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From: Luis Ibarra

Sent: Tuesday, May 17, 2005 4:15 PM

To: Mysore Nataraja

Cc: John Stamatkos; achowdhury@swri.edu; Biswajit Dasgupta
Subject: Seismic initiating event

Attachments: Preclosure Seismic Safety Issue_051705.wpd

Raj,

| am attaching the write up about the seismic initiating event. The first draft was prepared by John and has input from Bis,
Asad and myself.

Have a good day.

Luis
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Preclosure Seismic Design, Safety Analysis, and Demonstration of Compliance with the
Regulatory Requirement of 10 CFR Part 63

Background: DOE originally committed to submit three Topical Reports (TRs) on issues related
to (1) probabilistic seismic hazard assessment, (2) preclosure seismic design methodology, and
(3) seismic inputs to preclosure safety analysis and postclosure performance assessment. TR-
1 (1997) and TR-2 (1997) were submitted by DOE and accepted by NRC after review. Both
reports were completed within the framework of 10 CFR Part 60. DOE also completed a
probabilistic seismic hazard assessment for Yucca Mountain in the late 1990's based on large
expert elicitation.

DOE recently revised TR-2 (November, 2004) to demonstrate compliance with the requirements
of the risk-informed performance-based regulations in 10 CFR Part 63. The proposed TR-3
was never completed by DOE. Instead DOE pointed NRC staff to other reports that essentially
contain the seismic input information that would have been provided in TR-3. Based on the
NRC reviews of TR-1 and TR-2 (2004) and TR-3 substitutes, as well as information gathered
during discussions with the DOE during a visit to the NRC Onsite Representative office, several
items have emerged that require additional clarification. In particular, we see a potential for
regulatory uncertainty in the interpretations of seismic initiating events and event sequences in
§63.2 and §63.102(f) as they relate to the seismic design and preclosure safety assessment
requirements in §63.112(b) and (d) for Yucca Mountain surface facilities.

Summary of DOE approach: For preclosure seismic design, DOE will develop two levels of
design ground motions (DBGMs). These two DBGMs correspond to the Frequency Category 1
and Frequency Category 2 event sequences. DBGM-1 has a mean annual exceedence
probability (AEP) of 107 (~1,000-year return period). DBGM-2 has a mean AEP of 5 x10*
(~2,000-year return period). DOE will conduct preclosure safety analysis to identify SSCs
important to safety which will be associated with DBGM-1 or DBGM-2, as necessary. (DOE
need to evaluate and demonstrate performance of non-ITS SSCs that can potentially interact
with the SSCs ITS during a seismic event (“two-over-one”). If these interaction result in dose
that have the potential to exceed regulatory limits, the SSCs need to be assigned appropriate
design basis and should also be identified as ITS.) Note that DOE had originally proposed the
DBGM-2 have a 10 mean AEP or 10,000 yr return period. It was amended in TR-2 (2004) to
the 2,000 yr ground motion to reflect revisions to 10 CFR Part 72 requirements for fuel storage
facilities with similar levels of radiological risk.

In addition to the design requirements, DOE will conduct an additional seismic margins analysis
(SMA) using a "beyond design basis ground motion” (BDBGM) for-the-€at-2-SS€s. The
BDBGM proposed for the SMA analysis has a mean 10* AEP. DOE indicates that the
proposed approach will ensure that the margins against failures during the BDBGM would be
sufficient to eliminate unacceptable seismic consequences. “The high-confidence-of-low-
probability-of-failure” (HCLPF) capacity would assure a probability of failure of 1% or less.

DOE also proposes, based on the precedence clause of §63.102(f), that the seismic initiating
events in preclosure event sequences will be limited to the BDBGM, with a mean 10* APE
(~10,000 yr return period). DOE cites recent developments in the design requirements for spent
nuclear fuel storage facilities, such as the Private Fuel Storage licensing decision and recent
10CFR Part 72 rulemaking, as well as event probabilities that defined in the SMA conducted
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during the 1990's Individual Plant Examination of External Events(IPEEE) program as
precedence for this limit on the seismic initiating event.

DOE thereby develops a simplified PCSA for seismicity, in which the 10 initiating event is
combined with the less than 102 HCLPF capacity to show an overall event sequence probability
of 10 or less. This simplified PCSA will form the basis of the DOE compliance demonstration of
the preclosure performance objectives of 10 CFR Part 63.

Discussion: Based on our current understanding of this approach, we have identified four
questions that need to be addressed by the staff in order to develop a consistent and
acceptable approach to evaluate the DOE preclosure seismic methodology.

1. Are the revisions to the design bases, as proposed in the revised TR-2 (2004), agreeable?

The use of the 2,000 yr return period ground motions are consistent with the revised design
requirements for independent spent fuel storage installations as described in 10 CFR§72.103
and Regulatory Guide 3.73. The 2,000 yr return period design basis is also consistent with
those accepted by the staff for the Mixed Oxide Fuel Fabrication Facility under 10 CFR Part 70.

2. Is the DOE proposed limit on the seismic initiating events justifiable and adequately
supported by sufficient technical and regulatory bases?

Staff note that “precedence clause” for seismic initiating events in §63.102(f) may be
misconstrued. The intent of the clause was to ensure that the regulatory requirements for the
preclosure facilities at Yucca Mountain would not be more stringent then other nuclear facilities
with equal or greater radiological risk. However, in practice nuclear fuel facilities and even
nuclear power plants have all been licensed using design-based regulations. In the strict
sense, there is no regulatory precedence for the performance-based and risk-informed
approach of 10 CFR Part 63. In particular, because the event sequences and PCSA are unique
to Yucca Mountain, there are no analogous licensing decisions regarding possible limits on the
seismic initiating events.

As noted by the DOE, the SMA studies in the IPEEE program offer some general performance-
based and risk informed bases against which staff can interpret the precedence clause in
§63.102(f). Specifically, the DOE note (in a draft position; not stated in TR-2 (2004)) that the
reference earthquakes used in many of the SMA studies for the IPEEE were about two times
larger than the design earthquakes. At Yucca Mountain, spectral accelerations associated with
the proposed initiating 10 AEP event are 2.3 times larger than those associated with the 5
x10* AEP event. Thus, the proposed performance level earthquake in both the IPEEE and
Yucca Mountain cases is about twice the design earthquake. The DOE cites this similarity in
earthquake levels (performance over design) as precedence for limiting the seismic initiating
event to the 10 earthquake.

There are several technical aspects of the application of the SMA studies in the IPEEE program
that need to be investigated before staff can fully evaluate the programmatic bases for the DOE
position.

() In the IPEEE study, SMA was restricted to power plants sites with relatively small
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seismic hazards. The reference level earthquake for nuclear power plants located to the
East of Rockies is a peak ground acceleration (PGA) of 0.3g, and for the West of
Rockies is a PGA of 0.5¢g. In addition, according to the IPEEE studies the NRC requires
full probabilistic risk assessment (PRA) for power plants where the design basis
earthquake is greater than 0.5g. For these sites IPEEE recommended evaluation of
system level, sequence level and plant level HCLPF capacities. (The design basis
earthquake for the 2000 year return period at the Yucca Mountain site is approximately
0.58g.) While SMA is technically applicable to all levels of earthquake loads, staff
should explore the basis of the NRC recommended limit.

(i) The design basis ground motions and reference level earthquakes used in the IPEEE
SMA studies should be evaluated in order to ensure that the proposed “two times
design” approximation is correct, especially given recent advances in ground motion
attenuation relationships for the eastern United States.

(iii) The details of the SMA studies should be evaluated in order to develop a clearer
understanding of how the SMA reference level earthquake equates to the initiating event
earthquake.

3. If the initiating event limit is deemed to be acceptable based on the precedence link to the
IPEEE studies, is the simplified PCSA as described by the DOE also acceptable?

A simplified PCSA may be justified if staff accepts 1 x10* as the maximum initiating event for
seismic PCSA. To meet the preclosure performance objectives for seismically initiated event
sequences, DOE may depend on one SSC (i.e. singlet) while not relying on the design of the
other SSCs in the event sequences. The conditional probability of failure of the SSCs (singlets),
however, should be less than 1% in order to meet the Category 2 event sequence frequency
threshold 1 x10®. Therefore, the applicant needs to demonstrate that the HCLPF of the SSC is
conditional to the ground motion at 1 x10™*

4. Is there sufficient design information for DOE to develop reliable HCLPF values for the
critical SSCs?

There is sufficient information for obtaining reliable HCLPF capacities for SSCs at GROA
facilities. However, the staff has reviewed the TR # 2 (2004) and has several concerns
regarding the application of the methodology to YM surface facilities. The DOE has proposed
the use of a HCLPF methodology termed conservative deterministic failure marginal (CDFM)
method. The CDFM method is a simplified approach suitable for non-important systems, which
has not been sufficiently tested according to staff judgement. Also, some of the factors
proposed in the CDFM methodology appear to be very liberal compared with the large
uncertainty and lack of information associated with this simplified approach. A write up with
detailed comments about the HCLPF methodology is in preparation.
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