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Serial: NPD-NRC-2008-064
November 20, 2008

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

Subject: Levy Nuclear Plant Units 1 and 2
NRC Docket Numbers 52-029 and 52-030
LNP COLA Request for Additional Information

References: Letter from James Scarola (PEC) to NRC, dated July 28, 2008, "Application for
Combined License for Levy Nuclear Power Plant Units 1 and 2, NRC Project
Number 756"

Letter from Brian Anderson (NRC) to James Scarola (PGN), dated October 6,
2008, "Acceptance Review for the Levy County Nuclear Power Plant Units 1 and
2 Combined License Application

Ladies and Gentlemen:

Progress Energy - Florida (PEF) submitted an application, dated July 28, 2008, for a combined
construction permit and operating license (COLA) for two AP1 000 advanced pressurized water
reactors (Levy Units 1 and 2) to be located at the Levy Nuclear Plant site in Levy County,
Florida.

By letter dated October 6, 2008, the NRC informed PEF that the Levy COLA was found to
contain sufficient information for docketing and review. However the NRC stated that the date
that they intended to publish a complete and integrated review schedule could not be
determined without additional information being provided by PEF to address the complex nature
of the Levy site geotechnical characteristics. The Request for Additional Information (RAI) was
provided as Enclosure 1 to the subject letter.

The response to the RAI is provided as Enclosure 1 to this letter. A set of references that
support some of the responses to the individual questions contained in the RAI is provided in
electronic file format on the enclosed disk. Appropriate pre-submission checks have been
successfully performed on the files contained on the disk to ensure compliance with the
guidelines provided on the NRC web site and they have been found acceptable for electronic
submittal.

If you have any questions, or need additional information, please contact Bob Kitchen at (919)
546-6992 or me at (919) 546-6107.

Progress Energy Carolinas, Inc. o - 3--
P.O. Box 1551
Raleigh, NC 27602 Y4
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on November 20, 2008.

Sincerely,

Garry D. Miller
General Manager - Nuclear Plant Development

Enclosure 1

1. Response to Request for Additional Information dated October 6, 2008

cc, ......................nr,, and. ", "-, . C r,, ,- ,t Fra f i c, Corr -F 4ria l Pt• a fero.

Mr. Brian Anderson, U.S. NRC Project Manager

cc (without enclosure and attached CD):

U.S. NRC Director, Office of New Reactors/NRLPO
U.S. NRC Office of Nuclear Reactor Regulation/NRLPO
U.S. NRC Region II, Regional Administrator
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DOCKET NOS. 52-029 AND 52-030
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Proaress Energv ResponseNRC RAI#

02.05.01-1

02.05.01-2

02.05.01-3

02.05.01-4

02.05.01-5

02.05.01-6

02.05.01-7

02.05.02-1

02.05.02-2

02.05.04-1

02.05.04-2

02.05.04-3

03.08.05-1

Progress Energy RAI#

L-0001

L-0002

L-0003

L-0004

L-0005

L-0006

L-0007

L-0008

L-0009

L-0010

L-0011

L-0012

L-0013

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Associated NRC RAI#

Various

Attachments/Enclosures

Electronic pdf files of references (on attached disk)
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.01-1

Text of NRC RAI:

Please summarize the information being used as the technical basis for the dissolution rates
presented, including documentation of the basis for indicating that dolomitized limestone
dissolves less readily than non-dolomitized limestone, to enable an adequate assessment of
karst development as a potential future geologic hazard. Include any references necessary.

PGN RAI ID #: L-0001

PGN Response to NRC RAI:

The technical basis for the anticipated dissolution rate is as follows:

The dissolution rate from the Crystal River 3 (CR3) site was used for assessing the dissolution
rate at LNP. The rate associated with CR3 is presented in the Crystal River 3 FSAR Subsection
2.5.3.4. The dissolution rate at CR3 is calculated as 1 E-4 percent per year, or 6E-3 percent
over the projected 60-year life of the project.

Since CR3 is founded on the Ocala Formation, and LNP is to be founded on the Avon Park
Formation, the second part of the technical basis was the comparison between those two
limestone formations. The Avon Park Formation is more dolomitized than the Ocala Formation,
meaning that magnesium carbonate has replaced a significant percentage of calcium carbonate
within the limestone. Eighteen of twenty samples taken during the LNP site characterization
that were petrographically examined were completely dolomitized (less than 50 percent CaCO3).
From Easterbrook (1999, attached), "fthe] purer the limestone is in CaC03, the greater is its
proclivity to form karst. Some evidence suggests that about 60 percent CaC03 is necessary to
form karst, and about 90 percent may be necessary to fully develop karst." Also, dolomites
have a lower permeability rate than limestone, thereby reducing the occurrence of karst
formation (Easterbrook, 1999, attached).

Further to this point, dolomitized limestones have a smaller lattice structure than non-
dolomitized limestone due to the relative sizes of the magnesium carbonate molecules versus
the calcite molecules. This smaller lattice reduces the volume of voids within the structure,
which will reduce the amount of secondary porosity within the rock. The smaller lattice of the
dolomite is also crystallized, providing a stronger and more compact lattice (Prothero et al,
1996).

In summary, dissolution rates are documented for the Ocala Formation at the CR3 site as 1 E-4
percent per year; therefore, it is concluded from the second part of the technical basis,
presented above, that the rate of dissolution at the LNP site will be less than 1 E-4 percent per
year given the higher degree of dolomitization of the Avon Park Formation at LNP. Therefore,
the potential for future geologic hazards in the form of dissolution and karst formation, during the
plant life of LNP, is not significant.

As discussed during the presentation to the Staff in January 2008, a monitoring program will be
established for the LNP plant to confirm the dissolution rate identified in this analysis. This
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monitoring is part of the groundwater monitoring program described in FSAR
Subsection 2.4.12.4.

References:

1) Easterbrook, D.J., Surface Processes and Landforms, Second Edition, Prentice Hall,
Upper Saddle River, NJ, 1999.

2) Prothero, D.R., Schwab, F., Sedimentary Geology- An Introduction to Sedimentary
Rocks and Stratigraphy, First Edition, W.H. Freeman and Company, New York, 1996.

Associated LNP COL Application Revisions:

FSAR Subsection 2.5.4.12 will be modified in a future amendment to the LNP FSAR to provide
reference to the Operational Monitoring Program in FSAR Subsection 2.4.12.4.

AttachmentslEnclosures:

1) Easterbrook, D.J., Surface Processes and Landforms, Second Edition, Prentice Hall,
Upper Saddle River, NJ, 1999.

2) Prothero, D.R., Schwab, F., Sedimentary Geology- An Introduction to Sedimentary
Rocks and Stratigraphy, First Edition, W.H. Freeman and Company, New York, 1996.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.01-2

Text of NRC RAI:

Reference is made to a "subset" of the regional fracture system which apparently exhibits the
same orientation as fractures in the regional fracture system (Attachment 2, pg. 4 of
supplement, Karst Discussion).

Please qualify whether these "subset" fractures are simply smaller-scale features (i.e., having a
shorter length along strike but the same orientation) than the regional fractures, and discuss
whether or not they could exercise local control on dissolution. Please also discuss the
pertinence of the observed fracture spacings in the outcrops relative to the regional fracture
sets.

PGN RAI ID #: L-0002

PGN Response to NRC RAI:

In order to clarify the terminology used in the following discussion, the reference herein to
"regional fractures" is to those identified by "Geology of Citrus and Levy Counties" (Vernon,
1951); the reference herein to "local fractures" is to those observed at the Gulf Hammock
Quarry and the Waccasassa River by the Applicant.

The local orthogonal fracture set exhibits a dominant strike consistent with the North 39 degrees
West dominant strike associated with Vernon's regional orthogonal fracture set. As shown on
Figure 2.5.4.1-202 in the FSAR, the observed spacing of the local fractures, combined with the
apparent strikes of the regional fracture set, is an indicator that the linear orientations of the land
features in the LNP area are controlled by these orthogonal joint sets.

Vernon (1951) attributes the regional fractures to the tensional stresses associated with the
formation of the Ocala Arch. As indicated in Lafrenz, 2003, evidence has been cited for at least
two different episodes of uplift; the first occurred from the Late Oligocene through the early
Miocene, and the second occurred from the early Pliocene through the early Pleistocene. With
this sequence in mind, the local fractures can be (as suggested by the reviewer) considered as
smaller scale features of the main regional features mapped by Vernon (1951). These are
termed to be a "subset" of the main regional features.

Both the local and regional features are interpreted to exercise control on local dissolution,
given they can act as conduits for groundwater intrusion. Most karst features and solution
channels in the Floridan Aquifer are oriented along near-vertical fractures having trends of
fracture systems mapped at the surface (Faulker, 1973). Additionally, the "plus-sign"
morphology, where vertical fractures and lateral cavities intersect, is fully consistent with Florida
geology (Florea, 2006), and indicative of the Upper Floridan aquifer, including the Avon Park
Formation at the LNP Site. This Formation is a layered aquifer system which produces water
along zones near lithological contacts or bedding planes. The local site conditions also indicate
(1) the presence of lenses of soft organics that are either thinly layered or dispersed to various
degrees among the carbonate layers, and (2) soft, in-situ highly weathered and decomposed
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carbonates that appear to be associated with movement of water from high density vertical
fracture zones to horizontal bedding planes. Thus, the solution activity at LNP is controlled by
fracture zones and bedding planes.

References:

1) Faulkner, G.L., Geohydrology of the Cross-Florida Barge Canal Area with Special
Reference to the Ocala Vicinity, U.S. Geological Survey, Water-Resources Investigation
Report 1-73, 1973.

2) Florea, L.J., Architecture of Air-Filled Caves Within the Karst of the Brooksvi'le Ridge,
West-Central Florida, Journal of Cave and Karst Studies, v. 68, no. 2, p. 64-75, August
2006.

3) Vernon, R.O., Geology of Citrus and Levy Counties, Florida, Florida Geological Society
Bulletin No. 33, 1951.

4) Lafrenz, W.B., Bulmer, W.H., Jamilla, S.V., and O'Neal-Caldwell, M., Characteristics and
Development of Shallow Solution Features in Thinly Mantled Karst, Alachua and Levy
Counties, Florida, Karst Studies in West Central Florida, USF Seminar in Karst
Environments, Southwest Florida Water Management District, 2003.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

1) Florea, L.J., Architecture of Air-Filled Caves Within the Karst of the Brooksville Ridge,
West-Central Florida, Journal of Cave and Karst Studies, v. 68, no. 2, p. 64-75, August
2006.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI 4: 02.05.01-3

Text of NRC RAI:

The supplement states that grouting will inhibit the development of karst by preventing the flow
of groundwater through the grouted zones beneath the nuclear island (Attachment 2, pg. 15 of
supplement, Permeation Grouting Discussion).

Please address the potential issue of how altering the groundwater flow regime by grouting
could affect dissolution below and around the periphery of the grouted zone to assure that this
aspect has been considered.

PGN RAI ID #: L-0003

PGN Response to NRC RAI:

The uppermost 75 feet of the Avon Park Formation will be grouted to provide a flow barrier (i.e.,
bathtub) to allow for dewatering during NI construction. In addition, a 35-foot roller compacted
concrete bridging mat will be installed above the grouted zone. The reduction in subsurface
permeability associated with these construction activities, has been evaluated regarding the
impact to potential dissolution and erosion at LNP.

In a three-dimensional groundwater model, the pre-grouting site conditions were simulated in
steady-state flow conditions. A three-dimensional model was also created to determine the
influence of grouted zone on the local groundwater regime. A three-dimensional model which
simulated construction dewatering was also created. Groundwater heads, velocities and
directions were compared under existing, construction, and post-construction scenarios.

All three computer models (i.e., pre-construction, construction, and post-construction) contain 9
virtual observation wells, located around the NI in which the hydraulic heads and groundwater
velocities can be reported. One virtual well was placed at the center of the NI area. Two virtual
wells were placed at all four sides of the NI area (e.g., El and E2 at the east side as;
observation wells East I and East 2), placed 12.5 ft and 62.5 ft respectively from the future
diaphragm wall location. With two virtual observation points at each side of the NI, the pattern in
the hydraulic heads and gradients around the NI at these observation wells was assessed.
Hydraulic heads and groundwater velocities in three dimensions were determined in two
subsurface zones: Zone A is designated as the zone between elevations -24 ft and -99 ft; Zone
B is designated as the zone between elevations -99 ft. and -250 ft. Zone A addresses the
groundwater flow regime around the grouted zone, and Zone B addresses the groundwater flow
regime beneath the grouted zone.

Groundwater parameters used in the analysis are consistent with information presented in
FSAR Subsection 2.4.12.

The hydraulic heads observed in the pre-construction and post-construction models are
equivalent, as expected due to the presence of the diaphragm wall and grouted zone. In the
post-construction model, the maximum groundwater velocity is in Zone B at observation well El
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as 0.16 ft/day. The maximum increase in the groundwater velocity between pre- and post-
construction conditions is approximately 40 percent.

The change in the groundwater regime in the post-construction condition is judged to be
insignificant with regards to increasing the potential for karst development within the Avon Park
Formation, for two primary reasons:

1) An analysis considering the normal forces on a soil particle (i.e., drag force and shelf
weight of the particle) has been performed. The results indicate that a groundwater
velocity of 0.26 ft/day is necessary to transport the smallest (1 micron) clay particle. In a
more advanced evaluation of the normal and tangential forces on a soil particle,
including electrical attraction forces, it was shown (Santamarina, 2001) that a minimum
of 283 ft/day groundwater velocity is necessary to cause a detachment of any particle.
In the post-construction model, a maximum groundwater velocity of 0.16 ft/day was
determined. This increase in velocity will not allow for the transport of fines and
subsequent creation of cavities, particularly since the infilled zones at LNP mostly
contain larger silt- and sand-sized material. The increase in groundwater velocity due to
LNP construction is not large enough to move the particles of any infilled zones, and
therefore additional erosion activity is negligible.

2) Given the dissolution rate at the Crystal River 3 plant (see response to RAI 02.05.01-1),
the dissolution rate at LNP is estimated to be negligible. If this rate were increased by
40 percent, taking the conservative assumption that an increase in the groundwater
velocity is linearly proportional to an increase in dissolution, the predicted dissolution
rate would still be negligible.

The hydraulic heads observed outside of the diaphragm wall in the construction (dewatering)
model are within 0.7 feet of the pre-construction model. This temporary increase in hydraulic
gradient has been considered in the determination of increased groundwater velocities.

During the dewatering of the LNP subsurface for construction, the change in groundwater
regime is judged to be insignificant with regards to increasing the potential for karst
development within the Avon Park Formation, for two primary reasons:

1) In the construction model, a maximum groundwater velocity of 1.14 ft/day was
determined. The maximum particle diameter that can be removed with this maximum
velocity is 2 microns, or a small clay particle. Since the infilled zones at LNP mostly
contain larger silt- and sand-sized material, the increase in groundwater velocity due to
LNP construction is not large enough to move the particles of any infilled zones, and
therefore additional erosion activity is negligible.

2) Since the construction period will occur over a geologically short, discrete amount of
time, dissolution of the Avon Park Formation during this time period is negligible.

Based on the above, the impacts of LNP dewatering and permanent construction on the existing
groundwater regime have been considered, and have been shown to be negligible with respect
to an increased development of dissolution and erosion activity.

As discussed during the presentation to the Staff in January 2008, a monitoring program will be
established for the LNP plant to confirm the dissolution rate identified in this analysis. This
monitoring is part of the groundwater monitoring program described in FSAR
Subsection 2.4.12.4.

References:
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Santamarina, J.C., Soil Behavior at the Microscale: Particle Forces, Proc. Symp. Soil Behavior
and Soft Ground Construction, October 2001.

Associated LNP COL Application Revisions:

FSAR Subsection 2.5.4.12 will be modified in a future amendment to the LNP FSAR to provide
reference to the Operational Monitoring Program in FSAR Subsection 2.4.12.4.

AttachmentslEnclosures:

1) Santamarina, J.C., Soil Behavior at the Microscale: Particle Forces, Proc. Symp. Soil
Behavior and Soft Ground Construction, October 2001.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI 4: 02.05.01-4

Text of NRC RAI:

The supplement refers to a "shelf" within the Avon Park Formation defined by lowered shear
wave velocity measurements (Attachment 2, pg. 15 of supplement, Permeation Grouting
Discussion).

Please qualify this "shelf' in the Avon Park Formation to clearly indicate lithology involved
relative to composition, thickness, lateral distribution, and material properties.

PGN RAI ID #: L-0004

PGN Response to NRC RAI:

The "shelf' referenced on Page 15 of the supplement refers to the zone of the Avon Park
Formation immediately underlying the grouted zone (below El. -97 ft.). This zone exhibits higher
shear wave velocity and/or RQD than zones below and above.

Under the North Reactor LNP 2, shear wave velocity measurements from Borings A7, 12, AD1,
A8, and 13 show a noticeable increase at approximate El. -97 feet NAVD, where shear wave
velocity increases from approximately 3,700 feet per second to approximately 4,600 feet per
second. Boring logs from Borings A7, A8, A9, and A10 indicate that the Avon Park Formation,
in general, becomes less weathered, has a higher recovery, and higher RQD below El. -97 ft.
NAVD. Under the North Reactor LNP 2, this "shelf' represents the boundary between NAV-1
and NAV-2. As presented in FSAR 2.5.4.2 Tables, NAV-2 exhibits more competent engineering
parameters (as summarized in Table 1 below):

Table I
Comparison of NAV-1, NAV-2, and NAV-3

NAV-1 NAV-2 NAV-3
Composition/Lithology Highly Highly Highly

dolomitized dolomitized dolomitized
limestone limestone limestone

Unconfined Compressive Strength 2,400 psi 2,900 psi 700 psi
Rock Mass Cohesion 26 psi 53 psi 20 psi
Shear Wave Velocity 3,660 ft/s 4,614 ft/s 3,097 ft/s

Young's Modulus 1,093 ksi 1,733 ksi 708 ksi
Rock Mass Modulus 547 ksi 867 ksi 354 ksi

Moisture Content 14 percent 11 percent 23 percent

The shelf is identified on FSAR Figure 2.5.4.2-205A and 2.5.4.2-205B as having little to no dip,
so its lateral distribution is judged to be sufficiently beyond the extent of the nuclear island
footprint. It extends approximately 50 feet in depth to El. -148 feet NAVD.

The shelf is not as evident in the subsurface properties of the South Reactor LNP 1. However,
boring logs from Borings A14, A17, A19, and A20 indicate that the Avon Park Formation, in
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general, has a higher recovery and higher RQD below El. -97 ft. It extends approximately 80
feet in depth to El. -180 feet NAVD, allowing for a standardized foundation concept for both
units. The engineering parameters for SAV-1 and SAV-2 are summarized in Table 2 below:

Table 2
Comparison of SAM-1 and SAV-2

SAV-I * SAV-I* SAV-2
(above El -99 ft) (below El -99 ft)

Composition/Lithology Highly Highly Highly
dolomitized dolomitized dolomitized
limestone limestone limestone

Unconfined Compressive Strength 3,700 psi 3,700 psi 700 psi
Rock Mass Cohesion 27 psi 27 psi 21 psi
Shear Wave Velocity 3,932 ft/s 3,932 ft/s 2,932 ft/s

Young's Modulus 1,379 ksi 1,379 ksi 676 ksi
Rock Mass Modulus 690 ksi 690 ksi 338 ksi

Moisture Content 10 percent 10 percent 23 percent
* Boring logs indicate that the Avon Park Formation, in general, has a higher recovery and higher RQD below El. -97 ft at LNP 1.

The shelf is indicated on Figure 1 below.

LNP 1 (South) LNP2 (North)

Figure 1
Shelf within Avon Park Formation

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

None
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.01-5

Text of NRC RAI:

The supplement lists assumptions and postulations used to calculate lateral dimensions of
borehole features (Attachment 2, pg. 7 of supplement, Karst Discussion - Excess Grout Takes),
and states that 9.9 ft is the maximum lateral extent of dissolution cavities at depth. Considering
a fracture spacing of 19 ft., if dissolution developed along two parallel fractures with this
spacing, then the resulting cavity could easily exceed 9.9 ft. if the two cavities coalesced at
depth.

Please discuss the uncertainty involved in the estimate of a 9.9 ft. maximum lateral extent for

dissolution cavities and the potential for coalescing dissolution cavities at depth.

PGN RAI ID #: L-0005

PGN Response to NRC RAI:

The analysis for both karst size and potential coalescence is based on conservative parameters
to account for the uncertainty associated with the observed data. Therefore, no differentiation is
made between "conservatism" and "uncertainty." The analysis relies upon a margin as
described below.

Several conservatisms were applied during the analysis that yielded the size of the design karst
feature. As described in the supplement, the following conservatisms were employed:

1) The excess grout volume was conservatively estimated by assuming that each borehole
was only 3.25 inches in diameter, from ground surface to the termination depth. The
"excess grout" calculated was the grout that remained after subtracting the volume in the
3.25 inch diameter borehole from the total grout.

2) The excess grout was distributed to only certain potential karst features identified within
each borehole.

3) For features associated with vertical fractures, the excess grout volume was
conservatively increased by 50 percent; for features associated with bedding planes, the
excess grout volume was conservatively increased by 100 percent.

With those conservatisms, the average lateral extent associated with a vertical feature was 3.1
feet, and the maximum was 6.1 feet. The average lateral extent associated with a horizontal
feature was 6.5 feet, and the maximum was 9.9 feet.

To better demonstrate the conservatism associated with the size of the design void, the data
were re-analyzed using the following alternate assumptions:

1) The excess grout volume was conservatively estimated by assuming that each borehole
was; only 3.25 inches in diameter, from ground surface to the termination depth. The
"excess grout" calculated was the grout that remained after subtracting the volume in the
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3.25 inch diameter borehole from the total grout. (Same assumption as the original
analysis.)

2) Excess grout is distributed over all low density features identified within each borehole.

3) Excess grout volume is defined as only the grout exceeding the theoretical borehole size
(no conservative increases to the grout volume).

With these less conservative assumptions, the average lateral extent associated with a vertical
feature is 1.8 feet, and the maximum is 4.3 feet. The average lateral extent associated with a
horizontal feature is 3.5 feet, and the maximum is 5.3 feet.

Therefore, the design void is larger than the calculated maximum void by a factor of 1.9 (10 feet
versus 5.3 feet).

If two 10-foot voids were to develop at adjacent local fractures (the worst-case scenario), the
features would be separated by approximately 9 feet of undissolutioned Avon Park Formation,
since the "plus-sign" morphology of the karst development in this region would govern that the
void would extend 5 feet in each direction from the vertical fracture. The potential for
coalescence of two adjacent dissolution cavities is diminished because of the dolomitization of
the Avon Park Formation. Not only were effective inter-granular porosity and permeability
reduced in the Avon Park Formation by recrystallization during dolomitization but, development
of solution channel porosity and permeability from groundwater circulation also was reduced
because dolomite is much less soluble than limestone (Faulkner, 1973).

While it is unlikely that features would coalesce at depth given the dolomitic nature of the Avon
Park Formation, the effect of such coalescence on the RCC bridging mat has been evaluated.
As shown on the supplement Figure 2.5.4.5-204, Case B-5, a 10-foot cavity that spans the width
of the nuclear island has been included in an elastic stress analysis. Such a cavity, which
effectively models a series of 10-foot voids that have coalesced across the entire nuclear island,
is shown to be bridged by the RCC bridging mat without adverse effects on the safety of the
plant.

References:

1) Faulkner, G.L., Geohydrology of the Cross-Florida Barge Canal Area with Special
Reference to the Ocala Vicinity, U.S. Geological Survey, Water-Resources Investigation
Report 1-73, 1973.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

None
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.01-6

Text of NRC RAI:

The supplement cites Dr. A. Randazzo (Attachment 2, pg. 7 of supplement, Karst Discussion -
Excess Grout Takes) as supporting the statement that the horizontal dimension of dissolution
features associated with vertical fractures is a fraction of the vertical dimension, but does not
summarize the information documenting the statement that lateral extent of dissolution features
developed along fractures is about 20% of the vertical dimension.

Please summarize the evidence, with appropriate references, for the statement that lateral
extent of dissolution features related to fractures is only about 20% of their vertical dimension.

PGN RAI ID #: L-0006

PGN Response to NRC RAI:

The estimate that the horizontal dimension of dissolution features associated with vertical
fractures is 20 percent of the vertical dimension is based on analysis of site specific data.

Using site specific LNP grout take data, the average height to width ratio of the features
estimated to have developed along vertical fractures at LNP is 0.19, as calculated from the
conservative excess grout analysis. If a less conservative (and more realistic) analysis is
performed as described in the response to RAI 02.05.01-5, this ratio becomes 0.15.

It should be noted that this 20 percent ratio is not a design parameter and was not used
numerically in any analyses.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

None
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.01-7

Text of NRC RAI:

The supplement refers to estimates as "conservative" for definition of a 10-ft. maximum lateral
extent for dissolution voids at any depth (Attachment 2, pg. 8 of supplement, Karst Discussion -
Excess Grout Takes), even though subsurface investigations do not appear to clearly document
this lateral limit due to borehole spacing and depth.

Please summarize the evidence leading to the conclusion that dissolution cavities will be no
greater than 10 ft. in lateral extent, since that dimension is used as the basis for design of the
RCC. Please discuss whether or not it is anticipated that voids of that size presently exist within
the proposed grout zone and explain the approach that will be followed if large voids are
discovered based on grout takes.

PGN RAI ID #: L-0007

PGN Response to NRC RAI:

The 10-foot design basis karst dimension is based on analysis of field data as described in the
supplement and the RAI Response 02.05.01-5.

It is important to note that a void with 10 feet lateral extent was not the design basis for
determining the design thickness and target strength of the RCC bridging mat.

The design thickness of the RCC bridging mat (35 feet) was governed by the geometry at LNP:
Plant Grade for the AP1 000 would be El. +51 ft; the NI basemat would be 40 feet below Plant
Grade (El. +11 ft); unconsolidated materials above the Avon Park Formation would be removed
(to El. -24 ft); a 35-foot thick zone would need to be filled between the NI basemat and the Avon
Park Formation. Hence, the RCC bridging mat is to be 35 feet thick.

The design strength of the RCC was governed by (1) substantial industry experience with
achievable target compressive strengths given the materials and construction conditions at
LNP, and (2) obtaining an RCC shear wave velocity greater than that of the adjacent subsurface
materials.

The lateral extent of the design void was determined by conservative analysis. Based upon
analyses cited in the response to RAI 02.05.01-5, it is expected that there exist low density
features of 2- to 6-foot horizontal dimension within the zone to be grouted.

In the event that a void is discovered within the grouted zone larger than 10 feet in horizontal
dimension, the void would be filled and the void's effect on the RCC stress, settlement, and
bearing capacity would be evaluated. Preemptive analyses have been conducted to determine
the stresses within the RCC bridging mat due to a 20-foot void at various depths below the
grouted zone, as presented in Table 1 and Table 2 below, for the North and South Reactors
respectively. The results show low RCC stresses, compared to the allowable tensile stress (230
psi) and compressive strength (2500 psi) described in FSAR Subsection 2.5.4.5.4. Calculations
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confirm that bearing capacity and settlement are not adversely affected by this hypothetical
case (as discussed in RAI Response 02.05.04-2).

TABLE I
NORTH REACTOR

Cavity elevation and dimensions Maximum stress

Model Description Elevation Depth Size (psi)
(ft amsl) (ft)(1) 1 (%b) () (ft x ft x ft) tension compression

Dl No cavity - - - 71.9 -654.6

D2 Center cavity in layer -24.0 0.0 0% 10xlOxl0 75.2 -657.4
NAVI (below the RCC)

D3 Center cavity in layer -97 -73.0 42% 20x20x20 71.9 -654.9
NAV2 (below grouting)

D4 Center cavity in layer -204 -180.0 103% 20x20x20 72.0 -655.1
NAV3

D5 Center cavity in layer -304 -280.0 161% 20x20x20 72.4 -657.7

NAV4

(1) Depth below the bottom of the RCC

(2) Depth below the bottom of the RCC as a percentage of the least lateral dimension of the RCC (b=174 ft)

TABLE 2
SOUTH REACTOR

Cavity elevation and dimensions Maximum stress

Model Description Elevation Depth Size (psi)

(ft amsl) (ft) (t ) (%b) (2) (ft x ft x ft) tension compression

DI No cavity - - - 67.7 -618.6

D2 Center cavity in layer -24.0 0.0 0% 10x10x10 67.7 -618.4
SAVI (below the RCC)

D3 Center cavity in layer -97 -73.0 42% 20x20x20 67.8 -619.0
SAVI (below grouting)

D4 Center cavity in layer -204 -180.0 103% 20x20x20 67.9 -619.1
SAV2

D5 Center cavity in layer -309 -285.0 164% 20x20x20 67.8 -618.7

SAV3

(1) Depth below the bottom of the RCC

(2) Depth below the bottom of the RCC as a percentage of the least lateral dimension of the RCC (b=l 74 ft)

These results indicate acceptable behavior of the RCC bridging mat with the presence of a
cavity that is four (4) times the plan area and eight (8) times the volume of the design void. The
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stresses presented in Tables 1 and 2 confirm that the behavior of the RCC bridging mat is not
governed by the void size.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

None
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.02-1

Text of NRC RAI:

Please describe your plans for ensuring the shear wave velocity post-grouting was appropriately
represented in the site response analyses you performed in your previous calculation of the
GMRS.

PGN RAI ID #: L-0008

PGN Response to NRC RAI:

During the Grout Test Program to be conducted in December 2008, the shear wave velocity of
the grouted zone will be measured using P-S suspension logging. Such surveys will be taken
prior to the Grout Test Program, and then after the grout has set for at least 14 days.

Since the methods and procedures employed during the Grout Test Program will be the same
as those used during construction grouting, similar results with respect to potential changes in
shear wave velocity are expected. No shear wave velocity testing is planned during or after
construction grouting.

The change in shear wave velocity measured during the Grout Test Program will be compared
to the range considered in the randomization of the soil profiles used in the site response
analysis. If the variation in shear wave velocity is larger than the range covered in the existing
site response analysis, appropriate reanalysis will be performed.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachmerits/Enclosures:

None.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI M: 02.05.02-2

Text of NRC RAI:

Please provide additional justification why geophysical tools, such as resistivity, microgravity,
and seismic tomography, were not used to characterize the extent of subsurface voids at depth.
Please also describe your plans for any post-grouting geophysical testing to assure that
dissolution cavities are filled and demonstrate post-grouting uniformity of the site.

PGN RAI ID M: L-0009

PGN Response to NRC RAI:

During LNP Site Characterization, as summarized in FSAR Table 2.5.4.4-201, the following
geophysical tools were employed:

P-S Suspension Velocity Logging in eighteen (18)
boreholes;

* Downhole Velocity Logging in fourteen (14) boreholes;
* Acoustic Image Televiewer in eight (8) boreholes;
* Natural Gamma Logging in fourteen (14) boreholes;
* Induction Logging in fourteen (14) boreholes;
* Gamma-Gamma (density) Logging in fourteen (14)

boreholes; and
Neutron-Neutron (porosity) Logging in fourteen (14)
boreholes.

As described in FSAR Subsection 2.5.4.4, during the pre-COLA site selection investigations,
surface refraction and microgravity surface geophysical surveys were performed in addition to a
series of preliminary boreholes. It was found that these geophysical survey investigation
methods did not produce reliable results at the LNP site due to numerous subsurface
heterogeneities including the presence of soft or weathered zones below the top of rock. As a
result, the COLA investigation instead included a large number of borehole geophysical logs
and surveys, as indicated by the list above.

Shear wave tomography has been attempted at the Savannah River Site to aid in the
characterization of "soft zones" at a depth of approximately 145 feet. The results of the effort
were unconvincing and not definitive. While the technology can discern anomalous layers of the
lithology, evidence has not been provided for the identification of specific cavities at such depths
(Cumbest et al, 1996).

Microgravity and electrical resistivity are not sufficiently sensitive to define the number and size
of the features. The reliability of these technologies to find subsurface voids has been
estimated as "poor to fair" (Xeidakis et al, 2004). Hence reliance has been placed on traditional
drilling and sampling techniques to be followed by a relatively large production grouting
operation with closely-spaced holes.
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There are no plans to perform post-construction grouting geophysical testing. As explained in
the response to RAI 02.05.04-2 Part D, the site is uniform as defined by RG 1.132.
Furthermore, the foundation concept for LNP, including an RCC bridging mat, does not dictate
that solution cavities must be filled. Nonetheless, as part of the construction dewatering effort, a
grout program will include grout treatment with primary holes on eight-foot centers for the upper
75 feet of Avon Park Formation, thereby providing additional margin.

During the Grout Test Program to be conducted in December 2008, P-S Suspension Logging

will be performed as described in the response to RAI 02.05.02-1.

The RCC bridging mat provides a uniform subgrade for the AP1000 foundation mat.

References:

1) Cumbest, R.J., Parra, J.O., Zook, B.J., Addington, C., and Price, V, Reverse VSP and
Crosswell Seismic Imaging at the Savannah River Site, Society of Exploration
Geophysics, 1996.

2) Xeidakis, G.S. et al., Engineering Geological Problems Associated with Karst Terrains:
Their Investigation, Monitoring, and Mitigation and Design of Engineering Structures on
Karst Terrains, Bulletin of the Geological Society of Greece, Vol. XXXVI, 2004.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

1) Cumbest, R.J., Parra, J.O., Zook, B.J., Addington, C., and Price, V, Reverse VSP and
Crosswell Seismic Imaging at the Savannah River Site, Society of Exploration
Geophysics, 1996.

2) Xeidakis, G.S. et al., Engineering Geological Problems Associated with Karst Terrains:
Their Investigation, Monitoring, and Mitigation and Design of Engineering Structures on
Karst Terrains, Bulletin of the Geological Society of Greece, Vol. XXXVI, 2004.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.04-1

Text of NRC RAI:

Please provide a sufficiently detailed discussion to justify that the borings adequately
characterize karst at depth at the site, and that the existing borehole spacing is sufficient to
characterize the lateral dimension of dissolution cavities and assess their correlation and
interpreted lack of connectivity between boreholes.

PGN RAI ID #: L-0010

PGN Response to NRC RAI:

The potential for karst features at depth is significantly reduced by two factors: (1) the nature of
the karst features at LNP, and (2) the resistance of the Avon Park Formation to undergo further
dissolution.

Regarding the nature of the karst features, those in the LNP vicinity are characterized by
solution channels in limestone that are oriented along near-vertical fractures having trends of
fracture systems mapped at the surface. Cavities are developed as the walls of fractures are
dissolved away by recently recharged groundwater with high carbon dioxide content (Faulkner,
1973). Because groundwater percolates downward and carbon dioxide content decreases as
the ground water percolates, the groundwater has reduced potential to dissolve limestone.
Therefore, the size of potential karst features diminishes with depth.

Regarding the ability of the subsurface to undergo further dissolution, the Avon Park Formation
is highly dolomitized, meaning that magnesium carbonate has replaced a significant percentage
of calcium carbonate within the limestone. Eighteen of twenty samples taken during the LNP
site characterization that were petrographically examined were completely dolomitized (less
than 50% CaCO 3). From Easterbrook (1999), "[the] purer the limestone is in CaCO3 , the greater
is its proclivity to form karst. Some evidence suggests that about 60 percent CaCO.3 is
necessary to form karst, and about 90 percent may be necessary to fully develop karst." Also,
dolomites have a lower permeability rate than limestone, thereby reducing the occurrence of
karst formation (Easterbrook, 1999).

In addition, dolomitized limestones have a smaller lattice structure than non-dolomitized
limestone clue to the size of the magnesium and calcite molecules. This smaller lattice reduces
the volume of voids within the structure, which will reduce the amount of secondary porosity and
fracturing within the rock. The smaller lattice of the dolomite is also crystallized, providing a
stronger, compact lattice (Prothero et al, 1996).

The guidance of RG 1.132, Section 4.3.1.1, states that "[it] is important that...borings penetrate
all suspect zones or extend to depths below which their presence would not influence the safety
of structures." As described in the supplement, karst features at depth (below El. -99 ft.) have
been shown to not influence the safety of the structures (also see response to RAI 02.05.01-7).

Data from the boreholes that penetrate below El. -99 ft show no inconsistency with the analysis
that shows no safety significant potential karst features at depth. Consistent with RG 1.132,
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borehole spacing that was sufficiently tight to characterize the lateral dimension of dissolution
cavities and assess the connectivity between boreholes is not needed. Given the nature of the
karst features at LNP and their reduced ability to undergo further dissolution, as well as the
impact of such features on the safety of the structures, the characterization of these features as
presented in the FSAR and the supplement is adequate.

References:

1) Easterbrook, D.J., Surface Processes and Landforms, Second Edition, Prentice Hall, Upper
Saddle River, NJ, 1999.

2) Faulkner, G.L., Geohydrology of the Cross-Florida Barge Canal Area with Special Reference
to the Ocala Vicinity, U.S. Geological Survey, Water-Resources Investigation Report 1-73,
1973.

3) Prothero, D.R., Schwab, F., Sedimentary Geology- An Introduction to Sedimentary Rocks
and Stratigraphy, First Edition, W.H. Freeman and Company, New York, 1996.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

1) Easterbrook, D.J., Surface Processes and Landforms, Second Edition, Prentice Hall, Upper
Saddle River, NJ, 1999.

2) Prothero, D.R., Schwab, F., Sedimentary Geology- An Introduction to Sedimentary Rocks
and Stratigraphy, First Edition, W.H. Freeman and Company, New York, 1996.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.04-2

Text of NRC RAI:

The Avon Park Formation may contain dissolution voids, soil-filled dissolution voids, and highly
variable strengths of subsurface rock materials based on Rock Quality Designation (RQD),
shear wave velocity measurements, and compressive strength test results from intact samples.

a. Please provide a more detailed explanation of how the supporting rock profile was modeled
in the Finite Element (FEM) analysis. Include a detailed explanation of how the material
properties for subsurface materials supporting the RCC were determined for application in
the FEM. Indicate how variability in the rock mass, voids and low density soil-filled voids
were modeled in the FEM.

b. Please describe how the results from the FEM were compared with shear strength in the
Avon Park Formation in the static and dynamic bearing capacity calculations. Please
provide sample calculations.

c. Please describe how rock mass properties were determined for use in the U.S Army Corps
of Engineers (USACE) bearing capacity equations you referenced, and provide a sample
calculation for bearing capacity using the USACE method for static and dynamic loads.

d. Please indicate how the limestone supporting the RCC meets the uniformity requirements
for subgrade reaction.

PGN RAI ID #: L-0011

PGN Response to NRC RAI:

a. A layered rock stratum was used to model the supporting rock profile in FEM analysis
wherein the profile was comprised of three layers at the South Reactor LNP 1 and four layers at
the North Reactor LNP 2. The delineation of these layered rock profiles was based on
geophysical tests conducted in the field, and rock classification determined using the results of
rock coring and laboratory tests (e.g., unconfined compressive strength tests).

In the FEM analysis, these rock layers are comprised of isotropic elastic solid elements which
were modeled using elastic deformation parameters i.e., rock mass modulus and Poisson's
ratio. The FEM analysis extends to a rock depth of 434 ft (EL. -458 ft NAVD 88) (approximately
2.5 times the least lateral dimension).

The analysis uses SAP2000 software including a three-dimensional finite element model
representing the rock-structure system. For the lateral dimensions, the model extends
approximately 0.8 times the width of the nuclear island in each direction. The nuclear island
basemat, RCC bridging mat, and subsurface Avon Park formation were modeled with 6-face,
8-node solid elements with variable sizes. The rock layers are considered to be supported at
the bottom and on the four lateral faces of the model by simple supports which allow rotations
but restrain displacements in three degrees of freedom. To eliminate the boundary effects, the
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model boundaries were located sufficiently distant from the NI footprint so that the stresses and
deformations are relatively small at the boundaries. The model is shown on Figure Al below.

Specifically, regarding the material properties, the site exploration results indicate that the LNP
rock mass is comprised of intact rock blocks disunited by discontinuities (i.e., joints, bedding
planes, etc.). Under applied stresses, the rock mass deformation is controlled by the
interactions between intact rock and discontinuities. Various methods have been described for
evaluating the deformation modulus in rock masses. Among the commonly employed methods,
in-situ testing methods are preferable for critical projects, mostly because the volume of the rock
influenced by a particular test is a significant factor in how well that test reflects the in-situ
properties.

Mayne et al. (2002) suggested that the small-strain modulus from shear wave velocity
measurements provides an appropriate reference value as regards the rock property, as this is
the maximum stiffness of the material at a given void ratio and effective confining state;
therefore, elastic modulus (Young's modulus) values were determined from shear wave velocity
measurements from suspension logging. Subsequently, the Rock Mass Modulus (Erm) for each
rock layer was calculated by reducing the average Young's Modulus (Eo) by 50 percent (Mayne
et al., 2002). This reduction reflects the strain degradation effects. The general deformation
pattern of each rock layer is captured by the averaged Young's Modulus calculated for particular
layer, and is reflected by rock mass modulus used in the design.

Additionally, the rock mass cohesion and friction angle were determined using the Unconfined
Compressive Strength (UCS) test results from the samples collected during site investigation.
In order to use equivalent rock mass parameters for the cohesion (c) and the friction angle (ý) in
the bearing capacity and settlement expressions, the Hoek-Brown failure criterion was used with
the corresponding parameters Mb, s and a of the North and South Reactor rock profile layers
(Hoek et al. 2002).

The variability of the rock was modeled through layered profiles, which include rock properties
altering for different layers. Due to the model restrictions, continuous solid elements; have to be
employed in the model domain; therefore the rock cavities in the FEM analysis were
represented by a material with rock mass modulus of zero. The cavities were located at top of
the rock (EL. -24 ft NAVD 88) in the nuclear island settlement and stress analyses. The cavity
size used in the analysis is approximately 10 feet by 10 feet.
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b. The bearing capacity of the subsurface of relatively soft rock layers was evaluated using
three different methods:

1. AASHTO: Bearing capacity of footings on broken or jointed rock

2. U.S. Army Corps of Engineers (USACE): Methods for computing bearing capacity on
jointed rock. Both static and dynamic load pressures were considered. Two equations,
considering different failure modes, were used:

a. General Shear Failure, based on the traditional Buisman-Terzaghi (Terzaghi,
1943) bearing capacity expression; and

b. Local Shear Failure, which represents a special case where the depth of
embedment does not contribute to the bearing capacity.

3. Three-Dimensional Finite Element Model (FEM), as described below.

In addition to the equations provided by the AASHTO and USACE procedures, a 3-1) FEM was
used to calculate the bearing capacity. The finite element methods are usually recommended to
analyze foundations with unusual shapes, loading conditions and in conditions where the
subsurface materials are highly variable. The primary advantage of the FEM is that the method
allows one to consider shear stresses at specific depth and plan locations, whereas the
AASHTO and USACE methods assume a plastic shear surface derived from theoretical
plasticity solutions. The FEM provides for an elastic solution that is valid so long as the
calculated shear stresses are below the yield values for the foundation rock shear strength. It
does not, a priori, assume a failure surface based on plasticity theory applied to idealized
situations.

With the FEM approach, if the calculated shear stresses in some of the finite elements begin to
approach the peak shear strength of the rock, some re-distribution of the stresses will occur in
reality. This re-distribution is often called plastic flow or the development of yield zones or yield
surfaces. In order to include the stress re-distribution associated with high shear stresses in an
elastic FEM, an incremental step-by-step nonlinear analysis was performed considering a brittle
material that is elastic until it reaches its capacity and has no stiffness after that point - this is
often termed an elasto-plastic type of behavior.

With this interactive approach, the loads were increased in step-by-step increments and the
shear stresses were calculated and compared with the corresponding rock shear strength in
each solid element. In a step where the shear stresses exceeded the rock shear strength in a
particular set of elements, the solid elements were replaced with a material without stiffness in
order to represent the rock brittle failure and frictional resistance along a failure surface; i.e. an
elasto-plastic material. After the solid elements with exceeded shear strength were replaced,
the load was increased and a new configuration of solid elements that have failed was
calculated. These elements were also replaced as in the previous step. Displacements of
several control points were also calculated with each step.

The analysis stopped when the load increment approximates to zero and, therefore, the
maximum bearing capacity of the subsurface was obtained. Alternately, one can stop the
interactive analysis once a desired factor of safety against bearing capacity failure is reached.

Finally, with this approach, the rock shear strength properties were determined using a Mohr-
Coulomb failure linear model with the corresponding cohesion and friction angle values
calculated using the Hoek and Brown criterion.
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The interactive approach described herein allowed the engineer to monitor and follow the
progressive failure mechanism and geometry of the failed rock.

The effects of the 3D layered subsurface, with different elastic properties and shear strength
parameters (cohesion and friction angle), were considered in the FEM model. These effects,
which were not considered in the theoretical equations, result in a combination of failure
patterns rather than a single failure mode. A 20-foot cavity, located at the west edge of the
RCC, beneath the grouted zone, was also considered.

Figure B1 and B2 show the failure patterns of the North-South and East-West directions for the
last load step of the analysis with no cavities (Case I). Figure B3 shows the failure patterns of
the East-West direction for the last load step of the analysis with a 20 foot cavity (Case II). The
analysis was stopped when the cumulative displacements at the most critical point of the RCC
(west edge) approached 3 inches. At this point, an increment in displacement in the RCC results
in a very small load increment, indicating that the model had reached its strength capacity, as
shown in Figure B4.

The Factor of Safety is defined as the ratio of the applied load of the ultimate bearing condition
to the applied load of the design condition. Based on the Load-Displacement plot of Figure B4, it
was considered that, for both Cases, the strength limit was reached between Step 6 and Step 8;
therefore, the load of Step 7 was considered to be the ultimate bearing capacity. The applied
load of the design condition corresponds to the load of Step 0. In both Cases, the resulting
Factors of Safety are FS = 1440477/483810 = 3.0.
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Figure Bl
Failure Pattern (Yellow Elements) Case I

West-East Section of the NI

Figure B2
Failure Pattern (Yellow Elements) Case I

North-South Section of the NI
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Figure B3
Failure Pattern (Yellow Elements) Case II

East-West Section of the NI
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c. The rock mass is comprised of discrete intact rock blocks separated by discontinuities (i.e.,
joints, bedding planes, etc.). Under applied stresses, the rock mass deformation is controlled by
the interactions between intact rock and discontinuities. Among the commonly employed
methods available for evaluating the deformation modulus in rock masses, in-situ testing
methods are preferable for critical projects, mostly because the volume of the rock influenced by
a particular test is a significant factor in how well that test reflects the in-situ properties.

Recognizing the potential variations in deformation modulus based on intact rock samples, the
small-strain modulus from shear wave velocity measurements provides an excellent reference
value as regards the rock property, as this is the maximum stiffness of the soil at a given void
ratio and effective confining state (Mayne et al. 2002).

Previous research studies have found that the small-strain stiffness from shear wave velocity
(Vs) measurements applies to the initial static monotonic loading, as well as the dynamic
loading of rock. Thus, the maximum shear modulus (designated Go) provides an upper limit
stiffness given by: Go = p Vs2 where p = (y/g = total mass density of the soil, 7 = saturated unit
weight and g = 9.8 m/s2 = gravitational constant). This Go is a fundamental stiffness of all solids
in civil engineering and can be measured in all soil types from colloids, clays, silts, sands,
gravels, boulders, to fractured and intact rocks. The corresponding Young's modulus is found
from: E0 = 2G 0 * (1+v) where v is the Poisson's ratio of rock at small strains (Mayne et al. 2002).

As regards the LNP FSAR development, Young's modulus values were determined from shear
wave velocity measurements from downhole and suspension loggings. The Rock Mass Modulus
(Erm) for each rock layer was calculated by reducing the average Young's Modulus (E0) by 50
percent (Mayne et al., 2002). This reduction reflects the strain degradation effects.

Furthermore, the Rock Mass cohesion and friction angles are determined using the Unconfined
Compressive Strength (UCS) test results from the samples collected during site investigation.
The UCS tests performed with axial and radial strain measurements allowed characterization of
the elastic material properties (i.e., Young's modulus and Poisson's ratio) as well as the UCS of
the rock in accordance with ASTM D7012-04 Method D.

In order to use the equivalent rock mass parameters for the cohesion c and the friction angle
in the bearing capacity equations, the Hoek-Brown failure criterion was used, with the
corresponding parameters mb, s and a of the North and South Reactor rock profile layers, as
shown in Table C1.

Based on the Hoek-Brown Criterion, the values of c and ý were calculated using the following
equations:

c=C' [(1+ 2a)s +(l-a)nho'f, s + mbo' ),•- (EQ.1)

(+aX2+a (+aX2+a)

sin`6amb(s + Mb (EQ.2)
2(1 + aX2 + a)+ 6amb (s + mba;Fl.

where: 3 = a3max /Cci

y3m.. is the upper limit of the confining stress

cyc is the uniaxial compressive strength of the intact rock material, and
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Mb and s are material constants.

To estimate the ultimate bearing capacity of the jointed rock subsurface layers, the equations of
the U.S. Army Corps of Engineers (USACE, 1994) were used. Two different equations,
assuming different failure modes were analyzed:

A) General shear failure, based on the traditional Buisman-Terzaghi bearing capacity
expression; and

B) Local shear failure, which represents a special case when the depth of embedment does
not contribute to the bearing capacity.

Additionally, the bearing capacity of the rock subsurface is calculated at two different locations:

1) At the top of rock layers NAV-1 and SAV-1 (bottom of the RCC) for the North and South
Reactors, respectively. A weighted average of the rock mass parameters and unit
weights (weighted by layer thickness) is considered within a depth of 2B, where B is the
RCC least lateral dimension.

2) At the top of rock layers NAV-3 and SAV-2 for the North and South Reactors,
respectively. The rock mass parameters and unit weights of these layers are considered
within a depth of 2B.

The weighted average cohesion and friction angles (weighted by layer thickness) considered in
Cases 1 and 2 are:

Case 1 Case 2 Case 1 Case 2
c (ksf) 4.1 2.9 3.5 3.0
6 (deg) 19.8 16.0 19.9 15.0
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Sample Calculation
Case I - North Reactor

A) General Shear Failure

General equation:

q= = CNACC + 0.5y B NYCY + 'DNq

where: y'D is the effective surcharge pressure at the foundation depth
7' is the effective unit weight of the foundation media
B' is the effective width
Nq, Nc and Ny are bearing capacity factors
C, and Cy are foundation shape correction factors (Table 6-1. USACE, 1994)

Bearing Capacity Factors (Eq. 6-2a to 6-2d of USACE, 1994):

N, = 2N.O-(N÷T + 1)
Nq =N N2 NY :- - 5 N (N2-_I) N= tan 2 45 +

Rock Properties
water 0.0624 kip/ft3

soil above 7=
footing base y1moist = 0.124 kip/ft -

Ybuoyant = 0.062 kip/ft -

c = 4.10 kip/ft -

rock below = 19.76 degrees
= 0.3449 radians-- footing base Yos .2 Ii

ybumoist = 0.126 kip/ft3
Ybuoyant = 0.063 1k ip/ft3 -

Rectangular footing dimensions:
B = 142.25 Ft
L = 268.00 Ft

Base depth, H = 75.00 Ft
Watertable depth, Dw = 0 Ft

Static forces were applied to Nuclear Island basemat (using reactions at the bottom of the RCC
from FEM model results for settlement analysis):

Vertical forcea Fz = 4.856E+05 kips
Horizontal force Vx,y= 0.OOOE+00 kips

M1 = 2.582E+06 kip-ft
ML = 6.524E+05 kip-ft

a Total load, including the RCC self-weight
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For dynamic forces, base reactions were based on equivalent static accelerations applied to NI
basemat:

Vertical force Fz = 1.092E+05 kips
MB = 1.142E+07 kip-ft
ML = 1.200E+07 kip-ft

VXa = 1.130E+05 kips
Vy = 1.122E+05 kips

hxeqb = 101.7 ft
hyeq = 106.2 ft
MB' = 1.535E+07 kip-ft
ML' = 1.596E+07 kip-ft

RCC height h RCC = 35 ft
a lateral shear forces; equivalent height

Moment increments due to the RCC height are not considered.

Equivalent width and length calculations:

a) Static
e8 = 5.32
eL = 1.34

ft,
ft,

B -2 eB=
L -2 eL=

B -2 eB=
L -2 eL=

131.62ft, B'=
265.31 ft, L'=

90.57 ft, B'=
213.69ft, L'=

131.62 ft
265.31 ft

b) Dynamic
eB = 25.84 ft,
eL = 27.15 ft,

90.57 ft B/6 = 23.7
213.69ft LU6= 44.7

ft
ft

Effective surcharge: q =4.638 kip/ft2

Average unit weightyeff =:0.063 kip/ft 2
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For the static analysis, the ultimate bearing capacity quit (uniform) is compared with the average
bearing pressure (8.9 ksf at the NI basemat) to calculate the corresponding factor of safety. In
the dynamic analysis, the maximum bearing pressure (35.0 ksf at the west edge of the NI
basemat) is compared with the ultimate toe stress a,, which corresponds to the bearing capacity
at the edge of the foundation, considering a linear distribution.

Since the basemat, in combination with the supported structure, is considered to be rigid, the
soil pressure can be calculated from principles of mechanics of materials for combined bending
and axial stresses (Bowles, 1988).

For footings with moments or eccentricities about both axes:

P_ = MBC. + MLCy
A IB IL

This equation may be rewritten, considering only the positive values for the maximum stress
value:P I+ 6e 6e1

GuBL(, B L)

B) Local Shear Failure

The local shear failure equation represents a special case where failure surfaces start to
develop but do not propagate to the surface; therefore, it is considered that the depth of
embedment does not contribute to the total bearing capacity stability.

%it = CNCC + 0.5y'B'NiCy
where: y'D is the effective surcharge pressure at the foundation depth

y' is the effective unit weight of the foundation media

B' is the effective width
Nc and Ny are bearing capacity factors
Cc and Cy are foundation shape correction factors (Table 6-1, USACE, 1994)

Ultimate Bearing Capacity
Static loads

quit = from c = 39.5 kip/ftz Ultimate stress:
from y- 16.4 kip/ft _ P,, = 1.95E+06 kips

from q = 0.0 kip/ft2 P. =Pu /FSb = 1.95E+06 kips
total qut a= 56.0 kip/ft _,,J= 64.3 ksf

Dynamic loads
quit = from c = 39.5 kip/W Ultimate stress:

froryiy= 11.3 kip/ft Pu = 9.84E+05 kips
from q = 19.0 __pft P, =Pu /FSb = 9.84E+05 kips

total quit a= 50.8 kip7lft ___ = 69.6 ksf
(on effective area B' L') b FS =1
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TABLE Cl
ROCK MASS STRENGTH PROPERTIES AND

HOEK-BROWN MASS STRENGTH PARAMETERS (1)

Hoek-Brown Criterion Rock
Geological Disturbance Parameters Max. Rock Rock Mass

Site Layer (2) Strength Factor Confining Mass Mass Frictions a Prssure RQD Masas
Index ml mb a Pressure Cohesion Cohesion Angle(a) Angle

GSI D a'3 max (psi) C (psi) C (ksf) * (deg)

NAV-1 37 0.70 8.0 0.251 0.0001 0.514 181 56 26 3.74 24
-. NAV-2 38 0.50 8.0 0.418 0.0003 0.513 353 53 53 7.63 25

Z NAV-3 22 0.20 8.0 0.362 0.0001 0.538 245 18 20 2.88 16
NAV-4 31 0.20 8.0 0.518 0.0003 0.521 597 38 72 10.37 21

0 SAV-1 31 0.70 8.0 0.181 0.00005 0.521 190 36 27 3.89 24
o SAV-2 21 0.20 8.0 0.348 0.0001 0.541 276 13 21 3.02 15

W SAV-3 27 0.20 8.0 0.442 0.0002 0.527 685 33 82 11.81 22
(1) Rock Mass strength properties and Hoek-Brown Criterion
parameters.
(2) NAV = North Reactor Avon Park Rock Layers; SAV = South Reactor Avon Park Rock
Layers.
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TABLE C2
RESULTS OF USACE BEARING CAPACITY ANALYSES

Rock Mass Properties USACE (1996)
General Shear Local Shear FailureFailure _____Load Unit FrictionFalr

Unit Loado Uit Cohesion Frcto Ultimate Ultimate
(peC i wegh ) (degrees) Bearing Factor of Bearing Factor of

Capacity Safety Capacity Safety

(ksf) (ksf)

Static 125.7 4.1 19.8 74.9 7.6 56.0 5.7
0 Dynamic
O 125.7 4.1 19.8 95.6 2.6 69.6 1.9

Static 132.1 3.5 19.9 71.7 7.2 52.5 5.3

O DynamicW I 132.1 3.5 19.9 90.3 2.5 64.0 1.8

Bearing pressures at the bottom of the RCC (EL. -24 ft NAVD):
Static bearing pressure =

Dynamic bearing pressure
9.9 ksf

= 36.3 ksf
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d. The AP1000 DCD site parameter requirement for site uniformity (lateral variability) states
that "soils supporting the nuclear island should not have extreme variations in subgrade
stiffness." Three ways are provided to demonstrate this uniformity, including the following:
"Soils supporting the nuclear island are uniform in accordance with Regulatory Guide 1.132 if
the geologic and stratigraphic features at depths less than 120 feet below grade can be
correlated from one boring or sounding location to the next with relative smooth variations in
thicknesses or properties of the geologic units."

The nuclear islands will be founded on a 35-foot thick RCC bridging mat, overlaying the Avon
Park Formation. The average shear wave velocity is greater than 2500 feet per second for all
layers below the RCC bridging mat (75 feet below grade).

For depths between 75 feet and 150 feet below grade, the Avon Park Formation is also uniform,
as described below. A depth of 150 feet below grade (El. -99 ft) was chosen to correspond to
the shelf identified in RAI Response 02.05.01-4, which exceeds the requirements described
above.

Consistent with the AP1000 DCD, the Avon Park must be shown to be uniform in terms of
thickness, dip, and shear wave velocity to the depth of concern.

Beneath the RCC bridging mat, one geologic unit is uniformly present to depths beyond 150 feet
below grade, consistently across all boreholes within the nuclear island footprint, meeting the
thickness requirement of a uniform site.

For both the North and South Reactors, the dip of the Avon Park Formation is approximately 2
degrees, meeting the dip requirement of a uniform site.

Beneath the proposed South Reactor (LNP 1), the existing properties, particularly shear wave
velocity, can vary within the geologic unit, but they vary smoothly and by less than 16 percent
between the boreholes. The average shear wave velocity within the nuclear island footprint
between the bottom of the RCC bridging mat and 150 feet below grade is approximately 3,600
feet per second. Average shear wave velocities for individual borings within this zone vary from
approximately 3,000 fps to approximately 4,100 fps.

Beneath the proposed North Reactor (LNP 2), the existing properties, particularly shear wave
velocity, can vary within the geologic unit, but they vary smoothly and by less than 8 percent
between the boreholes. The average shear wave velocity within the nuclear island footprint
between the bottom of the RCC bridging mat and 150 feet below grade is approximately 3,600
feet per second. Average shear wave velocities for individual borings within this zone vary from
approximately 3,400 fps to approximately 4,000 fps.

Given these smooth variations in the existing shear wave velocities beneath both units, the
stiffness requirement of a uniform site is met.

Based on the above, the LNP site meets the AP1000 DCD requirements and the Regulatory
Guide 1.132 guidance for a uniform site.

References:

1) Bowles, J.E., Foundation Analysis and Design, 4 th Edition, McGraw Hill, 1988.

2) Hoek, E., Carranza-Torres, C., and Corkum, B., Hoek-Brown Failure Criterion - 2002
Edition, NARMS-TAC Conference, Toronto 2002.
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3) Mayne, P.W., Barry, C., and DeJong, J., Manual on Subsurface Investigations -
Geotechnical Site Characterization, NHI Publication No. FHWA NHI-01-031, Washington
D.C., 2002.

4) Terzaghi, K., Theoretical Soil Mechanics, John Wiley and Sons, New York (1943).

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

None.
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 02.05.04-3

Text of NRC RAI:

The supplement states that, because incremental shear stresses at El -150 ft were only 2 psi,
characterization of subsurface conditions below this depth were considered to be adequate and,
consequently, settlement magnitudes were deemed to be appropriate.

a. Given the small number of borings, please discuss the basis for the conclusion that larger
voids which may collapse and consequently affect settlement do not exist below El -150 ft.

b. Please provide a sketch of the rock profile assumption, including rock mass elastic
properties used in the elastic settlement analyses. Provide a sample calculation using the
Boussinesq stress distribution down to 2B. Please indicate how rock mass elastic properties
for the settlement calculation were determined and how karst features were incorporated
into the rock mass property determinations for settlement analysis.

PGN RAI ID #: L-0012

PGN Response to NRC RAI:

a. Karst features of the vicinity are characterized by solution channels in limestone that are
oriented along near-vertical fractures having trends of fracture systems mapped at the surface.
Cavities are developed as the walls of fractures are dissolved away by recently recharged
groundwater with high carbon dioxide content (Faulkner, 1973). Because groundwater
percolates downward and carbon dioxide content decreases as the ground water percolates,
the ground water has reduced potential to dissolve limestone. Therefore, the size of potential
karst features diminishes with depth.

Regarding the ability of the subsurface to undergo further dissolution, the highly dolomitized
Avon Park Formation, particularly at such depths, exhibits significantly less potential for such
dissolution due to the higher magnesium content, as discussed in the response to RAI
02.05.01-1.

Additionally, the karst feature evaluation, described in the FSAR, the supplement, and several
RAI responses included in this submittal, considered data below El. -150 ft. Aside from the four
(4) deep borings that extended to El. -450 ft, an additional 28 borings extended to depths
between El. -150 ft. and El. -275 ft. Nineteen (19) of these extended to depths below El. -200 ft.
The data from these boreholes are provided in FSAR Appendix 2BB. These data do not
contradict the karst feature evaluation described in the FSAR. Additionally, as described in the
response to RAI 02.05.01-7, if a cavity exists below El. -150 ft. with dimensions of 20 feet x 20
feet x 20 feet, the safety of the structure is not adversely affected. The void size has been
conservatively estimated, and the foundation has been conservatively designed.

b. The soil and rock profiles of LNP 1 and LNP 2 were determined based on the geotechnical
site investigation data produced in accordance with NRC Regulatory Guide 1.132 and 1.138.
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Sketches of the subsurface profiles of LNP 1 and LNP 2 used in the elastic settlement analyses
are shown below on Figures B1 and B2, respectively.

As regards the rock mass elastic properties, rock mass deformation modulus values were
determined from shear wave velocity measurements from downhole testing and suspension
logging. The Rock Mass Modulus (Erm) for each rock layer was calculated by reducing the
average Young's Modulus (Eo) by 50 percent (Mayne et al., 2002). This reduction reflects the
strain degradation effects. The rock mass deformation modulus, used in the foundation design
calculation, represents the lower end of the measured rock mass deformation modulus.

Furthermore, the Rock Mass cohesion and friction angle are determined using the Unconfined
Compressive Strength (UCS) test results from the samples collected during site investigation. In
order to use equivalent rock mass parameters for the cohesion (c) and the friction angle (4) in
the bearing capacity and settlement expressions, the Hoek-Brown failure criterion was used,
with the corresponding parameters mb, s and a of the North and South Reactors rock profile
layers (Hoek et al. 2002). The variability of rock is modeled through layered profiles, which
include rock properties altering for different layers.
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EL. 51 ft

75 Quaternary Deposits

EL. -24

SAV 1
156 E= 690 ksi v=0.39

ET- -180 ft

129 ft Erm= 338 ksi v=0.41 SAV2

EL. -309 ft

SAV 3

149 ft [Erm= 652 ksi v=0.38

EL. -456 ft

SAV = South Reactor Avon Park Rock Layers.

v Poisson's ratio is based on rock dynamic properties from suspension logging.

Er, Rock mass elastic modulus Er, was calculated using shear wave velocity measurements
and corresponds to a shear modulus (Gmax) for very low strains. In this analysis, Em, was
reduced by 50% in order to consider the material strain softening due to higher strains (Mayne
et al, 2002).

Figure B1
South Reactor Subsurface Profile

(Not to scale)
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E, 51 ft

75 Quaternary Deposits

+ FT, -94

73 Erm= 547 ksi v=0.38 NAVI

FT -A7

51 E•= 867 ksi v=0.35 NAV2
FT -14R ff

155 ft Erm=354ksiv=0.41 NAV3

EL. -303 ft

NAV 4

155 ft Erm= 647 ksi v=0.38 1

EL. -456 ft

NAV = North Reactor Avon Park Rock Layers;

v Poisson's ratio is based on rock dynamic properties from suspension logging.

E.m Rock mass elastic modulus Erm was calculated using shear wave velocity measurements
and corresponds to a shear modulus (Gmax) for very low strains. In this analysis, Erm was
reduced by 50% in order to consider the material strain softening due to higher strains (Mayne
et al, 2002).

Figure B2
North Reactor Subsurface Profile

(Not to scale)
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Sample Calculation

Settlement of rock layers using Boussinesq vertical stress distribution
North Reactor (LNP 2)

Elastic settlements may be determined using the following equation (Bowles, 1988), based on
the theory of elasticity.

A6 =Ei HiA°'i

Em

where: A5 is the elastic settlement increment at each depth
Hi is the thickness of layer i
Au is the increment in vertical stress due to foundation loading at the ith layer
Emc is the constrained elastic rock mass modulus

The constrained modulus considers that the material is constrained laterally, that is cx=ry=0.

Using theory of elasticity (Bowles,1988)

Ex ( -1=0 (1)
E E

C, Sy-u(ax + a'z=0 (2)

E E

Ez= 1z-U(3)
I , E

where: c, ,y and c, are the strains in x, y and z directions;
ax, ay and a, are the stresses in x, y and z directions;

E is the elastic modulus and v the Poisson's ratio.

Using equations (1), (2) and (3), the resulting vertical deformation is:

ý= a_((I- 2uX_+u)1

If:

(x[(1-2LuXl+u)]

The constrained elastic modulus is:

E,, =E*1I
a
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The Boussinesq vertical stress factor:

F(R/z)= 1.0 -

(I +(R /z)2ff'2

where: R is the radius for equivalent RCC circular area A
z is the depth at which stresses are evaluated
A = 38123 ft2

R = 110.16 ft

The vertical stresses given by Bowles (1988):

Aca, = qoF(R / z)

where qo is the surface uniform load qo = qo,NI + qo0RCC

The results of the above method are shown in Table B1.
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TABLE BI
RESULTS OF SETTLEMENT ANALYSIS BOUSSINESQ VERTICAL STRESS

Layer*
Depth
points

ft

Thickness
ft

Rock Mass
Constr. Modulus

Emc (vsf)

Poisson's
ratio

Boussinesq
RIz Settlement

increment
. A46(in)F(RJz) Aaz(ks.)

-I _______ ____________ ..- -- ______________ _________ L ________ __________________ ________________

0 0.0 0.0 1.483E+08 0.38 1.000 12.69 0.000

z

1 2.0 2.0 1.483E+08 0.38 55.079 1.000 12.69 0.002
2 4.0 2.0 1.483E+08 0.38 27.540 1.000 12.69 0.002
3 6.0 2.0 1.483E+08 0.38 18.360 1.000 12.69 0.002
4 8.0 2.0 1.483E+08 0.38 13.770 1.000 12.69 0.002
5 10.0 2.0 1.483E+08 0.38 11.016 0.999 12.68 0.002
6 20.0 10.0 1.483E+08 0.38 5.508 0.994 12.62 0.010
7 30.0 10.0 1.483E+08 0.38 3.672 0.982 12.46 0.010
8 40.0 10.0 1.483E+08 0.38 2.754 0.960 12.19 0.010
9 50.0 10.0 1.483E+08 0.38 2.203 0.929 11.79 0.010
10 60.0 10.0 2.003E+08 0.35 1.836 0.891 11.30 0.007

, 11 70.0 10.0 2.003E+08 0.35 1.574 0.846 10.73 0.006
12 80.0 10.0 2.003E+08 0.35 1.377 0.797 10.12 0.006

Z 13 90.0 10.0 2.003E+08 0.35 1.224 0.747 9.48 0.006
14 100.0 10.0 2.003E+08 0.35 1.102 0.696 8.84 0.005
15 125.0 25.0 1.185E+08 0.41 0.881 0.578 7.33 0.019
16 150.0 25.0 1.185E+08 0.41 0.734 0.476 6.05 0.015

" 17 175.0 25.0 1.185E+08 0.41 0.629 0.394 5.00 0.013
z 18 200.0 25.0 1.185E+08 0.41 0.551 0.328 4.16 0.011

19 250.0 50.0 1.185E+08 0.41 0.441 0.234 2.97 0.015
20 300.0 50.0 1.747E+08 0.38 0.367 0.173 2.19 0.008
21 350.0 50.0 1.747E+08 0.38 0.315 0.132 1.68 0.006F 22 400.0 50.0 1.747E+08 0.38 0.275 0.104 1.32 0.005
23 434.0 34.0 1.747E+08 0.38 0.254 0.089 1.13 0.003

Total elastic settlement (in) = 0.175
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Table B1 above indicates the settlement results using the Boussinesq stress distribution to a
depth of 2.5B. These Boussinesq values represent the vertical stresses (not shear stresses) in
the LNP subsurface.

References:

1) Hoek, E., Carranza-Torres, C., and Corkum, B., Hoek-Brown Failure Criterion - 2002
Edition, NARMS-TAC Conference, Toronto 2002.

2) Mayne, P.W., Barry, C., and DeJong, J., Manual on Subsurface Investigations -
Geotechnical Site Characterization, NHI Publication No. FHWA NHI-01-031, Washington
D.C., 2002.

3) Faulkner, G.L., Geohydrology of the Cross-Florida Barge Canal Area with Special
Reference to the Ocala Vicinity, U.S. Geological Survey, Water-Resources Investigation
Report 1-73, 1973.

4) Bowles, J.E., Foundation Analysis and Design, 4th Edition, McGraw Hill, 1988.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

None
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RAI Response

NRC Letter Date: October 6, 2008

NRC Acceptance Review of Levy COL Application

NRC RAI #: 03.08.05-1

Text of NRC RAI:

Under, SRP Section 3.8.5, "Foundations," the staff reviews the adequacy of foundations of all
Seismic Category I structures. A foundation is a structural element that connects the
superstructure and the supporting medium, such as soils or rocks. The purpose of the
foundation is to hold the superstructure in place and to transmit all loads of the superstructure to
the underlaying soils or rocks.

Levy FSAR Section 3.8.5.1, "Description of the Foundations," references FSAR Section 2.5.4,
"Stability of Subsurface Materials and Foundations," for a description of the foundation depth of
overburden and depth of embedment. FSAR Section 2.5.4 describes that, below the NI
basemat, a 35-foot thick RCC bridging mat will be used to transmit the NI loads under static and
dynamic conditions to the karst foundation. However, details regarding how this bridging mat
will transform the NI loads to the karst foundation are not provided.

Staff requests the applicant to:

(a) Describe the methods used to transmit the static and dynamic loads of the NI through
the bridging mat to the karst foundation, and justify the use of the RCC bridging mat
between the NI basemat and the karst foundation.

(b) Provide requirements of material, installation, and compaction for the RCC bridging
mat, and the analysis and design methods for the bridging mat.

PGN RAI ID #: L-0013

PGN Response to NRC RAI:

a. The RCC bridging mat is a block of mass concrete that transmits the static and dynamic NI
loads to the underlying Avon Park Formation. The top of rock, including dental concrete,
provides a rough surface such that a static coefficient of friction of at least 0.7 is achieved,
which meets the DCD criteria. Above the RCC bridging mat, a waterproofing membrane will be
installed in accordance with the requirements set forth in the DCD, where the RCC bridging mat
serves as the "lower mud mat." The requirements for minimum static coefficient of friction
between these interfaces, as specified in the DCD, will also be achieved.

The thickness of the RCC bridging mat is necessary to backfill between the proposed NI
basemat (El. 11 ft.) and the top of the Avon Park Formation (El. -24 ft.), while the strength
properties of the RCC bridging mat are such that the shear wave velocity is greater than that of
the adjacent subsurface materials. The resulting structure, as described in FSAR Subsection
2.5.4.5.4, has been shown to be adequate to transmit static and dynamic NI loads while
"bridging" a design-size air-filled cavity (or cavities) located immediately beneath the RCC at
any plan location. A finite-element model was used for this evaluation.
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b. Subsequent to the excavation described in FSAR Subsection 2.5.4.5.3, a RCC Bridging Mat
will be constructed at EI.-24 ft. The mat will be installed in one-foot lifts to El. 11 ft.

The requirements for the materials comprising the RCC are to be developed as part of a mix
design program, which will yield a specification for the materials. The mix design will be verified
with a full test section, as described in FSAR Subsection 2.5.4.12 and the supplement.

The RCC installation and compaction will begin with on-site mixing. A Creter Crane (or similar
machine) will place materials delivered from the mixing plant. The delivered RCC will be spread
with bulldozers to a compacted lift thickness of 1 foot. At least four passes of smooth drum
vibratory rollers will be used to compact the RCC.

During the construction of the RCC Bridging Mat, field measurements of RCC density will be
performed using a nuclear densometer for each 1-ft. lift during placement of the RCC.

Verification laboratory tests will be performed to confirm that the compressive strength of the
RCC is satisfactory. The tests will be conducted using six-inch diameter cylindrical test
specimens molded during construction, in accordance with ASTM C 1435/C 1434M-05:
"Standard Practice for Molding Roller-Compacted Concrete in Cylinder Molds Using a Vibrating
Hammer". Concrete to make the test specimens will be taken from six different locations for
each 1-ft. lift of the RCC. Three samples will be taken at each of the six locations. The
compressive strength tests will be conducted within 1 year of placement of the RCC.
Compressive strength testing will be performed in accordance with ASTM C 39 "Test Method for
Compressive Strength of Cylindrical Concrete Specimens." All laboratory testing will conform to
NQA-1 quality requirements. The strength level of RCC, adjusted for aging, will be considered
satisfactory if either conditions 1 and 2 or conditions 1 and 3 are satisfied:

1) The average of compressive strength from three cylinders molded at a location equals or
exceeds f'c.

2) No individual strength test (average of two cylinders) falls below f'c by more than 500
psi.

3) If individual strength tests (average of two cylinders), adjusted for aging, fall below f'c by
more than 500 psi, a minimum of three cores drilled from the area in question shall be
tested. The cores shall be drilled in accordance with ASTM C42: "Method of Obtaining
and Testing Drilled Cores and Sawed Beams of Concrete." RCC in areas represented
by core tests shall be considered adequate if the average of compressive strength from
three cores is equal to at least 85 percent of fc and if no individual core compressive
strength is less than 75 percent of f'c.

If these acceptance criteria are not met, an evaluation of the acceptability of the RCC for its
intended function shall be performed before acceptance.

Regarding the design and analysis of the RCC bridging mat, a theoretical rock profile for the
North and South Plant Units was developed using LNP site-specific rock properties and layering
information. A SAP2000 Finite Element Model (FEM - linearly elastic) of the RCC, nuclear
island basemat, and the subsurface rock was created using the design geometry, the rock
profile beneath the RCC Bridging Mat, and the total loads applied by the nuclear island.
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Also included in the FEM was the presence of theoretical cavities of different sizes and
configurations. Three different cases, with cavities located at different depths, were considered:

" Case A: Cavities were located immediately below the grouted limestone, at El. -99 ft.
NAVD (75 ft. under the RCC).

* Case B: Ignoring the effect of grouting, cavities were located immediately below the
RCC, at El. -24 ft. NAVD.

" Case C: Cavities were located at the top of rock layer NAV-3, which is the layer with
lower Elastic Modulus for the North Reactor profile, below El. -149 ft. NAVD (125 ft.
under the RCC). This case was analyzed only in the North Reactor, where the lower
Elastic Modulus layer is somewhat thicker than in the South Reactor profile.

Examples of the locations of these cavities are shown on FSAR Figure 2.5.4.5-204.

Sample stress plots and result tables were generated for the maximum stresses derived from
the different cases of this analysis.

The concrete tensile nominal capacity is 230 psi, using the ACI 318-05 equations for structural
plain concrete tensile strength. ACI 349 does not include a Chapter for Plain Concrete. No
strength factors were used since the nominal capacities are compared with service loads in
order to calculate the factors of safety. Unlike reinforced concrete, in which tensile strength is
neglected, an allowable tensile strength is permitted for structural plain (unreinforced) concrete,
including RCC. A compressive strength of 2,300 psi was considered in this analysis, a
conservative reduction from the 2,500 psi design strength. The tensile capacity will be verified
with the RCC Test Pad.

The nuclear island vertical load considered in this analysis is 287,000 kips. The total vertical
load of 287,000 kips corresponds to an average uniform load of 8.93 ksf, which exceeds the
actual DCD Tier 1 requirement for bearing capacity.

In the 3-D FEM, the shear forces were fully transmitted between the basemat and the RCC and
between the RCC and the subsurface rock.

In the 3-D FEM, the subsurface material (limestone) that was included in the model below the
RCC was sufficiently extended in both lateral direction and depth so that, at the borders of the
model, the stresses and deformations due to the external loads applied to the NI basemat are
relatively small.

Any additional strength provided by grouting the upper 75 feet of limestone was conservatively
not included in this analysis. The rock mass properties (ungrouted) for that layer were used.

The LNP 2 profile presented lower values of rock mass elastic modulus; therefore, in most
cases, the resulting tensile stresses were higher in LNP 2 than in LNP 1.
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Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

AttachmentslEnclosures:

None.
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List of Attachments

1. Electronic PDF file of Reference Cumbest (1996).
2. Electronic PDF file of Reference Easterbrook (1999).
3. Electronic PDF file of Reference Florea (2006).
4. Electronic PDF file of Reference Prothero (1996).
5. Electronic PDF file of Reference Santamarina (2001).
6. Electronic PDF file of Reference Xeidakis (2004).

Appropriate pre-submission checks have been successfully performed on these files, and
they have been found to be compliant with NRC electronic submittal guidelines.

The pre-flight report for these files is provided. The following files do not pass pre-flight with
the error being "resolution lower than 300 pixels per inch". Based on past submittals, it is
understood that this error is acceptable due to embedded images in the native versions of
the files, prior to the distilling step. These files have been prepared in compliance with NRC
electronic submittal guidance.

No. File Name Preflight Status Reason

< 300 ppi - (due to
1 Cumbest (1996).pdf Error/Failed embedded images in

native file)

< 300 ppi - (due to
2 Easterbrook (1999).pdf Error/Failed embedded images in

native file)
< 300 ppi - (due to

3 Florea (2006).pdf Error/Failed embedded images in
native file)
< 300 ppi - (due to

4 Prothero (1996).pdf Error/Failed embedded images in
native file)
< 300 ppi - (due to

5 Santamarina (2001).pdf Error/Failed embedded images in
native file)
< 300 ppi - (due to

6 Xeidakis (2004).pdf Error/Failed embedded images in
I _native file)


