
COMPLIANCE DETERMINATION STRATEGY

RR2013 POTENTIALLY ADVERSE CONDITION --
HISTORICAL EARTHQUAKES (10 CFR 60.122(c)(12)].

PRIMARY REGULATORY CITATION:

10 CFR 60.21(c)(1)(ii)(B)

PASS ID OF THE COMPLIANCE DETERMINATION STRATEGY:

RR2013/NS0001

TYPES OF REVIEW:

Acceptance Review (Type 1)
Safety Review (Type 3)

RATIONALE FOR TYPES OF REVIEW:

Acceptance Review (Type 1) Rationale:

This regulatory requirement is considered to be License Application-
related because, as specified in the License Application content
requirements of 10 CFR 60.21 and the Format and Content Regulatory Guide
-- DG-3003 (NRC, 1990), it must be addressed by the applicant in its
license application. Therefore, the staff will conduct an Acceptance
Review of the License Application for this Regulatory Requirement.

Safety Review (Type 3) Rationale:

This regulatory requirement is related to radiological safety and waste
isolation. Because this requirement is in 10 CFR 60, Subpart E,
(Technical Criteria), it is a requirement for which compliance is
necessary to make a safety determination for construction authorization as
defined in 10 CFR 60.31 (i.e., regulatory requirements in Subparts E, G,
H, I and 10 CFR 60.21). Therefore, the staff will conduct a safety review
of the license application to determine compliance with the elements of
proof for this regulatory requirement.

The regulatory requirement concerning this potentially adverse condition
(PAC) focuses on the potential for historical earthquakes if repeated, to
significantly affect the site. Such earthquakes must be considered in
assessing (1) potential recurrence within and adjacent to the site; and
(2) the effects of earthquakes on waste isolation capabilities of the
site. This regulatory requirement focuses on the potential for such
earthquakes occurring within the site (including the controlled area) as
well as those occurring beyond the site. the occurrence of which may
affect isolation within the controlled area.

The scope of this regulatory requirement is limited to historical
earthquakes (both natural and human-induced) that could affect the site
significantly, rather than those historical earthquakes that could affect
the components of the engineered barrier system (EBS), or boreholes and
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their seals. (The definition of the term "site" is taken literally from
10 CFR 60.2 and is interpreted by the staff to refer to the natural
system, specifically the groundwater flow system, and excludes
consideration of the EBS.) Potential consequences to the groundwater flow
system, from site effects caused by a repetition of historic earthquakes,
will be addressed through the review of the following PACs: "Natural
Phenomena and Groundwater [10 CFR 60.122(c)(3)]; "Structural Deformation
and Groundwater" [10 CFR 60.122(c)(4)]; and "Changes to Hydrologic
Conditions" [10 CFR 60.122(c)(5)].

The Yucca Mountain site is located in the Southern Great Basin seismic
zone (see DOE, 1988, pp. 1-151 - 1-192). This zone does not have a high
level of seismic activity, although adjacent seismic zones are moderately
active with magnitudes in the M - 7 range.

Human-induced seismicity, which if repeated near enough to the site to
produce adverse effects, must also be considered, e.g., from nuclear
testing, waste injection, petroleum or mined material withdrawal, and
reservoir filling.

Nuclear explosions have occurred near the site (opt. cit., pp. 1-209 - 1-
212), and is considered by itself to comprise the equivalent of historic
earthquakes. Potential effects on the site or controlled area from
vibratory ground motion produced by nuclear testing or from the earthquake
activity must be addressed.

In its analysis of this regulatory requirement, the staff identified the
following Technical Uncertainty: "the ability to predict changes in
physical properties (such as porosity or permeability) of the groundwater
flow system in the geologic setting in response to historical
earthquakes." Such changes cannot be predicted because no known data or
models are available showing the variation of porosity or permeability as
a function of historical earthquake occurrence.

Changes in physical properties could cause the following indirect impacts
to the groundwater flow system, both within and outside of the controlled
area for the repository: (1) the creation of preferential pathways (new
fractures) for groundwater or for released gaseous radionuclides; (2) the
shortening of flow paths and potential radionuclide transport pathways
through the unsaturated zone below the repository horizon; (3) the
alteration of groundwater flow barriers or conduits (e.g. hydraulic
gradient anomaly north of the site); (4) changes in physical properties of
rock such as permeability; and (5) fluctuation of the water table (e.g. by
seismic pumping").

Based on the best judgement of the staff's hydrogeologists, the current,
albeit limited, data base and models suggest that for earthquakes of the
magnitude and frequency that have occurred historically, significant
effects on primary porosity and permeability in the controlled area is
unlikely. This rationale is supported by evidence that the Yucca Mountain
site is highly fractured so further seismic activity is not likely to
increase permeability significantly. As noted by others, however, e.g.
National Research Council (1992): ". . . identifying the cause of the
steep hydraulic gradient north of Yucca Mountain . . . is the top priority



in predicting future behavior . . . of the water table . . ." Potential
effects of historic earthquakes, should they be repeated near the site, on
this as yet uncharacterized barrier represents a concern that the
applicant is anticipated to address. However, based on the input from the
staff's hydrogeologists,the technical uncertainty concerning prediction of
changes in physical properties caused by earthquakes would not pose a
threat to performance objectives and therefore is not considered a key
technical uncertainty.

Based on this conclusion, a Type 3 review is adequate. Furthermore,
analyses which calculate the potential direct and indirect impact of
historical earthquakes, if repeated, on the repository's capability to
isolate waste will be addressed under "Overall System Performance for the
Geological Repository After Permanent Closure" (10 CFR 60.112). The
effects of historical earthquakes, if repeated, on components of the EBS
will be addressed under 10 CFR 60.113(a).

For this regulatory requirement, the analysts conclude that a safety
determination could be made by evaluating the information submitted by the
applicant in the License Application. Additionally, in the analysts'
opinion, and based on the recommendation of the staff's hydrogeologists,
the information to be submitted and reviewed would be such that no
independent or confirmatory analyses or tests (a Type 4 or 5 review) would
be required. Should future analyses and/or data suggest that this initial
assessment could be questioned, the type of safety review selected for
this regulatory requirement will be reassessed in light of this additional
information.

To summarize, the following assumptions have been made in selecting a Type
3 Safety Review for this requirement:

1. The review strategy for this regulatory requirement focuses on
the "natural system, specifically the groundwater flow system," and
excludes consideration of the EBS.

2. The geologic system for the Yucca Mountain site is highly
fractured. Therefore, the occurrence of additional earthquakes will
not significantly change the fracture characteristics of the
geologic system.

3. Repetition of historical earthquakes will be unlikely to have
significant effects on primary porosity and permeability of the
rocks in the controlled area.

4. The effects of historical earthquakes, if repeated, on
components of the EBS will be addressed under 10 CFR 60.113(a).

5. Analyses to calculate the potential direct and indirect impact
of historical earthquakes on the repository's overall capability to
isolate waste will be addressed under the "Overall System
Performance Objective for the Geologic Repository After Permanent
Closure" (10 CFR 60.112).



REVIEW STRATEGY:

Acceptance Review (Tyue 1):

In conducting the acceptance review of the PAC [Historical earthquakes --

10 CFR 60.122(c)(12)], the reviewer should determine whether the
information presented in the license application and its references for
demonstrating compliance with the historical earthquakes PAC requirement
is complete in technical breadth and depth as identified in DG-3003 (NRC,
1990). Appropriate information should be provided to enable the staff to
determine the presence (or absence) of the PAC.

The information in the license application should be presented in a manner
such that the assumptions, data, and logic leading to a demonstration of
compliance with the requirement are clear and do not require the reviewer
to make extensive analyses and literature searches. The reviewer should
also determine that controversial information and appropriate alternative
interpretations and models have been adequately described and considered.

Finally, the reviewer should determine if the applicant has resolved all
the NRC staff objections to the license application that apply to this
requirement or provided all the information requested in Section 1.6 of
DG-3003 for unresolved objections. The reviewer should evaluate the
effect of any unresolved objections, both individually and in combinations
with others, on: (1) the reviewer's ability to conduct a meaningful and
timely review; and (2) on the Commission's ability to make a decision
regarding construction authorization within the three-year statutory
period.

Safety Review (Tvpe 3):

In conducting the safety review, the reviewer will, as a minimum,
determine the adequacy of the data and analyses presented in the license
application to determine the applicant's compliance with 10 CFR
60.122(c)(12). Specifically, the applicant will need to: (1) provide
information to determine whether and to what degree the PAC is present;
(2) provide information to determine to what degree the PAC is present,
but undetected; (3) assure the sufficiency of the lateral and vertical
extent of data collected; and (4) evaluate the information presented under

Items (1) and (2), with assumptions and analysis methods that adequately
describe the presence of the PAC and ranges of relevant parameters. In
general, the reviewer will assess the adequacy of the applicant's
investigations of naturally occurring and human-induced earthquakes, both
recorded within the site and within the geologic setting, in the manner
outlined in 10 CFR 60.21(c)(1)(ii)(B).

Those specific aspects of the license application on which a reviewer will
focus are discussed in DG-3003 (NRC, 1990), and the acceptance criteria
will be identified in Section 3 of this review plan.

In order to conduct an effective review, applicant supplied information
and data, and the reviewer's own expertise and independently-acquired
knowledge will be relied upon. Therefore, it is incumbent upon the

reviewer to have acquired a body of knowledge regarding these and other
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such critical considerations in anticipation of conducting the safety

review.

Examples of specific review activities that will be required include: (1)

confirmation that the applicant has fully considered the historically and

instrumentally recorded earthquakes within the geologic setting that are

appropriate for the analysis; (2) confirmation that other earthquakes

outside the geological setting that may affect waste isolation capability

of the geological repository have been included within the applicant's

considerations; (3) confirmation that the assumptions used by the

applicant are valid and applicable; (4) confirmation that the applicant

has considered the potential for and the effects of nuclear tests; (5)

confirmation that the applicant has considered the potential for and the

effects of human-induced seismicity; and (6) confirmation that the

applicant's tectonic models reflect the natural system and that the

conclusions presented are consistent.

Contributing Analysts:

NRC Staff: A. K. Ibrahim

CNWRA Staff: R. Hofmann

Date of Analyses: July 8, 1992

RATIONALE FOR REVIEW STRATEGY (OPTIONAL):

Not applicable.

APPLICABLE REGULATORY ELEMENT OF PROOF:

Tyve 3:

RR2013/EP0100

REFERENCES CITED:

National Research Council, "Groundwater at Yucca Mountain: How High Can it

Rise?", April 1992

Nuclear Regulatory Commission, "Draft Regulatory Guide DG-3003 -- Format and

Content For the License Application for the High-Level Waste Repository,"
Office of Regulatory Research, DG-3003, November 1990.

U.S. Department of Energy, "Chapter 1, Geology," in "Site Characterization

Plan, Yucca Mountain Site, Nevada Research and Development Area, Nevada,"

Office of Civilian Radioactive Waste Management, DOE/RW-0019, Vol. 1, Part

A, December 1988.
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COMPLIANCE DETERMINATION STRATEGY

RR2013 POTENTIALLY ADVERSE CONDITION --

HISTORICAL EARTHQUAKES [10 CFR 60(c)(12)].

PRIMARY REGULATORY CITATION:

10 tFR 60._Z/ )(1)(ii)(B)

PASS ID TH&=QQNXFLIANCE DETERMINATION STRATEGY:

RR2013/NS001

TYPES OF REVIEW: / 3 r K_>

Acceptance Review (Type 1) >)Z - ,7/ '' 7
Safety Review (Type 3) /

RATIONALE FOR TYPES OF REVIEW:

Acceptance Review (Type 1) Rationale:

This regulatory requirement is considered to be License Application-
related because, as specified in the License Application content

requirements of 10 CFR 60.21 and the Format and Content Regulatory Guide

-- DG-3003 (NRC, 1990), it must be addressed by the DOE in its license

application. Therefore, the staff will conduct an Acceptance Review of
the License Application for this Regulatory Requirement.

Safety Review (Type 3) Rationale:

This regulatory requirement is related to radiological safety and waste
isolation. Because this requirement is in 10 CFR 60, Subpart E,

(Technical Criteria), it is a requirement for which compliance is

necessary to make a safety determination for construction authorization as
defined in 10 CFR 60.31 (i.e., regulatory requirements in Subparts E, G,

H, I and 10 CFR 60.21). Therefore, the staff will conduct a safety review

of the license application to determine compliance with the elements of
proof for this regulatory requirement.

The regulatory requirement concerning this potentially adverse condition r

(PAC) focuses on the potential for historical earthquakes if repeated, to

significantly affect the site. Such earthquakes must be considered in
assessing (1) potential recurrence within and adjacent to the site. (2)

the effects of earthquakes on waste isolation capabilities of the site.

This regulatory requirement focuses on the potential for shaking and

reactivated fault movement within the site (including the controlled area)

as well as those occurring beyond the site, the occurrence of which may
affect isolation within the controlled area.

The scope of this regulatory requirement is limited to historical
earthquakes (both natural and human-induced) that could affect the site

significantly, rather than those historical earthquakes that could affect

the components of the engineered barrier system (EBS), or boreholes and

their seals. (The definition of the term "site" is taken literally from

10 CFR 60.2 and is interpreted by the staff to refer to the natural

system, specifically the groundwater flow system, and excludes

consideration of the EBS.) Potential consequences to the groundwater flow

system, from site effects caused by a repetition of historic earthquakes,
will be addressed through the review of the following PACs: "Natural

Phenomena and Groundwater [10 CFR 60.122(c)(3)1; "Structural Deformation



and Groundwater" [10 CFR 60.122(c)(4)]; and "Changes to Hydrologic
Conditions" [10 CFR 60.122(c)(5)].

The Yucca Mountain site is located in the Southern Great Basin seismic
zone (see DOE, 1988, pp. 1-151 - 1-192). This zone does not have a high
level of seismic activity, although adjacent seismic zones are moderately
active with maximum magnitudes in the M = 7 range.

Human-induced seismicity, which if repeated near enough to the site to
produce adverse effects, must also be considered, e.g., from nuclear
testing, waste injection, petroleum or mined material withdrawal, and
reservoir filling.

Nuclear explosions that have generated seismic activity have occurred near
the site (opt. cit., pp. 1-209 - 1-212). Nuclear testing generates
seismic vibratory ground motion and is considered by itself to comprise
the equivalent of historic earthquakes. Potential effects on the site or
controlled area from vibratory ground motion produced by nuclear testing,
as well as that from the earthquake activity it sometimes induces,
therefore, must be addressed.

In its analysis of this regulatory requirement, the staff identified the
following Technical Uncertainty: "the ability to predict changes in
physical properties (such as porosity or permeability) of the groundwater
flow system in the geologic setting in response to historical
earthquakes." Such changes cannot be predicted because no data or models
are available showing the variation of porosity or permeability as a
function of historical earthquake occurrence.

Changes in physical properties could cause the following indirect impacts
to the groundwater flow system, both within and outside of the controlled
area for the repository: (1) the creation of preferential pathways (new
fractures) for groundwater or for released gaseous radionuclides; (2) the
shortening of flow paths and potential radionuclide transport pathways
through the unsaturated zone below the repository horizon; (3) the
alteration of groundwater flow barriers or conduits (e.g. hydraulic
gradient anomaly north of the site); (4) changes in physical properties of
rock such as permeability; and (5) fluctuation of the water table (e.g. by
"seismic pumping").

Based on the best judgement of the staff's hydrogeologists, the current,
albeit limited, data base and models suggest that for earthquakes of the
magnitude and frequency that have occurred historically, significant
effects on primary porosity and permeability in the controlled area is
unlikely. Concern has been expressed by others, however, e.g. National
Research Council (1992): ". . . identifying the cause of the steep
hydraulic gradient north of Yucca Mountain . . . is the top priority in
predicting future behavior . . . of the water table . . ." Potential
effects of historic earthquakes, should they be repeated near the site, on
this as yet uncharacterized barrier could represents a concern that DOE is
anticipated to address. However, based on the input from the staff's
ydrogeologists, the technical uncertainty concerning prediction of changes
in physical properties caused by earthquakes would not pose a threat to
performance objectives and therefore is not considered a key technical
uncertainty.

Based on this conclusion, a Type 3 review is adequate. Furthermore,
analyses which calculate the potential direct and indirect impact of
historical earthquakes, if repeated, on the repository's capability to
isolate waste will be addressed under the "Overall System Performance for
the Geological Repository After Permanent Closure" (10 CFR 60.112). The
effects of historical earthquakes, if repeated, on components of the EBS
will be addressed under 10 CFR 60.113(a).



For this regulatory requirement, the analysts conclude that a safety
determination could be made by evaluating the information submitted by DOE
in the License Application. Additionally, in the analysts' opinion, and
based on the recommendation of the staff's hydrogeologists, the
information to be submitted and reviewed would be such that no independent
or confirmatory analyses or tests (a Type 4 or 5 review) would be
required. Should future analyses and/or data suggest that this initial
assessment could be questioned, the type of safety review selected for
this regulatory requirement will be reassessed in light of this additional
information.

To summarize, the following assumptions have been made in selecting a Type
3 Safety Review for this requirement:

1. The review strategy for this regulatory requirement focuses on
the "natural system, specifically the groundwater flow system," and
excludes consideration of the EBS.

2. The geologic system for the Yucca Mountain site is highly >,Az">49 ^

fractured. Therefore, the occurrence of additional earthquakes will
not significantly change the fracture characteristics of thel
geologic system.

3. Repetition of historical earthquakes will unlikely have
significant effects on primary porosity and permeability of the
rocks in the controlled area.

4. The effects of historical earthquakes, if repeated, on
components of the EBS will be addressed under 10 CFR 60.113(a).

5. Analyses to calculate the potential direct and indirect impact
of historical earthquakes on the repository's overall capability to
isolate waste will be addressed under the "Overall System
Performance Objective for the Geologic Repository After Permanent
Closure" (10 CFR 60.112).

REVIEW STRATEGY:

Acceptance Review (Type 1):

In conducting the acceptance review of the potentially adverse condition
[Historical earthquakes -- 10 CFR 60.122(c)(12)], the reviewer should
determine whether the information presented in the license application and
its references for demonstrating compliance with the historical
earthquakes potentially adverse condition requirement is complete in
technical breadth and depth as identified in DG-3003 (NRC, 1990).
Appropriate information should be provided to enable the staff to
determine the presence (or absence) of the potentially adverse condition.

The information in the license application should be presented in a manner
such that the assumptions, data, and logic leading to a demonstration of
compliance with the requirement are clear and do not require the reviewer
to make extensive analyses and literature searches. The reviewer should
also determine that controversial information and appropriate alternative
interpretations and models have been adequately described and considered.

Finally, the reviewer should determine if DOE has either resolved all the
NRC staff objections to the license application that apply to this
requirement or provided all the information requested in Section 1.6 of
DG-3003 for unresolved objections. The reviewer should evaluate the
effect of any unresolved objections, both individually and in combinations
with others, on: (1) the reviewer's ability to conduct a meaningful and
timely review; and (2) on the Commission's ability to make a decision
regarding construction authorization within the three-year statutory
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period.

Safety Review (Type 3):

In conducting the safety review, the reviewer will, as a minimum,
determine the adequacy of the data and analyses presented in the license
application to determine DOE's compliance with 10 CFR 60.122(c)(12).
Specifically, DOE will need to: (1) provide information to determine
whether and to what degree the potentially adverse condition is present;

(2) provide information to determine to what degree the PAC is present,
but undetected; (3) assure the sufficiency of the lateral and vertical
extent of data collection; and (4) evaluate the information presented
under Items (1) and (2), with assumptions and analysis methods that
adequately describe the presence of the PAC and ranges of relevant
parameters. In general, the reviewer will assess the adequacy of DOE's
investigations of naturally occurring and human-induced earthquakes, both
recorded within the site and within the geologic setting, in the manner
outlined in 10 CFR 60.21(c)(1)(ii)(B).

Those specific aspects of the license application on which a reviewer will
focus are discussed in DG-3003 (NRC, 1990), and the acceptance criteria
will be identified in Section 3 of this review plan.

In order to conduct an effective review, DOE supplied information and
data, and the reviewer's own expertise and independently-acquired a

knowledge will be relied upon. Therefore, it is incumbent upon the
reviewer to have acquired a body of knowledge regarding these and other
such critical considerations in anticipation of conducting the safety

' review. X

Examples of specific review activities that will be required include: (1)
confirmation that the applicant has fully considered the historically and
instrumentally recorded earthquakes within the geologic setting that are

D7 appropriate for the analysis; (2) confirmation that other earthquakes
outside the geological setting that may affect the geological repository
!have been included within the applicant 3cnsi er lrf pJ~nf~ aCWgy,,d,,
ithat the as umptions used by DOE are vali der l
tests; (5) thuman-induced seismicity; and confirmation that DOE's
tectonic m dels reflect the natural sys d that the conclusions
presented are corsistent.

{ Contributing Analysts: a it

i NRC Staff: A. K. Ibrahim

CNWRA Staff: R. Hofmann

Date of Analyses: July 8, 1992

RATIONALE FOR REVIEW STRATEGY (OPTIONAL):

Not applicable.

APPLICABLE REGULATORY ELEMENT OF PROOF:

Type 3:

RR2013/EP0100

REFERENCES CITED:

National Research Council, "Groundwater at Yucca Mountain: How High Can it
Rise?", April 1992
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U.S. Department of Energy, "Chapter 1, Geology," in "Site Characterization
Plan, Yucca Mountain Site, Nevada Research and Development Area, Nevada,"

Office of Civilian Radioactive Waste Management, DOE/RW-0019, Vol. 1, Part
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