative or probabilistic terms, particularly difficult.
For this reason, professional judgment may be required (Study 8.3.1.9.3.1) to
determine the likelihood of future human intrusion or interference that could
result from resource exploration or extraction.

The general approach to obtaining the required parameters from the human
interference program is to identify the natural and anthropogenic parameters
that are required by the design and performance issues. Table 8.3.1.9-1
lists the performance issue that requests data from this program, along with
the performance and characterization parameters required by the issue.

The data requirements of Issue 1.1 primarily involve quantifying, in
probabilistic terms, the site-specific factors that could contribute to
unanticipated natural phenomena or anthropogenic events at or in the vicinity
of Yucca Mountain. Design of the marker system (Issue 4.4) requires site-
specific data to ensure strategic placement of the monuments in locations
having low risk associated with the consequences of natural phenomena or
human activities. Archaeological studies of ancient monuments and structures
(Kaplan, 1982; Berry et al., 1984) have been used to address identifiable and
potentially disruptive and destructive anthropogenic factors that could
affect marker survivability. The remaining parameters, the consequences of
natural phenomena, will be obtained through other site activities and
evaluated in Study 8.3.1.9.1.1 as listed in Table 8.3.1.9-1.

Current information and new data acquired from site activities will be
employed to assess the natural resource potential of Yucca Mountain (Investi-
gation 8.3.1.9.2). These data will be used to describe qualitatively the
various categories of potential human interference and intrusion scenarios
(Study 8.3.1.9.3.2). For example, the possible presence of four natural
resources (i.e., mineral, geothermal, hydrocarbon, and ground-water
resources) would require that at least one category of initiating events
(exploratory drilling) must be evaluated. After examining the potential for
each resource, the probability of occurrence for each type of human intrusion
scenario in the exploratory drilling category will be estimated. This will
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Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 1 of 7)

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

12
1

(D

F_

W
M

1.1 Total
system
releases

8.3.5.13 Exploratory drilling
intercepts a waste
package and brings
up waste with core
or cuttings

Presence and reada-
bility of C-areaO
markers over
10,000 yr (long-
term survivability
of markers)

Rates of
Erosion
Weathering
Deposition
Igneous activity
Seismic activity at
marker locations

8.3.1.9.1

I-

Expected drilling 4

rate (no. of bore-
holes/km2/yr) in
R-areab over the
next 10,000 yr

Distribution of
diameters of explor-
atory drilling

Distribution of
depths of explora-
tory drilling

Quantities, tonnages,
and grades of known
or inferred resources
at Yucca Mountain

rypes of known or
inferred resources
at Yucca Mountain

rypes of known or
inferred resources
at Yucca Mountain

8.3.1.9.2.1

8.3.1.9.2 and
8.3.1.9.3

8.3.1.9.2 and
8.3.1.9.3

Extensive ground-
water withdrawal
occurs near C-area

Expected magnitude
of change in water-
table level in the
C-area due to ex-
tensive ground-
water withdrawal
in next 10,000 yr

Quantity, rates, well
locations, and hydro-
stratigraphic unit
sources of ground-
water withdrawals

8.3.1.9.2.2
and
8.3.1.16.2.1 y

I".

so

1-



Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 2 of 7)

I-.

.I.-

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

I.-

1.1 Total 8.3.5.13
system (con-
releases tinued)
(continued)

Expected magnitude
in changes in gra-
dient of water
table under C-area
due to ground-water
withdrawal near
C-area in next
10,000 yr

Quantity, rates, well
locations, and hydro-
stratigraphic source
of ground-water
withdrawals

8.3.1.9.2.2
and
8.3.1.16.2.1

WA

U'o
nA

Presence and reada-
bility of C-area
markers over
10,000 yr

See the activity
parameter for the
exploratory drillers
intercept under the
initiating event
column of this table

8.3.1.9.1.1

Extensive surface or
subsurface mining
occurs near the
C-area

Expected magnitude
of change in water-
table level due to
mine-water use or
mine dewatering
near C-area over
next 10,000 yr

Estimated depth of
mine, cross-
sectional area of
mines or shafts

8.3.1.9.3.2

0

C0



Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 3 of 7)

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

0

.-.

I-.

1.1 Total 8.3.5.13
system (con-
releases tinued)
(continued)

Expected magnitude
of change in gra-
dient under C-area
due to mine-water
usage or mine
dewatering

Estimated water usage
based on quantity
of water-available,
depth of mine

8.3.1.9.3.2

WA

to

Expected magnitude
of changes in dis-
tribution coeffi-
cient (Kds) of
unsaturated zone
(UZ) and saturated
zone (SZ) due to
mining activities
near the C-area

Presence and reada-
bility of C-area
markers over next
10,000 yr

No changes expected

See the activity
parameter for the
exploratory drillers
intercept under the
initiating event
column of this table

8.3.1.9.3.2

8.3.1.9.1.1

0

I.4

I-.

'I



Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 4 of 7)

0

I-

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

I-.

1.1 Total 8.3.5.13
system (con-
releases tinued)
(continued)

Large-scale sur-
face-water
impoundments are
constructed near
the C-area

Expected magnitude
of change in
water-table level
due to presence of
artificial lake
near C-area

Area, depth, volume
of surface-water
impoundment; seepage
rates, percolation
rates and transmis-
sivity of near-sur-
face and subsurface
materials

8.3.1.9.3.2

Z.i

-0 Expected magnitude
of changes in Kds
for UZ and SZ
units due to
presence of an
artificial lake
near C-area

No changes expected

Expected magnitude
of changes in
head gradients of
the SZ in C-area
due to the presence
of an artificial
lake near C-area

Area, depth, volume
of surface-water
impoundments

8.3.1.9.3.2

0
0o
Co

II"¢



Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 5 of 7)

l

C>s

¢_Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

1.1 Total 8.3.5.13
system (con-
releases tinued)
(continued)

Expected magnitude
of flux change
due to presence
of an artificial
lake near the
C-area in next
10,000 yr

Area, depth, and
volume of surface
water impoundment;
seepage rates, per-
colation rates, and
transmissivity of
near-surface and sub-
surface materials

8.3.1.9.3.2

CD

LI

zo
l

Presence and reada-
bili'ty of C-area
markers over
10,000 yr

See the activity
parameter for
the exploratory
drilling intercept
under the initiating
event column of this9
table

8.3.1.9.1.1

Extensive irriga-
tion is conducted
near the C-area

Expected magnitude
of change in
altitude of water-
table under C-area
due to extensive
irrigation near
C-area over next
10,000 yr

Area of irrigation,
crop cultivation,
quantity of water
used for irrigation
based on quantity
of water available

8.3.1.9.3.2

Y

I-



.Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 6 of 7)

C>
I.-

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

1.1 Total 8.3.5.13
system (con-
releases tinued)
(continued)

Expected magnitude
of flux change due
to extensive irri-
gation near the
C-area over next
10,000 yr

Area of irrigation,
crop cultivation,
quantity of water
applied, infiltra-
tion, and percola-
tion rate

�O
I

Expected magnitude
of change in read
gradients below
C-area due to
extensive irriga-
tion over next
10,000 yr

Expected magnitude
of changes in Kds
of UZ and SZ

Presence and reada-
bility of surface
markers over
10,000 yr

Quantity of irriga-
tion withdrawals

No change expected

See the activity
parameter for the
exploratory drilling
intercept under the
initiating event
column of this table

8.3.1.9.3.2

8.3.1.9.3.2

8.3.1.9.1.1



Table 8.3.1.9-1. Initiating events, associated performance parameters, and activity parameters for the
human interference program (page 7 of 7)

Issue
requesting SCP Performance
parameter section Initiating event parameter Activity parameter SCP section

4.4 Techni- 8.3.2.5 NAO Surface markers Rates of deposition,
cal fea- located in geo- igneous activity
sibility morphically stable and seismic

locations activity near
C-area boundary

w

C.

0

aC-area = controlled area (i.e., the actual area chosen according to the 40 CFR 191.12 definition of
controlled area).

bR-area - restricted area (i.e., the projection of the primary area and extensions onto the surface).
CNA = not applicable).
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require the use of professional and expert opinion (Study 8.3.1.9.3.1). The
probabilities obtained from this exercise will be provided to Issue 1.1
(total system performance, Section 8.3.5.13), and will be used as input
parameters in predicting potential radionuclide releases to the accessible
environment.

The final information that will be obtained from the human activities
program is an evaluation of the potential effects that could result from
resource extraction. These data will be gathered under Investigation
8.3.1.9.3. Presently, only the effects of ground-water withdrawal on the
hydrologic system will be evaluated because ground water is the only commod-
ity currently identified as a resource. If other potentially marketable
resources are identified during site characterization, plans will be devel-
oped to examine the effects of their extraction on the hydrologic, geochem-
ical, and rock characteristics.

Interrelationships of human interference investigations

The first investigation (8.3.1.9.1) identified for this program deter-
mines all factors, both natural and anthropogenic, that could destroy or
degrade the surface markers and monuments. Because the anthropogenic factors
have been considered and incorporated into the marker design, only three
specific data needs are identified, all of which will be provided from other
investigations. The magnitudes and locations of fault rupture and seis-
mically induced ground motion (Investigation 8.3.1.8.2); the rates, magni-
tudes, and locations of potential igneous activity (Investigation 8.3.1.8.1);
and the potential effects of tectonic activity and future climatic conditions
on locations and rates of erosion and deposition (Investigations 8.3.1.6.3
and 8.3.1.6.2, respectively) will aid in determining the best locations for
the surface markers and monuments.

The second investigation (8.3.1.9.2) requires the identification of all
resources at the site with current markets and an estimate of their gross and
net value. Resources without current markets, but which are potentially
marketable in the future, will be described in terms of such physical factors
as tonnage (or other amount), grade, and quality. The evaluation of
resources, including undiscovered resources, shall be conducted for the site
in comparison to areas of similar size that are representative of and are
within the geologic setting. The present assessment of commodities as
presented in Chapter 1, Section 1.7 and reviewed in Section 1.8.1.7,
classifies most commodities as 'occurrences' and some as 'undiscovered,
speculative resources of subeconomic grade," using the USBM/USGS (1980)
classification system. If identified resources and reserves are defined,
they will be delineated and quantified (Study 8.3.1.9.2.1) and the impact of
their presence will be addressed in Studies 8.3.1.9.3.1 and 8.3.1.9.3.2.

Ground water currently is the only commodity to be classified as a
resource in the immediate vicinity of the site. Exploitation of this
resource is expected to become econcmizally feasible in the near future (DOI,
1985). Study 8.3.1.9.2.2 will integrate existing scientific and institu-
tional data with information obtained during characterization of the
saturated zone (Investigation 8.3.1.2.3) to (1) quantify and qualify the
ground-water resources proximal to the site, (2) assess the current and
future value of the resource, and (3) project the probable rates and loca-
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tions of ground-water exploitation in the reasonably foreseeable future.
These parameters (Table 8.3.1.9-1) will be considered in calculating the
probability for human interference (Study 8.3.1.9.3.1) and in assessing the
potential effects of ground-water exploitation on the conditions at the site
(Study 8.3.1.9.3.2).

The final investigation (8.3.1.9.3) examines the potential effects of
resource extraction on the baseline hydrologic, geochemical, and rock charac-
teristics. The parameters that have been identified are the specific re-
sources determined in Investigation 8.3.1.9.2, the conditions at the site and
the extraction methods that would be used for the specific resources under
consideration. The parameters obtained for this investigation will be
analyzed and evaluated to determine whether the potential effects of resource
exploitation can change the characteristics of the site such that repository
performance would be affected. Professional judgment will then be used to
define the interdependence between natural resources at the site and the
potential for human intrusion as a result of exploratory drilling (Study
8.3.1.9.3).

The second part of Investigation 8.3.1.9.3 will focus on the initiating
events of the release scenarios (Table 8.3.1.9-1) that relate to human inter-
ference, and their potential effects on long-term repository performance.
The parameters defined for this investigation are (1) the initiating events
identified in Issue 1.1 (total system performance) that may not be considered
sufficiently credible to warrant further consideration because of the improb-
ability of their occurrence (e.g., large-scale surface-water impoundment
above the repository zone) and (2) those potential consequences of initiating
events that are not expected to significantly affect long-term repository
performance. These parameters will be evaluated to establish with a high
level of confidence whether they are sufficiently credible or significant to
warrant further consideration within Issue 1.1.

The information needed from the human interference program for the
performance and design issues will be obtained from these three investiga-
tions. Table 8.3.1.9-2 lists the studies and activities that will be
undertaken to obtain the required performance and design data. Fig-
ure 8.3.1.9-1 illustrates the relationships between the three investigations
making up the human interference program and other issues that require input
from this program.

8.3.1.9.1 Investigation: Studies to provide the information required on
natural phenomena and human activities that might degrade surface
markers and monuments

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Pursuant to the regulations of the EPA (40 CFR 191.14(c)) and the NRC
(10 CFR 60.21(c) and 60.51(a)), a warning system composed of surface markers
and monuments will be placed at the slte as a means of informing future
generations of the risks associated with the repository and its contents.

8.3.1.9-12
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Table 8.3.1.9-2. Studies and activities making up the human
interference program

Study Activity Description

8.3.1.9.1.1 An evaluation of natural processes that could
affect the long-term survivability of the
surface marker system at Yucca Mountain

8.3.1.9.1.1.1

8.3.1.9.1.1.2

8.3.1.9.2.1

8.3.1.9.2.1.1

8.3.1.9.2.1.2

8.3.1.9.2.1.3

8.3.1.9.2.1.4

8.3.1.9.2.1.5

Synthesis of tectonic, seismic, and volcanic
hazards data from other site characterization
activities

Synthesis--evaluation of the effects of future
erosion and deposition on the survivability
of the marker system at Yucca Mountain

Natural resource assessment of Yucca Mountain,
Nye County, Nevada

Geochemical assessment of Yucca Mountain in
relation to the potential for mineralization

Geophysical/geologic appraisal of the site
relative to mineral resources

Assessment of the potential for geothermal
energy at and in the vicinity of Yucca
Mountain, Nevada

Assessment of hydrocarbon resources at and near
the site

Mineral and energy assessment of the site,
comparison to known mineralized areas, and
the potential for undiscovered resources and
future exploration

Water resource assessment of Yucca Mountain,
Nevada

Projected trends in local and regional ground-
water development, and estimated withdrawal
rates in southern Nevada, proximal to Yucca
Mountain

8.3.1.9.2.2

8.3.1.9.2.2.1
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Table 8.3.1.9-2. Studies and activities making up the human
interference program (continued)

Study Activity Description

8.3.1.9.3.1 Compilation of data needed to support an
assessment of the likelihood of inadvertent
human intrusion at Yucca Mountain as a result
of exploration and/or extraction of natural
resources

8.3.1.9.3.1.1 Compilation of data to support the assessment
calculation of the potential for inadvertent
human intrusion at Yucca Mountain

8.3.1.9.3.2 An evaluation of the potential effects of
exploration for, or extraction of natural
resources on the hydrologic characteristics
at Yucca Mountain

8.3.1.9.3.2.1 An analysis of the potential effects of future
ground-water withdrawals on the hydrologic
system in the vicinity of Yucca Mountain,
Nevada

8.3.1.9.3.2.2 Assessment of initiating events related to
human interference that are considered not to
be sufficiently credible or significant to
warrant further investigation

Human activities and many natural phenomena that could contribute to the
degradation, destruction, or disruption of the marker system have been
evaluated and presented in Kaplan (1982) and Berry et al. (1984). These
factors have been considered and are being used as criteria in the final
marker design. There are some site-specific natural processes and their
consequences that require further consideration because of their potential to
degrade, disrupt, or destroy the marker system. These processes are
(1) potentially destructive fault displacement or seismicilly induced ground
motion, (2) potentially destructive volcanic events or volcanic burial due to
hydrovolcanic eruptions, and (3) increased erosion or deposition rates
resulting from tectonic activity or climatic change. The current knowledge
of these processes and their potential consequences as presented in Chapters
1, 3, and 5 of this document is not adequate to thoroughly assess the
potential associated risks to the surface markers and monuments.
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Figure 8.3.1.9-1. General logic diagram for the Human Interference Program.
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Parameters

Three parameters will be evaluated to resolve this portion of the
investigation:

1. Potential fault movement and ground motion at the site from man-made
natural seismic events (Investigation 8.3.1.8.2).

2. The rates and magnitudes of potential igneous activity that could
affect the site (investigation 8.3.1.8.1).

3. The potential effects of tectonic activity and future climatic
conditions on locations and rates of erosion and deposition
(Investigations 8.3.1.6.2, 8.3.1.6.3, and 8.3.1.5.1).

Purpose and objectives of the investigation

The purpose of Investigation 8.3.1.9.1 is to obtain the site-specific
nformation on the occurrence and consequences of natural phenomena needed to
satisfy the parameter requests of the performance and design issues. The
objective of the investigation is to compile and evaluate these data so that
they can provide information directly to the performance and design issues.

The information needed to satisfy Issue 1.1 is an estimate of the long-
term survivability of the warning system. Data on the consequences of
natural phenomena such as erosion, deposition, volcanic activity, and strong
ground motion are needed to assess the possible damage to the warning system
that miaht occur during the 10,000-yr postclosure period. The probability of
inadvertent human intrusion and interference will be influenced by the
effectiveness of the marker system to warn intruders of the potential hazards
of the mined geologic disposal system (MGDS). Thus, bounds on the prob-
ability that the markers will be effective over the 10,000-yr postclosure
period will provide input to the total system releases calculation.

Similar information is required by Issue 4.4 (preclosure design and
technical feasibility) to supplement the general warning system design
developed by the Office of Nuclear Waste Isolation (Kaplan, 1982). Geologic
information gathered to assess the potential hazards associated with natural
phenomena in the vicinity of the controlled area boundary will aid in
determining the most suitable locations for the markers.

Investigation 8.3.1.9.1 ensures that the risks associated with natural
phenomena are incorporated into the final design of the warning system.
Figure 8.3.1.9-2 shows the flow of data for this investigation. By maxi-
mizing the effectiveness of the passive institutional controls, the likeli-
hood that future generations will inadvertently affect the performance of the
MGDS can be reduced.

Technical rationale for the investigation

Fault movement and ground motion at the site, whether from man-made or
natural seismic events, could dislocate and damage large monuments and
surface markers. Information regarding fault locations and the magnitudes of
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potential ground motions associated with fault rupture will aid in the
placement and design of the surface marker system. Strategic placement of
the markers will reduce the risk of their degradation or destruction.

Volcanic events could potentially degrade, cover, or destroy surface
markers and monuments by dislocation, burial or incorporation into extruded
volcanic material. Knowledge of the locations, rates, and magnitudes of
potential volcanic events will aid in the placement of the markers and
monuments, thereby reducing the associated risks.

Tectonic activity such as uplift or subsidence can increase erosion and
deposition rates by changing the local or regional base level. Future
climatic changes could potentially affect the locations and rates at which
erosion and deposition occur. Erosion along the foundations of the markers
could undermine their stability and result in dislocation. Deposition could
result in rapid burial of the markers. Information regarding the locations
and rates of potential erosion and deposition, which could contribute to
marker dislocation or disruption, is needed to determine the most strategic
placement of the markers and monuments.

Data that are required to satisfy the design and performance issues will
be derived from studies done as part of Investigations 8.3.1.5.1, 8.3.1.6.2,
8.3.1.6.3, 8.3.1.8.1, and 8.3.1.8.2. The results obtained from these studies
will be compiled and evaluated to determine the optimum locations for the
surface markers.

8.3.1.9.1.1 Study: An evaluation of natural processes that could affect the
long-term survivability of the surface marker system at Yucca
Mountain

This study provides information on the currently or potentially active
natural processes at Yucca Mountain capable of adversely affecting the
long-term survivability of the surface marker system. This study will be a
synthesis of data obtained from other activities to be undertaken in support
of several investigations. The data will then be evaluated to determine the
most suitable locations of the monuments for the surface marker system.
Input for this study will be provided by Investigations 8.3.1.6.2, 8.3.1.6.3,
8.3.1.8.1, and 8.3.1.8.2. Detailed activity descriptions can be found under
the appropriate investigation discussions.

8.3.1.9.1.1.1 Activity: Synthesis of tectonic, seismic, and volcanic
hazards data from other site characterization activities

Ob jectives

The objective of this activity is to identify the potential locations of
faulting and volcanic eruption or intrusion that could occur where they could
affect the marker system.

8 .3 .1. 9-18
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Parameters

The parameters required for this activity will be derived from descrip-
tions of the seismic, volcanic, and tectonic processes in the vicinity of the
site and their associated physical consequences. These data will be taken
from Studies 8.3.1.8.1.2 and 8.3.1.8.2.1.

Description

This activity will integrate all applicable data involving faulting,
folding, uplift and subsidence, and volcanism. Each segment of the con-
trolled area boundary will be examined in light of this information to
determine the locations that have the lowest associated risk. The range of
geologic consequences, as they might adversely affect the long-term
survivability of the surface markers and monuments, will be described.

8.3.1.9.1.1.2 Activity: Synthesis: evaluation of the effects of future
erosion and deposition on the survivability of the marker
system at Yucca Mountain

Objectives

The objective of this activity is to determine the effects of future
erosion and deposition on the topographic elements of the controlled area
boundary at Yucca Mountain. This information will be evaluated to identify
the optimum locations for the markers.

Parameters

The locations of potential future erosion surfaces identified in
Activities 8.3.1.6.1.1.1 and 8.3.1.6.2.1.1 will be used as the input
parameters for this activity.

Description

This synthesis activity will be aimed at identifying the locations along
the controlled area boundary expected to have low rates of erosion and depo-
sition during the postclosure period. Using this information in conjunction
with results from volcanic and fault hazard analyses (Investigation
8.3.1.8.1) the tentative marker locations will be chosen.

8.3.1.9.2 Investigation: Studies to provide the information required on
present and future value of energy, mineral, land, and
ground-water resources

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents
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A preliminary assessment of the natural resource potential at Yucca
Mountain (energy, mineral, ground water, and land), based on published liter-
ature, was presented in the Yucca Mountain environmental assessment (DOE,
1986b). Sections 1.7 and 1.8.1.7 (summary) of the SCP provide additional
information and an evaluation of the mineral and energy resources for the
site. Section 3.8 of the SCP contains a preliminary assessment of the
around-water resources in the relevant geohydraulic basins at and in the
vicinity of Yucca Mountain. Land resources have been evaluated in Sec-
tions 3.4 and 6.2 of the Yucca Mountain environmental assessment (DOE,
1986b).

Parameters

Several groups of parameters must be evaluated to determine all the
factors that must be considered when assessing the future value of potential
resources at Yucca Mountain. These groups of parameters include the
following:

1. The assessment for the occurrences of economically attractive
deposits of precious metals, base metals, strategic metals,
industrial minerals, or other commodities, and energy resources
including hydrocarbon or geothermal resources.

2. The projected value and future development of local ground-water
resources.

Purpose and objectives of the investigation

The natural resource potential of a candidate site for an mined geologic
disposal system is an important consideration in evaluating the likelihood
for inadvertent human intrusion and interference. The presence of natural
resources or an environment that is favorable for the occurrence of natural
resources could lead to prospecting exploration within or near the controlled
area, and possible subsequent resource exploitation. The exploration or
extraction of resources could result in direct releases of radionuclides to
the accessible environment or could modify the hydrologic, geochemical, and
rock characteristics at the site (Investigation 8.3.1.9.3) by possibly short-
ening travel paths to the accessible environment. Thus, a complete evalua-
tion of the natural resource potential of the Yucca Mountain site is essen-
tial in determining the likelihood for inadvertent human intrusion and inter-
ference.

Technical rationale for the investigation

The potential occurrence of precious- and base-metal deposits, other
metallic or nonmetallic deposits, and ground-water, geothermal, or
hydrocarbon resources at Yucca Mountain will play an important role in
determining the likelihood for future exploratory drilling within the
boundaries of the controlled area. This knowledge will provide the basis for
Investigation 8.3.1.9.2 as outlined in Figure 8.3.1.9-3, and additionally
will provide input to Investigation 8.3.1.9.3 by identifying those resources
that may attract exploration or may potentially be exploited, and thus could
affect the long-term waste isolation ability of the Yucca Mountain site.
Figure 8.3.1.9-3 shows the flow of data for this investigation.
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To assess the potential for resource exploration or exploitation over
the next 10,000 yr, it will be necessary to identify all resources at or near
the site with current markets and provide an estimate of their gross and net
values. Resources without current markets, but which could potentially be
marketable in the future, will be described in terms of physical factors such
as tonnage (or other amount), grade, and quality. The discussion of commodi-
ties, as presented in Section 1.7 and reviewed in Section 1.8.1.7, classifies
most commodities as 'other occurrences' and some as 'undiscovered, specula-
tive resources of subeconomic grade," using the USBM/USGS (1980) classifica-
tion system. It is extremely unlikely that drilling or mining will occur in
the area unless commodities that are presently valued or may be valued in the
future are found in amounts that greatly exceed the average crustal abundance
(Section 1.7). Identified resources and reserves will be delineated and
quantified (Study 8.3.1.9.2.1) and the impact of their presence will be
addressed in Studies 8.3.1.9.3.1 and 8.3.1.9.3.2.

The relative value of the ground-water resources that are located
proximal to the site is known to be low at the present time. The depth to
these resources, and the distances over which transport would be required,
currently preclude economic exploitation (Sinnock and Fernandez, 1982).
Through time, these economic conditions may change, and ground-water
development and exploitation may occur as a result. As discussed in the
previous section, ground-water development and exploitation proximal to the
site could affect the geohydrologic system. Such effects must be evaluated
in Investigation 8.3.1.9.3. The projections of the probable future with-
drawal rates that will be obtained from activities conducted in support of
this investigation will be used as an input parameter for Investiga-
tion 8.3.1.9.3.

Sections 3.4 and 6.2 of the environmental assessment for Yucca Mountain
(DOE, 1986b) suggest that the use of the land surface as a resource is highly
unlikely for the following reasons:

1. The sparse vegetation within the boundaries of the controlled area
has historically precluded this land from being used for grazing
purposes. Other, better-suited areas are available nearby and
throughout southern Nevada that would likely be preferred in the
future.

2. Community settlement historically has occurred within valleys where
water resources are more accessible. Yucca Mountain and the
surrounding controlled area are physiographically poorly suited for
community development because of the rough terrain, the absence of
surface water, and the great depth to ground water.

3. There is low potential for agricultural development within the
boundaries of the controlled area because of the poorly developed
soils, the lack of surface water, the depth to ground water, and the
variable topographic relief.

The scarcity of vegetation, wildlife, and water has historically pre-
cluded using the land within the controlled area for recreational purposes.
Thus, based on the historical use of this land, there is little chance that
it will ever be considered suitable for recreational use. Information will
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be used from climate prediction studies (Section 8.3.1.5.1.6) to assess the
value of the land within the proposed controlled area. A topical report will
be prepared that addresses present and future land use in the Yucca Mountain
area. This topical report will be prepared in response to the human inter-
ference program, the Yucca Mountain Project environmental program planning
efforts, and the environmental impact statement process, as required for the
repository construction and operation phases of the Project.

The probability that natural resources occur at the Yucca Mountain site
is a required input parameter for evaluating the probability that future
exploratory drilling will occur. This probability will be evaluated by an
expert panel and incorporated into a subjective probability that describes
the likelihood of future exploratory drilling (Study 8.3.1.9.3.1).

Two studies are planned to address Investigation 8.3.1.9.2. The studies
consist of activities designed to obtain data from the existing literature
and from site characterization. Through these activities, an evaluation will
be made of (1) the geochemical characteristics of the site (Activity
8.3.1.9.2.1.1), (2) the geophysical-geologic characteristics of the site
(Activity 8.3.1.9.2.1.2), (3) the potential for future occurrences of
geothermal resources in the vicinity of Yucca Mountain (Activity
8.3.1.9.2.1.3), (4) the potential for hydrocarbon resources at the site
(Activity 8.3.1.9.2.1.4) and water resources (Activity 8.3.1.9.2.2.1) at the
site, and (5) a summary assessment of the mineral and energy potential
(Activity 8.3.1.9.2.1.5) and water-resource potential (Study 8.3.1.9.2.2) of
the site.

Alternative Conceptual Models

As discussed in the Overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed where
appropriate to summarize (1) the current hypotheses regarding how the site
can be modeled and how modeling parameters can be estimated; (2) the
uncertainty associated with this current understanding, including alternative
hypotheses that are also consistent with available data and which may compose
an alternative conceptual model; (3) the significance of alternative hypo-
theses; and (4) the activities or studies designed to discriminate between
alternative hypotheses or to reduce uncertainty. A hypothesis-testing table
(8.3.1.9-3) for mineral and energy resources has been constructed since
alternative models may be important in evaluating the present and future
value of such resources.

Integration of information from different disciplines is often necessary
to comprehensively evaluate alternative hypotheses. Accordingly, the
hypothesis-testing tables for each site program call for information from
studies and activities in other programs, as appropriate.

The hypotheses considered in Table 8.3.1.9-3 have been categorized as
elements that pertain to the driving forces processes that are defined by the
model. These elements are listed in column one.
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Table 8.3.1.9-3. Current representation and alternative hypotheses for mineral and resource models for
the human interference program (page 2 of 2)
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The second column of the table lists the current representations for
each model element in the form of hypotheses that are based on currently
available data.

The third column in Table 8.3.1.9-3 provides a judged level of
uncertainty designated 'high,' nmoderate,ff or "low" associated with the
current representation for each element. A brief rationale for the judgment
is also given.

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

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

Column six gives the needed confidence in the indicated performance
measure or performance parameter, as defined in the performance allocation
tables.

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

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The final column identifies the characterization studies or activities
that will discriminate between alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

8.3.1.9.2.1 Study: Natural resource assessment of Yucca Mountain, Nye
County, Nevada

This study will identify and assess the natural resource potential at
the proposed repository site at Yucca Mountain. Mineral and energy resources
(including hydrocarbon and geothermal resources) will be included. Water
resources will be evaluated under Study 8.3.1.9.2.2. The study includes a
geochemica. assessment of Yucca Mountain in relation to the potential for
mineralization (Activity 8.3.1.9.2.1.1), a geophysical-geologic appraisal of
the site relative to mineral resources (Activity 8.3.1.9.2.1.2), an assess-
ment of the potential geothermal energy at and in the vicinity of Yucca
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Mountain (Activity 8.3.1.9.2.1.3), an assessment of the hydrocarbon resources
of the site (Activity 8.3.1.9.2.1.4), and a mineral and energy assessment of
the site, comparison to known mineralized areas, and the potential for
undiscovered resources and future exploration (Activity 8.3.1.9.2.1.5). The
information and data obtained in this study will provide the basis for
probabilistic calculations for determining inadvertent human interference and
intrusion (Study 8.3.1.9.3.1).

The consideration of the mineral, hydrocarbon, and geothermal resource
potential at Yucca Mountain will not necessarily be limited to the silicic
volcanic tuffs that host the proposed repository site. Various models of
mineral resource genesis characteristic of the region will be considered, as
required in 10 CFR Part 60. In addition, general models of resource occur-
rence available in the literature will also be considered. For example, the
assessment of economic potential will include an evaluation of possible
mineralization derived from deep or laterally adjacent hydrothermal systems,
as well as systems centered in the site area. In addition, the potential for
placer and other types of mineralization found in the Tertiary to Quaternary
alluvial deposits will be specifically addressed. The evaluation of oil and
gas resource potential will consider potential source rocks that may exist,
the thermal maturation of the possible source rocks identified, the presence
of reservoir rocks, and the potential for structural or stratigraphic traps.
Several types of geothermal resources will be evaluated, including thermal
water reservoirs resulting from (1) deep basin circulation, (2) hot-dry rock,
or (3) igneous activity.

The potential impact on repository performance from exploration or
development of a mineral or energy resource is a function of the three-
dimensional location of the resource or expected resource, the direction of
vadose-zone water movement, and the extent and nature of the specific
activities with respect to the planned underground facility. Human actions
that could most directly affect isolation involve those activities within the
repository block that could (1) directly induce or affect fluid movement in
the repository block or (2) disturb the radioactive waste and result in
direct releases. Actions that would have a more indirect effect on isolation
involve activities outside the repository block that could (1) affect or
induce fluid movement or (2) lead to withdrawal of fluids or materials that
have since become contaminated with radioactive waste. Activities in both
categories include drilling, mining, the creation of surface-water impound-
ments, or other work performed during exploration for or development of
natural resources. The differing nature of the concerns relating to direct
and indirect impacts suggests two levels for evaluation of human interference
potential: one for evaluating direct isolation concerns and another for
evaluating indirect isolation concerns.

As site characterization activities proceed and new information is
provided, evaluation boundaries will be more explicitly defined. Specifi-
cally, the assumptions used in establishing the present areas of evaluation
will be assessed. This includes information concerning the geologic and
geomorphic features, the potential flow paths for induced fluids or effects
on natural fluid movement, the assumed stability of the present water table,
and other parameters.
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As a first approximation, the surface boundary for the detailed evalua-
tion of geothermal and oil and gas resources is defined as within 5(?) km of
the center of the surface projection of the perimeter drift of the reposi-
tory. Energy resources outside of this area are considered to have lower
significant potential to affect the performance of the site because of the
expected nature of the exploration and development activities (i.e., drill-
ing). Because of the greater potential for impacts on waste isolation in the
repository block, areas immediately adjacent to the repository block deserve
more scrutiny than areas more distant. As site characterization proceeds and
new information is provided, the areas of evaluation will be reassessed.

The depth of the zone considered for detailed energy resource character-
ization may differ from the zone considered for mineral resources due to the
differences in exploration and exploitation techniques (e.g., deep drilling
and pumping versus shallow drilling and mining activities). Drilling would
likely provide a smaller conduit for the transmission of natural fluids and a
smaller potential for the introduction of fluids. As resources are located
farther away from the repository or at deeper levels in the earth, explora-
tion or extraction activities should have a diminishing potential for inter-
acting with nuclear waste and thus, less potential for an impact on waste
isolation. In addition, the assumptions on geologic structures or stratig-
raphy, geomorphic barriers, vadose-zone flow characteristics, and the stabil-
ity of the water table that were applied to mineral resources are also
generally applicable to energy resources. However, the regional and the
pre-Tertiary stratigraphy and structures will be evaluated along with the
tuffs and surficial deposits in the regional energy resource assessments.

The regional hydrocarbon and geothermal energy resource assessments must
consider source and reservoir rocks at considerable depth below the proposed
repository, because these resources are generally accessed by the drilling of
deep holes. The potential for these energy resources will be evaluated by
considering information obtained in the region, the immediate vicinity, the
drillholes in Paleozoic rocks near the site (e.g., drillhole UE-25p#l and
planned drillhole USW G-7). Depth to Paleozoic rock under the site are
generally greater than 3 km. Presently, deep drillholes (9,000 to 20,000 ft)
that could intersect Paleozoic rocks are not a planned activity because any
specific drilling location would be an arbitrary decision for which no
reasonable geologic or geophysical information has yet been established.

During the course of site characterization, additional evidence will be
gathered and the need for drilling assessed with respect to the evaluation of
energy resource potential.

The potential in other pre-Tertiary rocks will be evaluated, but the
level of detail planned for the characterization of their resource potential
will be a function of their proximity to the site and will be undertaken as a
part of the regional assessment planned (see activity descriptions under this
study). For example, the regional analog comparison to Yucca Mountain will
consider the general region and the various lithologies in the general
region.
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The likelihood and possible effects of various scenarios for human
intrusion and interference resulting from resource exploration or exploita-
tion will be evaluated as part of the resource assessment program. If a
reasonable scenario is identified, a detailed study of the possible signi-
ficance and effects of the scenario will be performed in Investigation
8.3.1.9.3. The results will feed the total system performance assessment
calculations described in Section 8.3.5.13. As site characterization pro-
ceeds and new information is obtained, the previously described approach, the
defined, detailed evaluation boundaries, and the associated assumptions will
be reevaluated and changed, if necessary.

Mineral and energy resources have been discussed in Sections 1.7 and
1.8.1.7 and will be further assessed in this program. This includes informa-
tion that will allow the calculation of gross and net values for any identi-
fied resources and reserves that have present markets, and the calculation of
tonnage, grade, or volume for speculative, undiscovered resources (Sec-
tion 1.7) that may have value in the future. These data will then be used as
input to Issue 1.1.

8.3.1.9.2.1.1 Activity: Geochemical assessment of Yucca Mountain in
relation to the potential for mineralization

Objectives

The overall objective of this activity is to conduct a geochemical
sampling program to evaluate the potential for precious, base, and strategic
metals; energy resources; and industrial mineral resources in the vicinity of
Yucca Mountain. Specific objectives include:

1. Selecting a suite of elements for analysis in a geochemical sampling
program. The suite will be based upon known commodities that occur
in silicic tuffs and/or trace elements indicative of commodities
that occur in the tuffs.

2. Developing a field program to include a systematic and biased
sampling of surface materials. Using existing core, core obtained
during site characterization, and other subsurface samples to eval-
uate the potential of mineralization at and near the site. This
includes evaluation of deposits that occur along faults within
breccia zones and deposits that may be hidden by alluvium.

3. Generating a first-order geochemical data base for selected elements
obtained from surface and subsurface sampling within the vicinity of
Yucca Mountain.

4. Evaluating the data base in conjunction with geological and
geophysical data obtained from other site characterization
activities to determine if additional data are needed for an
evaluation of natural resources.
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5. Evaluating the potential for the occurrence of natural resources in
the vicinity of Yucca Mountain based on an analysis of the geochemi-
cal data. These data will be examined and evaluated statistically
from anomaly and residual maps, and by comparison with calculated
background levels and average elemental values found in silicic
tuffs.

Information obtained from this activity will further address questions
concerning the attractiveness of the site relative to the possible presence
of resources (Activity 8.3.1.9.2.1.5) and the potential of future drilling or
disruption (Study 8.3.1.9.3.1).

Parameters

The following list is considered to be a first a ;roximation of the
elements that are currently important commodities in silicic volcanic
associations: gold, silver, copper, lead, zinc, tin, mercury, thorium, and
uranium. In addition, pathfinder elements may be considered and could
include antimony, fluorine, barium, arsenic, and yttrium. The methods
employed for the geochemical characterization will be a function of the
detection limits required to assess the potential for mineralization; for
example, gold will need to be detected to the parts per billion level. Most
metals will be evaluated at the ppm level. Existing chemical analyses on the
tuffs of Yucca Mountain will also be used in the site geochemical assessment.
Information on the occurrence, abundance, and quality of industrial minerals
will be collected as sampling is performed. Additional industrial minerals
or elements that could be assessed or analyzed, if necessary, will be
determined from a literature search and evaluation of the mineralogy and
chemistry of tuff.

Description

Geochemical sampling of surface and subsurface materials will be
conducted to determine the potential for exploration in the area of the
repository. It is anticipated that future exploration for mineral commodi-
ties would likely be conducted before activities such as drilling or mining
(Section 1.7). On the basis of currently available data and regional compar-
isons (Sections 1.7 and 1.8.1.7), the mineral-resource potential of the site
is considered low. Chemical analyses of surface and subsurface samples could
add further confidence to the conclusion that adjacent areas with surface and
subsurface anomalies (e.g., Wahmonie, Calico Hills, Bare Mountain) would
prove to be more likely locations for future drilling and mining (Section
1.7.1.1). Other geochemical information (e.g., biochemical data and isotopic
data) will be evaluated to determine if they would add significantly to the
confidence needed to comply with 10 CFR Part 60. Metnods of determining what
should be considered anomalous concentrations will also be considered (e.g.,
Mattson, 1988). A geochemical data base will help to determine if the site
is likely to remain unattractive for exploration, even with anticipated
changes in exploration methods and concepts.

The approach to the geochemical sampling program and Activity
8.3.1.9.2.1.5 will be based on a review of existing literature of similar
geologic environments with known mineral occurrence, data from preliminary
geochemical analyses (Section 1.7), the geologic setting of Yucca Mountain

8.3.1.9-30



YMP/CM-O0ll, Rev. 1 YNP/CM-00l1, Rev. L

and the nearby mineralized areas (Bare Mountain, Wahmonie, and Calico Hills).
A comparison of the suite of elements determined for Yucca Mountain will be
compared with proposed ore emplacement models found elsewhere in the litera-
ture. The geochemical sampling scheme to be developed will account for
subsurface and surface variation in terrain, rock type, or soil type. The
elements selected for analysis will be those that represent metallic and
nonmetallic commodities known to be associated with silicic volcanic rocks
and surficial deposits. Geochemical sampling also will include rocks of
various types and rocks exhibiting the effects of alteration or other
geological phenomena commonly associated with mineralization. In particular,
geological deposits that will be included in this activity include calcite
and opaline-silica deposits and breccias located along faults near Yucca
Mountain (Vaniman et al., 1988; Section 8.3.1.5). Trench mapping, isotopic
work, and age information obtained on these fault deposits will be integrated
with the economic and geochemical information obtained under this study. In
addition, analog fault-related breccias or hydrothermal breccias known to
carry mineralization (Nelson and Giles, 1985; Huben and Nelson, 1988) will be
compared with these deposits located near Yucca Mountain. The sampling
program will not be restricted to the controlled area. Samples will also be
collected and analyzed from northern Yucca Mountain, Calico Hills, and
Wahmonie. This will provide a comparative base, along with chemical analyses
obtained from the available literature, to compare the site with other areas
in Activity 8.3.1.9.2.1.5. Identified industrial minerals or materials will
be evaluated from the geochemical suite of samples, from the information
obtained from studies on mineralogy and petrology (Section 8.3.1.3.2), and
from appropriate data as identified.

The configuration of the surface sampling program, and the number of
sample locations, will be based on the geology, known and expected mineral
occurrences, topography, and configuration of the perimeter drift and con-
trolled area. A systematic sampling system will be used. Sample spacing
within the controlled area is expected to range between 250 and 750 ft. A
more closely spaced grid system may be necessary for a second-order geochem-
ical sampling program if anomalies are identified from the first-order
program. Soil-survey geochemistry techniques have been widely used and
discussed in the literature (e.g., Thomson, 1986; Theobold, 1987). Surface
sampling will not be restricted to a grid system. Biased sampling will also
be done where rock types and alteration zones or other geological phenomena
commonly associated with mineralization are observed. In addition, sediment
sampling within selected areas, including drainages, may be necessary at
similar spacing (250 and 750 ft).

The subsurface sampling program will be carried out in a similar manner.
A representative number of drillhole cores will be selected that cover the
controlled area. Spacing of sampling locations of the core is expected to
range between 50 and 300 ft. The program is intended to include the deep
holes, including UE-25p#l, which intersect the Paleozoic rocks under Yucca
Mountain. Biased samples will be taken from rock types and alteration zones
commonly associated with mineralization. Additional sampling may be
necessary if anomalies are identified.

Sampling intervals at the surface and of drillhole core will vary
depending upon the particular element being measured. For instance, gold
will require a more closely spaced sampling interval than base metals.
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Sampling intervals will be determined after a complete list of elements
selected for analysis is finalized and a scoping assessment is made for each
element.

Anomaly and residual maps will be prepared for each elemental analysis.
Standard statistical analyses will be performed to characterize the back-
ground levels and spatial variability for each element, including averages
and standard deviations of the results of the analyses. A comparison of
background levels found in the silicic tuffs of Yucca Mountain with anomalies
identified will be made. In addition, average elemental abundances found in
silicic tuffs will be compared with elemental abundances found at Yucca
Mountain.

This activity will generate a geochemical data base for two groups of
elements. The first group will include those elements with known affinities
for silicic volcanic rocks, including elements that are concentrated by pri-
mary magmatic processes, secondary weathering, or hydrothermal (mesothermal
to epithermal) processes. The precious metals (gold and silver), mercury,
and uranium are included in this group. The second group, the so-called
pathfinder elements, such as antimony and arsenic, are usually subeconomic.
Because of their solubility in alteration processes, however, these elements
are useful in defining dispersion halos or detecting emanations from more
deeply buried mineral deposits. Elements such as mercury are important as
commodity elements (group 1) and are also excellent pathfinder elements
(group 2).

Many elements can be excluded from this evaluation based on their known
abundances and potential concentration factors in crystal rocks. These in-
clude cobalt, chromium, and the platinum group elements, which are known only
to be associated with mafic and ultramafic rocks (Stanton, 1972). Addition-
ally, a large body of literature exists relative to the distribution of
elements in specific rock types that allow the prediction of which elements
could occur in anomalous concentrations by such processes as weathering,
hydrothermal activity, or magmatism. Therefore, many additional commodities
and elements may be eliminated from further consideration.

Analytical methods to be used may include fire assays, atomic absorp-
tion, x-ray diffraction, x-ray fluorescence, neutron activation, or induc-
tively coupled plasma emission spectroscopy. These methods will be evaluated
based on their analytical detection limits and the projected number of sam-
ples to be analyzed. Further details and additional information will be
presented in the study plans for this activity.

8.3.1.9.2.1.2 Activity: Geophysical/geologic appraisal of the site relative
to mineral resources

Objectives

This activity will qualitatively evaluate the available geophysical data
base as it relates to Study 8.3.1.9.2.1. The existing geophysical data base
(Section 1.7.1.1) will be examined t. define any geophysical anomalies that
may require additional exploration and. possibly constrain any known geo-
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chemical anomalies (Activity 8.3.1.9.2.1.1). The geophysical data base will
also be used as a basis for comparisons to analog environments of known
mineralization (Activity 8.3.1.9.2.1.5). Geologic models derived from geo-
physical data in Section 8.3.1.17 will be evaluated for their impact on
mineral resources. Further work may be planned depending on the results of
studies described in Section 8.3.1.17.4 and the qualitative evaluation
performed in this activity.

Parameters

Existing regional and site-specific reports on geophysical surveys, as
well as reports from geophysical work planned in Section 8.3.1.17.3 will be
used in this qualitative assessment. Included in this assessment will be a
review of the existing aeromagnetic, gravity, and electrical (induced
polarization and magnetotelluric) data. Data obtained from the site-specific
gravity, ground magnetic, selected geophysical logging, and magnetotelluric
surveys (Section 8.3.1.17.4.3) may also be assessed. Possible hydrothermal
alteration zones may be identified through the use of remote sensing
(thematic myopia) and field mapping (Section 8.3.1.17.4.4). These techniques
may provide useful information to the geochemical program (Section
8.3.1.9.2.1.1). Additional parameters maybe defined during this activity.

Descriotion

Interpretations described in the literature and derived from geophysical
data may provide additional information to evaluate the geochemical data base
(Activity 8.3.1.9.2.1.1) and to aid in determining which types of ore-forming
models should be considered. In addition, preliminary geophysical models
that have been suggested for Yucca Mountain include the possible presence of
detachment faults (Scott, 1986; Scott and Rosenbaum, 1986), and the presence
of a metamorphic core complex under Yucca Mountain (Robinson, 1985). These
interpretations, if correct, will be assessed relative to their significance
to ore-forming processes.

Other geophysical methods (Section 8.3.1.17.4) that are responsive to
local, surficial, or shallow variations of the bedrock will be evaluated as
potential complements possibly to constrain the site-specific geochemical
survey (Activity 8.3.1.9.2.1.1). The information and data evaluated in this
activity will provide the geophysical basis for the comparisons to analog
environments performed in Activity 8.3.1.9.2.1.5. Further details and
additional information will be presented in the study plans for this
activity.

8.3.1.9.2.1.3 Activity: Assessment of the potential for geothermal energy
at Yucca Mountain, Nevada

This activity will be undertaken in cooperation with Activity
8.3.1.8.5.2.3 (evaluation of regional ambient heat flow and local heat flow
anomalies). Both activities are aimed at characterizing the local geothermal
regime as it might relate to repository performance during the postclosure
period. Activity 8.3.1.8.5.2.3 will focus on geothermal activity and heat
flow calculations as they could relate to Quaternary igneous processes or
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events. This activity (8.3.1.9.2.1.3) assesses the geothermal regime in
terms of its energy resource potential for either hydrothermal or conductive
reservoir thermal systems (Section 1.7.1.5.2). Data compilation and
evaluation will be done jointly through both activities.

Objectives

The overall objective of this activity is to assess the potential for a
geothermal energy resource at Yucca Mountain, Nevada.

The objectives of this activity are to

1. Compile measured geothermal and calculated heat flow data at and in
Yucca Mountain and vicinity to quantify vertical and horizontal
geothermal gradients. The quality of these data will be assessed
under this activity in conjunction and cooperation with Activity
8.3.1.8.5.2.3. Temperature and other data collected under site
unsaturated zone hydrology (Section 8.3.1.2.2) and site saturated
zone hydrology (Section 8.3.1.2.3) will be assessed here and in
cooperation with Activity 8.3.1.8.5.2.3.

2. Compile appropriate chemical and isotopic (oxygen and deuterium)
analyses of water samples from springs and wells useful for
predicting subsurface temperatures. These data will be useful in
comparing subsurface temperatures at the site with measured
temperature profiles and heat flow data for the region.

3. Evaluate the existing data on geothermometry and heat flow necessary
to adequately characterize the region for its geothermal resource
potential.

4. Recommend whether additional studies may be needed, including the
collection and integration of additional geothermal data from
existing or planned drillholes.

5. Provide the information necessary for the final resource assessment
to be performed in Activity 8.3.1.9.2.1.5.

Parameters

The parameters that will be calculated and evaluated for this activity
are

1. Temperature gradient and thermal conductivity data from boreholes
and similar data from the exploratory shaft facility will be used to
calculate heat flow (Sections 8.3.1.8.5.3, 8.3.1.17.4.5, and
8.3.1.8.5.2).

2. Water chemistry and isotopic (oxygen and deuterium) analyses will be
used in evaluating geothermometry methods (Study 8.3.1.2.3.2).
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3. Temperature of ground water from springs and wells, and geological,
hydrological, and structural data of the site and surrounding region
will be used to assess the geothermal energy potential of Yucca
Mountain (Section 8.3.1.2.3.2, 8.3.1.4.2.1, and 8.3.1.8.5.2).

Descriotion

As discussed in Section 1.7.1.5.3, the existing heat flow calculations,
temperature data, temperature gradient data, and isotopic analyses (oxygen
and deuterium) for Yucca Mountain are consistent with a low-temperature
(<900C) geothermal regime.

Downhole temperature data from Yucca Mountain and temperature data
obtained from nearby localities indicate that significant variations occur in
temperature gradients for a single hole and between wells. Anomalous heat
flow and thermal gradients are observed at localities near the site at drill-
hole UE-25a#3 (3.08 to 3.34 heat flow units (HFU)) located near Calico Hills,
and drillhole UE-20F located at Pahute Mesa (thermal gradient is 37*C/km).
These localized anomalies could be associated with several heat-flow models
such as water circulation in faults, shallow magma bodies, anomalous ground-
water flow, and large variations in stratigraphic thickness (thermal
conductivity).

The available data for geothermal assessment have not been compiled or
thoroughly evaluated for adequacy or quality. Because data were not col-
lected systematically (in some instances, measurements were taken during or
soon after drilling (Sass et al., 1983)), some of the data are of question-
able quality. Thus, the available data will be evaluated for their adequacy
and quality, and the acquisition of temperature and thermal conductivity data
from existing or new drillholes for use in heat flow calculations may be
recommended as a result of this activity. A compilation of regional data
obtained from the literature will also be assessed so that a comparison can
be made with the data from the Yucca Mountain area.

Chemical and isotopic data will be compiled and evaluated for their
application to the geothermal assessment of Yucca Mountain (Sec-
tion 1.7.1.5.2). Data will include chemical analyses of ground-water samples
obtained from drillholes (Section 8.3.1.2.3.2), and springs near Yucca
Mountain (Section 1.7.1.5.2). These data will be evaluated to determine
whether silica geothermometer analyses may be appropriate.

All the data compiled and evaluated will be used in conjunction with
geologic, structural, stratigraphic, and hydrologic data to perform the
geothermal assessment. This activity will lead into the final energy and
resource assessment performed in Activity 8.3.1.9.2.1.5. Further details and
updated information will be provided in the study plans for this activity.
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8.3.1.9.2.1.4 Activity: Assessment of hydrocarbon resources at and near the
site

Objectives

The objectives of this activity are to

1. Determine the potential for the presence or absence of suitable
source rocks, reservoir rocks, and traps and seals at and near the
site.

2. Determine the potential for occurrence of conventional hydrocarbon
resources (crude oil and natural gas) at and near the site. This
will include a review and assessment of drillholes emplaced for oil
and gas exploration within the geographic area of the site. The
radius of this area is expected to be on the order of tens of
kilometers, but its size will depend largely on the results of the
work described previously.

3. Provide necessary data for the overall mineral and energy resource
assessment to be performed in Activity 8.3.1.9.2.1.5.

Parameters

Several investigative efforts and evaluation approaches are intended.
First, the presence of organic matter within certain Paleozoic rocks will be
ascertained. This will be based upon an examination of samples from drill-
holes and outcrops in the general area including core material from the one
drillhole (UE-25ptl) that penetrated Paleozoic rocks close to the site.
Newly obtained core or cuttings from drillholes in areas adjacent to the site
will also be studied. An evaluation of the existing petroleum industry
exploration drillholes in the vicinity of Yucca Mountain will be made to
determine if information relevant to the site can be obtained. Outcrop
material from adjacent areas such as Bare Mountain, Calico Hills, and Mine
Mountain-Syncline Ridge will also be collected and evaluated.

Second, the thermal maturation of any organic matter found in these
samples will be determined. Several techniques, such as kerogen elemental
analysis, kerogen coloration (temperature alteration index (TAI)), rock
pyrolysis, and vitrinite reflectance, are among those available for
determining thermal maturation-source-bed potential. These and possibly
other techniques that are based upon organic matter will be compared relative
to their applicability, especially with regard to outcrop samples using the
most suitable method(s).

Third, parallel consideration of another thermal maturation technique,
based upon microfaunal remains (conodonts) and termed the conodont color
alteration index (CAI), will be undertaken in conjunction with a literature
search intended to focus upon the thermal maturation experienced by the
Paleozoic carbonate strata at and near the site. Other techniques will be
evaluated (e.g., fluorescence petrography for oil fluid inclusions) to
determine if other information could aid in refining the time-temperature
history reconstruction estimations. This will allow refinements to be made
to the estimate of Lopatin's time-temperature index (Section 1.7.2.2.1) and
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will expand upon the work of Harris et al. (1980) and M. D. Carr et al.
(1986). This will also allow the anticipated integration of the thermal
history of adjacent sites (e.g., Bare Mountain) into an understanding of the
thermal history of Yucca Mountain.

Other work is intended to review the stratigraphy and geologic structure
of the Yucca Mountain site and of areas near the site within the context of
available and future drillhole and geophysical data (Section 1.7.1.1; Study
8.3.1.17.4.4). This is intended to identify potential reservoir rocks,
traps, and seals that may be present. An allied exercise will be to evaluate
comparable petroleum-geology features as they are developed at known hydro-
carbon occurrences within the Great Basin of Nevada, and, in particular, the
highly productive trend that is present in the Railroad Valley area (e.g.,
Grant Canyon Field) of northeastern Nye County. The possibility that
Mesozoic thrust belts with oil-bearing potential extend to southern Nevada
(Scott and Chamberlain, 1987), including the area of Yucca Mountain, will
also be addressed. This will provide a basis for assessing the degree to
which these factors are relevant to the petroleum potential of the site
(Activity 8.3.1.9.2.1.5). New data gathered by several planned geophysical
surveys, such as the regional magnetotelluric, deep refraction-seismic, deep
and intermediate reflection-seismic, and the ground magnetic surveys planned
for fault detection (Table 8.3.1.17-10) will be assessed if applicable for
evaluating oil and gas potential. Part of this effort will be conducted
under Activity 8.3.1.9.2.1.2, particularly the evaluation of geophysical
data, which will include an early assessment regarding the applicability of
these data to the interpretation of subsurface geologic structures.
Additional parameters may be defined and pursued if these several work
efforts, evaluations, and literature investigations fail to provide adequate
information on possible source rocks-organic matter, thermal maturation, and
the integrated petroleum potential at and near the site. Among these may be
a comparative evaluation of both surface hydrocarbon-prospecting techniques
and indirect subsurface detection methods such as the analysis of ground
water for dissolved hydrocarbon gases.

Description

To date, no hydrocarbons have been discovered at or in the vicinity of
the Yucca Mountain site, although relatively few boreholes have been drilled
for that purpose. Of the commercially drilled exploration holes located
throughout southcentral and southeastern Nevada, none have encountered
economic quantities of oil and gas. Significant shows of such hydrocarbons
have similarly been lacking.

The thermal history of the general Yucca Mountain area may have been too
high over an extended period of geologic time to allow any previously formed
hydrocarbons to persist as either oil or gas (Section 1.7.2.2.1). However,
data presented by M. D. Carr et al. (1986) suggest that CAI-based tempera-
tures within the Silurian portion of the Paleozoic carbonate sequence as
encountered in drillhole UE-25p#1 have been no greater than 1800C, and pos-
sibly no less than 1401C (CAI = 3). If these paleogeothermal data represent
an accurate reflection of the thermal maturation, these rocks would not be
considered overly mature, and thus technically capable of some hydrocarbon
potential within the gas range, provided that the several other factors
necessary to generate and entrap hydrocarbons were present.
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Further refinement of the thermal history will be pursued, along with
work designed to evaluate the potential for reservoir rocks, the potential
for trap-seals, and the comparison with other producing trends within the
Great Basin and Nevada. Analyses of any detected organic matter (as found in
drillhole cores and cuttings and samples collected from selected outcrops)
will be made based upon an assessment of the most applicable petroleum geo-
chemical methods. Companion work based upon faunal remains and their indica-
tions of thermal maturation will also be made. Inclusion of geophysical and
drillhole data will also be implemented to evaluate the structural geologic
setting as it relates to traps and seals. Further details and additional
information will be provided in the study plans for this activity.

8.3.1.9.2.1.5 Activity: Mineral and energy assessment of the site,
comparison to known mineralized areas, and the potential for
undiscovered resources and future exploration

Objectives

The objective of this activity is to integrate the data and information
collected from Activities 8.3.1.9.2.1.1 (geochemical assessment),
8.3.1.9.2.1.2 (geophysical/geologic assessment), 8.3.1.9.2.1.3 (geothermal
energy assessment), and 8.3.1.9.2.1.4 (hydrocarbon assessment). Integration
of these activities and the data acquired from them will allow:

1. The identification of mineral resources with current markets, as
well as the calculation of gross and net values for identified
resources or reserves.

2. The physical description of mineral resources with potential future
markets relative to "tonnage, or other amount, grade, and quality,"
as described in 10 CFR 60.21(c)(13).

3. The physical description of energy resources using appropriate
parameters that describe the extent and magnitude of those
resources.

4. The evaluation of the resource potential of any identified or
undiscovered mineral and energy resources, based upon a "repre-
sentative' area of "similar size" and a comparison to the Yucca
Mountain site (10 CFR 60.122(c)(17)).

5. An estimation of the potential for undiscovered deposits of those
resources described in 10 CFR 60.21(c)(13). This will be accom-
plished using site-specific data in conjunction with evaluation of
models found in the literature of economic mineralization, hydro-
carbon generation and entrapping processes, and extraction-conver-
sion methods in geothermal energy utilization.

This activity provides data necessary for the probabilistic calculations
for determining future inadvertent human interference or intrusion (Study
8.3.1.9.3.2).
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Parameters

- Existing site-specific data and data collected under Activities
8.3.1.9.2.1.1, 8.3.1.9.2.1.2, 8.3.1.9.2.1.3, and 8.3.1.9.2.1.4 will be used
to calculate grades, tonnages, or other amounts. Information obtained from
the literature will allow a comparison of analog areas and literature models
with the site-specific data obtained for Yucca Mountain under the activities
just listed.

Description

Information from Activities 8.3.1.9.2.1.1 and 8.3.1.9.2.1.2 and other
site-specific data from the literature will be used to calculate gross and
net values of commodities of current commercial value and commodities that
may have future commercial value. These site-specific grades, tonnages, or
amounts will be compared with the average abundances in crystal rock types to
determine if the site has extractable commodities that may be of commercial
value, of future commercial value, or anomalous concentrations of a commodity
that would attract exploration.

Information from Activities 8.3.1.9.2.1.3 and 8.3.1.9.2.1.4 and other
site-specific data from the literature will be used to describe energy
resource potential. More detailed assessment of energy resources will be
conducted if warranted by data from this activity.

This activity will compare analog environments of known natural re-
sources to the geological conditions present at the site. Information on
selected mineral deposit analogs will be obtained from the existing litera-
ture and Activities 8.3.1.9.2.1.1 and 8.3.1.9.2.1.2. Ideally, the selected
analogs will consist of similar rock types that have originated under similar
geologic conditions. For example, analogs will be selected that compare the
site to known areas of mineralization such as those found within calderas
(Jefferson Caldera, Nevada) and on margins of calderas (Round Mountain and
Goldfield, Nevada) or in deposits recently discovered in the vicinity of
Yucca Mountain (Bullfrog District and northern Bare Mountain, Nevada). This
approach will allow the incorporation of many mineral deposit models,
including Round Mountain, Nevada as a lode gold deposit (Tingley and Berger,
1985) or as a high-volume low-grade (bulk-mineable) precious-metal deposit
(Bonham, 1988). A large body of literature, including petrologic, petro-
genic, structural, geophysical mineralogic, and analytical data of the rocks
located at the site, will be evaluated in this comparison. This integrated
information will be used to evaluate the site potential for undiscovered
deposits and mineral exploration using reasonable inference based on geologic
and geophysical evidence as required in 10 CFR Part 60, which states

For resources without current markets, but which would be market-
able given credible projected changes in economic or technological
factors, the resources shall be described by physical factors such
as tonnage or other amount, grade, and quality.

The activity will permit a final qualitative assessment of mineral resources
at the site in terms of their present value, and the potential for future
exploration at the site.
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Information on selected geothermal analogs will also be obtained from
the existing literature. This information will be compared with existing
information on the geothermal resource potential of the site and with new
data provided by the results of Activities 8.3.1.9.2.1.1, 8.3.1.9.2.1.2, and
8.3.1.9.2.1.3. Ideally, the selected analogs will consider geothermal re-
sources in similar geologic environments that have originated under compar-
able geologic conditions. Analogs will be selected to compare the site with
known areas of geothermal resources found in association with large-volume
silicic caldera systems of similar age, geothermal resources associated with
small-volume, intra-plate basaltic volcanism of similar age or similar geo-
logic environments in Nevada with known geothermal resources. The available
literature will be used as a source of information on the analogs, including
geophysical, geochemical, and geological data. The integrated information
will be used to evaluate the potential for undiscovered occurrences at the
site using reasonable inferences from geologic and geophysical data. This
approach will allow the incorporation of several geothermal resource models
such as low-temperature resources, high-temperature fluid dominated
resources, dry-steam resources, and hot-dry rock resources. The activity
will permit a final qualitative assessment of geothermal resources at the
site in terms of (1) the presence or absence of favorable circumstances for
occurrence, (2) the present-day value if located, and (3) the potential for
future exploration at the site. "For resources without current markets, but
which would be marketable given credible projected changes in economic or
technological factors, the resources shall be described by physical factors
such as tonnage or other amount, grade, and qualityu (10 CFR Part 60).

Information on selected hydrocarbon (oil and gas) analogs will be
obtained from the existing literature. This information will be compared
with the existing information on the hydrocarbon potential of the site and
with new data provided by the results of Activities 8.3.1.9.2.1.1,
8.3.1.9.2.1.2, and 8.3.1.9.2.1.3. Ideally, the selected analogs will con-
sider similar age rocks, depositional environments, tectonic regimes, and
similar traps and seals that are anticipated in the region. Analogs will be
selected to compare the site with known areas of hydrocarbons found
associated with Paleozoic carbonate rocks, in similar structurally complex
areas such as Grants Canyon, Nevada. The available literature will be used
as a source of information on the analogs including geophysical, geochemical,
and geological data. This integrated information will be used to evaluate
the potential for undiscovered occurrences at the site using reasonable
inference based on geologic and geophysical data. This approach will allow
the incorporation of several models for source generation, structural and
stratigraphic trapping, and reservoir seals. The work will provide a final
qualitative assessment of the hydrocarbon resource potential at the site in
terms of the presence or absence of favorable circumstances for hydrocarbon
generation and entrapment, present-day value if located, and the potential
for future exploration at the site.

This activity will also provide synthesized data and evaluations of
those data relative to assessing any initiating events under human interfer-
ence that may be potentially unworthy of further consideration (Activity
8.3.1.9.3.2.2). These data and data evaluations are anticipated to facili-
tate the requisite probabilistic calculations (Study 8.3.1.9.3.2), but in
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some instances a less rigorous treatment may be used to dismiss events if
they are considered sufficiently noncredible. Further details and additional
information will be presented in the study plans for this activity.

8.3.1.9.2.2 Study: Water resource assessment of Yucca Mountain, Nevada

Ground water is expected to be the primary mechanism by which
radionuclides might be transported from the repository to the accessible
environment. Ground water is the sole source of supply for residents,
irrigated agriculture, and industry within the geohydrologic study area.
Changes in population, economic and industrial development, and consumptive
uses of water will affect ground-water depths and withdrawal rates. Future
ground-water withdrawals could affect ground-water flow within the geo-
hydrologic system. This study consists of a single activity that will use
available data to estimate the future supply, demand, and value of the
ground-water resource in southern Nevada, proximal to Yucca Mountain.

8.3.1.9.2.2.1 Activity: Projected trends in local and regional ground-water
development, and estimated withdrawal rates in southern
Nevada, proximal to Yucca Mountain

Objectives

The objectives of this activity are to (1) assess the current and
projected supply and demand situation for ground water in the geohydrologic
study area, and (2) estimate the value of the ground-water resource.

Parameters

Three sets of parameters are required for this activity:

1. The determinants of supply, which include quantities available from
alternative sources; the cost of water by alternative source; the
physical and chemical characteristics of the ground-water system
(e.g., recharge, aquifer depth, volume, and salinity); and the
institutional factors relating to water laws and rights (e.g.,
preferred beneficial uses).

2. The determinants of demand, which include population data (i.e.,
historical, current, and projected trends); the economic conditions,
including industry, employment, and income; the trends in consump-
tive uses of water (i.e., domestic, commercial, industrial, and
agricultural uses); climate; and price.

3. Empirical estimates of the value of water in various uses (i.e.,
domestic, commercial, industrial, and agricultural).
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Description

Current and projected marginal supply curves for water will be esti-
mated. The effects of various current and projected socioeconomic conditions
on ground-water development, use, and allocation will be evaluated. Where
sufficient price and quantity data are available, water-demand curves can be
estimated, from which estimates can be made of the marginal value of the
water. For a variety of reasons, market-established prices for water are not
generally available. However, there are a number of alternative means of
estimating the value of the ground-water resource even in the absence of
markets. These include evidence of prices paid for water by a given sector
as an indication of the user's willingness to pay (an example of this is the
recent purchase of ground water by Nevada Power Company in the Moapa Valley
area), shadow prices determined via linear programming, change in net income
or value-added approaches, and alternative and opportunity cost.

Because of the degree of uncertainty in forecasting changes in those
factors that will determine the future supply and demand situation for ground
water, a reasonable range of plausible scenarios will be developed. This
information will be used to estimate the current and future value of the
ground-water resource in the geohydrologic study area and to project probable
withdrawal rates and locations. Estimations will be limited to the fore-
seeable future (10 CFR 960.4-2-8-1) and be a function of the various supply
and demand scenarios.

8.3.1.9.3 Investigation: Studies to provide the information required on
potential effects of exploiting natural resources on hydrologic,
geochemical, and rock characteristics

Technical basis for obtaining the information

Links to the technical data chapters and applicable support documents

A preliminary evaluation of the resource potential of the Yucca Mountain
sute is presented in the Yucca Mountain environmental assessment (DOE, 1986b)
and in Sections 1.7 and 3.8 of the SCP. Studies will be performed to deter-
mine the extent to which the actual or inferred presence of resources at the
site might influence the exploration activities of future generations. Addi-
tional studies will establish the potential effects of resource exploitation
and extraction on the hydrologic, geochemical, and rock characteristics at
and in the vicinity of Yucca Mountain.

Ground water currently is the only resource being considered. However,
if other economically attractive resources or reserves are identified during
the natural resource assessment that is being conducted in support of
Investigation 8.3.1.9.2, the potential effects of their exploitation will
also be evaluated. These data will be assessed by a panel of experts to
determine the probability that human intrusion into, or interference with, a
mined geologic disposal system could result from the actual or inferred
presence of natural resources.
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Parameters

The only parameters that have been identified to date are (1) projected
rates and the probable locations of future ground-water withdrawals within
the geohydrologic study area, (2) the results of the resource assessment
(Study 8.3.1.9.2.1), and (3) the probabilities for inadvertent human
interference and intrusions.

Additional parameters that will be required if other resources are
identified (Investigation 8.3.1.9.2) include the specific types, locations,
distributions, and quantities (i.e., grades, tonnages, and volumes) of the
materials identified. Necessary information regarding the applicable
extraction and exploitation methods will be taken from the literature. Site
characterization activities and the existing data base will provide the
baseline information relative to the hydrologic, geochemical, and rock
characteristics at the site.

Purpose and objectives of the investigation

The purpose of this investigation is to obtain the information that will
be used to satisfy the parameter requests made in Issue 1.1 (total system
performance). Two types of data are requested in this performance issue:
(1) information on the resources presently at the site that would influence
the likelihood of exploratory drilling within the controlled area, and
(2) the potential effects of resource extraction on the hydrologic, geo-
chemical, and rock characteristics at the site. The first objective of this
investigation is to evaluate the data relative to the resource potential at
the site, resource extraction, and marker system survivability necessary to
determine the probability range for exploratory drilling. The second objec-
tive is to assess the potential effects of resource extraction for all com-
modities known to be present or inferred to be present at the site. Thus,
this investigation will compile all the site data generated by the human
interference program and pass the required parameters to Issue 1.1 (total
system performance, Section 8.3.5.13).

Technical rationale for the investigation

To determine the effects of resource exploitation on the hydrologic,
geochemical, and rock characteristics at the Yucca Mountain site, it will be
necessary to estimate the quantities, as well as the locations and distribu-
tions, of those resources identified in the assessment. These resource
parameters, together with their applicable extraction and exploitation
methods, will be evaluated to determine qualitatively the effects of
exploitation. For instances in which it is possible to model the effects
using computer codes, such as with ground-water withdrawals, potential
effects will be quantified. The data that will be collected by Studies
8.3.1.9.1.1, 8.3.1.9.2.1, and 8.3.1.9.2.2 will be evaluated to determine the
likelihood for human interference and intrusion. Figure 8.3.1.9-4 shows the
data flow for this investigation.

Two studies will be undertaken in fulfillment of this investigation.
Study 8.3.1.9.3.1 will address factors that directly influence the amount of
radionuclide releases that could result from inadvertent human interference
and intrusion at the site. The studies to be undertaken to evaluate the
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potential effects of resource exploitation will be defined in detail when the
resource assessment (Study 8.3.1.9.2.1) is completed. On the basis of the
data available to date, ground water is the only resource known to be pre-
sent. Specific plans for evaluating the effects of ground-water withdrawal
are presented in the following sections. The second study (8.3.1.9.3.2) will
present supporting discussions necessary to demonstrate that certain initiat-
ing events identified in the human interference program are not credible and,
therefore, not significant.

8.3.1.9.3.1 Study: Evaluation of data needed to support an assessment of
the likelihood of future inadvertent human intrusion at Yucca
Mountain as a result of exploration and/or extraction of natural
resources

In this study, data will be compiled and analyzed for assessing the
likelihood of inadvertent human interference in the vicinity of Yucca
Mountain. The initiating events for which data will be compiled include
exploratory drilling for natural resources and ground-water withdrawal.

8.3.1.9.3.1.1 Activity: Compilation of data to support the assessment
calculation of the potential for inadvertent human intrusion
at Yucca Mountain

Objectives

The objectives of this activity are to

1. Determine the maximum drilling density and frequency (drillholes per
square kilometer per 10,000 yr) that can be reasonably assumed for a
repository at Yucca Mountain.

2. Determine the extent to which future ground-water withdrawals will
modify the expected ground-water flow paths.

Parameters

The parameters that will be obtained or evaluated by this activity
include:

1. Expected drilling density.

2. Distribution and expected depth of drillholes.

3. Expected distribution of drillhole diameters.

4. The probabilities that human interference or intrusion will occur as
a result of exploratory drilling or exploitation.
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The natural resource assessment parameters for this activity will be
input from Study 8.3.1.9.2.1 (assessment of the natural resource potential at
Yucca Mountain) and Study 8.3.1.9.2.2 (effects of natural resource exploita-
tion at Yucca Mountain). These data will be used to aid in estimating the
likelihood of the initiating events (Table 8.3.1.9-1) for human intrusion and
interference at Yucca Mountain during the postclosure period.

Description

This activity will involv'e compiling data to determine the anticipated
maximum drillhole density, borehole diameter, and depths of the drillholes
over the next 10,000 yr in the vicinity of Yucca Mountain. The results of
the natural resource assessment studies (8.3.1.9.2.1 and 8.3.1.9.2.2) will be
used in this activity. In addition, information on state-of-the-art
exploration and drilling techniques, as well as information on expected
future exploration and drilling equipment trends, will be analyzed in this
activity.

8.3.1.9.3.2 Study: An evaluation of the potential effects of exploration
for, or extraction of, natural resources on the hydrologic
characteristics at Yucca Mountain

This study will assess in qualitative or quantitative terms, the effects
of exploiting natural resources known or believed to be present at Yucca
Mountain. Consideration of the effects of resource exploitation or
extraction are limited to changes in the hydrologic, geochemical, and rock
characteristics.

8.3.1.9.3.2.1 Activity: An analysis of the potential effects of future
ground-water withdrawals on the hydrologic system in the
vicinity of Yucca Mountain, Nevada

Objectives

The objective of this activity is to determine the potential effects of
future ground-water withdrawals on the hydrologic system at Yucca Mountain.
Effects of the withdrawals will be defined qualitatively and quantitatively.

Parameters

The parameters required for this study are the following:

1. The time-phased estimates of ground-water withdrawals as projected
from the activity described in Investigation 8.3.1.9.2.

2. The probable locations of the wells from which projected withdrawals
would be made. Locations need only be accurate to within a single
hydrographic area (Section 3.8.1). This parameter will also be
passed from Investigation 8.3.1.9.2.
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3. The appropriate hydrologic parameters (aquifer characteristics) will
be obtained from Investigation 8.3.1.2.3.

Description

Various computer models, such as FEMOD (Czarnecki, 1985), will be used
to analyze the potential effects of ground-water withdrawal on the local
hydrologic system. The input parameters supplied from Investigation
8.3.1.9.2 when used in the computer model will allow simulation of the
changes in the geohydrologic system that might occur as a result of
withdrawals through break time. The results from the model will provide
qualitative and quantitative information on the potential effects of
ground-water withdrawals within the geohydrologic system.

8.3.1.9.3.2.2 Activity: Assessment of initiating events related to human
interference that are considered not to be sufficiently
credible or significant to warrant further investigation

Objectives

The objective of this activity is to demonstrate that those initiating
events that have been identified (Table 8.3.1.9-1) for the human interference
issue are not considered sufficiently credible or significant to necessitate
additional investigation. This will be documented in a topical report.

Parameters

The parameters that will be obtained or calculated by this activity are
grouped by initiating events and include the following:

1. Large-scale surface-water impoundment constructed near the
controlled area.

a. Area, depth, and volume of surface impoundment.

b. Seepage and percolation rates, and transmissivities of near
surface and subsurface materials.

2. Extensive irrigation is conducted near the controlled area.

a. Area of irrigation.
b. Quantity of water available for irrigation.
c. Types of crops cultivated.
d. Infiltration and percolation rates.
e. Quantity of water applied for irrigation.

All initiating events will require information on the presence and read-
ability of the markers over 10,000 yr.
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Description

- The results of the natural resource assessment activities along with
data from the activities in Section 8.3.1.2 (geohydrology) will provide input
to this activity. These data will be used to assess the credibility and
significance of the initiating events of potential human interference activi-
ties at Yucca Mountain. A special panel of experts from the disciplines of
natural resources exploration, geosciences, economics, social sciences, and
statistics will be convened to make a qualitative assessment of the non-
credible or insignificant initiating events by using their experience and the
parameters listed previously. The panel's professional judgment along with
previously noted data will be used to prepare topical reports on those non-
credible and insignificant initiating events.
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8.3.1.10 Overview of population density and distribution program:
Description of population density and distribution required by the
performance and design issues

This section presents references and information to support resolution
of performance and design issues related to preclosure radiological safety.
These requirements are derived from 10 CFR Part 20, 10 CFR Part 60, 40 CFR
Part 191 and DOE orders. The detailed link to these regulations is presented
in the performance and design issues that require data from the population
density and distribution program.

Collection of population density and distribution data is not considered
a site characterization activity as defined in the Nuclear Waste Policy Act
(NWPA, 1983). Therefore, the format and details for data collection will not
be presented in this document. Population density and distribution, however,
remain important components of the program of preclosure radiological safety
for members of the general public, whether through normal operations or as a
result of accident conditions (Issues 2.1 and 2.3). The data base establish-
ed during this program will contribute to Issue 2.5, which addresses higher
level findings on the qualifying and disqualifying conditions of the DOE
siting guideline on population density and distribution (10 CFR 960.5-2-1).

The distribution of future populations in highly populated areas and in
unrestricted areas is currently recognized as a significant factor in
defining preclosure radiological safety programs. Preparation of a radio-
logical monitoring plan will help to establish the data base required for
resolution of performance and design issues related to radiological safety.
This plan, in part, will be the mechanism for implementing the studies neces-
sary for calculating radionuclide doses to members of the general public at
varying distances from the potential repository location at Yucca Mountain.
The details of the methodology to be used in analyzing the population related
information will be discussed in the Radiological Monitoring Plan. The
methods and procedures for collection of population data will be part of the
Yucca Mountain Project socioeconomic planning process and environmental pro-
gram planning effort.
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8.3.1.11 Overview of land ownership and mineral rights program: Description
of status and plans for land ownership and mineral rights required
by the performance and design issues

The land ownership and mineral rights program derives from the
requirements of 10 CFR Part 960 and 10 CFR Part 60. The provisions of
10 CFR 60.121 require that

Both the geologic repository operations area and the controlled area
shall be located in and on lands that are either acquired lands under
the jurisdiction and control of DOE, or lands permanently withdrawn
and reserved for its use.

This provision further requires that (1) such lands shall be held free
and clear of all encumbrances, (2) the DOE shall exercise any jurisdiction
and control over surface and subsurface estates necessary to prevent adverse
human actions that could significantly reduce the repository's ability to
achieve isolation, and (3) the DOE shall also have obtained water rights as
may be needed to satisfy the requirements of the repository operations area.

The plans and procedures for acquiring land ownership and mineral rights
are not considered site characterization activities as defined by the Nuclear
Waste Policy Act (NWPA, 1983). Therefore, the standard format and level of
detail that is presented for other programs will not be provided in this
section. However, the regulatory requirements just listed are an essential
component of the repository program in that they provide for a controlled
site, which in part addresses preclosure radiological safety aspects of the
program. Information about postclosure site ownership and control is
presented in Sections 8.3.5.18 (postclosure higher level findings) and
8.3.1.9 (human interference). The performance and design issues concerning
radiological dose calculations to the public and workers (Issues 2.1, 2.2,
2.3, and 2.7, Sections 8.3.5.3, 8.3.5.4, 8.3.5.5, and 8.3.2.3, respectively)
can be addressed with the knowledge that actions will be taken to withdraw
and control the appropriate portion of land in accordance with applicable
regulations. In addition, compliance with these requirements will support
Issue 2.5 (Section 8.3.5.6), which addresses higher level findings on the
qualifying and disqualifying conditions of the site ownership and control
guidelines in 10 CFR Part 960. Another aspect of the land ownership program
is the process by which the land is acquired and controlled, including rights
to subsurface resources. This process is described in the following
paragraphs.

The parameters of the controlled area are defined in 40 CFR Part 191 and
are based on information about the subsurface. After tentatively identifying
the outline of the proposed repository site, the information-gathering
elements of the land ownership program will occur in three basic steps. The
first step is to define the boundaries of the parcel for which the DOE must
obtain control and seek withdrawal. Inherent in this step is applying the
information gained during site characterization that would influence the
boundaries at the controlled area and accessible environment.
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The second step is to ascertain the status of any preexisting outside
rights with respect to the land at the site. Prior investigations have
identified no such rights (e.g., mineral, grazing, or water rights) at or in
the immediate vicinity of Yucca Mountain. However, monitoring of these
situations during site characterization will be conducted by the DOE.

The third step involves the actual process by which information will be
obtained for purposes of supporting a withdrawal application as set forth
in the Federal Land Management Policy Act (FLMPA) and implementing Bureau of
Land Management (BLM) regulations.

As established in the environmental assessment for the Yucca Mountain
site (DOE, 1986b), the land area of interest to the DOE for the repository
operations area and controlled area is entirely on Federal lands controlled
by three Federal agencies. These lands include the Nellis Air Force Range
(NAFR) controlled by the U.S. Department of the Air Force (DAF), the Nevada
Test Site (NTS) controlled by the DOE, and public lands controlled by the
U.S. Department of the Interior (DOI), BLM. The Military Lands Withdrawal
Act of 1986 (Public Law 99-606; MLWA, 1986), recently enacted by Congress,
withdrew the 2.9 million acre NAFR for defense-related use by the DAF.
Management of these lands remains the responsibility of the BLM.

The land area of interest to DOE currently under BLM control is in the
public domain and has not been segregated from the operation of the public
land laws. There exists, therefore, a possibility that control of surface
and subsurface rights on the public lands could change as a result of rights
granted under FLMPA or applicable mining laws.

The ownership and control status of the land area of interest is
important to the DOE for a variety of reasons. These include the length of
time required to conduct site characterization activities, the land
management plans and agreements, and the public domain status of the BLM
controlled lands. The DOE will monitor not only actions taken by the BLM or
DAF with regard to the land areas of interest to the DOE but also the current
or proposed laws and regulations that may impact land ownership and control,
or the rights to access such lands.

If the Yucca Mountain site is recommended and approved for development
as a repository following site characterization, it will be necessary,
pursuant to 10 CFR 60.121, for the DOE to withdraw the land that would
comprise the repository operations area and controlled area and reserve this
land for its use. Such a withdrawal action, under current law, must be made
pursuant to applicable implementing regulations. To initiate a withdrawal
action, FLMPA and the implementing regulations define the data and
information required to be provided at the time of application to Congress to
support the review of the application. Much of the required data and
information will be collected as part of the site characterization activities
or other programmatic activities planned by the DOE. The programmatic
activities include the repository land withdrawal and control process and the
environmental program planning effort for the Yucca Mountain site. To ensure
that the data and information relevant and necessary to support a withdrawal
action are acquired and documented properly, site characterization activities
must be reviewed and withdrawal information and documentation requirements
conducted in parallel with the site characterization program. A similar
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requirement to recognize and address withdrawal requirements also exists for
additional DOE activities directed at assessing the suitability of the Yucca
Mountain site under 10 CFR Part 960 and preparing input to the environmental
impact statement required by the NWPA (1983) and the National Environmental
Policy Act (NEPA, 1969).
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8.3.1.12 Overview of the meteorology program: Description of meteorological
conditions required by the performance and design issues

Sunmary of Performance and design requirements for meteorological information

The purpose of the meteorological program is to provide data required
for resolving of performance and design issues. The types of data requested
fall into three categories: (1) data needed in calculating radiological
doses resulting from airborne releases from the repository during the pre-
closure operational period; (2) information required for design of surface
facilities; and (3) hydrometeorological measurements for hydrologic and
climatic studies. Table 8.3.1.12-1 shows the link between the design and
performance parameters (information needed) and the meteorology program
parameters that satisfy those needs, respectively.

Approach to satisfy performance and design requirements

The purpose of the meteorology program is to establish (1) regional
meteorological conditions (Investigation 8.3.1.12.1), (2) atmospheric and
meteorological phenomena at potential locations of surface facilities
(Investigation 8.3.1.12.2), (3) locations of population centers relative to
wind patterns in the general region of the site (Investigation 8.3.1.12.3),
and (4) potential extreme weather phenomena and their recurrence intervals
(Investigation 8.3.1.12.4).

The investigations were created so that an understanding of the meteor-
ology of the area, including both average and extreme climatic phenomena,
would be gained. Such an understanding will require looking at data from
sites throughout the region and relating and comparing these data to
site-specific conditions. Parameters that are important in determining the
dispersion characteristics and general regional meteorology and, hence, are
important to the performance and design issues, are as follows:

1. Wind speed.
2. Wind direction.
3. Ambient temperature.
4. Atmospheric moisture.
5. Precipitation type, amount, frequency of occurrence, and intensity.
6. Atmospheric stability.
7. Mixing layer depth.
8. Barometric pressure.

These data will provide input to the performance and design issues that
assess the preclosure radiological safety aspects of the mined geologic
disposal system under normal and accident conditions. These issues are as
follows:

Issue Short title SCP section

2.1 Public radiological exposures-- 8.3.5.3
normal conditions

2.2 Worker radiological safety-- 8.3.5.4
normal conditions
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Issue Short title SCP section

2.3 Accidental radiological releases 8.3.5.5

2.5 Higher level findings--preclosure. 8.3.5.6
radiological safety

2.7 Repository design criteria for 8.3.2.3
radiological safety

The investigation that deals with population centers relative to wind
patterns (Investigation 8.3.1.12.3) will be a part of the radiological
assessment because wind is the primary transport mechanism by which airborne
radionuclides would reach these population centers. Finally, characteriza-
tion of potential extreme weather phenomena (e.g., tornadoes, hurricanes, ex-
treme wind speeds, temperature and humidity extremes, precipitation extremes,
and obstructions to visibility) will provide input to design criteria issues
relative to radiological safety. The extreme weather data will be evaluated
in desianing physical systems or components of the repository (e.g., wind or
snow loading, heating and cooling systems, freeze protection) and must also
be factored into the safety analysis in terms of the potential for extreme
weather to initiate radiological accidents. Both repository operations and
transportation of waste to the site will make use of the extreme weather
data, and these data could be important in access route assessments.

Data collected as part of this program will also provide input to in-
vestigations associated with the geohydrology program and will be used, for
example, in developing storm trajectories through the area. The relationship
of the meteorology program to design issues, performance issues, and other
programs is shown on the logic diagram for the meteorology program in Fig-
ure 8.3.1.12-1. This logic diagram also indicates how the investigations
planned to provide the program data are linked to the individual studies and
activities.

The environmental assessment (EA) (DOE, 1986b) for the Yucca Mountain
Project (formerly called Nevada Nuclear Waste Storage Investigations Project)
included meteorological data and analyses from existing meteorological moni-
toring networks in the vicinity of Yucca Mountain. These data and analyses
proved useful for the purposes of the EA in that they prc-vd.ed enough infor-
mation to support conclusions for the favorable and potentially adverse con-
ditions of 10 CFR Part 960 and, more importantly, to support a preliminary
finding on the qualifying condition. Additional data, both regional and site
specific, are necessary to support the higher-level findings on the quali-
fying conditions required at the time of repository site selection (Sec-
tion 8.3.5.6).

Interrelationships of meteoroloav investigations

The data and information developed through the meteorology program and
associated investigations will have connections with the following issues,
programs, investigations, and information needs:
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1. Issue 2.1: Preclosure doses to members of the public in highly
populated areas and members of the public within any unrestricted
area. Information Need 2.1.1--site and design information (Sec-
tion 8.3.5.3.1)--is linked to the meteorology program.

2. Issue 2.2: Preclosure doses to workers. Information Need 2.2.1--
natural radiation environment (Section 8.3.5.4.1)--is linked to the
meteorology program.

3. Issue 2.3: Accident-related doses to workers and members of the
public. This issue is resolved through Information Needs 2.3.3,
worker exposures under accidental conditions (Section 8.3.5.5.3) and
2.3.4, public exposures under accidental conditions (Sec-
tion 8.3.5.5.3).

4. Issue 2.5: Higher level findings relative to preclosure system and
technical guidelines. How the site meets and will continue to meet
qualifying conditions of the technical guidelines is related to the
meteorology program.

5. Issue 2.7: Design characteristics of the repository in terms of
design criteria and performance issues. Information Need 2.7.1--
site information for design (Section 8.3.2.3.1)--is linked to the
meteorology program.

6. Program 8.3.1.10: Population density and distribution. The
importance of meteorological conditions to the population density
program is in determining whether winds would transport radiological
emissions from the repository toward population centers.

7. Program 8.3.1.13: Offsite installations. The investigation specif-
.cally linked with the meteorology program is offsite transportation
(8.3.1.13.1).

8. Program 8.3.1.14: Surface characteristics. The applicable investi-
gation under this program is meteorological conditions at surface
facility locations.

9. Program 8.3.1.16: Preclosure hydrology. Assessing preclosure
hydrologic conditions in the vicinity of Yucca Mountain will rely on
the characteristics of precipitation events throughout the region
and the wind flow patterns associated with such events.

10. Program 8.3.1.2: Geohydrology. The investigations related to the
meteorology program are Investigations 8.3.1.2.1 (description of the
regional hydrologic system) and 8.3.1.2.2 (description of the
unsaturated zone hydrologic system at the site).

11. Program 8.3.1.5: Climate. The climate program investigations that
need meteorological input are those associated with establishing the
nature of the existing climate at Yucca Mountain, and how present
conditions relate to historical conditions.

8.3.1.12-5
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Summary of studies

The studies planned for the meteorology program fall into two general
categories: (1) those studies that are concerned with only site-specific data
and (2) those studies that are associated with regional meteorological
conditions.

To gain an understanding of the regional meteorological conditions,
existing data bases will be evaluated and their applicability to Yucca
Mountain determined (Investigation 8.3.1.12.1). These data, in combination
with data from the site monitoring program (see following discussion) will
then be assimilated into a data set that represents the regional meteorolog-
ical conditions. This investigation will also coordinate monitoring efforts
needed for other issues or programs with the data being obtained through the
meteorology program.

A site monitoring program consisting of five towers has been implemented
at Yucca Mountain (Investigation 8.3.1.12.2). The locations of these towers
are shown in Figure 8.3.1.12-2. Although this network was initially estab-
lished to support environmental permitting and licensing activities, the
parameters being monitored will also be used as input in evaluating preclosure
radiological impacts. The data being collected will serve as input to predic-
tive models for dose calculations to ensure that radiological safety is not
compromised as a result of the meteorological characteristics of the site.

The studies identified for characterizing wind patterns relative to
population centers (Investigation 8.3.1.12.3) will consist of providing data
on and analyses of wind parameters that will be used with the population
density program identified in Section 8.3.1.10. These results will provide a

clear understanding of wind transport patterns relative to population centers
and will be used in determining if the patterns would preferentially carry
radioactive material released to the air towards these centers.

The existing data bases and technical publications reviewed in character-
izing the regional meteorology will also provide data on the extreme weather
phenomena that may be experienced at the site. Because extreme weather can
affect design and can cause accidents during repository operation and trans-
portation of waste to the site, the occurrence of such phenomena and their
recurrence interval must be determined (Investigation 8.3.1.12.4).

8.3.1.12.1 Investigation: Studies to provide data on regional meteorological
conditions

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Technical data sumnaries of regional meteorological conditions are in
Chapter 5 of the SCP and in the Yucca Mountain EA (DOE, 1986b).
Soecifically, Section 5.1 of the SCP includes descriptive text and tables on

regional meteorology appropriate to the Yucca Mountain site. Section 3.4.3
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of the EA includes material on regional meteorology and related environmental
materials, such as air quality and noise.

Parameters

Existing data bases will be examined to characterize regional conditions
in terms of the following meteorological parameters:

1. Wind speed.

2. Wind direction.

3. Ambient temperature.

4. Atmospheric moisture.

5. Precipitation type, amount, frequency of occurrence, and intensity.

6. Atmospheric stability.

7. Mixing layer depth.

8. Barometric pressure.

9. Variability of parameters 1 through 5 at a given site and between
sites.

Ideally, each data base examined would contain all of these parameters
in a similar format (hourly averages). However, much of the existing data
have been collected by private and governmental agencies for varying purposes
and are not uniform in content, format, monitoring methodology, or quality.
The data identified will, therefore, have to be carefully evaluated to deter-
mine their appropriateness to this study. Because some of the data will only
be available as summaries of multiyear intervals (e.g., 5- or 10-yr climato-
logical summaries), only general trends and averages for certain regions of
the area around Yucca Mountain can be derived.

The data collected at the site (Section 8.3.1.12.2) will supplement the
regional meteorology characterization and provide the relationship between
the regional data and site-specific data. These data (specifically precipi-
tation amounts used to track storm trajectories) will also serve as input to
investigations associated with hydrology.

Purpose and objectives of the investigation

The purpose of this investigation is to provide data on the regional
meteorological conditions in the general vicinity of Yucca Mountain, extend-
ing to Las Vegas, and to coordinate meteorology program monitoring efforts
with other Yucca Mountain Project meteorological monitoring. Some of the
data can then be used in calculating radiation doses to the general public
and at the nearest major population center that might be caused by the
proposed repository under routine and accident scenarios.

8.3 .1.12-8
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Technical rationale for the investigation

One of the major concerns in the siting of a geologic repository is to
ensure that its design and performance do not result in radiological impacts,
due to airborne releases, to workers and the general public that exceed
established limits. Because this concern must be satisfied before the con-
struction of the facility, predictive tools are used in estimating the
impacts of postulated releases from the repository. These predictive tools
are typically dispersion models, which require data on the transport mechan-
ism (in this case the atmosphere). Impacts predicted to occur in the immedi-
ate vicinity of the release dictate the use of site-specific meteorological
data. This need is covered in Section 8.3.1.12.2. However, the applicable
regulations also require that impact determinations be made at distances up
to 80 km (50 miles) from the source. Therefore, site-specific data must be
used in conjunction with regional data. In addition, impacts at the nearest
major population center must be evaluated. For Yucca Mountain, the nearest
major center is Las Vegas, Nevada, which is 137 km (85 miles) by air south-
east of the site.

Another aspect of the Yucca Mountain site that warrants examination of
data from various locations is the terrain. Because the topography of the
area is complex, data from any single location may reflect unique terrain
influences. These site-specific data will be used in characterizing regional
meteorology to show topographic influences on regional windflow and precipi-
tation patterns.

The parameters listed above collectively determine how material emitted
from the repository system will be transported downwind. In addition to pro-
viding a picture of the overall meteorology of the region, these parameters
are required input to dispersion models that will be used in calculating
impacts. Atmospheric moisture and precipitation, although not specifically
needed in dispersion analyses, are other comparative tools used in determin-
ing overall weather patterns for the area. The seasonal variability of the
data from any given site and the variability of parameters between sites will
aid in constructing the regional meteorology. The operational life of the
repository during which postulated releases could be occurring is several
years. Therefore, regional data from stations that have operated for long
periods of time will help establish a link between present-day meteorological
conditions and long-term averages of meteorological parameters.

8.3.1.12.1.1 Study: Characterization of the regional meteorological
conditions

Objectives

The objective of this study is to gather and analyze meteorological
datafrom various locations to characterize the regional meteorology and
assimilate that information into a regional summary report. This will be
accomplished by determining if there are meteorological monitoring stations
that have been operated in the general vicinity of the site and might be
sources of information (in addition to those evaluated in Section 5.1).
Comparisons between site and very-near-site data and data from these regional

8.3.'.12-9



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

sources will give a more complete picture of the areal variability of
conditions around the site than is presently available. This characteriza-
tion will provide a regional overview of wind flow patterns and other
meteorological parameters (related to atmospheric dispersion) associated with
those patterns in and around Yucca Mountain.

Parameters

The parameters of interest, although many will not be available at all
the monitoring locations identified, are

1. Wind speed.
2. Wind direction.
3. Ambient temperature.
4. Atmospheric moisture.
5. Precipitation type, amount, frequency of occurrence, and intensity.
6. Atmospheric stability (and method by which it was determined).
7. Mixing layer depth.
8. Barometric pressure.

Description

This study will involve contacting potential sources of meteorological
data and determining what data are available in the area of interest.
Potential sources of data include the National Weather Service (NWS), State
of Nevada agencies (the State), the Environmental Protection Agency (EPA),
the Nevada Test Site (NTS), the Nellis Air Force Range (NAFR), Desert
Research Institute (DRI), and any other entities, such as private industry,
recommended by these initial contacts. The State and the EPA are likely to
be useful sources of meteorological data because, in addition to data from
stations they operate themselves, these agencies should be able to identify
private industry concerns that are collecting or have collected meteoro-
logical data to fulfill regulatory requirements. The NTS will be a source of
meteorological data because of its proximity to the Yucca Mountain site, and
because it has operated a number of meteorological monitoring stations in
support of DOE activities. The NWS is always a valuable resource in securing
meteorological data, but the density of NWS stations in southwestern Nevada
is somewhat low. Organizations like the DRI may be able to identify meteoro-
logical data collected in support of research efforts that are not driven by
regulations. In addition, periodicals and journals will be reviewed for
articles on the meteorology of the area. Obtaining the data on magnetic tape
would facilitate analysis and summarization, but much of the data may not be
available in that form.

Once the data have been obtained and reviewed in terms of the period of
record, the parameters available, the sampling and averaging frequency and
the quality, a report on the regional meteorology will be prepared. The
report will include a discussion of general wind flow patterns and their
seasonality, differences and similarities between sites, general trends of
any given parameter, terrain influences, and the relationship between site-
specific data (Section 8.3.1.12.2) and regional characteristics.
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8.3.1.12.1.2 Study: Plan for synthesis of Yucca Mountain Project
meteorological monitoring

Objectives

The objective of this study is to develop a plan that provides for
coordination of meteorological monitoring efforts proposed during site
characterization by the various Yucca Mountain Project participants.

Parameters

The parameters that will be incorporated into the coordination of Yucca
Mountain Project meteorological monitoring are

1. Wind speed.
2. Wind direction.
3. Ambient temperature.
4. Atmospheric moisture.
5. Precipitation type, amount, frequency of occurrence, and intensity.
6. Atmospheric stability.
7. Mixing layer depth.
8. Barometric pressure.
9. Solar and terrestrial radiation.

10. Chemical and isotopic character of precipitation.

Description

The plan that will be developed under this study will provide coordina-
tion between meteorological monitoring efforts initiated through Characteri-
zation Programs 8.3.1.12 (meteorology), 8.3.1.5 (climate), 8.3.1.2 (geohy-
drology), and 8.3.1.16 (preclosure hydrology). The plan will also provide
for review of the various monitoring efforts proposed in terms of meteoro-
logical adequacy and consistency. The specific studies under these programs
that are associated with meteorological monitoring are Study 8.3.1.2.1.1
(characterization of regional meteorology), Study 8.3.1.2.1.3 (characteriza-
tion of regional ground-water flow), Study 8.3.1.2.2.1 (characterization of
unsaturated zone infiltration), Study 8.3.1.5.1.1 (characterization of modern
regional climate), and Study 8.3.1.12.2.1 (site meteorological monitoring).
The preclosure hydrology program calls for meteorological data from geohy-
drology program Studies 8.3.1.2.1.1, 8.3.1.2.1.3, and 8.3.1.2.2.1.

Presently no single study encompasses all the meteorological monitoring
needed to characterize the site because meteorological data are needed by
four different programs for slightly different purposes. For example, the
meteorology program needs those parameters that define atmospheric dispersion
characteristics, the geohydrology program needs precipitation-related param-
eters, and the climate program needs meteorological characteristics that
relate to regional climate. All the programs, however, need to be coordi-
nated to avoid a duplication of monitoring efforts and to effectively make
use of technical experts within each of the programs.

8.3.1.12-11
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The plan will present a description of all the programs that call for
meteorological data, a more complete explanation of why each program needs
the data, the parameters that will be measured for the program, and any links
between the monitoring efforts. An evaluation of each of the monitoring
programs will also be conducted to ensure that adequate data are being
collected to satisfy the identified needs. The plan will also include the
developing of most of an integrated network of meteorological stations that
will incorporate the needs of all the programs. All these efforts will be
coordinated among the programs and will use the collective experience and
discipline-specific needs of the participants involved. Some of the
monitoring programs involved are ongoing or will be expanded as site
characterization proceeds.

8.3.1.12.2 Investiaation: Studies to provide data on atmospheric and
meteorological phenomena at Dotential locations of surface
facilities

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

None of the technical data chapters provides an in-depth description of
the site meteorological monitoring program. Section 5.1 of the SCP contains
a brief summary of the program, and a detailed description can be found in
the Meteorological Monitoring Plan (SAIC, 1985).

Parameters

The following meteorological parameters are being monitored at the Yucca
Mountain site:

1. Wind speed.

2. Wind direction.

3. Ambient temperature.

4. Atmospheric moisture.

5. Precipitation type, amount, frequency of occurrence, and intensity.

6. Atmospheric stability (calculated from either wind speed and
standard deviation of wind direct..on or wind speed and net (solar
and terrestrial) radiation).

7. Barometric pressure.

Each of these parameters is measured or calculated from measured values as
required by applicable EPA monitoring guidelines (40 CFR Part 58) and NRC
Regulatory Guide 1.23 (NRC, 1980) and summarized as an hourly average in
monthly and quarterly data reports.

8.3.1.12-12
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Purpose and objectives of the investigation

The purpose of this investigation is to collect site-specific meteoro-
logical data that can be used in calculating doses to workers, including
workers in restricted areas, and the general public under routine and
accident scenarios.

Technical rationale for the investigation

One of the primary mandates of the Nuclear Waste Policy Act and asso-
ciated siting guidelines is to ensure that releases from the repository
system do not result in exposures to workers or the public in excess of
applicable standards. Compliance with this requirement must be demonstrated
before construction of the facility and is generally accomplished through
dispersion modeling as explained in Section 8.3.1.12.2.1.2. Although the
information summarized for Section 8.3.1.12.1 (regional meteorological
conditions) will provide a thorough understanding of the general wind flow
patterns, atmospheric dispersion characteristics, temperature, and precipita-
tion throughout the region, site-specific data from the proposed facility
locations is needed to fully assess the potential impacts of releases. This
is especially true for Yucca Mountain because the terrain in the immediate
vicinity is quite complex, which results in micro-meteorological differences
within relatively short distances. Regional conditions are, therefore, not
sufficient in determining very-near-site meteorology.

To ensure that the meteorology specific to Yucca Mountain was completely
evaluated, a monitoring network of five towers was installed and began opera-
tion in December 1985. The locations of these towers within the study area
is shown in Figure 8.3.1.12-1. Site-specific dispersion parameters, which
will be used to calculate concentrations and subsequent doses, are required
to satisfy this investigation.

The rationale for the meteorological monitoring program that has been
implemented at Yucca Mountain, and the requirements for accuracy, calibra-
tion, auditing, reporting, and operating such a program were derived from a
variety of rules, regulations, and guidelines. These governing documents are
discussed in the following paragraphs.

Both the EPA and the NRC have promulgated regulations or guidelines
outlining the meteorological data required to conduct certain environmental
analyses, but none are specific to deep geologic repositcies. The NRC
regulations (10 CFR Part 60) under which a construction authorization and
license for the repository would be issued have been approved, but they do
not outline the scope and nature of the environmental analyses required to
support those decisions. In lieu of specific guidelines concerning meteoro-
logical monitoring requirements, the Yucca Mountain monitoring program has
been based on an understanding of the types of information (data and
analyses) required by the NRC for licensing other nuclear facilities (e.g.,
reactors, reprocessing plants, spent fuel storage facilities). The primary
NRC regulatory guideline that deals specifically with meteorological monitor-
ing programs (NRC, 1980) is not repository specific but is, nonetheless,
useful in helping to define the scope of the Yucca Mountain monitoring
program. Sections C.2 (Siting of Meteorological Instruments), C.3 (Data
Recorders), C.4 (System Accuracy), C.5 (Instrument Maintenance, Servicing
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Schedules, and Data Availability), and C.6 (Data Reduction and Compilation)
of Regulatory Guide 1.23 (NRC, 1980) were evaluated for guidance in develop-
ing the monitoring network. To ensure that the monitoring programs imple-
mented at Yucca Mountain would provide meteorological data acceptable for use
in nonradiological regulatory permitting requirements, the program was also
designed to comply with the EPA monitoring requirements for the Prevention of
Significant Deterioration (40 CFR Part 58). The data these agencies require
are to be used in addressing two aspects of repository development: (1) the
potential for degrading the air quality in the vicinity of the repository by
construction and excavation activities and (2) the role site-specific meteor-
ological conditions would have in effectively dispersing routine operational
and accidental releases from the repository.

The specific NRC regulatory guides reviewed to ensure responsiveness to
evaluating expected and potential atmospheric releases are Regulatory Guides
4.17 (Standard Format and Content of Site Characterization Reports for High-
Level-Waste Geologic Repositories), 4.18 (Standard Format and Content of
Environmental Reports for Near-Surface Disposal of Radioactive Waste), 4.2
(Preparation of Environmental Reports for Nuclear Power Stations, Revi-
sion 2), 1.70 (Standard Format and Content of Safety Analysis Reports for
Nuclear Power Plants, LWR Edition, Revision 3), and 3.8 (Preparation of
Environmental Reports for Uranium Mills).

8.3.1.12.2.1 Study: Meteorological data collection at the Yucca Mountain
site

The purpose of conducting meteorological monitoring at Yucca Mountain is
to provide data that can be used in resolving design and performance issues
associated with preclosure radiological safety. This study consists of two
activities, one that deals strictly with collecting the meteorological data
and the other dealing with processing the data into dispersion-specific
parameters.

8.3.1.12.2.1.1 Activity: Site meteorological monitoring program

Objectives

The objective of the site monitoring program is to collect meteoro-
logical data at potential locations of surface facilities and at a sufficient
number of additional locations deemed necessary to characterize the wind flow
patterns in the vicinity of Yucca Mountain.

These data must be suitable for use in dispersion models that will be
used in assessing radiological impacts resulting from repository operations.
Discussion on the use and applicability of the output of these dispersion
models is presented under Information Need 2.7.1 (Section 8.3.2.3.1).
Another objective of the site monitoring program, although not related to
resolution of this information need, is to provide data that are suitable for
permitting and licensing activities for both site characterization and
repository development.
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Parameters

The following meteorological parameters are measured or calculated from
measured values and sDmmarized as hourly averages as required by EPA
monitoring guidelines (40 CFR Part 58) and NRC Regulatory Guide 1.23 (NRC,
1980) at the five Yucca Mountain site locations discussed in the following
description section:

1. Wind speed.
2. Wind direction.
3. Ambient temperature.
4. Atmospheric moisture.
5. Precipitation type, amount, frequency of occurrence, and intensity.
6. Atmospheric stability.
7. Barometric pressure.

Description

A detailed description of the site-monitoring activities can be found in
the Meteorological Monitoring Plan (SAIC, 1985) and is summarized below. All
activities are conducted in accordance with the Project Quality Assurance
Program Plan (SAIC, 1986a).

Five sites in the vicinity of Yucca Mountain were chosen as monitoring
locations. These sites are shown in Figure 8.3.1.12-2 and are further iden-
tified in Table 8.3.1.12-2.

The main meteorological tower (NTS-60 Repository) is located at an
elevation of 1,143 m (3,751 ft) above mean sea level (MSL) near the proposed
repository surface facility location. This area is bounded on the west by
Yucca Mountain with peak elevation nearly 1,523 m (5,000 ft) above MSL and
partially blocked from Jackass Flats to the east by three intermediate buttes
with elevations of up to approximately 1,220 m (4,000 ft) above MSL. Data
collected at this location will be used in assessing impacts associated with
repository operations if the project proceeds to permitting activities.

The other four towers will be used to collect data on overall meteoro-
logical conditions in the area so that the site-specific data from the
repository site can be interpreted more realistically. Data from these four
remote sites will be particularly useful in characterizing terrain-induced
perturbations that may significantly influence dispersion and transport of
emissions.

The first of these remote locations is along the north-south trending
ridge of Yucca Mountain approximately 3.9 km west-northwest of the main site
at an elevation of 1,478 m (4,849 ft) above MSL, the highest elevation of any
of the towers. This tower, NTS-10 Yucca Mountain, is 10 m high, and there
are virtually no obstructions in any direction. Data from this site should
be indicative of synoptic-scale weather conditions some of the time. Com-
parison of this data with the data from NTS-60 Repository during such times
could provide insight into the relationship between synoptic-scale conditions
and those that can be expected to occur at the surface facilities.
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Table 8.3.1.12-2. Meteorological monitoring
Yucca Mountain Project

sites operated by the

UTMa Elevation

Coordinates Nevada System Latitude- (above
Site Zone 11(m) (ft) longitude MSL)b

NTS-60 550,776E 569,127E 3650133u 3,751 ft
Repository 4,077,427N 761,795N 11625'49" 1,143 m

NTS-10 Yucca 547,660E 558,862E 3651'20" 4,849 ft
Mountain 4,078,781N 766,434N 11628'19" 1,478 m

NTS-10 Coyote 548,884E 562,876E 3651'17" 4,193 ft
Wash 4,078,689N 766,195N 11627'05" 1,278 m

NTS-10 Alice 553,122E 576,810E 3651'51" 4,047 ft
Hill 4,079,787N 769,661N 11624'14" 1,234 m

NTS-10 Forty- 554,396E 580,882E 3645'51" 3,124 ft
mile Wash 4,068,691N 733,230N 11623'27" 952 m

aUTM = Universal Transverse
bMSL = mean sea level.

Mercator.

A second 10-m tower is located at the proposed site of the exploratory
shaft, which is 2.7 km (1.7 miles) west-northwest of the main site at an
elevation of 1,278 m (4,193 ft) above MSL. This tower is referred to as
NTS-10 Coyote Wash and is located in one of the many drainages along the
eastern side of Yucca Mountain. Data from this tower will be used primarily
to assess impacts from exploratory shaft operations, but will also be used in
the overall site evaluation.

A third 10-m tower is located at Alice Hill, one of the buttes sepa-
rating the project area from Jackass Flats. This site is 3.0 km (1.9 miles)
northeast of the main site at an elevation of 1,234 m (4,047 ft) above MSL
and is referred to as NTS-10 Alice Hill. This tower is located such that
data from NTS-10 Yucca Mountain, NTS-10 Coyote Wash, and NTS-10 Alice Hill
will provide a cross-section of the atmosphere in the lee of Yucca Mountain.
In addition, because NTS-10 Coyote Wash and NTS-10 Alice Hill are at approxi-
mately the same elevation, comparisons with the main site can be used to
evaluate the characteristics of the drainage flow that may form between the
ridges.

The final 10-m tower is placed at the edge of Fortymile Wash, 9.2 km
(5.7 miles) southwest of the main tower, at an elevation of 952 m (3,124 ft)
above MSL. This wash is the major surface-water drainage for the area, and
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it is expected to influence significantly the air drainage during times when
rapid nocturnal surface cooling causes air near the surface to subside. Data
from NTS-10 Fortymile Wash will indicate how far down-valley repository
emissions would be transported under these drainage conditions.

All monitoring equipment and stations have been designed and sited to
ensure that all probes and samplers meet or exceed applicable EPA and NRC
requirements and guidelines.

The meteorological sensors on the proposed 10-m towers are mounted at
the top of the tower, precluding tower-induced turbulence interference. For
the 60-m tower, wind speed and direction sensors will project approximately
1.8 m (5.9 ft) from the tower in the direction of the prevailing wind to
minimize tower-induced turbulence effects.

The four 10-m towers are instrumented identically to measure wind speed,
wind direction, sigma theta (standard deviation of horizontal wind direction)
for determination of atmospheric stability, relative humidity, and tempera-
ture at the 10-m level. The 60-m meteorological tower is instrumented to
measure or calculate wind speed, wind direction, and sigma theta at the 10-
and 60-m levels; sigma phi (standard deviation of vertical wind direction),
temperature, and relative humidity at the 10-m level; temperature difference
between the 10- and 60-m levels; net radiation (solar and terrestrial) at the
3-m level; and precipitation at essentially ground level a short distance
from the base of the tower. The sensors at the 10-m level satisfy the
requirement of applicable monitoring guidelines for monitoring meteorological
parameters at the standard exposure heights over level, open terrain. The
NTS-10 Coyote Wash and NTS-10 Fortymile Wash 10-m towers will be located so
as to characterize particular drainage and terrain-induced flow patterns to
help define site-specific conditions. The sensors at the 60-m level will
provide an indication of larger-scale wind flow patterns. Other details of
the monitoring program, such as temperature sensor ventilation and shielding,
net radiometer (solar and terrestrial) exposure, and precipitation gauge
heating (for water equivalent measurements of snow) are all designed to be in
full compliance with acceptable meteorological practice and applicable EPA
and NRC regulations and guidelines.

Instrument specifications and station design. Meteorological parameters
at all four remote sites will be monitored using continuous analyzers to
provide hourly average wind speed, wind direction, sigma theta, relative
humidity, and temperature. Power will be supplied by batteries that are
trickle-charged by solar cells. Continuous recording of the data on strip
charts is not feasible at these sites because of the lack of available
commercial electrical power. With this exception, the meteorological
equipment and methodologies will be in accord with referenced EPA and NRC
rules, regulations, and guidelines.

All meteorological parameters at the main site will also be monitored
using continuous analyzers. The continuously recorded meteorological param-
eters will be reduced and averaged (scalar and/or vector, if appropriate) to
produce the following meteorological data base:

1. Hourly average wind speed (10- and 60-m levels).
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2. Hourly average wind direction (10- and 60-m levels).

3. Hourly average standard deviation of horizontal wind direction (10-
and 60-m levels)

4. Hourly average atmospheric stability based on Pasquill Stability
Category using continuous sigma theta monitoring (with differential
temperature, sigma phi, and net radiation data as backup).

5. Hourly average surface temperature at standard height for climatic
comparisons and plume rise calculations.

6. Hourly average differential temperature measurements between the 10-
and 60-m tower levels.

7. Hourly average dewpoint temperature.

8. Hourly average barometric pressure.

9. Hourly precipitation amounts for climatic comparisons.

Except as noted above, meteorological analyzers, equipment, and method-
ologies will be in accord with applicable EPA and NRC rules, regulations, and
guidelines, and will be purchased, installed, and monitored in compliance
with Yucca Mountain Project quality assurance requirements.

Instrument specifications will meet or exceed those given in applicable
EPA and NRC rules, regulations, and guidelines. Where agency specifications
differ, the more stringent specification has been used in designing the
monitoring program. The specifications are as follows:

1. Wind direction: ±3° of true azimuth (including sensor orientation
error) with a starting threshold of less than 0.45 m/s (1 mph).

2. Wind speed: ±0.22 m/s (0.5 mph) for speeds above the starting
threshold of 0.45 m/s (1 mph) but less than 11.1 m/s (25 mph), and
±5 percent of true speed, not to exceed 2.5 m/s (5.6 mph), at speeds
greater than 11.1 m/s (25 mph).

3. Sigma theta: wind vane damping ratio of between 0.4 and 0.6
(inclusive) with a 150 deflection and delay distance not to exceed
2 m.

4. Temperature: ±0.5°C (0.90F).

5. Temperature difference (between levels): ±0.003°C (0.0050F) per
meter.

6. Radiation (solar and terrestrial): ±5 percent.

7. Precipitation: resolution of 0.25 mm (0.01 in.) with recorded
accuracy of ±10 percent of total accumulated catch.

8. Time: within 5 minutes of actual time for all recording devices.
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These specifications apply to digital systems; analog backup systems can
deviate by up to 1.5 times these values. There is no prescribed specifi-
cation for barometric pressure sensors.

Data reporting. The meteorological and quality control data collected
during the monitoring program will be summarized in three types of reports:
monthly reports at the end of each monitoring month that will be for internal
data verification only, quarterly reports prepared after each monitoring
quarter, and annual reports summarizing each baseline monitoring year.

The quarterly reports will contain a quality-assured (i.e., in accor-
dance with written, approved procedures and instructions) listing of the
meteorological data collected at each site during the previous quarter by
month. A discussion of the data recovery rates and significant project
activities will also be included in these reports. The monthly reports will
serve to track the technical aspect of the monitoring program.

The content and basic format for the monthly, quarterly, and annual data
reports will be in a format and scope consistent with reporting requirements
for the EPA, NRC, and the State of Nevada, and shall be in accordance with
supplemental written and approved instructions. All reports will provide an
indication of progress to date, a review of all site activities during the
period of record, problems encountered and their resolution, percentage data
recovery rates, calibration-audit reports, and other pertinent information.

The quarterly reports will also contain a sumnary description of the
site equipment and operating methodologies and a hard copy of the hourly data
listing for each parameter monitored as a second volume. A wind rose for
each site showing the percent frequency distribution of wind speed and
direction will also be included in each report. In addition, the quarterly
reports will include a description of quality assurance and of quality
control activities for the quarter.

The annual report will contain discussions and data similar to the
monthly and quarterly reports but summarized for the entire monitoring year.
In addition, meteorological summaries such as wind direction and speed
persistence, diurnal variations, seasonal variations, and meteorological
influences will be presented and discussed. Also the annual report will
present a chronology of data recovery detailing the annual data recovery
rates by parameter. The joint frequency of wind speed, wind direction, and
atmospheric stability will be presented and discussed in terms of persistence
and frequency of occurrence. These data will be in a form suitable for use
in air quality modeling analyses and for modeling potential radiological
impacts.
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8.3.1.12.2.1.2 Activity: Data summary for input to dose assessments

Objectives

The objective of this activity is to process the meteorological data
collected as a result of Activity 8.3.1.12.2.1.1 into a format and content
that will be useful in assessing radiological impacts, as required by the
design and performance issues.

Parameters

The parameters listed in Activity 8.3.1.12.2.1.1 (from one or more
sites) will be used in combination with an estimate of the mixing layer depth
to calculate a concentration parameter: X/Q. This parameter is calculated
using dispersion models, and represents the concentration X over the emission
rate Q. x/Qs will be calculated for several locations at various distances
from the surface facilities. Calculating x/Qs as opposed to concentrations
allows the source term Q to be varied without rerunning the model, as needed
for determining doses under accident versus routine emission scenarios.

Description

The concentration (X/Q) values will be calculated using a dispersion
model that is capable of simulating the meteorological and topographical
influences on material emitted to the atmosphere as it is transported and
dispersed downwind. A variety of models have been developed for this
purpose, but most are appropriate only for use in flat or gently rolling
terrain. The topography of the Yucca Mountain site, however, warrants the
use of a model that can simulate complex terrain effects. Both the EPA and
the NRC have issued documents that provide guidance on the selection and use
of the various models that have been developed. This guidance will help
ensure that the appropriate model is used.

The NRC has issued at least four regulatory guides that either refer-
ence, provide examples of, or suggest the use of models to determine X/Q
values, but none of them were developed specifically for geologic reposi-
tories. However, some of the information in these guidelines will be appli-
cable to a repository. These guides are (1) Regulatory Guide 1.109--
Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I
(NRC, 1977a); (2) Regulatory Guide 1.111--Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases from
Light-Water-Cooled Reactors (NRC, 1977c); (3) Regulatory Guide 1.145--
Atmospheric Dispersion Models for Potential Accident Consequence Assessments
at Nuclear Power Plants (NRC, 1982a); and (4) Regulatory Guide 3.8--
Preparation of Environmental Reports for Uranium Mills (NRC, 1982b). These
documents will be reviewed to ensure that the dispersion analysis done for
Yucca Mountain is comprehensive enough to satisfy typical NRC requirements.

The guidance for the EPA is contained within the guideline on air
quality models (EPA, 1986). The EPA has also developed and provides a
magnetic tape containing a variety cf the approved and most frequently used
models. Although the EPA models are aimed at assessing nonradiological
impacts, x/Q values can be calculated using these models as well.
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The X/Q values will be calculated at discrete locations, but the
receptor grid is arbitrary in that no specific sites have been selected for
evaluation. Instead, a radial receptor grid will be used and X/Q values at
distances of 4, 8, 16, 24, 32, 40, 48, 56, 64, 72, and 80 km from an assumed
source will be calculated in each of the 16 cardinal directions for a total
of 176 receptors.

To ensure responsiveness to the design and performance issues, z/Qs
representing routine and accident release scenarios must be developed.
Routine releases will be evaluated by calculating an annual average X/Q value
at each of the receptors. Because the accident scenarios must be evaluated
under meteorologically worst-case conditions (in terms of dispersion),
one-hour X/Q values also will be required.

Other data needed as input to a dispersion model are one year of hourly
sequential meteorological data (wind speed, wind direction, temperature,
mixing height, and Pasquill stability class), receptor terrain heights and
their Universal Transverse Mercator (UTM) coordinates, and source character-
istics (UTM coordinates, stack height, stack diameter, exit gas velocity,
exit gas temperature, and building-stack configuration). Once all these data
have been put in the format required by the model, the model is run.
Although the basic equations used in calculating an X/Q value are not excep-
tionally complex, the large number of calculations required for a year of
hourly meteorological data dictates the use of a computer.

A report presenting the X/Q values and the information used in calcu-
lating those values will be prepared at annual intervals for up to 5 yr.

8.3.1.12.3 Investigation: Studies to provide data on the location of
population centers relative to wind patterns in the general
region of the site

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The only data contained within the SCP relative to this investigation is
in Section 5.1 (recent climate and meteorology). The preliminary finding
relative to the qualifying condition associated with this investigation is
contained in Chapter 6 of the Yucca Mountain environmental assessment (DOE,
1986b).

Parameters

The following summaries will be calculated using data from the site
monitoring program (Activity 8.3.1.12.2.1.1) or from data gathered as a
result of Investigation 8.3.1.12.1, regional meteorological conditions:

1. Frequency distribution of wind speed and direction.

2. Persistence of wind speed and direction.
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3. Diurnal wind speed and direction.

4. Atmospheric dispersion associated with these summaries in parameters
1, 2, and 3 (if appropriate).

Purpose and objectives of the investigation

The purpose of this investigation, similar to Investigation 8.3.1.12.1,
is to provide data on wind flow patterns in the general region of Yucca
Mountain. These data will then be used in estimating doses to the public and
in doing so ensure that wind flow patterns would not preferentially transport
material towards population centers.

Technical rationale for the investigation

The qualifying condition for meteorology (10 CFR 960.5-2-3) requires an
evaluation of the potential for preferential transport of radioactive
emissions toward population centers in the vicinity of the site. Although a
preliminary assessment was conducted for the Yucca Mountain environmental
assessment (EA) (DOE, 1986b) using existing regional data, site-specific
meteorological data are needed to supplement the conclusions reached in the
EA.

The population density and distribution data will be collected as part
of the population density program (Section 8.3.1.10). The meteorological
data gathered and summarized as part of Investigations 8.3.1.12.1 and
8.3.1.12.2 should provide sufficient data in combination with the population
data for satisfying this investigation. Assimilation of the population and
meteorological data into dose calculations will make use of the data gener-
ated in Activity 8.3.1.12.2.1.2 and will be completed as part of Information
Need 2.5.2 (Section 8.3.5.6.2) and Issues 2.1 (Section 8.3.5.3) and 2.3
(Section 8.3.5.5).

8.3.1.12.4 Investigation: Studies to provide data on potential extreme
weather phenomena and their recurrence intervals

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Section 5.1 (recent climate and meteorology) provides a technical
summary of existing data relevant to this investigation.

Parameters

The following parameters will be evaluated using existing historical
data bases and technical publications:

1. Frequency of severe storms (tornadoes, hurricanes, etc.).

2. Magnitude and frequency of extreme wind speeds.
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3. Extremes of temperature and humidity.

4. Precipitation extremes (including hail and snow) and their
recurrence intervals.

5. Frequency and intensity of fog.

Purpose and objectives of investigation

The purpose of this investigation is to assimilate data that can be used
in evaluating the impact of extreme weather phenomena on surface facilities.

Technical rationale for the investigation

Extreme weather phenomena cannot be resolved from short-term, site-
specific monitoring programs. Long-term meteorological and climatological
data records must be used to provide a sufficient data base upon which to
develop statistical predictions of extreme events along with their recurrence
intervals.

The identification of extreme conditions is necessary to provide design
information for the repository surface facilities. All structures must be
designed for the meteorological conditions that may be experienced over the
life of the facilities. Example of how meteorological data will influence
design are as follows:

1. Temperature and humidity extremes will affect the design of heating
and cooling systems.

2. Precipitation extremes will provide data for the design of
containment basins, diversion channels, and culverts.

3. Snow and hail data will provide input to the design of roof loadings
and external facilities.

4. Extreme wind speed estimates will provide critical design criteria
for surface facility structures.

5. The frequency and intensity of fog, dust storms, and other severe
storms will be used to design lighting and emergency facilities and
will be factored into the accident analyses relative to the
repository.

8.3.1.12.4.1 Study: Characterize the potential extreme weather phenomena
and their recurrence intervals

Objectives

The objective of this study will be to evaluate the existing historical
meteorological and climatological records, technical publications, and other
relevant information to quantify the extreme weather phenomena that may be
expected at the Yucca Mountain site and determine their recurrence interval.
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Parameters

1. FrequelOy of severe storms.
2. Magftitude and frequency of ext2;czme wind speeds.
3. Extremes of temperature aa'd humidity'
4. Precipitation extremes.
5. Frequency and intensity of fog.

Description

Existing data bases and technical publications will be reviewed to
chara-fteiize the-exktreme weather phenomeia that may be experienced at the
site. Where nec4Wsary, calculation:," te.g., statistical extrapolations) may
be made to inte6polate existing data to develop sitebpe~cific estimates. The
data from the site-monitoring program will also be compared with the extreme
data.
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