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RAI 02.05.04-1: 

QUESTION:

Figure 2.5S.4-2, Power Block Plan STP COLA site, does not show borings located within the 
footprint of the STP 4 Radwaste building or the pump houses at the UHS Basin. The STP Unit 4 
Radwaste building substructure and UHS structure are Category 1 safety related structures (see 
ABWR DCD Table 3.2-1). Soil profiles underlying specific structures may vary from site-wide 
soil properties, and soil data within the footprint of each Category 1 structure is specified by 
Regulatory Guide (RG) 1.132. Please provide static and dynamic soil data and the related 
stability analyses for the Radwaste Building and UHS structure, based on considerations of 
subsurface data obtained at those locations.

RESPONSE:

This response was developed using the information presented in STP 3&4 COLA Revision 1 
which was under review at the time this RAI question was sent.  Prior to this RAI response, the 
Ultimate Heat Sinks and associated structures were redesigned and relocated, and the Radwaste 
Building classification was changed, as described in Revision 2 of the COLA.  The following 
analysis, although not applicable to the current UHS location, is accurate for the locations of the 
additional boring logs obtained in the third quarter of 2007 based on the structure locations and 
classifications as described in COLA Revision 1.

This response presents: (1) data that were obtained from the supplemental subsurface 
investigation performed in July through September of 2007 (Reference 1) for the Unit 4 
Radwaste Building, for the pump houses for the Ultimate Heat Sink (UHS), and for the Reactor 
Service Water (RSW) tunnel; (2) a comparison of the geotechnical properties based on the data 
from the original subsurface investigation (Reference 2) and the values based on the original plus 
the supplemental subsurface investigation; and (3) results of bearing capacity, settlement and 
liquefaction analysis for the Unit 4 Radwaste Building, the UHS, and the RSW tunnel based on 
the parameters from the original and supplemental subsurface investigations. 

(1) The power block subsurface investigation plan (Attachment 2) shows the locations, 
ground surface elevations and depths of the sample borings and cone penetrometer tests 
(CPTs) performed for the supplemental subsurface investigation.  Borings B-443, 444 
and 445 and CPT C-405S were conducted beneath the Unit 4 Radwaste Building 
location, borings B-940 and 949 were conducted beneath the UHS pump houses, and the 
remaining eight borings and ten CPTs were conducted beneath the RSW tunnel.  For the 
Unit 4 Radwaste Building and the UHS pump houses, the logs of the borings are in 
Attachment 3 and the CPT logs are in Attachment 4. 

The subsurface profile beneath the Unit 4 Radwaste Building based on the supplemental 
investigation results is shown on Figure 1.  The subsurface profile beneath the UHS 
based on the results of the original and the supplemental investigations is shown on 
Figure 2.  These figures indicate the thickness of each layer and the high strain (or static) 
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elastic modulus (Es) and the stratum thickness (H) employed in the settlement analysis 
described in (3) below. 

(2) Table 1 shows the geotechnical engineering properties derived from the subsurface 
investigation data for each stratum.  Note that, at the STP Units 3 and 4 site, the 
properties are generally consistent for each stratum.  Some scatter is expected due to 
inherent sampling and testing variations.  However, no pattern to the scatter and no 
distinct sets of properties at different locations were identified.  Thus the properties are 
derived on a site-wide basis, rather than beneath each structure.  

In Table 1, where a single value is shown, the property value did not change (within the 
shown significant numbers) with the addition of the data from the supplemental 
investigation.  Where two values are shown for a property (in bold), the first value is the 
value derived from the original investigation data while the second value is derived from 
the data from the original investigation plus the supplemental investigation.  (Note that 
the results from the 16 Resonant Column Torsional Shear (RCTS) tests from the original 
investigation which were not available for Revision 1 of the FSAR have now been added 
to the data from the original plus the supplemental investigations in Table 1.  Natural 
moisture content and Atterberg limits were measured as part of the ten RCTS tests on 
clay, and unit weight was measured as part of all 16 of the RCTS tests.  Thus, although 
the deepest supplemental boring [B-443 under the Unit 4 Radwaste Building] was drilled 
to 200 feet depth, i.e., into Stratum J [Clay 2], there are differences in the Table 1 
properties below Stratum J due to the inclusion of the moisture content, Atterberg limits, 
and unit weight results from the RCTS tests. The Atterberg limits and unit weights, in 
turn, can have an effect on the elastic and shear moduli values.  Also, the difference in the 
measured N-values for Sand N in Table 1 [N = 97 and 98] are due to rounding 
differences, not to any new data; similarly, the differences in the shear modulus for this 
stratum are due to rounding differences.)   

The only additional dynamic testing that was performed for the supplemental field and 
laboratory investigation was a seismic CPT (C-405S) to 100 feet depth beneath the Unit 4 
Radwaste Building.  The shear wave velocity results from C-405S were enveloped by the 
large amount of data generated during the initial investigation, and thus no modifications 
were made to the previously established shear wave velocity profile. 

(3) Analyses were made to estimate the bearing capacity and settlement beneath the Unit 4 
Radwaste Building and the UHS, and to assess the liquefaction potential of the soil 
beneath these structures and the RSW tunnel. 

The bearing capacity, c, of the soil supporting each structure was computed using the 
method presented in Section 2.5S.4.10.3 of Revision 1 of the FSAR (no change for 
Revision 2), applying weighted average parameters from the layers within the effective 
shear depth below the foundation.
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Settlement was estimated using the elastic compression approach and Boussinesq-type 
stress distribution outlined in Section 2.5S.4.10.4 of Revision 1 of the FSAR (no change 
for Revision 2). 

Liquefaction analyses were performed using the methods described in Section 2.5S.4.8.2 
of Revision 1 of the FSAR.  Each boring standard penetration test (SPT) N-value, each 
CPT reading, and each shear wave velocity measurement from the supplemental program 
was analyzed. 

Results of these analyses are presented below: 

Unit 4 Radwaste Building
This structure will be approximately 127 ft x 217 ft in plan dimensions (see Attachment 
2) with foundation base at El. -20 ft, or about 54 ft below final grade. 
Bearing Capacity 

For the Unit 4 Radwaste Building, computed c = 73.5 ksf.  The estimated demand, d, 
(design load) under static loading conditions is 4 ksf.  Thus, c/d  18.  (Note that for 
the Unit 3 Radwaste Building, computed c = 91.8 ksf, giving c/d  23.)

Settlement
Estimated pre-consolidation pressures exceeded the combined stresses from existing 
overburden and applied load at the center of each stratum, and thus virgin 
compression was not considered.  The computed average settlement beneath the Unit 
4 Radwaste Building = 0.8 inches.

Liquefaction 
One SPT sample indicated a factor of safety (FS) against liquefaction of 1.0, less than 
the required 1.1.  This sample is above the foundation elevation and will thus be 
excavated out.   
There were four CPT readings with computed FS values ranging from 0.96 to 1.1.  
These were all from relatively near-surface strata that will be excavated out. 
There was one shear wave velocity reading that gave a FS reading lower than 1.1.
This was in Stratum A, which is a non-liquefiable clay and will be excavated out. 

 UHS Structure 
The UHS basin is approximately 380 ft in diameter, with 110 ft x 125 ft pump houses on 
the northeast and southwest ends (see Attachment 2).  The basin embedment depth is 
about 32 ft below final grade and the floor of each pump house is 7 ft below the basin 
floor.  For bearing capacity and settlement, the UHS structure is considered as a whole; 
the pump houses are not considered separately.  However, the results of the two 
supplemental borings under the pump houses have been included in the analyses.
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Bearing Capacity 
Since the area occupied by the UHS is so large and there is some variability in 
stratum thickness across this area, different soil strata occur within the same elevation 
range below the UHS.  Two soil conditions/profiles were thus developed for bearing 
capacity calculation purposes. These were labeled “Clay Preferred” and “Sand 
Preferred.”  For soil conditions/profiles with the label “Clay Preferred,” the clay 
stratum below the foundation and its characteristic undrained shear strength, su,
represent the elevation range containing the different soil types.  Similarly, for soil 
conditions/profiles with the label “Sand Preferred,” the sand stratum below the 
foundation and its characteristic friction angle, ’, represent the elevation range 
containing the different soil types. It is expected that these two subsurface profiles 
will provide the lower and upper boundaries of bearing capacity.   
With the data from the supplemental borings beneath the pump houses included, for 
the UHS the computed c = 26.8 ksf for the “Clay Preferred” profile and c = 174.9 ksf 
for the “Sand Preferred” profile.  The estimated demand, d, (design load) under static 
loading conditions is 6 ksf.  Thus, c/d  4.5 for the “Clay Preferred” profile and c/d 
29 for the “Sand Preferred” profile.  Without the data from the supplemental borings 
beneath the pump houses included, for the UHS the computed c = 24.7 ksf for the 
“Clay Preferred” profile and c = 170.6 ksf for the “Sand Preferred” profile.  This 
gives c/d  4.1 for the “Clay Preferred” profile and c/d  28 for the “Sand Preferred” 
profile.

Settlement
Estimated pre-consolidation pressures exceed the combined stresses from existing 
overburden and applied load at the center of each stratum, and thus virgin 
compression was not considered.  With the data from the supplemental borings 
beneath the pump houses included, the computed average settlement beneath the UHS 
is 6.1 inches. Without the data from the supplemental borings beneath the pump 
houses included, the computed average settlement beneath the UHS is 6.0 inches. 

Liquefaction 
Analysis of the SPT N-values from the supplemental UHS pump house borings 
indicates no FS values less than 1.1.  No CPTs or shear wave velocity measurements 
were taken below the pump houses. 

RSW Tunnel
The RSW tunnels are 39-ft wide, 14.5-ft high structures that link the UHS pump house to 
the Control Building of each unit (see Attachment 2).  
Bearing Capacity and Settlement 

Since the overburden pressure from the soil removed to construct the tunnel will be as 
large as or greater than the weight of the tunnel itself, then there should be no bearing 
capacity issues with the tunnel, and settlements should be negligible.  This will be 
confirmed during final design. 
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Liquefaction 
Analysis of the SPT N-values from the eight supplemental RSW tunnel borings 
indicates no FS values less than 1.1.
Factors of safety against liquefaction of less than 1.1 were computed for several 
readings from CPTs along the RSW tunnel route.  At all locations except one, these 
soils will either be excavated out during construction for the tunnel (Strata A and B), 
and/or are clay soils that are considered non-liquefiable (Stratum D).  A 1.4 ft-thick 
interval in sand Stratum C in C-949 has a FS less than 1.1.  The RSW tunnel will be a 
large mat-supported structure, capable of spanning limited areas with reduced 
subgrade support, and thus limited zones of potentially liquefiable material should not 
be a problem. 
No shear wave velocity measurements were taken below the RSW tunnel. 

Summary

Static and dynamic soil data and the results of the related stability analyses for the Radwaste 
Building and UHS structure have been provided, based on considerations of subsurface data 
obtained at those locations.  The locations of the supplemental explorations points beneath these 
structures, as well as subsurface profiles beneath these structures, have also been provided.  The 
soil strata properties derived from the supplemental investigation are tabulated in this response, 
and are shown to be very similar to those derived based on the original investigation.

There is a current NRC commitment (COM 2.5S-2) to update STP 3 & 4 FSAR Section 2.5S 
to include confirmatory subsurface investigation to accommodate the addition of the 
Radwaste Building in the STP 4 area, although the classification of the Radwaste Building 
was changed in Revision 2.   In addition, the UHS as described in Revision 1 of the COLA 
was relocated as described in Revision 2.  Necessary changes to the COLA in response 
to COM 2.5S-2 and to reflect subsurface investigations associated with the relocation of the 
UHS and associated structures will be provided in a future COLA revision in accordance with 
a current NRC commitment (COM 3H-2).  The information presented in this RAI response 
will be included in a future COLA revision as part of the general site characterization, in 
accordance with the above NRC commitments. 

References

1. MACTEC Engineering and Consulting, Inc. “Attachment J – Addendum to Subsurface 
Investigation and Laboratory Testing Data Report Summary, STP COL Project Units 3 
and 4,” Charlotte, NC, July 2008. 

2. MACTEC Engineering and Consulting, Inc. “Geotechnical Subsurface Investigation 
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Matagorda County, Texas”, Raleigh, NC, April 2007. 
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Table 1:  Summary of Geotechnical Engineering Properties 

Stratum

Parameter(1)
A

FILL
A

CLAY 
B

SILT
C

SAND 
D

CLAY 

Average thickness, feet 2 18 7.5 19.5, 19 21.5, 22 

USCS symbol GP CH, CL 
ML, CL, 

SM SM, SP-SM CH, CL 

Natural moisture content (MC), % 5 23, 24 24 24, 23 25, 26 

Moist unit weight moist), pcf 124 124 121 122 121, 122 

Fines content , %  N/A(2) 95 70 25 70, 75 

Liquid limit (LL), % N/A(2) 57 38(3) N/A(2) 58, 57 

Plasticity index (PI), % N/A(2) 40 20(3) N/A(2) 40 

Measured SPT N-value, bpf 8 10 9 25 15

Adjusted SPT (N1)60-value, bpf 15 15 10 35 15

Shear Wave Velocity, ft/sec N/A(2) 575 725 785 925 

Undrained shear strength (su), ksf 1.9 1.6 N/A(2) N/A(2) 3.0 
Friction angle (Ø'), degree 
Cohesion (c’), ksf N/A(2) N/A(2) 30 35 16 

1.0
Elastic modulus (high strain) (Es),
ksf N/A(2) 1,050 460 850 2,500 

Shear modulus (high strain) (Gs), ksf N/A(2) 360 180 320 850 
Coefficient of Subgrade Reaction 
(k1), kcf (for 1-ft. sq. area) N/A(2) 150 160 600 300 

Earth Pressure Coefficients 

    Active (Ka) N/A(2) 0.5 0.3 0.3 0.5 

    Passive (Kp) N/A(2) 2.0 3.0 3.7 2.0 

    At Rest (K0) N/A(2) 0.7 0.5 0.4 0.7 

Coefficient of Sliding N/A(2) 0.30 0.35 0.40 0.30 
Consolidation Properties 

Cc [Cr]
N/A(2) 0.235

[0.017] N/A(2) N/A(2) 0.255, 0.285 
 [0.023], [0.026] 

Pp’, ksf  [OCR] N/A(2) 6.3 [7.0] N/A(2) N/A(2) 12.3 [3.3]
Notes.
(1)The values tabulated above are for use as a guideline only. Reference should be made to specific boring and CPT logs 
and laboratory test results for appropriate modifications at specific locations and for specific calculations. 
(2)N/A indicates that the properties are either not measured or not applicable. 
(3)Nine of 17 Atterberg Limit tests for Stratum B yield Non-Plastic results.  Values shown are average of Plastic results. 
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Table 1:  Summary of Geotechnical Engineering Properties (Cont’d)

Stratum

Parameter(1)
E

SAND 
F

CLAY 
H

SAND 
J

(CLAY) 
J

(SAND) 

Average thickness, feet 18 16.5, 17 19, 18 61(3) 37.5(4)

USCS symbol 
SP-SM,

SM CH, CL SP-SM, SM CH, CL SM, ML 

Natural moisture content (MC), % 21 24, 25 19 23 23 

Moist unit weight moist), pcf 122, 123 125 128, 125 125 125 

Fines content , %  20 90 15, 25 90 40, 50 

Liquid limit (LL), % N/A(2) 58 N/A(2) 54 N/A(2)

Plasticity index (PI), % N/A(2) 40 N/A(2) 35 N/A(2)

Measured SPT N-value, bpf 35 22 44 31 65 

Adjusted SPT (N1)60-value, bpf  30 15 30 15 35 

Shear Wave Velocity, ft/sec 1,080 945 1,075 1,145 1,275 

Undrained shear strength (su), ksf N/A(2) 3.2, 3.3 N/A(2) 3.5, 3.4 N/A(2)

Friction angle ( ’), degree 
Cohesion (c’), ksf 

35 8
2.0

35 8
2.5

33

Elastic modulus (high strain) (Es),
ksf 1,100 2600, 2650 1150, 1130 3500, 3450 1,500

Shear modulus (high strain) (Gs), ksf 425, 430 900, 920 450, 430 1200, 1190 600, 580 
Coefficient of Subgrade Reaction 
(k1), kcf (for 1-ft. sq. area) 600 300 600 N/A(2) N/A(2)

Earth Pressure Coefficients 

    Active (Ka) 0.3 0.5 0.3 N/A(2) N/A(2)

    Passive (Kp) 3.7 2.0 3.7 N/A(2) N/A(2)

    At Rest (K0) 0.4 0.7 0.4 N/A(2) N/A(2)

Coefficient of Sliding 0.40 0.30 0.40 N/A(2) N/A(2)

Consolidation Properties 

Cc [Cr]
N/A(2) 0.24, 0.238 

[0.039][0.028] N/A(2) 0.228, 0.224 
[0.040][0.035] N/A(2)

Pp’, ksf  [OCR] N/A(2) 15.5 [2.6] N/A(2) 16.5 [1.7] N/A(2)

Notes.
(1)The values tabulated above are for use as a guideline only. Reference should be made to specific boring and CPT logs 
and laboratory test results for appropriate modifications at specific locations and for specific calculations. 
(2)N/A indicates that the properties are either not measured or not applicable. 
(3)Thickness of J (CLAY 1) (29 ft) & J (CLAY 2) (32 ft) combined. 
(4)Thickness of J (Interbed 1) (9, 8.5 ft), J (SAND 1) (13.5 ft), & J (Interbed 2) (15, 14.5 ft) combined. 
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Table 1:  Summary of Geotechnical Engineering Properties (Cont’d)

Stratum

Parameter(1)
K

(CLAY) 
K

(SAND) 
L

CLAY 
M

SAND 
N

(CLAY) 
N

(SAND) 

Average thickness, feet 18.5 25.5 5 15 228(3) 93.5(4)

USCS symbol CL, CH SM, ML CH SP-SM CH, CL 
SM,

SP-SM

Natural moisture content (MC), % 20, 23 21 29 21(5) 25 23, 22 

Moist unit weight moist), pcf 129, 124 127 129, 124(6) 127(5) 121, 123 128

Fines content , %  75 45 75(6) 45(5) 75 20 

Liquid limit (LL), % 39, 50 N/A(2) 73 N/A(2) 65 N/A(2)

Plasticity index (PI), % 25, 35 N/A(2) 50 N/A(2) 45 N/A(2)

Measured SPT N-value, bpf 15 75 23 75(5) 33 98, 97 

Adjusted SPT (N1)60-value, bpf 6 30 8 30(5) 7 20 

Shear Wave Velocity, ft/sec 1,170 1,370 975 1,165 1,290 1,655 

Undrained shear strength (su), ksf 3.0 N/A(2) 3.0 N/A(2) 3.0 N/A(2)

Friction angle (Ø'), degree 
Cohesion (c’), ksf N/A(2)

33
N/A(2)

33(5)

N/A(2)
36

Elastic modulus (high strain) (Es),
ksf 3100, 3500 1,650 3100, 3000 1,300 4,500 2,100 

Shear modulus (high strain) (Gs), ksf 1050, 1200 630 1050, 1020 500 1500, 1560 800,
820

Coefficient of Subgrade Reaction 
(k1), kcf (for 1-ft. sq. area) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2)

Earth Pressure Coefficients 

    Active (Ka) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2)

    Passive (Kp) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2)

    At Rest (K0) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2)

Coefficient of Sliding N/A(2) N/A(2) N/A(2) N/A(2) N/A(2) N/A(2)

Consolidation Properties 

Cc [Cr]
0.176

[0.017] N/A(2) 0.176(6) 

[0.017](6) N/A(2) 0.336
[0.050] N/A(2)

Pp’, ksf  [OCR] 18.3 [1.7] N/A(2) 16.0 [1.0] N/A(2) 28.5 [1.0] N/A(2)

Notes.
(1)The values tabulated above are for use as a guideline only. Reference should be made to specific boring and CPT logs 
and laboratory test results for appropriate modifications at specific locations and for specific calculations. 
(2)N/A indicates that the properties are either not measured or not applicable. 
(3)Thickness of N (CLAY1) (59 ft), N (CLAY 2) (8 ft), N (CLAY 3) (8.5 ft), N (CLAY 4) (30 ft), N (CLAY 5) (54 ft), & N (CLAY 
6) (68.5 ft) combined. 
(4)Thickness of N (SAND 1) (17 ft), N (SAND 2) (32.5 ft), N (SAND 3) (18.5 ft), N (SAND 4) (8 ft), & N (SAND 5) (17.5 ft)
combined. 
(5)Value for K (SAND) adopted. 
(6)Value for K (CLAY) adopted.
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Figure 1: Subsurface Profile at Unit 4 Radwaste Building 
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Figure 2: Subsurface Profile at UHS 
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