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3.1.4 Task 4: Field Investigations to Assess Estimates of Late Neogene and

Quaternary Strain and to Support Development and Assessment of
Alternative Models of Late Neogene through Quaternary, and Contemporary
Tectonic Development of the Central Basin and Range Region

3.1.4.1 Objective

The primary objectives of Task 4 are to utilize field investigations to: (i) assess estimates of
late Neogene and Quaternary rates and patterns of distributed crustal-scale extensional deformation in the
central Basin and Range region, inclusive of the Yucca Mountain area; (ii) use geodetic measurements
to assess existing estimates of contemporary rates and patterns of distributed crustal deformation; (iii)
support development and assessment of alternative models of faulting and seismo-tectonic processes; (iv)
identify and describe areas within the central Basin and Range region which may be useful as
structural / tectonic analogs of the proposed Yucca Mountain site; (v) determine the type and extent of
tectonic deformation associated directly with the 1992 [M,7.5 (surface-wave magnitude)] Landers
earthquake and determine implications for Yucca Mountain; and (vi) identify and describe possible field
localities for analysis of coupled faulting and dike intrusion. This task will focus on development of a
well documented regional-scale model of the tectonic evolution of the Central Basin and Range area,
including Yucca Mountain. Special emphasis will be on identification and description of tectonic
processes operative through the late Neogene and Quaternary geologic history of the region. Changes in i
the style and rates of tectonic processes important to assessment of contemporary conditions and to
estimation of probabilities of future conditions will be investigated. Critical field tests of certain existingp) concepts of faulting and extensional tectonics, and of models developed or considered in Task 6 of thisy
research project will be developed and applied.

3.1.4.2 Justification

Task 4 field work will directly support development and assessment of regional-scale alternative
tectonic models in Task 6 of this work plan, and will contribute substantially to structural models of
faulting and associated deformation of Yucca Mountain being developed in Task 3 of the FY93-94 i

CNWRA Operations Plan for the DHLWM Geologic Setting Element. Effective models of tectonic
processes and events and of resultant structural deformation of earth's crust must include consideration
of both evolution and current state of the system. The present-day structural configuration of Yucca
Mountain, including the shape and distribution of faults and rotated fault blocks, is the net result of
processes that have operated over a period of about 20 my. To estimate probabilities of recurrence of
geologic patterns of faulting versus development of new patterns in response to changed conditions,
applicable models must include changes of in-situ strain conditions and displacement patterns.
Assessment of uncertainties related to changes in extent, direction, and patterns of in-situ stress, strain,
and displacement conditions will depend strongly on studies conducted to refine details of regional and
local tectonic evolution.

Late Neogene and Quaternary strain rates and displacement patterns within the Yucca Mountain
area may be better constrained by determining the age and patterns of structural separation of correlative
piercing points formed by the intersection of certain types of geologic features (such as faults, fold axes,
stratigraphic markers and volcanic flow structures), and by integrating field studies and models of fault

O
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geometry and evolution. Such studies in the Death Valley and Central Basin and Range regions have
been successful in estimating Cenozoic rates and magnitudes of extensional tectonic deformation
(Hamilton,1988; Wernicke et al.,1986; Wernicke et al.,1988a; Kruse et al.,1991). Field studies of
fault shape and displacement patterns in tectonic domains that are structurally analogous to Yucca
Mountain may play an important role in development, review and assessment of alternative models of ,

tectonic deformation. Further, these studies will elucidate, and perhaps substantially resolve, some of I

the uncertainty inherent in application of interpreted subsurface information to scenario development and

!
IPA. Field studies of coupled faulting and dike intrusion at different levels in intrusive and volcanic

| systems may help to clarify our understanding of factors that control coupling of faulting and intrusion, j

which may aid in evaluation of both seismic and volcanic risks at Yucca Mountain. ;

Field studies conducted to assess estimates of critical tectonic parameters, and to assist in
development of alternative models and scenarios of tectonic deformation will help to provide the
necessary basis for reviewing DOE's study plans, data and models. Confirmatory field studies also may |

assist in identifying key tectonic data and models that may be of particular use to the NRC for|

independent performance assessments.

; 3.1.4.3 Activities

Focused field investigations will be conducted to support assessment of estimated rates, patterns,
and styles of extensional deformation in the Yucca Mountain area. Specific field activities may depend

|
on results of the literature review, data assessment, and modeling tasks of this project.

,

CNWRA and NRC staff may participate in an on-going, NRC-funded GPS project managed by

| Brian Wernicke (California Institute of Technology). Geodetic surveys are being conducted by Wernicke

| to assess estimated rates and patterns of contemporary strain. This work consists of placement and
I

! periodic position measurements of a set of geodetic benchmark stations in a transect across Yucca
Mountain. The GPS system is utilized to precisely determine the position of the benchmark stations
through time. Participation in this project is initially for one year (FY94). Continued participation or
expansion of involvement in the project will be evaluated at the end of this initial year. Based on this
evaluation, a research project plan may be proposed for GPS-based geodynamic research in the central
Basin and Range region. It is estimated that about 5 to 10 years of measurements are required for
reliable resolution of the instantaneous displacement field. Thus, decisions based on the initial
involvement in the project will have long-term implications. Data acquired by this activity may be very
important in evaluating potential natural hazards due to fault rupture, earthquake seismicity, and igneous
activity. Seismic and aseismic fault slip, and igneous eruptive activity may be directly related to rates
and patterns of strain accumulation.

The Black Mountains area of the Death Valley region has been suggested as a possible tectonic
analog to the deep structural setting beneath Yucca Mountain (Wernicke, personal communication). The

|

Black Mountains are in a strongly extended tectonic domain, and thus have been rotated and deeply;

) eroded. Consequently, deep structural levels of the fault block are now exposed at the surface.
Preliminary field studies may be conducted to determine the applicability of the Black Mountains as an
overall structural geologic analog of the Yucca Mountain area. The initial approach will be a
reconnaissance survey of the Black Mountains to determine the type and extent of geologic structures;

; observable in outcrop. Special emphasis will be placed on fault geometry and interactions between
i
'
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igneous systems, particularly mafic dikes, and the faulting process. Based on the preliminary survey,
specific field sites may be identified for more detailed study. The primary objective here is to observe
the style and distribution of faults and associated igneous intrusive structures that may be similar to those
in the subsurface below Yucca Mountain. These observed field relationships will be an important part
of alternative tectonic model development and assessment.

A timely and perhaps unique opportunity is presented by the 1992 Landers earthquake because
the overall geometry and slip pattern of faults in the Landers area may be similar to the a northern Death
Valley-Furnace Creek fault zone. The Landers event caused right-lateral slip of an en echelon array of
strike-slip (transform) faults in the Mojave Desen nonheast of the San Andreas fault. Also, the Landers
rupture triggered slip on nearby fault systems and may have resulted in distributed extensional
deformation east of the rupture zone. Deformation associated with this earthquake may be similar to that
expected for a comparable event on the northern Death Valley-Furnace Creek fault zone, approximately
50 km southwest of Yucca Mountain. In conjunction with review of the emerging literature, a field
study program will be conducted to survey the orientation and distribution of slip on faults east of the
Landers rupture. The Landers earthquake may be the single best modern tectonic-deformation process
analog currently available for the Yucca Mountain region.

Several potential field localities are under consideration for studying coupled faulting and dike
intrusion. The Black Mountains were mentioned earlier as a possible location to study interaction
between faults and mafic dikes interpreted to exist beneath a volcanic field. Other possible locations to
study fault and dike interaction are the Saline Range (California) and the Reveille Range (Nevada). The

{ relationships between faults and cinder cones at the surface can be studied in Owens Valley (California)
at the Coso and Big Pine Volcanic fields, and at Cima Volcanic field (California), southeast of the eastern
surface termination of the Garlock fault. The Mesa Butte cinder cone on the Mesa Butte fault in San |
Francisco Volcanic field (Arizona) appears from areal photographs to be a well-exposed example of the
surface manifestation of fault and dike interaction and has been chosen as a strong candidate for detailed
field study. A field program will be carried out to identify and study examples of coupling of faulting i

and dike intrusion processes which could be used to test conceptual and finite element models of fault and
dike interaction, to improve our understanding of regional tectonic processes in the Central Basin and
Range, and potentially to develop new or improved models. An increased understanding of fault and dike
interaction will assist in the evaluation of seismic and volcanic risk at Yucca Mountain. Scenarios of fault-
dike interaction currently being considered are: (i) fault surface as conduit for magma ascent; and (.ii)
fault slip associated with magma intrusion into the fault zone. The goal is to improve our ability to
determine the extent to which processes of faulting and dike intrusion may interact and thus effect
estimates of occurrence and consequence.

Based on the results of model development in Task 6 of this project, additional field studies may
be defined to test certain hypotheses. It is anticipated that alternative models of tectonic deformation
developed or refined as part of this research project will have some predictive utility. That is, such
models may predict certain geologic relationships or conditions that are observable in the field. Data
required to test such models may not be available from the literature, or may not have been acquired.
Thus, directed field investigations would be necessary to properly evaluate the models. Reconnaissance
field studies may be conducted to identify sites appropriate for detailed field investigations. A detailed
work plan will then be prepared for approval of the NRC project officer.

O
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The results of field studies conducted in support of ongoing data assessment and modeling work
will be reported in scheduled CNWRA semi-annual repc;ts on research activities.

3.1.5 Task 5: Assessment of . Geochronological Methods for Dating and
Characterizing Fault Slip and Seismic Events

3.1.5.1 Objective

The primary objective of this task is to assess the utility and reliability of methods used to
determine the slip history of faulting and to estimate the ages of seismic (earthquake) slip events on faults.
Assumptions, sources of uncertainty and limitations related specifically to field methods employed to
determine fault slip will be thoroughly documented. In particular, this task will focus mainly on field
geological methods used to determine direction and magnitude of slip on faults and fault zones, and on
the subsequent use of dates and ages of geologic materials to establish a chronology of slip along fault
systems.

This task will depend in part on results of a task in Volcanism Research (Major Milestone 20-
5704-123-010) to critically review dating techniques. The Volcanic Systems Research Project task will
focus on analytical methods used to determine isotopic, radiogenic and other types of absolute and relative
ages of rocks. The Tectonics Research task will review and assess the use of these ages in conjunction
with field studies of fault zones to determine fault slip chronology.

O

.

O'
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3.1.5.2 Justification

NRC staff may need to assess uncertainties in estimates of the ages of fault slip and earthquake
events. Such age estimates may be an important part of seismic and ground-rupture hazard assessments.
Estimating probabilities of future seismic slip and fault rupture on any specific fault system depends in
part on knowledge of the amount, direction and rate of slip along the fault surface. Moreover,
characterization of the slip history of a fault system is an important source of uncertainty in estimates of
risk due to potential fault rupture and earthquake seismicity, Quaternary faulting at Yucca Mountain is
investigated primarily by mapping fault patterns exposed in trenches excavated into Quaternary alluvium.
Fault patterns mapped in unconsolidated or weakly indurated alluvium are often complex, and it is
difficult to relate the pattern to the geometry and slip history of the underlying bedrock fault. The
mechanics of propagation of bedrock faults through overlying alluvium, and therefore related problems
in determining slip history, is considered to be a Key Technical Uncertainty in the Compliance

_

Determination Strategy (CDS) on Potentially Adverse Condition - Structural Deformation [10 CFR
60.I12(c)(11)].

Conceptually, fault systems may be envisioned to accumulate slip in either continuous (creep)
or episodic (stick-slip) modes. Earthquakes result from large scale stick-slip movement along faults.
Historic earthquake rupture of a fault system is strong evidence that the fault moves characteristically by
stick-slip, and a record of historic events may be used to establish a characteristic time period over which
earthquake events recur along a specific fault system. However, interpretation of prehistoric earthquake
rupture requires detailed study of disrupted soil and stratigraphic horizons within and adjacent to the fault.

O Field methods are not available to reliably identify slip mode, or even to distinguish between end-member

h modes of fault slip. Interpretation of the occurrence and periodicity of prehistoric earthquake slip often
depends heavily on studies of fault-scarp degradation, discernment of rupture-related sediments adjacent
to the fault, dating of secondary mineralization within the fault zone, and measurement of average slip
rates. Average slip rate is generally calculated by dividing a measured increment of slip by the time
period over which the slip accumulated. Average slip rate alone may be a significant indicator of seismic
risk; instantaneous rates, which may have been seismic, are generally not directly discernable. There are
two main sources of substantial uncertainty in estimates of average slip rate. The first is in measurement
of the total and incremental slip vectors (i.e., direction and magnitude) determined from relative
displacement of geological markers offset by the fault. The second is in estimation of the age of these
markers. In essence then, uncertainties in ages of fault movement may be classified as related either to
i) the geology of the site, or li) the analytical methods used to obtain absolute dates of rock samples.

At Yucca Mountain, Quaternary fault slip is currently being investigated by detailed cross-
section mapping of trenches emplaced across fault zones. Consequently, stratigraphic horizons within
the depositionally complex Quaternary alluvium must be correlated across an equally complex array of
subsidiary faults and fractures that constitute the fault zone. Slip rate calculations are uncertain because
it is difficult to determine the direction and amount of displacement of subtle stratigraphic markers in the
alluvium. Once a displacement pattern is established, ages of displaced strata can be used to estimate
average slip rates. Uncertainties related to determination of absolute ages will be addressed in the
Volcanism Research task mentioned above. Accordingly, the focus of this task is on critical evaluation
of the data and field methods available to characterize and distinguish seismic and aseismic slip of
Quaternary fault systems.

p
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independent development of alternative models of faulting, seismicity and coupled effects and independent
assessment of faulting and tectonic deformation using these models are essential activities for the NRC
to undertake.

3.1.6.3 Activities

Data on fault slip, earthquake seismicity and crustal-scale strain will be analyzed to determine
if correlations exist on various spatial and temporal scales. Correlations are needed to estimate
probabilities and effects of faulting and associated earthquake seismicity based on relationships to regional
crustal scale strain determined from satellite and geodetic data. Alternative models of tectonic
deformation and faulting also will be developed for the central Basin and Range region. These models
will incorporate all data pertinent to the issue of future faulting and tectonic defrmation in the vicinity
of Yucca Mountain. Magnitudes and potential effects of changes in in-situ conditions will be investigated
using information on the tectonic evolution of the area, contemporary conditions, and forward modeling.
In particular, existing models of earthquake seismicity and faulting, and tectonic models used to assess
hazards due to earthquakes and fault rupture will be tested against the database and models developed by
this project. An important focus of this task is to produce quantitative models, and to utilize or develop
methods to quantify uncertainty.

Analog modeling will be evaluated as a potential tool to aid in understanding 3-dimensional fault
interaction within complex extensional and strike-slip fault systems. Recent use of x-ray tomography
between stages in the incremental deformation of compressional analog models has revealed unsurpassed
detail on the initiation and 3-dimensional evolution of faults in analog models (Colletta et al.1991;

Q(/ Wilkerson et al.1992). The x-ray tomography technique will be investigated along with analog modeling
of extensional and strike-slip structures for use in improving understanding of extensional and strike-slip
fault systems and to refine tectonic models of the Central Basin and Range region and the Yucca
Mountain vicinity.

Results of this task will be reported in the scheduled CNWRA semi-annual report on research
activities. The report will discuss analyns of data, and the development and utilization of resultant
models.

3.1.7 Task 7: Semi-Annual Research Report Preparation

3.1.7.1 Objective

The objective of this task is to keep the NRC and the broader technical community informed
concerning progress of this research project and to publish progress reports and results of the research
in a timely manner. In addition, these reports also disseminate information to the public and to
professional peers outside the NRC. This task is primarily intended to support cost of preparation and
production of input from the research project into the CNWRA Semi-Annual Research Reports. This task
will also support preparation of papers published in journals or proceedings, or presented at symposia
and meetings.

O 23
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3.1.7.2 Justification
!

Timely dissemination of information generated by CNWRA research projects to NRC and the
scientific community is important, since the information may prove useful to other scientists and engineers
working in HLW programs. Timely dissemination can provide CNWRA investigators with more rapid
feedback from peers and other potential users of their results.

,

3.1.7.3 Activities'

Reports on progress and results of this research project will be prepared and incorporated into
the semi-annual NRC High-lxvel Radioactive Waste Research at CNWRA which is submitted to NRC.
For the duration of this project, results will be reported in each of the CNWRA semi-annual research

,

I reports The first report is scheduled for August of 1993. The last scheduled report will be in February
| of 1997, Each semi-annual research report will include project results and accomplishments for the

! previous six-month reporting period. Thus results of separate tasks may be included in a semi-annual

| report. In addition, papers will be prepared to publish significant results on approximately an annual
' basis.

| 3.2 SCIEDULES, MILESTONES, AND DELIVERABLES

Specific deliverables related to the tasks are listed in Table 3-1, with accompanying milestone
number, milestone type, and completion date. In general, results of work done under specific tasks will

,O be reported in the CNWRA Semi-Annual Research Reports, each of which is a scheduled Major
i

V Milestone. However, significant research results will be published as soon as possible. Publication of
results in peer-reviewed journals or conference and symposia proceedings will meet Intermediate
Milestones with dates to be determined (TBD) upon acceptance of the publication. The project is
anticipated to generate one paper per year. This project is planned to extend from FY93 through FY96.
Consequently, the project ends in February of 1997 with delivery of the final semi-annual research report,
or with publication of the final paper.

1

j

|
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Program Element. The manager of the Geologic Setting Program Element will have overall management
responsibilities for this research project. Mr. Stephen R. Young will be the Principal Investigator.

This research project is to be conducted in seven tasks as described in the preceding sections.
Support staff for both management of the project and execution of technical tasks are shown in Figure
4-2. Consultants are included to provide technical input and independent review of technical papers and
reports generated as a result of this research project.

4.2 QUALITY ASSURAN -
'

This research project will be conducted in accordance with applicable portions of the Center
Quality Assuran:e Manual (CQAM) and applicable Operating Procedures. Quality Assurance (QA)
requirements applicable to project activities are identified in the Quality Requirements Application Matrix,

i NRC
rRoJECT OFFICER----

I- GEORGE F. BIRCHARD
I

I
,

CNWRA QA
ELEMENT MANAGER ----

SUPPORT
L McKAGUE

I

PRINCIPAL

o MA EMENT

N
_______________________________

U
TECHNICAL TASK

EXECUTION
---

i i j i
1

'

TASK 1 [ TASK 3 TASK 7
TASK 5

S. YOUNG B. HILL
D. FERRILL D. FERRILL(COMPLETED) (COMPLETED)

I

I

I

I

I

I
I

SfY
^

TASK 4 TASK 6NG
D. FERRILL D. FERRILL(COMPLETED)

i

I

: Figure 4-2. Project staff support
'
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'

Repositories." Reports and supporting project documentation will be retained as QA records and
maintained in accordance with QAP-012, " Quality Assurance Records Control."

4.3 PERSONNEL

A combination of Center staff and selected consultants will be required for execution of this
research project through an approved project plan. He following CNWRA staff have been identified as
essential personnel for successful execution of the work described in Section 3.1 of this project plan:
Dr. H. Lawrence McKague (Project Manager), Dr. David A. Ferrill (Principal Investigator), Dr. Stephen
R. Young, Mr. Renner Hofmann, Dr. David R. Turner, Mr. Ronald H. Manin, Dr. Brittain Hill, Dr.
Charles Connor, and Dr. Bret Leslie. In addition, Dr. Kenneth Mahrer and Mr. Brent Henderson have
been identified as important SwRI staff. Dr. Brian Wernicke, Dr. Kent Snow and Dr. Alan Morris have

| been identified as important consultants. Other consultants may be utilized as required. These
individuals have broad experience and technical capability in geology, structural geology / tectonics,
seismology, volcanism, modeling of geologic systems, statistical and numerical modeling and data
evaluation. Levels of involvement in the project for these and other appropriate personnel are included
for FY93 through FY96 in the labor plan tables in Appendix A (Estimated Cost Breakdown) of this
project plan.

| 4.4 CORPORATE RESOURCES
|

4.4.1 General Resources

O The resources of the following departments of SwRI may be used by this project:

* Computer and Telecommunications Center
* Library: including GEOREF, NTIS, and NEDC
* Publication services

4.4.2 Special Resources

Special computational, data management, and visualization capabilities are available at the
CNWRA and via remote computing facilities to support this research project. The major computer

! resources provided and supported by a trained staff are:
1

* Computer and Telecommunications Center (CTC) which includes an IBM 4381 and VAX
8700 operating on a Fiber Optic network at SwRI with an INTERNET link to a variety of
supercomputers;

* CNWRA Local Area Network (LAN) with Network File Server (NFS) and the TCP/IP
protocol on the SwRI network with leased line connections to the NRC for High-
Performance technical computing, database access and electronic communications;

O 30
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Table 4-1. Project travel requirements

FY94 FY95 FY96

No. No, No. No. Staff- No. No.
Purpose 1 Destination Trips Staff-Days / Trip Trips days / Trips Trips Staff-

days / Trip

TECIINICAL PROGRAM
REVIEW

NRC, Washington, DC 4 3 4 3 4 3
_

CONFERENCES, SEMINARS,
WORKSIIOPS

International Waste Management
Meeting, Las Vegas 1 3 1 3 1 3

TECIINICAL INTERCIIANGE

NRC/ DOE Technical Exchange,
Las Vegas 2 3 2 3 2 3

FIELD WORKp
Black Mtns. Area (CA) 1 42

Yucca Mtn Area (GPS) 1 7 1 35

Death Valley /
Furnace Creek Region

& Landers Area (CA) 1 42

Owens Valley Area 1 21

San Francisco Volcanic Field (AZ) 1 14

TBD 5 7
.

L/ 32
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b
4.5.4 Field Work

Travel is necessary for members of the research project team to accomplish field investigations
required to support development and assessment of tectonic models. Travel in this category may be
required both to plan and carry out field investigations. One travel period to the Black Mountains and
Yucca Mountain area has already occurred and five short trips are yet to be determined. Five field trips
to the following areas are anticipated: (i) Black Mountains area; (ii) Yucca Mountain area for participation
in ongoing GPS work; (iii) Death Valley / Furnace Creek region and Landers area; (iv) Owens Valley area;

and (v) San Francisco Volcanic Field.

O
b
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