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Serial: NPD-NRC-2010-025
March 25, 2010

10CFR52.79

U.S." Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555-0001

LEVY NUCLEAR PLANT, UNITS 1 AND 2
DOCKET NOS. 52-029 AND 52-030
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 080 RELATED TO
PROBABLE MAXIMUM TSUNAMI FLOODING

Reference: Letter from Brian C. Anderson (NRC) to Garry Miller (PEF), dated February 16,
2010, "Request for Additional Information Letter No. 080 Related to:SRP Section
2.4.6 for the Levy County Nuclear Plant, Units 1 and 2 Combined License
Application"

Ladies and Gentlemen:

Progress Energy Florida, Inc. (PEF) hereby submits our response to the Nuclear Regulatory
Commission's (NRC) request for additional information provided in the referenced letter.

A response to the NRC request is addressed in the enclosure. The enclosure also identifies
changes that will be made in a future revision of the Levy Nuclear Plant Units 1 and 2 application.

If you have any further questions, or need additional information, please contact Bob Kitchen at

(919) 546-6992, or me at (727) 820-4481.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on March 25, 2010.

Sil

/30o Elnitsky
Vice President
Nuclear Plant Development

Enclosure/Attachments

cc: U.S. NRC Region II, Regional Administrator
Mr. Brian C. Anderson, U.S. NRC Project Manager

Progress Energy Florida, Inc.

P.O. Box 14042
St. Petersburg, FL 33733
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Levy Nuclear Plant Units 1 and 2
Response to NRC Request for Additional Information Letter No. 080 Related to

SRP Section 2.4.6 for the Combined License Application, dated February 16, 2010

NRC RAI #

02.04.06-11

02.04.06-12

02.04.06-13

02.04.06-14

02.04.06-15

Progress Energy RAI #

L-0692

L-0693

L-0694

L-0695

L-0696

Progress Energy Response

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages
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NRC Letter No.: LNP-RAI-LTR-080

NRC Letter Date: February 16, 2010

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.04.06-11

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, .the applicant must
provide an assessment of the Probable Maximum Tsunami (PMT) for the proposed site.
Section C.1.2.4.6.1 of Regulatory Guide 1.206 (RG 1.206) provides specific guidance with
respect to determination of the PMT. This includes a discussion of the most reasonably severe
geo-seismic activity possible and corresponding tsunami analysis. The PMT runup indicated in
the response to RAI 2.4.6-01 does not agree with either the uncorrected or corrected PMT
runup values indicated in the applicant's responses to RAI 2.4.6-06 (Tables 1 and 2), RAI 2.4.6-
08 (Table 3), and RAI 2.4.6-10 (Table 1). Clarify the PMT runup value in Section 2.4.6.1 of the
FSAR or justify why this clarification is not needed.

PGN RAI ID #: L-0692

PGN Response to NRC RAI:

In the response to RAI 2.4.6-01 the PMT runup and run-in values for a Mississippi Canyon-like
slide moving down slope at a velocity of 50 m/s (164 ft/s) were incorrectly presented as 23.5 m
(77.1 ft) NAVD88 and 2.19 km (1.36 mi), respectively. The correct PMT runup and run-in values
are 22.5 m (73.8 ft) NAVD88 and 2.07 km (1.29 mi), respectively, as presented in the response
to RAI 2.4.6-10 (Table 1).

Associated LNP COL Application Revisions:

LNP FSAR Subsection 2.4.6, Rev. 1 will be revised to incorporate clarification of the PMT
analysis and text presented in LNP calculation package LNG-0000-X7C-043, Rev. 0. The
correct PMT runup and run-in values presented above will be included in this revision.

Attachments/Enclosures:

None.
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NRC Letter No.: LNP-RAI-LTR-080

NRC Letter Date: February 16, 2010

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.04.06-12

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, the applicant must
provide an assessment of the Probable Maximum Tsunami (PMT) for the proposed Levy
County site. Section C.1.2.4.6.2 of Regulatory Guide 1.206 (RG 1.206) provides specific
guidance with respect to the historical tsunami record, including paleo-tsunami evidence. The
applicant indicates that site-specific borings lead them to conclude that there is no geologic
evidence of paleo-tsunami or tsunami-like deposits in the vicinity of the Levy County site.
Provide additional details of the sedimentological analysis used to arrive at this conclusion,
including the thickness of sand layers that the methods used were capable of detecting, and
cross reference to applicable parts of FSAR Section 2.5.

PGN RAI ID #: L-0693

PGN Response to NRC RAI:

Surficial geologic deposits encountered at the LNP site do not exhibit characteristics indicative
of tsunami deposition. There are a number of factors that influence the likelihood that tsunami
sediments would be deposited at the site in the present or past environments, and that such
deposits would be preserved if deposited. These factors are discussed below.

Typical Characteristics of Tsunami Deposits

The character and composition of tsunami deposits can be quite variable and depends largely
on the composition of source material and depositional environment. Deposits from tsunamis
commonly occur some distance inland, and are separated from the coast by a relatively narrow
zone of erosion. Tsunami deposits consist of material that has been scoured by flowing
seawater as it passes over the near-shore and beach, and carried some distance inland. The
most common constituent of tsunami deposits is sand, although they also commonly contain
other debris, The debris may consist of anything that was present on the surface (or near the
surface) within the erosion zone, such as rip-up clasts of clay or peat.(depending on the
substrate beneath the tsunami flow), shells, pebbles, cobbles, small boulders, bricks, wood,
plant remains, and other debris. Tsunami deposits also commonly exhibit normal grading (i.e.,
fining upward) and horizontal grading (i.e., fining inland), have sharp basal contacts, and may
include multiple sequences of normally graded sand within the same deposit, that occasionally
are separated by silt laminae. Where sand is limited or not available to be transported by the
tsunami, the deposit may consist of mixed organic detritus such as sticks, twigs, leaves, seeds,
etc. (References RAI 02.04.06-12 01, RAI 02.04.06-12 02, RAI 02.04.06-12 03, and RAI
02.04.06-13 04)

Where deposited under subaerial conditions, tsunami deposits are exposed to erosion,
bioturbation, and other surficial processes that have the potential to obscure their identification.
However, where they are deposited in sediment traps such as lakes, ponds, or marshes, they
are commonly buried and preserved in the geologic record.
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Potential Record of Paleo-Tsunami Deposition in Levy County, Florida

Tanner (Reference RAI 02.04.06-12 05) defines the Florida Big Bend coast line, which includes
the Levy County coastal area, as a low energy coast line with average wave heights of less
than 0.10 m (0.33 ft). Florida's mixed siliciclastic-carbonate, northwest-central Gulf of Mexico
coastline is characterized by a 300-km(186 mi) -long, low-energy, sediment-starved, open-
marine marsh system fronted by a broad, shallow limestone shelf. The only significant point
source of sediment to this system is the Suwannee River, which forms a small (20 km 2 [7.7 mi 2])

delta at the center of this coastline (Reference RAI 02.04.06-12 06). The broad, shallow
limestone shelf significantly reduces the impact of waves on the coastal zone.

As described in LNP FSAR Revision 1 Section 2.5.1.2.1.1, the LNP site lies within the Gulf
Coastal Lowlands, a region that is not characterized by extensive sand beaches, as noted
below from the FSAR excerpts.

"The Gulf coastal lowlands are characterized by broad, flat marine erosional plains,
underlain by Eocene limestones, and covered by thin Pleistocene sands deposited by
the regressing Gulf of Mexico. (Reference 2.5.1-308) The geomorphic setting is a
low-energy, salt- or freshwater environment with insufficient sand to build beaches."

"The Coastal Marsh Belt subzone is located on the drowned, seaward edge of the
Eocene limestone shelf underlying Levy County. Elevations are less than 1.5 m (5 ft.)
amsl. The gentle slope of the limestone plain results in a very broad, shallow continental
shelf off the coast of Florida. Sediments are predominantly muds, and alluvial sand
beaches are virtually absent due to the zero-energy nature of the shoreline and lack of
adequate sand supply. Instead, marshes of Juncus and Spartina grasses fringe the
modern coastline, and a series of small islets or keys, comprised of limestone pinnacles
or alluvial sand, are common offshore of the modern coast. (Reference 2.5.1-308)"

With no significant sand source evident along the present coastline, it is unlikely that deposits
from any tsunamis that had occurred in the site vicinity would consist of sand layers. It is more
likely that they would consist of disturbed layers dominated by mangrove parts, grasses, and
forest debris. Preservation of these deposits could be expected in coastal marshes and ponds.
It is likely that they would be very difficult to distinguish from the peaty and muddy deposits that
commonly accumulate in these environments. It is unlikely that these deposits would be
preserved for more than a few years in upland areas, such as the LNP site.

Site Stratiqraphy

FSAR Section 2.5.1.2.5.2.1 presents the LNP site stratigraphy, indicating that undifferentiated
Quaternary sands of probable Pleistocene age directly overly Eocene limestones of the Avon
Park formation, with over 30 million years of depositional history in between them not
represented. The sand deposits are furthered described in the excerpt from FSAR Subsection
2.5.1.2.5.2.1 as follows:

"Surficial geologic deposits at the site consist of undifferentiated Quaternary age fluvial
and terrace sediments, primarily silty fine sands. The sands overlie the Avon Park
Formation, a shallow marine carbonate rock unit of middle Eocene age.

The Quaternary deposits (designated unit SI) encountered in the LNP site borings
generally consist of gray silty sands. The subrounded to rounded sand grains and
sorting indicate that the sands likely were deposited in a nearshore beach or dune
environment, possibly during the transgression and regression of the high sea level
stand that formed the underlying marine terrace platform, which is interpreted to be
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middle to early Pleistocene in age (>340,000 years ago as discussed in FSAR
Subsection 2.5.1.2.1.2)."

As described in FSAR Sections 2.5.4.2.1.1 through 2.5.4.2.1.1.3, soil sampling was conducted
using both rotosonic coring during the initial phase, and by mud rotary split spoon sampling
during the main phase of the investigation. Soil sampling from land surface to top of rock was
conducted continuously in the eleven rotosonic borings, and split spoon samples were collected
in the rotary borings at generally 5 feet intervals, except for four borings where samples were
collected at 2 feet intervals. Recovered soil samples were visually inspected and described on
the boring logs. Characteristics such as grain size, angularity, acid reactivity, and layering were
recorded.

A review of the soil samples collected during the LNP site investigation did not identify any
zones in the Quaternary to recent sands with characteristics diagnostic of past tsunami deposits
(as described above). No layers of mixed organic detritus and mud were encountered at the
site, nor were any site-wide unconformities encountered in the surficial deposits that might have
resulted from tsunami inundation and erosion of sandy surficial soils. The boring logs for the
LNP site are presented in Appendix 2BB of the FSAR. Evidence of paleo-tsunami deposits
cannot be conclusively excluded at all locations on the LNP site because of the limited
thickness of unconsolidated Quaternary and younger deposits present on the site, and because
surficial deposits were not continuously sampled from ground surface to top of rock at all areas
of the site.

Potential for Tsunami Inundation of the LNP Site

The position of the LNP site 8 km (5 mi.) from the coast and at an elevation of 12 to 15 m (45-
50 ft.) suggests that tsunami inundation of the LNP site is unlikely. Additionally, the presence of
mangrove swamps between the LNP site vicinity and the coast may further reduce the potential
for tsunami inundation of the LNP site.

Tsunamis are not a common occurrence in the Gulf of Mexico. There are no historical tsunamis
reported by the USGS from 900 AD to the present (Reference RAI 02.04.06-12 07). Tsunamis
have affected the Caribbean sides of islands in the eastern portion of the Gulf of Mexico from
earthquake generated waves in the Caribbean but not from the Gulf (Reference RAI 02.04.06-
12 08). Gulf earthquakes are uncommon as reported by the USGS and FGS (Reference RAI
02.04.06-12 15).

Results of limited modeling studies suggest that only small amplitude tsunamis are anticipated
in the Gulf of Mexico. Knight (FSAR Reference 2.4.6-225) conducted model predictions for
tsunami impacts in the Gulf based on hypothetical tsunami sources. The sources modeled
included the Puerto Rico Trench, in the Caribbean near Cancun, near Venezuela, and a Gulf
source near Veracruz. Knight's results indicate the maximum amplitude tsunami wave from any
source is under 35 cm (14 in.) (FSAR Reference 2.4.6-225). Currently, tsunami inundation
maps for the Gulf of Mexico are being constructed as part of the National Tsunami Hazard
Mitigation Program with a planned completion in July 2010
(http://nthmp.tsunami.qov/lan20lOmeeting/GOM NTHMP Pasadena.ppt). Further, Upchurch
and Randazzo (FSAR Reference 2.5.1-319) state that the probability of a tsunami striking
Florida is near zero.

Only the largest tsunamis in recorded history inundated sites as far inland as the distance that
the LNP site lies from the coast. The most complete historical records of tsunami inundation
come from the tsunami that was generated by the 26 December, 2004 earthquake in Sumatra.
Run up heights estimated from visual inspections of watermarks during a field survey of
northern Sumatra were quite variable, ranging from 2.5 meters to 31 meters at the shoreline
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(Reference RAI 02.04.06-12 09). Sustained flow depths over lowlands were also variable, but
they reached a maximum of about 15 meters. Observations of trim lines and comparison with
satellite imagery indicates maximum inundation distances ranged from 3 to 4 kilometers
(References RAI 02.04.06-12 09 and RAI 02.04.06-12 10). Many records of tsunami inundation
from this event are recorded in the searchable database of Global Historical Tsunami Events
and Runups from the National Geophysical Data Center (from the National Oceanic and
Atmospheric Association [NOAA], [Reference RAI 02.04.06-12 11]). According to this database,
the inundation from this event reached a maximum of 5 kilometers inland along the coastal
plane surrounding the city of Meulaboh, Sumatra. Survey locations near Meulaboh and more
detailed observations are provided on the IOC/UNESCO Indian Ocean Tsunami Post Tsunami
Field Survey website (Reference RAI 02.04.06-12 12).

Inundation records included on the NOAA database from the great Alaskan earthquake of 1964
show maximum run up heights ranging up to 67 meters with very little information regarding
inundation distances. Inundation records from the great Chilean earthquake of 1960 indicate
run up heights up to 25 meters with no associated inundation distances (Reference RAI
02.04.06-12 11).-The greatest recorded inundation distance (5,500 m [18,045 ft]) included in
the NOAA database occurred following an earthquake of uncertain magnitude on February 10,
1797 off the west coast of Sumatra. This is the only record of inundation greater than 5 km (3
mi.) in the database (Reference RAI 02.04.06-12 11).

The NOAA database includes a few records with run-up heights on the order of hundreds of
meters. These extreme run up measurements are not representative of tsunami wave heights
or flow depths, rather indicate the maximum height that water left a record on land. These
extreme measurements likely result from topographic effects focusing wave energy, or
inundation by something other than tsunamis. In addition to inundation parameters for historical
earthquake-induced tsunamis the NOAA database includes tsunamis induced by volcanic
activity (such as the eruption of Krakatoa in 1883), and impulse waves generated by subaerial
landslides impacting an enclosed water body (such as Lituya Bay, Alaska). Because of their
dependence on relatively steep topography (for developing landslides and/or focusing wave
energy) or the presence of active volcanoes, these extreme run ups are not appropriate
considerations for a site in Florida.

Potential effects of mangrove forests on tsunami inundation

Mangrove swamps along the coastline of Levy County may afford some degree of protection
from tsunami inundation. Danielson et al. (Reference RAI 02.04.06-12 13) evaluated the effects
of coastal tree vegetation along the coast of Cuddalore District in Tamil Nadu, India during the
26, December, 2004 Indian Ocean tsunami. The authors surveyed damage along the coastline
and observed that areas protected by mangroves were significantly less damaged than other
areas. According to their report, "villages along the coast were completely destroyed, whereas
those behind the mangrove suffered no destruction even though the waves damaged areas
unshielded by vegetation north and south of these villages." Dahdou-Guebas et al. (Reference
RAI 02.04.06-12 14) conducted similar surveys in 24 mangrove lagoons and estuaries on Sri
Lanka and also observed that mangroves offered some protection from tsunami inundation, but
noted that the health of the mangrove forest was a key factor in the degree of protection
provided.
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Attachments/Enclosures:

None.
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NRC Letter No.: LNP-RAI-LTR-080

NRC Letter Date: February 16, 2010

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.04.06-13

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, the applicant must
provide an assessment of the Probable Maximum Tsunami (PMT) for the proposed site.
Section C.1.2.4.6.3 of Regulatory Guide 1.206 (RG 1.206) provides specific guidance with
respect to the source characteristics needed to determine the PMT. These characteristics
include detailed geo-seismic descriptions of the controlling local tsunami generators, including
location, source dimensions, and maximum displacement.

1. The applicant is inconsistent in their characterization of the Mississippi Canyon and Florida
Escarpment tsunami sources. On page 9-10, the applicant appears to discount the tsunami
potential based on the date of the last landslides in those regions. In the rest of their
response, they indicate that these sources are used for PMT determination (and, in fact, the
Mississippi Canyon is the applicant's controlling PMT source). Clarify that the Mississippi
Canyon and Florida Escarpment are considered to be significant potential sources for PMT
determination.

2. The applicant indicates identical source parameters for "Florida Escarpment" and "Slope
above the Florida Escarpment" in Table 1 of their response to RAI 2.4.6-06. However, the
water depth in these two regions is different. Explain this apparent discrepancy, or justify
why the entries in Table 1 are correct.

PGN RAI ID #: L-0694

PGN Response to NRC RAI:

Response to RAI Item No. 1:

As stated in the response to RAI 02.04.06-06, the 2007 USGS report, "Evaluation of Tsunami
Sources with the Potential to Impact the U.S. Atlantic and Gulf Coasts," indicates that "while the
Mississippi Canyon and Fan in the canyon/fan province was once a source of large landslides,
the area has been inactive for more than 7000 years". This indicates that there is a potential
source that has been inactive for more than 7,000 years. Therefore, this source can be
considered neither a likely nor an unlikely source, and it cannot be discarded while conducting
PMT analysis. Further, consideration of the Mississippi Canyon as a PMT source results in
maximum runup and run-in distances. Therefore, consideration of Mississippi Canyon and
Florida Escarpment as a potential PMT source is appropriate as it results in conservatism for
the LNP site.

Response to RAI Item No. 2:

The depth of the Florida Escarpment and the Slope above the Florida Escarpment given in
Table 1 of the response to RAI 02.04.06-06 will be revised along with the associated runup
calculation as described below:
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Figure 3.2(A) from the two USGS Reports to the Nuclear Regulatory Commission (NRC)
(References RAI 02.04.06-13 001 and RAI 02.04.06-13 002) indicates that the depth of the
Slope above the Florida Escarpment ranges from 200 to 1000 m (656.2 to 3280.8 ft), resulting
in an average depth of 600 m (1968.5 ft). Based upon Attachment 02.04.06-13A (Reference
RAI 02.04.06-13 003), the east-west lateral dimension of the West Florida Slope (i.e., the Slope
above the Florida Escarpment) is approximately 50 km (31.1 mi) from the 200 m (656.2 ft)
water depth shelf break off the west coast of Florida to the 1,500 m (4921.2 ft) water depth at
the top of the Florida Escarpment, resulting in an approximate inclination of 1.5 degrees.

Figure 3.2(A) from the USGS Reports (References RAI 02.04.06-13 001 and RAI 02.04.06-13
002) indicates that the depth of the top of the Florida Escarpment is between 1500 and 2500 m
(4921.2 and 8202.1 ft), resulting in an average depth of 2000 m (6561.7 ft). The average
inclination of the Florida Escarpment is at least 20 degrees.

As explained above, the inclination of the Slope above the Florida Escarpment is far less than
that of the Florida Escarpment. As such, it would be expected that slide velocity on the Slope
above the Florida Escarpment would be considerably less than that on the Florida Escarpment.
As described in the response to RAI 02.04.06-15, the terminal landslide velocity, Vterm, is
proportional to square root of sine of the inclination as given below (Reference RAI 02.04.06-13
004):

Vterm Oc s-ine) (1)

Using equation (1), a relationship can be established between landslide velocities of the Slope
above the Florida Escarpment and the Florida Escarpment as given below:

Vterm(Slope) = sin slope =028

Vterm (Escarpment) sin E Escarpment (2)

If a velocity of 25 - 50 m/s (82.0 - 164.0 ft/s) is used for slides on the Florida Escarpment, then
a velocity of 7- 14 m/s (23.0 - 45.9 ft/s) can be estimated for slides on the Slope above the
Florida Escarpment. Assumption of a larger inclination for the Florida Escarpment results in
smaller, i.e., less conservative, velocities.

Table 1 presents a revised version of Table 1 presented in the response to RAI 02.04.06-06
based on the above analysis.
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Table I
Landslide Tsunami Hazard Evaluation Summary

Distance of Offshore
Water the Wave Height

Initial Depth of Measurement at a Distance
Thickness Slide Wave the Slide Point from R from the Run-in

Area Volume of the Unit Speed Amplitude Event Diameter the Source Exponent Source Runup Distance
Landslide A V T Vs Ao Ho D R ,o A(R) 77 X

(km2) (km3) (m) (m/s) (m) (m) (m) (km) (m) (m) (mi)

520 22 42 25 7 1,750 25,719 1000 0.94 0.12 0.8 0.02
East Breaks

520 22 42 50 26 1,750 25,719 1000 0.94 0.42 2.2 0.08

Mississippi 3,720 428 115 25 21 1,689 68,822 640 0.78 2.06 7.9 0.38

Canyon 3,720 428 115 50 73 1,689 68,822 640 0.78 7.17 21.4 1.22

Florida 648 16.2 25 25 4 2,000 28,724 275 0.95 0.23 1.4 0.05
Escarpment 648 16.2 25 50 14 2,000 28,724 275 0.95 0.80 3.8 0.16

Slope above 648 16.2 25 7 1.2 600 28,724 325 0.75 0.11 0.6 0.02
the Florida
Escarpment 648 16.2 25 14 4.1 600 28,724 325 0.75 0.38 1.7 0.06

Notes:
km2 = square kilometer; km3 = cubic kilometer; m = meter; mi = mile; m/s = meters per second; Vs = slide velocity
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USGS. "Evaluation of Tsunami Sources with the Potential
to Impact the U.S. Atlantic and Gulf Coasts." An Updated
Report to the Nuclear Regulatory Commission by Atlantic
and Gulf of Mexico Tsunami Hazard Assessment Group,
2008.

USGS. "A Summary of Findings of the West-Central
Florida Coastal Studies Project." Available at
http://pubs.usgs.gov/of/2001/ofO1-303/geology.html, 2001.
Accessed February 23, 2010.

Ward, S.N. and S. Day, 2010b. The 1963 Landslide and
Flood at Vaiont Reservoir Italy - A tsunami ball simulation.
In preparation. PDF:
http://es.ucSc.ed u/-ward/papersNaiont. pdf

Associated LNP COL Application Revisions:

LNP FSAR Subsection 2.4.6, Rev. 1 will be revised to incorporate clarification of the PMT
analysis and text presented in LNP calculation package LNG-0000-X7C-043, Rev. 0. The
revised source parameters for the Florida Escarpment presented above will be included in this
revision.

Attachments/Enclosures:

Attachment 02.04.06-13A Bathymetric Map of West Florida Shelf and Slope
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NRC Letter No.: LNP-RAI-LTR-080

NRC Letter Date: February 16, 2010

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.04.06-14

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, the applicant must
provide an assessment of the Probable Maximum Tsunami (PMT) for the proposed Levy
County site. Section C.1.2.4.6.3 of Regulatory Guide 1.206 (RG 1.206) provides specific
guidance with respect to the source characteristics needed to determine the PMT. These
characteristics include detailed geo-seismic descriptions of the controlling distant tsunami
generators, including location, source dimensions, fault orientation, and maximum
displacement. Clarify the location of "15-20 earthquakes of magnitude 7 or greater... near
Veracruz" indicated in the applicant's response to RAI 2.4.6-07, in terms of tsunami potential for
the Gulf of Mexico versus the Pacific Ocean. Provide the information source for this statement.

PGN RAI ID #: L-0695

PGN Response to NRC RAI:

The statement "15-20 earthquakes of magnitude 7 or greater... near Veracruz" as indicated in
the response to RAI 02.04.06-07 is a broadly derived statement rather than an absolute
statement. This statement was derived from Attachment 02.04.06-14A (Reference RAI
02.04.06-14 001). Discussion of the tsunami potential and its impact at the LNP site due to PMT
in the Gulf of Mexico concerning the above statement is discussed in the responses to RAI
02.04.06-07, RAI 02.04.06-08, and RAI 02.04.06-10. Table 2 of RAI 02.04.06-10 presents the
coincident runup and run-in distance for the Worst Case Earthquake Tsunami near Veracruz.
The obtained runup is 8.5 ft. (2.6 m) NAVD88 and run-in distance is only 0.1 mile (0.06 mi).
Because the LNP site is located 7.9 miles (12.8 km) inland from the Gulf of Mexico coastline, it
will not be affected by an earthquake generated PMT due to Veracruz seismicity. Since the LNP
site is located near the Gulf of Mexico, discussion of tsunami potential for the Pacific Ocean is
not relevant.

The statement of the response to RAI 02.04.06-07 is modified as described below:

Previous Statement: "Approximately 15-20 earthquakes of magnitude 7 or greater have been
generated near Veracruz since 1900. Most of the events on the northern coastline have
originated at depths greater than 75 km. However, several of the events on the southern
coastline developed near a plate subduction zone and have originated within 35 km of sea
level."

Modified Statement: "Approximately 15-20 earthquakes of magnitude 7 or greater have been
generated within -400 km (248.5 mi) of Veracruz since 1900. Of the seven M7+ events that
occurred within -100 km (62.1 mi) of the Gulf of Mexico coastline, all of them originated at
depths greater than 70 km (43.5 mi)."
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Reference:

RAI 02.04.06-14 001 United States Geological Survey., 2008.
http://neic.usgs.gov/neis/bulletin/neicxjelh.html. Accessed on
October 27, 2008.

Associated LNP COL Application Revisions:

LNP FSAR Subsection 2.4.6, Rev. 1 will be revised to incorporate clarification of the PMT
analysis and text presented in LNP calculation package LNG-0000-X7C-043, Rev. 0. The
revised statement regarding earthquakes near Veracruz, given above, will be included in this
revision.

Attachments/Enclosures:

Attachment 02.04.06-14A Historic Seismicity of Veracruz, Mexico
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NRC Letter No.: LNP-RAI-LTR-080

NRC Letter Date: February 16, 2010

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.04.06-15

Text of NRC RAI:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, the applicant must
provide an assessment of the Probable Maximum Tsunami (PMT) for the proposed Levy
County site. Section C.1.2.4.6.4 of Regulatory Guide 1.206 (RG 1.206) provides specific
guidance with respect to tsunami analysis. This includes providing a complete description of the
analysis procedure used to calculate tsunami wave height and period at the site, including the
theoretical bases of the models, their verification and the conservatism of all input parameters.
Provide additional details regarding new methodology for tsunami analysis described in
response to RAI 2.4.6-08. This discussion should specifically include (1) the basis for source
amplitude formulae (they are not contain in Silver et al., 2009); (2) clarify what is meant by
"wave amplitude onshore cannot exceed its estimated runup height at shore" (statement is
incorrect using standard tsunami terminology); (3) definition of variable Co in equations 17 and
18.

PGN RAI ID #: L-0696

PGN Response to NRC RAI:

Response to RAI Item No. 1:

For landslides, the initial tsunami amplitude (Equation 1, response to RAI 02.04.06-08) at the
source is approximated as:

AO = 3.5Tr (1)

where, T is the thickness of the landslide unit, Vs is the landslide speed, g = 9.8 m/s 2 (32.2
ft/s 2), and H0 is the water depth at the slide. The above equation is applicable for all landslide

velocities satisfying 0<Vs< ggH 0

Whereas, the initial tsunami amplitude approximated by Silver et al., 2009 (Reference RAI

02.04.06-15 001) is:

Ao =T (2)

It is clear from these two expressions (Equations 1 and 2) that, for the initial tsunami amplitude,
Equation 1 (response to RAI 02.04.06-08) is more complicated than Equation 2 (Reference RAI
02.04.06-15 001) as the former'tries to account for the effect of landslide velocity whereas the
latter does not. Equation 1 (response to RAI 02.04.06-08) was derived by fitting the results from
many numerical landslide tsunami experiments in Ward (Reference RAI 02.04.06-15 002). It
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can be noted that for nominal landslide speeds (Vs-0.5 ýgH ), both approximations (Equations

1 and 2) for the initial tsunami amplitude give nearly equal results. The range of Vs values used
in Equation 1 above can be estimated from the "terminal velocity" of low basal friction slides

_tr •gsin®

e Cd where 0 is slope of the surface, and Cd the coefficient of dynamic friction. For

underwater landslides Ward (References RAI 02.04.06-15 004 and RAI 02.04.06-15 006) used
values Cd = (2 to 20)xl0 4 /m ([6.6 to 66]x10-4 /ft). Regardless of the value of Cd selected, the
important feature is that the plausible range of Vs used in Equation 1 be lower for slides on
shallow slopes and larger for slides on steep slopes.

For earthquakes, the initial tsunami amplitude at the source (Equation 3, response to RAI
02.04.06-08) was approximated as simply the vertical component of uplift in the earthquake.
Certainly the uplift of the sea surface will not be any larger than the uplift at the sea floor. In the
case of deep water, sea surface uplift is even less than the sea floor uplift so this is a
conservative assumption. Equation 4 in the response to RAI 02.04.06-08 quantifies the vertical
uplift as a function of the dip and rake angle of the fault. Ward (Reference RAI 02.04.06-15
005) developed a similar relationship for initial tsunami magnitude in terms of fraction of
earthquake slip, and values of fault area, length and mean slip as a function of earthquake
magnitude using data from typical tsunami-generating earthquakes.

Response to RAI Item No. 2:

Please see Attachment 02.04.06-15A for visual definition of the terms used in equations (11)
and (12) in the response to RAI 02.04.06-08 (Reference RAI 02.04.06-15 003). Equation (12)
describes and explains difference between tsunami amplitude A(S) and run up height rn. As
depicted in Attachment 02.04.06-15A, amplitude is maximum excursion from still water level at
any point offshore, and maximum flow depth at any point onshore. Amplitude tapers to zero at
maximum runup location, usually at maximum run-in distance Xmax. This clarifies the
.statement "Wave Amplitude onshore cannot exceed its maximum runup height."

Response to RAI Item No. 3:

In equations (17) and (18) of the response to RAI 02.04.06-08, there is no variable represented
by "Co", instead it is a part of the trigonometric function "Cosec(e)".

References

Reference RAI 02.04.06-15 001 Silver, Eli, S. Day, S. N. Ward, G. Hoffmann, P. Llanes, N.
Driscoll, B. Applegate, S. Saunders. 2009. Volcano
Collapse and Tsunami Generation in the Bismarck
Volcanic Arc, Papua New Guinea, Journal of Volcanology
and Geothermal Research. In press.

Reference RAI 02.04.06-15 002 Ward, S. N., 2001. Landslide Tsunami, J. Geophys. Res.,
106, B6, 111201-11, 216.

Reference RAI 02.04.06-15 003 Ward, S. N. and Asphaug, E., 2003. "Asteroid impact
tsunami of 2880 March 16", Geophys. J. Int. (2003) 153,
F6-F1 0.
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Reference RAI 02.04.06-15 004

Reference RAI 02.04.06-15 005

Reference RAI 02.04.06-15 006

Ward, S. N., and S. Day, 2009. The 1958 Lituya Bay
Landslide and Tsunami: A Tsunami Ball Approach, Journal
of Earthquake and Tsunami, Accepted and in press.
PDF: http://es.ucsc.edu/-ward/papers/lituya-R.pdf

Ward, S. N., 2010a. "Tsunami" in The Encyclopedia of
Solid Earth Geophysics, ed. H. Gupta, Springer Press,
Accepted and in press. PDF:
http://es.ucsc.edu/-ward/papers/ency2.pdf

Ward, S.N. and S. Day, 2010b. The 1963 Landslide and
Flood at Vaiont Reservoir Italy - A tsunami ball simulation.
In preparation. PDF available at
http://es.ucsc.edu/-ward/papersNaiont.pdf

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

Attachment 02.04.06-15A - Definition Sketch of Wave Shoaling and Runup
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