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Dear Mr. Subbaratnam:

We are providing this letter to summarize the discussions and conclusions of an NEI/NRC telecon
held on March 4th from 1:00pm-1:30pm EST. The telecon was conducted to finalize the proposal for
a sensitivity study being conducted by the industry to address NRC questions regarding the East
Tennessee Seismic Zone (ETSZ). Please find a summary of the call below:

NRC Attendees: Rebecca Karas, Cl_i_ff Munson, Sarah Gonzales, Jon Ake, Yong Li.

Industry Attendees: Leslie Kass, Adrian Heymer, Robin McGuire, John Richards, Don Moore, Bob -
Whorton, Jim Chardos, Jeff Munsey, Eddie Grant, Ross Hartleb, Bill Godwin.

Purpose: This telecon was a follow-up discussion with NRC based on their request for additional
information during the February 29 telecon, to discuss details of a plot showing the EPRI Earth
Science Team (EST) source zones and Mmax distribution planned for use in the more detailed
sensitivity study for the East Tennessee Seismic Zone (ETSZ). A technical summary of these inputs
was provided to NRC on March 3rd (Enclosure 1) in preparation for these discussions. A list of
proposed tasks for the ETSZ study was provided to the NRC on February 28th (Enclosure 2).

Cliff Munson/Rebecca Karas ~ NRC staff has reviewed the additional information provided on March

3 and agree with the sensitivity study approach which appears reasonable, but have a few

questions:
1. Question that the Woodward-Clyde backg{'ound source zone seems high

2. Would like to see the effects of individual sources, broken-‘out by each EST
3. Need coordinates (latitude/longitude) foqr each of the EPRI seismic sources used
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4. Question the minimum magnitude evaluated and magnitude scale
Robin McGuire responded to these questions as follows:
The Woodward-Clyde background source zone is high, but this is their representation.
Individual sources can be broken-out by EST, and will be evaluated at 1Hz and 10 Hz.

Seismic source coordinates can be provided, but will need to be released by EPRI.
MB 3.3 was used as minimum magnitude (with EPRI screen at magnitude 3.0).

b e

Bécky Karas concluded that the sensitivity study is reasonable as proposed.

Robin McGuire also provided an overview of the Dames & Moore (D&M) Sensitivity Study:

= For the Vogtle site, re-look at uniform hazard versus changes in activity, with and without D&M.
This evaluation will look at the changes in effects of UHS at 1Hz and 10Hz (at 10-4 and 10-5).

= For the Harris site, provide a summary of the sensitivity results from Bob Young’s evaluation.

Cliff Munson commented that the Dames & Moore sensitivity review appears to be reasonable.

The proposed schedule for the work has the report bei'ng' provided to the NRC for review on May 14,

2008. The final report will include the ETSZ sensitivity study, Dames and Moore sensitivity study and

a topical report on the process to update the PSHA.

We appreciate your prompt availability for the conference call and look forward to working toward
resolution of these issues. If you have any questions, please contact me.

Sincerely,

Kol C.. fasar

Leslie C. Kass

Enclosures

c: Dr. Rebecca Karas, U.S. Nuclear Regulatory Commission

Dr. Clifford Munson, U.S. Nuclear Regulatory Commission
Dr. Yong Li, U.S. Nuclear Regulatory Commission
Dr. John Ake, U.S. Nuclear Regulatory Commission



Notes on seismic hazard sensitivity studies for Eastern Tennessee Seismic Zone
3 March 2008—R. McGuire

Maximum magnitude values

The TIP study (Ref. 1) and TVA Dam Safety study (Ref. 2) used distributions of maximum
magnitude Mpax that are somewhat higher than values used in the EPRI-SOG study. Figure 1
shows distributions of values used in the TIP and TVA studies, on the moment magnitude (M)
scale.

0.25
0.2
B TIP study
£ 015
=
S
& 01 B TVA Dam
Safety
0.05 study
o . ¥
W o oW N own W N N N N N N N 0 N
< N Noin N N oo N N NN N
< wn wn w w ~ ~ o0
Moment magnitude

Figure 1: Distributions of My, (on the moment magnitude scale) for the TIP and TVA studies.

These distributions have the following means and standard deviations (o):

mean M o
TIP study: 6.55 0.202
TVA Dam Safety study: 6.58 0411
Composite: 6.56 0.307

Values for the composite distribution were determined by equally weighting the TIP and TVA
distributions in Figure 1 and calculating the mean and o.

For sensitivity studies on seismic hazard, the composite distribution can be represented with
three magnitude values with weights, as follows:

M value equivalent my, value weight
6.2 6.4 0.28

6.6 6.7 0.44




7.0 ' 6.9 0.28
Mean _6.60 6.67
c 0.299 0.190

where the equivalent body-wave magnitude (my) values are computed by equally weighting the
conversion equations from Atkinson and Boore (1995), Frankel et al. (1996), and EPRI (1993).
The 3-point M distribution is one of many that could be chosen to represent the mean and ¢ of
the composite distribution; the chosen values of M and m, are on even tenths of a magnitude unit
and will be consistent with the numerical integrations used for seismic hazard calculations. The
distribution of M above (and the equivalent values of my) are referred to as the “composite
distribution” in the next section.

EPRI-SOG source representations

The six EPRI-SOG teams represented seismicity in the region of eastern Tennessee with a range
of seismic sources. These sources are summarized in Figure 2. They range from very localized
sources capturing the seismicity in the eastern Tennessee region, to broad tectonic sources
reflecting the geologic and tectonic structure, to large background sources that represent non- -
tectonic, “none-of-the-above” sources.

The specific EPRI-SOG interpretations, and the manner which they can be modified to determine
the sensitivity to changes in mpyax and seismicity for the eastern Tennessee region, are as follows.
For sources that represent a tectonic explanation for the eastern Tennessee region, the mmax
distribution will be modified to reflect the composite distribution described above. For sources
that represent a background interpretation that is applicable when the tectonic sources are not
active, the team’s original mpa distribution will not be modified to reflect the composite
distribution. As summarized below, this occurs with a combined probability of about 0.21.

For these sensitivity studies, seismicity parameters will be updated using an extension of the
EPRI-SOG catalog through 2007.

Bechtel team. Bechtel used 3 sources with mutually exclusive activity to represent seismicity in
eastern Tennessee, as follows. (The original mpye, values listed below are for the my, magnitude
scale, as published in the EPRI-SOG documents).

Source Name Plactivity] Seismicity Orig. m Modified m,;.,
BEC-24 Bristol Trends 0.25 Updated (2007) 5.7-6.6 Composite
BEC-25 NY-AL lineament 0.30 Updated (2007) 5.4-6.6 Composite
" BEC-25A  Altern. geom. for25 0.45 Updated (2007) 5.4-6.6 Composite
Total: 1.00

The Bechtel team’s sources will be represented as 3 mutually exclusive sources with updatéd
seismicity parameters (using the catalog extended through 2007) and the composite mmax
distribution.



1

Bechtel EPRI-SOG Catalog (Emb) &
e 24 Bristol Trends . A0 8 .
e pmam g S
i be 37 in gﬁ: files) T ey QO 401-500 ‘:;:g:j;"( ':
| Dames & Moore P O 501-600 o :" 0?{(:,;2:
—— 4 Appalachian Fold Belt O eor-6m o B

~—— 4a Kink in Fold Belts

Law Engineering
—— 17 Eastern Basement &)

Rondout

B 13 S. New York - Alabama Lineament
- 25 Southern Appalachians

—— 27 Tennessee-VA Border Zone
Woodward-Clyde

——— 31 Blue Ridge Combo.
====: 31A Blue Ridge Comb. Altemate config.

Weston Geophysical
~——— 024 New York-Alabama-Clingman

£ h (G = L/ (\

Figure 2: EPRI-SOG sources used to represent ETSZ, plotted with historical earthquakes from
the EPRI-SOG catalog (figure courtesy of WLA).

Dames & Moore team. Dames & Moore used 2 sources with mutually exclusive activity to
represent seismicity in eastern Tennessee, as follows.

Source Name Plactivity] Seismicity Orig. My Modified my,,
DAM-04  Appal. fold belts 0.35 Updated (2007) 6.0-7.2 Composite

DAM-4A  Kink in fold belts 0.65 Updated (2007) 6.8-7.2 Composite
Total: 1.00




The Dames & Moore team’s sources will be represented as 2 mutually exclusive sources with
updated seismicity parameters (using the catalog extended through 2007) and the composite Mpyax
distribution. Note that for the area covered by.source DAM-4A, the combined probability of
activity is 1.0, so that for a site in the center of the ETSZ there is not an issue of missing
seismicity. '

Law Engineering team. The Law team used one source plus a background source to represent
seismicity in eastern Tennessee, as follows. '

Source Name Plactivity] Seismicity Orig. My, Modified mp,,
LAW-17  Eastern basement 0.62 Updated (2007) 5.7-6.8 Composite
LAW-217 Eastern base. BG 1.0 (Py=0.29)* Updated (2007) 4.9-5.7** (not modified)

*--modified to P,=0.38 and P,=1.0 per nearby hazard studies
**_.modified to 5.2-5.7 per nearby hazard studies .

The LAW-217 source has the same geometry as the LAW-17 source and is identified asa
background source with probability of background P,=0.29. Both the LAW-17 and LAW-217
sources use spatial smoothing of seismicity. The difference between the two sources is in the
Mpex values. As done in hazard studies at a site in the vicinity of the ETSZ, the P, of LAW-217
will be changed to 0.38 (with P,=1.0), and the original mux distribution will be modeled as 5.2-
5.7. Thus there will be a total P,=1.0 for the LAW sources.

Rondout team. Rondout used 3 separate sources with non-overlapping geometries to represent
seismicity in eastern Tennessee, as follows.

Source Name P[activity] Seismicity: Orig. Muax Modified my,,
RND-25 So. Appalachians 099* : Updated (2007) 6.6-7.0 Composite
RND-13 So. NY-AL lineament 1.00 Updated (2007) 5.2-6.5 Composite
RND-27 TN-VA border zone  0.99* Updated (2007) 5.2-6.5 Composite

*--will be changed to 1.00

The RND-25 source is centered on the ETSZ, and the RND-13 and RND-27 sources represent
seismicity to the southwest and northeast, respectively. All 3 sources will be used to compute
hazard sensitivity with updated seismicity parameters (using the catalog extended through 2007)
and the composite Mmnax distribution.

Weston Geophysical team. Weston used one source plus a background source to represent
seismicity in eastern Tennessee, as follows.

Source Name Plactivity] Seismicity Orig. My, Modified my.,
WGC-24  NY-AL Clingman 0.90 Updated (2007) 5.4-6.6 Composite
WGC-C17 So. Appalachians BG 0.10 Updated (2007) 5.4-6.6 (not modified)

Total: : 1.00



Source WGC-24 is the Weston tectonic interpretation that incorporates the ETSZ. Background
source C17 represents the remaining probability of 0.1 that earthquakes occur with some other
explanation.

Woodward-Clyde team. Woodward-Clyde used 2 sources with mutually exclusive activity to
represent seismicity in eastern Tennessee. The total probability of activity of these sources is
0.235. The remaining activity is represented by a Woodward-Clyde background source.

Source Name ' Pfactivity] Seismicity Orig. My Modified myax

WCC-31 Blue Ridge Comb. 0.024 Updated (2007) 5.9-7.0 Composite

WCC-31A Blue Ridge Comb. Alt. 0.211 Updated (2007) 5.9-7.0 Composite

WCC-BG Local background 0.765 Updated (2007) 5.8-6.6 (not modified)
Total: 1.00

The Woodward-Clyde team sources will be represented as 3 mutually exclusive sources with
updated seismicity parameters (using the catalog extended through 2007). Two of these are
tectonic sources and will be modified with the composite mmax distribution. The last source is a
background source that will maintain the original mmsx distribution. The total P[activity] for
these sources is 1.0.

Summary. All of the six EPRI-SOG teams have interpretations of seismicity in the ETSZ with a
total P[activity] of 1.0. Three of the six teams have alternative tectonic sources representing
seismicity, and all of those sources will have mpax distributions modified to reflect the composite
distribution. The remaining three teams have some sources representing tectonic interpretations,
and alternative background sources representing the possibility that there is no specific tectonic
basis in eastern Tennessee to explain historical seismicity there or to localize it there. These
alternative background sources will not have their mp,x distributions modified. These
background sources have Plactivity] of 0.38 (Law), 0.1 (Weston), and 0.765 (Woodward-Clyde),
or a total probability (weighted by all team interpretations) of 0.2075.

The proposed seismic hazard sensitivity study using revised seismicity parameters and Mumax
value reflects the combined probability over all EPRI-SOG teams that seismicity in eastern
Tennessee can be explained tectonically with about 79% confidence. For these interpretations,
the my,, distribution will be modified to reflect the composite distribution. When tectonic
interpretations do not apply (with about 21% confidence), the original EPRI-SOG mpax
distributions will be used to represent the distributions of earthquake magnitudes in the eastern
Tennessee region.
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Proposed tasks to address ETSZ issues

. TASK A: Develop updated earthquake catalog

Using publicly available sources, extend the EPRI-SOG catalog (which goes through 1984) to
2007. Delete duplicate events and aftershocks, and determine estimates of EMB, SMB, and
RMB for each earthquake in the catalog (to be consistent with the EPRI-SOG study). The study
region will encompass the Eastern Tennessee Seismic Zone (ETSZ), roughly bounded by
longitudes 82°-~ 82°W and longitudes 34°-~ 37°N, but will also extend significantly to the
northeast to cover seismic sources representing the ETSZ from the EPRI-SOG teams.

TASK B: Calculate updated parameters for EPRI-SOG teams

Using both the EPRI-SOG catalog and the updated catalog from Task A, calculate seismicity
parameters for each of the six EPRI-SOG representations of the ETSZ. Thls will mvolve
" multiple sources for some teams.

Task C: Calculate seismic hazard for EPRI-SOG teams with TIP and TVA Mmax values

For a site located within the ETSZ, calculate seismic hazard using each EPRI-SOG team’s
representation of the ETSZ, with parameters from both the original earthquake catalog and the
updated earthquake catalog. Modify the maximum magnitude (Mmayx) distributions for the
ETSZ zones to reflect the distributions published in the TIP study (Ref. 1) and TVA Dam Safety
study (Ref. 2). Also include seismic hazard from the Charleston seismic zone (using recent
representations from that zone, e.g. from the Vogtle ESP application) and from the New Madrid
seismic zone (using recent representations from that zone, e.g. from the Clinton ESP
apphcatlon) Calculate hazard with EPRI (2004) ground motlon equations with updated
sigmas, both with and without the CAV filter (EPRI, 2006).

Task D: Document hazard sensitivity for EPRI-SOG teams

Write a description of the results from Task C in terms of the effect on GMRS ground motion at
PGA, 25 Hz, 10 Hz, 5 Hz, 2.5 Hz, 1 Hz, and 0.5 Hz, of the updated seismicity parameters and
of the updated (TIP and TVA) Mmax values. Review the geologic and tectonic basis for the
updated Mmax values from the TIP and TVA Dam Safety studies. Develop recommendations on
whether updates to the original EPRI-SOG parameters would increase or decrease GMRS
ground motion, and whether such updates should be included in site hazard studies. If they
should be included, recommend how that inclusion should take place.

Schedule: Preliminary results will be scheduled for 45 days following project start. A draft
report will be scheduled for 60 days following project start.
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