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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 Subsection 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 (Cέ). Other minor corrections were also made for 
borehole diameter (CB), sampler type (CS), and rod length (CR) using the formula in 
Equation 1 (FSAR References 225 and 219). As indicated in the COLA Revisions, these 
values will be added to Equation 2.5.4-2 in the FSAR.  

 N60 = N Cέ CB CS  CR  (Equation 1) 

The values of these additional correction factors are provided in FSAR Subsection 2.5.4 
References 219 and 225. N60-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 (Cn), 
resulting in an (N1)60-value. This value is typically used in liquefaction analyses. The 
liquefaction analysis for the Turkey Point Units 6 & 7 site is discussed in FSAR Subsection 
2.5.4.8. Note that because 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 used or presented in the FSAR. 

The measured and corrected N-values are presented in FSAR Figure 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 per foot (bpf). The N60-values presented in FSAR Table 
2.5.4-209 represent the best estimate values and are not meant to show variations. In the 
next paragraphs, the methodology used to derive the recommended N60-values is 
explained. 
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Miami Limestone (Stratum 2) 

The N60-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 (Stratum 3 and Stratum 4) 

Where rock coring was not possible, limited sampling using the SPT was conducted. 
This sampling was mainly performed in the upper few feet of the Key Largo Limestone 
as a continuation of the SPT sampling in the overlying Miami Limestone before 
switching to rock coring in the Key Largo Limestone. About 3 percent of the sampling 
of the Fort Thompson formation was performed with SPT, following rock coring 
attempts with little or no recovery. Thus, N60-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 (Stratum 5 and Stratum 6) 

The N60-values derived from SPT measurements show a wide scatter, varying from 0 
to 100 bpf in the Upper Tamiami and from 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 feet would normally be dense to 
very dense with consistently high N60-values. As discussed in FSAR Subsection 
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 feet 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 N60-values should be at least double these values. The high 
relative density of the Upper Tamiami and the hardness of the Lower Tamiami are 
reflected in the high shear wave velocity measurements obtained in these strata, 
namely average values of 1400 feet per second and 1600 feet per second, 
respectively. 

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 (Reference 1) 
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 
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between 3.5 and 4.5 for silty sands, with a fines content of about 12 percent. Note that 
for a given qt value, the back-calculated N-values become higher with increasing fines 
content. Thus, for a given qt value, the smaller the fines content, the smaller the 
equivalent 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 Tamiami, 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 2.5.4-220), even these N60-values derived 
from the CPT results are deemed to be conservative. Nevertheless, N60-values of 40 
bpf for the Upper Tamiami and 32 bpf for the Lower Tamiami are recommended. Note 
that the angle of internal friction of 35 degrees selected for the Upper Tamiami is a 
conservative value for an N60-value of 40 bpf and a shear wave velocity of 1400 feet 
per second. The 35 degrees would be a reasonable choice based on the average N60-
value of 27 from the measured N-values. The undrained shear strength of 4 ksf 
selected for the Lower Tamiami is a realistic value for an N60-value of 32 bpf but a 
very conservative value for a shear wave velocity of 1600 feet per second.  

Peace River (Stratum 7) 

While the very top portion of this stratum exhibited low N-values, attributed to high 
artesian conditions, the lower portion of the stratum generally exhibited SPT refusal; 
resulting N-values were capped at 100 bpf. Thus, N60-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 

An 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.  

This portion of the response describes how the N60-values given in FSAR Table 2.5.4-209 
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. The 
mean value for each layer +/-1 standard deviation is given in Table 1. 

Table 1. Mean Value for Each Layer with Standard Deviation 

N60-value in bpf from SPTs Stratum (no. of tests) 
Mean Std Deviation (σ) Mean - σ Mean + σ 

Miami Limestone (619) 29 24 5 53 
Upper Tamiami (253) 27 17 10 44 
Lower Tamiami (72) 23 16 7 39 
Peace River (64) 72 27 45 99 

Table 1 shows statistically the large variation in measured N-values in the various strata as 
depicted in FSAR Figure 2.5.4-213 and Table 2.5.4-204. The variation of N-values within 
each stratum and its impact on stability analyses are discussed in the following paragraphs. 
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Miami Limestone (Stratum 2) 

The large variation in N60-values is to be expected given the partly cemented nature of 
the material. None of the engineering properties (including strength and high and low 
strain stiffness) presented in FSAR Table 2.5.4-209 were derived from the N-value, 
and thus any structural stability analysis that includes the Miami Limestone is not 
impacted by the variation of N-value. As noted in FSAR Subsection 2.5.4.5.1, the 
Miami Limestone below the nuclear island (NI) will be removed and replaced by 
concrete fill, and thus the Miami Limestone is not a factor in bearing capacity, 
settlement, or sliding analysis of the NI. 

Upper and Lower Tamiami Formations (Stratum 5 and Stratum 6) 

Unlike the Miami Limestone, these deep soil formations are expected to have 
consistent properties, and thus the large variations shown in N-values are not 
expected. The Tamiami Formation is a Miocene deposit, ranging in age from 1.6 to 5.3 
million years. A soil deposit becomes more consistent with increasing depth and age. 
This is because the local differences caused by depositional or weathering variations 
are evened out as the soil is compressed under an ever increasing overburden. This is 
evidenced by the consistency of the shear wave velocity (Vs) measurements of the 10 
Suspension P-S Velocity Logging borings performed in the Tamiami Formation (all 
completely penetrated the Upper Tamiami, and 5 penetrated the Lower Tamiami.) As 
noted in the response to RAI 02.05.04-11,  

 
The Tamiami Formation does exhibit a generally increasing Vs profile with 
depth, as illustrated in FSAR Figure 2.5.4-220 and tabulated in Table 
2.5.4-215. FSAR Figure 2.5.4-216 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.   

 
The consistency of the Tamiami Formation is also demonstrated by consistency of the 
CPT results in FSAR Figure 2.5.4-214, where tip resistance, sleeve friction, and pore 
pressure measurements follow a well-defined path.  

 
As described earlier in this response, many of the N-values measured in the Tamiami 
Formation were considered to be affected by in-situ disturbance, giving reduced N-
values. This accounts in large part for the variation of N-values seen in FSAR Figure 
2.5.4-213. The parameters that form the basis of the bearing capacity analysis for the 
NI (angle of internal friction, , for the more granular Upper Tamiami, and undrained 
shear strength, cu, for the much finer grained Lower Tamiami) were considered 
reasonable and conservative for these materials. The  = 35 degrees for the Upper 
Tamiami is typical for medium dense sands with N-values, according to Bowles 
(Reference 2), in the 10 to 15 bpf range.  
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The cu = 4 ksf assigned to the Lower Tamiami is lower than expected from a material 
of its age and depth and with the consistently high Vs and CPT tip resistances 
recorded. For settlement, the strains in the Tamiami were so low that the low strain 
values of elastic modulus derived from Vs were the dominant factor. At the depths of 
the Tamiami Formation, sliding is not a factor. In summary, the large variations in N-
values shown in the Tamiami Formation are not considered to be accurate or realistic. 
Regardless, the Tamiami Formation parameters used in the stability analyses for the 
NI were not based on N-values.  

 
Peace River (Stratum 7) 

 
As noted above, while the very top portion of this stratum exhibited relatively low N-
values, attributed to high artesian conditions, the lower portion of the stratum generally 
exhibited SPT refusal; resulting N-values were capped at 100 bpf. FSAR Figure 2.5.4-
213 shows scatter of N-values in the middle portion of the stratum but within the range 
of scatter typically associated with the SPT test. Even including the lower values 
recorded in the upper portions of the stratum, the (mean – σ) value is 45 bpf, which is 
a dense sand (N > 30 bpf). The  = 40 degrees given as a best estimate value for this 
stratum in FSAR Table 2.5.4-209 is still appropriate for N = 45 bpf. This stratum is so 
deep that it has no significant effect on the bearing capacity and settlement of the NI.   

This response is PLANT SPECIFIC. 

References: 

1. 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. 

2. Bowles, J.E., Foundation Analysis and Design, Third Edition, McGraw-Hill, New 
York, 1982. 

ASSOCIATED COLA REVISIONS: 

FSAR Subsection 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 C CB CSCR        Equation 2.5.4-2 

Where, 
N = field measured SPT blow count  
C = hammer energy correction factor 
CB = borehole diameter correction factor 
CS = sampler correction factor 
CR = rod length correction factor 

DRAFT



Proposed Turkey Point Units 6 and 7 
Docket Nos. 52-040 and 52-041 
FPL Draft Revised Response to NRC RAI No. 02.05.04-2 (eRAI 6006) 
Page 6 of 7 

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 
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, C(expressed as ETR/60%), ranges from 1.33 to 1.47, 
also as shown in Table 2.5.4-203. N60-values (from Equation 2.5.4-2) from each boring are 
corrected using the appropriate C 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 2.5.4-204. 

FSAR Subsection 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 Subsection 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 
qt/N with increasing fines content from Kulhawy & Mayne (1990) (Reference 282). 
Using an average qt of about 160 tsf and a qt/N 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 N60-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 Subsection 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 than 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 
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dense to very 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 N-values 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 N-values 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 Subsection 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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