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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: 02.05.01-1 (eRAI 6024)

FSAR Section 2.5.1.1.1.1.1.1, "Florida Peninsula Physiographic Sub provinces" passage,
describes general karst dissolution for Florida to be due to an epigenic, sub aerial process
of downward flow of slightly acidic groundwater (weak carbonic acid). The FSAR also
provides a classification of Florida sinkhole types and a Florida Geological Survey ranking
of sinkhole risk based on aerial density of known sinks.

The staff notes that relatively recent studies have recognized a different class of potentially
potent carbonate dissolution and karst development in coastal areas that has been linked
to mixing disequilibria at freshwater-brine interfaces. Several examples have been
identified within the Caribbean region (FSAR Ref 263; and Smart et al., 2006a;Mylroie and
Carew, 2 0 0 3 5).

In order for the staff to determine if the information presented in the FSAR represents an
up-to-date and accurate characterization of regional and local limestone formation
conditions and in support of 10 CFR 100.23 please address the following:

Discuss any evidence for or against the potential for karst dissolution associated with such
fresh-water/brine interfaces in southern Florida, within the site region. Specifically consider
the presence of any known water-filled passages and/or potential linking to sub-sea springs
that may have formed at current or past fresh-water/brine interfaces based on local and
regional stratigraphic studies including the subsurface evaluations completed for this
application. Discuss how fresh water/brine zones of dissolution would be expected to
migrate in response to sea level changes
a Smart, P.L., Beddows, P.A., Coke, J., Doerr, S., Smith, S., and Whitaker, F.F., 2006,

Cave development on the Caribbean coast of the Yucatan Peninsula, Quintana Roo,
Mexico, in Harmon, R.S., and Wicks, C., eds, Perspectives on karst geomorphology,
hydrology, and geochemistry - A tribute volume to Derek C. Ford and William B. White:
Geological Society of America Special Paper 404, p. 105-128.
b Mylroie, J. E., and Carew, J. L. 2003. Karst development on carbonate islands.

Speleogenesis and Evolution of Karst Aquifers, V.1 Issue 2

http://www.speleogenesis.info/archive/publication.php?PublD=21

FPL RESPONSE:

Background

This response discusses the freshwater/saltwater interface in the region of the Turkey Point
Unit 6 & 7 site, the site vicinity and the site area. The response also discusses the process
of carbonate dissolution associated with the mixing of freshwater and saltwater at the
interface and the mechanisms for this type of carbonate dissolution. This response
considers the presence of known water-filled passages and the relation to sub-sea springs
or discharge areas that may have formed at past or current freshwater/saltwater interfaces.
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This response also includes discussion of the current location of the freshwater/saltwater
interface with respect to the site and how this zone of limestone dissolution would be
expected to migrate in response to sea level changes.

Carbonate Dissolution at Freshwater/Saltwater Interfaces

The freshwater/saltwater interface is defined as the location where sea water intrudes into
a coastal aquifer and mixes with the discharging freshwater in a zone of mixed groundwater
composition. The chemical reactivity of the mixing zone stems from the marked under
saturation with respect to carbonate minerals that develops from mixing a carbonate-
saturated freshwater with near surface seawater in a system closed with respect to carbon
dioxide (Reference 1).

Dissolution occurs when the two fluids of different salinities combine, even though both
fluids are initially saturated with calcium carbonate (Reference 7). Because seawater
saturated with calcium carbonate contains far less calcium carbonate than fresh
groundwater saturated with calcium carbonate, the combined fluids become under
saturated with respect to calcium carbonate. This condition promotes dissolution of
carbonate rocks.

Dissolution of limestone generally occurs where fresh, weakly acidic groundwater circulates
through soluble carbonate rock or within zones of mixing freshwater and seawater (FSAR
References 2.5.1-263 and 2.5.1-965). The freshwater/saltwater interface within the
Biscayne Aquifer is located approximately 6 miles (9.6 kilometers) inland from the site
(FSAR Figure 2.4.12-207), groundwater at the site is saline (Tables 2.4.12-210 and 2.4.12-
211) and the long term sea level rise trend at Miami Beach, Florida, as estimated based on
data from 1931 to 1981, is 0.78 foot (0.2 meter) per century (Reference 2.4.5-206).
Therefore, the site is not a location of fresh groundwater discharge or mixing of freshwater
and saltwater and the mechanism necessary to form large solution cavities does not
appear to be active on or near the site.

A rise in sea level will increase the ocean hydrostatic head and tend to force intrusion of the
freshwater/saltwater interface further inland and away from the site. Therefore, the mixing
zone mechanism necessary to increase the potential for carbonate dissolution and
formation of large solution cavities on or near the site will not exist. Collapse of solution
cavities is generally associated with lowering of groundwater levels and withdrawal of
buoyant support. A rising sea level will counter this effect.

Conversely, any potential lowering of sea level would tend to move the freshwater/saltwater
interface seaward and toward the site. However, the long term sea level rise trend at Miami
Beach, Florida, as estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per
century (Reference 2.4.5-206) and has been rising throughout the current interglacial stage
of the Holocene. A significant lowering of sea level is not likely to occur until a future
advance of continental glaciation, which is not likely to occur within the operating lifetime of
Turkey Point Units 6 & 7. The magnitude of sea-level lowering and the corresponding time
necessary to move the interface to a location within the area of the site is not likely to occur
within the operating lifetime of Turkey Point Units 6 & 7 (FSAR Reference 2.4.5-206).
Therefore, increased carbonate dissolution or formation of large solution cavities on or near
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the site due to a lowering of sea level is not likely to occur during construction or operation
of the plant.

Several researchers (References 2, 3, 4, 5, and 6) indicate that carbonate dissolution
associated with the mixing of freshwater and saltwater occurs predominantly at
groundwater discharge sites or seafloor discharge zones. Mixing can also occur in surface
water. The dissolution mechanisms are "point source discharge" and "submarine
groundwater discharge".

Point Source Discharge

A point source discharge is a concentrated source of freshwater that is spatially constricted
and which has concentrated discharge into a salt water body. The discharge can affect the
local water chemistry equilibrium with the potential to alter the rate of dissolution or
deposition of carbonates within the mixing zone in its vicinity. An example of a point source
discharge is surface water released to Biscayne Bay through drainage canal discharge.

The freshwater/saltwater interface at the base of the Biscayne Aquifer is located
approximately 6 miles (10 kilometers) inland of Turkey Point Units 6 & 7, as shown on
FSAR Figure 2.4.12-207. The intrusion of salt water inland along the base of the aquifer
occurs along the entire coastal zone and is the result of the aquifer's high permeability,
rising sea level, and the lowering of inland groundwater levels from groundwater
withdrawals and surface drainage. As shown on FSAR Figure 2.4.12-207, the position of
the freshwater/saltwater interface was relatively consistent between 1984 and 1995 and, in
fact, provisional data from the USGS (Reference 15) showing the 2008
freshwater/saltwater interface in southeast Florida indicates a similar pattern.

Under natural conditions and prior to anthropogenic activity (e.g. construction of canals and
enlargement of the Miami River) (FSAR Reference 2.5.1-267, FSAR Reference 2.5.1-722,
References 11, 16, 17, and 18), the freshwater/saltwater interface in southeastern Florida
was located close to the coastline and freshwater discharged from springs on the floor of
Biscayne Bay. In the late nineteenth century construction of flood control levees, drainage
canals, and urbanization changed the position of the freshwater/saltwater interface. Canals
were first dug through the Everglades to drain water from the area south of Lake
Okeechobee to enable agriculture to develop (FSAR Reference 2.5.1-267). These canals
roughly follow the transverse glades (i.e. narrow valleys or channels in which the soils [marl
and sand] and vegetation are similar to those in the Everglades). By the late 1920s, major
canals were constructed and rivers in the transverse glades were modified to connect Lake
Okeechobee with the Gulf of Mexico and Atlantic Ocean (FSAR Figure 2.4.12-207) (FSAR
Reference 2.5.1-267 and Reference 19). In the 1930s, the government initiated flood
control measures including levee construction and drainage channel modification. By the
1970s, gated control structures were installed at the coastal end of the primary drainage
canals to discharge excess water during the wet season and impede the landward
movement of saltwater during the dry season. The final phase of canal development of the
Everglades-South Dade conveyance system in the 1980s was constructed to meet
agricultural water-supply needs, control flooding, and mitigate salt water intrusion (FSAR
Reference 2.5.1-267).
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The increased fresh surface water discharge from the Everglades to Biscayne Bay and the
Atlantic Ocean through the drainage canals and increased pumping from the freshwater
aquifer has probably impacted coastal groundwater hydrology by contributing to inland
migration of the freshwater/saltwater interface as shown in FSAR Figure 2.4.12-207. Point
source discharge also may have increased the potential for dissolution of carbonate rocks
in the immediate vicinity of the drainage canal outfalls. However, stratification of fresh water
near the surface of the canal outfalls may limit carbonate dissolution to the near surface.

Outfalls of drainage canals closest to the site are the Model Land Canal (C107) outfall near
the southeast corner of the Turkey Point cooling water canals, approximately 5.0 miles (8
kilometers) south of the site, and the Florida City Canal outfall, approximately 1.2 miles (1.9
kilometers) north of the site (FSAR Figure 2.4.1-203). Because of their distance from the
site, the possible effect of freshwater stratification near the outfalls, and the effects of
variable discharge from the outfalls related to operation of their control structures, variable
rainfall, tidal fluctuations, and hurricanes, neither outfall is likely to induce formation of
cavernous limestone with the potential for collapse at the site.

Submarine Groundwater Discharge

Submarine groundwater discharge (SGD) is defined as the "phenomenon that forces
groundwater to flow from beneath the seafloor into the overlying ocean regardless of its
composition, whether freshwater, recirculated seawater, or a combination of both"
(Reference 2 and Reference 8). SGD can be subdivided into "shoreline flow" (i.e., fresh
groundwater flow through an aquifer to the near-shore ocean that is driven by an inland
hydraulic head) and "deep pore water upwelling" (DPU) (i.e., fresh groundwater flow
beyond the shoreline on the continental shelf through deeper confined permeable shelf
sediments and rocks driven by buoyancy and pressure gradients) (Reference 2).
Reference 9 states "submarine groundwater discharge per unit length of coastline could be
very significant as a discharge process, due to the length of coastline where SGD occurs;
whether or not rivers are present". The extent of submarine groundwater discharge or salt
water intrusion at a given location is an issue of balance between hydraulic and density
gradients in groundwater and seawater along a transect perpendicular to the shoreline
(Reference 9). The two possible modes of submarine groundwater discharge, shoreline
flow and deep pore water upwelling, are discussed below.

Shoreline Flow

As stated above, shoreline flow to the sea occurs when fresh groundwater flow through an
aquifer is driven by an inland hydraulic head. As the shoreline flow nears the sea, it
encounters the salt water that has intruded the aquifer near the coast. The density of
freshwater is lower than that of saltwater and, therefore, it tends to flow above the
saltwater. The freshwater flowing toward the sea encounters an irregular interface where
mixing of the fluids is driven by diffusion and dispersion enhanced by ocean forces (i.e.,
tidal pumping, wave setup, storms, buoyancy and thermal gradients). As noted previously,
the mixed fluids become under-saturated with respect to calcium carbonate and dissolution
of carbonate rocks within the flow path of the shoreline flow ensues. The
freshwater/saltwater circulation pattern and mixing in shoreline flow is similar to that in
surface estuaries, leading to the term subterranean estuary. Tidal forces operating in a
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mixed medium (i.e. bedrock) may enhance dispersion along the freshwater/saltwater
interface and the permeability and preferential flow paths may be changed by chemical
reactions within the aquifer. Precipitation of solids can restrict or block some paths, while
dissolution will enlarge existing paths or open new ones (Reference 2). Examples of
shoreline flow are:

" Freshwater springs along Biscayne Bay (approximately 16 miles [25 kilometers]
northeast of the site);

" Cave development along the Atlantic Coastal Ridge (approximately 11 miles [17
kilometers] north northeast of the site);

" Submarine paleokarst sinkhole in the Key Largo National Marine Sanctuary
(approximately 8 miles [13 kilometers] south of the site);

" Blue holes of the Bahamas in eastern South Andros Island (approximately 120
miles [190 kilometers] southeast of the site);

" Karst development on emergent carbonate islands in the Bahamas
(approximately 200 miles [320 kilometers] southeast of the site); and,

" Karst development on the Yucatan Peninsula, Quintana Roo, Mexico
(approximately 350 miles [560 kilometers] southwest of the site).

Freshwater Springs along Biscayne Bay

Fresh groundwater had discharged along the Atlantic Coastal Ridge shoreline and offshore
as submarine springs before drainage canals were built and prior to substantial lowering of
surface-water and groundwater levels in southeast Florida. The groundwater flow conduits
still exist and are dissolution features within the Biscayne Aquifer. Springs reportedly
discharged near shore as freshwater boils in the shallow waters of Biscayne Bay (FSAR
Reference 2.5.1-721, Reference 10 and Reference 11). In the late 1800's and early 1900's,
springs within the Biscayne Aquifer provided a source of freshwater for sailing ships in
Biscayne Bay. Parks (Reference 12) describes a freshwater spring off Coconut Grove
(south of Miami) that was first documented in 1838 by Dr. Jacob Rhett Motte. Later, a pump
was installed and a platform was constructed to enable dories to tie up while filling wooden
kegs with freshwater. This spring was marked as "freshwater" on Coast and Geodetic
Survey Navigation Chart No. 166 (1896) (Reference 10). However, while many shoreline
springs still exist in the bay and were formed by freshwater dissolution, current salinity
levels of 8 to 31 g/L (8 to 31 parts per thousand) indicate that the water quality is no longer
within the range of drinking water and, therefore, these groundwater discharges are no
longer freshwater springs. The discharge rates from these springs are low, most likely due
to blockage by sand in the conduits and lowered groundwater levels (Reference 10). The
diminished discharge and water quality in the shoreline springs suggests that the
propensity for further development of dissolution features by shoreline flow in the near-
shore areas of southeast Florida, including the Turkey Point Units 6 & 7 site, is diminished
compared to the prevailing conditions prior to redistribution of the groundwater flow.

Langevin (Reference 4) suggested that the drainage canals are the present focal points for
groundwater discharge into Biscayne Bay, intercepting fresh groundwater that would have
discharged directly to the bay. Field observations by Langevin (Reference 4) suggest that
Biscayne Bay has changed from a system controlled by widespread and continuous
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submarine discharge and overland sheet flow to one controlled by episodic releases of
surface water at the mouths of drainage canals. The canals and pumping from the
freshwater aquifer have lowered the water table, and thus, submarine groundwater
discharge has decreased. The Turkey Point Units 6 & 7 groundwater model is consistent
with Langevin's model (Reference 4).

Cave Development along the Atlantic Coastal Ridge

Today, there are no freshwater springs discharging into Biscayne Bay. However, what do
remain are the currently dry channels of past groundwater flow that were formed by
dissolution in the shoreline mixing zone. These are the caves of Miami-Dade County
(Reference 11) (Figure 1). The 19 air-filled caves and one water-filled cave in Miami-Dade
County found by Alan Cressler (Reference 11) are located along the eastern and western
flanks of the Atlantic Coastal Ridge. Most caves of southeastern Florida occur on or along
the eastern flanks of the ancient Atlantic Coastal Ridge, or along the edges of transverse
glades that cut through the Atlantic Coastal Ridge. According to Cressler's (Reference 11)
field observations and descriptions, the caves within the Pleistocene limestones fall into
four categories: (1) at least one is oriented along fractures; (2) some caves are
concentrated along the margins of transverse glades; (3) some caves are composed of
stratiform lateral passages; and, (4) some caves have entrances along the margins of
cave-roof collapse. Most of the caves discovered by Cressler (Reference 11) fall into the
second category. The caves are concentrated along the margins of transverse glades.
Cressler (Reference 11) hypothesized that slightly acidic water from the Everglades could
be a potent agent for dissolving limestone and forming the caves in the transverse glades
in the Miami Limestone.

The most extensive karst development in Miami-Dade County lies within the boundaries of
the Deering Estate County Park and Preserve (Reference 11) on the eastern flank of the
Atlantic Coastal Ridge. The Deering Estate County Park and Preserve is located
approximately 11 miles (17.6 kilometers) north northeast of the site. Of the 19 air-filled
caves identified by Cressler (Reference 11), seven are located within the Deering Estate.
Observations within the Deering Estate indicate that variations in Pleistocene stratigraphy
(i.e. Miami Limestone) may have played an important role in the origin of many small
caves, including the 120-foot (36.6 meters)-long Fat Sleeper Cave. At Deering Estate, cave
passages are commonly low, wide and sandwiched between crossbeds of oolitic limestone.
These stratiform passages seem confined to a zone of rock with many centimeter-scale
vugs related to complex burrow systems. It is hypothesized that the burrow-related porosity
provided early preferential pathways for groundwater flow and concentrated dissolution. In
some caves, solution pipes penetrate the upper cross-bedded limestone and connect to the
land surface (Reference 11 and Reference 10).

One of the most well known caves in Miami-Dade County, Palma Vista Cave, is located on
Long Pine Key in the Everglades National Park (Figure 2). The entrance of the Palma Vista
Cave probably formed by the collapse of a thin roof that spanned a stratiform cave
(Reference 11). The speleothems within the cave that are underwater are important
because their presence implies that they developed in Palma Vista Cave during a previous,
extended dry period (i.e. sea level low stand). Such a condition would have existed when
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the sea level was much lower, such as the period between about 80,000 and 6,000 years
ago (Reference 13).

The Atlantic Coastal Ridge caves formed by solution enlargement of sedimentary
structures in the Miami Limestone as groundwater entered the freshwater/saltwater mixing
zone and discharged as shoreline flow on the margin of the coastal ridge. The
freshwater/saltwater interface is approximately 6 miles (9.6 kilometers) inland from the
coast (FSAR Figure 2.4.12-207), groundwater at the site is brackish to saline (Tables
2.4.12-210 and 2.4.12-211), and the long term sea level rise trend at Miami Beach, Florida,
as estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per century
(Reference 2.4.5-206)Therefore, the mixing-zone process that formed the caves along the
flanks of the Atlantic Coastal Ridge is not likely to be active in formation of cavernous
limestone with the potential for collapse in the area of the site.

Submarine Paleokarst Sinkhole in the Key Largo National Marine Sanctuary

A large sediment-filled submarine sinkhole in the Key Largo National Marine Sanctuary off
Key Largo, Florida (Figure 7) is described as having a 600-meter (1,970 feet) diameter with
a depth likely to exceed 100 meters (328 feet). The submarine paleosinkhole lies beneath
5-7 meters (16-23 feet) of water, and is bordered by Holocene reefs to the east and marine
grass and carbonate sand to the west (FSAR Reference 2.5.3-228). Shinn et al., (FSAR
Reference 2.5.3-228) jet probed to 54.5 meters (179 feet) and did not reach the bottom of
the sinkhole. Patches of marine grass grow on the carbonate sands within the circular
feature, but corals are absent (FSAR Reference 2.5.3-228). The sediments as observed
from the sediment cores consist of monotonous gray aragonite mud visually lacking
sedimentary laminations and fossils. The composition of the sediment as analyzed by X-ray
diffraction is approximately 95 percent aragonite and 5 percent calcite. The oldest 14C age
(from the bottom of the jet probe sampler) is 5,650+/- 90 years before present. The
youngest 14C age (just below the overlying carbonate sand cap) is 3,260+/-60 years before
present. The high percentage of aragonite and near absence of low-magnesium calcite
indicate the sediment is of marine origin and the 14C dates indicate rapid deposition (FSAR
Reference 2.5.3-228).

Shinn et al (FSAR Reference 2.5.3-228) postulate that the Key Largo sinkhole is a cenote
that formed during the Pleistocene. Fluctuations in sea level related to advance and retreat
of continental glaciers raised and lowered the fresh groundwater/seawater shoreline mixing
zone in the area of the sinkhole and facilitated dissolution of carbonate rocks to a depth
near the sea-level low stand. As the Wisconsinan ice sheet began to retreat and sea level
began to rise 15,000 years ago, the shelf off Key Largo was at least 100 meters (328 feet)
above present sea level. A shallow freshwater lake would have formed at the bottom of the
sinkhole. The lake would have gradually deepened as groundwater level adjusted to the
rising sea level. By 6,000 years ago, just before marine flooding of the shelf, the sinkhole
would have been surrounded by wetlands. Infilling of the sinkhole most likely began with
precipitated freshwater calcite muds (i.e. marl). As sea level continued to rise, fresh and
brackish water were replaced by saline waters. Marine sediment began to settle into the
sinkhole, at which time the sinkhole would have functioned like a giant sediment trap. The14C dates indicate that pulses of rapid sedimentation at 4.1 ka and 4.8 ka (thousand years
before present) punctuated marine sedimentation. These pulses were likely the result of
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tropical hurricanes, which reworked and deposited the lime mud on the Florida reef tract.
The lime mud sedimentation ceased and was replaced by sedimentation with skeletal
carbonate sands about 3 ka. The eastern rim of the sinkhole is dominated by coral reefs
which are assumed to be the major source of carbonate sands that cap the muddy
sediment (FSAR Reference 2.5.3-228).

In summary, the Key Largo paleosinkhole began to form during the Pleistocene. Infilling of
the sinkhole began approximately 15,000 years ago when sea level began to rise. The
environment at the bottom of the sinkhole at that time was essentially that of a freshwater
lake that became brackish and eventually evolved to the current marine environment, at
which point conditions conducive for continued limestone dissolution and sinkhole
formation no longer existed. At approximately 6 ka, the sinkhole became engulfed by
seawater and became a sediment trap. Rapid pulses of sedimentation occurred at
approximately 4.1 ka and 4.8 ka. At approximately 3 ka, coral reefs began to accumulate
on the seaward side of the sinkhole.

Because the position of the freshwater/saltwater interface is approximately 6 miles (9.6
kilometers) inland from the site (FSAR Figure 2.4.12-207), groundwater at the site is saline
(Tables 2.4.12-210 and 2.4.12-211), the long term sea level rise trend at Miami Beach,
Florida, as estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per century
(Reference 2.4.5-206)and there is no fresh groundwater shoreline flow near the site.
Therefore, a freshwater/saltwater mixing zone that would promote carbonate dissolution at
the site and the process of shoreline flow that formed the Key Largo submarine paleokarst
sinkhole is not a mechanism that is likely to produce cavernous limestone with the potential
for collapse at the site.

Blue holes of the Bahamas, eastern South Andros Island

The blue holes of the Bahamas beneath South Andros Island lead to an extensive system
of underwater caves along near-shore fracture systems (Figure 12). Formation of the blue
holes, which reach depths exceeding 328 feet (100 meters), began during a previous
eustatic sea-level low stand associated with advance of continental glaciation during the
Pleistocene. Groundwater circulation to the blue holes is facilitated by the fracture
permeability that exists within the fracture systems in the carbonate rock. Investigations into
groundwater-seawater circulation in some of the holes offshore of South Andros Island
indicate a brackish mixture within the caves that readily dissolves aragonite but not calcite,
producing secondary porosity. The depletion of calcium in the saline groundwater indicates
precipitation of calcite cement. Bacterial processes possibly due to submarine groundwater
discharge also play a significant role in driving carbonate dissolution in the Bahamas
(Reference 2 and Reference 6).

A similar near-shore fracture system has not been identified in the limestones within the
area of the Turkey Point Units 6 & 7 site. As noted previously, the position of the
freshwater/saltwater interface is approximately 6 miles (9.6 kilometers) inland from the site
(FSAR Figure 2.4.12-207), groundwater at the site is saline (Tables 2.4.12-210 and 2.4.12-
211), the long term sea level rise trend at Miami Beach, Florida, as estimated based on
data from 1931 to 1981, is 0.78 foot (0.2 meter) per century (Reference 2.4.5-206), and
there is no fresh groundwater shoreline flow near the site. Therefore, a freshwater/saltwater
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mixing zone that would promote carbonate dissolution at the site does not now exist. For
these reasons, conditions favorable for formation of dissolution features similar to the blue
holes of the Bahamas do not appear to exist in the site area.

Karst Development on Emergent Carbonate Islands in the Bahamas

In the Bahamas, flank margin caves (Figures 8 and 9) form on emergent carbonate islands
due to the mixing of fresh and saltwater near the shoreline in the presence of organic
matter. The presence of organic matter allows oxidation to produce carbon dioxide, which
in turn produces carbonic acid that drives carbonate dissolution. This carbonate dissolution
results in anoxic conditions in the mixing zone of the fresh groundwater lens. Complex
oxidation/reduction reactions involving sulfur produce acids that lead to further dissolution
(FSAR Reference 2.5.1-263). The morphology of the flank margin caves includes large,
globular chambers, bedrock spans, thin bedrock partitions between chambers, tubular
passages that end abruptly, and curvilinear phreatic dissolution surfaces. The flank margin
caves are not conduits, but rather mixing chambers (Figure 9). The flank margin caves
receive freshwater from the fresh groundwater lens in the island interior as diffuse flow, and
discharge that water, after mixing, as diffuse flow to the sea. The caves develop without an
external opening to the sea or the land. Current entry is possible due to surface erosion
breaching into the cave (FSAR Reference 2.5.1-263). Examples of flank margin caves are
Lighthouse Cave, San Salvador Island, Bahamas and Salt Pond Cave, Long Island,
Bahamas (FSAR Reference 2.5.1-263).

In addition to flank margin caves, there are banana holes in the Bahamas (Figure 9).
Banana holes form inland from the flank margin caves, at the top of the fresh groundwater
lens where the vadose and phreatic freshwaters mix. Banana holes are smaller phreatic
dissolution voids that form due to collapse of their relatively thin bedrock roofs, resulting in
a broad, vertical-walled depression up to 10 meters (33 feet) across (FSAR Reference
2.5.1-263). Both the flank margin caves and banana holes are found in the Bahamas at
elevations of 1 to 6 meters (3.3 to 20 feet) above sea level. These caves formed during a
glacio-eustatic sea-level high stand that reached elevations above modern sea level.
According to Mylroie and Carew (FSAR Reference 2.5.1-263), these caves formed
approximately 125,000 years ago. The duration of this high stand above modern sea level
lasted about 15,000 years, during which time the Bahamas consisted of islands even
smaller than today because all land below 6 meters (20 feet) in elevation was below sea
level. Therefore, these phreatic caves formed in small freshwater lenses in as little as
15,000 years (FSAR Reference 2.5.1-263).

The process of shoreline flow that formed the flank margin caves may be active in the
Bahamas today, but at an elevation closer to modern sea level. However, similar processes
are not likely to be active currently at the Turkey Point Units 6 & 7 site because of the
absence of fresh groundwater shoreline flow near the site. The position of the
freshwater/saltwater interface is approximately 6 miles (9.6 kilometers) inland from the site
(FSAR Figure 2.4.12-207), groundwater at the site is saline (Tables 2.4.12-210 and 2.4.12-
211), and the long term sea level rise trend at Miami Beach, Florida, as estimated based on
data from 1931 to 1981, is 0.78 foot (0.2 meter) per century (Reference 2.4.5-206).
Therefore, a freshwater/saltwater mixing zone that would promote carbonate dissolution at
the site does not now exist.
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Karst development on the Yucatan Peninsula, Quintana Roo, Mexico

The Yucatan Peninsula is outside of the 200-mile (320 kilometer) radius site region but
karst development there provides evidence of shoreline flow and, therefore, is discussed
here. In the Yucatan Peninsula, Mexico, dissolution features intermediate in size between
flank margin and epigenetic continental caves form along the margin of the discharging
fresh groundwater lens as a result of freshwater/saltwater mixing. Fresh groundwater
discharges are very substantial on the Yucatan carbonate platform, as they are fed by a
large volume of allogenic recharge (i.e. recharge of the groundwater from an outside
location) from the Yucatan interior (Reference 20). Smart et al (Reference 20) believe that
the Quintana Roo caves (Figure 10) represent a new cave type intermediate in size
between flank-margin and epigenetic continental systems. The Quintana Roo caves
located several kilometers interior from the coast may display elements of a dendritic
tributary pattern (typical of epigenetic continental caves). Downstream, this drainage
passes into an extended zone characterized by a cross-linked anastomosing passage
pattern that extends inland from the coast for maximum distances of 8 to 12 kilometers (5
to 7.5 miles). Large isolated mixing chambers characteristic of the flank margin type caves
are absent. Instead, large chambers occur as an element in the anastomosing zone and
are generally associated with collapse. Rectilinear maze patterns are generally absent from
the caves located in the interior, however, they do appear to be characteristic of some of
the coastal caves where fractures have developed parallel to the flank margin (Reference
20).

The passage types in the Quintana Roo caves are horizontal elliptical tubes and canyon-
shaped passages and are extensively modified by collapse, but many retain dissolutional
wall morphology. The caves are actively enlarging because of under-saturation with respect
to carbon dioxide resulting from the mixing of fresh and saline water. However, according to
Smart et al., (Reference 20), many caves in the interior are above the present mixing zone
and are characterized by collapse and infill with surface-derived clays, speleothem
deposits, and calcite raft sands. Cave sediment fill, speleothem, and ceiling-level data
indicate multiple phases of cave development. These multiple phases are associated with
glacio-eustatic changes in sea level, which alternate in individual passages between active
phreatic enlargement and vadose incision and sedimentation. Due to the continued
accretion of carbonate rocks along the coast during the Pleistocene, caves that are now
located in the interior of the Yucatan Peninsula were formerly closer to the coast and have
gone through multiple phases of cave development. Collapse of the cave roofs is extensive
and ubiquitous, which results in the development of crown-collapse surface cenotes.
Collapse is a result of the large roof spans caused by lateral expansion of passages at the
level of the mixing zone, the low strength of the poorly cemented Pleistocene limestones,
and the withdrawal of buoyant support during sea level low stands (Reference 20).

The two critical conditions that control the development of multiphase Quintana Roo caves
following glacio-eustatic variations in sea level are:

* When the passage segments remain connected to the underlying deep cave
systems and are occupied by the present mixing zone, substantial inflow of saline
water maintains the rate of mixing-driven carbonate dissolution and the
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predominantly carbonate rock is removed, allowing active passage enlargement to
continue; and

* When the links between cave passages are absent, rates of dissolution are low, and
passage enlargement ceases (Reference 20).

If the flow of freshwater through a passage is maintained by tributaries, the velocity may be
sufficient to prevent accumulation of additional sediments or to flush uncemented
sediments from the passage and the cave void will remain open. If such freshwater flows
are limited or absent due to blockage of the feeders, the passage segment will gradually
become occluded by infill and roof collapse (Reference 20).

The greater topographic relief of the cenotes terrane of the Yucatan Peninsula provides a
stark contrast with the flat topography seen at the Turkey Point Units 6 & 7 site and in the
available bathymetric data for the near-site area of Biscayne Bay. The apparent origin of
the greater topographic relief and a much more developed karst regime in the cenotes
terrane relative to the Turkey Point Units 6 & 7 site and its vicinity is the relatively high rate
of fresh groundwater discharge from a large inland watershed in the Yucatan that produces
a more robust mixing zone and more carbonate dissolution (Reference 20). The absence of
a more developed karst topography or an active mixing zone near the site (because of the
location of the freshwater/saltwater interface as shown in FSAR Figure 2.4.12-207 and the
presence of saline groundwater at the site as demonstrated by Tables 2.4.12-210 and
2.4.12-211) suggests that the process of shoreline flow that is instrumental in forming the
caves on the Yucatan Peninsula is not a mechanism that is likely to produce cavernous
limestone with the potential for collapse at the site.

Deep Pore Water Upwellinc

Deep pore water upwelling takes place beyond the shoreline on the continental shelf
through advection of water through deeper, confined permeable shelf sediments and rocks,
driven by buoyancy and pressure gradients. Evidence of deep pore water upwelling is
provided by the existence of offshore submarine springs. In this case, the flow may be
driven by an inland hydraulic head through highly permeable confined aquifers or by the
large-scale cyclic movement of water due to thermal gradients (Reference 2). Examples of
deep pore water upwelling are:

* Submarine paleokarst sinkholes beneath Biscayne Bay (approximately 8 miles [13
kilometers] northeast of the site); and,

* Crescent Beach Spring and Red Snapper Sink, both off the coast east of Crescent
Beach (approximately 200 miles [320 kilometers] north of the site).

Submarine Paleokarst Sinkholes Beneath Biscayne Bay

Cunningham and Walker (Reference 14) conducted a study east of the Miami Terrace
using high-resolution, multichannel seismic-reflection data (Figure 3). The data exhibit
disturbances in parallel seismic reflections that correspond to the carbonate rocks of the
Floridan Aquifer system and the lower part of the overlying intermediate confining unit
(Figure 4). The disturbances in the seismic reflections are indicative of deformation in
carbonate rocks of Eocene to middle Miocene age. This deformation is interpreted to be
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related to collapsed paleocaves or collapsed paleocave systems, and include fractures,
faults, and seismic-sag structural systems (Figure 5) (References 14 and 22).

In general, the seismic-sag structural systems exhibit one or more zones of vertically-
stacked, concave-upward arrangements of generally parallel seismic-reflection patterns
(Figure 5) (References 14 and 22). Twelve seismic sag structural systems have been
delineated on the seismic profiles of Cunningham and Walker (Reference 14). Two types of
seismic-sag structural systems they have identified are "narrow" and "broad". The type of
system is defined based on the measured differences in the inner sag width of the
deformed seismic reflectors. The inner sag width is defined as "the distance between
inflection points (i.e., where the shape of the subsidence profile changes from concave to
convex) on both sides of the structural trough" (Reference 14).

Collapse related to the "narrow", seismic-sag structural systems is multistoried as shown in
Figure 5 (Reference 14). The uppermost termination of zones of concave upward
reflections displayed in many of the narrow sag structures may correspond to
paleotopographic expression of the upper surface of paleosinkholes, since many are filled
in with onlapping reflections. The onlapping reflections indicate passive sedimentary fill at
the top of sagging reflections. This relationship is shown in zones 2 and 3 in the N1 profile
in Figure 5. These two zones are indicative of cave collapse and suprastratal deformation
during the Eocene. Cunningham and Walker (References 14 and 22) hypothesize that the
association of narrow, seismic-sag structural systems with a possible single fault, in some
cases, likely indicates a structural fabric and associated fracture/fault permeability. These
faults may have a substantial control on the geographic distribution of some of the narrow
seismic sag structural systems (Reference 14).

A major collapse event associated with the "broad", seismic-sag structural system is shown
in Figure 6. This collapse event occurred in the Eocene based on the deformation of
seismic-reflection stratigraphic layer 8 (SS8) reflections which are assigned to Eocene-age
rocks. These SS8 reflectors appear to have down-lapping relations onto the upper surface
of the zone 2 sag structures and truncate reflectors at the top of the zone 2 structure
(Reference 14).

There are three possible mechanisms for the formation of the seismic sag structures: 1)
"corrosion" or dissolution by an Eocene mixed freshwater/saltwater zone associated with
regional groundwater flow, 2) upward groundwater flow during the Eocene driven by
Kohout convection (the circulation of relatively warm saline groundwater deep within
carbonate platforms and subsequent mixing with meteoric water as it rises) and 3) upward
ascension of hydrogensulfide-charged groundwater, with the hydrogen sulfide derived from
the dissolution and reduction of calcium sulfates in the deeper Eocene or Paleocene rocks
(Reference 14). The potential link between the seismic sags and submarine paleosinkholes
suggests the seafloor sinkholes began to form as early as the Eocene.

Regardless of the mechanism of formation, the geophysical data indicate the absence of
deformation in rocks younger than middle Miocene (Figures 4, 5, and 6). This finding
suggests that if the same mechanism had been active at the Turkey Point Units 6 & 7 site
during the Eocene, none of the strata younger than middle Miocene would be deformed.
These younger strata include the Miami Limestone, Key Largo Limestone, Fort Thompson
Formation, Tamiami Formation and Peace River Formation. The total thickness of this
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section at the site is approximately 450 feet (137 meters) (FSAR Figure 2.5.1-332).
Deformation of rocks below this depth is not likely to pose a threat of surface collapse at
the site.

Crescent Beach Spring and Red Snapper Sink, off the coast of Northeast Florida

Crescent Beach and Red Snapper Sink are located outside of the 200-mile (320 kilometer)
radius "site region" but the spring and sink are evidence of deep pore water upwelling and
warrant discussion here. Crescent Beach Spring, a freshwater spring, is located about 2.5
miles (4 kilometers) east of Crescent Beach, Florida (Figure 11) and is considered a first-
order magnitude spring with a flow rate of greater than 40 m3/s (greater than 1,400
feet 3/second) (Reference 21). The spring is located at a depth of 18 meters (59 feet) in the
Atlantic Ocean and erosion of confining strata to a depth of 38 meters (125 feet) at the
mouth of the vent has enabled direct hydrologic communication of confined groundwater in
the Floridan Aquifer with coastal bottom waters (Reference 2).

The Red Snapper Sink (Figure 11) is located about 26 miles (42 kilometers) off Crescent
Beach and is incised about 127 meters (417 feet) into the continental shelf at a water depth
of 28 meters (99 feet). Divers investigating the site observed that seawater was flowing into
small caves at the base of the hole, indicating possible recharge of the Floridan Aquifer and
that the water in the bottom of the hole was similar in salinity and sulfate content to ambient
seawater. According to Moore (Reference 2), Red Snapper Sink was similar to Crescent
Beach Spring before the piezometric head was lowered along the coast and preservation of
the feature suggests that a freshwater spring was active at this site in the recent past.

The existence of Crescent Beach Spring and, by inference, Red Snapper Sink indicates the
presence of abundant fresh groundwater within confined aquifers on the continental shelf.
Breaching of the confining layer overlying such aquifers by erosional or tectonic
mechanisms has the potential to create similar submarine springs on the shelf off southern
Florida. No capable faults that could induce a breach of the confining layer have been
identified in the site vicinity (FSAR Subsection 2.5.3.6). Groundwater in the Biscayne
Aquifer (the surficial aquifer) is saline in the area of the site (Tables 2.4.12-210 and 2.4.12-
211). Therefore, dissolution of carbonate rocks in the vicinity of deep pore water upwelling
from this aquifer into the overlying ocean is not probable. At the site, the underlying
Tamiami Formation and Hawthorne Group combined comprise more than approximately
152 meters (500 feet) of low-permeability rocks and sediments that overlie and confine the
Floridan Aquifer (FSAR Figures 2.4.12-202 and 2.4.12-204). Deep pore water upwelling
generally occurs well off shore, where the slope of the shelf is steeper and erosion of this
thickness of confining sediments is more likely. For this reason, carbonate dissolution
associated with deep pore water upwelling from the Floridan Aquifer is not likely to pose a
threat of surface collapse or sinkhole hazard at the site.

Turkey Point Units 6 & 7 Site: "Water-Filled Passages"

Zones of secondary porosity have formed in limestone beneath the site where micro-karst
features of generally centimeter scale have developed (FSAR Subsections 2.4.12.3.1 and
2.5.1.2.4). These zones of secondary porosity provide pathways of preferential
groundwater flow within the Biscayne Aquifer. The micro-karst features formed when fresh
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groundwater formerly flowed from inland areas, mixed with sea water, and facilitated
dissolution of sedimentary structures in the rock as it flowed through the zone of secondary
porosity to the sea. However, the results of extensive site investigation for Turkey Point
Units 6 & 7 (FSAR Reference 2.5.1-708) offer no evidence that karstification of the area
has developed cavernous limestone with the potential for collapse. The zones of secondary
porosity can be subdivided into two categories: touching-vug porosity and moldic porosity.

Touching-vug porosity occurs on the site within the approximate depth interval of 20 to 35
feet (6.1 to 10.7 meters) (FSAR Figures 2.5.1-351, -352, and -353) near the contact of the
Key Largo Limestone and the Miami Limestone and forms the "Upper Zone" of secondary
porosity. The origin of this porosity is solution enlargement of burrows, inter-burrow vugs,
moldic fossils, root molds, and vugs between root casts (FSAR Reference 2.5.1-405).
These structures are sufficiently numerous and closely spaced so as to form a laterally
continuous zone of interconnected voids. Results of drilling and coring within the zone of
touching-vug porosity during the site subsurface investigation have shown the zone to be
laterally persistent, with voids generally of centimeter scale, and very few indications of
possible larger voids (i.e., one relatively short rod drop in each of two in a total of 88
geotechnical borings). Section 5.2 of FSAR Appendix 2.5AA discusses rod drops and their
significance as indicators of possible subsurface cavities.

Dissolution of the limestone in this zone of secondary porosity likely occurred during the
Wisconsinan glacial stage of the Pleistocene when sea level was lower than during the
preceding interglacial stages when the Miami Limestone and Key Largo Limestone were
formed (FSAR Reference 2.5.1-928) and fresh groundwater from the Everglades mixed
with sea water and discharged through the zone toward the sea. The coralline vugs within
the Key Largo Limestone typically exhibit evidence of precipitation of secondary minerals
(i.e., calcite) (FSAR Subsection 2.5.1.2.2). This finding suggests that the environment
within the Upper Zone of secondary porosity is currently one dominated by 2.5.1.2.4 The
position of the freshwater/saltwater interface is approximately 6 miles (9.6 kilometers)
inland from the site (FSAR Figure 2.4.12-207), groundwater within the zone of touching-vug
porosity is saline (Tables 2.4.12-210 and 2.4.12-211), the long term sea level rise trend at
Miami Beach, Florida, as estimated based on data from 1931 to 1981, is 0.78 foot (0.2
meter) per century (Reference 2.4.5-206)and there is no freshwater shoreline flow near the
site. Therefore, a freshwater/saltwater mixing zone that would promote further dissolution of
the limestone within the zone of touching-vug porosity does not now exist, and
development of large underground caverns with the potential for collapse is not likely within
this Upper Zone of secondary porosity. Further, this zone will be completely removed
during excavation of the nuclear island foundations (FSAR Subsection 2.5.4.5.1).

Moldic porosity occurs in pockets within the approximate depth interval of 60 to 75 feet
(18.3 to 22.9 meters) (FSAR Figures 2.5.1-351, -352, and -353) in the Fort Thompson
Formation and forms the "Lower Zone" of secondary porosity at the site. The origin of this
zone is preferential dissolution of fossil shells and other organic structures rather than the
matrix rock within which they are contained, resulting in void spaces of generally centimeter
scale within molds of the structures. Results of drilling and coring within the zone of moldic
porosity during the site subsurface investigation have shown the zone not to be laterally
persistent but occurring in isolated pockets within sandy zones, with very few indications of
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possible larger voids (i.e., one relatively short rod drop in each of three in a total of 88
geotechnical borings).

Dissolution of the limestone in this zone of secondary porosity likely occurred during the
early to mid-Pleistocene Epoch when sea level fluctuated to a level lower than when the
Fort Thompson Formation was formed and fresh groundwater from inland areas discharged
through the formation toward the sea. As noted previously, the current position of the
freshwater/saltwater interface is approximately 6 miles (9.6 kilometers) inland from the site
(FSAR Figure 2.4.12-207), groundwater within the zone of moldic porosity is saline (Tables
2.4.12-210 and 2.4.12-211), the long term sea level rise trend at Miami Beach, Florida, as
estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per century (Reference
2.4.5-206) and there is no freshwater shoreline flow near the site. Therefore, a -

freshwater/saltwater mixing zone that would promote further dissolution of the limestone
within the zone of moldic porosity does not now exist and development of large
underground caverns with the potential for collapse is not likely within this Lower Zone of
secondary porosity.

As described in FSAR Subsection 2.5.1.2.4, the two zones of secondary porosity were
identified at the site following review of the geophysical logs, the geotechnical boring logs,
and the shear wave velocity logs. In general, the zones of secondary porosity were
identified based on increases in borehole diameter on the caliper logs, darkened areas on
the acoustic televiewer images, typically lower P-S wave velocity values, notes on the
boring logs indicating rod drops and, in the case of touching-vug porosity, loss of drilling
fluid. The supplemental response to RAI 02.05.01-2 contains further discussion of water-
filled passages and the absence of evidence for sinkhole hazards at the Turkey Point Units
6 & 7 site.

Sea Level Changes and Migration of Freshwater/Saltwater Interface and Conclusion

Groundwater within the Biscayne Aquifer is saline in the area of the site (Tables 2.4.12-210
and 2.4.12-211). Dissolution of limestone generally occurs where fresh, weakly acidic
groundwater circulates through soluble carbonate rock or within zones of mixing fresh and
seawater (FSAR Reference 2.5.1-263 and Reference 20). The freshwater/saltwater
interface within the Biscayne Aquifer is currently located approximately 6 miles (9.6
kilometers) inland from the site (FSAR Figure 2.4.12-207), groundwater at the site is saline
(Tables 2.4.12-210 and 2.4.12-211), and the long term sea level rise trend at Miami Beach,
Florida, as estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per century
(Reference 2.4.5-206). Therefore, the site is not currently a location of fresh groundwater
discharge or mixing of fresh and saltwater, and the mechanism necessary to form large
solution cavities does not appear to be active on or near the site.

A rise in sea level will increase the ocean hydrostatic head and tend to force the
freshwater/saltwater interface to migrate further inland and away from the site. Therefore,
the mixing zone mechanism necessary to increase the potential for carbonate dissolution
and formation of large solution cavities on or near the site will not exist. Collapse of solution
cavities is generally associated with lowering of groundwater levels and withdrawal of
buoyant support. A rising sea level will counter this effect.
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Conversely, a potential lowering of sea level would tend to move the freshwater/saltwater
interface seaward and toward the site. However, sea level in the vicinity of the site is
currently rising and has been rising throughout the current interglacial stage of the
Holocene. A significant lowering of sea level is not likely to occur until a future advance of
continental glaciation, which is not likely to occur within the operating lifetime of Turkey
Point Units 6 & 7. The magnitude of sea-level lowering and the corresponding time
necessary to move the interface to a location within the area of the site is not likely to occur
within the lifetime of Turkey Point Units 6 & 7 (FSAR Reference 2.4.5-206). Therefore,
increased carbonate dissolution or formation of large solution cavities on or near the site
due to a lowering of sea level is not likely to occur during construction or operation of the
plant.
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Figure 1 Map of Southern Florida Showing the Locations of Caves Identified by
Cressler

Source: Reference 10
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Figure 2 Palma Vista Cave
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Figure 3 Cunningham and Walker Study Area in Biscayne Bay, Southeast Florida
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Source: Reference 14
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Figure 4 Correlation of Hydrogeologic and Geologic Units to Time Stratigraphic
Units of Southern Florida

Note: Correlation of hydrogeologic and geologic units, and time stratigraphic units of
southern Florida to a provisional seismic-reflection stratigraphy (SS1-SS9) of seismic
profiles EW4 in Biscayne Bay, and EKW and EKE east of Elliot Key in the Atlantic Ocean
(Reference 14).

Source: Reference 14
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Figure 5 A Part of Seismic-Reflection Profile N1 across Four Vertically-Stacked,
Narrow Zones (1-4) of Seismic Sags that Combine to Form a Single Seismic-Sag
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Figure 6 Seismic-Reflection Profile N5 across a Vertically-Stacked Arrangement of
Structural Sags

1 mil.

- flbp SS5

-- Top "we CaW#*f UfM

2

--- -- -- -

Note: Three zones (1-3) of sags in seismic reflections are shown with each zone of seismic
sags having different sag angles. No effects of the collapse are visible above the top of
zone 1 (Reference 14).

Source: Reference 14
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Figure 7 Sinkhole in the Key Largo National Marine Sanctuary about 1 mile (1.6 km)
from Key Largo Dry Rocks Reef
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Figure 8 Salt Pond Cave, Long Island, Bahamas, a Flank Margin Cave
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Note: The cave has an irregular phreatic morphology and is horizontally extensive but
vertically restricted (FSAR Reference 2.5.1-263).

Source: FSAR Reference 2.5.1-263
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Figure 9 Diagrammatic Representation of the Main Dissolution Features Found on
Carbonate Islands
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Figure 10 Location of the Quintana Roo Caves
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Figure 11 Locations of Crescent Beach Spring and Red Snapper Sink
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Figure 12 Location Map of the Bahamas Showing a Chain of Fracture-controlled
Blue Holes on South Andros Island

Source: Reference 6

This response is PLANT SPECIFIC.
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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: 02.05.01-2 (eRAI 6024)

FSAR Section 2.5.1.2.4 discusses limestone dissolution features and states that zones of
preferential secondary porosity exist within (1) an upper zone within Key Largo Limestone
and (2) a lower zone within Fort Thompson Formation, and that these zones include cavities
verified from televiewer and caliper logs. Staff notes that the Key Largo LS will be the bearing
layer for SSC buildings. In order for the staff to evaluate the dissolution potential at the
TPNPP site and in support of 10 CFR 100.23, please address the following:

a) Discuss the possible origins of these subsurface voids and evaluate if this is still
consistent with your statement "there is no evidence for sinkhole hazards or for the
potential of surface collapse due to the presence of large underground openings" on
page 2.5.1-229.

b) Discuss the possibility that these zones of secondary porosity are in the same
stratigraphic unit that expresses the karst/sinkhole-like features seen immediately off
shore to the east of the TPNPP site.

FPL RESPONSE:

a) Discuss the possible origins of these subsurface voids and evaluate if this is still
consistent with your statement "there is no evidence for sinkhole hazards or for the
potential of surface collapse due to the presence of large underground openings" on
page 2.5.1-229.

Zones of secondary porosity have formed in limestone beneath the site where micro-karst
features have developed (FSAR Subsections 2.4.12.3.1 and 2.5.1.2.4). These zones of
secondary porosity provide areas of preferential groundwater flow. The micro-karst features
are thought to have formed by solution enlargement of sedimentary structures when fresh
groundwater formerly flowed from inland areas, mixed with sea water, and facilitated
dissolution as it flowed through the zone to the sea. The zones of secondary porosity can be
subdivided into two categories: touching-vug porosity and moldic porosity.

As described in FSAR Subsection 2.5.1.2.4, the two zones of secondary porosity were
identified at the site following review of the geophysical logs, the geotechnical boring logs,
and the shear wave velocity logs. In general, the zones of secondary porosity were identified
based on increases in borehole diameter on the caliper logs, darkened areas on the acoustic
televiewer images, typically lower P-S wave velocity values, rod drops, and in the case of
touching-vug porosity, and loss of drilling fluid circulation. Figures 1 through 3 show the
approximate locations of the two zones of secondary porosity on three example-boring logs,
B-604 (DH), B-608 (DH), and B-710 G (DH) and their locations at the Turkey Point Units 6 &
7 site are shown on FSAR Figure 2.5.1-228 and FSAR Figure 2.5.4-202. Figures 1 through 3
were compiled using the lithology, caliper, natural gamma, acoustic televiewer, and velocity
(Vs and Vp) logs.

Recent studies by Cunningham et al. (FSAR References 2.5.1-404 and 2.5.1-723) suggest
vuggy porosity is common within the Biscayne Aquifer (Miami Limestone, Key Largo
Limestone, and Fort Thompson Formation) and that typical solution features associated with
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the touching-vug porosity include solution-enlarged fossil molds up to pebble size, molds of
burrows or roots, irregular vugs surrounding casts of burrows or roots, and bedding plane
vugs. Cunningham et al. (FSAR Reference 2.5.1-404) show images of vugs in the Miami
Limestone and Fort Thompson Formation, with cavernous vugs approximately 4 feet (1.2
meters) in height (Figure 4). The results of extensive site investigation for Turkey Point Units
6 & 7 (FSAR Subsections 2.5.1.2.2 and 2.5.4.2.2, FSAR Reference 2.5.1-708) offer no
evidence that karstification of the area has developed cavernous limestone with the potential
for collapse and formation of sinkholes.

Touching-Vug Porosity

Touching-vug porosity occurs on the site within the approximate depth interval of 20 to 35
feet (6.1 to 10.7 meters) (Figures 1, 2 and 3) near the contact of the Miami Limestone and
Key Largo Limestone (the "Upper Zone" of secondary porosity discussed in FSAR
Subsection 2.4.12.1.4). Because the elevation of the ground surface at the site is
approximately 0 feet (0 meters) NAVD88, this depth interval corresponds approximately to
-20 to -35 feet (-6.1 to -10.7 meters) NAVD88. The origin of this porosity is solution
enlargement of burrows, inter-burrow vugs, moldic fossils, root molds, and vugs between root
casts (FSAR References 2.5.1-404, 2.5.1-723 and Reference 1). These structures are
sufficiently numerous and closely spaced so as to form a laterally continuous zone of
interconnected voids. Results of drilling and coring within the zone of touching-vug porosity
during the site subsurface investigation (FSAR Subsection 2.5.1.2.4) have shown the feature
to be laterally persistent, with voids generally of centimeter scale with very few indications of
possible larger voids such as a rod drop. One rod drop of 2 feet (0.6 meters) was noted in
Boring B-637 and one rod drop of 3 feet (0.9 meters) was noted in boring B-805, in a total of
88 geotechnical borings) (FSAR Reference 2.5.1-708). Neither of these rod drops occurred in
borings drilled in the nuclear islands of Turkey Point Units 6 or 7 (FSAR Figure 2.5.4-202).

A "rod drop" occurs when, while drilling, the bit encounters a relatively soft zone or void and
the drill head and rod string suddenly advances at a rate much faster than the rate when
drilling the overlying more competent material. A rod drop can also occur during standard
penetration testing (SPT) when the weight of the string of drill rods is sufficient to advance the
SPT sampler at the bottom of the borehole without additional blows of the sampling hammer.
The occurrence of a rod drop indicates the presence of very soft or very loose material, which
can be interpreted as void or cavity infill or as inter-bedded materials with substantially
different hardness or compactness. Alternatively, a rod drop could indicate that the drill or
sampler might have penetrated a cavity that is only partially filled with soft or loose material.

Groundwater levels monitored in onsite observation wells indicate a consistent site-wide
upward vertical flow potential within the Biscayne Aquifer (FSAR Table 2.4.12-204). The
geotechnical logs of the boreholes in which the rod drops occurred indicate that, except for
the two drops that occurred in the Miami Limestone, the drops occurred as the drill or
sampler advanced from relatively competent rock into a more sandy zone. In this situation,
the upward hydrostatic head within the aquifer may have caused an upward blowout of the
sand into the borehole when the confining layer above the sand was breached. The rod drops
may have occurred not because the drill or sampler encountered very soft or very loose
material indicative of void infill, but because liquefaction of the sand in the blowout zone
reduced its bearing capacity to less than the down-pressure on the drill or the weight of the
rod string.
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Dissolution of the limestone in the touching-vug zone of secondary porosity likely occurred
during the Wisconsinan glacial stage of the Pleistocene Epoch when sea level was lower
than during the preceding interglacial stages when the Miami Limestone and Key Largo
Limestone were formed (FSAR Figures 2.5.1-372 and 2.5.1-373) and fresh groundwater from
the Everglades mixed with sea water and discharged through the zone toward the sea. The
coralline vugs within the Key Largo Limestone typically exhibit evidence of precipitation of
secondary minerals such as calcite (FSAR Subsection 2.5.1.2.2). This finding suggests that
the environment within the Upper Zone of secondary porosity is currently one dominated by
deposition rather than solution. Groundwater within the zone of touching-vug porosity is
currently saline (FSAR Tables 2.4.12-210 and 2.4.12-211) and not conducive to further
dissolution of the limestone host rock. Therefore, development of large underground caverns
with the potential for collapse and formation of sinkholes is not likely within this Upper Zone of
secondary porosity. This zone will be completely removed during excavation of the nuclear
island foundations.

Moldic Porosity

Moldic porosity occurs in pockets within the approximate depth interval of 60 to 75 feet (-60 to
-75 feet or -18.3 to -22.8 meters) NAVD88 (Figures 1, 2 and 3) in the Fort Thompson
Formation and forms the "Lower Zone" of secondary porosity discussed in FSAR Subsection
2.4.12.1.4. The origin of this feature is preferential dissolution of fossil shells and other
organic structures rather than the matrix rock within which they are contained, resulting in
void spaces of generally centimeter scale within molds of the structures (FSAR References
2.5.1-404, 2.5.1-723 and Reference 1). Results of drilling and coring within the zone of moldic
porosity during the site subsurface investigation (FSAR Subsection 2.5.1.2.4) have shown the
feature not to be laterally persistent but occurring in isolated sandy pockets with very few
indications of possible larger voids (i.e. one rod drop in sandy zones in each of 3 borings: B-
738, B-811, and B-814, ranging from 0.5 to 4 feet (0.15 to 1.2 meters) in a total of 88
geotechnical borings) (FSAR Reference 2.5.1-708). None of these rod drops occurred in
borings drilled in the nuclear islands for Turkey Point Units 6 or 7 (FSAR Figure 2.5.4-202).
As noted previously, the rod drops may have occurred not because the drill or sampler
encountered very soft or very loose material indicative of void infill, but because liquefaction
of the sand reduced its bearing capacity to less than the down-pressure on the drill or the
weight of the rod string.

Dissolution of the limestone in this zone of secondary porosity likely occurred during the early
to mid-Pleistocene Epoch when sea level fluctuated to a level lower than when the Fort
Thompson Limestone was formed (FSAR Figures 2.5.1-372 and 2.5.1-373) and fresh
groundwater from inland areas discharged through the formation toward the sea.
Groundwater within the zone of moldic porosity is currently saline (FSAR Tables 2.4.12-210
and 2.4.12-211) and not conducive to further dissolution of the limestone host rock.
Therefore, development of large underground caverns with the potential for collapse and
formation of sinkholes is not likely within this Lower Zone of secondary porosity.



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.01-2 (eRAI 6024)
L-2013-236 Attachment 2 Page 4 of 20

b) Discuss the possibility that these zones of secondary porosity are in the same
stratigraphic unit that expresses the karst/sinkhole-like features seen immediately off
shore to the east of the TPNPP site.

Biscayne Bay has been modified and dredged and has an average water depth that ranges
from 6 to 13 feet (1.8 to 4 meters) (Reference 2). Assuming the water level in the bay is 0 feet
(0 meters) NAVD88, the bottom of the bay ranges in elevation from approximately -6 to -13
feet (-1.8 to -4 meters) NAVD88. According to Reich et al. (Reference 3), sediments overlying
bedrock in the bay range in thickness from less than 6 inches to 30 feet (0.15 to 9.1 meters).
Using this information and the elevations of the bottom of the bay, the elevation of the
bedrock surface over which the vegetated patches occur on the floor of the bay ranges from
approximately -6.5 to -43 feet (-2 to -13.1 meters) NAVD88. The Upper Zone of secondary
porosity within the Biscayne Aquifer is located near the contact of the Miami Limestone and
Key Largo Limestone at an approximate elevation of -28 feet (-8.5 meters) NAVD88 (FSAR
Subsection 2.5.1.2.4). The Lower Zone of secondary porosity is located within the Fort
Thompson Formation at an approximate elevation of -65 feet (-19.8 meters) NAVD88 (FSAR
Subsection 2.5.1.2.4). Based on site stratigraphic data (FSAR Subsection 2.5.1.2.2), the
units are relatively flat and it appears that the Upper Zone of secondary porosity at the Turkey
Point Units 6 & 7 site occurs within the stratigraphic interval of the limestone surface over
which the vegetated patches the "karst/sinkhole-like features" occur on the floor of Biscayne
Bay. That level is the stratigraphic interval of the Miami Limestone and Key Largo Limestone
(FSAR Figure 2.5.1-332). Results of the site subsurface investigation (FSAR Reference
2.5.1-708) have demonstrated the absence of large solution cavities at this stratigraphic
interval on the site.

While the touching-vug porosity exhibited in the Upper Zone of secondary porosity and the
vegetated patches on the floor of Biscayne Bay may be in the same stratigraphic interval, the
formation of these dissolution features is somewhat different. Dissolution features such as
vugs are typically post-depositional and occur in a subsurface freshwater/saltwater mixing
zone or in a freshwater phreatic system in which groundwater has filled open spaces and
causes dissolution. The vegetated patches on the floor of the bay appear to be paleo-
dissolution features that formed during the Wisconsinan (most recent) glacial stage of the
Pleistocene when sea level was approximately 328 feet (100 meters) lower than the modern
ocean (FSAR Reference 2.5.1-262) and at an elevation favorable for dissolution by rainwater
of subaerial limestone in what is now the bay. More information on the development of the
vegetated patches on the floor of Biscayne Bay is provided in FSAR Appendix 2.5AA and in
the following paragraph, together with a summary of the evolution of the bay.

The process of limestone deposition in Florida was variable during the Pleistocene Epoch
due to fluctuations in glacial runoff and the corresponding sea level. The Sangamon
interglacial corresponds to the Q5e interglacial stage that occurred between approximately
125,000 and 75,000 years ago (FSAR Reference 2.5.1-928). During this time, sea level rose
globally and in Florida resulted in an increase in marine carbonate deposition. Sea level was
approximately 20 feet (6 meters) higher than today (References 4 and 5) and covered the
entire Florida peninsula south of Lake Okeechobee (Reference 5). The marine sediments
(i.e. the Miami Limestone and Key Largo Limestone) that accumulated during the Sangamon
and the previous interglacial high sea level stands (FSAR Reference 2.5.1-928) were lithified
and their depositional morphology preserved. Two elongated sediment ridges that formed the
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Key Largo Ridge and the Atlantic Coastal Ridge resulted in the limestone basin that is now
filled by Biscayne Bay, Card Sound, and Barnes Sound.

During lower sea level stands of the Wisconsinan glacial stage, the Florida platform became
emergent (sea level was approximately 328 feet (100 meters) lower than today) and the sea
floor of Biscayne Bay was exposed (FSAR Reference 2.5.1-262). The exposed sea floor of
the Bay was altered by rainwater. Dissolution, re-precipitation, and vegetative soil formation
cemented the calcareous surface and slowly produced a very hard reddish limestone "soil
crust" over the surface. Carbonate dissolution resulting from infiltration of rain water produced
solution holes and pipes into the underlying limestone and solution-hole drainage, in
particular dendritic drainage patterns, developed on the limestone of Biscayne Bay and its
vicinity, including the Turkey Point Units 6 & 7 Site. This process of surface dissolution ended
in Biscayne Bay when sea level rose and flooded the bay but continued on emergent areas,
including the Turkey Point Units 6 & 7 site. The depositional morphology and paleo-
dissolution morphology resulting from the Sangamon interglacial high sea level stand and
Wisconsinan glacial low sea level stand are preserved on the sea floor of Biscayne Bay
(References 4 and 5).

The current position of the freshwater/saltwater interface is approximately 6 miles (9.6
kilometers) inland from the bay in the vicinity of the site (FSAR Figure 2.4.12-207),
groundwater beneath the site is saline (FSAR Tables 2.4.12-210 and 2.4.12-211), the long
term sea level rise trend at Miami Beach, Florida, as estimated based on data from 1931 to
1981, is 0.78 foot (0.2 meter) per century (FSAR Subsection 2.4.5.2.2.1), and there is no
fresh groundwater shoreline flow near the site. Therefore, a freshwater/saltwater mixing zone
that would promote further dissolution of the limestone underlying the Turkey Point Units 6 &
7 site or the features on the floor of Biscayne Bay does not now exist. The features on the
floor of Biscayne Bay do not appear to have the capacity for development of large
underground caverns with the potential for collapse and formation of sinkholes.
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Figure 1 The two zones of secondary porosity on B-604 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (1 of 3)

Log ID: B-604 (DH)

Total Depth:165 ft
Northing: 396,916 (NAD83/90)
Easting: 876,592 (NAD83190)
Hole Diameter.S" from 0.0 to 29.0 ft; 4" from 29.0 to 165.0 ft.
Elevation (Ground Surface): -1.5 ft Calipr (upper section) from 20.05 to 105 feet bgs.
Drilling Date: Started 3119108 Completed 3123108 Caliper (lower ection) from 39.05 to 157 feet bg.
Drilled By: P. Pitts I R. Landeros Natural Gamma (lower and upper sections) from 20,05 to 157 feet bigs.
Uthology Logged By, S. Woodham Recaver to reciever Vs and Vp from 26.3 to 150.9 feet bgs.
Geophysical Log Operator: GEOVision Geophysical Services Acoustic Tele.iewer from 22.78 to 120.65 feet bgs.

Caliper (Upper) Caliper (Lower) Natural Gamma VS
1 1000 (QV) 14000

,v Descrption and L 2 0n-h) 12 2 (Inrh) 12 0 (API C&) 150 AcoustiC Televiewa
Remarks I Vp

1000 (M1.) 14000
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Figure 1 The two zones of secondary porosity on B-604 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (2 of 3)

Log ID: 8604 (DH)

Total Depth:165 ft
Northing: 396,916 (NAD83/90)
Easting: 876,592 (NAD83/90)
Hole Diameter5" from 0.0 to 29.0 ft; 4" from 29.0 to 165.0 ft. NotL
Elevation (Ground Surface): -1.5 ft ca" (upper section) from 20.05 to 105 feet bgs.

Drilling Date: Started 3119/08 Completed 3123108 Caliper (lower secton) from 39.05 to 157 feet bgi.

Drilled By: P. Pitts I R. Landeros Natural Gamma 0ower and upper sections) from 20.05 to 157 feet bgs.
Uthology Logged By: S. Woodham Reciever to reclever Vs and Vp from 26.3 to 150.9 feet bgs.
Geophysical Log Operator: GEOVision Geophysical Services Acoustic Teeiewer from 22.78 to 120.65 feet bgs.

Caliper (Upper Caliper (Lower) Natural Gamma Vs
Decito an 1000 WS.) 140D0
D. 2 onrb) 12 2 Vfh) U2 0 (AP C&) 1o Acoustic Televiewer

1000 11tj 14000

0
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Figure I The two zones of secondary porosity on B-604 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (3 of 3)

Log ID: 9404 (DH)
Total Depth:165 ft
Northing: 396,916 (NAD83/90)
Easting: 876,592 (NAD83/90)
Hole Dlameter.S" from 0.0 to 29.0 ft; 4" from 29.0 to 165.0 ft.
Elevation (Ground Surface): -1.5 ft caiper (upper section) from 20.05 to 105 feet bgs.
Drilling Date: Started 3119108 Completed 3/23108 Callper (lower section) from 39.05 to 157 feet bgs.
Drilled By: P. Pltts I R. Landeros Natural Gamma (lower and upper sections) from 20.05 to 157 feet bga.
Lithology Logged By: S. Woodham Relever to reclever V& and Vp from 263 to 150.9 feet 0gs.

Geophysical Log Operator: GEOVision Geophysical Services Acoustic Televiewer from 22.78 to 120.65 feet bge.

Caliper (Upper) Caliper (Lower) Natural Gamma Vs
D es crip tion o Wn 2 P rt~h) 12 2 (lath) 12 0 (A M C s.) 1 50 1 0 ( S • A co u stic T elevi w e r

1000 (NO) 14o00

IDI A__ IIV\ .1.11

Source: FSAR Subsection 2.5.1 Reference 708
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Figure 2 The two zones of secondary porosity on B-608 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (1 of 5)

Log ID: B-608 (DH)
Total Depth:265A ft
Northing: 396,830 (NAD83/90)
Easting: 876,736 (NAD83190)
Hole Diameter:5* from 0.0 to 34.0 It; 4" from 34.0 to 265.4 ft.
Elevation (Ground Surface): 41.5 ft

Dnlling Date: Started 3125608 Completed 4/2108
Drilled By:R. Landeros/N. Rodriguez (MACTEC)
Lithology Logged By: S. WoodmanrB. Taylor (MACTEC)
Geophysical Log Operator: GEOVIlion Geophysical Services

Caliper (upper section) from 12.05 to 115 feet bgs.

Caiper (ower section) from 107.06 o 255 feet bgs.

Natural Gamma (lower and upper sections) from 12.05 to 255 feet bil

Recdeer to recvWer Vs Wnd Vp from 23 to 249.3 feet bgs.

Acoustic telemiewer from 20 to 120.2 feet bls.

Caiper (Upper) Caliper (Lower) Natural Gamnma Vs
I lowe (t)s SWo

Oescipon and 1 2 Cwht) 12 2 (inch) 12 0 (WAIC&) C 100
Rema rts J

low left) Im00

Acoustic Televiewer
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Figure 2 The two zones of secondary porosity on B-608 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (2 of 5)

Log ID: B-608 (OH)
Total Depth:2 6SA ft
Northing: 396,830 (NAD83190)
Easfing: 876,736 (NAD83I90)
Hole Diameter.5" from 0.0 to 34.0 if; 4" from 34.0 to 265.4 ft.
Elevation (Ground Surface):. 1.5 ft

Drilling Date: Started 3125108 Completed 412=08
Drilled By:R. LanderoS/N. Rodriguez (MACTEC)
Lithology Logged By: S. WoodmaniB. Taylor (MACTEC)
Geophysical Log Operator: GEOVIslon Geophysical Services

Caiper (upper sedion) from 12.05 to 115 feet bgs.

CalMper (lower seodon) from 10706 to 255 feet bgs.

Natural Gamma (lower and qpper sections) from 12.05 to 256 feet bgs
Reclewr to reclever Vs and Vp from 23 to 249.3 feel bgs.

Acoustic tleva4we from 20 to 120.2 fast bgs.

C
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Figure 2 The two zones of secondary porosity on B-608 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (3 of 5)

Log ID: B-608 (DH)

Total Depth:
2 6 5 .4 ft

Northing: 396,830 (NAD83190)
Easting: 876,736 (NAD83190)
Hole Diameter:5" from 0.0 to 34.0 ift; 4 from 34.0 to 265.4 ft
Elevation (Ground Surface): -1.5 ft

Drilling Date: Started 3128108 Completed 4M2108
Drilled By:R. LanderosIN. Rodriguez (MACTEC)
Lithology Logged By: S. Woodman/B. Taylor (MACTEC)
Geophysical Log Operator: GEOVIsion Geophysical Services

Caliper (upper section) from 12.05 to 115 feet bgs.
Callper (ower section) from 107.06 to 255 feet bgs
Natural Gamma (tower and upper sections) from 12.05 to 255 fedt bp
Reciewr to recleve Vs and Vp from 23 to 249.3 feet bgs.
Acoustic televieer from 20 to 1202 feet bgs.

Caliper (Upper) Caliper (Lower) Natural Gamma Vs
Descipio and 12 1 f)9

Rem a rks f•th, 12 2 Onch) 12 0 (O R Ci) 150 V

Iwo (ftu) tamx)
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Figure 2 The two zones of secondary porosity on B-608 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (4 of 5)

Log ID: B-608 (DH)
Total Depth:265A ft
Northing: 396,830 (NAD83/90)
Easting: 876,736 (NAD83I90)
Hole Diameter:5" from 0.0 to 34.0 it; 4" from 34.0 to 266.4 ft.
Elevation (Ground Surface): -1.5 ft

Drilling Date: Started 3126108 Completed 4V2/08
Drilled By:R. Landeros/N. Rodriguez (MACTEC)
Lithology Logged By: 8. Woodman/B. Taylor (MACTEC)
Geophysical Log Operator: GEOVIslon Geophysical Services

Caliper (upper section) from 12.05 to 115 feel bgs.

Calper (lower secion) from 107.05 to 256 feet bgs.

Natural Guiama (lowe and upper sections) from 12.05 to 255 feet bgp

Reclever to reclever V$ and Vp from 23 to 249.3 feet bgs.
Acoustic televwer from 20 to 120.2 feet bgs.

i

F..,
0
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Figure 2 The two zones of secondary porosity on B-608 (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (5 of 5)

Log ID: B-608 (OH)
Total Depth:2 65 .4 ft
Northing: 396,830 (NAD83I90)
Eastlng: 876,736 (NAD83/90)
Hole Diameter.5" from 0.0 to 34.0 ft; 4" from 34.0 to 265A ft.
Elevation (Ground Surface): -1.5 ft
Drilling Date: Started 3/25108 Completed 412108
Drilled BY:R. LanderoslN. Rodriguez (MACTEC)
Uthology Logged By: S. Woodman/B. Taylor (MACTEC)
Geophysical Log Operator: GEOVisIon Geophysical Services

Caliper (upper section) from I1Z06 to 115 feet ls.

Caliper (ler section) from 107.05 to 255 feet bgs.

Natural Gamma (ower and upper section) from 12.05 to 255 feet bgs

Rectever to reclever Vs and Vp from 23 to 249.3 feet bgs.

Acoustic televiewer from 20 to 120.2 feet bgs.

Caliper (Upper Caliper (Lower) Natural Gamma Vs
1 1000 (lus) 9o0

Dcripiom and 2 (Imlh) 12 2 (nch) 12 0 (APM C.) 150
Remarts I Vp

1000 fts) 1w000

Acoustic Televiewer

Source: FSAR Subsection 2.5.1 Reference 708
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Figure 3 The two zones of secondary porosity on B-710 G (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (1 of 5)

Log ID: B-71 G(DH)

Total Depth: 273.5 ft

Northing: 397,075 (NAD83/90)
Easting: 875,792 (NAD83190)
Hole Diameter.4" from 0.0 to 273.5 ft

Elevation (Ground Surface): -1A ft
Drilling Date: Started 3W10108 Completed 3113108

Drilled By: R. Landeros I N. Rodriguez

Lithology Logged By: S. Woodham

Geophysical Log Operator GEOVislon Geophysical Services

Caiper (upper section) from 10.4 to 130 fet bga.

Caliper (lower section) from 90.4 to 264 feet bgs.

Natural Gamma (lower and upper sections) from 10.4 to 284 feet bgs.

Reclever to recleve Vs and Vp from 262 to 257.5 feet bgs.
Acoustic Televiewer from 19 to 120.4 feet bgs.

Cal(per (Upper) Caliper (Lower) Natural Gamma Vs
te p ( ) 10ooo

Ftemft 2 Onc* 12 2 04ch) 12 0 VA Co.) 10 SO
Remarks _ _ 1 Vp

100 (a') 1i3000

IY V l' ..... "1w- T- -- ~ TII I i I 1

Acoustic TeOeewer

8
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Figure 3 The two zones of secondary porosity on B-710 G (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (2 of 5)

Log ID: B-710G(DH)
Total Depth: 273.5 ft
Northing: 397,075 (NAD83190)
Easting: 875,792 (NAD83I90)
Hole Diameter:4" from 0.0 to 273.5 ft
Elevation (Ground Surface): -14 ft
Drilling Date: Started 3110108 Completed 3113108
Drilled By: R. Landeros I N. Rodriguez
Lithology Logged By: S. Woodham
Geophysical Log Operator GEOVIsion Geophysical Services

Caliper (upper section) from 10A to 130 feet bge.

Caliper (tower section) from 90.4 to 264 fet bgs.

Natural Gamma (lower and upper sections) from 10.4 to 264 feet bgs.

Reciever to reclever Vs and Vp from 26.2 to 257.5 feet bgs.

Acoustic TalesvWer from 19 to 120.4 feet bgs.

Caliper (Upper) Caliper (Lower) Natural Gamma Vs
-I1 000 ift's) 16000

Desriptionand 2 (Irch) 12 2 (inch) 12 0 (API Cs) 150

R e m are s V p

i•1000 (fl) 16000

LffUfMESTONE: Fon

Thr-rl

Acoustic Teteviewer

0
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Figure 3 The two zones of secondary porosity on B-710 G (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (3 of 5)

Log ID: B-710G(DH)

Total Depth: 273.5 ft
Northing: 397,075 (NAD83I90)

Easting: 875,792 (NAD83I90)
Hole Diameter:4" from 0.0 to 273.5 ft

Elevation (Ground Surface): -I1 ft
Drilling Date: Started 3110108 Completed 3113108

Drilled By: R. Landeros I N. Rodriguez
Lithology Logged By: S. Woodham

Geophysical Log Operator. GEOVIsion Geophysical Services

Caliper (upper section) from 10.4 to 130 feet bgs.
Capr (lower section) from 90.4 to 264 led bgs.

Natural Gamma (lower and upper sections) from 10.4 to 264 feet bgs.

Reclever to e Vs ai4d Vp from 26.2 to 257.5 feet bgs.

Acoustic TOelvwer from 19 to 120.4 feet bgs.

0
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Figure 3 The two zones of secondary porosity on B-710 G (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (4 of 5)

Log ID: B-710G(DH)

Total Depth:273.5 ft
Northing: 397,075 (NADS3/90)

Easting: 875,792 (NAD83190)
Hole Diameter.4" from 0.0 to 273.5 ft
Elevation (Ground Surface): -14 ft f (upper section) from 10.4 to 130 feet bus.
Drlling Date: Started 3110108 Completed 3/13108 Caliper (lower section) from 90.4 to 264 feet bus.

Drilled By: R. Landeros I N. Rodriguez Natu Gamma (lower and upper sections) from 10.4 to 284 feet bgs.

Lithology Logged By: S. Woodham Recisr to recaver Vs aid Vp from 26.2 to 257.5 fet bgs.

Geophysical Log Operator: GEOVision Geophysical Services Acoustic Televiewar from 19 to 120.4 eet bgs.

Caliper (Upper) Caliper (Lower) Natural Gamma Vs
c• Iwoft 1(000

Descriptionand L2 Or) 12 2 (inchl) 12 0 CAC) 150 Acoustic Televewer
Remarks Vp I 1000 Vfp180

M
0
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Figure 3 The two zones of secondary porosity on B-710 G (DH) showing the lithology,
caliper, natural gamma, velocity (Vs and Vp) and acoustic televiewer logs (5 of 5)

Log ID: B.710G(DH)

Total Depth: 273.5 ft
Northing: 397,075 (NAD83I90)

Easting: 875,792 (NAD83/90)

Hole Diameter.4" from 0.0 to 273.5 ft

Elevation (Ground Surface): -1A ft

Drilling Date: Started 3110108 Completed 3113108

Drilled By: R. Landeros I N. Rodriguez

Uthology Logged By: S. Woodham

Geophysical Log Operator. GEOVision Geophysical Services

Now.:
Caliper (upper section) from 10.4 to 130 feet bgs.

Caliper (lower section) from 904 to 264 feet bgs.

Natural Gemmn (tower and upper sectionm) from 10.4 to 264 feet bgs,

Reclevr to redever Vs and Vp from 28.2 to 257.5 feet bgs.

Acoustic Televiwer from 19 to 120.4 feet bgs.

Caliper (Upper) Caliper (Lower) Natural Gamma Vs1 1o00 (ft/6) 160000
SCriptk nd . (2nrh) 12 2 (inch) 12 00 (0Ct) 11 0

Remarks W Vp
_________________________ __________ OO (ft'st 10000

AcouStic TeWer

Source: FSAR Subsection 2.5.1 Reference 708
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Figure 4 Relation between Touching-Vug Porosity and Conduit Porosity for the Fort
Thompson Formation and Miami Limestone of the Biscayne Aquifer in Cunningham et

al (FSAR Subsection 2.5.1 Reference 404) Study Area

I

iN

3"wi GNW1
muua =l 3m aI Ila

N

.4OMOgi~M M l~lri

Source: modified from FSAR Subsection 2.5.1 Reference 404

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

COLA revisions associated with this revised RAI response are presented in the revised
response to RAI 2.5.1-17.

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: 02.05.01-3 (eRAI 6024)

FSAR 2.5.1.1.3.4 discusses the "Quaternary Tectonic History" of the TPNPP region.
However, additional, detailed, information is needed to evaluate the Quaternary tectonic
history of the site region.

In order for the staff to determine if the information presented in the FSAR represents an
up-to-date and accurate characterization of the Quaternary tectonic history of the site
region and in support of 10 CFR 100.23 please address the following:

a) Identify and locate features of Quaternary, tectonic deformation in the site region
(such as Walkers Cay fault, Santaren Anticline, Straits of Florida normal faults).

b) Summarize all Quaternary tectonic features in the site region, and update Figure
2.5.1-202 to depict all Quaternary active tectonic features in the entire site region.

c) Please revise the text to eliminate the duplicate paragraphs in this section.

FPL RESPONSE:

a) Identify and locate features of Quaternary, tectonic deformation (such as Walkers
Cay fault, Santaren Anticline, Straits of Florida normal faults).

Extensive reviews of published literature have found only a small number of features that
represent potential Quaternary tectonic deformation in the Turkey Point Units 6 & 7 site
region. The Walkers Cay fault, the Santaren Anticline and the Straits of Florida normal
faults are examples of some of the youngest deformation within the site region with the
possible exception of faulting in and around Cuba. While studies of the Walkers Cay fault
and Santaren anticline suggest deformation may have continued into the Quaternary
period, evidence for Quaternary deformation on the Straits of Florida normal faults is
lacking, and the most recent deformation documented for these structures is considered
Eocene with a few exhibiting deformation as late as early Miocene (FSAR References
2.5.1-794, -482, and -484) (also see the response to RAI 02.05.01-16). In addition to the
Walkers Cay fault and the Santaren anticline, several onshore and offshore faults in
northern Cuba are suggested to be Quaternary structures (FSAR Reference 2.5.1-494).

Potential Quaternary tectonic structures within the site region are identified on FSAR Figure
2.5.3-5 and listed below:

" The Walkers Cay fault, located northeast of the site and near the boundary of the
site region (200-mile radius), is described in part b of this response, FSAR
Subsection 2.5.1.1.1.3.2.2, and additional information is provided in RAI Response
02.05.01-14.

" The Santaren anticline, located southeast of the site and near the boundary of the
site region (200-mile radius), is described in part b of this response, FSAR
Subsection 2.5.1.1.1.3.2.2, and additional information is provided in RAI Response
02.05.01-15.
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Several Cuban faults lie within the 200-mile site region and are classified as active
or Quaternary structures by some researchers (e.g., FSAR Reference 2.5.1-494).
Specifically, the Nortecubana, Hicacos, Las Villas, and Domingo faults lie within the
site region (FSAR Figure 2.5.3-5). While the evidence to support Quaternary activity
on many of the Cuban faults are considered lacking by FPL, all faults in Cuba (not
just the site region) that have been suggested to be Quaternary age or active in the
literature are described in part b of this response, FSAR Subsection 2.5.1.1.1.3.2.4,
and additional information is provided in RAI Response 02.05.01-21.

b) Summarize all Quaternary tectonic features in the site region and update Figure
2.5.1-202 to depict all Quaternary active tectonic features in the entire site region.

All Quaternary tectonic features in the site region are briefly summarized in this response
below. In addition, more thorough and detailed discussions of these features along with
related figures are also presented in separate RAI responses where noted. In lieu of
modifying the extent of FSAR Figure 2.5.1-202 to cover theentire site region as requested,
a new figure has been prepared in response to Revised RAI 02.05.03-2 (FSAR Figure
2.5.3-205) to show all potential Quaternary tectonic structures within the site region. The
purpose of FSAR Figure 2.5.1-202 is to depict the tectonic elements of the Caribbean-
North American plate boundary. This figure has been revised slightly to distinguish the
ancestral subduction plate boundary (Nortecubana fault system) along northern Cuba from
the modern transform plate boundary faults south of Cuba.

The Walkers Cay fault is located nearly 200 miles (322 km) northeast of the site (FSAR
Figure 2.5.3-205). The Walkers Cay fault was originally mapped as a 33-km-long (22.5
mile), east-dipping normal fault north of Little Bahama Bank (Mullins and Van Buren, 1981)
(FSAR Reference 2.5.1-474), although subsequent studies have proposed alternative
geometries and highlighted additional splays (e.g., Austin et al., 1988b) (FSAR Reference
2.5.1-785). The Walkers Cay fault is included as a potential Quaternary tectonic feature
because a strand of the fault in a seismic reflection line (LBB-18) is depicted as extending
to the seafloor (FSAR 2.5.1 Reference 785). While this seismic section depicts a strand of
the Walkers Cay fault extending to the seafloor (RAI Response 02.05.01-14, Figure 5),
most interpretations from other seismic lines indicate that the Walkers Cay fault has
produced minimal offset on strata younger than Miocene in age (FSAR Figures 2.5.1-275
and 2.5.1-276). Because the Walkers Cay fault may extend to the seafloor, it is presumed
to displace Quaternary strata, and therefore is considered a potential Quaternary tectonic
feature. A more detailed discussion of the age of faulting on the Walkers Cay fault is also
provided in RAI Response 02.05.01-14.

The Santaren anticline is an approximately 10-km-wide (6.2 mile), 70-km-long (43.5 mile)
structure in the Bahamas foreland basin that parallels the NW-SE trending folds and thrusts
associated with the Cuban orogeny (FSAR Figure 2.5.3-205). It has been variously
interpreted as a fault-related fold (Ball et al., 1985; Echevarria-Rodriguez et al., 1991)
(FSAR Reference 2.5.1-501; FSAR Reference 2.5.1-497) or a detachment fold (Masaferro
et al., 1999) (FSAR Reference 2.5.1-426). The anticline initiated in the Late Cretaceous,
reached a maximum expression in the early Cenozoic (before 20 Ma), and is proposed to
have experienced differential compaction in the late Cenozoic (Ball et al., 1985) (FSAR
Reference 2.5.1-501). Detailed stratigraphic analysis has indicated that after 20 Ma, the
average fold uplift rate is negligible (0.03 mm/yr) (0.001 in/yr) and that most strata younger
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than 15 Ma maintain constant bed thickness over the fold crest (Masaferro et al., 2002)
(FSAR Reference 2.5.1-479). The Santaren anticline is considered a potential Quaternary
tectonic feature based on the identification of an offlapping bed in Quaternary strata, and
assuming this was the product of fold uplift (FSAR Reference 2.5.1-479). A more detailed
discussion of the Santaren anticline is provided in RAI Response 02.05.01-15.

Several faults within Cuba have been classified as active faults by Cotilla-Rodriguez et al.
(2007) (FSAR Reference 2.5.1-494) (see discussion of this topic in response to RAI
02.05.01-32). While evidence presented by these authors to support the active
classification ("active" is assumed herein to be synonymous with Quaternary-age faulting)
for many of these faults is considered by FPL as lacking, these faults are potential
Quaternary tectonic features. Four of the Cuba faults are located within the site region and
others are located just beyond the 200-mile radius of the site (FSAR Figure 2.5.3-205). The
four Cuba faults nearest to the Turkey Point Units 6 & 7 site, and within the site region, are
the Nortecubana, Hicacos, Las Villas, and Domingo faults. A more detailed discussion of
faults within Cuba, including the four that lie within the site region, is provided in RAI
Response 02.05.01-21.

c) Please revise text to eliminate duplicate paragraphs in this section

FSAR Subsection 2.5.1.1.3.4 does include three duplicate paragraphs that will be
eliminated. The mark-up of the revised subsection is shown below.

This response is PLANT SPECIFIC.

References:

None

ASSOCIATED COLA REVISIONS:

The following paragraph will be inserted after the third paragraph of Subsection 2.5.1.1.3.3.
Tertiary Tectonic History, immediately preceding the section "Opening of the Cayman
Spreading Center and Trough" in a future COLA revision:

Within the site region, the effects of the collision of the Greater Antilles arc with the
Bahama Platform led to the development of faulting in northern Cuba and in the
Straits of Florida during Eocene time. The Walkers Cay fault and Santaren anticline
were also active at this time, and deformation or later reactivation may have
occurred in the Miocene on all of these structures, and may have continued into the
Quaternary on the Walkers Cay, Santaren anticline, and faults in Cuba.

The following paragraph will be added after the first paragraph of Subsection 2.5.1.1.3.4 in
a future COLA revision:

Faults within the Straits of Florida, the Santaren anticline, the Walkers Cay fault, and
faults in Cuba were all active in the Tertiary (Figure 2.5.1-229). The Santaren
anticline, the Walkers Cay fault, and faults in Cuba may have experienced continued
tectonic activity into the Quaternary period.
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The following sentence will be added to the end of the original second paragraph of FSAR
Subsection 2.5.1.1.3.4 and the last three paragraphs of FSAR Subsection 2.5.1.1.3.4 will
be deleted in a future COLA revision:

Present day tectonic features of the northern Caribbean region are shown in (Figure 2.5.1-
202). The Nortecubana fault system, sometimes interpreted as a suture between the
northwestern Caribbean Plate and the North America Plate, is more aptly described as the
fold-and-thrust belt from the collision. The collision-and-suture process proceeded from
northwest to southeast, beginning at 60 Ma and ending at 40 Ma. The portions of Cuba
within the site region are far (>300 kilometers) from the active plate boundary
between the Caribbean and North American plates, and exhibit low to moderate
seismicity rates.

West of 71 0 W, the Cayman Trough separates the current Caribbean-North America Plate
boundary into two subparallel, predominantly left-lateral strike-slip features, the Oriente and
Septentrional faults on the north, and the Swan Islands-Walton-Duanvale-Enriquillo-
Plantain Garden fault system on the south. These accommodate a relative plate motion of
about 20 millimeters/year, which appears to be about equally divided between the two
features (References 358, 652, and 643).

Within the site region, the Quaternar; Period is characterized by sedimentar, depositio
both marine and terrestrial enVironments. On the Florida Plafform, the Pleistocene
Anastasia formation and the Miami Limestone were deposited. The Miamfi Limestone
gradcs into the Key Large Limestone, which is a shallow shelf margin coral reef deposfit.
WNithin the submerged areas of the Straits of Florida and the B3aha~ma Banks, Neogene
sedimentation is dominated by basinal carbonates and, slp deposits of peni plaftFrm

ooe inte~rcacated with turbidites and often Gentrolled by ocean current activity and sea
leyel changes (Reference 228).
Present day tectoric features of the northearn Caribbean region are shown in (Figure 2.5.1
202). The Nortccubana fault systemn, sometimes interpreted as a suture bebxeen the
northwestern Caribbean Plate and the North America Plate, is more aptly desrribed aas the
fold and thrust belt from the collisionR. The colsinand s-uture process proceede-d frm.M
north'.west te southeast, beginning at 60 Ma and ending at 40 Ma.

Wes o 7' Vthe Cayman TFuhseparates Ch U~n aribbean NthAmerir' lat

boun_1dar; into tW9 subparallel, predominantly left lateral strike slip features, the Oriente and
SeptentFriona faults on the nrFth, and th e Swan Islands Walton Duanyale Enriquillo
Plantain Garden fault system oR the south. These accommodate a relative plate motion of
about 20 mi•mcters/year, which appears to be about equally divided beteen the two
features, (References 358. 652, and 643).W
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FSAR Figure 2.5.1-202 will be revised in a future COLA revision as shown below:

Figure 2.5.1-202 Tectonic Map of Northern Carribbean-North America Plate Boundary (Sheet I of 2)

8FW arw 7wW 7"W

WrN

Wl N

Source: Reference 492
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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: 02.05.01-4 (eRAI 6024)

FSAR Table 2.5.1-203 "Florida's Marine Terraces, Elevations, and Probable Ages" depict a
characterization of nine marine terraces in Florida, however, the staff notes, that the source of
this data is 40 years old.

In order for the staff to determine if the information presented in the FSAR represents an up-to-
date and accurate characterization of the regional and local geomorphology and in support of 10
CFR 100.23 please address the following: Incorporate information from more recently-published
references (such as those cited in Muhs et al., 201 Ia).

a Muhs, D.R., et al., 2011, Sea-level history of the past two interglacial periods: New

evidence from U-series dating of reef corals from south Florida: Quaternary Science
Reviews, doi:10.1016/j.quascirev.2010.12.019

FPL RESPONSE:

As discussed in FSAR Subsection 2.5.1.1.1.1.1.1, Ward et al. (FSAR 2.5.1 Reference 260),
Bryan et al. (FSAR 2.5.1 Reference 271), and Healy (FSAR 2.5.1 Reference 261) developed a
statewide model and maps of marine terraces in the state of Florida (FSAR Table 2.5.1-203 and
FSAR Figure 2.5.1-220). More recent studies have refined the ages of previously mapped
marine terraces in Florida, and refined the Pleistocene record of marine terrace development in
southern Florida and the Florida keys.

The marine terraces in FSAR Table 2.5.1-203 were once thought to be the direct result of sea
level fluctuations through the last glacial cycles, but are now understood to be a result of
complex interactions between sea-level oscillation, subaerial exposure, a precipitation-
karstification function, and isostatic uplift (FSAR 2.5.1 Reference 262 and Reference 1).
Recently, researchers modeled terraces in southeast Florida (Reference 1) and collected corals
for radiometric age dating using the 234U/238U isotopes to back calculate sea levels associated
with those terraces during the Pleistocene (References 2 through 6). Since reefs form in a
shallow marine environment, the organisms that comprise the Key Largo and Miami limestones
preserve the record of Pleistocene sea level changes. These limestones in some places have
been subaerially exposed. Investigators (References 2 through 6) studied the aforementioned
limestones to understand the Atlantic-Caribbean sea level changes. The record of Pleistocene
sea level changes is preserved in the marine sequences Q1 through Q5, from oldest to
youngest, which correlate to marine isotope stages MIS 11, 9, 7, and 5e (Table 1) (Reference
2). The marine sequences are defined as a stratigraphic sequence of marine strata that
represents a population of benthic organisms. Marine isotope stages (MIS) are alternating warm
and cool periods in the Earth's paleoclimate history, inferred from oxygen isotope data reflecting
changes in temperature.

Adams et al. (Reference 1) generated a model that calculates lithospheric uplift as a result of a
precipitation-driven karstification function (decrease of bulk crustal density) and variations in
subaerial exposure of a carbonate platform (i.e. Florida) due to oscillating sea level. The authors
applied this model to north-central Florida to estimate the ages of beach ridges and depositional
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coastal terraces. The ages were based on the most recent estimates of sea level history since
the Pliocene. The modeled ages of sea level highstands were then compared to the elevations
of uplifted beach ridges and coastal terraces to evaluate plausible ages for deposition of the
observed coastal geomorphic features (Reference 1). The geomorphic features were the Trail
Ridge, the Penholoway Terrace, and the Talbot Terrace (Figure 1). The model produced the
following ages for the three geomorphic features near the north Florida-southeastern Georgia
Atlantic coast: (1) Trail Ridge approximately 1.44 m.y., (2) Penholoway Terrace approximately
408 k.y, and (3) Talbot Terrace approximately 120 k.y. (FSAR Table 2.5.1-203; Reference 1).

Hickey et al. (Reference 2) analyzed the 234U/238U ages of cores recovered at Grossman Ridge
Rock Reef and Joe Ree Rock Reef in the Florida Everglades and revealed additional subaerial-
exposure surfaces that are used to delineate subdivisions within the five marine sequences of
the Pleistocene carbonates of south Florida (Figure 2). These five marine sequences with
Hickey et al. (Reference 2) subdivisions in parentheses are as follows: Q1 (Qla-Qlb), Q2 (Q2a-
Q2d), and Q4 (Q4a-Q4b) and Q5 (Q5e) (Figure 3). These subdivisions delineated by Hickey et
al. (Reference 2) within units Q1 through Q5 preserve evidence of at least ten separate sea-
level highstands, rather than five as indicated by previous studies (i.e. Perkins, 1977, and
Harrison et al., 1984) (Reference 2). Q5e is the youngest Pleistocene subaerial exposure
surface of the Florida Keys (Figure 3). The fossil content and the 234U/238U radiometric ages
indicate that this morphostratigraphic unit was deposited during the peak sea level of the last
interglacial marine isotope substage 5e (MIS 5e). Uranium-series ages on corals from this unit
from Windley Key, Upper Matecumbe Key, and Key Largo range from 130 to 121 ka after
corrections for calculated high initial 234U/238U content (Reference 2). A Q4a sample from Point
Pleasant near the island of Key Largo has a best estimate age range of 340-300 ka, which falls
into the early part of marine-isotope stage 9 (MIS 9) (Reference 2). The age of a Q4b coral
sample recovered from a spoil pile in a quarry within unit Q4 on Long Key, southwest of Key
Largo is approximately 235 ka (corrected for calculated high initial 234U/2 U). This is consistent
with the early part of MIS 7. Hickey et al. (Reference 2) concludes that the Q1 through Q3 units
predate MIS 9 and that their preferred interpretation is that Q3 was deposited during MIS 11 and
that Q2 and Q1 represent pre-MIS 11 interglacial intervals (Figure 4) (Reference 2). Lastly,
Muhs et al. (Reference 3) obtained ages of corals from Windley Key, the island of Key Largo,
and from Long Key to Spanish Harbor Keys (middle Florida Keys) using Uranium-series dating.
2 3 4 U/ 2 3 8 U age dates are as follows: approximately 114 to 122 ka (Windley Key), approximately
120 to 123 ka (island of Key Largo), and approximately 114 ka (Long Key to Spanish Harbor
Keys) (Reference 3). Thus the ages obtained by Muhs et al (References 3 and 7) correlate to
MIS 5e and are consistent with the dates obtained by Hickey et al. (Figures 4 and 8 and Table
1) (Reference 2).

Although, no post-Stage 5e dates have been reported from corals recovered from pits or cores
from the exposed Florida Keys, several younger dates have been obtained from submerged
corals recovered from the shelf to the east of the Florida Keys (References 4 and 5). These
have been assigned to marine-isotope substages 5c, 5b, and 5a. These post-Q5e interglacial
highstands were not high enough to flood the south Florida inner platform (Reference 2). Multer
et al. (Reference 4) obtained dates for the Key Largo Limestone using thermal ionization mass-
spectrometric (TIMS) uranium-thorium (U-Th) dating. The dates from these rocks, 112.4 to 77.8
ka, correspond to the marine-isotope substages 5c and 5a (MIS 5c and MIS 5a). These rocks
were found under the shelf edge at Conch Reef, Looe Key, under Carysfort Light area and at
the shelf edge near Molasses Reef (Figures 5, 6, and 7) (Reference 4). Toscano and Lundberg
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(Reference 6) also used TIMS U-Th dating and obtained dates of 7.7 +/- 0.7 ka and 8.6 +/-0.1
ka (basal Holocene) above the unconformity on the shelf edge (core SKSE) at Sand Key outlier
reef (lower Keys) (Figures 5 and 6) (Reference 6). Below the unconformity, Toscano and
Lundberg (Reference 5) obtained TIMS U-Th dates on corals from Sand Key outlier reef and
Carysfort Light area of 86.2 +/- 1.01 and 80.9 +/-1.7 ka (Figures 7 and 8).

Marine terraces in southern Florida, as documented in the studies described above, provide a
framework for understanding the Quaternary geomorphic evolution of the site region. The
marine terraces in Florida preserve a record of the complex interactions between sea-level
oscillation, subaerial exposure, a precipitation-karstification function, and isostatic uplift (FSAR
2.5.1 Reference 262 and Reference 1).

Table 1 Marine Terrace Sequences in Southern Florida

Epoch Litho-stratigraphic Marine Sequence Radiometric Sample Location Depth/Elevation MIS
Unit Stratigraphic Unit Age Date (ka)

-4.9 to 5.3 meters
Windley Key, Upper above sea level at

Q5e (youngest) 130-121 Matecumbe Key and Wlndley Key Quarry, 5e
Key Largo water depths of -16

and - 22 meters
Key Largo

Limestone\Miami Q5c Conch Reef, Loce water depth of -15.2 5c

Limestone 112.4 to 77.8 Key, Carysfort Light and -15.5 meters
Q5a area and Molasses (Carysfort Light 5a

Pleistocene Reef area)

Q4b? 230-220 Long Key Quarry -0.7 to 3.5 meters
__b? 2_0220 Lon Key_____uarry___ above sea level 7

Q4a 340-300 Point Pleasant Core NR 9

Fort Thompson Grossman Ridge11
Formation Gosa igQ2 - Rock Reef and Joe NR 11

Ree Rock Reef
Q1 (oldest) I - 11?

Notes:
u?" uncertainty
no reliable dates (Reference 2)

NR- elevations are not recorded in Reference 2
The Radiometric Age Date column is derived from Uranium-series ages (234 U/ 238U) on corals and thermal
ionization mass-spectrometric Uranium-Thorium (TIMS U-Th) dating.
The Depth Column is approximate.

Source: References 2, 3, 4, and 7
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Figure 1 Locations of the Trail Ridge, Penholoway Terrace and Talbot Terrace in Northern
Florida and Southern Georgia
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Source: Reference 1
Note: Oblique hillshade image of northern Florida and southern Georgia showing Trail Ridge, modern shoreline,
and karstified central Florida. The inset is a profile along Trail Ridge axis showing spatial variation in uplift, which
agrees with spatial variation in karstification and/or lithology (Reference 1).
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Figure 2 Joe Ree Rock Reef and Grossman Ridge Rock Reef Locations in South Florida in
Relation to the Turkey Point Units 6 & 7 Site

Source: modified from Reference 2



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.01-4 (eRAI 6024)
L-2013-236 Attachment 4 Page 6 of 24

Figure 3 Correlation of Marine Sequences of the Fort Thompson Formation and
Miami Limestone
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Figure 4 Interpreted Correlation of South Florida Pleistocene Sea Level Record
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Figure 5 Carysfort Outlier Reef and Sand Key Outlier Reef Locations in South Florida in
Relation to the Turkey Point Units 6 & 7 Site

Source: modified from Reference 5
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Figure 6 Schematic Cross Sections of the Sand Key Outlier Reef and the Carysfort Outlier Reef
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Source: Reference 6

Note: Interpreted cross sections for Sand Key (main outlier reef) and Carysfort Outlier Reef. All dates
were determined via the high-precision TIMS U-Th technique. Unconformities were placed using U-Th
dates and stable isotope data differentiating marine units from subaerial exposure horizons (Reference
6). All Pleistocene U-Th dates indicate in situ post-Substage 5e reef growth. A: Sand Key Cross Section:
One Pleistocene date of 86.2 ka in core SKOR2A is considered to be reworked into the associated
rubble-pinnacle feature. B: Carysfort Cross Section: All cores are shown. An A. palmata reef crest occurs
in core CSFT4A (Reference 6).
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Figure 7 Composite Cross Section of the Florida Keys from Northwest to Southeast and U-
Series Ages of Corals from Quaternary reefs.

-NORTHWEST SOUTHEAST-

FLORIDA BAY WINDLEY KEY

-121.000
129.000 yr

FLORIDA REEF TRACT CARYSFORT SAND KEYOUTLIER OUTLIERI I

Source: Reference 7
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Figure 8 State of Florida Showing Modern Last Glacial and Last Interglacial Shorelines in
Relation to the Turkey Point Units 6 & 7 Site

25°

Source: modified from Reference 7
Notes: Upper: Map of the State of Florida, showing the modern, last glacial (-21,000 years), and last interglacial
(-120,000 years) shorelines. Lower: detail of southern Florida, including the Florida Keys, and U-series ages of
emergent or shallow-submerged Pleistocene reefs. Abbreviations: WK, Windley Key, UM, Upper Matecumbe Key;
LK, Long Key; SKR, Sand Key Reef (Reference 7).

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

The following text will be added to Subsection 2.5.1.1.1.1.1.1, sixth paragraph in a future
revision of the FSAR as follows:

The marine terraces in Table 2.5.1-203 were once thought to be the direct result of sea
level fluctuations through the last glacial cycles, but are now understood to be a result of
complex interactions between sea-level oscillation, subaerial exposure, a precipitation-
karstification function, and isostatic uplift (Reference 262 and 927). Since reefs form in a
shallow marine environment, the organisms that comprise the Key Largo and Miami
limestones preserve the record of Pleistocene sea level changes. These limestones in
some places have been subaerially exposed. Investigators (References 928 through 933)
studied the aforementioned limestones to understand the Atlantic-Caribbean sea level
changes. The record of Pleistocene sea level changes is preserved in the marine
sequences Q1 through Q5, from oldest to youngest, which correlate to marine isotope
stages MIS 11, 9, 7, and 5e (Table 2.5.1-209) (Reference 928). The marine sequences are
defined as a stratigraphic sequence of marine strata that represents a population of
benthic organisms. Marine isotope stages (MIS) are alternating warm and cool periods in
the Earth's paleoclimate history, inferred from oxygen isotope data reflecting changes in
temperature.
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Adams et al. (Reference 927) generated a model that calculates lithospheric uplift as a
result of a precipitation-driven karstification function (decrease of bulk crustal density)
and variations in subaerial exposure of a carbonate platform (i.e. Florida) due to
oscillating sea level. The authors applied this model to north-central Florida to estimate
the ages of beach ridges and depositional coastal terraces. The ages were based on the
most recent estimates of sea level history since the Pliocene. The modeled ages of sea
level highstands were then compared to the elevations of uplifted beach ridges and
coastal terraces to evaluate plausible ages for deposition of the observed coastal
geomorphic features (Reference 927). The geomorphic features were the Trail Ridge, the
Penholoway Terrace, and the Talbot Terrace (Figure 2.5.1-355). The model produced the
following ages for the three geomorphic features near the north Florida-southeastern
Georgia Atlantic coast: (1) Trail Ridge approximately 1.44 m.y., (2) Penholoway Terrace
approximately 408 k.y, and (3) Talbot Terrace approximately 120 k.y. (Table 2.5.1-203;
Reference 927).

Hickey et al. (Reference 928) analyzed the 234UI 238U ages of cores recovered at Grossman
Ridge Rock Reef and Joe Ree Rock Reef in the Florida Everglades and revealed
additional subaerial-exposure surfaces that are used to delineate subdivisions within the
five marine sequences of the Pleistocene carbonates of south Florida (Figure 2.5.1-356).
These five marine sequences with Hickey et al. (Reference 928) subdivisions in
parentheses are as follows: Q1 (Qla-Qlb), Q2 (Q2a-Q2d), and Q4 (Q4a-Q4b) and Q5 (Q5e)
(Figure 2.5.1-357). These subdivisions delineated by Hickey et al. (Reference 928) within
units Q1 through Q5 preserve evidence of at least ten separate sea-level highstands,
rather than five as indicated by previous studies (i.e. Perkins, 1977, and Harrison et al.,
1984) (Reference 928). Q5e is the youngest Pleistocene subaerial exposure surface of the
Florida Keys (Figure 2.5.1-357). The fossil content and the 234U/ 238U radiometric ages
indicate that this morphostratigraphic unit was deposited during the peak sea level of the
last interglacial marine isotope substage 5e (MIS 5e). Uranium-series ages on corals from
this unit from Windley Key, Upper Matecumbe Key and Key Largo range from 130 to 121
ka after corrections for calculated high initial 23UI238U content (Reference 928). A Q4a
sample from Point Pleasant near the island of Key Largo has a best estimate age range of
340-300 ka, which falls into the early part of marine-isotope stage 9 (MIS 9) (Reference
928). The age of a Q4b coral sample recovered from a spoil pile in a quarry within unit Q4
on Long Key, southwest of Key Largo is approximately 235 ka (corrected for calculated
high initial 234U/2!U). This is consistent with the early part of MIS 7. Hickey et al.
(Reference 928) concludes that the Q1 through Q3 units predate MIS 9 and that their
preferred interpretation is that Q3 was deposited during MIS 11 and that Q2 and Q1
represent pre-MIS 11 interglacial intervals (Figure 2.5.1-358) (Reference 928). Lastly,
Muhs et al. (Reference 929) obtained ages of corals from Windley Key, the island of Key
Largo, and from Long Key to Spanish Harbor Keys (middle Florida Keys) using Uranium-
series dating. 234UI 238 U age dates are as follows: approximately 114 to 122 ka (Windley
Key), approximately 120 to 123 ka (island of Key Largo), and approximately 114 ka (Long
Key to Spanish Harbor Keys) (Reference 929). Thus the ages obtained by Muhs et al
(References 929 and 933) correlate to MIS 5e and are consistent with the dates obtained
by Hickey et al. (Figures 2.5.1-358 and 2.5.1-362 and Table 2.5.1-209) (Reference 928).

Although, no post-Stage 5e dates have been reported from corals recovered from pits or
cores from the exposed Florida Keys, several younger dates have been obtained from
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submerged corals recovered from the shelf to the east of the Florida Keys (References
930 and 931). These have been assigned to marine-isotope substages 5c, 5b, and 5a.
These post-Q5e interglacial highstands were not high enough to flood the south Florida
inner platform (Reference 928). Multer et al. (Reference 930) obtained dates for the Key
Largo Limestone using thermal ionization mass-spectrometric (TIMS) uranium-thorium
(U-Th) dating. The dates from these rocks, 112.4 to 77.8 ka, correspond to the marine-
isotope substages 5c and 5a (MIS 5c and MIS 5a). These rocks were found under the
shelf edge at Conch Reef, Looe Key, under Carysfort Light area and at the shelf edge
near Molasses Reef (Figures 2.5.1-359, 2.5.1-360, and 2.5.1-361) (Reference 930). Toscano
and Lundberg (Reference 931) also used TIMS U-Th dating and obtained dates of 7.7 +1-
0.7 ka and 8.6 +1-0.1 ka (basal Holocene) above the unconformity on the shelf edge (core
SKSE) at Sand Key outlier reef (lower Keys) (Figures 2.5.1-359 and 2.5.1-360) (Reference
360). Below the unconformity, Toscano and Lundberg (Reference 360) obtained TIMS U-
Th dates on corals from Sand Key outlier reef and Carysfort Light area of 86.2 +1- 1.01
and 80.9 +1-1.7 ka (Figures 2.5.1-361 and 2.5.1-362).

The paleesherelines across the RFloida Peninsula are not parallel through time as would be
expecGtd by a global rise nd. drop in sea leve. The variations in orientation of shoreline
features indicate variations in eustatic adjustment across the Florida Platform and Peninsula
(Reference 262). Karstification effectively accomplishes the equivalent of isostatic compensation
by decreasing the crustal mass within a vertical column of lithosphere. The rate of karstification
(void space creation or equivalent surface lowering rate) within the north Florida Platform is
about 3.5 times that of previous estimates (1 meter/1 1.2 thousand years [k.y.] vs. 1 meter/38
k.y.), and uplift rate is about two times higher than previously thought (0.047 millimeters/year vs.
0.024 millimeters/year) (Reference 262).

The following citation will be added in a future revision of the FSAR as follows:

927. Adams, P.N., Opdyke, N.D., Jaeger, J. M., Isostatic uplift driven by karstification
and sea-level oscillation: modeling landscape evolution in north Florida.
Geology, v. 38, pp. 531-534, 2010.

928. Hickey, T.D., Hine, A.C., Shinn, E.A., Kruse, S.E., Poore, R.Z., Pleistocene
carbonate stratigraphy of south Florida: evidence for high-frequency sea-level
cyclicity. Journal of Coastal Research, v. 26, pp. 605-614, 2010.

929. Muhs, D.R., Simmons, K.R., Schumann, R.R., and Halley, R. B., "Sea-level history
of the past two interglacial periods: new evidence from U-series dating of reef
corals from south Florida," Quaternary Science Reviews, v. 30, pp. 570-590,
2011.

930. Multer, H.G., Gischler, E., Lundberg, J, Simmons, K., and Shinn, E.A., Key Largo
Limestone revisited: Pleistocene shelf-edge facies, Florida Keys, USA, Facies, v.
46, pp. 229-272, 2002.

931. Toscano, M. A., Lundberg, J., Submerged late Pleistocene reefs on the
tectonically-stable S.E. Florida margin: high-precision geochronology,
stratigraphy, resolution of substage 5a sea-level elevation, and orbital forcing.
Quaternary Science Reviews, v. 18, pp. 752-767, 1999.
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932. Toscano, M.A., Lundberg, J., Early Holocene sea-level record from submerged
fossil reefs on the southeast Florida margin, Geology, v. 26, pp. 255-258, 1998.

933. Muhs, D. R., Wehmiller, J.F., Simmons, K. R., and York, L., Quaternary sea-level
history of the United States, Developments in Quaternary Science, v. 1, pp. 147-
183, 2004.

The following Table and Figures will be added in a future revision of the COLA in the 2.5.1
Subsection.

Table 2.5.1-209 Marine Terrace Sequences in Southern Florida

Epoch Litho-stratigraphic Marine Sequence Radlometric
Unit Stratlgraphic Unit Age Date (ka) Sample Location DepthlElevation MIS

-4.9 to 5.3 meters
Windley Key, Upper above sea level at

Q5e (youngest) 130-121 Matecunbe Key and Windley Key Quarry, 5e
Key Largo water depths of -16

and - 22 meters
Key LargoLimestoneMiami Qc Conch Reef, Looe water depth of -15.2 5cLimestone 112.4 to 77.8 Key, Carysfort Light and -15.5 meters

Q5a area and Molasses (Carysfort Light 5a
Pleistocene Reef area)

Q4b? 230-220 Long Key Quarry -0.7 to 3.5 meters
Qb? __30-220_ Long __ ey__ uarry above sea level 7

Q4a 340-300 Point Pleasant Core NR 9

Fort Thompson Grossman Ridge

Q2 - Rock Reef and Joe NR 11
Ree Rock Reef

Q1 (oldest) 11?

Notes:
"?" uncertainty
*** no reliable dates (Reference 928)
NR- elevations are not recorded in Reference 928
The Radiometric Age Date column is derived from Uranium-series ages (2 1U1238U) on
corals and thermal ionization mass-spectrometric Uranium-Thorium (TIMS U-Th) dating.
The Depth Column is approximate.

Source: References 928, 929, 930, and 933
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Figure 2.5.1-355 Locations of the Trail Ridge, Penholoway Terrace and Talbot Terrace in

Northern Florida and southern Georgia
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Source: Reference 927

Note: Oblique hill shade image of northern Florida and southern Georgia showing Trail Ridge, modern
shoreline, and karstified central Florida. The inset is a profile along Trail Ridge axis showing spatial
variation in uplift, which agrees with spatial variation in karstification andlor lithology (Reference 927).
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Figure 2.5.1-356 Joe Ree Rock Reef and Grossman Ridge Rock Reef Locations in South
Florida in Relation to the Turkey Point Units 6 & 7 Site

Source: modified from Reference 928
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Figure 2.5.1-357 Correlation of Marine Sequences of the Fort Thompson Formation and
Miami Limestone
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Figure 2.5.1-358 Interpreted Correlation of South Florida Pleistocene Sea Level Record
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Figure 2.5.1-359 Carysfort Outlier Reef and Sand Key Outlier Reef Locations in South
Florida in Relation to the Turkey Point Units 6 & 7 Site

Source: modified from Reference 931
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Figure 2.5.1-360 Schematic Cross Sections of the Sand Key Outlier Reef and the
Carysfort Outlier Reef

A 1

B

Source: Reference 932

Note: Interpreted cross sections for Sand Key (main outlier reef) and Carysfort Outlier Reef. All dates
were determined via the high-precision TIMS U-Th technique. Unconformities were placed using U-Th
dates and stable isotope data differentiating marine units from subaerial exposure horizons (Reference
932). All Pleistocene U-Th dates indicate in situ post-Substage 5e reef growth. A: Sand Key Cross
Section: One Pleistocene date of 86.2 ka in core SKOR2A is considered to be reworked into the
associated rubble-pinnacle feature. B: Carysfort Cross Section: All cores are shown. An A. palmata reef
crest occurs in core CSFT4A (Reference 932).
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Figure 2.5.1-361 Composite Cross Section of the Florida Keys from Northwest to
Southeast and U-series Ages of Corals from Quaternary Reefs.
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Figure 2.5.1-362 State of Florida Showing Modern Last Glacial and Last Interglacial
Shorelines and Uranium Series Age Dates of Pleistocene Reefs in South Florida in

Relation to the Turkey Point Units 6 & 7 Site

260

25*

Source: modified from Reference 933

Notes: Upper: map of the State of Florida, showing the modern, last glacial (-21,000 years), and last
interglacial (-120,000 years) shorelines. Lower: detail of southern Florida, including the Florida Keys, and
U-series ages of emergent or shallow-submerged Pleistocene reefs. Abbreviations: WK, Windley Key, UM,
Upper Matecumbe Key; LK, Long Key; SKR, Sand Key Reef (Reference 933).
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Table 2,5.1-203 will be updated in a future revision of the FSAR as follows:

Table 2.5.1-203
Regional Marine Terraces, Elevations, and Probable Ages

Terrace Name Elevation Range Notes Probable AgeMa6"'p
(feet above MSL)

Silver Bluff 1-10 0.043 Ma
Princess Anne"c' 10-20 0.064 Ma
Pamlico 10-25 0.095 - 0.145 Ma
BetheratO) 25-42 Formed during pause in sea- 0.210 Ma
Talbot (d) level retreat from 0.120 ('L0.2 27 Ma

100-25 feet
Penholoway"13 42-70 Formed during pause in 0.393-0.408 to) Ma

sea-level retreat from
100-25 feet

Wicomico 70-100 Penholoway-Wicomico 0.393 Ma
form single

transgressive-regressive
sequence

Okefenokee (D 100-170 Okefenokee and 0.763 Ma
Sunderland Sunderland terraces 1.430 Ma

grouped by some
authors

Coharie 170-215 Coharie-Sunderland 1.650 Ma
form single

transg ressive-regressive
sequence

Hazelhurst 215-320 -- 1.66 to 1.98 Ma(?)

Source: Modified from References 271, 260, and 927.

(a) Probable age is a calculated from AH = kT (k = 0.135 x 10"3) with final correlation of high sea level data with deep-sea core
stages (Reference 260). Age is given in millions of years before present (Ma).

(b) Based on terrace recognized in southern Georgia; not recognized as a separate terrace in Florida in
Reference 271.

(c) The Princess Anne terrace is not seen in Florida but is the ninth terrace that Ward (Reference 260) observes in
South Carolina.

(d) The approximate age is derived from modeling precipitation, karstification, isostatic uplift, and sea-level rise
(Reference 927).

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: 02.05.01-5 (eRAI 6024)

FSAR Section 2.5.1.2.4, the "Dissolution Features" passage, states that potential
hydrostatic stress mechanisms to initiate sinkhole collapse are unlikely at the site area
because the water table is presently near the surface and is not expected to fall or rise
greatly. The staff notes that there may be a change in hydrostatic stress during dewatering
at the site during construction, thus more discussion is needed to evaluate the potential of
sinkhole collapse.

In order for the staff to evaluate dissolution potential, and in support of 10 CFR 100.23,
please discuss the potential for initiation of sinkhole collapse during site construction or
during a potential rise in sea-level during the planned lifetime of Units 6 & 7.

FPL RESPONSE:

The potential for initiation of sinkhole collapse during site construction will be mitigated
using a dewatering system that will consist of a reinforced diaphragm wall and grout plug.
The deepest excavation level at the Turkey Point Units 6 & 7 site is El. -35 feet NAVD 88
(FSAR Subsection 2.5.4.5.4). This elevation extends approximately 35 feet below the
groundwater table (FSAR Appendix 2.4.12-2AA). Power block excavations are open cuts,
with temporary ground support provided by a reinforced concrete diaphragm wall
surrounding each power block excavation area. The reinforced concrete diaphragm walls
resist lateral earth and hydrostatic pressures while providing a barrier to ground water flow.
The reinforced diaphragm walls are seated at approximately El. -60 feet NAVD 88, just
below the most competent portion of the Fort Thompson Formation (FSAR Reference
2.5.1-708). Tiebacks to provide resistance to the lateral earth and hydraulic pressures are
installed based on the final design that includes embedment, spacing, and other details, as
applicable. Lean concrete fill is placed between the foundation of the Category I seismic
structures and the bottom of the excavation to replace unsuitable material that must be
over-excavated. The lean concrete will be placed within the approximate elevation interval
of-16 to -35 feet NAVD88 (FSAR Subsection 2.5.4.5.1.2). The completed reinforced
diaphragm walls effectively impede overturning or sliding on the concrete fill confined within
the walls (FSAR Subsection 2.5.4.5.4).

FSAR Subsection 2.5.4.6.2 discusses the pumping rates that are required for dewatering
each unit and describes how these rates can be reduced significantly by installing a grout
plug between approximately El. -35 feet NAVD 88 and the bottom of the diaphragm wall at
approximately El. -60 feet. FSAR Subsection 2.5.4.6.2 describes how, prior to excavation,
grout will be injected, under pressure, in a series of primary grout holes until minimal grout
take is achieved. Secondary grout holes will then be drilled between the primary grout
holes and grout will be injected until minimal grout take occurs. Tertiary grout holes will
likely be required. Quaternary grout holes may be needed at some locations, probably only
where excessive seepage is observed as the excavation progresses. With the grout plug
installed, the seepage will be significantly reduced and, therefore, controlled during
excavation using sumps and discharge pumps. Any potential change in hydrostatic stress
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in the aquifer outside or below the reinforced concrete diaphragm walls due to lowering of
groundwater levels within the reinforced concrete diaphragm walls during construction
dewatering is not expected to be significant, to induce sinkhole collapse, or to affect the
excavation.

The revised response to RAI 02.05.01-1 contains a discussion of carbonate dissolution at
freshwater/saltwater interfaces. As stated in FSAR Section 2.5. 1. 1. 1. 1. 1. 1, limestone
dissolution generally occurs when fresh, weakly acidic groundwater circulates through
soluble carbonate rock or within zones of mixing fresh and seawater (FSAR References
2.5.1-263 and 2.5.1-965). The freshwater/saltwater interface within the Biscayne Aquifer is
currently located approximately 6 miles (9.6 kilometers) inland-from the site (FSAR Figure
2.4.12-207), groundwater at the site is saline (FSAR Tables 2.4.12-210 and 2.4.12-211)
and the long term sea level rise trend at Miami Beach, Florida, as estimated based on data
from 1931 to 1981, is 0.78 foot (0.2 meter) per century (FSAR Reference 2.4.5-206).
Therefore, the site is not currently a location of fresh groundwater discharge or mixing of
fresh and saltwater and the mechanism necessary to form large solution cavities does not
appear to be active on or near the site.

Any rise in sea level will increase the ocean hydrostatic head and tend to force intrusion of
the freshwater/saltwater interface further inland and away from the site. Therefore, the
mixing zone mechanism necessary to increase the potential for carbonate dissolution and
formation of large solution cavities on or near the site will not exist. Collapse of solution
cavities is generally associated with lowering of groundwater levels and withdrawal of
buoyant support. A rising sea level will counter this effect.

Conversely, any potential lowering of sea level would tend to move the freshwater/saltwater
interface seaward and toward the site. However, the long term sea level rise trend at Miami
Beach, Florida, as estimated based on data from 1931 to 1981, is 0.78 foot (0.2 meter) per
century and has been rising throughout the current interglacial stage of the Holocene. A
significant lowering of sea level is not likely to occur until a future advance of continental
glaciation, which is not likely to occur within the operating lifetime of Turkey Point Units 6 &
7. The magnitude of sea level lowering and the corresponding time necessary to move the
interface to a location within the area of the site is not likely to occur within the operating
lifetime of Turkey Point Units 6 & 7 (FSAR Reference 2.4.5-206). Therefore, increased
carbonate dissolution or formation of large solution cavities on or near the site due to a
lowering of sea level is not likely to occur during construction or operation of the plant.

This response is PLANT SPECIFIC.

References:

None

ASSOCIATED COLA REVISIONS:

COLA revisions associated with this revised RAI response are presented in the revised
response to RAI 2.5.1-17.

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: 02.05.01-6 (eRAI 6024)

FSAR Section 2.5.1.1.1.2.1.1, "Holocene Stratigraphy of the Florida Peninsula" passage
states that the general history of sea-level transgression and regression during the
Holocene is based on deposits preserved in Blackwater Bay on the southwest Gulf coast of
Florida. You state that a significant event, around 1000 to 1090 years before present, is
indicated by a sediment layer (Type D) found in all these cores at the same elevation. You
suggest that this may be the result of a storm deposit or series of storm deposits. In
addition you discuss a model of sea-level transgression, regression, transgression during
the Holocene based on Holocene stratigraphy derived from several sources (References
749, 757, 750, 753, 800, 754).

In order for the staff to determine if there is a record of a Holocene tsunami manifested in
these deposits and in support of 10 CFR 100.23 please address the following:

a) Discuss the distinction between storm and tsunami deposits. In addition, why are
type D sediments not considered a tsunami deposit.

b) Discuss whether the Holocene relative sea level curve in the vicinity of the site
correlates or not to the stratigraphic and geographic position of type D sediments
and the significant event c.1000 ybp.

FPL RESPONSE:

The RAI refers to "type D" sediments, however, to be consistent with Lowery (FSAR 2.5.1
Reference 750); the deposits are referred to in the response as "Unit D" sediments.

a) Discuss the distinction between storm and tsunami deposits. In addition, why are
type D sediments not considered a tsunami deposit.

The distinction between storm and tsunami deposits are discussed in FSAR Subsection
2.5.1.1.5. In summary, the challenge of discriminating between the two types of deposits is
that both tsunami and storm surge processes result in the onshore transport and re-
deposition of sediments. Tuttle et al. (FSAR 2.5.1 Reference 889) conclude that four
discriminators could be used to distinguish between tsunami and storm deposits:

1. Tsunami deposits exhibit sedimentary characteristics consistent with landward
transport and deposition of sediment by only a few energetic surges, under turbulent
and/or laminar flow conditions, over a period of minutes to hours; whereas,
characteristics of storm deposits are consistent with landward transport and
deposition of sediment by many more, less energetic surges, under primarily laminar
flow conditions, during a period of hours to days.

2. Both tsunami and storm deposits contain mixtures of diatoms indicative of an
offshore or bayward source, but tsunami deposits are more likely to contain broken
valves and benthic marine diatoms.
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3. Biostratigraphic assemblages of sections in which tsunami deposits occur are likely
to indicate abrupt and long-lasting changes to the ecosystem coincident with
tsunami inundations.

4. Tsunami deposits occur in landscape positions, including landward of tidal ponds,
that are not expected for storm deposits.

Similarly, Morton et al. (FSAR 2.5.1 Reference 890) attributes the differences between
tsunami and storm deposits to differences in the hydrodynamics and sediment-sorting
processes during transport. Morton et al. (FSAR 2.5.1 Reference 890) contends that
tsunami deposition results from few high-velocity, long-period waves that entrain sediment
from the shore face, beach, and landward erosion zone. Tsunamis can have flow depths
greater than 33 feet (10 meters), transport sediment primarily in suspension, and distribute
the load over a broad region where sediment falls out of suspension when flow decelerates.
In contrast, storm inundation generally is gradual and prolonged, consisting of many waves
that erode beaches and dunes with no significant overland return flow until after the main
flooding. Storm flow depths are commonly less than 9.8 feet (3 meters), sediment is
transported primarily as bed load by traction, and the load is deposited within a zone
relatively close to the beach (FSAR 2.5.1 Reference 890). A schematic of typical tsunami
and storm deposits is shown in FSAR Figure 2.5.1-348.

Morton et al. (FSAR 2.5.1 Reference 890) report that trench excavations in tsunami
deposits often have a mud cap at the surface and rip-up clasts whereas, storm deposits do
not. Also, the landward extent of tsunami deposits is generally considered to be greater
than that of storm deposits, and tsunami deposits typically occur at higher elevations than
storm deposits. These latter criteria are also noted by Tuttle et al. (FSAR 2.5.1 Reference
889).

Based on Shanmugam's (Reference 1) review, the problem of differentiating paleotsunami
from paleostorm deposits is not straightforward. The sedimentary records of both types of
deposits can exhibit the following sedimentary features: basal erosional surfaces,
anomalously coarse sand layers, exotic boulders, imbricated boulders and gravel clusters
with imbrications, chaotic bedding, rip-up mud clasts, normal grading, inverse grading,
multiple upward-fining units, landward-fining trend, horizontal planar laminae, cross-
stratification, richness of marine fossils, changes in chemical elements, and lastly, sand
injection and soft-sediment deformation. There are no reliable sedimentological criteria for
distinguishing paleotsunami and paleostorm deposits in various environments. Both
paleotsunamis (tsunamis) and paleostorms (storms) can generate identical depositional
processes and related sedimentary features (Reference 1).

Because of the scouring effect of hurricanes in southern Florida (FSAR References 2.5.1-
756, 2.5.1-865, and 2.5.1-866), Holocene sediment sequences are preserved only in
protected depositional environments (i.e. in areas that have a dense mangrove forest). The
Turkey Point Units 6 & 7 site does not have a dense forest of mangroves; therefore, the
environment is not a protected depositional environment, and as a result, physical erosion
such as wave action will remove any "paleostorm" deposit(s). Much of the recent work on
these paleostorm deposits has focused on low energy, low relief areas sheltered by barrier
islands, such as the mangrove-capped oyster bars that separate Florida Bay from open
marine influences (FSAR Reference 2.5.1-755). The Unit D sediment facies (changing from
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red mangrove peat, Unit C, to a shelly quartz packstone to wackestone, Unit D) is located
in Blackwater Bay in southwest Florida and is not present at the Turkey Point Units 6 & 7
site. Based on studies by Tuttle et al (FSAR Reference 2.5.1-899), Morton et al (FSAR
Reference 2.5.1-890) and Lowery (FSAR Reference 2.5.1-750), FPL interprets Unit D as a
possible storm deposit. The sediment and facies change in the Blackwater Bay example
have been interpreted to reflect a storm or a series of storms that dated 1090 +/- 40 years
before present (B.P.) (FSAR Reference 2.5.1-750). The radiometric age dates of the
sediments correspond to the Medieval Warm Period. Generally, approximately 950 to 1300
years B.P, North America, Europe, and Greenland experienced a warming trend called the
Medieval Warm Period (also known as the Medieval Warm Epoch or Medieval Climate
Anomaly). During this period, some regions may have experienced higher sea level, high
levels of explosive volcanism, warmer temperatures, droughts, exceptional rains (El Niho
Southern Oscillation and the Atlantic Multidecadal Oscillation), and greater hurricane
frequency (References 2, 3, 4 and 5).

Due to the geomorphic nature of Florida (narrow and low lying and surrounded by the
Atlantic Ocean to the east, the Straits of Florida to the south, and the Gulf of Mexico to the
west), precipitation is dependent on sea surface temperature. Sea surface temperatures
that are 2°C warmer than present would increase hurricanes four-fold, and 2°C colder
would eliminate them (Reference 5). Warm conditions generally correspond to increased
summer rainfall over Florida, and cool conditions correspond to decreased summer rainfall.
However, the warm conditions are associated with increased hurricane activity and/or a
higher frequency of major hurricanes in the tropical North Atlantic and Caribbean Sea
(Reference 4).

Paleoclimate proxies for storms and hurricanes during the Medieval Warm Period are
sediment and pollen assemblages. As an example, Cohen et al. (Reference 5) describe a
shell ridge on Marco Island that is located behind the low-energy beach with bedding
indicating runup and overtopping to a height of 8 feet above present sea level (this is
approximately 5 feet higher than the ridges formed in historical time). The shells (Donax
variabilis) are dated by Carbon-14 methods at 650+/-95 years B.P. and 2,612 +/-59 years
B.P. Cohen et al. (Reference 5) postulate that the last contribution to the ridge was during
the Medieval Warm Period and that the increased beach ridge height was due to higher
sea level and possible hurricanes.

The geotechnical boring logs from the subsurface investigations of the Turkey Point Units 6
& 7 site are described in FSAR Subsections 2.5.1.2, 2.5.4 and in the response to RAI
02.05.01-7. The Holocene sediment (i.e., muck) is sampled in all of the 88 borings.
Standard penetration tests (SPTs) and samples of the Holocene sediment are taken at 2.5-
foot intervals to a depth of 15 feet. The geotechnical boring logs indicate that geologic
conditions are uniform across the site (FSAR Figures 2.5.1-338 through 2.5.1-341 and
2.5.4-203 through 2.5.4-208) and show no depositional evidence of interruption by either a
tsunami or storm-like event. Muck is observed in the geotechnical borings and the MASW
(Multi-channel analysis of surface waves) data across the site. The muck appears to be
thicker in the areas of the surficial dissolution features, which act as sediment traps (FSAR
Figures 2.5.4-229 and 230 and the response to RAI 2.5.4-1). The site exploration data do
not indicate the presence of erosional channels that are filled with poorly sorted siliciclastics
containing exotic fragments or coral rubble that might have been deposited by
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paleotsunamis or topographically high areas with potential paleotsunami overwash deposits
(FSAR Figure 2.5.1-348).

The conclusion that there are no paleostorm (or paleotsunami) deposits at the site is based
on the interpretation of the soil boring data (FSAR 2.5.1 Reference 708). The marl and
muck are interpreted to have formed in an anaerobic tidal environment as indicated by the
color (i.e., mottled and a wide range of gray to brown coloration), softness, and wetness
descriptions (Table 1 in response to RAI 02.05.01-7). The presence of shells and roots is
indicative of a calm, low-energy environment of deposition with little to no wave action
enabling plants and organisms to grow and thrive. Lastly, the presence of silt in only 1 of
the 88 borings and sand in 9 of the 88 borings drilled at the Turkey Point Units 6 & 7 site is
not conclusive evidence of either a paleostorm or a tsunami deposit at the site.

b) Discuss whether the Holocene relative sea level curve in the vicinity of the site
correlates or not to the stratigraphic and geographic position of type D sediments
and the significant event c.1000 ybp.

Units A to D as defined by Lowery (FSAR Reference 750) are located in Blackwater Bay
and overlie the Pliocene limestone bedrock. These units were classified as quartz
packstone or a clayey quartz sand (Unit A), quartz grainstone (Unit B), Rhizophora, red
mangrove peat (Unit C), and shelly quartz packstone to wackestone (Unit D). Each unit
represents a time-transgressive unit as changes in sea level caused migration of the
depositional environments. Units A and B formed during the early transgressive phase as
shoreline approached landward. Unit C represents the relative shallowing or temporary
stabilization of the shoreline or an intertidal regime and Unit D represents a reinitiation of a
relative sea-level rise and a return to deeper water conditions (FSAR 2.5.1 Reference 750).

The Unit D sediment surface contains indications of increasing water depths followed by
shallower water depths as seen by the overlying oyster beds on the finer muds of the
deeper depositional environment. The oyster beds are indicative of an intertidal
environment. Previous cores show a sequence of mangrove-capped oyster bars over these
finer muds. During the initial flooding of the mangrove system, the "waterflow and
sedimentation process may not have been ideal for oyster habitation, but a slight increase
in depth may have allowed initiation of oyster colonization and sediment aggradation"
(FSAR 2.5.1 Reference 750).

Furthermore, an upstream carbonate mud levee in the Blackwater River contains marine
faunal fragments 1069 +/- 99 years B.P. to 990 +/-84 years B.P. in age (Figure 1). A
possible interpretation of this levee is that it is the result of landward transport and
deposition of marine sediment and fauna during a violent storm event or a period of high
storm frequency. These age dates correspond to the dates of the submergence of
mangroves in Blackwater Bay (Figure 1, Transgression 2) (FSAR 2.5.1 Reference 750).
The Holocene sea-level curve in the vicinity of the site correlates to the stratigraphic and
geographic position of Unit D sediments and their corresponding significant event
approximately 1000 to 1090 years B.P (Figure 1, green star).
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Figure 1 Holocene Sea Level Rise Curve Illustrating Deceleration of Rate of Rise and
Present Rapid Rise from Tide-Gauge Records (modified from FSAR 2.5.1 Reference 750)
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This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:
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ASSOCIATED ENCLOSURES:
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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: 02.05.01-7 (eRAI 6024)

FSAR Section 2.5.1.1.1.2.1.1, "Holocene Stratigraphy of the Florida Peninsula" states that
hurricanes complicate the preservation of Pleistocene and Holocene deposits on the east
and west coasts of the Florida Peninsula by eroding these deposits and depositing them
elsewhere. In order for the staff to evaluate the Holocene geologic record at the site and in
support of 10 CFR 100.23 please address the following:

a) Within the context of the Holocene sedimentary record at the site discuss the nature
and extent of paleostorm deposits.

b) Provide a discussion that compares and contrasts deposits of Hurricane Andrew or
other historical hurricanes, and any paleostorm deposits preserved in the Holocene
stratigraphy, with potential tsunami deposits at the site.

c) Provide a figure or a map that illustrates these deposits.

FPL RESPONSE:

Part a) of the response addresses the nature of the Holocene section (i.e., muck and silt
lenses or layers within the muck), the extent (lateral distance and depth as described by the
borings obtained during the subsurface investigation) and the nature of paleostorm
deposits (if any) at the Turkey Point Units 6 & 7 site. Part b) of the response compares and
contrasts deposits of Hurricane Andrew or other historical hurricanes, and any paleostorm
deposits preserved in the Holocene stratigraphy. Lastly, part c) of the response illustrates
the locations of the storm deposits.

a) Within the context of the Holocene sedimentary record at the site discuss the
nature and extent of paleostorm deposits.

The Holocene section at the Turkey Point Units 6 & 7 site is classified as marl and wetland
soils belonging to the saprist (muck) group. The marl and muck are interpreted to have
formed in an anaerobic tidal environment. Saprist soils are generally defined as those in
which two-thirds or more of the material is decomposed, and less than one-third of plant
fibers are identifiable (FSAR 2.5.1 Reference 276). Eighty-eight borings were drilled and
sampled (standard penetration test [SPT] samples in soil, continuous coring in rock) as part
of the Turkey Point Units 6 & 7 subsurface investigation. The description of the Holocene
section (i.e., muck) in the soil borings across the Units 6 & 7 site (FSAR 2.5.1 Reference
708), includes the thickness, color, hardness, and the presence of organics, silt, roots, and
shell fragment contents (Table 1). The muck soils were sampled at the site every 2.5 feet
using the SPT geotechnical sampling method. The muck soils are classified under the
Unified Soil Classification System in accordance with ASTM D2488-06. Modifiers such as
trace (< 5 percent), few (5 to 10 percent), little (15 to 25 percent), some (30 to 45 percent)
and mostly (50 to 100 percent) were used to provide an estimate of the percentage of
gravel, sand and fines (silt or clay size particles), or other materials such as organics
(muck) or shells (Table 2). In general, the thickness of the muck ranges from 0 to
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approximately 15 feet. Muck is observed in the geotechnical borings and the MASW (multi-
channel analysis of surface waves) survey data across the site. The muck appears to be
thicker in the areas of the surficial dissolution features, which act as sediment traps (Table
1, FSAR Figures 2.5.4-229 and 230 and the response to RAI 02.05.04-1). Color ranges
from black to light gray, dark grayish brown to light brownish gray, and dark olive brown to
light olive brown. Mottled coloration is also noted in the muck. The consistency of the muck
is very soft-to-soft. Fibrous internal structure occurs within organic soils in eight of the site
borings: B-614, B-625, B-626, B-702, B-715, B-725, B-727, and B-729. The organic content
of the muck was visually estimated to vary from some (30-45 percent) to mostly (50-100
percent) (Tables 1 and 2, FSAR 2.5.1 Reference 708). The Holocene surficial deposits
have been disturbed intermittently since the 1960s by construction activities (FSAR Figure
2.5.1-337).

Although the muck description in FSAR Subsection 2.5.1.1.1.2.1.1 includes silt, only one
sample from boring B-601 (DH) contains "mostly silt." Trace to some sand is noted in three
borings: B-617, B-623, and B-723. Neither the sand nor the silt can be correlated across
the site as continuous stratigraphic units. However, fine-grained calcareous material, marl,
appears to overlie the muck in six borings: B-736, B-738, B-802, B-810, B-812, and B-813.
Laboratory tests indicate that this marl-like material is a fat clay to sandy fat clay (rather
than a silt as described in the field) that is light/dark gray to light/dark grayish brown, very
soft, moist to wet, with some fine grained sand and strong hydrochloric acid reaction (Table
1 and FSAR 2.5.1 Reference 708). This type of marl forms when the ground surface is
flooded for several months each year in the summer followed by a number of dry months
during the winter (hydroperiod). During the hydroperiod, the microalgae (periphyton) grow
on the water surface. The precipitation of the microalgae from the calcium bicarbonate
saturated water creates marl (Reference 1).

Examples of storm deposits discussed in the response to part (b) are not observed in
samples obtained from the Turkey Point Units 6 & 7 site subsurface investigation borings.
At the Turkey Point Units 6 & 7 site, the marl and muck are interpreted to have formed in an
anaerobic tidal environment as indicated by the color (i.e., mottled and a wide range of gray
to brown coloration), softness, and wetness descriptions (Table 1). The presence of trace
amounts of shells and trace amounts of roots at the ground surface is indicative of a calm
environment of deposition that enables plants and organisms to grow and thrive or is
indicative of a tidal environment that experienced drought conditions (southeastern Florida
experienced a drought from 2006 to 2009, Reference 2). Lastly, the presence of silt in only
1 of the 88 borings and sand in 9 of the 88 borings drilled at the Turkey Point Units 6 & 7
site is not conclusive evidence of either a paleostorm or a paleotsunami deposit at the site.

In summary, the Holocene muck, as described on the Turkey Point Units 6 & 7 boring logs,
shows uniform conditions across the site (FSAR Figures 2.5.1-231 and 2.5.1-232). The
boring logs contain no sedimentary or sedimentological indicators of paleotsunami or
paleostorm deposits such as:

* Erosional channels that are filled with poorly sorted, angular, or subangular
siliciclastics containing exotic fragments or coral rubble.

* Continuous layered carbonate fine sand, mud and organic detritus.
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* Light layers (i.e., carbonate sand).

* Bioturbated carbonate mud with large amounts of roots and shell fragments.

* Weed or shell overwash deposits (shell hash) (FSAR Figure 2.5.1-348, FSAR 2.5.1
Reference 708 and, Reference 3).

b) Provide a discussion that compares and contrasts deposits of Hurricane Andrew
or other historical hurricanes, and any paleostorm deposits preserved in the
Holocene stratigraphy, with potential tsunami deposits at the site.

Although preserved storm deposits have not been observed at the Turkey Point Units 6 & 7
site, storm deposits have been observed elsewhere in southern Florida. Storm deposits
have been preserved at scattered locations on the east coast of Florida at Biscayne Bay
and Soldier Key to Elliot Key. Similar deposits are documented on the west coast at
Northwest Cape and Cape Sable in the Gulf Coastal Highlands of the Reticulated Coastal
Swamps Physiographic Subprovince. This physiographic subprovince is shown on FSAR
Figure 2.5.1-217 and the locations of preserved storm deposits are shown on Figure 1.

The Reticulated Coastal Swamps Physiographic Subprovince has been modified by
numerous hurricanes in the past. Hurricanes have modified the environment in this
physiographic subprovince as follows:

* Decimation of mangrove forests.

* Removal of sufficient beach sand near the Middle Cape Canal.

* Erosion (steps) in the west-and south-facing coastlines of Cape Sable.

* Alteration of the interior marshes.

* Decimation of marginal wetlands and uplands.

* Intrusion of saltwater into an isolated fresh to brackish lake (Lake Ingraham) within
the coastal system (Reference 3).

An example of a historical storm deposit is illustrated in a split core taken from a flood tidal
delta in the northwest part of Lake Ingraham (Figure 1) (Figure 79, core 24 of Reference 3).
The layered delta sequence has accumulated over the past 70 years (as of 2004), following
the opening of the Middle Cape Canal by the 1935 Labor Day Hurricane. From a depth of 0
to 70 centimeters, the split core material, a post-1935 flood tidal delta sequence, is
composed of layered carbonate fine sand, mud, and organic detritus. The dark organic
detritus is fibrous and likely derived from the tidal input during winter storms from eroding
mangrove substrates from the north. The light layers are carbonate sands washed in by
tropical storm and hurricane events. The darker layers are organic rich carbonate fine sand
and mud swept into Lake Ingraham by prevailing tides and winter storms. From a depth of
70 to 100 centimeters, the underlying split core material is composed of bioturbated light
grey-tan carbonate mud with black roots and minor shell fragments (Reference 3).

An example of recent sediments deposited by Hurricane Charley (2004) is located between
East Cape and Middle Cape (Figure 1) (Reference 3, Figure 117). The top photograph from
Figure 117 of Reference 3 illustrates large weed and shell overwash deposits. The two
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lower photographs from Figure 117 of Reference 3 illustrate a sharp beach escarpment
with a 15-centimeter thick coarse shell layer on top (Reference 3).

During the 2 0 th century, several powerful hurricanes (intensity greater than Category 3 on
the Saffir-Simpson Scale) affected Miami-Dade county: Key West Hurricane (1919), The
Hurricane of 1926/Fort Lauderdale and Miami Areas (1926), Palm Beach Hurricane (1928),
Labor Day Hurricane (1935), Hurricane Donna (1960), Hurricane Cleo (1964), Hurricane
Betsy (1965), Hurricane Andrew (1992), Hurricane Opal (1995), and Hurricane Charley
(2004). Due to the resulting destruction and loss of life, Hurricane Andrew is well
documented in the scientific literature. Swiadek (Reference 4) discusses the damages from
Hurricane Andrew to coastal mangroves in Southern Florida. High wind velocities and
storm surges are associated with Hurricane Andrew. The high winds and storm surges
caused shoreline erosion, which in turn affected the mangroves. Three factors minimized
the impacts of the storm surge: 1) the keys in Biscayne National Park acted as an offshore
breakwater, 2) the Bahamas Islands and offshore carbonate shoals limited the fetch of
hurricane-force winds, and 3) the continental shelf in southeastern Florida is very narrow
(Reference 4).

From late August through mid-September 1992, Swiadek (Reference 4) evaluated
sedimentary sequences deposited by Hurricane Andrew in southern Florida. These
deposits appear to have originated from shoreline erosion elsewhere in southern Florida.
On the west coast of Florida, a widespread layer of mud and muddy sand, up to 50
centimeters thick, was deposited in subtidal banks. Also on the west coast, a grayish mud
layer 20 to 50 centimeters thick was deposited underwater in protected off-shore
depressions and interior bays. On the east coast, a tan to brownish sedimentary layer, up
to 50 centimeters thick, was deposited in the depressions along the western margin of
Biscayne Bay. Lastly, on the east coast, a grayish mud layer, up to 50 centimeters thick,
was deposited on the east side of Biscayne Bay (Figure 1) (Reference 4).

An example of a sequence of sand overwash deposits is illustrated in Figure 27 in
Reference 3. It depicts beach (sand) overwash stratigraphy on a beach north of Northwest
Cape (Figure 1) (Figures 28A and 28 in Reference 3). The lower sand in the scarp is a
washover deposit from the Labor Day Hurricane (1935), overlain by soil, deposited by a
Hurricane Donna (1960) washover layer, in turn overlain by soil and capped by a Hurricane
Andrew (1992) sand layer.

According to Swiadek (Reference 4), the waters receding from mangrove swamps on the
west coast formed ebb deltas along tidal channels and on Cape Sable. On the east coast,
from Soldier Key to Elliot Key, vegetation was removed; however, the limestone surface
was not affected (Figure 1) (Reference 4).

Generally, the physical attributes of sedimentary deposits that appear to reflect a modern or
paleostorm origin are:

" A moderately thick (average > 30 centimeters) sand bed composed of
numerous subhorizontal planar lamination organized into multiple lamina sets.

" Maximum bed thickness is near the shore.

* Landward thinning of the deposit is usually abrupt.
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" Abundant shell fragments organized in laminations.

* Storm deposit fill in topographic lows with an upper surface along the shore
that is relatively uniform in elevation (FSAR 2.5.1 Reference 890).

As discussed in FSAR 2.5.1.1.5, Tsunami Geologic Hazard Assessment:

Tuttle et al. (FSAR 2.5.1 Reference 889) distinguish tsunami from storm surge
deposits, based on a comparison of deposits from the 1929 Grand Banks tsunami
and the 1991 Halloween storm. As noted by Tuttle et al. (FSAR 2.5.1 Reference
889), the challenge of discriminating between the two types of deposits was that
both tsunami and storm surge processes result in the onshore transport and re-
deposition of sediments. Tuttle et al. (FSAR 2.5.1 Reference 889) conclude that four
discriminators (included verbatim below) could be used to distinguish between
tsunami and storm deposits:

" Tsunami deposits exhibit sedimentary characteristics consistent with
landward transport and deposition of sediment by only a few energetic
surges, under turbulent and/or laminar flow conditions, over a period of
minutes to hours; whereas characteristics of storm deposits are consistent
with landward transport and deposition of sediment by many more, less
energetic surges, under primarily laminar flow conditions, during a period of
hours to days.

* Both tsunami and storm deposits contain mixtures of diatoms indicative of an
offshore or bay ward source, but tsunami deposits are more likely to contain
broken valves and benthic marine diatoms.

* Biostratigraphic assemblages of sections in which tsunami deposits occur are
likely to indicate abrupt and long-lasting changes to the ecosystem coincident
with tsunami inundations.

* Tsunami deposits occur in landscape positions, including landward of tidal
ponds, that are not expected for storm deposits.

Similarly, Morton et al. (FSAR 2.5.1 Reference 890) characterize the distinction between
tsunami and storm deposits as being related to differences in the hydrodynamics and
sediment-sorting processes during transport. Tsunami deposition results from a few high-
velocity, long-period waves that entrain sediment from the shoreface, beach, and landward
erosion zone. Tsunamis can have flow depths greater than 10 meters (33 feet), transport
sediment primarily in suspension, and distribute the load over a broad region where
sediment falls out of suspension when flow decelerates. In contrast, storm inundation
generally is gradual and prolonged, consisting of many waves that erode beaches and
dunes with no significant overland return flow until after the main flooding. Storm flow
depths are commonly < 3 meters (9.8 feet), sediment is transported primarily as bed load
by traction, and the load is deposited within a zone relatively close to the beach (FSAR
2.5.1 Reference 890). A schematic of typical tsunami and storm deposits is shown in FSAR
Figure 2.5.1-348. As noted by Dawson and Stewart (FSAR 2.5.1 Reference 891), hurricane
deposits are quite different from tsunami deposits. For example, Scoffin and Hendry (FSAR
2.5.1 Reference 892) use coral rubble stratigraphy on Jamaican reefs to identify past
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hurricane activity, while Perry (FSAR 2.5.1 Reference 893) use storm-induced coral rubble
in reef facies from Barbados to identify episodes of past hurricane activity.

However, based on Shanmugam's (Reference 5) review, the problem of differentiating
paleotsunami from paleostorm deposits is not straightforward. The sedimentary records of
both types of deposits can exhibit the following sedimentary features: basal erosional
surfaces, anomalously coarse sand layers, exotic boulders, imbricated boulders and gravel
clusters with imbrications, chaotic bedding, rip-up mud clasts, normal grading, inverse
grading, multiple upward-fining units, landward-fining trend, horizontal planar laminae,
cross-stratification, richness of marine fossils, changes in chemical elements, and lastly,
sand injection and soft-sediment deformation. There are no reliable sedimentological
criteria for distinguishing paleotsunami and paleostorm deposits in various environments.
Both paleotsunamis (tsunamis) and paleostorms (storms) can generate identical
depositional processes and related sedimentary features (Reference 5).

The Holocene deposits at the Turkey Point Units 6 & 7 site do not contain any of the above
indicators of either paleostorm or paleotsunami deposits. There are no moderately thick
sand beds, and there is no indication of abrupt thinning of sand deposits landwards. In
addition, there are no abundant shell fragments deposited in laminations.

c) Provide a figure or a map that illustrates these deposits.

Since there are no paleostorm or paleotsunami deposits preserved or observed in the
borings at the Turkey Point Units 6 & 7 site, there are no data from which a map can be
generated. FSAR Figure 2.5.1-337, Surficial Deposits Map, shows the soils to be disturbed
at the footprint of the proposed Turkey Point Units 6 & 7 and the existing cooling canals. As
discussed in the response to part (b), storm deposits are only intermittently preserved in
southern Florida. Storm deposits are preserved at scattered locations in southwest Florida
(Reference 3) and on the shorelines of Biscayne Bay (Reference 4). The examples of
storm deposits documented by Wanless and Vlaswinkel (Reference 3) and Swiadek
(Reference 4) are discussed in part b) of this response and the locations are shown in
Figure 1.
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site

Internal Modifiers
GS Muck top Muck bottom Structure on Silt andID Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
MUCK, very dark gray, very soft, wet, 50 to 100%

B-601 mostly silt, some organics, trace silt
(DH) -1.4 -1.4 0 -3.9 2.5 shells, weak HCL Rx

MUCK, dark gray, very soft, wet, roots,
B-602 -1.4 -1.4 0 -4.5 3.1 mostly organic, 2.5 ft firm

MUCK, light gray, to black, very soft,
wet, mostly organics, trace roots, trace

B-603 -1.4 -1.4 0 -4.7 3.3 shell fragments

B-604 MUCK, dark grayish brown, very soft,
(DH) -1.5 -1.5 0 -4.5 3 moist, organics

MUCK, very dark gray, very soft, moist,
B-605 -1.7 -1.7 0 -4.2 2.5 mostly organics

MUCK, light brownish gray, very soft,
wet, organic, trace shell fragments, 2.5

B-606 -1.4 -1.4 0 -4.4 3 ft-black, soft
MUCK, light brownish gray to dark olive
brown to black, very soft, wet, organic,
trace roots and shell fragments, no HCL

B-607 -1.5 -1.5 0 -4 2.5 Rx I

B-608 MUCK: no recovery, 3.5 ft-very dark
(DH) -1.5 -1.5 0 -6 4.5 brown, very soft, wet, organics

MUCK, very pale brown to very dark
gray, very soft, wet, mostly organic,

B-609 -1.5 -1.5 0 -3.5 2 strong HCL Rx

B-610 MUCK, pinkish gray to black, very soft,
D -1.4 -1.4 0 -4.2 2.8 wet, mostly organic, strong HCL Rx

MUCK, very pale brown, mottled, dark
B-61 1 -1.5 -1.5 0 -3.5 2 gray, very soft, moist, weak HCL Rx
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
BoringGSStructure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described

(ft) (ft) ft) (ft) in the log) in the log)
MUCK, grayish brown, very soft, wet,

B-612 -1.5 -1.5 0 -4.5 3 no HCL Rx
MUCK, black, very soft, wet, strong,

B-613 -1.4 -1.4 0 -4.8 3.4 HCL Rx, mostly organics
MUCK, black, very soft, wet, fibrous, fibrous

B-614 -1.5 -1.5 0 -5.3 3.8 strong HCL Rx, 2.8 ft-soft
MUCK, dark brown, very soft, wet,

B-615 -1.5 -1.5 0 -6 4.5 strong HCL Rx

MUCK, very dark gray, very soft, wet,
mostly organics, weak HCL Rx, 2.5 ft-

B-616 -1.2 -1.2 0 -8.2 7 trace shell fragments, weak HCL Rx
MUCK, brown, firm, wet, with limestone

B-616 -1.2 -10.7 9.5 -12.2 11.0 fragments, mostly organics
MUCK, pale brown, very soft, wet, few 5 to 10%
fine grained sand, mostly organic, fine grained

B-617 -1.4 -1.4 0 -3.4 2 strong HCL Rx sand
MUCK, very dark grayish brown, very

B-618 -1.4 -1.4 0 -4.4 3 soft, wet, trace peat

MUCK, very dark grayish brown, very
B-619 -1.7 -1.7 0 -5.2 3.5 soft, wet, mostly organic

MUCK, light gray, to grayish brown,
B-620 very soft, wet, strong, HCL Rx, mostly
(DH) -1.5 -1.5 0 -4.5 3 organics

MUCK, very dark gray, very soft, dry,
B-621 0.2 0.2 0 -5.9 6.1 mostly organic, strong HCL Rx

MUCK, light brownish gray, to very
dark gray, very soft, moist, mostly

B-622 0.2 0.2 0 -5.4 5.6 organic, strong HCL Rx :I I
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description ' (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
MUCK, light brownish gray to very
dark gray, wet, mostly organic, strong

B-623 -1.3 -1.3 0 -5 3.7 HCL Rx
MUCK, light olive brown to very dark
grayish brown, very soft, wet,

B-624 -1.4 -1.4 0 -4.4 3 organic, strong HCL Rx
MUCK, black, very soft, wet, strong fibrous

B-625 -1.4 -1.4 0 -4.2 2.8 HCL Rx, mostly organic, fibrous
MUCK, black, very soft, wet, no HCL fibrous

B-626 -1.6 -1.6 0 -5.1 3.5 Rx, fibrous
MUCK, light brownish gray to very
dark brown, very soft, wet, organic, -

B-627 -1.3 -1.3 0 -4.2 2.9 trace shell fragments
MUCK, light brownish gray, very soft
to soft, wet, strong HCL Rx, mostly -

B-628 -1.5 -1.5 0 -5.3 3.8 organic, shell fragments
MUCK, brown, very soft, wet,
organics, trace shell fragments, -

B-629 -1.1 -1.1 0 -4.6 3.5 strong HCL reaction, 2.5 ft-black

B-630 -1.5 -1.5 0 -4.5 3 MUCK; no recovery

MUCK, very dark gray, wet, very soft,
B-631 -1.2 -1.2 0 -4.8 3.6 mostly organic, strong HCL Rx

MUCK, very dark grayish brown, very
B-632 -1.6 -1.6 0 -5.1 3.5 soft, wet, strong HCL Rx

MUCK, very dark grayish brown, very
soft, wet, strong HCL Rx, organics, -

B-633 -1.5 -1.5 0 -4.5 3 trace shell fragments
MUCK, very dark gray, very soft, wet,
trace fine grained sand, trace shell <5% fine
fragments, strong HCL Rx, 2.5 ft-soft, grained sand

B-634 -0.7 -0.7 0 -5.2 4.5 weak HCL Rx
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
Sandy FAT CLAY, very dark gray to
very pale brown, very soft, wet, some
fine grained sand, trace organics,

B-635 -0.9 -0.9 0 -2.9 2 strong HCL Rx
MUCK, very dark gray, very soft, wet,
trace shell fragments, mostly organic,

B-635 -0.9 -2.9 2 -4.1 3.2 weak HCL Rx

MUCK, black to gray, very soft,
B-636 -1.1 -1.1 0 -4.8 3.7 moist, mostly organic, strong HCL Rx

MUCK, very dark grayish brown, very
B-637 -0.2 -0.2 0 -4.2 4 soft, moist, strong HCL Rx

MUCK, black, very soft, wet, organic,
B-639 -1.4 -1.4 0 -4.4 3 trace shells

B-701 MUCK, olive gray to black, very soft,
(DH) -1.1 -1.1 0 -4 2.9 wet, mostly organic, strong HCL Rx

MUCK, very dark grayish brown, very fibrous
B-702 -1.2 -1.2 0 -4.6 3.4 soft, wet, strong HCL Rx, fibrous

MUCK, very dark grayish brown, very
soft, wet, organics, strong HCL Rx,

B-703 -1.3 -1.3 0 -4.6 3.3 2.5 ft-soft
MUCK, greenish brown, very soft,
wet, strong HCL reaction, mostly

B-704 organics, 2.4 ft-grayish brown to dark
(DH) -1.4 -1.4 0 -4.5 3.1 grayish brown, soft

MUCK, very dark brown, very soft,
B-705 -1.3 -1.3 0 -4.2 2.9 wet

MUCK, brown to very pale brown,
very soft, moist, organics, strong

B-706 -1.2 -1.2 0 -4.4 3.2 HCL Rx
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
MUCK, light brownish gray to very
dark gray, very soft, mostly organic,

B-707 -1.8 -1.8 0 -3.8 2 strong HCL Rx

B-708 MUCK, dark gray brown to black,
(DH) -1.4 -1.4 0 -3.9 2.5 moist, mostly organic, strong HCL Rx

MUCK, very dark brown, very soft,
B-709 -1.3 -1.3 0 -4.6 3.3 moist, organic

MUCK, dark grayish brown, to black,
B-710 very soft, wet, organics, strong HCL
(DH)R -1.3 -1.3 0 -3.8 2.5 Rx

MUCK, grayish brown to light gray,
very soft, wet, strong, HCL Rx,
mostly organic, 2.5 ft-dark grayish

B-711 -1.1 -1.1 0 -4.1 3 brown
MUCK, very dark grayish brown, very
soft, moist, mostly organic, strong

B-712 -1.1 -1.1 0 -4.2 3.1 HCL Rx

MUCK, dark grayish brown to pale
B-713 -1.1 -1.1 0 -3.6 2.5 brown, very soft, wet, mostly organic

MUCK, olive brown, very soft, wet,
B-714 -1 -1 0 -4.4 3.4 strong HCL Rx, mostly organic

MUCK, black, very soft, wet, strong fibrous
B-715 -0.9 -0.9 0 -4.4 3.5 HCL Rx, fibrous

MUCK, light brownish gray, very soft,
wet, mostly organic, trace shell

B-716 -1.1 -1.1 0 -4.1 3 fragments, strong HCL Rx'
MUCK, dark grayish brown, very soft,

B-717 -1.1 -1.1 0 -4.7 3.6 wet, mostly organic
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
MUCK, brown to very dark grayish
brown, very soft, wet, organic, strong
HCL Rx, trace shells, 2.5 ft-very dark

B-718 -1.2 -1.2 0 -4.3 3.1 gray to black
MUCK, light brownish gray to very
dark gray, very soft, wet, mostly

B-719 -1.1 -1.1 0 -4.1 3 organic, strong HCL Rx

B-720 MUCK, gray, very soft, moist
(DH) -0.9 -0.9 0 -3.9 3 organics, trace roots, strong HCL Rx

MUCK, very dense, gray, very soft,
wet, mostly organic, strong HCL Rx,
2.5 ft-very dark brown to dark

B-721 -1.5 -1.5 0 -5 3.5 yellowish brown
MUCK, light brownish gray to very
dark gray, very soft, dry to wet, -

B-722 -1 -1 0 -3.5 2.5 mostly organic, strong HCL Rx
MUCK, very dark grayish brown, very <5% fine
soft to soft, wet, trace fine grained grained sand

B-723 -1 -1 0 -5 4 sand, strong HCL Rx
MUCK, very dark grayish brown, very
soft, wet, strong HCL Rx, mostly

B-724 -0.7 -0.7 0 -5.3 4.6 organic
MUCK, dark grayish brown, very soft,
wet, strong HCL Rx, mostly organic, fibrous

B-725 -1 -1 0 -4.5 3.5 fibrous
MUCK, dark olive brown, very soft,

B-726 -1.4 -1.4 0 -4.7 3.3 wet, strong HCL Rx
MUCK, black, very soft, wet, strong fibrous

B-727 -1.3 -1.3 0 -5.3 4 HCL Rx, fibrous
MUCK, black, very soft, wet, strong

B-728 -1.4 -1.4 0 -4.5 3.1 HCLRx
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

(ft) (ft) (ft) (ft) in the log) the log)
MUCK, very dark gray, very soft, wet,
organics, strong HCL Rx, fibrous, fibrous

B-729 -1.2 -1.2 0 -4.5 3.3 2.5 ft-soft
MUCK, light brownish gray to black,
very soft, wet, strong HCL Rx, trace

B-730 -1 -1 0 -5 4 shell fragments, mostly organic
MUCK, light gray to very dark gray,
very soft, wet, mostly organic, strong

B-731 -1.5 -1.5 0 -4 2.5 HCL Rx
MUCK, light gray to light brownish
gray, very soft, moist to wet, strong
HCL Rx, some organics, 2.5 ft-very

B-732 -1 -1 0 -4.5 3.5 dark grayish brown
B-733 -1 -1 0 -3.5 2.5 MUCK, no recovery

Sandy LEAN CLAY, very dark
grayish brown, very soft, moist,

B-734 -0.6 -0.6 0 -2.6 2 strong HCL Rx

MUCK, black to grayish brown, very
B-734 -0.6 -2.6 2 -4.6 4 soft, wet, no to strong HCL Rx

at 0 ft MUCK, no recovery, 2.4 ft-
B-735 -0.8 -0.8 0 -4.5 3.7 MUCK black, very soft, wet, organics

FAT CLAY with sand, dark grayish
brown, very soft, moist, fine grained -

B-736 -0.5 -0.5 0 -2.5 2 sand, strong HCL Rx
MUCK, black, very soft, wet, few 5 to 10%

B-736 -0.5 -2.5 2 -4.5 4 sand, organics, weak HCL Rx sand
MUCK, light brownish gray, mottled,
very dark gray and black, very soft, 15 to 25%
wet, little fine grained sand, trace fine grained
shell fragments, strong HCL Rx, 2.5 sand

B-737 -0.6 -0.6 0 -5.1 4.5 ft-very dark gray, weak HCL Rx
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt and

Boring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

() (f t) (ft) (t) in the log) the log)
Sandy FAT CLAY, very dark grayish
brown, very soft, moist, fine sand, -

B-738 0.1 0.1 0 -1.9 2 strong HCL Rx
MUCK, very dark grayish brown, soft,

B-738 0.1 -1.9 2 -4.4 4.5 wet, organics, strong HCL Rx
MUCK, light brownish gray, to dark
grayish brown, very soft, wet, strong, -

B-739 -1.6 -1.6 0 -4.6 3 HCL Rx, mostly organic
Sandy FAT CLAY, light gray, very 30 to 45%
soft, wet, some fine grained sand, - fine grained

B-802 -1.5 -1.5 0 -3.5 2 trace organics, strong HCL Rx sand
MUCK, dark gray to light gray, very
soft, moist, fine grained sand, trace -

B-802 -1.5 -3.5 2 -4.8 3.3 shell fragments, strong HCL Rx
MUCK, dark grayish brown, very soft,

B-805 -1.6 -1.6 0 -4.1 2.5 wet, strong HCL Rx, organics
MUCK, very dark gray, very soft, wet,

B-806 -0.4 -0.4 0 -4.9 4.5 mostly organic, strong HCL Rx
MUCK, very dark gray, very soft, wet,

B-807 -0.7 -0.7 0 -4.2 3.5 mostly organic, strong HCL Rx
MUCK, light gray to grayish brown,
very soft, moist to wet, strong HCL

B-808 -1 -1 0 -4.4 3.4 Rx, 2.8 ft-dark gray
MUCK, very dark gray, very soft,
moist, mostly organic, strong HCL

B-809 -1.3 -1.3 0 -4.3 3 Rx, trace shell fragments
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Table 1. Descriptions of Muck at the Turkey Point Units 6 & 7 Site (continued)

Muck top Muck bottom Internal Modifiers
GS Structure on Silt andBoring Elevation Muck Description (when Sand (when
(ft) Elevation Depth Elevation Depth described described in

ft (ft) (ft) (ft) in the log) the log)
FAT CLAY with sand, light brownish 30 to 45%
gray, very soft, wet, some fine fine grained
grained sand, trace organics, strong sand

B-810 -1.2 -1.2 0 -3.2 2 HCLRx
MUCK, dark gray, soft, moist, mostly
organic, strong HCL Rx

B-810 -1.2 -3.2 2 -4.3 3.1

MUCK, black, very soft, wet, strong,
B-811 -1.4 -1.4 0 -5.3 3.9 HCL Rx

Sandy FAT CLAY, very pale brown, 30 to 45%
very soft, wet, some fine grained fine grained
sand, trace organics, trace shell sand

B-812 -1.4 -1.4 0 -2.9 1.5 fragments, strong HCL Rx
MUCK, very dark gray, soft, wet,
mostly organic, trace shell fragments,

B-812 -1.4 -2.9 1.5 -4.1 2.7 strong HCL Rx
Sandy FAT CLAY, dark gray, to gray,
very soft, wet, some sand, trace shell
fragments, fine grained sand, trace

B-813 -1.3 -1.3 0 -3.3 2 shells, strong HCL Rx
MUCK, very dark gray, very soft, wet,
trace shell fragments, mostly organic,

B-813 -1.3 -3.3 2 -4.8 3.5 weak HCL Rx
Poorly Graded Sand with gravel

B-814 9 9 0 4.5 4.5 (Spoil Material)
Poorly Graded Gravel (Spoil

B-814 9 4.5 4.5 -3.2 12.2 Material)
MUCK, black, very soft, wet, strong

B-814 9 -3.2 12.2 -6.1 15.1 HCL Rx, mostly organic
Source: FSAR 2.5.1 Reference 708
Note: Rx denotes "reaction"
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Table 2. Modifiers

MODIFIERS
Approximate Modifiers
Percentage

<5% TRACE
5 to 10% FEW
15 to 25% LITTLE
30 to 45% SOME

50 to 100% MOSTLY
£"4, 7P*O

Source: FSAR 2.O. I ReTerence 70uo
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Figure 1 Locations of Storm Deposits in Southern Florida

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

The fifth paragraph in FSAR Subsection 2.5.1.2.2 will be replaced with the following
paragraphs in a future revision of the FSAR:

The Holocene section at the Turkey Point Units 6 & 7 site is classified as marl and
wetland soils belonging to the saprist (muck) group. The marl and muck are
interpreted to have formed in an anaerobic tidal environment. Saprist soils are
generally defined as those in which two-thirds or more of the material is decomposed,
and less than one-third of plant fibers are identifiable (Reference 276). Eighty-eight
borings were drilled and sampled (standard penetration test [SPT] samples in soil,
continuous coring in rock) as part of the Turkey Point Units 6 & 7 subsurface
investigation. The description of the Holocene section (i.e., muck) in the soil borings
across the Units 6 & 7 site (Reference 708), includes the thickness, color, hardness,
and the presence of organics, silt, roots, and shell fragment contents. The muck soils
were sampled at the site every 2.5 feet using the SPT geotechnical sampling method.
The muck soils are classified under the Unified Soil Classification System in
accordance with ASTM D2488-06. Modifiers such as trace (< 5 percent), few (5 to 10
percent), little (15 to 25 percent), some (30 to 45 percent) and mostly (50 to 100
percent) were used to provide an estimate of the percentage of gravel, sand and fines
(silt or clay size particles), or other materials such as organics (muck) or shells. In
general, the thickness of the muck ranges from 0 to approximately 15 feet. Muck is
observed in the geotechnical borings and the multichannel analysis of surface waves
(MASW) survey data across the site. The muck appears to be thicker in the areas of
the surficial dissolution features, which act as sediment traps (Figures 2.5.4-229 and
230). Color ranges from black to light gray, dark grayish brown to light brownish gray,
and dark olive brown to light olive brown. Mottled coloration is also noted in the
muck. The consistency of the muck is very soft-to-soft. Fibrous internal structure
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occurs within organic soils in eight of the site borings: B-614, B-625, B-626, B-702, B-
715, B-725, B-727, and B-729. The organic content of the muck was visually estimated
to vary from some (30-45 percent) to mostly (50-100 percent) (Reference 708).

Only one sample from boring B-601 (DH) contains "mostly silt." Trace to some sand is
noted in three borings: B-617, B-623, and B-723. Neither the sand nor the silt can be
correlated across the site as continuous stratigraphic units. However, fine-grained
calcareous material, marl, appears to overlie the muck in six borings: B-736, B-738, B-
802, B-810, B-812, and B-813. This marl-like material is described as a fat clay to sandy
fat clay (rather than a silt as described in the field) that is light/dark gray to light/dark
grayish brown, very soft, moist to wet, with some fine grained sand and strong
hydrochloric reaction (Reference 708). This type of marl forms when the ground
surface is flooded for several months each year in the summer followed by a number
of dry months during the winter (hydroperiod). During the hydroperiod, the microalgae
(periphyton) grow on the surface water. The precipitation of the microalgae from the
calcium bicarbonate saturated water creates marl (Reference 909).

The suface of the Site GGonists of approximately 2 to 6 feet (0.6 to 1.8 -et-rs) Of organic
soils csallcd muck. The mnuck Gonr~c reet light gray calcareous silts with VarYing
amounts of organic content. The ufceclev.ations for the top of the organi. GOil ranged
from +0.2 to 1.8 feet (0.06 to 0.55 meters) IVSL (Figures 2.5.1 334 and 2.5.1 337).

The following reference will be added to FSAR Subsection 2.5.1.3 in a future revision of the
FSAR.

909. Li, Y. Calcareous Soils in Miami-Dade County, Fact Sheet SL 183, Soil and
Water Science Department, Florida Cooperative Extension Service,
Institute of Food and Agricultural Sciences, University of Florida, 2001.

ASSOCIATED ENCLOSURES:

None


