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2547 Response of Soil and Rock to Dynamic Loading

LNP COL 2.5-2 This subsection presents a summary of information regarding the response of
LNP COL 2.5-6 soil and rock to dynamic loading. Cross references to other subsections in this
FSAR are provided herein.

Descriptions of investigations performed to identify surface faulting features in
the LNP site and vicinity are presented in FSAR Subsection 2.5.3. As stated
therein, there are no capable tectonic fault sources within the site area or vicinity.
There is no evidence of Quaternary tectonic surface faulting or fold deformation
within the LNP site location. The potential for nontectonic deformation at the site
from phenomenon other than karst-related collapse or subsidence is negligible.
The LNP site lies within a region susceptible to dissolution and karst
development. The materials below the bottom of the nuclear island to an
elevation of -30 m (-99 ft.) NAVD88 will be improved as described in FSAR
Subsection 2.5.4.12.

Results of Vs and V; surveys at the LNP site are presented in FSAR Subsection
2.5.4.4. Results of Vs from Suspension P-S velocity logging and downhole
logging within boreholes at LNP 1 and LNP 2 are presented on Figures
2.5.4.2-204A, 2.5.4.2-204B, 2.5.4.2-205A, and 2.5.4.2-205B. Interpretations of
these data relative to the site geologic conditions are presented in FSAR
Subsection 2.5.4.4.2. These data were used to develop site-specific dynamic
velocity profiles for site response analyses as presented in FSAR Subsection
2525

Dynamic triaxial shear tests and resonant column tests were not performed as
part of the investigation because of the following:

* The basemats for the nuclear islands for LNP 1 and LNP 2 bear on RCC
which in turn bears on rock. Considering the low seismic environment and the
foundation configuration, no site specific soil structure interaction analysis for
safety class structures is required and, therefore, no Modulus Degradation
Curves or Damping Curves as typically measured by these types of tests
were required.

» During the site investigation, it was extremely difficult to obtain quality
undisturbed samples of the Quaternary and Tertiary sediments at the site and
reconstituted samples from SPT samples would not be representative as the
cementation effects would be lost. The uncertainty in the modulus reduction
and damping relationship was incorporated in the site response analysis by
modeling a range of behavior (relatively linear to relatively nonlinear) for the
softer layers of weathered limestone/calcareous silts. The range in dynamic
properties had only a small effect on the computed GMRS and an even
smaller effect on the FIRS computed ground motion at the base of the
excavation. Hence, it was judged that the EPRI curves would be suitable for
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site response analysis and nonsafety-related drilled shaft design. (Reference
2.5.2-260)

Structures adjacent to the nuclear island are founded on drilled shafts embedded
in the rock. Both beneficial and adverse effects of soil will be considered in the
design of drilled shafts to ensure no building interaction at the foundation level.

2548 Liquefaction Potential

The potential for liquefaction of existing soils at LNP 1 and LNP 2 was evaluated
by conducting liquefaction analyses using the following relationship stated in
Regulatory Guide 1.198.

FSagainst liquefaction = FS = CRR/CSR

where CRR (cyclic resistance ratio) is the available soil resistance and CSR
(cyclic stress ratio) is the cyclic stress generated by the earthquake.

The CSR was determined using the empirical methods as cited in

Regulatory Position 3.5. The SPT blow count method as cited in Regulatory
Position 1.2 of Regulatory Guide 1.198 with corrections recommended in Youd et
al (Reference 2.5.4.8-201) was used to determine the CRR.

The CSR was determined from Seismic Input Motions consistent with Regulatory
Position 3.3.2 together with the empirical methods cited in Regulatory Position
3.5

The following subsections identify the location of soils and groundwater at the
LNP sites that were considered in the liquefaction evaluation, the procedures that
were followed to assess liquefaction potential, and the results of the liquefaction
evaluations.

25481 Soil and Groundwater Conditions

Soil conditions at LNP 1 and LNP 2 generally consist of undifferentiated
Quaternary and Tertiary sediments, which generally consist of sands, silts, and
clays as described in FSAR Subsection 2.5.4.2.1.1.2. These sediments overly
the Avon Park Formation. The density of the Quaternary and Tertiary granular
soils ranges from relatively loose to very dense, based on SPT blow count
measurements. Generally low SPT blow counts are recorded in the Quaternary
Sands (e.g., N-values less than 10 blows per foot). Blow counts in the Tertiary
sediments are generally above 20 blows per foot, except in isolated zones.
These isolated zones are typically of limited thickness (e.g., lessthan 1.5 m

[5 ft.]), and surrounding blow counts are usually greater than 20 blows per foot.
High shear-wave velocity values plus very high blow counts at some elevations
indicate that cementation exists in some of the Tertiary sediments at the site.
Groundwater is typically located within 1 m (3 ft.) of the existing ground surface.
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Construction of the LNP facilities will result in the following soil cases relative to
liquefaction analysis:

* Soil beneath the foundation for the nuclear islands will be excavated and
replaced with RCC as discussed in FSAR Subsection 2.5.4.3. Therefore, all
SPT data from borings drilled within the nuclear island footprints were
excluded from the liquefaction analysis. It is noted, however, that SPT data
from borings drilled along the perimeter or just outside the nuclear islands
were not excluded from the liquefaction analysis.

» Soil beyond the nuclear island perimeter, which will be left in place, was
subject to liquefaction analysis except for soil within approximately 2.1 m
(7 ft.) of existing grade which will be removed or improved to prevent
liquefaction.

¢ Soil beyond the nuclear island perimeter that will be excavated as part of the
overall plant construction (e.g., the Turbine Building Condenser Pit) was
excluded from the analysis.

e Seismic Category Il and nonsafety-related structures adjacent to the nuclear
island will be supported on drilled shafts socketed into rock. Soil left in place
that surrounds the shafts was addressed in the liquefaction analysis.

25482 Liquefaction Analysis Procedure

As stated above, liquefaction analysis was conducted in accordance with the
Regulatory Positions stated in Regulatory Guide 1.198 with SPT blow counts
corrected as recommended in Youd et al (Reference 2.5.4.8-201).

The determination of CSR and CRR involved the following steps:

e CSR was determined from the seismic ground motions estimated for the site
in terms of acceleration versus time. (Regulatory Position 3.3.2).

* CRRis estimated as a function of soil characteristics and field stress
conditions. The soil characteristics include fine contents, SPT blow counts,
soil type, and overburden pressure. The field stress conditions are
determined by the groundwater locations and soil density. Various methods
of evaluating CRR are available, including the SPT, the cone penetrometer
test, the Becker penetration test, and shear-wave velocity procedures. The
most common method involves the use of the SPT blow count. The blow
counts used in the liquefaction analysis are adjusted for drilling and sampling
equipment and method to obtain corrected N-values. The adjustments
include borehole diameter, hammer transfer energy, sample liner
characteristics, and length of rods.
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Cohesive soils, such as fat clay (CH), lean clay (CL), and elastic silt (MH) are not
considered to be liquefiable, following the guidance provided in Youd et al
(Reference 2.5.4.8-201) and Regulatory Guide 1.198.

Cohesionless soils with low factors of safety against liquefaction (FS < 1.1) are
considered to be liquefiable under the design earthquake. Soils with intermediate
factors of safety (FS = 1.1 to 1.4) are considered to be non-liquefiable, but
increased dynamic pore pressures should be taken into account. Soils with high
factors of safety (FS 2 1.4) are generally not considered to be liquefiable under
the design earthquake, but under certain circumstances would suffer relatively
minor cyclic pore pressure generation that could result in some reduction in
shear strength.

25483 Cyclic Resistance of Soils

The Youd et al analysis procedure uses empirical relationships that correlate
CRR of soils to the corrected SPT blow counts to evaluate liquefaction potential
(Reference 2.5.4.8-201). The corrected SPT blow counts, or (N;)so, at the LNP
sites, were obtained by applying correction factors to the field measured N-value,
Nrieis @S shown in Equation 2.5.4.8-201:

(N1)so = Nfieta * Cn * Ce * Cg * Cr * Cs Equation 2.5.4.8-201

Where Cy, Cg, Cs, Cr, and Cs are correction factors for overburden pressure,
hammer transfer energy, borehole diameter, rod length, and sampler type (with
and without liner). Additional correction factors were made for confining pressure
(Ks) and for earthquake magnitude. The ground surface at both of the LNP sites
is relatively flat and therefore no adjustments were made for ground surface
slope (K,). The background for these correction factors is discussed in detail in
Youd et al. (Reference 2.5.4.8-201)

A fines content correction was also applied to define a (N+)so.cs value for use in
the liquefaction evaluation. The fines content correction was based on the
methods discussed in Youd et al (Reference 2.5.4.8-201) where grain-size
information was available. In cases where grain-size information was not
available, the fines content was based on visual descriptions and on lower-bound
estimates from field logs.

25484 Earthquake Induced Cyclic Stress

Earthquake-induced cyclic stresses within soils considered for liquefaction

analysis were computed from the site response analyses used to develop the site
amplification functions for the PBSRS profiles described in Subsection 2.5.2.5.
The site response analyses were performed using 60 randomized soil profiles
representing each PBSRS shear wave velocity profile and 30 acceleration time
histories representing each deaggregation earthquake (DE) listed in Table
2.5.2-225. In each individual site response analysis effective cyclic shear strains
and iterated shear modulus were computed for each layer of the profile. The

effective cyclic shear stress for each layer iswas then taken as the product of the
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effective cyclic shear strain and the iterated shear modulus. The results of the

180 analyses (60 randomized profiles times three 3-deaggregation earthquakes
were then used to compute a weighted mean effective cyclic shear stress for
each layer within each of the three PBSRS soil profiles and for the 10 and 10°®

exceedance level input motions. The weights used awere the relative weights
assigned to the DEs that are listed in Table 2.5.2-225.

The results of the site response analyses were used to produce peak ground
acceleration (PGA) seismic hazard results at the finished graded elevation

computed without CAV for the 10* and 10"° exceedance levels. These values

were used to compute a performance based PGA at the finished grade elevation

using Equations 2.5.2-215 through 2.5.2-217. The resulting acceleration value i is

0.118g. The corresponding PGA at the base of the excavation (-24 ft. NAVD88)
is 0 0710 These values Ww

The development of the cyclic shear stress complies with the guidance in
Regulatory Position 3.3.2 of Regulatory Guide 1.198 because an ensemble of
time histories was used that represent the earthquakes contributing to the hazard
at the LNP site. The development of the ensemble of time histories is described
in Subsection 2.5.2.5.2. The time histories used to represent the DE were taken
from NUREG/CR-6728 (Reference 2.5.2-263). The weighteded mean magnitude
for the earthquake time histories representing the high frequency (HF) 10 and
10” DEs are 6.8 and 6. 1, respectively. Thus, these time histories also satisfy the
acceptance criteria in SRP Section 2.5.2 in that weighted mean magnitudes for
the ensembles of time histories exceed magnitude 6. The associated number of
equivalent cycles of loading was estimated using the relationship between
earthquake magnitude and number of loading cycles provided in Reference

2.5.24.8-203. The m, magnitudes listed in Table 2.5.2-225 for the HF DEs s were

converted to moment magnitudes using the relationships given in Subsectlo
2.5.2.4.2.3 and the resulting average moment magnitude was used to estimate
the number of cycles for each DE using Figure 12 in Reference 2.5.4.8-203. The

resultmg weighted mean values are 9.4 cycles and 6.5 cycles for the HF 10 and
10° hazard levels, respectively.

25485 Results of Liquefaction Analysis

Soil characteristics obtained at various depths in applicable A-series and B-
series boreholes were used to evaluate the liquefaction potential at the LNP
sites. The analyses involved estimating CSR and CRR for cohesionless soil
layers and then determining the FS from the following equation:

Rev. 45 |

2.5-362




Levy Nuclear Plant Units 1 and 2
COL Application
Part 2, Final Safety Analysis Report

FS = (CRR;s/CSR) * MSF * K,* K, Equation 2.5.4.8-202

In Equation 2.5.4.8-202, CRR; s is the empirical correlation between corrected
blow count and CRR from the Youd et al paper (Reference 2.5.4.8-201), CSR is
determined as described above, and MSF is the magnitude scaling factor. The
MSF was determined using the MSF equation in Youd et al. This equation uses
the moment magnitude for the site. A moment magnitude of 7.1 was used in the
analysis based on the deaggregation results of the PSHA reported in Tables
2.5.2-221 and 2.5.2-225.

For borings where the liquefaction analysis shows potential for liquefaction, the
borehole identification, bottom depth of the SPT sample, soil type, and the field
SPT N-Value used in the liquefaction analysis are summarized in revised
Tables 2.5.4.8-202A and 2.5.4.8-202B. The revised Tables 2.5.4.8-202A and
2.5.4.8-202B also present the results of the liquefaction analysis including the
factors of safety against liquefaction and the depth of the postulated liquefiable
zone. Figures 2.5.4.8-201A and 2.5.4.8-201B show, in plan and elevation
respectively, the location of the liquefaction zones identified in revised

Table 2.5.4.8-202A for LNP 1. Figure 2.5.4.8-202A and Figure 2.5.4.8-202B
show, in plan and elevation view respectively, the liquefaction zones identified in
revised Table 2.5.4.8-202B for LNP 2. In these figures, the liquefaction zones
with a factor of safety of less than or equal to 1.1 are shown by circles with yellow
infill. For LNP 1, liquefiable zones were postulated in boreholes O-2, A-15,
A-18/0-4, and B-28. Boreholes O-2, A-15 and A-18/0-4 are in the nuclear island
excavation zone. Borehole B-28 is under the Annex Building. For LNP 2,
liquefiable zones were postulated for boreholes B-01, B-07, B-07A, B-31, and
B-33. Borehole B-01 with liquefiable zones is well away from the AP1000
footprint. Boreholes B-07, B-07A, B-31, and B-33 are under the Turbine Building.
Based on these figures, it was concluded that liquefiable zones under the LNP 1
and 2 footprints are confined to the northwest corner of the Unit 2 Turbine
Building and in isolated random pockets under the remaining LNP 1 and 2
footprints.

Soil beneath the nuclear island foundation will be removed and replaced with
Roller Compacted Concrete (RCC). Thus, the bearing stability of the nuclear
island foundation is not affected by the postulated liquefaction. The random
isolated pockets of liquefiable soils also do not affect the nuclear island sliding
and overturning stability based on Westinghouse analysis. The Westinghouse
analysis concludes that the nuclear island is stable against sliding, and there is
no quality requirement for backfill adjacent to the nuclear island to maintain
stability against sliding. The Westinghouse analysis also concludes that there is
no passive pressure required to maintain stability against overturning.

For the area under the Annex, Turbine, and Radwaste building footprint, in-situ
soil will be replaced or improved to a depth of approximately 2.1 m (7 ft.) below
existing grade (elevation 12.8 m [42 ft.] NAVD88). The plant design grade will be
established at elevation 15.5 m (51 ft.) NAVD88 by placing engineered fill above
the improved / replaced in-situ material. In addition, the earthwork design
incorporates vertical and horizontal drains to prevent buildup of excess pore
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pressures that cause liquefaction as shown in Figures 2.5.4.8-205 and
2.5.4.8-206 for LNP 1 and 2 respectively.

25486 Median Centered Liquefaction Evaluations for 10° UHRS

As a sensitivity analysis, the median centered liquefaction potential (factor of
safety <1.0) for 10° UHRS was evaluated. The methodology and design
parameters used for 10° UHRS liquefaction analysis were the same as that used
for design basis liquefaction analysis described in FSAR Subsection 2.5.4.8
except liquefaction was postulated when the computed factor of safety was <1.0
and the soil cyclic shear stress were computed for the 10° UHRS ground motions
and the median shear wave velocity soil profile derived from the randomized soil
profiles used to compute the 10° UHRS. In addition, the equivalent number of
stress cycles was computed for the weighted average moment magnitude of 5.74
for the site. Tables 2.5.4.8-203A and 2.5.4.8-203B present liquefaction analysis
results for 10° UHRS for LNP 1 and 2 respectively. The results include the
computed factors of safety against liquefaction and the depth below the Annex,
Radwaste, or Turbine Building foundation mat where liquefaction is postulated.
Figures 2.5.4.8-207 and 2.5.4.8-208 show, in plan and elevation respectively, the
location of the liquefaction zones identified in Table 2.5.4.8-203A for LNP 1.
Figure 2.5.4.8-209 and Figure 2.5.4.8-210 show, in plan and elevation view
respectively, the liquefaction zones identified in Table 2.5.4.8-203B for LNP 2. In
these figures, the liquefaction zones with a factor of safety of less than or equal
to 1.0 are shown by circles with yellow infill. For Unit 1, liquefiable zones were
postulated in boreholes O-2, A-15, A-18/0-4, A-13, and B-28. Boreholes 0-2,
A-15 and A-18/0-4 are in the nuclear island excavation zone. Borehole A-13
(factor of safety = 1.0) is under the Radwaste Building, and B-28 is under the
Annex Building. For Unit 2, liquefiable zones were postulated for boreholes B-01,
B-07, B-07A, B-31, and B-33. Borehole B-01 is well away from the AP1000
footprint. Boreholes B-07, B-07A, B-31, and B-33 are under the Turbine Building.
Based on these figures, it can be concluded that liquefiable zones under the
LNP 1 and 2 footprints are confined to the northwest corner of the LNP 2 Turbine
Building and in isolated random pockets under the remaining LNP 1 and 2
footprints. These conclusions for median centered liquefaction potential for 10°
UHRS are the same as the conclusions for the design basis liquefaction analysis
described in FSAR Subsection 2.5.4.8.

2.5.4.8.7 Liguefaction Potential Evaluations for CEUS SSC

The soils under the Nuclear Island-(N} will be excavated and backfilled with

RCC); therefore—Fhus, no liquefaction potential
exists under the Nuclear Island} foundation. For design basis evaluations of

liguefaction potential of soils under the adjacent Annex, Turbine and Radwaste
Buildings, earthquake—induced cyclic stresses in the soil column were based on

round motions computed for the PBSRS profile using the updated EPRI-SOG

model. The associated PGA at the finished grade elevation is 0.118g (Table

2.5.4.8-201) and is based on the surface hazard curves computed without CAV.

The PGA at the finished grade elevation computed without CAV using the CEUS
SSC model is 0.091g. As the computed equivalent cyclic shear stresses are
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proportional to the PGA at the finished grade, the equivalent cyclic shear
stresses based on the CEUS SSC model would be lower than those computed
based on the updated EPRI-SOG model2.5-2-357RAI--0998-3d—. Thereforeus,
the liguefaction evaluations based on the updated EPRI--SOG LNP ground

motions bound those from the CEUS SSC ground motions.

For the site specific seismic margins evaluation presented in Subsection
19.55.6.3, liquefaction potential of soils under the adjacent Annex, Turbine and
Radwaste Buildings, earthquake-induced cyclic stresses in the soil column,

based on ground motions consistent with the updated EPRI-SOG finished grade
10 UHRS, were used. As shown in Figures 3.7-228 and 3.7-229RAlL-0998-6

and RAIH-0898-7 1.67*GMRS and 1.67*PBSRS developed using the CEUS
SSC methodology and modified CAV filter are enveloped by the ugdated EPRI-
SOG finished grade 10”° UHRS. Furthermore, the PGA for the 10° PBSRS profile
surface motions computed without CAV using the CEUS SSC model are lower
than those computed using the updated EPRI-SOG model. Thus, the High
Confidence Low Probability of Failure (HCLPF) capacity for liquefaction potential

of soil under the Annex, Turbine, and Radwaste Buildings exceeds the
1.67*GMRS goal for the plant level HCLPF for the CEUS SSC ground motions.
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Summary of Peak Ground Acceleration Used for Liquefaction Analysis
Rock Peak Ground
Structure Acceleration (g) Site Class Fa Amax
North Reactor 0.071 c 12 0.118 I
South Reactor 0.071 C 1.2 0.118

Notes:

Site Class and F, were estimated based on International Building Code (IBC) (2006).

amax = Horizontal peak acceleration at ground surface for the PBSRS profile with no CAV or scaling. l

T

g = gravity acoeleratio.n
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LNP COL 2.5-9 Table 2.5.4.8-202A

Summary of Soil Layers Susceptible to Liquefaction in LNP 1 Site

Bottom Depth of SPT Field SPT N-Value Factor of

Borehole Sample (ft.)” Soil Type (bpf) Safety (FS)
A-15 16 SP 5 1.0
A-15 21 SP 1 0.8
A-15 26 sc 2 1.1
A-18 20 NR 0 0.7
B-28 36.5 ML 0 0.9
0-2 9 SP-SC 2 0.9
0-2 10.5 SP-SC 2 0.9
0-2 12.0 SP-SC 1 0.8
0-4 24.0 ML 0 0.9

Notes:
a) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft. NAVD88

BPF = Blows per Foot

SC = Clayey Sand

SM = Silty Sand

SP = Poorly Graded Sand
NR = Not Recorded

ML = Silt with Sand
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LNP COL 2.5-9 Table 2.5.4.8-202B (Sheet 1 of 2)
Summary of Soil Layers Susceptible to Liquefaction in LNP 2 Site
Bottom Depth of SPT Field SPT N-Value Factor of Safety
Borehole Sample (ft.)® Soil Type (bpf) (FS)
B-01 26.5 SM 2 0.8
B-01 315 SM 2 0.8
B-07 315 SP-SM 3 1.0
B-07 36.5 SP-SM 2 0.8
B-07 51.5 SP-SM 2 0.8
B-07 56.5 SP-SM 2 0.8
B-07 61.5 SP-SM 3 0.9
B-07 76.5 SP-SM 3 1.0
B-07A 26.5 SP-SM 5 1.0
B-07A 315 SM 4 1.1
B-07A 36.5 SP-SM 3 0.8
B-07A 415 SM 3 0.8
B-07A 51.5 SM 2 1.1
B-07A 76.5 SP-SM 6 0.9
B-31 40.5 SP 4 1.0
B-31 69.0 SP 5 1.0
B-31 70.5 SP 6 1.1
B-31 735 SP 5 1.0
B-31 76.5 SP 2 0.7
B-31 78.0 SP 6 1.1
B-31 79.5 SP 4 0.9
B-31 81.0 SP 2 0.7
B-31 825 SP 3 0.8
B-31 84.0 SP 3 0.8
B-31 85.5 SP 3 0.8
B-31 87.0 SP 2 0.7
B-31 88.5 SP 1 0.7
B-31 90.0 SP 0 0.7
B-31 91.5 SP 4 0.9
B-31 93.0 SP 3 0.8
B-31 94.5 SP 7 1.1
B-31 96.0 SP 0 0.6
B-31 97.5 SP 0 0.6
B-31 99.0 SP 1 0.6
B-31 103.5 SP-SM 7 1.1
B-31 109.5 SP-SC 5 0.9
B-31 118.5 SP-SM 0 0.7
B-31 120.0 SP-SM 0 07
B-31 1215 SP-SM 0 0.7
B-31 123.0 SP-SM 0 0.7
B-31 1245 SP-SM 0 0.7
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Table 2.5.4.8-202B (Sheet 2 of 2)
Summary of Soil Layers Susceptible to Liquefaction in LNP 2 Site

Bottom Depth of SPT Field SPT N-Value Factor of Safety
Borehole Sample (ft.) @ Soil Type (bpf) (FS)
B-31 126.0 SP-SM 0 0.7
B-31 1275 B, 0 1.0
B-31 129.0 SP-SM 0 0.7
B-31 130.5 SP-SM 0 0.7
B-33 28.5 SP 4 1.0
B-33 30.0 SP 5 12
B-33 31.5 SP 3 0.9
B-33 33.0 SP 2 0.8
B-33 345 SP 2 0.8
B-33 36.0 SP 1 0.7
B-33 315 SP 2 0.8
B-33 39.0 SP 2 0.8
B-33 40.5 SP 2 0.8
B-33 42.0 SP 1 0.7
B-33 43.5 SP 0 0.7
B-33 45.0 SP 0 0.7
B-33 46.5 SP 0 0.7
B-33 58.5 SP 5 1.1
B-33 66.0 SP 7 1.1
Notes:

a) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft. NAVD88

BPF = Blows per Foot
SC = Clayey Sand

SM = Silty Sand

SP = Poorly Graded Sand
NR = Not Recorded
ML = Silt with Sand
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Table 2.5.4.8-203A

LNP COL 2.5-9 Summary of Soil Layers Susceptible to Liquefaction in LNP 1 Site
For 10° UHRS
Bottom Depth of Field SPT Factor of
SPT Soil T pe ) N-Value Safety
Borehole  Sample (ft.) (@) (7). t0) (8PF) ® (FS)
A-15 16.0 SP 5 0.8
A-15 21.0 SP 1 0.7
A-15 26.0 sC 2 1.0
A-18 20.0 NR 0 0.5
B-28 36.5 ML 0 0.8
0-2 9.0 SP-SC 2 0.8
0-2 10.5 SP-SC 2 0.8
0-2 12.0 SP-SC 1 0.6
0-4 24.0 ML 0 0.8
A-13 16.5 SM 3 1.0

Notes:

a) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft.
| NAVD88

b) BPF = Blows per Foot

c) SC = Clayey Sand

d) SM = Silty Sand

e) SP = Poorly Graded Sand

f) NR = Not Recorded

g) ML = Silt with Sand
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Table 2.5.4.8-203B (Sheet 1 of 3)
LNP COL 2.5-9 Summary of Soil Layers Susceptible to Liquefaction in LNP 2 Site

For 10° UHRS
Bottom Depth of Field SPT Factor of
SPT Soil Ty(ge, ). N-Value Safety
Borehole  Sample (ft.) (@ (1. (a) (8PF) ® (FS)
B-01 26.5 SM 2 0.7
B-01 3156 SM 2 0.7
B-07 31.5 SP-SM 3 0.9
B-07 36.5 SP-SM 2 0.7
B-07 51.5 SP-SM 2 0.7
B-07 56.5 SP-SM 2 0.7
B-07 61.5 SP-SM 3 0.8
B-07 76.5 SP-SM 3 0.9
B-07A 26.5 SP-SM 5 0.9
B-07A 315 SM 4 1.0
B-07A 36.5 SP-SM 3 0.7
B-07A 415 SM 3 0.7
B-07A 515 SM 2 1.0
B-07A 76.5 SP-SM 6 0.8
B-31 405 SP 4 0.9
B-31 69.0 SP 5 0.9
B-31 70.5 SP 6 1.0
B-31 73.5 SP 5 0.9
B-31 76.5 SP 2 0.7
B-31 78.0 SP 6 1.0
B-31 79.5 SP 4 0.8
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Table 2.5.4.8-203B (Sheet 2 of 3)
LNP COL 2.5-9 Summary of Soil Layers Susceptible to Liquefaction in LNP 2 Site

For 10° UHRS
Bottom Depth of Field SPT Factor of
SPT Soil Type, € N-Value Safety
Borehole  Sample (ft.) © (@) (e . (9) (BPF) ® (FS)
B-31 81.0 SP 2 0.7
B-31 82.5 SP 3 0.7
B-31 84.0 SP 3 0.7
B-31 85.5 SP 3 0.7
B-31 87.0 SP 2 0.7
B-31 88.5 SP 1 0.6
B-31 90.0 SP 0 0.6
B-31 91.5 SP 4 0.8
B-31 93.0 SP 3 0.7
B-31 94.5 SP 7 1.0
B-31 96.0 SP 0 0.6
B-31 97.5 SP 0 0.6
B-31 99.0 SP 1 0.6
B-31 103.5 SP-SM 7 1.0
B-31 109.5 SP-SC 5 0.8
B-31 118.5 SP-SM 0 0.6
B-31 120.0 SP-SM 0 0.6
B-31 1215 SP-SM 0 0.6
B-31 123.0 SP-SM 0 0.6
B-31 1245 SP-SM 0 0.6
B-31 126.0 SP-SM 0 0.6
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Table 2.5.4.8-203B (Sheet 3 of 3)

LNP COL 2.5-9 Summary of Soil Layers Susceptible to Liquefaction in LNP 2 Site
For 10° UHRS
Bottom Depth of Field SPT Factor of
SPT Soil Tme, ©. N-Value Safety
Borehole  Sample (ft.) @ (@), (e . (@) (BPF) ® (FS)
B-31 1275 SP-SM, ML 0 0.9
B-31 129.0 SP-SM 0 0.6
B-31 130.5 SP-SM 0 0.6
B-33 28.5 SP 4 09
B-33 30.0 SP 5 1.0
B-33 31.5 SP 3 0.8
B-33 33.0 SP 2 0.7
B-33 345 SP 2 0.7
B-33 36.0 SP 1 0.6
B-33 375 SP 2 0.7
B-33 39.0 SP 2 0.7
B-33 405 SP 2 0.7
B-33 42.0 SP 1 0.6
B-33 435 SP 0 0.6
B-33 45.0 SP 0 0.6
B-33 465 SP 0 0.6
B-33 58.5 SP 5 1.0
B-33 66.0 SP 7 1.0

Notes:

a) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft.
NAVD88

b) BPF = Blows per Foot

c) SC = Clayey Sand

d) SM = Siity Sand

e) SP = Poorly Graded Sand

f) NR = Not Recorded

g) ML = Silt with Sand
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2549 Earthquake Site Characteristics

The methods used to calculate site amplification at the GMRS elevation (top of
competent layer) are presented in FSAR Subsection 2.5.2.5. Methods for
calculation of the LNP site GMRS and FIRS are presented in FSAR Subsection
2.5.2.6. The site amplification functions for LNP 1 and LNP 2 were enveloped to
calculate the LNP site GMRS.

The horizontal and vertical LNP site GMRS are presented on Figure 2.5.2-296.

25410 Static Stability

The static stability of the LNP 1 and LNP 2 nuclear islands was evaluated for
foundation bearing capacity, sliding, foundation settlement, and lateral pressures
against below-grade walls. These evaluations are presented in FSAR
Subsections 2.5.4.10.1, 2.5.4.10.2, 2.5.4.10.3, and 2.5.4.10.4, respectively. As
described in FSAR Subsection 2.5.4.5.3, suitable foundation material is present
at LNP 1 and LNP 2 nuclear islands subgrade elevation of -7.3 m (-24 ft.)
NAVDB88. Infilling and voids associated with joints, fractures, and bedding planes
have been conservatively modeled in these evaluations. The source and
derivation of the subsurface materials engineering properties used in these
evaluations are described in FSAR Subsection 2.5.4.2.

254101 Bearing Capacity

The bearing capacities at the LNP nuclear island subgrades under static and
dynamic loading conditions have been evaluated as presented in this subsection.
The resulting bearing capacities exceed the demand for the AP1000 nuclear
islands, as listed in the DCD, and therefore satisfy safety requirements. A
conservative method was used in this analysis, and appropriate FS values for
static and dynamic loading conditions were considered, as summarized in FSAR
Subsection 2.5.4.10.1.3.

2.5.4.10.1.1 Bearing Capacity Analysis Methodology

Rock mass properties and compressive strength values from the North and
South Reactor Avon Park Formation Profiles were used to calculate the bearing
capacity of the RCC and subsurface limestone formation. These rock profiles
included the lower-strength zones located below elevation -180 ft. NAVDS88 for
LNP 1 and below elevation -150 ft. NAVD88 for LNP 2. Bearing capacity results
were compared with the static and dynamic allowable load bearing pressures.

The subsurface at LNP consists of limestone formations that extend to a
depth of more than 450 ft. below plant grade, beneath about 67 ft. of
undifferentiated Quaternary and Tertiary sediments. Beneath the nuclear
island basemat, the undifferentiated sediments will be replaced by a
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35-ft.-thick RCC Bridging Mat. Beneath the RCC, 75 ft. of limestone will be
grouted for dewatering purposes.

A nominal rock profile was developed which considered plant site-specific rock
properties.

The bearing capacity of the RCC Bridging Mat was calculated using the ACI 318-
89 (Reference 2.5.4.10-201) permissible service load stresses on concrete. The
bearing capacity of the subsurface limestone formation was calculated using two
different methods: a simplified American Association of State Highway and
Transportation Officials (AASHTO) formulation for footings on broken or jointed
rock; and the U.S. Army Corps of Engineers formulation for two different failure
modes of rock subsurface, considering both static and dynamic loads.

The shear strength of the subsurface limestone formation, based on the rock
mass strength parameters (cohesion and friction angle) was compared to the
shear stresses calculated with a Finite Element Model.

The factors of safety comparing the bearing capacity of the RCC with the
subsurface limestone formation were calculated using static and dynamic
allowable bearing pressures.

The gross bearing pressures to be imposed on the RCC are 0.43 MPa (8.9 kips
per square foot [ksf]) for static loading and 1.15 MPa (24.0 ksf) for dynamic
loading. The dynamic allowable bearing pressure corresponds to the maximum
subgrade pressure at the basemat that results from a time-history analysis on
soft rock. For the subsurface rock bearing capacity calculations, the RCC self
weight was included as an additional bearing pressure load of 5.16 ksf. The
buoyancy effects due to the hydrostatic pressure acting at the bottom of the RCC
were considered in this analysis. For conservative buoyancy effects, the water
table was considered to be at elevation 38 ft. NAVDSS.

The compressive strength of the RCC was considered to be 2500 psi, which is
considered to occur after one year of the concrete placement.

The dynamic forces and moments at the basemat that were used in this analysis
to estimate the dynamic eccentricities of the North and South Reactors
correspond to the maximum seismic reactions at the center line of the
Containment Building that result from a time-history analysis.

The factors of safety for static and dynamic loading of the RCC are above the
minimum requirements, and the RCC bearing capacity is adequate to
accommodate the static and dynamic pressures that were considered in this
analysis. The estimated factors of safety resulted in 12.1 for static loading and
4.5 for dynamic loading. The calculated factors of safety are significantly larger
than the acceptable factors of safety of 3.0 for static loading and 2.0 for dynamic
loading.
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The incremental shear stresses induced at or below elevation -150 ft. NAVDSS
(where a lower-strength zone exists) were found to be less than 2 psi (less than
25 percent of the incremental shear stress induced at the nuclear island
basemat). For this reason, characterization of the subsurface conditions below
elevation -150 ft. NAVD88 was determined to be adequate.

2.5.4.10.1.1.1 Allowable Bearing Stresses

The allowable bearing stresses in concrete on a loaded area shall not exceed the
following value under both static and dynamic loading conditions, as shown in
Equation 2.5.4.10-201 (Reference 2.5.4.10-201):

B <03f. Equation 2.5.4.10-201

In Equation 2.5.4.10-201, B. is the allowable bearing capacity and 7, is the
concrete compressive strength.

The corresponding static and dynamic factors of safety were determined by
dividing the ultimate bearing capacity by the bearing pressures used in this
analysis,

FS =BJq Equation 2.5.4.10-202
where q is the AP1000 bearing demand.

Appropriate FS under static and dynamic loading are discussed in FSAR
Subsection 2.5.4.10.1.2.

2.5.4.10.1.2 Bearing Capacity Results and Design Criteria

Table 2.5.4.10-201 presents the bearing capacities calculated using the ACI
318-89 criteria for allowable bearing stresses in concrete described in FSAR
Subsection 2.5.4.10.1.1.1. The resulting FS based on the design static load of 0.43
MPa (8.9 ksf) and design dynamic load of 1.15 MPa (24 ksf) are also presented for
each result.

Minimum FS of 3.0 for static loads (dead plus live loads) and 2.0 for dynamic or
seismic loads are commonly considered acceptable (Reference 2.5.4.10-202). As
shown in Table 2.5.4.10-201, these minimum FS are satisfied by each of the
presented cases for LNP 1 and LNP 2.

25.410.1.3 Bearing Capacity of Adjacent Buildings

The LNP 1 and LNP 2 Annex Buildings (seismic Category Il structures) will be
founded on deep foundations (4000-psi concrete drilled shafts) that are socketed
into the Avon Park Formation limestone. The Turbine Buildings, Radwaste
Buildings, and Diesel Generator Buildings will be founded on similar deep
foundations (4000-psi concrete drilled shafts). Socket design and shaft spacing
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will be finalized with formal AP1000 building foundation bearing loads and
pressures, including appropriate provisions for resistance to liquefaction. Prior to
the construction of each drilled shaft, a pilot hole will be drilled to verify the
capacity of the rock to resist the imposed loads.

254.10.2 Resistance to Sliding

LNP COL 2.5-6 The LNP 1 and LNP 2 nuclear islands will each be founded on a roller compacted
concrete bridging mat, which will be founded on suitable rock. During excavation,
loose material at the subgrade elevation will be removed, resulting in a relatively
clean, exposed layer of rock, as discussed in FSAR Subsection 2.5.4.5.3. The
RCC will interlock with the rock subgrade, and the concrete mudmat and nuclear
island foundation will be placed over the RCC fill. While the RCC will adhere to the
rock subgrade, the adhesion of the RCC to the rock subgrade is conservatively
ignored when addressing sliding stability. Friction alone, between the rock and the
RCC, will be capable of resisting sliding, as concrete on rock generally has a
friction angle in the range of 48 to 60 degrees.

The weakest interface beneath the nuclear island foundation will be the lift joints
within the RCC, when no bedding mix is used. Direct shear testing will be
conducted prior to construction of the RCC bridging mat to ensure an adequate
friction angle. On large-scale RCC projects, 42-degree friction angles are typically
achieved, which would exceed the 35-degree requirement set forth by the DCD.

As described in FSAR Subsection 2.5.4.5.4, the space between the diaphragm
wall and the nuclear island sidewall will be filled with concrete fill.

254103 Settlement

LNP COL 2.5-12 The LNP nuclear islands will be founded on a roller compacted concrete bridging

LNP COL 2.5-16 mat, which will be founded on suitable rock. As described in this subsection,
elastic settlement of the rock under foundation loads is proportional to the elastic
modulus of the rock mass, and the total settlements and differential settlements
computed for the LNP 1 and LNP 2 nuclear islands are small and within tolerable
limits. In light of the small total settlements calculated (less than 0.8 cm [0.3 in.]),
any recompression settlement or heave is regarded as negligible.

2.5.4.10.3.1 Elastic (Total) Settlement under Foundation Loads

The elastic settlements of the subsurface, due to the weight of the RCC and the
total construction loads applied to the nuclear island, were calculated.

The subsurface at LNP consists of limestone formations that extend to a
depth of more than 450 ft. below plant grade, beneath about 67 ft. of
undifferentiated Quaternary and Tertiary sediments. Beneath the nuclear
island basemat, the undifferentiated sediments will be replaced by a
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35-ft.-thick RCC Bridging Mat. The upper 75 ft. of limestone will be grouted
for dewatering purposes.

Nominal rock profiles were developed for both the North and South Plant Units
using LNP site-specific rock properties and layering information. These rock
profiles included the lower-strength zones located below elevation -180 ft.
NAVD88 for LNP 1 and below elevation -150 ft. NAVD88 for LNP 2. A SAP2000
elastic Finite Element Model of the RCC, nuclear island basemat, and the
subsurface rock was developed using the design geometry, the rock profile
configuration beneath the RCC, and the total loads applied on the nuclear island.
The method that was used to determine the rock mass elastic modulus was
based on shear-wave velocity measurements (Reference 2.5.4.1 0-203).

Three different methods were used to calculate the elastic settlements under
static loading beneath the nuclear island basemat and beneath the RCC:

¢ Finite Element Model
e AASHTO 2002
e Elastic Theory

For the first method, a 3-D Elastic Finite Element Model (F EM) using solid
elements was developed using SAP2000 verified and validated software.
Settlements of the RCC Bridging Mat were calculated using the FEM. Two cases
were analyzed: Case A: Settlements correspond to elevation -24 ft. NAVDS88
(bottom of RCC); and Case B: Settlements correspond to elevation 11 ft.
NAVDB88 (top of RCC). This model included the in-place rock mass properties
beneath the RCC bridging mat down to elevation -139.6 m (-458 ft.) NAVD88.
The average settlements at the nuclear island basemat and the bottom of the
RCC are presented in Table 2.5.4.10-202.

The elastic settlement results of the FEM Case A were compared with the results
from two analytical procedures.

» Elastic settlement calculation using the subgrade modulus at three different
locations: center, border midpoint, and corner of the RCC Bridging Mat.

* The elasticity deformation theory, considering a constrained rock mass elastic
modulus and the Boussinesq solution for vertical stress distribution.

Subgrade Modulus is the ratio of bearing pressure (psf) over the settliement (ft.)
(Reference 2.5.4.10-204). Subgrade modulus values for LNP 1 and LNP 2 are
reported in FSAR Subsection 2.5.4.10.3.4. The elastic settlements can be
calculated by using the following expression:

0=q/K; Equation 2.5.4.10-203
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In Equation 2.5.4.10-203, 5 is the elastic settlement, q is the bearing pressure
and considered as q = q; + Qrec, and K is the subgrade modulus. qni is the
nuclear island construction loads and ggrcc is the load due to the RCC selfweight.
The RCC area is considered to be an equivalent rectangle. Using the Equation
2.5.4.10-203, elastic settlements were calculated at three points (center [internal],
midpoint [south] and corner [north]) of the RCC.

In the third method, the relationship between the settlement of a rock interval, the
stress increase, and the elastic modulus is based on simple elastic theory
(Reference 2.5.4.10-205), as presented in Equation 2.5.4.10-204:

AS=Y HAag, M, Equation 2.5.4.10-204

In Equation 2.5.4.10-204, AS is the total elastic settlement for all rock layers
below the foundation, Hi is the thickness of the i'" layer, M; is the constrained
modulus (related to the elastic modulus) of the i"" layer, and Ac; is the change in
vertical stress at the i layer due to foundation loading. The total elastic
settlement of all layers within the depth of influence below the foundation is
summed to calculate the overall foundation settlement.

The resulting elastic foundation settlements under static loading using the three
methods presented above are small, as listed in Table 2.5.4.10-202. These
settlements would occur as the nuclear island facilities are constructed. No
additional elastic settlements would occur after construction, when foundation
loading is constant.

The average settlements predicted by the FEM analysis were in agreement with
the results of the two alternative analytical procedures. For the FEM analysis, the
average settlement at elevation -24 ft. NAVD88 (bottom of RCC) resulted in
approximately 0.2 inches at both the North and South Reactors.

The differences in settlements predicted by the FEM and by the analytical
methods are negligible. The analytical equations consistently lead to slightly
lower settlement values.

In Case B of the FEM analysis, settiement results at elevation 11 ft. NAVD88 (top
of RCC) are reported in order to assess RCC deformation due to the applied
loads. The average difference between values at this elevation and at elevation
-24 ft. NAVD88 is approximately 0.01 inches.

Given the small incremental shear stresses being induced below elevation
-150 ft. NAVD88, as well as the small predicted settlement values, the
characterization of the subsurface below elevation -150 ft. NAVDS88
(approximately 200 ft. below final plant grade) performed was determined to be
adequate.
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Elastic settlements calculated by the first method (Finite Element Model) are
considered the “best estimates” of settlement, as the Finite Element Model best
accounts for the distribution of the stresses, and all of the stresses are relatively
low (in the elastic range).

The total settlements listed in Table 2.5.4.10-202 are within the range of
acceptable settlement limits for the AP1000.

2.5.4.10.3.2 Differential Settlement

The potential differential settlement across the nuclear island basemats is
calculated using the 3-D finite element model. The maximum settlement is shown
to occur in the middle of the nuclear island. Based on conservative estimates of
total settlements, the slope associated with this settlement is expected to be less
than 0.00083 (or 1:1200), which is within the acceptable range for the AP1000
under both LNP 1 and LNP 2 as defined in FSAR Subsection 2.5.4.10.3.3.

Adjacent nonsafety-related structures will be founded on deep foundations
(4000-psi concrete drilled shafts) that are socketed into the Avon Park Formation.
While foundation bearing loads and pressures for AP1000 structures are not yet
finalized, conservative settlement analyses indicate that these structures will
exhibit very little total settlement (less than 25 mm [1in.]), and therefore, any
potential for differential settlement is negligible. The results of the differential
settlement analysis are presented in Table 2.5.4.10-203. Once AP1000
foundation bearing loads and pressures for structures adjacent to the nuclear
island are finalized, a detailed analysis of differential settiements between the
nuclear islands and adjacent structures will be performed, which will account for
differential settlement of the nuclear island.

2.5.4.10.3.3 Design Criteria for Foundation Settlement

The following design criteria are tolerable values for the AP1000 nuclear island,
as listed in Table 2.5-1 of the DCD and Revision 1 of TR85 (Reference 2.5.4.10-
209):

e Total settlement of the nuclear island foundation mat: up to 76 mm (3 in.).

» Differential settiement across the nuclear island foundation mat: up to 13 mm
(0.51in.) per 15.2 m (50 ft.) (slope of 1:1200).

¢ Differential settlement between nuclear island and adjacent structures: up to
76 mm (3 in.).

As discussed in FSAR Subsections 2.5.4.10.1, 2.5.4.10.2, and 2.5.4.10.3, the
engineering analyses indicate that these design criteria will be satisfied at LNP 1
and LNP 2. Conservative methods of settlement analyses and design parameters
were used, as described in those subsections.

Rev. 54 |
2.5-380




Levy Nuclear Plant Units 1 and 2
COL Application
Part 2, Final Safety Analysis Report

2.54.10.3.4 Subgrade Modulus
The subgrade modulus (K;) for the LNP nuclear islands is given as:

Ke=q/d Equation 2.5.4.10-205

where q is the bearing pressure (psf) and 3 is the elastic settlement of the mat
(ft.).

The relationship between bearing pressure and the elastic settlement of mat
foundation is defined by Equation 2.5.4.10-206 (Reference 2.5.4.10-205):

Ke=q/8=1/(B (1- pa?) Is b/ Exna) Equation 2.5.4.10-206

where B’ is the least lateral dimension contributing basemat area, and | and I;
are the influence factors from chart solutions of Steinbrenner equations for
deformation under a rectangular elastic half space. E. 4, is the weighted average
rock mass modulus of the subsurface and ,, is the weighted average Poisson’s
ratio. In order to calculate K, terms in Equation 2.5.4.10-206 are determined as
follows:

1. The subgrade modulus is a function of the soil parameters and foundation
dimensions. These geometrical parameters are used to calculate the
influence factors. K, values are determined at the center, at the corner, and
the edge midpoints of the RCC mat equivalent rectangle. A compressible
rock thickness of 3B was considered to determine K.

2. The influence factors I and |; were determined. The influence factor, I, was
given with the following expression from Bowles (Reference 2.5.4.10-205).

ls = 1y + ((1-2) / (1-)) I, Equation 2.5.4.10-207

All'ly and I, values are shown in Bowles (Reference 2.5.4.10-205).

3. Young’s modulus (En.x) and rock mass modulus (Erm) are used in the

evaluation of the subgrade modulus. Young’s modulus values were
determined from shear-wave velocity measurements from suspension
loggings. The E, for each rock layer was calculated by reducing Enax by 50
percent. This reduction reflects the strain degradation effects recommended
by Mayne et al. (Reference 2.5.4.10-203) and is appropriate for these
subgrade modulus calculations.

4. The effect of horizontal layering beneath the RCC mat is assessed in

principle by taking a weighted average of the elastic modulus of each layer,
and taking into account the influence of the distribution of the stresses
beneath the foundation. The stress distribution for the layered system is
considered to be the same as that for a homogeneous half space. It is further
considered that the contribution to the stiffness of the composite system

Rev. 54 |

2.5-381




Levy Nuclear Plant Units 1 and 2
COL Application
Part 2, Final Safety Analysis Report

made by an individual layer is directly proportional to the strain energy
contained in that layer. Based on this principle, the equivalent elastic modulus
for the layered system is evaluated as the weighted average of the elastic
modulus of each layer in accordance with the strain energy in the layer.

The weighted averages of the E, and p,, values were computed in order to
include the variations in the soil profile along the influence depth of 3B. The
weighted averages of E, were calculated by using the following expression:

E Li+E, L+ +E_. L

rm av H
where Eqm, and L, represent rock mass modulus value and depth of each
rock layer. H is the depth of influence. E, », values were computed for both
reactors.

E

Equation 2.5.4.10-208

Similar to E, weighted average calculation, weighted average Poisson’s
ratios (u [1a,) were calculated with the same approach. The results of the
weighted average rock mass modulus and Poisson’s ratio computations are
shown in Table 2.5.4.10-204.

5. Terzaghi and Peck (Reference 2.5.4.10-208) suggested to determine the
distribution of the Ks (i.e., at the center and at the corner of basemat) if the
load distribution is not uniform on the basemat. With this in mind, the nuclear
island loads are higher under the Containment Building and lower around the
edges (i.e., not uniform). Therefore, Ks values at four locations under the
basemat are calculated by using Equation 2.5.4.10-206. In order to determine
the Ks for the center of the RCC mat, by following the principle of
super-position, the area is divided into four sections and 4q is used in
Equation 2.5.4.10-206 to account for four contributing corners. Similarly, Kg
values at Point B and Point D (midpoints of the edges) were determined by
following the principle of super-position, where the area is divided into two
sections and 2q is used in Equation 2.5.4.10-206 to account for two
contributing corners. The Ks value at the corner was calculated by
considering the equivalent rectangle as one contributing area.

6. The average subgrade moduli for each unit were calculated by including
effect (weight) of subgrade modulus under each location, as explained by

Bowles (Reference 2.5.4.10-205). The weighted average subgrade modulus
was calculated as follows:

KS av= (4X KS center + Ks comer ) / 5 Equatlon 2.5.410‘209

The subgrade modulus for each reactor is also presented in Table 2.5.4.10-204.
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2.5.410.3.5 Subsurface Instrumentation

Settlement of the nuclear island will be monitored throughout construction. A
detailed settlement monitoring program will be developed prior to construction.

As presented in FSAR Subsection 2.5.4.10.3.3, nuclear island foundation
settlements on the sound rock subgrade are expected to be small. The
settlement monitoring program will be implemented to monitor settlement and
heave with two primary elements: water pressure monitoring and settlement
(heave) monitoring.

With respect to water pressures, the following activities are planned:

* Monitoring the head outside the perimeter of the diaphragm wall with 10
piezometers (open standpipes) installed to elevation -24ft. NAVDSS.

* Monitoring the head with piezometers (a) within the excavation at elevation 0
ft. NAVD88 (~2/3 depth of excavation) with 6 piezometers (b) at elevation -29
ft. NAVDB8S (5 ft. below the bottom of the excavation) with 6 piezometers and
(c) at elevation -99 ft. NAVD88 (immediately below the grouted zone) with 3
piezometers.

» Settlement monuments, currently expected to be telltales at elevation -24 ft.
NAVD88 to monitor heave and settlement as the excavation proceeds.

Settlement monuments will likely be installed and monitored throughout the
construction process as follows:

e Settlement bench marks will be installed within the subgrade mudmat (at
approximate elevation 3.4 m [11 ft.] NAVD88) at the four corners of each
nuclear island and at the (plant) northernmost point of each Containment
Building. These will be monitored before and periodically during construction
of the nuclear island basemats and sidewalls prior to placement of backfill
materials.

e Additional bench marks will be installed approximately 1 m (3 ft.) above site
grade (at approximate elevation 16.5 m [54 ft.] NAVD88) and connected to
the sidewalls of the nuclear island, directly above the deeper bench mark
locations described previously. These bench marks will be monitored during
backfilling operations and, periodically, during and after construction of the
nuclear island structures.

Settlement bench marks will be installed approximately 1 m (3 ft.) above site
grade (at approximate elevation 16.5 m (54 ft. ] NAVD88) on the turbine
buildings, annex buildings, and radwaste buildings, at the corners of these
buildings that abut the nuclear islands. These bench marks, used to measure the
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differential settlement between the nuclear islands and the adjacent buildings,
will be monitored during and after the construction of the nuclear island and
adjacent structures.

Monitoring will be continued until at least 90 percent of expected settlement has
occurred or the rate of settlement has virtually stopped. This will be evaluated by
review of the settlement versus time curves at the bench mark locations.

A monitoring program will be implemented after construction to monitor any long-
term settlement. While long-term settlement is expected to be minimal, the
settliement bench marks installed during the construction phase (connected to the
sidewalls of the nuclear islands) will be used post-construction to monitor
settlement of the nuclear island structures.

254104 Lateral Earth Pressures

LNP COL 2.5-7 Lateral earth pressures will develop against below-grade nuclear island sidewalls

LNP COL 2.5-11 due to placement of concrete fill in the annular space between the diaphragm
wall and the nuclear island sidewall, in addition to the soil backfill materials above
the diaphragm wall. The earth pressure calculation considers the pressure
imposed during construction and the long-term condition when construction has
been fully completed. The pressure on the nuclear island wall is calculated as the
maximum value at any elevation either during construction or operation. For the
case during construction, the pressure on the nuclear island wall is calculated,
including hydrostatic pressure, crane loads, a 3 m (10 ft.) lift of wet concrete fill at
any elevation, and the compaction equipment (tamper) used for construction.

The following subsections describe the basic design input and calculation
methodology for the lateral earth pressure calculation.

2.5.4.10.4.1 Design Input

The following loads were applied in the lateral pressure determination:
» Live Load on the ground surface is 250 psf.

e Crane Surcharge Load at a distance of 15 ft. from the wall.

e Water Table at elevation 43 ft. NAVDSS.

» Pseudo static earthquake load coefficient is 0.1g.

e Density of concrete fill is 150 pcf.

* Moist/Saturated density of natural soil/compacted granular backfill is 125 pcf.
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» Shear strength of natural soil/compacted granular backfill (9") is 34 degrees, ¢
is O psf.

The backfill adjacent to the nuclear island sidewalls will be placed as described in
FSAR Subsection 2.5.4.5.4. In addition, light, hand-operated compaction
equipment will be used to compact the soil adjacent to the nuclear island
sidewalls. This will render compaction-induced soil stresses against the sidewalls
to be small at the ground surface, decreasing to insignificant with depth.

2.54.104.2 Methodology

The relationship between each material and the corresponding lateral pressure is
defined as follows (Reference 2.5.4.10-206):

* Lateral hydrostatic pressure coefficient for plastic concrete fill (K) = 1.
¢ Lateral pressure coefficient for hardened concrete fill (k) =p/(1- p).

» The at-rest earth pressure coefficient (Ko) for natural soil/compacted granular
backfill.

Ko = 1-sin(¢’); = 0.44 Equation 2.5.4.10-210

The lateral pressure, P against the nuclear island sidewalls at any depth is
calculated as follows:

P=0" "KL+ Pp+ P+ Pg*K, + Pgq Equation 2.5.4.10-211

Where ¢', is the effective overburden pressure at the depth z, P, is the
groundwater pressure, P, is pressure due to crane loading, P;is the earth
pressure due to the surface surcharge, and Pg, is due to earthquake loading, and
other terms are as defined previously.

The lateral earth pressure coefficient (K.) could be due to either plastic concrete
lift (K), hardened concrete (k), or earth pressure at rest.

The lateral earthquake load includes seismic lateral earth pressure for at-rest
conditions and hydrodynamic water thrust. The seismic at-rest pressure is
calculated from the Woods’ method and hydrodynamic pressure is calculated
from the Westergaard method (Reference 2.5.4.10-207).

¢ Hydrostatic pressures and hydrodynamic water thrust will act against the
sidewalls during seismic loading conditions.

e Structures adjacent to the nuclear islands can potentially increase the at-rest
pressures that develop against the nuclear island sidewalls. However, these
adjacent structures will be founded on drilled piers socketed into sound rock,
which is much stiffer than the soil adjacent to nuclear islands. Due to this
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difference in rock and soil stiffness, it is anticipated that these adjacent
structure foundation loads will not be transferred to the soil. Therefore, loads
from structures adjacent to nuclear islands were considered insignificant in
the calculation of the at-rest pressure distributions.

e Surface surcharges from live loads, and lateral loads for the crane, can
potentially increase the at-rest pressures that develop against the nuclear
island sidewalls; these are added to the static and earthquake lateral loads.

The resulting at-rest lateral pressure profiles for the soil backfill, concrete fill, and
natural soil are presented for representative sidewall elevations in Table
2.5.4.10-205.
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LNP COL 2.5-10 Table 2.5.4.10-201
Summary of Bearing Capacity Analyses at Nuclear Islands - Static and
Dynamic Loading

Bearing Capacity Analysis Results
Concrete Allowable Stresses Method

Loading Conditions for Analyses

(ACI-318-89)
Unit Load Bearing Capacity Factor of
Condition (ksf) Safety®
LNP 1 Static 108 12.1
LNP 1 Dynamic 108 45
LNP 2 Static 108 121
LNP 2 Dynamic 108 4.5

Notes:

a) Factor of safety for static and dynamic load conditions are calculated as ultimate
bearing capacity divided by 8.9 ksf and 24 ksf, respectively.

ksf = kips per square foot
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LNP COL 2.5-16 Table 2.5.4.10-202
Elastic Settlement under Nuclear Islands

Elastic Settlements Based on (in.)

Location FEM SAP2000 __ Subgrade Modulus___ Elastic Theory

0.2 - -
LNP 1 - West Side

0.2 0.3 -
LNP 1 - Internal

0.1 0.1 -
LNP 1 - North Side

0.1 0.1 -
LNP 1 - South Side

0.2 - -
LNP 1 - East Side
LNP 1 Average 0.2 0.2 0.2
LNP 2 - West Side 0.2 - -
LNP 2 - Internal 0.3 0.3 -
LNP 2 - North Side 0.1 0.1 -
LNP 2 - South Side 0.1 0.1 -
LNP 2 - East Side 0.2 - -
LNP 2 Average 0.2 0.2 0.2
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LNP COL 2.5-16 Table 2.5.4.10-203
Differential Settlement under Nuclear Islands
Total Total Range in
Distance
Seftlement  Settiement Differential
Differential Settiement Location at 1st Point at 2nd BB"O::;::S Settlement
(in.) Point (in.) (Slope) @
First Second Best Best
Point Point Description Estimate Estimate (ft.) Best Estimate
Based on Settlement Results at Specific Points:
LNP 2,
4 8 West-East 0.2 0.2 174 0.0000045
LNP 2,
2 6 North-South 0.1 0.1 268 0.0000031
LNP 1,
4 8 West-East 0.2 0.2 174 0.0000023
LNP 1,
2 6 North-Soiit 0.1 0.1 268 0.0000026
Based on Maximum Differential Settlements:
6 9 LNP 2 0.1 03 130 0.000085
6 9 LNP 1 0.1 0.2 130 0.000074
Notes:

The results correspond to the FEM analysis.

a) The differential settlement (slope) is defined as the difference in total settlement at two
locations divided by the horizontal distance between those two locations (based on

estimated settlements to third decimal place).

in. = inch, ft. = foot,
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LNP COL 2.5-7 Table 2.5.4.10-204
Subgrade Modulus Based on Seismic Wave Velocity
Reactor Weigl;tce:::se;a 9 vleegr:tge: Location® Subgrade Mo(bd)ulus,
Modulus (ksf) Poisson’s Ratio Ks (kef)
Center 610
Corner 1630
LNP-1 7.94E+05 0.39 Midpoint B 1220
Midpoint D 850
Average 814
Center 587
Corner 1568
LNP-2 8.41E+05 0.39 Midpoint B 1174
Midpoint D 818
Average 783

Notes:

a) Subgrade Modulus is calculated for center and corners of the basemat.
b) A compressible rock thickness of 3B (where B is width of basemat) was considered to

determine subgrade modulus.

kef = kilopound per cubic foot
ksf = kilopound per square foot
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- Table 2.5.4.10-205
R GOE i Lateral Earth Pressures on Nuclear Island Sidewalls

Lateral Earth Pressure (ksf)

(RE.I;‘?J'S;B) Case 1@ Case 2™ Case 3© Case 4%
51 0.61 0.61 0 0.61
43 1.26 1.37 1.17 0.95
33 2.38 2.20 2.67 1.70
11 3.74 3.56 1.99 3.52
Notes:

a) InCase 1, the lateral earth pressures due to 8 ft. of live load (250 psf), crane
load, hydrostatic load, and earthquake load are evaluated.

b) In Case 2, the lateral earth pressures due to failure of the two rows of anchors
supporting the diaphragm wall are evaluated.

c) InCase 3, the lateral earth pressures during the concrete fill placement are
evaluated.

d) In Case 4, the lateral earth pressures induced by post construction loads (8 ft.
backfill, 32 ft. concrete fill, hydrostatic, live load, and earthquake loads) are
evaluated.

ft. NAVD88 = feet North American Vertical Datum 1988
ksf = kilopound per square foot
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2.5.4.11 Design Criteria

This subsection summarizes the design criteria and methods used in the stability
evaluations for safety-related structures, including factors of safety, assumptions,
and conservatism used in the analyses. Cross references to subsections where
these items are described are provided.

FSAR Table 2.0-201 compares the DCD site geotechnical parameter criteria with
the corresponding site characteristics at LNP 1 and LNP 2, including the
following items:

e Average Allowable Static Bearing Capacity.

e Maximum Allowable Dynamic Bearing Capacity for Normal plus SSE.

e Shear-Wave Velocity.

e Lateral Variability.

e Liquefaction Potential.

Design criteria and methods used in the evaluations of safety-related structures
are found in the following subsections:

o Criteria for selection of borehole locations and depths are presented in FSAR
Subsections 2.5.4.2.1.1.1 and 2.5.4.2.1.1.2, respectively.

 Criteria for selection of soil samples and rock core for laboratory testing are
presented in FSAR Subsections 2.5.4.2.1.5.2 and 2.5.4.2.1.5.3, respectively.

» Criteria for selection of rock and soil properties used in the engineering
analyses are presented in FSAR Subsection 2.5.4.2 4,

» Criteria for selection of geophysical survey results as design parameters are
presented in FSAR Subsection 2.5.4.4.2 8.

e Criteria for evaluation of nuclear island subgrade conditions and identification
of the need for subgrade improvement are presented in FSAR Subsection
25453

» Criteria for groundwater elevations are presented in FSAR Subsection
2.5.4.6.1. Selection of construction dewatering methods is presented in FSAR
Subsection 2.5.4.6.2.
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¢ Criteria for determination of nuclear island allowable bearing pressures,
including analysis methods and selection of conservative rock strength
parameters, are presented in FSAR Subsection 2.5.4.10.1. Selection of static
and dynamic factors of safety is presented in FSAR Subsection 2.5.4.10.1.

e Criteria for determination of nuclear island settlement and subgrade rebound,
including analysis methods and selection of conservative rock and soil
parameters, are presented in FSAR Subsection 2.5.4.10.3. Tolerable
settlement limits are presented in FSAR Subsection 2.5.4.10.3.3.

o Criteria for estimation of nuclear island sidewall lateral earth pressures are
presented in FSAR Subsection 2.5.4.10 4.

For engineering analyses supporting the design and evaluation of safety-related
structures, each software package used was validated and verified to operate
properly on the computers used for the analyses in accordance with the Paul C.
Rizzo Associates, Inc., Quality Assurance program. Specific software packages
used for these analyses are described in the above-referenced design criteria
subsections.

25412 Techniques to Improve Subsurface Conditions

LNP COL 2.5-7  Major structures will derive support from the Avon Park Formation, at elevation
-7.3 m (-24 ft.) NAVD88. Prior to excavation, grouting will be performed between
this foundation elevation and elevation -30.2 m (-99 ft.) NAVDS8S8 to create a
relatively impervious zone of limestone to facilitate dewatering during
construction.

Prior to the excavation of the nuclear island foundations, grout holes will be
drilled from the existing ground surface to the proposed bottom of the targeted
grout zone (elevation -32 m [-99 ft.] NAVD88). Grouting will be performed using
a suite of mixes developed in the Grout Test Program. Primary grout holes will
be spaced on a 4.8 m (16 ft.) hexagonal pattern, and split-spaced with
secondary grout holes to achieve “no take” conditions. Provisions will be in place
to perform additional split-spacing to tertiary grout holes, as dictated by the
performance of the production grouting. This hole spacing was developed based
on the results of the Grout Test Program conducted in early 2009. State-of-the-
practice computerized monitoring of all grouting will take place, including the
measurement of grout take in terms of pressure and volume.

Grouting will reduce the gross porosity and the gross permeability of the Avon
Park Formation in this grouted zone. An additional benefit of this grouting is the
long-term reduction of groundwater flow through the formation and the
consequential reduction in the potential for renewed solution activity. This
grouting program is not intended to strengthen the formation. However, the
improved strength of the Avon Park Formation will add conservatism to the
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design. Grouting is nonsafety-related; however, it will be performed under a
quality program.

Upon completion of the grout program and dewatering effort, the nuclear island
foundations will be excavated to the interpreted top of the Avon Park Formation
at elevation -7.3 m (-24 ft.) NAVD88. Sound rock is present at this elevation,
which is capable of supporting the structures with surface repairs and dental
concrete as necessary to level this erosional surface. Criteria for acceptable
subgrade conditions are presented in FSAR Subsection 2.5.4.5.3. Rock that
does not satisfy the criteria will be removed and replaced with concrete or grout.

Subsequent to the excavation described in FSAR Subsection 2.54.53,aRCC
Bridging Mat will be constructed at elevation -24 ft. The mat will be installed in
1-ft. lifts to elevation 11 ft. The extent that the RCC placement is shown on
Figure 2.5.4.5-201A and Figure 2.5.4.5-201B for LNP 1, and Figure 2.5.4.5-202A
and Figure 2.5.4.5-202B for LNP 2.

The RCC will be placed in lift thicknesses of approximately 1 ft. Bedding Mix will
be used over each entire lift surface for the RCC bridging mat construction. The
Pre-COL RCC testing performed and the Post-COL RCC Testing planned is
described in FSAR Subsection 3.8.5.11.

The specified density of RCC is in the range 143 to 153 pcf. During the
construction of the RCC Bridging Mat, field measurements of RCC density will be
performed using a “single-probe 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
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 fc.

2) No individual strength test (average of two cylinders) falls below fc by more
than 500 psi.
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3) Ifindividual strength tests (average of two cylinders), adjusted for aging, fall
below fc 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 fc.

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

A detailed excavation, subgrade improvement, and verification program will be
developed prior to and during construction. Subgrade improvement and
verification methods summarized in FSAR Subsections 2.5.4.5.3 and 3.8.5.1 1, 0r
equivalent, will be included in this program. The operational monitoring program
for LNP 1 and LNP 2 is described in FSAR Subsection 2.4.12 4,

254121 Impact of Dissolution Rate

As discussed in FSAR Subsection 2.5.4.1.2.1.1.1, the current dissolution rate of
the Avon Park Formation is insignificant with regards to the foundation design.
The operation of LNP’s production wells, after full installation of the AP1000
basemat, RCC Bridging Mat, and grouted zone, was shown to have little
significant impact on the groundwater regime of the site. Compared to the natural
regime at the site, the LNP construction was shown to impact the hydrology
approximately the same as the seasonal fluctuations. Given this and the very low
expected dissolution rates described in FSAR Subsection 2.5.4.1.2.1.1.1, the
potential for increased dissolution as a result of construction is also insignificant.

2.5.5 STABILITY OF SLOPES

The nominal plant grade floor elevation at the LNP site will be at 15.5 m (51 1t)
NAVD88, with minor variations to allow drainage for an area of about 370 m by
390 m (1210 ft. by 1280 ft.) around the nuclear island. No permanent slopes will
be present at the site that could adversely affect safety-related structures.

The AP1000 does not utilize safety-related dams or embankments, and there are
no existing upstream or downstream dams that could affect the LNP site
safety-related facilities.
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3.7  SEISMIC DESIGN

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

Add Subsection 3.7.1.1.1 as follows:

3.7.1.1.1 Design Ground Motion Response Spectra

LNP SUP 3.7-3  Figure 2.5.2-296 shows the comparison of the scaled horizontal and vertical site- |
specific ground motion response spectra (GMRS) to the AP1000 certified design
seismic design response spectra (CSDRS). The GMRS was developed as the
Truncated Soil Column Surface Response (TSCSR) on the uppermost in-situ
competent material (elevation 11 m (36 ft.) NAVD88) as described in Subsection
2.5.2.6.

Plant design grade will be established at elevation 15.5 m (51 ft.) NAVDS88 by
placing engineered fill above in-situ material. Performance based surface
horizontal and vertical response spectra (PBSRS) at the design grade elevation
were developed as described in Subsection 2.5.2.6. Figure 2.5.2-297 presents
the comparison of the AP1000 CSDRS with the scaled PBSRS for horizontal and
vertical ground motions. The CSDRS envelops the scaled horizontal and the
vertical PBSRS.

Figures 3.7-206 and 3.7-207 show the conceptual grading plan and the
conceptual grading section for the LNP site respectively. The plant Nuclear
Island (NI) footprint (approximately 0.8 acres for each unit) is small compared to
the approximately 347 acres where fill will be placed to raise the existing grade
level. The existing grade in the plant footprint area is at approximate elevation
12.8 m (42 ft.) NAVD88. The design grade in the 347 acre fill area will vary from
elevation 15.2 m (50 ft.) NAVDS88 to elevation 14.3 m (47 ft.) NAVDS88. The large
extent of the fill area compared to the NI footprint and because the PBSRS is
higher than the GMRS for the LNP site, the fill to design grade was included in
the DC/COL-ISG-017 free field response analysis and the SSI analysis
presented in Subsection 3.7.2.4.1.

The backfill provides lateral support to the drilled shafts supporting the Turbine
Building (TB), Annex Building (AB), and Radwaste Building (RB). Thus, the
backfill will be controlled engineered fill under the footprint of the TB, AB, and RB
and to a lateral extent of ~30 ft. beyond the building footprint as shown in

Figure 3.7-208. The remainder of the fill required for site grading shown in

Figure 3.7-206 will not be controlled engineered fill. As shown in Figure 3.7-209,
the TB, AB, and RB buildings are supported on 3 ft., 4 ft., and 6 ft. diameter
drilled shafts. The seismic Il/l interaction evaluations show that for drilled shafts
up to 6 ft. in diameter, the lateral stiffness of the drilled shafts is primarily
dependent on the soil property of the top 16 ft. of soil. The ~30 ft. lateral extent of
the controlled engineered fill corresponds to the lateral extent of the passive
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wedge for engineered fill with a friction angle of 34 degrees as specified in
Table 2.5.4.5-201.

Add Subsection 3.7.1.1.2 as follows:
3.7.11.2 Foundation Input Response Spectra

The nuclear island is supported on 10.7 meters (35 feet) of roller compacted
concrete over rock formations at the site as described in Subsection 2.5.4.5. As
described in Subsection 2.5.2.6.6, foundation input response spectra (FIRS)
were developed at elevation -7.3 m (-24 ft.) NAVDS88, the base of planned
excavation beneath the nuclear island. This FIRS was scaled to ensure that the
computed soil column outcropping response (SCOR) at the AP1000 foundation
elevation 3.4 m (11 ft.) NAVD88 meets the 0.1g minimum ZPA requirement of
10 CFR 50 Appendix S. The scaled SCOR FIRS at elevation -7 m (-24 ft.)
NAVD88 and at elevation 3.4 m (11 ft.) NAVDS88 are shown on Figures 3.7-201
and 3.7-205 respectively.

As shown in Figure 2.5.2-358, the CEUS SSC horizontal and vertical FIRS are
enveloped by the updated EPRI-SOG scaled horizontal and vertical FIRS used
for site specific soil structure interaction analysis described in Subsection

3.7.2.4.1. Thus, the conclusions of the soil structure analysis presented in
Subsections 3.7.2.4.1.5 and 3.7.2.4.1.6 are valid for the LNP site ground motions
based on the CEUS SSC model.

The seismic Category |l and non-seismic adjacent structures are supported on
drilled shafts. The top of the basemat for the Annex Building, Radwaste Building,
and the Turbine Building (except for the condenser pit area) is at design grade
elevation 15.5 m (51 ft.) NAVD88. The PBSRS described in Subsection 3.7.1.1.1
(Figure 2.5.2-297 and Table 2.5.2-227) are used to compute the maximum
relative displacements of the Annex Building, Turbine Building, and the
Radwaste Building drilled shaft foundation with respect to the nuclear island to
evaluate site-specific aspect of the seismic interaction of these buildings with the
nuclear island.

As shown in Figure 2.5.2-357, the CEUS SSC PBSRS are enveloped by the

updated EPRI-SOG scaled PBSRS used for site specific displacement of the

Annex Building, Turbine Building, and the Radwaste Building as described in

Subsections 3.7.2.8.1, 3.7.2.8.2, and 3.7.2.8.3. Thus. the conclusions in these
subsections of no seismic interaction between the Annex Building, Turbine

Building, and Radwaste Building and the NI are valid for the LNP site ground

motions based on the CEUS SSC model.

Add the following subsections after DCD Subsection 3.7.2.4.
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3.7.241 Site Specific Soil Structure Analysis

LNPSUP3.7-6 379411 Soil Profiles for Soil Structure Analysis

LNP SUP 3.7-3 For the Soil Structure Analysis (SSI) analysis of the nuclear island (NI) the best
estimate (BE), lower bound (LB), and upper bound (UB) soil profiles presented in
Tables 2.5.2-228, 2.5.2-229, and 2.5.2-230 respectively were considered. In
addition, to account for the potential degradation of soil shear modulus due to
foundation installation, an additional Lower LB case (LLB) was also considered in
the SSI analysis. The foundation construction activities that may affect the in-situ
soil properties include installation of the drilled shafts, installation of the
diaphragm wall, and installation of the rock anchors for the diaphragm wall. The
construction methods and construction inspections used for installation of the
drilled shafts, diaphragm wall, and the diaphragm wall anchors will minimize the
extent of soil disturbance and avoid cave in. The holes for the anchors will be
advanced using drilling techniques designed to minimize the disturbance to the
surrounding soil. Such techniques may include the use of a casing, or drilling
with water or drilling slurry (not air). The boreholes for the diaphragm wall
anchors will be backfilled as the casing is extracted after the anchors are set in
rock to avoid cave in. Alternatively, the casings will be backfilled and left in place.
The drilled shaft construction methods and construction inspections and testing
will follow guidance in ACI 336.1-01 and ACI 336.3R-93.

The volume of soil being disturbed by the drilled shaft installation, and diaphragm
wall anchor installation is < 5 percent of the total soil volume in the vicinity of the
NI. Assuming the disturbed soil around the drilled shaft and diaphragm wall
anchors to have a soil shear modulus equal to half of the shear modulus of the
corresponding soil layers, the average reduction in the soil shear modulus of the
soil volume in the vicinity of the Nl is < 2.5 percent. Thus, for the LLB soil profile,
in-situ soil was conservatively assigned a shear modulus equal to 90 percent of
the LB soil case as presented in Table 3.7-201. As shown in Table 3.7-201, the
fill layer shear modulus was not changed from the LB shear modulus because of
the large variation from the BE case already considered i.e., the coefficient of
variation for the LB fill shear modulus is in the range of 4.02 to 6.13 from the BE
fill shear modulus as shown in Table 3.7-201. Rock layer shear modulus for the
LLB soil profile are the same as for the LB soil profile because the construction
activities do not degrade the rock layer shear modulus.

372412 DC/COL-ISG-017 Free Field Analysis

Design grade (elevation 15.5 m [51 ft.] NAVD88) deterministic surface spectra
were developed using Subsection 5.2.1 of the Interim Staff Guidance DC/COL-
ISG-017 as described in Subsection 2.5.2.6. The design grade surface response
spectra from the three soil columns (best estimate, lower bound, and the upper
bound properties) were developed using the scaled SCOR FIRS for elevation -
7.3 m (-24 ft.) NAVD88, the base of planned excavation beneath the nuclear
island. The three soil property profiles were developed based on the variation in
the randomized soil profiles used for developing PBSRS and complying with SRP
3.7.2.11.4 guidance on soil property variation for SSI analysis. The shear wave
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velocity profiles for the upper bound (UB), best estimate (BE) and lower bound
(LB) soil profiles are shown in Figure 2.5.2-298. The soil column profile and soil
properties are presented in Tables 2.5.2-228, 229, and 230 for BE, LB, and UB
cases respectively. Both horizontal and vertical SSI input response spectra were
developed.

The envelope of the deterministic surface spectra for horizontal and vertical
motions from the UB, LB, and BE envelops the PBSRS as required by DC/COL-
ISG-017. This comparison is shown on Figures 3.7-202, 203, and 204. Figures
3.7-202 and 203 also present the comparison of the AP1000 CSDRS with the
deterministic surface spectra from the UB, BE, and LB soil columns for the North-
South (H1) and the East-West (H2) directions. The CSDRS envelops the
deterministic surface spectra from the three soil columns for horizontal motions.
For the vertical ground motions, Figure 3.7-204 presents the comparison of the
AP1000 CSDRS with the deterministic surface spectra from the three soil
columns for the vertical motions. The CSDRS does not envelop the deterministic
surface spectra from the three soil columns in the high frequency range (greater
than approximately 30 Hz). Thus, a LNP site-specific SSI analysis was
performed.

372413 Input Time Histories for Soil Structure Analysis

Input time histories for the SSI analysis were created in two steps. First, time
histories were spectrally matched to the scaled SCOR FIRS at the base of the
planned excavation (elevation -7.3 m (-24 ft.) NAVD88) shown in Figure 3.7-201.
Then these time histories were input into the four (UB, BE, LB, and LLB) free
field soil columns (full height to elevation 15.5 m (51 ft.) NAVD88) as outcropping
motions and then output as in-column motion at the base of the excavation for
use in the SSI analysis. As part of this process, the surface motion was
computed for each of the four soil profiles and the SCOR FIRS was enhanced at
intermediate frequencies to ensure that the surface motion envelops the PBSRS.
The selected seed time history was the 1992 Landers Earthquake, Villa Park
Serrano Ave station, chosen from the CEUS record library provided by
NUREG/CR 6728. The seed time history was selected based on the
seismological properties and spectral shape of both horizontal and vertical
components. The selected time history represents a distance recording of a large
(M 7.3) earthquake consistent with the dominant contribution to Levy site hazard
by the Charleston source. Figures 3.7-210, 3.7-211, 3.7-212, and 3.7-213 show
the in-column SSI input X, Y, and Z time histories at elevation -7.3 m (-24 ft.)
NAVD8S8 for the Best Estimate (BE), Upper Bound (UB), Lower Bound (LB), and
the Lower Lower Bound (LLB) soil profiles respectively.

372414 Soil Structure Analysis Models
The LNP specific SSI analyses utilize both three dimensional (3D) and two

dimensional (2D) models and SASSI Subtraction and Direct methods for
computing in-structure floor response spectra.
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The Design-Basis 3D model consists of a NI20r-derived, 5-Layer, 75-foot
embedded Finite Element Model (FEM) developed for the BE soil case using the
SASSI Direct method of analysis. An 8-Layer, 75-foot embedded 3D FEM was
developed for sensitivity analysis of the LNP BE, UB, LB and LLB site soil cases
utilizing the SASSI Subtraction method, and to confirm that the BE case is the
controlling soil case particularly in the high frequency range. The 3D models
capture the three dimensional response effects for the various site soil cases;
however, the models are limited by the mesh size and corresponding passing
model frequency based on the LNP site profile shear wave velocity and layer
thickness. Therefore, two 2D models were developed to address 3D mesh size
modeling, potential frequency filtering due to the 3D model layering, and to
evaluate the SASSI SITE profile lower boundary depth.

The 2D ‘Coarse’ model was created to simulate the 3D design-basis embedded
model in 2D. The 2D ‘Fine’ model was created to meet the SASSI wavelength
criteria consistent with the NRC Interim Staff Guidance DC/COL-ISG-01 (1ISG-01)
50 hertz model refinement frequency, and meet the lower boundary criteria
specified in ASCE 4-98 Section 3.3.3.2 of at least 8000 fps or three times the
maximum foundation dimension (~750 feet). The 2D SSI analyses utilized the
SASSI Direct method. The results of the 2D SSI analyses determine the
frequency-dependent ratio of Fine-to-Coarse response spectra (= 1.0), (i.e. Bump
Factor), which is subsequently applied to the 3D BE Design-Basis FRS for
comparison to the AP1000 generic and HRHF FRS envelopes.

The Turbine Building (TB), Annex Building (AB), and Radwaste Building (RB)

drilled shafts and the diaphragm wall was not modeled in the 3D SSI model. The
absence of any adverse Category II/l interaction between the NI and the TB, AB,
and RB for LNP is documented in Subsections 3.7.2.8.1,3.7.2.8.2, and 3.7.2.8.3.

3.7.24.1.5 Soil Structure Analysis

SASSI SSI analyses using the 3D and 2D models were performed considering
the simultaneous occurrences of the two horizontal and one vertical components
of the time history. The input time history (Subsection 3.7.2.4.1 .3) was applied
as in-column motions at elevation -7.3 m (-24 ft.) NAVD88. The floor response
time histories in the X, Y, and Z directions were obtained by algebraically
combining the co-directional acceleration time histories from the three
excitations. Floor response spectra (FRS) were generated for the six key AP1000
locations using 5 percent damping. These locations include: CIS at Reactor
Vessel Support Elevation (Node 1761), ASB NE Corner at Control Room Floor
(Node 2078), CIS at Operating Deck (Node 2199), ASB Corner of Fuel Building
Roof at Shield Building (Node 2675), SCV near Polar Crane (Node 2788), and
ASB Shield Building Roof Area (Node 3329).

The first SSI analysis was performed using the 3D 8-Layer embedded model and
the BE, UB, LB and LLB soil profiles. The SASSI Subtraction method was used.
The LNP specific broadened 5 percent damped FRS computed at the six key
locations for the X, Y and Z directions are shown in Figures 3.7-214, 3.7-215,
3.7-216, 3.7-217, 3.7-218, and 3.7-219. The figures show that the LNP FRS are
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enveloped by the AP1000 generic FRS at all of the six NI key nodes. The FRS
also confirm that the BE soil profile FRS are the controlling FRS in the critical
high frequency range (= 25 Hz.) except for the horizontal spectra at node 2078.
At this node, the AP1000 HRHF FRS provides sufficient additional margin.

The second SSI analysis was performed using the 2D “Coarse” and “Fine”
models for the BE soil profile. The SASSI Direct method was used. The 5 percent
damped FRS at the six key nodes were generated. Frequency dependent Bump
Factors (2 1.0) were calculated from the FRS as the ratio of the 2D Fine model
and the 2D Coarse model FRS at the six key nodes.

The third SSI analysis was performed using the 3D 5-layer embedded model for
the BE soil profile. The SASSI Direct method was used. The 5 percent damped
FRS at the six key nodes were generated. The frequency dependent Bump
Factors calculated from the 2D model were applied to the 3D 5-layer model FRS
along the frequency spectrum to amplify the 3D 5-layer model FRS. These
factored FRS are compared to the AP1000 generic and HRHF (as necessary)
FRS envelops at the six key locations in Figures 3.7-220, 3.7-221, 3.7-222, 3.7-
223, 3.7-224, and 3.7-225. The HRHF FRS envelope is presented for 3D nodes
2078, 2199, and 2675 to demonstrate that additional margin exists at the three
nodes in the high frequency region (20-50 Hz.). As shown in the figures, the LNP
site-specific factored FRS are enveloped by the AP1000 generic and HRHF FRS
envelopes at each of the six nodes with sufficient margin.

372416 Bearing Pressure and Base Shear

Based on the SSI analysis, the maximum bearing pressure on the RCC bridging
mat beneath the NI basemat for the BE, UB, LB and LLB soil profiles is 20.29 ksf.
The maximum bearing pressure corresponds to the BE soil profile. The LNP site
specific maximum bearing pressure is enveloped by the AP1000 soft rock site
maximum bearing pressure of 24 ksf for soft rock sites.

Based on the SSI analysis, the maximum base shear on the RCC bridging mat
for the BE, UB, LB and LLB soil cases is 77,600 kips. The maximum base shear
corresponds to the BE soil profile. The maximum 77,600 kips base shear yields a
base shear to vertical load ratio of 0.12 for the NI. This ratio is enveloped by the
AP1000 maximum ratio of 0.55.

3.7.241.7 Sensitivity Evaluations for Regulatory Guide 1.60 Spectra

FIRS

The Regulatory Guide 1.60 Foundation Input Response Spectra (FIRS) is
anchored at peak ground accelerations for the scaled site-specific FIRS in Table
2.5.2-236 (0.1g horizontal and 0.0695¢ vertical). The scaled site-specific FIRS

was developed using the updated EPRI SOG methodology and scaled to meet
10 CRF Part 50 Appendix S requirements. Tables 3.7-203 and 3.7-204 resent
the 5% damped site specific FIRS, the 5% damped Regulatory Guide 1.60 FIRS
and the ratio of the Regulatory Guide FIRS and the site specific FIRS at various

frequencies for horizontal and vertical spectra respectively.
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Sensitivity evaluations were performed to assess whether the FRS at the six key

locations using the Regulatory Guide 1.60 FIRS instead of the scaled site-
specific FIRS remains bounded by the Certified Seismic Design Response
Spectra (CSDRS) FRS. The sensitivity evaluations were performed usin
conservative simplified methodology by scaling the entire site specific FRS by the

ratio of the Regulatory Guide 1.60 FIRS and the scaled site specific FIRS at the
predominant response frequency at the node/direction. The predominant
response frequency was determined from the peaks in the site specific FRS at

each of the six nodes in the X, Y, and Z directions. The site specific FRS at the

six nodes in the X, Y, and Z directions are shown in Figures 3.7-214, 3.7-215,
3.7-216, 3.7-217, 3.7-218, and 3.7-219. For this evaluation the lowest

predominant response frequency is used because it will yield a larger scaling
factor and is thus conservative. Table 3.7-205 presents the predominant
response frequencies at the six key nodes in the X. Y, and Z directions, the ratio
of the Requlatory Guide 1.60 FIRS and the scaled site specific FIRS at the

redominant response frequency (scaling factor), and the minimum margin for
site specific FRS with respect to the CSDRS FRS when the whole site s ecific

FRS is scaled by the scaling factor for the predominant response frequency for

the node and direction. Because the scaling factors to develop the Regulatory
Guide 1.60 FRS are always smaller than the available margin with respect to the
CSDRS FRS, the Regulatory Guide 1.60 FRS will be bounded by the CSDRS
FRS. In addition, because the Regulatory Guide 1.60 spectra has only a small

frequency content above 20 Hz. and no frequency content above 33 Hz.. the

Regulatory Guide 1.60 FRS peaks in the high frequency range (>20 Hz.) will be

lower than that obtained by the simple scaling used, thus providing additional
margin with respect to the CSDRS FRS.

As stated in Subsections 2.5.4.5.4 and 2.5.4.10.1 .1, the conceptual design of the
RCC bridging mat is based on a bearing pressure of 8.9 kips per square foot [ksf]
for static loading and 24.0 ksf for dynamic loading. The static bearing pressure is
based on DCD Tier 1 Table 5.0.1. The dynamic bearing pressure is the
maximum subgrade pressure at the AP1000 basemat that results from the
eneric AP1000 analysis for soft rock sites. For the subsurface rock bearin
capacity calculations, the RCC self weight was included as an additional bearin
pressure load of 5.16 ksf. The buoyancy effects due to the hydrostatic pressure
acting at the bottom of the RCC were considered in this analysis. A base shear
load of 136,000 kips based on the AP1000 generic analysis was applied at the

top of the RCC bridging mat. Because the AP1000 generic analyses are based

on the CSDRS (0.3g Regulatory Guide 1.60 spectra enhanced in the high

on the CSDRS (0.3g Regulatory Guide 1.60 spectra enhanced in the high
frequency region), the RCC design is conservative for the Regulatory Guide 1.60

FIRS.

3.7.2.8.1 Annex Building
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In DCD Subsection 3.7.2.8.1, the maximum displacement of the roof of the
Annex Building is reported as 1.6 inches for response spectra input at the base
of the building that envelops the SSI spectra for the six soil profiles and also the
CSDRS. The Annex Building foundation (top of mat) is at design grade.

Figure 2.5.2-297 shows a comparison of the LNP scaled performance based
surface response spectra (PBSRS) at the plant design grade and the CSDRS.
The CSDRS envelops the LNP PBSRS by a wide margin. Thus, the LNP Annex
Building roof displacement relative to its foundation is expected to be less than
the 1.6 inches in the DCD for the CSDRS. The computed probable maximum
relative displacement during SSE between the NI and the Annex Building
foundation mat is less than 2.5 cm (1 in.)_for both the scaled Performance Based

Surface Response Spectra (PBSRS) or the Regulatory Guide 1.60 spectra
anchored at peak ground acceleration of 0.1qg applied at the foundation elevation

of the Annex Building as shown in Table 3.7-206. The probable maximum
relative displacement calculation included the drilled shaft supported foundation
mat displacements including the drilled shaft to drilled shaft interaction effects,
additional displacement due to soil column displacement, and the NI
displacement at design grade. The square root of the sum of squares (SRSS)
method was used to compute the probable maximum relative displacement.
Thus, the LNP Annex Building roof displacement during SSE is expected to be
less than 2.6 inches. As stated in DCD Subsection 3.7.2.8.1, the minimum
clearance between the structural elements of the Annex Building above grade
and the nuclear island (NI) is 4 inches. Figure 3.7-226 shows the conceptual
design detail for the interface between the Nuclear Island (NI) and the drilled
shaft supported foundation mat of the Annex Building. This design detail provides
a 5.0 cm (2 in.) gap between the Annex Building foundation and the NI consistent
with DCD Subsection 3.8.5.1. The top of the diaphragm wall and controlled low
strength material fill between the diaphragm wall and the NI wall is at least 1.5 m
(5 ft.) below the bottom of the Annex Building foundation mat as stated in
Subsection 2.5.4.5.1. Engineered fill is used from the top of the controlled low
strength material fill to the bottom of the Annex Building foundation as stated in
Subsection 2.5.4.5.4. This interface is designed to avoid hard contact between
the NI and the Annex Building foundation mat resulting from the relative
displacement between the NI and the Annex Building foundation mat during the
seismic event. Thus, no seismic interaction between the Annex Building and the
NI is expected.

3.7.2.8.2 Radwaste Building

The computed probable maximum relative displacement between the NI and the
Radwaste Building foundation mat is less than 2.5 cm (1 in.) for both the scaled
om-a-Performance-Based-Surface-R PBSRS) or the
Regulatory Guide 1.60 spectra anchored at peak ground acceleration of 0.1
applied at the foundation elevation of the Radwaste Building as shown in Table

Rev. 45 |

3.7-8




LNP SUP 3.7-5

Levy Nuclear Plant Units 1 and 2
COL Application
Part 2, Final Safety Analysis Report

3.7-206i : ). The probable maximum relative displacement
calculation included the drilled shaft supported foundation mat displacements
including the drilled shaft to drilled shaft interaction effects, additional
displacement due to soil column displacement, and the NI displacement at
design grade. The SRSS method was used to compute the probable maximum
relative displacement. Figure 3.7-226 shows the conceptual design detail for the
interface between the Nuclear Island (NI) and the drilled shaft supported
foundation mat of the Radwaste Building. This design detail provides a 5.0 cm. (2
in.) gap between the Radwaste Building foundation and the NI consistent with
DCD Subsection 3.8.5.1. The top of the diaphragm wall and controlled low
strength material fill between the diaphragm wall and the NI wall is at least 1.5 m
(5 ft.) below the bottom of the Radwaste Building foundation mat as stated in
Subsection 2.5.4.5.1. Engineered fill is used from the top of the controlled low
strength material fill to the bottom of the Radwaste Building foundation as stated
in Subsection 2.5.4.5.4. This interface is designed to avoid hard contact between
the NI and the Radwaste Building foundation mat resulting from the relative
displacements during the seismic event. Thus, no seismic interaction between
the Radwaste Building foundation mat and the NI is expected.

3.7.2.8.3 Turbine Building

The computed probable maximum relative displacement between the NI and the

Turbine Building foundation mat is less than 2.5 cm (1 in.) for both the from-a

SHefmance-Based-Surface-Response-Spectra(PBSRS) or the Regulatory
Guide 1.60 spectra anchored at peak ground acceleration of 0.1q a lied at the

foundation elevation of the Turbine Building as shown in Table 3.7-206istess
than-2-6-em-(+in). The probable maximum relative displacement calculation
included the drilled shaft supported foundation mat displacements including the
drilled shaft to drilled shaft interaction effects, additional displacement due to soil
column displacement, and the NI displacement at design grade. The SRSS
method was used to compute the probable maximum relative displacement.
Figure 3.7-226 shows the conceptual design detail for the interface between the
Nuclear Island (NI) and the drilled shaft supported foundation mat of the Turbine
Building. This design detail provides the 5.0 cm. (2 in.) gap between the Turbine
Building foundation and the NI consistent with DCD Subsection 3.8.5.1. The top
of the diaphragm wall and controlled low strength material fill between the
diaphragm wall and the NI wall is at least 1.5 m (5 ft.) below the bottom of the
Turbine Building foundation mat as stated in Subsection 2.5.4.5.1. Engineered fill
is used from the top of the controlled low strength material fill to the bottom of the
Turbine Building foundation mat as stated in Subsection 2.5.4.5.4. This interface
is designed to avoid hard contact between the NI and the Turbine Building
foundation mat resulting from the relative displacements during the seismic
event. Thus, no seismic interaction between the Turbine Building foundation mat
and the NI is expected.
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3.7.284 Median Centered Adjacent Building Relative Displacements for
10° UHRS

As a sensitivity analysis, the median centered probable maximum relative
displacements between the NI and the adjacent Turbine, Annex, and Radwaste
Buildings’ foundation mat were calculated for updated EPRI-SOG 10°° UHRS. |
The drilled shaft supported foundation mat lateral displacements were obtained
from 21 randomly selected soil profiles from the set of several hundred

randomized soil profiles used to develop the updated EPRI-SOG 10° UHRS. The |
median shear wave velocity profile for the 21 soil profiles closely matches the
median shear wave velocity profile for the entire set of randomized soil profiles
used to develop the updated EPRI-SOG 10°° UHRS as shown in Figure 3.7-227. |
The probable maximum relative displacement between the NI and the TB, AB,

and the RB foundation mats was computed by combining the soil column
displacements for UHRS, the NI displacement at the design grade, and the
Turbine, Annex, and Radwaste Buildings’ foundation mat displacements for
updated EPRI-SOG 10°° UHRS using the square root of the sum of squares |
(SRSS) method. The computed probable maximum median relative

displacements between the NI and the adjacent Turbine, Annex, and Radwaste
Buildings’ foundation mat for updated EPRI-SOG 10°° UHRS are less than 2.5 |
cm. (1in.). Figure 3.7-226 shows the conceptual design detail for the interface
between the Nuclear Island (NI) and the drilled shaft supported foundation mat of
the Turbine Building. This design detail provides the 5.0 cm. (2 in.) gap between
the Turbine, Annex, and Radwaste Buildings’ foundation mat and the NI
consistent with DCD Subsection 3.8.5.1. The top of the diaphragm wall and
controlled low strength material fill between the diaphragm wall and the NI wall is
at least 1.5 m (5 ft.) below the bottom of the Turbine Building foundation mat as
stated in Subsection 2.5.4.5.1. Engineered fill is used from the top of the
controlled low strength material fill to the bottom of the Turbine Building
foundation as stated in Subsection 2.5.4.5.4. This interface is designed to avoid
hard contact between the NI and the Turbine Building foundation resulting from
the relative displacements during the seismic event. Thus, no seismic interaction
between the Turbine, Annex, and the Radwaste Buildings’ foundation mat and
the NI is expected for updated EPRI-SOG 10° UHRS.

To evaluate the HCLPF capacity for no seismic interaction between the Annex
Building, Turbine Building, and Radwaste Building foundation mats and the NI
the relative displacement between the NI and the Annex Building, Turbine

Building, and Radwaste Building foundations was computed based on the

updated EPRI-SOG 10° UHRS. As shown in Figures 3.7-228 and 3.7-229,
1.67*GMRS and 1.67*PBSRS developed using the CEUS SSC method and

modified CAV filter are enveloped by the updated EPRI-SOG 10~° UHRS. Thus,
HCLPF capacity for no seismic interaction between the Annex Buildin Turbine
Building, and Radwaste Building foundation mats and the NI exceeds the

1.67*GMRS goal for the plant level HCLPF for the CEUS SSC ground motions.
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3.7.2.12 Methods for Seismic Analysis of Dams

Add the following text to the end of DCD Subsection 3.7.2.12.

LNP COL 3.7-1  There are no existing dams that can affect the site interface flood level as
specified in DCD Subsection 2.4.1.2 and discussed in FSAR Subsection 2.4.4.

3.7.4.1 Comparison with Regulatory Guide 1.12

Add the following text to the end of DCD Subsection 3.7.4.1.

Administrative procedures define the maintenance and repair of the seismic
STD SUP 3.7-1 . ; . ; - .

instrumentation to keep the maximum number of instruments in-service during

plant operation and shutdown in accordance with Regulatory Guide 1.12.

3.7.4.21 Triaxial Acceleration Sensors

‘ STDcoL 3.7-5 A free-field sensor will be located and installed to record the ground surface
’ motion representative of the site. It will be located such that the effects
associated with surface features, buildings, and components on the recorded
‘ ground motion will be insignificant. The trigger value is initially set at 0.01g.
|
|
|
|

3744 Comparison of Measured and Predicted Responses

Add the following text to the end of DCD Subsection 3.7.4 4.

LNP COL 3.7-2  Post-earthquake operating procedures utilize the guidance of EPRI Reports
NP5930, TR-100082, and NP-6695, as modified and endorsed by the NRC in
Regulatory Guides 1.166 and 1.167. A response spectrum check up to 10Hz and
the cumulative absolute velocity will be calculated based on the recorded
motions at the free field instrument. If the operating basis earthquake ground
motion is exceeded or significant plant damage occurs, the plant must be
shutdown in an orderly manner.

STD COL 3.7-2 |n addition, the procedures address measurement of the post-seismic event gaps
between the new fuel rack and walls of the new fuel storage pit, between the
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individual spent fuel racks, and from the spent fuel racks to the spent fuel pool
walls, and provide for appropriate corrective actions to be taken if needed (such
as repositioning the racks or analysis of the as-found condition).

3.74.5 Tests and Inspections

Add the following text to the end of DCD Subsection 3.7.4.5.

Installation and acceptance testing of the triaxial acceleration sensors described
in DCD Subsection 3.7.4.2.1 is completed prior to initial startup. Installation and
acceptance testing of the time-history analyzer described in DCD Subsection
3.7.4.2.2 is completed prior to initial startup.

3.7.5 COMBINED LICENSE INFORMATION

3.7.5.1 Seismic Analysis of Dams

This COL Item is addressed in Subsection 3.7.2.12.

3.7.5.2 Post-Earthquake Procedures

This COL Item is addressed in Subsection 3.7.4.4.

3.75.3 Seismic Interaction Review

Replace DCD Subsection 3.7.5.3 with the following text.

The seismic interaction review will be updated for as-built information. This
review is performed in parallel with the seismic margin evaluation. The review is
based on as-procured data, as well as the as-constructed condition. The as-built
seismic interaction review is completed prior to fuel load.

3754 Reconciliation of Seismic Analyses of Nuclear Island Structures

Replace DCD Subsection 3.7.5.4 with the following text.

The seismic analyses described in DCD Subsection 3.7.2 will be reconciled for
detailed design changes, such as those due to as-procured or as-built changes in
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component mass, center of gravity, and support configuration based on
as-procured equipment information. Deviations are acceptable based on an
evaluation consistent with the methods and procedure of DCD Section 3.7
provided the amplitude of the seismic floor response spectra, including the effect
due to these deviations, does not exceed the design basis floor response spectra
by more than 10 percent. This reconciliation will be completed prior to fuel load.

3.7.55 Free Field Acceleration Sensor
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3.76 REFERENCES
Add the following at the end of DCD Subsection 3.7.6:

201. Darendeli, M.B, Development of a New Family of Normalized Modulus
Reduction and Material Damping Curves, Ph.D Thesis, University of
Texas, Austin, 2001.

202. Mengq, F.Y., Dynamic Properties of Sandy and Gravelly Soils, Ph.D
Thesis, University of Texas, Austin, 2003.

203. Power, M., B. Chiou, N. Abrahamson, Y. Bozorgnia, T. Shantz, and C.
Roblee, An Overview of the NGA Project, Earthquake Spectra, v. 24, p. 3-
21, 2008.

Rev. 45 |
3.7-14




LNP SUP 3.2-6

Levy Nuclear Plant Units 1 and 2

COL Application
Part 2, Final Safety Analysis Report

Table 3.7-201

Lower Lower Bound (LLB) Soil Profile for SSI Analysis

2 Layer Unit BE" LB LBY  LLB®  LLB®.G9
LNP SUP 3.7-3 Thickness D®  Weight AL AL G9 G9 cov® Description
Layer (ft.) (ft.) (kcf) (ft/sec) (ft/sec) (ksf) (ksf)
1 2.5 25 110 836 373 476 476 4.02 Fill
2 25 5.0 110 824 342 400 400 4.81 Fill
3 25 7.5 110 796 315 339 339 5.38 Fill
4 3.5 11.0 110 788 300 307 307 5.92 Fill
5 2.0 13.0 110 796 301 310 310 5.97 Fill
6 2.0 15.0 110 786 294 296 296 6.13 Fill
7 35 18.5 120 1,503 1,123 4,702 4,232 0.99 In -situ Soil
8 25 21.0 120 1,500 1,115 4,632 4,169 1.01 In -situ Soil
9 1.0 220 120 1,500 1,115 4,632 4,169 1.01 In -situ Soil
10 35 255 120 1,501 1,074 4,301 3,871 1.17 In -situ Soil
11 3.5 29.0 120 1,496 1,070 4,270 3,843 1.17 In -situ Soil
12 6.7 357 120 1,482 1,111 4,596 4,137 0.98 In -situ Sail
13 43 40.0 120 1,476 1,100 4,507 4,056 1.00 In -situ Soil
14 24 42.4 120 1,476 1,100 4,507 4,056 1.00 In -situ Soil
15 8.3 50.7 130 2,267 1,851 13,830 12,447 0.67 In -situ Soil
16 8.3 59.0 130 2,266 1,850 13,822 12,440 0.67 In -situ Soil
17 7.2 66.2 130 2,254 1,841 13,680 12,312 0.67 In -situ Soil
18 7.2 734 130 2,251 1,838 13,639 12,275 0.67 In -situ Soil
19 16 75.0 138 2,772 2,264 21,960 19,764 0.67 In -situ Soil
20 >75.0 Rock" Rock
Notes: Units:
a) D: Depth from Design Grade (EL +51 ft.) to bottom of Layer ft.: Feet

b) Vs: Layer Shear wave velocity

c) BE: Best Estimate soil profile (Table 17 of Calculation LNG-0000-X7C-044 Rev. 1)
d) LB: Lower Bound soil profile (Table 18 of Calculation LNG-0000-X7C-044 Rev. 1)
e) LLB: Lower Lower Bound soil profile
f) COV: Coefficient of variation

g) G: Shear Modulus

i) Rock profile same as LB rock profile

3.7-15

kef: Kips per cubic feet
ksf: Kips per square feet
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Table 3.7-202
Median Soil Profile to 10° UHRS Relative Displacements Calculations
LNP COL 2.5-9
Shear Compression
Total Unit Wave Wave Elevation of
Thickness Depth  Weight Velocity = Damping Velocity Layer Base

Layer (ft) (ft) (pcf) (ft/sec) Ratio (%) (ft/sec) (ft)
1 2.5 25 110 828.7 1.5 1590.2 48.5
2 25 5 110 804.6 22 1590.2 46.0
3 25 7.5 110 761.9 2.9 1590.2 435
4 35 11 110 744.2 3.5 1590.2 40.0
5 2 13 110 742.7 3.9 5000.0 38.0
6 2 15 110 730.5 42 5000.0 36.0
7 3.5 18.5 120 1461.6 3.1 5600.0 325
8 25 21 120 1454 1 33 5600.0 30.0
9 1 22 120 1454 1 3.3 5600.0 29.0
10 35 255 120 1457.0 2.1 5600.0 25.5
11 35 29 120 14423 2.2 5600.0 22.0
12 6.9 35.9 120 1434 1 2.1 5600.0 15.1
13 4.1 40 120 1419.4 2.4 5600.0 11.0
14 2.8 42.8 120 1419.4 24 5600.0 8.2
15 8.4 51.2 130 2221.9 1.7 7550.0 -0.2
16 8.4 59.6 130 2221.2 1.8 7550.0 -8.6
17 7.1 66.7 130 2206.2 2.0 7550.0 -15.7
18 7.1 73.8 130 2202.1 2.0 7550.0 -22.8
19 1.2 75 138 2768.2 1.4 8700.0 -24.0
20 246 99.6 138 2768.2 1.4 8700.0 -48.6
21 47 .4 147 138 2685.3 1.4 8550.0 -96.0
22 61.3 208.3 138 3369.3 1.4 10600.0 -157.3
23 17.9 226.2 138 3313.8 1.4 9450.0 -175.2
24 241 250.3 120 3204.8 1.8 7250.0 -199.3
25 246 274.9 120 3177.0 1.8 7250.0 -223.9
26 40 314.9 120 3522.5 1.3 7900.0 -263.9
27 42 356.9 120 3356.5 13 7900.0 -305.9
28 38.4 395.3 140 4130.9 0.9 8900.0 -344.3
29 59.4 454.7 140 3361.0 0.9 8100.0 -403.7
30 59.4 5141 140 3712.0 0.9 9000.0 -463.1
31 2427 756.8 140 45371 0.9 11000.0 -705.8
32 355.8 1112.6 140 5928.9 0.9 14400.0 -1061.6
33 249 4 1362 150 7276.9 0.7 17850.0 -1311.0
34 252.9 1614.9 150 5087.2 0.7 12350.0 -1563.9
35 148.3 1763.2 150 72771 0.7 17400.0 -1712.2
36 106.1 1869.3 150 6240.9 0.7 14900.0 -1818.3
37 199 2068.3 150 7165.6 0.7 17500.0 -2017.3
38 601.2 2669.5 150 54246 0.8 13000.0 -2618.5
39 149.2 2818.7 150 5949.2 0.8 14200.0 -2767.7
40 192.7 3011.4 150 6195.7 0.8 14950.0 -2960.4
41 652.3 3663.7 150 5155.8 0.8 12600.0 -3612.7
42 603.7 4267.4 150 5553.3 0.8 13450.0 -4216.4
43 96.6 4364 150 4797.8 0.8 11500.0 -4313.0
44 Halfspace 4364 169 9382.7 0.1 16100.0 -4313.0
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Table 3.7-203

Ratio of Horizontal RG 1.60 FIRS and Site Specific (SS) FIRS

WP QMR i Frequency  Site Specific RG1.60 FIRS RG 1.60/SS
P (Hz) FIRS () () FIRS Ratio
1.00 0.108 0.147 1.36
150 0.156 0.206 132
2.00 0.176 0.261 148
250 0.196 0.313 1.60
3.00 0.214 0.305 143
3.50 0.230 0.298 1.30
4.00 0.245 0.293 120
5.00 0.273 0.284 1.04
6.00 0.276 0.276 1.00
9.00 0.265 0.261 0.98
10.00 0.263 0.241 0.92
12.00 0.260 0.211 0.81
15.00 0.253 0.179 07
20.00 0.231 0.145 0.63
30.00 0.183 0.107 0.59
33.00 0.175 0.100 0.57
100.00 0.100 0.100 1.00
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Table 3.7-204

Ratio of Vertical RG 1.60 FIRS and Site Specific (SS) FIRS

LNP SUP 3.7-6 Frequency Site Specific RG 1.60 FIRS RG 1.60/ SS

(Hz) FIRS (q) (q) FIRS Ratio
T 1.00 0.068 0.071 1.05
2.00 0.104 0.129 1.24
3.50 0.130 0.207 1.59
4.00 0.139 0.203 1.46
5.00 0.154 0.197 1.28
6.00 0.157 0.192 122
7.00 0.157 0.188 1.20
9.00 0.157 0.181 1.15
10.00 0.159 0.168 1.06
15.00 0.170 0.124 0.73
18.00 0.174 0.109 0.63
20.00 0.175 0.101 0.58
33.00 0.144 0.070 0.49
100.00 0.070 0.070 1.00
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Table 3.7-205
Predominant Frequencies, Scale Factors for Regulatory Guide 1.60 FIRS, and CSDRS
FRS Margin
LNP SUP 3.7-6
Predominant Ratio RG Minimum
LNP SUP 3.7-3 Node / Frequency 1.60 and CSDRS FRS

Direction (Hz.) Scaled FIRS Margin
1761-X 3.0 1.43 >1.43
1761-Y 55 1.02 >1.02
1761-Z2 5.0 1.28 >1.28
2078-X 20.0 0.63 >1.00
2078-Y 12.0 0.81 >1.00
2078-Z 20.0 0.58 >1.00
2199-X 20.0 0.63 >1.00
2199-Y 55 1.02 >1.02
2199-Z 20.0 0.58 >1.00
2675-X 30.0 0.59 >1.00
2675-Y 3.0 1.43 >1.43
2675-Z 6.0 122 >1.22
2788-X 5.0 1.04 >1.04
2788-Y 55 1.02 >1.02
2788-Z 18.0 0.63 >1.00
3329 X 35 1.30 >1.30
3329-Y 3.0 1.43 >1.43
3329-Z 7.0 1.20 >1.20
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Table 3.7-206

Probable Maximum Relative Displacements between the Nuclear Island (NI) and Adjacent

Buildings
LNP SUP 3.7-5
Probable Maximum
Adiacent Buildin Relative Displacement (in.)
Site Specific RG 1.60
FIRS FIRS
Between NI and Annex Building 0.70 0.59
Between NI and Radwaste Building 0.77 0.64
Between NI and Turbine Building 0.40 0.35
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FIGURE 3.7-228

Comparison of the horizontal 10™2 UHRS using the
Updated EPRI-SOG model with 1.67 x the GMRS
using the CEUS SSC model with modified CAV
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Comparison of the horizontal 10™2 UHRS using the
Updated EPRI-SOG model with 1.67 x the PBSRS
using the CEUS SSC model with modified CAV
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19.55 SEISMIC MARGIN ANALYSIS

This section of the referenced DCD is incorporated by reference with the
following departures and/or supplements.

Add the following Subsection after DCD Subsection 19.55.6.2:
19.55.6.3 Site-Specific Seismic Margin Analysis

LNP COL 19.59.10-6 The LNP GMRS was developed as the Truncated Soil Column Surface
Response (TSCSR) on the uppermost in-situ competent material at elevation 11
m (36 ft.) NAVD88 as described in Subsection 2.5.2.6. Since plant design grade
will be established at elevation 15.5 m (51 ft.) NAVD88 by engineered fill above
in-situ material as noted in Subsection 2.5.4.5, performance based surface
horizontal and vertical response spectra (PBSRS) at the design grade scaled to
meet 10 CFR Part 50 Appendix S requirements were developed as described in
Subsection 2.5.2.6. Both the LNP scaled GMRS and the scaled PBSRS are
enveloped by the AP1000 Certified Seismic Response Spectra as documented in
Subsection 2.5.2.6. In addition, LNP site-specific SSI analysis was performed to
evaluate the effect of the LNP unique foundation conditions on seismic demand.
It was determined that the LNP site-specific seismic floor response spectra (FRS)
at the six key locations are enveloped by the AP1000 CSDRS based FRS at the
six key locations. In addition, the LNP maximum bearing pressure is less than the
CSDRS based maximum bearing pressure of 24 ksf for soft rock sites. For the 24
ksf bearing pressure, the LNP site specific bearing factor of safety is greater than
the acceptable factor of safety for static and dynamic loadings (Subsection
2.5.4.10.1.1). The LNP SSI analysis results are documented in Subsection
3.7.1.1.1. Thus, LNP site unique foundation conditions do not lower the High
Confidence Low Probability of Failure (HCLPF) values calculated for the certified
design.

As shown in Figures 2.5.2-355 and 2.5.2-357, both the CEUS SSC GMRS and

the PBSRS are enveloped by the AP1000 CSDRS. As discussed in Subsection
3.7.1.1.2, the CEUS SSC LNP site specific floor response spectra FRS) at the
six key locations are bounded by the CSDRS FRS. In addition, the CEUS SSC

LNP site specific nuclear island maximum bearing pressure is less than the 24

ksf design value. Thus, LNP site unique foundation conditions and CEUS SSC

ground motions do not lower the High Confidence Low Probability of Failure
(HCLPF) values calculated for the certified design.

The soils under the LNP 1 and LNP 2 nuclear islands (NI) foundations will be
excavated to rock and backfilled with Roller Compacted Concrete (RCC), as
discussed in Subsection 2.5.4.5.3. For the NI, this eliminates any potential
site-specific effects such as seismically induced liquefaction settlements, slope
stability, foundation failure or relative settlements that would lower the HCLPF
values calculated for the certified design. As described in Subsection 2.5.4.8, the
LNP site-specific soil conditions also do not affect the nuclear island sliding and
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overturning stability based on Westinghouse analysis. Thus, LNP site-specific
soil conditions do not lower the HCLPF values calculated for the certified design.

As described in Subsection 2.5.4.8, LNP site-specific liquefaction analysis (for
PBSRS) was performed for soil beyond the nuclear island perimeter which will be
left in place. Based on the liquefaction analysis, it was concluded that liquefiable
zones under the LNP 1 and 2 footprints are confined to the northwest corner of
the Unit 2 Turbine Building and in isolated random pockets under the remaining
LNP 1 and 2 footprints. The LNP earthwork design will incorporate vertical and
horizontal drains that will prevent liquefaction in the northwest corner of the Unit
2 Turbine Building and in isolated random pockets under the remaining LNP 1
and 2 footprints. The extent of these horizontal and vertical drains is shown in
Figures 2.5.4.8-205 and 2.5.4.8-206. Liquefaction analysis was also performed
for 10°° uniform hazard response spectra (UHRS) for soil beyond the nuclear
island perimeter which will be left in place as is described in Subsection 2.5.4 8.
Based on this liquefaction analysis, it can be concluded that liquefiable zones
under the LNP 1 and 2 footprints for 10° UHRS are confined soil zones where
LNP earthwork design will incorporate vertical and horizontal drains that prevent
liquefaction (Figures 2.5.4.8-205 and 2.5.4.8-206). As-stated-previeusly—tThe 10°
UHRS is greater than 1.67 times the LNP scaled GMRS and the scaled PBSRS
developed using the updated EPRI SOG model, and the GMRS and the PBSRS
developed using the CEUS SSC model and modified CAV filter. Thus,
liquefaction potential of soil beyond the nuclear island perimeter which will be left
in place has the potential to drive the plant level HCLPF: however the soil
liquefaction HCLPF exceeds the 1.67*GMRS goal for the plant level HCLPF.

Seismic Category Il structures (Annex Building [AB] and the first bay of the
Turbine Building [TB]) and nonsafety-related structures (rest of the TB and
Radwaste Building [RB]) adjacent to the NI will be supported on drilled shaft
foundations. The Seismic Category I/l interaction issues between the adjacent
drilled shaft supported structures and the NI have been addressed in
Subsections 3.7.2.8.1, 3.7.2.8.2, and 3.7.2.8.3. The probable maximum relative
displacements between the NI and the adjacent Turbine, Annex, and Radwaste
Buildings’ foundation mat for the PBSRS and the 10° UHRS are less than the 50
mm (2.0 inch) gap between the NI and the adjacent buildings’ foundation mats.
The 10° UHRS is greater than 1.67 times higher than the LNP scaled GMRS and
the scaled PBSRS _developed using the updated EPRI SOG model, and the
GMRS and the PBSRS developed using the CEUS SSC model and modified
CAV filter. Thus, Seismic Category II/l interaction between the NI and the
adjacent buildings has the potential to drive the plant level HCLPF ; however the
HCLPF for Seismic Category I1/l interaction between the NI and the adjacent
buildings exceeds the 1.67*GMRS goal for the plant level HCLPF.

The LNP RCC bridging mat is designed to span the postulated (conservative)
design basis karst void of 10 ft. The failure of the RCC bridging mat can result in
displacement of the AP1000 nuclear island foundation in excess of the maximum
6 in. displacements specified in DCD Tier 1 Table 5.0-1. In the AP1000 PRA-
based Seismic Margin Assessment, the RCC bridging mat failure is
conservatively assumed to fall within the gross structural collapse event modeled
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in the hierarchical event tree discussed in DCD Section 19.55. As gross
structural collapse is assumed to directly lead to core damage, failure of the RCC
bridging mat has the potential to drive the plant level high confidence low
probability of failure (HCLPF) value. The HCLPF capacity of the RCC mat was
calculated as >0.124g using the conservative deterministic failure margin

(CDFM) methodology of Reference 19.55.7-201. The >0.124g HCLPF capacity of
the RCC bridging mat is-4-76-ti i i

aceeleration;-this-exceeds the overall plant HCLPF acceptance criteria of
1.67*scaled GMRS using the updated EPRI SOG model and the 1.67*GMRS

developed using the CEUS SSC model and modified CAV filter.

Table 19.55-201 summarizes the HCLPF capacities of the LNP site-specific
design features (e.g., RCC bridging mat, potential against soil liquefaction, and
Seismic Category I/l interaction between the nuclear island and the adjacent
buildings).

Thus, it can be concluded that the Seismic Margin Assessment analysis
documented in Section 19.55 is applicable to the LNP site. Exceeding the
HCLPF capacities for soil liquefaction and Seismic Category I/l interaction
effects of buildings adjacent to the nuclear island will not affect the plant level
HCLPF capacity. The RCC bridging mat HCLPF capacity, while potentially
driving the plant-level HCLPF, exceeds the plant level HCLPF goal of

1.67*scaled GMRS using the updated EPRO SOG model and the GMRS
developed using the CEUS SSC model and modified CAV filter.

19.565.7 REFERENCES
Add the following information at the end of DCD Subsection 19.55.7:

201. EPRI Report No. NP-6041-SL, “A Methodology for Assessment of
Nuclear Power Plant Seismic Margin”, Revision 1, August 1991.
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Table 19.55-201
HCLPF Capacities for LNP Site Specific Design Features

Description HCLPF Capacity™ HCLPF/GMRS™ Basis
Soil Liquefaction > 0.42g14g > 1.67 GMRS (¢) |

Potential under
Adjacent Buildings

Seismic Ii/l > 0.42g14q > 1.67 GMRS (d) |
Interaction Potential
RCC bridging mat >0.42g14g >1.67 GMRS (e) |
Notes:
a) LNP scaled site-spesific-Ground Motion Response Spectra (GMRS) peak ground

b)

c)

d)

e)

acceleration (PGA) is 0.0684g084g using updated EPRI SOG mode! (Subsection

2.5.2.6). The GMRS PGA using CEUS SSC model and modified CAV filter is 0.073g
(Subsection 2.5.2.7).

HCLPF Capacity as a fraction of LNP site-spesifisupdated EPRI SOG scaled GMRS
PGA.

Liquefaction potential of soils under the adjacent buildings was evaluated for the LNP
site-specificupdated EPRI SOG 10°° annual exceedance probabilit! Uniform Hazard
Response Spectra (10~ UHRS). The LNP updated EPRI SOG 10° UHRS is greater
than 1.67*scaled GMRS using the updated EPRI SOG model (Subsection 2.526)
and the CEUS SSC GMRS with the modified CAV filter (Subsection 2.5.2.7).
Relative displacement between the NI and adjacent buildings for the LNP site-
spesifisupdated EPRI SOG 10 UHRS is less than the gap provided. The LNP
updated EPRI SOG 10 UHRS is greater than 1.67*scaled GMRS using the updated
EPRI SOG model (Subsection 2.5.2.6) and the CEUS SSC GMRS with the modified
CAV filter (Subsection 2.5.2.7).

HCLPF capacity calculated using conservative deterministic failure margin method of
Reference 19.55.7-201.
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