Department of Energy
Washington, DC 20585

DEC1 91990

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)-1.10Q (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
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U+S. 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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COMMENT 1

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #48.
COMMENT 2

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #50.
COMMENT 3

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #51.
COMMENT 4

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #60.
COMMENT 5

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #62.
COMMENT 6

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment #63.
COMMENT 7

See U.S. Department of Energy’s response to the U.S. Nuclear
Commissions Site Characterization Analysis comment $71.
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CCIMENT 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 Quatermary
faults have occurred™ (p. 32).

3) The objective of this study plan is to identify areas where “late
Quaternary faults®™ 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 faults*®
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. 1In 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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feralting (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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CGMMENT 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.*

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 Quatermary faults, but not later Quaternmary 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 detemmining the existence of only
those faults that are considered ®"significant late Quatermary 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 "Objectives®™ that ®"If late
Quaternary faults are found, they will be characterized®™ implying that only
faults that are judged to be "late Quaternary™ faults will be characterized.
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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 Coppersmlth, 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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CCMMENT 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
detemined.

BASIS:

1) Omn 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



U.8 NUCLEAR REGULATORY COMMISSION C~ "MENTS
\__/ ON STUDY PLAN 8.3.1.17.4.2\_/

>
i}

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

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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COMMENT 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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CCMMENT 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 "Detemmine, through trenching and
mapping, the location, spatial orientation, length, ...of ... suspected or
possible Quaternmary 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. 1In 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.

12
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CCMMENT 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.

RECOMMENDATIONS :

1) Until there exists evidence sufficient to support one or the other of the
planes detemmined 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...®™ However, the Yucca Mountain
region also contains numerous northeast, northwest, and possibly
north-trending strike-slip faults some of which may have Quatermary 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, 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 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.

14
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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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cdmmm 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 basis® and that the uranium-trend
method is "very effective in the types of materials expected to be found in
Midway Valley.®"

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 detemminations.

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
Hells 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 02c 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, W.J., Hoover, D.L., Swadley, W.C., and
Dooley, J.R., Jr., 1985, Uranium-trend dating of Quaternmary deposits in the
Nevada Test Site area, Nevada and California: U.S. Geological Survey Open-File
Report 85-540.

Swadley, W.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}sjécmments
Applicable to Study Plan 8.3.1.17.4.2
Evaluating the Location and Recency of

Faulting Near Prospective Surface Facilities.

Comment Category Relevant
Numbe t Page Assigned Comments Comment Description

)3 3 G,FLT SCA 48, Use of fault slip rates on the
repository facilities are not
conservative,

2 S G,FLT SCA S0 Faults are considered single
strands of narrow width.

3 7. G,GPHYS Sca S1 Adequacy of geophysics in
evaluating basaltic volcanism.

4 8 G SCA 60 Adequacy of Preclosure design
and performance goals and
characterization parameters.

5 11 G,T,SF SCA 62 Use of standoff distance in
preclosure tectonics for surface
facilities. )

6 13 G,T,SF SCA 63 Use of pre-existing and

unavailable information for the
preclosure tectonics program and
the surface facilities.

7 15 ENG,G,FLT SCA 71 Adequacy of technologies in
assessing faulting for
constructicn, operation and
closure.

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=
ceconciled to have a much
broader purpose of the study.

10 19 G,FLT Activity 1 should account for
faults with other orientations
than approximately N-3.

* SCA = Site Characterization Analysis (NRC comments on the SCP)

ENCLOSURE X~



Comment
Numbert

Page

\\/

Category Relevant
Assigned Comments

Comment Description

11

12

13

14

15

16

20

21

22

23

24

25

GPHYS, FLT

Sp

SP

G,FLT

G,T

G,FADIO, FLT

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.

Interface activities within the
study plan.

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

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.

' SCA = Site Characterization Analysis (NRC comments on the SCP)
NRC = Nuclear Regulatory Commission Point Papers (NRC comments on the SCPCD)
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Mr, Ralon Stefin, Associate Oirecier

for Systems Integration and Reguiatiens
Sffice cf Civilian Ragicactive waste Management
J.S. Zeparzment of Zmergy, AW=33
wasningssn, 2.C. 23845

Jear Mr, Stein:

In my letter to you dated November 24, 1989, I informed you that the NRC staff
had founa the study plan “Evaluating the Location and Recency of Faulting Near
Prospective Surface Facilities” (Study Plan 8.3.1.17.4.2) acceptable for
further review, and 1n acdition, that the NRC staff's Start-wWork Review of that
study plan had identified no ocjections with the activities proposed. [ also
indicated that the NRC had decided toc oroceed with a Detafled Technical Review
sf tnat szudy plan. The purpose of this letter 1s to tramsmit tne results of
<ne NRC s:aff's Cetdiled Tecnnical Review,

“we NRC s:aff has =wo general csncerns -eiative 29 the study plan. The first
‘g %mat whe cnaricserization carameters and reiated catia reguirements that form
<ne Casis ‘or snme fault investigat:icns ‘n this siudy are questionaple and have
not deen suffictently justifiea in either the Site Characterizatien Plan (SCP)
or ‘n this stuay plan. These parameters ang data requirements are the subject
of severai comments in the NRC staff Site Characterization Analysis (SCA) of
the SCP (Znclosure 1 contains the pertinent comments). This study plan was
reviewea specificaliy for whether tne increased level of detatl availadle in
the stuSy pian satisfactorily acaressea the SCA comments. The staff concluced
that tnose SCA comments were not accressea in the stugy plan. Mence the staff
‘s concerned as $9 wnether the study plan will obtain appropriate cata for

‘icensing, ana specifically, for siting surface facilities important to safety
’ |
(Fi7S).

The staff's secona general concern {s that even 1f the parameters and data
requirements can be justified, the approach laid cut 1n this study plan may not
obtain the infermation for siting FITS that 1t is {ntended to obtain. In
reaching this conclusion, the staff viewed this study in concert with related
studies proposed in the SCP. The cverall siting goal fn the SCP for surface
facilities 1s to place them in an area where there 1s no evidence of
substantial Quaternary faulting. This study, even when viewed in the context
of related studies, coes not appear to assure that all Quaternary faults in
Midway Valley with potential impact on FITS are to be sought and avestigated.
Enclosure 2 contains the staff's comments relating to this general concern
with the study plan. .

The cetailed technical review comments on this study plan (Enclesure 2) will
be tracxea Dy the NRC staff as open items similar to SCA ocbjections, comments,
and questions. NRC recommends timely resclution of these comments and s
srepared %0 interact with COE uoon QOE's request to work toward resclutien.

ENCLOSURE | -

-
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-f you nave any cuestisns csncernitg tnis ‘atter sr <ne encissures, slease
ssnzact sing Scadblein (F7S 492-0486) <f wy szarf.

Sircereiy,
\\
A ) :
. [} ’
,//'—//v—-—c o
\‘%phn J. Linehan, Directer
epository Licensing and Quality
Assurance Project Directorate
Ofvision of High=Level Waste Management

Saclosures: As stated

-cux, Scate =¥ Nevaca

. ogersz. CE/NV

. Srazayrss, Sye csunty, \V

. Saugrman, .:=2%in Jsunty, NV
Secmzei, C-tarx lzunty, NV

neigei, 3A0
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3.TE CHARACTERIZATIIN ANALYSIS (S32A) COMMENTS
APPLICABLE L =€ 3TYDY “LAN FOR

SVALUAT.NG =€ _-CAT.oN AND RECENCY OF

£ ROSFECT.VE SLRFACE FACIL.V.ES (8.3.1.'7.¢4.2)

SAULTING N

STA COMMENT g

The use of fault slip rates to determine the levei of hazard pesea to
repository facilities by faults coes net appear to be a conservative approach

and may resulit in overly cptimistic predictions about the effects of faulting
on system performance.

BASIS

i) The concern expressed by tnis comment reiterates and expands on CISCP
scament 7.

2) in tme -esponse 22 (CSCP csmment 37, the DOE ‘naicates tnat she “soals
estapiisneq for perfsrmance measures crccerly aistinguish between faults within
ing sytsice the wiste empiacement area, wake inte account far aresent
.ncertainties in siip rates ang appear t3 Oe readily acnievacle."

3) The NRC staff cces not censicer that the aporoacn for gcistinguishing
similarty ortentea faults ia tne geciogic setting Cased on their location is a
-easonadly conservative approicn because *= appedrs to overloock alternative
mogels of faulting hat could chysically Tink faults with nigher apparent slip
rates with fayles with lower apparent slip rates.

4) Seczicn 8.3.1.8 (p. 8.3.1.8-27) indicates that since faults in <he area of
the repository have "very low slip rates" theam 1t can be gemenstrated that
offset of S cm in 1,000 years is a very low probability. Therefere, 5 cm was
Zetermineg as a viiue at wnicn cispiacement becomes significant over a 1,000
yedr period.

$) Slip rates average offset along faults over a series of events and appear to
obscure the episcdicity of fault events and relatively high offsets that could
be expected in single event. For example, the last major episode of movement
(Holocene in age) on one strand of the Windy Wash fault zone (slip rate

estimated to be .001S5mm/yr, p. 1-133) had approximately 10 cm of vertical
offset.

6) The use of slfp-rates is likely to obscure the uncertainty in the total
offset on a fault cue strike-siip motion.

7) The statement made in 8.3.1.8 (p. 8.3.1.8+27) shat faylts in the area have
“very low slip rates” suggests tnat fault cnaracteristics have been pre=judged
prior to the cemoletion of site characterization. However, 3he SCP
acknowieages that tne lateral component on most faults in the area has not been
assessed.



’

SECOMMENDATIONS
-emonstrate that she use of siic rates for cetermining nazara does not provide

sverly cotimistic creaictions c? <ne effects ¢f fauiting on repository
serfermance.

csnsicer aiterrative methoas (e.g., ~aximum event cffset) or a camoinatton of
wetncds (e.g., maximum event cffset ana slip rates) to assess tne level of
~azare = ne surface facilities anc 25 posea by fauiting.
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T2A CIMMENT 29

-

“ayits acpedr %2 Se ccnsidered 2s singie strangs of ~arrow width. an approach
imat mly ungerestimate tne effecss of “auiting cn <ne resuits of siannea tests
ing sn wne cerrormance cf repositsry ‘facilities.

SASIS

2) Table 8.3...8-2b ‘azizates mat wne current estimate of <ne wiath cf
cudternary “ault scnes 11 ang near <ne site is < S m.

2) Chapter 1 (p. 1-332) indicates that "Breccia zones in the Ghost Dance fault
are as wide as 20 m." Cross-section A-A' of Scott and Bonk (1984), indicates
that the breccia zone associated with the Solitario Canyon fault zone, the
Windy Wash fault zone, and the Bow Ridge fault zone are all significantly
greater than & m,

3) Table 8.3.1.8-2b indicates that the characterization parameter for

-avestizating fayits 'n tne resository 1s cnaracseristics of faults with > 10 m
<f offset. Incivicudai fauit strancs within a fault cone may not exmidit > i0m
=¥ 2¥€set cut tne c.tuiative offset aiong fauits in a fault zone may ze greater

-

w=an .. M.

2) Table 8.3.1.17-3b ingiciates that tne cyrrent estimate for “sotentially
significant faults” within 5 km of facilities important to safety (FiTS) fs
‘aur. This estimate appears 20 overiocok mogels involving fault imorication in
«~nicn major fauit zcnes mignt csntain more than one "potentially significant
‘auit."

2) Cne mocel resyit:ng f=cm seismic stuaies in Midway Valley (Neal, .386) couid
suggest tnat n tre vicinity ¢f the location of %he surface facilities, she
cainsorusn Canyon fauit Ione could represent 2 zone of impricate fauiting
extenging from the east side of Exile mill to the main trace of the Paintdbrush
canyon fauit.

RECCMMENDATION

The aoprcach to characterization of faults in the victnity of repository
facilities should consider alternative models of faulting in which faults are
not indepencent entities but may be parts of larger fault zenes.

REFERENCES

Neal, J.T., 1986, Preliminary validation of geology at site for repository
surface facilities, Yucca Mountain, Nevada: Sanafa Natiocnal Laboratcries,
Sanc8S-381%, 27 p.
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Scott, R.8., anag Bonk, ., 1384, Freiimirary zeclegic map of Yucea Mountain Nye
-sunty, “Yevaga. w1in geoiogic secsiaas: ..S. leoisgicai Survey Csen=Sile
Secort, 34-494, ::aie (:12,200.




LGA CIMMENT €1

Seoonysical survey pragrams as indicated ia tne SCP may net Se sufficient to
‘gentify ana characterize potnh ne qeep crustal ana smallow geolegic ‘eatures
ang tneir "~terreiaticnsnip,

2AS1S

) In response to (OSCP comment 49, i new activity of integration was added
in section 8.3.1.4.1.2. Since the sudject of the COSCP comment 49 was the
insufficiency of geophysical coverage to characterize the Yucca site and the

geologic setting, & response that only addresses integration of geophysical
activities is not sufficient.

2) A single long refraction line as noted in Figure 8.3.1.4.6 1s generally
inconclusive and/cr no definition of an anomalous trend is possible. With a
single 1ine of fnvestigation as planned, there fs a significantly increased
srcpapility wnat amoiguous cata ang/or incorrect interpretations will oceur.

I) Mest of tme crocosed geocnysical activities suen as shown in Figure 8.3.1.4.7
sersmic ~eflecticn) ana Figure 8.3.1.4.8 (gravity and magnetic) i=aicate coverage
tm3t ‘s isoiated ang nSt STossed or tied 9 otner lines.

IECCMMENDATICNS

.) Pcvide 2 geoonysical investigation program plan that is comprenensive,
‘ntegratea ang sufficient 29 identify ana uncerstand the interrelationsnips of
the geep crustal struciure ana smallow geologic structural features, ana to
assure tnat no significant structural features have gone uncetected.

2) Zansicer including a gricded program of expiorateory surveys ind measurements
tnat wouid ailow for cross-iine correiations and more complete spatial
cefinition of anomaiies at zhe site ana specifically at the locations of the
expioratery snafes.
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SCA COMMENT £0

The NRC staff does not consicer nat tne Sasis ana rivionaie for <ne gesign and
serformance carameters, cNaradcterilation carameters, anG godis groposed in the
3CP for fauis dispiacement, in carzizuiar far fiyuit investigations for
fac1lisies ‘mporzan: 9 safety (~:7S), have oeen justified. The staff ig
isrcerned s tnese vaiues aopear =S te uysed 20 iimit the expisration grogram
srior %3 raving sufficient cata <5 evaluate tne site.

BASIS

1) The concern expressed by this comment is part of tht‘concorn expressed in
COSCP Comment 50. This comment specifically 1s in reference to the requested
Justification of the design, performance, and characterization parameters.

2) In the response to COSCP comment S0 and in the tables the OOE gives the
“sliowing cesign anc cerformance carameters:

“abie 8.2.1..7-32 gives cesign ana serformance parameters relateg to :
surface facilities ang creciosure Tauit cispiacement as “total srepapility
s exceeaing 3 <m fauit cispiacement at locations proposea for FITS, with

a goai of less nan 1 cnance = .20 of exceeaing 5 cm aispiscement bDeneath
surface FITS ia iC0 years."

“able 8.3.1..7-3b gives characserization parameters as “the

‘centification ang cnaracierization of potential Quaternary faults within
5 km of FITS," "Icentification ana cnaracterization of faults within 100 m
of FITS that have apparent Quaternary slip rates greater than .001 mm/yr
ar =nat measurioly offset materials less tnan 100,000 years old," ang
"sstimate of tstal prodaoilizy far greater than S cm displacement beneath

Fils, considering known ana gossidle conceaied faults and tectonic
interrelationsnips among local faults."

3) The NRC coes not consider that COE has presented a justifiable basis for 2he
use of 100,000 years as a base age to cetermine {f the offset 1s 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
(1.e., once in 35,000 years or more than once 1n 00,000 years).

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

€) The NRC also does not consider that the probabilfty cut off values on the
sarameters and geals wnich are being ysed to limit the investtgaticn, sucn as 1
cnance in i00 in 100 years, have been justified. The NRC staff does not agree
with the attempted justification presentea in the response te COSCP comment SO
decause: :
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“he use of tne crepapility cut oFF “3s not teen acceptea far use

in cetermining 3ne items on <ne Q-List (see Comment 126), ana

The work of Refzer and Jackson (1983) was not intencea as

suicince for making a ifcensing cecision, Sut ratner t3 evaluate the
~eiative safety of existing piants., .n agdition, the authors tnemselves
tite tmat rno zreat conficence can te piacea on the aDsoiute :
crocapilities. )

6) The SCP discusses “potentially significant faults," however, the NRC staff
1s unsure as to what is meant by this term. It appears that DOE {ntends this
to be related to the above prodability values, age of movement 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 fauits 15 known, the interrelationship of the site parameters to the design
parameters has been established, and the potential effect of the various faylts
sn meeting tne varicus performance cbjectives has been determinea, the staff
z2nnot cetermine wnat “auits are significant (see aiso Comment 64).

T) The 327 states on cage 8.3.1.17-27 that procapilistic methods will =e ysed
‘3r evaicating the aceauacy cf deterministic final resuits; however, =ne
suestion of wnat irvestigations will e ccnaucteu appears to Se cantrsiled by a
sriori prooapilist:s assumptions. <or example, the response to COSCP comment
20 states tnhat the =atal procapility of fauiting will be assessea prior to
trencning. The NRC staff {s unsure now COE intenas to assign precavpility
values reiatea to various features crior tc completing the site
characterization pragram. f the cnaracterization program 1s overly limited by
a priori cropability assumptions, the NRC staff {s unsure how a sufficient
snaerstancing of tne site cnaracteristics will ever be odbtatned.

3) while the NRC s:aff recognizes that “goals" are not “criteria," when goals
are set wnicn do nct aopear to be justified, or wnich appear to unwisely limit
tne necessary investigations, the NRC staff does not see a raticnaie for the
investigation which can be supported.

RECOMMENDATION

DOE needs tc strengthen its 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 include a discussion of the interrelationship of the characterization
parameters, performance and design parameters, and goals with the cesign i
criterid and the performance objectives of 10 CFR Pare 60.

REFERENCES
Reiter, L., and Jacksen, R.E., 2983, Seismic Hazard Review for the Systematic

Evaluation Program = A Use of Protapility in Decision Making: NUREG-0967, U.S.
Nuclear Regulatory Commission,




" . ~/

J.S. Cepariment Y Zaergy, Letter f=cm 5. Rousso, -JE, 3 H. Themoson. or.,

NRC; Supjec:: lssuance cf <ne Site Characerizatica Plan (SCP) for tme Yuces
Yountain fite €3 me u.3. Nuciear Reguiatsry Commission, Cecemper 28, .388,
dop. Sius I encissures, inciuaing “Responses =3 NRC Point Fapers cn Site

characzer-zatisn ©lans{snsuitatizsn Crafe.”
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gCA CSMMENT €2

“he iaformation presented for ine pragram of ‘nvestigations far stugy of
‘aylting at the surfice facilities coes not ailow zne NRC staff ¢35 cetermine
“ew (CE ‘s crososing <3 use stancoff <istances in cesigning ne crogram of
fnavestigatisns ang ‘1 performing <ne resuitant cesign ang anaiysis.

SASIS

1) The concern expressed by this comment is a continuaticn of the concern
expressed {n COSCP Comment S0 regarding standoff distance from faults.

2) The SCP states on page 8.3.1.17-96 “"Note that the 100 meter distance s not
intended to represent an appropriate standoff distance for FITS from faults
that have 2 potential for displacement. Should the faulting fnvestigations
identify a fault within 100 meters of the proposed FITS locations, the
approoriate stanacff cistance anc/or mitigative engineering measures will be
issessea."

3) T=e ARC szaff ‘s .nsure wnat JCE ‘s prososing for appropriate stana off
cistances. “he statement in nme 3CP seems 3 suggest cnat the DOE zansiders
‘ess tman 130m as an aocpropriate stancoff cistance far faults whnich rave a
cotentiai faor gispiacement. The NRC nas seen no justification for such a
sesizion.

$) The CIE -esponse 3 CISC? comment 30 states chat trenches will iikeiy be
excavatea teyona 100 meters past FiTS, but goes not state that trencnes will be
excavatea cast 100 meters. The NRC, :herefore, is not sure wnat is the extent
of <rencning wnich is Diannea, ana now fauits greater <nan 130 meters ‘rom FITS
will Se 'nvestigated or evaiudtea.

3) 13 7R Pare €0.122(a) requires that COE cemonstrate, among others, that:

(1) potentially adverse ccnaiticns have been adeguately investigated,

incluaing the extent to wnicn tne condition may be present ang still be
undetected;

(11) potentially adverse conditions be adequately evaluated using analyses
wnich are-not 1ikely to underestimate its effect; and

(111) the condition will not significantly affect the ability of the site
tc meet the perfermance objectives, can be compensated for, or can be
remeaied.

6) while .0 CFR 60.122 is directed at postclosure cancerns, the information
usea in ne evaluation of FITS will be used to nelo evaluate the postclosure
zaragitions, ind tne pasic principles laid out within 10 CFR 60.122(a) will
aoply 20 2il phases cf the liceasing process. The program laid cut for
evaiuation_of fauiting near or at Fi7S appears to be ignoring these principles.




SEIIMMENCATIC

“2e ICE neeas ts cemonsIrate nas:
{¢) <re crog-2n of ‘avestizatisas fir ‘auiting at or rear SITS Wil
acecuazeiy eva:udte ail “3yits ~nicn nave a cotential of ~ovement, ana/or
(ii) <mat 2he evaiuatian :f ~~e effeces of ‘auit!ng,':axing ints accaunt
tne cegree cf resoluticn cf <ne investigation, will not uncerestimate tne
effects, ana
(111) the effect of faulting will not compromise the ability of the FITS
to meet the performince objectives

REFZRENCE

Seal, Cames 7., .
Ssrfice Faciiiste
SANCES-TELE.

L3368, Seelimimary Jaiication of Geology at site “sr epository
$. ‘L3323 MIumtain Nevaca: dangia Natiomai _iporaizries,

[ )
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3ZA COMMENT 23

-~e
-

“he information Sresentea fSr <ne crogram of investigations for stugy of
‘auiting at wne surface factiizies cces nct aopear 33 nive integrateg
sre-existing information ang makes assumSticns atout ore=existing inforwavion
ing ¢ngsing “avestizaticas wnich sme MRC sannot evaluate cecause tne NRC has
~9t seen :ng fackgrsund infoematicn,

3ASIS

1) The concern exprassed by this comment 1s a4 coantinuation of the concern
raised by the response to COSCP Comment S50.

2) SCP Section 8.3.1.17.4.2 suggests that possible locations for trenching will
5S¢ based on air photo interpretation, geclecgic mapping and posstble use of
geopnysical investigations. Geologic masping and geodhysical investigations
~ave Ceen cioncucstea in ne ared of wne crososed surface facility and suggest
<ne cresence of ~any ciosely sodcea ncrmal fauits and a high cegree cf
‘raceiring ‘a tne suosurface (Neai, 1386). The NRC staff {s unsure as 23 how
wnis informaticn ras and/or wiil Te usea o oian acaitional trencning, mapcping,
ing gsecstystisal ‘rvestigatizns in tme areg of wne surface facilities. Neal
(1586) acoears s -zent1y many areas wnicn have questionaple geologic
sTruciure; "t iver, inere appedr I te no gresent plans o investigate these
areas.

3) This worx is Ceirg Cianned 9 Te usead ‘n licensing; however, she NRC staff
ig unsure as tg how much of the creexisting information is plannea to de
suaiifiea, zan ce cualifieq uncer tne Quaiity Assurance program, or the
sotentiai effect ¢n screcules ¥ some of zne piannea information cannot be
suaiifiea (see aiso cemment 125). Much of the work which forms the basis far
=any of <ne assumptions within tRis section has been ongoing and is considered
sy OCE o ce substantially cemoiete. Sor example, mapping of trencnes on the
2ow Ridge fault system fs consideres to ce 50X camplete (SCP page
3.3.1.17-150), a Quaternary-fault map nas been pudblished and maoping of
surfical geologic gepcsits is considerea to be 25% complete (SCP page
8.3.1.17-1586). 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
tnvestigations, the DOE needs to complete at least the planning step of
‘ntegraticn of the .-te program. This should include not enly a separate
integration cf drilling, or a separate integration of gecphysics, but a
comolete integraticn of the plannea program of investigations. This
{ntegration snould show how ongoing activities and pre-existing information has
seen incorsorated fnto the program, and shouid demonstrate wnat assumptions are
ceing made on the cualification of pre-existing data.

Ld Ve &
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“he tentative ccSal, :cesign carameter, ana expected value relating faulting
{e.g., "ségnificant Juaternary fauit") ang cerformance ailocatien for System
Ilement 1...7 are nct sufficient for agequately craracterizing the razard posed

sy fiyiting.
Sasis:

1) The concern expressea Dy this comment is part of the concern expressed by
COSCP Comment 62.

2) The response ta COSCP comment 62 revises the performance measure and
elininates the term “potentially active fault.® However, a new term,
“significant Quaternary fault,” is introduced. The definition of the tera
"significant Quaternary fault" implies that only faults with demonstrable
Quaternary offset represent a hazard tc the repository in the preclosure and
wnat 2ne magnituce of offset along faults that may contain a significant
=amponent sf laterti movement (1.e., strike=siip) can be accurately cetermined.
cde 23 <~e cotential for large uncerzainties associated with DoOth of these
assumosisns, use of shis serm “significant Cuaternary fault" coes not acpear to
se "egscnadiy csaservative appreacnh o accress preclosure tectsnics ‘ssues.

3) The cesign parameter ingicates that “significant Quaternary faults" will be
isentified ana characierized; however, ne NRC staff continues to be concerned
(Ccmment 3%) that she site characterization program {s inagequate to
caaraczerize potentially aaverse concitions in the southern part of the
repesicsry alock.

$) The exgected vaiue for "significant Cuaternary faults" indicates that none
are expecsed to be found. This value aces not consider glternative mocels for
fauiting in tne geologic setting or the implication from Figs. 8.4.2-4 and
2.3.1.4-10 that an imporicate fauit zone may occur in the waste emplacement
area.

RECOMMENDATIONS

Consideration shouid 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

shat congitions and processes encountered are representative of conaitions and
srocesses througnout the site ana that potentially adverse conaitions will be

agequateiy investigated.
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. SSTAIUED TSCENICAL SEVISW CIMMENTS DN TSE $TUZY SLAN B2 AL ATING

LT FE__TTATION AND RECENCY IF SAULT.NG NEAR SROSPELTIVE
SURFACE =3CTLi-.ss (3.3.1.17.2.2)

Lomment

TRe cojective ang ssise of mYS sTLSy Sian may fet 22i1cC1Se with sme
sverdii s°iing gsai “sr FITS refereeq s °n e 8C

ve sl

sasis:

<) The SC? suggests tmat tne cverail siting goal for FITS is tnat “Surface FITS
will be sitea wnere tnere is no evicence of suostantial Quaternary faviting*
(p. 8.3.1.17-61).

2) The study plan indicates that "a considerable effort will be placed on

identifying an ares for the waste-handling buildings where no Quaternary faults
have cccurreg* (p. 22).

3) The chjective of wnis stuty zian is 3 identify areas where "'ate Cuaternary
f3gits” are apsent (2. i),

2) It ascears f-sm c-e statemens <Used 220ve, SRat the Droader cancern in
szating @ suitacle stte for FIT ‘5 13 tzentify areas tnat S3 not cIntain any
seatertary ‘auits. e icent:ifizaticn of areas wnere “'ate Cuazercary faults”
ire apsent may nOT Iiingile with tne cverail siting goal.

deccamencacicon:

L) The cojeczive ant ssspe of the stucy slanm need t3 coincide with
tne cveraii siting z2ai for surface facilities so tnat che cata recessary ‘or

Tizensinrg w#iill e 3307 ected.




LA 4

$ ==% dJ0drent "cw ne cianneQ activities meet wnme statec ouracse of 2he

sasis:

2) The ssugy plan :ngicates tnat =nis study will “evaluate the lecation and
recency of faulting near prospective surface facilfties in Micway valley* (p.
1). .
2) On p. 8, the plan indicates that the study will document the existence of
"any faults within ana ddjacent ¢ the candidate ares proposed for the
waste-nangling builaings."

1) 2a 2. 22, wne gian irgicates *mat tne dared of the study plan was crhosen so
t2a% & sreiiminary assessment oF tme structyral ang stratigrapnic
ssaracsertsicics of <me surfistil <eposits ang uncerlying Segrock ‘n any
s3nzicate dreas can Se sampietesl (emonasts dsced).

) 2a 2. 32, sme plian scases hat, Y...a ssnsiceraple effsrs will e slaced eon
‘zenti®ying an area for :ne waste-~ancling ouilaings wnere ne Quaternary faults
“ave cizurres.”

2) Sao2: i3, sme plan fnzicates nat tnis study will be more getaileg zhan
semitar ssucies (assumea 5 be =eferwsmg %2 study 8.3.1.17.4.6) anc may ve
.seful “i» creating mcceis for Tuaternary faults at Yucsa Mountain.

“owever,

3) “ee afstrace 23 one study piam states Mat, "The odjective of cnis study s
trizsiy 29 gather geoiogic cata “=om Midway Valley ana to icentify areas wnere
tate Cuaternary fauits are adsent.” This statement implies that areas that may
contain Quaternary faults, but not late Quaternary faults, are umimportant to
fulfi1ling 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 acsent or, if present ..." suggesting that
fault evaluation studies are to be sited in areas where faults are Delieved teo
be absent and hence will not Be used to characterize faults in Micway Valley.

8) Tme empnasis of che stucy will Se on cetermining the existence of cnly these
f3ults 2nat are consicered “significant late Quaternary faules* (p. 3). Neo
aians are outlineg in tnis study far acdressing faults that may be Quaternary
in age ana de noe sffset seaiments younger than 100,000 years.

§) The study plan ‘ndicates (p. ) under the “Objectives" that "If late
cuaternary faults are founa, they will Be cnaracterized” implying that only
f3uiss cnat are jucgea to be<d'late CQuaternary” faults will be characterized.
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23) Cnc. 22, sme 2lan irgicates
‘dent1fyirs an area ... wnere rd Cu
znargcsert:ng areas 0 Midway vl
secsngary "=Iorsance v this stus

LA 1 ] .

at, 'i csnsiceradie effort wiii e piaced on
aterrary “auits nave octurrea” ‘mpiying that
ey :nit may csnzan Quaternary ‘auiss is of

lecemmengation:

.) Reconc:'e tne i‘mite@ scope and cojectives of activities in his ssuay plan

with the much broager purpose of the stuay.




SoMMENT 3

Savits trenging approximately NS receive the major consideration 1n the study
slan. +owever, otner possible fault crientations such as east-west

_irenaing strike=slip faults may be present in Midway Valley.

2asis:

1) Althcugh the general trend of most faults fdentified in the vicinity {s
approximately north-south (Section 1.4, p. 13), some of the apparent structura}
offsets and truncations of such northesouth trending features may be the result
of strike=slip faults (SCP Section 1.3.2.2.2).

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

3) Fauit segmentation is an important factor in evaluating the seismic hazard
(Senwartz ana Coppersmith, 198€).

Recommengation:

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

seference:

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

The geocpnysical sregram aiscussed in the study plan for evaluating tne location
ana recency of €auizing in Midway Valley may need clarification. without
knowing wnat reliance is placeg on geoonysical metheds to evaluate iocation and
~ecency of fauiting, she adequacy of sucn methods/tests caanot be

cetermineqg.

Bastis:

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 1s not clear which of
these geophysical tecnniques will be considered in the fnavestigation and 1f any
will be utilized.

2) Uncer the descriztion of Activities 1 and 2 on p. 36 and 41, it is mentioned
wnat geoonysical surveys will Se csnaucted, but no mentfon 1s mage in figure
iI-1 wnicn of these surveys will te carried out other than remote sensing, and
at wnich stage in me aczivity nis will Se performed.

3) Results of previous gecpnysical investigations have nct been aiscussed.

Jecsmmengation:

1) Provide a more cieariy cefirea geocponysical program for adequate
characserization of she location ang recency of faulting at the site, with the
iocations ang resoiuvzions of eacn survey,




12

Zamment &

“he stuaies cutiinea in caple 1-4 may rot sSravide tne soectrum of information
“ecessary O make ;.cgements about cesign recuirements of FITS.

Jasis:

1) Table 1-4 (p. 2) lists the stuaies that will provide information for site
characterization of Midway Valley. Omitted from table l=4 and possibly froa
consideration of faulting at Midway Valley are the results of Study
8.3.1.17.4.4 on Northeastetrending 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,

Récemmendation:

.) Consider incorporating the resuylts of other activities into the sice
snaracterization effsrt of Midway Valley.

2l of 26
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smment S
igw activities cuti‘~ea in this stuay pian <interface with Activity
1..7.4.6.2 may eea clarification. "he cescri:otions seem to indicate
mer cupiication cr 2nat thne Midway Valley study is a subset of stugy plan
.1.27.4.6.2.

gasis:

1) Activity 8.3.1.17.4.6.2 proposes to “Determine, through trenching and
mapping, the lecation, spatial ortentation, length, ... of... suspected or
possitle Quaternary faults within the site ares.”

2) Activity 8.3.1.17.4.2.2 procoses to “evaluate the location and recency of
‘ayiting near srospective surface ficilities in Midway Valley."

3) The ssugy plan is unclear on wnich study will {nvestigate the possible
sresence of ‘auits with significant eariy Quaternary movement in Micway Valley
~ear <ne site cf =ne surface facilities. :

secsmmencation:

1) The stucy plan srouid illustrate the relationship between Activities
8,3,1..7.4.2.2 ana 28.3.1.17.4.6.2 so as to cemonstrate that Quaternary faults,
if tmey exist in Micway Valley in tne vicinity of FITS, will be acequately
znaricierized.
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<CMMENT 7

The study plan statement that focal mecnanism solutions for recent
nicroearthguakes in the vicinity of Yucca Mountain indicate strike-slip motien
on faults srenaing aoproximately N-S (page 13) tends to downplay the
sossibility that there could be strike=siip moticn on faults trending
ipproximately east-west as well.

Basis:

1) Focal mechanism solutions such as those {1lustrated in SCP Figure 1-61
fdentify two autually perpendicular planes, one of which is presumed to be the
fault plane where the earthquake dislocation occurred; the sscond plane,
sometimes called the auxilfary plane, divides space into regions of either
compressional or dilatational infttal sefsmic wave motion.

2) Most of the focal mechanism solutions t1lustrated in SCP Figure 1-61 are
less than magnitude 2.0 with the largest being only magnitude 2.6; tnese
nicroeartnouakes invoive very small dislocation areas with raait of 1 few tens
%0 & iittle more than one nunareQ meters at most. :

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

Recemmengations:

1) Until there exists evidence sufficient to suoport 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 overleok the possibility that eastewest trending
faults may exist 1a Midway Valley. Thus N-§ trenches and/er geophysical
surveys should be considered for {nclusion {n the study plan.




<smment 8

The stuay 2lan's treatment of tectonic characteristics of the Yucca Mountain
region may result in an overly cotimistic projection of faulting in the area.

Sasis:

1) The study plan states that, "Yucca Mountatn is located within & zone of
northerly trending, high-angle normal faults...® However, tha Yucca Mountata
region also contains numerous northeast, northwest, and possibly nort

strike=slip faults some of which may have Quaternary offset (e.g., Stagecosch
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 crientaticn and a similar amount of offset Tertiary units
and fault width as the Bow Ridge fault suggesting the presence of a major
block=-pbounding fauit beneath Midway Valley. Neal and Carr (1987) indicate the
Midway Valley fauit nas several hundred meters of displacement. The

implications of having a fauit of nis magnitude under Midway Valley. are not
aiscussed.

Recommendation:

1) The study plan smould consider the structural complexity of the Yucca

Mountain region to assure that investigations will tend not %o uncerestimate
the effects of fauiting on FITS.

References:

Neal, J.T., and Carr, W.J., 1987, Characterization of geolegic 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 Mountatin Nye
County, Nevada, with geologic sections: U.S. Geologfcal Survey Open=File
Report, 84-494, Scale 1:12,000.
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Lamment 9

Recent reports inaicated that the confidence placea 1n radicmetric age
geterminations far sroviding evicence of the age of the most recent fauit
novement may need reevaluation.

Basis:

1) The study plan provides a detatled description of the use of yranium=tresd
and uranium~series techniques in dating movements on faults in the Midway *
Valley area, stating that the uranium-series method 1s "a widely accepted
technique with @ well-defined theoretical basis® and that the uranium~tresnd
method 1s "very effective in the types of matarials expected to be found in
Midway Valley.* ‘

2) Use of these dating techniaues led Swadley and others (1984) to conclude
tnat the age of movement on the wWinQy Wash fault was between 40 Ka ana 1.2 Ma.
whitney and others (1986) have ademonstrated that the ages for faulting used by
Swadley and others (1984) are incorrect and have presented evidence suggesting
dolocene movement on the Windy wasn fault. Holocene movement on the Windy Wash
fault is supported by recent stitements by Los Alamos i{nvestigators whe have
{ndicated that the voicanic ash in the Windy Wash fault 1s 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 yranium-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
shousands of years. However, Resholt and others (198S5) report that
uranium=-trend ages for unit Q2c range from 270 + SO Ka to 444 + 60 Ka and
indfcate that these ages are consistent with other age determirations. Rosholt
and others (19858) also report that younger gravels in unit Q2c contain reworked
cinders from the Big Oune basait center ({.e., Lathrop Wells cone) which have
KeAr 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 substantfally
younger than 300 Ka and casting doubt on the assumed age of unit Q2¢c and the
uranium=trend ages. Therefore, the rock dating techniques may have
substantially greater 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 resclve faulting cencerns.

—
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References:
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