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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: 02.05.04-10 (eRAI 6006)

FSAR Figures 203 through 209 indicate one boring for each of the two Units extending to a
depth of about 450'. Most other borings taken at the site extend to depths of only about
150'. Figure 2.5.4-220 presents information on shear wave velocity, including best estimate
(BE) and upper/lower bound (UB/LB) values down to a depth of about 600'. In accordance
with NUREG-0800, Standard Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials
and Foundations," please indicate how you estimated variations in shear wave velocity
based on only two readings over the deeper portion of the profile.

FPL RESPONSE:

Two additional P-S Suspension soundings were performed during the supplemental field
investigation program in 2013, as outlined in the revised Response to RAI 02.05.04-3. The
locations of these soundings, R-6-1 b and R-7-1, are near B-601 (DH) and B-701 (DH),
respectively (see Figure 1 of the revised response to RAI 02.05.04-3).

From the initial (Reference 1) and supplemental (Reference 2) investigations, shear wave
velocity (Vs) readings through P-S Suspension soundings were taken in 12 locations as
follows (see Figure 1 of the revised response to RAI 02.05.04-3):

* Two borings (B-604[DH] and B-704G[DH]) to a depth of 150 feet

" Two borings (B-620[DH] and B-720G[DH]) to a depth of 200 feet

* Four borings (B-608[DH], B-610[DH], B-708[DH], and B-710G[DH]) to a depth of 250
feet

* One boring (B-601 [DH]) to a depth of 400 feet

" One boring (R-7-1) to a depth of 440 feet

* One boring (R-6-1 b) to a depth of 450 feet

" One boring (B-701 [DH]) to a depth of 600 feet

Approximate depths, descriptions, and the number of P-S Suspension soundings for
deeper formations including upper Tamiami, lower Tamiami, Peace River, and Arcadia
formations are provided in Table 1.
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Table 1
Number of P-S Suspension Loggings in Deeper Formations

Predominant Approximate Approximate Number of P-S
Formation Material Top Depth Bottom Suspension Remarks

Type (ft) (1) Depth (ft) (1) Loggings
Upper Dense silty 115 167 12 - two Vs profiles

Tamiami sand down to 150 feet
Lower Stiff to hard 167 218 10 - two Vsprofiles

Tamiami sandy silt down to 200 feet
- one Vs profile
down to 400 feet
- one Vs profile down

Peace Very dense 218 455 4 to 440 feet
River silty sand - two Vs profiles

down to the base of
the Peace River
formation

No boring - one V, profile downArcadia_ I Limestone 455 available (2) to 600 feet

(1) Based on approximate surface elevation of 0 feet.

(2) None of the borings reached the bottom depth of the Arcadia Formation.

Figure 1 and the revised FSAR Figure 2.5.4-220 presents the mean shear wave velocity
(Vs) profile with upper and lower bounds (calculated as mean ± standard deviation) as a
function of depth for all 12 P-S Suspension velocity data sets.

For the upper and lower Tamiami formations, Vs profiles are obtained from at least ten P-S
Suspension soundings, which is an adequate sample size from which to estimate a mean
and standard deviation.

For the deeper portion of the soil profile, i.e., Peace River Formation, the mean shear wave
velocity and its variation are estimated based on four Vs profiles (Table 1). The estimations
of the mean Vs and its corresponding variations based on four Vs profiles within the Peace
River Formation are sufficient for soil modeling and analysis purposes.

Additionally, Vs measurements beyond the required investigation depth of approximately
450 feet (required investigation depth is per RG 1.132, assuming unit weight of 0.13 kcf,
and considering the embedment depth) were taken for the Arcadia Formation at boring B-
701 (DH) down to a depth of 600 feet. The standard deviation is not computed for the
Arcadia Formation in the original FSAR Figure 2.5.4-220, the updated FSAR Figure 2.5.4-
220, or Figure 1, since only one P-S Suspension sounding is available below 440 feet
depth.



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.04-10 (eRAI 6006)
L-2014-1 11 Attachment 10 Page 3 of 8

Figure 1 Plot of Recommended Shear Wave Velocity with Elevation
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Note: Averages and boundary values above contain both Unit 6 and Unit 7 measurements.

This response is PLANT SPECIFIC.

References:
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1. MACTEC Engineering and Consulting, Inc., Final Data Report- Geotechnical
Exploration and Testing: Turkey Point COL Project Florida City, Florida, Revision 2,
included in COL Application Part 11, October 6, 2008.

2. Paul C. Rizzo Associates, Inc., Field Investigation Data Report, Turkey Point Nuclear
Power Plant Units 6 & 7, Revision 1, RIZZO, Pittsburgh, Pennsylvania, January 31,
2014.

ASSOCIATED COLA REVISIONS:

Revisions associated with Subsections 2.5.4.1.1, 2.5.4.2.1.3.14, 2.5.4.2.2, 2.5.4.4,
2.5.4.4.2.1, and 2.5.4.13 of this revised RAI response are presented in the revised
response to RAI 02.05.04-3.

FSAR Subsection 2.5.4.4 will be revised in a future revision as follows:

2.5.4.4.4 S-Wave and P-Wave Velocity Profile Selection

Suspension P-S velocity logging results summarized in Table 2.5.4-215 are used to
develop the recommended Vs velocity profiles shown in Figure 2.5.4-220. The data
collected at individual suspension P-S velocity logging borings and at individual seismic
CPTs are sorted by stratum and averaged and presented in Table 2.5.4-209.-inhis-table,
the measured VG values in the Saturated sand strata (Strata 5, 6, and 7) are adjusted to
account for the high readings due to . .eauring•, the VG of water.- The average thickness and
elevation of each stratum is also determined at each of the boring test locations and
averaged. The Vs profiles given in Figure 2.5.4-218 plot measured shear wave versus
depth, and i"dir'ate strata thicknesses and depths. Figure 2.5.4-220 illustrates the design
Vs profile (average) for materials at the site from ground surface to approximately 450 600
feet depth from data measured at Units 6 and 7. Figure 2.5.4-220 includes the V, data
of one reading from 450-600 feet measured at Unit 7. As pre.iously noted, nit- 7 '6
data are collected to a depth of appFGXimnately 600 feet, whilc at Unit 6 V,' data are collected
to a depth of approximately 400 feet.

The third paragraph of FSAR Subsection 2.5.4.7.2.1 will be revised in a future revision as
follows:

2.5.4.7.2.1 Seismic Velocities in the Upper 600 Feet

Suspension P-S velocity logging is performed in 1-012 dedicated borings (fivesix borings in
each of the two power blocks), with depths ranging from 150 feet to 600 feet, and at the
locations shown on Figure 2.5.4-202. Downhole geophysical testing including gamma,
caliper, resistivity, spontaneous potential, and caliper measurements extend as deep as
400 feet bgs. The suspension P-S logging data and the downhole geophysical data are
contained in Appendix B of References 257 and 290.
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FSAR Table 2.5.4-209 will revised in a future revision as follows:

Table 2.5.4-209
Summary of Recommended Geotechnical Engineering Parameters

Stratum(a) 1 (a) 2 3 4 6 6 7 8 Fill

Description Muck Miami Key Largo Ft. Upper Lower Peace ArcadiaThompson Tamiami Tamiami River
Elevation of top of layer (ft) -1.2 -4.5 -26.7 -49.4 -115.1 -159.0 -215.2 -452.1

GM, GP- SM, SP-
USCS symbol ML, MH GM, SM, SW-SM, SW, SP-SM Limestone Limestone SM ML SM Limestone -

Total unit weight, y (pcf) 80 125 136 139 120 120 120 130 130
Natural water content, w, (%) >80 - - - 30 -I - 33
Fines content (%) >60 18 - - 28 62 16 - 15
Atterberg limits

Liquid limit, LL .. .. 24 - --
Plastic limit, PL ..... _20 - -
Plasticity index, P1 ..... 4 -- -4 -

SPT N6 0 -value (blows/ff) ~0 20 40 32 75 - 30
Undrained properties

Undrained shear strength, su (ksf) ..... _4.0_-- --_--

Internal friction angle, p, (deg) .........
Drained properties

Effective cohesion, c' (ksf) ... 0 1.7 0 -
Effective friction angle, p (deg) .... 35 20 40 - 33

Average Rock core recovery (%) - - 83 to 96 41 to 98 - - - 63 to 100 -
Average RQD (%) - - 54 to 81 16 to 91 - - - 32 to 90
Unconfined compressive strength, U (psi) - 200 1,500 2,000 - - - 100 --
Elastic modulus (high strain), EH - 630 ksi 2,600 ksi 1,500 ksi 1,500 ksf 2,500 ksf 2,700 ksf 980 ksi 1,100 ksf
Elastic modulus (low strain), EL - 950 ksi 2,600 ksi 1,500 ksi 19,700 ksf 25,750 ksf 27,400 ksf 980 ksi 9,100 ksf
Shear modulus (high strain), GH - 230 ksi 1,000 ksi 550 ksi 550 ksf 900 ksf 1,000 ksf 360 ksi 420 ksf
Shear modulus (low strain), GL - 350 ksi 1,000 ksi 550 ksi 7,300 ksf 9,500 ksf 10,150 ksf 360 ksi 3,500 ksf
Shear wave velocity, Vs, (ftisec) 850 3,4003,36W 6,2505,0Q 4,4604,25 1,6007 1,600, 1,600-1-46 3,650260O 860
Compression wave velocity, Vc, (ftlsec) 4,900 7,460870=O 11,75DU-%090 9,000W700 5,650, 5,70 , 5,8503,460 7,9507-,8i0 1,600
Coefficient of sliding -- 0.6 0.7 0.7 0.4 0.3 - - 1 0.5
Poisson's ratio, v 0.37 0.31 0.34 0.35 0.35 0.35 0.36 0.3
Static earth pressure coefficients

Active, Ka 0.3 - - 0.27 0.5 - - 0.3
At-rest, Ko 0.5 - - 0.5 0.66 - - 0.5

( Properties of Stratum 1 (muck) are not provided as this stratum was removed prior to construction.
The values tabulated for use as design guideline only. Referto specific boring logs, CPT logs, and laboratory test results for appropriate modifications at specific design locations.
USCS = Unified Soil Classification System (ML = silt; MH = silt of high plasticity; GM = silty gravel; GP = poorly graded gravel; SM = silty sand; SW = well graded sand; SP = poorly graded
sand).
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FSAR Table 2.5.4-215 will be replaced with the following revised table in a future revision:

Table 2.5.4-215 (Sheet I of 2)
Summary of Measured Shear Wave Velocity and Compressive Wave Velocities

Shear Wave Velocity, Compressive Wave Velocity,
Vs (fts) vp (ftls)

Top Bottom Upper Lower Upper Lower
Elevation Elevation Average Bound Bound Average Bound Bound

(ft) (ft)

0 -10 2097 - - 5566 - -

-10 -20 3659 4853 1903 7568 9825 4851
-20 -30 4480 6348 1850 9249 12114 6086
-30 -40 5770 7575 4566 11004 14256 9002
-40 -50 6751 8104 4945 12540 15158 9405
-50 -60 5684 7663 3818 10742 13769 7894
-60 -70 4472 7011 2749 9349 12679 6382
-70 -80 4575 6509 2586 9379 12425 6558
-R0 -90 4579 6538 3049 9142 12238 7283
-90 -100 4261 5294 2529 8706 10702 6674
-100 -110 4381 5065 2926 8565 9380 7667
-110 -120 2246 4739 725 6553 8882 5074
-120 -130 1271 1610 982 5491 5814 5183
-130 -140 1794 2597 1021 5938 6795 5159
-140 -150 1383 1676 1048 5526 5828 5254
-150 -160 1524 1773 1162 5621 5864 5237
-160 -170 1644 1770 1555 5724 5860 5586
-170 -180 1590 1661 1476 5694 5783 5607
-180 -190 1562 1642 1452 5681 5825 5564
-190 -200 1636 1800 1468 5738 5865 5570
-200 -210 1778 1923 1591 5787 6000 5641
-210 -220 2236 2592 1809 6390 6983 5832
-220 -230 2354 2976 1796 6465 7019 5991
-230 -240 1950 2652 1535 6058 6640 5550
-240 -250 2045 2932 1553 6079 6771 5554
-250 -260 1835 2273 1344 6003 6311 5612
-260 -270 1668 1940 1354 5856 6073 5587
-270 -280 1696 1785 1525 5844 6109 5577
-280 -290 1823 2051 1656 5954 6192 5775
-290 -300 1757 2023 1523 5980 6217 5729
-300 -310 1713 1963 1409 5866 6101 5662
-310 -320 1572 2026 1243 5732 5916 5560
-320 -330 1444 1636 1298 5816 5971 5679
-330 -340 1436 1632 1299 5682 5958 5523
-340 -350 1436 1566 1262 5754 5947 5549
-350 -360 1481 1571 1377 5787 5940 5563
-360 -370 1470 1570 1285 5811 6032 5559
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Table 2.5.4-215 (Sheet 2 of 2)
Summary of Measured Shear Wave Velocity and Compressive Wave Velocities

Shear Wave Velocity, Compressive Wave Velocity,
Vs (fts) Vp (ft/s)

Top Bottom Upper Lower Upper Lower
Elevation Elevation Average Bound Bound Average Bound Bound(ft) (ft)

-370 -380 1439 1521 1318 5718 6098 5446
-380 -390 1492 1630 1299 5755 5930 5527
-390 -400 1430 1606 1261 5727 5929 5497
-400 -410 1450 1717 1242 5690 5916 5488
-410 -420 1449 1587 1363 5736 5979 5538
-420 -430 1469 1566 1338 5786 6025 5514
-430 -440 1449 1657 1273 5716 6031 5479
-440 -450 1460 - 5565 - -

-450 -460 4046 - 8842 -

-460 -470 4046 - 8842 -

-470 -480 4171 - 8247 -

-480 -490 3818 - 7739 -

-490 -500 3953 8021
-500 -510 3917 - 8118
-510 -520 3961 - - 8256
-520 -530 3843 - - 7743
-530 -540 3860 - - 8088
-540 -550 3569 - 7873
-550 -560 3364 - 7627
-560 -570 3083 - 7275
-570 -580 3040 - 7398
-580 -590 3174 - 7453
-590 -600 3741 - 8307
-600 -610 3331 - 7847
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FSAR Figure 2.5.4-220 will be replaced with the following revised figure in a future revision:

Figure 2.5.4-220. Plot of Recommended Shear Wave Velocity with ElevationDepth
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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 NUREG-
0800, 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:

A supplemental field investigation was conducted in 2013, which involved two additional P-
S Suspension soundings at locations R-6-1 b and R-7-1 around the center of each reactor
building for Units 6 & 7, respectively. The scope of the supplemental field investigation is
outlined in the revised response to RAI 02.05.04-3.

This revised response includes description and analysis of all the data collected during the
initial investigation in 2008 and the supplemental investigation in 2013. The list of borings
and the exploration depths are shown in Figure 1 of the revised response to RAI 02.05.04-3
and are provided below:

" Two borings (B-604[DH] and B-704G[DH]) to a depth of 150 feet

* Two borings (B-620[DH] and B-720G[DH]) to a depth of 200 feet

* Four borings (B-608[DH], B-610[DH], B-708[DH], and B-710G[DH]) to a depth of 250
feet

* One boring (B-601 [DH]) to a depth of 400 feet

* One boring (R-7-1) to a depth of 440 feet

" One boring (R-6-1b) to a depth of 450 feet

* One boring (B-701 [DH]) to a depth of 600 feet

The shear wave velocity profile for the upper Tamiami, lower Tamiami, and Peace River
formations obtained from all of these borings is shown in Figure 1. A shear wave velocity
profile extending from ground surface to approximately 600 feet depth is presented in the
revised response to RAI 02.05.04-10.

The Tamiami Formation, including both the upper and lower Tamiami, exhibits a slightly
increasing V, profile with depth up to a depth of approximately 215 feet. This correlation of
the shear wave velocity with depth is expected for the shallower sections of the soil
formations. An example of this trend is provided in the Electric Power Research Institute
(EPRI) Seismic Evaluation Guidance (Reference 1), where shear wave velocity profiles for
various soil formations with Vs30 = 400 meter/second (1312 ft/second) and Vs30 = 560
meter/second (1837 ft/second) are provided as shown in Figure 2 (Vs30 is the average
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shear wave velocity for the top 30 feet). These profiles also show the similar trend of
increasing shear wave velocity with depth for the depth interval of 115 feet to 215 feet.

At the interface of the lower Tamiami and Peace River formations, at a depth of
approximately 220 feet, an abrupt increase (occurring within 5-10 feet) in shear wave
velocity is evident. This variation is attributed to the soil formation change and particularly
to the decrease in fines content at the transition to the Peace River Formation (Figure 3).
The variability in shear wave velocity between the depths of 220 feet and about 290 feet is
again attributed to changes in fines content (Figure 3).

For the relatively uniform Peace River Formation, especially for sections deeper than 300
feet, the shear wave velocity variation with depth is minimal. This is also anticipated, since
the rate of shear wave velocity increase with depth decreases for deeper sections of the
soil formations. This behavior is also consistent with the template of soil shear wave
velocity profiles provided by EPRI Seismic Evaluation Guidance (Reference 1) for the same
depth interval (Figure 2).

In summary, the shear wave velocity profile for upper Tamiami, lower Tamiami, and Peace
River formations does not necessarily indicate a constant shear wave velocity. Some
variations, even though not significant, are observed as a function of depth at shallow
depths, and as a function of fines content at the contact of lower Tamiami and Peace River
Formation. The dependency of shear wave velocity to depth diminishes after 300 feet.

Figure 1 Variation of Shear Wave Velocity with Elevation
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Figure 2 Template Shear Wave Velocity Profiles for Soils, Soft Rock, and Firm Rock
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Figure 3 Variation of Fines Content with Elevation
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This response is PLANT SPECIFIC.

References:

1. EPRI, 2012, Seismic Evaluation Guidance, Screening, Prioritization, and
Implementation Details (SPID) for the Resolution of Fukushima Near-Term Task
Force Recommendation 2.1: Seismic, Electric Power Research Institute Palo Alto,
California, 2012.

ASSOCIATED COLA REVISIONS:

Associated revisions are provided as part of the revised response to RAI 02.05.04-3.

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: 02.05.04-12 (eRAI 6006)

Section 2.5.4.5.2 "Extent of Excavations, Fills, and Slopes", states that the TPNPP Units 6
and 7 nuclear islands will be founded directly on a 20 ft thick lean-concrete layer above a
competent rock stratum (Key Largo Formation). In accordance with NUREG-0800,
Standard Review Plan, Chapter 2.5.4, "Stability of Subsurface Materials and Foundations,"
please address the following:

a. Define "Lean Concrete" and clarify if CLSM is used. Also specify which ACI
standard(s) will be followed.

b. Given the load path, how is the potential for cracking of the lean concrete evaluated?
Also discuss your plan to control thermal cracking of the fill materials.

c. Describe the load transfer mechanism between the base of the NI structures and the
lean fill concrete as well as the load transfer between the lean concrete and the
surrounding supporting soils.

d. Your chemical tests of soil and rock indicated that that the chemistry of soil and rock
is considered to be aggressive towards cementitious materials. Please provide test
results on groundwater chemistry including pH, chlorides, and sulfates. Evaluate the
potential aging effects and address the concrete durability for lean concrete backfill
and sub- foundation due to aggressive soil and groundwater conditions. Also provide
a description on how potential settlement and differential settlement due to erosion
of cement from porous lean concrete backfill will be addressed.

FPL RESPONSE:

a. Lean concrete is unreinforced concrete with lower cement to aggregate ratio than
typical concrete. Controlled Low Strength Material (CLSM) will not be used. In the
remainder of the response, the term "lean concrete fill" will be shortened to "concrete
fill." The American Concrete Institute (ACI) standard that will be followed is ACI 207,
Guide to Mass Concrete prepared by ACI Committee 207 (FSAR Subsection 2.5.4.13,
Reference 281).

b. FSAR Subsection 2.5.4.12 indicates the concrete fill will have an estimated
compressive strength of 1500 pounds per square inch (psi). The design bearing
capacity of this strength of concrete is over 100 kips per square feet (ksf). According to
the AP1000 DCD (Reference 1), the maximum applied bearing pressure (from the
reactor building) is 8.9 ksf, less than 9 percent of the bearing capacity of the concrete.
Thus, cracking of the concrete due to loading/overstressing is not expected.

A comprehensive bearing capacity analysis involving hand calculations, limit equilibrium
analysis, and finite element methods indicates that the allowable bearing capacity of the
foundation medium is 39 ksf (refer to the revised response to RAI 02.05.04-18), which is
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well above the applied stress of 8.9 ksf. The analysis determined that overstressing is
not an issue for the concrete fill.

ACI 207 defines mass concrete as "any volume of concrete with dimensions large
enough to require that measures be taken to cope with generation of heat from
hydration of the cement and attendant volume change to minimize cracking." The
approximately 19-foot thick layer of concrete fill qualifies as mass concrete. As such, a
thermal control plan will be developed during detailed design to minimize thermal
cracking of the concrete fill.

The thermal control plan would include the following elements as outlined in ACI 207
(FSAR 2.5.4 Reference 281) and detailed below:
" Controls on cementitious material content:

Choosing the type and amount of cementitious material can lessen the heat-
generating potential during concrete curing. Since the strength of the concrete fill
and, therefore, the amount of cementitious materials will be relatively low, the heat of
hydration will be less than with higher strength mixes. Furthermore, the use of
pozzolans (such as fly ash) will reduce the heat generated during the curing
process.

" Precooling:

The precooling of aggregates and mixing water can enable a lower placement
temperature, thereby reducing the potential for cracking. This can be achieved, for
example, with shades over the aggregate, sand chillers, water chillers, and ice.

" Construction management:

Construction scheduling and procedures can be optimized for concrete placement to
reduce the risk of cracking. These methods include the placement of concrete at
night and placement of the concrete in properly sized lift thicknesses and blocks
determined in advance with thermal analysis.

c. The strength of the concrete fill (1500 psi) and the underlying rock of the Key Largo
Formation (2689 psi) are approximately the same. Thus, during vertical load transfer
from the foundation to the concrete fill and from the concrete fill to the underlying rock,
stress levels will remain low in these materials and well within the elastic range.

For transfer of lateral loading, the coefficient of friction against sliding between mass
concrete and the clean sound rock of the Key Largo Formation is 0.7. This coefficient
value gives the resistance to sliding of the concrete fill bearing on the Key Largo
Formation. The 0.7 value also gives the resistance to sliding of the base of the nuclear
island concrete foundation mat bearing on the mudmat, and the mudmat bearing on the
concrete fill.

The mudmat provides a working surface for the construction of the concrete foundation
mat. The mudmat has a minimum thickness of 12 inches and is comprised of un-
reinforced concrete. As noted in FSAR Subsection 3.8.5.1, a sheet type high-density
polyethylene (HDPE) waterproofing material will be used for both the horizontal and
vertical surfaces under Seismic Category I structures. The material will be qualified by
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test, with commercial grade dedication and laboratory testing, to achieve a minimum
coefficient of friction against sliding of 0.55, as shown in FSAR Subsection 3.8.5.1. This
waterproof membrane is sandwiched within the mudmat.

Because of the low seismic forces (and hence lateral loading) at the Turkey Point Units
6 & 7 site, the friction between the foundation and the mudmat, the friction within the
mudmat (waterproofing material), the friction between the mudmat and the concrete fill,
and the friction between the concrete fill and the underlying rock will be sufficient to
prevent sliding movement. Thus, the surrounding structural backfill and in situ soils and
rock will not be required to resist lateral loading from the building.

d. The measured values of chemical tests on groundwater samples from observation wells
on the site are presented in FSAR Tables 2.4.12-210 (pH) and 2.4.12-211 (chloride and
sulfate).

The pH values measured from 24 water samples range from 6.65 to 7.29, resulting in a
median of 7.06, i.e., essentially neutral. The pH of the water will therefore not affect the
concrete fill.

The chloride values measured from 24 water samples range from 16,300 parts per
million (ppm) to 37,500 ppm, resulting in a median value of about 29,000 ppm. This
level of chloride concentration can affect the reinforcing steel used in structural
concrete. However, since the concrete fill is non-structural and unreinforced, the
chloride concentration will not affect the concrete fill.

The sulfate values measured from 24-water samples range from 2280 ppm to 4400
ppm, resulting in a median value of about 3800 ppm, or close to 0.4 percent by weight.
This classifies the concrete exposure to sulfate attack as severe, according to the ACI
Manual of Concrete Practice, Part 1. One (of several) potential solution to this situation
is to make the first lift of concrete fill (bottom lift) from sulfate resisting Type V cement
with maximum C3A content of 5 percent as specified in ACI 318-05/318R-05
(Reference 2). In addition, fly ash can be used as an additive to the concrete to improve
the sulfate resistance. Fly ash will also contribute to the thermal control. The use of
sulfate resisting Type V concrete in combination with fly ash will minimize the aging
effects.

The concrete fill will be placed on top of the Key Largo Limestone layer that will have
been extensively grouted to significantly reduce the quantity of groundwater to be
removed during the dewatering process. During construction dewatering, permanent
diaphragm cut-off walls will also be installed surrounding the perimeter of the nuclear
island. Furthermore, the Freshwater Limestone, a layer of limestone between the Key
Largo Formation and the Fort Thompson Formation, has significantly lower permeability
than either of these layers. This will reduce the amount of vertical inflow into the area.
Thus, there will be limited exposure of the concrete fill to aggressive groundwater and
soil.

The approximate plan dimensions of the approximately 19-foot thick mass of concrete
fill are 240 feet x 290 feet, including 30-foot width of concrete extending beyond the
perimeter of the nuclear island. The concrete fill will be placed on top of Key Largo
Limestone that will have been extensively grouted to enable dewatering. The concrete
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fill will be placed against the perimeter concrete diaphragm wall that extends down to El.
-60 feet. The majority of the surface of the concrete fill will be covered by the nuclear
island, and the remainder will be covered by structural fill. Thus, there will be limited
exposure of the concrete fill to aggressive groundwater and soil. On the perimeter, there
is a 30-foot wide buffer of concrete fill placed against a concrete diaphragm wall, and on
the surface, most of the concrete fill is covered by structures. The only plausible
potential for exposure is on the base of the concrete fill.

Based on the conditions described above and the potential solution for combating the
effects of high sulfate content, erosion, or leaching of the cement will have no impact on
total or differential settlement.

This response is PLANT SPECIFIC.

References:

1. Westinghouse Electric Company, APIO00 Design Control Document (DCD), Revision
19, June 21, 2011.

2. American Concrete Institute, Building Code Requirements for Structural Concrete (ACI
318-05) and Commentary (ACI 318R-05) ACI 318-05.

ASSOCIATED COLA REVISIONS:

The second paragraph of FSAR Subsection 2.5.4.5.1 will be revised in a future revision as
follows:

The deepest excavation is to approximately El. -35 feet. Structural fill is placed around but
not below the power block structures extending to as deep as El. -14 feet. Lean concrete fill
is placed between the bottom of the mudmat at El. -14 feet and the bottom of excavation.
Lean concrete is unreinforced concrete with a lower ratio of cement to aggregate than
structural concrete. The final grade is shown on Figure 2.5.4-201. The grade in profile is
shown in Figure 2.5.4-221.

New text will be added after the third paragraph of FSAR Subsection 2.5.4.5.1.2 in a future
revision as follows:

Structural fill consisting of excavated fill material is placed around but not below any nuclear
island structure. Replacement material below the nuclear island consists of lean concrete fill.
The selection of lean concrete mix design is made at project detailed design. The
compressive strength of 1.5 ksi is estimated for lean concrete fill.

The approximately 19-foot thick layer of lean concrete fill qualifies as mass concrete.
As such, a thermal control plan will be developed during detailed design to minimize
thermal cracking of the lean concrete fill.

The thermal control plan will include the following elements as outlined in ACI 207
(Reference 281) and detailed below:

0 Controls on cementitious material content:
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Choosing the type and amount of cementitious material can lessen the heat-
generating potential during concrete curing. Since the strength of the lean
concrete fill, and therefore the amount of cementitious materials, will be
relatively low, the heat of hydration will be less than that found in higher
strength mixes. Furthermore, the use of pozzolans (such as fly ash) will
reduce the heat generated during the curing process.

Precooling:

The precooling of aggregates and mixing water can enable a lower placement
temperature, thereby reducing the risk of cracking during the curing process.
This can be achieved by shading the aggregate, sand chillers, water chillers,
and ice.

Construction management:

Construction scheduling and procedures can be optimized for concrete
placement to reduce the risk of cracking. These methods include the
placement of concrete at night and placement of the concrete in properly sized
lift thicknesses and blocks determined in advance with thermal analysis.

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: 02.05.04-14 (eRAl 6006)

FSAR Figure 2.5.4-222 shows a general conceptual excavation cross-section. In
accordance with NUREG-0800, Standard Review Plan, Chapter 2.5.4, "Stability of
Subsurface Materials and Foundations," please describe the procedures that will be
followed during site excavation and construction activity to ensure that the appropriate
strata for the proposed foundation locations are confirmed through objective measures and
the exposed foundation laying surface is uniform. Also, please provide the vertical and
horizontal extent of all seismic categories I excavations, fills, and slopes, including the
locations and limits of excavations, fills, and backfills on plot plans and geologic sections
and profiles.

FPL RESPONSE:

Excavation to support construction of the nuclear island (NI) safety-related foundations will
involve the removal of the top layer of surficial sediments or "muck" followed by removal of
all the underlying Miami Limestone down to approximate El. -35 feet to expose the Key
Largo Limestone. In all areas at the site to be excavated for safety-related foundations, the
Key Largo Limestone begins at an elevation above El. -35 feet. The Key Largo Limestone
will be excavated from that elevation down to El. -35 feet. Part A of the response
addresses field procedures for ensuring proper foundation strata and uniformity through
objective measures. Part B of the response provides figures and a discussion on the extent
of excavations, slopes and backfills, both horizontal and vertical.

Part A

FSAR Subsection 2.5.4.2.1.2 Description of Soil and Rock Strata, updated in the revised
response to RAI 02.05.04-03 provides a description of each soil and near-surface rock
stratum encountered in the subsurface investigation for the power block areas and what is
expected to be observed during the excavation process. The stratum elevation and
thickness indicated in each description for the power block is the calculated average from
the entire site because the layering encountered in the subsurface boring program is
relatively uniform. The sections and profiles from the power block subsurface investigations
show that the subsurface strata to support foundations are nearly horizontal (refer to
revised FSAR Figures 2.5.4-203 through 2.5.4-209, updated in the revised response to RAI
02.05.04-03). As seen in the cross sections in FSAR Figures 2.5.4-203 through 2.5.4-208
the dip of rock layer interfaces between adjacent borings is less than 5 degrees in all
sections. Descriptions of the upper three strata at the site are as follows:

Stratum 1: Muck consists primarily of light gray to black silty clay with varying
amounts of sand and peat. Typically, this stratum contains trace organics near
the surface, and 5 percent to 30 percent organics lower in the deposits. This
stratum has a very soft to medium-stiff consistency. The thickness of Stratum 1
ranges from 2 feet to 11 feet, with an average of 3.6 feet. The top of this layer is
typically at El. -1.1 feet. The average base elevation of this stratum is -4.7 feet.
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Stratum 2: The top of the Miami Limestone (or the Miami Oolite, as it is referred
to in some publications) is encountered at elevations (top of the layer) ranging
from -3.3 feet to -12.2 feet. The range in thickness for the Miami Limestone
varies from 13 feet to 30 feet with an average of 22.3 feet. This stratum consists
of pale yellow, light brownish gray, and white limestone. It has a porous,
sometimes fossiliferous texture, comprising oolite grains with varying carbonate
cementation. Observed fossils include mollusks, bryozoans, and corals. This
stratum has soft to very hard consistency, depending on the degree of
cementation. A more detailed description of the structure and content of the
Miami Limestone is provided in FSAR Subsection 2.5.1.1.1.2.1.1.

" Stratum 3: The top of the Key Largo Limestone is encountered between
El. -23.1 feet and El. -35.3 feet, at an average of El. -26.9 feet. The thickness
varies between 14.6 feet and 26.9 feet in the borings, with an average thickness
of 22.5 feet. The Key Largo Limestone is a coralline, porous formation with
recrystallized calcite infill visible in core samples. The color varies between white,
pale yellow, light brownish gray, and gray. A more detailed description of the
structure and content of the Key Largo Limestone is provided in FSAR
Subsection 2.5.1.1.1.2.1.1.

The Miami Limestone is considerably softer than, and has a quite different structure from,
the coralline Key Largo Limestone, as described above. During the excavation process,
onsite geotechnical engineers and geologists will verify complete removal of the Miami
Limestone to the Key Largo Limestone layer by visual inspection (texture difference).

As stated in FSAR Subsection 2.5.1.1.1.2.1.1, the Miami Limestone is considerably softer
than the Key Largo Limestone due, in part, to a higher degree of weathering. Figure 1
(Reference 1) provides rock hardness/strength descriptors. Based on analysis of the results
of the geotechnical investigation, it was determined that the Miami Limestone is moderately
soft (H5), and the Key Largo Limestone Formation is moderately hard to hard (H4 to H3).
The hardness value for this index property is an average for each of these two rock
formations found on the site. The foundation bearing layer should be the Key Largo
Limestone formation with moderately hard to hard consistency. Within the Key Largo
formation, zones may be encountered that are softer than moderately hard (H4). These
zones are to be identified by the onsite geotechnical engineers and geologists and
removed.
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Figure 1 Rock Hard ness/Strength Descriptors

Alpha-
numeric

descriptor Descriptor Criteria
HI Extremely Core, fragment, or exposure cannot be

hard scratched with knife or sharp pick; can only
be chipped with repeated heavy hammer
blows.

H2 Very hard Cannot be scratched with knife or sharp
pick- Core or fragment breaks with
repeated heavy hammer blows.

H3 Hard

H4 Moderately
hard

H5 Moderately
soft

H6 soft

Can be scratched with knife or sharp pick
with difficulty (heavy pressure). Heavy
hammer blow required to break specimen.

Can be scratched with knife or sharp pick
with light or moderate pressure. Core or
fragment breaks with moderate hammer
blow

Can be grooved 1116 inch (2 mm) deep by
knife or sharp pick with moderate or heavy
pressure. Core or fragment breaks with light
hammer blow or heavy manual pressure.

Can be grooved or gouged easily by knife or
sharp pick with light pressure, can be
scratched with fingernail. Breaks with light
to moderate manual pressure.

H7 Very soft Can be readily indented, grooved or gouged
withfingernail, or carved with a knife.
Breaks with light manual pressure.

Any bedrock unit softer than H7, very soft, is to be described using
USBR 5000 consistency descriptors.

Note: Although "sharp pick" is included in these definitions, descrip-
tions of ability to be scratched, grooved, or gouged by a knife is the
preferred criteria

Source: Reference 1

In addition, surveying during excavation will ensure the proper depth is reached and
excavation into the Key Largo is accomplished across the foundation site. Based on all
borings in the initial and supplemental site investigations, the top of the Key Largo
Limestone is never encountered at or below El. -35 feet within the power block boundary.
In a few borings, the top of the Key Largo approaches El. -35 feet, but these locations are
not under either NI and are therefore not foundation bearing materials. Figure 2 illustrates a
contour plot of the elevation of the Miami and Key Largo interface.
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The natural variation in physical properties of the Key Largo Formation is addressed
through the randomization process for the site response analysis. For the settlement and
bearing capacity analyses, the geotechnical properties of the Key Largo Formation are
determined based on both in situ tests (P-S Suspension, pressuremeter tests), laboratory
tests (resonant column torsional shear [RCTS] and unconfined compressive strength tests
[UCS]), and rock mass classification as outlined in the revised response to RAI 02.05.04-
06, which addresses the natural variability that exists in the Key Largo Formation. In
addition, in the area for the safety-related structures, the foundation bearing Key Largo
Formation will be grouted as part of the dewatering efforts. As a by-product of this process,
a more uniform foundation bearing strata will be established by filling the vugs with grout
that will reduce the variability in shear wave velocity.
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Figure 2 Top Elevation of Key Largo Limestone
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Part B

The vertical and horizontal extent of all Seismic Category I excavations, fills, and slopes,
including the locations and limits of excavations, fills, and backfills on plot plans and
geologic sections and profiles are shown in the revised FSAR Figures 2.5.4-203 through
2.5.4-209, which are updated in the revised response to RAI 02.05.04-03. The revised
FSAR Figure 2.5.4-222 shows the extent of excavation in plan view.

This response is PLANT SPECIFIC.

References:

1. U.S. Department of Interior Bureau of Reclamation, Engineering Geology Field Manual,
2001.

ASSOCIATED COLA REVISIONS:

FSAR Figures 2.5.4-203 through 2.5.4-209 were updated in the revised response to RAI
02.05.04-03 to show the vertical and horizontal extent of the excavation, fill locations, and
slopes. Note that dimensions and slopes on figures as shown are preliminary pending final
design.

Figure 2.5.4-222 is revised in this response to include section lines according to the
sections shown.
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FSAR Figure 2.5.4-222 will be replaced with the following revised figure in a future revision:

Figure 2.5.4-222 Excavation at Power Block

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:

As stated above in the Request for Additional Information (RAI), dynamic tests such cyclic
triaxial and/or Resonant Column Torsional Shear (RCTS) tests in this crushed limestone
backfill material are not suitable. Thus, the dynamic properties of this material are based
on comparison with dynamic properties of similar materials documented in the literature. As
part of this revised response, a further literature review was conducted to evaluate the
assumptions made for the dynamic properties and assigned uncertainty through
randomization.

The specification of the crushed limestone backfill material for Turkey Point Units 6 & 7 will
be prepared during detailed design. For the analysis, the generic curves from Seed et al.,
(Reference 1) for gravelly soils were considered representative for the backfill. Figure 1
shows the selected curve as "Structural Fill" along with the boundaries considered in the
randomization conducted for the site response analysis.

As a result of the literature review, curves proposed by Menq (Reference 2) were selected.
These curves are normalized curves based on parameters of the material that include the
coefficient of uniformity (C,), and the effective confining pressure for calculating the shear
modulus ratio, the average particle size (D50), and number of testing cycles for calculating
the damping ratio.

Structural fill to be used at Turkey Point Units 6 & 7 will be limestone fill (limerock) obtained
from 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 (Reference 3) Section 911-5.2.1 for limestone base states,
"At least 97% (by weight) of the material shall pass a 3 1/2 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. Although the specification for gradation and size requirements
for this project will be prepared during detailed design, they are anticipated to be similar to
the Florida DOT specifications.
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Uniformly graded granulometric curves with at least 97 percent (by weight) of the material
passing the 3 1/2 inch sieve, and 5 percent to 10 percent (by weight) of fines (as is typically
found in backfills) are simulated (i.e., the curves are generated based on the assumptions
stated), which yield coefficients of uniformity around 60 and mean particle sizes around 2.5
millimeters (mm). The number of cycles selected was ten, as typically reported in RCTS.

In order to validate the simulated granulometric curves, they were compared to
granulometric curves obtained from testing performed on crushed Miami Limestone in the
initial subsurface investigation program from test pits (Reference 4). Despite the curves
obtained in the initial investigation lacking fines, there is good agreement for diameters
above D10 when compared with the simulated granulometric curves. The D1o parameter is
necessary in order to make use of Menq's equations (Reference 2), thus, the curves
obtained in the initial investigation were not deemed sufficient.

The effective overburden pressure is calculated considering a total unit weight of 137
pounds per cubic foot (pcf), an at-rest pressure coefficient of 0.5 and a depth of 20 feet,
which is half the thickness of the backfill layer. The mean effective stress at this depth is
approximately 1000 psf.

Figure 1 depicts the shear modulus ratio against strain of the generic curve taken from
Seed et al. (Reference 1), which is labeled as "Structural Fill" along with two curves
obtained using Menq's equations (Reference 2) and the parameters discussed above (i.e.,
the coefficient of uniformity [Cu], the effective confining pressure for calculating the shear
modulus ratio, the average particle size [D50], and number of testing cycles for calculating
the damping ratio). These two curves are labeled after the coefficient of uniformity obtained
from the simulated well-graded and uniformly distributed granulometric curves representing
the backfill (Cu = 60 and C,, = 50). Moreover, bounding curves of the structural fill
randomization are provided as dashed lines, where the highest strain from site response
analysis in the structural fill is less than 0.02 percent as seen in FSAR Figure 2.5.2-248
(Sheet 2 of 2). The shear modulus ratio curves Cu = 50 and Cu = 60 are in good agreement
with the structural fill curve at low strains (less than 0.001 percent), and at higher strains,
up to 0.02 percent, these curves are enveloped by the randomization boundaries.

Table 1 shows the shear modulus ratio against strain values for backfill and for Cu = 50
using Meng's equations (Reference 2).
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Figure 1 GIGmax Curves for Backfill
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Figure 2 shows the damping against strain of the generic curve taken from Seed et al.,
(Reference 1) along with two curves obtained using Menq's equations (Reference 2) and
the parameters discussed above (i.e., the coefficient of uniformity [Cu], the effective
confining pressure for calculating the shear modulus ratio, the average particle size [D5o],
and number of testing cycles for calculating the damping ratio). Bounding curves of the
structural fill randomization are provided as dashed lines, where the highest strain in the
structural fill is reported to be less than 0.02 percent as obtained from the site response
analysis. The damping curves Cu = 50 and Cu = 60 are in good agreement with the
structural fill curve at low strains, and at higher strains these curves are enveloped by the
randomization boundaries.

Table 2 shows the damping against strain values for backfill and for Cu = 50 using Menq's
equations (Reference 2).

The prior shows that the selected generic dynamic properties from Seed et al. (Reference
1) and the assigned randomized profiles represent the backfill behavior well in absence of
final backfill design and laboratory testing.
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Figure 2 Damping Curves for Backfill
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Table 1

GIGmax for Backfill (Structural Fill & Cu = 50)

Structural Fill

G/Gmax 11.00 10.96 [0.87 10.74 [0.55 ]0.37 0.21 10.11 0.05
y(%) 10.0001 0.0003 [0.001 10.003 [0.01 10.03 10.1 [0.3 1
Cu = 50

G/Gmax 10.98 10.94 [0.86 10.71 0.49 0.27 0.12 [0.05 0.02
y (%) 10.0001 0.0003 [0.001 10.003 [0.01 10.03 10.1 [0.3 1
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Table 2

Damping for Backfill (Structural Fill & Cu=50)

Structural Fill

D (%) 1.3 1.31 1.6 2.4 4.4 8.2 14.3 20.6 27.9
y(%) 0.0001 10.00031 0.001 0.003 0.01 0.03 1 0.1 0.3 1
C. = 50

D %_ 0._8 _1__ .1 2.0 1_ 4.2 8.2 1 2.6_ 1 15.8 17.5 17.7
y(%) 0.0001 0.0003 0.001 0.003 0.01 10.03 0.1 0.3 1

Under large strain (between 0.001 and 0.02 percent), the G/Gmax curves for the backfill and
for Cu = 50 using Menq's equations (Reference 2) are reasonably close and are within the
randomized profiles. Therefore, the G/Gmax curves for backfill as provided in FSAR Table
2.5.4-216 are considered appropriate after additional literature review.

Similarly, damping curves for backfill as reported in FSAR Table 2.5.4-216 and for
Cu = 50 using Menq's equations are within the randomized profiles. Even though there is
difference between these two curves, particularly for strains between 0.001 percent and
0.02 percent, the assigned values in FSAR Table 2.5.4-216 are lower and more
conservative. More importantly, damping curves for backfill as reported in FSAR Table
2.5.4-216 and for Cu = 50 using Menq's equations (Reference 2) are within the randomized
profiles. Therefore, the damping curves given in the current FSAR Table 2.5.4-216 are
considered appropriate.

This response is PLANT SPECIFIC.

References:

1. Seed, H., R. Wong, I. Idriss, and K. Tokimatsu, Moduli and Damping Factors for
Dynamic Analyses of Cohesionless Soils, Earthquake Engineering Research Center,
Report EERC 84/14, University of California, Berkeley, 1984.

2. Menq, F.Y., Dynamic Properties of Sandy and Gravelly Soils, Ph.D. Thesis, University
of Texas at Austin, 2003.

3. Florida Department of Transportation, Standard Specifications for Road and Bridge
Construction, 2010.

4. MACTEC Engineering and Consulting, Inc., Field Data Report - Geotechnical
Exploration and Testing Turkey Point COL Project Florida City, Florida, MACTEC Job
No. 6468-07-1950, October 6, 2008.
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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: 02.05.04-16 (eRAI 6006)

Section 2.5.4.7.3.3 "Shear modulus and Damping for Rock", indicates that the damping for
rock is taken as 1%. The damping shown in Figure 2.5.2-249, which describes the soil
properties used to develop the GMRS, indicates that a damping value of 0.5% was used in
the analyses. In accordance with NUREG- 0800, Standard Review Plan, Chapter 2.5.4,
"Stability of Subsurface Materials and Foundations," please provide clarification as to the
actual level of damping used in the analyses and provide a basis for its selection
considering the large variability in RQD shown in Figure 2.5.4-215.

FPL RESPONSE:

As part of the supplemental field investigation as discussed in the revised response to RAI
02.05.04-3, four resonant column torsional shear tests (RCTS) were conducted on the Key
Largo and Fort Thompson formations. Three samples were extracted from initial borings B-
615, B-714, B-728, and one sample was extracted from supplemental boring R-6-1b. The
sample descriptions are provided in Table 1. The sample locations are shown in Figure 1 of
the revised response to RAI 02.05.04-3. The supplemental field investigation also involved
three additional RCTS tests.

This response provides clarification on the actual levels of damping used in the analysis. In
addition, this response outlines if the additional test results on the rock and soil samples
impact the conclusions of the previously conducted site response analysis.

Table 1
RCTS Tests on Rock Samples

Boring Sample Specimen

Number Designation Material Type Midpoint Depth
(Feet)

B-728 728-CS-04 Fort Thompson Limestone 54.0
B-615 615-CS-01 Key Largo Limestone 32.9
B-714 714-CS-01 Key Largo Limestone 29.7

R-6-1 b R-6-1 b-SC-3 Fort Thompson Limestone 47.9

The following discussion provides a basis for the selection of damping ratio values for the
various rock strata considering the large variability in rock quality designation (RQD).

The variability in RQD within each stratum is generally random in nature and does not have
directional trends (e.g., high RQD at the top of the stratum and low RQD at the bottom),
thus, the strata are not sub-divided within each formation. Figure 1 shows vertical RQD
variability in the boreholes of cross-section A-A (see Figure 2. The lateral variability for the
Key Largo and Fort Thompson formations is presented in Figures 2 and 3. The natural
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variability, which is evident in Figures 1, 3 and 4, is addressed through a randomization
process for site response analysis as described in FSAR Subsection 2.5.2.5.2.

For the purpose of this response, the rock strata will be classified as either "strain
dependent" or "not strain dependent." The strain dependent strata have a variable G/GM,,)(
and damping ratios as a function of shear strain. The rock strata contained in the Key Largo
and Fort Thompson formations are not strain dependent; whereas the Miami and Arcadia
Limestone are strain dependent.

Key Largo and Fort Thompson Formations:

The RCTS results, as obtained from the supplemental field investigation testing, are used
to create the best fit damping curve labeled "Key Largo and Fort Thompson" in Figure 4.
The maximum shear strain that these strata experience is much smaller than 0.005 percent
(Figure 5). For this strain interval, the damping ratio is first constant around 0.8 percent,
and then increases towards 1 percent as the shear strain approaches 0.005 percent. Even
though, the assumed damping ratio of 1 percent is slightly higher than the measured value,
the test results can be considered in good agreement with the assumptions made for this
layer and the difference is within the uncertainty involved in determining the damping ratio
from the test results.

Miami Limestone:

In FSAR Subsection 2.5.4.7.3.3 the Miami Limestone is designated as strain dependent.
The recommended damping curve in Figure 4, labeled "Miami Limestone," shows that
damping remains constant at 0.6 percent from 0.0001 to 0.03 percent shear strain.

Arcadia Formation-

Although the Arcadia Formation is reported in FSAR Subsection 2.5.4.2.1.1 along with the
Miami Limestone, Key Largo, and Fort Thompson formations as being rock strata, the
Arcadia Formation is much weaker than the Key Largo and Fort Thompson formations as
indicated by the unconfined compressive strengths in revised FSAR Table 2.5.4-209
provided in the revised response to RAI 02.05.04-4. Additionally, the strain-dependent
Miami Limestone has double the strength of the Arcadia Formation. Thus, for the Arcadia
Formation the recommended damping curve from the overlying Peace River Formation
(natural soil) was used, as they both belong to the Hawthorn Group (FSAR Subsection
2.5.1.1.1.2.1.1).

The uncertainties and variation in the damping ratios (reflected in the variations in
parameters such as RQD) were taken into account in the randomization process. FSAR
Figure 2.5.2-238 shows the variation assumed in the randomization process for the
damping ratio versus strain for the Arcadia Formation.

The constant damping ratio of the material below the Arcadia Formation, i.e., below about
640 feet depth in FSAR Figure 2.5.2-249, is 0.32 percent based on the median value of
kappa and associated uncertainty.



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.04-16 (eRAI 6006)
L-2014-111 Attachment 15 Page 3 of 25

Sensitivity Analysis for New (2013) RCTS Test Results:

During supplemental field investigation, three additional RCTS tests were conducted on soil
formations (samples collected from the center of the NI from borings R-6-1 b and R-7-1),
and four additional RCTS were conducted on Key Largo and Fort Thompson formations.

For the soil formations, The G/Gmax and damping ratio curves as a function of shear strain
are provided in Figures 7 and 8, respectively. Both damping ratio and G/Gmax curves
include the 2008 data and the aggregated 2008 and 2013 data.

In the case of the Key Largo and Fort Thompson formations, the existing site response
analysis assumes linear behavior with strain-independent shear modulus and damping
ratios for the range of shear strains induced in site response analysis. A damping ratio of 1
% was adopted for both the Key Largo and Fort Thompson formations. Figures 9 and 10
presents the laboratory measured (2013) G/Gmax and damping ratio curves, respectively,
for the two formations. The figure shows a damping ratio of 0.76% at low-strain, smaller
than the assumed value of 1%, as well as shear modulus reduction at higher shear strains,
as opposed to no degradation in the existing analysis.

For the sensitivity analysis, seismic site amplification analysis is performed for two sets of
dynamic soil properties. The first set includes the two Best Estimate (BE) "original" dynamic
soil profiles, i.e. the existing dynamic soil profiles, representing the near nuclear island (NI)
site conditions and the far from nuclear island (FAR) conditions, respectively. These
profiles were used as the basis for the seismic amplification at the Turkey Point site as
documented in the FSAR. For the sensitivity analysis, a site response analysis using
random vibration theory is conducted, which is similar to the analysis documented in the
FSAR Subsection 2.5.2.5. Lower bound (LB) and upper bound (UB) profiles for the NI and
FAR site conditions are also used in the study. The shear wave velocity profiles for the LB
and UB cases are calculated as the BE profile -/+ one standard deviation. All other dynamic
properties including strain-dependent property curves are the same as for the BE profiles.
All profiles have low-strain dynamic properties (shear-wave velocity and damping) and
corresponding strain-dependent property curves.

The site-specific rock Uniform Hazard Response Spectra (UHRS) at 1 E-4 and 1 E-5 hazard
levels for low frequency (LF) and high frequency (HF) motions are propagated through all
soil columns and the site response is calculated at the ground surface (El. +25.5, depth of 0
feet) and at the bottom of foundation of the nuclear island (El. -16, depth of 41.5 feet).

To estimate the effect of the new strain-dependent property curves on the design level
earthquake, the design response spectrum level motion is calculated for the "Original" and
"New" response based on the lower bound (LB), best estimate (BE), and upper bound (UB)
profiles. These design level ARS are compared to the true foundation input response
spectra (FIRS) and the Turkey Point safe shutdown earthquake (SSE) (i.e., the envelope of
FIRS and RG 1.60, respectively) in Figure 11 for FAR site conditions. Note that the limited
differences between "FIRS FAR" and "Design Level ARS FAR Original" are due to the
reduced number of used profiles (LB, BE, and UB profiles only) in the case of the latter,
when compared with the complete set of analysis using 60 randomized profiles in the case
of the former. The general agreement between the two responses demonstrate the
adequacy of the three selected profiles (LB, BE, and UB) for representing the site
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amplification at Turkey Point for the purpose of this sensitivity study. Comparing the
"Design Level ARS FAR Original" to the "Design Level ARS FAR New" shows some
increase in the response. This increase is nevertheless enveloped by the Turkey Point SSE
at all frequencies, except at around 0.5 Hz. At this frequency, the "Design Level ARS FAR
New" spectral acceleration is larger than the spectral acceleration of the "Design Level ARS
FAR Original" by less than 2 percent. This exceedance is expected to be of similarly
negligible magnitude for the Turkey Point SSE at around 0.5 Hz. These same observations
apply to the NI site conditions in Figure 12.

It should be noted that if the differences were to be calculated from a fully randomized soil
column profile, they would be expected to be even smaller than those observed in the
current study.

The conclusions of the sensitivity study are as follows:

" The newly acquired data has a small effect on the site amplification results,
which were used to calculate the site-specific design response spectra for Turkey
Point Units 6 & 7, resulting in an increased response.

" A large margin exists between the site-specific motions and the adopted
broadband SSE response spectrum, adopted as the envelope of the RG 1.60
horizontal motion with a peak ground acceleration of 0.1 g and the site-specific
FIRS. The increase in seismic response is enveloped by the SSE at all
frequencies, except at around 0.5 Hz, where the SSE exceedance is negligible
(less than 2 percent).

* It is concluded that the Turkey Point Units 6 & 7 SSE is not impacted by the new
data, and no further analyses are required. In conclusion, the results of the
existing site response analysis in FSAR Section 2.5.2 are still valid
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Figure I Vertical RQD Variation
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Figure 2 Plan Showing Geotechnical Cross Section Locations
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Figure 3 RQD Variation from South to North
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Figure 4 RQD Variation from West to East6,
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Figure 5 Recommended Damping Curves
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Figure 6 Median Strain-Compatible Soil Profiles (Upper 800 feet)
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Figure 7 Comparison of Shear Modulus Reduction Curves for Natural Soil
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Figure 8 Comparison of Damping Ratio for Natural Soil
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Figure 10 Damping Ratio Curves for Key Largo and Fort Thompson Formations
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Figure 12 Design Level Response Spectra - NI Site Conditions
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References:

None

ASSOCIATED COLA REVISIONS:

Revisions to the first paragraph of FSAR Section 2.5.4.2.1.3.16, Shear Modulus
Degradation and Damping Ratio are provided as part of the revised response to:
RAI 02.05.04-4.

Revisions to FSAR Section 2.5.4.7.3, Static and Dynamic Laboratory Testing are provided
as part of the revised response to RAI 02.05.04-4.

The third paragraphs of FSAR Subsection 2.5.4.2.1.3.16 will be revised in a future revision
as follows:

Table 2.5.4-216 summarizes the selected values of G/Gmax versus shear strain for each
stratum investigated. Each RCTS test also provides measured values of damping ratio (D)
at increasing shear strain levels. The same procedure used for G/Gmax is employed to
obtain a best-fit D versus shear strain curve from the literature. Table 2.5.4-216 shows the
selected values of D versus shear strain for each test. This is described further in
Subsection 2.5.4.7.3.2. RCTS test results are tabulated in Appendix F of Reference 257
and Appendix B of Reference 290.



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.04-16 (eRAI 6006)
L-2014-111 Attachment 15 Page 15 of 25

FSAR Subsection 2.5.4.7.3.1 will be revised in a future revision o as follows:

2.5.4.7.3.1 Selected Shear Modulus Degradation Curves for Site Strata

As described in Subsection 2.5.4.2.1.3.16, fourteenseveR RCTS tests are performed on
intact samples collected from Strata 3, 4, 5, 6, and 7. Each of these intact samples is from
the power block area. In each RCTS test, values of shear modulus (G) measured at
increasing strain levels are obtained. These values are compared to the value of Gmax, the
shear modulus measured at 104 percent shear strain. The shear modulus degradation
(ratio of G/Gmax) is plotted against shear strain, and a curve of G/Gmax from the literature
that best fits the test data is selected. Literature curves are used rather than an actual best-
fit curve through the test data because the literature curves typically extend over a greater
range of shear strain than the test data. Curves recommended by the Electric Power
Research Institute (EPRI) for non-cohesive soils are employed (Reference 258).

The modulus degradation curves (plots of G/Gmax versus shear strain) from actual RCTS
tests are presented on Figure 2.5.4-232 for the Key Largo Formation, Figure 2.5.4-246
for the Fort Thompson Formation, Figure 2.5.4-247 for natural soils less than 150 feet
deep, and Figure 2.5.4-248 for natural soils greater than 150 feet deep. Figure 2.5.4-
233 shows the selected values of G/Gmax versus shear strain for the-twofive strata tested in
the power block in addition to the other site strata addressed in this evaluation. The
selected G/Gmax versus strain values for each stratum are also presented in Table
2.5.4-216.

Stratum 1 is removed from the site so the shear modulus degradation properties of that
stratum are not relevant.

Stratum 2 is a weak rock stratum described in Subsection 2.5.4.7.3.3.

Due to the similarity of the grain size distribution and the materials, the recommended
shear modulus degradation for Stratum 7 is the same as for Stratum 6, i.e., natural soil
deeper than 1504§5 feet depth in Figure 2.5.4-233. This modulus degradation curve is also
selected for Stratum 8 which consists of very weak rock and is part of the same geological
formation (Hawthorn Group) as Stratum 7.

Rock Strata 3 and 4 are considered not subject to modulus degradation in the shear strain
range of 10. percent to 0.005 percent, as described in Subsection 2.5.4.7.3.3. The
recommended shear modulus degradation curves for rock Strata 3 and 4 are
provided on Figure 2.5.4-233.

Dynamic properties of compacted structural fill are described in Subsection 2.5.4.7.3.4.

For soil/rock beneath 600 feet, strain levels are so small that it can be reasonably assumed
that there is no shear modulus degradation.

FSAR Subsection 2.5.4.7.3.2 will be revised in a future revision as follows:

2.5.4.7.3.2 Selected Damping Curves for Soils

Each RCTS test also provides measured values of damping ratio (D) at increasing shear
strain levels. The damping data for tests performed on natural soils are shown on Figure
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2.4.4 Figure 2.5.4-249.The same procedure used for shear modulus degradation
(G/Gmax versus shear strain) is employed to obtain a best-fit D versus shear strain best-fit
curve from the literature. Figure 2.5.4-235 shows the selected values of D versus shear
strain for tested Strata 3, 4, 5, 6, and 7, i.e., the rock curve for Strata 3 and 4 and the
natural soil curve used for the remainingall-three-soil strata. The natural soil is D versus
shear strain curve is also selected for Stratum 8.

FSAR Subsection 2.5.4.7.3.3 will be revised in a future revision as follows:

2.5.4.7.3.3 Shear Modulus and Damping for Rock

Rock strata are encountered at several depths at the site. For Strata 3 and 4, RCTS test
results were used to find best-fit shear modulus degradation and damping curves.
The modulus degradation curves (plots of GIGrnax versus shear strain) from actual
RCTS tests are presented on Figure 2.5.4-232 for the Key Largo Formation and
Figure 2.5.4-246 for the Fort Thompson Formation. Recommended shear modulus
degradation curves are presented on Figure 2.5.4-233. Based on these results, F-for
Strata 3 and 4 (Key Largo and Fort Thompson formations), the shear modulus is
considered non-strain dependent based upon the competency of the rock. The damping
data for tests performed on the Key Largo and Fort Thompson formations are shown
on Figure 2.5.4-234. The recommended damping curve for the Key Largo and Fort
Thompson formations is shown on Figure 2.5.4-235. Below a shear strain of 0.01
percent, the damping ratio varies between 0.8 percent and 1.2 percent. Considering
the small variation in damping in the shear strain range of interest, the damping ratio
is considered as constant at 1 percent. For the Miami Limestone (Stratum 2), the
limestone is considered sufficiently weak as to have a strain-dependent shear modulus. A
recommended shear modulus degradation for this stratum based on literature (Reference
259) for mudstones/shales is provided in Figure 2.5.4-233. Similarly, a recommended
damping curve for Stratum 2 is provided in Figure 2.5.4-235.

See Subsection 2.5.4.1 for a brief description of geologic conditions at depths greater than
600 feet based upon regional data. See Subsection 2.5.4.7.2.2 for a description of deep
shear wave velocity profiles pertinent to the site derived from sonic logging data.

it should be noted that hard rock is considered to have damping, but is not strain4
dcpendent. For site 6pccific Work, damping of 1 percent is adopted for Strata 3 and 4, and
bcdrock shear mo-dulus is considered to remain constant (i.e., no degradation) in the shear
of"r- .,rnn .. 4f In A n•,-a. +^ - 1 . -r.anG-

-4 V
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FSAR Table 2.5.4-216 will be revised in a future revision as follows:

Table 2.5.4-216
Summary of Recommended Shear Modulus Degradation and Damping Curves

Shear Strain. v (%) 0.0001 0.0003 0.001 0.003 0.01 0.03 0.1 0.3 1
0 .000 .0010.00 0.01 0.03 0.1 0.3 0Natural Soil (Depth > 469 150 ft) 1.00 1.00 1.00 1.00 0.95 0.87 0.65 0.42 0.19

Natural Soil (Depth <4-69 150 ft) 1.00 1.00 1.00 0.99 0.93 0.81 0.56 0.33 0.14

Miami Limestone 1.00 1.00 1.00 1.00 1.00 0.98 0.87 0.63 0.33
GIGmx Key Largo (1) 1.00 1.00 0.99 0.98 0.95 0.85 0.64 0.37 0.15

Fort Thompson•1) 1.00 1.00 0.99 0.96 0.89 0.73 0.45 0.21 0.07
Structural Fill 1.00 0.96 0.87 0.74 0.55 0.37 0.21 0.11 0.05
Natural Soil 0.6 0.6 0.6 0.8 1.3 2.6 5.6 10.4 17.0

D Miami Limestone 0.6 0.6 0.6 0.6 0.6 0.6 2.7 8.2 17.0
Key Largo & Fort Thompson (2) 0.8 0.8 0.8 0.9 1.2 -...

L Structural Fill 1.3 1.3 1.6 2.4 4.4 8.2 14.3 20.6 27.9

(1) Up to the strain level of 0.005 percent, the rocks are considered non strain-dependent
(2) The damping is assumed to be constant at I percent.

Data from References 257, 258, 259, and 260.
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FSAR Figure 2.5.4-232 will be replaced with the following figure in a future revision:

Figure 2.5.4-232 Shear Modulus Degradation for Key Largo Based on RCTS Testing
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0 B-615, CS-01 @ 32.6 ft -33.1 ft TS; 10th cycle; W'= I11 psi
X B-615, CS-01 @ 32.6 ft -33.1 ft TS; 2nd cycle; oa'= 45 psi
- B-615, CS-01 @ 32.6 ft -33.1 ft TS; I10th cycle; or' = 45 psi
A B-714, CS-01 @ 29.4 ft -.29.9 ft RC; a' =10 psi *
N B-714, CS-01 @ 29.4 It -29.9It RC; cr'= 40 psi
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Data from References 257 and 290.
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FSAR Figure 2.5.4-233 will be replaced with the following figure in a future revision:

Figure 2.5.4-233 Recommended Shear Modulus Degradation Curves
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FSAR Figure 2.5.4-234 will be replaced with the following figure in a future revision:

Figure 2.5.4-234 Damping Curve Measurements for Key Largo and Fort Thompson Based on RCTS Testing

10.0 i
-Fitting Function for Key Largo and Fort Thompson

A B-615, CS-01 @ 32.6 ft - 33.1 ft RC; a'= 11 psi
9.0 - B-615, CS-01 @ 32.6 ft - 33.1 ft RC; a'= 45 psi -----------------

0 B-615, CS-01 @ 32.6 ft-33.1 ft TS; 2nd cycle; a"= 11 psi
0 B.615, CS-01 @ 32.6 ft - 33.1 ft TS; 10th cycle; a' = 11 psi

8.0 ---- X B-615, CS-01 @ 32.6 ft - 33.1 ft TS; 2nd cycle; a'= 45 psi -

B-615, CS-01 @ 32.6 ft - 33.1 ft TS; 10th cycle; a' = 45 psi
A B-714, CS-01 @ 29.4 ft - 29.9 ft RC; a' = 10 psi

7.0- - B-714, CS-01 @ 29.4 ft - 29.9 ft RC; a'= 40 psi7 B-714, CS-01 @ 29.4 ft --29.9 ft TS; 2nd cycle; a' = 10 psi --
0 B-714, CS-01 @ 29.4 ft - 29.9 ft TS; 10th cycle; u' = 10 psi
0 B-714, CS-01 @ 29.4 ft - 29.9 ft TS; 2nd cycle; ar' = 40 psi

6.0 - B-714, CS-01 @ 29.4 ft- 29.9 ft TS; 10th cycle; a' = 40 psi

A B-728, CS-04 @ 53.7 ft - 54.2 ft RC; a' = 18 psi
P E B-728, CS-04 @ 53.7 ft - 54.2 ft TS; 2nd cycle; a' = 18 psi

a 5.0 - B-728, CS-04 @ 53.7 ft - 54.2 ft TS; 10th cycle; o'= 18 psi ----- - ----- --..................-------

A R-6-1b, SC-3 @ 47.6 ft - 48.1 ft RC; r'= 16 psi
U R-6-1b, SC-3 @ 47.6 ft - 48.1 ft RC; a'= 64 psi

E 4 .0 - ----- R -6 -1 b , S C -3 @ 4 7 .6 ft - 4 8 .1 ft T S ; 2 n d c y c le ; a ' = 16 p s i ................... -- - ---- ------------ - ...........................................
0 R-6-1b, SC-3 @ 47.6 ft - 48.1 ft TS; 10th cycle; ai' = 16 psio X R-6-1b, SC-3 @ 47.6 ft - 48.1 ft TS; 2nd cycle; a' = 64 psi

3.0 - R-6-1b, SC-3 0 47.6 ft - 48.1 ft TS; 10th cycle; a'= 64 psi -

2.0

1.0

------- -- -- - 1 -- ----- - - - A--------------- ------- ----------------------- --

nn J J
IE-05 0.0001 0.001 0.01 0.1 1

Shear Strain, y (%)

Data from References 257 and 290.
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FSAR Figure 2.5.4-235 will be replaced with the following figure in a future revision:

Figure 2.5.4-235 Recommended Damping Curves
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Data from References 257, for Miami Limestone and Referonre 258, 259, and-260, and 290.
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The following figures will be added in a future revision:

Figure 2.5.4-246 Shear Modulus Degradation for Fort Thompson Based on RCTS Testing
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Figure 2.5.4-247 Shear Modulus Degradation for Natural Soil (Depth < 150 ft) Based on RCTS Testing
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A B-630, UD2 @ 129.5 ft RC; a'= 38 psi; LL =25; PI = 1; FC =23.5%1; SM

* B-630, UD2 • 129.5 ft TS; 1st cycle; oW = 38 psi; LL = 25; 121 = 1; .C = 23.5%; SM
AA

* B-630, 1.112 @129.5 It TS; 10th cycle; oW= 38 psi; LL = 25; 121 = 1; FC = 23.5%; SM

* R-8-Ib, ST-I§136.0 It -136.5 ft RC; W= 46 psi; LL= NA; P = NA; FC NA; SM

E R4-l.b, ST-I 136.0 ft -136.5 ft RC; o '= 183 psi

* R-6-Ib, ST-I 136.0 ft -136.5 ft TS; 2nd cycle; W'= 46 psi

SS R.6-lb, ST-1 136.0 ft -136.5 ft TS; 10th cycle; W'= 46psi -------- ----- --

X R4-l-b, ST-i @ 136.0 ft -136.5 ft TS; 2nd cycle; or'= 183 psi

S-R-6-Ib, ST-i @ 136.0 ft -136.5 ft TS; 10th cycle; Wr= 183 psi -- ------------- -- -------- ----------------

Recommended GIGmax Curve for Natural Soil (Depth < 150 ft)
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Data from References 257, 258, and 290.
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Figure 2.5.4-248 Shear Modulus Degradation for Natural Soil (Depth > 150 ft) Based on RCTS Testing

1A0A 4•30, UD0 161.5 ft RC; W:47 psi; LL - 26; PI - 2; FC -63.5%; ML
* B430, UDS 161.5 ft RC; a'- 187 psi; LL - 26; P1 -2; FC -63.5%; ML
, B5430, UDO 161.5 ft TS; 1st cycle; a- 47 psi; LL - 26; PI - 2; FC -. 63.5%; ML
0* 430. UDO 161.5 ft TS; 10th cycle; ' = 47 psi; LL = 26; P1 -2; FC -S3.6%; ML

0.9 8--- -- * I B430, UDO @ 161.5 ft TS; let cycle; o' = 167 psi; LL = 26; P1 - 2; FC : 63.6%; ML
8- 9430, UD6 Q 161.5 ft TS; 10th cycle; o' = 187 psi; LL = 26; P1= 2; FC - 63.51%; ML

A 5430 UD13 1:. ftlRC; o 1 c psi; LL-22; P1-3; FC652.7%; ML
n 2*9430 UDI.@1 Q 1.5tRC; o" - 219 psi; LL - 22; P1 - 3; FC -52.7%; ML

0.5 ---- -.....-... .da- - .630, UD13 @ 188.5 It TS; let cycle; c" -V 6 psi; LL = 22; P1 -3; FC =62.7% ML0 I B6430, UD13 @18.5 ftTI;l10th cycle; ce=65 psi; LL=22; P1=3; FC=52L,7%; ML
. 0430, UD13 @ 106.5 It TS; let cycle; a' = 219 psi; LL = 22; PI = 3; FC - 52.7%; ML
- 9430, UD13 186.5 It TS; 10th cycle; cr = 219 psi; LL U 22; PI = 3; FC = 62.7%; ML

x A ."30. UD1G 206.5 It RC; o' - 90 psi; LL = 34; P1 - 10; FC - 78.7%; CL
'% I,"94 B-630, UD16 @205.5 It RC; c - 242 psi; LL - 34; PI - 10; FC * 78.7% CL

E 94 -- 30, UDI6 @ 206.6 It TS; lt cycle; a' - 60 psi; LL = 34; P1 - 10; FC - 79.7%; CL
* 430. UDIS@20_ ftTI; 10th cycle; V =60 psi; .= 34; P1 = 10; FC = 78.7%; CL
A 5430. D, @20.6 ft TI; let cycle; V : 242 psi; LL = 34; P1=10; FC :78.7%; CL.20.6 .. "so, 9430 UDI @208.6ftTS; l0th cycle; :=242 psi; LL=34; PI=10; FC=T7.7%; CL
.1 B4630, UD19 @ 228.5 ft RC; -=66psi; LL-24; P1-3; FC-52.4%; ML

0 E 0 B430, UDI9 228.6 Lt RC; o' - 265 psi; LL M 24; PI L 3; FC - 52.4%; ML
0, B9430 UDI @ 228.6 It T; 1st cycle; a = 66 psi; LL = 24; Pi= 3; FC w 62.4%; ML

0 k O 1430: UDI@Q228.ItTS; 10th cycle; ' =266 psi; LL=24; P13;PFC:524%; MLIwo -. ------- X 1-34U LID12 @ 228.6 It TqS; let cycle; or : 265 psi; LL = 24; P1 3; FC - 52.4%; ML

S- 9B430. UD19 @ 228.6 ft TS; 10th cycle; o' = 265 psi; LL = 24; P1 = 3; FC = 52.4%; ML
A 9430. UD23 Q 268.6 It RC; o' : 75 psi; LL - 20; P1 - 6; FC - 20.4%; SC-SM.U B-630, UD23 258.6 ft RC; V. 300 psi; LL • 20; Pi= 5; FC - 20.4%; IC-SM

OA.4 "--__ . _____B-630, U023 @ 258.5 It TS; let cycle; oV = 75 psi; LL = 20; P1= 5; FC = 20.4%; SC-SM
r B-630 UL23 @258.5 ftTS; 1091 cycle; e=.76 psi;LL=20; PI=5; FC-20.4%; SC-SM
. B-430, UD23 @ 2658. ft TS; Ist cycle; o' = 300 psi; LL = 20; PI = 5; FC - 20.4%; SC4-M

0- B4-30, UD23 @ 25.8. It TiS; '10t cycle; o' - 300 psi; LL - 20; PI - 6; FC - 20.4%; IC-SM
Z I A M-530, ULD27 @ 291.5 It RC; c' - 84 psi; LL - 23; P1 = 3; FC - 23.9%; SM

0.3 - -$---------------- R 30, UD27 @ 291.5 ft RC; ce = 338 psi; LL 23; PI - 3; FC - 23.9%; SM
* 941-30 UD27 @ 291.5 It TS; lst cycle; o"=e 4 psi; LL = 23; P1 = 3; FC = 23.9%; SM
6 8430, UD27 @ 291.5 ft TS; 10th cycle; o=: 84 psi; LL = 23; P1 = 3; FC = 23.9%; SM
* B-630 LD27 @ 291.s ft TS; 1st cycle; V' = 335 psi; LL = 23; PI = 3; FC : 23.9%; SM

02 - 8430, UD27 @ 291.5 ft TI; 10th cycle; o' - 335 psi; LL - 23; P1 - 3; FC = 23.9%; SM
A R-7-1: T-4 @ 207.9 ft : 208.4 ft RC; V = 70 psi; LL - NA; PI - NA; FC -NA; SM

SR-7-1 ST-6 Q 207. It 208.4 ft TS; 2nd cycle; o' TO psi
* N--71 , T-6 Q 207.: ft -208.4 ft TI; 10th cycle; ' = 70 psi
A R-6-1b SW @171.17 It - 172.2 ft RC; a' = 69 psi; LL = NA; PI= A; FC NA; SM0 .1 .. . . . . . . . . . -- ---------- . ..-- - I II R - -lb : ST -7 @ 1 7 1 .7 It -7 2 .2 ft R e; ' = 2 3 2 p s

N RA-1b. 8T-7 @ 171.7 ft -172.2 ft TS; 2ztd cycle; o' 658 psi

01- i- - - R4-lb ST-7 @ 171.7 It -172.2 ft TSc; 1 a' 68 psi

0 R4_-lb, ST-7 171.7 It - 172.2 ft TS; 2nd cycle; o' 232 psi
0 R-*-lb T7 SW 171.7 ft -172.2 ft TiS; 10th cycle; e= 232 psi

0.0 -Recommended G3Gmax Curve for Natural Soil (Depth > 150 It)
0.0001 0.001 0.01 0.1 1

ShearStrain, y (%)

Data from References 257, 258, and 290.
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Figure 2.5.4-249 Damping Curve Measurements for Natural Soil Based on RCTS Testing
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Data from References 257, 258, and 290.

A 8-630, UD8 @161.5 ft RC; r' - 47 psi; LL - 26; PI - 2; FC - 63.5%; ML
- B-630, UDS 0 181.5 It RC; a' = 187 psi; LL = 26; PI = 2; FC = 63.5%; ML
. B-630, UD8 161. ft TS; 1st cycle; Ve = 47 psi; LL - 26; PI= 2; FC = 63.6%; ML
0 B-630, UD8 @ 161. it TS; 10th cycle; Vr - 47 psi; LL - 26; PI - 2; FC 63.5%; ML
X B430, UD8 @ 161.5 it TS; Ist cycle; o' - 1S7 psi; LL - 26; PI -2; FC 63.6%; ML
- -8430, UD8 @161.5 ft TS; 10th cycle; W' , 187 psi; LL - 26; P1 - 2; FC - 63.5%; ML

A 8430, UD2 129.5 it RC; a' V38 psi; LL - 25; PI - 1; FC - 23.5%; SM
SB4N30, UD2 @ 129.5 it TS; 1st cycle; Ve = 38 psi; LL = 25; PI= 1; FC = 23.6%; SM

* B-630, U02 @ 129.5 ft TS; 10th cycle; o'- 38 psi; LL. 25; PI - 1; FC = 23.5%; SM
* 9430, UD13 @ 188.5 It RC; o' -VS psi; LL = 22; PI 3; FC = 52.7%; ML
_ B-630, UD13 @ 188.5 It RC; a' - 219 psi; LL = 22; PI - 3; FC - 52.7%; ML

B 9630, UD13 @ 158.5 It TS; let cycle; o' -65 psi; LL - 22; Pi - 3; FC = 52.7%; ML
8 9430, UD13 @188.5 ft TS; 10th cycle; W = 55 psi; LL = 22; PI- 3; FC = 62.7%; ML

X B9630, UD13 @188.5 it TS; lst cycle; o' - 219 psi; LL = 22; PI - 3; FC - 52.7%; ML
SB-630, UD13 @188.5 it TS; 10th cycle; o' - 219 psi; LL - 22; P1 - 3; FC - 62.7%; ML

A B-630, UD16 @20.5 ft RC; a'= 60 psi; LL = 34; PI -10; FC = 78.7%; CL
• B-630, UDI1 @ 208.5 It RC; a' - 242 psi; LL - 34; P1 - 10; FC - 78.7%; CL
# B-630, UD16 @ 208.5 it TS; 1st cycle; a' = 60 psi; LL - 34; PI = 10; FC = 78.7%; CL
* B-630, UDI @ 208.5 It TS; 10th cycle; o' - 60 psi; LL = 34; PI -10; FC - 78.7%; CL
X B430, UD16 @ 205.6 ft TS; let cycle; a' - 242 psi; LL - 34; PI* 10; FC , 78.7%; CL
- 9630, UD16 @258.5 ft TS; 10th cycle; o' = 242 psi; LL = 34; P1= 10; FC • 78.7%; CL
. B-630, UD19 228.5 ft RC; V-' 66 pai; LL • 24; PI - 3; FC -52.4%; ML
r B-430, UD19 228.5 it RC; W- 265 psi; LL - 24; P13 3; FC -52.4%; ML
(' 8430, UD19 @ 228.5 ft TS; lst cycle; V- - 66 psa; LL - 24; P1= 3; FC = 52.4%; ML
O B430, UD19 @228.5 ft TS; 10oth cycle; o' - 66 pai; LL - 24; PI - 3; FC 52.4%; ML
X B430, UD19 @228.8 it TS; let cycle; ' - 265 psi; LL = 24; PI = 3; FC = 52.4%; ML
- B-630, UD19 @ 228.5 it TS; 10th cycle; o' - 225 psi; LL = 24; PI - 3; FC = 62.4%; ML
A B-630, UD23 @ 258. it RC; o" T 75 pal; LL - 20; PI - 5; FC - 20.4%; SC-SM

SB.430, UD23 @ 26.5 it RC; o' = 300 psi; LL = 20; P12 -; FC - 20.4%; SC-SM
_ B-630, UD23 @ 268.5 ft TS; lit cycle; " ,, 75 psi; LL - 20; P1 - 5; FC - 20.4%; SC-SM
* B-630, UD23 @ 28.5 it TS; 10th cycle; a' * 75 psi; UL . 20; P1 , 5; FC - 20.4%; SC-SM
X B430, UD23 @ 258. It TS; lst cycle; W' - 300 psi; LL = 20; P1 = 6; FC = 20.4%; SC-SM
SB-430, UD23 @ 258.5 it TS; 10th cycle; a' - 300 psi; LL - 20; PI. 6; FC - 20.4%; SC-SM

A B430, UD27 @ 291.5 it RC; W' = 4 psi; LL - 23; Pi - 3; FC = 23.9%; SM
N B-630, UD27 @ 201.6 it RC; a'= 338 psi; LL = 23; P= -3; FC - 23.9%; SM
# B-630, UD27 @ 291.5 ft TS; let cycle; a' -84 psi; LL - 23; P11 3; FC - 23.9%; SM
* B9630, UD27 @ 291.5 ft TS; 10th cycle; o' = V 4 psi; LL = 23; P1 3; FC = 23.9%; SM
X B-630, UD27 @ 291.5 it TS; lst cycle; c" - 338 psi; LL - 23; P1 - 3; FC - 23.9%; SM
- B-630, UD27 @ 291.5 It TS; 10th cycle; V - 338 psi; LL = 23; PI - 3; FC 23.9%; SM

0 114-1b, ST-1@ 136.0 It - 136.5 ft RC; o' = 46 psi; LL = NA; PI= NA; FC NA; SM
* R-S-lb, ST-1 @ 136.0 it -136.5 ft RC; ay' - 183 psi
* 1-6-1b, ST-1 @ 132.0 It - 136.5 ft TS; 2nd cycle; Ve - 46 psi
* R-6-lb, ST-1 @ 136.0 It -136.5 it TS; 10th cycle; a' -46 psi

SR-6-lb, ST-1 @ 136.O It - 136.6 It TS; 2nd cycle; V.' 183 psi
- R-6-1b, ST-1 @ 136.0 ft - 136.5 ft TS; 10th cycle; o' -183 psi
A R-7-t, ST- @ 207.9 ft - 208.4 it RC; V' - 70 psi; LL NNA; PI- NA; FC - NA; SM
* R-7-1, ST-6@207.9 It-208.4it TS;2ndcycle; o'-70 psi
* R-74, ST-6 @ 207.9 it - 208.4 it TS; 10th cycle; V- - 70 psi
A R-.-lb, ST-7@ 171.7 ft - 172.2 it RC; o" - 63 psi; LL = NA; PI1 NA; FC - NA; SM
U R-6-1b, ST-7 @ 171.7 ft - 172.2ft fRC; a" - 232 psi
* R-64-b, ST-7 @ 171.7 it - 172.2 ft TS; 2nd cycle; W = 68 psi
*1 R4-lb, ST-7 @ 171.7 it - 172.2 ft TS; 10th cycle; a' 68 psi
* R-1.-lb, ST-7 @ 171.7 it - 172.2 it TS; 2nd cycle; V -232 psi
0 R4--1b, ST-7 @ 171.7 it - 172.2 it TS; 10th cycle; oV 232 psi

-- Recommended Damping Curve for Natural Soil

0.1

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: 02.05.04-17 (eRAI 6006)

The calculation for "Site Response and Strain Compatible Properties Calculation" Rev. 001
describes the procedure used to calculate stresses in the liquefaction analysis. In
accordance with NUREG-0800, Standard Review Plan, Chapter 2.5.4, "Stability of
Subsurface Materials and Foundations," and Regulatory Guide (RG) 1.198, "Procedures
and Criteria for Assessing Seismic Soil Liquefaction at Nuclear Power Plant Sites" please
clarify the following regarding the methodology used to calculate the CSR (cyclic stress
ratio):

a. Clarify how the method used for determining SRDRS meets the ground motion level
requirements for liquefaction analysis per 10 CFR 50, Appendix S. The GRMS
initially resulted in a PGA of less than 0.1g and was scaled upwards per RG 1.208.
Since the method used for determining the SRDRS is the same as the GRMS,
describe how this method provides stress ratio values that are comparable to those
calculated using a PGA value of at least 0.1g.

b. Describe how the amplitude ratio AR(f), defined by (ARS 10-5)/( ARS lo-4 ) and used in
the determination of the weighting factor w, correlates to the ratio of the in-situ stress
ratios resulting from site response analysis using the ARS 10-5 and ARS 10-4 as input
spectrums.

c. The weighting factor w applied to the stress ratios SR1o-4 and SR10o5 for the
determination of SRDRS is based on the average of the weighting factor W(O. Justify
using an average value of W(0 over all frequencies, and describe how this is a
conservative approach.

d. Describe how ARS 1o-5 and ARS lo-4 are used as input to the RVTfor site response,
and how this approach correctly accounts for duration effects as compared to time
series inputs for the determination of Cyclic Stress Ratio (CSR). Please justify and
provide the technical basis of this approach, including any assumptions.

e. Justify use of equations (77) and (78) from Idriss and Boulanger (2008) for
determining qc1Ncs values, and how the resulting values are conservative compared
to the methods outlined in RG 1.198 using your calculated Ic values.

FPL RESPONSE:

The methodology for the liquefaction analysis of the Turkey Point Units 6 & 7 site has been
revised using field data obtained from both the initial (Reference 1) and the supplemental
field investigations (Reference 2). The potential for soil liquefaction at the Turkey Point
Units 6 & 7 site was evaluated following RG 1.198 (Reference 3) which corresponds to the
methodology found in Youd et al., (FSAR Reference 219). The evaluation did not include
the site response analysis or any additional literature sources, e.g., Idriss and Boulanger
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(Reference 4). Therefore, the responses to parts a through d are no longer relevant, and
are not included in the response.

A revised response describing the revised analyses per RG 1.198 (Reference 3)
recommendations is provided in part e of this response.

Part e:

Justify use of equations (77) and (78) from Idriss and Boulanger (2008) for determining
qclNcs values, and how the resulting values are conservative compared to the methods
outlined in RG 1.198 using your calculated Ic values.

As discussed in the first paragraph of this response, the liquefaction analysis for the Turkey
Point Units 6 & 7 site has been revised using field data obtained from both the initial
(Reference 1) and the supplemental field investigations (Reference 2). The potential for soil
liquefaction at the Turkey Point Units 6 & 7 site was evaluated following RG 1.198
(Reference 3) which corresponds to the methodology found in Youd et al., (FSAR
Reference 219). The evaluation did not include any additional literature sources, e.g., Idriss
and Boulanger (Reference 4).

Liquefaction Evaluation Methodology

This liquefaction analysis employs state-of-the-art methods of Youd et al., (FSAR
Reference 219) for evaluating the liquefaction potential of soils at the Turkey Point Units 6
& 7 site.

The state-of-the-art methodology considers the evaluation of data from CPT, shear wave
velocity (Vs), and SPT data. Initially, a measure of stress imparted to the soils by the
ground motion is calculated, referred to as the Cyclic Stress Ratio (CSR) following the
methodology outlined by Youd et al., (FSAR Reference 219). The stress reduction factor,
rd, used in the calculation of CSR is based on Reference 5. A constant value equal to 0.5 is
used for depths equal to and larger than 98.4 feet (30 meters). A measure of resistance of
soils to the ground motion is then calculated, referred to as the Cyclic Resistance Ratio
(CRR). Finally, FOS against liquefaction is calculated as a ratio of CRR and CSR. A
magnitude scaling factor (MSF) of 1.07 corresponding to M, = 7.3 was used in the
calculations based on the adopted earthquake magnitude and guidelines in Youd et al.,
(FSAR Reference 219). The following provides the results of the liquefaction resistance
calculations using the available CPT, Vs, and SPT data from the Turkey Point Units 6 & 7
site. The earthquake acceleration and magnitude levels adopted for the liquefaction
analysis are conservative (Mw=7.3 and PGA = 0.1g). The earthquake magnitude of 7.3
selected is the highest earthquake magnitude among the controlling magnitudes from
deaggregation (FSAR Table 2.5.2-225). The PGA associated with the ground motion
response spectra (GMRS) was less than 0.1g (FSAR Figure 2.5.2-253) and had to be
scaled up per RG 1.208 (Reference 6) so that the PGA was 0.1g.
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FOS Against Liquefaction Based on CPT Data

The CPT testing at the Turkey Point Units 6 & 7 site included the measurement of
commonly measured cone parameters, namely tip resistance and sleeve friction. The
evaluation of soil resistance for liquefaction analysis is based on those two parameters.
The equivalent clean-sand CRR7 .5 value, based on CPT measurements, was calculated
following recommendations in Youd, et al., (FSAR Reference 219), based on normalized
clean sand cone penetration resistance (qclNcs) and other parameters such as the soil
behavior type index, Ic. Cone tip resistance values from CPT soundings are shown in
Figure 1 for the power block area. The deepest CPT soundings (C-701, R-6-3, and R-7-3)
penetrated up to 289 feet below the ground surface, encountering refusal at that depth. Tip
resistance measurements were made at 2 centimeter (cm) intervals (0.79 inches) during
the initial investigation (Reference 1) and at 5 cm intervals (2 inches) during the
supplemental investigation (Reference 2). The results showing FOS against liquefaction
using the CPT data are provided in Figure 2 for the power block area. The value of FOS is
consistently higher than 1.1 across the full depth of testing at the site. Based on CPT data,
there is no potential for liquefaction for the Turkey Point Unit 6 & 7 power block area.

Figure 1 CPT results of Cone Resistance (qt), Friction Sleeve Resistance (f/),
Friction Ratio (Rf) and dynamic pore pressure (u2 )

Tip Resistance Sleeve Friction Friction Ratio Porewater Pressure

qT (tar) f. (tsf) Rf (%) U2 , U0 (tsf)
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Figure 2 Factor of Safety Against Liquefaction with Depth Based on CPT Results
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FOS Against Liquefaction Based on Shear Wave Velocity Data

Similar to the FOS calculations for the CPT values, equivalent clean-sand CRR 7.5 values
based on Vs measurements were calculated following recommendations in Youd, et al.,
(FSAR Reference 219). The curve proposed by Andrus and Stokoe (FSAR Reference 219)
that relate CRR to Vs was used. Shear wave velocity data from P-S Suspension logging
and downhole measurements were used for the FOS calculations. The collected raw
(uncorrected) Vs data are shown in Figure 3 for the power block area. P-S Suspension
velocity logging measurements were made at 1.64 foot intervals (0.5 meters). The deepest
measurements (B-701) extended to about 600 feet below the ground surface. A total of
1247 Vs data points from the upper Tamiami, lower Tamiami, and Peace River formations
were used for the FOS calculations. The results showing FOS against liquefaction using
the shear wave velocity data are provided in Figure 4. The limiting upper value of Vsi for
liquefaction resistance is referred to as Vsl*; a conservative value for fines content of 20
percent was used resulting in a Vsl* equal to 680.6 fps (207.5 m/s). A cutoff value of 647.5
fps (197.4 m/s) for Vs, was used such that the maximum CRR was set equal to 0.35.
Almost all (99.8 percent) of the FOS calculated among the 1247 measurement points (1244
out of 1247) are above 1.4. Of the three remaining values, two values fall in the
intermediate zone between 1.1 and 1.4, namely 1.20 at EI.-124.47 and 1.27 at El. -127.75



Proposed Turkey Point Units 6 and 7
Docket Nos. 52-040 and 52-041
FPL Revised Response to NRC RAI No. 02.05.04-17 (eRAI 6006)
L-2014-111 Attachment 16 Page 5 of 18

at CPT R-7-1 (Unit 7), and one FOS is equal to 1.06 at El. -152.32 in CPT B-601 (Unit 6).
This value of 1.06 corresponds to a tributary thickness to its measurement point equal to
1.64 feet. If the FOS is calculated as an average over adjacent measured points, it is equal
to 2.36 (among the central point and 1 adjacent point on each side [top and bottom] for a
total of 3 points), 2.91 (5 points), and 3.15 (7 points); this shows that the low value of 1.06
for the single point at El. -152.32 is a localized exception, and does not represent a weak
zone. Based on shear wave velocity data, there is no potential for liquefaction for the
Turkey Point Unit 6 & 7 power block area.

Figure 3 Shear Wave Velocities of B-601, B-701, R-6-1 b, and R-7-1
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Figure 4 Factor of Safety against Liquefaction using Shear Wave Velocity
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FOS Against Liquefaction Based on Standard Penetration Test (SPT) Data

As discussed in the revised response to RAI Question No. 02.05.04-2, the blow counts
obtained from the initial site investigation (Reference 1) turned out to be lower than
anticipated. At the time, this was assumed to be associated with artesian conditions. The
blow counts from the initial investigation were based on the second and third (2+3) 6 inch
increments of penetration from an 18 inch long sampler. The lower blow counts were
further examined during the supplemental field investigation (Reference 2). For this
purpose, the sampler type used was the 24 inch long type, rather than the 18 inch long
sampler. With a longer sampler, an additional set of blow counts can be obtained (last 6
inches of the 24 inch long sampler), allowing the observation of both blow counts, namely
the blow counts for the second and third (2+3) 6 inch increments in penetration, and the
blow counts for the third and fourth (3+4) 6 inch increments in penetration.
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The summations of 3+4 blow counts are consistently and substantially higher than the
summations of 2+3, as discussed in the revised response to RAI 02.05.04-2. The low value
of the 2nd blow count directly impacts the "SPT N" value, since the "SPT N" is based on
2+3 blow counts per ASTM D 1586 (Reference 7). The 3+4 blow counts are at least 1 foot
away from the last drilled location (bottom of borehole) before the initiation of the SPT. The
soil zone penetrated by 3+4 blow counts is considered to be less influenced by
overwashing as defined in Table 13 of NAVFAC DM 7.1 (Reference 8) associated with the
upper half of the sampler length (as evidenced by the low 1st and 2nd blow count readings)
and drilling conditions that affect the first two 6 inch increments.

Due to the effect of overwashing, as discussed in the revised response to RAI 02.05.04-2,
the original SPT-N values are too low and not representative of the actual soil conditions at
the Turkey Point Units 6 & 7 site. The current liquefaction analysis based on SPT data
considers only the results of the supplemental investigation (Reference 2), which are
believed to best represent the actual soil conditions at the Turkey Point Units 6 & 7 site.

The equivalent clean-sand CRR7 .5 value based on SPT measurements was calculated
following recommendations in Youd, et al., (FSAR Reference 219), based on corrected
SPT N-values (N1)60, including corrections based on hammer-rod combination energy
measurements at the site and corrections made based on average fines content.

The SPT liquefaction analysis is based on both blow counts 2+3 and 3+4 of the
supplemental investigation (Reference 2). It is noted that for the more likely conditions of
the soil in situ, represented by the blow counts 3+4, 70 points out of 79 points are directly
classified as non-liquefiable given that the parameter (N1)60 results in values equal to or
higher than 30. The nine remaining points have factors of safety ranging between 1.15 and
4.07. The value of 1.15 (at El. -119.78) is the only value under 1.4, and corresponds to the
transition between the Fort Thompson and upper Tamiami formations. The graphical
results of FOS are given in Figure 5. Based on SPT data, there is no potential for
liquefaction for the Turkey Point Units 6 & 7 power block area.

In addition to the three approaches followed, namely CPT, Vs, and SPT based liquefaction
analyses, it is noted that liquefaction resistance increases markedly with geologic age.
Youd et al., (FSAR Reference 219) indicate that pre-Pleistocene sediments (sediments
older than 1.6 million years) are generally immune to liquefaction. The Tamiami Formation
is Pliocene (1.6 to 5.3 million years old) and the Peace River Formation is Pliocene-
Miocene (1.6 to 23.7 million years old).
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Figure 5 Comparison between Liquefaction Analysis Results using SPT N Values and the Sum of the 3rd and 4th
Blow Counts from the Supplemental Investigations
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Conclusion for Liquefaction Analysis

From the collective results obtained following the methodology outlined by Youd et al.,
(FSAR Reference 219), it is concluded that soils at the Turkey Point Units 6 & 7 site are not
likely to liquefy given the ground motion level for the site.

A negligible portion of the data at isolated locations indicated potentially liquefiable soils.
The state-of-the-art methodology used for the liquefaction evaluation was intended to be
conservative, not necessarily to encompass every data point; therefore, the presence of a
few data points beyond the CRR base curve is acceptable (FSAR Reference 219).
Additionally, in the liquefaction evaluation, the effects of age, overconsolidation, and
cementation were ignored. These factors tend to increase resistance to liquefaction.
Finally, the earthquake acceleration and magnitude levels adopted for the liquefaction
analysis are conservative (Mw=7.3 and PGA = 0.1g). The earthquake magnitude of 7.3
selected is the highest earthquake magnitude among the controlling magnitudes from
deaggregation (FSAR Table 2.5.2-225). The PGA associated with the ground motion
response spectra (GMRS) was less than 0.1g (FSAR Figure 2.5.2-253) and had to be
scaled up per RG 1.208 so that the PGA was 0.1g. Therefore, it is concluded that
liquefaction is not a concern for the Turkey Point Units 6 & 7 site.

This response is PLANT SPECIFIC.
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ASSOCIATED COLA REVISIONS:

FSAR Subsection 2.5.4.7.5 will be revised in a future revision as follows:

2.5.4.7.5 Seismic Parameters for Liquefaction Evaluation

The site-specific soil column extending to the proposed ground surface is developed for
evaluation of liquefaction potential. The development of the design response spectra (DRS)
calculated based on consideration of the design earthquake and the soil column dynamic
propertie6 is deGcribed Subsection 2.5.2. The seismic acceleration as a function of elevatio
.isused to develop the Cyclic Stress Ratio (CSR). The Cyclic Stress Ratio (CSR) is
calculated following the methodology given in Reference 219. The stress reduction
factor, rd, used in the calculation of CSR is based on Reference 313. A constant value
equal to 0.5 is used for depths equal to and larger than 98.4 feet (30 meters). The CSR
is used to evaluate liquefaction potential as described in Subsection 2.5.4.8.

The last paragraph of FSAR Subsection 2.5.4.8 will be revised in a future revision as
follows:

Unconsolidated soil deposits at the site are Pliocene (at least 1.6 million years old) or older.
Additionally, the overburden of rock from Strata 2, 3, and 4 should preclude development of
liquefaction-induced features, such as lateral spreading and settlement, from propagation to
the ground surface. To be complete and conservative, a comprehensive liquefaction analysis
for all CPT,-apd shear wave velocity, and SPT data is made. SPT r'eults arc also
considered, but arc discounted due to artesian condition casnginonsstent and some
unrealistically low S PT N values-.

The first, fifth, and eighth paragraphs of FSAR Subsection 2.5.4.8.1 will be revised in a
future revision as follows:

Liquefaction is the transformation of a granular soil material from a solid to a liquefied state
as a consequence of increased pore water pressure and reduced effective stress. Soil
liquefaction occurrence (or lack thereof) depends on geologic age, state of soil saturation,
density, gradation, plasticity, and earthquake intensity and duration. The liquefaction
analysis presented here employs state-of-the-art deterministic methods (References 219

As addressed above, only the soil strata of the upper and lower Tamiami Formation and
Peace River Formation (Strata 5, 6, and 7) are considered for liquefaction potential
analysis. As noted above, the Tamiami and Peace River formations are attributed to the
Pliocene and Miocene ages, respectively. Conventionally, only younger deposits,
especially Holocene age and, to a lesser extent, Pleistocene age deposits, are considered
potentially liquefiable. As the unconsolidated soil deposits at the site below rock are
Pliocene (at least 1.6 million years old) or older, the probability of liquefaction is
considered extremely low. Reference 269 proposes an age correction factor, CA, that
accounts for the low probability of liquefaction of older deposits. Although this factor is not
applied in this calculation, it would be approximately 2 to 2.5; therefore, use of this factor
would increase the calculated factors of safety against liquefaction by a factor of 2 to 2.5.
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For completeness, calculations to evaluate the factor of safety (FOS) against liquefaction
are performed. The measured CPT values,-and the shear wave velocity, Vs, and SPT data
are used for liquefaction analysis. These evaluations are performed separately, using the
state-of-art approaches summarized in References 219-and-269. SPT results from
Reference 257 are not used in the liquefaction calculations, as explained in the follo .in
s i; the liquefaction assessment based on SPT data considers only the data
obtained from Reference 290, as explained in Subsection 2.5.4.8.2.

FSAR Subsection 2.5.4.8.2 will be revised in a future revision as follows:

2.5.4.8.2 Liquefaction Resistance Based on SPT Data

As indicated on Figures 2.5.4 212 and 2.5.4 213, there i vaer;de scatter of uncorrected
and corrected N values. The N60 valuer, Ya~ fro; mto- 10-0 bhlow.ss/foot in the uppe
Ta.m.-i.Am Formation and from 3 to around 100 blowsfeoot in the lower Tamiami Forfmaton.
W!hcre SPT rampling cncountcred refusal, the N value is capped at 100, so the actual
range of pcnetration 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 fr.m 120 to 22• feet would normnally be dense to er,' dense wit;h

consistetl hih 60 values. Blow counts of less than 20 blows/foot and partualy' less
than 5 blows! foot (including the zero values) are mos6t probably due to sample disturbanse.
Subsec-tion 2.4.12 desrGibes the upward vertical hydraulic gradient observed in the water
level mneasuremnents. it seems likely that this hydraulic gradient has contributed to At least;
partial blowout of the bottom of the hole pIVo tour•idng SPT sampling on mIany if not mFo•s•
of the samples. To evaluate where N values, are not representative of actualinstdeiy
caonditions, the corrected N values are comnpared to the CPT GGrrectcd tip resistance. The
ratio of qgelNI for clean sands is typically 4 to 5 and for silty sands 3.5 to 1.5 based onth
'Ak presented in Reference 282. Figure 2.5.4 237 indicates the N values- relativo to the
predicated range based on the ratio Of Gel/INi. As can be seen in the figure, ver,' few ofth
N values fall into the predicted range, supporting the theor,' that these blow counts are
significantly affected by the hydraulic gradient. T-herefore, the m~easurod N values arc not
used in the calculation of liquefaction potential in favor of the measured CPT- and Vs6 result
t-ha;t-; Fae moe consistent with each other and with expected values for deposits of simwlar
age, depth, and overburden.
As discussed in Subsection 2.5.4.2.1.3.2.1, the blow counts obtained from the initial
site investigation (Reference 257) are lower than anticipated. The blow counts from
the initial investigation are based on the second and third (2+3) 6 inch increments in
penetration of an 18 inch long sampler. The lower blow counts are further examined
during the supplemental field investigation (Reference 290). For this purpose, the
sampler type used is the 24 inch long type, rather than the 18 inch long sampler.
With a longer sampler, an additional blow count can be obtained (last 6 inches of the
24 inch long sampler), allowing the observation of both blow counts, namely the
blow counts for the second and third (2+3) 6 inch increments in penetration, and the
blow counts for the third and fourth (3+4) 6 inch increments in penetration.
The summations of 3+4 blow counts are consistently and substantially higher than
the summations of 2+3, as discussed in Subsection 2.5.4.2.1.3.2.1. The low value of
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the 2nd blow count directly impacts the "SPT N" value, since the "SPT N" is based
on 2+3 blow counts per Reference 302. The 3+4 blow counts are at least 1 foot away
from the last drilled location (bottom of borehole) before the initiation of the SPT.
The soil zone penetrated by 3+4 blow counts is considered to be less influenced by
overwashing as defined in Table 13 of NAVFAC DM 7.1 (Reference 301) associated
with the upper half of the sampler length (as evidenced by the low 1st and 2nd blow
count readings) and drilling conditions that affect the first two 6 inch increments.

Due to the effect of overwashing as discussed in Subsection 2.5.4.2.1.3.2.1, the
original SPT-N values are too low and not representative of the actual soil conditions
at the Turkey Point Units 6 & 7 site. The liquefaction analysis based on SPT
considers only the results of the supplemental investigation (Reference 290), which
are believed to best represent the actual soil conditions at the Turkey Point Units 6 &
7 site.

The equivalent clean-sand CRR7 .5 value based on SPT measurements is calculated
following recommendations provided in Reference 219, based on corrected SPT N-
values (N1)60, including corrections based on hammer-rod combination energy
measurements at the site and corrections made based on average fines content.

The SPT based liquefaction analysis considers both blow counts 2+3 and 3+4 of the
supplemental investigation (Reference 290). It is noted that for the more
representative conditions of the soil in situ, represented by the blow counts 3+4, 70
points out of 79 points are directly classified as non-liquefiable given that the
parameter (N1)60 results in values equal to or higher than 30. The nine remaining
points have factors of safety ranging between 1.15 and 4.07. The value of 1.15 (at El.
-119.78 in borehole R-7-1) is the only value under 1.4 and corresponds to the
transition between the Fort Thompson and upper Tamiami formations. The graphical
results of FOS are given in Figure 2.5.4-250. Based on SPT data, there is no potential
for liquefaction for the Turkey Point Units 6 & 7 power block area.

FSAR Subsection 2.5.4.8.3 will be revised in a future revision as follows:

2.5.4.8.3 FOS Against Liquefaction Based on CPT anid-Vs Data

The CPT m.easuements are m.uch less susceptible to soil di"turbancf•ro. m hydraul,
gradients, and Vs measurements arc not affected at all. The CPT- measurements are tac
at approximately 0.07 foot depth inte,.'als, ... here CPTcould be Fprbed (no rck• coring),
from approXim~ately 120 to 200 feet depth. Considering a total of :7304 points, a FOS is
caGlculated if the mnaterial is considered potentially liquefiable based on tip resistance and
fines content. The Vs measuremfents, taken at depth intervals generally 1.6 to 1.7 feet, are
used for the FOS agis iufcinWittha total of 878 points considered.
Table 2.5.4 218 is a summar, of the results of the c__;alculations6. The nativ.e soils that
i ndicate th e lowest FOS values are those in the upper Tamiami Formation. Howeyer, the
FOS values calculated indicate adequate resistance to liquefaction based on published
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t-hficknoc and ctiffncc of the eve'.'erlg Frok, lean concrete fill, and compacted limeerok fl
precludes the effects of liquefaction from reaching near the ground 6urface.
CPT testing at the Turkey Point Units 6 & 7 site includes the measurement of
commonly measured cone parameters (tip resistance and sleeve friction). The
evaluation of liquefaction based on commonly measured parameters is discussed
herein. The equivalent clean-sand CRR7 .5 value, based on CPT measurements, is
calculated following recommendations found in Reference 219, based on normalized
clean sand cone penetration resistance (qc1Ncs) and other parameters such as the soil
behavior type index, Ic. Cone tip resistance values from CPT soundings are shown in
Figure 2.5.4-214 for the power block area. The deepest CPT soundings (C-701, R-6-3
and R-7-3) penetrate 289 feet below the ground surface, encountering refusal at that
depth. Tip resistance measurements are made at 2 centimeter (cm) intervals (0.79
inches) during the initial investigation (Reference 257) and at 5 cm intervals (2
inches) during the supplemental investigation (Reference 290). The results showing
FOS against liquefaction using the CPT data are provided in Figure 2.5.4-238 for the
power block area. The value of FOS is consistently higher than 1.1 across the full
depth of testing at the site. Based on CPT data, there is no potential for liquefaction
for the Turkey Point Unit 6 & 7 power block area.

New FSAR Subsections 2.5.8.4 and 2.5.8.5 will be added in a future revision as follows:

2.5.4.8.4 FOS Against Liquefaction Based on V, Data

Similar to the FOS calculations for the SPT and CPT values, equivalent clean-sand
CRR7 .5 values based on Vs measurements are calculated following recommendations
provided in Reference 219. The curve proposed by Andrus and Stokoe (Reference
219) relating Vs, to CRR is used. Shear wave velocity data from P-S logging and
downhole measurements are used for the FOS calculations. The collected raw
(uncorrected) V. data are shown in Figure 2.5.4-218 for the power block area.
Suspension P-S velocity logging measurements were made at 1.64-feet intervals (0.5-
m). The deepest measurements (B-701) extend to about 600 feet below the ground
surface. A total 1247 V. data points from the upper Tamiami, lower Tamiami, and
Peace River formations are used for the FOS calculations. The results showing FOS
against liquefaction using the shear wave velocity data are provided in Figure 2.5.4-
251. The limiting upper value of Vsl for liquefaction resistance is referred to as Vsl*; a
conservative value for fines content of 20 percent is used resulting in a Vs1* equal to
680.6 fps (207.5 mls). A cutoff value of 647.5 fps (197.4 m/s) for Vs, is used such that
the maximum CRR is set equal to 0.35. Almost all (99.8 percent) of the FOS
calculated among the 1247 measurement points (1244 out of 1247) are above 1.4. Of
the three remaining values, two values fall in the intermediate zone between 1.1 and
1.4, namely 1.20 at E1.-124.47 and 1.27 at El. -127.75 at borehole R-7-1 (Unit 7), and
one FOS is equal to 1.06 at El. -152.32 at CPT B-601 (Unit 6). This value of 1.06
corresponds to a tributary thickness to its measurement point equal to 1.64 feet. If
the FOS is calculated as an average over adjacent measured points, it is equal to
2.36 (among the central point and 1 adjacent point on each side [top and bottom] for
a total of 3 points), 2.91 (5 points), and 3.15 (7 points); this shows that the low value
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of 1.06 of the single point at El. -152.32 is a localized exception, and does not
represent a weak zone. Based on shear wave velocity data, there is no potential for
liquefaction for the Turkey Point Unit 6 & 7 power block area.

2.5.4.8.5 Conclusions for Liquefaction Analysis

From the collective results obtained following the methodology outlined in
Reference 219, it is concluded that soils at the Turkey Point Units 6 & 7 site are not
likely to liquefy given the ground motion level for the site.

A negligible portion of the data at isolated locations indicates potentially liquefiable
soils. The state-of-the-art methodology used for the liquefaction evaluation is
intended to be conservative, not necessarily to encompass every data point;
therefore, the presence of a few data points beyond the CRR base curve is
acceptable (Reference 219). Additionally, in the liquefaction evaluation, the effects of
age, overconsolidation, and cementation are ignored. These factors tend to increase
resistance to liquefaction. Finally, the earthquake acceleration and magnitude levels
adopted for the liquefaction analysis are conservative (Mw=7.3 and PGA = 0.1g). The
earthquake magnitude of 7.3 selected is the highest earthquake magnitude among
the controlling magnitudes from deaggregation (Table 2.5.2-225). The PGA
associated with the ground motion response spectra (GMRS) is less than 0.1g
(Figure 2.5.2-253) and has to be scaled up per RG 1.208 so that the PGA is 0.1g.
Therefore, it is concluded that liquefaction is not a concern for the Turkey Point
Units 6 & 7 site.

FSAR Subsection 2.5.4.13 will be revised in a future revision as follows:

2.5.4.13 References

268. ldFisc, I., and R. Bulanger-, Soil Liguefactien During Ewrth uake&, Earthquake
Engineering Research Institute Engincering Monograph IVNG 12, Oakland
California, 2008-.

313. U.S. Army Corps of Engineers, NUREG/CR-5741, Technical Bases for
Regulatory Guide for Soil Liquefaction, March 2000.
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Table 2.5.4-218 will be deleted in a future revision:

Table 2.5.4-218
Summary of Liquefaction Resistance Calculation suits

Lowest Calculated Factor Elevation eet of Lowest
Subsurface Data rce of Safety (FOS) FOS

CPT C-601 1.92 -137.7

CPT C-602 2.06 -137.3
CPTC-701 2.11 -231.5
CPT C-702 1.95ý -137.3
SWV B-601 -152.3

SWV B-620 3.76 -144.2
SWV B-701 403 -3932
SWV B-708 2.14 -121.2

Notes:
SWVV hear Wave Velocity

= Cone Penetration Test
Calculated Safety Factors Using Shear Wave Velocity Measurements i orings B-604, B-
608, B-610, B-704, B-710, and B-720 were greater than 10 or too large to calculate.
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Figure 2.5.4-238 will be replaced in a future revision as follows:

Figure 2.5.4-238 Factor of Safety against Liquefaction Based on CPT Values
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The following figures will be added in a future revision as follows:

Figure 2.5.4-250 Comparison between Liquefaction Analysis Results using SPT N Values and the Sum of the 3rd
and 4th Blow Counts from the Supplemental Investigations

FSL FSL

0.0 1.0 2.0 3.0 4.0 5.0 NL 0.0 1.0 2.0 3.0 4.0 5.0 NL0 . . , . , , , . . , . . , . . . .0 - -. . . .'-- - . . , . . . . , . .

AR-6-1b AR-7-1

-50 -50
R-6-1 b (3+4) ; R-7-1 (3+4)

-100 -100-T0 --,• •. ----

-150 UpperTamiami -150 A 0 A UpperTamiami
--------- A

Lower-- - - - ---- --- a--- -200- A---------------20 - • Lower Tamiami -200 - •t- - Lower Tamiami-
-200 A

A A

r_ -250 , A -250 A A
0 0 A

( 0 -300 A -300
> A• >

Peace River W Peace River
u.I -350 - -350

-400 -400

-450 ------ --- --- --- ---- --- --- --- --- --- ------ 450 ...... --

-500 t -500 -1

1.1 1.4 1.1 1.4

Note: NL corresponds to Non-Liquefiable locations, (N1)60o30. No numerical FS value is obtained.
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Figure 2.5.4-251 Factor of Safety against Liquefaction using Shear Wave Velocity
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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: 02.05.04-18 (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:

As part of this response, the methodology to determine the bearing capacity has been
revised. The new methodology includes:

* local shear failure checks using Vesic's methodology and EM 1110-1-2908,

* punching failure check,

* beam tension check, and

* limit equilibrium and finite element two dimensional (2D) models (SLOPEIV and
PLAXIS 2D).

The response is divided into two parts:

* Part A describes the methodologies used to obtain the bearing capacity of the
foundation media underlying the nuclear island (NI).

* Part B discusses unconfined compressive strength (UCS) parameter selection.

Part A

The NI at Turkey Point Units 6 & 7 bears on two rock layers that overlie three soil
formations.

Application of classical bearing capacity hand calculations, such as Vesic et al., (described
in Reference 1), or methods outlined in USACE EM 1110-1-2908 (Reference 2), to obtain
the bearing capacity of the foundation media underlying the NI is not straightforward due to
the strength difference between rock and soil formations as shown in Table 1. Therefore,
this response includes not only hand calculations, but also limit-equilibrium and finite
element 2D models.
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Table 1

Summary of Layer Properties

* Internal
Cohesion, Frn, Unit Weight, y ThicknessLayer c (ksf) Friction, (kcf) (ft)( 2)(deg)(1

Key Largo 22.5 55 0.137 14

Fort Thompson 22.4 52 0.137 66

Upper Tamiami 0.00 35 0.119 52

Lower Tamiami 0.75 29 0.117 50

Peace River 1.52 31 0.121 237

(1) FD1 properties for rock layers
(2) Top of Key Largo is set at bottom of lean concrete fill

ksf = kips per square foot

The following simplified configurations of both isolated and averaged contributions from

rock and soil layers are considered in the hand calculations:

1. Only the rock formations using Hoek-Brown methodology (described in Reference
3), USACE EM 1110-1-2908 (Reference 2) and Reference 6 for rock failure modes.

2. Rock and soil formations together using the same methodologies from Reference 2.

3. Only the soil formations using the traditional Vesic methodology (described in
Reference 1).

For all three configurations, dynamic bearing capacity is determined using Soubra's bearing
capacity factors for shear failure modes (Reference 4).

To adequately consider both rock and soil formations, bearing capacity is additionally
obtained using SLOPE/W software (limit-equilibrium method) and justified using PLAXIS
2D (finite element method). In SLOPE/V the applied load (bearing demand) is increased
until the failure is observed. The allowable bearing capacity from SLOPENW can be
obtained in two ways:

1. Increase the load in increments up to the ultimate bearing capacity (i.e., failure with
FS = 1.0 as obtained from SLOPENV) and divide it by three (FS = 3.0) to obtain the
allowable bearing capacity, or

2. Increase the load until FS = 3.0 as output from SLOPENV to obtain the allowable
bearing capacity.

Using results from hand calculations and SLOPEIW, a conservative allowable bearing
capacity is obtained with a factor of safety FS = 3.0 for static conditions and FS = 2.0 for
dynamic conditions.

Dynamic bearing capacity is obtained using only Soubra's methodology (Reference 4).
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Bearing capacity calculated as 20 percent of UCS is not considered in favor of more
comprehensive methodologies that consider the rock mass behavior.

Rock Failure Modes:

Bearing capacity for rock failure modes is evaluated primarily using the procedures
described in the USACE EM 1110-1 -2908 (Reference 2) and Carter- Kulhawy (Reference
3). Supplementary evaluations are based on the Hoek-Brown criterion (described in
Reference 3 and Reference 5) or presented by Wyllie (Reference 6). Considered failure
modes include:

General shear (wedge) failure (Figure 1)

Local shear failure

General shear failure without cohesion

Compressive failure (Figure 1)

Splitting failure (Figure 1)

Hoek-Brown evaluation

Punching failure

Beam tension failure

General shear failure is a generic wedge failure as shown in Figure 1. Bearing capacity for
this type of failure includes resistance from rock mass cohesion, depth of embedment, and
self-weight of the rock mass. For this analysis to be valid, all three contributions should be
addressed which is not always realistic. This failure mode is not included in bearing
capacity analysis reported here in favor of a more conservative variation, local shear
failure, that includes only two contributions (resistance from cohesion and self-weight).
General shear failure is the typical failure mode for soils and rock of moderate to high
strength, as seen at Units 6 & 7.

Local shear failure represents a conservative variation of general shear failure where failure
surfaces begin to develop but do not propagate to the surface. Therefore, the depth of
embedment does not contribute to the total bearing capacity. By excluding depth of
embedment, the modeled ground surface is dropped to foundation level so weight of
surcharge above the foundation does not resist movement of the failure wedge. This case
is included in the bearing capacity analysis reported here.

General shear failure without cohesion considers a case where failure develops along
discontinuities in highly fractured rock masses and the contribution from cohesion is
neglected. Since the limestone under the Nis of Units 6 & 7 is predominantly massive
(described as very slightly fractured), this case is not included in bearing capacity analysis
reported here.

Compressive failure as shown on Figure 1 occurs where the foundation rests on poorly
constrained columns of rock, similar to an unconfined compression failure. Compressive
failure assumes open vertical discontinuities that are more closely spaced than the width of
the foundation. This failure mode is not probable at Units 6 & 7, since fractures are very
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widely spaced. Additionally, discontinuities are generally only moderately open and are
rough which is more conducive to a general shear type failure where stress is able to be
transmitted across the vertical discontinuity Carter- Kulhawy (Reference 3).

Splitting failure as shown on Figure 1 occurs in rock where widely spaced, open, vertical
discontinuities cause tensile failures to generate splitting beneath the foundation in the
foundation media. In this failure, vertical fracture spacing is assumed to be greater than the
width of the foundation. This is the case at Units 6 & 7, but the discontinuities are only
moderately open which does not promote significant movement in the rock to close the
discontinuities. In addition, discontinuities are rough which promotes the stress transfer
between the faces precluding the occurrence of a split failure. Therefore, splitting failure is
not likely at Units 6 & 7 and not included in the bearing capacity analysis reported here.

Figure 1 Bearing Capacity Failure Modes

B B B

SiSjS

Sj>>B Sj<B Sj>B
General Wedge Unlaxial Compression Splitting

Source: Reference 7

In addition to the bearing capacity checks listed in USACE EM 1110-1-2908 (Reference 2),
the Hoek-Brown methodology, punching failure and beam tension failure checks are
considered. Punching failure and beam tension failure are generally considered when a thin
rigid layer overlies a more compressible layer, as is the case at Units 6 & 7.

The Hoek-Brown methodology (described in References 3 and 5) utilizes the strength
criterion for jointed rock masses, assumes a strip footing, but does not take foundation
dimensions into account. Instead, the method relies on rock description as well as UCS
(discussed in Part B).

Punching failure describes a case where the overlying rock layers fail in shear on all sides
of the foundation due to the concentrated force on the thin rock layers. This failure is
considered in the bearing capacity analysis reported here.

Beam tension failure occurs when the rock layers bend and fail due to the moment applied
from the foundation.

Wyllie (Reference 6) cites a study by Kaderabek and Reynolds that states that there has
been no reported beam tension failure in the south Florida area. That study was not able to
induce a failure after exceeding the theoretical beam tension failure stress by a factor of 2.
However, beam tension failure is checked using the PLAXIS 2D finite element model.
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In summary, the bearing capacity determined for rock failure checks reported here is based
on the following failure modes:

* Local shear failure

* Hoek-Brown evaluation

* Punching failure

* Beam tension failure

Vesic's Methodolo-qy for Soil Failures:

Traditional soil bearing capacity as proposed by Vesic (described in Reference 1) requires
only shape and depth factors, but not inclination factors because the load is applied
vertically and the foundation is on level ground. The NI basemat foundation is evaluated
using Vesic's methodology, accounting for only soil properties as if it were founded on the
upper Tamiami formation. To be conservative, and to be consistent with the rock failure
checks, only the bearing capacity from local shear failure is considered.

SLOPE/W Analysis of Rock and Soil Combined:

A 2D SLOPE/W model is created to include contributions from both soil and rock layers
since the contrast between stiff rock and soft soil layers is not adequately accounted for in
weighted averages for the hand calculation.

SLOPEIW uses limit equilibrium following the Morgenstern-Price method to test multiple
prescribed circular failure surfaces GEO-SLOPE (Reference 8). The factor of safety against
failure is determined on the most critical failure surface. The ultimate bearing capacity is
estimated by increasing the bearing demand until this factor of safety reaches
approximately FS = 1.0. Similarly, the allowable bearing capacity is estimated when FS =
3.0. The critical failure surfaces are shown in Figures 2 and 3.

Figure 2 Failure Surface from SLOPEIW, when FS=3.0
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Figure 3 Failure Surface from SLOPE/W, when FS=I.0
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PLAXIS 2D Analysis of Rock and Soil Combined:

PLAXIS 2D is a finite element model used to verify the failure surface from SLOPEIW using
the unique solution found from increasing the bearing demand to failure. As seen in a plot
of plastic points (i.e., points reaching Mohr-Coulomb failure) (Figure 4), the ultimate failure
surface becomes evident and reaches a depth approximately one third below the top of the
Peace River Formation. This is the same depth reached by the prescribed failure surface
from SLOPENW (Figures 2 and 3).

This model is also used to check the beam tension failure. The tension cutoff for the rock
layers (i.e., tensile strength of rock) is determined according to equation 3.20 in Reference
6.

Figure 4 Failure Surface from PLAXIS 2D


