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CNWRA INPUT TO A PRE-LICENSING EVALUATION REPORT
FOR REVIEW PLAN NO. 3.2.1.10
POTENTIALLY ADVERSE CONDITION:
EVIDENCE OF EXTREME EROSION
3.0

REVIEW PROCEDURES AND ACCEPTANCE CRITERIA

3.1

Acceptance Review

The Nuclear Regulatory Commission (NRC) has identified 11 open items during its review and evaluation
of documents submitted by the U.S. Department of Energy (DOE) (1988a and 1993) on the subject of
extreme erosion. These include two comments from the Site Characterization Analysis (SCA) (NRC,
1989) and nine comments (NRC, 1994) on the Topical Report on Evaluation of the Potentially Adverse
Condition - Evidence of Extreme Erosion During the Quaternary Period at Yucca Mountain Nevada
(TR) (DOE, 1993). The status of these open items is shown in Table 1 and is based upon the staff's
(i) review of responses to NRC's comments on the TR (DOE, 1995a), (ii) independent observations and
impressions of the ongoing extreme erosion-related activities, and (iii) independent review and evaluation
of relevant documents not sponsored by DOE. A summary of the staff's evaluation of each of the 11 open
items is presented below with additional details shown in Table 1.
SCA Comment 42 addresses the lack of a discussion of the rate of escarpment retreat particularly on the
west facing slopes of Yucca Mountain (YM) in Solitario Canyon. In its TR, DOE (1993) does not directly
discuss retreat of the western escarpment of YM. It is the staff's understanding that DOE is conducting
a cosmogenic isotope age-dating study which includes escarpment retreat rate data, and the results of this
age-dating study are not expected until early 1996.
The staff considers the results of this age dating will resolve its concerns on this issue. Therefore, this
comment is considered provisionally resolved pending staff receipt and evaluation of DOE '0 Beryllium
data indicating escarpment erosion rates comparable to those of DOE (1993 and 1995a) and others (Liu
and Dorn, in press) as shown on Table 2.
SCA Comment 43 addresses the rationale for numerical goals specified in Tables 8.3.1.17-3a, 8.3.1.174a and b, and 8.3.1.17-7 of the Site Characterization Plan (SCP) (DOE, 1988). The rationale is poorly
supported and the use of averaged values or rates for establishing acceptable limits for fault movement,
rates of volcanism, and rates of erosion does not provide for conservative assessment of potential hazards.
In its review and evaluation (NRC, 1995a) of the DOE response to NRC SCA Comment 43, the staff
resolved the erosion-related aspect of this SCA comment. Staff review of the TR (DOE, 1993) resulted
in the identification of other open items that better reflect the staff concerns expressed in SCA Comment
43.
TR Comment 1 DOE should present evidence of evaluating occurrences of substantial changes in
landforms over relatively short intervals of time ratherthan relying primarily on long-term denudation
rates as surrogatesfor evidence of extreme erosion.
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NRC requested (NRC, 1994) consideration of the full range of credible events and processes related to
extreme erosion during the Quaternary Period in the YM area.
NRC has evaluated the available literature pertinent to extreme erosion at YM and has concluded that
significant information developed by DOE and others since submittal of the TR (DOE, 1993) supports
the finding that evidence of extreme erosion during the Quaternary Period is absent at YM. New
supporting information including maps, reports, and journal articles must be qualified to utilize the data
in a licensing decision. Table 3, developed by the NRC, summarizes the information which should be

qualified by DOE to demonstrate support of the DOE "absence of evidence of extreme erosion" thesis.
This comment is considered provisionally resolved pending the qualification (and acceptance by the NRC)
of the data included in the documents cited in Table 3 and elsewhere as required for licensing purposes.
TR Comment 4 Reliance on the varnish cation ratio (VCR) age-datingmethod alone to establish age of
geomorphicprocesses and surfaces is inadequate.
DOE (1993, p. 39) maintains that even if rock-varnish ages are incorrect by two orders-of-magnitude,
erosion rates are insufficient to negatively impact repository performance. That may be correct. However,
the salient question in this comment is whether or not the VCR dating technique is generally accepted as
an appropriate method for use in licensing. Based on its review of the current literature, the staff
considers that dates using the VCR technique are not generally accepted in the geochronologic
community. For example, Noller et al. (1995) indicate that neither the VCR nor the U-trend dating
techniques are acceptable as Quaternary geochronologic methods. Since the geologic community does not
currently support either the VCR or the U-trend dating methods as recognized, acceptable Quaternary
chronometers, the NRC considers neither technique acceptable for licensing purposes.
The staff concludes that the VCR dating technique remains controversial and can not serve as the sole
geochronological basis for demonstrating the age of the boulder deposits found at YM and elsewhere in
the site vicinity. The staff concludes that the VCR technique, should only be used to corroborate data
from additional dating technique(s) widely accepted by the geologic community,
The staff considers that data and methods other than VCR age-dating exist and are being applied by DOE
and others that will provide sufficient information to support judgements about the presence or absence
of extreme erosion. Therefore, the staff considers the issue of using an unacceptable technique to be moot
and considers the comment resolved.
TR Comment 5 Application of uranium-trendand K-Ar dates to establish the ages of stable geomorphic
surfaces is uncertain.
As noted in TR Comment 4, the NRC staff concludes, that both the VCR and the U-trend techniques
(and, by association, the attendant VCR calibration curve), are unacceptable for licensing purposes.
The staff considers that data and methods exist that will provide sufficient information to support
judgments about the presence or absence of extreme erosion. Therefore, the staff considers the issue of
using an unacceptable technique to be moot and considers the comment resolved.
TR Comment 6 No geomorphic, or alternatively, no surficial deposits map of Yucca Mountain and
adjacent areas has been prepared.
3
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DOE (1995d) has provided a recently-compiled surficial deposits map encompassing most of YM and
environs to the east including Midway Valley, Yucca Wash, and a portion of Fortymile Wash. Although
DOE has complied with the NRC request for a surficial deposits map, the data presented on the map, and
that described in the letter report accompanying an earlier version of the map (DOE, 1995c), can not,
as indicated by DOE (1995d) on the map, be used for licensing purposes because the data provided on
the map have not received complete technical and quality reviews. The staff considers this comment
provisionally resolved pending confirmation (and NRC verification) that the appropriate technical and
quality checks have been completed.
TR Comment 7 A technical basisfor the Fortymile Wash maximum incision scenario is not provided in
the Topical Report (DOE, 1993).
In response to NRC Comment 7 on the TR (DOE, 1993), the maximum incision scenario contained in
the TR has been rescinded as "no longer credible" (DOE, 1995a, p. 2-86). The bases for DOE
considering this scenario "no longer credible" is mapping in Fortymile Wash (Lundstrom and Warren,
1994) and Midway Valley (DOE, 1995c). These documents, according to DOE (1995a, p. 2-84), indicate
the presence of two alluvial units which preclude the catastrophic down-cutting hypothesized in the
maximum incision scenario.
The staff is confident that the assessment of the Fortymile Wash incision scenarios (DOE, 1993,
Figure 13), based upon the above two cited references, can be demonstrated. However, the NRC staff,
in its evaluation of the response to this TR comment (NRC, 1994), has been unable to confirm that the
appropriate data, with discussion necessary to either support the minimum incision scenario or to refute
the maximum incision scenario (DOE, 1993, Figure 13) are available. As indicated in the staff evaluation
of the response to TR Comment 6 (DOE, 1995d), the technical and quality checks necessary to permit
the data presented in supporting documents to be used for licensing purposes have not yet been
accomplished by DOE.
The staff considers this TR comment provisionally resolved pending confirmation (and NRC's
verification) that the appropriate technical and quality checks, as indicated above, have been completed.
TR Comment 8 Insufficient evidence has been presented in the Topical Report (DOE, 1993) regarding
the extent of the QuaternaryPeriod.
14
Recently, preliminary results of cosmogenic Carbon dating on both Solitario Canyon and Windy Wash
faults have indicated that there has been no detectable erosion of the fault scarps during the past 20k yr
(NRC, 1995b, p. 9). Additionally, supplemental data on Quaternary geology in the YM area has been
included in studies indicating that erosion in the area may have been proceeding at the same (low) rate
for the last 170 ka (DOE, 1995a, p. 2-98 and 2-99).

The staff considers this TR comment provisionally resolved pending submittal (followed by NRC's review
and evaluation) of data derived from age dating investigations in progress by DOE at various locations
include those related to
within the YM area. As currently understood by the staff, these investigations
4
10
the following methods: the cosmogenic isotopes Beryllium and 1 Carbon, isotope U-series, and
radiogenic luminescence. The staff recognizes that age-dating investigations using techniques not identified
above may be forthcoming.
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TR Comment 9 DOE has notfollowed up or resolved recommendations made in the Peer Review Report
on Rock Varnish Studies Within the Yucca Mountain Project (Birkeland, Oberlander, and Hawley, 1989)
The DOE (1995a) response to this comment has not resolved the issue of whether a technically
questionable age-dating method (VCR) can be "qualified" as acceptable for licensing purposes. However,
based upon the staff position, as indicated previously (see TR Comments 4 and 5) that it does not accept
the VCR method as appropriate for licensing purposes, the subject of this comment, the qualification of
a questionable technical age-dating method (VCR), is moot. Therefore, the staff considers this comment
resolved.
3.2

Compliance Reviews

3.2.1

Safety Review of 10 CFR 60.21(c)(1)(ii)(A),(B),(F)

3.2.1.1

Introduction

as they Relate to 10 CFR 60.122(c)(16)

10 CFR 60.122(c)(16) requires the DOE to investigate and evaluate the PAC - Evidence of Extreme
Erosion During the Quaternary Period and to demonstrate its presence or absence. The rule directs DOE
to consider the PACs if the conditions are characteristic of the controlled area or may affect isolation
within the controlled area. DOE is required to demonstrate that the PAC has been adequately investigated
including the extent to which the PAC might be present and still undetected. Additionally, DOE is to
demonstrate that it evaluated the PAC using appropriate analyses and that, given the evaluation and
investigation, the PAC will not affect significantly the ability of the geologic repository to isolate wastes,
is compensated for by the presence of some combination of the favorable conditions, or can be remedied.
DOE has chosen to demonstrate that the PAC is absent.
The staff has defined "extreme erosion" as "the occurrence of substantial changes in landforms (as a
result of erosion) over relatively short intervals of time" (Nuclear Regulatory Commission, 1983, p. 382).
To evaluate the presence or absence of extreme erosion, DOE has presented (i) a TR entitled "Evaluation
of the Potentially Adverse Condition 'Evidence of Extreme Erosion During the Quaternary Period' at
Yucca Mountain, Nevada." (DOE, 1993); (ii) a response to NRC comments on the TR (DOE, 1995a);
and (iii) a discussion of erosion in the Technical Basis Report on Surface Characteristics, Preclosure
Hydrology, and Erosion (DOE, 1995b). Several different lines of reasoning to suggest that the PAC
"Evidence of extreme erosion during the Quaternary Period" is not present in the area have been
presented by DOE.
In its TR (DOE, 1993), the following topics are addressed: (i) evaluation of degradation rates around the
world; (ii) YM erosion rates; (iii) physical environment at YM; (iv) geologic and climatic setting of YM;
(v) Quaternary tectonic activity; (vi) distribution of Quaternary Deposits around YM; (vii) Quaternary
climate changes in the southern Great Basin and at YM; (viii) hillslope processes and climate response
in the YM region; (ix) dating methodology including cation-ratio dating of YM hillslope deposits, criteria
for selection of a dating methodology, calibration of the cation-ratio dating technique, sampling method,
sample preparation, sample analysis, calculation of uncertainties for cation-ratios, age estimates of
varnished boulder deposits, and preservation of colluvial boulder deposits on YM area hillslopes;
(x) erosion rate estimates including long-term hillslope erosion rates on Yucca Mountain, Skull Mountain,
Little Skull Mountain, and on Buckboard Mesa, and Comparison of YM erosion rates with other semiarid
environments; (xi) evolution of Fortymile Wash including stream incision rates on Fortymile Wash;
(xii) downcutting above the YM surface; and (xiii) summary of YM erosion rates.
5
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3.2.1.2 Summary of Staff Review
3.2.1.2.1 General Conclusions
Based on (i) a review of the information provided by DOE; (ii) independent review of various non-DOE
supported reports and documents in the technical literature; and (iii) direct observations at the YM site,
the staff concludes that there is no known evidence in the vicinity of YM demonstrating that extreme
erosion has existed during the Quaternary Period. Notwithstanding the above, DOE has relied primarily
on a single line of evidence - Varnish Cation Ratio (VCR) age dating of stable boulder deposits - to
demonstrate that extreme erosion is not present. DOE has not yet provided sufficient information and
analyses to permit the staff to finalize its conclusion that the extreme erosion PAC is absent. The staff
concludes that this dating technique (VCR) is not currently accepted by the geologic community and,
thus, can not serve as the sole geochronological basis for demonstrating the age of the boulder deposits
found at YM and elsewhere in the site vicinity. It follows that the VCR technique is not considered
sufficient to be used as the sole determinant for age-dating purposes for other site characterization efforts
(e.g., tectonic, volcanologic, and cliniatologic). A key element forming the basis of the staff overall
conclusion is the challenges to the DOE-established rates of erosion (Peterson et al., 1995 and Liu and
Dorn, in press) which suggest erosion rates more than 10 times in excess of the DOE rates. An analysis
of bedrock erosion rates at YM suggest that erosion comparable to rates during the Quaternary Period
will not appreciably affect the burial depth of the waste canisters during the regulatory period of interest.
(See Table 2)
3.2.1.2.2 Specific Conclusions and Open Items
Based on a review of the information provided, the staff has reached the following specific conclusions
related to the analysis of extreme erosion:
(1)

Even though there may be a very low probability that waste will be exhumed as a result
of vertical erosion or scarp retreat, DOE has not adequately addressed the locations and
rates of all erosion processes which might engender extreme erosion at the site or in the
geologic setting.

(2)

Data presented by DOE alone is not sufficient to demonstrate compliance.

(3)

The VCR age-dating technique is not an acceptable technique to the geochronological
community.

(4)

Undocumented data have been cited as sources of information.

(5)

DOE results, when coupled with the work of others, have demonstrated the absence of
the PAC.

3.2.1.2.2.1 Need to Address Other Erosion Processes
Current plans for the proposed high-level waste repository at YM, Nevada call for waste to be emplaced
at depths approximately 300 m below the crest of YM. Given the likely rates of erosion in the area as
described by DOE and calculated from the work of others (Table 2), the likelihood that canisters of waste
would be exhumed as a result of extreme erosion during the period of regulatory interest is small.
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However, this does not rule out the possibility of erosion acting to decrease the length of pathways for
release of radionuclides to the accessible environment by deepening valleys or enhancing scarp retreat
in critical areas. The evaluation of the concern of the effect of possible future erosion is addressed in
Review Plan 6.1 Assessment of Compliance with the Requirements for Cumulative Release of Radioactive
Materials.
3.2.1.2.2.2 Data is Not Defensible
The staff concludes that the aggregate of data formally presented, thus far, by DOE is incomplete.
Because DOE did not provide a complete and thorough discussion of erosion in the YM vicinity during
the Quaternary Period, the staff has evaluated extreme erosion by independently augmenting the material
provided by DOE with the work of others.
3.2.1.2.2.3 VCR Age-Dating Not An Acceptable Technique
The staff concludes that the discussion of the absence of extreme erosion during the Quaternary Period
should not use VCR dating methodology, as described by DOE (1993) and Whitney and Harrington
(1993), as the prime determinant of age of boulder deposits. The use of VCR age-dating technique to
establish the absence of extreme erosion from 170 kbp to 1.4 Mybp by dating stable boulder deposits is
questionable. DOE is currently collecting cosmogenic isotope age-dates to substantiate VCR dates and
has indicated (DOE, 1995a) that it will provide this confirmatory information to NRC. However, VCR
age-dating remains an unproven Quaternary age-dating methodology. Interestingly, recent studies by Dorn
and Krinsley (1994), Liu and Dorn (in press) and Peterson et al. (1995) have brought forth VCR agedates on the boulder deposits, also age-dated by DOE, which are an order of magnitude less, in some
cases, than the DOE (1993) dates.
The possibility that the VCR ages are incorrect by as much as a factor of ten (Peterson et al., 1995 and
Liu and Dorn, in press) may mean that the boulder deposits span a less significant part of the Quaternary
Period than DOE has indicated.
Assuming that the results of various ongoing age-dating efforts are acceptable to the staff and that all
information provided (or referenced) are evaluated and have been qualified by DOE, both
programmatically and technically, the staff concludes that extreme erosion during the accessible portion
(that part of the Quaternary Period for which documented rocks or sediments comprising the geologic
record are available in the YM vicinity) of the Quaternary Period has been addressed. DOE has now
documented some studies encompassing the Holocene to 170 ka in the past. In addition, information
contained in the work of others has supplemented DOE technical data to increase staff confidence that
the accessible portion of the Quaternary Period has been evaluated.
It should be noted that the data from which the VCR age-dates were obtained for the YM vicinity boulder
deposits did not accompany the TR (DOE, 1993). The primary reference (Harrington and Whitney, 1987)
also did not contain the data. Similar lack of basic data was evident in the Technical Basis Report (DOE,
1995b). For NRC to review the License Application (LA) appropriately, any data used in a statistical
evaluation or technical demonstration should be included in the LA or other reasonably accessible
documentation.
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3.2.1.2.2.4 Use of Personal Communications
DOE (1993) has referenced some data which rely on personal communication (e.g., U-trend dates of
Rosholt). Additionally, DOE (1995a) presents erosion rates which are not documented (e.g., erosion rate
calculated for Midway Valley). The staff reiterates that personal communications or undocumented data
are not acceptable sources of information in an LA.
3.2.1.3

Field Exploration for Evidence of Extreme Erosion

DOE (1993) relies on field exploration of stabilized boulder deposits in the YM area to establish average
erosion rates. Similarly, the discussion of the Fortymile Wash and its sediments relies on significant field
mapping accomplished by Lundstrom et al. (in press). The work of others including Liu and Dorn (in
press), Peterson et al. (1995), Spaulding (1995), and Morrison (1995) relies on field sampling, mapping,
and interpretation for conclusions. Field exploration and mapping is the singlemost critical element of the
demonstration of the absence of extreme erosion in the YM area and at YM itself.
3.2.1.3.1

Field Mapping

DOE (1995a) discusses a large quantity of field mapping including topographic and surficial geology
maps of the region. These maps were published primarily by the United States Geologic Survey (USGS)
and are cited by DOE in their publications. In accordance with procedures suggested in the Compliance
Determination Method (CDM), NRC staff reviewed (i) the areal extent of geologic mapping; (ii) the scale
of mapping; (iii) the location and identification of landforms or features; (iv) alternative interpretations
of the acquired data as provided; and (v) uncertainties in data acquisition, accuracy of location, data
representativeness, data reduction, age-dating, identification of strata and lithologies, stratigraphic
relationships, and analytical methods.
Although, there is no complete geomorphic map of the region, significant portions of the region (eg.
Crater Flat, portions of Fortymile Wash, and Busted Butte) have been investigated and their surficial
geology has been mapped (Lundstrom et al., various, in press). Maps and reports on local surficial
geology (such as Lundstrom et al., various in press; Peterson et al., 1995; and others) can be collated
into such a geomorphic map of the controlled area. Of particular interest to NRC is the extent and
location of hillslope boulder deposits, colluvial mantle, and valley-fill alluvium, along with the extent of
rock outcropping in the controlled area.
Maps produced by DOE are of appropriate scale for geomorphic evaluations (1:12000 and 1:24000, for
example). However, maps provided to NRC by DOE should be of a scale sufficient to allow the sampled
sites on boulder deposits, for example, to be located by NRC field staff. Such maps, while not included
in DOE (1993) are available from the individual researchers.
NRC concludes that a geomorphic map of YM and nearby areas could be compiled and provided in the
LA, based on currently available information. However, extant mapping accomplished by DOE
contractors; done primarily for tectonic, volcanologic, and hydrologic projects (e.g., Lundstrom et al.,
various in press) allows for routine evaluation of the landforms in the study area. The staff believes that
these maps, when coupled with a pertinent discussion of the effectiveness of erosional processes during
the Quaternary Period, suffice in lieu of a single geomorphic map. Each of these surficial deposits maps
should be a part of the project record and each will be tracked by NRC as a Confirmatory Item.
8
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3.2.1.3.2 Geophysical Testing

Based on information provided, geophysical techniques have not been ekoyed in the acquisition of data
used in DOE studies of extreme erosion. The staff agrees that geophvsizL information acquired by an
erosion study is not required to demonstrate compliance and, thus. - P information discussed in
Section 3.2.1.1 of CDM 3.1. 1.10 related to Geophysical Testing was not rev ewed. (DOE has used some
data collected in tectonics, volcanism, and other studies, and this daa wi_ be reviewed for technical
accuracy in those program reviews.)
3.2.1.3.3 Drill Core and Borehole Logging
Based on information provided, DOE has not employed drilling anv Associated techniques in its
acquisition of data used in studies of extreme erosion. The staff ares -at drill core and borehole
information collected specifically for the erosion evaluation is not recinre to demonstrate compliance
and, thus, the information discussed in Section 3.2.1.1 of CDM 3.1. :' related to Drill Core and
Borehole Logging was not reviewed.
3.2.1.3.4 Other Exploration Programs
Based on information provided, DOE has not employed any other emxiocrazn techniques in acquisition
of data used in studies of extreme erosion. The staff agrees that other ex=ioration programs are not
required to demonstrate compliance and, thus, the information discussec
Section 3.2.1.1 of CDM
3.1.1.10 related to Other Exploration Programs was not reviewed.
It is possible that DOE may cite trenching work in its determination of erosion rates in Midway Valley,
for example. In that case, NRC concludes that a description of the ianion of the cited trench, a
description of the techniques for collection of the field data. a aiscssion of the field-sample
documentation and analyses, and a discussion of the statistical analyses andi data used to characterize the
collected information should be provided. If trench information is use. h NRC would consider the
above-described information as a Confirmatory Item.
3.2.1.4

Laboratory Testing to Support Evaluation of Erosion

Laboratory testing was conducted in the development of the (i) VCR a£e-cz:. (ii) erosional/depositional
surface age-dates in the Fortymile Wash and its tributaries, and (iii -snogenic dating intended to
support the VCR age-dates which is ongoing and is expected to be finishd in 1996.
3.2.1.4.1 VCR Measurements
NRC staff has stated that the VCR technique is not acceptable as the so': age-determinant for licensing.
This discussion evaluates the methodology of the technique rather than tne acDtability of the technique's
application to determine age-dates. Generally, DOE has acceptably doznented the VCR sampling
procedure. The method used to select highly varnished boulders for laborawrrv analyses, while providing
a subjective sample, is understandable, and following the described proceue should result in comparable
boulders being picked for analysis by analysts other than the authors. NRC staff expressed concern,
however, that the selection of what appear to be the oldest, most stab e boulders does not support a
thorough evaluation of erosion on a hillslope but, rather, concentrates c-: Ae apparently stable areas of
such a surface.
9
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Relative to the VCR technique, the staff reviewed information regarding (i) approaches used in sampling
various pieces of evidence; (ii) procedures used in the subsequent analyses; (iii) resolution capabilities
(vi) the
of the methods used; (iv) calibration curve documentation; (v) documentation of all analyses;
analyses,
the
in
uncertainties
of
reporting
technical bases for culling or rejection of test results; (vii)
including instrument, analytical, sampling, data reduction, and data representativeness; and
(viii) alternative interpretations of the acquired data.
For
The following subsections discuss some of the staff concerns with the VCR age-dating technique.
(1994).
NRC
and
more information see Center for Nuclear Waste Regulatory Analyses (CNWRA) (1994)
3.2.1.4.1.1 Substrate Inclusions May Interfere with VCR Measurements
The Scanning Electron Microscopy (SEM) procedure described by Harrington and Whitney (1987) has
been reevaluated by various researchers since 1987, and some researchers have suggested that the
inclusion of substrate chemistry affects the measured VCRs (Reneau et al., 1991). The researchers (DOE,
1993, p. 28) maintain that their analytical procedures eliminate the possibility that inclusions of substrate
is
in the varnish may result in VCR variations. Although penetration of the total varnish thickness
recognized by a sharp decrease in Mn concentration (e.g., Harrington and Whitney, 1987), no criteria
are presented on how substrate inclusions could be recognized during the SEM analyses.
3.2.1.4.1.2 Thickness of Varnish Sampled is Not Known
of
Conflicting information on the thickness of varnish which is analyzed in the SEM techniques
the
represent
to
thought
were
Harrington and Whitney (1987) has been provided. Although the VCR data
analysis of a significant thickness of the varnish, apparently these data are now thought to represent
analysis of only the upper surface of the varnish as supported by Harrington and Whitney (1987,
p. 967-969), Birkeland et al. (1989), Reneau et al. (1991), Whitney and Harrington (1993), DOE (1993),
and DOE (1995a, p. 61, 66, 104).
X-ray maps of elemental distributions in varnish given in Reneau et al. (1991) show that significant lateral
heterogeneities exist in K and Mn concentrations which represent small topographic highs on the irregular
ignimbrite substrate. Reneau et al. (1991) clearly show that heterogeneities in varnish thickness could
produce gradual increases in the amount of substrate analyzed.
3.2.1.4.1.3 Principles by which VCR Technique Works Are Not Well Understood
DOE has stated that:
The chemical composition of the upper surface of old varnishes is different from that of young
varnishes. Further, the cation contents of the layers must be different at the time the layers are
formed and are not results of changes that occur after deposition. (DOE, 1995a, p. 104)
formation
Conventional wisdom suggests that the uppermost varnish layer should reflect the latest varnish
at the
occurred
have
should
event (i.e., detrital grain accretion and authigenic mineral formation), which
certain
on
same time throughout the region of study. The presumption that varnish would accrete only
"younger" areas and not on "older" areas in the geographic region is not supported by logic or available
data. Further explanations regarding analytical conditions resulting in a presumed decrease in VCR with
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increasing age should be provided. NRC staff concludes that there is great uncertainty in the VCR
technique acquired age-dates.
3.2.1.4.1.4 VCR Calibration Point Age Dates Are Not Well Established
The staff concludes that the ages assigned to the VCR calibration points (DOE, 1993 and Whitney and
Harrington, 1993) are not technically defensible. Three of the five calibration points are dated using
uranium-trend methods. It has been noted that the dating method was experimental and the accuracy of
the absolute ages derived by this method is not known (Swadley et al., 1984, p. 6).
3.2.1.4.2 Use of Cosmogenic Isotopes to Estimate Rates of Erosion
Based on a review of work by Bierman (1994), Bierman et al. (1995), Harrington and Whitney (1993),
and Dorn and Krinsley (1994), NRC staff concludes that appropriately applied cosmogenic age-dating is
a viable means to establish the geologic age of certain structure and features.
To corroborate the antiquity of the boulder deposits, NRC staff suggests that DOE continue a cosmogenic
age-dating research effort (currently planned for completion in 1996). To date, a description of the
sampling plan, sampling methodology, sample treatment, laboratory analysis, and evaluation criteria for
the ongoing study of the exposure age of certain outcrops and boulders in the YM vicinity using Be10 and
Al37 cosmogenic isotopes has not been provided. Additional information to document adequacy and
acceptability of the data (including inherent uncertainties) should be made available and is considered as
a Confirmatory Item by the staff.
3.2.1.5

Conceptual Modeling to Explain Erosion

It has been proposed that temperatures in the YM vicinity were less cool in the late Quaternary glacial
and interglacial periods than in the early and middle Quaternary Period, based on the conceptual model
of the formation of the stable boulder deposits presented in DOE (1993) and Whitney and Harrington,
(1993). NRC staff reviewed the work by Peterson et al. (1995) which disagrees with the DOE (1993)
conclusion that alluvial inactivity characterized the late Wisconsin at YM. Peterson et al. (1995) conclude
... much of the pre-existing Crater Flat alluvial landscape was covered by deposits originating
in the drainages on the west flank of YM, suggesting that debris- and flood-flow processes were
quite active during full and late glacial time.
Other researchers do not propose the same overall warming and lack of pluvial/fluvial activity in the late
Quaternary that is suggested (e.g., Peterson et al., 1995). However, the appropriate explanation of
why/how the boulder deposits came into being is not critical to their age determination or to how much
erosion has occurred adjacent to them in the intervening timeframe. Barring additional definitive
information, NRC staff considers that the glacial periods during the Quaternary were similar and that the
maximum southern extent of Pleistocene glaciation, which occurred during the Wisconsin period in late
Quaternary time, was probably marked by temperatures as cool as other glacial maxima, even in southern
Nevada.
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3.2.1.6

Computer Modeling to Evaluate Extreme Erosion

Based on information provided, computer modeling to support the discussion of evidence of extreme
erosion was not performed. Thus, the information discussed in Section 3.2.1.4 of CDM 3.2.1.10 related
to computer modeling was not reviewed.
3.2.1.7 Characterization of Evidence of Extreme Erosion
In accordance with procedures suggested in the CDM, NRC staff reviewed various subject areas related
to characterization of extreme erosion. These areas included: (i) length of time represented by the
investigations (past 2.0 million yr is desirable); (ii) areal extent of the investigations and characterization
of erosive processes and events; (iii) scale of the investigations; (iv) alternative methods of age-dating,
laboratory, and evaluatory techniques used to provide a conservative estimate of the nature, rate, and
extent of erosive processes and events during the Quaternary Period; (v) verification of discussions of
processes and events as substantiated in the literature or by field studies; (vi) uncertainties in the data
collection, sampling, representativeness, analyses (including instrument analytical), and evaluation. NRC
also reviewed discussions of: (i) short-term (c. 10,000 yr and less) and long-term erosion rates (up to
length of Quaternary Period) on hillslopes and in valleys; (ii) aggradational and degradational history of
Fortymile Wash and its tributaries; (iii) backwasting or scarp-retreat potential, particularly on west facing
slopes on the Solitario Canyon side of YM; (iv) evidence of surface stability including soil catenas,
sediment properties, effect of paleoclimate, significance of appropriately age-dated boulder stripes, or
other surface features; (v) effects of local and regional base level change on the nature of erosion in the
YM vicinity; (vi) effects of climate change on the nature of erosion during the Quaternary Period;
(vii) effects of erosional events and processes which have initiated significant erosion within the geologic
setting during the Quaternary Period and which could occur in the repository's future in YM; and
(viii) complementary evidence for the extent and magnitude of erosion during the Quaternary Period
within the geologic setting and at YM. Discussion of each characterization topic is found in the following
sections.
3.2.1.7.1 Length of the Quaternary Period
The Quaternary Period has been defined by staff to have a length of about 2.0 million yr (NRC, 1983).
The Quaternary Period is defined in the TR (DOE, 1993) at 1.68 million yr. In the TR, stable boulder
deposits as old as 1.4 million yr and as young as 170 ka at YM and in the immediate area (DOE, 1993)
have been age-dated. Other researchers disagree with these assigned ages as being too old by a factor of
10 or more (Dorn and Krinsley, 1994; Peterson et al., 1995). A preliminary report on the cosmogenic
nuclide age-dating of Buckboard Mesa boulder deposits concludes that the originally proposed ages of
1.4 million yr may be too old by a factor of more than 2 (Gosse et al., 1995). NRC staff concludes that
an appropriate evaluation of Quaternary Period erosion in the study area has been accomplished in the
aggregate of work by DOE and others. The geologic evidence that is age-dated does not span the entire
Quaternary, however, the studies of DOE and others include an appropriate sampling of the accessible
portion of the Quaternary Period. Some information contained in this PER is presented to augment the
DOE age-dates and dependent erosion rates.
3.2.1.7.2

Areal Extent of DOE Investigations

The staff suggests that regional geomorphology in addition to site geomorphology should be covered in
a complete discussion of the area. The regulatory requirement is concerned with evidence of extreme
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erosion both at YM and in the geologic setting during the Quaternary Period. The requirement is for the
applicant to demonstrate with reasonable assurance that little erosion is likely to occur at the site based
on the record of past erosion in the vicinity. If no extreme erosion has occurred in the regional geologic
setting then there is very little chance of erosion affecting the repository during the regulatory time
period. DOE has provided relatively little discussion of erosion in a regional context. A discussion of
regional geomorphology includes aggradation, degradation, weathering, and processes which shape
landforms in the southern Basin and Range physiographic province. The Amargosa River and its
tributaries, Crater Flat and its source areas, the ultimate local base level of Death Valley, aeolian features
such as sand ramps at Busted Butte, unique landforms such as Lathrop Wells volcano, and the boulder
deposits (stripes) on slopes at YM are among the items to be discussed. If any periods of catastrophic or
extreme erosion have occurred and are identified in the region, they too should be discussed [e.g. the
significant erosion associated with the breaching of Tecopa Valley at Glacial Lake Tecopa during Late
Quaternary (Morrison, 1995)]. The aforementioned items are discussed in the literature and it is this
information which, when combined with the work of DOE, adequately demonstrates the absence of
certain erosion at YM during the Quaternary Period.
3.2.1.7.3

Scale of DOE Investigations

In the TR (DOE, 1993), a short discussion of the geologic and climatic setting of YM was provided.
Three landform types comprising the local uplands are described including ridge crests, valley bottoms,
and intervening hillslopes. DOE reports that small cliffs are identified, particularly on the west sides of
ridges. Colluvium covers many of the lower hillslopes, commingled with alluvial deposits in many
locations. "Particularly along the flanks of Busted Butte and Fran Ridge, these lower slopes are deeply
buried beneath wedge-shaped ramps of reworked eolian sand" (DOE, 1988, p. 1-26).
In Crater Flat and Jackass Flats, DOE (1993) described the open basins as floored almost entirely by
gentle piedmont slopes comprised of dissected to undissected late Quaternary surfaces. DOE (1993, p. 29)
points out that
... the preservation of relatively large volumes of early and middle Quaternary deposits on and
around YM is evidence that both weathering and erosional processes have not been as effective,
and climates have not been as extreme, during the late Quaternary as they were during the early
and middle Quaternary.
DOE (1993, p. 29) further concludes that
The distribution of these ancient hillslope deposits and large volumes of middle Quaternary
alluvium in Crater Flat, Midway Valley, and Jackass Flats, implies that significantly less debris
has been weathered and transported during the late Quaternary.
This interpretation has since been challenged by Peterson et al. (1995) wherein the authors conclude that
much of the preexisting Crater Flat alluvial landscape was covered by deposits originating on the west
flank of YM, suggesting that debris- and flood-flow processes were quite active during full and late
glacial time. The differences in interpretation and chronology of deposition affect the determination of
erosion rates in the region. The use of Peterson et al. (1995) information to bound erosion rate
calculations would provide a measure of conservativism by causing calculated rates of erosion to be
greater than rates calculated using VCR-determined ages for the boulder deposits.
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DOE has concentrated most of its efforts on investigating Fortymile Wash and on the stable boulder
deposits on YM and elsewhere to the exclusion of adequately investigating fluvial and other geomorphic
processes operating throughout the geologic setting. Others, such as Peterson et al. (1995) have examined
areas such as Crater Flat, outside the controlled area, and have cited no examples of extreme erosion.
Morrison (1995) discusses the extensive erosion associated with the breaching of the glacial Lake Tecopa
Valley (dam) approximately 50 km south of YM about 155 ky ago. NRC staff believes that such
significant erosion due to a glacial lake draining will not occur in the regulatory period for a potential
repository at YM and need not be considered further.
Although the arguments cited in the TR (DOE, 1993) concerning the presence, thickness, and the primary
period of erosion in canyons of various tuffs are not entirely convincing, NRC concludes that the
development of 3D structural and tectonic models of YM sediments will likely resolve the uncertainties
regarding the presence (or absence) of the tuff, the thicknesses of the units, and the timeframe within
which canyon downcutting took place.
Although the scale of work represented in the TR (DOE, 1993) did not adequately deal with the geologic
setting, the staff concludes that a reasonable and appropriate understanding of erosion in the geologic
setting can be demonstrated based on the aggregate of information, including expected DOE reports, and
completed and ongoing work of others.
3.2.1.7.4

Alternative Quaternary Age-Dating Methods

The VCR dating technique used by DOE (1993) to determine ages of stable boulder deposits has received
considerable attention since it was first proposed and developed by Dom (1983). Despite considerable
amount of work on the physical and chemical properties of desert varnish (Perry and Adams, 1978; Potter
and Rossman, 1977 and 1979; Krumbein and Jens, 1981; Dorn and Oberlander, 1982; Dorn, 1984 and
1989; Dorn and Krinsley, 1991; Krinsley et al., 1990), the exact reasons for apparent variations in the
ratio of potassium and calcium to titanium (K + Ca/Ti or KCT) are obscure. The staff evaluated lithologic
differences in varnish substrate, sampling and culling of VCR age-dating candidate boulders, and the
VCR accuracy test at Las Vegas Wash and concludes that several questions remain unanswered on the
use of VCR in age-dating.
NRC staff concludes that, based on review of the current literature, dates using the VCR technique have
questionable precisions and accuracies. The VCR dating technique is developmental and is not generally
accepted as valid. Noller et al. (1995) exclude VCR age-dating from its list and discussion of viable
Quaternary geochronologic methods. NRC staff note widespread contradictory information in the
geological literature regarding the use of VCR's to age-date Quaternary deposits.
Noller et al. (1995) have recently indicated that neither the VCR nor another dating technique (U-trend)
commonly cited by DOE in its extreme erosion-related documents is considered acceptable as a
Quaternary geochronologic method. The Noller paper, which will constitute a small part of a
comprehensive study of the "State-of-the-Science" in Quaternary geochronology, is being funded by the
NRC (Office of Nuclear Reactor Regulation) and, although now in draft form, has been largely
completed. The document is scheduled to be published as a report by the NRC in the NUREG series
during calendar year 1996. Additionally, the document will be submitted to GSA in the first half of 1996
for publication as a Special Paper. The NRC therefore can not accept VCR and U-trend techniques for
use in the licensing process since they are no longer supported by the geologic community. Elimination
of VCR age-determination and reliance on the results of other absolute dating tools suggest that the
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boulder deposits investigated by DOE in the YM area span a less significant part of the Quaternary Period
than indicated in either the TR (DOE, 1993) or in responses to the NRC TR comments (DOE, 1995a).
NRC staff conclude that information presented by late 1995 shows development of rock varnish provides
a useful qualitative estimate of exposure age (i.e. the thicker the varnish the older the age), but does not
support the use of rock varnish as a precise or accurate numerical geochronometer. Most of the
information needed by NRC staff to reach an acceptable finding regarding the extreme erosion PAC is
not contained in DOE (1993) which relies primarily on VCR age-dates to establish erosion rates.
However, NRC staff has focussed on newer and different absolute dating approaches and
geochronological data and has found support for the conclusion that the PAC, evidence of extreme
erosion during the Quaternary Period, is absent at YM.
3.2.1.7.4.1 Lithology Differences In Varnished Rocks
If the host rocks for the dated varnish deposits have similar lithologies (i.e., composition, mineralogy,
texture), then KCT ratios may vary uniformly with time for these deposits (Dom, 1983). However, if
different host lithologies are present, then different KCT ratios could be incorporated into the analyzed
varnish deposits. This observation is especially significant for the YM region because different host
lithologies are used in both calibration standards and dated samples (DOE, 1993). Two distinct lithologies
(basaltic lava and welded rhyolitic ignimbrite) are used by DOE (1993) to construct the cation-ratio
calibration curve for YM.
3.2.1.7.4.2 Sampling and Culling of Boulder Clasts for VCR Analyses
VCRs for each deposit in DOE (1993) are calculated by discarding an unspecified number of analyses,
averaging all VCRs obtained for each boulder in a deposit, then averaging all the boulder averages for
the deposit. NRC staff suggests this procedure obscures the true VCR variation that may occur within
a deposit, and likely results in incorrectly low estimates of uncertainty.
Based on DOE methods, each deposit should have at least 48 analytical sites. However, half of the
deposits have less than 48 reported analytical sites. Additionally, DOE (1993) states that
If the varnish chemistry from one clast is anomalous compared to that from the other clasts and
the majority of varnish clasts possess a consistent varnish chemistry... then the analyses from
the anomalous clast are disregarded during calculation of the cation ratio for that deposit.
Based on the number of analytical sites reported in Table 4 (DOE, 1993, p. 44), at least 1 sample (i.e.,
6-12 analyses) was discarded from every deposit. There is no justification presented for what constitutes
an "anomalous" sample. Simply discarding the highest VCR for a deposit (cf. Harrington and Whitney,
1987) will erroneously bias the mean toward lower VCRs, and thus older dates.
3.1.1.7.4.3 VCR Accuracy Test at Las Vegas Wash, Nevada
DOE (1993, p. 36) states that VCR dating accuracy was tested at Las Vegas Wash, Nevada, although in
the cited work (Whitney et al., 1988), staff could find no data to support that conclusion. In addition,
Whitney et al. (1988) state that "Dating the older alluvial surfaces and deposits is difficult because dense
calcium carbonate, volcanic ash, vertebrate fossils, and other datable materials are absent or rare."
(Emphasis added). This is the only mention of volcanic ash in Whitney et al. (1988).
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3.1.1.7.4.4 NRC Conclusion on the Applicability of VCR Age-Dating
It is suggested that even if rock-varnish ages are incorrect by two orders-of-magnitude (e.g., DOE, 1993,
p. 39), erosion rates are insufficient to negatively impact repository performance. That may be correct;
however, the salient question in the PER of Review Plan 3.2.1.10 is whether or not the VCR dating
technique is generally accepted as yielding precise and accurate age estimates which can be used to
determine erosion rates in licensing a potential high-level waste repository at YM. NRC staff concludes
that based on review of the current literature, dates using the VCR technique have questionable precisions
and absolute accuracy. NRC staff note the VCR dating technique is developmental and is not generally
accepted as valid. NRC staff also note that the abundant and, at times, contradictory information in the
geological literature invalidates the use of VCR's to age-date Quaternary deposits.
3.2.1.7.4.5 Calcium Carbonate Accumulation as an Indicator of Age
Uranium-trend dates on calcium carbonate in alluvium in Crater Flat and Fortymile Wash do not reflect
the age of deposition of these units, as stated in the text of the TR DOE, (1993, p. 36). These dates
represent the accumulation of 234 U-bearing authigenic phases (commonly calcite) and subsequent in situ
accumulation of 230 Th in these phases. These dates represent the age of formation of authigenic minerals,
not deposition of the unit. It is not clear how the age of authigenic carbonate is related to the formation
of the overlying clastic deposit, except that the carbonate date represents a minimum age determination
(e.g., Luo and Ku, 1991, Swadley et al., 1984).
3.2.1.7.4.6 Characterization Efforts Using Alternative Methods
e.g., [Cl 36, uranium
NRC commends DOE for attempting to include various techniques in age-dating
37
4
series, soil studies, VCR, geologic position (stratigraphy); and more recently C1 , Be'°, and Al ] in its
mix of methods utilized since producing the TR (DOE, 1993). These techniques have been used to
establish erosion rates from boulder deposits, depth of alluvial fill, geostratigraphy, and for studies at
Lathrop Wells volcano (DOE, 1993). DOE has investigated mass wasting, particularly at Jake Ridge.
Since submitting DOE (1993), these additional techniques have been used by DOE in order to make the
evaluation of erosion rates more conservative and robust.
3.2.1.7.5 Independent Support for Conceptual Models
In addition to defending its studies with "in house" support, DOE should find documented agreement for
its positions in the generally available scientific literature and explain its positions in response to the
challenges of others. For example, DOE (1995a) presented the following discussion relative to the
suggestion of Ostercamp and Toy (1994) that hillslope processes at YM operate as a gully gravure
process:
Finally, Osterkamp and Toy (1994) described rill formation in artificial exposures (road-cuts)
by the gully gravure process which is a small-scale hillslope process. Based on the descriptions
in Whitney and Harrington (1993), Osterkamp and Toy speculated about gully gravure as a
permissible process for the formation of the colluvial boulder deposits at YM. However, this
small-scale process is not analogous to the process of formation for the large-scale hillslope
colluvial boulder deposits at YM. The colluvial boulder deposits were formed in a colder
paleoclimate regime by freeze/thaw wedging of boulders that gradually accumulated into
16

0

0

hillslope channels (DOE, 1993, p. 30). Speculation about development of hillslope channels by
gully gravure processes is not supported by evidence contained in the geologic record, and the
requisite geologic conditions described by Osterkaru and Toy did not occur at YM.
3.2.1.7.6 Treatment of Data Uncertainties
3.2.1.7.6.1 Uranium-trend Dates
Based on the work of Noller et al. (1995), NRC will not accet uranium-trend age-dates as a part of the
LA. Uranium-trend age-dates are no longer considered viable by the scientific community, and, as such,
will not be accepted by NRC as a means to reduce uncertain in any licensing-related issue.
3.2.1.7.6.2 VCR Calibration Curve in DOE (1993)
NRC staff observe that the uncertainty in the VCR calibration antre cannot be accurately determined from
the data presented in the TR (DOE, 1993). The error bars in Figure 9 of DOE (1993) are 75 percent
smaller than in the source of the original data (Harringnw and Whitney, 1987). By calculating a
95 percent confidence interval, which is based on the standamn deviation of the data set for a KCT ratio
of 2.99±0.19 (DOE, 1993, sample YME-1), this apparent uncertainty in the calibration curve results in
a date uncertainty that increases from ±30 ka to +380 -260 ka (CNWRA, 1994).
Each of the five data points used in the calibration curve have an uncertainty associated with the measured
KCT ratio and the age of the deposit. This uncertainty must be incorporated into all date calculations.
3.2.1.7.6.3 New Age-Dates on Alluvial Depositional Surface in Fortymile Wash
Recent information reviewed by S. Lundstrom (DOE. 1995b) on a field excursion (August, 1995)
associated with the NAS review of the Technical Basis Report (DOE, 1995b) indicates that dates assigned
to a key depositional surface in Fortymile Wash may be incorrect by a factor of 3 or more, resulting in
a surface previously identified and mapped as a 270 kabp feature to be now identified as a 70 kabp
feature. This age-date change will affect stratigraphic analysis of the Fortymile Wash sediment and may
cause a change in some of the DOE explanations and caini.aions of apparent rates of erosion. The
uncertainty in any reported age-dates on erosional and demosmonal surfaces should be documented, and
opposing interpretations and age assignments should be no='. Furthermore, the means used to reduce
uncertainty and the resultant residual uncertainty should be reported.
3.2.1.7.7 Characterization of Erosion
3.2.1.7.7.1 Short-Term Versus Long-Term Erosion Rates
In its TR (DOE, 1993), DOE has presented information on iong-term erosion rates averaged throughout
the period of record, particularly at YM. NRC staff confir; that the calculation of long-term rates is
laudable and necessary, but the scant information provided on short-term rates is not an acceptable
demonstration of compliance with 10 CFR 60.122(c)(16). NRC staff suggests that it is the short-term
rates, which may operate significantly more rapidly than t.e long-term average, which should be
established and evaluated. Admittedly, the aggregate erosion in the long-term may present a cap-rate for
all cumulative erosion if conditions during the period of reguiatory interest remain about the same as the
conditions prevalent during the long-term period (i.e.. the m= of periods of more erosion and periods
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of less erosion remain about the same). However, the PAC is not concerned with long-term average rates.
The PAC is concerned with any short-term periods of greater than average erosion which can be used
to assess the robustness of the site during the period of regulatory interest. The repository is intended to
withstand the unlikely, but plausible extremes of any such erosion which has occurred within the geologic
setting during the Quaternary Period (see discussion under Section 3.2.1.7.7.8 Extreme Erosion in the
Region) which could conceivably occur at YM. A review of available literature from DOE and others
has convinced NRC staff that short-term erosion rates which might be considered sufficiently extreme to
affect repository performance are not evident in the geologic setting or at YM.
3.2.1.7.7.2 Aggradational and Degradational History of Fortymile Wash and Its Tributaries
NRC agrees that DOE has appropriately studied the Fortymile Wash and that its information, when
coupled with the work of others, demonstrates that erosion of the intensity necessary to affect repository
performance has not occurred within the Wash. DOE (1995a) states the following:
Fluvial activity since the middle Quaternary in Fortymile Wash and its principal tributaries has
been limited to aggradation and reintrenchment through its own alluvial fill.
DOE (1995a) analysis of the quantity of erosion within the Fortyrnile Wash channel, notes that an alluvial
unit within the Wash has been in place for roughly 3 million yr, which indicates the relative lack of
fluvial erosion in the channel (Lundstrom and Warren, 1994). In DOE (1995a) the entire drainage system
is described as '....slowly aggrading with sediment eroded during infrequent summer convective storms."

DOE (1993) notes that
Exposed upper Quaternary deposits are confined to small areas on hillslopes and are probably
buried below a thin veneer of Holocene alluvium in Fortymile Wash and its tributaries, as well
as the unnamed stream beds that cross Crater Flat.
DOE (1995a) states
In addition, the results of recent mapping in Fortymile Wash (Lundstrom and Warren, 1994)
and Midway Valley (DOE, 1995a) are being evaluated. This information indicates that this
ancient landscape has maintained a low rate of erosion and is geomorphically stable.
The likelihood that significant amounts of material have been eroded within Fortymile Wash in the late
Pleistocene is described in the following statement from DOE (1995a)
The presence of the pre-Quaternary alluvium indicates that wholesale stripping of alluvial units
has not occurred since before the pre-Quaternary unit identified in Lundstrom and Warren
(1994) was deposited. In addition, a soil horizon preserved in the 270 ka alluvium indicates that
erosion, sufficient to disrupt or remove the soil horizon, has not occurred within Fortymile
Wash since the onset of the soil development. The field evidence (Lundstrom and Warren,
1994) indicates that the mean rate of incision in Fortymile Wash for the last 2.8 million yr has
been 36 m/Ma or about 3.6 cm/ka.
The work of Spaulding (1995) investigates the occurrence of packrat middens which contain remains of
phreatophytic plants at a current elevation of about 95 m above the floor of northern Fortymile Wash.
The packrats are known to migrate only about 30 m from their dens when foraging which implies that
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phreatophytic plants were within 30 m elevation of the packrat midden. Phreatophytic plants have their
shallow roots in the water table further implying that sediments filled the valley to about the plus
65 meter level (relative to the current valley floor) at the time the packrats were foraging. Spaulding
(1995) has dated this packrat midden at about 100 kabp using C14 . If Spaulding is accurate, this would
translate to the removal of sediment in upper Fortymile Wash at a rate of about 6.5 m in 10,000 yr. (This
rate is in loose alluvial fill and would be expected to be at least an order of magnitude greater than a
comparable rate for a bedrock surface such as YM. Unfortunately, Spaulding (1995) does not tie the
removal of 65 m or so of alluvial fill with the corollary erosion or deposition which should occur in the
southern reaches of Fortymile Wash to accommodate the volume of material excised in the postulated
downcutting to the north. Neither is the requisite change in local base level to accommodate such erosion
explored.
The 270 ka alluvium of Fortymile Wash, mentioned above, was reported in the summer of 1995 to be
redated to circa 70 kabp. This younger age does not conflict with the Spaulding (1995) contention that
65 or so meters of alluvial fill was removed from upper Fortymile Wash valley about 100 kabp but it also
neither refutes nor supports Spaulding's thesis.
DOE (1995a) also states
About 15 km south of well J-13, near Highway 95, the channel of Fortymile Wash merges with
the general alluvial plain of the Amargosa Desert. No canyon or record of Quaternary
downcutting exist at this locality; thus, the lower reaches of Fortymile Wash appear to have
been primarily in a state of aggradation during the Quaternary Period.
DOE (1995a) also notes that
A realistic scenario for the initiation of channel incision along Fortymile Wash would include
at least a 3,000 to 5,000 yr time period necessary for the climate to change to conditions that
may induce channel incision. Within the context of the 10 ka performance period, the time
required to initiate climate change would limit incision time to 5,000 to 7,000 yr. This time
restriction would limit incision along the wash to no more than a few meters during the next
10,000 yr.
3.2.1.7.7.3 Back-Wasting or Scarp Retreat

NRC notes the relatively small amount of information on scarp retreat found in the TR (DOE, 1993). The
only mention of scarp retreat in DOE (1993) is the noting of a 6,000-8,000 cm/ka retreat rate for a scarp
on shale, sandstones, and siltstones underlain by salt (Gustavson and Simpkins, 1989). In its responses
to NRC comments on the Topical Report (DOE, 1995a), DOE noted that it
... has found no evidence of significant amounts of scarp retreat or other backwearing
processes. In fact, scarp retreat seems to be a low rate process at YM. The absence of
significant relief between channels on slopes indicates that a process of parallel slope retreat is
operative, but again the rate is slow. Evidence for the slow rate includes the preservation of
precariously balanced boulders near the crest of YM, and ridge crest outcrops and preserved
boulders featuring thick coats of varnish.
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These lines of evidence are presented as subjective proof without any written quantitative documentation.
To agree with the DOE results, NRC requires documented account of the low scarp retreat rates on YM.
Perhaps, the ongoing DOE work with cosmogenic isotope dating of rock outcrops on ridge crests and side
slopes may provide such information. A recent study by Liu and Dom (in press) suggest ages of bedrock
on YM cliff faces on the Solitario Canyon side of YM as no older than 27 ka and no younger than
10.5 ka which implies nominal degradation within a timeframe similar to that of the regulatory period
for the proposed repository.
3.2.1.7.7.4 Evidence of Surface Stability
NRC staff concludes that DOE and the work of others have demonstrated a relative stability to the YM
slopes for the accessible Quaternary Period. Even if the younger ages for boulder deposits suggested by
Peterson et al. (1995) and Liu and Dom (in press) are used to calculate erosion rates adjacent to boulder
deposits, the rates remain so low that repository performance would not be expected to be affected if such
rates prevailed in the next 10,000 yr (Table 2).
DOE (1995a) states
Hillslope boulder deposits are stable. At least part of the great stability of the boulder deposits
on the steep slopes is due to underlying carbonate layers which effectively cement the deposits
to the side of the mountain (Whitney and Harrington, 1993, p. 1,012). Carbonate layers, many
of which are generally acknowledged as requiring relatively long periods of time (possibly
hundreds of thousands of yr) to develop (Machette, 1985), occur beneath at least some boulder
deposits (for example on Little Skull Mountain).
The DOE (1993) supposition that the carbonate deposits are quite old (possibly hundreds of thousands
of yr) seems to be in contrast to thermoluminescence dating of interstitial carbonates in boulder deposits
reported in Whitney and Harrington (1993) in which dates ranged from 4,000 to 16,000 yr B.P.
Peterson et al. (1995) suggest that the late Quaternary and Holocene were times when materials were
moved off the YM slopes and repositioned in Crater Flat. The erosion was of weathered, loose material
which had accumulated for some considerable period of time, and did not completely affect the slopes
as some boulder deposits and other colluvial materials still blanket the Solitario Canyon side of YM.
J. Whitney (USGS) on the August 1995 field trip associated with the National Academy of Sciences
review of DOE (1995b) presented unpublished information and data, acquired as a part of the tectonics
program conducted by USGS for DOE, on the erosion history of the Busted Butte sand ramps. Based on
data acquired on several horizons (including the Bishop ash) the USGS concludes that very little erosion
of the cobbly sand has occurred over the past 800 ka, with erosion being more pronounced at the head
of the sand ramp deposits than at the base.
The DOE "bounding calculations" of extreme erosion (DOE, 1995a, p. 1-3, 2-3) of a magnitude 10 and
100 times more than that determined by their boulder deposit studies is interesting and demonstrates that
given the nominal erosion rates identified, a many times increase of the DOE determined erosion rates
would not induce extreme erosion at the proposed repository site.
Table 2 shows erosion rates evidenced in the YM area which were compiled by NRC staff from review
of the available literature. As can be seen, erosion rates in alluvium as great as 650 cm in 10,000 yr
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(Spaulding, 1995) have been reported. Erosion rates in bedrock during the Quaternary Period appear to
be considerably less, with rates no greater than 15.7 cm in 10,000 yr (based on Liu and Dom, in press)
being calculated. Since the current repository design locates the repository horizon at least 200 m and as
much as 400 m below the surface of YM, and considering the highest calculated rate of bedrock erosion
(that based on Liu and Dom, in press), it would require 12,700,000 yr for a canister to be unearthed.
Stated another way, to unearth a canister in 10,000 yr would require an erosion rate of 20,000 cm per
10,000 yr, which is a rate that is about 1300 times greater than the most extreme bedrock erosion rate
calculated using the most conservative available information. Interestingly, a rate of canyon cutting in
Solitario Canyon during the Mid-Miocene (DOE, 1995 a, p. 2-33) which is about 73 cm in 10,000 yr
has been discussed. Even such an accelerated rate would require 2,700,000 yr to unearth a canister and
is about 270 times less than the rate required to exhume a canister in 10,000 yr.
3.2.1.7.7.5 Effect of Local and Regional Base Level Change
In its TR (DOE, 1993, p. 29) DOE notes that
Drainages in Midway Valley on the east side of Yucca Mountain, near the base of the west
slope of Yucca Mountain, and near the bases of sand ramps at Busted Butte are aggrading
because these drainages are all within the aggrading Fortymile Wash drainage system. For
downcutting in Fortymile Wash to begin, the elevation of the base level in the Amargosa Valley
would have to decrease, and optimal conditions, favoring downcutting, would have to develop.
DOE (1995a) states
In order for stream incision to occur in Fortymile Wash along the segment adjacent to Yucca
Mountain (the Fran Ridge-Busted Butte segment), one of two basic conditions must exist: (i) the
base level of lower Fortymile Wash must be lowered so as to initiate a headcut in the channel
that would then migrate upstream, or (ii) the slope of the channel must steepen to a gradient that
would also initiate headcutting upstream along the channel. The fact that Fortymile Wash
discharges onto the aggradational plains of Amargosa Valley, indicates that its base level is not
lowering at present, but rising as a result of channel aggradation. A rising base level lowers the
overall channel gradient and results in progressive upstream channel aggradation, which is the
present condition of Fortymile Wash. Channel incision in the present arid climate is very
unlikely and potentially limited to discontinuous gullies in short, locally over steepened reaches
of the valley floor.
Regional base level changes have occurred in the area during the Quaternary (Morrison, 1987, 1991, and
1995). The dewatering of glacial Lake Tecopa at about 155 kbp is the most recent major drainage change
in the Amargosa Basin (Morrison, 1995). The breaching of Tecopa Valley and lake resulted in erosion
in former lake sediment of 60 or so meters in the past 155 ka.
NRC staff agree that there is currently no indication that major changes in base level will occur in the
period of regulatory interest in the lower reaches of Fortymile Wash. NRC staff generally agrees with
DOE that it is probable that lower Fortynile Wash will remain in an aggrading mode for the regulatory
period of 10,000 yr.
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Also, in DOE (1995a) it is stated
Shallow entrenchment (3-6 m) of streams, along the margins of Crater Flat, through older
deposits suggests slow uplift of Yucca Mountain or slow subsidence in adjacent basins. This
geomorphic response is consistent with the slow rates of tectonic activity measured on the major
Yucca Mountain faults.
NRC staff concurs that tectonic activity has not created extreme erosion at YM in the Quaternary Period
and that it is likely that tectonic activity will not be a factor in creating extreme erosion during the period
of regulatory interest. At their conclusion, ongoing tectonic studies by DOE and CNWRA should be
reviewed in terms of future erosion potential.
3.2.1.7.7.6 Effects of Climate Change
DOE (1995a) notes that
Two periods of alluvial deposition in Fortymile Wash, one which ceased prior to about 270 ka
and one which ceased prior to about 145 ka, are likely related to the transition from drier
(interpluvial) to wetter (pluvial) conditions.
Also in DOE (1995a) it is stated alternatively that stream incision may reflect changes in fluvial processes
due to Quaternary climate changes. Such valley entrenchment likely occurred during pluvial climatic
conditions.
DOE (1995a) states that
The climate model proposed in Whitney and Harrington (1993), proposes the following
conditions for a hillslope erosion cycle to occur:
(1)

A wet climate (wetter than the present climate at YM) is needed to weather the material
that will be eroded.

(2)

Time is required for the weathering processes to occur.

(3)

Climatic change to drier conditions is required to strip the weathered material from
hillslopes.

DOE (1995a) also states
If the climate changed, for example, to a cooler/wetter regime during that period, Whitney and
Harrington's (1993, p. 1,015-1,016) climatic model requires tens of thousands of yr for these
changes to occur. Their process-response model over the next 100 ka would predict the remantling of the hillslopes with a cover of vegetation and colluvium and an overall decrease in
the amount of debris flow activity on the stabilized hillslopes.
The model of hillslope evolution (Whitney and Harrington, 1993, p. 1,015-1,016) precludes
bedrock erosion in 10 ka because multiple episodes of climate change are necessary to create
and subsequently strip colluvial material from hillslopes.
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As stated in DOE (1995a)
The results of studies at YM indicate that boulder production, talus mantle creep, and boulder
flow activity occurred during colder, wetter, glacial climates and were stabilized during
transitions to drier interglacial climates. The rock varnish ages of the older hillslope deposits
indicate that these climatic conditions existed in southern Nevada at several times during the
early and middle Pleistocene.
NRC staff agree that cooler and wetter conditions were common in the area during the Quaternary Period.
The staff is not certain of the magnitude and timing of such periods. The staff generally agrees that
climate change at YM will be gradual and that expected climate change during the period of regulatory
interest will not be abrupt or large (see DeWispelare, 1993 for a discussion of likely future change and
timing).
3.2.1.7.7.8 Extreme Erosion in the Region
DOE (1993) did not present any information on possible cases of extreme or near extreme erosion which
have occurred in the geologic setting during the Quaternary Period. NRC staff suggests preliminary draft
manuscripts by Morrison (1995) and Spaulding (1995) may be used to evaluate some candidate cases of
greater-than-normal or extreme erosion in the geologic setting.
Morrison (1995) describes the catastrophic breaching of the glacial Lake Tecopa (natural dam) about
155 kabp which resulted in tens of meters of erosion of lakebed sediments in four approximately
40,000 yr in length erosion-deposition-stability cycles [Morrison (1987) "EDS mesocycles"]. NRC staff
suggest the type and magnitude of this erosion could not occur at YM primarily because (i) YM is not
the site of a large glacial lake caused by a natural dam, thus, a catastrophic breach which releases a large
quantity of water with sufficient head to erode materials rapidly is not present, and (ii) the sediments at
YM are relatively resistant tuffaceous bedrock, not the easily eroded lakebed sediments which were
severely incised during the Lake Tecopa erosion sequences. Thus, NRC concludes that this example of
an apparent greater than average erosive event within the geologic setting can not occur at the YM site
and need not be considered further.
Based on the work of Spaulding (1995) discussed in Section 3.2.1.5.7.2., earlier, NRC concludes that
a removal rate of 6.5 m of alluvial fill in upper Fortymile Wash in 10,000 yr would not significantly
affect the ability of the proposed repository to isolate waste and would not be viewed as "evidence of
extreme erosion during the Quaternary Period." Though not stated by either Spaulding (1995) or
Morrison (1995), it is possible that the removal of up to 65 m of alluvial fill in the Fortymile Wash
Valley is related to the removal of comparable amounts of valley fill in the first two mesocycles of
Morrison (1995) which resulted in various erosional surfaces in Tecopa Valley.
Adjacent to Lathrop Wells volcano, Crowe et al. (1995) note that variations in 3 He exposure ages on
lavas show that a minimum 2 m of scoria-fall must have been eroded rapidly to produce the observed date
variations. Using an age of the lavas of approximately 120±10 ka (Ar/Ar step heating age), this
corresponds to an erosion rate of about 1.7 cm/ka, which is one order-of-magnitude greater than YMR
erosion rates cited in DOE (1993). NRC staff concludes that even this higher rate of erosion of a scoria
fall does not qualify as "evidence of extreme erosion during the Quaternary Period."
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3.2.1.7.7.8.1

Investigation of Mass Wasting

NRC staff commends DOE for investigating mass wasting and other degradational processes which are
not strictly defined as "erosion" but which act to lower the elevation of the landscape by moving surface
material. The DOE-inspired work of Coe et al. (1992) and Coe et al. (1995) on the Jake Ridge debris
flow event provides the only modem study of the catastrophic movement of colluvium in the area very
while
near YM. It is suggested in DOE (1995a) that the stripping of colluvial material from Jake's Ridge,
significant in volume of material moved, demonstrates the temporal and spatial lack of such massive
a 100
downslope movement because the storm which precipitated the landslide was thought to be at least
ephemeral
the
and
slopes
side
yr storm (Coe et al., 1995). The dearth of colluvial material on YM
temporal and spatial nature of significant storms lead NRC staff to agree with DOE that large-scale
movement of colluvial materials, although evident in the geologic record, does not engender extreme
erosion on YM and is not required to be studied or reported on further.
3.2.1.7.7.8.2

Erosion Resulting from Hypogene Processes (Diastrophism and Volcanism)

Volcanic landforms exist in the study area. Some volcanoes like Red Cone, Black Cone, and Little Cones
are within as few as 10 km of YM. The youngest volcanic feature, the Lathrop Wells cinder cone of Late
landforms
Quaternary age, is situated some 15 km south of YM crest. The presence of nearby volcanic
will not, in itself, threaten the integrity of the repository because of erosion considerations. The likelihood
associated
and probability of any volcanic process impacting performance will be treated in the activities
of
Release
Cumulative
for
with LA Section 6.1 Assessment of Compliance with the Requirements
conclude
staff
Radioactive Materials and LA Section 3.2.1.9 PAC Evidence of Igneous Activity. NRC
that volcanic landforms need not be discussed in detail in Section 3.2.1.10 of the LA.
3.2.1.7.7.8.3

Erosion Associated with Regional Periglacial Processes and Periglacial Landforms
(Freeze/Thaw)

DOE (1993, p. 25) has noted "...evidence for colder, and possible wetter, conditions in the YM region
Mojave
during glacial periods in the early and middle Quaternary is found in the basins of the northern
deposits
region." When discussing the colluvial boulder deposits, DOE notes "...the colluvial boulder
1993,
were formed under substantially more rigorous climatic conditions than presently exist... (DOE,
p. 27)." DOE states
The relatively large volumes of boulders in the early-middle Pleistocene colluvial
deposits on hillslopes in the YM area were most likely produced under colder winter
conditions than prevailed during late Pleistocene glacial episodes, when much smaller
clasts were produced in significantly smaller volumes (DOE, 1993, p. 27).
Based on the work of Spaulding (1985) DOE states
... during the last glacial period, conditions were not optimum for freeze-thaw cycles
of long duration as they were during the glacial periods in the early-middle
Quaternary. (DOE, 1993, p. 27).
DOE (1993) also notes "...early and middle Quaternary glacial winters were at least 1 'C to 3 'C colder
than the 6 'C winter temperature depression calculated by Spaulding (1985) for the last Quaternary
glacial."
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NRC concludes that there is no evidence that periglacial activities have caused "extreme erosion during
the Quaternary Period" at YM. The generation of clasts of varying sizes by frost heaving does not qualify
as extreme erosion and a significant climate change would have to occur for the site to be once again in
a periglacial climate regime (as during portions of the Quaternary Period).
3.2.1.7.7.8.4

Landforms Associated with Aeolian Processes

Aeolian dust constitutes much of the pedogenic material in late Pleistocene and Holocene soils of many
arid regions of the world (Reheis et al., 1995) and is cited as the source of desert varnish and the
carbonate cement in the interstices of many of the boulder deposits (DOE, 1993). Additionally, aeolian
depositional landforms are evident in Big Dune (to the west of YM) and in the sand ramps on the slopes
of Busted Butte and other local ridges. NRC notes that these features represent benign depositional forms
(not erosional). J. Whitney (USGS) reported in the summer of 1995 that DOE had evaluated erosion at
Busted Butte sand ramps and concluded that only minimal erosion has occurred. NRC concludes that
further study or additional information collection concerning the sand ramps at Busted Butte or other
aeolian activity is not required.
3.2.1.7.7.8.5

Erosion Associated with Regional Karst Processes and Karst Landforms
(Groundwater)

Karst processes are not well-evidenced in the landscape in the YM vicinity. Except for the Devil's Hole
area (Carr, 1988), some relict spring deposits (Paces et al., 1993) and abundant calcite deposits
(Winograd and Szabo, 1986) in Ash Meadows, Amargosa Flat, and Crater Flat, widespread dissolution
of CaCO 3 -based rocks near YM, at or near the surface, has not been reported in the literature. According
to Winograd and Thordarson (1975), no major caverns have been encountered during drilling into the
Paleozoic carbonate strata within Yucca Flat and the southeastern Amargosa desert, although two of the
test holes did encounter small (less than 1 m) voids as detected by lost drilling fluid circulation or rapid
dropping of the drillstring. There is a separate LA Review Plan 3.2.1.4 for the PAC Evidence of
Dissolution, which will require DOE demonstration of the presence or absence of features caused by
dissolution. DOE may want to review the discussion of karst processes and features in the extreme
erosion PAC should any unknown landforms or structures formed by karst processes be discovered in
the work on dissolution. Based on current understanding, NRC staff concludes that groundwater erosional
processes have not been active in the extreme during the Quaternary Period at YM and can be excluded
from further consideration.
3.2.1.7.7.8.6

Erosion Associated with Regional Coastal Zone Processes and Coastal Zone
Landforms [Waves (Lakes), Currents, Tides, and Tsunamis]

Landforms which might be evidence of extreme erosion during the Quaternary Period, which are built
by the movement of water in lakes rather than oceanic sources have not been considered by DOE (1993).
In Death Valley, for example, is Shoreline Butte on which are found numerous "stranded" shorelines
formed by glacial Lake Manly during the Quaternary Period (Morrison, 1991). Shorelines have also been
mapped by Morrison (1995) along the edge of former glacial Lake Tecopa. However, erosional features
created by moving lake water are not prevalent in the geologic setting. The draining of Glacial Lake
Tecopa which resulted in many tens of meters of erosion where its valley was breached is discussed in
Morrison (1995). Since there are, at this time, no glacial lakes occupying portions of the geologic setting
and since no shoreline erosion of significant magnitude to affect repository performance occurred during
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the Quaternary Period, NRC staff concludes that the subject of coastal zone processes does not need to
be further considered.
3.2.1.7.7.8.7

Erosion Associated with Extraterrestrial Processes (Infall of Meteorites)

No meteorite impact craters have been identified in the pertinent literature for this region. NRC staff
concludes that the subject of extraterrestrial processes having produced landforms indicative of extreme
erosion in the Study Area during the Quaternary Period need not be investigated.
3.2.1.7.7.8.8

Erosion at the Proposed Site

For the purposes of this discussion, the site is defined as the location of the controlled area. The
controlled area is a surface location to be defined by DOE which extends no more then 10 km
horizontally from the outer boundary of the underground facility. A conceptual controlled area is shown
in the Technical Basis Report for Surface Characteristics, Preclosure Hydrology and Erosion (TBR)
(Figure 1). The controlled area boundary encompasses Solitario Canyon, a portion of Fortymile Wash,
all of YM, a portion of Crater Flat, and many ridge crests, valley bottoms, and intervening hillslopes on
the east side of Yucca crest. This is the area that should be discussed in detail in the LA when identifying
the geomorphology, topography and erosion at the site. In the TBR (DOE, 1995b), a map (Figure 2)
which details the anticipated depth to burial over the repository is presented. It is anticipated that this map
will be a part of the LA and should be updated if repository design depth is changed.
DOE states (DOE,1995a)
Recent field mapping (DOE, 1995) has provided data from which to calculate a preliminary
estimate of the denudation rate in Midway Valley. This rate estimate is about 0.5 cm/ka for the
about last 20 ka. The estimate is based on the thickness of alluvial material covering a buried
soil horizon and a preliminary estimate of the surface area of the drainage that provided the
alluvium. The rate is similar to the estimated rate for Boundary Ridge based on the 170 ka-old
boulder deposits exposed on the ridge. The similarity indicates the erosion rate of about 0.5 to
0.6 cm/ka may have persisted for the last 170 ka.
This reported rate is viewed by NRC staff as indicative of the lack of extreme erosion supporting data;
however, as of the writing of this PER, the actual analyses conducted may have not been provided for
NRC analysis. Until such supporting information is made available, NRC staff can not accept the DOE
(1995a) Midway Valley erosion rates as demonstrated sufficiently for NRC to determine compliance with
10 CFR 60. This is a Confirmatory Item.
In DOE (1995a) is the following;
The Jake Ridge event (Coe et al., 1995, and Coe et al., 1992) which might be considered about
as severe an event as could be expected in the area, produced no significant changes in
landforms. Hence, while storm events such as that which occurred at Jake Ridge may be
characteristic of the area, these storms apparently do not produce extreme erosion.
As a point of contrast, Hubert and Filipov (1989) asserts that debris-flow events with a recurrence
interval of 320 yr are more important than stream-flow deposits in the construction of the alluvial fans
in the Owens Valley adjacent to the White Mountains in California. NRC agrees with DOE (1995a) that
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lack of debris on YM slopes precludes significant movement of colluvial material and that mass wasting
will not affect repository performance. NRC staff suggest that 30 mass-wasting events in 10,000 yr (per
Hubert, 1989) will not be expected to produce measurable change in the bedrock elevations (or burial
depth of waste) at YM.
In response to NRC comments, DOE (1995a) has repudiated the maximum incision scenario contained
in its TR on Extreme Erosion (DOE, 1993) as "no longer credible." DOE has validated its minimum
incision scenario with new work (Lundstrom and Warren, 1994 and Lundstrom et al., various in press).
3.3

Rationale For Review Procedures and Acceptance Criteria

3.3.1

Rationale for Safety Review of 10 CFR 60.21(c)(1)(ii)(A),(B),(F)

and 10 CFR 60.122(c)(16)

This review was based on standard scientific practice. Staff professional judgment was used to evaluate
the acceptability of the demonstration of the absence of evidence of extreme erosion during the
Quaternary Period at YM and in the geologic setting. Staff reviewers were trained engineering geologists,
geologists, geomorphologists, and geochemists. The reviewers have worked on the extreme erosion PAC
for three yr and have become very familiar with the applicable information. The assessment of
compliance focused on the appropriateness of the scientific methods and the defensibility of their results.
Staff concludes that the data supporting the null evaluation are sufficient to ensure that the process was
not underestimated.
The staff considered two scenarios in determining if erosion should be considered "extreme." The first
scenario involved the likelihood of waste being exhumed during the 10,000 yr regulatory life of the
repository. The second scenario considered the possibility that erosion, particularly channel-deepening,
might shorten the regulated distance from the controlled area to the accessible environment for
radionuclides released from the repository controlled area. Erosion sufficient to satisfy either scenario is
not considered, by the staff, to be present within the geologic setting and at YM.
The staff concludes that the slopes at YM are relatively stable, as evidenced by low short- and long-term
erosion rates, particularly of the bedrock. The staff concludes that an appropriate portion of the geologic
setting including Fortymile Wash and its tributaries and Crater Flat has been evaluated. The aggregate
of evidence reviewed by the staff supports the conclusion that evidence of extreme erosion during the
Quaternary Period is not present. Although there remains unknown residual uncertainty, the staff
concludes that additional work will not significantly reduce this uncertainty. In support of this conclusion,
the staff suggests that even with conservative estimates of erosion, the repository will be capable of
isolating waste for the regulated timeframe.
4.0

IMPLEMENTATION

4.1

Review Responsibilities

The review responsibilities for Review Plan 3.2.1.10 are as follows; (i) Lead - Geosciences/Geotechnical
Engineering Section, and (ii) Support-Geochemistry.

27

4.2

Interfaces

4.2.1

Input Information

Because no other LA-related reviews dealing with any aspect of extreme erosion have been completed,
no input was received.
4.2.2

Output Information

Output to other LA-related reviews will be provided when required.
5.0

EXAMPLE EVALUATION FINDINGS

5.1

Finding for Acceptance Review

Table 3 lists those items which need to be qualified by DOE for NRC to resolve outstanding comments
and to be able to accept that the bases for rates of erosion as determined by DOE and others have been
appropriately demonstrated. Of particular interest to the staff are the following topics. VCR and U-Trend
-Neither NRC nor the geologic community recognize either technique as credible. As such, the NRC
finds that the techniques are not acceptable for use in support of a license application for the high-level
waste repository. Since the staff does not consider the techniques viable, further discussion between NRC
and DOE on this matter, will serve no purpose. Therefore, the staff considers TR Comments 4 and 5
resolved. Longitudinal Profiles - These were presented at the NAS Field Trip and were constructed along
several stream courses at the east flank of YM. NRC requests that DOE provide such information in
qualified form. 10 Beryllium age-dating -both DOE and NRC need this information, in qualified form,
to attach credible age constraints to the boulder deposits using a methodology acceptable to the general
scientific community. 14 Carbon - Qualified data resulting from cosmogenic dating of fault scarps (as
described by Harrington) would place additional constraints on the rates of erosion and should be supplied
in qualified form by the DOE. QA - DOE is to ensure that all information and data presented in its
documents supporting demonstration of compliance with the Extreme Erosion PAC have been qualified
and that the qualified data are also technically correct. A matter that is readily evident is the apparent lack
of qualification of the 1:24000 scale recent surficial deposits map (YMP-95-491.0, that was compiled on
August 7, 1995). Work of Others - The NRC staff is relying on investigation of others (e.g., the erosion
rates identified in Table 2.) This work should be qualified within the DOE program. Erosion Rates - The
erosion rates are cited in Table 2. DOE is to provide the bases for these numbers from qualified data
sources. Escarpment Retreat - This is open item SCA Comment 42. DOE is strongly encouraged to
include a discussion of this in their forthcoming 10 Beryllium report.
If all Open and Confirmatory Items have been resolved, the staff would concur that the information
presented by DOE on the PAC concerned with evidence of extreme erosion is acceptable for docketing
and compliance review.
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5.2

Findings for Compliance Reviews

5.2.1

Finding for 10 CFR 60.21(c)(1)(ii)(A),(B),(F)

as they relate to 10 CFR 60.122(c)(16)

When appropriately accepted for docketing, the NRC staff would find that the PAC related to evidence
of extreme erosion has been acceptably demonstrated to be absent and that there is reasonable assurance
that the regulatory requirements of 10 CFR 60.21(c)(1)(ii)(A),(B), (F) as they relate to 10 CFR
60.122(c)(16) will be met.
6.0
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Table 1. Items related to PAC 3.2.1.10 evidence of extreme erosion during the Quaternary Period
Open Item

Source

|

Status
3

|_Sections Where Discussed In PER_]

SCA Comment 42. The overall erosion program does not include an evaluation of escarpment retreat.

NRC (1989)'

Resolved

SCA Comment 43. The rationale for numerical goals specified in Tables 8.3.1.17-3a, 8.3.1.17-4a
and b, and 8.3.1.17-7 is poorly supported and the use of averaged values or rates for establishing
acceptable limits for fault movement, rates of volcanism, and rates of erosion does not provide for
conservative assessment of potential hazards.

NRC (1989)'

Resolved
Previously (NRC,
1995a)4

3.1; 3.2.1.7.2; 3.2.1.7.3; 3.2.1.7.6.3

TR Comment 1. DOE should present evidence of evaluating occurrences of substantial changes in
landforms over relatively short intervals of time rather than relying primarily on long-term
denudation rates as surrogates of evidence of extreme erosion.

NRC (1994)2

Rcsolved3

3.1; 3.2.1.5; 3.2.1.4.2; 3.2.1; 3.2.1.7.7.1;
3.2.1.7.7.2; 3.2.1.7.7.4; 3.2.1.7.7.5;
3.3.1.7.7.8; 3.2.1.7.7.8.1 through 3.2.1.7.7.8.8

TR Comment 2. DOE rate of canyon cutting appears to underestimate erosion rate in canyons at
Yucca Mountain.

NRC (1994)2

Resolved

3. 1; 3.2.1.7.7.3

TR Comment 3. DOE hillslope degradation rates appear to underestimate rates of erosion which
occurred during individual, short intervals of the Quaternary Period.

NRC (1994)2

Resolved3

3.1; 3.2.1.2.2.1; 3.2.1.7.7.2; 3.2.1.7.7.4;
3.2.1.7.7.5

TR Comment 4. Reliance on the varnish cation ratio (VCR) age-dating method alone to establish age
of geomorphic processes and surfaces is inadequate.

NRC (1994)2

Resolved

3.1; 3.2.1.2.1; 3.2.1.2.3; 3.2.1.4.1; 3.2.1.7.4;
3.2.1.7.6.2
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'ITRComnesitst 6. No gamllhllic nusqhas bhcii presented by DiE.

NRC (I)-94)

3.1; 3.2.1.7.7.3

tJA

~liit

i)

TR Comment 7. Technical basis for Fortymile Wash maximum incision scenario is not provided in
the DOE Topical Report (DOE, 1993).

NRC (1994)2

TR Comment 8. Insufficient evidence has been presented in the Topical Report (DOE, 1993)
regarding the extent of the Quaternary Period.

NRC (1994)2

TR Comment 9. DOE has not followed up or resolved recommendations made in the Peer Review
Report on Rock Varnish Studies Within the Yucca Mountain Project (Birkeland, Oberlander, and
Hawley, 1989)

NRC (1994)2

Rcsolvcdl
Resolved

3

I

(7
.I

3.1; 3.2.1.3.1
3.1; 3.2.1.7.7.2; 3.2.1.7.7.5
l

Resolved3

3.1; 3.2.1.2.3; 3.2.1.7.1
l

Resolved

3.1; 3.2.1.7.6.2

1

Nuclear Regulatory Commission (1989) - NRC Staff Site CharacterizationAnalysis of the Department of Energy's Site CharacerizationPlan, Yucca Mountain Site, Nevada. NUREG-1347.
Washington, DC: Division of High-Lcvel Waste Management. Office of Nuclear Material Safety and Safeguards.
2

Nuclear Regulatory Commission (1994)- Lenterof August 22. 1994from J.J Holonich (NRC) to R.A. Milner (DOE), Subject: NRCStaff Review of the U.S. DepartmentofEnergy TopicalReport
on Extreme Erosion. Washington, DC: Division of Waste Management, Office of Nuclear Material Safety and Safeguards.
3
4

Final resolution is dependent upon DOE's submittal. and NRC's acceptance, of confirmatory information.

Nuclear Regulatory Commission (1995a) - Letter of February 17, 1995, from M.J. Bell (NRC) to R.A. Milner (DOE), Subject: NRC Review of DOE Response to SCA Comments 42 and 43.
Washington, DC: Division of Waste Management, Office of Nuclear Material Safety and Safeguards.
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Table 2. Erosion/degradation rate in Yucca Mountain vicinity per 10,000 years (from various
sources)

Rate of Erosion
in Meters per

Source for New

Material

Depth of
Erosion2

Calculation

Eroded/Where

(Meters)

Total Years ka

10,000 Years

Crowe et al. (1995)

Scoria/Lathrop Wells
Volcano

2

110

.181

Spaulding (1995)

Alluvial Fill/Upper
Fortymile Wash

65

100

6.51

Lundstrom and
Warren (1994)

Alluvial Fill/Lower
Fortymile Wash

Not Given

2,600

.36

Morrison (1995)

Lake Bed/Glacial
Lake Tecopa

65

155

4.191

U.S. Department of
Energy (1995a)

Bedrock/Solitario
Canyon

80

I,100 3

*731

U.S. Department of
Energy (1993)

Bedrock/Tributary
Canyons to Midway
Valley

12,700

.08

U.S. Department of
Energy (1995a)

Bedrock/Midway
Valley

U.S. Department of
Energy (1993)

Bedrock/Boundary
Ridge

Peterson et al.
(1995)

Bedrock/Boundary
Ridge

I m [from DOE
(1993)]

U.S. Department of
Energy (1993)

Bedrock/Yucca
Mountain (6 sites)

U.S. Department of
Energy (1993)

I
60-100

l
Not Given
(est. 5 mmlka)

20 duration

.05

1

140

.0571
l

80
(based on Black
Cone Varnishes)

.1251

.733
(Average)

528
(Average)

.012
(Average)

Bedrock/Yucca
Mountain Region (12
sites)

.6
(Average)

749
(Average)

.012
(Average)

U.S. Department of
Energy (1993)

Bedrock/Buckboard
Mesa

.2

1,260

.00161

Dorn and Krinsley
(1994)

Bedrock/Buckboard
Mesa

.2

310
(36CI Maximum
Limiting Age)

.0065'

Gosse et al. (1995)

Bedrock/Buckboard
Mesa

.2

600 (I0 Be Maximum
Limiting)

.00331

Calculated Maximum
Erosion Rate

200 to 1,060

.0141

Bedrock/Antler
Ridge and
Whaleback Ridge

l

I
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Table 2. Erosion/degradation rate in Yucca Mountain vicinity per 10,000 years (from various
sources) (Cont'd)

Source for New
Calculation

Material
Eroded/Where

U.S. Department of

Bedrock/Yucca

Energy (1993)

Mountain YM3

Liu and Dorn (in
press)

Bedrock/Yucca
Mountain YM3

1NRC

Depth of
Erosion 2
(Meters)

Total Years ka

Rate of Erosion
in Meters per
10,000 Years

1.1

680

.016

1.1

70

.1571

calculated erosion/degradation rate.

2 Planned

depth from surface to repository horizon is about 200 m.

3 These

1.1 million yr occurred during the mid-Miocene and occurred from 11.6 to 12.7 million yr ago.
The calculated erosion rate is not a Quaternary erosion rate but is presented for comparative purposes
only (DOE, 1993).
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Table 3. Data which should be qualified and certified by DOE as technically correct
Data Source

00

Data Need

Qualification Status

DOE (U.S. Department of Energy), 1995d. Preliminary surficial deposits map of
the Busted Butte 7.5' Quadrangle and the southern half of the Topopah Spring NW
7.5' Quadrangle, Nye County, Nevada. YMP-95491.0. Compiled August 7, 1995,
by DOE Remote Sensing Laboratory operated by EG&G/EM.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. Although not yet
qualified, the data is expected to be qualified
routinely and is to be certified as technically
correct.

DOE (U.S. Department of Energy). 1995a. Response to NRC Comments On
'Evaluation of the Potentially Adverse Condition-Evidence of Extreme Erosion
During the Quaternary Period At Yucca Mountain, Nevada. ' Yucca Mountain Site
Characterization Project Report OCRWM. Washington, DC: U.S. Department of
Energy.

Erosion rate in bedrock based on
alluvial fill in Midway Valley.

Reported in DOE comments to NRC but no
data of any kind was presented. Data is
expected to routinely be qualified and is to be
certified as technically correct.

DOE (U.S. Department of Energy), 1995c. Preliminary surficial deposits map of
the southern hal of the Topopah Spring NW 7.5' Quadrangle and the northern hal
of the Busted Butte 7 5' Quadrangle, Nye County, Nevada. YMP-95-014. 1, Map
compiled February 27, 1995, by EG&G/EM Remote Sensing Laboratory.
Accompanied by U.S. Geological Survey letter report, letter, Hayes to Brocoum,
dated February 27, 1995.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. The letter report
should be checked to reflect the results of the
new U-series, thermoluminescent, and other
age-dating techniques which have reduced
some previously assigned ages by a factor of
four. Although not yet qualified, the data is
expected to be qualified routinely and is to be
certified as technically correct.

Dorn, R. and D. Krinsley. 1994. New perspectives on colluvial boulder deposits in
the southwestern Great Basin, USA. Physical Geography 15: 62-79.

Age-dates on colluvial boulder
deposits at Buckboard Mesa

Research supported by NSF PYI Award and
by State of Nevada. Data has not been
checked for either quality or technical
correctness by DOE.

Liu, T. and R. Dorn. In Press. Understanding spatial variability in environmental
change in drylands with rock varnish microlaminations. Annals of the Association
of American Geographers.

Age-dates on colluvial boulder
deposits and on scarp surfaces at
Yucca Mountain

Research probably supported by State of
Nevada. Data has not been checked for either
quality or technical correctness by DOE.

Lundstrom, S.C., J. W. Whitney, JiB. Paces, S.A. Mahan, and K.R. Ludwig. In
Press. Preliminary Surficial Deposits Map of the Southern Hay of the Busted Butte
75 Minute Quadrangle. United States Geological Survey Open-File Report 95-31 1.
Scale 1:12000.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. Data have not been
qualified and certified as technically correct by
DOE.
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Table 3. Data which should be qualified and certified by DOE as technically correct (Cont'd)
Data Source

|

Data Need

Qualification Status

Lundstrom, S.C., J.R. Wesling, E.M. Taylor, and J.B. Paces. In press.
Preliminary Surficial Deposits Map of Northeast 1/4 of the Busted Butte 7.5minute Quadrangle. United States Geological Survey Open-File Report 94-341.
Scale 1:12000.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. Data have not been
qualified and certified as technically correct by
DOE.

Lundstrom, S.C., and E.M. Taylor. In press. Preliminary Surficial Deposits Map
of the Southern Half of the Topopah Spring NW 7.5-minute Quadrangle. United
States Geological Survey Open-File Report 95-132. Scale 1:12000.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. Data have not been
qualified and certified as technically correct by
DOE.

Lundstrom, S.C., S.A. Mahan, and J.B. Paces. In press. Preliminary Surficial
Deposits Map of Northwest 1/4 of the Busted Butte 7.5-minute Quadrangle. United
States Geological Survey Open-File Report 95-133. Scale 1:12000.

Surficial deposits geology

Part of DOE program which was
accomplished by USGS. Data have not been
qualified and certified as technically correct by
DOE.

Gosse, J.C., C.D. Harrington, and J.W. Whitney. 1995. Applications of In Situ
Cosmogenic Nuclides in the Geologic Site Characterization of Yucca Mountain,
Nevada. Abstract, presentation, and paper at Materials Research Society
Symposium on the Scientific Basis for Nuclear Waste Management XIX. Boston,
Massachusetts.

Cosmogenic age-dating of
Buckboard Mesa varnished clasts
and bedrock near Yucca Mountain

Research supported by the DOE. Data have
not been qualified and certified as technically
correct by DOE.

Morrison, R.B. 1995. Preliminary Draft 'Quaternary and Pliocene Geology of
Tecopa Valley, California:A Five-Million-Year Stratigraphic, Tectonic, Climatic,
Erosion, Hydrologic, and Hydrogeologic Record. ' Morrison and Associates Ltd.
Golden, Colorado. 49 p.

Age-date of erosion in Glacial
Lake Tecopa sediments

Research probably supported by State of
Nevada. Data have not been checked for either
quality or technical correctness by DOE.

Peterson, Frederick F., J. W. Bell, R. 1. Dorm, A. R. Ramelli and T. Ku. 1995.
Late Quaternary geomorphology and soils in Crater Flat, Yucca Mountain area,
southern Nevada. GS4 Bulletin 107: 379-395.

Age-date of Yucca Mountain
boulder stripes and surficial
mapping in Crater Flat

Research supported by State of Nevada. Data
have not been checked for either quality or
technical correctness by DOE.

Spaulding, W.G. 1995. Effects of Climate and Hydrologic Changes in the Vicinity
of Yucca Mountain Fortymile Canyon Records. Dames and Moore, 4220 S.
Marland Parkway, Suite 108, Las Vegas, Nevada 89119. 4 p.

Age-dates in alluvium in
Fortymile Wash

Research supported by State of Nevada. Data
have not been checked for either quality or
technical correctness by DOE.
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Figure 1. Controlled area boundary [after DOE (1995b)]
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