
Department of Energy
Washington, DC 20585

DEC 1 9 1990

Mr. John J. Linehan
Director, Division of High-Level
Waste Management

Office of Nuclear Material Safety
and Safeguards

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Linehan:

Enclosed are responses to 16 comments made by the NRC on Site
Characterization Plan (SCP) Study Plan 8.3.1.17.4.2, "Location
and Recency of Faulting Near Prospective Surface Facilities."
The first seven comments are contained in the Site
Characterization Analysis (SCA), and a response to these have
arrived under separate cover. Only those nine comments unique
from those in the SCA are responded to. Revision 2 of
Administrative Procedure (AP)-l.lOQ (Preparation, Review,
Approval, and Revision of SCP Study Plans) specifies that
comments on Study Plans are handled by the process defined in
AP-1.14 (Disposition of Comments on the Site Characterization
Program).

Each NRC comment on this Study Plan has been given a unique
identifier for tracking purposes by the Yucca Mountain Site
Characterization Project Office (YMSCPO). The package was
forwarded to the Sandia National Laboratories Technical Project
Officer and Principal Investigator(s) for an assessment of
potential impact on the planned study/activity and a
recommendation for how each comment may be addressed. Based on
these comments and questions, YMSCPO has determined that no
changes to the Study Plan are needed.

These responses may not provide a final disposition of the NRC
comments, because some comments cannot be resolved without
accumulating further data from the field, or without involving
additional interactions with regard to further interpretation of
regulatory requirements.
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Should you have questions in this regard, please contact either
Sharon Skuchko of my office on (202) 586-4590, or me on
(202) 586-1462.

Sincerely,

Linda J. Desell, Acting Chief
Regulatory Integration Branch
Office of Systems and Compliance
Office of Civilian Radioactive
Waste Management

Enclosure:
DOE Responses to NRC Comments on Study Plan 8.3.1.17.4.2,
"Location and Recency of Faulting Near Prospective Surface
Facilities"

cc:
R. Loux, State of Nevada
M. Baughman, Lincoln County, NV
D. Bechtel, Clark County, NV
S. Bradhurst, Nye County, NV



UZS. DEPARTMENT OF ENERGY'S COMMENT RESPONSES FOR THE COMMENTS RECEIVED FROM
THE U.S. NUCLEAR REGULATORY COMMISSION ON STUDY PLAN 8.3.1.17.4.2

The U.S. Nuclear Regulatory Commission (NRC) submitted comments on the Study
Plan 8.3.1.17.4.2 (Location and Recency of Faulting Near Prospective Surface
Facilities) in a letter dated March 16, 1990. The U.S. Department of Energy
(DOE) first renumbered the pages contained in the letter received from the NRC
and identified individual comments within the letter. The comments were then
enumerated from the aggregate package that was submitted; the total number of
comments was 16. A copy of the enumerated comment package is provided under
separate enclosure for cross reference. Each comment number is marked in the
margin of the page and the page number is marked in the upper right hand
corner of the page. Where multiple comments occur on one page, each is
bracketed by horizontal lines.

The first seven comments identified by DOE are the same comments that the NRC
submitted within the Site Characterization Analysis (SCA), which are
cross-referenced to the SCA response package. For the remaining comments, the
DOE response package provides a description of the comment, followed by the
response. Each comment was either furnished an individual response, or
cross-referenced to a response pertaining to the same overall theme.
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COMMEN 1

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #48.

COMMENT 2

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #50.

COMMENT 3

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #51.

COMMENT 4

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #60.

COMMENT 5

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #62.

COMMENT 6

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #63.

COMMENT 7

See U.S. Department of Energy's response to the U.S. Nuclear Regulatory
Commissions Site Characterization Analysis comment #71.
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CC'IMENT 8:

The objective and scope of this study plan may not coincide with the overall
siting goal for FITS referred to in the SCP.

BASIS:

1) The SCP suggests that the overall siting goal for FITS is that Surface
FITS will be sited where there is no evidence of substantial Quaternary
faulting' (p. 8.3.1.17-61).

2) The study plan indicates that a considerable effort will be placed on
identifying an area for the waste-handling buildings where no Quaternary
faults have occurred' (p. 32).

3) The objective of this study plan is to identify areas where late
Quaternary faults3 are absent (p. i).

4) It appears from the statement cited above that the broader concern in
locating a suitable site for FITS is to identify areas that do not contain any
Quaternary faults. The identification of areas where late Quaternary faultsm
are absent may not coincide with the overall siting goal.

RECOMMENDATION:

1) The objective and scope of the study plan need to coincide with the
overall siting goal for surface facilities so that the data necessary for
licensing will be collected.

RESPONSE

A primary concern of the comment appears to hinge on the usage of Quaternary
and late Quaternary, both in the study plan and in the Site Characterization
Plan (SCP). The SCP sets a minimum goal for this study to expose strata that
are at least 100,000 years old. It is expected that significantly older
Quaternary strata would be investigated because confidence in interpreting
more recent geologic history would increase as geologically older deposits are
studied. Activity 8.3.1.17.4.2.1 (Identify Appropriate Trench Locations in
Midway Valley) is designated to select locations that would substantially
exceed the minimum goal. However, it is unlikely that the trenches in this
study will be able to expose deposits that cover the full span of the
Quaternary Period within Midway Valley. The Quaternary/Tertiary contact is
beneath realistic trenching depths in much of the valley. Therefore, the term
"Later Quaternary" was used in the study plan to indicate a time period of
approximately the past 100,000 years, which is of the greatest interest for
assessing the potential for surface faulting at the surface facilities during
the preclosure period.

As a sidelight, the comment is correct in that there are some apparent
differences between objectives and scope of Studies 8.3.1.17.4.2 (Location and
Recency of Faulting Near Prospective Surface Facilities) and 8.3.1.17.2.1,
(Faulting Potential at the Repository), that may not have been completely
discussed in the SCP or Study Plan 8.3.1.17.4.2. In estimating the hazard
posed by faulting at the surface facility location during the preclosure
period, Study 8.3.1.17.2.1 would consider all available information on

3
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faulting (or the absence of faulting) in the vicinity of the site during the
Quaternary. The evaluation would consider the trenching results from Study
8.3.1.17.4.2 as well as the data from geophysical, drilling, and faulting
investigations that are part of other SCP Studies. All of these data sources
would have limitations in supplying information (some or all will not cover
the full span of the Quaternary Period) and in their sensitivity in detecting
faults or demonstrating the continuity of strata. One of the principal tasks
for this study would be the evaluation of limitations and making sure that
these limitations are adequately represented in the final analyses.

REFERENCE

DOE (U.S. Department of Energy), 1990. Study Plan 8.3.1.17.4.2, Location and
Recency of Faulting Near Prospective Surface Facilities, Yucca Mountain
Project Office, Las Vegas, NV.
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CaMMENT 9:

It is not apparent how the planned activities meet the stated purpose of the
study plan.

BASIS:

1) The study plan indicates that this study will evaluate the location and
recency of faulting near prospective surface facilities in Midway Valley' (p.
1) .

2) On p. 8, the plan indicates that the study will document the existence of
"any faults within and adjacent to the candidate area proposed for the
waste-handling buildings.w

3) On p. 23, the plan indicates that the area of the study plan was chosen so
that a preliminary assessment of the structural and stratigraphic
characteristics of the surficial deposits and underlying bedrock in any
candidate areas can be completed (emphasis added).

4) On p. 32, the plan states that, ... a considerable effort will be placed
on identifying an area for the waste-handling buildings where no Quaternary
faults have occurred.'

5) On p. 33, the plan indicates that this study will be more detailed than
similar studies (assumed to be referring to study 8.3.1.17.4.6) and may be
useful for creating models for Quaternary faults at Yucca Mountain.

However,

6) The abstract to the study plan stated that, The objective of this study
is strictly to gather geologic data from Midway Valley and to identify areas
where late Quaternary faults are absent. This statement implies that areas
that may contain Quaternary faults, but not later Quaternary faults, are
unimportant to fulfilling the purpose of the study plan.

7) On p. 23, the study plan indicates that long trenches will be sited in
areas where late Quaternary faults are absent or, if present ... suggesting
that fault evaluation studies are to be sited in areas where faults are
believed to be absent and hence will not be used to characterize faults in
Midway Valley.

8) The emphasis of the study will be on determining the existence of only
those faults that are considered 'significant late Quaternary faults' (p. 5).
No plans are outlined in this study for addressing faults that may be
Quaternary in age and do not offset sediments younger than 100,000 years.

9) The study plan indicates (p. 5) under the Objectivesw that wIf late
Quaternary faults are found, they will be characterized' implying that only
faults that are judged to be late Quaternary' faults will be characterized.

5
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10) On p. 32, the plan indicates that, a considerable effort will be placed
on identifying an area ... where no Quaternary faults have occurred implying
that characterizing areas in Midway Valley that may contain Quaternary faults
is of secondary importance in this study.

RECOMMENDATION:

1) Reconcile the limited scope and objectives of activities in this study plan
with the much broader purpose of the study.

RESPONSE

The U.S. Department of Energy finds no contradiction in the statements
referenced in the comment when they are considered in the context of the Site
Characterization Plan (SCP). Because one of the objectives of this and
related studies is to evaluate the hazard posed by surface faulting, the study
is designed to determine whether there is evidence for surface faulting in the
geologically recent past at the proposed building locations. The primary
focus of this study is to provide detailed site specific data with respect to
the potential for surface faulting at the site for the surface facilities. A
viable approach for defining an acceptable building site is to identify an
area where it can be demonstrated with a high degree of confidence that there
is an absence of faults and/or that the faults, if present, are sufficiently
old that they do not pose a significant surface faulting hazard during the
period of concern (approximately the next 100 years).

If, during the course of the study, the trenching investigation encounters a
fault, that fault would be characterized so that valuable information will not
be lost. However, the primary goal of the study is not to find and
characterize faults. the primary goal is to locate and characterize an area
where Quaternary faulting can be demonstrated to be absent. During Activity
8.3.1.17.4.2.1 (Identify Appropriate Trench Locations in Midway Valley) there
could be some overlap with other SCP studies, because features that might
indicate faulting in the Midway Valley area would have to be identified in
order to select sites without evidence of faulting for the main trenching
studies in Activity 8.3.1.17.4.2.2 (Conduct Exploratory Trenching in Midway
Valley). The relationship between the limited scope of work for Study
8.3.1.17.4.2 and other SCP studies that are designed to investigate the
history of Quaternary faulting in the Yucca Mountain area is presented in the
SCP.

REFERENCE

DOE (U.S. Department of Energy), 1990. Study Plan 8.3.1.17.4.2, Location and
Recency of Faulting Near Prospective Surface Facilities, Yucca Mountain
Project Office, Las Vegas, NV.
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COMMENT 10:

Faults trending approximately N-S receive the major consideration in the study
plan. However, other possible fault orientations such as east-west trending
strike-slip faults may be present in Midway Valley.

BASIS:

1) Although the general trend of most faults identified in the vicinity is
approximately north-south (Section 1.4, p. 13), some of the apparent
structural offsets and truncations of such north-south trending features may
be the result of strike-slip faults SCP Section 1.3.2.2.2).

2) Strike-slip faulting, possibly contemporaneous with faulting on the
north-south faults (SCP Section 1.3.2.2.2), could be responsible for the
degree of segmentation of the north-south faults.

3) Fault segmentation is an important factor in evaluating the seismic hazard
(Schwartz and Coppersmith, 1986).

RECOMMENDATION:

1) Activity 1 tasks should specifically take into account the possibility of
faults with other orientations than approximately N-S.

REFERENCE:

Schwartz, D.P., and Coppersmith, K.J., 1986, Seismic hazards: New trends in
analysis using geologic data; in Wallace, R.E., ed., Active Tectonics,
National Academy Press, Studies in Geophysics.

RESPONSE

Activity 8.3.1.17.4.2.1 (Identify Appropriate Trench Locations in Midway
Valley) consists of a remote sensing analysis of the Midway Valley area that
is supplemented by field checking, short trenches or test pits, and possibly
some shallow geophysical investigations. The activity would consider all
potential evidence of faulting (e.g., lineaments), irrespective of their
orientation in selecting sites for the investigations in Activity
8.3.1.17.4.2.2 (Conduct Exploratory Trenching in Midway Valley). Activity
8.3.1.17.4.2.1 does take into account the possibility of faults having
orientations other than approximately north-south. See also the response to
comment 14.
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f CC-MMENT 11:

The geophysical program discussed in the study plan for evaluating the
location and recency of faulting in Midway Valley may need clarification.
Without knowing what reliance is placed on geophysical methods to evaluate
location and recency of faulting, the adequacy of such methods/tests cannot be
determined.

BASIS:

1) On p. 21, the study plan states Various geophysical and remote sensing
techniques (Table 2-1), useful for evaluating subsurface geology, may be
considered for this study (emphasis added). Thus, it is not clear which of
these geophysical techniques will be considered in the investigation and if
any will be utilized.

2) Under the description of Activities 1 and 2 on p. 36 and 41, it is
mentioned that geophysical surveys will be conducted, but no mention is made
in figure 3-1 which of these surveys will be carried out other than remote
sensing, and at which stage in the activity this will be performed.

3) Results of previous geophysical investigations have not been discussed.

RECOMMENDATION:

1) Provide a more clearly defined geophysical program for adequate
characterization of the location and recency of faulting at the site, with the
locations and resolutions of each survey.

RESPONSE

The types of geophysical surveys that would be considered for Activity
8.3.1.17.4.2.1 (Identify Appropriate Trench Locations in Midway Valley) are
listed in Table 2-1. The geophysical surveys that have been conducted in the
Yucca Mountain area are summarized in Oliver et al. (1990). The results of
all previous geophysical investigations in Midway Valley are being evaluated
as part of the data compilation and review portion of Activity 8.3.1.17.4.2.1
(Identify Appropriate Trench Locations in Midway Valley). Based on the review
of these data and an assessment of recent developments in shallow geophysical
exploration methods, if additional geophysical surveys are warranted,
feasibility experiments would be performed to evaluate their potential for
imaging shallow strata (i.e. , penetration depths of less than about 100m).
One purpose of these surveys would be to determine if well-stratified units of
suitable age (e.g., >100,000 yr.) are present at depths that can be reached
during the trenching program. A second purpose of the surveys would be to
gather additional information on lineaments or other potential fault-related
features that may be identified during Activity 8.3.1.17.4.2.1. This
information would also be used in selecting potential locations for the
facilities important to safety (FITS) and long trenches during Activity
8.3.1.17.4.2.2 (Conduct Exploratory Trenching in Midway Valley).

Geophysical surveys to investigate deeper features of interest, such as the
contact between the valley fill and bedrock, are not a primary emphasis of

8
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this study. These types of surveys would be conducted in other
8.3.1.14.2.1 (Exploratory Program) and 8.3.1.17.4.7 (Subsurface
Concealed Extensions of Quaternary Faults at Yucca Mountain))

studies (e.g.,
Geometry and

REFERENCE

Oliver, H.W., Hardin, E.L., and Nelson, P.H., 1990. Status of Data, Major
Results, and Plans for Geophysical Activities, Yucca Mountain Project,
Las Vegas, NV.
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COWMENT 12:

The studies outlined in table 1-4 may not provide the spectrum of information
necessary to make judgments about design requirements of FITS.

BASIS:

1) Table 1-4 (p. 9) lists the studies that will provide information for site
characterization of Midway Valley. Omitted from table 1-4 and possibly from
consideration of faulting at Midway Valley are the results of Study
8.3.1.17.4.4 on Northeast-trending faults, Study 8.3.1.17.4.5 on detachment
faulting, Study 8.3.1.17.4.8 on the stress field at the site, and Study
8.3.1.17.4.12 on tectonic models.

RECOMMENDATION:

1) Consider incorporating the results of other activities into the site
characterization effort of Midway Valley.

RESPONSE

The studies listed in Table 1-4 were judged to be the ones that would be the
prime contributors to the selection of FITS and in providing information to
characterize the surface faulting hazard so that the design engineers can
determine design requirements. Other studies, such as those listed in the
comment, may also provide information. They were not listed in the table
because it was believed that they were unlikely to provide location-specific
information that could be used in selecting potential FITS locations. As
mentioned in the response to comment 8, Study 8.3.1.17.2.1 (Faulting Potential
at the Repository) would review all pertinent information from Investigation
8.3.1.17.4 (Preclosure Tectonics Data Collection and Analysis) and other
relevant investigations in making its summary assessment of the surface
faulting hazard at a location for prospective FITS.

10
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CO4MENT 13:

How activities outlined in this study plan interface with Activity
8.3.1.17.4.6.2 may need clarification. The descriptions seem to indicate
either duplication or that the Midway Valley study is a subset of study plan
8.3.1.17.4.6.2.

BASIS:

1) Activity 8.3.1.17.4.6.2 proposes to Determine, through trenching and
mapping, the location, spatial orientation, length, ... of ... suspected or
possible Quaternary faults within the site area.'

2) Activity 8.3.1.17.4.2.2 proposes to evaluate the location and recency of
faulting near prospective surface facilities in Midway Valley.'

3) The study plan is unclear on which study will investigate the possible
presence of faults with significant early Quaternary movement in Midway Valley
near the site of the surface facilities.

RECOMMENDATION:

1) The study plan should illustrate the relationship between Activities
8.3.1.17.4.2.2 and 8.3.1.17.4.6.2 so as to demonstrate that Quaternary faults,
if they exist in Midway Valley in the vicinity of FITS, will be adequately
characterized.

RESPONSE

The relationship between the type of data to be gathered by studies
8.3.1.17.4.2 ad 8.3.1.17.4.6 is stated in the Site Characterization
Plan. Although studies 8.3.1.17.4.2 (Location and Recency of Faulting Near
Repository Surface Facilities) and 8.3.1.17.4.6 (Quaternary Faulting Within
the Site Area) are related, there is little or no intentional duplication in
the scope of work for these studies. The primary purpose of both studies is
to provide data and analysis that are required by Investigation 8.3.1.17.2
(Studies to Provide Required Information on Fault Displacement that could
affect Repository Design and Performance). As such, Study 8.3.1.17.4.2 is
largely a data gathering task. It is designed to characterize a specific
location for FITS. The primary goal of Investigation 8.3.1.17.2 is to
identify a location for surface facilities where it can be demonstrated with a
high degree of confidence that there is an absence of Quaternary faulting in
the shallow subsurface beneath the FITS (see also the responses to Comments 8
and 9), which includes the Midway Valley Area. It is obvious that the
information collected on fault characteristics would be very important in the
analyses of the potential for surface faulting at the location for FITS.
Integration of the results obtained from studies 8.3.1.17.4.2 and 8.3.1.17.4.6
would be accomplished in Study 8.3.1.17.2.1 (Faulting Potential at the
Repository). Careful coordination between studies 8.3.1.17.4.2 and
8.3.1.17.4.6 is necessary to avoid unnecessary duplication of surfaces to
constrain the timing of faulting (or absence of faulting) is an activity that
is common to both these studies. In Study 8.3.1.17.4.2 a Technical Overview

11
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Panel that includes individuals from both of the organizations conducting
these studies has been established to facilitate coordination and to avoid any
unnecessary duplication of effort.

REFERENCE

DOE (U.S. Department of Energy), 1990. Study Plan 8.3.1.17.4.2, Location and
Recency of Faulting Near Prospective Surface Facilities, Yucca Mountain
Project Office, Las Vegas, NV.
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COMMENT 14:

The study plan statement that focal mechanism solutions for recent
microearthquakes in the vicinity of Yucca Mountain indicate strike-slip motion
on faults trending approximately N-S (page 13) tends to downplay the
possibility that there could be strike-slip motion on faults trending
approximately east-west as well.

BASIS:

1) Focal mechanism solutions such as those illustrated in SCP Figure 1-61
identify two mutually perpendicular planes, one of which is presumed to be the
fault plane where the earthquake dislocation occurred; the second plane,
sometimes called the auxiliary plane, divides space into regions of either
compressional or dilatational initial seismic wave motion.

2) Most of the focal mechanism solutions illustrated in SCP Figure 1-61 are
less than magnitude 2.0 with the largest being only magnitude 2.6; these
microearthquakes involve very small dislocation areas with radii of a few tens
to a little more than one hundred meters at most.

3) No correlation has been established between these microearthquakes and
particular faults and, given the size of these microearthquakes and small
areal extent of the rupture, a number of alternative fault models could
account for the pattern of focal mechanisms.

RECOMENDATIONS:

1) Until there exists evidence sufficient to support one or the other of the
planes determined in a focal mechanism solution as the fault plane, both
should be considered as potential fault planes.

2) The study plan should not overlook the possibility that east-west trending
faults may exist in Midway Valley. Thus N-S trenches and/or geophysical
surveys should be considered for inclusion in the study plan.

RESPONSE

The main objective of this study is to determine whether evidence for surface
faulting exists at prospective FITS locations. The U.S. Department of Energy
recognizes the importance of identifying and characterizing faults of all
possible orientations. As discussed in the Site Characterization Plan (page
8.3.1.17-96) and in the Study Plan (p. 42), the detailed field investigations
at prospective FITS locations are being designed to detect faults of any
orientation in the Midway Valley area.

13
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COMMENT 15:

The study plan's treatment of tectonic characteristics of the Yucca Mountain
region may result in an overly optimistic projection of faulting in the area.

BASIS:

1) The study plan states that, Yucca Mountain is located within a zone of
northerly trending, high-angle normal faults ... U However, the Yucca Mountain
region also contains numerous northeast, northwest, and possibly
north-trending strike-slip faults some of which may have Quaternary offset
(e.g., Stagecoach Road fault) (SCP p. 8.3.1.17-132).

2) Scott and Bonk's (1984) cross section depicts the Midway Valley fault zone
as having the same orientation and a similar amount of offset Tertiary units
and fault width as the Bow Ridge fault suggesting the presence of a major
block-bounding fault beneath Midway Valley. Neal and Carr (1987) indicate the
Midway Valley fault has several hundred meters of displacement. The
implications of having a fault of this magnitude under Midway Valley are not
discussed.

RECOMMENDATION:

1) The study plan should consider the structural complexity of the Yucca
Mountain region to assure that investigations will tend not to underestimate
the effects of faulting on FITS.

REFERENCES:

Neal, J.T., and Carr, .J., 1987, Characterization of geologic structure for
placement of repository surface facilities, Yucca Mountain, NV: Geological
Society of America Abstracts with Programs, V. 19, no. 6, p. 436.

Scott, R.B., and Bonk, J., 1984, Preliminary geologic map of Yucca Mountain
Nye County, Nevada, with geologic sections: U.S. Geological Survey Open-File
Report, 84-494, Scale 1:12,000.

RESPONSE

The recognition of the possibility of surface faulting under any prospective
FITS location in Midway Valley is implicit in the Study Plan. The Site
Characterization Plan establishes a group of studies aimed at addressing the
issue of surface faulting. These studies are required since presently
available information does not allow the identification, with a sufficient
level of confidence, of all faults in Midway Valley that could pose a hazard
to FITS if surface rupture occurred. Therefore, it is important to determine
the probability that surface faulting may occur at the prospective FITS
location. Study 8.3.1.17.4.2 (Location and Recency of Faulting Near
Prospective Surface Facilities) provides some of the required information for
this evaluation by determining whether there is any evidence of surface
faulting during the Quaternary period within Midway Valley. Other studies
would provide information on the presence and nature of faults in the Tertiary
rocks beneath the alluvial valley fill and information on the relationships of
faults at the bedrock-valley fill contact.
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REFERENCE.

DOE (U.S. Department of Energy), 1990. Study Plan 8.3.1.17.4.2, Location and
Recency of Faulting Near Prospective Surface Facilities, Yucca Mountain
Project Office, Las Vegas, NV.
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CQMMENT 16:

Recent reports indicated that the confidence placed in radiometric age
determinations for providing evidence of the age of the most recent fault
movement may need re-evaluation.

BASIS:

1) The study plan provides a detailed description of the use of uranium-trend
and uranium-series techniques in dating movements on faults in the Midway
Valley area, stating that the uranium-series method is a widely accepted
technique with a well-defined theoretical basis5 and that the uranium-trend
method is very effective in the types of materials expected to be found in
Midway Valley.3

2) Use of these dating techniques led Swadley and others (1984) to conclude
that the age of movement on the Windy Wash fault was between 40 Ka and 1.2 Ma.
Whitney and others (1986) have demonstrated that the ages for faulting used by
Swadley and others (1984) are incorrect and have presented evidence suggesting
Holocene movement on the Windy Wash fault. Holocene movement on the Windy
Wash fault is supported by recent statement by Los Alamos investigators who
have indicated that the volcanic ash in the Windy Wash fault is probably
related to the 20 Ka cone at Lathrop Wells. These new ages of movement for
the Windy Wash fault cast doubt on ages derived for faulting through the
uranium-series and uranium-trend dating techniques.

3) The study plan indicates that techniques likely to be used for
establishing numerical ages for the Quaternary deposits may have errors of
several tens of thousands of years. However, Rosholt and others (1985) report
that uranium-trend ages for unit Q2c range from 270 50 Ka to 444 60 Ka and
indicate that these ages are consistent with other age determinations.
Rosholt and others (1985) also report that younger gravels in unit Q2c contain
reworked cinders from the Big Dune basalt center (i.e., Lathrop Wells cone)
which have K-Ar ages ranging from 230 Ka to 300 Ka. More recent
investigations at Lathrop Wells have discredited the K-Ar ages for the Lathrop
Wells cone (Crowe and others, 1988) indicating that the cinder cone at Lathrop
Wells is substantially younger than 300 Ka and casting doubt on the assumed
age of unit Q2c and the uranium-trend ages. Therefore, the rock dating
techniques may have substantially grater errors than recognized in the study
plan.

RECOMMENDATION:

1) The study plan should discuss and consider more thoroughly the
uncertainties of the available rock dating techniques and the implications
those uncertainties may have on the ability to resolve faulting concerns.

REFERENCES:

Crowe, B., Harrington, C., McFaddin, L., Perry, F., Wells, S., Turrin, B., and
Champion, D., 1988, Preliminary geologic map of the Lathrop Wells volcanic
center: Los Alamos National Laboratory, LA-UR-88-4155. 7 p.
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Rosholt, J.N., Bush, C.A., Carr, .J., Hoover, D.L., Swadley, .C., and
Dooley, JR., Jr., 1985, Uranium-trend dating of Quaternary deposits in the
Nevada Test Site area, Nevada and California: U.S. Geological Survey Open-File
Report 85-540.

Swadley, .C., Hoover, D.L., and Rosholt, J.N., 1984, Preliminary report on
late Cenozoic faulting and stratigraphy in the vicinity of Yucca Mountain, Nye
County, Nevada: U.S. Geological Survey Open-File Report 84-788, 42 p.

Whitney, J.W., Shroba, R.R., Simonds, F.W., and Harding, S.T., 1986, Recurrent
Quaternary movement on the Windy Wash fault, Nye County, Nevada: Geological
Society of America Abstracts with Program, v. 18, p. 787.

RESPONSE

Quaternary dating techniques are subject to uncertainty from a variety of
sources. The analytical error reported by the dating laboratory may not
completely describe (or limit) these uncertainties. Compilation and review of
reported age dates and the available dating techniques relevant to dating
deposits of Quaternary age, such as soils and geomorphic surfaces in Midway
Valley, is an important part of this study. To assess the degree of
uncertainty involved in age determinations of strata exposed in the Midway
Valley trenches, multiple analyses would be used wherever possible. First,
multiple samples from the same horizon would be dated using the same
technique. Second, multiple techniques (as feasible) would be used to date a
single horizon. An analysis of the results from this testing program should
provide an indication of the uncertainties related to the dating of strata in
the trenches.
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Site Characterization Analys i Comments
Applicable to Study Plan 8.3.1.17.4.2

Evaluating the Location and ecency of
Faulting Near Prospective Surface Facilities.

CoaTent
Number

Category
Page Assigned

Relevant
Conts Comment Description

3 GFLT SCA 48,

2 5 GFLT SC 50

3 7 GIGPHYS SCA 51

Use of fault slip rates on the
repository facilities are not
conservative.

Faults are considered single
strands of narrow width.

Adequacy of geophysics in
evaluating basaltic volcanism.

Adequacy of reclosure design
and performance goals and
characterization parameters.

Use of standoff distance in
preclosure tectonics for surface
facilities.

4 8 G

11 G,T,SF

SCA 60

SCA 62i

6 13 G,TSF SC 63 Use of pre-existing and
unavailable information for the
preclosure tectonics program and
the surface facilities.

Adequacy of technologies in
assessing faulting for
construction, operation and
closure.

7 15 ENG,G,FLT SCA 71

8 16 SF Overall siting goal for surface
facilities needs to coincide
with study plan 8.3.1.17.4.2 .

9 17 SP Objectives and activities in
study plan 8.3.1.17.4.2 need t-
reconciled to have a much
broader purpose of the study.

10 19 G.FLT Activity I should account for
faults with other orientations
than approximately N-3.

* SCA Site Characterization Analysis (NRC co mnts on the SCP)

ENCLOSURE
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Comment
Number

Category
Page Assigned

Relevant
Comments Comment Description

11

12

13

14

20 GPHYSFLT

21 SP

Need a more clearly defined
geophysical program of faulting
at the site.

Incorporate the results of other
activities into the site
characterization effort of
Midway Valley.

22 SP Interface activities within the
study plan.

23 G,FLT Study plan should not overlook
the possibility east-west
trending faults at Midway
Valley.

15 24 G,T

16 25 GRADIO,FLT

' SCA - Site Characterization Analysis (NRC
NRC - Nuclear Regulatory Commission Point

Corsider structural complexity
of the Yucca Mountain region to
assure that the effects of
faulting on FITS will not be
underestimated.

Uncertainties of the available
rock dating techniques and the
implications of theses
uncertainties to resolve
faulting concerns should be
discussed.

comments on the SCP)
Papers (NRC coments on the SCPCD)
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Mr. Ralon Stein, Associate 0frecz:r

for Systems ntegration and Regulations
^ff'ce of C'vilan aaiCoactlve waste Management
.s :Seoartment of Energy, W-'.30
4asninct:n, .C. .45

4ear Mr. Stein:

In my letter to you dated November 24. 1989. informed you that the NRC staff
had funa the study plan "Evaluating the Location and Rency of Faulting Near
Prospective Surface Facilities" (Study Plan 8.3.1.17.4.2) acceptable for
further review, and in addition, that the NRC staff's Start-Work Review of that
study plan had identified no objections with the activities proposed. I also
4ndicated that the NRC had decided to Proceed with a etailed Technical Review
of t:at sucy plan. 7he urpose of this letter is to transmit te results of
:ne NRC saf's Cetailea Tecnnical eview.

'ne NRC saff has two eneral ccer"s elatlve t te study plan. he first
s tnat t-e cnaracteri:aton arameters anc ratet cata recuirements that form

:ne oasis 4or tne fault 4nvestigaticns ' this sucy are uestionaole and have
not zeen sufficiently ustifiec in either the Site Characterization Plan (SCP)
or n tis stuoy plan. These parameters anc cata requirements are the subject
of several comments 1 tne NRC staff Site Characterization Analysis (SCA) of
the SCP (nclosure 1 contains the pertinent comments). This study plan was
reviewea secifically for whether tne increased level of detail available in
tne sucy Plan satisfactorily aressea the SCA comments. The staff concluoed
%hat ose SCA comments were not accresseo in the stucy plan. hence tne staff
Is concerned as to wnether the stucy lan will obtain appropriate cata for
,icensing, ano secifically, for siting surface facilities important to safety
CF.; TS) .

The staff's seconc general concern s that even if the parameters and data
recuirements can be justified, the approach laid cut n this study plan may not
obtain the information for siting FITS that it is ntended to obtain. In
reaching this conclusion, the staff viewed this study in concert with related
studies proposed in the SCP. The overall siting goal in the SCP for surface
facilities s to place them in an area where there s no evidence of
substantial Quaternary faulting. This study, even when viewed in the context
of related studies, ats not appear to assure that all Quaternary faults in
Midway Valley with potential mpact on FITS are to be sought and investigated.
Enclosure 2 contains the staff's comments relating to this general concern
with the study plan.

The detailed technical review comments on this study plan (Enclosure 2) will
be tracxec by te NRC staff as oven items similar to SCA objections, comments,
and cuestlons. NRC recommends tmely resolution of these comments and is
prepared to interact with COE upon OE's request to work toward resolution.

ELOUSURE | // v ,
- - -50*
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:' you nave any cuestizns c:cerr: tnis etter :r tne *nci:sures, ;iease
::ntac: -Omg Saolein ( S 492-0446) cf y saff.

-'rcerely,

k,_ hn J Lnehan, Director
Kepository Licensing and Quality

Assurance Project Directorate
Division of High-Level Waste Management

enclosures: As statec

:: : :*xState : Nevaca

:7SonUrs: kNye :unty, NV
a. 4nr.man, _::: in *-npy, V

-. ie e;, :*A:O Kv
:me!Cei, :AO
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-.. ,ARAC's'::N NALYSIS (t CMMENTS
APPUCABLE %4 ~wE SDY WLN FOR

:VALUAT;NG 7-E -:CATwN ANO RECENCY OF
:*UL?:NG NEAR ROSPECT:VE S,.RFACE FACIL:7iES(873.1.'7.4.2)

.~~~~~~~~GM

-:A CMSMNT 8

-he use of fault sil rates to determine the level of hazard ose to
repository facilities by faults coes not avpear to be a conservative avproach
and may result n overly optimistic predictions about the effects of fulting
on system performance.

BASIS

1) The concern expressed by tis comment reiterates and expands on CSCP
.:mnment 7.

.) :n te esconse to S;? ::-ment 7, the OE 4noicates tnat he 'oals
estaolsr.eao for er4:rmance measures :rccerly 1stinguisn etween faults within
ano outsice the waste emolacement area. take nto account for resent
uncertainties in so rates an aear to ce reacily acnievaole."

) The RC staff does not c:nsider that the aooroacn for istinguishing
similarly oriente faults in te geologic etting ased on their location is a
-easonaoly conservative aroacn ecause : apears to overlook alternative
models of faulting that could hysically link faults with higher acpartnt slip
ates witm faults with lower aarent slip rates.

4) Sectlon 8.3.1.8 (p. 8.3.1.8-27) ndicates that since faults in te area of
.he recository have very low slip rates' ten it can be emonstratec that
offset of cm in 1.000 years s a very low probability. Therefore. cm was
ceterminec as a value at wnicn csoiacement becomes significant over a 1,000
year perioc.

5) Slip rates average offset along faults over a series of events and appear to
obscure the episodicity of fault events and relatively high offsets that could
be expected n single event. For example, the last major episode of movement
(Holocene n age) on one strand of the Windy Wash fault zone (slip rate
estimated to be .OOl5mm/yr, p. 1-133) had approximately 10 cm of vertical
offset.

6) The use of slic-rates s likely to obscure the uncertainty in the total
offset on a fault due strike-sl1 motion.

7) The statement made in 8.3.1.8 (p. 8.3.18-27) that faults n the area have
"very low slip rates' suggests tt fault cnaracteristics have been pre-judged
prior to the comoletion of site caracterization. However, the SCP
acknowledges that tne lateral component on most faults n the area has not been
assessed.
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iCM?4ENDATONS

:emonstrte tat V!e use of st ates fr eeter-niminqg nanzra does not provide
:verly ctimistic :reactions cf tne effects of auiting on reoository
:erfcrmance.

:znsicer alterna:tve etnoas (e.^., -aximum event ffset) or a cmoinatlon of
-.etnocs (e.g., axiInum event offset ana sil rates) to assess tne level of
Pazara :: :ne survace facilit es ano ES posec y faulting.
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h:A CIMENT 30

:aults accear to e c:nsiderea as srce strafns cf arrow width, an acoroach
:tat -ay uncerest mate te effects f 'aulting on tne results f ziannec tests
ino n :e erfarmance of reoosit:ry facilities.

-ASiS

:) 'able 8.3..3-Zb ic:ates t'.at : e cjrrent estimate of tne wicth of
;waternary fault ::nes n ano near te site is 5 n.

2) Chapter 1 (p. 1-332) indicates that "rece1 zones n the Ghost ance fault
are as wide as 20 m." Cross-section A-A' of Scott and onk (1984), indicates
that the breccia zone associated with the Solitarlo Canyon fault zone, the
Windy Wash fault zone, and the ow Ridge fault zone are all significantly
greater than 5 m.

.) able 83.1.8-2b ndlcates that the characterization parameter for
-vestw;ating faults n tne reoository is cracteristics of faults with > l m

oi '4et :^civiua ault srancs wnin a fault zone may not exnizit > 10 m
:f 2f'set :ut te -ulat ve offset ang faults in a fault zone may ce greater
.:an :: m.

') -able 8..: :?- ilc cates that tne current estimate for "otentially
signift:ant faults" witnin km of facilities important to safety (FITS) s
'ur. his estimate aocears to overlooK mcelIs involving fault morication in
Znicn -ajor ault ::nes ignt cntain more than one "potentially significant

) Cne mocei -suitt:g f-^m seismic stuoies n I'dway Valley (Neal, :6) could
suggest at in te vicinity of the location of the surface facilities. tne
:ain:crusn Canyon fault :one could reoresent a zone of imbricate faulting
extencing from te east side of Exile ill to tne main trace of the Paintbrush
:anyon fault.

;ECCMMENDAT :N

The approach to characterization of faults In the vicinity of repository
facilities should consider alternative models of faulting n which faults are
not independent entitles but may be parts of larger fault zones.

REFERENCES

Neal, J.T., 1986, Preliminary validation of geology at site for repository
surface facilities, Yucca Mountain, Nevaca: Sancia National Laboratories,
Sanc85-0815, 27 p.
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'CA CMENT 51

:eoonysical survey r:grams as indicated in One SCP ay not e sufficient to
;:entify and characterize cotn e eec crustl anc snallow geologic features
ano teir iterreiati:nsnip.

BASIS

:) n rtsoonse to CSCP comment 49, a new activity of integration was added
In section 8.3.1.4.1.2. Since the suoject of the CDSCP cment 49 was the
insufficiency of geopnyslcal coverage to characterize the Yucca site and the
geologic setting, a response that only ddresses integration of geophysical
activities s not sufficient.

2) A single long refraction line as noted in Figure 8.3.1.4.6 is generally
3 4nconclusive and/or no definition of an anomalous trend s possible. With a

single line of investigation as planned. there is a significantly increased
:rooaoility tnat amoiguous cata and/or incorrect nterpretations will occur.

) st f ne cro.sec eocrysicai ac:vities sucn as shown n Ficure 8.3.1.4.7
(seismic eflec:icn) anc f'cure 8.3.1.4.8 (gravity and magnetic) iicate coverage
tnat s soiatea anc nst :r;sseo cr eo to otner lnes.

;EC:MMENDATIWNS

:) F'Ovide a geocnysiCal Investigation orogram lan that s comorehensive,
Integrateo and sufficient to identify anQ uncerstand the interrelationsnips of
the eeo crustal structure ano snallow geologic structural features, and to
assure :nat no significant structural features have gone unoetectea.

2) :nsicer including a gridded program of exploratory surveys and measurements
tnat would allow for cross-iine correlations and more complete spatial
cef4nitlon of anomalies at the site and secifically at the locations of the
excioratry snafts.
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SA CMMENT O

7he NRC staff does not consicer tat :e casis nc rationale for tne aesign and
:erformance arameters, caracteri:atlon arameters. ano goals rooosea in the
;CP for fault disclacement, n arti:ciar or fault nvestioations for
faci1lties mvortant to safety (. S), ave oeen ustified. -he staff is
::rcernec as tnese values aooear to e usec to limit ne exploration rogram
;rior to naving sufficent cata to evaluate tne site.

BASIS

1) The concern expressed by this comment s part of the concern expressed in
COSCP Comment 5. This comment specifically s n reference to the requested
Justification of the design, performance, and characterization parameters.

2) In the response to CSCP comment 0 and in the tables the DOE gives the
'oliowing cesign nc erformance Parameters

abie 8.3.1.:-3a gives cesign ano erformance arameters relate to
sur ace facil :es ano creciosure fault ispiacement as "otal zropacility

tf exceecing m ault C'sOiacement at ocations orocosec for ;ITS, with
a goal of less tnan I cnance n ;:0 of exceeoing cm cisplacement beneath
surface FITS n ;00 years."

-able 8.3.1.:7-3b gives characterization parameters as "the
:entificatlon anc cnarac:eri:atlon of otential Quaternary faults within

5 m of FITS," "entification an cnaracterization of faults within 100 m
of FTS that have atcarent uaternary slit rates greater than .001 mm/yr
or tnat measuraoly offset materlis less tnan 100,000 years old," ano
"estimate of total prooaollity for greater than 5 cm dsolacement beneath
Pis considering known nc ;ossible concealed faults and tectonic
interrelationsnips among local faults."

) he NRC does not consider that COE has presented a Justifiable basis for te
use of 100,000 years as a base age to determine if the offset s significant.
The basis for most information within 10 CFR Part 60 s the Quaternary, and
other similar nuclear facilities such as those licensed under 10 CFR 72 have
used Appendix A criteria for determining the significance of fault activity
(i.e., once in 35,000 years or more than once in 00,000 years).

4) The DOE has presented no analysis of the proposed design to demonstrate that
5 cm of fault movement is acceptable. The DOE appears to assume that
structures can be built to withstand that amount of movement, however, the
staff has seen no analysis to sueport this assumption.

5) The NRC also does not consider that the probability cut off values on the
Parameters and goals wnich are being used to limit the nvestigation, such as 1
cnance in iO in 100 years, have een justified. The NRC staff does not agree
with the attempted Justification presentec in the response to CDSCP comment 50
because:
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--e se of tne :rcoaDility c :ff as not :een ac~eptio fr use
in ctermining :ne iems on tne -L st (see Cmment 126), ano
The worK of Reiter and acKson ( 983) was not ntence as
;uIcance for !aKing licensing cecision, ut ratner to evaluate the
-eia ve safety f existing plants :n aditton, te autnors temselves
s:ae tat no ;reat confidence can oe paco on te aosolute
:rooaoi 1 itles.

6) The SCP discusses "potentially significant faults," however. the NRC staff
is unsure as to what Is meant by this term. It appears that OOE intends this
to be related to the above probability values, age of ovement or limit of
movement; however, as stated above, the NRC staff does not see justification
for the values. Until site characterization Is complete, the Interrelationship
of faults is known, the nterrelationship of the site parameters to the design
parameters has been established. and the potential effect of the various faults
:n meeting tne various erformance cobjectives has been determinec, the staff
:annot cetermine nat faults are significant (see aso Comment 64).

) -he z: states n :age 83.:.:7-27 tat rotcilistic methods will e used
':r evai..ating the acecuacy cf deterministic inal results; however, the

4 :uestlon of nat nvestigations will :e c:ncucteu apears to oe controlled by a
:rocr cr:oaoilisti: assumptions. or examole, the response to CSCP comment
-O states tat the total rooaoillity of 'aulting will be assessea rior to
trencning he NRC staff is unsure now OE intencs to assign rooatility
values reiatea to various features prior to completing the site
c.naracterization pr:gram. f the caracterlzation program is overly lmited by
a priori orocability assumptions, the NRC staff s unsure how a sufficient
jncers:ancing of tne site caracteristics will ever be ottained.

3) While :te NRC staff recognizes that "goals" are not "criteria," when goals
are set nicn do not appear to be ustified, or wnich apear to unwisely limit
:ne necessary investigations, the NRC staff does not see a rationale for the
'nvestigatlon wnicn can e supported.

RECOMMENDATION

DOE needs to strengthen ts Justification for the design and performance
parameters, characterization parameters, and goals for preclosure fault
displacement as related to FITS, or revise these values. The justification
should nclude a discussion of the nterrelationship of the characterization
parameters, performance and design parameters, and goals with the design
criteria and the performance objectives of 10 CFR Part 60.

REFERENCES

Reiter. L., and JacKson R.E., 983, Seismic Hazard Review for the Systematic
Evaluation Program - A Use of Protaoillty n Decision Making: NUREG-0967, U.S.
Nuclear Regulatory Cmmission.

r
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J.S. Ueparmmnent :f nergy, etter f-:m S. ousso, :3E. to . homoson. r.,
NRC; Suojec:: :isuance of tne Se C4arac:erizaticn Plan (SCP) 'or tne ucca
ounuin Site to tne u.S. uclear eguiatzry C;vnission, ecemoer 28. :988,4o. ius * enc:osures, liciuoing "esoonses to NRC Point Paoers n Site

:haracter:ati:n D'n/Ccnsuitav:n 'raft."
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S'A :MMENT 52

..e ifzrnation presentec for tne rogram of vest gations for stucy of
'aulting at the surface facilities ces not allow :-e NRC staff to cetermine
-:w OCE s rozosir; o use sancoff :stances in cesigning tne rogram of
;nves:;a: :ns and *, erforming tne resu;tant cesign ano analysis.

iASIS

1) The concern expressed by this comment s a continuation of the concern
expressed in CDSCP Comment 50 regarding standoff distance from faults.

2) The SCP states on page 8.3.1.17-96 Note that the 100 meter distance is not
intended to represent an appropriate standoff distance for FITS from faults
that have a potential for displacement. Should the faulting investigations
identify a fault within 100 meters of the proposed FITS locations, the
aoproorlate stanooff istance anc/or itigative engineering measures will be
assessec "

-) e sC staff s nsure wnat C^E 's orcoosing :r aropriate stana off
:tstanees. -he statement n tne SCP seems to sgest tat tre OOE ::nslders
ess ,an ::Cm as an aropriate tancoff cstan~e for faults whicn rave a
:otentai for isoiacement. he RC as seen no 4ustification for sucn a
;ostion.

:) ^6e :OE esconse to CSC? =omment 50 states that trenches will likely be
excavatec :eyond 100 meters past FITS, but coes not state that trencnes will be
excavate :ast 100 meters. The NRC, :verefore, is not sure wnat s the extent
^f trencn mg nicn s olannea, ano now faults greater tnan 100 meters from FITS
will e 'nvestigatea or evaluatea.

2 WF Part 60. 122(a) requires t:at COE emonstrate, among others, that:

(j) otentlally adverse cnaltions have been adequately nvestigated,
inclucing the extent to wnicn te conaition may be present mc still be
undetected;

(ii) potentially adverse conditions be adequately evaluated using analyses
wnich are-not likely to underestimate its effect; and

(iii) the condition will not significantly affect the ability of the site
to meet the performance objectives, can be compensated for, or can be
remecied.

6) While : CFR 60.122 s directed at postclosure concerns, the information
usec in tne evaluation of FITS ill be used to nelo evaluate the postclosure
corncitons, and te asic princiles laid out within 10 CFR 60.122(a) will
aooly to al phases of the licensing process. The program laid out for
evaluation of faulting near or at FITS apears to be ignoring these principles.
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~-e ^^ nea : nons~rate :-a:;

) :-e roc-ta of nvest:at:ns :r aultin; at e :'-S will
icecua~eiy evauate ail 'la js nicn nave a otential :f 'ovement, and/or

(ii) -nat tne evaluati:n e4 tne effects of aulting, taKlng it account
5 tne cegree f esolution of :-e investigation, wifl not unoerestimate tne

effects, and

(lit) the effect of faulting will not compromise the ability of the FITS
to meet the performance objectives

REFERENCE

Neal a-es . -. , i-oary aiication of Geology at site t :r eoository
_r'ace -aci::tes. -::a :untain evaca: Sancia Nationai _;oora::r es,
A.r8uiCo..'
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^A :MMENT 3

The informatlon resentec for tne -ctram cf vest igations for s:ucy of
lauittg at tne surface facilities :es nt aear to nave integratec
:re-existnq information ana mates asswmoti^ns aOout re-txisting ifor'ation
inc cncoig 4nvest: aticms wnicn ne NiC :annot evaluate ecause tne NRC has
-ot seen :ne cacxgr:na informat4:n.

3ASIS

1) The concern expressed by this conment is a continuation of the concern
raised by te response to CDSCP Comment 50.

2) SCP Section 8.3.1.17.4.2 suggests that possible locations for trenching will
be based on air photo interpretation, geologic mapping and possible use of
geconysical investigations. Geologic mazoong and geoohysical nvestigations
4ave ceen c:ncuctec i tne area f tne ro:osea surface facility and suggest
:ne resence of -any coseiy sacea ror-a7 faults an a high egree of
'rac=uring *n te s:surrace (eal, :.86). The NRC staff is unsure as to how

6 tnis infor-ation as anv/or will e usec to oan acaltional rencning, macping,
inc e^=ys"i:ai vestgatm:ns n e area f ne surface facilities. Neal
(136) a:ears to :entify many areas wnicn have ouestionaole geologic
s:ruc:ure; : ver, :ere appear t: e no present plans to investigate these
areas.

,) This worK is eirg :annec o e usec n licensing; however, te NRC staff
is unsure as to how mucn of the reexisting nformation is planneo to e
:uaiifieo. :an e oualifiec uncer tne uality Assurance program, or te
:otentiai effect on scnecules if some of te lannec nformation cannot be
:uai'fieo (see also :omment 126). 4uC% zf the work which forms the oasis for
-any of tne assumptions within tis section has oeen ongoing and is cnsidered
:y DOE to :e suostantially cmzlete. or example, mapping of trencnes on the
Bow idge fault system is cnsiderea to e 50% comolete (SCP page
3.3.117-50), a Quaternary-fault map nas been puolished and mapping of
surfical geologic eposits is consldered to be 25 complete (SCP page
8.3.1.17-156). The NRC has not seen any official results from the
investigations.

RECOMMENDATION

Prior to the NRC staff being able to evaluate the program of site
investigations, the DOE needs to complete at least the planning step of
;ntegration of the te program. This should include not only a separate
integration of drilling, or a secarate integration of geophysics, but a
complete integration of the plannea program of nvestigations. This
integration snould show how ongoing activities and pre-existing information has
been ncorzorated Into the rogram, and should demonstrate wat assumotlons re
Deing mace on the ualification of re-existing ata.
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NeWi, Ames ., *:-. :g-egii&nary ai:ca:n c Goicgy at site :r eoositcry
6 :-rvace bit es. .::a ffoun:ai, evaca: Sancia atIcnai azora:'res,
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- A .:-Cmment ^

-he entative coal. :esign arameter, and expectec value relating faulting
(e.g., g scr.ificant ^aternary fault") anc erformance allocation for System
Element :.:.Z are nt suff'c ent fr aaeouately caracterizing te razard posed
:y au: g.

'asis:

t) The concern excressea by this comment s part of the concern expressed by
CDSCP Comment 62.

2) The response to CDSCP comment 62 revises the performance measure and
eliminates the teram "potentially active fault." However, a new term,
"significant Quaternary fault,' s introduced. The definition of the term
"significant Quaternary fault' implies that only faults with demonstrable
Ousternary offset represent a hazard to the repository in the reclosure and
tnat tne magnituce of offset long faults that may contain a significant
:- ocnent f lateral movement (i.e., strike-slip) can be ac:urately cetermined.
:e : -e otenti al 'r large uncertainties associated witn oth of these

7 ass-:ns, use of :tis term "significant Cuaternary fault" does not apear to
:e eas:naoiy conservative aroac to acaress p eclosure tectonics ssues.

3) 've Design parameter iniacates that "ignificant Quaternary faults" will be
imentfltec and caracteri:ec; however, te NRC staff continues to be concerned
(Comment 3) tat t*e site characterization program s inacecuate to
cnaracter'ze otentially acverse concitlons in te southern part of the
revosit:ry locx.

:) The expected value for "significant Cuaternary faults" ndicates that none
are expected to e found. This value aces not consider alternative ocels for
fault ng in tne geologic setting or the implication from Figs. 8.4.2-4 and
3.3. :4- 0 that an ioricate fault zone may occur in the waste emplacement
area.

RECOMMENDATIONS

Consideration should be given to using alternative fault models as a conceptual
basis for assessing the preclosure hazard to the repository.

Demonstrate that from a scientific perspective, the program of drifting In the
northern part of the repository combined with the systematic drilling program
and feature sampling program will provide the information necessary to ensure
that cnaitions and processes encountered are representative of concitions nd
processes througnout the site and that potentially averse concitions will be
acecuately investigated.
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E ::JT.N ANO RECENCY F AUL-7NG NEAR DR0S PEc-2VE
SURFACE :C: L: ( ; ? 3.: 2)

::-ment

1-e coec: ve and :::e of %nis s:y :an ay ot ::ncie wn e
:Yerai s ~n ̂: a; ri tie-ea : n e *

.asis:

:) ne SC? sugests tnat ne verall sing goal for F!TS is tnat "Surface FITS
will be sitea wnere tere is no evicence of suostantlal Quaternary faultlng"
(p. 8.3.1.17-61).

2) The study plan Indicates that "a considerable effort will be placed on
8 identifying an area for the waste-handling buildings where no Quaternary faults

have occurred" (p. 32).

'l The cective of :nis s:ucy :lan s u identify areas where "'ate uaternary
'aui:s" re aosent f: i)

: : acears "-:,n -e satemen : ed aove, :tat te roacer c:ncern in
::a:"-: a suitacle s e f:r 3 : centify areas otat co ro: ::.ain any

:.atervary au:s. -e i:en:":a:cn f areas wnere "'ate ;*aternary faults"
are aosent ay not ::ncl:e w1'1 ne cverail siting oal.

iec:~nencaV^on:

:) -e oosectiye a s::^e of e sucy :lan neea to coincide with
:-e ^verai s:'ng ::al for surface faciflies so tat tIe cata necessary or
; nsic vill e ; ectea.
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:: s :: a:aren: :w :e :anec ac:vies meet tne satec :..r:cse of the
.:^v an.

-a s1 s :

:) The sucy plan noicates tat is stuCy will "evaluate the location and
recency of faulting near prospective surface facilities in Midway Vlley8 (p.
1).

2) On p. 8, the plan ndicates that the study will document the existence of
"any faults within and adjacent to the cndidate area proposed for the
waste-nancling uilcings."

; :. Z2, ne an icicates t!at :^e area of the stucy plan was cosen so
tna; a -eiiminary assessment ;f :-e sruct.ral anc sratigraonic
*naac:.rzs t 1 cs of -e sur": a :eoosits and uncerlyinc ecrocK n any
:anccza:e areas can ce ::moiesec (emnass acec)

9
) 1 : 2. tne an saes a ".. .a ::nsiceraole effort will te :lced on
entiying an area for ne waste-Rancling outldings wnere no Cuaternary faults

-ave c::urrec."

-) Im : 3, tne oan 4oicates t-at is study will be more etaileo nan
smi4ar st..cles (assume t o -eferv"n; to stucy 8.3.1'7.4.6) and may e
.sef.. :r catin: -ceis 'or satern^ary faults at Yucca Mountain.

-Owever,

-) e aostract to tne study ;'an states tnat, "he oojecttve of tnis study is
str:t:y gtner geologic cata "om Midway Valley and to ldentify areas wnere
'ate Cuaternary fauits are asent" This statement mplies that areas that may
contain Quaternary faults, but not late Quaternary faults, are unimportant to
fulfilling the purpose of the study plan.

7) Cn p. 23, the study plan ndicates that long trenches will be sited in areas

"where late QuatUrnary faults are asent or, f present . suggesting that

fault evaluation studies are to be sited in areas where faults are believed to

be aosent and hence will not be used to characterize faults in Midway Valley.

8) t emnasis of the study will e on cetermining the existence of only those

Jault tt are consicered "significant late Quaternary fults" (p. ). No

;ans art outlinec in tis stucy for dressing fults that may be Quaternary

in age and co not offset sediments ounger tan 100,000 years.

9) "he study plan indicates (p. ) uncer the "Objectives" that "f late

Quaternary faults are fauna, they will be caracterized" implying that only
fauits vut are juagec to otlate Quaternary" faults will be characterized.
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;on :. '. -e :an i4cates nat. ::nsiceraDie effort wiW :e Ciace on
dentlfyirc an area ... wnere no Cwaterrary uits ave oCcurreo" 4iyinq that

9 :naracer:w. areas Mdway aiey :at ay c:n:ain uaternary auits is of
sec:ncary o:oran :e *n this s=y.

;eccmmencaticn:

:) Reconcile tne ';1itea scope ana cooectives of activities In this s:uay plan
with the mucri broacer purpose of the stucy.
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:.MMENT^

:aults rencing aroximately N-S receive the major consideration n the study
zlan. -lowever, otner ossible fault orientations sucn as east-west
trencing striKe-slip faults may be present in Midway Valley.

Basis:

1) Although the general trend of most faults identified n the vicinity is
approximately north-south (Section 1.4, p. 13), some of the apparent structur
offsets and truncations of such north-south trending features ay be the result
of strike-slip faults (SCP Section 1.3.2.2.2).

2) Strike-slip fulting, possibly contmporaneous with faulting on the
nortn-soutn faults (SCP Section 1.3.2.2.2), could be responsible for the degree
:f segmentation of tie north-south faults.

3) Fault seomentation is an imoortant factor in evaluating the seismic hazard
(Scnwart: ano Coppersmith, 986).

Recommencation:

:) Activity 1 tasks should secifically tke nto account the possibility of
faults witn other orientations than aproximately N-S.

;eference:

Schwartz, O.P., and Coppersmith, KJ., 1986, Seismic hazards: New trends in
analysis using geologic data; in Wallace, R.E., ed., Active Tectonics,
National Acacemy Press, Studies in Geophysics.
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::MMENT 

-he geoonysical ;r-gram discussec n tme stucy plan for evaluating tne location
anC recency of au;:ing in Midway Valley may need clarification. Without
knowing wnat reliance is olacec on geconysical metnoos to evaluate location and
-ecency of fauiting, tne aequacy of sucn methocs/tests cannot be
Determineo.

Basis:

1) On p. 21, the study plan states Various geophysical and rmote sensing
techniques (Table 2-1). useful for evaluating subsurface ology. ma be
considered for this study' emphasis added]. Thus, it is not clear which of
these geophysical tecnniques will be considered in the nvestigation and if ny
will be utilized.

) ncer t^e descrl:tlon of Activities 1 and 2 on p. 36 and 41, t is mentioned
tnat geconysical surveys will e cnoucted, but no mention Is made n figure
3-I wnicn of these surveys will e carried out other than remote sensing, and
at wnicn stage in tne aivity tnis will be perf-rmed.

3) Results of previous geopnysical investigations have not been ciscussed.

Recommencat40n:

:) Provide a more c early ofinec geonhysical program for adequate
cfaracterlzation of the location nc recency of faulting at the site, with the
.ocations nc resoiu:ions of eacn survey.
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:osment A

-he stucies cutl'nec n atle 1-4 may rot rovide tne sectum of 1nformation
^ecessary to maKe .cements acout cesign reuirements of FITS.

Basis:

') Table 1-4 (p. 9) lists the stuaies that will rovide information for site
12 characterizatIon of Midway Valley. Omitted from table 1-4 and possibly from

consideration of fulting t Midway alley are the results of Study
8.3.1.17.4.4 on Northeast-trending faults, Study 8.3.1.17.4.S on detachment
faulting. Study 8.3.1.17.4.8 on the stress field at the site, nd Study
8.3.1.17.4.12 on tectonic models.

Recommendation:

:) Consider ncorooratin t results of other activities into the site
:narac:erization ef':rt of Midway Valley.
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::-.ment 

-^w ac: i:es cutl;^,o n this scy plan iterface with Activity
3.3.'.:7.1.6.2 may eea clarification. -he escritions seem to 1nd1cate
eivter :=oiication cr tnat e Midway Valley stUay is a subset of stucy plan
.3.1.:7.4.6.2.

Basis:

1) Activity 8.3.1.17.4.6.2 proposes to 'Determine, through trenching and
13 mapping, the location, spatial orientation, length, ... of... suspected or

possible Quaternary faults within the site area."

2) Activity 8.3.1.17.4.2.2 proposes to evaluate the location and recency of
aui't:g near rosoective surface facilities in Midway Vlley."

.) -he stucy lan s unclear on wch study will nvestlgate the ossible
:resence of aults with significant early Quaternary movement in MiCway Valley
-ear -.e site cf tne srface facilites.

;eczmmencation:

:) -h scy plan sould illustrate the relationship between Activities
8.3.1.:7.4.2.2 anc a.3.127.4.6.2 so as to emonstrate that Quaternary faults,
if vtey exist In Micway Valley in the vicinity of FITS, will be acequately
:naracteri:ed.
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:ZMMENT 7

-he study plan statement that focal mecnanlsm solutions for recent
m1croeartmouaKes in the vicinity of Yucca Mountain indicate strike-slip motion
on faults rencing aroximately N-S (page 13) tends to downplay the
Possibility that there could be strike-slip motion on faults trending
approximately east-west as well.

Basis:

1) Focal mechanis solutions such as those illustrated n SCP Figure 1-61
identify two mutually perpendicular planes, one of which Is presumed to be the-
fault plane where the earthquake dislocation occurred; the second plane,
sometimes called the auxiliary plane, divides spice nto regions of either
compressional or dlatational nitial seismic wave motion.

2) Most of the focal mechanism solutions illustrated in SCP Figure 1-61 are
less than magnituce 2.0 with the largest being only magnitude 2.6; tnese
microeartnouakes nvolve very small dislocation areas with racil of a few tens
to a ltl:le more tan one nunareo meters at most.

3) No correlation has been established between these microearthquakes and
particular faults and, given the siZe of these microearthquakes and small real
extent of the ruoture, a number of alternative fault models could account for
the pattern of focal mecnanisms.

Recommencations:

1) Until there exists evidence sufficient to suovort one or the other of the
planes determined in focal Mecnanism solution as the fault plane, both should
be considered as potential fault planes.

2) The study plan should not overlook the possibility that ast-west trending
faults ay exist in Midway Valley. Thus N-S trenches and/cr geophysical
surveys should be considered for inclusion n the study plan.
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:.mment 8

The study lAn's treatment of tectonic cnaracteristics of the Yucca Mountain
region ay result n an overly otimistic projection of faulting in the area.

Basis:

1) The study plan states that, "Yucca Mountain is located within a zone of
northerly trending, high-angle normal faults...' However, the Yucca Moutat
region also contains numerous northeast, northwest, and possibly north-treedug
strike-sitp faults soe of which ay have Quaternary offset (e.g., Stageees
Road fault) (SCP p.8.3.1.17-132).

2) Scott and Bonk's (1984) cross section depicts the Midway Valley fault zone
as having the same orientation and a similar amount of offset Tertiary units
and fault width as the ow Ridge fault suggesting the presence of a major
block-Dounding fault beneath Midway Valley. Neal and Carr (1987) indicate the
Midway Valley fault has several hunored meters of displacement. The
implications of having a fauit of this magnitude under Midway Valley are not
aiscussed.

Recommendation:

1) The study plan sould consider the structural comolexity of the Yucca
Mountain region to assure that investigations will tend not to uncerestimate
.he effects of faulting on FITS.

References:

Neal, J.T., and Carr, W.J., 1987, Characterization of geologic structure for
placement of repository surface facilities, Yucca Mountain, NV: Geological
Society of America Abstracts with Programs, v. 19, no. 6, p. 436.

Scott, R.B., and Bank, J., 1984, Preliminary geologic map of Yucca Mountain Nye
County, Nevada, with geologic sections: U.S. Gological Survey Open-File
Report, 84-494, Scale 1:12,000.
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omment 9

Recent rorts ncicated that the confidence placec in radlometric age
oeterminatlons for :viding evicence of the age of the most recent fault
movement may neec reevaluation.

Basis:

1) The study plan provides a detailed description of the use of uraniumtrem&
and uranium-series techniques in dating moveets on faults in the Midvay
Valley area, stating that the uranium-series method is a widely accepted
technique with a well-defined theoretical basis* and that the uranium-trend
method is vary effective in the types of materials expected to be found n
Midway Valley."

2) Use of these dating techniques led Swadley and others (1984) to conclude
:nat te age of movement on the Winay Wasn fault was between 40 Ka no 1.2 Ma.

16 Whitney and others (986) have emonstrated that the ages for faulting used by
Swadley and others (1984) are incorrect and have presented evidence suggesting
Holocene movement on ne Windy Wasn fault. Holocene movement on the Windy Wash
fault s supported by recent statements by Los Alamos investigators who have
indicated that the volcanic ash n the Windy Wash fault s probably related to
the 20 Ka cone at Lathrop Wells. These nw ages of movement for the Windy Wash
fault cast doubt on ages derived for faulting through the uranium-series and
uranium-trend dating techniques.

3) The study plan indicates that techniques likely to be used for establishing
numerical ages for te Quaternary deposits may have errors of several tens of
thousands of years. However, Rosholt and others (1985) report that
uranium-trend ages for unit Qc range from 270 + 50 K to 444 + 60 Ka and
indicate that these ages are consistent with other age determinations. Rosholt
and others (1985) also report that younger gravels in unit Q2c contain reworked
cinders from the Big Oune basalt center (i.e., Lathrop Wells cone) which have
K-Ar ages ranging from 230 Ka to 300 K. More recent investigations at Lathrop
Wells have discredited the K-Ar ages for the Lathrop Wells cone (Crowe and
others, 1988) indicating that the cinder cone at Lathrop Wells is substantially
younger than 300 Ka and casting doubt on the assumed age of unit Q2c and the
uranium-trend ages. herefore, the rock dating tchniques may have
substantially reater errors than recognized in the study plan.

Recommendatioft

1) The study plan should discuss and consider ore thoroughly the uncertainties
of the available rocK dating techniques and the Implications those
uncertainties may have on the ability to resolve faulting concerns.

r
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Aeferences:

Crowe 3. 4arri "gton, C., McFaddln, P., perry, F., Welts, S., Turrin, a., and
Chamoicn. ., :88, Pel1minary geologic m of the Lathrop Wells volcanic
center: _:s Alamos National Laboratory, LA-UR-88-4155. 7 p.

Rosholt, ;.N., Bush, C.A., Carr, W.J., Hoover, D.L., Swadley, W.C., and Dooley,
J.R., Jr., 1985, Uranium-trend dating of Quaternary deposits n the Nevad&,Test.
Site area, Nevada and California: U.S. Geological Survey Open-File Report
85-640.

Swadly, W.C., Hoover, DL., and Rosholt, J.N., 1984, Preliminary report on
late Cenozoic faulting and stratigraphy in the vicinity of Yucca Mountain, 9I6
County, Nevada: U.S. Gologica Survey Open-File Report 84-788, 42 p.

Whitney, .W., Shroba. R.R., Simonds, F.W., and Harding, ST., 1986, Recurrent
Ouaternary movement on the Windy Wsn fault, Nye County, Nevada: Geological
Society of America Abstracts with Program, v. 18. p. 787.
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