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December 2, 2011
U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555-0001
Re: Florida Power & Light Company
Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
Response to NRC Request for Additional Information Letter No. 040 (eRAI 6006)
SRP Section - 02.05.04 Stability of Subsurface Materials and Foundations
Reference:
1. NRC Letter to FPL dated October 18, 2011, Request for Additional Information Letter
No.040 Related to SRP Section 02.05.04 - Stability of Subsurface Materials and
Foundations for the Turkey Point Nuclear Plant Units 6 and 7 Combined License
Application
2. FPL Letter to NRC dated November 16, 2011, Response and Response Schedule to
NRC Request for Additional Information Letter No. 040 (eRAI 6006) SRP
Section - 02.05.04 Stability of Subsurface Materials and Foundations
Florida Power & Light Company (FPL) provides, as attachments to this letter, its responses
to the Nuclear Regulatory Commission's (NRC) Request for Additional Information (RAI)
02.05.04 -2, RAI 02.05.04-5, RAI 02.05.04-6, RAI 02.05.04-7, RAI 02.05.04-8,
RAI 02.05.04-11, RAI 02.05.04-13, RAI 02.05.04-15, RAI 02.05.04-18, and RAI 02.05.04-24
provided in Reference 1. FPL provided a schedule for the responses to RAI 02.05.04 -2,
RAI 02.05.04-5, RAI 02.05.04-6, RAI 02.05.04-7, RAI 02.05.04-8, RAI 02.05.04-11,
RAI 02.05.04-13, RAI 02.05.04-15, RAI 02.05.04-18, and RAI 02.05.04-24 in Reference 2.
The attachment identifies changes that will be made in a future revision of the Turkey Point
Units 6 and 7 Combined License Application (if applicable).
Ifyou have any questions, or need additional information, please contact me at
561-691-7490.

Florida Power & Light Company
700 Universe Boulevard, Juno Beach, FL 33408
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I declare under penalty of perjury that the foregoing is true and correct.
Executed on December 2, 2011
Sincerely,

William Maher
Senior Licensing Director - New Nuclear Projects
WDM/RFB
Attachment 1: FPL Response to NRC RAI No. 02.05.04-2 (eRAI 6006)
Attachment 2: FPL Response to NRC RAI No. 02.05.04-5 (eRAI 6006)
Attachment 3: FPL Response to NRC RAI No. 02.05.04-6 (eRAI 6006)
Attachment 4: FPL Response to NRC RAI No. 02.05.04-7 (eRAI 6006)
Attachment 5: FPL Response to NRC RAI No. 02.05.04-8 (eRAI 6006)
Attachment 6: FPL Response to NRC RAI No. 02.05.04-11 (eRAI 6006)
Attachment 7: FPL Response to NRC RAI No. 02.05.04-13 (eRAI 6006)
Attachment 8: FPL Response to NRC RAI No. 02.05.04-15 (eRAI 6006)
Attachment 9: FPL Response to NRC RAI No. 02.05.04-18 (eRAI 6006)
Attachment 10: FPL Response to NRC RAI No. 02.05.04-24(eRAI 6006)

cc:
PTN 6 & 7 Project Manager, AP1000 Projects Branch 1, USNRC DNRL/NRO
Regional Administrator, Region II, USNRC
Senior Resident Inspector, USNRC, Turkey Point Plant 3 & 4
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-2 (eRAI 6006)
FSAR Section 2.5.4.2.1.3.2.2 states that N60 was obtained by applying a correction factor,
CE, to the energy ratio. In accordance with NUREG-0800, Standard Review Plan, Chapter
2.5.4, "Stability of Subsurface Materials and Foundations," and Regulatory Guide (RG)
1.132, "Site Investigations for Foundations of Nuclear Power Plants," please justify why
other correction factors (e.g., overburden pressure, borehole diameter, rod length and
sampling method) were not included in the N-value correction process. Also please describe
how the recommended SPT design values in FSAR Table 2.5.4-209 were obtained and how
each single value for each stratum could properly and statistically reflect the entire layer
variations, as shown on Figure 2.5.4-213 and Table 2.5.4-204.
FPL RESPONSE:
As stated in FSAR Section 2.5.4.2.1.3.2.2, the N-value correction was made for the SPT
hammer energy based on the average hammer efficiency of the specific equipment using
an energy correction factor (C,). Other minor corrections were also made for borehole
diameter (CB), sampler type (Cs) and rod length (CR) using the formula in Eq. 1 (Coduto,
2001 [FSAR Reference 225] and Youd et al., 2001 [FSAR Reference 219]) but were not
discussed in the FSAR.
N60 = N C, CB Cs CR

(Eq. 1)

The values of these additional correction factors are provided in FSAR References 219 and
225. N6 0-values are typically used in correlations to derive friction angle and other
engineering properties.
One additional N-value correction that can be made is for the overburden pressure (CA),
resulting in an (N1)60 value. This value is typically used in liquefaction analyses. The
liquefaction analysis for the Turkey Point site is discussed in FSAR Section 2.5.4.8. Note
that since the N-value data for Strata 5 and 6 and the upper portions of Stratum 7 were
discounted due to the partial hydraulic gradient disturbances, (N1 )60 values and a discussion
of Cn were not utilized, nor presented in the FSAR.
The measured and corrected N-values are presented in FSAR Figures 2.5.4-212 and Figure
2.5.4-213, respectively. Where SPT refusal was encountered, the N-value was
conservatively taken as 100 blows/ft (bpf). The N6 0-values presented in FSAR Table 2.5.4209 represent the best estimate values, and are not meant to show variations. The
following paragraphs, provide an explanation for the methodology used to derive the
recommended N6 0-values.
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Miami Limestone: The N6 0-values presented in FSAR Figure 2.5.4-213 show a wide scatter,
varying from 0 to 100 bpf with depth. The average N60-value is 29 bpf (FSAR Table
2.5.4-204) and the median value is 19 bpf. An N60-value of 20 bpf is recommended.
Key Largo Limestone and Fort Thompson Limestone: Where rock coring was not possible
due to highly fractured or weathered rock conditions, limited sampling using the SPT was
conducted. Thus, N6 0-values in FSAR Figure 2.5.4-213 are more representative of the
lower-bound strength of the materials encountered. No N60-value recommendation was
made for these rock formations.
Upper and Lower Tamiami: The N60-values derived from SPT measurements show a wide
scatter, varying from 0 to 100 bpf in the Upper Tamiami and from less than 3 to around
100 bpf in the Lower Tamiami (FSAR Table 2.5.4-204). There is no obvious correlation
with elevation. Silty sands and sandy silts that range in depth from 120 to 220 ft would
normally be dense to very dense with consistently high N6 0-values. As discussed in
FSAR Section 2.5.4.8.2, blow counts of less than 20 bpf and particularly less than 5 bpf
are most probably due to sample disturbance caused by an unbalanced hydraulic head.
An assessment of groundwater measurements indicated an upward hydraulic gradient
with approximately 1 to 2 ft of piezometric head difference between wells screened in
different zones. It seems likely that this hydraulic gradient has contributed to at least
partial blowout of the bottom of the hole prior to/during SPT sampling on many if not
most of the samples. The average N60-value is 27 and 23 bpf for the Upper Tamiami
and Lower Tamiami formations, respectively (FSAR Table 2.5.4-204). Based on depth,
the average N6 0-values should be at least double these values.
Due to the scatter and low N-values recorded for the Tamiami Formation, four cone
penetration tests (CPTs) were performed through the Tamiami Formation after drilling
through the overlying rock. Unlike the SPT results, the CPTs show a more distinct and
characteristic pattern with depth (FSAR Figure 2.5.4-214). For the Upper Tamiami, the
CPT corrected tip resistance (qt) values range from about 100 to 200 tons per square
foot (tsf), with an average of about 160 tsf. The qt values in the Lower Tamiami range
from about 80 to 150 tsf, with an average of about 110 tsf. To better evaluate the soil
properties, the measured N-values were then compared to those back-calculated using
the correlation with qt. Figure 2-32 from Kulhawy & Mayne (1990) substantiates a
general trend between qt/N and fines content based on data available from various
sources, and provides the best estimate relationship with increasing fines content. The
ratio of qt/N typically varies between 4 and 5 for clean sands, and between 3.5 and 4.5
for silty sands with a fines content of about 12%. Note that for a given qt value, the backcalculated N-values becomes higher with increasing fines content. Thus, the smaller the
fines content, the more conservative the N-value is. Using a qt/N ratio of 4 and an
average qt of 160 tsf for the Upper Tamiami, an N60-value of 160/4 - 40 bpf is estimated.
Similarly, using a qt/N ratio of 3.5 and an average qt of 110 tsf for the Lower Miami, an
N60-value of 110/3.5 - 31 bpf is obtained. However, considering the relatively high shear
wave velocity values observed in these formations (FSAR Figures 2.5.4-218 and 2.5.4220), even these N6o-values derived from the CPT results are probably conservative.
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Nevertheless, N60-values of 40 bpf for the Upper Tamiami, and 32 bpf for the Lower
Tamiami are recommended.
Peace River While the upper portion of this stratum exhibited low N-values, attributed to
high artesian conditions, the remainder of the stratum generally exhibited SPT refusal;
resulting N-values were capped at 100 bpf. Thus, N6o-values of 100 bpf presented in
FSAR Figure 2.5.4-213 are conservative. Considering the entire stratum, the average of
the N60-values is 72 bpf (FSAR Table 2.5.4-204) and the median is 74 bpf. An N60-value
of 75 bpf is recommended.
Limerock Fill: A N60-value of 30 bpf is assumed for the limerock fill. Additional information
regarding the gradation of the fill material can be found in the RAI 02.05.04-15 response.
In summary, this response has described how the N60-values given in FSAR Table 2.5.4209 were derived. These are best estimate values and do not reflect the variation of the
N60-values within each layer. This variation is demonstrated in FSAR Figure 2.5.4-213.
This response is PLANT SPECIFIC.
References:
Kulhawy, F.H., and Mayne, P.W. "Manual on Estimating Soil Properties for Foundation
Design", Report No. EL-6800, Electric Power Research Institute (EPRI), August 1990.
ASSOCIATED COLA REVISIONS:
FSAR Section 2.5.4.2.1.3.2.2 will be revised as follows in a future COLA revision.
2.5.4.2.1.3.2.2 N-Value Correction
Field SPT N-values are adjusted for SPT hammer energy, borehole diameter (CB),
sampler (Cs) and rod length (CR). This adjusted N-value, N60 , is determined using the
following equation (References 219 and 225):
N60 = N CS CB Cs CR

Equation 2.5.4-2

Where,
N = field measured SPT blow count
C, = hammer energy correction factor

borehole diameter correction factor
Cs = sampler correction factor
CR = rod length correction factor
CB

The SPT N-value used in correlations with engineering properties is a value traditionally
based on 60 percent hammer efficiency. All 10 of the drill rigs employed in this subsurface
investigation for SPT sampling use automatic hammers, which typically have efficiencies
greater than 60 percent. SPT hammer energy measurements are made for each drilling
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rig/hammer employed, in accordance with ASTM D 6066 (Reference 220), and the hammer
energy measurements (expressed as energy transfer ratios, or ETRs) are obtained. {As
shown in Table 2.5.4-203, average ETRs range from 79.6 percent to 88.0 percent. The
resulting energy correction factor, CF (expressed as ETR/60%), ranges from 1.33 to 1.47,
also as shown in Table 2.5.4-203. N6o-values (from Equation 2.5.4-2) from each boring are
corrected using the appropriate CE value. Additional information on the correction
factors for rod length, boring diameter, and soil sampler are provided in References
219 and 225. The resulting SPT N-values are termed N60. For the liquefaction analysis, an
additional correction factor for overburden pressure is are applied.}
A summary of all N60 values with depth is shown on Figure 2.5.4-213 and in Table 2.5.4204.
FSAR Section 2.5.4.2.1.3.2.3 will be revised as follows in a future COLA revision.
2.5.4.2.1.3.2.3 Design N-Values
Table 2.5.4-209 presents N60 values selected for design for each stratum, both within and
outside the power block.
Note that as explained in Section 2.5.4.2.1.3.3, four cone penetration tests (CPTs)
were performed through the Tamiami Formation. The CPT corrected tip resistance (qt)
was then used to derive the N60 -values based on the best estimate relationship of qtlN
with increasing fines content from Kulhawy & Mayne (1990) (Reference 282). Using an
average qt of about 160 tsf and a qtlN ratio of 4 for the Upper Tamiami, a N60-value of
40 bpf is estimated. Similarly, using an average qt of about 110 tsf and a qt/N ratio of
3.5, a N60 -value of 32 bpf is estimated for the Lower Tamiami. Considering the
substantial depth of the Tamiami Formation, these N6 o-values derived from the CPT
results provide a better representation of the subsurface conditions in comparison
with the SPT N60 -values in Table 2.5.4-204. However, considering the relatively high
shear wave velocity values observed in these formations (FSAR Figures 2.5.4-218 and
2.5.4-220), even these N60 -values derived from the CPT results are probably
conservative.
FSAR Section 2.5.4.8.2 will be revised as follows in a future COLA revision.
2.5.4.8.2 Liquefaction Resistance Based on SPT Data
As indicated on Figures 2.5.4-212-237 and 2.5.4-213, there is a very wide scatter of
uncorrected and uncorrected N-values. The N60-values vary from 0 to 100 blows/foot in the
upper Tamiami Formation and from less-thaR 53 to around 80 100 blows/foot in the lower
Tamiami Formation. Where SPT sampling encountered refusal, the N-value is capped at
100, so the actual range of penetration resistance is higher than these values indicate.
There is no obvious correlation between N-value and elevation in these strata. Silty sands
and sandy silts that range in depth from 120 to 220 feet would normally be dense to very
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dense with consistently high N60-values. Blow counts of less than 20 blows/foot and
particularly less than 5 blows/foot (including the zero values) are most probably due to
sample disturbance. Subsection 2.4.12 describes the upward vertical hydraulic gradient
observed in the water level measurements. It seems likely that this hydraulic gradient has
contributed to at least partial blowout of the bottom of the hole prior to/during SPT sampling
on many if not most of the samples. To evaluate where N-values are not representative of
actual in situ density conditions, the corrected N-values are compared to the CPT corrected
tip resistance. The ratio of qc1/N1 for clean sands is typically 4 to 5 and for silty sands 3.5 to
4.5 based on the work presented in Reference 222 282. Figure 2.5.4-237 indicates the Nvalues relative to the predicted range based on the ratio of qc1/N1 . As can be seen in the
figure, very few of the N-values fall into the predicted range, supporting the theory that these
blow counts are significantly affected by the hydraulic gradient. Therefore, the measured Nvalues are not used in the calculation of liquefaction potential in favor of the measured CPT
and Vs results that are more consistent with each other and with expected values for
deposits of similar age, depth, and overburden.
A new reference will be added to FSAR Section 2.5.4.13 as follows in a future COLA
revision.
2.5.4.13 References
282. Kulhawy, F.H., and Mayne, P.W. "Manual on Estimating Soil Properties for
Foundation Design", Report No. EL-6800, Electric Power Research Institute
(EPRI), August 1990.
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-5 (eRAI 6006)
FSAR Section 2.5.4.2.1.3.11 states that two different relationships were used to calculate
the high strain elastic modulus for fine and coarse grained soils. For fine-grained soils the
first correlation is based on the use of an empirical Su and the second is based on the use
of Vs. Since SPT N-values were used to calculate Su, and these were considered unreliable
because of artesian conditions, and Vs obtained from small strain tests is not suitable to be
used for the "high strain" case, please explain, in accordance with NUREG-0800, Standard
Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations," what
correlation was ultimately used to obtain the values for high strain elastic modulus included
in FSAR table 2.5.4-209. Also, please explain why other test methods, such as laboratory
testing as suggested by RG 1.138, were not applied given the large variability and
uncertainty of SPT results.
FPL RESPONSE:
The high strain elastic moduli of fine- and coarse-grained soils were estimated using the
available data from in-situ measurements and laboratory testing. For these materials, the
high strain elastic modulus (E) can be derived based on various methodologies, including
the relationships with shear strength (FSAR Equation 2.5.4-5), N60-value (FSAR Equation
2.5.4-8), or low strain modulus (FSAR Equations 2.5.4-6 and 2.5.4-7).
As indicated in FSAR Section 2.5.4.2.1.3.11, the E values were derived from shear strength
for the Lower Tamiami, and N60-value for the Upper Tamiami and Peace River formations.
The information regarding the estimation of the design N6 0-values and shear strength, both
derived from CPT results, is provided in the RAI 02.05.04-2 and RAI 02.05.04-8 responses,
respectively. As noted in the RAI 02.05.04-2 response, four CPTs were advanced through
the Upper and Lower Tamiami Formations and into the Peace River Formation. CPT
measurements were taken at a depth interval of 0.07 ft from depths of approximately 120 to
290 ft, corresponding to a total of 7,304 data points. Unlike the SPT results, the CPTs show
a more distinct and characteristic pattern with depth (FSAR Figure 2.5.4-214). As FSAR
Section 2.5.4.8.3 indicates, the CPT measurements are much less susceptible to soil
disturbance from hydraulic gradients. Under these conditions, the N60-values and the shear
strength, both derived from CPT results, are considered reliable and suitable to be used for
computation of E.
In addition, further evaluation pertaining to the computation of E was made by utilizing the
relationship between high and low strain modulus. As indicated in FSAR Section
2.5.4.2.1.3.11, the low strain elastic (EL) and shear (GL) moduli are computed using FSAR
Equations 2.5.4-6 and 2.5.4-7, respectively, based on the design shear wave velocity of
each stratum. The ratio of high strain to low strain modulus is obtained from the shear
modulus reduction curves that are based on RCTS test results, and is determined at a strain
level between 0.25 and 0.5%, i.e., 0.375%. Because the axial and shear strain values are
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similar and interchangeable, the ratio of G/GL is the same as the ratio of E/EL.
Consequently, the E value for each stratum was computed by multiplying the respective low
strain elastic modulus with the ratio of E/EL at 0.375% strain. Comparison of the results
using these approaches showed that E values based on low strain modulus were
consistently higher than those derived using the N6 0-value and shear strength using CPT
results. Thus, to be conservative, the E values developed from the CPT-derived N60-values
and shear strength were used, with minor rounding, for design.
Also as discussed in the RAI 02.05.04-8 response, retrieved samples of these materials
can be expected to be extremely disturbed considering the depth. Greater reliance is
placed on deriving elastic modulus from empirical correlations with in-situ tests results
where the stress relief that causes the sample disturbance is mostly absent. Thus, the
laboratory testing of "undisturbed" samples of these materials was purposely limited
because of the assumed disturbance.
This response is PLANT SPECIFIC.
References:
None
ASSOCIATED COLA REVISIONS:
None
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-6 (eRAI 6006)
FSAR Section 2.5.4.2.3 "Laboratory Testing" states "due to the fragility of the rock and the
porosity of the limestone, attaching strain gages for determination of stress-strain
characteristics is not possible for most samples". In accordance with NUREG-0800,
Standard Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations,"
and Regulatory Guide (RG) 1.138, "Laboratory Investigations of Soils and Rocks for
Engineering Analysis and Design of Nuclear Power Plants," please justify why only two rock
core samples were tested for stress-strain characteristics and why this is sufficient to
characterize the Fort Thompson and Key Largo rock formations, especially since the Key
Largo will be the bearing layer. Also, please explain how you validated the assumption in
FSAR 2.5.4.2.1.3.11 that for rocks the elastic and shear modulus values generally remain
constant at both small and large strains.
FPL RESPONSE:
FSAR Section 2.5.1.2.2 describes the Pleistocene age Key Largo Limestone as a coralline
limestone characterized by the presence of vuggy porosity with a high degree of
interconnectivity, and the Fort Thompson Formation as a sandy limestone with zones of
uncemented sand interbeds, some vugs and zones of moldic porosity. FSAR Section
2.5.4.2.1.2.3 characterizes the hardness and strength of the Key Largo Limestone as
medium hard. FSAR Section 2.5.4.2.1.2.4 characterizes the Fort Thompson Formation as
medium hard to hard above -El. -60 ft (NAVD 88) and as medium hard to soft below -El. 60 ft.
As indicated in FSAR Table 2.5.4-207, 31 samples of the Key Largo Limestone and 46
samples of the Fort Thompson Formation were tested for unconfined compressive strength.
As reported in FSAR Reference 257, due to the fragility and porosity of the limestone only
two (1 from each formation) of these samples were found acceptable for strain gage
attachment for determination of the elastic modulus (E). These results were reported in
Appendix E.2 (Laboratory Test Results on Rock Cores) in Volume 3 of FSAR Reference
257. The results were E = 3,700 ksi and 2,900 ksi for the Key Largo and Fort Thompson,
respectively where E from the laboratory results represents a modulus value measured at a
relatively high strain. The corresponding unconfined compressive strength (U) for the Key
Largo sample was 2,038 psi.
Given the inability to find acceptable samples for testing in the laboratory, alternative
evaluations were made based on the in-situ shear wave velocity (Vs) measurements. FSAR
Section 2.5.4.2.1.3.11 indicates that sound rock and even moderately weathered rock
typically exhibits an elastic response to loading, and that E and shear modulus (G) remain
relatively constant at both small and large strains. An estimate of low-strain G can be made
using a relationship with V, provided in FSAR Equation 2.5.4-7:
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GL= y/g-(Vs) 2

(Eq. 1)

Where GL= low strain G, typically at 10-4 % strain
y = unit weight
g = acceleration due to gravity
The relationship between the low strain shear and elastic moduli can be made using FSAR
Equation 2.5.4-6.
EL= 2'GL (l+p.) for a low strain value, and gt is Poisson's ratio

(Eq. 2)

Based on the above, for the Key Largo Limestone the following results are obtained:
"

Laboratory test on sample CS-04 (depth 49.9 to 50.7 ft) from boring B-610 disclosed
E = 3,700 ksi.

" Geotechnical Coring Log in Volume 1 of FSAR Reference 257 indicates a rock
quality designation (RQD) value of 96% for the depth interval 46 to 51 ft in boring B610 from which sample CS-04 was taken.
*

From suspension P-S logging, as summarized in FSAR Table 2.5.4-209, the design
value for V, = 5,800 fps.

" Substituting in Eq. 1, GL = (y/g)Vs 2 = (0.136/32.2) x 5,8002/144 = 987 ksi.
"

From Eq. 2, EL = 2 x (1+0.31) x 987 = 2,586 ksi (where
2.5.4-209).

ji

= 0.31 from FSAR Table

" 2,586 ksi < 3,700 ksi, which is expected since the rock quality of the laboratory
sample (RQD = 96%) was greater than the average rock quality of the formation
(RQD = 65%) (FSAR Table 2.5.4-206) with the design Vs = 5,800 fps.
Therefore, E as determined from the relationship derived from V, is judged to more
appropriately represent the elastic modulus of the formation and a design value of 2,600 ksi
is recommended.
Similarly, for the Fort Thompson Formation the following results are obtained:
*

Laboratory test on sample CS-03 (depth 51.2 to 52 ft) from boring B-620 disclosed E
= 2,900 ksi.

*

Geotechnical Coring Log in Volume 1 of FSAR Reference 257 indicates an RQD
value of 72% for the depth interval 50.5 to 55.5 ft in boring B-620 from which sample
CS-03 was taken.
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*

From suspension P-S logging, as summarized in FSAR Table 2.5.4-209, the design
value for V. = 4,250 fps.

*

Substituting in Eq. 1, GL

*

From Eq. 2, EL = 2 x (1+0.34) x 541 = 1,450 ksi (where 0i = 0.34 from FSAR Table
2.5.4-209).

*

1,450 ksi < 2,900 ksi, which is expected since the rock quality of laboratory sample
(RQD = 72%) was greater than the average rock quality of the formation (RQD =
40%) (FSAR Table 2.5.4-206) with the design V, = 4,250 fps.

=

(Y/g)Vs 2 = (0.139/32.2) x 4,2502/144 = 541 ksi.

Therefore, E as determined from the relationship derived from Vs is judged to more
appropriately represent the elastic modulus of the formation and a design value of 1,500 ksi
is recommended.
As stated earlier, 31 samples of Key Largo Limestone were tested for unconfined
compressive strength; a design value of U = 1,500 psi (FSAR Table 2.5.4-209) was selected
based on these results. The average RQD for the Key Largo is 65% based on 333 samples
(FSAR Table 2.5.4-206), and the quality of rock is noted as fair, according to ASTM D6032.
As previously discussed for the sample with a strain gage attached:

*
*
*

E = 3,700 ksi,
U = 2,038 psi;
E/U = 3,700,000/2,038 = 1,815.

Therefore,
* considering the design value for U = 1,500 psi (FSAR Table 2.5.4-209)
* and E/U = 1,815
* then E = 1,815 x 1,500 = 2,722 ksi
As demonstrated by considering the properties of the Key Largo Limestone, the previously
discussed low strain E value (-2,600 ksi) derived from shear wave velocity data is in good
agreement with the high strain E value (-2,722 ksi) derived from the established E/U
relationship from laboratory test results. This result confirms that the elastic and shear
modulus values for the Key Largo are not strain dependent. A similar assessment was
made for the Fort Thompson Formation, and an agreement between elastic and shear
moduli at small and large strains was demonstrated. Thus, for both rock formations, EL= EH

and GL = GH.
In summary, although the physical condition of the rock cores allowed only two laboratory
measurements of higher strain elastic modulus, these two results compared favorably with
the low strain results derived from the average shear wave velocity measurements. This
confirmed that the elastic (and shear) modulus values remain relatively constant at both
small and large strains, and that the Key Largo and Fort Thompson Formations have been
sufficiently characterized with respect to elastic and shear modulus.
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This response is PLANT SPECIFIC.
References:
None
ASSOCIATED COLA REVISIONS:
None
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-7 (eRAI 6006)
FSAR Table 2.5.4-208 shows that only one triaxial test was completed on an intact soil
sample from Tamiami Formation sandy silt (Boring B-630). Also, the recommended effective
cohesion and effective friction value for Lower Tamiami in FSAR Table 2.5.4-209 is solely
based on the result of this sample. In accordance with NUREG-0800, Standard Review
Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations," and Regulatory
Guide (RG) 1.138, "Laboratory Investigations of Soils and Rocks for Engineering Analysis
and Design of Nuclear Power Plants," please justify why additional triaxial tests are
not needed to fully characterize the shear strength parameters of these soils.
FPL RESPONSE:
The Tamiami Formation, described in FSAR Section 2.5.4.2.1.2, was found to be, on
average, about 117 ft thick (FSAR Table 2.5.4-201). The formation is subdivided into the
Upper Tamiami Formation (Stratum 5) and the Lower Tamiami Formation (Stratum 6). The
Upper Tamiami is described as dense to very dense silty sand with varying amounts of
gravel which transitions into the Lower Tamiami, described as very stiff to hard, sandy silt
with minor amounts of silty clay. This transition can be seen in FSAR Figure 2.5.4-216 in
which fines content is plotted against depth. Laboratory test results plotted on this figure
clearly show the sandy material in the Upper Tamiami and the silty material with fines
contents above 50% in the Lower Tamiami. Given this characterization of these strata,
drained shear strength properties are appropriate for the Upper Tamiami and undrained
shear strength properties are appropriate for the Lower Tamiami.
As stated in the RAI 02.05.04-8 question for sandy formations, "Laboratory tests of these
material samples can be expected to be extremely disturbed considering the depth and
behavior of materials." The response to RAI 02.05.04-8 provides details of the triaxial testing
on the Lower Tamiami Formation, and states that the laboratory testing of samples of these
materials was purposely limited because of the assumed disturbance. For the very deep
soils of the Tamiami and Peace River Formations, greater reliance is placed on deriving
shear strength results from empirical correlations with in-situ tests results where the stress
relief that causes the sample disturbance is mostly absent.
The information regarding the estimation of the design N60-value, derived from CPT results,
and the subsequent estimation of the shear strength and friction angle for the Tamiami
formation is provided in the RAI 02.05.04-2 and RAI 02.05.04-8 responses, respectively.
As noted in the RAI 02.05.04-2 response, four CPTs were advanced through the Upper and
Lower Tamiami Formations and into the Peace River Formation. CPT measurements were
taken at intervals of 0.07 ft from depths of approximately 120 to 290 ft, corresponding to a
total of 7,304 data points. Unlike the SPT results, the CPTs show a more distinct and
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characteristic pattern with depth (FSAR Figure 2.5.4-214). As FSAR Section 2.5.4.8.3
indicates, the CPT measurements are much less susceptible to soil disturbance. Under
these conditions, the N60-values and the shear strength, both derived from CPT results, are
considered reliable and suitable to be used for design.
This response is PLANT SPECIFIC.
References:
None
ASSOCIATED COLA REVISIONS:
None
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-8 (eRAI 6006)
Section 2.5.4.2.1.3.8 discusses the computation of effective (drained) friction angle in each
sand stratum from corrected SPT, CPT and laboratory direct shear test results. However,
previous discussion in the FSAR Section 2.5.4.2.1.3.2.1 indicates that the SPT data is
suspect due to anomalies of sampling, only 4 CPT profiles are available for use and no
direct shear testing results were provided. Correlations of these data to generate typical soil
properties are expected to have a high degree of uncertainty. Laboratory tests of these
material samples can be expected to be extremely disturbed considering the depth and
behavior of materials. In accordance with NUREG-0800, Standard Review Plan, Chapter
2.5.4, "Stability of Subsurface Materials and Foundations," please justify the adequacy of
the friction angle. Also, provide detailed information regarding your laboratory direct-shear
test program and test results.
FPL RESPONSE:
The information regarding the derivation of the corrected SPT N-values (N 60 ) from the SPT
and CPT results is provided in the RAI 02.05.04-2 response. Thus, the RAI 02.05.04-8
response discusses the methodology used to estimate the effective friction angle (4') of the
Upper Tamiami and Peace River formations using the SPT and CPT results, and of the
Lower Tamiami formation using the consolidated undrained triaxial testing results. Also in
this response, information regarding the consolidated undrained triaxial testing is provided;
no direct shear tests were performed.
Upper Tamiami Formation
In FSAR Table 2.5.4-209, a best estimate N60 -value of 40 blows/ft is given for the Upper
Tamiami formation, and 32 blows/ft for the Lower Tamiami formation.
For an N6 0-value range of 30 to 50 blows/ft, the value of 4' can vary from 360 to 410 on the
low end and 400 to 450 on the high end for cohesionless soils (Winterkorn and Fang 1975,
Table 2.43). Considering the moderate fines content (28% in FSAR Table 2.5.4-209)
observed in the Upper Tamiami formation, for an N60-value of 40 blows/ft, an effective
friction angle of 350 is conservatively recommended.
In addition, two empirical correlations proposed for CPT were utilized to further evaluate the
effective friction angle of the Upper Tamiami formation:
(i) Based on the calibration chamber test data from several quartz sands, Robertson [2000,
after Robertson & Campanella (1983)] recommends the use of Eq. 1 for uncemented, unaged
quartz sands. Considering that the average calcite content for the Tamiami formation is 21%
(FSAR Table 2.5.4-205), the correlation proposed for quartz sand is reasonable to use.
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(Eq. 1)

O'= arctan[O.1 + 0.38-l og(qT/>,,o')]

Where, 0' is the peak friction angle, qT is the CPT corrected tip resistance, and C-,,o is the
effective overburden stress.
(ii) Based on the statistical analyses of CPT calibration chamber data corrected for boundary
effects, Kulhawy & Mayne (1990) suggest that in clean quartzitic sandy soils, the peak friction
angle 0' can be approximated by Eq. 2.
0'= 17.6' + 11.0 Iog(qT,)

where 0' is in degrees, q,. =
(-ah,,

(Eq. 2)
(q/o'a>,,,,)/(0',,o

/o-n,,

and u-a,, is atmospheric pressure

= 1 tsf).

The above correlations proposed by Robertson (2000) and Kulhawy & Mayne (1990) for
cone penetration testing were used to derive the friction angles, and the results are presented
in Figure 1 as a function of elevation. It is observed that the friction angles derived by these
two correlations are generally in the range between 330 and 400 for the Upper Tamiami
formation, which is consistent with that of 350 derived from the N60 -value. Thus, it is
reasonable to use an effective friction angle of 350 for the Upper Tamiami formation, as listed
in FSAR Table 2.5.4-209.
In summary, the N6 0-values from SPT and CPT measurements and the derived friction
angles using the suggested correlations should be similar if the tests are performed
properly. Due to the adverse effect of upward hydraulic gradient on SPT measurements, the
results, as expected, showed considerably smaller N6 0-values than would normally be
recorded for granular materials at such depth. The subsequent measurements of CPTs
provided more distinct patterns with depth. More reliable N60-values were obtained from the
CPT results based on various empirical correlations. Thus, using the correlations for SPT
and CPT, the CPT measurements are considered adequate and suitable for deriving friction
angle.
Lower Tamiami Formation
As stated in FSAR Section 2.5.2.1.3.9, only one primarily fine-grained stratum (i.e., Lower
Tamiami formation) was encountered in the subsurface investigation. Considering the high
fines content (62% in FSAR Table 2.5.4-209) observed in the Lower Tamiami Formation
layer, the undrained shear strength was derived using the correlation in Eq. 3 (from
NAVFAC DM 7.02, 1986).
su = N6 0/8 (in kips per square foot [ksf])

(Eq. 3)

For an N60-value of 32 blows/ft, the undrained shear strength is estimated as 4 ksf for the
Lower Tamiami formation.
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In addition, consolidated undrained triaxial shear testing was performed on a sample (UD12 from boring B-630) of the Lower Tamiami Formation, in accordance with ASTM D 476704. Three UD-1 2 specimens were isotropically consolidated under effective stresses of 5.08,
10.03 and 15.01 ksf, and were subsequently sheared under undrained conditions with
confinement pressures of 34.7, 69.4 and 104.2 psi, respectively. Based on the results from
these tests, an effective friction angle (4') of 200, and an effective cohesion (c') of 1.7 ksf
were estimated for the Lower Tamiami Formation. According to Holtz & Kovacs (1981), the
average 4' ranges from around 20' for normally consolidated highly plastic clays up to 300
or more for silty and sandy clays. Thus, an effective friction angle of 200 for the Lower
Tamiami formation consisting of sandy silt with minor amounts of silty clay is reasonable
and conservative. As noted in the question, these material samples can be expected to be
extremely disturbed considering the depth and behavior of materials. Thus, the laboratory
testing of "undisturbed" samples of these materials was purposely limited.
Peace River formation
For the Peace River formation, an N60-value of 75 blows/ft is recommended for use (FSAR
Table 2.5.4-209). For an N60-value range of 30 to 50 blows/ft, the value of 4' can be in the
range of 360 to 410 on the low end and 400 to 450 on the high end for cohesionless soils
(Winterkorn and Fang 1975, Table 2.43). Considering the relatively low fines content (16%
in Table 2.5.4-209) observed in Peace River, and the fact that the recommended N6 0-value
is higher than the upper limit of the correlation range, it is conservative and reasonable to
use an effective friction angle of 40°.
This response is PLANT SPECIFIC.
References:
Holtz, R.D. and Kovacs, W.D. An Introduction to Geotechnical Engineering,Prentice-Hall, NJ,
1981.
Kulhawy, F.H. and Mayne, P.W. Manual on EstimatingSoil Propertiesfor FoundationDesign.
Report EL-6800. Electric Power Research Institute, Palo Alto, pp. 306, 1990.
Naval Facilities Engineering Command (NAVFAC), "Foundations & Earth Structures,"
Design Manual 7.02, Alexandria, VA, 1986.
Robertson, P.K. Cone Penetration Testing, Geotechnical Applications Guide, Produced by
ConeTec, Inc., and Gregg In Situ, Inc., 3 rd Edition, November 2000.
Robertson, P.K., and Campanella, R.G., "Interpretation of Cone Penetration Tests: Part I
Sands," CanadianGeotechnicalJournal,Vol. 20(4), pp. 718-733, 1983.
Winterkorn, H.F., and Fang, H.-Y. "Soil Technology and Engineering Properties of Soils",
FoundationEngineeringHandbook, Eds. Winterkorn and Fang, Van Nostrand Reinhold Co.,
NY, 1975.
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Figure 1. CPT Results and Derived Friction Angle for Upper Tamiami Formation
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ASSOCIATED COLA REVISIONS:
The revision on FSAR Section 2.5.4.2.1.3.8 is as follows.
2.5.4.2.1.3.8 Angle of Internal Friction
The drained/effective angle of internal friction (l')of each sand stratum is estimated using
the data from corrected SPT N60-values, CPT tip resistances (qt), and laboratory
consolidated undrained triaxial doeGtsheaF testing results.
Using Reference 221, 4' is estimated from the best estimate ave-age corrected N60-value.
The empirical correlation used to obtain 4' from CPT tip resistance (Reference 222) is:
ý' = arctangent [0.1 + 0.38. Iog(qt/av')] (in degrees)

Equation 2.5.4-3

Where,
qt = the CPT corrected tip resistance
(Yv' = the effective overburden pressure at the depth of the CPT test interval
Recommended values of ý' derived from the different correlations/test methods (i.e., from
SPT correlation, CPT correlation, and laboratory consolidated undrained triaxial dhee
shear testing), and for each stratum, are shown in Table 2.5.4-209. An effective friction
value (l') of 20 degrees is measured in triaxial testing on one tube sample of the lower
Tamiami Formation sandy silt (Stratum 6) as presented in Table 2.5.4-208.
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-11 (eRAI 6006)
Figure 2.5.4-218 presents a plot of shear wave velocity measurements. Below the Fort
Thompson formation, the soils are variously described as silty sands or silts and clays.
However, the velocities do not show any change with depth. In accordance with NUREG0800, Standard Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and
Foundations," please indicate the data that was used to construct this figure and explain the
uniformity in shear wave velocity below the Fort Thompson formation.
FPL RESPONSE:
The shear wave velocity (Vs) profiles presented in FSAR Figure 2.5.4-218 are a compilation
of the 10 suspension P-S velocity data sets, from B-601(DH), B-604(DH), B-608(DH), B610(DH), B-620(DH) in Unit 6, and B-701(DH), B-704G(DH), B-708(DH), B-710G(DH), B720G(DH) in Unit 7. As indicated in FSAR 2.5.4.4.2.1, these are the receiver to receiver Vs
data that are given in FSAR Reference 257.
As discussed in FSAR Section 2.5.1.2.2, the Tamiami Formation is Pliocene age while the
Peace Formation is Pliocene-Miocene age. For these relatively homogeneous soils that
were deposited millions of years ago and gradually consolidated under increasing
overburden pressure, a relatively consistent shear wave velocity (Vs) profile is expected.
The Tamiami Formation does exhibit a generally increasing V, profile with depth, as
illustrated in FSAR Figure 2.5.4-220 and tabulated in Table 2.5.4-215. FSAR Figure 2.5.4216 shows the fines content of the Tamiami Formation also increases with depth, and the
increase of Vs with depth is probably more a function of this increase in fines rather than the
overburden effect, which becomes less pronounced with increasing depth. The correlation
with fines content appears to also apply to the Peace River Formation, where there is a
slight decrease of Vs with depth; FSAR Figure 2.5.4-216 shows a steady decrease of fines
content with depth.
In summary, the Vs data in FSAR Figure 2.5.4-218 are compiled from the receiver to
receiver data from the 10 suspension P-S velocity data sets. Given the age of these
deposits, a relatively consistent Vs profile is expected. There is some variation with depth,
but this appears to be more related to fines content than overburden pressure.
This response is PLANT SPECIFIC.
References:
None
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ASSOCIATED COLA REVISIONS:
None
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-13 (eRAI 6006)
Page 2.5.4-46 mentions an MSE wall that will be use around the perimeter of the plant area.
It was stated in the FSAR that this wall is designed to retain the soil mass and resist loading
resulting from the probable maximum hurricane. In accordance with NUREG-0800,
Standard Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations,"
please indicate whether the safety of any Seismic category 1 structures is dependent on the
MSE wall. Also, please provide a description of this wall's design in the FSAR.
FPL RESPONSE:
The mechanically-stabilized earth (MSE) wall will be constructed around the perimeter of the
Units 6 & 7 plant area, excluding the south side of the plant area where the makeup water
reservoir would provide the plant area exterior wall. The construction of the MSE wall will be
standard for this type of retaining-wall, with successive lifts of compacted, controlled fill
reinforced with either strip- or grid-type reinforcement between lifts. The finished height of
the MSE wall will range from approximately 20 to 21.5 feet. From the MSE wall, the finished
grade would slope upward for some distance towards Units 6 & 7 to an elevation
approximately five feet higher than the top of the retaining wall. Modular facing panels will
form the outside face of the MSE wall. The MSE wall will be designed to retain the soil mass
and resist loading resulting from the probable maximum hurricane. Final design of the MSE
wall will take place during the design phase prior to construction.
The safety classification of the mechanically-stabilized earth (MSE) retaining wall around the
Turkey Point Units 6 & 7 plant area is dependent on its function as well as on the effect its
failure could have on safety-related (SR) or important-to-safety (ITS) Structures, Systems,
and Components (SSCs). The MSE wall is not required to maintain the function of any
Seismic Category 1 structures. For the purpose of this response, the SSCs of interest for
Units 6 & 7 are those located in the Nuclear Island and other associated SR SSCs, within
the scope of the AP1 000 Design Certification Document (DCD).
The distance from the retaining wall to SSCs of interest for Units 6 & 7 is greater than 500
feet (See FSAR Figure 2.5.4-201) which is very large compared to the height of the wall,
and thus a failure of the wall could not affect the SSCs of interest.
This response is PLANT SPECIFIC.
References:
None
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ASSOCIATED COLA REVISIONS:
FSAR Subsection 2.5.4.5.1 will be revised as follows:
Significant earthwork is required to establish finish grades at the Units 6 & 7project area,
especially to raise the power block to finish grade (as high as El. +25.5 feet at the center of
the power block area) and to provide for backfilling around the embedded major power
block structures including Seismic Category I structures. The grade change is achieved by
constructing a mechanically stabilized earth (MSE) retaining wall around the perimeter of
the plant area. The base of the MSE wall is set at El. 0 feet, and the top of the MSE wall
ranges from El. +20 to +21.5 feet. The wall is designed to retain the Soil mass and ,esis,
loading resulting fromA the probable maximum hUrFriane. The MSE wall will be constructed
around the perimeter of the Units 6 & 7 plant area, excluding the south side of the
plant area where the makeup water reservoir would provide the plant area exterior
wall. The construction of the MSE wall will be standard for this type of retaining-wall,
with successive lifts of compacted, controlled fill reinforced with either strip- or gridtype reinforcement between lifts. The finished height of the MSE wall will range from
approximately 20 to 21.5 feet. From the MSE wall, the finished grade would slope
upward for some distance towards Units 6 & 7 to an elevation approximately five feet
higher than the top of the retaining wall. Modular facing panels will form the outside
face of the MSE wall. The MSE wall will be designed to retain the soil mass and resist
loading resulting from the probable maximum hurricane.
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-15 (eRAI 6006)
FSAR Section 2.5.4.7.3.4 provides a justification for use of generic curves for the dynamic
properties of the crushed limestone backfill. The nature of this material is unique and
potentially not conducive to dynamic testing. In accordance with NUREG-0800, Standard
Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations," and
Regulatory Guide (RG) 1.138, "Laboratory Investigations of Soils and Rocks for Engineering
Analysis and Design of Nuclear Power Plants" and in order for the staff to review this issue,
please provide additional evaluations, possibly through other types of testing, to justify the
use of these generic curves.
FPL RESPONSE:
Structural fill to be used at Turkey Point Units 6 & 7 will be limerock fill obtained from
excavated onsite Miami Limestone and offsite sources. The use of this material for
structural fill is standard practice in Florida. As an example, the Florida Department of
Transportation (DOT) Standard Specification Section 911-5.2.1 For Limerock Base states,
"At least 97% (by weight) of the material shall pass a 3 Y2 inch sieve and the material shall
be graded uniformly down to dust. The fine material shall consist entirely of dust of
fracture." The requirement that the material be "graded uniformly down to dust" indicates a
material that is well graded and consists primarily of gravel-sized particles. Although the
specification for gradation and size requirements for this project will be prepared during
detailed design, it is expected to be similar to the Florida DOT specification. For this reason
shear modulus and damping versus cyclic shear strain curves for well graded gravelly soils,
as provided in FSAR Reference 260, are appropriate and were selected to represent the
limerock fill.
This response is PLANT SPECIFIC.
References:
Florida Department of Transportation, StandardSpecifications for Road and Bridge
Construction,2010.
ASSOCIATED COLA REVISIONS:
The third paragraph of FSAR Section 2.5.4.7.3.4 will be revised as follows in a future COLA
revision.
The large particle sizes of the gravel/sand structural fill preclude RCTS testing of this
material. Therefore, modulus degradation and damping ratio versus strain are estimated
based on applicable literature (Reference 260). The adopted shear modulus degradation
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and damping ratio curves for compacted structural fill are presented in Figures 2.5.4-236233
and 2.5.4-235, respectively, and Table 2.5.4-216. Refer to Subsection 2.5.4.5.1 for
structural fill and general fill requirements.
The footnote to FSAR Figure 2.5.4-233 will be revised as follows in a future COLA revision.
Data from Reference 257 for Miami Limestone and References 258, a4d-259, and 260.
The footnote to FSAR Figure 2.5.4-235 will be revised as follows in a future COLA revision.
Data from Reference 257 for Miami Limestone and References 258, and-259, and 260.
ASSOCIATED ENCLOSURES:
None

Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Response to NRC RAI No. 02.05.04-18 (eRAI 6006)
L-2011-518 Attachment 9 Page 1 of 5
NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-18 (eRAI 6006)
FSAR Section 2.5.4.10.2 describes bearing capacity calculations for the nuclear island
foundation. This section states that FSAR Equation 2.5.4-15 was used to calculate the
ultimate bearing capacity of the reactor and auxiliary buildings. Also the calculation for COL
bearing capacity and settlement analyses states that 20 % of the unconfined compressive
strength was used instead. In accordance with NUREG-0800, Standard Review Plan,
Chapter 2.5.4, "Stability of Subsurface Materials and Foundations," please clarify on the
actual methodology used to calculate the ultimate bearing capacity and justify its
applicability. Also, please explain how the unconfined compressive strength parameter
values in Table 2.5.4-209 were selected given the large range of values presented in
FSAR Figure 2.5.4-217 and Table 2.5.4-207.
FPL RESPONSE:
The response is provided in two parts - part 1 to discuss the methodology used to calculate
ultimate bearing capacity and part 2 to discuss how unconfined compressive strength
values were developed.
1.

Methodology to calculate ultimate bearing capacity

As discussed in FSAR Section 2.5.4.10.2, the ultimate bearing capacity for a foundation
bearing on weak rock is evaluated using FSAR Equation 2.5.4-15, shown here as Equation
1, with the terms as defined in the FSAR.
quit = c No Cfl + y Df Nq

+

(Eq. 1)

0.5y B NyCf2

This analysis was conducted on the Miami Limestone layer; however the equation was
simplified as follows:
quit = cNcCfl

(Eq. la)

This simplification is conservative since it neglects the contribution of the second two terms.
FSAR equations 2.5.4-17 and 2.5.4-18 are shown here as Equations 2 and 3, respectively.
N, = tan 2 (45+4/2)

(Eq. 2)

Nc = 2 N°0.5 (NO+1)

(Eq. 3)
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Where:
= friction angle
Rock mass cohesion (c) and friction angle are needed for input into Eq. 1. Since there were
no laboratory test results available to derive rock mass cohesion or friction angle for Miami
Limestone, a generic value was used from FSAR Reference 272. For limestones with 10 to
20 mm clay infillings, c = 2.3 ksf and 4 = 140. Using a length to breadth (L/B) ratio of 2, the
shape factor, Cfl, from FSAR Equation 2.5.4-16b = 1.12.
Therefore, using Eqs. 2, 3 and la above,
Ný = tan 2 (45+4/2) = tan 2 (45+14/2) = 1.64
No = 2 No° 5 (N0+1) = 2 x 1.6405(1.64+1) = 6.76
quit = 2.3 ksfx 6.76 x 1.12 =17.42 ksf
Using a factor of safety of 3,
q, = 17.42/3 = 5.8 ksf
Using a second approach, an allowable bearing capacity of not more than 20% of the
unconfined compressive strength (U) of the rock can be used, according to FSAR
Reference 221. For the Miami Limestone, U of 200 psi is given in FSAR Table 2.5.4-209.
Twenty percent of this strength is 40 psi (5.76 ksf). Results of these two methods compare
favorably.
The foundation bearing capacity of the Category 1 seismic structures also used this second
approach. The design U for the Key Largo Limestone is 1.5 ksi from FSAR Table 2.5.4-209;
20% of 1.5 ksi = 300 psi - 43 ksf. This allowable capacity is compared to the method using
Equation la as follows. The friction angle is conservatively assumed to be the same as the
Miami Limestone = 140. Cohesion of the rock mass is conservatively approximated as 10%
of U = 0.10 x 1.5 ksi = 150 ksi = 21.6 ksf.
Therefore, using Eq. la,
quit = 21.6 ksfx 6.76 x 1.12 =163.54 ksf
Using a factor of safety of 3,
qa, = 163.54/3 = 54.51 ksf
While the results of these methods compare favorably, the lower value of 43 ksf was chosen
for design.
2.

Development of unconfined compressive strength values
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FSAR Section 2.5.4.2.1.3.10 provides a discussion of the results from the unconfined
compressive strength (U) testing on rock core samples from three of the rock strata cored.
Test results are summarized on FSAR Table 2.5.4-207 and shown on FSAR Figure 2.5.4217. Recommended U values for these strata are provided in FSAR Table 2.5.4-209. It can
be seen that the recommended values are less than the average values from FSAR Table
2.5.4-207.
The recommended values were developed in part by considering the relationship between
U and the elastic modulus (E) which is discussed in the response to RAI 02.05.04-6. In that
response, it was shown that laboratory test results on a core from the Key Largo Formation
gave an E/U of 1,815. Calculating U with the design E of 2,600 ksi (or 2,600,000 psi) from
FSAR Table 2.5.4-209 yields 2,600,000/1,815, i.e., about 1,400 psi. Thus, considering the
average U of 2,729 psi from FSAR Table 2.5.4-207 and the calculated U value of 1,400 psi,
a recommended value of 1,500 psi was selected. A similar approach was used to evaluate
U for the Fort Thompson formation.
This response is PLANT SPECIFIC.
References:
None
ASSOCIATED COLA REVISIONS:
FSAR Section 2.5.4.10.2 will be revised as follows in a future COLA revision.
2.5.4.10.2 Units 6 & 7 Bearing Capacity Evaluation
The ultimate bearing capacity, quit, of a foundation is calculated using Reference 225:
quit = c Nc ýc + q Nq

ýq

+ 0.5 y' B N7

ý7

Equation 2.5.4-14

Category I seismic structures bear on lean concrete placed on the rock of Key Largo
Limestone (Stratum 3). For foundations bearing on rock, Reference 272 is used to calculate
bearing capacity.
Using Reference 272, the ultimate bearing capacity (quit) formula for a footing on weak rocks
with little fracturing is calculated as:
quit = c Nc Cfn + y Df Nq + 0.5y B NYCf 2
Where:
c = rock mass cohesion
yDf = overburden pressure at base of foundation
7 = unit weight of rock

Equation 2.5.4-15
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Df = depth from ground surface to base of foundation
B = width of foundation
Nc, Nq, and Ny are bearing capacity factors for rock
Cfl and Cf2 are shape factors that replace ý shape factors in Equation 2.5.4-14.
From Table 5.4 of Reference 272,
Cfl = Cf2 = 1.0 for L/B>6 strip foundation

Equation 2.5.4-16a

Cfl = 1.12, Cf2 = 0.9 for L/B=2

Equation 2.5.4-16b

Cfl = 1.05, Cf2 = 0.95 for L/B=5

Equation 2.5.4-16c

Cfl = 1.25, Cf2 = 0.85 for square foundation

Equation 2.5.4-16d

Cfj = 1.2, Cf2 = 0.7 for circular foundation

Equation 2.5.4-16e

Where:
L = length of footing.
From Equation 5.8 of Reference 272,
N- = tan 2 (45+)/2)

Equation 2.5.4-17

Nc = 2 Ný 0"5(N(+1)

Equation 2.5.4-18

NY = 0.5 N 05(NI2-1)

Equation 2.5.4-19

Nq = Ný2

Equation 2.5.4-20

Equation 2.5.4-15 can be simplified to:
quit = cNcCfl

Equation 2.5.4-15a

This simplification is conservative since it neglects the contribution of the second
two terms.
Since there were no laboratory test results available to derive rock mass cohesion or
friction angle for Miami Limestone, a generic value was used from FSAR Reference
272. For limestones with 10 to 20 mm clay infillings, c = 2.3 ksf and ý = 140. Using
Equation 2.5.4-215a gives an allowable bearing capacity of 5.8 ksf, including a factor
of safety of 3.

Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Response to NRC RAI No. 02.05.04-18 (eRAI 6006)
L-2011-518 Attachment 9 Page 5 of 5
Alternatively, an allowable bearing capacity of not more than 20% of the unconfined
compressive strength (U) of the rock can be used, according to FSAR Reference 221.
For the Miami Limestone, a U of 200 psi is given in FSAR Table 2.5.4-209. Twenty
percent of this strength is 40 psi (5.76 ksf). The results of the two methods compare
favorably.
The foundation bearing capacities of the Category I seismic structures are
considered similarly. The design U for the Key Largo Limestone is 1.5 ksi from Table
2.5.4-209 with 20% of 1.5 ksi = 300 psi - 43 ksf. This allowable capacity compares
favorably to the value of 54.5 ksf which is calculated using Equation 2.5.4-15a
(conservatively assuming a friction angle that is the same as for the Miami Limestone
- 140 and a cohesion of 10% of the U, i.e., 21.6 ksf); for design, the lower value of 43
ksf is recommended.
Foundation bearing capacities are calculated using the average material properties in Table
2.5.4-209 and Equations 2.5.4-14 through 2.5.4-20. A summary of the allowable bearing
capacities (using FOS = 3.0) of Seismic Category I structures (nuclear island) is given in
Table 2.5.4-217. Analysis results show that for the Seismic Category I structures (including
both units), the allowable static bearing capacity is 43 ksf, which greatly exceeds the
anticipated average allowable bearing capacity of 8.6 ksf specified in the DCD.
The above bearing capacity formulation is based on the assumption that the strata within
the zone of foundation deformation are uniform with depth in terms of shear strength
properties. While recognizing that the Turkey Point Units 6 & 7 site strata are interlayered,
the properties of the soil and rock are conservatively selected to provide for a representative
bearing capacity.
ASSOCIATED ENCLOSURES:
None
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NRC RAI Letter No. PTN-RAI-LTR-040
SRP Section: 02.05.04 - Stability of Subsurface Materials and Foundations
QUESTIONS from Geosciences and Geotechnical Engineering Branch 1 (RGS1)
NRC RAI Number: 02.05.04-24 (eRAI 6006)
FSAR Section 2.5.4.10.4 states that the active seismic lateral earth pressures were
computed using the Mononobe-Okabe methodology and ASCE Standard 4-98 was used to
calculate the at-rest seismic lateral earth pressures. The calculation for COL static and
seismic lateral earth pressures calculates at-rest seismic lateral earth pressures using
Ostadan method. In accordance with NUREG-0800, Standard Review Plan, Chapter 2.5.4,
"Stability of Subsurface Materials and Foundations," please clarify which method was
ultimately used for design purposes and provide a justification regarding why ASCE
Standard 4-98 was referenced in the FSAR and not Ostadan's method.
FPL RESPONSE:
NUREG-0800 Standard Review Plan, Revision 3, Section 3.8.1 outlines the criteria
acceptable to meet the relevant requirements of the NRC's regulations. The subsection
titled "Dynamic Soil Pressure" on page 3.8.1-14 of the Standard Review Plan provides that
the dynamic lateral earth pressure be calculated in accordance with ASCE 4-98 Section
3.5.3.2.
The calculation for COL seismic at-rest lateral earth pressure uses both the Ostadan
method and the ASCE 4-98 method (FSAR Reference 277). Following the guidance
provided in NUREG-0800, only the seismic at-rest lateral earth pressure computed by the
ASCE 4-98 method in the calculation was used in the FSAR. The last sentence of FSAR
Section 2.5.4.10.4.2 will be modified to clarify the methodology.
This response is PLANT SPECIFIC.
References:
None
ASSOCIATED COLA REVISIONS:
The last sentence of FSAR Section 2.5.4.10.4.2 will be revised as follows in a future COLA
revision.
Using the ASCE 4-98 methodology ef (Reference 277), the design ground motion is used to
calculate a seismic at-rest pressure as a function of depth for below-grade walls.
ASSOCIATED ENCLOSURES:
None

