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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-8 (eRAI 6024)

FSAR Section 2.5.1.1.5, "Tsunami Geologic Hazard Assessment," Section 2.5.1.2.1, "Site
Physiography and Geomorphology," and Section 2.5.1.2.4, "Site Geologic Hazards," state
that an extensive review of scientific literature resulted in no evidence of Quaternary
seismically induced or landslide-generated tsunami deposits within the 200-mile radius of
the Units 6 & 7 site region. The FSAR adds that sampling performed as part of the
subsurface investigations at the Turkey Point site encountered about 1 meter (3 feet) of
organic muck overlying Pleistocene and older carbonate strata and that the muck is the
dominant surficial sediment type varying in thickness across the site from 2 to 6 feet (0.6 to
1.8 meters). FSAR Figure 2.5.1-332 shows the organic muck section as Holocene. Finally,
the FSAR states that examination of Units 6 & 7 has provided no evidence of known
tsunami deposits. In light of the foregoing conclusion, the staff notes that the FSAR does
not provide an analysis of the Holocene section (muck layers) in the site vicinity with
respect to paleo-tsunami or paleo-storm surge events and core data regarding the muck
layers is absent from the FSAR.

In order for the staff to understand the Holocene geologic setting of the TPNPP and in
support of 10 CFR 100.23 please address the following questions:

a) Provide justification for your conclusion that there are no tsunami deposits at the
site with a detailed presentation of the Holocene section, including how it varies
across the site in terms of thickness and internal structure.

b) Discuss the organic sediment ("muck") and included silt layers within an appropriate
framework for the description of biogenic deposits, such as the Troels-Smith
sediment classification system. Provide sufficient detail to illustrate how you
evaluated silt layers as either potential storm or tsunami-derived sources.

FPL RESPONSE:

The information requested in part a) and the second sentence of part b) of this RAI is
addressed in the responses to RAI 02.05.01-6 and 02.05.01-7. The response to part b) of
this RAI addresses the use of the Troels-Smith sediment classification system and an
example of how the organic sediment ("muck") and included silt layers are described within
this sediment classification system.

The muck soils at the Turkey Point Units 6 & 7 site are classified under the Unified Soil
Classification System (USCS) in accordance with ASTM D2488-06 and D2487 instead of
the Troels-Smith sediment classification system. The USCS was used because the
geotechnical engineering subsurface investigation was conducted for the purpose of
foundation design. The USCS provides nomenclature to describe soil in terms of gradation,
plasticity, and organic content as determined visually or based on laboratory testing. This
widely used classification system is applicable to a wide variety of geotechnical engineering
projects. The major soil divisions of the USCS are coarse grained (gravel and sand), fine
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grained (silts and clays or clays and silts that are either organic or inorganic), organic soils
(organic matter with gravel, sand, silt or clay), and peat.

The Troels-Smith classification system is not applicable for standard geotechnical practice
for field subsurface investigations because the focus of the Troels-Smith classification
system is to reconstruct paleodepositional environments and climate. The Troels-Smith
sediment classification system is a comprehensive classification system that is used by
palynologists, paleoclimatologists, paleoecologists, and limnologists to describe organic-
rich sediments deposited in northern temperate lakes, and wetlands. The classification was
originally designed primarily as a field-based system but could be expanded to include
laboratory analysis (i.e. determining peat humification, quantifying peat bulk.density,
organic matter, and carbon content). It has been widely applied by European
paleoecologists because the more specialized terms are applicable to northwestern Europe
(i.e. Finland, Sweden, Norway, northern Russia, Great Britain, and Ireland), the region for
which they were originally devised (Reference 1).

The Troels-Smith classification system describes deposits based on physical properties,
humicity (the degree of decomposition of organic substances), and composition. Physical
properties are further characterized in terms of the degree of darkness (Nigror), the degree
of stratification (Stratifacto), the degree of elasticity (Elasticitas), and the degree of dryness
(Siccitas). Composition comprises six classes to describe the properties of sediments. The
classes are Substantua humosa, Turfa, Detritus, Limus, Argilla and Grana. For all
composition classes, a scale of 0-4 is used for characterization. Zero describes the
absence of the element concerned and 4 the maximum presence (References 1 and 2). If
FPL had used the Troels-Smith classification system at the Turkey Point Units 6 & 7 site, a
hypothetical example of sample descriptions of the deposits of marl and muck with silt
layers would be as follows:

Class: Limus calcareus

Symbol: Lc

Description: Marl

Degree of Darkness: clear

Degree of Stratification: 0

Degree of Elasticity: 0

Degree of Dryness: 2

Color: very dark gray

Structure: homogenous

Sharpness of Boundary: diffuse

Humicity: no record
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Class: Argilla granosa

Symbol: Ag

Description: Silt

Degree of Darkness: 0

Degree of Stratification: 3, 4

Degree of Elasticity: 1

Degree of Dryness: 2

Color: white

Structure: homogenous mixed with marl and or muck

Sharpness of Boundary: gradual and sharp

Humicity: no record

Class: Turfa

Symbol: Th

Description: Herbaceous Peat

Degree of Darkness: 3

Degree of Stratification: 0

Degree of Elasticity: 3

Degree of Dryness: 2

Color: very dark brown to black

Structure: fibrous, muck

Sharpness of Boundary: sharp

Humicity: no record

Furthermore, using the Troels-Smith sediment classification system would not have been
compatible with the USCS and additional geotechnical laboratory analyses and
calculations. This classification system is normally not used in the United States, with the
exception of possible studies in limnology, paleoclimatology, paleoecology, and palynology.

This response is PLANT SPECIFIC.

References:

1. Schnurrenberger, D., Russell, J., and Kelts, K, 2003. Classification of lacustrine
sediments based on sedimentary components, Journal of Paleolimnology, Vol 29,
pp. 141-154.

2. Kershaw, A. P., 1997. A modification of the Troels-Smith system of sediment
description and portrayal, Quaternary Australasia, Vol 15, no. 2, pp. 63-68.
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ASSOCIATED COLA REVISIONS:

None

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-11 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2 "Principal Tectonic and Structural Features" states that the site
region has generally recorded only sedimentary processes since Mesozoic rifting, with the
exception of tectonic activity associated with the collision of the Greater Antilles Arc with
the Bahamas Platform during Cretaceous to Eocene time. The staff notes that this
suggests that there has been no tectonic activity in the site region since the end of the
Eocene (-34 Ma). However, the north coast of Cuba, the Walkers Cay fault, the Santaren
Anticline, and the Straits of Florida normal faults all occur within the site region and show
evidence for post-Eocene tectonic activity.

In order for the staff to fully understand site region specific geology, and in support of 10
CFR 100.23, please address the following: Update this discussion to clarify the timing and
location of all tectonic features in the site region and place into the regional tectonic setting.

FPL RESPONSE:

This RAI mentions four structures or groups of structures: the Walkers Cay fault, the
Santaren Anticline, the Straits of Florida normal faults, and structures along the north coast
of Cuba. Each is addressed below, with a brief discussion of its activity and regional
tectonic setting. Updated FSAR discussions are presented in additional RAIs that are
specific to each structure, as referenced below.

As discussed in FSAR Subsection 2.5.1.1.1.3.2.2, the Walkers Cay fault is located north of
the Little Bahama Bank. Sheridan et al. (FSAR Reference 2.5.1-307) indicate that the
Walkers Cay fault may represent a reactivation of buried Mesozoic normal faults within the
basement of the Bahama platform. As noted in the response to RAI 02.05.01-14, the
interpretation of seismic reflection profiles and mapping of strands of the Walkers Cay fault
up to or near the seafloor, documents Pliocene slip and suggests possible Quaternary
activity on this fault.

The Santaren Anticline is located along the southern margin of the Bahama Platform and
was active up until the Miocene (FSAR Subsection 2.5.1.1.1.3.2.2.). Although Masaferro et
al. (FSAR Reference 2.5.1-479) calculated a non-zero fold uplift rate of 0.05
millimeters/year for a Quaternary bed that thinned over the crest of the anticline, since 20
Ma, the calculated fold uplift rates are so low that they are essentially indistinguishable from
zero (See RAI 02.05.01-15 for a discussion). As discussed in the FSAR and response to
RAI 02.05.01-15, the Santaren Anticline does not have a clear tectonic mechanism, though
some authors interpret it as related to the collision of the Greater Antilles Arc with the
Bahamas platform (FSAR References 2.5.1-501and 2.5.1-479).

As described in FSAR Subsection 2.5.1.1.1.3.2.2 and RAI Response 2.5.1-16, the Straits of
Florida normal faults were primarily active in the Eocene and acted to thin the
overthickened wedge of foreland material shed off the colliding Greater Antilles arc (FSAR
References 2.5.1-221 and 2.5.1-482) (FSAR Figure 2.5.1-229). These structures were
active in the Eocene and show very little evidence for younger deformation (Figure 2.5.1-
209) though some may have been reactivated in response to far-field effects of collision in
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central and southern Cuba during the Miocene (FSAR Reference 2.5.1-484). In summary,
these faults are clearly related to the collision of the Greater Antilles arc.

Some structures in northern Cuba exhibit the potential for post-Eocene deformation, and it
is possible that some have been active in the Quaternary, although evidence for
Quaternary activity on any Cuban fault within the site region is not definitive (see RAI
02.05.01-21). For example, small-scale maps indicate the Pinar fault crosscuts strata as
young as lower-to-middle Miocene (FSAR Reference 2.5.1-846). Cotilla-Rodriguez et al.
(FSAR Reference 2.5.1-494) suggest the Pinar fault is inactive, but others, including Garcia
et al. (FSAR Reference 2.5.1-489), suggest instead that it is active. As suggested by
Cotilla-Rodriguez et al. (FSAR Reference 2.5.1-494), other potentially active faults in Cuba
within the site region include the Hicacos, Nortecubana, and Las Villas faults. A full
discussion of the age uncertainty of the Hicacos, Nortecubana, Las Villas, and Pinar faults
is provided in the response to RAI 02.05.01-21.

The statement in the FSAR that generally no tectonic deformation has occurred since the
Eocene in the site region outside of the Greater Antilles arc collision will be revised in a
future COLA revision to specifically mention the Eocene and younger structures discussed
in this RAI. The statement in the FSAR indicates that generally no tectonic deformation has
occurred since the Eocene in the site region outside of the Greater Antilles arc collision.
The Santaren Anticline and Walkers Cay fault are structures that may have been active in
the Miocene or later and have uncertain relationships with the regional tectonic setting. The
specifics of those uncertainties are further addressed in RAI Responses 02.05.01-14 and -
15. Hence, they are rare exceptions to that general rule and are described as such in the
FSAR. The structures along the coast of Cuba and the Straits of Florida normal faults are
both probably related to the collision of the Greater Antilles arc with the Bahamas platform.
While the Straits of Florida normal faults are predominantly Eocene in age, structures along
the coast of Cuba are treated as potentially Quaternary in age (RAI 02.05.01-21).

This response is PLANT SPECIFIC.

References:

None
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ASSOCIATED COLA REVISIONS:

FSAR Figure 2.5.1-229 will be revised in a future COLA revision to include a label for the
Straits of Florida normal faults as shown below:

Figure 2.5.1-229 Regional Tectonic Features

Sources: FSAR Section 2.5.1.3 References 2.5.1-822, 482, 823, 457, 212, and 421
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The following paragraph of FSAR Subsection 2.5.1.1.1.3.2 will be revised in a future COLA
revision as shown below:

2.5.1.1.1.3.2 Principal Tectonic and Structural Features

The site region is covered by a thick sequence of sedimentary rocks and deposits that
obscure any Precambrian to Paleozoic tectonic features associated with the formation of
Pangea (Figures 2.5.1-240, 2.5.1-242, and 2.5.1-201). In fact, this region has generally
recorded only sedimentary processes since Mesozoic rifting, with the exception of the
possible tectonic activity associated with the collision of the Greater Antilles Arc with the
Bahama Platformn during ,, etaccou, to Eccenc timcthe Cuban fold and thrust belt,
possibly active faults in northern Cuba, adjacent Straits of Florida normal faults, the
Santaren anticline, and the Walker's Cay fault. The Florida Platform has been a site of
stable carbonate platform deposition continually since the Cretaceous. Variations in
sediment thickness are interpreted as a series of arches, uplifts, basins, or embayments
from geophysical or borehole data (Reference 413). Generally, these arches and basins
are sedimentary responses to minor warping, regional tilting, sedimentary compaction, or
sea level changes and are not considered associated with faulting or tectonic events
(Reference 413). In some cases, the highs or lows seen in the stratigraphy may be
mimicking Mesozoic paleotopography. The Bahama Platform is also largely undeformed,
but does include sparse post-rift faulting or deformation, generally adjacent to the Cuban
orogen. The EPRI (Reference 456) earthquake catalog and the updated earthquake
catalog completed for the Units 6 & 7 site investigation (Subsection 2.5.2.1) indicate that
north of Cuba and the northern Caribbean seismic source model (Subsection 2.5.2.4.4.3)
earthquakes are sparsely and randomly distributed within the site region and that none of
the earthquakes can be associated with a known geologic structure (Subsection 2.5.2.3).

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-12 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2.1, "Structures of the Florida Peninsula and Platform" states that
occasional variations in pre-Miocene stratigraphy recorded in boreholes due to erosion-based paleo-
topography or karst have sometimes been interpreted as possible faulting; for example, the queried
fault in Figure 2.5.1-234 (between wells Park W-2404 and Gulf W-351 0) appears to displace the
base of the Long Key and Arcadia Formations at approximately 100 m and coincides with nearly a
doubling in thickness of the Long Key Formation on the downthrown (southern) side. The staff notes
that the fault juxtaposes the Long Key Formation against the Arcadia Formation and the Arcadia
Formation against the Avon Park Formation. Cunningham et al., 1998 (Reference 373) also
provides a structural contour map of the top of the Arcadia formation and a map of net thickness of
Miocene-to-Pliocene siliciclastic sand that appears to be consistent with faulting (Figure 17 of
Cunningham et al., 1998).

In order for the staff to fully understand site region geology and in support of 10 CFR 100.23, please
address the following:

a) Substantiate your interpretation with specific evidence that the stratigraphic relations across
the queried fault shown in Figure 2.5.1-234 and depicted in Reference 373 are a result of
paleo-topographic or karst processes, rather than tectonic offset.

b) If the queried fault is indeed a fault, please discuss the timing and spatial extent of faulting
and update the FSAR discussion accordingly.

FPL RESPONSE:

a) Substantiate your interpretation with specific evidence that the stratigraphic relations across the
queried fault shown in Figure 2.5.1-234 and depicted in Reference 373 are a result of paleo-
topographic or karst processes, rather than tectonic offset.

Introduction

Cunningham et al. (1998; FSAR Reference 2.5.1-373) provide three depictions of a postulated fault
in southern Florida based on borehole data: a cross-section between widely spaced boreholes
(Figure 1 [Figure 5 of Cunningham et al. (1998)]); structure contours on the top of the Oligocene-
Miocene-age Arcadia Formation (Figure 2 [Figure 17B of Cunningham et al. (1998)]); and contoured
thickness of Miocene-Pliocene siliciclastic sands (Figure 3 [Figure 17A of Cunningham et al.
(1998)]).

Figure 1 is a modified version of FSAR Figure 2.5.1-234 that shows a cross-section across southern
Florida (Figure 5 of Cunningham et al. [1998]). This cross-section was developed with data from
eight wells in southern Florida. Between the southernmost two wells, Cunningham et al. (1998)
postulate the existence of a fault that cuts up through Avon Park Formation, Suwannee Limestone,
and Oligocene-Miocene-age Arcadia Formation, and potentially places the Arcadia Formation in
fault contact with the lower portion of the overlying Miocene-Pliocene Long Key Formation.
Alternatively, the Long Key Formation may be interpreted as deposited across a paleoscarp.
Cunningham et al. (1998) label the postulated fault on this cross-section with two question marks,
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indicating the speculative nature of this fault. It should also be noted that Figure 1 includes a
variable horizontal scale, which necessarily results in variable vertical exaggeration throughout the
cross section. Some of the greatest vertical exaggeration is in the vicinity of the postulated fault.

Figures 17A and 17B of Cunningham et al. (1998) show a dashed and queried fault on two contour
maps based on well data: a structure contour map of the top of the Arcadia Formation (Figure 2)
and an isopach map of Miocene-Pliocene siliciclastic sediments (Figure 3). The vertical surface
projection of the queried fault shown on their contour maps (Figures 2 and 3) roughly corresponds to
the location of the queried fault shown on their cross-section (Figure 1). The structure contour map
of the top of the Arcadia Formation shows a circular low south of the trace of the fault, controlled by
one well, Gulf W-351 0, which is approximately 90 - 100 meters lower than the elevation indicated by
contours north of the fault (Figure 2). The isopach map of Miocene-Pliocene siliciclastic sediments is
contoured to indicate an elongate high in thickness located south of the trace of the fault (Figure 3).
Both of the stratigraphic anomalies used to demarcate the fault are mostly limited to the one well
south of the fault and do not include data from the wells in the Florida Keys, located more than 40
kilometers to the south. For example, the wells in the Florida Keys have Mio-Pliocene thicknesses
similar to the wells north of the fault, rather than the one well immediately south of the structure
(Figure 3).

Stratigraphic Data

The two wells on either side of the fault are the Everglades Park well W-2404, which drilled through
the top of the Arcadia Formation northeast of the queried fault at a depth of approximately 125
meters, while to the southwest the Gulf Oil well W-351 0 drilled through the top of the Arcadia
Formation at a depth of approximately 225 meters. Hence, Cunningham et al.'s (1998) cross-section
shows approximately 100 m of vertical separation of the top of the Oligocene-Miocene-age Arcadia
Formation over a distance of approximately 18 km. As common practice in oil and gas exploration,
two of the critical wells were originally logged to obtain geologic information on potential reservoirs
within the Cretaceous stratigraphic section. However, Cunningham et al. (1998) use cuttings and
logs archived by the Florida Geologic Survey (FGS website, 2012) to reinterpret the stratigraphy of
southern Florida. Unfortunately, well W-351 0, one of the key wells for the interpretation of the
postulated fault, has no sampling of the Arcadia Formation from 231 - 356 meters in depth, and no
samples from 375 - 505 m (FGS website, 2012).

Two Hypotheses

Although Cunningham et al. (1998) show a postulated fault in their Figures 5, 17A, and 17B
(reproduced in this response as Figures 1 through 3), their figure captions do not describe the
queried fault, and no specific discussion of the queried fault is provided in the text of the paper.
Cunningham et al. (1998) do, however, discuss the possibility of the existence of either a
"tectonically produced low" or "erosional paleotopography" (pp. 254-255):

"A net thickness map of coarse-grained siliciclastics shows that maximum current strength for
transport of the siliciclastics occurred along a corridor from west of Lake Okeechobee to the
Florida Keys (Fig. 17A). This corridor of maximum current strength corresponds to a low
mapped on a structural contour map on the top of the Arcadia Formation (Figure 17B). This
suggests that an accumulation of the coarse-grained siliciclastics was focused within a
tectonically produced low or erosional paleotopography at the top of the Arcadia. Testing this
hypothesis is an objective of the SFDP [South Florida Drilling Project]. The SFDP will map
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the thickness of the Arcadia Formation in southern Florida and core the top of the Arcadia to
establish whether the top of the Arcadia Formation has been eroded or the Arcadia has been
structurally lowered."

FPL interprets this text to indicate that Cunningham et al. (1998) consider both paleotopography and
tectonic causes as equally plausible explanations for elevation variations of the top of the Arcadia
Formation within southern Florida. However, FPL notes that this paragraph does not specifically
describe the postulated fault on their figures. The first sentence of the paragraph on their pages 254
and 255 states that "maximum current strength for transport of the siliciclastics occurred along a
corridor from west of Lake Okeechobee to the Florida Keys (Fig. 17A)". This corridor of maximum
current strength, further interpreted by Cunningham et al. (1998) in the second sentence of the
paragraph as a "low mapped on the structural contour map on the top of the Arcadia Formation
(Figure 17B)" extends from west of Lake Okeechobee to the Florida Keys, and hence, a regional low
oriented approximately north-south that crosses the southern portion of the Florida peninsula
(similar to the grey dashed line on Figure 17B showing the "coarse-sand channel") (Figures 2
(yellow line) and 3). Without specific discussion of-the queried fault drawn in Cunningham et al.'s
(1998) Figures 5 and 17, FPL interprets the symbology in the figures and the general discussion on
their pages 254-255 to indicate that the queried fault is offered as a speculative potential cause of
thickness variations, with paleotopography being an alternate, and equally viable, possible
explanation. FPL emphasizes that the Cunningham et al. (1998) paper only presents the queried
structure as a possibility and is not positively identifying a fault in southern Florida.

Paleotopography

The queried fault on Cunningham et al.'s (1998) Figure 5 (FSAR Figure 2.5.1-234) is drawn to
explain thickness and stratigraphic variations. These variations may instead be related to
paleotopography, indeed, the top of the Arcadia Formation is known to have significant
paleotopographic variation. On Key Largo, relief on the top of the Arcadia Formation as large as 40
meters was found between borings only a few kilometers apart (Warzeski et al., 1996). Futhermore,
in Cunningham et al.'s (1998) Figure 4 (Figure 4), the elevation of the top of the Arcadia Formation
varies by approximately 100 meters between wells W-3174 and W-1 7086 (88 km apart), by 50
meters between wells W-17156 and W12554 (56 km apart), and by 25 m between wells W-3011
and W-17157 (2 km apart). The slope required to achieve this latter elevation variation, 0.7 degrees,
is actually greater than the slope required to achieve the elevation variation observed in the Arcadia
Formation between the Everglades Park and Gulf Oil wells, where the queried fault is depicted in
Figure 5 of Cunningham et al. (1998) (approximately 100 meters over 18 kilometers of distance, or a
0.3 degree slope). Numerous other examples exist throughout southern Florida of steeper
paleotopographic slopes on the top of the Arcadia Formation that are not associated with faulting. In
addition, the down-to-the-south separation depicted on the postulated fault in Figure 1 is consistent
with, and may, in part, be attributed to the regional southward dip of the strata towards the South
Florida Basin in the area (e.g., Miller, 1986; Figure 6). Similarly, the increase in the thickness of
clastics south of the fault is consistent with thickness variations seen throughout southern Florida
associated with proximity to the "coarse sand channel" (Figure 2).

The top of the Arcadia Formation is a known regional unconformity, which allows for the possibility
of geologic thickness variations without requiring or indicating faulting (see discussion in FSAR
Subsection 2.5.1.1.1.2.1.1). For example, "A distinct regional unconformity and subaerial exposure
surface at the top of the Arcadia Formation separates the Long Key and Arcadia Formations"
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(Warzeski et al., 1996)." A cross-section presented by Warzeski et al. (1996) depicts 90 meters of
relief on the top of the Arcadia Formation surface in southern Florida, while the thickness of the
Arcadia Formation varies from 200 meters in the central portion of the Florida peninsula to between
0 and 20 meters farther east (Missimer, 2001). A SFDP study in southern Florida determined that
intensification of marine currents increased the erosion of marine carbonates and led to a significant
time hiatus (more than 4 m.y.) following deposition of the Arcadia Formation (Guertin et al., 2000)
and the influence of Arcadia Formation paleotopography on highs in subsequent carbonate and
clastic deposition in southernmost Florida has been recognized (McNeil et al., 2004; FSAR
Reference 2.5.1-395).

The karst-influenced paleotopography of the Arcadia Formation is detailed in Hine et al. (2009).
While using borings at a much finer spacing than Cunningham study, the Hine study documents
karst sub-basins with as much as 100 meters of relief over distances of kilometers to tens of
kilometers on the top of the Arcadia Formation in west-central Florida. They attribute this relief to a
mid to late Miocene sea-level lowstand that caused dissolution in the deeper carbonates, such as
the Arcadia Formation, and formed paleotopographic depressions and non-tectonic deformation in
the Arcadia Formation (Hine et al., 2009).

Faulting

Elevation variations on the top of the Arcadia Formation are hypothesized by Cunningham et al.
(1998) to be the result of either faulting or erosion. Cunningham et al.'s (1998) postulated fault is
depicted in their Figures 5, 17a, and 17b. FPL interprets the use of question marks on Cunningham
et al.'s (1998) postulated fault as indicating those authors' uncertainty regarding the existence of this
structure, and FPL interprets Cunningham et al.'s (1998) use of a dashed line in the map view to
indicate where the queried fault, if it exists, is approximately located.

Alternative interpretations of well data in southern Florida, often including the three wells closest to
the postulated fault, provide evidence for unfaulted Eocene to Pliocene stratigraphy in the same
location (e.g., Miller, 1986; Warzeski et al., 1996; Guertin et al., 2000; Cunningham et al., 2001). For
example, Figure 2 from Guertin et al. (2000) provides a stratigraphic correlation diagram across the
projection of the queried fault from Cunningham et al. (1998) and interprets no faulting (Figure 5).
This diagram also displays similar relief between boreholes on the top of the Arcadia to the north.
Two of the co-authors of Guertin et al. (2000) also are co-authors on the Cunningham et al. (1998)
publication. Likewise, the regional north-south-oriented cross-section shown in Scott (2001)
intersects the projection of the queried fault and does not indicate faulting in the area (Figure 6).

As shown in Cunningham et al. (1998) Figure 17B (Figure 2), there are three wells adjacent to the
queried structure: Gulf Oil W-351 0 south of the postulated fault and W-1 115 and W-2404 north of it.
The Gulf Oil well W-3510 appears to control the set of structure contours used to delineate the area
of faulting (Figure 2). Other published contour maps of the same well data use dashed contours and
question marks to indicate uncertainty in contouring such sparse data in the Florida Bay area
(Figures 7 and 8). A later publication, Cunningham et al. (2001), also provides interpretations of
unfaulted Miocene to Pliocene stratigraphy in the same location (Figure 9) as the postulated fault
from Cunningham et al. (1998). Although focused on central Florida, regional maps presented in
Cunningham et al (2003) do not depict the queried fault from Cunningham et al (1998) in the same
location.
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Preferred Interpretation

In summary, Cunningham et al. (1998) present a dashed and queried fault as one of two possible
explanations for stratigraphic variations in southern Florida. Subsequent publications by the same
authors and the SFDP (e.g., Guertin et al., 2000; Cunningham et al., 2001; Cunningham et al.,
2003; Hine et al., 2009) have not shown the existence of this fault in southern Florida, nor have
these publications continued the postulation of the fault originally presented in Cunningham et al.
(1998) (Figures 5 and 9). Because of (1) other subsequent publications excluding this fault
interpretation, (2) the uncertainties associated with the tectonic interpretation of Cunningham et al.
(1998), and (3) data supporting a non-tectonic origin for other similar stratigraphic variations in the
region, it is more likely that paleotopography is the cause of the stratigraphic variation seen in the
boreholes. Additionally, multiple alternate interpretations of well data in the area do not support the
presence of faulting at the location of the queried structure presented by Cunningham et al. (1998).

b) If the queried fault is indeed a fault, please discuss the timing and spatial extent of faulting and
update the FSAR discussion accordingly.

Constraints on Length of the Postulated Fault

If Cunningham et al.'s (1998) queried structure is a tectonic fault, the map indicates that the
approximately located structure is between 50 and 60 kilometers long (30 - 36 miles) (Figures 2 and
3). At its nearest approach, the eastern end of the queried fault is approximately 41 kilometers (25
miles) west of the Turkey Point Units 6 and 7 site.

Constraints on Age of Most-Recent Slip on the Postulated Fault

Cunningham et al. (1998) provide no discussion of the age of most-recent slip on their postulated
fault. Based on the depiction of the queried fault in Figure 5 of Cunningham et al. (1998), the fault
tips out at the base of the Arcadia Formation and the Arcadia formation is potentially in fault contact
with the lower portion of the overlying Miocene-Pliocene Long Key Formation (Figure 1). The
depiction of potentially folded strata within the Long Key Formation (Figure 1) could be interpreted to
suggest syntectonic deposition. Thus, one could interpret that movement on the postulated fault is
as young as Miocene-Pliocene.

Alternatively, the Long Key Formation could be interpreted as being draped over a pre-existing
paleoscarp of the Oligocene-Miocene Arcardia Formation, thus post-dating slip on the postulated
fault. Post-Miocene movement on the postulated fault is only suggested by Figure 17A of
Cunningham et al. (1998). In this figure, Cunningham et al. draw the dashed and queried fault on an
isopach map of Miocene-Pliocene siliciclastic sands (Figure 3). According to this interpretation, the
postulated fault was last active during the Miocene to Pliocene, and is not a Quaternary-active
structure.

In contrast, Figures 3 and 5 of Warzeski et al. (1996) depict unfaulted Miocene and younger strata in
a structural contour map of the Plio-Pleistocene boundary, along with an isopach map of the
Miocene Peace River Formation that indicates continuous stratigraphy across the projection of the
postulated fault (Figure 7 and 8). Cunningham et al. (2001) present contour maps of Miocene and
Pliocene units (e.g., Figure 9) that do not show faulting in the location of the postulated fault from
Cunningham et al. (1998). Similarly, surficial maps and cross sections near the eastern portion of
the postulated fault do not indicate faulting in the Pliocene and younger units (Green et al., 1996;
FSAR Reference 2.5.1-830)
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Figure 2. Figure 17b from Cunningham et al (1998); Structure contour map of the top of the
Oligiocene-Miocene Arcadia formation.
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Figure 7. Figure 3 from Warzeski et al (1996); Paleotopography of Plio-Pleistocene boundary.
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Figure 8. Figure 5 from Warzeski et al (1996); Isopach map of Miocene Peace River formation.
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Figure 9. Figure 8 from Cunningham (2001); Structure contour map of the limestone within the
Pliocene Tamiami formation.

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

A paragraph regarding the queried fault will be added to the FSAR Subsection
2.5.1.1.1.3.2.1. in a future COLA revision.

Queried Fault from Cunningham et al.

Cunningham et al. (Reference 373) postulate that a fault or paleotopography could
be responsible for elevation variations in the Arcadia formation in southwestern
Florida (Figure 2.5.1-229). The queried structure is between 50 and 60 kilometers
long (30 - 36 miles) (Figure 2.5.1-229) and at its nearest approach, the eastern end of



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.01-12 (eRAI 6024)
L-2013-236 Attachment 10 Page 16 of 20

the queried fault is approximately 41 kilometers (25 miles) west of the Turkey Point
Units 6 & 7 site.

Figure 2.5.1-234 shows a cross-section across southern Florida that was developed
with data from eight wells in southern Florida, with variable horizontal scale between
pairs of wells, and thus with variable vertical exaggeration. Between the
southernmost two wells, Cunningham et al. (1998) postulate the existence of a fault
that cuts up through Avon Park Formation, Suwannee Limestone, and Oligocene-
Miocene-age Arcadia Formation, and potentially places the Arcadia Formation in
fault contact with the lower portion of the overlying Miocene-Pliocene Long Key
Formation. Alternatively, the Long Key Formation may be interpreted as deposited
across a paleoscarp. Reference 373 labels the postulated fault on this cross-section
with two question marks, indicating the speculative nature of this fault.

In cross section the postulated fault cuts units as young as the Miocene Arcadia
formation, and although the Miocene to Pliocene Long Key Formation and the
Pleistocene Key Largo are depicted as unfaulted, they have thickness and elevation
differences across the structure (Figure 2.5.1-234). Higher up-section above the
queried fault tip, Cunningham et al.'s (1998) cross-section shows marine carbonate
stringers that could be interpreted as deformed by slip on the underlying fault.
Alternatively, these marine carbonate stringers could represent deposition draped
across a paleoscarp and thus could post-date slip on the underlying postulated fault.

Although the postulated fault in Figure 2.5.1-234 would not represent a Quaternary
faulting hazard for the site if it existed, in detail the thickness and stratigraphic
variations may instead be related to paleotopography. Indeed, the top of the Arcadia
Formation is known to be an erosional unconformity with significant
paleotopographic variation. For example, "A distinct regional unconformity and
subaerial exposure surface at the top of the Arcadia Formation separates the Long
Key and Arcadia Formations" (Reference 393). A cross-section presented by
Reference 393 depicts 90 meters of relief on the top of the Arcadia Formation surface
in southern Florida, while the thickness of the Arcadia Formation varies from 200
meters in the central portion of the Florida peninsula to between 0 and 20 meters
farther east (Reference 394). A study in southern Florida determined that
intensification of marine currents increased the erosion of marine carbonates and
led to a significant time hiatus (more than 4 m.y.) following deposition of the Arcadia
Formation (Reference 934) and the influence of Arcadia Formation paleotopography
on highs in subsequent carbonate and clastic deposition in southernmost Florida
has been recognized (Reference 395).

On Key Largo, relief on the top of the Arcadia Formation as large as 40 meters was
found between borings only a few kilometers apart (Reference 393). Futhermore, in
other cross sections presented by Reference 2.5.1-273, the elevation of the top of the
Arcadia Formation varies by approximately 100 meters between wells W-3174 and W-
17086 (88 km apart), by 50 meters between wells W-17156 and W12554 (56 km apart),
and by 25 m between wells W-3011 and W-17157 (2 km apart), all interpreted without
faulting. The slope required to achieve this latter elevation variation, 0.7 degrees, is
actually greater than the slope required to achieve the elevation variation observed
in the Arcadia Formation between the Everglades Park and Gulf Oil wells, where the
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queried fault is depicted in Figure 2.5.1-234 (approximately 100 meters over 18
kilometers of distance, or a 0.3 degree slope). Numerous other examples exist
throughout southern Florida of steeper paleotopographic slopes on the top of the
Arcadia Formation that are not associated with faulting. In addition, the down-to-the-
south separation depicted on the postulated fault in Figure 1 is consistent with, and
may, in part, be attributed to the regional southward dip of the strata towards the
South Florida Basin in the area (e.g., Reference 389; Reference 377).

The karst-influenced paleotopography of the Arcadia Formation is detailed in
Reference 936. While using borings at a much finer spacing than Cunningham study,
the Hine study documents karst sub-basins with as much as 100 meters of relief
over distances of kilometers to tens of kilometers on the top of the Arcadia
Formation in west-central Florida. They attribute this relief to a mid to late Miocene
sea-level lowstand that caused dissolution in the deeper carbonates, such as the
Arcadia Formation, and formed paleotopographic depressions and non-tectonic
deformation in the Arcadia Formation (Reference 936).

Alternative interpretations of well data in southern Florida, often including the three
wells closest to the postulated fault, provide evidence for unfaulted Eocene to
Pliocene stratigraphy in the same location (e.g., References 393, 389, 934, 935). For
example, Reference 934 provides a stratigraphic correlation diagram across the
projection of the queried fault from Cunningham et al. (1998) and interprets no
faulting. This diagram also displays similar relief between boreholes on the top of
the Arcadia to the north. Likewise, the regional north-south-oriented cross-section
shown in Figure 2.5.1-233 intersects the projection of the queried fault and does not
indicate faulting in the area.

As shown in Figure 2.5.1-351, there are three wells adjacent to the queried structure:
Gulf Oil W-3510 south of the postulated fault and W-1115 and W-2404 north of it. The
Gulf Oil well W-3510 appears to control the set of structure contours used to
delineate the area of faulting (Figures 2.5.1-234 and 351). Yet, other published
contour maps of the same well data use dashed contours and question marks to
indicate uncertainty in contouring such sparse data in the Florida Bay area
(Reference 393). A later publication (Reference 935) also provides interpretations of
unfaulted Miocene to Pliocene stratigraphy in the same location as the postulated
fault from Reference 273.

In summary, numerous other sources using similar well data indicate unfaulted
strata that gently dips to the south in this location, reflecting the influence of the
South Florida Basin (e.g., Reference 393, 389, 396, 827). The fault postulated by
Reference 273 has not been documented in any subsequent investigations and
numerous examples of paleotopographic variation in the top of the Arcadia support
a non-fault-related origin for the stratigraphic variations seen in Figure 2.5.1-234.
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The following figure will be revised in a future COLA revision:

Figure 2.5.1-229 Regional Tectonic Features

Sources: References 822, 482, 823, 457, 212, and 421



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.01-12 (eRAI 6024)
L-2013-236 Attachment 10 Page 19 of 20

The following new figure will be included in FSAR Subsection 2.5.1 in a future COLA
revision:

Figure 2.5.1-381 Structure Contour Map of the Top of the Oligiocene-
Miocene Arcadia Formation



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.01-12 (eRAI 6024)
L-2013-236 Attachment 10 Page 20 of 20

The following references will be included in FSAR Subsection 2.5.1.3 in a future COLA
revision:

934. Guertin, L. A., Missimer, T. M., McNeill, D. F., 2000, Hiatal duration of
correlative sequence boundaries from Oligocene-Pliocene mixed
carbonate/siliciclastic sediments of the south Florida Platform:
Sedimentary Geology, v. 134, p. 1-26.

935. Cunningham, K. J., Bukry, D., Sato, T., Barron, J. A., Guertin, L. A., Reese,
R. S., 2001, Sequence stratigraphy of a south Florida carbonate ramp and
bounding siliciclastics (Late Miocene-Pliocene); Florida Geological Survey
Special Publication 49, p. 35-66.

936. Hine A. C., Suthard, B. C., Locker, S. D., Cunningham, K. J., Duncan, D. S.,
Evans, M., Morton, R. A., 2009, Karst sub-basins and their relationship to
the transport of Tertiary siliciclastic sediments on the Florida Platform:
International Association of Sedimentologists Special Publication: v. 41, p.
179-197.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-13 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2.2 states with respect to Mesozoic Normal Faults of the
Bahamas Platform, that the basement of the Bahamas Platform is depicted as a series of
fault blocks with syn-tectonic Triassic to Jurassic strata, draped by undeformed Cretaceous
strata. However, the staff notes that in FSAR Figure 2.5.1-264, Lower Cretaceous strata
are faulted.

In order for the staff to evaluate the site region geology and in support of 10 CFR 100.23,
please clarify the age of latest movement in light of faulted lower Cretaceous strata.

FPL RESPONSE:

The discussion of Mesozoic normal faults of the Bahamas Platform in FSAR Subsection
2.5.1.1.1.3.2.2 notes that normal faults cutting Cretaceous strata have been identified, but
concludes the following: "More commonly, the basement of the Bahama Platform is
depicted as a series of fault blocks with syn-tectonic Triassic to Jurassic strata, draped by
undeformed Cretaceous strata." Such undeformed Cretaceous strata are interpreted in the
Straits of Florida (FSAR Figures 2.5.1-243, -263, and -272), the western Bahama Bank
(FSAR Figure 2.5.1-268), the Great Bahama Bank (FSAR Figures 2.5.1-269 and -271), and
the southeast Bahama Plateau (FSAR Figure 2.5.1-270), all of which are discussed in
FSAR Subsection 2.5.1.1.1.3.2.2.

Sheridan et al. (1988) (FSAR Subsection 2.5.1 Reference 307) interpret Lower Cretaceous
strata (Albian-Aptian) as faulted, but Upper Cretaceous strata (Cenomanian to Conacian
and Santorinian to lower Paleocene) strata are unfaulted (right panel of FSAR Figure 2.5.1-
264), consistent with the statement in the FSAR. The statement in Subsection
2.5.1.1.1.3.2.2 of the FSAR will be revised to provide clarification.

This response is PLANT SPECIFIC.

References:

None

ASSOCIATED COLA REVISIONS:

The first and second paragraphs of FSAR Subsection 2.5.1.1.1.3.2.2 will be revised as
shown below in a future revision of the FSAR:

2.5.1.1.1.3.2.2 Bahama Platform Tectonic and Structural Features

Structures of the Bahama Platform

The Bahama Platform, like the Florida Platform, is best characterized by continuous,
horizontal carbonate deposition, rarely interrupted by faulting or other deformation (Figure
2.5.1-245). Because the platform is largely submerged, all information about potential



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Response to NRC RAI No. 02.05.01-13 (eRAI 6024)
L-2013-236 Attachment 11 Page 2 of 3

structures is gained from interpretations of seismic lines, and therefore is subject to
limitations. The vast majority of seismic lines inspected and available to this study confirm
the unfaulted nature of Cretaceous and younger strata across the Bahama Platform and
southern Florida Platform (Figures 2.5.! 262, 2.5.1-268, 2.5.1-263, 2.5.1-269, 2.5.1-270,
2.5.1-271, and 2.5.1-272). However, a few exceptions to this exist, such as the ReFnFa fau'lt
deformation associated with the Santaren Anticline (Figure 2.5.1-278), and-an normal
faults in the Straits of Florida (Figure 2.5.1-273), the Walkers Cay fault (Figure 2.5.1-
275) and the eastern Bahama Platform (right panel of Figure 2.5.1-264). These
younger featu• e ar gen•r•ally a-6:GOat1d with, and in ,lo,• p•r•iMity to, the Tc;iary

G--ba n 9reg e n.

Mesozoic Normal Faults of the Bahama Platform

As described above, the openings of the Gulf of Mexico and Atlantic Ocean led to the
development of Mesozoic normal faults that extended the basement beneath the Florida
and Bahama Platforms. No detailed maps of the entire subsurface Bahama Platform exist,
but limited mapping of such faults has been done in conjunction with large-scale seismic
surveys. For example, Aust;in et -al. (ReferenD e 432) .detif' s6ev,.n normal faults c.utting a
Cr.tac.ous horizon in the Exuma Sound, and a seismic line in the Straits of Florida
identified several minor normal faults cutting a Cretaceous horizon (Figure 2.5.1-274). More
commonly, the basement of the Bahama Platform is depicted as a series of fault blocks
with syn-tectonic Triassic to Jurassic strata, draped by undeformed Lower andlor Upper
Cretaceous strata (Figures 2..1 264 and 2.5.1 242). In the eastern Bahama Platform,
Sheridan et al. (Reference 307) interpret normal faults cutting Lower Cretaceous
strata that are draped by unfaulted Upper Cretaceous (Santonian or Cenomanian)
strata (right panel of Figure 2.5.1-264). On Figure 2.5.1-263 a north-south seismic line
located east of the site indicates a normal faulted basement of Paleozoic to Jurassic
strata draped by unfaulted Upper Jurassic to Lower Cretaceous strata. Similarly, the
seismic line interpretation on Figure 2.5.1-243 indicates faulted basement covered by
undeformed Upper Jurassic and younger strata. On Figures 2.5.1-268 and 2.5.1-269,
flat unfaulted Lower Cretaceous and younger strata cover the Bahama platform.

The notes for FSAR Figure 2.5.1-270 will be revised as shown below in a future revision of
the FSAR:

Notes:
(a) Seismic line OBC-8B, C, 48-trace, 24-fold; four air guns of 6000 cubic inches total
volume, fired at 500 psi in 25-second intervals; data not deconvolved or migrated.
(b) Interpretation of line OBC-8B, C Identification of reflectors seaward of escarpment is
based on correlation with DSDP Site 99. Modified from: Reference 7-94 687
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Reference 2.5.1- 794 in FSAR Subsection 2.5.1.3 will be revised as shown in a future
revision of the FSAR:

794. Schlager, W., Buffler, R., Angstadt, D., and Phair, R. "32. Geologic History of the
Southeastern Gulf of Mexico," Initial Reports DSDP, 77, Buffler, R.,
Schlager, W., Bowdler, J., Cotillon, P., Halley, R., et al., Washington, U.S.
Government Printing Office, pp. 715-738, 1984.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-14 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2.2, "Bahamas Platform Tectonic and Structural Features" states
with respect to Walkers Cay Fault, that although strata above the Oligocene horizon have
been interpreted as both faulted and unfaulted, Harwood and Towers (1988) indicated that
the Walkers Cay fault has minimal effect on middle Miocene and younger strata. In addition
the FSAR states that because of the minor deformation of Miocene and younger strata, the
Walkers Cay fault is concluded to be a Tertiary structure, and consequently, not a capable
tectonic structure.

In order for the staff to understand the geologic setting of the TPNPP site and In support of
10 CFR 100.23 please address the following:

1) Label Walkers Cay fault on FSAR Figure 2.5.1-276.

2) Explain the basis for Harwood and Towers (1988) conclusion within the limits of
resolution for marine seismic reflection data.

3) Discuss the earlier interpretation of fault offset to the sea floor in light of the Austin
et al 1988 a and b papers.

4) Discuss site-survey profiles LBB-17 and LBB-18 of ODP Leg 101, which show the
Walkers Cay fault displacing the seafloor(see Austin et al., 1988 a and b).

a. Austin, J. A., Jr., Schlager, W., et al, 1988, Proceedings of the Ocean Drilling
Program, Scientific Results (1988) 101: 455-472. Paper number 29, by the "Leg
101 Scientific Party." Copyright 1988, Ocean Drilling Program.

b. Austin, J. A., Jr., Schlager, W., et al., 1988, Proceedings of the Ocean Drilling
Program, Scientific Results (1988) 101: 455-472. Paper number 26, by Austin et al."
Copyright 1988, Ocean Drilling Program.

FPL RESPONSE:

This response is divided into three parts. The first part of this response describes available
geologic data for the Walkers Cay fault. The second part of this response addresses items
1 through 4 specified in the RAI. The third part of this response describes the results of a
sensitivity calculation performed to assess the potential impact on the probabilistic seismic
hazard analysis (PSHA) for the Turkey Point Units 6 & 7 site if the Walkers Cay fault were
to be included as a capable fault source.

Available Geologic Data for the Walkers Cay Fault

The Walkers Cay fault was initially identified by Mullins and Van Buren (1981) (FSAR 2.5.1
Reference 474) north of Little Bahama Bank based on seismic reflection data. As later
mapped by Van Buren and Mullins (1983) (FSAR 2.5.1 Reference 791), the fault is a 33-
km-long structure that strikes north-northeast (FSAR Figure 2.5.1-275 and Figure 1). In
contrast, Austin et al. (1988b) (FSAR 2.5.1 Reference 785) depict a broad zone of faulting
by mapping the northwest and southeast boundaries of the zone, but do not map the extent
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of any individual strands within the zone. These boundaries of the Walkers Cay fault zone
are defined as having a more easterly strike than the fault of Van Buren and Mullins (1983)
(FSAR 2.5.1 Reference 791) and a similar length (Figure 1). The spatial coincidence of the
faulting expressed in Oligocene- to Cretaceous-age strata with a magnetic anomaly has
been used to interpret the Walkers Cay fault as a basement-involved structure (Mullins and
Van Buren 1981; Sheridan et al. 1988) (FSAR 2.5.1 References 474 and 307).

In the vicinity of the Walkers Cay fault, five seismic reflection lines with variable levels of
interpretation have been reproduced in the published literature. Each of these five lines is
described in the paragraphs below. Mullins and Van Buren (1981) (FSAR 2.5.1 Reference
474) and Van Buren and Mullins (1983) (FSAR 2.5.1 Reference 791) present two air gun
seismic reflection profiles (Profile 4 and Profile E) in their reports about this structure
(Figure 1). Shortly thereafter, the Ocean Drilling Program (ODP) Leg 101 conducted
another seismic survey of the north slope of Little Bahama Bank and these data are
discussed in several publications (e.g., Austin et al. 1986a; Austin et al. 1986b; Harwood
and Towers 1988 [FSAR 2.5.1 Reference 476]; Austin et al. 1988a, 1988b [FSAR 2.5.1
Reference 785]). Three published seismic lines from that work (Lines LBB-13, LBB-17 and
LBB-18) depict the Walkers Cay fault or a splay of the fault (Figure 1). In at least one of
those lines (Line LBB-1 8), Austin et al. (1988b, p. 401) (FSAR 2.5.1 Reference 785)
interpret a normal fault "believed to be the Walkers Cay normal fault" as extending up to the
seafloor, suggesting possible Quaternary activity. Normal faulting is reportedly visible on
lines LBB-5, LBB-6, and LBB-15 (Harwood and Towers 1988) (FSAR 2.5.1 Reference 476),
but these seismic lines have not been reproduced in any of the publications from ODP
Leg 101.

Profile 4

Profile 4 is oriented north-northeast (Figure 1) and an interpretation provided by Van Buren
and Mullins (1983) (FSAR 2.5.1 Reference 791) shows the fault as a solid line up to the
boundary between NLBB-1 and NLBB-2 (late Oligocene), and as a dashed-line above this
boundary (Figure 2). The dashed extension of the fault extends upward approximately
halfway through the Late Oligocene to Recent section, and Van Buren and Mullins (1983)
(FSAR 2.5.1 Reference 791) draw short, unfaulted reflectors above the dashed upward
termination of the fault (Figure 2). The fault does not appear to extend upward to the
seafloor, but the exact location in the section of its upward termination is not clear. As
described by Mullins and Van Buren (1981) (FSAR 2.5.1 Reference 474), the late
Oligocene reflector (NLBB-2) is displaced vertically by as much as 75 to 100 meters.

Profile E

Profile E is oriented west-northwest (Figure 1) and the Van Buren and Mullins (1983)
(FSAR 2.5.1 Reference 791) interpretation depicts four fault strands that, presumably,
collectively represent the Walkers Cay fault. The westernmost fault strand is shown as a
solid line, with three fault strands to the east shown as dashed lines (Figure 3). As in Profile
4, the westernmost fault is shown as solid up to the boundary between NLBB-1 and NLBB-
2 (late Oligocene), and as a dashed line above that boundary. These four fault strands do
not appear to be drawn to the seafloor, and are not described as extending to the seafloor
by Van Buren and Mullins (1983) (FSAR 2.5.1 Reference 791) (Figure 3). The data
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resolution near the surface, however, may preclude any definitive assessment of the fault
tips.

LBB-17

Seismic line LBB-17 is oriented north-northeast (Figure 1). Austin et al. (1988b) (FSAR
2.5.1 Reference 785) illustrate the location of the Walkers Cay fault with two leader lines
beneath a monocline and do not draw the fault in this seismic line (Figure 4). Austin et al.
(1988b, p. 395) (FSAR 2.5.1 Reference 785) state, "This normal fault is well defined on
LBB-17, particularly where it offsets sequence G. Sequences A-F do not appear to be
offset, but thickening of sequences A-E across the upward continuation of the fault trace
implies continuing differential subsidence across this feature" and possible synsedimentary
movement on the fault. The exact upward termination of deformation in section LBB-1 7 is
not clear, however, the uppermost reflectors above 1.5 seconds appear parallel and
unfaulted across the structure (Figure 4). Based on the poor resolution of the seismic
reflection data as presented in Figure 4, however, the possibility of deformation extending
upward to the seafloor cannot be precluded at that location. No statements are made by
the authors regarding the magnitude of offset or thickening, nor do they address the
thickness of the Quaternary section at this location. Based on three nearby ODP borings,
however, the Quaternary section is very thin, with measured thicknesses ranging from 3.6
m to 18.2 m (Figure lb).

LBB-18

Seismic line LBB-18 is oriented north-northeast, parallel to, and west of, seismic line LBB-
17 (Figure 1). The interpreted version of seismic line LBB-18 from Harwood and Towers
(1988) (FSAR 2.5.1 Reference 476) is shown in the upper panel of Figure 5, which depicts
a normal fault extending upward to the seafloor at approximately 700 hrs. This unnamed
fault is possibly the Walkers Cay fault, although Harwood and Towers (1988, p. 266)
(FSAR 2.5.1 Reference 476) indicate that it is "a minor splay." The lower left panel of
Figure 5 shows Austin et al.'s (1988b) (FSAR 2.5.1 Reference 785) interpretation of the
portion of seismic line LBB-18 that includes this same normal fault strand. Austin et al.
(1988b, p. 401) (FSAR 2.5.1 Reference 785) state, "This fault may still be active, as it
appears to offset the seafloor." No statements regarding the amount of offset in Quaternary
strata, or the thickness of the Quaternary section, are provided by Austin et al. (1988b)
(FSAR 2.5.1 Reference 785) or Harwood and Towers (1988) (FSAR 2.5.1 Reference 476).
Previous publications on analysis of cores (Austin et al. 1986a, 1986b, 1986c), however,
indicate that three borings along LBB-1 8 demonstrate the Quaternary section ranges from
3.6 m to 18.2 m in thickness (Figure Ib).

LBB-13

Seismic line LBB-13 is oriented west-northwest (Figure 1). Austin et al. (1988b) (FSAR
2.5.1 Reference 785) interpret three fault strands from these data (Figure 6) but provide
minimal description of these faults. No interpretation of this line was provided by the ODP
publications (Austin et al., 1988b; Harwood and Towers, 1988) (FSAR 2.5.1 References
785 and 476). The seismic line shows clear offset in three relatively narrow zones at the top
of an Early Cretaceous bed (unit G), with the majority of displacement occurring on the
westernmost fault splay, which is located nearest the mapped trace of the Walkers Cay
fault from Van Buren and Mullins (1983) (FSAR 2.5.1 Reference 791) (Figure 1). Austin et
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al. (1988b, p. 395) (FSAR 2.5.1 Reference 785) indicate that "all of the seismic sequences
are faulted down to the east", with a maximum throw of 70 meters on one of the faults at
the top of sequence G (early Cretaceous).

Responses to RAI Items 1 through 4

1) Label Walkers Cay fault on FSAR Figure 2.5.1-276.

FSAR Figure 2.5.1-276 is revised to label the fault strands that compose the Walkers Cay
fault. Revised FSAR Figure 2.5.1-276 is provided in the Associated COLA Revisions
section of this response.

2) Explain the basis for Harwood and Towers (1988) conclusion within the limits of
resolution for marine seismic reflection data.

Harwood and Towers (1988, p. 266) (FSAR 2.5.1 Reference 476) conclude that the
"Walkers Cay fault is visible on seismic profiles LBB 5, 6, 13, and 15, with a minor splay on
LBB 18 (Figure 6), but throughout the area it has only a minimal effect on sediments
younger than middle Miocene." As Harwood and Towers (1988) (FSAR 2.5.1 Reference
476) only present a subset of the seismic profiles collected for their study, it is difficult to re-
examine their conclusion with respect to all profiles. In addition, they also do not quantify
fault displacements in different age units. Of the five seismic reflection lines available, one
(LBB-1 8) shows the Walkers Cay fault reaching the seafloor, but the majority of seismic
lines (Profile E, Profile 4, LBB-1 3 and LBB-1 7) appear to show fault deformation
terminating at 1.3 to 1.5s (two-way travel time) below the seafloor. The Harwood and
Towers (1988) (FSAR 2.5.1 Reference 476) assessment that the Walkers Cay fault has "a
minimal effect on sediments younger than middle Miocene" likely is due to: (1) the limited
amount of deformation that can be observed in the shallower deposits of middle Miocene
and younger age, and (2) the thin nature of post-Miocene deposits.

Harwood and Towers (1988) (FSAR 2.5.1 Reference 476) do not provide an explicit
statement regarding the resolution of ODP seismic reflection data. Harwood and Towers
(1988, p. 263) (FSAR 2.5.1 Reference 476) do, however, state that "seismic sedimentologic
features are recognizable to a resolution of better than 10 m." FPL interprets this to indicate
that one cannot observe disturbances in post-middle Miocene strata that are appreciably
smaller than the resolution limit of the seismic data (approximately 10 m). If we assume the
Walkers Cay fault has remained active to the present day and the vertical fault separation
in the past -5 Ma were twice the seismic data resolution (20 m), then the long-term vertical
separation rate would be very low, on the order of 0.004 mm/yr.

In addition, the thickness of the Quaternary section, as measured in three ODP borings
along profile LBB-1 8, ranges from 3.6 m to 18.2 m. This is similar to the resolution of the
seismic data as described by Harwood and Towers (1988) (FSAR 2.5.1 Reference 476),
which makes it difficult to accurately assess the presence or absence of Quaternary
deformation on the Walkers Cay fault.
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3) Discuss the earlier interpretation of fault offset to the sea floor in light of the Austin et al
1988 a and b papers.

The earliest descriptions of the Walkers Cay fault (Mullins and Van Buren 1981; Van Buren
and Mullins 1983) (FSAR 2.5.1 References 474 and 791) do not describe or graphically
depict the Walkers Cay fault as cutting the seafloor. In both of those studies, the authors do
not map the Walkers Cay fault upward to the seafloor on either Profile E or Profile 4
(Figures 2 and 3). Although the authors speculate that the fault appears to extend "possibly
even to the seafloor" (Mullins and Van Buren 1981, p. 226) (FSAR 2.5.1 Reference 474)
they state that "movement along the Walkers Cay Fault occurred during the Cenozoic
-(post-late Oligocene time)" (Mullins and Van Buren 1981, p. 226) (FSAR 2.5.1 Reference
474). Additionally, a three-dimensional schematic rendering of the Little Bahama slope
shows the Walkers Cay fault as not reaching the seafloor, but instead terminating upward
within the Late Oligocene to Recent section (Figure 7). In both publications, the authors
-refer to the fault as a "Cenozoic" feature. Thus, the information provided in Mullins and Van
Buren (1981) and Van Buren and Mullins (1983) (FSAR 2.5.1 References 474 and 791)
does not demonstrate nor preclude Quaternary (Pleistocene or even Holocene) activity on
the Walkers Cay fault.

The more recent publications on the Walkers Cay fault include Austin et al. (1988a), Austin
et al. (1988b) (FSAR 2.5.1 Reference 785), and Harwood and Towers (1988) (FSAR 2.5.1
Reference 476). In seismic line LBB-18, a normal fault is interpreted by Austin et al (1988b)
(FSAR 2.5.1 Reference 785) as reaching the seafloor (Figure 5), and, depending on the
age of the strata at the seafloor, could represent evidence for Quaternary fault activity. In
LBB-17, however, Austin et al. (1988b) (FSAR 2.5.1 Reference 785) depict brittle faulting
up through sequence G. Overlying seismic sequences A-F "do not appear to be offset, but
thickening of sequences A-E across the upward continuation of the fault trace implies
continuing differential subsidence across this feature" (Austin et al. 1988b, p. 395) (FSAR
2.5.1 Reference 785). FPL notes that this could be caused by non-brittle faulting or
differential compaction, and that the uppermost reflector(s) representing the youngest
strata appear flat and thus do not indicate thickening across the Walkers Cay at the time of
their deposition. FPL interprets LBB-13 to show faulting at depth, and folding of decreasing
amplitude upward, with several overlying parallel and unfaulted reflectors at the top of
section (Figure 6). The uppermost obvious folding above the Walkers Cay fault on LBB-1 3
appears to be within seismic sequence D, or Eocene to early Miocene strata, according to
correlations with ODP Site 627 presented in Austin et al. (1988a) (Figure 8). Similarly, the
uppermost folding associated with the Walkers Cay fault on LBB-1 7 appears to occur below
the seafloor, and possibly within pre-Quaternary sediments, given that the Quaternary
section in this region is typically less than approximately 20 m thick (discussed in part 4
below).

Harwood and Towers (1988) (FSAR 2.5.1 Reference 476) present the only summary of all
available timing information on the Walkers Cay fault from the ODP Leg 101 publications.
Harwood and Towers (1988, p. 266) (FSAR 2.5.1 Reference 476) state the "Walkers Cay
fault is visible on seismic profiles LBB 5, 6, 13, and 15, with a minor splay on LBB 18
(Figure 6), but throughout the area it has only a minimal effect on sediments younger than
middle Miocene." This conclusion is consistent with the conclusions of Mullins and Van
Buren (1981) and Van Buren and Mullins (1983) (FSAR 2.5.1 References 474 and 791).
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The primary difference between the earlier and later studies is the interpertation of seafloor
offset in a minor splay of the Walkers Cay fault in LBB-1 8, discussed in detail below.

4) Discuss site-survey profiles LBB-17 and LBB-18 of ODP Leg 101, which show the
Walkers Cay fault displacing the seafloor.

As described above, ODP Leg 101 seismic line LBB-18 depicts a normal fault extending
from above the carbonate platform top (sequence G) to the seafloor (Austin et al. 1988b)
(FSAR 2.5.1 Reference 785) (Figure 5). This is the only profile in which any author has
described faulting to the seafloor. No statements regarding the amount of offset in
Quaternary strata are provided. in Austin et al. (1988a) or Austin et al. (1988b) (FSAR 2.5.1
Reference 785).

Regarding profile LBB-17 (Figure 4), as stated above, Austin et al. (1988b) (FSAR 2.5.1
Reference 785) depict brittle faulting within sequence G, and deformation continuing
upwards as monoclinal folding in the upper stratigraphy (Figure 4). Austin et al. (1988b, p.
401) (FSAR 2.5.1 Reference 785) attribute the fold in seismic reflection sequences A-F to
"synsedimentary movement". The monocline appears to be the result of tectonic
deformation that extends upward through at least the D-E boundary, which would argue for
tectonic activity at least into the late Paleocene-early Eocene (Austin et al., 1986b). They
do not suggest that the fault extends to the seafloor in this profile. There appear to be flat-
lying, undeformed reflectors between 1.5 seconds (two-way travel time) and the seafloor.

Borehole data in the vicinity of these seismic profiles indicate that the Quaternary section is
limited to a thin veneer. At ODP sites 627, 628, and 630, analysis of cores found that
planktonic foraminifers associated with Pleistocene sediments are limited to approximately
the uppermost 15.5 m, 3.6 m, and 18.2 m, respectively (Figure 1) (Austin et al. 1986a,
1986b, 1986c). There is no indication of abrupt thinning or thickening of layers in the
seismic profiles that would suggest these observations are spatial anomalies. Furthermore,
these thicknesses are in agreement with regional mapping (Reed et al., 2005) that
indicates Neogene (Pliocene or Miocene) strata are within 20 m of the seafloor in this area.
Thus, to determine if the Walkers Cay fault is a Quaternary structure, seismic data would
need to resolve displacement within approximately the uppermost 20 m of seafloor
sediments.

In summary, on only one of the five presented seismic lines that cross the Walkers Cay
fault (LBB-18) do the authors interpret a fault reaching the seafloor (Figure 5) (Austin et al.
1988b) (FSAR 2.5.1 Reference 785). This is consistent with the summary of seismic lines
collected in ODP Leg 101 that states that "throughout the area it [the Walkers Cay fault]
has only a minimal effect on sediments younger than middle Miocene" (Harwood and
Towers 1988, p. 266) (FSAR 2.5.1 Reference 476). The possibility of Quaternary slip on
the Walkers Cay fault cannot be precluded by the available data.
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Hazard Sensitivity Calculation for the Walkers Cay Fault

As described above, at least one strand of the Walkers Cay fault may extend upward to the
seafloor, but it is unclear whether the Walkers Cay fault extends upward into Quaternary
deposits and thus may be a capable tectonic source. Based on the available data, possible
faulting of the seafloor and Quaternary activity on the Walkers Cay fault cannot be
precluded. For this reason, a hazard sensitivity calculation was performed to assess the
potential impact of a Walkers Cay fault source on the probabilistic seismic hazard analysis
(PSHA) for the Turkey Point Units 6 & 7 site. The Walkers Cay fault lies northeast of the
site and straddles the 200-mile site region boundary (Figure 1).

Seismic Source Characterization for the Walkers Cay Fault

The Walkers Cay fault is included as a discrete fault source in a hazard sensitivity
calculation. The input parameters for the Walkers Cay fault source are described below:

Probability of Activity: For the purpose of the hazard sensitivity calculation, it is assumed
that the Walkers Cay fault is a capable tectonic source with a probability of activity of 1.0.

Source Location and Geometry: Van Buren and Mullins (1983) (FSAR 2.5.1 Reference
791) map the Walkers Cay fault as an approximately 33-km-long, north-northeast-striking,
steeply dipping structure. At its nearest point, the Walkers Cay fault is located
approximately 300 km from the Turkey Point Units 6 & 7 site. Alternatively, Austin et al.
(1988b) (FSAR 2.5.1 Reference 785) map the Walkers Cay fault zone at approximately the
same distance from Turkey Point Units 6 & 7 and as a broad northeast-striking zone that
could include a fault of up to 24 km in length (Figures 1 and 9). For the purpose of the
hazard sensitivity calculation, the geometry of the Walkers Cay fault source is simplified
after the 33-km-long mapped depiction of Van Buren and Mullins (1983) (FSAR 2.5.1
Reference 791) and is assumed to have a vertical dip angle and a rupture depth from 0 to
15 km depth.

Maximum Magnitude Assessment: The characteristic magnitude for the Walkers Cay fault
source is based on the empirical surface rupture length-magnitude regression from Wells
and Coppersmith (1994) (FSAR 2.5.1 Reference 662) for all fault types, assuming a
surface rupture length equal to the 33 km mapped length of the fault from Van Buren and
Mullins (1983) (FSAR 2.5.1 Reference 791). This regression provides a median value of M"
6.8. Uncertainty associated with this value is accounted for in the hazard sensitivity
calculation by allowing earthquakes of 0.2 magnitude units larger or smaller than the
characteristic event. The characteristic magnitude distribution [and weights] assigned to the
Walkers Cay fault source is: M, 6.6 [0.2], 6.8 [0.6], 7.0 [0.2].

Slip Rate Assessment: There are no data with which to directly determine the late
Quaternary slip rate on the Walkers Cay fault. There are, however, data and observations
that can be used to constrain possible slip rate values for the Walkers Cay fault source,
including:

* Published literature describing the Walkers Cay fault does not provide description of any
possible fault scarps in the seafloor in the vicinity of the Walkers Cay fault.
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* Published literature indicates a relatively thin Quaternary section in the vicinity of the
Walkers Cay fault (Figure 1). Specifically, borehole data from ODP sites 627, 628, and
630 indicate Quaternary sediments are limited to approximately the uppermost 15.5 m,
3.6 m, and 18.2 m, respectively (Figure 1). Moreover, regional mapping by Reed et al.
(2005) indicates Neogene (Pliocene or Miocene) strata are within 20 m of the seafloor in
the vicinity of the Walkers Cay fault.

" There is no indication in the seismic reflection data (e.g., Van Buren and Mullins 1983;
Austin et al. 1988b; Harwood and Towers 1988) (FSAR 2.5.1 References 791, 785, and
476) of abrupt thickening of young layers (post-Miocene) in the vicinity of the Walkers
Cay fault that might indicate thickening of Quaternary basin geometry.

* The lack of observed bathymetric expression in the vicinity of the Walkers Cay fault,
coupled with the observation of only a thin veneer of Quaternary deposits across the
region, suggests the lack of significant vertical separation associated with the fault in
Quaternary time. As discussed in part 2 of this response, a vertical separation rate
greater than 0.004 mm/yr should be resolvable in the data published by Harwood and
Towers (1988) (FSAR 2.5.1 Reference 476).Van Buren and Mullins (1983) (FSAR 2.5.1
Reference 791) indicate up to 100 m of vertical separation of the 30 Ma boundary
between NLBB-1 and NLBB-2 across the Walkers Cay fault (Figure 2). The time period
over which this separation occurred is not clear, but if it occurred since 15 Ma (half-way
up through NLBB-1 on Figure 2), this results in a vertical separation rate of 0.0067
mm/yr since that time. If this vertical separation occurred since 10 Ma (two-thirds of the
way up through NLBB-1 on Figure 2), this results in a vertical separation rate of 0.01
mm/yr since that time.

* Austin et al. (1988b) (FSAR 2.5.1 Reference 785) provide structure contour maps with
20-m contour intervals for the top of Sequence D (latest early Miocene) and the top of
Sequence G (early Cretaceous) (Figure 9). Major perturbations in these contours that
would be indicative of significant fault offset since those times are not apparent,
suggesting that the total amount of vertical separation across the Walkers Cay fault
likely is on the order of tens of meters or less.

" The table below indicates, for different assumed vertical separation rates, the expected
total vertical separation in Quaternary time. For example, assuming a vertical separation
rate of 0.01 mm/yr yields 18-26 in of vertical relief that should be expressed as either
scarps in the seafloor or thickening of Quaternary sediments.

" Austin et al (1988b) (FSAR 2.5.1 Reference 785) desribe at least one strand of the
Walkers Cay fault as normal, but the published literature does not provide clear
geometry, including dip, kinematic information, or the ratio of horizontal to vertical slip
on the Walkers Cay fault. The table below shows, for assumed horizontal to vertical
ratios of 1:1 and 5:1, the expected slip rates that correspond to different vertical
separation rates on a vertically dipping fault plane.
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Assumed Total vertical Total vertical Slip rate Slip rate

vertical separation separation (mm/yr) if (mmlyr) if

separation rate (m) in (m) in horizontal to horizontal to
(mmlyr) Quaternary Quaternary vertical slip vertical slip(1.8 Ma)* (2.6 Ma)* ratio = 1:1 ratio = 5:1

0.001 1.8 2.6 0.0014 0.0051

0.005 9 13 0.0071 0.026

0.01 18 26 0.014 0.051

0.05** 90 130 0.071 0.26

0.10** 180 260 0.14 0.51

* At present, the Quaternary Period is defined as spanning from

approximately 2.6 Ma to present (Gibbard et al. 2009). At the time of
publication of Austin et al. (1988b) (FSAR 2.5.1 Reference 785) and Van
Buren and Mullins (1983) (FSAR 2.5.1 Reference 791), the Quaternary
Period was defined as spanning from approximately 1.8 Ma to present.

** Note that these vertical separation rates would produce total vertical
separations that are not supported by geologic data, as discussed in the
text.

Taken together, the data and observations described above are used to constrain a
conservative representation of the modeled slip rate distribution for the Walkers Cay
fault source for hazard sensitivity calculation purposes, as follows:

* The upper bound on the modeled slip rate distribution is set at 0.05 mm/yr. This is
based on the assessment that, even assuming a high horizontal to vertical slip ratio,
any greater Quaternary slip rate likely would have resulted in several tens of meters
of vertical relief that would be recognized in bathymetric and/or seismic reflection
data. This suggests that slip rates of 0.05 mm/yr and larger on the Walkers Cay fault
are not supported by the presently available data.

* The median value of modeled slip rate is set at 0.01 mm/yr. This is based on the
assessment that the Walkers Cay fault could have been active throughout the
Quaternary at this rate and remain unobserved in the bathymetry and/or seismic
reflection data. Assuming a moderate fault dip and relatively low horizontal to vertical
slip ratios, consistent with the inference that the Walkers Cay fault has mostly
normal slip, a slip rate of 0.01 mm/yr likely would result in vertical separations of 10
to 20 m at the base of the Quaternary section.

" The lower bound on the modeled slip rate distribution is set at 0.001 mm/yr. This is
based on the possibility that the Walkers Cay fault is slipping at a very low rate, not
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likely to be detectable within the limits of available data, yet is still a capable tectonic
source.

The potential for erosion of Quaternary sediments is a complicating factor for estimating
Quaternary slip rates on the Walkers Cay fault. Structure contour data and vertical
separation observed from seismic reflection lines limit the total vertical separations
across the fault. This uncertainty is accounted for in the broad distribution of slip rates
assigned the the Walkers Cay fault. The slip rate distribution in mm/yr [and weights]
assigned to the Walkers Cay fault source for hazard sensitivity calculation is: 0.001
[0.2], 0.01 [0.6], 0.05 [0.2]. This slip rate distribution accounts for the possibility of some
horizontal component of fault slip and captures uncertainty in possible fault dip. The
largest weight in this distribution is accorded to a slip rate of 0.01 mm/yr, which appears
to represent a limiting rate beyond which there would be a significant likelihood that
vertical separations of the seafloor and Quaternary deposits would be sufficiently large
to be observable within the presently available data.

Recurrence Model: For the purpose of the hazard sensitivity calculation, a characteristic
earthquake recurrence model (Youngs and Coppersmith 1985), but with no contribution
from an exponential portion of the recurrence curve at lower magnitudes, is assumed for
the Walkers Cay fault source.

Results and Conclusions from the Hazard Sensitivity Calculation

Walkers Cay fault hazard is calculated using the Midcontinent crustal model and non-rifted
coefficients from the EPRI 2004 attenuation relations. The Midcontinent crustal model
generates higher hazard curves than the Gulf Coast crustal model and is therefore a more
conservative model to this sensitivity calculation.

Figures 10 and 11 show 1 and 10 Hz mean hazard curves, respectively, for the Walkers
Cay fault (Midcontinent, non-rifted coefficients (MIDC)), the FSAR total mean hazard, and
the FSAR total + Walkers Cay. The table below shows the sensitivity of total mean hazard
to the Walkers Cay fault source:

104 MAFE amplitudes, g MAFE at FSAR 10 4 amplitude
Frequency I FSAR + % Diff FSAR T FSAR + %DiffWalkers Cay Walkers Cay

1 Hz 0.0343 0.0344 0.3% 1.OOOE-04 1.007E-04 0.7%

1 Hz 0.0822 0.0826 0.5% 1.OOOE-04 1.010E-04 1.0%

As shown in the table above, adding the Walkers Cay fault to the FSAR total hazard results
in 104 MAFE (mean annual frequency of exceedance) amplitudes that are 0.3% higher at 1
Hz and 0.5% higher at 10 Hz (comparison along the x-axis), and annual frequencies of
exceedance, at the FSAR 10-4 MAFE amplitudes, that are 0.7% higher at 1 Hz and 1.0%
higher at 10 Hz (comparison along the y-axis). As such, the results of the hazard sensitivity
calculation based on the conservative seismic source characterization of the Walkers Cay
fault indicate that further consideration of the Walkers Cay fault for the Turkey Point Units 6
& 7 site hazard is unwarranted due to its insignificant contribution to hazard. Therefore, no
updates to the PSHA presented in the FSAR are required to account for the Walkers Cay
fault.
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(a) Survey grid and pink fault line from Van Buren and Mullins (1983) (FSAR
2.5.1 Reference 791), dashed lines representing margins of faulting from
Austin et al. (1988b) (FSAR 2.5.1 Reference 785).

(b) Survey grid and dashed lines representing margins of faulting from Austin
et al. (1988b) (FSAR 2.5.1 Reference 785), pink fault line from Van Buren and
Mullins (1983) (FSAR 2.5.1 Reference 791).
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Figure 1 Comparison of mapped depictions of the Walkers Cay fault based on seismic reflection data
(modified from Van Buren and Mullins's (1983) (FSAR 2.5.1 Reference 791) Figures 2 and 13, and Austin et
al.'s (1988b) (FSAR 2.5.1 Reference 785) Figures 3 and 9.
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Figure 2 Interpretation of the Walkers Cay fault Profile 4 (modified from Van Buren and Mullins's (1983) (FSAR
2.5.1 Reference 791) Figures 4 and 14).
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Figure 3 Interpretation of Profile E (modified from Van Buren and Mullins's (1983)
(FSAR 2.5.1 Reference 791) Figure 5).
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Figure 4 Interpretation of LBB-17 (modified from Austin et al.'s (1988b) (FSAR 2.5.1
Reference 785) Figure 6).
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Figure 5 Interpretation of LBB-18. Uppermost cross-section modified from Harwood and Towers' (1988) (FSAR
2.5.1 Reference 476) Figure 6. Lower left cross-section from Austin et al.'s (1988b)
(FSAR 2.5.1 Reference 785) Figure 5.
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Figure 6 Interpretation of LBB-13 (modified from Austin et al.'s (1988b) (FSAR 2.5.1 Reference 785) Figure 7).
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Figure 7 Schematic block diagram depicting surface morphology (exaggerated) and
seismic stratigraphic units north of the Little Bahama Bank. View is looking to the
southwest from the Blake Plateau. No scale is implied (modified from Van Buren and
Mullins's (1983) (FSAR 2.5.1 Reference 791) Figure 14).
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Figure 8 Correlation between seismic stratigraphy and ODP site 627 (modified from
Austin et al.'s (1988a) Figure 8).
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(a) Structure contours on the top of Sequence D and queried
boundaries of faulting from Austin et al. (1988b) (FSAR 2.5.1
Reference 785), pink fault line from Van Buren and Mullins (1983)
(FSAR 2.5.1 Reference 791). Contours indicate meters below sea
level.

(b) Structure contours on the top of Sequence G (uppermost Albian)
and queried boundaries of faulting from Austin et al. (1988b) (FSAR
2.5.1 Reference 785), pink fault line from Van Buren end Mullins
(1983) (FSAR 2.5.1 Reference 791). Contours indicate meters below
sea level.
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Figure 9 Structure contour maps in the vicinity of the Walkers Cay fault (modified
from Van Buren and Mullins's (1983) (FSAR 2.5.1 Reference 791) Figure 13 and
Austin et al.'s (1988b) (FSAR 2.5.1 Reference 785) Figures 8 and 9).
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Thrkey Point Units 6 & 7 sensitivity to Walkers Cay fault, 1 Hz mean hazard
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Figure 10 FSAR total 1 Hz mean hazard sensitivity to Walkers Cay fault source.

Turkey Point Units 6 & 7 sensitivity to Walkers Cay fault, 10 Hz mean hazard
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Figure 11 FSAR total 10 Hz mean hazard sensitivity to Walkers Cay fault source.

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

The second and third paragraphs of FSAR Subsection 2.5.1.1.1.3.2.2 will be revised as
shown below in a future FSAR revision:

For example, Austin et al. (Reference 432 785) identify seven normal faults cutting a
Cretaceous horizon in the Exuma Sound, and a seismic line in the Straits of Florida
identified several minor normal faults cutting a Cretaceous horizon (Figure 2.5.1-274). More
commonly, the basement of the Bahama Platform is depicted as a series of fault blocks
with syn-tectonic Triassic to Jurassic strata, draped by undeformed Cretaceous strata
(Figures 2.5.1-264 and 2.5.1-243).

Walkers Cay Fault

The W-alkers Cay, fault is mapped just north of Little Bahama B.ank (approximately 198
miles Or 320 kilemcters from the Units 6 & 7 site) (Figure 2.5.1 229) in a series of seismnic
reflectio-n profiles (Reference 471). However, different seismnic studies have depicted
different geometries for the estimated trace of the fault and its location shoul!b
considered •u•n•ctain. Origi•nlly, the youngest offset on the structure was inte•p•eted as thl

top of a seismicG sequence correlated as Oligcene, with 75 to 100 meters (250 to 330 feet)
of offset (Reference 474) (Figure 2.5.1 275). Later "'ork with a moere detailed seismnic study
indicated that the youngest sequence offset by the fault is the top of an Earl" C retaceous,
(Albian) sh allo': water carbon ate platform, and that overlying strata thicken ac-ro4ss the trace
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of the fault, indicating .... ntiing differential •ub•idence (Reference 432) (Figure 2.561
346). However, 6some . ;esi profics6 indicate that the Walkers Cay fault, Or a similar
normal fault, m÷ay e,- nd to the seafloor (Figures 2.5.1 276 and 2.5.1 277). Regional
6ummariessg a Cretaceou6 to rniddle Tertiar; age for this structure and interpret it as-
i ndicatin oela te stage reacativation et
Mesozofic nrAmal1 faults cuting basemnent (Reference 307). While Strata above h
Oligocene horizon have been interpreted as both faulted and unfaulted (e.g., Reference
47-5 and 432), Har.:ood and Towers (Reference 176) indicate that the W,.alkers Cay fault
h;as- only a m~i~nial effec-t on middle Mienee and younger strata. Because of the minor
deformnation of Mioccene and younger strata, the W~alkers Cay fault is concluded to be a
Tertiary structure, and thus, net considered a capabl tectonic Gtructure.

The Walkers Cay fault was initially identified by Mullins and Van Buren (Reference
474) north of Little Bahama Bank based on seismic reflection data. As later mapped
by Van Buren and Mullins (Reference 791), the fault is a 33-km-long structure that
strikes north-northeast (Figure 2.5.1-275 and Figure 2.5.1-366). In contrast, Austin et
al. (Reference 785) depict a broad zone of faulting by mapping the northwest and
southeast boundaries of the zone, but do not map the extent of any individual
strands within the zone. These boundaries of the Walkers Cay fault zone are defined
as having a more easterly strike than the fault of Van Buren and Mullins (Reference
791) and a similar length (Figure 2.5.1 -366). The spatial coincidence of the faulting
expressed in Oligocene- to Cretaceous-age strata with a magnetic anomaly has been
used to interpret the Walkers Cay fault as a basement-involved structure (References
474 and 307).
In the vicinity of the Walkers Cay fault, five seismic reflection lines with variable
levels of interpretation have been reproduced in the published literature. Mullins and
Van Buren (Reference 474) and Van Buren and Mullins (Reference 791) present two
air gun seismic reflection profiles (Profile 4 and Profile E) in their reports about this
structure (Figure 2.5.1 -366). Shortly thereafter, the Ocean Drilling Program (ODP) Leg
101 conducted another seismic survey of the north slope of Little Bahama Bank and
these data are discussed in several publications (e.g., References 937, 938, 476, 940,
and 785). Three published seismic lines from that work (Lines LBB-1 3, LBB-1 7 and
LBB-18) depict the Walkers Cay fault or a splay of the fault (Figure 2.5.1 -366). In at
least one of those lines (Line LBB-1 8), the authors interpret a normal fault "believed
to be the Walkers Cay normal fault" as extending up to the seafloor, suggesting
possible Quaternary activity (Reference 785, p. 401) (Figure 2.5.1-367). Normal
faulting is reportedly visible on lines LBB-5, LBB-6, and LBB-1 5 (Reference 476), but
these seismic lines have not been reproduced in any of the publications from ODP
Leg 101.
Borehole data in the vicinity of these seismic profiles indicate that the Quaternary
section is limited to a thin veneer. At ODP sites 627, 628, and 630, analysis of cores
found that planktonic foraminifers associated with Pleistocene sediments are limited
to approximately the uppermost 15.5 meters, 3.6 meters, and 18.2 meters,
respectively (Figure 2.5.1-366) (References 937, 938, 939). There is no indication of
abrupt thinning or thickening of layers in the seismic profiles that would suggest
these observations are spatial anomalies. Furthermore, these thicknesses are in
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agreement with regional mapping (Reference 941) that indicates Neogene (Pliocene
or Miocene) strata are within 20 meters of the seafloor in this area. Thus, to
determine if the Walkers Cay fault is a Quaternary structure, seismic data would
need to resolve displacement within approximately the uppermost 20 meters of
seafloor sediments.

In summary, on only one of the five interpreted seismic lines that cross the Walkers
Cay fault (LBB-18) do the authors interpret a fault reaching the seafloor (Figure 2.5.1-
367) (Reference 785). This is consistent with the summary of seismic lines collected
in ODP Leg 101 that states that "throughout the area it [the Walkers Cay fault] has
only a minimal effect on sediments younger than middle Miocene" (Reference 476, p.
266). The possibility of Quaternary slip on the Walkers Cay fault cannot be precluded
by the available data. For this reason, a hazard sensitivity calculation for a Walkers
Cay fault source is presented in Subsection 2.5.2.4.4.3.4.

Several new paragraphs will be inserted into a new FSAR Subsection 2.5.2.4.4.3.4 to
describe the hazard sensitivity studies for the Walkers Cay fault, Cuba faults, and Cuba
areal source zone. The text below for the Walkers Cay fault will be added in a future FSAR
revision:

2.5.2.4.4.3.4 Hazard Sensitivity Calculations

Hazard sensitivity calculations were performed to assess the significance of certain
aspects of the PSHA for the Turkey Point Units 6 & 7 site. Calculations were
performed to assess the potential impact of: (1) the Walkers Cay fault; (2) several
faults within Cuba; and (3) different approaches to modeling the Cuba areal source
zone.

2.5.2.4.4.3.4.1 Walkers Cay Fault Hazard Sensitivity Calculation

The Walkers Cay fault lies northeast of the Turkey Point Units 6 & 7 site and
straddles the 200-mile site region boundary (Figure 2.5.1-366). Subsection
2.5.1.1.1.3.2.2 describes geologic and seismic reflection data for the Walkers Cay
fault. Based on the available data that suggest possible faulting of the seafloor,
Quaternary activity on the Walkers Cay fault cannot be precluded. For this reason, a
hazard sensitivity calculation was performed to assess the potential impact of a
Walkers Cay fault source on the probabilistic seismic hazard analysis (PSHA) for the
Turkey Point Units 6 & 7 site.

The geometry of the Walkers Cay fault source is based on the mapping of Mullins
and Van Buren (Reference 355). For the purposes of the hazard sensitivity
calculation, the Walkers Cay fault is assumed to have a vertical dip angle and a
rupture depth from 0 - 15 km. The characteristic magnitude for the Walkers Cay fault
source is based on the empirical surface rupture length-magnitude regression from
Wells and Coppersmith (Reference 334) for all fault types, assuming a surface
rupture length equal to the 33 km mapped length of the fault. This regression
provides a median value of M, 6.8. Uncertainty associated with this value is
accounted for in the hazard sensitivity calculation by allowing earthquakes of 0.2
magnitude units larger or smaller than the characteristic event. The characteristic
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magnitude distribution [and weights] assigned to the Walkers Cay fault source is: Mw
6.6 [0.2], 6.8 [0.6], 7.0 [0.2].

There are no data with which to directly determine the late Quaternary slip rate on
the Walkers Cay fault. There are, however, data and observations that can be used to
constrain possible slip rate values for the Walkers Cay fault source. The slip rate
distribution in mmlyr [and weights] assigned to the Walkers Cay fault source for the
hazard sensitivity calculation is: 0.001 [0.2], 0.01 [0.6], 0.05 [0.2]. The largest weight
in this distribution is accorded to a slip rate of 0.01 mmlyr, which appears to
represent a limiting rate beyond which there would be a significant likelihood that
vertical separations of Quaternary and Pliocene deposits would be sufficiently large
to be observable within the presently available data. Also, the lack of perturbations
observed in structure contours of Miocene- and Cretaceous-age contacts in the
vicinity of the Walkers Cay fault suggests that the total amount of vertical separation
across the fault likely is on the order of tens of meters or less.

For the purpose of the hazard sensitivity calculation, a characteristic earthquake
recurrence model (Reference 356), but with no contribution from an exponential
portion of the recurrence curve at lower magnitudes, is assumed for the Walkers Cay
fault source. Walkers Cay fault hazard is calculated using the Midcontinent crustal
model and non-rifted coefficients from the EPRI 2004 attenuation relations.

The results of the sensitivity study indicate that adding the Walkers Cay fault to the
total hazard results in 104 mean annual frequency of exceedance (MAFE) amplitudes
that are 0.3 percent higher at I Hz and 0.5 percent higher at 10 Hz, and annual
frequencies of exceedance, at the FSAR 104 MAFE amplitudes, that are 0.7 percent
higher at 1 Hz and 1.0 percent higher at 10 Hz. As such, the results of the hazard
sensitivity calculation based on the conservative seismic source characterization of
the Walkers Cay fault indicate that further consideration of the Walkers Cay fault for
the Turkey Point Units 6 & 7 site hazard is unwarranted due to its insignificant
contribution to site hazard.

New references will be included in a future revision of FSAR Subsection 2.5.1.3:

937. Austin, J.A., Jr., Schlager, W., Palmer, A. A., et al., Proceedings of the Ocean
Drilling Program, Initial Results (Part A), 101: 6, Site 627: Southern Blake Plateau: P.
111-212, 1986a.

938. Austin, J. A., Jr., Schlager, W., Palmer, A. A., et al., Proceedings of the Ocean
Drilling Program, Initial Results (Part A), 101: 7, Site 628: Little Bahama Bank, p. 213-
271, 1986b.

939. Austin, J. A., Jr., Schlager, W., Palmer, A. A., et al., Proceedings of the Ocean
Drilling Program, Initial Results (Part A), 101: 8, Site 629 and 930: Little Bahama
Bank, p. 271-340, 1986c.

940. Austin, J. A., Jr., Schiager, W., et al, Proceedings of the Ocean Drilling Program,
Scientific Results, 101: 29, Leg 101: An Overview, p. 455-472, 1988a.
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941. Reed, J.C., Wheeler, J.O., and Tucholke, B.E., Decade of North American
Geology, Geologic Map of North America, The Geological Society of America,
Boulder, Colorado, 2005.

947. Youngs, R.R. and Coppersmith, K.J., Implications of fault slip rates and
earthquake recurrence models to probabilistic seismic hazard estimates, Bulletin of
the Seismological Society of America, v.75, no. 4, p.939-964, 1985.

FSAR Figure 2.5.1-276 will be replaced with the following revised figure in a future revision
of the FSAR:

Figure 2.5.1-276 Seismic Line and Interpretation Across the Walkers Cay Fault
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Figure 2.5.1-366 will be added as a new figure in a future revision of the FSAR:

Figure 2.5.1-366 Mapped Depictions of the Walkers Cay Fault Based on Seismic Data
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at al. 1988b, pink fault line from Van Buren and Mullins 1983
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Figure 2.5.1-367 will be added as a new figure in a future revision of the FSAR:

Figure 2.5.1-367 Interpretation of the Walkers Cay fault in Seismic Line LBB-18
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ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-15 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2.2 states, with respect to the Santaren Anticline, that
stratigraphic analysis (References 477 and 479) used to infer Pliocene or potential
Quaternary activity on the structure, suggests this structure is Tertiary in age and
predominantly active during the Eocene, with diminishing activity throughout the Miocene.
The staff notes that References 477, 479, and 501 present evidence that the Santaren
Anticline (within the 200 mi radius of the site) is cored by a thrust fault and is undergoing
present-day shortening.

In order for the staff to determine the potential for activity on this structure and in support of
10 CFR 100.23 please address the following questions:

a) In light of evidence for ongoing deformation (References 477, 479, and 501),
discuss the present day rates of shortening calculated across the anticline (see also
Masaferro et al, 1999).

b) Plot regional seismicity on a close-up view of the Santaren Anticline and comment
whether the Santaren Anticline is a capable tectonic structure.

c) Provide a discussion regarding the possibility that the Santaren Anticline and the
Nortecubana fault system are linked.

a Masaferro, J.L., Poblet, J., Bulnes, M., Eberli, G.P., Dixon, T.H., and McClay, K., 1999,

Palaeogene-Neogene/present day(?) growth folding in the Bahamian foreland of the Cuban
fold and thrust belt: Journal of the Geological Society of London, v. 156, Part 3, 617-631.

FPL RESPONSE:

a) In light of evidence for ongoing deformation (References 477, 479, and 501),
discuss the present-day rates of shortening calculated across the anticline (see
also Masaferro et al., 1999).

Part (a) of this response summarizes data and interpretations presented in the literature
pertaining to the Santaren anticline. Specifically, part (a) of this response addresses
evidence in the literature for: (1) ongoing deformation; (2) calculations of present day rates
of shortening; and (3) the possible existence of a thrust fault that cores the Santaren
anticline. For the purposes of this response, the terms "ongoing" and "present day" are
understood to refer to any activity in the Quaternary period.

Ball et al. (1985)

Based on seismic reflection, gravity, and magnetic data collected from the southwest edge
of the Bahama Platform, Ball et al. (1985) (FSAR Reference 2.5.1-501) interpret subsurface
geology and structures associated with the northern edge of the Bahama-Cuba collision
zone. Ball et al. (1985) (FSAR Reference 2.5.1-501) identify the Santaren anticline as an
approximately 10-km-wide, 70-km-long, northwest-trending structure (FSAR Figure 2.5.1-
343). Ball et al. (1985) (FSAR Reference 2.5.1-501) resolve regional thinning of upper
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Cretaceous beds from north to south across the Santaren anticline, with the largest
magnitude of thinning (up to a factor of four) occurring off the anticline's southern flank
within uppermost Cretaceous and lower Cenozoic carbonate beds (p. 1285) (Figure 1). Ball
et al. (1985) (FSAR Reference 2.5.1-501, pp. 1,285-1,287) conclude "these thinning
relationships indicate that the structure was initiated during the Late Cretaceous and that
maximum topographic relief occurred in the early Cenozoic. Late Cenozoic expression
could be a result of differential compaction of thick, semiconsolidated sediments on the
structure's flanks." Ball et al. (1985) (FSAR Reference 2.5.1-501, p. 1,292) reiterate "the
[Santaren anticline] appears to have been formed in the Late Cretaceous and early
Cenozoic."

Ball et al. (1985) (FSAR Reference 2.5.1-501, pp. 1,290-1,292) also provide a structural
interpretation of the Santaren anticline in their Figure 9b (Figure 1), noting "Deep
terminations occur, below 4 km depth, in inferred basinal sediments beneath the anticline, 3
km north of the zone of dip and thickness variation. Some major dislocation related to faults
may have caused the aberrant dips and local thickness variations. However, the regional
thinning was caused by southward onlap of basinal carbonates on shallow-water carbonate
material. Subsequent compressional tectonism produced the anticline." Based on the
previously quoted age determinations, the location of the anticline, the interpreted
asymmetry of the anticline, and the interpretation of a fault below 4 km depth, Ball et al.
(1985) (FSAR Reference 2.5.1-501, p. 1,294) state "We speculate that this structure is a
hanging-wall anticline marking the northern limit of thrusting in the Cuban arc."

These data and interpretations are not used by Ball et al. (1985) (FSAR Reference 2.5.1-
501) to provide evidence of ongoing deformation or to calculate present day rates of
shortening across the Santaren anticline. Ball et al. (1985) (FSAR Reference 2.5.1-501, p.
1287) specifically note that "late Cenozoic expression" (which presumably refers to the
interpretation of thinned Paleogene strata, the youngest strata that are discussed) may not
be related to tectonic processes, but may instead be the result of differential compaction.
Ball et al. (1985) (FSAR Reference 2.5.1-501) do not calculate shortening rates for the
Santaren anticline. Furthermore, it should be noted that the location of the steeply dipping
fault dashed in Ball et al.'s (1985) (FSAR Reference 2.5.1-501) Figure 9b (Figure 1) is
kinematically incompatible with the location of the Santaren anticline. As drawn, at least
half of the interpreted hanging-wall anticline is actually on the footwall of the dashed fault.

Masaferro et al. (1999)

Masaferro's Ph.D. dissertation (1997) (FSAR Reference 2.5.1-477) is the source for
seismic reflection data that are analyzed in subsequent peer-reviewed publications,
including Masaferro et al. (1999) (FSAR Reference 2.5.1-426) and Masaferro et al. (2002)
(FSAR Reference 2.5.1-479). Masaferro et al. (1999) (FSAR Reference 2.5.1-426) combine
these seismic reflection data with well logs acquired during the Ocean Drilling Project
(ODP) to provide a more detailed stratigraphic and structural analysis of the Santaren
anticline, relative to the analysis conducted by Ball et al. (1985) (FSAR Reference 2.5.1-
501). Using the geometries and inferred ages of growth strata associated with the Santaren
anticline, Masaferro et al. (1999) (FSAR Reference 2.5.1-426, p. 630) reinterpret the
Santaren anticline "as a detachment fold involving limb rotation and perhaps tangential-
longitudinal strain", expressly stating that the fold geometry imaged in their seismic
reflection data "argues against a fault-bend and/or fault propagation fold" (p. 623-624) as
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suggested by Ball et al. (1985) (FSAR Reference 2.5.1-501). Masaferro et al. (1999) (FSAR
Reference 2.5.1-426, p. 630) conclude the Santaren anticline experienced fold growth
"from the Mid-Eocene to Pliocene and perhaps to the present day", although they note that
"the youngest beds might be post-tectonic." Masaferro et al. (1999) (FSAR Reference
2.5.1-426) calculate vertical fold growth rates of between 0.006 mm/yr and 0.014 mm/yr for
the last 19 million years before present (Ma), and a fold shortening rate of 0.001 mm/yr
over the same time period.

The data and interpretations of Masaferro et al. (1999) (FSAR Reference 2.5.1-426) do not
conclusively provide evidence for ongoing tectonic deformation (as suggested by the
queried reference to present day folding in the-title of the reference) and they do not
calculate present-day rates of shortening. As noted above, Masaferro et al. (1999) (FSAR
Reference 2.5.1-426) allow for the youngest beds to be post-tectonic, although "youngest"
is not defined. The present-day rate of shortening is not directly stated by Masaferro et al.
(1999) (FSAR Reference 2.5.1-426), however, this rate can be calculated using data from
their youngest two horizons in their Table 5. Masaferro et al. (1999) (FSAR Reference
2.5.1-426) calculate a change in cumulative shortening of 1 m between deposition of
horizon M (cumulative shortening of 785 m) and horizon N (cumulative shortening of 786
m), over an interval of the past 3.6 Ma (their Table 5). This corresponds to a mid-Pliocene
shortening rate of 0.0003 mm/yr. However, the calculation of cumulative shortening is
dependent on a number of assumptions and uncertainties. Masaferro et al. (1999) (FSAR
Reference 2.5.1-426) note that these errors are not quantifiable, but suggest each
cumulative shortening value has an associated error of ±10%. Thus, the calculation of a
present-day shortening rate relies on the ability to detect a difference of 1 m between two
values that may each vary by ±78 m. Viewed another way, calculation of a shortening rate
relies on the ability of Masaferro et al. (1999) (FSAR Reference 2.5.1-426) to resolve a
difference in horizon bed length of 1 m in horizons that are approximately 11 km long, or a
0.009% change in horizon length. This is likely beyond the resolution of the data.

Masaferro et al.'s (1999) (FSAR Reference 2.5.1-426) interpretation of the Santaren
anticline as a detachment fold (in the context of Epard and Groshong, 1995; Homza and
Wallace, 1995; Poblet and McClay, 1996) (References 2, 3, and 4) directly contradicts the
idea that the anticline might be cored by a steeply dipping thrust fault, as proposed by Ball
et al. (1985) (FSAR Reference 2.5.1-501), because a detachment fold is interpreted as
resulting from movement along a horizontal detachment surface.

Masaferro et al., 2002

Masaferro et al. (2002) (FSAR Reference 2.5.1-479) build on the analysis presented in
Masaferro et al. (1999) (FSAR Reference 2.5.1-426) by identifying a number of additional
subhorizons between the horizons originally identified in the 1999 manuscript. This allows
Masaferro et al. (2002) (FSAR Reference 2.5.1-479) to model the temporal variability in
sedimentation and fold-growth rates since Late Oligocene time; shortening amounts and
rates are not discussed. Masaferro et al. (2002) (FSAR Reference 2.5.1-479) conclude that
the geometry of Santaren anticline growth strata results from the interplay between
sedimentation and tectonic fold uplift, and that sedimentation and fold-growth rates have
been highly variable over time. In other words, the "evolution of the Santaren anticline
consists of cycles that involved tectonically active periods separated by interruptions in
which the tectonic activity fell to zero" (FSAR Reference 2.5.1-479, p. 21). This is in
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contrast to the conclusion of Masaferro et al. (1999) (FSAR Reference 2.5.1-426), which
proposes that the Santaren anticline experienced approximately constant, slow growth.
Masaferro et al. (2002) (FSAR Reference 2.5.1-479) further suggest that the
preponderance of tectonic growth of the Santaren anticline occurred prior to 20 Ma (i.e.,
prior to bed "E" in their figure 4C) (Figure 2). Since that time, the average fold uplift rate is
approximately 0.03 mm/yr. Masaferro et al. (2002) (FSAR Reference 2.5.1-479, p. 21)
conclude that, for the time period 6.2 Ma to present, "there were many lapses within this
[time period] during which no tectonic uplift occurred" and that the greatest fold uplift rate
since approximately 6.2 Ma occurred during or just before deposition of beds K2 and K3,
which are assigned a Late Miocene age. Since deposition of beds K2 and K3, Santaren
anticline fold uplift rates have been at or near zero (FSAR Reference 2.5.1-479, Table 4c)
(Figure 2). The youngest interval for which a non-zero uplift rate was calculated was the
interval between deposition of early Quaternary beds M2 and M3, which has a 0.05
millimeters per year (0.002 inches per year) fold uplift rate (FSAR Reference 2.5.1-479)
(Figure 2).

The data and interpretations of Masaferro et al. (2002) (FSAR Reference 2.5.1-479) do
suggest possible tectonic deformation in the Quaternary period. As stated above,
Masaferro et al. (2002) (FSAR Reference 2.5.1-479) interpret the Santaren anticline to
have experienced episodic tectonic growth and sedimentation since at least Oligocene
time, with the most recent episode of tectonic uplift interpreted to have occurred in the early
Quaternary (between deposition of beds M2 and M3, with a fold uplift rate of 0.05 mm/yr).

The calculation of present day rates of shortening is less straightforward. First of all, the
tectonic activity that is interpreted to have occurred between deposition of early Quaternary
beds M2 and M3 is followed by no tectonic activity between deposition of beds M3 and N
(FSAR Reference 2.5.1-479, Figure 4c) (Figure 2). The absolute age of subhorizon M3 is
not explicitly provided in FSAR Reference 2.5.1-479, however, ages are plotted in their
Figure 3a. Using the scale provided, it is clear that the interval from deposition of bed M3 to
deposition of bed N spans the period from approximately 1 Ma to present. It is reasonable
to question the degree to which an early Quaternary rate would accurately characterize a
structure that has exhibited no activity for the past 1 million years.

In addition, the episodic tectonic growth, indicated by some beds thinning across the
anticline while others do not, could also be caused by variations in local sedimentation rate,
variations in sea level, and erosion by bottom currents. Masaferro et al. (2002) (FSAR
Reference 2.5.1-479) indicate that erosion by bottom currents and variations in sea level
can be ruled out because strata in one location nearby do not exhibit such variations,
however, other examples of Miocene and Pliocene erosional unconformities exist just to the
north at Site 1007 (Eberli et al. 2002) (Reference 1).

Furthermore, the assumptions and uncertainties associated with fold uplift rates (which are
based on differences in cumulative fold-crestal relief) are identical to those described above
for shortening rates. Masaferro et al. (2002) (FSAR Reference 2.5.1-479) do not provide
cumulative fold-crestal relief data for subhorizons M2 and M3, however, these values
should logically fall between the values for horizons M and N, which are 1302 m and 1326
m, respectively (Masaferro et al. 1999, Table 4). This means that calculation of the M2-M3
fold uplift rate relies on the ability to discern less than 24 m of cumulative fold-crestal relief
between two values that each can vary by approximately +/- 130 m (Masaferro et al. 1999,
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Table 4). It is likely that the calculation of the early Quaternary 0.05 mm/yr fold uplift rate
exceeds the resolution of the data.

Masaferro et al. (2002) (FSAR Reference 2.5.1-479) recognize previous interpretations of
the Santaren anticline as a fault-related fold (i.e., Ball et al. 1985 (FSAR Reference 2.5.1-
501)) or a detachment fold (Masaferro et al. 1999 (FSAR Reference 2.5.1-426)). Masaferro
et al. (2002) (FSAR Reference 2.5.1-479) do not provide any additional discussion or
interpretation of fold-growth models for the Santaren anticline.

b) Plot regional seismicity on a close-up view of the Santaren Anticline and comment
whether the Santaren Anticline is a capable tectonic structure.

The Phase 2 earthquake catalog developed for the Turkey Point Units 6 & 7 site indicates
that there is only one earthquake within 40 km of the Santaren anticline. This Mw 3.26
earthquake occurred on 06/02/1990 and is located approximately 8 km northwest of the
northwestern-most mapped point along the Santaren anticline fold axis (Figure 3), FSAR
Reference 2.5.1-426. The Phase 2 earthquake catalog is a declustered catalog that
includes only independent events of Mw 3 and greater.

As discussed above, different structural frameworks have been suggested to explain the
Santaren anticline. Ball et al. (1985) (FSAR Reference 2.5.1-501) suggest the Santaren
anticline may be cored by a steeply dipping thrust fault, whereas Masaferro et al. (1999)
(FSAR Reference 2.5.1-426) interpret the Santaren anticline as a detachment fold.
Masaferro et al. (2002) (FSAR Reference 2.5.1-479) note these different interpretations but
provide no further discussion of any postulated fault, nor do any faults appear in their
interpreted cross-sections of the Santaren anticline. Thus, even if the Santaren anticline
currently is undergoing shortening at a very low rate (<0.1 mm/yr), it is not clear that this
shortening is accommodated by a seismogenic structure capable of producing vibratory
ground motion or tectonic surface deformation.

Regardless of these structural interpretations, the issue of whether or not the Santaren
anticline is a capable tectonic structure is addressed by data presented by Masaferro et al.
(2002) (FSAR Reference 2.5.1-479). The calculated fold uplift rates for the Santaren
anticline, as depicted in Figure 4c of FSAR Reference 2.5.1-479 (Figure 2), show no uplift
since deposition of beds M2-M3. As detailed in part (a) of this response, this period of
tectonic quiescence spans the period from approximately 1 Ma to present. The fact that
FSAR Reference 2.5.1-479 depicts no uplift in the most recent 1 million years would
therefore support the conclusion that the Santaren anticline does not represent a capable
tectonic structure. The sparse seismicity near this structure further supports this argument
(Figure 3).

c) Provide a discussion regarding the possibility that the Santaren Anticline and the
Nortecubana fault system are linked.

The Santaren anticline and the Nortecubana fault system are discussed in FSAR
Subsections 2.5.1.1.1.3.2.2 and 2.5.1.1.1.3.2.4 as being spatially and temporally
associated with the northern reaches of the Cuban orogeny, and, as such, it is likely they
were genetically associated with similar convergent plate boundary driving forces.
Additionally, the Santaren anticline appears to be on trend with the eastern portion of the
Nortecubana fault (Figure 3). The fact that there is no detailed mapping for the
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Nortecubana fault makes it difficult to speculate on whether or not it may have at one time
been structurally linked to the Santaren anticline.

The Phase 2 earthquake catalog provides some insight into modern-day associations. As
discussed in the FSAR, seismicity along the Nortecubana fault is concentrated near its
intersection with the Oriente fault and substantially decreases northwestward into the site
region (FSAR Subsection 2.5.1.1.1.3.2.4). Seismicity in the vicinity of the Santaren
anticline, discussed in part (b) of this response, is sparse. Based on the Phase 2
earthquake catalog, there is only one earthquake that is on-trend with the Santaren
anticline, and that event is located approximately 40 km to the west. There are no recorded
earthquakes or mapped structures found in the literature in the approximately 30-km-wide
gap between the Santaren Anticline and the Nortecubana fault system (Figure 3). Given the
lack of data suggesting a structural link between these features, there is no reason to
conclude that the Santaren anticline and the Nortecubana fault system are linked.
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Figure 1 (A) Time section of Santaren Anticline from Ball et al. (1985) (FSAR
Reference 2.5.1-501, Figure 9). (B) Migrated depth section of profile from (A) with 2x
vertical exaggeration. Ball et al. (1985) (FSAR Reference 2.5.1-501) propose a fault as
dashed.
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Figure 2 Calculated sedimentation and fold uplift rates for the Santaren anticline,
from Masaferro et al. (2002) (FSAR Reference 2.5.1-479, Figure 4c).
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Figure 3 Regional Seismicity Plotted on a Map of the Nortecubana Fault and
Santaren Anticline

Source: FSAR Section 2.5.1.3 References 2.5.1-477, 492, 443, 770, 494, 448, and 439.

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

The following changes will be made to FSAR Subsection 2.5.1.1.1.3.2.2. in a future COLA
revision.

Santaren Anticline

The northwest-trending detachment fold that-primarily affects Cretaceous to Miocene
strata and represents the northern limit of the Cuban fold-thrust belt (Reference 501;
(Figure 2.5.1-229, Figure 2.5.1-350). Initial work indicated that folding initiated in the Late
Cretaceous, reached maximum expression in the early Cenozoic, and experienced
differential compaction in the late Cenozoic (Reference 501), a timeline consistent with the
end of Cuban orogeny in the latest Eocene.

Detailed analysis of the stratigraphy indicates that the syn-tectonic growth strata may-FaRge
i.-age-fom-are Eocene and younger to Late Pli,.ene. The analysis ,and was alse used to
infer Pliocene or potential early Quaternary activity on the structure (References 477426
and 479; Figure 2.5.1-278). References 426 and 479 use the geometries and inferred
ages of growth strata associated with the Santaren anticline to respectively model
the shortening rate and the temporal variability in sedimentation and fold-growth
rates since Late Oligocene time. The authors conclude that the geometry of Santaren
anticline growth strata results from the interplay between sedimentation and tectonic
fold uplift and that sedimentation and fold-growth rates have been highly variable
over time, though sedimentary processes, such as localized bottom-current erosion
and sediment compaction (Reference 501), could be responsible for the stratigraphic
variations.

Reference 2.5.1-479 interprets the variation as indicating that the "evolution of the
Santaren anticline consists of cycles that involved tectonically active periods
separated by interruptions in which the tectonic activity fell to zero" (Reference
2.5.1-479, p. 21). Furthermore, their analysis suggests that the preponderance of
tectonic growth of the Santaren anticline occurred prior to 20 Ma (i.e., before bed E
in Figure 2.5.1-278). Since that time, the average fold uplift rate is approximately 0.03
millimeters per year, corresponding to a shortening rate of 0.001 millimeters per year
(Reference 426). Reference 479 concludes that, for the time period 6.2 Ma to present,
"there were many lapses within this [time period] during which no tectonic uplift
occurred" (Reference 2.5.1-479, p. 21) and that the greatest fold uplift rate since
approximately 6.2 Ma occurred during or just before deposition of beds K2 and K3,
which are assigned Late Miocene age. Since deposition of beds K2 and K3, Santaren
anticline fold uplift rates have been at or near zero (Figure 2.5.1-178). The youngest
interval for which a non-zero uplift rate was calculated was the early Quaternary M2-
M3 interval, which has a 0.05 millimeters per year (0.002 inches per year) fold uplift
rate (Reference 2.5.1-479; Figure 2.5.1-278). However, it should be noted that the
calculation of fold uplift, based on differences in crestal relief, incorporates
measurements, calculations, and assumptions that are assigned an error of 10%
(Reference 426). The calculated crestal relief between beds M2 and M3 is less than
24 meters, and this reflects the difference between two values that each may vary by
+ 130 meters (References 426 and 479). Ho'h.'cr, thi 0s detailed 6t.ati;gaph;c a.al'ysis
indicates that the vast m.ajority Of Uplift Or shortening occ',i urred before 20 Ma, with an
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av.erage fold uplift rate of 0.03 mnillimeters/year characteriZing the antieslino afte
approximately 20 Ma (Rcfercncz 470).
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ef•.e..e 501). The preponderance of data indicates that this structure is TeFtiaFy -i age
was predominantly active in the Eocene, with waning activity throughout the Miocene, and
possible, yet questionable, deformation into the early Quaternary. However, beds
with ages of approximately 1 Ma and younger show no evidence of deformation
(Reference 479, Figure 2.5.1-278). Horizontal shortening rates over the last 203.6 Ma
are e.peeted.estimated to be lese-than-0. 0.0003 mmlyr and seismicity near this
structure is sparse (Reference 426; Figure 2.5.1-350). The fold may be rooted in
Jurassic evaporites, such as the Punta Allegre formation (References 307 and 477), which
could account for this structure's apparent longevity without clear tectonic mechanisms.

Figure 3 will be added as a new FSAR figure in a future COLA revision as Figure 2.5.1-350.

Figure 2.5.1-350 Regional Seismicity Plotted on a Map of the Nortecubana Fault and
Santaren Anticline

Source: FSAR Section 2.5.1.3 References 2.5.1-477, 492, 443, 770, 494, 448, and 439.

ASSOCIATED ENCLOSURES:

None
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NRC RAI Letter No. PTN-RAI-LTR-041

SRP Section: 02.05.01 - Basic Geologic and Seismic Information

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2)

NRC RAI Number: 02.05.01-16 (eRAI 6024)

FSAR Section 2.5.1.1.1.3.2.2 states, with respect to the Straits of Florida Normal Faults,
that middle to late Eocene to early middle Miocene strata were deposited uniformly over
most of the southern Straits of Florida and that similarly; continuous, unfaulted strata drape
the edges of the Florida and Bahamas Platforms along the Straits of Florida. The staff
needs more details with respect to the timing and location of the Straits of Florida Normal
Faults.

In order for the staff to completely understand the geologic setting of the TPNPP site and in
support of 10 CFR 100.23, Provide a discussion of the structural and stratigraphic evidence
for the location and timing of deformation along the Mitchell, Pourtales, and Miami
escarpments, the Las Villas and the Sierra de Jatibonico fault zones, and other tectonic
features present in the bathymetry of subsurface of the Straits of Florida within the site
region, including those located offshore northern Cuba, and in light of references such as
Uchupi, 1966a and Malloy and Hurley, 1970b .

a Uchupi, E., 1966, Shallow structure of the Straits of Florida, Science, New Series, Vol

153, no.3735, pp.529-531, published by AAAS.
b Malloy and Hurley, 1970, Geomorphology and Geologic Structure: Straits of Florida,

Geological Society of America Bulletin, v. 81, p. 1947-1972, 19 figs., July 1970

FPL RESPONSE:

As described in FSAR Subsection 2.5.1.1.1.3.2.2, deformation within the Straits of Florida
is characterized by a series of short, steep, normal faults buried by Eocene or younger
sediments (FSAR Reference 2.5.1-480) (FSAR Figure 2.5.1-229) (Figure 1). An early study
by Malloy and Hurley (Reference 3) additionally hypothesized faulting along some
geomorphic escarpments in the central Straits of Florida, particularly the Pourtales
escarpment (the southwestern continuation of the Miami escarpment), the Mitchell
escarpment, and an unnamed escarpment farther south (Figure 1). Malloy and Hurley
(Reference 3) used bathymetric and other published geologic data to interpret scarps
representing the Sierra de Jatibonico and Las Villas faults to the south near Cuba (Figure
1). This response presents a review of the Straits of Florida normal faults, followed by a
discussion of the hypothesized faulting at the escarpments and a discussion of the Sierra
de Jatibonico and Las Villas faults.

The most informative publications describing the Straits of Florida normal faults include
Denny et al. (FSAR Reference 2.5.1-221) and Angstadt et al. (FSAR Reference 2.5.1-482).
Denny et al. (FSAR Reference 2.5.1-221) present a detailed analysis of the seismic
stratigraphy in the Straits of Florida. They identify a southward flexure in Eocene-age
deposits that they interpret as the result of loading from the collision of Cuba with the
Florida-Bahama Platform. Although Denny et al. (FSAR Reference 2.5.1-221) recognize
the thickening of Eocene strata in the southern portion of the Straits of Florida in response
to this collision, they do not interpret these strata as recording much faulting (FSAR Figures
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2.5.1-272 and 2.5.1-273; Figures 2, 3, and 4). The youngest faulting observed in that study
is the normal fault shown in FSAR Figure 2.5.1-273, which terminates between S5, a
middle-to-late Eocene unconformity, and S6, an early-middle Miocene unconformity.
Farther west, however, Angstadt et al. (FSAR Reference 2.5.1-482) present seismic
reflection lines closer to Cuba that they interpret as showing normal faults that deform the
Paleocene to Eocene strata (FSAR Figure 2.5.1-209). In FSAR Figure 2.5.1-209, normal
faults cut the Paleocene and Eocene strata and terminate at or immediately above the base
of seismic unit C, which is correlated with middle Eocene to middle Miocene strata.
Similarly, FSAR Figure 2.5.1-287 shows some of the normal faults cutting the flexural basin
as a result of this loading, and closer inland, thrust faults associated with the Cuban thrust
belt (FSAR Reference 2.5.1-484).

Although Case and Holcombe (FSAR Reference 2.5.1-480) do not provide information
about the normal faults they show north of Cuba (Figure 1), Angstadt et al. (FSAR
Reference 2.5.1-482) interpret seismic reflection profiles in the same area to depict faulted
Paleocene and Eocene strata, typically overlain by undeformed Miocene and younger
strata (e.g., FSAR Figure 2.5.1-209). Similarly, isopach maps that show thickened
Paleocene to Eocene strata adjacent to the Cuban margin and Miocene and younger strata
of constant thickness indicate the faults responsible for thinning the overthickened foreland
strata should have terminated at the end of the Eocene (FSAR References 2.5.1-482 and
2.5.1-221).

The Straits of Florida normal faulting is interpreted as syntectonic deformation of the Cuban
foreland basin during its Eocene collision with the Florida-Bahama Platform (FSAR
References 2.5.1-794 and 2.5.1-482). The undeformed Miocene and younger strata
overlying these faults indicate that subsidence of the straits had largely ceased with a
change in tectonic regime at the end of the Eocene. However, Moretti et al. (FSAR
Reference 2.5.1-484) also indicate that some faults along the Cuban margin could have
been reactivated in response to later Tertiary compressional stresses (e.g., FSAR Figures
2.5.1-282 and 2.5.1-287), and hence could be active into the Miocene.

Reactivation along the Cuban margin is also found farther east in the Santaren Channel.
Bergman (FSAR Reference 2.5.1-906) uses multi-channel, high resolution seismic
reflection survey data to interpret faults adjacent to paleo-bank margins in the Santaren
Channel that extend into late Tertiary strata or younger strata and suggests faulting as
young as Early Pliocene. For example, a seismic line in the northern Santaren Channel
shows faulting extending to just above the 12.2 Ma reflector (Figure 5b). A seismic line
south of Cay Sal records a more complicated structure (Figure 5a). Three northeast-
vergent thrust faults deform a shallow-water carbonate margin, while steeper faults extend
up into shallower stratigraphy. Most of these steep faults are truncated in Miocene strata,
but one is drawn to the seafloor (Figure 5a). Bergman (FSAR Reference 2.5.1-906) does
not comment on the fault that is drawn to the seafloor and instead states that faulting in the
Santaren Channel "continued into the late Miocene and possibly Pliocene" (p. 169).
Structures in the Santaren Channel are interpreted to be contractional features associated
with the Cuban fold-and-thrust belt rather than the Straits of Florida normal faults (Figure
5).

The short, steep, normal faults that accommodated the formation of a foreland basin in the
Straits of Florida in the Paleocene and Eocene, with possible reactivations in the late
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Tertiary (FSAR References 2.5.1-480, 2.5.1-221, and 2.5.1-484), are distinct from the
geomorphic escarpments that are mapped by Malloy and Hurley (Reference 3) (Figure 1)
and addressed below in this response.

Provide a discussion of the structural and stratigraphic evidence for the location and
timing of deformation along the Mitchell, Pourtales, and Miami escarpments

The data presented in Uchupi (FSAR Reference 2.5.1-790) and Malloy and Hurley
(Reference 3) represent the earliest speculation and coarsest views of the escarpments in
the Straits of Florida. More recent seismic imaging has yielded much more detailed views
of the subsurface, illuminating that these features reflect a dynamic depositional system
rather than a fault-related or tectonic origin (Reference 4).

The Pourtales terrace is the southern extension of the Miami terrace (Figure 1). Both
terraces are located in water depths of 650-1500 feet (200-450 meters) and represent a
drowned Miocene carbonate platform (References 2 and 4). The moderate-to-steep
escarpments at the eastern edge of the Miami terrace and southern edge of the Pourtales
terrace are noted in early studies of the region (e.g., FSAR Reference 2.5.1-790). South of
the Pourtales escarpment in the southern Straits of Florida, two smaller ledges in the
bathymetry were noted by Malloy and Hurley (Reference 3). These include the Mitchell
escarpment and an unnamed escarpment to the south (Figure 1).

Uchupi (FSAR Reference 2.5.1-790) presents results of a seismic survey conducted
throughout the Straits of Florida (FSAR Figure 2.5.1-262) and suggests that "the steepness
of the slopes flanking the Miami and Pourtales terraces along their seaward sides, and the
presence of drag folds along the slope south of Pourtales Terrace, suggest that these
features may be fault-line scarps. If faulting produced the slopes flanking the terraces, it
probably occurred in Miocene or post-Miocene time, as the cores of both terraces consist of
Lower Miocene limestones" (FSAR Reference 2.5.1-790, p. 531). However, the seismic
survey did not provide any direct evidence of faulting beneath these features (FSAR Figure
2.5.1-262).

Malloy and Hurley (Reference 3) present mapping of the Straits of Florida based on
bathymetry and seismic reflection data (Figure 1), but were more equivocal in their
interpretation of the Pourtales and Mitchell escarpments. A seismic reflection profile of the
Mitchell escarpment shows possible faulting (Figure 6), but Malloy and Hurley (Reference
3) state that whatever faulting may have occurred, it is doubtful that displacements are of
regional tectonic significance. Moreover, Malloy and Hurley (Reference 3, p. 1968) state
"there is evidence of features that may be normal faults on the southern side of the
Southern Straits [of Florida]. It is by no means obvious that any of these faults have any
regional tectonic significance. In fact, there is no need to postulate extensive faulting here."

According to Malloy and Hurley (Reference 3), seismic reflection data across the Pourtales
escarpment show "the near-flat strata of the terrace possibly in fault contact with
consolidated strata dipping locally 70 (apparent) to the south" (p.1966) (Figure 7). However,
they also state that "the Pourtales escarpment may not represent a fault scarp, but an
original sedimentary feature associated with sediments deposited against the steeper face
of the old reef front. It would seem that such relationships should be expected in this
region" (Reference 3, p. 1968). Indeed, Uchupi et al. (FSAR Reference 2.5.1-428) also
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suggest that such escarpments are commonly formed along the Bahamas and Gulf of
Mexico through carbonate accretion by Mesozoic reefs and not by tectonic deformation.

As hypothesized by Malloy and Hurley (Reference 3), the Pourtales escarpment and similar
steep-sided escarpments throughout the Gulf of Mexico, Straits of Florida, and Bahamas
have now been recognized as relict carbonate platform margins, sometimes steepened and
modified by erosion (Figures 8, 9, and 10) (e.g., References 2 and 4, FSAR Reference
2.5.1-687). For example, Mullins and Neuman (Reference 4) conclude that there is no
evidence for faulting at the eastern edge of the Miami terrace and that truncated reflectors
near the surface indicate that erosion was responsible for the stratigraphic variations.

Detailed seismic mapping by Anselmetti et al. (FSAR Reference 2.5.1-228) and Eberli et al.
(Reference 1) indicates that the steep west edge of the Bahama bank displays an unfaulted
sedimentary transition from shallow-water carbonates to slope carbonates to drift
sediments (e.g., FSAR Figure 2.5.1-245). Along the Pourtales escarpment, this margin is
overlain by, and is adjacent to, large drifts of sediment that have been prograding along the
Straits of Florida since the Miocene (FSAR Reference 2.5.1-221). Where these drifts rest
against the paleo-reefs, discordant dips are observed that were previously interpreted as
potentially fault-related (e.g., Reference 3) (compare Figures 7 and 8). Denny et al. (FSAR
Reference 2.5.1-221) also describe seismic reflection lines that cross the Pourtales
escarpment showing no evidence of shallow faulting (Figures 3 and 4). Two lines that
obliquely cross the Mitchell escarpment (Figures 9a and 9b) (Reference 6) display similar
stratigraphic characteristics near the escarpment, with drifts resting against each other in
the shallow stratigraphy and erosional truncations that do not extend to depth.

In summary, the majority of the data collected in the study of the Mitchell, Pourtales, and
Miami escarpments provide little basis for concluding that these features are the product of
fault activity. Instead, Malloy and Hurley (Reference 3) and Uchupi et al. (FSAR Reference
2.5.1-428) suggest that these escarpments are sedimentary features common to the
Bahamas and Gulf of Mexico, and later, more detailed seismic imaging has confirmed this
(e.g., Reference 4, FSAR References 2.5.1-221 and 2.5.1-906). Although the faults
mapped along the Pourtales, Mitchell, and unnamed escarpments from Malloy and Hurley
(Reference 3) are included in compilation maps such as the DNAG Map of North America
(Figure 11) (Reference 7), it is unclear whether this represents the initial compilation efforts
of the early 1980s, or whether newer, but unpublished, mapping supports the notion of
faulting at that location. The relationships indicated on the DNAG map indicate that the
faults cut surficial sediments with ages as young as Pliocene, and the faults are generally
dashed in Quaternary strata (Figure 11) (Reference 7).

Provide a discussion of the structural and stratigraphic evidence for the location and
timing of deformation along the Las Villas and the Sierra de Jatibonico fault zones,
and other tectonic features present in the bathymetry of subsurface of the Straits of
Florida within the site region, including those located offshore northern Cuba

Khudoley (FSAR Reference 2.5.1-910, p. 672) identifies the Las Villas fault as a "deep"
fault of Cuba "whose length is approximately 800 kilometers, generally paralleling the
island." Despite this, Khudoley's (FSAR Reference 2.5.1-910) map shows the Las Villas
fault as approximately 220 miles (350 kilometers) long (Figure 12). As mapped by Khudoley
(FSAR Reference 2.5.1-910), the Las Villas fault extends along the northern coast of Cuba
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from approximately 80°W to 830W, transitioning from an onshore to an offshore structure
near Carahatas, Cuba (Figure 12). The total offshore length of Khudoley's (FSAR
Reference 2.5.1-910) Las Villas fault is approximately 120 miles (200 kilometers). Khudoley
(FSAR Reference 2.5.1-910) does not describe the data that constrain the location and
extent of the offshore portions of the Las Villas fault, but this is presumably based on
bathymetric data.

Khudoley (FSAR Reference 2.5.1-910, p. 672) describes the Sierra de Jatibonico fault as a
"disjunctive dislocation" that is "approximately parallel with the trend of the island" and "is at
least 450 kilometers long." Khudoley indicates that, according to unspecified geological and
geophysical investigations, 124 miles (200 kilometers) of the fault are onshore, and 186
miles (250 kilometers) of the fault are offshore. However, in Figure 12, the Sierra de
Jatibonico fault is mapped as over 620 miles (1000 kilometers) long, with a western 277
mile-long (447 kilometer-long) offshore segment transitioning to a central 302-mile-long
(488 kilometer-long) onshore segment near Carahatas, Cuba. The fault then transitions
offshore again near Guardalavaca, where it is mapped for an additional 126 miles (204
kilometers). As Khudoley (Reference 2.5.1-910) does not specify what data are used to
define the location and extent of the offshore portion of the Sierra de Jatibonico fault, FPL
presumes this mapping is based on bathymetric data.

Malloy and Hurley (Reference 3) present compiled bathymetric and seismic reflection data
for the Straits of Florida. They identify escarpments in the Straits of Florida and postulate
the existence of faults, including the offshore Las Villas fault and offshore Sierra de
Jatibonico fault (Figure 1). Malloy and Hurley (Reference 3, p. 1962) indicate that "since
traverses could not be made within 12 [nautical miles] of Cuba, no seismic reflection
profiles were obtained of these steep and complex slopes." As such, they base their
offshore mapping of the Las Villas fault on Khudoley's (Reference 2.5.1-910) previous
mapping and on their compiled bathymetric data. Malloy and Hurley's (Reference 3)
depiction of the offshore Las Villas fault extends for approximately 120 miles (200
kilometers) from roughly Matanzas Bay westward to Havana. Malloy and Hurley (Reference
3, p. 1962) state that "the Las Villas fault appears to be reflected in the bathymetry as a
scarp," but they do not provide any description of scarp dimensions, including length,
height, and continuity. The offshore portion of the Sierra de Jatibonico fault is mapped north
of the Las Villas fault, from 81 oW to 81 °20W. Malloy and Hurley (Reference 3) state that a
scarp is expressed along this portion of the fault for 20 nautical miles (37 kilometers);
however, specifics such as height and continuity are not discussed. Malloy and Hurley
(Reference 3) note that beyond 81035'W, nothing in the bathymetry suggests that the fault
continues farther west, and they depict the fault as dashed for that segment.

More recent depictions of the Las Villas fault indicate that this structure is located mostly or
entirely onshore in central Cuba (see RAI 02.05.01.21). For example, the depiction of the
Las Villas fault on Figure 3 from Pardo (FSAR Reference 2.5.1-439) extends offshore near
Carahatas, Cuba, and continues offshore to the northwest roughly parallel and close to the
coast for only about 40 miles (65 kilometers). Pardo (FSAR Reference 2.5.1-439) does not
describe bathymetric expression of this fault. Cotilla-Rodriguez et al. (FSAR Reference
2.5.1-494) show the Las Villas fault as entirely onshore and therefore not expressed in the
bathymetry; however, the offshore Las Villas fault as mapped by Malloy and Hurley
(Reference 3) appears to be spatially coincident with Cotilla-Rodriguez et al.'s (FSAR
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Reference 2.5.1-494) Nortecubana fault. The 1:2,000,000 scale lineament map of Cuba
from the Nuevo Atlas Nacional de Cuba (Reference 5, plate 111.3.1-11) depicts and labels
the Las Villas fault as an approximately 120-mile-long (190-kilometer-long), northwest-
striking feature that is located entirely onshore. The 1:2,000,000 scale neotectonic map of
Cuba from the same atlas (Reference 5, plate 111.2.4-8) shows an unnamed fault in the
vicinity of the Las Villas fault that is located entirely onshore. Based on its location, FPL
assumes that this unnamed fault is the Las Villas fault. Perez-Othon and Yarmoliuk (FSAR
Reference 848) show an unnamed fault on their 1:500,000 scale geologic map of Cuba.
This unnamed fault is located in the vicinity of the Las Villas fault and is located entirely
onshore. Pushcharovskiy's (FSAR Reference 847) 1:500,000 scale tectonic map of Cuba
depicts and labels the Las Villas fault as a thrust fault located entirely onshore.

These more recent compilations do not show the offshore Sierra de Jatibonico fault as
mapped by Khudoley (Reference 2.5.1-910) or Malloy and Hurley (Reference 3). It is not
included in the 1:500,000 scale tectonic map of Cuba (FSAR Reference 2.5.1-847), nor is it
shown in any of the 1:2,000,000 maps in the Nuevo Atlas Nacional de Cuba (Reference 5).
Similarly, Cotilla-Rodriguez et al. (FSAR Reference 2.5.1-494) do not indicate any such
fault north of Matanzas Bay. Pardo (FSAR Reference 2.5.1-439, Figure 172) does indicate
a "Jatibonico fault"; however, it is entirely onshore, over 200 kilometers west of Matanzas
Bay.

Bathymetry in the Straits of Florida from Malloy and Hurley (Reference 3) indicate that the
Pourtales escarpment, the Mitchell escarpment, and the north slope of Cuba are the most
prominent geomorphic features expressed in the region. The slope north of Cuba is
somewhat steeper and more irregular than the slope south of Florida, but no particular
faults or scarps are identified there in the regional study of Mann et al. (FSAR Reference
2.5.1-493). Only portions of the mapped trace of the Las Villas fault from Malloy and Hurley
(Reference 3) coincide with the steepest portions of the slope, and Malloy and Hurley's
(Reference 3) Sierra de Jatibonico does not appear to coincide with any scarps in the
bathymetry (Figure 1). The DNAG Map of North America (Reference 7) shows the same
faults as Malloy and Hurley (Reference 3) in the Straits of Florida region, with two additions
(Figure 11). A fault is included south of the unnamed escarpment and northwest of the
Sierra de Jatibonico that cuts Neogene sediments, and a segmented fault is included along
the steep portion of the slope north of the small islands and east of the Sierra de Jatibonico
fault that cuts Tertiary strata. The latter structure is coincident with representations of the
Nortecubana fault in this area (e.g., FSAR Figure 2.5.1-202). The offshore area near the
Nortecubana fault and south toward the Cuban coast is expected to be underlain by thrusts
of the Cuban fold-and-thrust belt, which are covered by unfaulted late Tertiary and
Quaternary strata (FSAR References 2.5.1-484, 2.5.1-485, and 2.5.1-497) (FSAR Figures
2.5.1-279, 2.5.1-280, 2.5.1-282, 2.5.1-287, and 2.5.1-288).

In summary, little detail is known about the hypothesized offshore Las Villas and Sierra de
Jatibonico structures drawn by Malloy and Hurley (Reference 3) on the basis of bathymetric
data. More recent compilations generally do not depict offshore versions of these faults
(e.g., FSAR Reference 2.5.1-847), although the offshore Las Villas from Malloy and Hurley
(Reference 3) is roughly coincident with the Nortecubana fault of Cotilla-Rodriquez et al.
(FSAR Reference 2.5.1-494) and the steepest portions of the northern Cuba slope.
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Figure 1 Location Map for Profiles Shown in Figures 2 through 10
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Figure 2 Seismic Line Demonstrating Unfaulted Strata in the Straits of Florida (from Denny et al., FSAR Reference 2.5.1-221)
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Figure 3 Seismic Line and Interpretation Crossing the Pourtales Terrace and
Escarpment (from Denny et al., FSAR Reference 2.5.1-221
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Figure 4 Interpreted Seismic Line Showing Current-Influenced Stratigraphy at the Base of the Pourtales Escarpment (from
Denny et al., FSAR Reference 2.5.1-221)
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(from Bergman, FSAR Reference 2.5.1-906)
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Figure 6 Portions of Seismic Lines Crossing the Mitchell Escarpment (from Malloy
and Hurley, Reference 3)
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Figure 7 Portion of Seismic Line Crossing the Pourtales Escarpment (from Malloy and Hurley, Reference 3



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Response to NRC RAI No. 02.05.01-16 (eRAI 6024)
L-2013-236 Attachment 14 Page 14 of 25

A NW SE

w N

B NW SEtwtt (S)

0.5e nR n -

1t0 5 k

C twtt (a)
NW SE 911w 80*w

x J

1.0 • •• •
51a

1.5 =--"24,

Figure 8 Profiles across the MiamilPourtales Escarpment Illustrating the Variation in Geomorphology and Stratigraphy(from
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Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Response to NRC RAI No. 02.05.01-16 (eRAI 6024)
L-2013-236 Attachment 14 Page 15 of 25

I

2

3

4

5

6
1670 1200

10km

utbg_sdm ari6.0073.fmOSO3.sf-27b.stack.segy

SOISEIS Gain:agc_window_1.Os Plot-relative anplitudes:yes

source: http:/Awww.ig.utexas.edulsdc/msi/

730 26D
CMP

I° N

Figure 9a Uninterpreted Seismic Line 27b across the Mitchell Escarpment (from UTIG, Reference 6)
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Figure 9b Uninterpreted Seismic Line 28b across the Mitchell Escarpment (from UTIG, Reference 6)
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Figure 10 Seismic Line and Interpretation across the Pourtales Escarpment, Indicating Unfaulted Stratigraphy
(from Bergman, FSAR Reference 2.5.1-206)
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Figure 12 Map of the Las Villas and Sierra de Jatibonico Faults (from Khudoley, FSAR Reference 2.5.1-910)
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This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

The following text will be added to FSAR Subsection 2.5.1.1.1.3.2.2 in a future revision of the
FSAR:

Straits of Florida Normal Faults

A series of short, steep normal faults exist in the western Straits of Florida southwest of Turkey
Point (Reference 480) (Figure 2.5.1-229). These faults are mapped using seismic data in
Paleocene and Eocene strata and are buried by undeformed Miocene and younger strata
(Figures 2.5.1-209 and 2.5.1-273). This faulting represents syn-tectonic deformation of the
Cuban foreland basin during its collision with the Florida-Bahama Platform (References 794
and 482). Seismic studies in central Straits of Florida indicate that Paleocene to Eocene strata
dip to the south indicating the flexure of the southern margin of the Bahama Platform in
response to loading from the Cuban orogeny (Reference 221). These syntectonic Paleocene
and Eocene strata are terrigenous and were shed directly from Cuba into northward-
tapering wedges observed in seismic data (Figure 2.5.1-209). In contrast, the late middle
Eocene to early middle Miocene strata were deposited uniformly over most of the southern
straits of Florida, with pelagic to hemipelagic sedimentation, indicating that the Straits of
Florida had subsided to 'near-modern' depths with a change in tectonic regime. The
development of sediment drifts in Middle Miocene and younger strata reveal increased current
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strength in the Straits of Florida at this time (Reference 221). Just outside of the site region,
but in a comparable tectonic environment in the southeastern Gulf of Mexico,
interpretation of seismic lines indicate that generally no major displacements affect
strata above an upper Eocene unconformity (Reference 482), and lines within the site
regioninteFp..t.d soei6•c• lines indicate unfaulted strata above the late middle Eocene
unconformity (Reference 221). However, cases of later Tertiary reactivation of faults in the
area have been documented (e.g., Reference 484).

Also in the Straits of Florida, initial workers hypothesized faulting along the edges of
the Pourtales and Miami terraces and along other seafloor escarpments but also
suggested that the escarpments could be original sedimentary features associated with
sediments deposited against the steeper face of old reef fronts (Reference 912) (Figure
2.5.1-350). Higher resolution, more detailed seismic imaging has allowed the Pourtales
escarpment and similar steep-sided escarpments throughout the Gulf of Mexico, Straits
of Florida, and Bahamas to be recognized as relict carbonate platform margins,
sometimes steepened and modified by erosion, with drifts of younger sediment resting
adjacent (Figure 2.5.1-351) (e.g., References 687, 913, and 914). For example, Mullins
and Neuman (Reference 914) conclude that there is no evidence for faulting at the
eastern edge of the Miami terrace and that truncated reflectors near the surface indicate
erosion was responsible for the observed stratigraphic variations.

South of the Straits of Florida normal faults, thrust faults are expected within a narrow
apron offshore of the Cuban coastline. These thrusts, such as the Nortecubana fault,
are discussed as part of the Cuban fold-and-thrust belt.

Changes to the FSAR regarding both the onshore Las Villas fault and the Nortecubana fault
(possible equivalent to the offshore Las Villas of Malloy and Hurley (1970)) are incorporated as
part of the response to RAI 02.05.01-21.

The following text will be inserted after the ninth paragraph of FSAR Subsection 2.5.1.1.1.3.2.4
preceding the discussion of the Pinar fault in a future revision of the FSAR:

Sierra de Jatibonico fault

The Sierra de Jatibonico fault is a 1-2 km-wide zone that parallels the trend of Cuba
along its 450 km length. Both Khudoley (Reference 910) and Hatten et al. (Reference
911) describe the fault as being vertical at the surface but gradually flattening at depth,
reaching a minimum dip of 55°S. Hatten et al. (Reference 911) state that there is a
component of right-lateral displacement along the fault, whereas Pardo (Reference 439)
only cites the throw of 1500 meters.

There are no studies that document fault activity or seismicity along the Sierra de
Jatibonico fault zone. Mapping by Hatten et al. (Reference 911) shows that the fault
juxtaposes the Zueleta and Remedios Units, each of which is capped by middle Eocene
sediments containing high-angle faults with a component of right-lateral slip. Pardo
(Reference 439) also dates the youngest units in the Jatibonico belt (approximately the
same as the Remedios Unit from Hatten et al., (Reference 911)) as middle Eocene.
Assuming that faulting within each unit was contemporaneous with movement on the
Sierra de Jatibonico fault, that provides a minimum age of last activity.
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The following references will be added to FSAR Subsection 2.5.1.3, References, in a future
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The following figure will be added as a new FSAR Figure in a future revision of the FSAR:

Figure 2.5.1-379 Map of Selected Seismic Lines in the Straits of Florida
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The following figure will be added as a new FSAR Figure in a future revision of the FSAR:

Figure 2.5.1-380 Profiles across the MiamilPourtales Escarpment Illustrating the Variation in Geomorphology and
Stratigraphy
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ASSOCIATED ENCLOSURES:

None


