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RAI 02.04.04-9, Supplement 1. Part A:

The following changes will be made to COLA, Part 2, Tier 1, Section 5.0, Tier 2 Subsections 2.0,
2.4S.1, 2.4S.2, 2.4S.4, 2.4S.6, 2.4S.10, 2.4S.14, 2.5S.5, 3.4, and 3H, and COLA Part 7,
Subsection 2.1, to incorporate the revised main cooling reservoir (MCR) embankment breach
analysis as described in the responses to RAI questions 02.04.04-9 and 02.04.04-10.

Tier I Table 5.0 is changed as follows:

Table 5.0 ABWR Site Parameters

Maximum Flood (or Tsunami) Level:

30.5 cm beclow gFadc • 12191 cm above MSL
Nominal plant grade of 1036.3 cm MSL

Flood Level = cm above nominal
plant grade

STI 32429672
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Tier 2 Table 2.0-2 is changed as follows:

Table 2.0-2 Comparison of ABWR Standard Plant Site Design Parameters and STP 3 & 4 Site Characteristics (Continued)

ABWR Standard Plant Bounded
Subject Site Design Parameters STP 3 & 4 Site Characteristics (Yes/No) Discussion
Maximum 30.5 cm (1 ft) below 442.182.9 cm (44-6.0 ft) No As discussed in Subsection 24S. the m u desig
Flood (or grade above nominal plant grade E isflood level is W4O'O ft Q -J1219.2f cm) above
Tsunami) MSL (MSL NVGD29). This level is on the
Level [8] breach of the Main Cooling Reservoir (MCR) resulting in a

flood level of approximately U ft (44-L cm)
above nominal plant grade, which is 34 ft (1036.3 cm) MSL
(see STP DEP T1 5.0-1). STP 3 & 4 safety-related
structures, systems, and components (SSCs) are
designed for or protected from this flooding event by
watertight doors to prevent the entry of water into the
Reactor Buildings and Control Buildings in case of a flood.
Flooding protection requirements due to the maximum
flood level are discussed in Section 3.4. In addition, an
external flooding PRA analyses for STP 3 & 4 concluded
that the risk from external flooding is acceptably low as
discussed in Section 19R.
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The fourth paragraph of Tier 2 Subsection 2.4S. 1.1 is changed as follows:

The critical safety-related flood levels resulting from a postulated instantaneous breach
of the MCR embankment are discussed in Subsection 2.4S.4. Calculations show a
maximum flood water level at the safety-related facilities, including the power block and

te U t'Hst b he Design-Basis Floodthe UHSs, to be El. 4,"91 t.. . ........... . ...... ...(DBF) elevation f -lLetbhs -F 4 iSi. Specific elevations of
safety-related structures and plant flood protection measures are discussed in
Subsections 2.4S.2 and 2.4S.10.

The third paragraph of Tier 2 Subsection 2.4S.2.2 is changed as follows:

The impacts of postulated dam failures on the STP 3 & 4 safety-related SSCs are
discussed in Subsection 2.4S.4. Two aspects of flooding are considered. First,
flood elevation at the site is investigated as a result of cascading failure of dams in
the Colorado River basin and its tributaries upstream of the site. The resulting water
level at the site, including coincidental wind set-up and wave run-up is TO ft
MSL. Second, the flood elevation at the site is investigated due to the failure of the
Main Cooling Reservoir (MCR) embankment. A maximum flood elevation of
3 ft MSL was determined at the STP 3 & 4 site as a result of the MCR
embankment breach. ~ 4. A- f6ýlev iii L als 5) R

the ske. the uBF s consr yvýY4'bished as 40.0 ft"M h
MCR embankment breach flood level is above the site grade and the ground floor
elevation of the safety-related SSCs in the power block area. Therefore, all power
block safety-related structures will require appropriate flood protection measures
below elevation B-"5"4, 6ft MSL, such as water tight doors and components that will
prevent any flooding of the safety-related SSCs. The UHS and reactor service water
(RSW) pump house is contiguous with the UHS basin. The UHS basin and RSW
pump house are water tight below elevation 50 ft MSL. Flooding of these structures
due to DBF is therefore precluded. Flood protection requirements are discussed in
Subsection 2.4S.10.

The first paragraph of Tier 2 Subsection 2.4S.2.3.5 is changed as follows:

The HEC-RAS computer model simulation was used to estimate the maximum water
surface elevation within the STP 3 & 4 power block area. Model simulation results
showed that the maximum water surface elevation within the power block area was
elevation 36.6 ft MSL. This flooding elevation is higher than the power block grade
elevation and the ground floor slab elevation of the safety-related SSCs. However,
the local PMP water surface elevation is less than the flood elevation estimated from
the postulated breach of the MCR embankment, which was estimated to be at
elevation 8 ft MSL, as discussed in Subsection 2.4S.4. Flood protection
measures for the safety-related SSCs against flooding due to the MCR embankment
breach are sufficient to provide protection against flood elevation due to the local
PMP storm event.
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Tier 2 Subsection 2.4S.4 is changed as follows:

2.4S.4 Potential Dam Failures

The following site-specific supplement addresses COL License Information Items
2.14 and 3.5.

This section addresses the SRP Section 2.4.4 Acceptance Criteria Limits from the
reference Table 2.1-1, which states that the flood level from failure of existing and
potential upstream or downstream water control structures will not exceed 30.5 cm
(1.0 ft) below grade. The nominal plant grade for the safety facilities of STP 3 & 4 is
34.0 ft mean sea level (MSL) and the design entrance level slab elevation is 35.0 ft
MSL. The design basis floodW level at STP 3 & 4 L the

worst case dam failure scenario, the postulated MCR F • it breachl was
fe[ lih &g4 & 6 ý ft MSL, exceeding the

reference ABWR DCD site parameter flood level criteria. The departure from the
DCD site parameter flood level and the evaluation summary are documented in STP
DEP T1 5.0-1. Subsection 2.4S.4 develops the flooding design basis for considering
potential hazards to the safety-related facilities due to potential dam failures.

The STP 3 & 4 site is located on the west bank of the Colorado River in Matagorda
County, Texas, about 10.5 river miles upstream of the Gulf Intracoastal Waterway
(GIWW). There are a total of 68 dams with storage capacity in excess of 5000 acre-
feet (AF) on the Colorado River and its tributaries upstream of the STP site. These
dams and reservoirs are owned and operated by different entities including the
Lower Colorado River Authority (LCRA), the U.S. Bureau of Reclamation (USBR),
the Colorado River Municipal Water District (CRMWD), other local municipalities and
utilities. Figures 2.4S.4-1 (a) and 2.4S.4-1(b) show the locations of the 68 dams.
Specific information of these dams that are relevant to the flood risk assessment of
STP 3 & 4 is summarized in Table 2.4S.4-1, based on data collected primarily from
the Texas Water Development Board (TWDB), Texas Commission for Environmental
Quality (TCEQ), and LCRA. The six hydroelectric dams - Buchanan, Roy Inks, Alvin
Wirtz, Max Starcke, Mansfield, and Tom Miller, owned and operated by LCRA are
known as the Highland Lake dams.

In Texas, both private and public dams are monitored and regulated by TCEQ under
the Dam Safety Program. Existing dams, as defined in Rule §299.1 Title 30 of the
Texas Administrative Code (Reference 2.4S.4-1), are subject to periodic re-
evaluation in consideration of continuing downstream development. Hydrologic
criteria contained in Rule §299.14 of Title 30 (Table 3) on Hydrologic Criteria for
Dams are the minimum acceptable spillway evaluation flood (SEF) for re-evaluating
dam and spillway capacity for existing dams to determine whether upgrading is
required. Similarly, on the structural considerations, evaluation of an existing dam
includes, but is not limited to, visual inspections and evaluations of potential
problems such as seepage, cracks, slides, conduit and control malfunctions, and
other structural and maintenance deficiencies which could lead to failure of a
structure.
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Following the 1987 National Dam Safety Inspection Program recommendations of
the Texas Water Commission, a predecessor agency of the TCEQ, to upgrade two
of the Highland Lake dams due to unsafe condition, LCRA initiated a program to
evaluate all six HighlandLake dams with respect to hydrologic, structural and
geotechnical criteria. In 1990, LCRA began a 15-year plan of Dam Modernization
Program to address the safety condition of five of the six dams. A 1992 dam safety
evaluation study commissioned by LCRA (Reference 2.4S.4-2) indicates that Wirtz,
Starcke, and Tom Miller Dams would be overtopped during a Probable Maximum
Flood (PMF) event, and certain sections of Buchanan, Wirtz, and Tom Miller Dams
could have instability problems during severe flood conditions. The concrete dam
sections of Mansfield Dam, however, would be stable during the PMF. At the
completion of LCRA's Dam Modernization Program in January of 2005, substantial
upgrade work had been undertaken at Buchanan, Inks, Wirtz, and Tom Miller Dams
to address the unsafe conditions (Reference 2.4S.4-3). Upgrade at Mansfield Dam
was considered not necessary as it is able to withstand the PMF without further
reinforcement. Even in the event of failures of either Buchanan, Inks, Wirtz, or
Starcke dams, Mansfield Dam would hold their flood volumes without overtopping
(Reference 2.4S.4-4).

The UFSAR of STP 1 & 2 (Reference 2.4S.4-5) identifies two dam failure scenarios
that are most critical to the flooding at the STP site. They are: (1) the breaching of
the embankment of the onsite Main Cooling Reservoir (MCR); and (2) the postulated
cascade failure of the major upstream dams on the Colorado River. These two
scenarios also form the basis of the maximum flood level evaluation for STP 3 & 4
resulting from potential dam failures because the watershed and topographic
conditions remain relatively unchanged since the preparation of the UFSAR for STP
1 & 2, and also because there are no new dams (including the previously proposed
Columbus Bend Dam) planned for the Colorado River in the next 50 years,
according to the 2007 State Water Plan (Reference 2.4S.3-6, also discussed in
Subsection 2.4S.3.4.2) The dam failure scenarios and the postulated flood risk are
discussed further in the following subsections.
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2.4S.4.1.2 Postulated Failure of the Main Cooling Reservoir

The MCR is enclosed by a rolled-earthen embankment, rising an average of 40 ft
above the natural ground surface south of the plant site. TWi@nei ýes~oyjrsjg'q

e'••• fth,•e• jG" ,h m n 6":•,''L' ýý ý, ý' _"-ZAWK_' j~t2~ thc joi•,c" eni~! i6~ih efticksVcre•,. The

centerline of the north embankment is approximately 2340 ft south of the centerline
of the reactor buildings of STP 3 & 4. Site grade near the northern embankment is in
the range of El. 27 ft MSL to El. 29 ft MSL, and the top of the embankment is at
about El. 65.75 ft MSL. Normal maximum operating level of the reservoir is at El.
49.0 ft MSL, which is about 20 to 22 ft higher than the site grade near the northern
embankment. Postulated failure mechanisms of the earth embankment includes
excessive seepage from piping through the foundations of the embankment, seismic
activity leading to potential liquefaction of the foundation soils, and erosion of the
embankment due to overtopping from flood or wind-wave events.

As discussed in the STP 1 & 2 UFSAR (Reference 2.4S.4-5), failure of the MCR
embankment due to any of these probable mechanisms is not considered a credible
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2.4S.4.1.3 Potential for Landslide and Waterborne Missiles

The potential for major scale landslide, and hence blockage of streams on the Lower
Colorado River in the vicinity of the STP site, is highly improbable due to the flat
terrain. This is consistent with the conclusion of the UFSAR for STP 1 & 2
(Reference 2.4S.4-5). According to the investigation, there is no threat posed to the
STP site due to surge from bank material sliding into the Lower Colorado River.
The potential for waterborne missiles reaching the STP site due to upstream dam
failure is not considered to be critical because the site is located in the flood plain
of the Lower Colorado River where the flood flow velocities are in general
substantially lower than that in the main channel. Although there is a potential for
waterborne missiles due to the MCRe iWharkmeýn breach, these missiles are not
considered to be critical to the design of the safety related structures compared to
tornado missiles. The static and dynamic effects of the MCR ibankrfiit breach
on the plant structures are discussed in Section 3.4.
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2.4S.4.2.2 MCR trmpbanKment Breach Analysis
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2.4S.4.3 Water Level at the STP 3 & 4 Site

Analyses of the dam failures on the Lower Colorado River and the failure of the MCR
northern embankment showed that the critical flood level of the safety related
structures is controlled by the MCR embankment failure. The design basis flood
level for the safety related facilities of STP 3 & 4 is ,

4 ft MSL as discussed below.

2.4S.4.3.1 Water Level at the STP 3 & 4 Site from the Failures of Upstream Dams

In accordance with the guidelines in ANSI/ANS-2.8, Reference 2.4S.4-7, the
maximum dam breach flood level at the plant site needs to consider the wind setup
and wave runup effect from the coincidental occurrence of a 2-year design wind
event. The 2-year fastest mile wind speed at the site is 50 mph based on Reference
2.4S.4-7. The methodology given by the Coastal Engineering Manual (CEM),
Reference 2.4S.4-13, was adopted to estimate the wave height and wave run-up at
STP 3 & 4 power block. The procedures outlined in CEM use the wind speed, wind
duration, water depth, and over-water fetch distance, and the run-up surface
characteristics as input. As discussed in UFSAR for STP 1 & 2 (Reference 2.4S.4-5),
accurate estimates of the fetch length for this flooding scenario could not be made.
Based on the topographic variations and any man-made features that would limit
wind effects, however, two critical fetches were identified as shown in Figure 2.4S.4-
22; one in an easterly direction towards a low lying ridge and the other along the
Colorado River in a northeasterly direction. The fetch in the easterly direction was
estimated to be about 15.5 miles with a maximum water depth varying from 1 to 23 ft
at the peak of the dam break flood. The fetch along the northeasterly direction was
estimated to be about 17.6 miles, with a maximum water depth varying from 1 to 9 ft
at the flood peak.

The maximum wind set-up for the critical fetch lines was estimated using a method
suggested in Reference 2.4S.4-14, and was found to be about 3.9 ft. Adding to the
maximum water level of El. 28.6 ft MSL, estimated by the HEC-RAS dam break
model for the STP site, the water level from the dam failure flooding scenario would
therefore be at El. 32.5 ft MSL. With the surrounding site grade around the power
block and UHS at a nominal elevation of 28.0 ft MSL, the water depth approaching at
the STP power block and UHS would be about 4.5 ft. At this shallow depth, a
breaking wave condition would prevail and a breaking wave index of 0.78 was used
in estimating the break wave height. The breaking wave setup is typically small and
is assumed to have a negligible impact on the flood level.

arteplan _ ___ L to r" _lv n7
,tcedg TyjJe perat 10H&Vfranelevat o - 0 ft.

The maximum wave run-up was estimated using the breaking wave height of 3.5 ft



Question 02.04.04-9, Supplement 1, Part A U7-C-STP-NRC-090012
Attachment 1
Page 19 of 49

and a maximum wave period equal to 1.2 times of the significant wave period which
was estimated to be 3.7 seconds. Conservatively assuming that the run-up surface
is smooth, impermeable and = a slope of ý :v 1V5 Owell. J
the wave run-up was estimated to be 1W41J9 ft.

The maximum flood level at STP 3 & 4 power block as a result of the probable
worst case dam failure scenario coincidental with a 2-year design wind of 50 mph
was estimated to be at El. 4 ft MSL. Table 2.4S.4-8 presents the water
levels due to dam break, wind set-up and wave run-up at STP 3 & 4 for the
critical fetchR.

Because the STP is about 300 miles from Mansfield Dam, any dynamic effects of the
dam break waves would have been attenuated along this distance. Therefore, the
dynamic effects of the dam break flood waves are not the controlling design criterion
of the safety related facilities.

2.4S.4.3.2 Water Level at the STP 3 & 4 Site from Breaching of MCR Embankment

The maximum water level at STP 3 & 4 is governed by the postulated breaching of
the MCR's northern embankment. The . .flood level at
the power block and UHS of STP 3 & 4 -o the breaching of the MCR's
northern embankment is at El. ft MSL. Because the muiwp-'a` n
basisfflood level is higher than both the nominal plant grade of 34.0 ft MSL

Wandý the entrance level slab elevation of 35.0 ft MSL for the STP 3 & 4 safety
related facilities, all safety related facilities are designed to be water tight at or below
elevation '4 ft MSL. All ventilation openings of safety buildings are located at
N.Oý0ft MSL or above. Flood protection design is discussed in Subsection
2.4S.10 and Section 3.4.

2.4S.4.3.3 Sedimentation and Erosion

During an upstream dam failure event, because the plant site is located in the
floodplains of the Colorado River, the flow velocities are expected to be relatively
small compared to that in the main channel. In addition, the flow depths on the
floodplain are shallower to effect any significant erosion that would impact the safety
of the plant. Although some sedimentation may occur near the plant site, the safety
related structures and functions would not be affected by siltation because they are
located at higher grades. than the surrounding area.

The erosion . ndý•dLe m iior during a MCR embankment breach
event is discussed in Subsections-,2' .2:, , nd 2.4S.10.
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The following is a list of new and revised tables and figures for Tier 2, Subsection 2.4S:

Revised Tables:
Table Title
2.4S.4-5 MCR Dike Breach Parameters and Peak Discharge Based on Empirical

Equations from Reference 2.4S.4-12d
2.4S.4-6 MCR Dike Breach Outflow Hydrograph
2.4S.4-7 Material Types and Associated Manning's n
2.4S.4-8 Estimated Water Levels due to Dam Break, Wind Setup and Wave Run-

I up

Revised Figures:
Figure Title
2.4S.4-13 Outflow Rates Experienced from Breached Dams
2.4S.4-14 Units 3 and 4 Site Grading Plan
2.4S.4-15 STP Site Layout
2.4S.4-16 Two-Dimensional View of Developed 2-D Grid with an East Breach
2.4S.4-17 Two-Dimensional View of Developed 2-D Grid with an West Breach
2.4S.4-18 Assigned Material Types within Developed 2-D Grid
2.4S.4-19 Locations for RMA2 Modeling Results
2.4S.4-20 Time-Dependent Water Surface Elevations Associated with East Breach

Scenario
2.4S.4-21 Time-Dependent Water Surface Elevations Associated with West Breach

Scenario

New Figures:

2.4S.4-21(a) Peak Water Surface Elevations Associated with East Breach Scenario (at
time = 1.75 hours after initiation of breach)

2.4S.4-21 (b) Peak Water Surface Elevations Associated with West Breach Scenario (at
time = 1.75 hours after initiation of breach)

2.4S.4-21(c) Peak Velocities Associated with East Breach Scenario (at time = 1.75
hours after initiation of breach)

2.4S.4-21 (d) Peak Velocities Associated with West Breach Scenario (at time = 1.75
hours after initiation of breach)

2.4S.4-21 (e) Time-Dependent Velocities Associated with East Breach Scenario
2.4S.4-21(f) Time-Dependent Velocities Associated with West Breach Scenario
2.4S.4-21 (g) Velocities and Sediment Concentrations In Between Units 3 and 4 with

East Breach Scenario
2.4S.4-21 (h) Velocities and Sediment Concentrations In Between Units 3 and 4 with

West Breach Scenario
2.4S.4-21 (i) Stream System around STP Site

4
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COLA Tier 2 Table 2.4S.4-5 is deleted in its entirety and replaced with the following:

L ..... ..4.......... EhmbankmentBreach Parameters and Peak ....char ...... d 9!]
iL' 1 .qutosfoiRf c 2.S. 1d
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COLA Tier 2 Table 2.4S.4-6 is deleted in its entirety and replaced with the following:

R w
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COLA Tier 2 Table 2.4S.4-7 is deleted in its entirety and replaced with the following:

,Tq•e24S.'47Ts a' d-•L'!in

COLA Tier 2 Table 2.4S.4-8 is revised as follows:

Table 2.4S.4-8 Estimated Water Levels due to Dam Break, Wind Setup and Wave Run-up
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COLA Tier 2 Figure 2.4S.4-13 is deleted in its entirety and replaced with the following:
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EXPERIENCED OUTFLOW RATES FROM BREACHED DAMS

4,o000,oo
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Figure 2.4S.4-13: Outflow Rates Experienced from Breached Dams (Reference 2.4S.4-12e)
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COLA Tier 2 Figure 2.4S.4-14 is deleted in its entirety and replaced with the following:

Figure,ý.Ct
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COLA Tier 2 Figure 2.4S.4-15 is deleted in its entirety and replaced with the following:

Figure 2.4S.4-15: STP Site Layout
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COLA Tier 2 Figure 2.4S.4-16 is deleted in its entirety and replaced with the following:
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Figure 2.4S.4-16: Two-Dimensional View of Developed 2-D Grid with an East Breach
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COLA Tier 2 Figure 2.4S.4-17 is deleted in its entirety and replaced with the following:
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Figure 2.4S.4-17: Two-Dimensional View of Developed 2-D Grid with a West Breach
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COLA Tier 2 Figure 2.4S.4-18 is deleted in its entirety and replaced with the following:

Figure 2.4S.4-18: Assigned Material Types of Developed 2-D Grid
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COLA Tier 2

Figure 2.4S.4-19: Locations for RMA2 Modeling Results
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COLA Tier 2 Figure 2.4S.4-20 is deleted in its entirety and replaced with the following:
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Figure 2.4S.4-20: Time-Dependent Water Surface Elevations Associated with East Breach Scenario
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1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

-5-Toe of West Breach
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-o-- Power Unit 4 North

Tim e (hr)

--- Unit 4 Ultimate Heating Sink
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--- Unit 3 Ultimate Heating Sink
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Figure 2.4S.4-21: Time-Dependent Water Surface Elevations Associated with West Breach Scenario
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COLA Tier 2 Figure 2.4S.4-21(a) is a new figure:

Figure 2AS.4-21(a): Peak Water Surface tevations Associated with East Breach Scenario (at time-= 1.75 hours after Initiation of
breach)
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Figure 2.4S.4-•1 (b): Peak Water Surface Elevations Associated with West Breach Scenario (at time = 1.75 hours after initiation of
breach)
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Figure 2.4S.-21(c), Pe~k Velocities Associated with EastBreach !Scenario (at time= 1.75 h6ours after initiation of breach)
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COLA Tier 2 Figure 2.4S.4-21(d) is a new figure:

I

Figure 2.4S.4-2t(d): Peak Velocities Associated with West Breach Scenario (at time = 1.75 hours after Initiation of breach)
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COLA Tier 2 Figure 2.4S.4-21(g) is a new figure:
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COLA Tier 2 Figure 2.4S.4-21(h) is a new figure:
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The fourth paragraph of Tier 2 Subsection 2.4S.6.5 is changed as follows:

Based on the discussion above, it is concluded that the flood elevation at STP 3 & 4
due to the postulated probable maximum tsunami event will not be the controlling
design basis flood elevation for STP 3 & 4 because it is lower than the O,- e basis
flood elevation of • (Q feet MSL ___________________ a hypothetical breach
event of the MCR embankment as described in Section 2.4S.4. Coincident wind waves are not
considered in the analysis since the PMT event will have no flooding impacts on safety related
facilities of STP 3 & 4.

The second paragraph of Tier 2 Subsection 2.4S. 10 is changed as follows:

As discussed in Section 2.4S.2, the design basis flood elevation in the STP 3 & 4
power block area is at elevation Q" ft mean sea level (MSL), or NGVD (National
Geodetic Vertical Datum) 29. Therefore, all safety-related facilities require flood
protection measures up to at least elevation ýý ft MSL. The design basis flood
elevation is determined by assessing a number of different flooding scenarios as a
result of man made structures and various types of meteorological and hydrological
events presented in Subsection 2.4S.2. The design basis flood for the STP 3 & 4 site
is as go the MCR embankment breach (non-seismic Category I embankment), and it
is discussed in detail in Subsection 2.4S.4. STP 3 & 4 safety-related facilities are the Reactor
Building, Control Building, and the Ultimate Heat Sink (UHS) basin, cooling towers, and reactor
service water (RSW) pump houses. The Reactor and Control Buildings and the UHC and RSW pump
houses are located in the power block area of the site. Site grade elevations in the STP 3 & 4 power
block area range from 32 ft MSL to 36.6 ft MSL. Thus, the Reactor Buildings, Control Buildings, UHS
water storage basins, and RSW pump houses are subject to flooding and require flood protection.

The fifth paragraph of Tier 2 Subsection 2.4S. 10 is changed as follows:

In addition to structural protection against static, dynamic, and erosion flood forces, the
safety-related facilities must remain free from flooding and intrusion of water into areas
that contain safety-related equipment. All safety-related facilities in the power block are
designed to be water tight at or below elevation •40• ft MSL. All water tight doors
and hatches are normally closed under administrative controls and open outward. All
ventilation openings are located above elevation • ft MSL. The UHS and Pump
House is designed to be watertight below 50 ft MSL.
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Tier 2 Subsection 2.4. 14 is changed as follows:

2.4S.14 Technical Specifications and Emergency Operation Requirements

The following site-specific supplement addresses COL License Information Item 2.22.

For STP 3 & 4, safe plant operations are not affected by any of the extreme high water
levels discussed in previous subsections of Section 2.4S because required systems
and equipment .are protected against such levels during extreme flood conditions and,
therefore, will remain operational. The following events have been analyzed in Section
2.4S to determine high water level:

" Floods due'to probable maximum precipitation (Subsection 2.4S.2).

* Probable maximum precipitation induced river flooding incident (Subsection
2.4S.3).

* Failure of the upstream dams on the Colorado River (Subsection 2.4S.4).

* Breach of the main cooling reservoir (MCR) embankment (Subsection 2.4S.4).

* Probable maximum hurricane surge (Subsection 2.4S.5).

As discussed idi Subsection 2.4S.4, the design basis flood elevation in the power
block area is at' El. ft MSL (NGVD 29). The design basis flood is ffij
fts oaased on•a breach of the Main Cooling Reservoir (MCR) embankment
(non-seismic Category 1 embankment); details are provided in Subsection 2.4S.4.
Site grade elevations in the STP 3 & 4 power block area range from 32 ft MSL to
36.6 ft MSL. For structures located within the Power Block the top of concrete
(TOC) floor elevation is 35 ft MSL.

Structures and components whose failure could prevent the safe shutdown of
STP 3 & 4 are protected from high water levels, flood or storm surge, and
maximum wave run-up, or are designed to preclude the adverse impacts of the
design basis flood as described in Section 3.4.

Specific flood protection measures are described in Subsection 2.4S.10. To withstand
the static and dynamic forces as a result of the MCR embankment breach, watertight
flood protection measures and structural measures are applied to any STP 3 & 4
facilities that have an open passageway to any safety-related facility. Since all
watertight doors and hatches for these facilities, at or below _ ft. MSL are to
remain in a closed position under administrative control, no emergency operating
procedures or ilant technical specifications (plant shutdown) are required for
implementation of flood protection measures.

In addition to the features included in the STP 3 & 4 design to prevent water intrusion
into safety-related facilities, for the analyzed postulated events, adequate time exists
to allow for remedial actions prior to any detrimental impacts on structures other than
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safety related. The occurrences of high water levels at STP 3 & 4 under most of the
postulated events (Colorado River flooding, hurricanes, or upstream dam failure) are
not sudden events. Thus, adequate time is available to take mitigating actions
precluding the effects of potential flooding.

In the case of precipitation caused river level increases, the river level rise is slow
enough to allow for appropriate responsive actions. For potential hurricane surge, the
approach of a hurricane is a forecasted and trackable event and will allow sufficient
time to take mitigating actions. In the case of an upstream dam failure on the Colorado
River, the shortest warning time is estimated to be 58 hours, as discussed in
Subsection 2.4S.4 allowing for the implementation of remedial, protective actions.

As described in: Subsection 2.4S. 11.4, no additional emergency protective
measures are required to safely shut down STP 3 & 4 in the event of extreme
low water levels in the MCR. Due to the large contained volume of the MCR the
drop in water level (other than a major breach) would be a gradual event, which
provides adequate time to place STP 3 & 4 in safe shutdown conditions.
Appropriate emergency operating procedures (EOPs) will include applicable
provisions for the MCR, similar to those provided for STP 1 & 2, prior to fuel load
(COM 2.4S-1).

Normal and emergency operations of the ultimate heat sink (UHS) are described
in Subsection 942.5. The UHS basin and the Reactor Service Water (RSW)
pumphouse are designed to withstand the hydrodynamic forces associated with
the design basis flood event. Furthermore, the top of the UHS basin wall is at
elevation 97.5 ft MSL, and the roof of the RSW pump house, located at the UHS,
is at elevation 50.0 ft MSL. The top of both structures are above the design basis
flood level elevation of •7 .1 ft MSL. No emergency protective measures are
required to safely shut down STP 3 & 4 provided that the minimum water level in
the UHS basin is maintained at or above El. 77.3 ft MSL which ensures a
minimum 30 days inventory supply without any makeup. Plant shutdown is
initiated when the water level in the UHS basin falls below 77.3 ft
MSL.

The fourth paragraph of Tier 2 Subsection 2.5S.5.2.1 is changed as follows:

STP 3 & 4 Seismic Category I structures are to have Mflood protection
mechanisms to withstand a possible breach in the MCR embankment.

S....h•Eqp
p~q. ou, L q-Jd4ee atSTP3&t&4 (E. L.-f44 issnnewha §1r'thn kthcia mu IGA

,(ee ý~ te design JJiEsfl6d6 leel Rtý&$T W3 ~&4sýEL r4 0.fqet.
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The first paragraph of Tier 2 Subsection 3.4.2 is changed as follows:

Since the design Bai flood elevation is -O -5 E , h
• • • ) the finished plant grade, thoro i no dq•;.,i force

due to flod. The the lateral hydrostatic and hydrodynamic pressure on the structures due
to the design flood water level, as well as ground and soil pressures, are calculated.

The second paragraph of Tier 2 Subsection 3.4.3.1 is changed as follows:

The site specific & 5Qsiks flood elevation is defined as • cm above grade.

The design basis flood is described in Subsection 2.4S.2.
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The design flood level and design groundwater level entries in Tier 2 Table 3.4-1 are changed as follows:

Table 3.4-1 Structures, Penetrations, and Access Openings Designed for Flood Protection

Service Control Radwaste Turbine Ultimate
Structure - Reactor Building Building Buildinl Buildinggli~ Building . Heat Sink

Design Flood Level(r) (m" 4,6 4,69• 44,69 44,69 44,69 44.7-M712 M92 mm
41-3-2 mm 10058 mm r44812 mm 10058 mm 10058 mm (40..",)
4&________ _ W1 (O (33 ft) ý( _ý04f (33 ft) (33_____ft)___

Design Ground Water 4-,39 439O -1-139 4-1,390 439 8. ,5395 .mm
Level (mm) 9,753 mm 9,753 mm 9,753 mm 9,753 mm 9,753 mm @f_2i(ft)

(32 ft) (32 ft) (32 ft) (32 ft) (32 ft) II



Question 02.04.04-9, Supplement 1, Part A U7-C-STP-NRC-090012
Attachment 1
Page 48 of 49

Item Number (3) in Tier 2 Subsection 3H. 1.4.2 is changed as follows:

(3) DgB Flood Level:

O -0.3 4 7ý9 cm belew above grade

The fifth paragraph of Tier 2 Subsection 3H. 1.6 is changed as follows:

As documented in Subsection 3.4, the STP 3 & 4 site has a Eeji§bis flood
elevation that is 4 cm above grade. This results in an increase in the flood
level over what was used in the ABWR Standard Plant, however the load due to the
revised flood level on the RB is less than the ABWR Standard Plant RB seismic load,
hence it doesn't 'ffect the Standard Plant RB structural design.

Tier 2 Subsection 3H.2.4.2.3 is changed as follows:

3H.2.4.2.3 Design bi7i Flood Level

Design R flood level is at O.5m W tf8RT-9cm @='ýb~ grade level.

The fifth paragraph of Tier 2 Subsection 3H.2.6 is changed as follows:

As documented in Subsection 3.4, the STP 3 & 4 site has a design E flood
elevation that is 4.48? cm above grade. This results in an increase in the flood
level over what was used in the ABWR Standard Plant, however the load due to the
revised flood level on the CB is less than the ABWR Standard Plant seismic load,
hence it does not 9ffect the Standard Plant CB structural design.

Tier 2 Subsection 311.6.4.2.3 is changed as follows:

3H.6.4.2.3 Design 1asis Flood Level

Design 9is' flood level is at & meters MSL. This elevation is defined in
Subsection 2.4S.2.2.
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The second and third paragraphs of the Description for STP DEP TI 5.0-1 provided in COLA
Part 7, Subsection 2.1, are changed as follows:

The site design basis flood level is increased from that specified in the DCD. The
certified design site parameter for site flooding is changed from 30.5 cm below grade
to 04,2,_&f8p cm above grade (&bgaeebg, 1036.3 cm above mean sea level

(MSL)) in order to handle a main cooling reservoir failure as a design basis event at
STP.

The main cooling reservoir at the South Texas site is a non-seismic category 1 dam;
hence, its failure must be assumed in the worst possible location. This results in the
site design basis flood. V. iVf17 )J • .i 1:Y j
W•! ' • s' gyor•_&.TFiiihx= uni fl,"r&5'i
1Lrý Am & NvoW'rt6rb6Ki Jid!r&

1 r
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Supplement 1, Part B, to RAI 02.04.04-9 Response:

FSAR Chapter 19R is changed as shown below as a result of the Main Cooling Reservoir breach
re-analysis described in the responses to RAI questions 02.04.04-9 and 02.04.04-10:

Section 19R.5.3 is changed as shown below:

The turbine building does not contain any safety-related equipment with the exception of
instrumentation associated with Reactor Protection System and condensate pump motor
trip circuit breakers. BWtAlthough the instrumentation and the circuit breakers are located
at or above elevation 19700 TMSL (59'-3 1/2" MSL) well above the internal flood level
described below and the external flood level of 4+7&'A40.0i MSL and prevented from the
floods the flooding of the turbine building can initiate a reactor trip and may impact the
safe shutdown of the plant if the water reaches the control building through the service
building access tunnel. There are several water sources listed in Table 19R-1 that may
leak into the turbine building. Only the two unlimited water sources (circulating water and
turbine service water) are capable of flooding the turbine building and threatening safety
equipment in the control building.

The second paragraph in supplemental Section 19R.7 is changed as shown below:

Summarized in the sections below is the external flooding PRA analyses for the STP 3 &
4 plants. External flooding is defined as intrusion of water from sources outside of plant
buildings such that the ability of the plant to achieve safe shutdown is affected. The
analysis determined the potential core damage frequency (CDF) that could result from
external flooding events for each of the new units and was developed assuming that the
watertight door providing normal access to the main control room is open. This
assumption provides a conservative and bounding assessment of risk from external
flooding 4&cau41Sp thp ; tJdrt th PP'q dirpIbh

In supplemental Section 19R.7.2, the first through the sixth paragraphs are changed as shown
below:

External flooding at the STP site potentially can be initiated by several basic sources:
river flooding which includes ice flooding, upstream dam breaks and landslides,
tsunamis, hur[i r ip rainstorms, and onsite sources including Main

Cooling Reservoir breach and failure of an ultimate heat sink (UHS). Events from these
sources could, potentially, be related. For example, a storm could cause both a breach
of an upstream dam and local flooding at the site. LhC•sec'oTr e ftodng

pyz•fpi•ao:P This analysis considers independent and
correlated flooding events.

Ice flooding of the Colorado River adjacent to the STP site is not considered a potential
hazard because the warm temperatures of the area and the tidal effects that are felt on
the river in the area. Therefore, ice flooding is ! xciud(p as a potential initiating
event.
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Based on analysis performed for STP 1&2 (Reference 19R.7-1), landslides are not
considered a threat to the STP site. Therefore, landslides are e4A x qle as
potential external flooding initiating events.
Analysis for STP Units (Reference 19R7-1) also concluded that

tsunamis cannot affect the site. Therefore, tsunamis are 6_e44ne4Tkcud'&d from
consideration as initiating events.

The storm surge or seiche resulting from a hurricane could potentially cause flooding at

the STP site. However, the maximum water level at the STP site that would be expected
from such an event would be elevation NgMýM feet. Since this elevation is below
grade level, hurricane storm surge or seiche can be excluded as an external flooding
initiating event.

gctai n er..3ofthis C ddtYfriineddhe maximum h6igt Oof "floodwater4rfnia
probable m~aximium precipitationi (PM!'4Xevent at 36.6' MSL. Sec~tion ~2AS4& identifies ~the
grade at thetcenter of the site6a's36.6 dropping toi32'at the perimeter of thle site. ANaý,

,V8-992 Refeence19R-) deinesPIMP's he estimiatad -depth of precip~itation fo, a

given dUration,'dranage are; ad tim of yeaF for wNich-J-eteis Qituily~hnrik of
xceedancntmUsing example-methodology of Ap&diB to A 2

PMP events that potentially challengsr screenedrom furthe'
considerationm dute to the veryjlwjfrequency of eweeclance. The rasults of in~tense,

pr4th ninthaapahicn events tt a h e PMP depthdre bound byt the fllesing basis fleo
n o40.O'MSL abasedn the MpRbi bch eaalysis. Inctng of piiatiornsan-of C rcd-oj

iove d am to t hh STP STP stc has th pgtentialto fect setyetdd sthat all s

Thatanals~s howstha a e~ak~ s Plla~tr e~levaion Wb of RetUe 1 P1E• d't setual

maxi murr preipiate reIon cl upnt: gint;thdema iurpn.wtfl.~e~r Ic cat.-S §

After the ninth paragraph in Section 19R.7.2, a new paragraph is inserted along with the following changes:

Sec@PtW1,7Jfii&b thet CC pd -the: maxfrpm a__ o
-tr. ro

I cscading damn flood event of 28.4' MSL', so no wav Crunu was determined in 2.4S

:the water levJelfromitthel PMIF event s lowerfthan the multiple cascding damn failu-re
flodýd e~vent,jlý l on the ,Colorado River is creee&i 1 d ifud rtht~,ýss

In addition the potential flooding effects from multiple, cascading failures of Colorado
River dams upstream of the STP site has the potential to affect safety-related structures.
That analysis shows that a peak still water elevation of ff-ýeWMt Yih4i~b
6n t elone'st f~Eetch tT'3'h4 feet for~ a iaximium water~ level of 32.54 feet. The 5acl665"id'
maximumvater~lbk&'including wavy ruu ___h roai_ H i 44fet3._fja

h . Therefore, multiple , ___ ca64dr#
dam failures are considered as an external flooding initiating event.
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The second and fourth paragraphs in supplemental Section 19R.7.3 are changed as shown below:

The frequency of multiple, casEc aa upstream dam breaks considers the
failure of three dams, the S. W. Freese, Buchanan, and Mansfield Dams. The analysis
assumes that the first dam failure can occur randomly and that the second and third
failures are dependent on the previous dam failures. The sequence of events analyzed
begins with failure of the S. W. Freese Dam which began operation in 1990.

Failure of the third dam, the Mansfield Dam, given failure of the first two dams, is
calculated using the Gamma factor given in Table 19R-4. The frequency of multiple

• csaing' dam failures considered as external flooding initiating events is
calculated to be very low.

The first through the fourth paragraphs in supplemental section 19R.7.4. 1 are changed as shown

below:
Note that this analysis is developed assuming that the watertight door providing normal
access to the'main control room is open. This assumption provides a conservative and
bounding assessment of risk from external flooding G th:

F-SAR Sci~

A breach of the main cooling reservoir could occur suddenly or progress over many
minutes. A discussion of previous dam breaches notes that the failure time of most
breaches is 15 minutes to one hour from the time of inception to completion of the
breach. However, some breaches became fully developed in as little as 6 minutes while
others took more than 7 hours. It was also noted that half the breaches identified
occurred in less than 1.5 hours. Therefore, it is concluded that, while there is a good deal
of uncertainty and variability associated with the breach time, 15 minutes to one hour
would likely be conservative. Breach width was also noted to be typically 2 to 5 times
dam height (Reference ýR 7OR92). The timing of the breach along with the width of
the breach affects the height of water that reaches plant buildings. Smaller breaches or
breaches that take longer to develop would result in a lower level of water on plant
buildings. For smaller and slower-developing breaches, it can be expected that water
would not rise above grade elevation on plant buildings. For larger and faster-developing
breaches, water level on plant buildings would be higher. The analysis, originally
documented in the IPEEE of Units 1&2 (Reference 44R-7-3 ), considered that
failures of the MCR are equally likely to occur anywhere along the perimeter and
excluded from consideration that portion of MCR failures that would direct water away
from plant buildings. MCR failures that would result in water flowing away from the site
would not be considered as external flooding initiating events, consistent with the
analysis presented in Reference ' 0 -3. This assumption is considered
reasonable since the land around the M MCR generally slopes southward towards the
Colorado River. This analysis assumed that any breach of the main cooling reservoir that
is included in the initiating event definition is sufficiently large that water level will rise
above the entrances to plant buildings. This analysis also assumed that the main cooling
reservoir breach would cause a loss of offsite power either because of failure of the
switchyard equipment or the plant auxiliary transformers that are impacted by the
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floodwaters. Furthermore, this analysis assumed that the loss of offsite power is not
recoverable for several days.

A breach of the main cooling reservoir would cause water to flow across lighted roadways
and open areas between the main cooling reservoir and the plant. Security personnel are
stationed such that they have a clear view of these areas. On seeing the developing
breach or water flow, they would notify the main control room in accordance with their
training and procedures.

tnorma openaccessdorto th• to u d ngofrom tte
s.evcebuidihlg, nte0n.ahlxteýa1 access points to the control and reactor buildings are
provided with normally-closed, watertight barriers or doors designed to withstand the
maximum loadings of any potential main cooling reservoir breach. All these doors are
alarmed at the central alarm station so it is unlikely that one would be left open. Failure of
any one of these doors would allow water to enter the building and flow through drains,
stairways, and non-watertight doors to the essential electrical switchgear rooms below
grade. Since there are no internal watertight barriers to protect the rooms on lower
elevations from water entering the upper elevations, it is conservatively assumed that
failure of one of the watertight doors on the reactor building would result in core damage.

Supplemental Section 19R.7.4.2 title and paragraphs are changed as shown below:

19R.7.4.2 Multiple, .,., asading Upstream Dam Failures

ibouRn4-aFeSF~~ Afss f citj i~f&X6tefrid flooding ~bea use #T&v-Jate4tihtP doo)(r to tho'

The accident progression for multiple, &6sýcagn upstream dam failures is
similar to that of the main cooling reservoir breach except for timing. Since the last dam
that would fail, the Mansfield Dam, is nearly 300 miles upstream of the STP site, flood
waters from that dam failure would not reach the STP site for many hours. In that time,
closure of the normally-open main control room access door would be assured. In
addition, compensatory actions such as sandbagging or installation of other temporary
flood barriers can be installed around access doors. These additional compensatory
actions, however, are not quantified as part of this analysis. This analysis also assumes
that the flooding that results from multiple, _ isbýpdig upstream dam failures
will cause a loss of offsite power either because of failure of the switchyard equipment or
the plant auxiliary transformers that are impacted by the floodwaters. Furthermore, this
analysis assumed that the loss of offsite power is not recoverable for several days.

-cepti'nof the norm y qdbuildien •ofrm the
ebeui/dinga,;,ýxternat l ft•.l access points to the control and reactor buildings are

provided with normally-closed, watertight barriers or doors designed to withstand the
maximum loadings of any potential main cooling reservoir breach, a more severe event
than multiple, qg upstream dam failures. All these doors are alarmed
at the central alarm station so it is unlikely that one would be left open. Failure of any
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one of these doors would allow water to enter the building and flow through drains,
stairways, and non-watertight doors to the essential electrical switchgear rooms below
grade. Since there are no internal watertight barriers to protect the rooms on the lower
elevations from water that entered the upper elevations, it is conservatively assumed
that failure of one of the watertight doors on the reactor building will result in core
damage.

The normal access to the main control building is via the service building through a
watertight door on the 2950 mm elevation. In addition, there are other normally-closed
watertight doors that provide access to the control building from the service building and
that are located either at or below grade. Since the service building is not designed to
withstand flooding, it is conservatively assumed that the flooding that results from
multiple, kE,,•.F sca.in ý upstream dam failures would result in water entering the
service building. If any one of the doors from the service building to the control building
fails, then water could enter the control building and cause failure of all three divisions of
reactor cooling water (RCW) or DC power since these are located below grade. Since
there are no internal watertight barriers to protect the rooms below grade in the control
building, it is conservatively assumed that failure of one of the watertight doors on the
control building will result in core damage.

The turbine building and service building are not designed to withstand flooding.
Therefore, it is conservatively assumed that any equipment in the turbine building or
service building is failed by the flooding caused by multiple, •4~ascao=j!'
upstream dam failures. PRA-related equipment housed in the turbine building includes
the condensate and feedwater systems and the combustion turbine generator (CTG).

When notified of an upstream dam failure, steps will be taken (Refer to Section 19.9.3)
to ensure that the watertight main control room access door will be closed prior to flood
waters reaching the STP site. Since many hours are available to effect this action and
the action is simple and visually verifiable, the probability of failing to ensure closure of
the door is considered sufficiently small as to be neglected. Closing this door prevents
water from entering the control building.

Since the flooding is assumed to cause a loss of offsite power, all equipment powered
from non-essential electrical buses would be lost. The loss of offsite power will result in
the EDGs starting and loading to their respective essential electrical buses. The CTG is
conservatively assumed failed by the flood so failure of all three EDGs would result in a
station blackout (SBO). For this analysis, a SBO is assumed to be non-recoverable and
results in core damage.

If one or more EDG starts and loads its respective buses, then the reactor can be
brought to safe shutdown using equipment powered from the essential AC buses.'

The accident progression for this event tree is similar to that of a loss of offsite power.
However, for multiple, ...... ,, scamd upstream dam failures, it is assumed that
offsite power is not recovered and that failure to insert control rods or a subsequent
station blackout result in core damage.
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The fourth and fifth paragraphs in supplemental Section 19R.7.5.l are changed as shown below:

t~CRbiac~5js& ecnbdl P fih2.4S.:4w6uddd½ljd ,,;in6imum
vaiiaSeuritarhing tire' 6water at the South , I Scrt Ipt H euse;p 111rg 1. maeyEI:

32,O!IVL'ýJ~v ~ etlhd rancesto sifety-related buildi E 50Sta'

.3Ohii~tii~%ila-blef:fr operator actiono tclose the roa y ob1e n e S Building and the Control Building onceoi wte~r esdIchethS otEth

6Sct a- __'-4ý yej j . V qný'q Once the security staff notifies

the control room of the breach, closing and securing the watertight door takes less than
one minute. Therefore, it is assumed that a moderate and adequate amount of time is
available to effect the actions to close the control room access door. Then the failure
probability for this event was assigned using the values in tfeB,• tadr&• ey
EA Rep Table 19R-4.

Even if operator action to close the normally-open door is successful, failure of any one
of the watertight doors that allow access to the reactor building or control building could
randomly fail. Using the values in theSSA Table 19R-4, the probability of random door
failures that allow water to enter either the control building or the reactor building was
calculated.

Supplemental Section 19R.7.5.2 title, second and last paragraphs are is changed as shown below:

19R.7.5.2 Multiple, C& en4CGascading Upstream Dam Failures Accident

IEDAM - Multiple -asGcaFngnA Upstream Dam Failures
This top event represents the failure of the three dams upstream of the STP site on the

,Colorado River. This event is described above.

Since failure of each of the top nodes on the IEDAM event tree results in core damage
and since each of the top nodes is independent of the others, the total CDF for an
external flooding event caused by t&
is the product of the initiating event frequency, the success probability of any previous
nodes, and the top node failure probability. The total CDF for multiple, cascading
upstream dam failure is-l . is determined to be very low.
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Supplemental Section 19R.7.9 is changed as shown below:

The conclusions from the ABWR probabilistic external flooding analysis are that the risk

from external flooding is acceptably low, even with the aepjtPe assumption that the

watertight normal access door to the control room is open. The rk frdmA (;14pp

,§ e~q ~A It is also concluded that the incremental risk from
external flooding events is within the goals for an increase in CDF or LERF.

An additional reference is added to Section 19R.8 as shown below:

Amnericab Nuclea rLSocietV, I99
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RAI 02.05.04-13, Supplement 1:

The following proposed revisions to COLA, Part 2, Tier 2, Subsections 2.5S.4.2, 2.5S.4.10,
2.5S.4.11 and 2.5S.4.13 incorporate the sample calculation methodology and the changes
described in the response to RAI 02.05.04-13 and RAI 02.05.04-15. These proposed changes to
the COLA also provide clarification to RAI responses and support closure of FSAR
commitments COM 2.5S-2 and COM 3H-2.

2.5S.4.2.1 Description of Subsurface Materials

The STP site subsurface consists of deep Gulf Coastal Plains sediments underlain
by Pre-Cretaceous bedrock ("basement rock"), which has been estimated to occur at
a top depth of approximately 34,500 feet below ground surface (Reference 2.5S.4-4).
The upper approximately 600 feet of site soils, consisting entirely of the Beaumont
Formation, were the subject of this subsurface investigation. These soils are divided
into the following strata, consistent with the STP 1 & 2 UFSAR (Reference 2.5S.4-3):

" Stratum A (Clay)

" Stratum B (Silt)

" Stratum C (Sand)

" Stratum D (Clay)

" Stratum E (Sand)

" Stratum F (Clay)

" Stratum H (Sand)

" Stratum J, divided into the following sub-strata

- Sub-stratum J Clay 1

- Sub-stratum J Sand/Silt Interbed 1

- Sub-stratum J Sand 1

- Sub-stratum J Clay 2

- Sub-stratum J Sand/Silt Interbed 2

- Sub-stratum J Sand 2

* Stratum K, divided into the following sub-strata

- Sub-stratum K Clay

- Sub-stratum K Sand/Silt
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0 Stratum L (Clay)

0 Stratum M (Sand)

M Stratum N, divided into the following sub-strata

- Sub-stratum N Clay 1

- Sub-stratum N Sand 1

- Sub-stratum N Clay 2

- Sub-stratum N Sand 2

- Sub-stratum N Clay 3

- Sub-stratum N Sand 3

- Sub-stratum N Clay 4

- Sub-stratum N Sand 4

- Sub-stratum N Clay 5

- Sub-stratum N Sand 5

- Sub-stratum N Clay 6

Note that Stratum G (Sand), identified in the STP 1 & 2 UFSAR (Reference 2.5S.4-,
3), was not encountered at STP 3 & 4. Note also that, consistent with the STP 1 & 2
UFSAR (Reference 2.5S.4-3), to avoid confusion with the Roman numeral, the letter
"1" has not been used in the stratification system.

Information on deeper soils (i.e., those deeper than approximately 600 feet below
ground surface) was obtained from the STP 1 & 2 UFSAR (Reference 2.5S.4-3), and
other available literature, and is discussed later in this subsection. Identification of
the 12 soil strata, (i.e., A through N, excluding G and I), as noted above, was based
on their physical and engineering characteristics. The characterization of soils was
based on field testing, including standard penetration testing (SPT) in soil borings
with hammer energy measurements, cone penetration test (CPT) soundings, test pits
(TP), geophysical downhole (DH) suspension compressional ("P"-wave, Vp) and
shear ("S"-wave, Vs) (P-S) velocity logging, field electrical resistivity testing (ER), and
observation well (OW) installations, as well as extensive laboratory testing. The
extent of field testing is summarized in Table 2.5S.4-1. The as-built locations of
subsurface investigation/field testing points are shown on Figures 2.5S.4-1 and
2.5S.4-2. A subsurface profile legend is provided on Figure 2.5S.4-3, the locations of
selected subsurface profiles are shown on Figure 2.5S.4-4, and the selected
subsurface profiles are shown on Figures 2.5S.4-5 through 2.5S.4-9.

The natural topography at the site at the time of this subsurface investigation was
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generally level. In the STP 3 & 4 area and the Ultimate Heat Sink (UHS)
Basins/Reactor Service Water (RSW) areas (i.e., the "Power Block" area. as
identified on Figures 2.5S.4-1 and 2.5S.4-2), ground surface elevations (El.) at the
time of the investigation ranged from El. 24 feet to El. 32 feet, with an average of El.
30 feet. The elevation (rough grade) planned at STP 3 & 4 is El. 34 feet, which will
include the new UHS locations. It should be noted that all references to elevations
given in this subsection are to the National Geodetic Vertical Datum of 1929 (NGVD
29).

As described above, the STP 3 & 4 subsurface conditions were established based
primarily on the subsurface investigation information contained in References' 2.5S.4-
2, .5S74-2A, and 21,So.4-2B and reported on here. The subsurface profiles illustrate
these conditions. The maximum depth explored by borings drilled as a part of this
subsurface investigation was approximately 600 feet below ground surface (Borings
B-305DH/DHA and B405DH [note that Boring B-305DH did not reach planned depth
because of a drill bit lost down-hole; a replacement boring, Boring B-305DHA, was
offset 20 feet from the original boring, and was completed to planned depth]). The
maximum depth explored by CPTs performed as a part of this subsurface
investigation was approximately 100 feet below ground surface (CPTs C-304, _•

0qS, C-309, C-310, t-4 0OS and C-408). Note that CPTs could not consistently be
advanced deeper, mainly because of high soil density and/or stiffness. Field test
quantities are summarized in Table 2.5S.4-1. Field testing (i.e., borings, CPTs, TPs,
P-S velocity logging, ERs, and OWs) identified as 300-series (e.g., B-301, C-301,
etc.) were made in the STP 3 area. Field testing identified as 400-series (e.g., B-401,
C-401, etc.) were made in the STP 4 area. Field testing identified as 900-series (e.g.,in ~ ~ ~ t theA _;-P•;• nf'•"i ; te form r, ,.,UHS
B-901, C-901, etc.) were generally made in the p.................r....
Basin/RSW area ...(jFrom hero on ....... s "west fthe P........l ck. . or in other
areas at the site perimeter (i.e., the area "outside the Power Block". as identified on
Figure 2.5S.4-1). As bedrock occurs at very significant depth (approximately 34,500
feet below ground surface, as noted above), and as such, is not of interest for
earthwork and foundation design or construction, rock properties are generally not
addressed. The 12 identified soil strata from this subsurface investigation (i.e., Strata
A though N, excluding G and I), are illustrated, in part, on the subsurface profiles,
and are described in detail here.
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2.5S.4.2.1.1 Stratum A

Stratum A soils were encountered at ground surface and were fully penetrated by all
borings and CPTs made within the STP 3 area, the STP 4 area, ..... c.
Q9 and the area outside the Power Block. Stratum A typically consisted of
yellowish red, brown, gray, or black clay with varying amounts of silt, sand, and/or
gravel.

The thickness of Stratum A was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum A varied from 8 feet to 29 feet, with an
average thickness of 18 feet, and the base elevation varied from El. • feet to El.
23 feet, with an average of El. 12 feet. Additional information on the thicknesses and
base elevations of this stratum, including areas outside the Power Block is presented
in Table 2.5S.4-2. Note that only data from borings and CPTs that encountered and
fully penetrated the stratum were considered in evaluating the stratum thickness and
in selecting the stratum base elevation.

It should be noted that at isolated locations, clayey and/or gravelly soils, in some
cases similar in appearance to Stratum A, were encountered at ground surface,
within the upper few feet of the stratum. These soils were suspected of being man-
made fill. These Stratum A (Fill) soils were present in •34 borings, namely Borings
B-305DH/DHA, B-310, B-311, B-313, B-314, B-316, B-317, B-318, B-323, B-326, B-
340, B-343, B-346, B-347, B-401, B-403, B-404, B-405DH, B-406, B-407, B-408DH,
B-409, B-412, B-414, BA43, B444 B-912, B-913, B-916, B-920, B-929, B-932, B-
933 ,-01,O , B-4 and-. Their thickness, where present, ranged
from 0.5 feet to 14 feet, with an average thickness of two feet.

In the case of all soil strata, soil samples were collected from the borings by SPT
sampling and where appropriate by undisturbed (UD) three-inch-diameter tube
sampling. SPT samples were collected more frequently in the upper portion of each
boring than in the lower portion (e.g., typically 10 SPT samples were obtained in the
upper 15 feet; thereafter, SPT samples were obtained at 5 foot intervals to a depth of
100 feet, 10 foot intervals to a depth of 200 feet, and 20 foot intervals to a depth of
approximately 600 feet). SPT N-values (uncorrected) were measured during the
sampling and were recorded on the boring logs. In the STP 3 area, uncorrected SPT
N-values in Stratum A ranged from 0 blows/foot (weight of hammer [WOH]) to 27
blows/foot, with an average uncorrected SPT N-value of 9 blows/foot. In the STP 4
area, uncorrected SPT N-values in Stratum A ranged from 3 blows/foot to 42
blows/foot, with an average uncorrected SPT N-value of 11 blows/foot. In the area
Re4ist 1e- the Power Block, uncorrected SPT N-values in Stratum A ranged from
3 blows/foot to 41 blows/foot, with an average uncorrected SPT N-value of 11
blows/foot. Additional SPT N-value information on this stratum at areas other than
the STP 3 area, the STP 4 area, and the area •e4= Utsi the Power Block is
presented in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus
elevation are presented on Figures 2.5S.4-10 4 throug-h 2.5S.4&41 3 and
2.5S.4-15 for the STP 3 area, the STP 4 area, of a .. oii• ýAe. t'ot Z ýa"'
for the area outside the Power Block, respectively. The site-wide average
uncorrected SPT N-value was 10 blows/foot for Stratum A.

The uncorrected SPT N-value, WOH, noted above, occurred at one sample interval
within Stratum A, namely at Boring B-341 from depths 10.5 feet to 12 feet below
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ground surface. The soft soils sampled at this location, within the proximity of the
planned STP 3 Radwaste Building, are excavated during construction for the building
foundation.

T•irteeh drilling rigswere w emplo d g this SUbSU rfa investigation, with SPT
hammea ments measuyrements madeat ech of the drilling rigs employed.SEnergy
measwere madei accordance with ASTM D 6066 Reference 2.5S.4-6)
A's the SPt N-Value used in corr-elations with engineering properties is the valued
corrected to 60% hiammertefficiency, ~the measuredfNwvaluud were corrected based
on the ,drilling rig-specificthammerenergmesrmnt(nrytasfrais

gy menuretst'(ewrg trnfr ais

[ETRs]), inaccordance wvithASTM D 6066' (Reference 2.5S.4-6). The dverage
hmerenergy Corrctions forha• mer employed in this subsurface investia
for.ETRs rangingfom 72% to 99we2 (e.g.,72% meaured
'energy/6O%bI~se line =1.20 hanmmer energy correction;:99%> measured eh&5gy160%
base line= 1.65 hamfmer energy correction)~ ,Add itidna Icorrection factors for bprihg
diameter (CB=1.:Ot for ropd length (CR), and 1[ietabs~ence ofth SPT sampler liner
(Cs=i..2) were als~o app rlied~ ~(Referen .c 2.5S.4-5). The result is N60 applicable to all
soil layers. A sumnma~ry of the mneasured ETR values and teres-ulting hammer
energy correcqtions for each drilling rig employed is presentfed in Table.2.5544.'

For all §anApd; soil. etatalayers, SPT Ns4--values from each boring were corrected to
an effective overburden pressure of one atmosph6ereT&(,), which is approximately
one ton per square foot (tsf). i e.,#fThe resulting fully-corected SPT N-valubs.are
gqpm.onl ytermed (N.Ii)j,• The correction factor for effective overburden pressure
was determined for each SPT sample interval using the average unit weights for the
individual soil strata as determined by laboratory testing and the soil strata
thicknesses at individual borings, according to the formula below (Reference 2.5S.4-
5):

C, = 2.2/(1.2 + av'/Patn) Equation 2.5S.4-1

where,
Cn =the correction factor, which is multiplied by the ueoeFreste4-SPT N60ONo-value to

yield the normalized SPT (NO 6ds -value, and which varies with depth to a maximum
value-limit of 1.70 ahda minimum limit of0.4(Rerence 2.%S'4-5A),

ayv' =the effective overburden pressure at the depth of the SPT sample interval in
tens pounds per square foot (tpsf)fandPathj2116psf.

Note that a groundwater level at El. 25.5 feet, which was representative of levels
measured in observation wells installed as a part of this subsurface investigation,
was used in the calculation of effective overburden pressure in Lyers Ahitrough D
for.Layers E and eeper, a groundwater elevation of El. t170 feet was used based

Se observ•tion wells in this zone. Refer to Subsection 2.5S.4.6.1 for additional
detail.

IIanmwer eFgy measurcmeflts ma e at each of the drlln Foseq__d.Eý-
RieasureiRents- wr mado ih'Pcdrdanicb w& ASTM D 6

AeSPN i vlued OincRGEiaUp SWith tcErIng pOP84A480§the :qg
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Teaverage SPT F)c•v ue for Strtu A a bosfotA

SPecTd 9t fOEATv al nging1 bforot wae, thhaied' fr iuesgmeeng 1.65 pss (e.

ce the-w drln rig Ted on ic a r et n R masro-nt- ,en-. ...

coniraed hm omeop it ffa'c
achTs wboring addimetionly formerd ongh S thr Apooil.St bie ofe PT tip

tsf.Al'so , se-Rwidue the appiraed nor e df C Stip reit nce otne(noralz ed

AdRimenyofndcorrected thagPT hipamerionocoetons ors oaehldriion garit i4
preme pred in Table 2.5S.4-6. 5 '11 v'";satuPa•rtf ofdrt SPT f-a- u e- for Te
sandatihea o res tn fl sol corrte.d wn• g the aPpNo•prite hamme onergh

Powe Blck repetvey

Th 5aver5aTe re~ uK N aluo7are Tcrndn: Temd>4>

SPMmmary ,of orrectedSgNx5i6rr of' siea54h'lsd't5&i

Laor tor inde test, adt sts forth wad e letedmnto for engineering purposetes, a

psho nte in Table 2.5S.4N ae onSI-ý P ,-N-,ýN.).'vl SrtmAi

A wereu adonalld performed in Stratum A eIs. Sande-wid thes Cantis

rsisandyes qtp, in thsstatudm oilge ftromt2,t ft o &-3S1 tary wiNth an~SV avrg f19
tsf Aso sta-wie theSaverage nprmalized CP is resim tneqn -nraie to an

efethve averag dnprsue of2g Sk 6 %-va itey,1tf for Stratum A , was • gbowsfe.A
(iesPTles) Not&~vle ofa 1-5-1 blw/oti wasistneprfletvedrfor engieertiong purpoesow as

summarized in Table 2.5S.4-7. The following index tests were performed on Stratum

A, with results as noted:
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Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) F 16 _ _

Liquid Limit (%) •i-.4J 30 80

Plasticity Index (%) 44 11 58 37

Fines Content (%) 54111 . 100 94ý 9

Unit Weight (pcf) 412fj4 133 124

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes
Stratum A soils Were characterized, on average, as highly plasticity clay with an
average fines content (materials passing the No. 200 sieve) of,,%. The Unified
Soil Classification System (USCS) (References 2.5S.4-23 and 2.5S.4-31)
designations for Stratum A were mainly fat clay, lean clay, and occasionally lean clay
with gravel (visual classification), with the predominant USCS group symbols of CH
and CL. Based on laboratory testing, an average unit weight of 124 pounds per cubic
foot (pcf) was selected for Stratum A.

The undrained shear strength of Stratum A was evaluated based on laboratory
testing and using correlations with ee ;fRSPT N6  -values and CPT results.
The results of this evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, su, was estimated from aA empirical correlations with
ý ýSPT 7-values (Reference 2.5S.4-7), using:

Su = N/8 (in kips per square foot [ksf]) Equation 2.5S.4-2

where, N =e,.:eeSPT • •,,-value in blows/foot.

Substituting the selected S1,SPT (,1)v-value for Stratum A .
blows/foot), an Su=- ksf was estimated. Undrained shear strength was also
estimated using the CPT data, f•6ypes, following a CPT-su
correlation from Reference 2.5S.4-8, as follows:

Su = (qt - av)/Nkt Equation 2.5S.4-3

where, qt =the CPT tip resistance, ad tterdaasietred It ssur§ dareta.

ay= the total overburden pressure at the depth of the CPT test interval
Nkt = a cone factor which varies between 10 and 20

A site-specific cone factor of Nkt=l 9 was determined by comparing the rangeinJ s,
results of laboratory undrained shear strength test results on soil samples collected
from boringsa t~ab~~_____ 0 n
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Shear strength values calculated in this way from the CPT data indicated an average
su=T4li` ksf. The CPT-derived values are shown versus elevation on Figure 2.5S.4-
23, 2.5S.4-24, 2 5S, 252.5S4-26, and 2.5S.4-27 for the STP 3 area, the STP 4
area, A G I7 the area outside the Power Block, and site-
wide, respectively. Note that SPT correlations were based on 549235 field
measurements, while CPT correlations were based on 1 field measurements
made 6pe6s within Stratum A. The results of
laboratory unconsolidated undrained (UU) triaxial strength tests and unconfined
compression (UNC) strength tests on selected samples indicated an average
S U= ksf. Laboratory shear strength test results are summarized in Table
2.5S.4-9 and plotted versus elevation on Figure 2.5S.4-22. UU strength results from
the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated su=0.9 ksf for the upper
portion of Stratum A (i.e., Stratum A,) and su=2.3 ksf for the lower portion of Stratum
A (i.e., Stratum A2), and were comparable to the results of this subsurface
investigation. Based on the results of this subsurface investigation, an undrained
shear strength of su=j, -61'. ksf was selected for Stratum A, averaged from the SPT
,N0 6 -value correlations, the CPT correlations, and the laboratory testing results.

Laboratory testing to determine the onrrae ff ýcM51
pr for ed-. -BaSed ;hO ........ -of Stratum A was not

pera eoge average plasticity index,Referene 2&indibates he
(i stressed i fooroinctionse , uld have asvalue rangesof 22y a borr 27y for
Stsiatum Ain rormallycsolidated stress range. A value of sl20 w deegraees was'

tlortor testin ad represent e its effiective strength at stressmevels-above the
preconsolidtistress Shear strength values belcted. splesareprese
ranges a.5Sn.4a-ainabl 4 for Stratump A Stratum A iTsremoved fronieandelldsTPu3
area, and S hP 4 Far (including seismic Category of ftructres.olidatio ReeFssa
p..pr'odsp th-e-'cdah6 fr4ictiqn a3gte 4H for Stratu~m A~s d~t d~~han

osp orii tha on aer Note that Strata A, D, F, and J olay

(discussed in following subsections), all had similar plasticity. Laboratory soil
strength test results, including bLs~ drained friction angle'§, are
summarized in Table 2.5S.4-1 0.

Consolidation properties and the stress history of Stratum A soils were assessed via
laboratory testing and via an evaluation of the OPT results. A summary and the
results of laboratory consolidation tests made on selected samples are presented in
Tables 2.5S.4-11 and 2, 5S.4-12, respectively. These results are also plotted versus
elevation and shown on Figure 2.5S.4-28. Results of five consolidation tests made
on selected samples indicated that, on average, Stratum A was preconsolidated to
approximately -67' ksf, with an ove~rconsolidation ratio (OOR)=§2flg§. Consolidation
test results for Stratum A from the STP 1 & 2 UFSAR (Reference 2.5S.4-3)' indicated
that, on average, Stratum A was preconsolidated to approximately 10 ksf, with an
OCR=14.

tPT'-rieved values' for OdR were based on the' OPtf.Sý_ rets expressed as -- atý9
pf te -searstrength, sIto the vertical ~effective stress,~ e~xi sting at the depth of
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•eaumoht. orma~ti a- f oa at (j ( he~,E Ba~tion snip: sedib estimate•O•TR rornm the
undaie shear strengths is taknf~r'~er encZ5S.4-OA asfollows:

LVVhiýis reordered to ivye:

ýWher~e, si,= nd rain-e-shear strength._a_

CPT-derived OCR data for Stratum A indicated an average OCR [
[1 and were based on 94-1 5811 field measurements. CPT-derived OCR data are
shown on Figures 2.5S&4-29,i th2;5S'•30•,2,5S4Eý32-anqd2.5S.4-33 for the
STP 3 area, the STP 4 area, !he •ea ",,,o'--4f oth 6,,he area outside the
.Power Block, and site-wide, respectively. A summary of OCR values derived from
the CPT results is shown in Table 2.5S.4-1 3. Overall, an OCR=7 and a
preconsolidation pressure of 6.3 ksf were selected for Stratum A.

Teelastic modulus bf~tih.e vari'o'is "soil
cornprsibility for purposes of sttlemn

sisbehave as overconsolidated. Sett
.the dewate~red condition where the wat
,the bottomn of th~e excavation thrqu~ghOLI
Even with this dewatered condition, thE
'exceed~ the ,preconsol id~ation pressures
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The elastic modulus (E) for fine-grained Reive soils was evaluated using the
following relationships (Reference 2.5S.4-_455):

E =s Equation 2.5S.4-4A

where, su : undrained shear strength.

_ffl0-f&-i(Jb)",,(0C)0K7 (* 1600Equa~ptin25S.4-4B

WeD s- undrained she~ar strength.

b•eatfjon 2 5-S.44Aisinidcate~iby½ Reference 22.5S4,for5Uottseifthe iast icitindex
WiYsz jeater than 30 and fordcly and silt. Stralta A. D nc Ih5hrbt2

inicte Iecaaceie

i'sJlssthan 30obr for ilty or sad ly.Srý, Cly, K ly, Land tNClay are
cPqsider~ed tot•esomewhat more sa clays~ard wll lebchad racteriaed by Equation;2:5 S,.,4• Bý epm5 =•~t e£.~_v rq90a g i a~titywh alLe iýg re rt4h 3 0

25SL4.Bf~enrthougI they hav ýL __L l

tio _;2,5 4A ana the previously established so
for Stratum A soils (su=Li. 5 ks an E-= _, ksf was

estimated.

Other relationships for E (linked to large strain shear modulus (G) and to PI) for fine-
grained soils (Reference 2.5S.4-10) were as follows:

E =2 G (1 + p) Equation 2.5S.4-5

Go.ooo = y/ g (Vs)2  Equation 2.5S.4-6

Go.oo0 O% / G.3 75 % = 21,/(Hffr)(. 5 - Equation 2.5S.4-7

where, E = static (or large strain) elastic modulus
p = Poisson's ratio
y total unit weight of soil
g = acceleration of gravity = 32.2 feet/second/second
V s = shear wave velocity
G.o001%= small strain shear modulus (i.e., strain in the range of 10-%);
G.375% = large strain (static) shear modulus (i.e., strain in the range of 0.25% to
0.50%)
PI = plasticity index

E -ato2.!5S.47s a -"s .train-b a se ~appo j fe.minnq n~ arge strain tatc

modulus fro the mrodulus 4atsmallfstrainEquation2.5S.7egives modulus ratios
,-a~rge-strain o~smallstan of02j .4for.Le.ýllacs wih jP vle
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'2.4-1.•4b ) that incor.porates the factorof4sa5fety'wih respect to the ultimate stress is

ppied t andl r If Equation25S.4-14wereapplied to the clay layefdrs
lieu of strain-based Equation 2.5S.4-7, the modulusraiwolbe03.Th

ý Thii-se1h d et f be about theasaemm
,valueThusd thatvelocity-based modusvalues for the clay-layers'
ýcould be dtermined using eit~herEqua~tion6 2.5S.4-7 orEquation 2.5S.4-14. BecauAs
of the a~grement with Eqatin25414 itis not considered neesr o orlt
Equ~,ation~ 2.5S.4-7 with the',Iactual strain computed in each clay ayr Note that for
the layers N4 Sand and N Clay and deeperthe incremental stress levels applied from
~the construction ae lower the factor of ýaeyihihra modulus ratio eýqual to
,Q5 is considered appropr~iate.

T-___, VPi
'Nvaluesa thes m ae e mo a t

smodulusvalues are computed foreclay layers using Equations 2t5Se4-4A and 2.5S.4-,

orsalayers,the empiricaly-based mEquation
2Usi:4g13 The V mpiri7fe lse-based modulus values and the velocity-basem d a ueitu

raluefsare summarized in Ta254 f 4r4. fh d sThe lues in Tabe 2.5S=.-14 indicate
the i dgly-aed m oduu pvlesa tible With the veoiybsdVI2

Th~ mlý§fi~iýuus(qetos25.ý-n -6Y:dtetrminedforte
irbsrmn'fwv veoiisi-iui h ihs civbesifes Because

iismeasured in-sift6 at non-destructiv tan t osdrdt be a "benchmark".

Usingo an ) cof thed taems estimated from undrained shear strength
oS)r SPT values~ (N).

Using the V,=575 feet/second for Stratum A obtained from measurements at the site
(refer to Subsection 2.5S.4.4 for further discussion),_and using p=0.45 for clay, y=1 24
pcf for Stratum A, and l14 for Stratum A, an E4,A421_1~1 -14p ksf was estimated.
Using an average of the E-values estimated from undrained shear strength and from
shear wave velocity, with the shear wave velocity-derived value weighted 2:1, an
E=JT<05i3 1 ksf was selected for Stratum A. T!•cpmpares'ý awt value .ange- of
. . . . . .se re15tEf ca ! ̀61 I4M55 Note that the

selected values of E for all soil strata are shown in Table 2.5S.4-14.

W 2 5S4 14B recommends Ft c eaffecrtis (dr•aned)
Poisson•s ratio. For clayvs, Reference 2.c. .4-15 B re.c.mend frft clay.i=0O.40"

fre stiff clay, ct5S.=0.30 ifo •stiff meFaoaveaconle dava clayf t.-F3a0
Reterec~e 2.5S.4-4 reomnsa vrcevleýt-=J.
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[:l~he-•moo _ultu~svaI ue -forthe r•sanda':•strat 'a-a n ds-uý- ý F _ re~q u- Pr es s•no- ý_,-a j -u stm e n t to

rep5res ' nt the drained moduilus~. The modulus valueforth lay ystrata an dsub-strata
is adjusted for drained•,effective -st~res (longterm) loaLqringusin.g tlefollowing
eqato fo qirne2.,5.4-t14B:'

Whichafe rode-in d I-k

where..
E= undrained elast'im6 lu_.dui§:q:clay-as estiod1 o5m!%th we Ig da strengT
and seismic data;
Ed= drained (lng tearm) elastic modulus of clay:

value of __ G= oad:•g of........

kd =rainedO Poissqn's ratio forý Iong term lain.f, ia3

FrSrksfLwas3selected for long term moIcinousing E hUatio2 the. -

. selected , vaue of foo all soil strata aa shnvwvn.T5S.4-1 4

The shear modulus (G) for alsoil soils was related to El f

G frE/(2 [1 + a or]) Equation 2.5S.4-8

where, Ed =static (or large strain) elastic modulus•
The= Poisson's ratio subrade reation ditido

Using p=0O ;030O"forS §rarn A f9F -l , a G=4ý364 ksf was estimated ~4Pd~
4ý_:,,de1'ed E', wh'ile a G-398 ksf 'Aas eSti nat-d __Ing ~h arýwave -h4ý
pthoFp~rees sPr Eqain 2545 ,,.5 i6ý and '2+52A _7.An avorFa92'q

fions,%de'alue ;J thi- ;Iea fav- r

ýStýýtnA. Avaue of G=5go -7p k-sf was selected for Stratum A. Note that the
selected values of G for all soil strata are shown in Table 2.5S.4-1 5.

Note, as above, that for all soil strata, E and G values selected for use were derived
from a 2:1 weighted average of the shear wave velocity-dle rived values and either the
su-dlerived values or the SPT ~i7,N 60ýA-d erived values. The shear wave velocity-
derived values'were based on more continuous downhole measurements and were
thus considered more reliable.

The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, k1, was
obtained from Reference 2.5S.4-11. Based on the material characterization of

-1
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Stratum A, ki = 150 kips per cubic feet (kcf) was selected for use.

Active, passive, and at-rest static earth pressure coefficients, K2, Kp, and K0, were
estimated assuming frictionless vertical walls and horizontal backfill using Rankine's
theory and based on the following relationships (References 2.5S.4-12 ' -SI3

5):

Ka = tan 2 (45 - 7'/2)

KP = tan 2 (45 + 7'/2)

K'c = 1 - sin (4')

Equation 2.5S.4-9

Equation 2.5S.4-10

Equation 2.5S.4-1 1`

where, 4'= drained friction angle of the soil.

ISo i CR) qEca6 ti5n2A5.4 zB

For overconsohlated sand R ,efeece 2.S45 gives, nz-sin) For
ovSrconsd•-teds lay, lReference 2.5So.4-55 gives n=0.39 for P=40o Reference
2 5"S.4-1 4A give 1th~efoll'owing, equation:.for~K C for the ove&rcos~olidatd ,c lýqy
t oil of the Beauont' formiation for OCRvalues between 2 anid10:

Using a drained friction angle, 0'=20 degrees, for Stratum A, the following earth
pressure coefficients were calculated: Ka=0.49; K,=2.04; KoN'• ,=0.66. Fdo
GC-R -7 K0  _T_ 6 E.4S1 Q C R 1 4 0,b v EQi 2"5S -4ý

Ci VaIu es selected for engineering purposes were then: Ka=0.5; Kp=2.0;? •tpid

&=0.7, and 1.4.1

Determination of the sliding coefficient, tangent 6, where 8 (generally 2/3 0') is the
friction angle between the soil and the foundation material bearing against it, in this
case concrete, is an important factor for soils that support foundations. Based on
Reference 2.5S.4-13, tangent 8=0.3 was selected for Stratum A. Note, however, that
Stratum A is removed from under all STP 3 area and STP 4 area,.da4'IS

i VV arca major structure footprints (including Seismic Category I structures),

All of the material parameters selected for engineering purposes for Stratum A are
summarized in Table 2.5S.4-16.
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2.5S.4.2.1.2 Stratum B

Stratum B soils were encountered below Stratum A in a majority of the borings and
CPTs made site-wide. Stratum B was not encountered in Borings B-307, B-312, B-
313, B-412, B-427, B-433, B-434, B-908, B-928, jM-B-929, %jý3d CPT C-901.
Boring B-920 was additionally terminated in this stratum. Stratum B typically
consisted of yellowish red, reddish brown, and brown silt, silty sand, or clay. As
described below, the majority of the samples exhibited non-plastic behavior, and
thus Stratum B was considered to behave as a granular soil (or more
eat4lyd&sip!fiVef, a fine-grained noncohesive soil).

The thickness of Stratum B was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum B varied from 0.5 feet to 16 feet, with an
average thickness of 7 feet, and the base elevation varied from El. K. feet to El. 14
feet, with an average of El. 5 feet. Additional information on the thicknesses and
base elevations of this stratum, including areas outside the PowerBlock, is
presented in Table 2.5S.4-2. Note that only data from borings and CPTs that
encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Soil samples were collected from the borings via SPT sampling and undisturbed
three inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum B ranged from 2 blows/foot to 23 blows/foot,
with an average uncorrected SPT N-value of 1a blows/foot. In the STP 4 area,
uncorrected SPT N-values in Stratum B ranged from N2 blows/foot to 40 blows/foot,
with an average uncorrected SPT N-value of 12 blows/foot. In the area
@U-Id the Power Block, uncorrected SPT N-values in Stratum B ranged from 17
blows/foot to 17 blows/foot, with an average uncorrected SPT N-value of 9
blows/foot. Additional SPT N-value information on this stratum at locations other than
the STP 3 area, the STP 4 area, and the area 7tsid the Power Block is
presented in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus
elevation are presented on Figures 2.5S.4-1O0 Ri g 2.5S.4-_t-3iW#qh4,KA
2.5S.4-15 for the STP 3 area, the STP 4 area, the area ftf• PVlolahR d

_zthe-4rea-outside the Power Block, respectively. The site-wide average
uncorrected SPT N-value was 9 blows/foot for Stratum B.

.......n.iri •eabIy•

nthand sampler (C,=1.2) leading ttovalues-of N, 6 A Asunvmary of SPT N,;valuaes
fordaI Is ite atrea san d a I I soilI t rata i's ýpr.e Sen6ted in. Ta blIe 2.5 .4-6. Th e ave ragL_ýN,,
Valueifor SttafuhtB wa,;4,lw/ot u- gMce fo q'ng'ee
purposes as showriin Table 2.5S .4-6.;

As noted above, LOgcorrected SPT NNq-values i6V;idy •sols from each boring were
corrected to an effective overburden pressure of one

anve3-fe* F ove rb1urdeneFsa sure of4one
i ................................ .... ' ... ,•p raq x["m' ate ly ........ ... tsf , lead ing to

fully-corrected values of (N) 60),. A summary of corrected SPT (N1)60-values, for all
site areas and all sand.4 soil strata is presented in Table 2.5S.4-5. The average
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corrected SPT (N1)60-value for Stratum B was iAi blows/foot. An SPT (N1)6ovalue
of 5ý4i blows/foot was selected for engineering purposes, as shown in Table
2.5S.4-6. Based on corrected SPT (N1)60-values, Stratum B is considered
medium dense.

CPTs were additionally performed in Stratum B soils. Site-wide, the CPT tip
resistance, qt, in this stratum ranged from 11 tsf to 204 tsf, with an average of 9
tsf. Also, site-wide the average normalized CPT tip resistance, qcln (normalized to an
effective overburden pressure of I tsf) for Stratum B was 4-i6- (dimensionless).
Note that CPT tip resistance profiles versus elevation are shown on Figures 2.5S.4-
16 S b 4 2.5S.4-19 for the STP 3 area, the STP 4 area, and for the
area w• .lf and for the..rogituide the Power Block, respectively.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum B. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
B, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) .- 6 18 28 24

Liquid Limit (%)T7 Non-Plastic ý0 4A 733

Plasticity Index (%) Non-Plastic 4

Fines Content (%) Atl71 36 94

Unit Weight (pcf) 117 128 121

Test results are summarized in Table 2.5S.4-8. Note that 9 of the •I Atterberg
limits tests performed on Stratum B soils yielded non-plastic results. As such, the
average values for Liquid Limit and Plasticity Index (Pi), above, include only those
tests made on plastic (PI>0) soils. Natural moisture contents and Atterberg limits are
presented versus elevation on Figure 2.5S.4-20. Atterberg limits are also shown on a
plasticity chart on Figure 2.5S.4-21. For engineering purposes, Stratum B soils were
characterized, on average, as non-plastic silt or silty sand, '
with an average fines content (materials passing the No. 200 sieve) of M L%.

__ - esveW a___ypr17n£rity2 The USCS designations for Stratum B were
mainly silt, silt with sand, sandy silt, silty sand, lean clay, lean clay with sand, clayey
sand, and fat clay, with the predominant USCS group symbols of ML and SM. Based
on laboratory testing, an average unit weight of 121 pcf was selected for Stratum B.

The strength of Stratum B was evaluated based on laboratory testing and using
correlations with corrected SPT (N1)60-values and CPT results. The results of the
laboratory testing are summarized in Table 2.5S.4-10.

The drained friction angle, p', was estimated from empirical correlations with
corrected SPT N-values, according to Reference 2.5S.4-14. F ieme!pri6al Ula

oas -,C rrapp
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,)'.fin.esand.) 227 + N/4 (in degrees).:,, Equaon 2.5S.,4-12

4'(mediumn sand) =§.5 + N/3 (in degrees) ~ ,,Equation 2.5S.4-12B

4ý)' (coarse sand)~ 28 + N/2 (in degrees)Egain2 S412

Using Eqution2.5S4i2and the selected corrected SPT (Nj) 60-value for Stratum
B (40-12 blows/foot), a value of ý'=30 degrees (for fine sand) was estimated. A-vl

of g~d eeos w-ac-concidRe apprpepat6

The drained friction angle, 4', forcohesionless soil behavior types,,was also
estimated using the CPT data, following a CPT 4Y correlation from Reference 2.5S.4-
15, as follows:

4'= arctangent (log [qt/ov'] + 0.29)/2.68 Equation 2.5S.4-12D

where,
qt= the CPT tip resistance;
av' =the effective overburden pressure at the depth of the CPT test interval.

Drained friction angle values calculated from the CPT data indicated an average
-)'=ý-39.5 degrees. Note that SPT correlations were based on 44&--175 field

measurements, while CPT correlations were based on 298-258 field measurements
made within Stratum B. The results of two laboratory isotropically-consolidated
undrained triaxial strength tests with pore water pressures measured (CIU-bar) made
on selected samples indicated an average 4'=30 degrees. Laboratory CIU-bar test
results are summarized in Table 2.5S.4-10. The CPT-derived values are shown
versus elevation on Figures 2.5S.4-34, 2.5S.4-__'2.5S.4-37ad ,th ug h2.5S.4-38
for the STP 3 area, the STP 4 area, the area #'et of thr-P Bea
outside, the Power Block, and site-wide, respectively.

From the above, a summary of average 4' values for Stratum B is provided as
follows:

From SPT From CPT From Qeet-Triaxial Shear
Parameter Correlation Correlation Testing

•' (degrees) 3 • 30

Based on the above a 4'=30 degrees was selected for Stratum B.

Consolidation properties of the predomi•ately cohesionless fine-grained Stratum B

were not evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated . .. ,'g 99i f"''w"ng
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Refehrence 2.5S.-5 Tale56%'sing ýte quatibn footnoted as yJapanesIbe' Desigii
a IgstforucuLUsadi •adjutingth equation.whichS w&asrase•d'c6rN 4

inted f 60, and_&=1Jeisteadýf CI-'

E = ý47N (in ksf) Equation 2.5S.4-13

where, N = average corrected SPT -value in blows/foot.
Substituting the previously established v corrected SPT ) -Žt-value for

Stratum B soils (*0t1] blows per foot), an E=, ksf was estimated.

Forcktars Atemploying shear wave velocity were
according to Equations 2.5S.4-5 and 2.5S.4-6K

..... ••.,J :• ... .. , .•,,,¾, .• ,.• .. , , Equation 2.5S.4-14

=e smaod usrianmnod Gius, (it; strinn:d ntfi6eraeije6 oI C'Wo)
E=,, la rge .straiq--(statjp>tnode d ul u1rese&w,,orkng,,stre~ss(o rworking stress

''quationti.eS.4t14

where,

FO afactor of sa ýqhf9 MT9

~kTjcLiysrOrs32sIw; ~
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.AII .;train shear modIn in Thc 1rn' of 4-I

Using the Vs=725 feet/second for Stratum B obtained from measurements at the site
(refer to Subsection 2.5S.4.4 for further discussion), and using L=0.30 for sand and
y=121 pcf for Stratum B, an E=jjT15i ksf was estimated. Using an average of the
E-values estimated from the average corrected SPT .,_E -value and from the
shear wave velocity, with the shear wave velocity-derived value weighted 2:1, an
E=495i200 ksf was selected for Stratum B. This~cepareswibth te. rangeýofL,5q00 •
EI f; <1 _'®k9sf fo. r 6....n665 •'"er•• •i erc'S.45-•i•• Note that the se ected
values of E for all soil strata are shown in Table 2.5S.4-14.

A ' R'G 120 kr'fw ;P iatdb d on the SPT
Gr~is2kcfms e tm4todusin TI' vaiuc der Ed Ew h rk

G-1 ks aýelmtd4gthe sea wve-.velocit and other parame~ters, as
pe~r EuatiGnc 25S.4-1 522.5-.4 6, 3nd" 25S I 14 Aln average of these t' o valu1ei,

10.it te.shep a evelciy e alu w igte 21, WaScrieo
value 9f G-185k-f PIP(:s fo~r S-tratum B . Note that theoeec-ted va!Hes of G aF
aD cG4leTrata-are show~n in Table 2.52 4-15, The E value for sandy layers is'
,aporit o the effective stress condition. The s~hear modulus, G, was rel-aJte-d $to`
E'bb Equation 2 .5~S.4-5. eo'rde~e~d-tb4solve ~for G Iif- E:ndpý, are known, Using
E=11 20.s an =.30 for sarfd,'G42ki -clultd ':AG =465 ksf ýW

seetdfrStratum B. Note thatth ee (Gf al soil~srataar
§shoyn .in Table 2.5S.4-1 5.

The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, k1 , was

obtained from Reference 2.5S.4-11. Based on material characterization for Stratum

B soils, k1=160 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, Ka, Kp and Ko, were
estimated using Equations 2.5S.4-9, 2.5S.4-1 0, and 2.5S.4-11, respectively. Using
the selected ('=30 degrees, the following earth pressures coefficients are estimated
for Stratum B; Ka=0.3, Kp=3.0, and.K,.=,sj =.

Based on Reference 2.5S.4-13, and the selected 4'=30 degrees for Stratum B, a

sliding coefficient, tangent 6=0.35, was selected for Stratum B. Note, however, that
Stratum B is removed from under all STP 3 areavi'nd STP 4 areao,,U

iL751 major structure footprints (including Seismic Category I structures).

All of the material parameters selected for engineering purposes for Stratum

B are summarized in Table 2.5S.4-16.

2.5S.4.2.1.3 Stratum C

Stratum C soils were encountered below Stratum B in a majority of the borings and

CPTs made site-wide. Boring B-91 1, and CPTs C-302, C-404, 9M C-91 6,
") were terminated in this stratum. Stratum C typically consisted of

yellowish brown to dark brown sand with varying amounts of silt and/or clay.
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The thickness of Stratum C was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum C varied from M-5 feet to 30 feet, with an
average thickness of approximately 20 feet, and the base elevation varied from El.-
24 feet to El. W feet, with an average of El. -15 feet. Additional information on the
thicknesses and base elevations of this stratum, including areas outside the Power
Block, is presented in Table 2.5S.4-2. Note that only data from borings and CPTs
that encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum C ranged from 0 blows/foot to 109 blows/foot,
with an average uncorrected SPT N-value of 27 blows/foot. In the STP 4 area,
uncorrected SPT N-values in Stratum C ranged from 3 blows/foot to '-2O
blows/foot, with an average uncorrected SPT N-value of 23 blows/foot. lib othe-A.A

NG~ alue u i~iOrfic2f~n

....... -'-Additional SPT N-value information on this stratum at locations other
than the STP 3 area and the STP 4 area,ý,nd tho r o of th, Powor .lo. is
presented in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus
elevation are presented on Figures 2.5S.4-10 Wf•h:rgh 2 5S 4-. . , ta
2.5S.4-15 for the STP 3 area, the STP 4 area, and f,0 ,f ,0+-, ,.
• ,ajfor the area outside the Power Block, respectively. The site-wide average
uncorrected SPT N-value was 25 blows/foot for Stratum C.

The uncorrected SPT N-value, 0 blows/foot, occurred at one sample interval within
Stratum C, namely at Boring B-305DH/DHA from depth 28.5 feet to 30 feet below
ground surface. The loose soils sampled at this location, at the center of the planned
STP 3 Reactor Building, are removed during construction.
1TFeAUhcr s ,•£n-i7-77,-oring-were corcte"T-a enj

tanferrati 6f'60 percent by rtheappropriate hammer energy.correction value
l 2.5S.4-4 fore drilling erig employed

length and sampler (C=1.2,) leading to values of N,_0, A summary of SPT N,,, values
forllsite areas and strata is presented inTab• 25S.4-5. T eragý6...
v~ue fr Sratum C was 41Vblowsffoot.fýN160 =38 blows/.foot-was-selected for't~~~~nginoees••s .e sshw n bLZ.&4.

As noted above, AWicorrected SPT O0-values and o"ls from each boring were
corrected to an effective overburden pressure of one-(e )L

,r. phe(ap priTAL esft leading to
fully-corrected values of (N,)604. A summary of corrected SPT (N0 60-values, for all
site areas and all ard soil strata is presented in Table 2.5S.4-5. The average
corrected SPT (N1)60-value for Stratum C was W blows/foot, jlf_•

•was selected for engineering purposes, as shown in Table 2.5S.4-6. Based
on corrected SPT N,,.ad (N1)60-values, Stratum C is considered V.ery dense.

CPTs were additionally performed in Stratum C soils. Site-wide, the CPT tip
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resistance, qt, in this stratum ranged from 12 tsf to 602 tsf, with an average of
461 i§ tsf. Also, site-wide the average normalized CPT tip resistance, qcn
(normalized to an effective overburden pressure of 1 tsf) for Stratum C was 15I
(dimensionless). Note that CPT tip resistance profiles versus elevation are shown on
Figures 2.5S.4-16; 2.•SS1,and ...... , 2.5S.4-19 for the STP 3 area, the STP 4
area, " T ft&l...,ylok. ., and for the area outside the Power Block,
respectively.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum C. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
C, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Averaqe Value

Moisture Content (%) 4 45 27 2423

Liquid Limit (%) 2 Non-Plastic Non-Plastic Non-Plastic

Plasticity Index (%) 2 Non-Plastic Non-Plastic Non-Plastic

Fines Content (%) ED•9 _ 96

Unit Weight (pcf) 4 120 124 122

Test results are summarized in Table 2.5S.4-8. Note that natural moisture contents
and Atterberg limits for other soil strata are presented versus elevation on Figure
2.5S.4-20. Note also that Atterberg limits for other soil strata are shown on a
plasticity chart on Figure 2.5S.4-21. For engineering purposes, Stratum C soils were
characterized, on average, as silty sand with an average fines content (materials
passing the No. 200 sieve) of 2'23%. Note that the maximum 96% fines content
reported occurred at Boring B-405DH from depths of 43.5 feet to 45 feet. This result
represents an isolated thin clay lens within the Stratum C sand. Two other fines
content tests reported indicate fine-grained soils including a fines content of 82% at
Boring B-912 from depths of 43.5 feet to 45 feet, and a fines content of 53% at
Boring B-914 from depths of 33.5 feet to 35 feet. These results represent isolated
silt lenses within the Stratum C sand. The next highest fines content reported was
46%. The USCS designations for Stratum C were mainly silty sand, poorly graded
sand with silt, silt with sand, sandy silt, and occasionally lean clay, with the
predominant USCS group symbols of SM and SP-SM. Based on laboratory testing,
an average unit weight of 122 pcf was selected for Stratum C.

The strength of Stratum C was evaluated based on laboratory testing, and using
correlations with corrected SPT (N1)60-values and CPT results. The results of the
laboratory testing are summarized in Table 2.5S.4-10.

The drained friction angle, 4', was estimated from empirical correlations with
corrected SPT N-values, according to Reference 2.5S.4-14. Using -_g_5P
1 2A and the selected corrected SPT (N, )60-value for Stratum C (35 blows/foot), a
value of ý'=of 48-j degrees (for fine sand) was estimated. •.
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........ d ' ........ at .... The drained friction angle, ý', was also estimated using
the CPT data, following a CPT- 0' correlation (Reference 2.5S.4-15) given as
Equation 2.5S.4-121i. Drained friction angle values calculated from the CPT data
indicated an average 0'=42 degrees. Note that SPT correlations were based on 40"
,47 field measurements, while CPT correlations were based on 4 - field

measurements made within Stratum C. Results of three laboratory direct shear tests
made on selected samples indicated an average 0'=33 degrees. Laboratory direct
shear test results are summarized in Table 2.5S.4-10. The CPT-derived values are
shown versus elevation on Figures 2
2.5S.4-38 for the STP 3 area, the STP 4 area, th....r. ..t.. pw&'Blo:'d ,.the
area outside the Power Block, and site-wide, respectively.

From the above, a summary of average 0' values for Stratum C is provided as
follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

1' (degrees) 36 42 33

Based on the above a 0'=35 degrees was selected for Stratum C.

Consolidation properties of the granular Stratum C were not evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated using Equation
2.5S.4-13. Substituting the previously established We•age corrected SPT (N•-)! 6 0 •
value for Stratum C soils (7 8 blows per foot) an E=4,-26t§78• ksf was estimated.
Other relationships for E were available for coarse-grained soils (Reference 2.5S.4-
10),, namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using the Vs=785
feetlsecond for Stratum C obtained from measurements at the site (refer to
Subsection 2.5S.4.4 for further discussion) and using p=0.30 for sand and 7=122 pcf
for Stratum C an E=WO1-( 820 ksf was estimated. Using an average of the E-values
estimated from the ky4-aq+-corrected SPT K32 •-value and from the shear wave
velocity, with the shear wave velocity-derived value weighted 2:1, an E=450-81 ksf
was selected for Stratum C. This cmpraes g.ialua 'Qang "0"sfor •er
denstsanii~ Refrence2.5S.4-55. Note that the selected values of E for all soil
strata are shown in Table 2.5S.4-14.

ra•"-18• Oq"Qo AS 8Qf

estmaedusingq the-sha'½"6ý- -citj and Gther 1 poaF,
poer oc25~~ 2.5S-1 6, and 2 ý-eS.g 11f the a oval~i
Withch b~~l5t d2i' ,Jau e~hc'wa-sc6ni&6d h

vIucýDfýG`32-G-Whwas selcct'-d for Stratum 0Cý The Evalue fo ad lyr
,proprite for the effective stress condition. Th'e shear mnodulus, G, was relatedt

E by Equation 2.5S.4-5, re-ordered to solve for G if E and ji are known, Usrind
E= 1810 0ksf and~ p-_L3 for~sand, G:66kfý'ýýýItd A G=69, jjýf Vas selected
forStratrm C. u Note that the selected values of G for all soil strata are shown in
Table 2.5S.4-15.
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The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, ki, was
obtained from Reference 2.5S.4-11. Based on material characterization for Stratum.
C soils, k1=600 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, Ka, Kp, and K0, were
estimated using Equations 2.5S.4-9, 2.5S.4-10, and 2.5S.4-11, respectively. Using
the selected 0'=35 degrees, the following earth pressures coefficients are estimated
for Stratum C; Ka =0.3, Kp =3.7, and Ko cN-0.4* K t 4 d
Stratum iC.

Based on Reference 2.5S.4-13 and the selected )'=35 degrees for Stratum C a
sliding coefficient, tangent 5=0.4, was selected.

All of the material parameters selected for engineering purposes for Stratum C are
summarized in Table 2.5S.4-16.

2.5S.4.2.1.4 Stratum D

Stratum D soils were encountered below Stratum C in a majority of the borings and
CPTs made site-wide. Borings B-320, B-913, B-915, B-916, B-917, -B-927, B0

.. .. 43, 9 ',,B-946, andý B944•7; and CPTs C-301, 0-303, C-401, C-
402, C-403, ea4dC-41 1, 9C-957 C-906, C-907,C-9•89 C-9091 C-9 "
........ .,94ý5 d.-q94_ , n were terminated in this
stratum. Stratum D typically consisted of greenish gray, yellowish red, or reddish
brown to dark brown clay with varying amounts of silt and/or sand, occasionally
containing isolated thin lenses of silty sand.

The thickness of Stratum D was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum D varied from feet to 34 feet, with

an average thickness of 0- feet, and the base elevation varied from El. -45 feet to
El. 4226 feet, with an average of El. -37 feet. Additional information on the
thicknesses and base elevations of this stratum, including areas outside the Power
Block, is presented in Table 2.5S.4-2. Note that only data from borings and CPTs
that encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Soil samples were collected from the borings via SPT sampling and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum D ranged from 7 blows/foot to 34 blows/foot,
with an average uncorrected SPT N-value of 16 blows/foot. In the STP 4 area,
uncorrected SPT N-values in Stratum D ranged from 3 blows/foot to
blows/foot, with an average uncorrected SPT N-value of 15 blows/foot. I

bogf 6tto 54 1';4f-PTN -h
Additionalditional SPT N-value information on this stratum at locations other than

the STP 3 area a-i[-the STP 4 area is presented in
Table 2.5S.4-3. Note also that uncorrected SPT N-values versus elevation are
presented on Figures 2.5S.4-10 M............. through 2.5S.4ý`T ana•SS--j-9
for the STP 3 area, the STP 4 area, and 4) tea -ef for the area-outside the
Power Block, respectively. The site-wide average uncorrected SPT N-value was 15
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blows/foot for Stratum D.

As noted above, uncorrected T'rasured) SPT N-values from each boring were
corrected to an .. ... . . gy rai 0. . percent.
(Le.,-N4 N6d) by the appropriate hammer energy correction value shown in Table
2.5S.4-4 for the drilling rig employed, and by other corrections
c6 .....tc ... (N.,•. A summary of corrected SPT -.J60and (N1)60-values for all
site areas and all soil strata is presented in Table 2.5S.4-_6. The average corrected
SPT )N1.-value for Stratum D was 2 blows/foot. An SPT _-value of

-•2:3 blows/foot was selected for engineering purposes, as shown in Table 2.5S.4-6.
Based on corrected SPT N1,60 444-values, Stratum D is considered R#Atvery stiff.

CPTs were additionally performed in Stratum D soils. Site-wide, the CPT tip
resistance, qt, in this stratum ranged from 11 tsf to 185 tsf, with an average of 4-f
tsf. Also, site-wide the average normalized CPT tip resistance, qcl, (normalized to an
effective overburden pressure of 1 tsf), for Stratum D was 26 (dimensionless). Note
that CPT tip resistance profiles versus elevation are shown on Figures 2.5S.4-

I 6,th :,SZ.44and 2.5S.4-19 for the STP 3 area, the STP 4 area, and for the
"ai . ,÷wc.. h -•P,--o•rý lk for the'area outside the Power Block, respectively.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum D. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
D, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Averaqe Value

Moisture Content (%) __5_5 16 W--3 Em

Liquid Limit (%) RE 20 84 .'i5]

Plasticity Index (%) _ 2 59 RM3

Fines Content (%) 4L-- am1 100 RY _9

Unit Weight (pcf) ill1

Test results are summarized in Table 2.5S.4-8. Note that . of the •
Atterberg limits tests performed on Stratum D soils yielded non-plastic results. As
such, the average values for Liquid Limit and Plasticity Index (PI), above, include
only those tests made on plastic (PI>0) soils. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Stratum D soils were characterized, on average, as high plasticity clay with an
average fines content (materials passing the No. 200 sieve) of T2 /%. The USCS
designations for Stratum D were mainly fat clay, lean clay, sandy lean clay, silt, silt
with sand, sandy silt, silty sand, and clayey sand, with the predominant USCS group
symbols of CH a LC Q L a .nd r& Based on laboratory testing, an average unit
weight of , pcf was selected for Stratum D.

The undrained shear strength of Stratum D was evaluated based on laboratory
testing, and using correlations with corrected SPT l 0 values and the CPT
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results. The results of this evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, su, was estimated from empirical correlations with
corrected SPT i4jW-N 6o-values (Reference 2.5S.4-7) using Equation 2.5S.4-2.
Substituting the selected corrected SPT 4f -value for Stratum D (45-2a
blows/foot), an s, =.42.9 ksf was estimated. Undrained shear strength was also
estimated using the CPT data, following a CPT-su correlation (Reference 2.5S.4-13)
given as Equation 2.5S.4-3. A site-specific cone factor of Nkt=19 was determined for
the site soils, as noted above. UndFai-ned shear strength values calculated from the
CPT data indicated an average su =a•3.3 ksf. The CPT-derived values are shown
versus elevation on Figures 2.5S.4-2, 3'2 44 .S_4-26?and th..q. 2.5S.4-27
for the STP 3 area, the STP 4 area, t e t'g ,the area
outside the Power Block, and site-wide, respectively. Note that SPT correlations
were based on 49-2if, field measurements, while CPT correlations were based on
4ij5 field measurements made within Stratum D. Results of 9_ 1 laboratory

UU and UNC strength tests made on selected samples indicated an average s, =3
IJ ksf$yccdtp . Glý4TIZ~y ýre'ý
aph 0.4 jhf (likely made on on e~f)ý ý ý aiýqult) 4

likel yto have been distu~rbedor tohv aldpeaueydet h rsneo
d' iccationrfe'atures such as sh(ckensies and thus are-unrep I resntatihe. T ieto
lowest laboratoystrength test results •ave',rati of.07andb0S2. By excluding

theseitw lowest '&ratory s6thi6LilafaetA 22 k'sf reStLlte!d A,
tes~teosJts) Laboratory shear strength test results are summarized in Table 2.5S.4-
9 and plotted versus elevation on Figure 2.5S.4-22. UU strength results from the
STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated an average s, =4.3 ksf for Stratum
D (19 test results). Based on this, it was deemed that the 6r4ge •th&S gjed
A:d CPT-derived su results from this subsurface investigation were more
representative and an undrained shear strength of su=3 ksf was selected for Stratum
D.

The drained i trefdjd friction angle of Stratum D soils was evaluated from
laboratory test results. The results are shown in Table 2.5S.4-10 and summarized
below. Strength parameters from two CIU-bar tests, indicated average
(drained/effective) 4'=16 degrees, and c=4-31I2 ksf, and. average (undrained/total)
t=4 degrees and c=1.8 ksf, as noted:

Parameter

4' (degrees)
c'(g

(degrees)

C(MR)

From CIU-Bar

16

4

1.8
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,ý,o• afbeter s!a bove qr ess s wbt•eih$'_trs:uf

Cnldi Jori and the stress f i.St D in s a vasleraed vof20 ýW 7 hfor Stratum Dqinthe norma lly consboiid'ftits.rnea~-wh
above,449a 2 deg~qc was slected fo-r Stratum D soils, and OFo similar fibt-4AiRe4.
§9ii 'strata (i.e., Strata A, Ftand j Glay4. For stessaoete rcnoiai-

Consolidation properties and the stress history of Stratum 0 soils were assessed via
laboratory testing and via an evaluation of the CPT results. A summary, and the
results of, laboratory consolidation tests made on selected samples are presented in
Tables 2.5S.4-11 and 2.5S.4-12, respectively. These results are also plotted versus
elevation and shown on Figure 2.5S.4-28. The results of t consolidation
tests made on selected samples indicated that, on average, Stratum D was
preconsolidated to approximately *-24134 ksf, with an OCR=43.9. Consolidation
test results for Stratum D from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated
that, on average, Stratum D was preconsolidated to approximately 18 ksf, with an
OCR=6. CPT-derived OCR data for Stratum D n sIat 5S3B indicated
an average OCR=4Th2, and were based on r field measurements. CPT-• ~ ~ ~ n wer base on 5S R3Q,...... 5_8
derived OCR data are shown on Figure 2.5S.4-29, Figure 2.5S.4-30, .. ..
T-Figure 2.5S.4-32, and Figure 2.5S.4-33 for the STP 3 area, the STP area e

~"ZI' Mr Blche area outside the Power Block, and site-wide,
respectively. A summary of OCR values derived from the CPT results is shown in
Table 2.5S.4-13. Overall, an OCR=3.3 and a preconsolidation pressure of 12.3 ksf
were selected for Stratum D.

The elastic modulus (E) for Stratum D was evaluated using Equation 2.5S.4-4A.
Substituting the previously established su 16_Q- for Stratum D soils (su=3 ksf,
OCýh), an E=4900 ksf was estimated. Other relationships for E (linked to

G and to PI) were also available for fine-grained soils (Reference 2.5S.4-10), namely
Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using the V,=925 feet/second for
Stratum D obtained from measurements at the site (refer to Subsection 2.5S.4.4 for
further discussion), and using p=0.45 for clay, ,=!2W2 pcf for Stratum D, and
P1=40 for Stratum D, an E=A2-3O ksf was estimated. Using an average of the
E-values estimated from the undrained shear strength and from the shear wave
velocity, with the shear wave velocity-derived value weighted 2:1, an E
ksf was selected for Stratum D: icompa.es tN Ag '0
1 eJ eZ5§_.4- 5•A:Note that the selected values of E for

all soil strata are shown in Table 2.5S.4-14.

ThePsh"-a rmodulus' (G) Awa6':ýr~aeAt F~~iEbft Ulbg p-9.454&
at-n 1;-,-d~e ktfw~l~ Kvataks dsimtc Ib~& onhs dc. r''~r

s-tkimato-d using tho hoAVar e %"'& city ad e herFparamctors -acpqrF-E9 dtions
2.5S.4 5, 22_S1 -6' and 2.52_47. A~nav~eragebf thes~e t',o val~ib\, ith tjiPes "4a
wave vehldpit w~d'l&'i~4.1,asa6&4i~rdtabd hda valuetof._G';5Thka1
wasb,(ýe~dted for Stratur~,ý 0 Jb'othatth 66idauroG#albtrtar
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as an cly 7J W
•trmDraiInd; thaactvezelasatic modulus E re'quire

for drained, effeo.tiýtress, long term loading conditions uigsmg.Equation 22.5S.,8A.
FOrkStratumD D; thevalueof P0ss.n1s ratiobordrained condtin-0151ased on

Reference 2.5S.4-14B. and thetresulting i85ksf•!• selected EdI ue' f&6

soilestrataareshow n Table .5S.474.

Equatin ~2.5S.4-8.: U sing p,10. 15 for Stratumb~, andthe vau fEJ 85slce
ab ' vG=8 1.1 ksf was calcuiated. A valu ofp-8dO ~ksf was selected for Stratumi .

~6t~tafth'e s6 t~dtvlusf G f&ral s oil strata e2r.,hoqw~phf ,bl 2iq_5S .4-1-5

The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, k1 , was

obtained from Reference 2.5S.4-11. Based on material characterization for Stratum

D soils, ki=300 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, Ka, Kp, and K0, were

estimated using Equations 2.5S.4-9, 2.5S.4-10, and 2.5S.4-11, respectively. Using

the selected V'=20 degrees, the following earth pressures coefficients are estimated

for Stratum D; Ka =0.5, Kp =2, and k)-kNC=0. 7. ®For lri•?<3•KoCR, =5 b
by2-5S'.4 .- 11,FC f0 96bry Ea u tratdrn

,ýngi qe~q,, urpseKO,-,_p=1. waVs~ selected.

Based on Reference 2.5S.4-13, and the selected V'=20 degrees for Stratum D, a

sliding coefficient, tangent 6=0.3 was selected for Stratum D.

All of the material parameters selected for engineering purposes for Stratum D are

summarized in Table 2.5S.4-16.
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2.5S.4.2.1.5 Stratum E

Stratum E soils were encountered below Stratum D in a majority of the borings and
CPTs made site-wide. Stratum E was largely absent in the area west a ndl.orthwest
. the Power Block. Stratum E was not encountered in Borings B-420, B-.901
tlrough M'§ B-928, B-930, B-931, and B-933 B940d B3-949, and
CPTs C-901 through C-904. Multiple borings and CPTs made site-wide were
additionally terminated in this stratum. Stratum E typically consisted of gray or
yellowish brown to dark brown sand with varying amounts of silt and/or clay.

The thickness of Stratum E was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum E varied from $ feet feet,
with an average thickness of 18 feet, and the base elevation varied from El. L
feet to El. C41• feet,with an average of El. -55 feet. Additional information on the

thicknesses and base elevations of this stratum, including areas outside the Power
Block, is presented in Table 2.5S.4-2. Note that only data from borings and CPTs
that encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum E ranged from 7. blows/foot to 88 blows/foot,
With an average uncorrected SPT N-value of 34 blows/foot. In the STP 4 area,
uncorrected SPT N-values in Stratum E ranged from 11 blows/foot to KM,
blows/foot, with an average uncorrected SPT N-value of WT blows/foot.As4#1

e_4ý-u~retdS---at--, 512 9 lpwSl(ftfit iq _ 9tjj9 Additional SPT
N-value information on this stratum at locations other than the STP 3 areaand- the
STP 4 area Wd ihv e..4 .... TcEVh .. is presented in Table 2.5S.4-3. Note
also that uncorrected SPT N-values versus elevation are presented on Figures
2.5S.4-10 through i.5S) jFZ•fl 2.5S.4-13, thf#dnd' 2.5S.4-15 for the STP 3
area, the STP 4 area, thoz rf Powoii4, and for the area outside the
Power Block, respectively. The site-wide average uncorrected SPT N-value was
•5~ blows/foot for Stratum UE.

7agble 2, 5S,4'6 TeýhaveragQ Ne60
N ,,=53 blows/f6ot was selected Up.
3.As noted above, uncorrected SPT
were corrected to an effective

C6}f6FF h2'dld hdow'in Tabe 5 s4 4 f9the d~i~nJ~gniydal-y~h
eGF. !4ii Qp "jatrpQPher'•=!§ ('p j•,4xrnay one t..) leading to fully-corrected"valuesiof
(N1)60). A summary of corrected SPT (N1)60-values, for all site areas and all "an dy
soil strata is presented in Table 2.5S.4-5. The average corrected SPT (N1)60-value for
Stratum E was 43ý5 blows/foot. An SPT (N1)6ovalue of33QZIJ1 blows/foot was
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selected for engineering purposes, as shown in Table 2.5S.4-6. Based on corrected
SPT (N1)60-values, Stratum E is considered fl dense.

CPTs were additionally performed in Stratum E soils. Site-wide, the CPT tip
resistance, qt, in this stratum ranged from 20 tsf to 558 tsf, with an average of

•2ro23 tsf. Also, site-wide the average normalized CPT tip resistance, qcln

(normalized to an effective overburden pressure of appropr~el• 1 tsf) for Stratum E
was &4j33 (dimensionless). As noted above, Stratum E was largely absent in the
area west o f 6lbkad tW TOL MIinl with no OPT's
encountering the stratum in that particular area. Note that CPT tip resistance profiles
versus elevation are shown on Figures 2.5S.4-16 and 2.5S.4-17, for the STP 3 area
and the STP 4 area, respectively.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum E. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
E, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) 3&48 •4W15 26 21

Liquid Limit (%) 6 Non-Plastic Non-Plastic Non-Plastic

Plasticity Index (%) 6 Non-Plastic Non-Plastic Non-Plastic

Fines Content (%) 3 3 96 f

Unit Weight (pcf) 1 1

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits f soil are presented versus elevation on Figure 2.5S.4-
20. Atterberg limits oh soitr are also shown on a plasticity chart on Figure
2.5S.4-21. For engineering purposes, Stratum E soils were characterized, on
average, as silty sand with an average fines content (materials passing the No. 200
sieve) of -92%. Note that the maximum .9% fines contents reported occurred at
Boring B-343 from depths of 70 feet to 72 feet (6o-fines);,and Boring B-9,4, from

e's"11e1,e results represent&•4 isolated
thin clay _andsilt lenses within the Stratum E sand. The next highest fines content
reported was The USCS designations for Stratum E were mainly poorly
graded sand with silt, silty sand, poorly graded sand, clayey sand, and occasionally
fat clay, with the predominant USCS group symbols of SP-SM and SM. Based on
laboratory testing, an average unit weight of i,-22;-12 pcf was selected for Stratum E.

The strength of Stratum E was evaluated based on laboratory testing, and using
correlations with corrected SPT (N1)60-values and CPT results. The results of the
laboratory testing are summarized in Table 2.5S.4-10.

The drained friction angle, 0', was estimated from empirical correlations with
corrected SPT (N1)60-values, according to Reference 2.5S.4-14. Using the selected
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corrected SPT (N,)60-value for Stratum E ion blowsfoot)
•2' a value of ý'=of 39 degrees (for fine to medium sand) was estimated. -aL

-'•.•1 ... ..... • '-•" ...... ,•.The drainedl frictiof n angle • t was also

estimated using the CPT data, following a CPT ý' correlation (Reference 2.5S.4-15)
given as Equation 2.5S.*4-12D. Drained friction angle values calculated from the
CPT data indicated an average =49-• degrees. Note that SPT correlations were
based on •.3•8"-9 field measurements, while CPT correlations Were based on

fif fied measurements made within Stratum E. Results of two laboratory direct
shear tests made on selected samples indicated an average ý'=33 degrees.
Laboratory direct shear test results are summarized in Table 2.5S.4-1 0. The CPT-
derived values are shown versus elevation on Figure 2.5S.4-34, 2.5S.4-35, and
2.5S.4-38 for the STP 3 area, the STP 4 area, and site-wide, respectively.

From the above, a summary of average ý' values for Stratum E is provided as
follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

•'(degrees) •39 33

Based on the above a V'=35 degrees was selected for Stratum E.

Consolidation properties of the granular Stratum E were not evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated using Equation
2.5S.4-13. Substituting the previously established • corrected SPT (I Qý
value for Stratum E soils (ýý blows per foot), an-E•47•&G49 ksf was estimated.
Other relationships for E were available for coarse-grained soils (Reference 2.5S.4-
10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using the V,=1,080
feet/second for Stratum E obtained from measurements at the site (refer to
Subsection 2.5S.4.4 for further discussion), and using p =0.30 for sand and y=,42-
C1, pcf for Stratum E, an E=4- ksf was estimated. Using an average of the
E-values estimated from the average corrected SPT Ne0-value and from the shear
wave velocity, with the shear wave velocity-derived value weighted 2:1, an
E=IA ! 345 ksf was selected for Stratum E. FT•iscompares",Wth a:÷val662a..cgeof"

E•.lf0:kls~f ve.ý dense efrneM2S:5. i-Note that the selected
values of E for all soil strata are shown in Table 2.5S.4-14.

r- Cd II (G rif0p.d +
ýTwo;n'

i: lt~i!C ;ica ,c P ctNý_ vl e a deroved-- a-um
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The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, k1, was
obtained from Reference 2.5S.4-11. Based on material characterization for Stratum
E soils, k1=600 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, Ka, Kp, and K0, were
estimated using Equations 2.5S.4-9, 2.5S.4-10, and 2.5S.4-11, respectively. Using
the selected 4'=35 degrees, the following earth pressures coefficients are estimated
for Stratum E; Ka =0.3, K, =3.7, and,4 K =0.4. tgj auad'

Based on Reference 2.5S.4-13, and the selected 0'=35 degrees for Stratum E, a
sliding coefficient, tangent 8=0.4 was selected for Stratum E.

All of the material parameters selected for engineering purposes for Stratum
E are summarized in Table 2.5S.4-16.

2.5S.4.2.1.6 Stratum F

Stratum F soils were encountered below Stratum E in a majority of the borings and
CPTs made site-wide and below Stratum D in the majority of the CPTs and borings
west of the Power Block. Stratum F was not encountered in Borings B-308DH, B-
309, B-310, B-316, B-321, B-326, B-332, B-350, and B-430. Multiple borings and
CPTs made site-wide were additionally terminated in this stratum. Stratum F
typically consisted of reddish brown to dark grayish brown or greenish gray clay with
varying amounts of silt and/or sand.

The thickness of Stratum F was estimated from the borings and CPTs. Inside the
Power Block area, the thickness of Stratum F varied from & to _ feet,
with an average thickness of 1 feet, and the base elevation varied from El. IQ
• feet to El. -48 feet, with an average of El. -68 feet. Additional information on the
thicknesses and base elevations of this stratum, including areas outside the Power
Block, is presented in Table 2.5S.4-2. Note that only data from borings and CPTs
that encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling,and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum F ranged from 11 blows/foot to
blows/foot, with an average uncorrected SPT N-value of 23 blows/foot. In the STP 4
area, uncorrected SPT N-values in Stratum F ranged from 11 blows/foot to 63
blows/foot, with an average uncorrected SPT N-value of 22 blows/foot. F -

-hes, poý BlýGHGý4G~ P NV!e RýauF 'd

lf Additional SPT N-value information on this stratum at locations other
than the STP 3 area 97d the STP 4 area, 7i, @ § .. ^,.. is presented
in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus elevation are
presented on Figures 2.5S.4-10 through g--'and__ý4 2.5S.4-13 =an4
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2.5S.4-15 for the STP 3 area, the STP 4 area, and for
the area outside the Power Block, respectively. The site-wide average uncorrected
SPT N-value was 22 blows/foot for Stratum F.

As noted above, uncorrected (reasur;ebe SPT N-values from each boring were
corrected to an trqo_0.9" r6 t.... ......... ...
(i.e., I), by the appropriate hammer energy correction value shown in Table
2.5S.4-4 for the drilling rig employed

A summary of corrected SPT N,-valu': for
all site _c Taýs, q)60dval filsor all areas and all soil
strata is presented in Table 2.5S4-s6. The average GeGed SPT ' Lvalue
for Stratum F was ý#A blows/foot. An SPT-of, .. blows/foot.A ý, -value of4ý5;ý, blows/foot was

selected for engineering purposes, as shown in Table 2.5S.4-6. Based on corrected
SPT Q0-values, Stratum F is considered •i•e-i ... *'ar.

CPTs were additionally performed in Stratum F soils. Site-wide, the CPT tip
resistance, qt, in this stratum ranged from M tsf to 118 tsf, with an average of
40 tsf. Also, site-wide the average normalized CPT tip resistance,_qcin (normalized to
an effective overburden pressure of I tsf) for Stratum F was 1 (dimensionless).

Note that CPT tip resistance profiles versus elevation are shown on Figures 2.5S.4-
16 ,hF.0O d 2.5S.•49, Tor the STP 3 area, Hd the STP 4 area, , ,
.... ..f . . ,respectively.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum F. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
F, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) 46 18 3

Liquid Limit (%) t4A7 27 74 =557

Plasticity Index (%) 4•4 6 53

Fines Content (%) 4Q1 99

Unit Weight (pcf) 1-318 120 412-913 125

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Stratum F soils were characterized, on average, as jc highly plasticq clay
with an average fines content (materials passing the No. 200 sieve) of 94% Note
that the minimum T,96% fines content reported occurred at Boring B 3 from
depths of 9_"' -5 feet to ý01Q7 feet. This result represents an isolated thin sand
lens within the Stratum F clay. All other fines contents reported were greater than
,49 %. The USCS designations for Stratum F were mainly fat clay, lean clay, ad
silt cly Land... L..L...... .... with the predominant USCS group symbols of
CH!, CLML,; and CL-W.I Based on laboratory testing, an average unit weight of 125
pcf was selected for Stratum F.
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The undrained shear strength of Stratum F was evaluated based on laboratory
testing, and using correlations with corrected SPT NO)j-values and the CPT
results. The results of this evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, s,, was estimated from empirical correlations with
corrected SPT N .•_N5-values (Reference 2.5S.4-7), using Equation 2.5S.4-2.
Substituting the selected corrected SPT 4) -value for Stratum F (4
blows/foot), an su=K94 ksf was estimated. Undrained shear strength was also
estimated using the CPT data, following a CPT-s, correlation (Reference 2.5S.4-13)
given as Equation 2.5S.4-3. A site-specific cone factor Nkt=19 was determined for
the site soils, as noted above. Shear strength values calculated from the CPT data
indicated an average Su=ý ksf. The CPT-derived values are shown versus
elevation on Figures 2.5S.4-23, •,ý-24,2S4 26,Z,2.5S.4-27 for the
'STP 3 area, the STP 4 area, area utside the Power Block, and site-wide,
respectively. Note that SPT correlations were based on -3Jý field measurements,
while CPT correlations were based on Y6-0 field measurements made .6
cohsies soil behaW!& e within Stratum F. The results of 4i-111 laboratory UU
and UNC strength tests made on selected clay samples indicated an average s,=2.7

kf B'y'6XGlIIdii R9 toeIIES b~WYST~t t g'
sl • "el t e lit f

........ Ot..tg,•'f POs lte GF esults).7

Laboratior shear strength of Stratum F clay samples to the vertical effetved
stress at ion sample was taken for thesUUlans Nr thests range from& 11
to 0.89 in Table 2.5S.4-3) indiate 2n ave5S r4Ag iSdiuates for ratum F (2be3 03es
for soils 'of the Beaumont formation at OC=l agn pad to 1.2+ at an

OOR 10 Therefore,'U and UNC'test results that produced lowrl ratios-of shear
s.... t' ertic Stratu6r5sedotis have een disturbed ce ta

,have uaied premarturelyn othe pes ee of- wdesicctio features such as,
Tlickensides and thus are unrepfresentative. The swoa lest laboratory strnhk_
results' have ratios of 0.i11, anid'O'l9. By excluding these tvoblowest labo~ra~tqy
§trength test results, an avprag~es,=2.9 ksf resulted (I etrsls

Laboratory shear strength test results are summarized in Table 2.5S.4-9 and plotted
versus elevation on Figure 2.5S.4-22. UU strength results from the STP 1 & 2
UFSAR (Reference 2.5S.4-3) indicated an average s(=4.8 ksf for Stratum F (23 test
results) a ' f avera g (fuTnderaied/tota) =3 deresndc=. ksf
results' for SrtmFis,-. f:Based on this, -it ' Aasdccnd_ hathcOP

an undrained shear strength of s,=4,-24, ksf was selected for Stratum F.

The drained friction angle of Stratum F soils was evaluated from laboratory test
results. The results.are shown in Table 2.5S.4-10 and summarized below. Strength
parameters from three OIU-bar tests, indicated average (drained/effective) 4'=8
degrees and c'=2 ksf, and average (undrained/total) 4=3 degrees and c=2.1 ksf.
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Parameter From CIU-Bar

4' (degrees) 8

c' ( ) 2.0

¢ (degrees) 3

c(s) 2.1

TI,4eapa mtet§ers a- ovt dfor sesse• elow e ra io'n's~re ss7R -th
StraurtýF. IBased on the GIL4 ilsýfGt-a-4 'tc FnSIondn`Straqm D( havin L

plptica'_Rto tatatA,,Fa~ 'id4 .a ~e avýyrg asiiyidx
Reeec .S47indicate~s 4jvalue range{6of 20-?$f< 6ofrtadiFiid

normd allyconsolidated stress r .Thev '=20 degrees was selected for
Stratum F soils;t~stresses tbv preconsolidainirs

Consolidation properties and the stress history of Stratum F soils were assessed via
laboratory testing and via an evaluation of the CPT results. A summary, and the
results of, laboratory consolidation tests made on selected samples are presented in
Tables 2.5S.4-11 and 2.5S.4-12, respectively. These results are also plotted versus
elevation and shown on Figure 2.5S.4-28. The results of 49 consolidation
tests made on selected samples indicated that, on average, Stratum F fi1
preconsolidated to approximately ý," .Q ksf, with an OCR=kj7 .j. Consolidation
test results for Stratum F from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated
that, on average, Stratum F was preconsolidated to approximately 19 ksf, with an
OCR=2.8. CPT-derived OCR data for Stratum F indicated an average OCR=•52 4
and were based on field measurements. CPT-derived OCR data are shown
on Figure 2.5S.4-29, Figure 2.5S.4-30, F A *...andl Figure 2.5S.4-33 for
the STP 3 area, the STP 4 area, ý#G td~ttPoWINb and site-
wide, respectively. A summary of OCR values derived from the CPT results is
shown in Table 2.5S.4-13. Overall, an OCR=2.6 and a preconsolidation pressure of
15.5 ksf were selected for Stratum F.

The elastic modulus (E) for Stratum F was evaluated using Equation 2 .5S.4-4Aq.
Substituting the previously established su OnCRM for Stratum F soils (su-•43

an E=4 1  ksf was estimated. Other relationships for E (inked
to G and to'PI) were also available for fine-grained soils (Reference 2.5S.4-1 0),
namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using the Vs=945 feet/second
for Stratum F obtained from measurements at the site (refer to Subsection 2.5S.4.4
for further discussion), and using p=0.45 for clay, I=1 25 pcf for Stratum F, and PI=40
for Stratum F, an E=ýO3W2OQ ksf was estimated. Using an average of the E-values
estimated from the undrained shear strength and from the shear wave velocity, with
the shear wave velocity-derived value weighted 2:1, an E=2600-25.0 ksf was
selected for Stratum F. iTh is jpar jt••5a'v"lu rahge ofli• t 0 .........QL..
f• c3lay in ReferAecet2 5455 Note that the selected values of E for all soil

strata are shown in Table 2.5S.4-14.
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#t• as a~cl y Eg mton ulus2E 8. u~sing

cla,, • .eotsso nathe a derived Eo whl•e- -l•1•01 kFf-'r
The oeficieng tho shear aVe reionity and other parameters as per Equationgs

2.5S.n f r2.5S4 Re6 and 2.5S.4-7. Bn average of thersi chevalurt riwth the Shear
V.aP, olocity de~vd~ value we ghte :2:1., vi-,GGsidcrcd, andaiu f9O~r

was elseted thatkt=300cfwasselctalforuse.

Actiet ' passie 'andact-riedst saticla eart resr c efcins KK, n 0,w r
estimated u ing Equtresion g 2.5.4-, 25.4-0 ca a nsund 2.S4-1 repcivl.o U'sing

ftr drained, f'=20 derem IS'tdra ing- mcon ithefo ing E u resný -
ForeStrtum rthe value of Poisson'smratio for drained Fcodition Ka=05,•=,,=0.. bedon
Bed on R eference 24--3 andhe resulting E, s1970*s. A value oa

sldn 5offcetSangnt150.,Ba seece forStratumsF.as

selected for engineering use for StraatumnF Th selected E,, valu ar ;
are shown in Table 25S.4-14.

The shern modulu~s (G for clayey soil~is reiatecdnto the drained modulus E1,.

Equatio 2.5S.4-8. Us i=.f5fortratum F, and th value ofEd970!lected
above, kG=85~7 ksf was calculated. A au~fG-5 ksTf was sele 6:t&J fo taumF'

S~tr atu f sol er nontrdblow S8tratuF in aoit fteboig n

The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, ke, was
obtained from Reference 2.5S.4-y1. Based on material characterization for Stratum
F soils, ki=300 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, K,, KP, and KO, were
estimated using Equations 2.5S.4-9, 2.5S.4-10 , and 2.5S.4-11, respectively. Using
the selected s'=20 degrees (from Stratum D), the following earth pressures_____
coefficients are estimated for Stratum F; Ka=0.5, K t=2, and 1 eet K ,=0.7. witha'n

Based on Reference 2.5S.4-1 3, and the selected ý'=20 dlegrees §fpjI5J a
sliding coefficient, tangent 8=0.3, was selected for Stratum F.

All of the material parameters selected for engineering purposes for Stratum F are
summarized in Table 2.5S.4-16.

2.5S.4.2.1.7 Stratum H
Stratum H soils were encountered below Stratum F in a majority of the borings and
OPTs made across the STP 3 and STP 4 areas._Stratum H was not encountered in
Boring B-348 in the STP 3 area. 9_,tratew 649;W_4g Bz90 e

iný th! Mutil borings
and CPTs made were additionally terminated in this stratum. Stratum H typically
consisted of light yellowish brown to dark yellowish brown or grayish brown fine to
medium sand with varying amounts of silt, clay, and/or gravel.

The thickness of Stratum H was estimated from the borings and OPTs. Inside the
Power Block area, the thickness varied from. PGG-,~t-feef to 35.5 feet, with an



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 35 of 304

average thickness of T5i-'Z feet, and the base elevation of Stratum H varied from
El. 4P:#93.5 feet to El. 4-6J feet, with an average of El. %4-$7 fi eet.
Additional information on the thicknesses and base elevations of this stratum,
including areas outside the Power Block, is presented in Table 2.5S.4-2. Note that

only data from borings and CPTs that encountered and fully penetrated the stratum
were considered in evaluating the stratum thickness and in selecting the stratum
base elevation.

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Stratum H ranged from 15 blows/foot to 100 blows/foot,
with an average uncorrected SPT N-value of 42 blows/foot. In the STP 4 area,
uncorrected SPT N-values in Stratum H ranged from W i'h'blows/foot to 150
blows/foot, with an average uncorrected SPT N-value of 47'blows/foot. l-4

74 blr'"Mt 'ArL0ý ý4fq

bncoHGGff"tcctSPTN vdIW 6f .66.b...fot.. Additional SPT N-value information on
this stratum at locations other than the STP 3 area, tandthe STP 4 area-4dthe-UH

7jj•i•%s presented in Table 2.5S.4-3. Note also that uncorrected SPT N-

values versus elevation are presented on Figures 2.5S.4-10 3,hpug2.5S&4-43, and

2. .through 2.5S.4-15 for the STP 3 area, the STP 4 areao
ahc Po xcr Blockiand for the area outside the Power Block, respectively. The site-

wide average uncorrected SPT N-value was 44 blows/foot for Stratum H.

cor6a d.s-P:"ýN-.'ý-lu." each= borin borincerct

T~he uhdThtd n reytoeet-'tan ener
transferdratio of,60 copercat'by the appropriate ha y&(tratafrtiomn value
shownin Table 2,5S84-4,for the drillinrig employed and, 6th6r'6orrctions for rqd
length ed values of NoU AAsummao rc S (--au , values

foareas and all Soil Strata is presented in Table 2.5S4-56 The average ret
S (-value for Stratum H was b o70 bln/fot; a value of blo w was setededfor
Qosgineefoog pwrpsls astsbown in Tabl2.58S a4 -6

As noted above, !%corrected SPT NN(v -values for-sdb`tratu ifrom ec bnge

resistance,~ ~ ~ ~ ~ ~ ~~ . Jt int thssrtmrne rm8 s o46t fro wtanverach bofr180

were corrected toaan effective overburden pressure of one ts49.feQ(dNaitmeosp s)r.

As m ary of d -b Fb { q&'eading to fully
corrected values of (Nj)60),. A umr fcorrected SPT (N1)60-values, for all site
areas and all snidy soil strata is presented in Table 2.5S.4-5. The average corrected
SPT (N1)60-value for Stratum H was A3 blows/foot:' An SPT (N1)60 value ofbfj
blows/foot was selected for engineering purposes, as shown in Ta -bl1e 2.5S.4-6.
Based on corrected SPT (N1)60-values, Stratum H is considered V' " dense.

OPTs were additionally performed in Stratum H soils. Site-wide, the OPT tip
resistance, qt, in this stratum ranged from 88 tsf to 446 tsf, with an average of 180
tsf. Also site-wide, the average normalized OPT tip resistance, qcin (normalized to
an effective overburden pressure of 1 tsf) for Stratum H was L-4~ (dimensionless).
Note that OPT tip resistance profiles versus elevation are shown on Figure 2.5S.4-16
a nd-l 2.5S.4-17-IT for the STP 3 area~an'i the STP 4 area,

, •elY.
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Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum H. Laboratory test quantities are

summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
H, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) i_ 12 24 19

Liquid Limit (%) 1 Non-Plastic Non-Plastic Non-Plastic

Plasticity Index (%) 1 Non-Plastic Non-Plastic Non-Plastic

Fines Content (%) T46 95 61

Unit Weight (pcf) 4. 42:1] 135 1235

Test results are summarized in Table 2.5S.4-8. Note that natu'ral moisture contents
and Atterberg limits for other soil strata are presented versus elevation on Figure
2.5S.4-20. Note also that Atterberg limits for other soil strata are shown on a

plasticity chart on Figure 2.5S.4-21. For engineering purposes, Stratum H soils were
characterized, on average, as silty sand with an average fines content (materials
passing the No. 200 sieve) of W1i8%. Note thate
reoporFto 67Wrre M ~rig RB 3ODHIF)H 4 f~ r 1 M pp nIOF p'
samples taken~ from borings B.L305DHIDHA~B-44), and B-443at depth~s of 98-510Q

reps44-1-11et had hines contents withinq 4% Sto 95% .T Thene
results represent-ýý. isolated thin clay lenses within the Stratum H sand. The next
highest fines content reported was j•-9%. The USCS designations for Stratum H
were mainly poorly graded sand with silt,f ..n g, and
occasionally fat clay, with the predominant USCS groupsymbols of SP-SM and SM.
Based on laboratory testing, an average unit weight of 42--129 pcf was selected for
Stratum H.

The strength of Stratum H was evaluated based on laboratory testing, and using

* correlations with corrected SPT N-values and CPT results. The results of the
laboratory testing are summarized in Table 2.5S.4-10.

The drained friction angle, 4', was estimated from empirical correlations with

corrected SPT (N1)60-values, according to Reference 2.5S.4-14. Using the selected
corrected SPT (N0)60-value for Stratum H (491 blows/foot) :6Lh atin,2.5S

12B, a value of 4'=of bQ- degrees (for fine to medium sand) was estimated. :

'4a _u i&;C pd'ýpLha-- The drained friction angle, ~
was also estimated using the CPT data, following a CPT-ý' correlation (Reference
2.5S.4-15) given as Equation 2.5S.4-12I. Drained friction angle values calculated

from the CPT data indicated an average '=3 degrees. Note that SPT
correlations were based on p field measurements, while CPT correlations
were based on 95 field measurements made 4• -. p•

within Stratum H. Results of one laboratory direct shear test made on selected
samples indicated a ý'=29 degrees. Laboratory direct shear test results are
summarized in Table 2.5S.4-1 0. The CPT-derived values are shown versus elevation
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on Figures 2.5S.4-38 for the STP 3 area, the
STP 4 area, ono and site-wide, respectively.

From the above, a summary of average 4' values for Stratum LH is provided as

follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

4' (degrees) _ 29

Based on the above a 4)'=35 degrees was selected for Stratum H.

Consolidation properties of the granular Stratum H were not evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated using Equation
2.5S.4-13. Substituting the previously established -4' corrected SPT IN4 !-
value for Stratum H soils (O- blows per foot), an E=r 8 2 ksf was estimated.
Other relationships for E were available for coarse-grained soils (Reference 2.5S.4-
10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using the V,=1075
feet/second for Stratum H obtained from measurements at the site (refer to
Subsection 2.5S.4.4 for further discussion), and using p=0.30 for sand, and ,=3
Fj pcf for Stratum H, an E= •3i50, ksf was estimated. Using an average of the

E-values estimated from the .. corrected SPT No -value and from the
shear wave velocity, with the shear wave velocity-derived value weighted 2:1, an
,E4 26- .ksf was selected for Stratum H. TIiscoipar o a value f ,E
ET5D or - -e Note that the selected
values of E for all soil strata are shown in Table 2.5S.4-14.

ý_se oniA~P th
G-459~ d cksf ,fas a•

e a s- and 22 55>1AA R a cr&age of +I ct
with floe sqhP6_qr).A1v\e Volocity'derz~ed V,!eWifhtd~ 21 WF GASoniderod, ;ia
value of-G=450ksf-Aw-+ sclecte for- traturmnH4Jhe E value for sandy layers is
,appropria~te for ~the effectiv s~tress c6&nditionriý jhe shear mod ulus, G, was related t
E ýy Equation 2ý5S.A-5 reordered to solved forGA1 E rj rknw.ýsn
E=3240 ksf and 410.0!r , I. i26'-i~luat A =1250 sf wa

s!jteýýt forStratumK Note that the selected values of G for all soil strata are
shown in Table 2.5S.4-1 5.

The coefficient of subgrade reaction for 1 foot wide or 1 foot square footings, ki, was
obtained from Reference 2.5S.4-11. Based on material characterization for Stratum
H soils, k1=600 kcf was selected for use.

Active, passive, and at-rest static earth pressure coefficients, Ka, Kp, and Ko•l were
estimated using Equations 2.5S.4-9, 2.5S.4-10, and 2.5S.4-11, respectively. Using
the selected 4'=35 degrees, the following earth pressures coefficients are estimated
for Stratum H; Ka=0.3, Kp=3.7, and Ko0i ,=0. C K•7
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Based on Reference 2.5S.4-13, and the selected 0'=35 degrees, a sliding coefficient,

tangent 6=0.4 was selected for Stratum H.

All of the material parameters selected for engineering purposes for Stratum H are
summarized in Table 2.5S.4-16.

2.5S.4.2.1.8 Stratum J

Stratum J soils were encountered below Stratum H in all borings and CPTs made to
sufficient depth. The stratum was fully penetrated in only two borings, B-
305DH/DHA in the STP 3 area, and B-405DH in the STP 4 area. Stratum J typically
consisted of reddish brown to brown or greenish gray clay with, interbedded sub-
strata of sand and/or sandy silt. The following sub-strata were identified:

" Sub-stratum J Clay 1 ("Top" and "Bottom")

" Sub-stratum J Sand/Silt Interbed 1 (J Interbed 1)

" Sub-stratum J Sand 1

" Sub-stratum J Clay 2 ("Top" and "Bottom")

" Sub-stratum J Sand/Silt Interbed 2 (J Interbed 2)

The thickness of Stratum J was estimated from the borings. No CPTs fully
penetrated Stratum J or the other underlying strata. Overall, the stratum had an
average thickness of •Q- feet. Note that only data from borings and CPTs that
encountered and fully penetrated the stratum were considered in evaluating the
stratum thickness and in selecting the stratum base elevation.

Sub-stratum J Clay 1 was encountered in all borings made to sufficient depth.
;lTheejq of W borings encountered a sand/silt interbed (Sub-stratum J

Interbed 1) within Substratum J Clay 1. Borings encountering Sub-stratum J
Interbed 1 included B-306, B-308DH, B-314, B-321, B-327, B-328DH, B-330, B-332,
B-343, B-405D", B-414, R B-416 .JdB-4, Sub-stratum J Clay 1 ranged in
thickness from ."$0T. feet to • feet, with an average thickness of 5 feet
above Sub-stratum J Interbed 1. The average base elevation of Sub-stratum J Clay
1 above Sub-stratum J Interbed 1 (or Sub-stratum J Clay 1 "Top") was El. -9
feet.

Where encountered, Sub-stratum J Interbed 1 ranged in thickness from Wf4,`
feet to 10 feet, with an average thickness of 9 feet. The average base elevation of
Sub-stratum J Interbed 1 was El. i-10 feet.

Sub-stratum J Clay 1 below Sub-stratum J Interbed 1 (or Sub-stratum J Clay I
"Bottom") ranged in thickness from 10 feet to 23 feet, with an average thickness of
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13.feet. The thickness of the combined Sub-stratum JClay 1 "Top" and "Bottom"
ranged in thickness from 10 feet to 4-39 feet, with an average thickness of
feet. The average thickness of Sub-stratum J Clay 1 with Sub-stratum J Interbed 1
included was 31 feet. The average base elevation of Sub-stratum J Clay 1 was El.G
V feet.

Sub-stratum J Sand 1 was encountered below Sub-stratum J Clay 1, and was fully
penetrated in ý2-?• borings. Sub-stratum J Sand 1 ranged in thickness from 1.5 feet
to 25.5 feet, with an average thickness of _ feet. The average base elevation of
Substratum J Sand 1 was El. -131 feet. Note that Sub-stratum J Sand 1 generally
divided Sub-stratum J Clay 1 and Sub-stratum J Clay 2.

Sub-stratum J Clay 2 was encountered below Sub-stratum J Sand 1 at 2 borings.
W of 2-91 borings encountered a sand/silt interbed (Sub-stratum J

Interbed 2) within Sub-stratum J Clay 2. Borings encountering Sub-stratum J
Interbed 2 included §7•-B-302DH, B-303, 40.41 B-305DH/DHA, B-306, 8 B-
319DH, B-402DH, B-403, B404, B-405DH, B-408DH, B-409, aBn28DH B-
r431 Sub-stratum J Clay 2 ranged in thickness from 9- foot to-.Q feet, with an
average thickness of - feet above Substratum J Interbed 2. The average base
elevation of Sub-stratum J Clay 2 above Substratum J Interbed 2 (or Sub-stratum J
Clay 2 "Top") was El. -119 feet.

Where encountered, Sub-stratum J Interbed 2 ranged in thickness from • feet to 30
feet, with an average thickness of 15 feet. The average base elevation of Sub-
stratum J Interbed 2 was El. _W 1-152 feet.

Sub-stratum J Clay 2 below Sub-stratum J Interbed 2 (or Sub-stratum J Clay 2
"'Bottom") ranged in thickness from •442 feet to 38 feet, with an average thickness
of feet. The thickness of the combined Sub-stratum J Clay 2 "Top" and
"Bottom" ranged in thickness from ;M feet to 48 feet, with an average thickness of
'9 . feet. The average thickness of Sub-stratum J Clay 2 with Sub-stratum J
Interbed 2 included was - feet. The average base elevation of Sub-stratum J
Clay 2 was El. 4ýý feet.

Five borings in the STP 3 area, namely B-301, B-304, B-307, B-316, and B-348,
.. . . ... . . . . encountered asan la: e below Sub-

stratum J Clay 2. This .t.at.. sandaye was found neither in the STP 4 area
borings, nor in the ýfhreq borings in the STP 3 & 4 areas that fully penetrated
Stratum J, namely B-305DH/DHA•nd B-405DH-7jB-4. This stirAtu was
judged to be an isolated sand lens.

For discussion of engineering properties, the Stratum J sub-strata were grouped as
follows:

• Sub-stratum J Clay, which contained Sub-stratum J Clay 1 and Sub-stratum J
Clay 2

. Sub-stratum J Sand, which contained Sub-stratum J Interbed 1, Sub-stratum
J Sand 1. id Sub-stratum J Interbed 2ý, __-_and
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2.5S.4.2.1.8.1 Sub-stratum J Clay

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Sub-stratum J Clay ranged from 12 blows/foot to 8
blows/foot, with an average uncorrected SPT N-value of 5632 blows/foot. In the
STP 4 area, uncorrected SPT N-values in Sub-stratum J Clay ranged from •4-l4
blows/foot to T 1-38 blows/foot, with an average uncorrected SPT N-value of 32

0-a- dditional SPT N-value information on this stratum at locations other than the
STP 3 areajRn rif the STP 4 area; , ''....r, B is presented
in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus elevation are
presented on Figures 2.5S.4-10 Wthd 2 1.3-7 4 t+ugW" 3 2.5S.4-15 for

the STP 3 area, the STP 4 area, and for the area outside the Power Block,
respectively. The site-wide average uncorrected SPT N-value was • blows/foot
for Sub-stratum J Clay.

As noted above, uncorrected SPT N-values forteSub-stratum J Clay from each
boring were corrected to an tJo verburdcn e Af o,~4~ene rgy,
__-0 atl=¢ -u er i by the appropriate hammer energy correction value shown in
Table 2.5S.4-4 for the drilling rig employed, and by other corrections, % ;Z""-* ,H

_...........4)4.A summary of corrected SPT N °TdO (N) 600-values, for all
site areas and all soil strata is presented in Table 2.5S.4-ý1. The average corrected
SPT (NN~0-value for Sub-stratum J Clay was L411 blows/foot. An SPT (_)
N'60-value of g blows/foot was selected for engineering purposes, as shown in
Table 2.5S.4-6. Based on corrected SPT {" 4)•6j-values, Stratum J Clay is
considered R pa

Only one CPT, C-408, made in the STP 4 area, reached Sub-stratum J Clay soils.
The CPT tip resistance, qt, in this stratum ranged from 28 tsf to P tsf, with an
average of 61 tsf. Also, the average normalized CPT tip resistance, qcln (normalized
to an effective overburden pressure of .pproxima.leV, 1 tsf), for Stratum J Clay was
P3•j (dimensionless). Note that a CPT tip resistance profile versus elevation is
shown on Figure 2.5S.4-17 for the STP 4 area.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Sub-stratum J Clay. Laboratory test
quantities are summarized in Table 2.5S.4-7. The following index tests were
performed on Sub-stratum J Clay, with results as noted:
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Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) !f38 23

Liquid Limit (%) . 85 54

Plasticity Index (%) 62 35

Fines Content (%) a A 100 8:

Unit Weight (pcf) 104 •[125

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits

are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Sub-stratum J Clay soils were characterized, on average, as high plasticity clay with
an average fines content (materials passing the No. 200 sieve) of 9 96%.

,153 feet t& 155 f p ~ r~O~tSal~a~ h ~eihR.u
ESr~tui9CJ44 jot(Er f; !2s t +Ar-11_0a Lh USCS
designations for Sub-stratum J Clay were mainly fat clay, lean clay, sandy lean clay,
lean clay with sand, fat clay with sand, and occasionally_• s$d-il., with the
.-.. USCS group symbols of CH,-___ CLd JML. Based on laboratory

testing, an average unit weight of 125 pcf was selected for Sub-stratum J Clay.

The undrained shear strength of Sub-stratum J Clay was evaluated based on
laboratory testing, and using correlations with corrected SPT N-values and the CPT

results. The results of this evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, su, was estimated from empirical correlations with
corrected SPT •-4 .e-values (Reference 2.5S.4-7), using Equation 2.5S.4-2.
Substituting the selected corrected SPT (N4)N6o-value for Sub-stratum J Clay (4,•
blows/foot), an s,, =g-•--.d ksf was estimated. Undrained shear strength was also
estimated using the CPT data, following a CPT-su correlation (Reference 2.5S.4-13)
given as Equation 2.5S.4-3. A site-specific cone factor of Nkt=19 was determined for
the site soils, as noted above. Shear strength values calculated from the CPT data
indicated an average s =4 ksf. The CPT-derived values are shown versus
elevation on Figures 2.5S.4-24 and 2.5SA-27, for the STP 4 area and site-wide,
respectively. Note that SPT correlations were based on .1-2ý3 field
measurements, while CPT correlations were based on only j4pp.d field
measurements made on s Tve il•,eh t within Sub-stratum J Clay.
!The •TG Ki 'rsult iihrfr htc•ilrdirrLhaý

Jlay. The results of 7 laboratory UU and UNC strength tests made on selected
samples indicated an average s,=3-0ksf.The iooft ehe;srartrengt afýb
strt l to the leffectestress atthe depth the sample was

taksentfor thelUU3and f oest psaTbethe eBea u mm. 0
Refer : nce~ 2.S.414A in Idicatesthis rtio sh~oudlbe ~0.31 for-soils of the Beaurmnii
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presenc css u cnhs- •se

The 13 l owest aborator'strength test resu ts:haktrtios •ae• 0.01.to0.15.B
excluding these 13 lowest laboratosrystrteenu tanaverage s,4 ýkf
rt6sulted (21 1test re~sults)

three !Gves test~na~ _7Thlity

6 .5'ksf 5. Laboratory shear strength test results are summarized in
Table 2.5S.4-96 and plotted versus elevation on Figure 2.5S.4-22. UU strength
results from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated an average
su=3.3 ksf for Sub-stratum J Clay (29 test results). Based on a9l of the ab6veo-•44,it

ý%t~ Rq PtLý 4an undrained shear strength of s,538ksf was
selected for Sub-stratum J Clay.

The drained friction angle of Sub-Strata J Clay soils was evaluated from laboratory
test results. The results are shown in Table 2.5S.4-10 and summarized below.
Strength parameters from 98''Re CIU-bar tests, indicated average
(drained/effective) degrees and c'= ksf and average (undrained/total)

4 j14 degrees and c=R.-?2.7~ ksf.

Parameter From CIU-Bar

0' (degrees)i

c' MR~) 0
0(degrees)

c (W!fksf , ý.q

"(lay %oild.

Based on the ults of bar tests made Stratum (havi g similar plastjcity to
&Ftr5a A fF-,5ndJ Clay, as notod p-oy)-aveave rage plasticityrindexreference 2,.5S.4-77

Lcn, 4dtdýr~ a rie/fetv '=20 degrees was
selected for Sub-stratum J Clay sols,.abboýhe &n sgp.

Consolidation properties and the stress history of Sub-stratum J Clay soils were
assessed via laboratory testing and via an evaluation of the CPT results. A
summary, and the results of, laboratory consolidation tests made on selected
samples are presented in Tables 2.5S.4-11 and 2.5S.4-12, respectively. These
results are also plotted versus elevation and shown on Figure 2.5S.4-28. The results
of 4-14 consolidation tests made on selected samples indicated that, on average,
Sub-stratum J Clay was preconsolidated to approximately 4&4. 8.7 ksf, with an
OCR=1.9. Consolidation test results for Sub-stratum J Clay from the STP 1 & 2
UFSAR (Reference 2.5S.4-3) indicated that, on average, Sub-stratum J Clay was
preconsolidated to approximately 24 ksf, with an OCR=2. CPT-derived OCR data for
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Sub-stratum J Clay indicated an average OCR=•!, aand e based on
fivtWd field measurements made in cohesive soil lbealortyes at CPT C-408.

hlT,, e 7-R,6 brsti ath J Clay soilsi e - e____g
eesen~abL.e C erived OCR data are shown on Figures 2.5S.4-30 and 2.5S.4-
33, for the STP 4 area and site-wide, respectively. A summary of OCR values
derived from the CPT results is shown in Table 2.5S.4-13. Overall, an OCR=1.7 and
a preconsolidation pressure of 18.5 ksf were selected for Sub-stratum J Clay.

The elastic modulus (E) for Sub-stratum J Clay was evaluated using Equation
2.5S.4-4C. Substituting the previously established s• ndd`CR for Sub-stratum J
Clay soils (su=,L.q ksf N ), an E=2- isf was estimated. Other
relationships for E (linked to G and to PI) were also available for fine-grained soils
(Reference 2.5S.4-1 0), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using
the Vs=I444.517 2 feet/second for Sub-stratum J Clay obtained from measurements
at the site (refer to Subsection 2.5S.4.4 for further discussion), and using p=0.45 for
clay, y=1 2 5 pcf for Sub-stratum J Clay, and P1=35 for Sub-stratum J Clay, an
E=,414519jff ksf was estimated. Using an average of the E-values estimated from
the undrained shear strength and from the shear wave velocity, with the shear wave
velocity-derived value weighted 2:1, an E=204140 ksf was selected for Sub-
stratum J Clay. Thiscompares to a value range of 5 0v,•
EayI ,L t the e:2 4,55 Note that the selected values of E for all soil strata are
shown in Table 2.5S.4-14.

t to bE sratum•Ji
y a.-w.as e;o n the s.,do.d E..hile a G-1-3 k....was

.4e 5 2_ , -2•. - ...... 5- ,. g-e,* .f hes tw vaues ý,

sse veco tyearaved-v-2alu eS weighte 21, wase Gons'dvae4-oT•nL-a,:,a•ueoKSf,-waselec5e

coefficient1 wer nt cnsderdorSub-stratum J Clay. Fonais n c araceied not

anticipated to bear hat th depthofithis sndrathum...~riEuai

Al ftemtra aaeesselectedt fofornSubeeringupurposes fortSub-stratum J
Colctay are~ hommrize in Tablo 2.5.416

clay and the elastic moduclus E requires adjustment for drained, e4ff ect ve stress 16
tern) loading conditions using Equa~tion 2.5S.4-8A. For Sub-stratdfJ-lay~j' thvaue
bfAýPois~soh s ratio for drained condition pLd=0A 5 based on Referenice 2,5S''4 -4Bind
thess.j~i Ed =3l75W Th e~selectQE,, values-for 1,al olsrtaaesoni

6shear md i rcae olsýsrltdt h
Fqution~ 2.5~S.4-8. Using I=-5frSbsrtmJCaadtevu fE137
00sfeilected above', G= 1ý380 ksf wascalculated. ~A vlue of,,G~1380 ksf was selecte
f6rSub-straum~ J Clay. NýIote that the selecte Vauesof G>Qforall soil stra~ta are

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum J Clay. Foundations are not
anticipated to bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Sub-stratum J
Clay are summarized in Table 2.5S.4-1 6.
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2.5S.4.2.1.8.2 Sub-stratum J Sand

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 area,
uncorrected SPT N-values in Sub-stratum J Sand ranged from blows/foot to
120 blows/foot, with an average uncorrected SPT N-value of O 73_0blows/foot. In the
STP 4 area, uncorrected SPT N-values in Sub-stratum J Sand ranged from ,20
blows/foot to W42- blows/foot, with an average uncorrected SPT N-value of 6655
blows/foot. In the area1w7 cs. of ' tl-& - - - .P., .... ý outside the Power Block
borings did not reach Sub-stratum J Sand. Additional SPT N-value information on
this stratum at locations other than the STP 3 area, and the STP 4 area is presented
in Table 2.5S.4-3. Note also that uncorrected SPT N-values versus elevation are
presented on Figures 2.5S.4-10 and 2.5S.4-11, and 2.5S.4-12 and 2.5S.4-13, for the
STP 3 area, and the STP 4, respectively. The site-wide average uncorrected SPT N-
value was R 36 blows/foot for Sub-stratum J Sand.

Asy notedbe, 'e• •.SPTt- each b
transfertetio of 60 percent by theappropriathe oarie renergyqorrection aiue
ýshown intTa ble2.5S.4-4 for th dilngrigemplpoyed and>byother&6d4&ctiih~sf&Y rd

fulley eth and samplerC, f 12)leadin A alues of CNorrece STmmary of(SPN,,sfvovaluels
foallsite areas and all soil strata is presented in Table 2.5.4-6. The aveyrage N-d
,value for Sub-stratum J Sand was 100+ blows/foot.-t;S aTvalue ofN 6 =94.5Nowso6t qa4
()ealubwed for engineering purposes, 'r in Table s25S.4-6.:

As noted above, 2.5SSPT .- values forBcS-v9aluedys,6i from each boringswere
corrected to an effective overburden pressure offone ifengineerig oej'T~ by~~ thfe~t 1p 'P-

aF the GdRillin6 ri
e qpIye4y93E- __§ttar A!triospjqL - p_ p t leading to

fully-corrected values of (N) 60 . A summary of corrected SPT (Nd)60-values forall site
areas andreUdjMjj soil strata is presented in Table 2.5S.4-5. The average
corrected SPT (N1)60-value for Sub-stratum J Sand was blows/foot. An SPT
(N1)60-value of k% blows/foot was selected for engineering purposes, as shown in
Table 2.5S.4-6. Based on corrected SPT (N1)60-values, Stratum J Sand is
considered verydense.

CPTs did not reach Sub-stratum J Sand.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Sub-stratum J Sand. Laboratory test
quantities are summarized in Table 2.5S.4-7. The following index tests were
performed on Substratum J Sand with results as noted:
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Number of Maximum

Test Tests Minimum Value Value Averaqe Value

Moisture Content (%) Y 41-932 M

Liquid Limit (%) P9ý Non-Plastic ___ Non-Plastic

Plasticity Index (%) __9 Non-Plastic -_ Non-Plastic

Fines Content (%) 1 10 U 0

Unit Weight (pcf) 5 122 128 125

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Sub-stratum J Sand soils were characterized, on average, as silty sand to sandy silt
with an average fines content (materials passing the No. 200 sieve) of T3 %. Note

that the maximum values for Liquid Limit and for Plasticity Index (PI) reported
occurred at Boring BgW4 from depths of 6 feet to feet. These
results represent an isolated thin !Af1 lens within Sub-stratum J Sand. All other

Atterberg Limits tests ESub st-atum J were reported as non-plastic.
The USCS designations for Sub-stratum J Sand were mainly, silty sand, sandy silt,
silt with sand, and poorly graded sand with silt, 5" casioally nand•yacla

Y4' w99, -- wi---- with the predominant USGS group,
symbols of SM and ML. Based on laboratory testing, an average unit weight of 125
pcf was selected for Substratum J Sand.

The strength of Sub-stratum J Sand was evaluated based on laboratory testing, and
using a correlation with corrected SPT (N,)60-values. The results of the laboratory
testing are summarized in Table 2.5S.4-10.

The drained friction angle, 4', was estimated from empirical correlations with
corrected SPT (N1 )60-values, according to Reference 2.5S.4-14. Using Egg•t5
,257B"II7d the selected corrected SPT (N1)60-value for Sub-stratum J Sand (a5
P83 blows/foot), a value of p'=of MIidegrees (for fine to medium sand) was

estimated. ,,,, - rc4e'•c ,-.1d 4ito." Results of one

laboratory direct shear test made on selected samples indicated a 4'=32 degrees.
Laboratory direct shear test results are summarized in Table 2.5S.4-10.

From the above, a summary of average 4' values for Sub-stratum J Sand is provided
as follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

4'(degrees) i --- 32

Based on the above a 0'=33 degrees was selected for Sub-stratum J Sand.

Consolidation properties of the granular Sub-stratum J Sand were not
evaluated/relevant.
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The elastic modulus, E, for coarse-grained soils was evaluated using Equation
2.5S.4-13. Substituting the previously established L .- corrected SPT •AJ
value for Sub-stratum J Sand soils ($9 blows per foot), an E=4 f Oksf was
estimated. Other relationships for E were available for coarse-grained soils
(Reference 2.5S.4-10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using
the Vs=1275 feet/second for Sub-stratum J Sand obtained from measurements at the
site (refer to Subsection 2.5S.4.4 for further discussion), and using p=0.30 for sand
and y=1 2 5 pcf for Sub-stratum J Sand, an E=1 §444 25 ksf was estimated. Using
an average of the E-values estimated from the average corrected SPT k4Nih-
value and from the shear wave velocity, with the shear wave velocity-derived value
weighted 2:1, an E=1 500O4ý57& ksf was selected for Sub-stratum J Sand. Whil
copegotsa niJef&rhe

5S4-551 Note that the selected values of E for all soil strata are shown in Table
2.5S.4-14.

G-48-5ksfAL esrtiiratedfbased ot the sPT value. deri Fll wile a'

The oeficint f\¶ subrd ecinat pressur co alucdents ond te, s hlcdin

wa s estimated u t in th of hoa aolocity andatum

All of the material,< othe parametor eetdfregnern upssfrSbstrtum

Sancae~pyn2h15 5 6umaand i Tb2 2.5.416. s~ \ogb6 hs rovaf6

ithhe chearW&% velocity de ed valuc AVeightddt_2-.-,a 1ý anoidrd a~
.5S. o. f GT600krf-a em The E valuefor s
layersjis appropriate for the effective stress condition. The shear nhoduls diG, was,
related to E by s Eol tion 2.5S.4-5 en-cered o troavin foringif E nd3 5p/ known.
Using E= a755 kf and p=0i. B-05DH inth kPsfi4 a I § Tfi:sd. 8tat wa s ful as
selneteddirSnub orting J. Sand.iNote that the selected values of G for all soil strata
are shown in Table 2.5S 4 15.

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum J Sand. Foundations are not
anticipated to bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Sub-stratum J
Sand are summarized in Table 2.5S.4-16.

2.5S.4.2.1.9 Stratum K

Stratum K soils were encountered below Stratum J in Boring B-305DH/DHA in the
STP 3 area and in Boring B-405DH in the STP 4 area. The stratum was fully
penetrated in both borings. Stratum K typically consisted of greenish gray to gray
clay with varying amounts of sand, grading to a silty sand or silt in the lower portions.
The following substrata were identified:

*Sub-stratum KClay

*and, Sub-stratum K Sand/Silt

The thickness of Stratum K was estimated from the borings. No CPTs reached
Stratum K or the other underlying strata. Overall, the stratum had an average
thickness of 44 feet.



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 47 of 304

Sub-stratum K Clay was encountered in both borings (B-305DH/DHA and B-405DH).
Sub-stratum K Clay ranged in thickness from 15 feet to 22 feet, with an average
thickness of 19 feet. The average base elevation of Sub-stratum K Clay was El. -203
feet.

Sub-stratum K Sand/Silt below Sub-stratum K Clay was also encountered in both
borings (B-305DH/DHA and B-405DH). Sub-stratum K Sand/Silt ranged in thickness
from 20 feet to $M feet, with an average thickness of 25 feet. The average base
elevation of Sub-stratum K Sand/Silt was El. -228 feet.

For discussion of engineering properties, the Stratum K sub-strata were grouped as

follows:

* Sub-stratum K Clay

* Sub-stratum K Sand/Silt

2.5S.4.2.1.9.1 Sub-stratum K Clay

Soil samples were collected from the borings via SPT sampling and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling and were recorded on the boring logs. In the STP(3 & 4 area,
uncorrected SPT N-values (only two tests conducted) in Sub-stratum K Clay ranged
from 15 blows/foot to 15 blows/foot, with an average uncorrected SPT N-value of 15
blows/foot. [pNttg4~~ t j O~&"jB~f~ 9qJSbtj~

Q=--Note also that uncorrected SPT N-values versus elevation are presented on
Figures 2.5S.4-10 and 2.5S.4-11, and 2.5S.4-12 and 2.5S.4-13, for the STP 3 area,
and the STP 4 area, respectively. The site-wide average uncorrected SPT N-value
was 15 blows/foot for Sub-stratum K Clay.

As noted above, uncorrected SPT N-values from each boring were corrected to an
~optbii~~ yj (i.e. ,4 N00), by

the appropriate hammer energy correction value shown in Table 2.5S.4-4 for the
drilling rig employed, and by other corrections i=ja-tci..h"tgj'-of

summary of corrected SPT 1 n~l (N1)60-values, for all site areas and all
soil strata is presented in Table 2.5.4-5 he average corrected SPT (N4 -
value for Sub-stratum K Clay was 5 blows/foot. An SPT -value of CO
blows/foot was selected for engineering purposes, as shown in Table 2.5S.4-6.
Based on corrected SPT ýN44,N,6-values, Stratum K Clay is sid ý4ndi das

IE -E A 4e-P44 0 vkresults--frn a G v, 2QFert:n f4( tnr-.4 4

CPTs did not reach Sub-stratum K Clay.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples-from Sub-stratum K Clay. Laboratory test
quantities are summarized in Table 2.5S.4-7. The following index tests were
performed on Substratum K Clay, with results as noted:
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Number of Maximum

Test Tests Minimum Value Value Averaqe Value

Moisture Content (%) _ 17 75

Liquid Limit (%) 33 37;-(

Plasticity Index (%) 2 18 _ •

Fines Content (%) 4.2 75

Unit Weight (pcf) K3] R51 132 124

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Sub-stratum K Clay soils were characterized, on average, as lean clay with an
average fines content (materials passing the No. 200 sieve) of R,:7L%. The USCS
designations for Sub-stratum K Clay were mainly lean clay and lean clay with sand,
with the predominant USCS group symbolbs of CL C . Based on laboratory
testing, an average unit weight of ,1,942'pcf was selected for Sub-stratum K Clay.

The undrained shear strength of Sub-stratum K Clay was evaluated based on
laboratory testing, and using correlations with corrected SPT ,( ij-values. The
results of this evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, su, was estimated from empirical correlations with
corrected SPT jK 4 -values (Reference 2.5S.4-7), using Equation 2.5S.4-2.
Substituting the selected corrected SPTj(ý), N60 •-value for Sub-stratum K Clay (626O
blows/foot), an su=", J ksf was estimated. Note, however, that this average value
is based on only two Ge S PT (14. N,,-values. Also note that CPT data were
not available for this substratum. Results of two laboratory UU and UNC strength
tests made on selected samples indicated an average s,=3.4 ksf. Laboratory
6 hdr. shear strength test results are summarized in Table 2.5S.4-9 and plotted
versus elevation on Figure 2.5S.4-22. Shear strength test results for Sub-stratum K
Clay from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) were also not available. T
twNliO I oy~L andl UNC strength1 test ofubtaur I(layprns/~
'ratios of 0.204and .2. Teecmaet vleo 0,31 expected for OC=1
(Reference 2.5S4-14A)•.and a val I 0 xe (est mated using

-3, ea~rag on this, it was deemed that theh ofetlit

t •dlaboratory derived s, results from this subsurface investigation w
the most representative, and an undrained shear strength of su=ý .ý. ksf ws c f t(u
hgI 6on•tBhe4Wo• o test gw was selected for Substratum K Clay.

stUan m LI-Baa'fsriariaterag hgnotprfor~d jthris esanfy bl-sfiratuffiX
Cla oils. Th~e CI Uand CIU rartriaxialastreng~th~s (5 u-taunKCa r
agsuirined eqa otoeO ~-tauJClay.This is deemed reasonable as =Sub-.

stuhjK,ýClay~ has a iia vrgý_ladi lihl oEsny(cýe ie
_cg4tnt) than Sub-stratuThý J CIlay~
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SParameter From CIU-Bar

6' (degrees) 11
c' ~ ~ (ksf 2.

Th e stre. g aepjicaole t esssolereOrsohidation
stress.;

Bas-ed- nti•eE a-vhe__'-agi --p atý-~ý-n-e-"-Refrn-c Zgýý_.44_catesa4iern;o'

22• •_ •27 for Sub-stratumrnK Clay in the normally consolidated•stress range.R he
aind/ffective egrees was elected K Cy

thenormallyconsoi dated range. ThodraIRPIA 4

Consolidation properties and the stress history of Sub-stratum K Clay soils were
assessed via laboratory testing. A summary, and the results of, laboratory
consolidation tests made on selected samples are presented in Tables 2.5S.4-11
and 2.5S.4-12, respectively. These results are also plotted versus elevation and
shown on Figure 2.5S.4-28. The results of two consolidation tests made on selected
samples indicated that, on average, Sub-stratum K Clay was preconsolidated to
approximately 24 ksf, with an OCR=1.7. Consolidation test results for Sub-stratum K
Clay from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated that, on average,
Sub-stratum K Clay was preconsolidated to approximately 25 ksf, with an OCR=1.6.
Overall, an OCR=1.3 and a preconsolidation pressure of 18.3 ksf were selected for
Sub-stratum K Clay.

The elastic modulus (E) for Sub-stratum K Clay was evaluated using Equation
2.5S.4-FB•J Substituting the previously established s, OCR for Sub-stratum K
Clay soils (Su=O3, ksfO5Rk=1 3), an E=4,' 1445 ksf was estimated. Other
relationships for E (linked to G and to PI) were also available for fine-grained soils.
(Reference 2.5S.4-1 0), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using
the Vs=E j feet/second for Sub-stratum K Clay obtained from measurements
at the site (refer to Subsection 2.5S.4.4 for further discussion), and using p=0.45 for
clay, y•= 124 pcf for Sub-stratum K Clay, and P11=935 for Sub-stratum K Clay, an
E=37O. ksf was estimated. Using an average of the E-values estimated from
the undrained shear strength and from the shear wave velocity, with the shear wave
velocity-derived value weighted 2:1, an E=& -50 ksf was selected for Sub-
stratum K Clay. T6his compares ,with I.YA ran !gpf jgLs E--5Q _f ar

i e n. 'e25SA55. Note that the selected values of E for all soil
strata are shown in Table 2.5S.4-14.

a~ l h-62 -si wa esti-wate-d base GR th ý e dE eqG10)4
ý_simt~ usin th shear ' v eG I tO ~mtra e qaia
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The cooecet' dfcsubrad wihe rt re coSienod, and
coefcent wernt cd on Sub -stu Ktatu QC a Ntm y
Col ta are suhmiz iin Tableo 25S.1.

adjustment for drained, effecti~'e 'stress" long-ternm loading co~ditionSi Using Equation.
2.51.4-8A. Sub-stratum K Clay. the valueofPoisson's r
condtihsa l=0.1 5 bwaere c td oRferoemte 2br5s4-1 vBiaS d samplting, and v 3 t

Thersele-ictediaee tube smln.STNvalues fo(u ~ýfa-aes-wn ncorrletd were measured

duin h e- s 16armodlusg and wei e r - laeco~ Is- srelae d. on o the borin og. in thedo ST 3 & 4 area,

Equatinc 2teS.4-. NvUesionly p . tt for Sui-st ratum K laynd thevalu of Ed3 3 35
sele~tdfrboboveG=F1450 /ksf twas estimated., withan average wasrcted vuTiN-

-- s' '~)m K ClaY,. Not~htt~ f6r-alfthsdistrata"ar.siw

are prsete onFgue .5.-0 nS.5.-1,ad2.S412ad2.S413 o

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum K Clay. Foundations are not
anticipated to bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Sub-stratum K
Clay are summarized in Table 2.5S.4-16.

2.5S.4.2.1.9.2 Sub-stratum K Sand/Silt

Soil samples were collected from the borings via SIPT sampling, and via undisturbed
th ree-inch-d ia meter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 & 4 area,
uncorrected SIPT N-values (only two tests conducted) in Sub-stratum K Sand/Silt
ranged from ýM blows/foot to 120 blows/foot, with an average uncorrected SPT N-
value of In8 values r

~Th~trat KS~ý Note also that uncorrected SoPT N-values versus elevation
are presented on Figures 2.5S.4-1 0 and 2.5S.4-1 1, and 2.5S.4-12 and 2.5S.4-1 3, for
the STP 3 area, and the STP 4, respectively. The site-wide average uncorrected
SPT N-value was ffl blows/foot for Sub-stratum K Sand/Silt.

Ohcret I cd13ri e an en~l
transfer~ ratio of 60 percent by the appropriate h~amerenerycr tovau
t hown in Table 2.5S.4-4, for th rligrgepoe and by~other corre~ction o o
length an'd sample6J(_,- .2) lead i n'g.&tbalue~s ofN,-, A sum m Efyf S PT- a
fo 11st~ra n ll soil strata-i pr~sen~ted~in- 1abl 2.S4-5`Teaeal"K
valu'e, o~rStratumn K Saind/Silt was sl 00 plus" blow's"fot a ' pk

yg,_Aift[6td ~for en inern pg§pa jkv -nTbe254

As noted above, ... , SPT ,Njo-values
were corrected to an effective overburden pres,ý
7

4-ft- 4drllngi4Jfgttj rnppYEd1ýOg , ('d' 1h'thr corroctin -(lead ing to fully-
corrected values of (Ni)604. A summary of corrected SIPT (N1)60-values, for all site
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areas and all =6'dy soil strata is presented in Table 2.5S.4-5. The average corrected
SPT (N1)60-value for Sub-stratum K Sand/Silt was 4 blows/foot. An SPT (N 1) 60-

value of ,O-2,ý blows/foot was selected for engineering purposes, as shown in Table
2.5S.4-6. Based on corrected SPT (N1)60-values, Stratum K Sand/Silt is considered
•e dense -(• I 'ii~ ii't ' -• •o~~~ • F•

CPTs did not reach Sub-stratum K Sand/Silt.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Sub-stratum K Sand/Silt. Laboratory test

quantities are summarized in Table 2.5S.4-7. The following index tests were

performed on Sub-stratum K Sand/Silt with results as noted:

Number of Maximum
Test Tests Minimum Value Value Average Value

Moisture Content (%) 2 20 -22 21

Liquid Limit (%) 1 Non-Plastic Non-Plastic Non-Plastic

Plasticity Index (%) 1 Non-Plastic Non-Plastic Non-Plastic

Fines Content (%) 2 27 64 45

Unit Weight (pcf) 1 127 127 127

Test results are summarized in Table 2.5S.4-8. Note that natural moisture contents
and Atterberg limits for other soil strata are presented versus elevation on Figure
2.5S.4-20. Note also that Atterberg limits for other soil strata are shown on a.
plasticity chart on Figure 2.5S.4-21. For engineering purposes, Sub-stratum K
Sand/Silt soils were characterized, on average, as silty sand to sandy silt with an
average fines content (materials passing the No. 200 sieve) of 45%. The USCS
designations for Sub-stratum K Sand/Silt were mainly silty sand and sandy silt, with
the predominant USCS group symbols of SM and ML. Based on laboratory testing,
an average unit weight of 127 pcf was selected for Sub-stratum K Sand/Silt.

The strength of Sub-stratum K Sand/Silt was evaluated based on laboratory testing,
and using a correlation with corrected SPT (N1)60-values. The results of the
laboratory testing are summarized in Table 2.5S.4-10.

The drained friction angle, 4', was estimated from empirical correlations with
corrected SPT (N1)60-values, according to Reference 2.5S.4-14. Using E•_ on

A And the selected corrected SPT (N1)60-value for Sub-stratum K Sand/Silt

(40-271 blows/foot), a value of ý =of3 degrees (for fine sand) was estimated.
Voal. ...... ... . .. ... . ap p Note, however, that this
average value is based on only two corrected SPT (N1)60-values. Results of one
laboratory direct shear test made on selected samples indicated a 01=29 degrees.
Laboratory direct shear test results are summarized in Table 2.5S.4-10.



Question 02.05.04-13, Supplement I U7-C-STP-NRC-090012
Attachment 3

Page 52 of 304

From the above, a summary of average 4)' values for Sub-stratum K SandSi is
provided as follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

4)' (degrees) % --- 29

Based on the above a •'=•1degrees was selected for Sub-stratum K Sand/Silt.

Consolidation properties of the granular Sub-stratum K Sand/Silt were not
evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated using Equation

2.5S.4-13. Substituting the previously established average corrected SPT #N)'-
value for Sub-stratum K Sand/Silt soils (37 blows per foot) an E= 9§ ksf
was estimated. Other relationships for E were available for coarse-grained soils

(Reference 2.5S.4-10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using

the Vs=1 370 feet/second for Sub-stratum K Sand/Silt obtained from measurements
at the site (refer to Subsection 2.5S.4.4 for further discussion) and using p=0.30 for

sand and y=1 2 7 pcf for Sub-stratum K Sand/Silt, an E=T Jii6 ksf was estimated.

Using an average of the E-values estimated from the average corrected SPT

#i i-value and from the shear wave velocity, with the shear wave velocity-
derived value weighted 2:1, an E=46S-1. ksf was selected for Sub-stratum K
Sand/Silt. icosm rae .asvale,,rof EtoO ksa fr• - sesahnd

Thi -au ran of - _14g __eryd0-sens _J
V3eferLence,2.5,S.4-55.' Note that the selected values of E for all soil strata are shown

in Table 2.5S.4-14.

dad ed onatheSPT
GT 70 kcof efsfii tifsbrde raihgthon, eart waessurite co ts, and theraMto, as

c c e t d f -u n tvFounidation ard nao
anticithd the shear~w~o '.~c~'dthah otheis stra

vAlue of Gh materfia elecmtersectd for enginteaering purpseslfoNSub-tratumt Kcb

SueS of GtdrFarse'i strata arethowninTable-2-.5S_1A5.The E value for5 sndy
layersis appropriate fortihe~effebtive stress condition. The shear rnbdujbs,9G.was

UsinE=41 5 kfandpL=0.30 for sand, G=1 890 ksf is calculated. A G=1890 ksf was

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum K Sand/Silt. Foundations are not
anticipated to bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Sub-stratum K
Sand/Silt are summarized in Table 2.5S.4-1 6.
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2.5S.4.2.1.10 Stratum L

Stratum L soils were encountered below Stratum K in Boring B-305DH/DHA in the
STP 3 area, and in Boring B-405DH in the STP 4 area. The stratum was fully

penetrated in both borings. Stratum L typically consisted of red to brown clay with
varying amounts of sand.

The thickness of Stratum L was estimated from the borings. No CPTs reached
Stratum L or the other underlying strata. The thickness of Stratum L varied from 4.5
feet to 6-5.ý feet, with an average thickness of 5: feet. The average base elevation
of Stratum L was El. -233 feet.

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 & 4 area,
uncorrected SPT N-values (only two tests conducted) in Stratum L ranged from 21
blows/foot to 24 blows/foot, with an average uncorrected SPT N-value of 23
blows/foot.,In _ ,_ Bl ckbor• ii'6 "dhr t

ONote also that uncorrected SPT N-values versus elevation are presented on
Figures 2.5S.4-10 and 2.5S.4-11, and 2.5S.4-12 and 2.5S.4-13, for the STP 3 area,
and the STP 4 area, respectively. The site-wide average uncorrected SPT N-value
was 23 blows/foot for Sub-stratum L.

As noted above, uncorrected SPT N-values from each boring were corrected to A

by the appropriate hammer energy correction value shown in Table 2.5S.4-4 for the
drilling rig employed, and by other corrections (leading to f tLL values of

A ummary of corrected SPT N-values, for all site areas and all soil

strata is presented in Table 2.5S.4-9. The average corrected SPT N,),O N-value for
Stratum L was J38 blows/foot. An SPT q_',7-value of C.36 blows/foot was
selected for engineering purposes, as shown in Table 2.5S.4-6. Based on corrected

SPT (N4)~N-values, Stratum L is rm 6'tg f(a. _jhiq4 t 4

CPTs did not reach Stratum L.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Stratum L. Laboratory test quantities are
summarized in Table 2.5S.4-7. The following index tests were performed on Stratum
L, with results as noted:
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Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) 2 27 30 29

Liquid Limit (%) 2 72 74 73

Plasticity Index (%) 2 51 52 52

Fines Content (% ) ---........

U n it W e ig ht (p cf) ............

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Stratum L soils were characterized, on average, as high plasticity clay with an
average fines content (materials passing the No. 200 sieve) of 787% (employing
the value from Sub-stratum K Clay in the absence of laboratory fines content tests on
Stratum L). The USCS designations for Stratum L were mainly fat clay, with the
predominant USCS group symbols of CH. Based on laboratory testing, an average
unit weight of Ku4 pcf was selected for Stratum L (again, employing the value
from Sub-stratum K Clay in the absence of laboratory unit weight tests on Stratum L).

The undrained shear strength of Stratum L was evaluated based on laboratory
testing and using correlations with corrected SPT N-values. The results of this
evaluation are summarized in Table 2.5S.4-9.

Undrained shear strength, su, was estimated from empirical correlations with
corrected SPT RPM -values (Reference 2.5S.4-7), using Equation 2.5S.4-2.
Substituting the selected corrected SPT ,,1-value for Stratum L (3
blows/foot), an s, =1z54.9 ksf was estimated. Note, however, that this average value
is based on only two corrected SPT s Also note that neither OPT
data nor laboratory shear strength data from UU and/or UNC strength tests were
available for .. ?"S tu In addition, shear strength test results for

Stratum L from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) were also not available.
Based on the above, it was considered that the laboratory derived su results reported
for Sub-stratum K Clay, as above, could be similarly assigned to Stratum L, and as
such, an undrained shear strength of s, =EM3.9 ksf was selected for Stratum L.

The drained friction angle of Stratum L soils was not evaluated/relevant.

Consolidation properties and the stress history of Stratum L soils were assessed via
laboratory testing. A summary, and the results of, laboratory consolidation tests
made on selected samples are presented in Tables 2.5S.4-11 and 2.5S.4-12,
respectively. These results are also plotted versus elevation and shown on Figure
2.5S.4-28. Note that there were no consolidation tests of Stratum L soils'made as a
part of this subsurface investigation. Consolidation test results for Stratum L from
the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated that, on average, Stratum L
was preconsolidated to approximately 25 ksf, with an OCR=1.3. Overall, an
OCR=4-.QV and a preconsolidation pressure of 52Wj5 ksf were selected for
Stratum L.



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 55 of 304

The elastic modulus (E) for Stratum L was evaluated using Equation 2.5S.4-4-.
Substituting the previously established su anO for Stratum L soils (su =T3t0
ksf, -O +' .1), an E=48P6F4T5 ksf was estimated. Other relationships for E (linked
to G and to PI) were also available for fine-grained soils (Reference 2.5S.4-10),
namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using the Vs=975 feet/second
for Stratum L obtained from measurements at the site (refer to Subsection 2.5S.4.4
for further discussion), and using p=0.45 for clay, y=jj¶' pcf for Stratum L, and
PI=50 for Stratum L, an E=9-, 357 ksf was estimated. Using an average of the E-
values estimated from the undrained shear strength and from the shear wave
velocity, with the shear wave velocity-derived value weighted 2:1, an E=b FT65
ksf was selected for Stratum L. This ompares to a -value@gerof-500ksf •k E, .
LW3 T inb Y+d4al5. Note that the selected values of E
-for all soil strata are shown in Table 2.5S.4-14.

ctat a Gi621k•asfa tetze ted based on-tse deorvdcc E, while reGuores a jstm ent
oStimatod uming the shoatwal % oloiGG4ts and o #f6 ta a p MtnetS, n eF porEqati5oa

E2a 5I.to.25, 2:S-8 6 anQ2 M I 4%5-foetragt of6thizo-takes 'A'ith t••icte
The coefocietydor odfludeightod 2s1ubgraided aecnv it I hesluio
coecIent wlk es eot cd for St ratu mhL_-N tL F tPSPPuion 'arens of tor

ba at the2eptofthisstrtum

StratUrnhLLis characte'iized as aclay an-d the elasti mod~ulus'f7&jeuires adjastmtenit

or drained maeffective straes, slon term loadin conditions usiegs I Squatum L2.5S48Ae
For SWratuinL Lh value ?t'Pois'son's ratio fo drine condition&1=0. 15 ba~sedon

Reeene2 .5S.4-1 4B' ancIthe resulting E~-ýt5kf TTd~~ ýLu l
'Soil st+taare sowin Table 2 2.544-1

The shear Moidlus (G) forclayey soils is relatmed Lhe drained modulusE, by in t

,Eqatin e2.5S 4-8. Using 45DH 15 thr SatuPm aean the val UafE=2965selected
patboe, = bt1b2 ksf wM tcalculatddJA value, of G= 1 3Qkstf wasoselectd for Storatui
L. Note thwat th selectali fillvsoil to sit sand.

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Stratum L Foundations are not anticipated to
bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Stratum L are
summarized in Table 2.5S.4-16.

2.5S.4.2.1.11 Stratum M
Stratum M soils were encountered below Stratum L in Boring B-305DH/DHA in the
STP 3 area and in Boring B-405DH in the STP 4 area. The stratum was fully
penetrated in both borings. Stratum M typically consisted of olive brown to greenish
gray sand with silt to silty sand.

The thickness of Stratum M was estimated from the borings. No CPTs reached
Stratum M or the other underlying strata. The thickness of Stratum M varied from
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14.5 feet to 15.5 feet, with an average thickness of 15 feet. The average base

elevation of Stratum M was El. -248 feet.

Soil samples were collected in Stratum M via undisturbed three-inch-diameter tube

sampling (two such samples collected). Standard penetration tests (SPT) in Stratum

M were not conducted due to the limited thickness and substantial depth of the

stratum.

CPTs did not reach Stratum M.

Due to limited stratum thickness and available soil samples, !E laboratory index

tests, and tests for the determination of engineering properties, were-Ft made on

samples from Stratum o . . .. . .. ,..

test quantiesa~re summna~rized in Table 2.~5S.47 h olwn index tes
pperformed qn Sratumi M with results as noted:'

~~ 7'Ke iieof r cn 4~ium r -

TestM Valu Value Average.Value

~Moisture Content( 19 < ~1

Liquid Limit II ' Non-Plastic N,:~on-Plastic~ Non-Plastic

~Plasticity ndexo/oW` ) 1 Non-Plastic~ Non-Plastic <Non Plasticf$

Fines Content() 1 ~55 ~ 555

For engineering purposes, Stratum M soils were characterized, on average, as sand

with silt to silty sand (based on visual classifications

K.... . The
USCS designations for Stratum M were mainly poorly graded sand with silt to silty

sand (based on visual classifications), with the predominant USCS group symbol of
SM. An average unit weight of 127 pcf was selected for Stratum M (I aginemploying

the value from Sub-stratum K Sand/Silt ' ,, b o u 071 tof

laboratory unit weight tests on Stratum M).

ýS vaIfe i s toStratum balroe per
foot was assign•d to Strnatum M.nsand sinace it •g• dense tordnse judging from its

she~ar wave velocity (1165 feet per second for Stratumn M ~sand ).. A aueo (,,

equal to.40 blows per foot a~t th~e depth qLh

In the absence of laboratory strength test data and SPT N-value data specific to

Stratum M, a drained friction angle of ý'= "'Of. degrees was selected for Stratum M,

based on the Sub-stratum K Sand/Silt results.

Consolidation properties of the granular Stratum M were not evaluated/relevant.
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The elastic modulus, E, for coarse-grained soils was evaluated using Equation

2.5S.4-13. Substituting the previously Srige4 average corrected SPT

;N72fj4Nrvalue for Sub-stratum K Sand/Silt soils (34100, blows per foot

SI T!B 4!`t) tpo an E=j"-,_4 O ,76a ksf was

estimated. Other relationships for E were available for coarse-grained soils

(Reference 2.5S.4-10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using

the V,=1 165 feet/second for Stratum M obtained from measurements at the site

(refer to Subsection 2.5S.4.4 for further discussion), and using p=0.30 for sand, and

y=127 pcf for Stratum M, an E=f9j7j ksf was estimated. Using an average of

the E-values estimated from the average corrected SPT 3 -value and from

the shear wave velocity, with the shear wave velocity-derived value weighted 2:1, an

E=-"3P%350 ksf was selected for Stratum M. Note that the selected values of E for

all soil strata are shown in Table 2.5S.4-14.

Nf

Theu sermdlsG)aratcdAG5iid5s:wa seete~o E i. Eqat~o 25:?•S an8l:U:Ng Q0 fo~t~e:s

The~ cfien 115 subrade resiatedn bedaonthe Spresr coefficioents and thesiding

coet~ffiien weretcniatud YMing thoh e o aity adther n ratited to

pear Eqatione 25St of~ this f6dst5ratum.e~e fth~ tdal

1WA
4
.kA~-t ~ 4

M~tl-he~ shear wAavIeelci'/onýv ado eghted~2;&c osd~&a~

val Iof 50eatfral pa te lo td for Stratuma M NSr

formallrgil inTtare h.5iTl25{1

dhear nreteodulus, G., th e d to E by ivuaution 2.55.4-5, re-ordered tohsoive'Tor¶

oawnd 't are known. gray E=4350 kv f and ts, for sand, t i673ress ubs

cacltd G:`7's was selectedf ~for'ýrttiA, 1M. ý 'SandiSNotexthat the sirjdfi'ýh

staLuta% of sG or rl[ soilsstrattawre shewn itinT5e&215S.A-i fied

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding

coefficient were not considered for Stratum M. Foundations are not anticipated to

bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Stratum M are

summarized in Table 2.5S.4-16.

2.5S.4.2.1.12 Stratum N

Stratum N soils were encountered below Stratum M in Boring B-305DH/DHA in the

STP 3 area, and in Boring B-405DH in the STP 4 area. The stratum extended to

depths greater than the maximum depth investigated (i.e., greater than

approximately 600 feet below ground surface). Stratum N typically consisted of

brown to greenish gray clay with varying amounts of sand, with interbedded sub-,

strata of sand to silty sand. The following sub-strata were identified:

* Sub-stratum N Clay 1

* Sub-stratum N Sand 1

0 Sub-stratum N Clay 2
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" Sub-stratum N Sand 2

" Sub-stratum N Clay 3

" Sub-stratum N Sand 3

" Sub-stratum N Clay 4

" Sub-stratum N Sand 4

" Sub-stratum N Clay 5

" Sub-stratum N Sand 5

" Sub-stratum N Clay 6

The thickness of Stratum N encountered was estimated from the borings. No CPTs

reached Stratum N. Overall, the stratum had an average thickness of greater than

•34/ feet.

Sub-stratum N Clay 1 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from 57 feet to 62 feet, with an average thickness of 59

feet. The average base elevation of Sub-stratum N Clay 1 was El. -307 feet.

Sub-stratum N Sand 1 was encountered in both borings (B-305DH/DHA and B-

405DH) ranging in thickness from 16 feet to 18 feet, with an average thickness of 17

feet. The average base elevation of Sub-stratum N Sand 1 was El. -324 feet.

Sub-stratum N Clay 2 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from z feet to 11 feet, with an average thickness of 8

feet. The average base elevation of Sub-stratum N Clay 2 was El. -332 feet.

Sub-stratum N Sand 2 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from 26 feet to 39 feet, with an average thickness of 33

feet. The average base elevation of Sub-stratum N Sand 2 was El. -365 feet.

Sub-stratum N Clay 3 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from 7 feet to 10 feet, with an average thickness of 9

feet. The average base elevation of Sub-stratum N Clay 3 was El. -373 feet.

Sub-stratum N Sand 3 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from 17 feet to 20 feet, with an average thickness of 19

feet. The average base elevation of Sub-stratum N Sand 3 was El. -392 feet.

Sub-stratum N Clay 4 was encountered in both borings (B-305DH/DHA and B-

405DH), ranging in thickness from 25 feet to 35 feet, with an average thickness of 30

feet. The average base elevation of Sub-stratum N Clay 4 was El. -422 feet.

Sub-stratum N Sand 4 was encountered only in Boring B-305DH/DHA at a thickness

of 16 feet. The average base elevation of Sub-stratum N Sand 4 was El. -435 feet.
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Sub-stratum N Clay 5 was encountered in both borings (B-305DH/DHA and B-
405DH), ranging in thickness from 50 feet to 58 feet, with an average thickness of 54

feet. The average base elevation of Sub-stratum N Clay 5 was El. -484.feet.

Sub-stratum N Sand 5 was encountered only in Boring B-405DH at a thickness of 35
feet. The average base elevation of Sub-stratum N Sand 5 was El. -509 feet.

Sub-stratum N Clay 6 was encountered in Lfýborings 1B-305DH/DHA and B-
405DH), a~n i Sii~r~thnfej6gb't57 dtvt

navrago Ihickndeps f qVratFA thh& 6P feeo. Netithe B-305D~H/DHA or B-405DH;
,waaas_ _f abtdubfsr urntNjClay6,; This stratum
extended to the termination depth of both borings, at approximately El. -570 feet.

For discussion of engineering properties, the Stratum N sub-strata were grouped as

follows:

* Sub-stratum N Clay, which contained Sub-stratum N Clay 1, Sub-stratum N

Clay 2, Sub-stratum N Clay 3, Sub-stratum N Clay 4, Sub-stratum N Clay 5, and

Substratum N Clay 6

* Sub-stratum N Sand, which contained Sub-stratum N Sand 1, Sub-stratum N

Sand 2, Sub-stratum N Sand 3, Sub-stratum N Sand 4, and Sub-stratum N Sand 5

2.5S.4.2.1.12.1 Sub-stratum N Clay

Soil samples were collected from the borings via SPT sampling, and via undisturbed
three-inch-diameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 and STP 4

areas, uncorrected SPT N-values in Sub-stratum N Clay ranged from 2 blows/foot to
47 blows/foot, with an average uncorrected SPT N-value of 33 blows/foot. 4

M , ,. Note also
that uncorrected SPT N-values versus elevation are presented on Figures 2.5S.4-10

and 2.5S.4-11, and 2.5S.4-12 and 2.5S.4-13, for the STP 3 area, and the STP 4,
respectively. The site-wide average uncorrected SPT N-value was 33 blows/foot for
Sub-stratum N Clay.

As noted above, uncorrected SPT N-values from each boring were corrected to an
ialsoi n Taflreni (i.e.-,4A:i=) by

the appropriate hammr energy correction value shown in Table 2.5S.4-4 for the
drilling rig employed, ' o vadt
(N4•)•) A summary of corrected SPT kN N 0.-values, for all site areas and all soil

strata is presented in Table 2.5S.4-56 The average corrected SPT f4 -value
for Sub-stratum N Clay was Ft§E blows/foot. An SPT {N97&±fd-value of -5g
blows/foot was selected for engineering purposes, as shown in Table 2.5S.4-6.
Based on corrected SPT N N-vaiues, Stratum N Clay is
4 m h'l-'L
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CPTs did not reach Sub-stratum N Clay.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Sub-stratum N Clay. Laboratory test
quantities are summarized in Table 2.5S.4-7. The following index tests were
performed on Substratum N Clay, with results as noted:

Number of Maximum

Test Tests Minimum Value Value Average Value

Moisture Content (%) K 17 38 25

Liquid Limit (%) f _ 4=93 ým

Plasticity Index (%) 416 ____ 03., •46

Fines Content (%) _ 22 ____

Unit Weight (pcf) 113 -232

Test results are summarized in Table 2.5S.4-8. Natural moisture contents and
Atterberg limits are presented versus elevation on Figure 2.5S.4-20. Atterberg limits
are also shown on a plasticity chart on Figure 2.5S.4-21. For engineering purposes,
Sub-stratum N Clay soils were characterized, on average, as high plasticity clay with
an average fines content (materials passing the No. 200 sieve) of 757j%. Note that
the minimum 22% fines content reported occurred at Boring B-4 4-405 from depths
of 318 feet to 320 feet. This result represents an isolated thin sand lens within Sub-
stratum N Clay. 4iý -°--I '--L The USCS
designations for Sub-stratum N Clay were mainly fat clay, lean clay, and clayey
sand, with the predominant USCS group symbols of CH and CL. Based on
laboratory testing, an average unit weight of _4,4 pcf was selected for Sub-
stratum N Clay.

The undrained shear strength of Sub-stratum N Clay was evaluated based on
laboratory testing, and using correlations with corrected SPT N_ -values. The
results of this evaluation are summarized in Table 2.5S.4-9.

UnJdrained shear strength, su, was estimated from empirical correlations with
corrected SPT N-values (Reference 2.5S.4-7), using Equation 2.5S.4-2. Substituting
the selected corrected SPT N4jR-value for Sub-stratum N Clay (E blows/foot), an
s,= 8 ksf was estimated. Note that CPT data were not available for this sub-
stratum. Results of four laboratory UU and UNC strength tests made on selected
samples indicated an average s.=1_.7 ksf. s

stakurn fo clay sapeote verical effective sress at thedeoth~h& samplewas
tknfrthe JUadUCtssranges from 0btO ttd 0.15 in table 2.5S.4-9.

Ref9erenc 2.5574Q14A- indicates that this ratio should be 0.31 fdr clay soilspf theý
BeaumnontforptoatOR1 ranging upadt 124ý t OOCR#1O.lThereforetUý
~and UNC tes reut htpoue o rto-fsersrn to v[ertical eff&5tiyet
stes~s are considlereýdlike~l46to ave bee n'disfYLbed or to have failed premraturely duo
to the presýence of d~e§b6~cti~rfaue sc'sikensides and 'thus are~'

_9n ffýAressuch a slic
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•unrepresentative f.he s thre st laboratThe strength test results have ratios of

0.91,0.922pnd ,0.07. ByecXludi g thest thret lowest labonra-tys,ý trngthtest
_Fults ksqre dZ tesft r. sui)•2 Laboratory shear strength test
results are summarized in Table 2.5S.4-9 and plotted versus elevation on Figure
2.5S.4-22. Shear strength test results for Sub-stratum N Clay from the STP 1 & 2
UFSAR (Reference 2.5S.4-3) were also not available. Based on this, it was deemed
that the laboratory derived su results from this subsurface investigation

more representative, and an undrained shear strength of s,=j4_5 ksf was
selected for Sub-stratum N Clay t .... ' b> 6'a'bh - C -"y

hU andlUBatsts wer otpeformem N ýClay.
Ligewk!set&h--e drained friction angle of Sub- flttrn N Clay soils was not
evaluated/relevant.

Consolidation properties and the stress history of Sub-stratum N Clay soils were
assessed via laboratory testing. A summary and the results of laboratory
consolidation tests made on selected samples are presented in Tables 2.5S.4-11
and 2.5S.4-12, respectively. These results are also plotted versus elevation and
shown on Figure 2.5S.4-28. Results of two consolidation tests made on selected
samples indicated that, on average, Sub-stratum N Clay was preconsolidated to
approximately 18.4 ksf, with an OCR=0.8. Te OCR valL isnotr•easonable, aes

far Lichasdb;fratum Cqay4 Consolidation test results for Sub-stratum N Clay
from the STP 1 & 2 UFSAR (Reference 2.5S.4-3) indicated that, on average, Sub-
stratum N Clay was preconsolidated to approximately 43 ksf, with an OCR=1.4.
Overall, an OCR=-pi4L3 and a preconsolidation pressure of 2837, ksf were
selected for Sub-stratum N Clay.

The elastic modulus (E) for Sub-stratum N Clay was evaluated using Equation
2.5S.4-4k. Substituting the previously established su 5WWU'T' for Sub-stratum N
Clay soils (s,,404. ksf a iid'OCR•.•.), an E=4-,.499 ksf was estimated. Other
relationships for E (linked to G and to PI) were also available for fine-grained soils
(Reference 2.5S.4-10), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-7. Using
the V,=1290 feet/second for Sub-stratum N Clay obtained from measurements at the
site (refer to Subsection 2.5S.4.4 for further discussion), and using p=0.45 for clay,

2 1-243 pcf for Sub-stratum N Clay, and ........ "p Afio s .Tj...
.for Sub-stratum N Clay, an E=4ýjJ9i22 ksf was estimated. Using an

average of the E-values estimated from the undrained shear strength and from the
shear wave velocity, with the shear wave velocity-derived value weighted 2:1, an
E=4fkW7$55 ksf was selected for Sub-stratum N Clay. hIspompaw4I a value
raLngebf ,•5 <E< 50ksf sandy clay inRefence 2.5S.4-55. Note that the
selected values of E for all soil strata are shown in Table 2.5S.4-14.

~ E'btg~~~tiont .-2- ICU,~~h-N5
'clayja-9rý6-21 k-f, aýqýs&siratied baso n h s,,dri-d-, wh. a G1 1998... kef as
ptt-&t6Qitdus~ingrih& shear avo v ooib and other ptaýýbters, as per- Equatih
2.5S.415, '2.55 .4 6, and 2.5SA 7. ' A a~orago of tho.S tVVo ValU6H'iAthe hejpý
I wa4. JeoGydcri~cd value weighted -2- 1- -p con ieyed and -a-v \aue ot9_

~Jj~itbjata ro how.n iql~~r s~
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Suh-stratun 4 Clay is c •racterized assaclay and Ithe elasi mtdmlus Erequires
adiustmentf~~drained , effective stress,•long tem radig conhditiorsusing• Equat

coficetweent' osdeeFor Sub-stratu' N ly onainsaed co

-2 Nicip atevalue of Poiessn's ratiof fo &6ip othdit IM
llt=0f15 based on Refrencer s5S.4e14B andfthe rerting Ep o o20 ksf.u N

Cay or all iIl srata are shown isnTabe i2.5Ta4e12..

Equation 2.55.4'8. Usi -i#,0A forStratum N nd4th\vlue of EdN6'020,n

seiected above,s G=261 7 ksfowas fromuthed Ai vialu of G=2620 and vas usturbed for
trthree-nh-lay. mete thate saelected. Svalues ofG for allsoil strata areshown in

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum N Clay. Foundations are not
anticipated to bear at the depth of this stratum.

All of the material parameters selected for engineering purposes for Sub-stratum N
Clay are summarized in Table 2.5S.4-16.

2.5S.4.2.1.12.2 Sub-stratum N Sand

Soil samples were collected from the borings via SIPT sampling, and via undisturbed
th ree-inch-d iameter tube sampling. SPT N-values (uncorrected) were measured
during the sampling, and were recorded on the boring logs. In the STP 3 and STP 4
areas, uncorrected SPT N-values in Sub-stratum N Sand ranged from 20 blows/foot
to 200 blows/foot, with an average uncorrected SPT N-value of 97 blows/foot. ,ia4sd
shown dcd SSa tu also
that uncorrected SPT N-values versus elevation are presented on Figures 2.5S.4-10
and 2.5S.4-1 1, and 2.5S.4-12 and 2.5S.4-13, for the STP 3 area, and the STP 4,
respectively. The site-wide average uncorrectedSPT N-value was 97 blows/foot for
Sub-stratum N Sand.

TF-W"Ci-ore-ed-ýO ]b\-7- 0-M_ýa~_6'ihj were' core etý toan eeg
transfer ratio of 60 percen~t by the approp'riate harnmner energy correction vali u
'Shown in Table -2.5S.4-4 forthe drilling rimpoe and by other corrections for rod
lengthan sampler~ (C,,=1.i 6dn tvauso 3.Aumary of SPT N,,,- values
f&r~al I site areas and all soil stra7ta is prsne nTal .S46 The ayeragb N60

1 
9- ' 1 ,

vakue for Sub-stratumn N Sand was >167- blows/foot-, N,-,141 blows/foot for Sub-_
__au,_§qUýsslce for e....gj!Lqtýng~purpqses as shown ~in Table 2ý5_1A 46.~

As noted above, ýcorrected SPT N=~o-values -i --taa from each boring
were corrected to an effective overburden pressure of one ~atmo.spnere

(ýleading to fully-corrected values of (N1)60~ A summary of corrected SPT (N0)60-
values, for all site areas and allsgndy soil strata is presented in Table 2.5S.4-5. The
average corrected SPT (N1)60-value for Sub-stratum N Sand was M blows/foot.
An SIPT (N1)60-value of 2M~ blows/foot was selected for eng~ineering purposes, as
shown in Table 2.5S.4-6. Based on corrected SPT (N1)60-values, Stratum N Sand is

1 des s t;Waqi 4*G oeý4
PT v4 ________fc~
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.e*,t.jorp I o9.-y-l. d its n.rmnal -t,&c r..gq)

CPTs did not reach Sub-stratum N Sand.

Laboratory index tests, and tests for the determination of engineering properties,
were performed on selected samples from Sub-stratum N Sand. Laboratory test
quantities are summarized in Table 2.5S.4-7. The following index tests were
performed on Substratum N Sand with results as noted:

Number of Maximum

Test Tests Minimum Value Value Averaqe Value

Moisture Content (%) •40o12 17 28 ý22

Liquid Limit (%) Non-Plastic Non-Plastic Non-Plastic
Plasticity Index (%) _ Non-Plastic Non-Plastic Non-Plastic

Fines Content (%) HT 5 49

Unit Weight (pcf) _ 126 130 128

Test results are summarized in Table 2.5S.4-8. Note that natural moisture contents
and Atterberg limits for other soil strata are presented versus elevation on Figure
2.5S.4-20. Note also that Atterberg limits for other soil strata are shown on a
plasticity chart on Figure 2.5S.4-21. For engineering purposes, Sub-stratum N Sand
soils were characterized, on average, as silty sand with an average fines content
(materials passing the No. 200 sieve) of'217%. The USCS designations for Sub-
stratum N Sand were mainly silty sand, poorly graded sand with silt, clayey sand,
and poorly graded sand, with the predominant USCS group symbols of SM and SP-
SM. Based on laboratory testing, an average unit weight of 128 pcf was selected for
Sub-stratum N Sand.

The strength of Sub-stratum N Sand was evaluated based on laboratory testing, and
using a correlation with corrected SPT (N1)60-values. The results of the laboratory
testing are summarized in Table 2.5S.4-1 0.

The drained friction angle, 4', was estimated from empirical correlations with
corrected SPT N-values, according to Reference 2.5S.4-14. Using E

2 ..... the selected corrected SPT ( value for Sub-stratum N Sand (-•56.
blows/foot), a value of ('=of 0 degrees (for fine to coarse sand) was estimated.

s t n d werpeit. Note that laboratory direct
shear tests made on selected samples were not available for this sub-stratum.
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From the above, a summary of average 'o' values for Sub-stratum N Sand is provided
as follows:

From SPT From CPT From Direct Shear
Parameter Correlation Correlation Testing

49 (degrees) --..

Based on the above a 49=36 degrees was selected for Sub-stratum N Sand.

Consolidation properties of the granular Sub-stratum N Sand were not
evaluated/relevant.

The elastic modulus, E, for coarse-grained soils was evaluated using Equation
2.5S.4-13. Substituting the previously established corrected SPT' N

value for Sub-stratum N Sand soils (91 42,1 blows per foot) an E= 2ksf was
estimated. Other relationships for E were available for coarse-grained soils
(Reference 2.5S.4-1 0), namely Equations 2.5S.4-5, 2.5S.4-6, and 2.5S.4-14. Using
the V,=1655 feet/second for Sub-stratum N Sand obtained from measurements at
the site (refer to Subsection 2.5S.4.4 for further discussin), and using iw0.30 for

sand, and y=1 2 8 pcf for Substratum N Sand, an E=A~i 4155 ksf was estimated.
Using an average of the E-values estimated from the average corrected SPT (N1)60-
value and from the shear wave velocity, with the shear wave velocity-derived value

weighted 2:1, an E=•409-A6•% ksf was selected for Sub-stratum N Sand. i-his
9 ipfi§s'3a v~ueT ý drn of E5 '_17LQýdfJfg&gý@F9 -L& §55'co np metas savn 'ee.D e 45. 5•

Note that the selected values of E for all soil strata are shown in Table 2.5S.4-14.

layrsis prpit o h eciesrs odto.Te shear modulus, GI wwasi~-ý -111
Th-hLf4eUt&G arelated to E b; qain25.-,r-ree Eutiosove forSGifKEsnd- p Uarerkon

Using .7 E 165ksf andqc P = 0.30 forsand, GAn 49ks sclcltd value of~ve G_--A4
=-Edu447 #2sfwsse&lc5tim for 6,ratu nd baSed o .NtSR taverae the se t values ,,Y-o

'iththe sherJaFve kc'iocity deivd6 vauwihe 2A, )A'erg§ thtid ~ d
~ Sub tdtp ,,,,_,_,T he E value for sandy

layers is appropriate for the effective stress condition. The shear modulus, G, was
related to E by Equation 2.5S.4-5, re-ordered to solve for G if E and p are known.
Using E = 11,645 ksf and p = 0.30 for sand, G = 4479 ksf is calculated. A value of G
= 4470 ksf was selected for Stratum N Sand. Note that the selected values of G for
all soil strata are shown in Table 2.5S.4-15.

The coefficient of subgrade reaction, earth pressure coefficients, and the sliding
coefficient were not considered for Sub-stratum N Sand. Foundations are not
anticipated to bear at the depth of this stratum.

,banday rt ee• ( s int efgpefgpgo~Tu-tratu f.Sntae susu nmanzed vestagoe 2.5S.4 s6.
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2.5S.4.2.1.13 Chemical Properties of Soils

Laboratory chemical tests and field electrical resistivity tests were made on selected
soil and groundwater samples collected as a part of this subsurface investigation and
as a part of the groundwater characterization addressed in Subsection 2.4S.12. A
brief summary of the available information is evaluated and provided below.

2.5S.4.2.1.13.1 Laboratory Chemical Testing

Laboratory chemical tests consisting of pH, chloride content, and sulfate content,
were performed on selected soil samples collected as a part of this subsurface
investigation. Fortys sets of chemical tests were made on site soils, from samples
collected at depths ranging from 1.5 feet to 80 feet below ground surface. Twenty
additional pH tests on collected soils samples were also performed, with the
maximum depth tested (i.e., for pH alone) of 95 feet. Test results are presented in
Reference 2.5S.4-2, and are summarized in Table 2.5S.4-8.

2.5S.4.2.1.13.2 Field Electrical Resistivity Testing

Field electrical resistivity tests were performed along four arrays at the locations
shown on Figures 2.5S.4-1 and 2.5S.4-2. Test results are presented with Reference
2.5S.4.2 and are summarized in Table 2.5S.4-17. Note that Table 2.5S.4-17
additionally presents test results correlated with depth/soil strata based on the field
test arrayspacing.

2.5S.4.2.1.13.3 Evaluation of Chemical Testing Data

Guidelines for the interpretation of chemical test results are provided in Table 2.5S.4-
18, based on various references, especially References 2.5S.4-16, 2.5S.4-17, and
2.5S.4-18. The following can be concluded from the test results presented in Tables
2.5S.4-8 and,2.5S.4-17, and the guidelines presented in Table 2.5S.4-18.

The following paragraph relates to the potential for attack by soil/groundwater
constituents on buried steel (i.e., corrosiveness/chloride contents). Field electrical
resistivity test results indicated that all soils are "corrosive." Chloride content tests in
Stratum A samples yielded a wide range of results. Two of 20 Stratum A samples
tested yielded "very corrosive" results, or chloride contents greater than 1000 parts
per million (ppm). One Stratum A sample yielded a chloride content in the
"corrosive" range, 300-1000 ppm. Four Stratum A samples yielded chloride contents
in the "moderately corrosive" range, 200-300 ppm. The remaining thirteen Stratum A
samples yielded chloride contents in the "mildly corrosive" range (less than 200
ppm). All chloride content tests performed on Stratum B, C, D, E, and F samples
yielded chloride contents in the "mildly corrosive" range, less than 200 ppm. -

Laboratory pH test results indicated that all soils are "mildly corrosive," with pH
between 5 and 10. It is noted that laboratory chemical tests were not made on soil
strata deeper than Stratum F, as STP 3 & 4 major structures (including Seismic
Category I structures and/or piping) do not bear on, or contact, these deeper soil
strata. Based on the available laboratory and field test results, Stratum A soils were
deemed "corrosive" to "moderately corrosive," while all other underlying soil strata
tested were deemed as "moderately corrosive." Protection of buried steel against
corrosion from the ground may include specialty coatings, cathodic protection, or
other measures, as determined during project detailed design stage. Additional pH
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testing on groundwater samples obtained from the observation wells (refer to
Subsection 2.4S.12) indicated pH values in the range of "mildly corrosive" conditions.
Note that observation wells installed as a part of this subsurface investigation were
mainly screened in Strata C, E, or H soils.

The following paragraph relates to the potential for attack by soil/groundwater
constituents on concrete in contact with the ground (i.e., aggressiveness/sulphate
contents). Laboratory sulfate content tests made on soil samples as noted above, all
indicated "mild" potential for sulphate attack on concrete in contact with the ground
(up to 0.10%). As noted above, laboratory chemical tests were not made on soil
strata deeper than Stratum F, as STP 3 & 4 major structures (including Seismic
Category I structures [and/or piping]) do not bear on, or contact, these deeper soil
strata.

2.5S.4.2.1.14 Subsurface Conditions Deeper than Approximately 600 Feet Below
Ground Surface

As indicated above, the maximum depth explored by this subsurface investigation
was approximately 600 feet below ground surface (Borings B-305DH/DHA and B-
405DH). From the subsurface investigation reported on in the STP 1 & 2 UFSAR
(Reference 2.5S.4-3), one boring, B-233, was extended to a greater depth, or
approximately 2620 feet below ground surface. That one boring generally found
alternating layers of clays and sands with depth, transitioning to soft sedimentary
claystones and siltstones at depths greater than approximately 1100 feet below
ground surface. Approximately two-thirds of the sediments encountered in the boring
were fine-grained, consisting mainly of lean clay, fat clay, silty clay, silt, claystone, or
siltstone. The remaining one-third of the sediments encountered in the boring were
coarse-grained, consisting mainly of silty sand or sand.

From Reference 2.5S.4-4, these alternating fine-grained and coarse-grained
sediments extend to substantial depth. Refer to Subsection 2.5S.4.1 for a brief
description of geologic conditions at depths below approximately 600 feet below
ground surface, a key point being that the top depth of pre-Cretaceous bedrock
("basement rock") has been estimated to occur at approximately 34,500 feet below
ground surface (Reference 2.5S.4-4).

2.5S.4.2.1.15 Field Testing Program

Planning for field testing made as a part of this subsurface investigation referred to
guidance given in RG 1.132 (Reference 2.5S.4-19). References to industry
standards used for field testing are shown in Table 2.5S.4-1. Field testing details
and results are provided in Reference 2.5S.4-2. Details of the field testing are
discussed further in Subsection 2.5S.4.2.2. The work was performed under an
approved quality assurance program with work procedures developed specifically for
STP 3 & 4, including a subsurface investigation plan developed by Bechtel. The

•subsurface investigation plan met the intent of Reference 2.5S.4-19. W
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Planning for laboratory testing made as a part of this subsurface investigation
referred to guidance provided in RG 1. 138 (Reference 2.5S.4-20). References to
industry standards used for laboratory testing are shown in Table 2.5S.4-7.
Laboratory testing details and results are provided in Reference 2.5S.4-2. The work
was performed under an approved quality assurance program with work procedures
developed specifically for STP 3 & 4, including a subsurface investigation plan
developed by Bechtel. Soil samples collected were shipped under chain-of-custody
from the onsite storage area to the testing laboratories. Laboratory testing was
performed at several laboratories in the following cities: Atlanta, Georgia (MACTEC);
Charlotte, North Carolina (MACTEC); Phoenix, Arizona (MACTEC); St. Louis,
Missouri (Severn Trent Laboratories); Houston, Texas (Fugro); and Austin, Texas
(University of Texas - Austin Soils Laboratory). Both the Fugro and the University of
Texas - Austin laboratories ' perfij Resonant Column
Torsional Shear (RCTS testin h

xihv ,-t nt5 A.7
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TIhe laboratory testing

program reported on here is discussed further in Subsection 2.5S.4.2.3.

2.5S.4.2.2 Exploration

Subsection 2.5S.4.2.2.1 describes the previous subsurface investigation performed
for STP 1 & 2. Subsection 2.5S.4.2.2.2 describes the subsurface investigation
performed for STP 3 & 4, reported on here.

2.5S.4.2.2.1 Previous Subsurface Investigations (STP I & 2)

Based on information available from the STP 1 & 2 UFSAR (Reference 2.5S.4-3),
the subsurface investigations for STP 1 & 2 were performed from approximately
1974 to 1985, and consisted of a total of 157 exploratory borings, ranging in depth
from 6 feet to approximately 2620 feet below ground surface. Soil samples were
obtained at regular intervals for soil identification and testing. Piezometers were
installed for groundwater observation and monitoring. In addition, static Dutch cone
penetration tests were completed adjacent to selected borings. Soil laboratory
testing included moisture content, Atterberg limits, sieve analysis, specific gravity,
dry unit weight, bulk unit weight, UU triaxial and UNC strength testing, consolidation,



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 68 of 304

swell potential, permeability, moisture-density (Proctor compaction), cyclic triaxial
testing, cyclic torsional testing, and mineralogy.

Geologic data were gathered by drilling one deep boring (B-233) with associated
Paleomagnetic sampling and analysis and performing trench excavations, remote
sensing, field surface inspection and mapping, and construction-phase excavation
and mapping.

Geophysical data were gathered using seismic cross-hole surveys, seismic refraction
surveys, seismic reflection surveys, and borehole logging.

Site stratigraphy at depth was additionally investigated by a review of deep oil well
logs at locations in the vicinity of the STP site. These found undifferentiated
Pleistocene deposits, including the upper Beaumont Formation, extending to
approximately 2800 feet below ground surface.

2.5.4.2.2.2 Subsurface Investigations (STP 3 & 4)

RG 1.132 (Reference 2.5S.4-19) addresses the site investigation for nuclear power
plants, and discusses the objectives of the subsurface investigation for the design of
foundations and associated critical structures. To accommodate the need for
subsurface investigations to be site specific, Reference 2.5S.4-19 recognizes the
requirement for flexibility and adjustments in the overall program and the exercise of
sound engineering judgment so that the program is tailored to the specific conditions
of the site. This guidance was used to make adjustments to the subsurface
investigation during field operations so that a more comprehensive subsurface
description evolved. This included adjustments in field testing locations and
adjustments in the types, depths, and frequency of sampling.

Reference 2.5S.4-19 also provides guidance on spacing and depths of borings,
sampling procedures, insitu testing procedures, and geophysical investigation
methods. This guidance was used in preparing a technical specification, addressing
the basis for the STP 3 & 4 subsurface investigation. The quantity of borings and
CPTs for major structures (including Seismic Category I structures and/or piping)
was based on a minimum of one boring per structure and one boring per 10,000-
square feet of structure plan area. Reference 2.5S.4-19 recommends that borings
for Seismic Category I structures extend to a depth approximately equal to the width
of the structure below the planned foundation level. This criterion was met for the
two deep borings (B-305DH/DHA and B-405DH) made at the centers of the Reactor
Buildings (each approximately 190 feet wide, on average, with planned foundation
level at approximately 85 feet below ground surface), each of which was advanced to
approximately 600 feet below ground surface. At each Reactor Building, eight
additional borings were made to approximately 200 feet depth below ground surface.
These borings were terminated in either dense sands or stiff to very stiff clays that,
from a review of STP 1 & 2 data and the completed 600 foot deep borings, become
stronger with increasing depth.

The sampling intervals employed in the borings varied slightly from the guidance
document recommendations, but were in accordance with the subsurface
investigation technical specifications. Sample spacing in the uppermost 15 feet was
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shortened at each boring, with typically 10 SPT samples collected over that depth.
For SPT sampling five-foot sample intervals were maintained to a depth of 100 feet,
10-foot sample intervals were maintained to a depth of 200 feet and, 20-foot sample
intervals were maintained to the maximum depth of approximately 600 feet below
ground surface. In most cases, additional undisturbed samples were obtained,
especially between the 20-foot sample intervals at the two deep borings (B-
305DH/DHA and B405DH). Continuous sampling was also performed, as described
later. CPTs obtained continuous data to a maximum depth of approximately 100 feet
below ground surface.

Subsection 4.3.1.2 of Reference 2.5S.4-19, "Drilling Procedures," states that borings
with depths greater than approximately 100 feet should be surveyed for deviation.
Deviation surveys were conducted in the 10 suspension P-S velocity logging borings,
including the two deep borings (B-305DH/DHA and B-405DH) in accordance with the
subsurface investigation technical specifications. Per conventional investigation
practice, deviation surveys for other borings were neither called for in the technical
specifications nor performed. It should be noted that all borings and field testing
points were advanced as vertical as possible by starting the drilling rigs/field testing
equipment in a level position and by regularly observing the verticality of the drilling
rig masts, the drilling rods, etc., as the work progressed.

Subsection 4.3.2 of Reference 2.5S.4-19, "Sampling," states that color photographs
of all cores should be taken soon after removal from the boring to document the
condition of the soils at the time of drilling. Undisturbed soil samples are sealed in
metal tubes, and cannot be photographed. SPT soil samples are disturbed and, as a
result, do not resemble the condition of the material insitu. Sample photography is a
practice typically limited to rock core, rather than soil samples, and therefore, was
not ýed This was in accordance with the subsurface investigation
technical specification. X-ray imaging, however, has been performed on undisturbed
samples selected for RCTS testing.

The STP 3 & 4 subsurface investigation was performed onsite between October
2006 and January 2007 and in the Summer of 2008. This work consisted of an
extensive investigation to define the subsurface conditions at the site. The field
testing locations are shown on Figures 2.5S.4-1 and 2.5S.4-2. The scope of work
and investigation methods used by the subsurface investigation subcontractor,
MACTEC Engineering and Consulting, Inc. (MACTEC) and its subcontractors, were
as follows:

" Surveying to establish the horizontal coordinates and vertical elevations of field
testing locations

" Evaluating the potential presence of underground utilities at field testing locations

" Drilling 4 borings with SPT sampling and collecting in excess of 200
undisturbed samples (using the Shelby push sampler or the •brtplr Pitcher
sampler depending on the material) to a maximum depth of approximately 600
feet below ground surface, including two borings with continuous SPT sampling
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(B-322C and B-422C) each made to 100 feet below ground surface. Note that
"continuous sampling" was defined as one SPT sample for every 2.5 feet of
boring depth, with a one foot interval between each SPT sample

Performing M CPTs, including 1sM seismic CPTs to a maximum depth of

approximately 100 feet below ground surface, including making pore water
pressure dissipation measurements at selected depths in 10 CPTs

* Excavating six test pits to a maximum depth of approximately 9 feet below
ground surface, and collecting bulk soil samples

Installing and developing 28 groundwater observation wells to a maximum depth

of approximately 121 feet below ground surface, including slug testing each well

for the determination of insitu permeability

* Performing borehole geophysical logging, consisting of suspension P-S velocity

logging, natural gamma, long and short resistivity, spontaneous potential, three-

arm caliper, and deviation survey for the 10 logging borings

0 Conducting field electrical resistivity testing along four arrays (each array
consisting of two orthogonal survey lines)

M Conducting SPT hammer energy measurements for each of the _ i1 drilling rigs
employed

.:,Performing laboratory testing of soils, consisting of moisture content, Atterberg

limits, sieve and hydrometer analysis, specific gravity, unit weight, UU triaxial and

UNC strength testing, CIU-bar triaxial strength testing, direct shear strength
testing, consolidation, moisture-density (Proctor compaction), California Bearing

Ratio (CBR), d-chemical analyses (pH, sulfate content, and chloride content),

anTl RCTS testing '- _%J_-l- ~~sý&-A4 C4R

Performing laboratory testing on groundwater samples obtained from the

observation wells, including pH, conductivity, dissolved oxygen, alkalinity,
ammonia, nitrogen, bromide, chloride, dissolved solids, fluoride, nitrate as N,
nitrite as N, sulfate, and sulfide, including cation exchange testing on soils in the

well screen area. These results are discussed in Subsection 2.4S.12
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As noted earlier, the STP 3 & 4 subsurface investigation was performed according to
guidelines outlined in Reference 2.5S.4-1 9. The field work was performed under an
audited and approved quality assurance program and work procedures developed
specifically for STP 3 & 4. The subsurface investigation and sample collection were
directed by the MACTEC site manager, who was onsite full-time during the
investigation period. MACTEC's designated project quality assurance/quality control
manager made periodic visits to the site to audit their work and that of their
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subcontractors. A Bechtel geotechnical engineer and/or geologist, along with a
representative of STPNOC, were also onsite during the field work. Additionally, field
boring logs, well logs, test pit logs, and hydraulic conductivity logs were prepared by
MACTEC engineers or geologists who oversaw the entire subsurface investigation
on a full-time basis. A visit to the STP site during the subsurface investigation work
was also made by NRC in early December 2006.

Each field testing location was checked for the presence of underground utilities prior
to commencing work at that location. The locations of several field testing points
were revised due to their proximity to utilities or their inaccessibility as a result of wet
conditions. The ground occupied by each drilling or CPT rig was temporarily covered
with plastic sheeting to prevent accidental release of hydraulic fluid onto the ground.

An onsite storage facility for soil sample retention was established before the
subsurface investigation commenced. Each sample was logged into an inventory
system. Samples removed from the facility were noted in the inventory log book. A
chain-of-custody form was also completed for all samples removed from the facility.
Material storage handling was in accordance with ASTM D 4220 (Reference 2.5S.4-
21).

Complete results of the subsurface investigation are in Referenced 2.5S.4-2ý:?ýj
ad 2. Additional details related to field testing activities,

including borings, CPTs, observation wells and slug testing, test pits, field electrical
resistivity testing, geophysical logging, etc., are summarized below.

2.5S.4.2.2.3 Boring and Sampling

Borings were advanced using mud-rotary drilling methods, with -I-id-- hollow-stem
augers used in the upper portions of some borings, as noted on the boring logs.
Drilling mud was a mixture of water and bentonite. Clean water, obtained from the
site water supply was used for drilling. ••ný r•E drilling rigs were used to
advance the borings, including, both truck-mounted and all-terrain vehicle (ATV) rigs.
The make and model of each rig is given in Table 2.5S.4-4. Each rig was equipped
with an automatic SPT hammer.

Soils were sampled using a standard SPT sampler, in accordance with ASTM D
1586 (Reference 2.5S.4-22). Soils were sampled at continuous intervals (one
sample every -2.51,5-feet of boring depth) to approximately 15 feet below ground
surface. nebori '•er (Blge•13•32'2Gl"Sorwr bl22d'lnkST
contlnu_ ou1siy s'ai:2lýe ie15 1fOe t fe~t)•. Subsequent SPT

sampling was performed at regular 5-foot intervals to a depth of approximately 100
feet below ground surface. From depths of approximately 100 feet to 200 feet below
ground surface SPT samples were obtained at 10-foot intervals, and finally, from
depths of approximately 200 feet to 600 feet below ground surface, SPT samples
were obtained at 20-foot intervals. The recovered soil samples were visually
described and classified by the rig engineer or geologist in accordance with ASTM D
2488 (Reference 2.5S.4-23). A representative portion of the SPT sample was placed
in a glass jar with a moisture-preserving lid. The sample jars were labeled, placed in
boxes, and transported to the onsite storage facility. Table 2.5S.4-19 provides a
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summary of as-built boring locations and other details. Boring locations are shown
on Figures 2.5S.4-1 and 2.5S.4-2. Boring logs are included with Referenceo 2.5S.4-
2j2.5S, :22,25S,•CB •F&Z•SS•4•C. Upon completion, each boring was tremie-
grouted back to the ground surface using a cement-bentonite grout rixture.

Undisturbed three-inch-diameter tube samples were also obtained, in accordance
with AS5TM D 1587 (Reference 2.5S.4-24), using either a Shelby push sampler or a
rotary Pitcher sampler, depending on the material being sampled. Upon sample
retrieval, any disturbed materials at the ends of the sample were removed, the ends
were trimmed square to establish an effective seal, and for fine-grained cohesive
soils a pocket penetrometer (PP) measurement was taken on the trimmed lower end
of the sample. Both ends of the sample tube were then sealed with hot wax, covered
with plastic caps, and sealed once again using l4ci tape and wax. The
sample tubes were labeled and transported to the onsite storage area. Table 2.5S.4-
20 provides a summary of undisturbed soil samples collected as part of the
subsurface investigation. Undisturbed samples are also identified on the boring logs
included in Referenceg 2.5S.4-21,2-:1:5 :j542B ,aAn ,.. .

Energy measurements were made on the SPT hammer-rod systems on each of the

,13, drilling rigs employed in the subsurface investigation. A PAK model Pile
Driving Analyzer (PDA) was used to acquire and process the data. A summary of
the measured hammer energies and related data is provided in Table 2.5S.4-4.
Between three and five hammer energy measurements were made at each drilling
rig. Energy transfer to the PDA gauge-positions was estimated using the Case
Method, in accordance with ASTM D 4633 (Reference 2.5S.4-25). The average
energy transfer ratios measured at each drilling rig ranged from 72% to 99%.
Detailed results of this testing are presented in Reference" 2.5S.4-2, 2.5_4-AW
IEý_ __and 5

2.5S.4.2.2.4 Cone Penetration Testing

CPTs were advanced using an electronic seismic piezocone compression model with
a 15 cm 2 tip area and a 225 cm 2 friction sleeve area. CPTs were performed in
accordance with ASTM D 5778 (Reference 2.5S.4-26). The CPT equipment was
mounted on a 15-ton track-mounted rig which was dedicated to the CPT work. Cone
tip resistance, sleeve friction, and dynamic pore pressure were recorded every 5
centimeters (approximately every 2 inches) as the cone was advanced into the
ground. Shear wave velocity measurements were also made at selected CPTs using
a geophone mounted above the cone and a digital oscilloscope. An anchored beam
struck at the ground surface with a sledge hammer served as the vibration source.
Pore pressure dissipation data were also obtained in selected CPTs, with the data
recorded at 5 second intervals.

T "hj4ytwq F•rty-fog CPTs were performed, with termination depths ranged from
approximately 36 feet to 100 feet below ground surface, including WS.Wi seismic
CPTs (C-305S, C306S, C-307S, '45S C-406S, and C-407S). Pore pressure
dissipation tests were performed at 10 CPTs, and at 19 depths. Table 2.5S.4-21
provides a summary of as-built CPT locations and other details. CPT locations are
shown on Figures 2.5S.4-1 and 2.5S.4-2. CPT logs, shear wave velocity
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measurements, and pore pressure dissipation test results are included in Reference
2.5S.4-2.

2.5S.4.2.2.5 Observation Wells and Slug Testing

Twenty-eight observation wells were installed, with well depths ranging from
approximately 36 feet to 121 feet below ground surface. Observation wells were
installed under the full-time supervision of a geotechnical engineer and/or geologist
either in sampled borings or in offset borings, with installation in accordance with
ASTM D 5092 (Reference 2.5S.4-27). For observation wells installed in sampled
borings, the borings were grouted to the base level of the well, and the portion above
was reamed to a diameter of at least 6 inches using rotary methods and a
biodegradable drilling fluid. Observation wells installed at offset locations were
installed in borings made using the rotary drilling method and biodegradeable drilling
fluid (one observation well was installed using a hollow stem auger), with an effective
well diameter of 8 inches. Each well was developed by pumping and/or flushing with
clean water. Table 2.5S.4-22 provides a summary of as-built observation well
locations and other details. Observation well locations are shown on Figures 2.5S.4-
1 and 2.5S.4-2. Complete observation well details are included in Reference 2.5S.4-
2, and are discussed further in Subsection 2.4S.12.

Slug testing, for the purpose of measuring the insitu hydraulic conductivity of soil
strata, was performed in all 28 observation wells. Slug tests were conducted using
the falling head method, in accordance with Section 8 of ASTM D 4044 (Reference
2.5S.4-28). Slug testing included establishing the static water level, lowering a solid
cylinder (slug) into the well to cause an increase in water level in the well, and
monitoring the time rate for the well water to return to the pre-test static level.
Electronic transducers and data loggers were used to measure the water levels and
times during the test. Table 2.5S.4-23 provides a summary of the hydraulic
conductivity values resulting. Complete slug testing details are provided with
Reference 2.5S.4-2, and are discussed further in Subsection 2.4S.12.

2.5S.4.2.2.6 Test Pits

Six test pits were excavated to a maximum depth of approximately 9 feet below
ground surface, each using a mechanical excavator. Bulk samples were
collected at selected soil horizons in the test pits for laboratory testing. A
summary of test pits completed and bulk soil samples collected is included in
Table 2.5S.4-24. Test pits were made adjacent to selected borings and CPTs,
as noted in the test pit number. For example, Test Pit TP-B322C was made
adjacent to Boring B-322C. Reference 2.5S.4-2 contains test pit records and
other details.

2.5S.4.2.2.7 Field Electrical Resistivity Testing

Four field electrical resistivity tests were performed to obtain apparent resistivity
values of the site soils. Table 2.5S.4-25 provides a summary of the as-built field
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electrical resistivity test locations and other details., Field electrical resistivity testing
was conducted using a MiniRes HP earth resistivity meter, a Wenner four-electrode
array, and "a" spacings of 3 feet, 5 feet, 7.5 feet, 10 feet, 15 feet, 30 feet, 50 feet,
100 feet, 200 feet, and 300 feet, in accordance with ASTM G 57 (Reference 2.5S.4-
29) and IEEE 81 (Reference 2.5S.4-30). The arrays were centered on each of the
staked locations, namely ER-301, ER-401, ER-901, and ER-902, as shown on
Figures 2.5S.4-1 and 2.5S.4-2. The electrodes were positioned using a 300-foot
measuring tape along the appropriate bearings using a Brunton compass. Field
electrical resistivity test results are summarized in Table 2.5S.4-17. The raw field
electrical resistivity test data are provided in Reference 2.5S.4-2.

2.5S.4.2.2.8 Geophysical Logging Including Suspension P-S Velocity Logging

Geophysical logging consisted of suspension P-S velocity logging, natural gamma,
long and short resistivity, spontaneous potential, three-arm caliper, and deviation
surveys for the 10 logging borings. Detailed geophysical logging results are provided
in Reference 2.5S.4-2. Suspension P-S velocity logging results are discussed
further in Subsection 2.5S.4.4.

2.5S.4.2.3 Laboratory Testing

As noted above, RG 1.138 (Reference 2.5S.4-20) addresses laboratory testing of
soil and rock for nuclear power plants. This guidance document describes the
requirements for laboratory equipment (including calibration), handling and storage
of samples, selection and preparation of test specimens, and testing procedures for
determining static and dynamic soil and rock properties. The laboratory tests listed
in Reference 2.5S.4-20 are common tests performed in most well-equipped soil and
rock testing laboratories, and are covered by ASTM and related standards. Some
tests not covered in Reference 2.5S.4-20 were also performed for the STP 3 & 4
subsurface investigation (e.g., the state-of-the-art RCTS testing method was used in
lieu of resonant column tests and/or cyclic triaxial tests to obtain shear modulus
degradation and damping ratios over a range of strains).

Reference 2.5S.4-20 does not provide specific guidance on the quantity of laboratory
tests to conduct. The number of laboratory tests made for the STP 3 & 4 subsurface
investigation was based on engineering judgment, and on experience with similar
projects, to obtain necessary data for characterizing engineering properties of
materials that impact ground stability and the suitability of construction for critical
foundations. An initial laboratory testing assignment was based on information
developed from the subsurface investigation, such as the numbers and positions of
soil strata, their thicknesses, strengths, vertical and lateral uniformity, relevance to
planned foundations, and knowledge of planned construction at the time, followed by
supplementary testing assignments to fill data gaps and/or to confirm previous test
data.

ASTM D 4220 (Reference 2.5S.4-21) provides guidance on standard practices for
preserving and transporting soil samples. This guidance was referenced in
preparing the technical specifications for the STP 3 & 4 subsurface investigation
work.



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 76 of 304

Laboratory testing for the STP 3 & 4 subsurface investigation included testing of soil
and groundwater samples recovered from the field testing points (e.g., borings,
observation wells, test pits, etc.). Laboratory testing of groundwater samples is
addressed in Subsection 2.4S.12. Laboratory testing of soil samples consisted of
index and engineering property tests on selected SPT, undisturbed, and bulk soil
samples. SPT and undisturbed soil samples were recovered from borings. Bulk soil
samples were recovered from test pits. Laboratory testing on recovered soils
samples included: moisture content, Atterberg limits, sieve and hydrometer analysis,
specific gravity, unit weight, UU triaxial and UNC strength testing, CIU-bar triaxial
strength testing, direct shear strength testing, consolidation, moisture-density
(Proctor compaction), CBR, and chemical analyses (pH, chloride content, and sulfate
content). RCTS testing was also pFtotrmed. c iiiionedittcihqd, <1

Cjte~dq (ml tthe stoflt on! ,

Laboratory tests were performed in accordance with the following standards:

" Identification and Index Testing

- Unified Soil Classification System (USOS) - ASTM D 2487 (Reference
2.5S.4231) Vlj u al[Eu c6NFfre6hdASTM D 2488 (Reference
2.5S.4-23)

- Moisture Content - ASTM D 2216 (Reference 2.5S.4-32)

- Atterb'erg Limits -ASTM D 4318 (Reference 2.5S.4-33)

- Sieve and Hydrometer Analysis - ASTM D 422 (Reference 2.5S.4-34) and
ASTM D 6913 (Reference 2.5S.4-35)

- Specific Gravity - ASTM D 854 (Reference 2.5S.4-36)

- Unit Weight - measured (included as a part of related ASTM standards)

" Strength Testing

- Unconsolidated-Undrained Triaxial Compression - ASTM D 2850 (Reference
2.5S.4-37)

- Unconfined Compression - ASTM D 2166 (Reference 2.5S.4-38)

- Consolidated-Undrained Triaxial Compression - ASTM D 4767 (Reference
2.5S.4-39)

- Direct Shear - ASTM D 3080 (Reference 2.5S.4-40)

" Compressibility Testing

- Consolidation - ASTM D 2435 (Reference 2.5S.4-41)
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" Compaction and Related Testing

- Moisture-Density Relationship - ASTM D 1557 (Reference 2.5S.4-42)

- California Bearing Ratio - ASTM D 1883 (Reference 2.5S.4-43)

" Chemical Testing;- Soils

- pH - ASTM D 4972 (Reference 2.5S.4-44)

- Chloride Content - EPA 300.0 (Reference 2.5S.4-45)

- Sulfate Content - EPA 300.0 (Reference 2.5S.4-45)

O RT sI -oke et as (Reference 2.5S.4-4g

-RCTS Testing - Stokoe, et al. (Reference 2.5S.4-46)
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Table 2.5S.4-1 Field Testing Summary

Field Test Industry Standard Number Of Tests

Borings (B) References 2.5S.4-22 and 1
2.5S.4-24

SPT Hammer Energy Measurements References 2.5S.4-6 and 46-
2.5S.4-25

Cone Penetration Tests (C) Reference 2.5S.4-26 244•

Observation Wells (OW) Reference 2.5S.4-27 28

Test Pits (TP) No Standard 6
Field Electrical Resistivity Arrays (ER) References 2.5S.4-29 and 4

2.5S.4-30

Suspension P-S Velocity Logging Reference 2.5S.4-47 10
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Table 2.5S.4-2 was replaced in its entirety with the following:
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Table 2.5S.4-3 has been reformatted and replaced in its entirety to include new data and
methodologies.to reflect the new data distribution for the Ultimate Heat Sinks and the new
methodology.
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Table 2.5S.4-4 Summary of Energy Transfer Ratios/Hammer Energy Corrections

bETR Hammer
Drilling Rig Number Of ETR Range (%) Average Energy

Correction(%) (ETR%/60%)

Otoe•r20_06 -January,2Q070 T Best Failing 1500 Truck Rig 4 70-75 73 1.22
O'•t~6r•• 200'6 •J•n•i"2007T Environmental Exploration CME 750 ATV 5 79-84 82 3 1',,

L .de'2006 Gregg Fraste Track Rig 3 79-80 80 1.33

,0 6'r-20 J, .2'00,7 Gregg CME 55 Truck Rig 3 86-88. 87 1.45

Oct~bb6r 2006 -•J fu'y2Q07 Jedi CME 75 Truck Rig 5 71-77 75 1.25

.. y.2.007-...;- .. AUgst.• ýO• edi ME 7.....906k1Ri7 99 7§

LtLffbe20.Oý27,,/2006 Lewis Environmental Mobile B57 1 5 90-1 07 99 1.65

-2/i20 Jti_4gjy j 00_7 Lewis Environmental Mobile B57 r 5 83-89 87 1.45

July 2907• - August 0OQ7• Lewis Environmental Mobile B61 83-8 91

Lf/ý/200,gt~q o Januar 'LOQ7i Lewis Environmental Mobile 861 12, 3 94-98 96 1.60
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Table 2.5S.4-4 Summary of Energy Transfer Ratios/Hammer Energy Corrections (Continued)

ETR Hammer

[3] Number Of er HaEnergyDates Applicable Drilling Rig Measurements (%)Range Average (CorEnRETR (%)Correction
N% (ETR%1.60%/)

q MACTEC D50 ATV Rig 4 69-74 72 A V2•0•

qtbe2006 -JaniuayyýO0 MACTEC CME 45 Trailer Rig 5 74-84 83 1.38

gjctber 2006 7any;20=Q Miller CME 750 ATV 4 83-86 85 ', 4,1

[1] Energy Transfer Ratio (ETR) = the percent of measured SPT hammer energy versus the theoretical SPT hammer energy (350 foot-pounds)!

[2] The Lewis Environmental SPT hammer was initially mounted on the Mobile B57 drilling rig. The hammer was serviced on 12/08/2006, and was moved to the Mobile B61 drilling rig on 12/16/20061

[t3] Dltespphicable is theg Ioits iie, llerGCME750 A• dJeDnlhling CME 5•TrucGl•ewnvand
ollem.iik 57 rigs were us cd ,i u ii.......tha n.. u
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Table 2.5S.4-5 has been replaced in its entirety to include the new distribution of data
for UHS and new methodology.
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Table 2.5S.4-6 Summary of Corrected SPT N (N1)60-Values
Selected for Engineering Use [1]

Average [2] Av•r•e e[2] Average [2] Seledted,[3] Selected [3]
Uncorrected PCorreced Corrected Corrected Corrected

Stratum N-Value N IieYale (N)-Value N-v" (N)6o-Value
__________fH 10 ___ _ _ _ __ _ _ _ _ _ ___1_1

B 9 14 4-112

C 25 4, 35

g 15 5 W _N_

E __:5 _L3

F 22 r LP

H 44 7 K: 3028

J Clay " 5 - •IA

J Sand L___

K Clay 15 H K F

K Sand/Silt _6§ 1.5, -27_

L 23 __,_ §___ NIL

M Not Tested Not Tested i0

N Clay 33 56 EN 547 ZN/A

N Sand - 2367 l -6

[1] All SPT N60- and (NI) 6o-values in blows/foot. N 60 values include correction for energy transfer
ratio, rod length and no sample liner (Cs=1.2). (N1 )60 values include corrections for energy
transfer ratio, rod length, no sample liner (C,=1.2) and vertical effective stress (0.4<CN:<1.7).

[2] Average N60- and (N060-values shown above are site-wide averages.
[3] Selected values for engineering use are based on lowest averages of the predominant grain size by
3A for N6 o and Table 2.5S.4-5 for (N1)60.

area in Table 2.5S.4-

' ne: eiccee: iy4- tie i a'-: ta'znJne sare: ,
Su1~fra'tiini K~Sand!Silt
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Table 2.5S.4-7 Laboratory Testing Summary

Laboratory Test Industry Standard Number Of Tests

Moisture content Reference 2.5S.4-32 W53

Atterberg Limits Reference 2.5S.4-33 929 286
. " ,S Analysis References 2.5S.4-34 g257

and 2.5S.4-35

Specific Gravity Reference 2.5S.4-36 0-7
Unit Weight Included with Related

ASTM Standards

Unconsolidated Undrained (UU) Triaxial Reference 2.5S.4-37 6
Strength

Unconfined Compressive (UNC) Strength Reference 2.5S.4-38 -ff5

Consolidated Undrained (CIU-bar) Triaxial Reference 2.5S.4-39 -1
Strength

Direct Shear (DS) Strength Reference 2.5S.4-40

Consolidation Reference 2.5S.4-41 ' Q37

Moisture-Density (Proctor Compaction) Reference 2.5S.4-42 8

California Bearing Ratio (CBR) Reference 2.5S.4-43 4

pH Reference 2.5S.4-44 6296F

Chloride Content Reference 2.5S.4-445 4,04

Sulfate Content Reference 2.5S.4-45 47•1

Resonant Column Torsional Shear (RCTS) f Reference 2.5S.4-46 Pe -
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Table 2.5S.4-8 has been reformatted and replaced in its entirety to include new data and
methodologies.

Table 2.5S.4-8 Summary of General Physical and Chemical Properties Test Results
Natural' I-- I Total Il• ~ Iiiiei• i I• ChiondI S I-f-d-

~p U§CS Co-ntent WQ st Vo@d- I -i- Rtit 107- one p I Ie Cotn

____ Va j -I Gra-P % pcq b-vity i -tio m it(% 'nd l) I I %ý- g -1 g)~7 Fi~i~i-9

r1 7{7Z1

Minimum

#M.fJIests

1 .5.,7 L j1729 2.65 04-67 30.0 i It0 0.0 0,2 .896 Iý7 2611 6-.1

29.6 13130 2'. 17 0.748 800 58:0 0:0 10.•4 9908 t92 1_2,300 t6;0
954.- I23,5 2.71 07,.1 7 56 3 j_6"6 0o0 3.9 @61: A 263:0 21 L9

st5 C

31 114 9 13 44 44 Mi IJ IJ 30 20
4 .4- 4 4 4 4- 4 4 .4- 4 .4.

iStratum B I I I I

M •nmum 1176 16:8 21.69 0.600 26.0 8.0? 010 5.' 36,1: 8:5 6.5 93

Maximuim C•L L• 78.4 127:7 21.71 0:806 4610 26.0 4,0 6319 94.3 8&7, 12410 13.5

Av-erage SMSC 24.3 121.4 23 0 0.717, 3310 14:4 0:6 32A1 67.3 8. 6 7135 l1,71
# -Otes-t 6 5 25 5 1I9 •19 .12= q 3 3_

iStratum . I 1 I I I I I I I I I I II
Mininiium 171 196 265 0P653 N NP' 00 4ME 5.3 18.I 1361 1
Mxiymuirf S-S1 270 124.2 2,73 0:7J5 NY NP 5ý9 94 :7.. 95.9 921 108.0 355

Av6,ag. Mq? 23:3 122:0 268 0:695 NY, NP 03 76:3 23-:4 87, 7,77. 14.4

#o'.t:ents 45 4 2 39 39 14 f0 11

Minimumir CKCL 16. 110 2:65 01523 2010- 21 0 .0l 0:0 1. 85 31

Maximumn CL:ML 53,4 ,129;6 2.7 ? .T 1:030 84. 9 22 87 1.0010 9.1 6619 143:0

qAv.- w ~ 2L 25:8 12216 2:7 2 0:746 57:.2 36:6 0:2 21,0 78.9 8.7, 48.5 40.0

#0:. '.Te~st 90 26 1_4 26 53 53 26 26 26 8 5 5

I m. I I I I I
I I I I

ýIm SM;T FML-, .1_49 1-114, 2.62 0:576 V N 0.0 3:8 3.:0 84 27:0 1Lt.I

MAniiJn SP.X ._Cs 2518 132;6 2.78 077ý0 NV, N 1?, 115 9710 96.2 9.3 46.6 31V8

A 'gd =,,I 208 1226 2.68 0i678 NV, NR 0.41 8101I1J 19.8 881 37A: 23:3

#,'fTe 448 9 8 8 6 6 43 43 43 6 4 4

IStraurm F I" I]

MnmuOm OH CL 2 175919 265 0584 270 16.0 0.0 6 55!8 8:3 20 3146

Max mum M C 33.2 1 O 2.7,8 0.786 74.0 5130 0; 442 99,4 8:9 40.0 478

Ave5§ a C 24ý2 12?5.0 2.73 0.684 57ý0 137.0 10.0 6!2 93:8 8!6 3,0:8 31 :6

-Of 66 A 1 17 ý 47j _ r17 [1_ 1_4 14 5 5 5
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Table 2.5S.4-8 Summary of General Physical and Chemical Properties Test Results
(Continued)

Natural I
Moisture Total
CMontent Unit initial Liquid Plasticity Fines

Description USCS Inn Weight Specific Void Limit Index Gravel Sand Content jChloride Sulifide
of Vaiue Group (pcf) Gravity Ratio (%) % % %) % H (mk (m/k

IStratum H I I I I I I I " I I I I I I I
M.nimur 12g4 120A. 2.66 0.404 Nv NPE 00.0 52 6.0 8.8 N/jA N/A

Maximfidm FPM 4-74 134.9 Z.66 0.69, NY, NP 8.6 94. 94.8 88

Tverugd SM 19 24:.g 216 6 0.551, NV NP, I1 805 j1Vz 8:

#ofT sts 16 4 A 2 ii I 1.•4 /1 4 0 0

IStratum J.(CLAY1I I I I I ' 1 1 I I_ [ ]
Mi,9initir _,1W. J a0 31 2:65 0.480 26.0 9.0 0.0 0.6 54:6 N/Ao NICA NA

Maxri~nuri l-OR 94:0 133.7, 8 .9 00 b: 0.0 454 94

,,,ea2g1 21.9 125.0. 21:, 0654 52:5 3317, 0.0 12-1 8T.9

k#oUEEtSl 50 28 j17, 27 39q 39 23 23 3 pa

ISUB-STRATUM J (SAND/ SILT.Interbed 1) <assodated with J (CLAY 1p)> _____• I I I
Minii'i 16 61: N/A N/A N/A 'N/A N/A T00 27.-7. 513. - N/A N/A N/YA

MairfiiC/h/ COM• 21 :_00 10O0 4=8:7,. 72:3

18~raqýA.6 38:q§2 ý,

# of-Tfest§ 2 0 q 0 0.0 0.0 2. 2 2 0 0 0

ISUB-STRATUM J (SAND1 LI _ I I___II_ I I I ) I
Minitn...urn 18:7 12_1Yt 2. 63 0.645 NV N Q:Q 22:7 .14_6 /A. N/ N/.A

Mainuni' M LSI N 24:6 124L4 2:72 0Q692 NY NP 1.. 8512 73
218 123.. 2:L67 0P669 NV NP ;2 636 36.2

#-6~Test 9. 2 ý3 2 4 4 .9 9 9 0 0

IStratum J &CLAY 2)

Mjnirnwmj 16.A4 118.9 2.64 0.50- 29:0, 12;0 j00q 0.2 6_1.4 N/A W6 N/A

MWemum Ok CL 38.0 129.2 2:75 0.793 85. 62:0 09i 34.0 99.8

2_4.1 I124-A 2 x7- 0.664 55.3 q.7, . 92.2

ho~qf 4 -0 f~p :13 .18 4:1 21: 16 16i 16 0 2

J (CLAY.2)> 1 1 ISUB-STRATUM J (SAND/ SILT Interbed 2)/

inmm.M18, 11ý4ý4 2: .4? 24.0 30 a 00 33 98 NA __ NA

~~iJ/MP~~30 1 280 !67i 0:7j49 2.4:0 3ý 0 Op -90.2 97 1

_ _ __ _I_
jyZg SBK 2' l 2 : .6 06i96l 24,.0Q 1309 00 34,9 66. A
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Fe-sl] 16 I I 12 I 15 16 IS IS I 10 I
Table 2.5S.4-8 Summary of General Physical and Chemical Properties Test Results

(Continued)
Natural Tota
Moisture Tta

Content Unit Inial Liquid Plasticity
Description USCS Weight Specific Vid MIt Ind Gravel Sand C Chioride Suifide
of Value Groun (Dcfi Gravty Ratio % 1 %). 1%) _ (%) (%) pH (mg/kg) (mg/kg)

1COMBINED SUB-STRATAJ(CLAY 1). JCLAY 2)-

MifilmurTi jj3:- 103.3 2& . - 0 9.0 0.0 0:2 54.6 N/ /A NAý

We) a rn Lum H F8 .0 MO. 28 0.1 85.0 62.0 0.9 454 99.8

Ay-erage Mll F22.9 124ý8 2.71 0.658 53.8 34.6 q.0 j191 89.

#ofaTests 90 47, 30 45 70 70 39 39 39 0 0: 0

ICOMBINED SUB-STRATA J (SAND 1), J(SAND 2) J SAND/SILT interbeds)

Minimt~rii sm~MI
1  

16§:; 1121.k 2;63 0.642- 24.0 3.0 p:0 3.3 9!8 N/NA
MxrbTIrr S-MT 2: 7 2.0I 272 T.49q 2 .0 3.-I'90 6.7jj/ /

22• ~ 54 :6 0.682 240.0 3.0 0:: 0 s-

Of .17. jb 61_ 4_ 9 iz :1 17Z 0q

IStratum K< CLAY)

M~inibm1. 1. 2.7 0A99 q33. 0.0 oo 11.0 7: / /

Msxmriri H& 345 11. J2.6 0:627, 73.0 1 : 25:2 99.0

Average 23:2 ~1?_4q 273 Q-563 5ý0:3 33.3 0.0 .131 86.9

#oqf.Tkstg 4_ 3 3 2 3 3 2 2 2 0. 0 0

Istratum-M Mk SADSL)* I F _ 77 1 __ 1 1 1_ 1i __ F_ _ _ _ _ _

M inimumr 20A1 126.:8. 2:637 i:596 NY, ýNP Q.o q4L6 2Z7:0 N4/A Ný/A W

M.Armurm SM 21: 16. 8 267 0:596 NV _ Z~1 3:0 6:

#ofI e1s2 2 0 0 j0
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I _ -1 11 1. I IIi f10 I. 11 IQ I I
Table 2.5S.4-8 Summary of General Physical and Chemical Properties Test Results

(Continued)

1 d1
,- .. . . , . .r . . -- ...$,-. . , ; , . .- .. .. - . . . . - .. .A . -t . ~ S - ,-. - , ,, -= - =

IStratumN(CLAYIl) 1 I I 1 I I I I II I I I
1Minimum _9. _12.9 Z16_7 0.835 50.0 25:0 0'.0 20 2t17j N/A_ N/A A

Ma.u-mu :SC 5737 120.3 2:75 1Y074 9000 63.0 .0 783 98:0

Aveirag" 29- .7. 227.1 0.954 Z14 A 48.0 0.0 23.7 M6A4

#_df-T6§W 5 4, 2 5 5 4 4 4, 0 0 0

IStratum N (SAND1) I I I_ II I_1_I I I • I III
Minmum163 130 A5 0.536 NV N 0.0 50:1 4 NA /A N/

Maxmu-nii 20.9 130'.2 2Z65 0.536 NV NIP, 0.7 95.3 49.2

A4rg:18.-8 130.,2 1.65 0.536 NV NIP, 0.4 72j7 2T-.0

#,f[est 2 1 Ii 1 1 1 2 2 2 0

Stratum N (CLAY2) I I I I I I I I I I I I I

Mirimtr~ 295 L118:3 2,7_4 N./A 920 6.0 20 12.0 860 N/A *A NA

____agL 295 I16.3 2:74 92: 650 5, 2:0 120 86.0
CR _

2oe95 ztt_ J,4q 2,74 92-q b510. 2 6

-W TSI- AMI% 1 .I 5 WS I .~ ~ t" , .- M S

IStratum N (CLAY3 I _ _ I I I I I I II I I
Mi~iimum S ~~2112 128:8 2ý67. N/A--§ L NYV NFI -: z2:- _4 N/A P/VNA

Maximfri psP-SM1  
28:0 128.8 2.67, NV NP 64i 898 25.9

A~ggii 24ý6 1_28_8 267 N 20 83:9 141

Mjnim• 1_7 1 N/A NLA N/A" 46W.0 .N0 N/A N/A N/A N/A N/A N/A

Maxiriuir 117,7 46.0 31.0

SA L ago 714: 31.0

#1festo : 0 0 o 0i o 0 0, Q 0

Stratum.N SAND3) I I I I I I I I I
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Table 2.5S.4-8 Summary of General Physical and Chemical Properties Test Results
______(Continued)

i ~Ntralw :Toi

I ~ ~~~~Moish1@-r Unit iFns Cir~~i~1

Bf V~iiii 'a~ii (%)U f) G i i, I Grvt RiiuS Lirit(% I m.(% ( %, ) 'W) (%)r i3/ P ffjO

IStratum N (CLAY4) .1 1 1 1 1 F I I
Minimum i7. 37 2.66 N/A 33.0 22:0 0 40 0 N N../A NI/A

Maiamuhi CHk1 ?977 131ZL 2.66 856!0 59.0 1.0 4_9:0 50b 0

241 1 j 2.66 65'.3 45. t 49,0 50V

Maxrhts• 243 1: 0 3 3 7721 0 0 0

wa -71777 7~zr itr4; .-

IStratum N (SAN 5) I I I
Minimum 18. 125:5 2:671 0.616 N N9 00 YJ4 11 / / /

Miidmum S'SM1 23.3 129. MN 01 N-V NP 0M 88:2 28:

Avriýg t .M 2t_4 12;715 2 Q 061 NV NB 9-0 /9.8 20

oUqffs 3 2 ' 4 2 2 *2 0 0 0

<rv-izun ......... N___ (CLc I. I_ _ I I, -~i ----- ~ -w -'----,--'J 1

Minimum 2V8 123 7 /A 0:729 59.0 4.0.0 N/IA N/A N/A N/A N/A N/A

Masiatrjh 2413 123.7 0:729 81:0 5.

Avrb213 12171,? 0:L29 70.:0 4.9.0

iojeti1 1 2 0 01 0 b 0

IStratumnN (SAND5) I _ _ __ _1 1_ _ _ I_ _ I_

•:• •. • •b;• r i •;•1• •; • •;• • • .5-•i= 4y: •:•p•5• •:• ;

I • I NY V 1 I 1 " " i1 I " I • I I
dihiiinuiti
Visidmui i1ý4 1iu2.1 fj~ 1:5ý67 W4L 190F ~ K ~ r ~ f

C5H-ýMu 27-2 1128.8 2?70 0.567 8q40 1620 20 19ý.0 8.__ I' I I I P 1 I I I__21
21 21 200567 L68 1428 097 14 86. I

4! 3 I 4 41 4 3 3 G

4 & 4 .4- 4 4 4 + 4 4 4 + 4
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Table 2.5S.4-9 Summary of Undrained Shear Strengths for Cohesive Soil Strata

From Correlations with SPT Na-value Data

Stratum Selected £~2 N;" aclae Q(
Value (blows/foot) Calculated • (ksf)

D
F 4

J Clay T,48 _ _.(_

K Clay 3
L ,:.g 4.5___ _ _ __ _ _ __ _ _ _

N Clay $-4T_,_

From Laboratory UU and UNC Tests (Vje(4pge _E •j

Stratum Minimum S, (ksf) Maximum Su(ksf) Average Su (ksf)

0.5 2.3 _

D 0.3 2.5 i42•

F 0.7 NR E22

J Clay 0.1 6.6 3,2-A

K Clay. 2.8 4.0 4

L Not Tested Not Tested t Tested

N Clay 0.2 4.5 4-5

From Correlations with CPT Data

Stratum Minimum Su su(ksf) Maximum Suf) Average Su su(ksf)
________ _______ _ ______ _______ _______(ksf) _ _ _ _ _ _ _ _ _

________ ...... _ 0.2 & :1_0

D 0.8 E 0-7--__

F 1.9 6.3

J Clay 2.3 R____ _

K Clay Not Reached Not Reached Not Reached

L Not Reached Not Reached Not Reached

N Clay Not Reached Not Reached Not Reached

Selected Values for Engineering Use

Stratum Selected Su su(ksf)

D 3.0

F 3

J Clay ___-

K Clay _ __3 _

L O 3. 9

N Clay 45



Table 2.5S.4-10 Summary of Laboratory Strength Test Results

U8NCIUU Tess [1) CIU.Bar Test. [it] OS Tests [1]

5 a E

611

A 1140"H~ VD-I 3,0 2a.a t22.0 23A8 49 43 CH 0.51 LAC 0.t53 IAJ5

A 5 VV UDA 3.-0 27.3 122h 23.1 70 45 Cml 155 hN)c t,94 3,W•

* B-3& t•-A 8-0 225 123A 24.3 43 27 UL 
0LU 

U 1291 lAQ

* 8-333 W-32 I&0 125 i1.1 23- 30 it 0L 1.1a UA) 0AID 0.32

A 849 M - 3.0 282 123D 21 
-s 

.9 CH 4140 Um 2293 3W

* 6-32 U-2 151 Ia-2 121 A 242 31 11 CL 1,34 NC 0.916 0158

A 4052 U0-I 35. 2.1 1242 213 (5 43 CH Q51 UNC 1277 2115

A 9. W L0 2 3.0 2. 1242 23.1 59 3 9 CI 1.21 U5 E 1-46 035 .

A 8.203 0 -04 5.0 2435 12230 22.3 ea 45 CH 1164 tea 1.17 11t.3

A 8.904 00-2 18.0 its 122.7 21.1 33 41 CH t 1.. 1 8 0a2 I 7

A G.433 00D- 3.0 27.2 1335 15.7 CH 043 OlE 2.138 3. -

A 5.glg 003 1 5&0 219 124.5 23-5 55 43 CH U1S2 00J 0103 1.25

•=u• 1 'st1., 
Q•a 

1 
A 0 32

A....• 12.£ =4 5 6I7 
j

A 5404 00.13 205 126 1213 23.3_ IN NS %A 064 WE05 MID 2.w8 28-

A 58M 1 3.S • 2 7.0 133171A 251D NY N w 2,045 WE

A 8.811 0M.2 18.0 iz2 1241 23.J 46 2 CL 1.00 00 1,352 123

* 8.012 0 D2 235 a8s 112 212 WV NP A. 2.08 
OA0 V.0 0.10 3128

B 08927 02. 28a0 t2 127.7 21.3 CH . 0w_ .8A64 OS

5.80 .1.2 23 8 11815 21. 0 O 9. 18 .3e 0, SA4S 47.0 0,51 3•10

a111 __ 1.80 WE4 I fA 47.8 OW5 203

M•.
1 

m 127.7 25.2 
1. 2 23.0 2 310

0 A..8.ge 121A 23.4 90 __ _ _355 tIM 2 3,0 20 29

C E421 UD-IA 3315 -32 115612201 
1 24, _ 

.40 0.0 310

C &002 10D.3 230 c.1 1213 1 4r1 9 NP 5m 2.84 
00 32.0

_ 5-505 -1 3.3D -.33 1230 1 231 _ 1 233_ 
__- 

(1 O __

cJ
En

C0
tQ
C0

-IO

0

C,,

C) 0
C>0

Vw-~ im a m 

CLJS 

2. 

O 32,0

__===• 118.0 2.,q 
01330

A,1 1213 23.7 9V 

(0 330w



Table 2.5S.4-10 Summary of Laboratory Strength Test Results (Continued)

UNCJ UU Tests [1] CIU-Bar Tests [1) DS Tests [13

(A3 -3 -O (1

S4 O -~Io "0 U 2 4>1
IL 2 -M

D o-3g5a tLO2 43.0 -232 t2152 2.4 is 45 a2 CL &M9 UU 2A114 -. I.
a ~ o F3 40 .8 1. 32]0 H 32 • 29 0.7

O 6.333 Mi. 2 0..0 -23.0 125.0 M3,8 H 2.17 0.0 2.10 (1.

D U.g33 1D-2 48.0 .115. 1223 26. 44 as CL 230 IA) 2248 07W -

D 0.040 U)2 42.0 .131- 12131 25A 62 41 CH 2.62 U1 2319 0.76 -

D .9-09 1D-4 5310 -233 1101 230J 66 Q CH 2.62 )UJ ,0A40 '0.

D 0-416 1)03 481 -202 017A 203 09 31 CH 32.1 -AI 3 0.21 21-

o B.913 IDA 080 .27.1 126t 17.7 22 6 C0.,ML 2.00 U0 C0.&1 O -

O 6- 019 103 421 4.1. 110.5 2Z61 66 C, 2.06130 0106 V8 , ,

D U.627 10 12213 20.2 54 33 CAl 2.00 UC 0 000 a . . .

o %.640 1 4110 .1%3 123.7 2A 67 40 CH Zia.7 UN 2.612 0.00

D 000 1 060 -263 124. 71 0 0 CH 2.60 A 2A.24 0.05

o U-040 1)0. 611.0 a.32 12852 4 31 CHl 2.64 U1 2,320 034 -

I ~ skD l 23 220 710 6L 0.- . 263 0.07 .17A 0.7 .10 31.

1v~g t___22.1 20214210.186 .7 17 4. 03 1.0

AU-940I MInO, t-728 0.66

~~~..Cg ~ ~ ~ ~ ~ ~ ~ ~ Al.A& On- 2.5301 151100.M0a~~~~vusco~~e on 0.62

AJb.&U Awmqv 22t4 OAS.6

E6 %am1 ut. (J-13.0 43A01 122.13.0 M- MV NP P a-61 ] ~ 1 1 1 1 2 0
6 0.409 )-I 1 0010 .3638 lIlA 14.9 NV P SM 0.I &" I_ - I - - -I1 32I.0

?0
r_'

0
e..j

04

CD
EI
CD

C'D

( ....

" w- i 1 14. 1 20 2 1

10 M 'Idm, 127.0 20.8 20 2

A..a.q 121.g 21. 1 W I -N I I

* . . . (0 3210 9
-. - - (10 3310 1.

w IQ~k



Table 2.5S.4-10 Summary of Laboratory Strength Test Results (Continued)

UNCIUU Tests 1[) CIU.Bar Tests [1] DS Tests 1]

S- a:

E 0 ý. j- *I c '
w & 0.= I -

A 0

F 0-302 LID,? -88.- 414 t274 2456 57 3 - CII 6.9 Ut) 348 058 -= -" -

F 0.315 LID`4 85.0 .802 1208. 22.7 87 38 CII 8108 .3.. 02 2.1 2.98 8.8

F 0.401 LID2 08.0 .873 1253 23.4 87 28 C*4 8.286 2,3 05 258 5.

F 0.404 Ufl.I 885.0 .857. 1263 21.8 CII 8.37 Ut) 3476 0.0 . -5

F 8. 404 LID2 98.0 .672 123,9 28.2 3 5 3 CII 8.92 Ut) 3`500 0.51 . ..

F 0-41804 LID-I 78.0 -40.3 127•5 232 4? 23 l. 8.92 Ut) 2.712 057 .-

F 0.421 LID-S o3.0 .52.? 1285, 225 92 38 CII 1.82 1.8 358. 0.532

F 0`443 LID.t 88.0 -54. 12332 22.7 61 37 CII 8.t6 UA 2656 0.43 . .

F 0.443 U)D3 88.0 `54.9 125,1 2556 92 3? CII 8.78 Ut) 2.773 041 .

F• .-443 LI•4- 1010 .884 108•5 28.1 52 5(] CII 1.10 IA) 2.7644 0.11 .

F 0.804 LID-S 81.0 -.02 123.1 245 92 41 CII 8.91 1.8 1A44 028 .

F .818 LID-S 880 -41.1 126.1 2159 44 28 a. LID3 . .. 0.33 8.0 048 125

F B.818 LID-A 8310 .43.3 129.3 1759 52 34 CII 8.53 Ut) 2567 0•58

F 8.-9•0 LID.7 88.0 -53 121.1 215 CII 8.85 LA) 2508 0.137.

F 84-92 LID-? 78.0 -468t 128.1 32.1 52 341 CI 4.83 IA) 43t44 048 g

F 5492 LD-S 81.0 .61.2 1273 24B Al 28 C81 8.81 L 2.3.0 001

F R.844 LID-A 71.0 .42.3 1245 34.8 92 55 CI 4.52 LUt 1.348 0.30 ..

F 08-44 LID-7 81.0 .622 1212* 28.1 92 28 CII 8.78 u1C 10190 0.18.

0

0

L•3

CD

CD

Mhu5Jo 1198 179 475 23D . 0 .38 .11 053 0. L92 8.1 H

Ma.Iana2 1 g2 .211 625 44. 4244 058 .2 An 2.9 12. - ,

_I_--1 _ ___kL _ ___ ... [ _ ;_ >.
o 124 23 8, 2. 2588 0,4 2o 23 1.2 7.4 __

A sIt. Ifihdb 4.348 038 ,
0

A&to MtaeA. 2A52 o04 
CD•

c>~
U~j~k



Table 2.5S.4-10 Summary of Laboratory Strength Test Results (Continued)

UNC/UU Tests [1) ClU-B• Tests [I1 DS Tests [1]

3p~

z Al

04 x i60. 2: !f6•0 ti 29-
JOI: E 0

v 121. 12lA .N0.0 29,0

10 . -. 0 29

A] 0.0 29

.4i 01- UD W2310. 12 2A 6 9 C m

Jci 8-3M3 L.04 133,0 - 10&4 131.1 181 CH &93 MLIS 3 3

Je1 azesQo U047 123D 4S32 12SA 20.1 cli I,44 UU 23M8 0(IM

Jci 1 30t]10 UDA• 135.0 -103.2 129.5 saf 32 CL am3 LIU 4-=43 OAa

JCt V.3 U2- 1%•00 .-837 1219 20D 38 25 CL 7.74 L. 413t 002

JCI "•-414 U2-3 120241,0 _2_.t ITa CH &24 • 3442 0_37

-c -w UD 4. l.ite4 0241 242 As__ 1 0.0 &4902

Acl W314 L20 1.1.0 - 211. t 120. 2_ CL 149 22a OB 220 20.0

.CO 1 13" -0 1 18..0 .99B 125D 2.0 70 45 CH 860 0 339l4 0*39

Jet 0,32t1 UOJ 132.0 .032 127A 20.0 46 25 C0L all U) 4213 033

.201 W3301* UD040 123.0 .0012 1281 182 CH $AS 00. I3 B0 M 423 M40 .

JCl 8401 UD3 0.2 .03 .73 127,3 19 30 25 ). 8.16 0u 2.003 025

JCe 1"404 U0.3 12t.0 -1•0 1242 17. a. 32 CH 8 .7 20 3 32 2.00 -0

JCl &-404 UD,3 121.0 ,901D 126.1 M3A CHd 037 UU 3A85 - A2

3C1 &.404 UO.4 131.0 .1000 1242 242a 52 30 CH "M4 UU 3,051 03

JCI 2404 020-4 141.0 -110.0 1210 31 0. 340 1 .M 2 4.149 O23

Jet BO,4M•O U• 1110 ,e1.2 t227 25.5 7,. 50 CH 71M LtU 2.1no 02.a

Jct &419DH UM- IMO. .89J. 127B 21.8 56" 39 CH a.14 LU ala0s 037

.C1 &419D. Ul.4 13.0 4083 12952 0s,2 40 25 CL 9.39 IA 3279 020

J.0 a*3" U023 131.0 402.1 117.1 23.5 CH 9.13 1 0.0 4a0 0O3

.2 1 - -.40 U1.2 112.0 .1.87 1322 23-4 47 C21. 0.1 U1. 12.03 0304

I A8400 020.2 124.0 1 .91.2 11321 23.4. 1 0 35 1) 231 CL1 71. I 1 7 :.
.231 ~ ~ ~ ~ ~ ~ ~ -E - F E0-1003 180 .62 07 15 0 0 0) .4 00 23 07

?0

L'J

80
100

CD)

10 0

-4
0



Table 2.5S.4-10 Summary of Laboratory Strength Test Results (Continued)

UNCfUU Tests [tI CIU-Bar Toss [1) DS Tests I]

v 0~

R U 6

JC2 a.= 1853 l.1310 t25.3 219 0 3D CL 1122 940 1D SAO z-

JC2 84U UD.-SA tS3. -isia t22.5 203 72 46 Di 12.12 U1 > 5265 A3

JC2 8-3U 1 U065,A 1531D -153. 124A 26.3 C" 12.12 am 112 IM 7-4

JC2 6-31A UO-6 1910 .-15t.8 125.9 215 &1 40 CH 1252 U - 40 185 2A0250

JC1 8301,.0 U3-5 18811 -116 1522.7 263 i2 41 CH 1235 US 35 043 oil

JC2 0.343 5.827 17318 .5425 1251D 58.5 31 57 CL. 11,60 UU 1.352 101 - . .

JC2 8.42 U0.7 173D .442.5 1278 IB A CL 1188 858 25. 0.21 298B

JC2 8-.34 182.9 15590 .167.5 122A 22.5 CH 143.17 LA) .1.%05. 885 .

JC2 8.401 UD-SA 18411 -1542 1252 24.1 C0 1229 LA2 385 3 0.29

J2 6.404 t1.4 1611 .-130.0 123.1 ,,5 0 1i5 CSL 10,57 - .7 28 6.92 6.0

Jr2 6.409 184A 5408 -1208 123.,5 550S 82 25 .4 1582 WS ~O.SS4~OOS - - -

JC2 6.4059 (2 198.5 456680 121.5 25.3 CH4 1320 UU 58S25 04A3

JC2 6.4T954 .UD5 55.0 -. 2S.3 5292 233 47 30 CL 5084 US) 6255 0.59

JC2 B-45t9DH 5,8 175.0 .14S-3 1292 223D 53 33 CH 11.0g LA 6226 0.52

JC2 641DH M, T27 195.0 -5e83 123.5 23.1 58 36 Of 53.15 LU) 3A47 029

JO2 6443 US-Id 155.0 -124.5 527,9 242 87 43 C4 MIS5 1=C .a,25 41

JO2 0-43 121515 572.0 .14Q.9 52785 29.7 51 31 124 1185 Rai;03A 65.!

a 41.50554, 113.8 &. .0 12,0 0.127 0.01 080 05 021 .08

a s0,...m., 131.1 _F -4.,0.G d78 0.7, 78Q ' 25,5 6.92 25.8

A _ V5212 3218281 32.5 3D14 8.25 272 85 2M3 10.5 1

IA .m W2 .hi-E 2[ 0.25

NIA.~ aL A-mIp 423,2 0,4

C'

0

1.Ji

0,*

0 '

cH

1JSI I 40H ItVj 11401.550 IA 1121.6 AD I N I NPI SM ~I -1 -M-I 0.5 1 nO
684wss 121's 0 UO G. 3F 1 1"

b o., ,.5V 1 2 5 . 5 3 2. .V N Y I N P C3 8



Table 2.5S.4-10 Summary of Laboratory Strength Test Results (Continued)

UN C/UU Tests [$] CIU.B.o T.= [1] OSTsta [I]

E0

IKC&AV 1.30M&01 1 W41l 21340 ¶13.2 02031 20 ZIA 2150 -C-0,2 ~

- : : _ > -: - 7 . __

KCLAY .4 (10DH UI . 01 233 3 . 2001A M31A I& P 15.33 UJ In a 02.

A Mini 126 1 I0. 490 3110 2 73 0201

A 10g._ J 4831 30 33 023

A0ftl,0 MInkn.= '33 i 0.T2

T1 I I I I2.__21,,4 . O.0 220

020•. 218 0-0J ___ 2[.0

00 808.00 00-14 2100 -21a.2 02.5 27.7 4 88 CH 8 .02 - 0221 Q.01

0 .0 02 3 0 U 2723 04 3 29 C 272 001 02887 0om

___ ___ 112_9 MA.o .[[8D] .O j -~ ___ ~ ___ __

6A88 .3.5 Onk

~A C.80k013100800(4A03.0000300008I OJF

0S=

C'D

0

0

cnj

z

CD3

C~-1

CDj.k

93 B00M108(UD010 343D -4311421.f1302 120, 8IOMV INPI OP123201 [......i__ I
,m 8.200001 002 -423.8 128.8 22A1 8v N0 P.1W 2122

Ukd 1008. 208 23. T 7
• 0MW- 1302 23I

. A,--8 . 203 203 8 IP
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Stratum
A

D

F

Table 2.5S.4-11 Summary of Laboratory Consolidation Test Properties

Number PR

Of Tests Range Cr Cc e0  PL'Lks OCR ft2/da

Minimum 0.000 ' 3.2 1.73
0.5 f ~66 _ , 7

Maximum 0.023 • 0.750 10.0 172 9.85

Average 0.017 0.235 9 6.7 W-9 5.32
7,0~70 1 10 .56

Minimum 0.007 0.086 6.1

Maximum 0.033 0.468 0.51825. 0.

Average 0 02 853 3{4 3. 0

Minimum 0 0.630 13.4 2.ý 0.15

Maximum 0.040 § 0.810 3.41

0 2 ý62, 217 3.7

GtX4Q4 02743 : 14
Average 

.

0.028 0.238 '017W, 186~ 1 09

Minimum 0.013 Q ... 14.1 1.2

Maximum 0.086 0.472 0.790 27.9 2.7 ý14,17

Average V 18.6 1.9 'Z34
0.2re 0381 25

Minimum 0.010 0.103 0.510 20.2 0.13

Maximum 0.023 0.249 0.610 27.9 2.0 2.09

Average 0.017 0.176 0.560 24.1 1.7 1.11

0 Minimum N/A N/A N/A N/A N/A N/A

Maximum N/A N/A N/A N/A N/A N/A

Average N/A N/A N/A N/A N/A N/A

2 Minimum 0.033 0.292 0.790 17.9 0.6 0.04

Maximum 0.066 0.379 0.870 18.9 0.9 0.05

Average 0.050 0.336 0.830 18.4 0.8 0.05

J Clay

K Clay

L

N Clay

Cr = recompression index
eo = void ratio
OCR= overconsolidation ratio
Cc = compression index

PcI = preconsolidation pressure
c, = coefficient of consolidation
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Table 2.5S.4-12 Summary of Laboratory Consolidation Test Results

0- >

B0 
0..~0•r 

• 
x4 

.4
CL 0.

136 =2- lii OZI

-00 W 22.8- 65 42 . 0 0 02 5

B-3 U- 150 16.2 ,•..U 12. 2.8 31 1 L .4 0 .25 0.4 .2 0 001 o7- 4 17

, SRATM A0 
20 0 1

M M S •UC0 123. 2 5 0.03 
v 

50 9.8

AV EA GE 0 0. 0. 0 .. T0 .0
09 

C 
E 

E 0 C O

STRATUM A

B-305- UD-4 53.0 -26.8 Q! 122.0 26.0 62 43 CL 0.750 0.269 0.1547 0.023 0.013 43•0• 80 4.46-2

B-338 UD-2 48.0 225.9 .3 123.8 24.8 43 2 CL 0.060 0.282 0.168 0.020 0.012 921. 1 5 .5

B 421 UD-2 18.0 12. 5 1 21.1 238 30 1 CL 0.660 0.050 0.030 0.000 0.000 5 3 1.73

B-42 UD-2 43.0 28.2 0. 123.0 22.8 65 42 CH 0.680 0.316 0.188 0.020 01.012 >-02. 250 8.1

B-M0AIUM, SRTM -18.3 3 123.8 25.0 65 43 CH 0.750 0.369 0.184 0.023 0.013 K1;F 9"6 9.42

AVERAGE STRATU A. 22 0.9 121.9 24.3 46 27 CL 0.7802 0.235 0.138 0.017 0.010 §467 ~105 9.5.3

8-305- UD-4 53.0 -23.2 3'5 125.2 26.7 45 25 CL 0.710 0.252 0.147 0.017 0.010 612~• -21j 1.73-

B-4338 UD-2 48.0 -15.92~ 122.3 27.4 44 426 CL 0.7680 0.256 0.145 0.030 0.017 ii.9 42- 8.89-1

B-4321 UD-2 153.0 -2.2. F3 120.7 248. 631 42 CH 0.810 0.213 0.148 0.033 0.018 O 1. 1.79E0

8-909MUM, 43.0TU -1.3A 121.1 25.7 62 381 C 0.780 0.086 0.048 0.007 0.004 t1Y27 3E9 1.73-0

8-909 GE UD-3TU 480A 1. 1215.9 34.9 746 537 O 0.9020 0.468 0.244 0.030 0.016 5 '~ .3402

B-305- UJD4 63.0 ~ 1 -23. 125.2 2~6. 61 28 CL 0.710 0.252 0.147 0.0173 0.1 tCIO, 5 4.46E-02

B-338 ID-2 68.0 -1. 518 1262. 2654 54 33 CL 0.760 0.256 0.145 0.0o20 0.017 '_ ~ 32.5E-01

B-949 UD-2 43. 1. 121. 25. 65 36 CH 0.70 008 0.048 0.0 6.004h 5.18TE-01
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Table 2.5S.4-12 Summary of Laboratory Consolidation Test Results (Continued)

.o a, c. ., 0, 
,_

-' 00 u CL

-, L R r 0, 0, 
0 a, -- 0 =

az 93 CL 0 "C Ou Z1 0a.
M MMT7 a, 00 8 0 0 4E

MA IM MSTA TM* 1 . 3 74 50. 0 0) >, a, 0 01 .3 , a5. E

E M2 0 0. 06 01 0

02 2 0. W U

MINIMUM, STRATUM D 29 115.9 25.7 44 25 -- 0.710 -0.086 0.048 0.007 0.004 ~F8 ~4.32E-02

MAXIMUM, STRATUM D 4 126.2 34.9 74 53 - 0.980 0.468 0.244 0.033 0.018 83O s 5.18E-01

AVERAGE, STRATUM D 35 120.9 29.3 59 36 - 0.830 0.285 0.155 0.026 0.014 ~j.~~9 1.99E-01

STRATUM F

B-303 UD-2 88.0 -61.4 59 127.9 28.6 57 39 CH 0.810 0.249 0.138 0.040 0.022 iI4 2]3 3.08E-01

13- UD-1 78.0 -48.3 55 127.8 23.4 47 23 CL 0.630 0.243 0.149 0.037 0.023 jj=-0 3:3 1.50E-01
419DH

B-421 UD-3 83.0 -52.7 5&: 125.9 24.6 56 36 CH 0.700 0.229 0.135 0.040 0.024 U799 .1- 3.41

W944 ub-2 93. M61 614i b124H 25] 55 3fff OH ~ 19 o?6 0.01 0.00 am:7 0~7. #.4

3 3 ý .6 66t . .. ... 200 0102 .3 2a.6.. .......

13- F 1~ 9 ~ 5. 51% ~2 ~ 2~ 6 ~ 3 C 8 ~2206 6-026 0.01f2 2:0 36~ 0E

MINIMUM, STRATUM F - 5: 124.9 23 47 23 0.630 0.199 0.116 0.013 0.008 13•4O 2Z=. 3 1.50E-01

MAXIMUM, STRATUM F 616 127.9 29 66 43 0.810 0.262 0.156 0,040 0.024 2_•70 3• 3.41

AVERAGE, STRATUM F - =. 126.3 25 57 35 0.703 0.238 0.140 0.028 0.017 '1!5 3.1] 0.91

STRATUM J CLAY
1

B-305- UD-7 123.0 -93.2 03 129.2 21.6 CH 0.590 0.186 0.117 0.030 0.019 "c 2. 6.00

DH __

8-305- U- 3.0 -0.
DH UD-8 138.0 -108.2 9i3 129.5 19.0 32 18 CL 0.550 0.173 0.112 0.023 0.015 •162O . 3.37

B-319- UD-1 128.0 -99.6 _ 125.0 17.6 70 45 CH 0.600 0.130 0.081 0.013 0.008 .4AO , 14.17

DH 
I I_____

41B1- UD-3 118.0 -88.3 ._0 127.6 24.4 56 39 CH 0.680 0.276 0.164 0.030 0.018 :40 ?7 468E-02

B-O
419DH UD-4 138.0 -108.3 9.3 129.3 17.3 40 25 CL 0.520 0.289 0.190 0.086 0.057 1.57 , 1.90E-01

q 419la iDH mjg 9. 7 6 52 34 OH 04 ! 8j t 0 O ' o
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Table 2.5S.4-12 Summary of Laboratory Consolidation Test Results (Continued)

r6
- ~ ~~~ 4e ~a, , ,

a, E == C - a,'." 0o 0 *" ,,a

~a, -.. o
1 .

.. 
...CL 0 C 0

AVM CLA 0 19 1 0.2 0 48
__ E -6~

>TAU E CLAYL

0 0z99H , .. . 0
E 0 0 0 0

CO UD- >5. -18. E,("• 192 2. 7 3 L 060 019 014 007 009 •96 • 36E0

0a0
0

.

MINIMUM, STRATUM JCLAY "lL 125.0 16.6 32 18 0.480 0.130 0.081 0.013 0.008 n4f.15 4j 4.68E-02

MAXIMUM, STRATUM J CLAY 973 133.7 24.4 70 45 0.680 0.289 0.190 0.086 0.057 221.40 14.17

AVERAGE,STRATUM JCLAY 8 129.0 19.4 50 32 0.570 0.206 0.131 0.034 0.022 17.31 2 4.08

STRATUM J CLAY

B-9DH UD-4 173.0 -144.6 li_1• 124.4 26.9 65 43 CH 0.730 0.173 0.100 0.040 0.023 2_-725 • 1.34E-01

319DH 
.E

319DH UD-5 188.0 -159.6 122.7 29.1 62 41 CH 0.790 0.472 0.264 0.060 0.034 02"7 23 1.04E-01

UB-1

419DH UD-5 158.0 -128.3 CA:5 129.2 21.3 47 30 CL 0.600 0.199 0.124 0.047 0.029 2(9.20 §3 0.34E-01

B3-
49H UD-6 178.0 -148.3 01.8 129.2 23.3 53 33 CH 0.660 0.233 0.140 0.043 0.026 08.40 W 1 8.10E-02

419DH UD- 19.q183 j~ 123.5 19.4 56 36 CH 0.560 0.149 0.096 0.027 0.017 j~3 2 1.00

MINIMUM, STRATUM J CLAY E 122.7 19.4 47 30 0.60 0.149 0.096 0.027 0.017 M6

2AXIMUM, STRATUM J CLAY 0 129.7 29.4 45 30 0.560 0.147 0.064 0.027 0.017 3 3 1.10
MAXIMUME, STRATUM J CLAY P-0.

AVRGSTAU2 CLAY.8. 125.8 24.0 57 37 - .68 0.245 0.145 0.043 0.026 203 0.25

STRATUM K CLAY

B3- 1 D305DH UDi 1. 132 j6 126.6 22.6 45 31 CL 0.610 0.249 0.155 0.023 0.014 2ý190 ý_ 1.34E-01

B-SH UD-11 233.0 -201.9 ~52 131.5 18.3 OH 0.510 0.103 0.068 0.010 0.007 20.2 Li!3 2.09

MINIMUM, STRATUM K CLAY ýL!4TO. 126.6 18.3 45 31 - 0.510 0.103 0.068 0.010 0.007 202 I3 1.34E-01

MAXIMUM, STRATUM K CLAY 'LlýT 131.5 22.6 45 31 - 0.610 0.249 0.155 0.023 0.014 07~9b 20

AVERAGE, STRATUM K CLAY EIE 129.1 20.4 45 31 - 0.560 0.176 0.111 0.017 0.010 CT5 -11
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Table 2.5S.4-12 Summary of Laboratory Consolidation Test Results (Continued)

4. a- ,, -
02 0~ , a

C. M0 .2 M 0:
0. - i o .

1C 0 no M 0 or n 0
0m a 0 0~ 0.0 a,0. 0~ 0 -o
ST AT N LAY
0 2 8. 2 0 2 0. 0

E~C CL .a.0 E 0 a.U
0 E 0

STRATUM N CLAY

B-0-1 U-
OH05 J iS 316.0 -286.2 2W-4' 119.7 29.7 CH 0.790 0.379 0.212 0.066 0.037 LI C,90 -C! 5.13E-02

STRATUM N CLAY
5

B- UD-20 458.5 -427.4 29.4 123.7 30.0 CH 0.870 0.292 0.156 0.033 0.018 1789 I'6 4.42E-02405D H I ....... -- I.......

MINIMUM, STRATUM N CLAY 20" 119.70 29.69 0.790 0.292 0.156 0.033 0.018 j-78.C9 . 4.42E-02

MAXIMUM,STRATUMY N 2 119.70 29.69 0.870 0.379 0.212 0.066 0.037 L890 U9 5.13E-02
CLAY ____ -___ _________--__ ___ .. ...___ ___ ____

AVERAGE, STRATUM N 20.• 119.70 29.69 0.830 0.336 0.184 0.050 0.027 4.78E-02
CLAY ............. .....
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Table 2.5S.4-13 Summary of Overconsolidation Ratios and Past Preconsolidation
Pressures

Stratum Average Pc'(ksf) Average OCR

From Laboratory Consolidation Tests

AA(EJI 6.7
D *,- .53

F RF5

J Clay 18.6 1.9

K Clay 24.1

L Not Tested Not Tested

N Clay 18.4 0.8

From Correlations with CPT Data

N/A 1O0.

D N/A

F N/A

J Clay N/A L

K Clay N/A Not Reached

L N/A Not Reached

N Clay N/A Not Reached

Selected Values for Engineering Use

AWF44) 6.3 7.0

D 12.3 3.3

F 15.5 2.6

J Clay 18.5 1.7

K Clay 18.3 1.3

L Ca'3
N Clay
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This table has been updated with the new data and methodology.

Table 2.5S.4-14 Summary of High Strain Elastic Moduli Estimates

Strata AýIA" through E

@J9! §ty•iStraturmr(kif),

Relationship
Employed

A B C D E

5Ef __R E1N/A A4

Ef(PI)__ N, -/ F.AN _2,83q7

ea u-selecte for ... 2. 43
gineegng .'se.

Eq(Drained)_____

Effective Stress .............

RValue selectedahip
Enineering LUse

Eployaed)
'Effective Stress
Value Selected, •r . 0

.ine.ering Use
Strata F through K Clay

________ ~Stratum ~~

Relationship
Employed. e d..

LE1_ !g,,I..AyJ gi!15 
KR

5WQ3 N/A~N/

E-Value Selected ~! _ 26'45 ~ 35

EŽý(Drained)
Effectiv'e Stress __ ~ 4

Y,ýue selected for.
En~gineering Use
jq~djrairied)

-fetv-S~tre'ss 
O3 1

WiueSelected for, P1 _ _

Pg~iný§Bg Use ______________
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Table 2.5S.4-14 Summary of High Strain Elastic Moduli Estimates (Continued)

Strata K Sand/Silt through N Sand

__________ High ~ !(k g St__•t EtM y ra
Relationship
Employed

K Sand/Silt L M N Clay N Sand

__IN =4f95 N/A_ ____

ESJ1ýXEA) __A ______ WTh __ _

E -Lif(Pl5 N/ NIA _____5'_____

E~j(Draine'dý
Effective StressValue selected••,.••5••_

Engineering Use

Engineertng,.,§s
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Table 2.5S.4-15 Summary of High Strain Shear Moduli Estimates

Strata AAfjU1 through E

Relationship ht •raf•hRK iy Stratum iksf)

Employed A B C D E

E ____4q 42G695 _L8O Ag M

G Value.Selected
for Enigjeering rUse

Strata F through K Clay

Relationship "ghir (iStratum#S
Employed F H J Clay J Sand K Clay

fPA 44-5

E 4,-l1&1d lo 4od

Strata K Sand/Silt through N Sand

Relationship i Stratum ?
Employed K Sand/Silt L M N Clay N Sand

WA ~ 624

E__ ®r~, 0 9Q 44§6Q1,3'0_q 6O1,§Tq ý4r&ý2 62q #_AW

~3ValueSelected
fi f& ,itii•+iarp gUse
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Table 2.5S.4-16 Summary of Geotechnical Engineering Parameters

Stratum

Parameter [1] NA-{F B C D E

Average Thickness, feet 4419 7 2 129 18

USGS Group Symbol CH,CL ML, CL, SM, SM, SP-SM, CH, CL,-M;L SP-SM, SM,

-__ _ MUL mU91ME-

Natural Moisture Content (MC), % K224 24 .9ý 2W3" 21

Moist Unit Weight (Yrmoist), pcf 124 121 122 222 12123

Fines Content, % 9496 7.4 -223 U_ a2.0

Liquid Limit (LL), % M7,56 IV, W__7j _ t____,

Plasticity Index (PI), % $JNijp -4r 1N

Uncorrected SPT N-value, bpf M0 9" 2 15

Corrected SPT (N1)6o-value, bpf AP 5,/

Shear Wave Velocity (Vs), feet/sec 575 725 785 925 1,080

Undrained Shear Strength Z), ksf a N/A N/A 3.0 N/A

Drained Friction Angle (/'), degrees [8] N/A 30 35 R-1: 35

Drained Cohesion (c'), ksf N/A N/A N/A N1 .2 N/A

Elastic Modulus (High Strain) (Es), ksf 4T .5& ... t2.d i1e 8Taio ý25023 Ub33

Shear Modulus (High Strain) (Gs), ksf 60t6( 465 3 9."5 406J.15

Shear Modulus (Low Strain) (Gmax), ksf 1,270 1,970 7 335 4 4Y,,E3 U24

Coefficient of Subgrade Reaction (ki), kcf 150 160 600 300 600

Earth Pressure Coefficients

- Active (Ka) 0.5 0.3 0.3 0.5 0.3

- Passive (Kp) 2.0 3.0 3.7 2.0 3.7

- At-rest (K0sc) 0.7 0.5 0.4 0.7 0.4

A -4 NI

Sliding Coefficient (tangent) 0.30 0.35 0.40 0.30 0.40

Consolidation Properties

- Compression Index (Cc) 0.235 N/A N/A 0 N/A

- Recompression Index (Cr) 0.017 N/A N/A $iýQb2.6 N/A

- Preconsolidation Pressure (Pc'), ksf 6.3 N/A N/A 12.3 N/A

- Overconsolidation Ratio (OCR) 7.0 N/A N/A 3.3 N/A

[1] The values tabulated above are guidelines. Reference should be made to the specific boring log, CPT log, and laboratory test results for
appropriate modifications at specific locations and/or for specific calculations

[2]. "<Sub.-straum JClay thickness -.combined thickness ofJ lay 1 '(29 .feet) + J,.ly C(47Tf:i

[3];Sub stratum,• Sandth4icknessý 'ombied thickness of J Interbed~l (9 feet) + J Sand1 (135 )J feet)+ jnterbed2 5 2 et)
~~~~uk 'so'fN Clay I(5 feejt) +Nt) Cis 2X4R,ýa.'5e+~~ a•ý39f'ri

N],b NClay 5 (54 feet) +aN Clay6 •"6 t5fe 2et)(r "e)Sand54t(16 feet)f+
[5] . II -Sub stratum N Sand thicknes- combined thickness of N Sand 1(7 feet) NSand ýT2-257fee) + N Sand 3(85et),.IAN6n•7D'r'"'6f

N Sad 5 (35 feet)

[6]JiMValue from Sub stratum K Sand/Silt selected (N based o 04

[" ialue from Sub stratum K Clay:selected
[8 are rito age o casfor or stese hd'f.y sexifrsentpameefor casa tesSblwP
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Table 2.5S.4-16 Summary of Geotechnical Engineering Parameters (Continued)

Stratum

Parameter [11 F H J Clay J Sand K Clay

Average Thickness, feet 16 _' 70 [2] 37.5 [3] •44,19

CH CL, M.. .L,',S CL,CHUSCS Group Symbol z 1'-" SP-SM, SM CH, QM. ML......

Natural Moisture Content (MC), % 24 19 23 2_22 2-23

Moist Unit Weight (0,-oist), pcf 125 '2-8125 125 125 4124

Fines Content, % W_8 K9:07 9 E5 0Z7

Liquid Limit (LL), % 9N -,/AV, 54 N _,___5 _____

Plasticity Index (PI), % _4___ N/Pn 35 ;LP53

Uncorrected SPT N-value, bpf 22 414-4? 2 ,65 15

Corrected SPT (N1)6o-value, bpf 12 NO ___ ______

Shear Wave Velocity (Vs), feet/sec 945 1,075 Ti'p58: 1,275 44-;1,1-70

Undrained Shear Strength (S&), ksf P231 N/A 33.18 N/A ____

Drained Friction Angle (4'), degrees [8] T 35 E33IJI3

Drained Cohesion (c'), ksf NA. N/A' 93 N/A

Elastic Modulus (High Strain) (Es), ksfý: 50 L6• 4- 36O• , 4 .0-,75 4 ,35

Shear Modulus (High Strain) (Gs), ksf &=00 ..... 2 6 E830 -L- 0
Shear Modulus (Low Strain) (Gmax), ksf 3,470 4 60-0576 6,310 _2

_____________ 20 0=1 5i UK 0 b0!is01
Coefficient of Subgrade Reaction (ki), kcf 300 600 N/A N/A N/A

Earth Pressure Coefficients

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

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

- At-rest (K07 0.7 0.4 N/A N/A N/A

BACre~s-t~jýq (K __/A E/ANA /

Sliding Coefficient (tangent) 0.30 0.40 N/A N/A N/A

Consolidation Properties

- Compression Index (Cc) :0'b238 N/A Q .22o N/A 0.176

- Recompression Index (Cr) 62b.W'i N/A 0 N/A 0.017

- Preconsolidation Pressure (Pc'), ksf 15.5 N/A 18.5 N/A 18.3

- Overconsolidation Ratio (OCR) 2.6 N/A 1.7 N/A 1.3

[1] The values tabulated above are guidelines. Reference should be made to the specific boring log, CPT log, and laboratory test results for
appropriate modifications at specific locations and/or for specific calculations

[2] Sub-stratum J Clay thickness combined thickness of J Clay 1 (29 feet) + J Clay 2 (L2 4ijfeet)
[3] Sub-stratum J Sand thickness combined thickness of J Interbed 1 (29 9 feet) + J Sand 1 (13.5 feet) + J Interbed 2 (15 feet)
[U]•, Si~ui NtCla thi~ckness -combined thickness of N Clayl 1(59 f~et) N,;Clay.2 (8e.t Clay3 85•feet)•Ny •,(3Ofbee)

+ N Clay, (554 feet)ý N Clay 6 (>68 5 feet)
1§1~ Sub-sftratu N -,,IdAhtic ness comb ined thicns of N an 117fet) + N 9 4(

N Sa•ni5{(5 feet)

,[d61 flue from -ub stratumi K Sand/Silt selectedNio jased: i C 4tr
[71~ Vaue from Substatm Cay selectedr___
L81~Drie frLto age,,fgly isfrMsreses p~ei or strengt arnetrorlysa

r
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Table 2.5S.4-16 Summary of Geotechnical Engineering Parameters (Continued)

Stratum

Parameter [1] K Sand/Silt L M N Clay N Sand

Average Thickness, feet 2625'3 5 15 >228P-14] _ iRfEI[5]
USCS Group Symbol SM, ML CH SM CH, CL, ' SM, SP-SM

Natural Moisture Content (MC), % 21 29 2 , 25 2_22

Moist Unit Weight (rmoist), pcf 127 124[1•] 127 f4J[-fi] 4-241 128

Fines Content, % 45 f7_ 45 [f•]l[6] •5'-9 ____

Liquid Limit (LL), % .A , 73 ____. i_____

Plasticity Index (PI), % ___ __ N P R 5 N/ANNPg

Uncorrected SPT N-value, bpf f66 2519 f-- 60 932 78"

~t~J~I1 68 N6Oo
Corrected SPT (Ni)6o-value, bpf 9747 7N/ /A

Shear Wave Velocity (Vs), feet/sec 1,370 975 1,165 1,290 1,655

Undrained Shear Strength (Su), ksf N/A "3O.b N/A P4.- N/A

Drained Friction Angle (f)l, degrees [18] •3i N/A 4 I] N/A 36

Drained Cohesion (c'), ksf N/A N/A N/A N/A N/A

Elastic Modulus (High Strain) (Es), ksf . 2- 3 -q56 42955-755 6_45i4

Shear Modulus (High Strain) (Gs), ksf & iOE8M 4_640 9 . o .47•

Shear Modulus (Low Strain) (Gmax), ksf 7,400 -3660 5,350 §2 5.,o5 10,890

Coefficient of Subgrade Reaction (ki), kcf N/A N/A N/A' N/A N/A

Earth Pressure Coefficients

-Active (Ka) N/A N/A N/A N/A N/A

-Passive (Kp) N/A N/A N/A N/A N/A

-At-rest (K0, -N) N/A N/A N/A N/A N/A

,ýA-t~ft(Ko,,CR N/AilA / /

Sliding Coefficient (tangent) N/A N/A N/A N/A N/A

Consolidation Properties

- Compression Index (Cc) N/A 0.176 N-T7] N/A 0.336 N/A

- Recompression Index (Cr) N/A 0.017 [7] N/A 0.050 N/A

- Preconsolidation Pressure (Pc'), ksf N/A _-20•5 N/A 2 N/A

- Overconsolidation Ratio (OCR) N/A T N/A O N/A

[1] The values tabulated above are guidelines. Reference should be made to the specific boring log, CPT log, and laboratory test results for
appropriate modifications at specific locations and/or for specific calculations

[21 Sub-stratum J Clay thickness = combined thickness of J Clay 1 (29 feet) + J Clay 2 (• .feet)
[3] Substratum J Sand thickness combined thickness of J Interbed 1 (4 § feet) + J Sand1 (13.5 feet) + J Interbed 2 (15 feet)

[ Sub stratumJdSand thic = feet)

N ad5 (35 feet)

[6],Value from Subtr atum K Sand/Silt selected.- (N1)4 based _On ON i4
[7] LValue from Sub1 stratum KCiay selected
[8L] c ned friction g L4.for, c1 ys for stresses aboye Pat .ength paesses bw :
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Table 2.5S.4-17 Summary of Field Electrical Resistivity Test Results

Electrical Resistivity (ohm-meters)

Electrode Spacing (feet)

3 5 7.5 10 15 30 50 100 200 300

Ground Sensed Strata; Inferred

Test Surface
Number El. (feet) A A A A AIB C - DIE F/H J N

ER-301 30.5 11.554 10.868 10.169 5.152 5.113 8.101 10.533 11.874 13.406 13.789

ER-401 31.5 7.021 6.588 6.076 6.033 6.176 7.871 9.671 11.682 12.257 13.214

ER-901 31.1 7.699 6.425 5.228 4.960 5.085 7.469 9.384 11.491 13.023 13.214

ER-902 31.1 6.492 5.899 4.869 4.941 5.113 7.354 9.193 10.533 12.640 12.640

Minimum 6.492 5.899 5.228 4.941 5.085 7.354 Q4-84 10.533 12.257 12.640. 193 11k

Maximum 11.554 10.868 10.169 6.033 6.176 8.101 10.533 11.874 13.406 13.789

Average 8.192 7.445 6.586 5.272 5.372 7.699 9.695 11.395 12.832 13.214
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Table 2.5S.4-18 Guidelines for the Evaluation of Soil Chemistry

Potential for Attack on Buried Steel (Corrosiveness/Chlorides)

Range For Steel Corrosiveness
Parameter Non- Mildly Moderately Corrosive Very Corrosive

Corrosive Corrosive Corrosive

Resistivity >100 [1], 20-100 [1] 10-20 [1] 5-10 [1] <5 [1]
(ohm- [2] 50-100 [2] 20-50 [2] 7-20 [2] <7 [2]
meters). >30 [2], [3]

pH >5 and <10 [2] 5-6.5 [1] <5 [1]

Chlorides <200 [2] 300-1,000 [1] >1,000 [1]

(ppm)

Potential for Attack on Concrete in Contact with the Ground
I (Aggressiveness/Sulphates)

Recommendations For Normal Weight Concrete Subject To Sulphate Attack [4]

Concrete Water Soluble Sulfate Maximum Water/
Exposure (S04) in Soil, % Cement Type Cement Ratio

Mild 0.00-0.10 ---....

Moderate 0.10-0.20 II, IP(MS), IS(MS) 0.5

Severe 0.20-2.00 V [5] 0.45

Very Severe Over 2.00 V with pozzolan 0.45

[1]After Reference 2.5S.4-16
[2]After Reference 2.5S.4-17
[3]After Reference 2.5S.4-17, provided that 5<pH<10, chlorides <200 ppm, and sulfates <1,000

ppm
[4]After Reference 2.5S.4-18
[5]Alternatively, a blend of Type II cement and a ground granulated blast furnace slag or a

pozzolan that gives equivalent sulfate resistance, can be considered
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Table 2.5S.4-19 was updated to reflect the redistribution of data inside and outside the Power
Block.

Table 2.5S.4-19 As-Built Boring Information

T Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]
Boring Number (feet) (feet) (feet) (feet) (feet)

BORINGS - STP 3 [41
B-301 63,000.83 43,271.38 28.1 200 -171.9

B-302DH 63,000.73 43,364.78 30.0 220 -190.0

B-303 63,001.22 43,456.09 26.6 200 -173.4

B-304 63,095.40 43,268.83 28.2 200 -171.8

B-305DH 63,099.59 43,364.19 29.8 495 -465.2

B-305DHA 63,100.87 43,343.98 29.8 618 -588.2

B-306 63,098.22 43,472.95 27.8 200 -172.2

B-307 63,196.58 43,269.07 28.2 200 -171.8

B-308DH 63,196.49 43,363.84 29.8 215 -185.2

B-309 63,197.07 43,455.89 26.6 200 -173.4

B-310 63,283.70 43,265.50 28.2 200 -171.8

B-311 63,286.55 43,363.47 29.9 100 -70.1

B-312 63,286.42 43,473.97 28.3 100 -71.7

B-313 63,149.10 43,486.09 28.2 100 -71.8

B-314 63,148.73 43,617.01 29.2 200 -170.8

B-315 63,366.12 43,511.58 27.7 150 -122.3

B-316 63,304.98 43,617.51 28.9 200 -171.1

B-317 63,364.01 43,235.44 28.5 150 -121.5

B-318 63,363.37 43,297.42 28.5 100 -71.5

B-319DH 63,364.17 43,407.90 28.4 215 -186.6

B-320 62,903.74 43,116.74 30.5 50 -19.5

B-321 63,483.051 43,231.24 29.2 150 -120.8

B-322C 63,483.40 43,406.69 30.1 100 -69.9

B-323 63,484.30 43,515.99 29.8 100 -70.2

B-324 63,570.87 43,233.90 29.5 100 -70.5

B-325 63,569.94 43,299.20 30.2 100 -69.8

B-326 63,572.01 43,519.56 30.4 150 -119.6

B-327 63,658.77 43,233.17 29.8 150 -120.2

B-328DH 63,660.26 43,298.12 29.9 218 -188.1

B-329 63,658.33 43,410.29 29.6 100 -70.4

B-330 63,660.32 43,518.07 29.5 150 -120.5

B-331 63,635.24 43,541.59 29.8 100 -70.2

B-332 63,738.50 43,601.33 30.3 150 -119.7

B-333 63,744.16 43,360.57 30.5 100 -69.5

B-334 63,751.04 43,254.47 30.5 100 -69.5

B-335 63,735.38 43,042.50 31.2 75 -43.8

B-336 63,680.97 42,936.21 31.1 75 -43.9
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Table 2.5S.4-19 As-Built Boring Information (Continued)

[Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]
Boring Number (feet) (feet) (feet) (feet) (feet)

BORINGS - STP 3 [4] (continued)
B-337 63,680.83 43,151.07 30.3 75 -44.7

B-338 63,791.50 42,935.72 32.1 75 -42.9

B-339 63,790.00 43,148.53 30.8 75 -44.2

B-340 63,281.77 43,151.48 30.5 100 -69.5

B-341 63,215.13 43,096.25 30.6 100 -69.4

B-342 63,215.34, 43,175.33 30.7 100 -69.3

B-343 63,125.99 43,095.29 30.5 200 -169.5

B-344 63,056.54 43,096.13 30.6 100 -69.4

B-345 63,040.70 43,173.35 30.7 100 -69.3

B-346 62,809.88 43,006.37 30.4 75 -44.6

B-347 62,746.63 42,985.26 31.2 75 -43.8

B-348 62,683.87 43,004.72 30.0 125 -95.0

B-349 62,901.92 43,593.47 29.2 125 -95.8

B-350 63,539.30 42,960.25 30.8 100 -69.2

B-917 [3] 63,694.58 42,832.71 31.1 50 -18.9
________I 324' ,97 1L1b
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Table 2.5S.4-19 As-Built Boring Information (Continued)

I

B Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]
Boring Number (feet) (feet) " (feet) (feet) (feet)

BORINGS - STP 4 [4]
B-401 62,999.23 42,370.55 31.1 200 -168.9

B-402DH 62,998.09 42,462.29 30.9 215 -184.1

B-403 62,998.59 42,555.20 31.5 200 -168.5

B-404 63,097.53 42,369.54 31.0 200 -169.0

B-405DH 63,098.12 42,462.95 31.1 618 -586.9

B-406 63,098.20 42,556.69 31.2 200 -168.8

B-407 63,195.82 42,369.78 31.3 200 -168.7

B-408DH 63,194.11 42,463.86 31.2 200 -168.8

B-409 63,195.47 42,557.98 31.2 200 -168.8

B-410 63,286.47 42,369.53 31.7 100 -68.3

B-411 63,285.65 42,461.25 31.3 100 -68.7

B-412 63,287.51 42,553.81 31.4 100 -68.6

B-413 63,148.27 42,585.19 31.2 100 -68.8

B-414, 63,147.67 42,746.89 32.2 150 -117.8

B-415 63,355.53 42,599.76 30.0 150 -120.0

B-416 63,301.73 42,746.36 31.8 150 -118.2

B-417 63,361.95 42,331.19 29.6 150 -120.4

B-418 63,361.76 42,433.17 29.8 100 -70.2

B-419DH 63,362.12 42,506.69 29.7 215 -185.3

B-420 62,900.80 42,008.75 31.9 125 -93.1

B-421 63,483.06 42,328.30 30.3 100 -69.7

B-422C 63,483.67 42,510.68 31.2 100 -68.8
B-423 63,485.34 42,615.65 31.6 100 -68.4
B-424 63,571.98 42,329.57 30.3 100 -69.7

B-425 63,571.49 42,397.45 30.5 100 -69.5

B-426 63,571.71 42,615.14 31.4 100 -68.6

B-427 63,660.84 42,331.92 30.6 150 -119.4

B-428DH 63,660.05 42,398.55 30.9 218 -187.1

B-429 63,660.04 42,505.46 31.2 100 -68.8

B-430 63,624.24 42,617.30 30.9 150 -119.1

B-431 63,634.57 42,641.92 31.1 75 -43.9

B-432 63,739.93 42,701.18 31.2 150 -118.8

B-433 63,747.31 42,458.80 31.6 100 -68.4

B-434 63,752.98 42,354.31 31.1 100 -68.9

B-435 63,736.38 42,141.62 28.9 75 -46.1

B-436 63,681.44 42,034.98 30.3 75 -44.7

B-437 63,679.95 42,247.72 28.2 75 -46.8
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Table 2.5S.4-19 As-Built Boring Information (Continued)

Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]
Boring Number (feet) (feet) (feet) (feet) (feet)

BORINGS - STP 4 [4] (continued)
B-438 63,791.36 42,003.39 30.2 125 -94.8
B-439 63,790.82 42,250.03 28.7 125 -96.3

B-440 63,281.42 42,249.68 31.1 200 -168.9

B-450 63,539.57 42,057.93 28.8 -7200 -71

OE4•915679, 5___

f7SCC 4, 20Q.4 Yd3 -22.682
B-40 3,3957 42,2057.93 28.8 E100 7

S 42,4181.4 90510 71.8

ýO_4-2,Tg87 210
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Table 2.5S.4-19 As-Built Boring Information (Continued)

1 Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]
Boring Number (feet) (feet) (feet) (feet) (feet)

BORINGS - OUTSIDE POWER BLOCK

019.02 - 66 4 1, bf,'f 29.1 0._

B-9 6,814.63 f,64.41 30A 100 -67.1

B-90 632438.94 43,897.79 29.2 30 -.

BPLO2 64,.77 T0$TM 29.2 125-95.

B-929 64,62.42 4i5,487.0 36.6 9 10 ~ -93.4 _

B-9q7 6=36231 ,16.47 25.6 52: -94.4
63,25 68: -4 1, $E':L6 T9 L-7

lq9i 0W,23T4 "i14121D~5 117275'7ý

B-918 64,814.60 42,764.10 30.9 100 -69.1

B-919 64,814.59 43,088.48 31.9 100 -68.1

B-920 62,943.94 43,897.79 28.2 30 -1.8

B-927 62,183.19 49,228.65 26.8 60 -33.2

B-928 64,932.77 40,366.26 29.6 125 -95.4

B-929 64,672.42 45,487.07 36.6 130 -93.4

B-930 60,212.08 49,516.47 25.6 120 -94.4

B-931 61,984.41 39,511.72 29.9 125 -95.1

B-932 61,899.52 42,106.11 31.0 125 -94.0

B-933 61,895.26 43,504.02 28.7 125 -96.3

B-934 62,081.37 48,244.01 28.6 110 -81.4

2•9525 L • 1 NO -756

B-4 ~ 6&304.3§ 41~7;4 28.7 _____

[1] Coordinates are referenced to the Texas South Central State Plan (NAD 27) grid system.
Note that for brevity, the "3" was eliminated from the Northing and the "29" was eliminated from the
Easting.

[2] Elevations are referenced to NGVD 29 datum.
[3] Boring B-917, located between STP 3 and STP 4, is included with STP 3.

206-8A-, ifo



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 119 of 304

This table was updated to reflect the redistribution of data inside and outside the Power Block.

Table 2.5S.4-20 Undisturbed Tube Sample Details

Sample Sample
Boring Sample USCS Top Depth Top El.

Number Number - Group Stratum (feet) [1] (feet)
UNDISTURBED TUBE SAMPLES - STP 3
B-303 UD1 CH (t); SM . D/E 63 -36.4

B-303 UD2 CH F 88 -61.4

B-303 UD3 SM H 108 -81.4

B-303 UD4 CH J Clay 1 133 -106.4

B-303 UD5 SM J Interbed 2 168 -141.4

B-305DH UD1 CH A 3 26.8

B-305DH UD2 NR (may be SP-SM) C 25 4.8

B-305DH UD3 NR (may be SP-SM) C 38 -8.2

B-305DH UD3A NR (may be SP-SM) C 40 -10.2

B-305DH UD4 CL D 53 -23.2

B-305DH UD5 SP-SM E 78 -48.2

B-305DH UD6 CH H 103 -73.2

B-305DH UD7 CH J Clay 1 123 -93.2

B-305DH UD8 CL J Clay 1 138 -108.2

B-305DH UD9 CH (t); ML (b) J Clay 1 158 -128.2

B-305DH UD10 CH J Clay 2 193 -163.2

B-305DH UD11 CL K Clay 213 -183.2

B-305DH UD12 SM K Sand 228 -198.2

B-305DH UD13 CH (t); SP-SM (b) M 263 -233.2

B-305DH UD14 CH N Clay 1 288 -258.2

B-305DH UD15 CH N Clay 1 313 -283.2

B-305DH UD15A CH N Clay 1 316.5 -286.7

B-305DH UD16 CH N Clay 1 338 -308.2

B-305DH UD17 SP-SM N Sand 1 353 -323.2

B-305DH UD17A SP-SM N Sand 1 353.5 -323.7

B-305DH UD18 SP-SM N Sand 2 385 -355.2

B-305DH UD20 SP-SM N Sand 3 418 -388.2

B-305DH UD21 SP-SM N Sand 4 453.3 -423.5

B-305DH UD21A SP-SM N Sand 4 453.5 -423.7

B-305DHA UD21 SP-SM N Sand 4 453.5 -423.7

B-305DHA UD22 CH N Clay 5 508 -478.2

B-305DHA UD24 CH N Clay 6 553 -523.2

B-305DHA UD25 CH N Clay 6 588 -558.2

B-306 UD1 SM C 38 -10.2

B-306 UD1A SM C 40 -12.2

B-306 UD2 SM E 63 -35.2
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Sample Sample
Boring Sample USCS Top Depth Top El.
Number Number Group Stratum (feet) [1] (feet)

UNDISTURBED TUBE SAMPLES - STP 3 (continued)
B-306 UD3 Sc E 73 -45.2

B-306 UD4 CH F 88 -60.2

B-306 UD5 SP-SM H 98 -70.2

B-306 UD6 SP-SM H 103 -75.2

B-306 UD7 GW (t); CH (b) J Clay 1 118 -90.2

B-306 UD8 CH J Clay 1 .141 -113.2

B-306 UD9 CH J Clay 1 151 -123.2

B-306 UD9A CH (t); ML (b) J Clay 1 153 -125.2

B-306 UD10 CH J Clay 2 191 -163.2

B-307 UD1 CH J Clay 1 118 -89.8

B-307 UD2 SM J Sand 1 153 -124.8

B-307 UD3 CH J Clay 2 188 -159.8

B-314 UD1 SP E 83 -53.8

B-314 UD2 CL J Clay 1 113 -83.8

B-314 UD3 CH J Clay 1 121 -91.8

B-314 UD4 SC (t); CL (b) J Clay 1 141 -111.8

B-314 UD5 NR (may be CH) J Clay 2 181 -151.8

B-314 UD5A CH J Clay 2 183 -153.8

B-314 UD6 CH J Clay 2 191 -161.8

B-319DH UD1 CH J Clay 1 128 -99.6

B-319DH UD2 SM J Sand 1 143 -114.6

B-319DH UD3 SM J Sand 1 158 -129.6

B-319DH UD4 CH J Clay 2 173 -144.6

B-319DH UD5 CH J Clay 2 188 -159.6

B-321 UD1 CH D 43 -13.8

B-321 UD2 CH J Clay 1 118 -88.8

B-321 UD3 CL J Clay 1 138 -108.8

B-328DH UD1 CL A 13 16.9

B-328DH UD2 NR (may be SM) C 33 -3.1

B-328DH UD3 CH D 53 -23.1

B-328DH UD4 SM E 73 -43.1

B-328DH UD5 NR (may be SP-SM) E 83 -53.1

B-328DH UD6 NR (may be SM) H 103 -73.1

B-330 UD1A NR (may be SM) C 38 -8.5

B-330 UD1B NR (may be SM) C 40 -10.5

B-330 UD2 CH D 53 -23.5

B-330 UD3 SP (t); SM (b) E 63 -33.5

B-330 UD4 NR (maybe SM) H 118 -88.5
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Sample Sample
Boring Sample USCS Top Depth Top El. [1]

Number Number Group Stratum (feet) (feet)
UNDISTURBED TUBE SAMPLES - STP 3 (con tinued)
B-330 UD4B CH J Clay 1 123 -93.5

B-332 UD1 CH A 3 27.3

B-332 UD2 ML B 23 7.3

B-333 UD1 CL A 8 22.5

B-333 UD2 CL A 18 12.5

B-338 UDI SM C 28 4.1

B-338 UD2 CL D 48 -15.9

B-343 UD1 CH (t); SM B/ C 23 7.5

B-343 UD2 SM (t); CH (b) D 48 -17.5

B-343 UD3 CH (t); SM E 58 -27.5

B-343 UD4 NR (may be SM) E 68 -37.5

B-343 UD4A CH E 70 -39.5

B-343 UD5 SM J Interbed 1 123 -92.5

B-343 UD6 SM J Sand 1 148 -117.5

B-343 UD7 CL-ML J Clay 2 173 -142.5

B-343 UD8 CH J Clay 2 198 -167.5

B-348 UD1 CL A 5 25

B-348 UD2 ML (t); CL (b) B 13 17

B-348 UD3 ML (t); SM (b) B/C 18 12

AT IUNDISTURBED TUBE SAMPLES - STP 4

B-401 UD1 CH D 58 -26.9

B-401 UD2 CH F 88 -56.9

B-401 UD3 CL J Clay 1 118 -86.9

B-401 UD4 SM .J Sand 1 153 -121.9

B-401 UD5 NR (may be CH) J Clay 2 178 -146.9

B-401 UD5A CH J Clay 2 184 -152.9

B-404 UD1 CH F 88 -57

B-404 UD2 CH F 98 -67

B-404 UD3 CH J Clay 1 121 -90

B-404 UD4 CH J Clay 1 131 -100

B-404 UD5 CL J Clay 1 141 -110

B-404 UD6 CL J Clay 2 161 -130

B-404 UD7 CH J Clay 2 181 -150

B-404 UD8 CH J Clay 2 191 -160

B-405DH UD1 CH A 10 21.1

B-405DH UD2 CL B 28 3.1
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Sample Sample
Boring Sample USCS Top Depth Top El. [1]

Number Number Group Stratum (feet) (feet)
#E UNDISTURBED TUBE SAMPLES - STP 4 (Continued)
B-405DH UD3 CL D 63 -31.9

B-405DH UD4 CL F 83 -51.9

B-405DH UD5 CH J Clay 1 113 -81.9

B-405DH UD6 CL J Clay 1 125 -93.9

B-405DH UD7 SM J Sand 1 148 -116.9

B-405DH UD8 CH (t); ML (b) J Interbed 2 168 -136.9

B-405DH UD9 CL J Clay 2 193 -161.9

B-405DH UD10A CH K Clay 222 -190.9

B-405DH UD11 CH K Clay 233 -201.9

B-405DH UD12 SP-SM M 263 -231.9

B-405DH UD13 CH N Clay 1 293 -261.9

B-405DH UD14 CH N Clay 1 318 -286.9

B-405DH UD15 SP N Sand 1 343 -311.9

B-405DH UD16 CH N Clay 2 358 -326.9

B-405DH UD17 SC N Sand 2 388 -356.9

B-405DH UD18 SP N Sand 3 418 -386.9

B-405DH UD19 CH N Clay 4 438.5 -407.4

B-405DH UD20 CH N Clay 5 458.5 -427.4

B-405DH UD21 CH N Clay 5 488 -456.9

B-405DH UD22 SM N Sand 5 518 -486.9

B-405DH UD23 SM N Sand 5 538 -506.9

B-405DH UD24 CH N Clay 6 568 -536.9

B-405DH UD25 CL N Clay 6 598 -566.9

B-409 UD1 SM E 68 -36.8

B-409 UD2 NR (may be CH) F 93 -61.8

B-409 UD2A NR (may be CH) F 95 -63.8

B-409 UD3 CH J Clay 1 128 -96.8

B-409 UD4 NR (may be SM) J Sand 1 158 -126.8

B-409 UD4A CH J Clay 2 160 -128.8

B-409 UD5 CH (t); SP-SM (b) J Interbed 2 188 -156.8

B-409 UD6 CH J Clay 2 198 -166.8

B-415 UD1 CH F 88 -58

B-415 UD2 CH (t); SP-SM (b) F/ H 98 -68

B-415 UD3A NR (may be CH) J Clay 1 121 -91

B-415 UD3 CH J Clay 1 124 -94

B-415 UD4A NR (may be CH) J Clay 1 131 -101

B-415 UD4 NR (may be CH) J Clay 1 134 -104
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Boring Sample USCS Sample Top Sample Top

Number Number Group Stratum Depth (feet) El. [1] (feet)

E-Y"L UNDISTURBED TUBE SAMPLES - STP 4 (continued)

B-419DH UD1 CL F 78 -48.3

B-419DH UD2 CH (t); SM F 98 -68.3

B-419DH UD3 CH J Clay 1 118 -88.3

B-419DH UD4 CL J Clay 1 138 -108.3

B-419DH UD6 CH J Clay 2 178 -148.3

B-419DH UD7 CH J Clay 2 198 -168.3

B-421 UD1 SM (t); SP-SM (b) C 33 -2.7

B-421 UD1A SP-SM C 33.6 -3.3

B-421 UD2 CH D 53 -22.7

B-421 UD3 CH F 83 -52.7

B-428DH UD1 CH A 3 27.9

B-428DH UD2 NR (may be SM) B 23 7.9

B-428DH UD2A NR (may be SM) B 25 5.9

B-428DH UD3 CH D 43 -12.1

B-428DH UD4 CH (t); ML (b) D 63 -32.1

B-428DH UD5 NR (may be SM) H 93 -62.1

B-428DH UD5A NR (may be SM) H 95 -64.1

B-428DH UD6 CH J Clay 1 113 -82.1

B-430 UDI CH D 55 -24.1

B-430 UD2 SM E 83 -52.1

B-430 UD3 CH J Clay 1 133 -102.1

B-432 UD1 CH A 3 28.2

B-432 UD2 CL A 15 16.2

B-432 UD3 SM B 25 6.2

B-434 UD1 CH A 8 23.1

B-434 UD2 SM C 28 3.1

B-434 SS11 SM C 33.5 -2.4

B-434 UD3 CH D 53 -21.9

B-438 UD1 CH A 18 12.2

B-438 UD2 NR (may be SM) C 33 -2.8

B-438 UD3 SM (t); MLE C/ D 43 -12.8

E-4741 F0-= A 8ý O Eq

_______ 16H- F6 96

__6__4_4'3 4]i C- HC b 112 8,3

b~-:443 UO-9 C '6H l
g-4 _______________ 0JI 21j

B,4 I JC27A ý
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Sample Sample
Boring Sample USCS Top Depth Top El. [1]

Number Number Group Stratum (feet) (feet)

RELATIVELY UNDISTURBED TUBE SAMPLES - STP 4 (continued)

0-443 uBED5 CH -MJC2 .172 4141.39B
B-16 UD1 CH A 3f27.

B-916 UD2 NR (mayBbe 1M)9 28 L2.2

B-916 UD2A NR (majbe SM5 3 .9 2

B-616 UD3 CLM P -2481

UNDISTURBED TUBE SAMPLES - OUTSIDE POWER BLOCK

B-91 U CH A 8 24.1

B-902 UD3 CH A 15 14.1

UDM SPM 2 3 -511

B-904 UDi SCH A 5 24.8
8-904. MD2 CH A8 98

B-904 UDA Nm B 28 1.8

B-904 UD4 -C5 23.2

B-904 UD5 CH, 'F 83 k53.2

B-917 UDibl Ci AH 26.2

B-9.07 UD2 CH A 13 16.2

B-9027 UD3 SCH D .8 -218

Bf9'- O9 U D4 bHD 53 1 23.3

B-904 PP5 'C L F 85 -55.3

P-909 J-D6CH F93 63.3

'b-909 UD7 ~ GF 98 8.

B-918 UDi CH A 3 27.9

B-918 IUD2 CL B 18 12.9

B-918 UD3 SM C 25 5.9

B-918 UD4 CL-ML D 58 -27.1

B-919 UDi CH A 8 23.9

B-919 UD2 CH (t); ML (b) B 23 8.9

B-919 UD3 CH D 43 -11.1

B-919 UD4 SP-SM E 83 -51.1

B-927 UDi SM B 13 13.8

B-927 UDlA NR (may be SM) B 15 11.8

B-927 UD2 CH B 28 -1.2

B-927 UD3 CH D 48 -21.2

B-940 U D-3 C H D 41 -12.2q

P-94Q UJQ.4 COH 0 -41~7."2g

B-940 UJD-5 OH 00 56-27,.28
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Table 2.5S.4-20 Undisturbed Tube Sample Details (Continued)

Sample Sample
Boring Sample USCS Top Depth Top El.
Number Number Group Stratum (feet) [1] (feet)

UNDISTURBED TUBE SAMPLES - OUTSIDE POWER BLOCK (continued)

00 0--6 66 -32 b

f___ UD7 700 PIT OH Q_____q

'E-949 ub-2 b- H D -25.1-f8

1-949 ibi -C 67128

ED t-v F LE m73F

[1] Elevations are referenced to NGVD 29 datum
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This table was updated to reflect the redistribution of data inside and outside the Power Block.

Table 2.5S.4-21 As-Built CPT Information
CPT Number Northing [1] Easting [1] Ground El.[2] Depth Base El. [2]

(feet) (feet) (feet) (feet) (feet)

CONE PENETRATION TESTS - STP 3
C-301 62,772.55 43,448.74 27.4 59 -31.6
C-302 62,824.38 43,502.25 28.7 36.1 -7.4
C-303 62,823.77 43,190.19 30.2 50 -19.8
C-304 62,910.77 43,394.73 29.4 100.1 -70.7
C-305S 63,126.80 43,174.06 30.9 91.1 -60.2
C-306S 63,483.22 43,296.00 29.7 66.3 -36.6
C-307S 63,573.00 43,407.68 30 95.1 -65.1
C-308 63,711.62 43,481.16 29.9 79.4 -49.5
C-309 63,680.96 43,037.71 30.7 100.1 -69.4
C-310 63,792.39 43,037.94 31.4 100.1 -68.7

~94 [4]1 63,127.31. '_1~7~ 3O7.' 5O29
CONE PENETRATION TESTS - STP 4
C-401 62,772.46 42,547.21 31.1 50 -18.9
C-402 62,824.68 42,600.77 30.8 50 -19.2
C-403 62,825.36 42,289.73 31.6 50 -18.4
C-404 62,912.73 42,499.09 31.4 37.6 -6.2
Q i $ý 63,120.00 ~42,240.54 31.418 75.3 L43ý.82
C-406S 63,481.68 42,400.33 31.1 93.3 -62.2
C-407S 63,570.38 42,507.31 30.8 98.3 -67.5
C-408 63,710.02 42,579.59 31.7 100.2 -68.5
C-409 63,678.81 42,142.10 27.9 92 -64.1
C-410 63,788.88 42,140.63 28.9 92 -63.1
C-411 62,902.74 42,803.77 31.1 50 -18.9
'C'A 0,219.02 ,41 V28$ 22M6

~P:08 6321:7~2, A ?2,0823 30 9 50
C-916 [3] 63,217.32 42,280.50 31.4 39 -7.6

63,281.30 ~7121 0 ~ 5 9

0-901 ,39484:09 42'1 1',9 2A 698.4 -68.5

0-792 62,95445. 421,02350 380.9 91 74. 1.
~4 66Z62.5'65 42,308.52, 3T.46 50 ~ 85

p&946. 62;,95ý2 55 42,692.9ý5 32.02 50 ~ 79
O~~94~ 63 375.80 41 9W!~97, '272 0j2.8

CONE PENETRATION TESTS - OUTSIDE POWER BLOCK
C-901 63,539.44 41,694.20 29.6 98.1 -68.5
C-902 -63,448.19 41,623.82 28.9 90.1 -61.2
C-903 63,466.93 41,498.80 29.2 93.2 -64
C-904 63,392.47 41,651.23 24.2 90.1 -65.9
C-905 63,298.98 41,713.69 31.2 50 -18.8
C-906 63,212.72 41,758.97 30.2 50 -19.8

0,99 ~~464.25- 54- 0 -S 40 09.

6-14 83"42 462703 28250 -qi28

C:92 2,ý952'511 41-688.53. 306 0 19

'Q,43. 62 952 51 4,9.14;511 50 ~ 19,2
G94~8 3690 41,'8!ý679 '-29-@1I 37.6 077
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[1] Coordinates are referenced to the Texas South Central State Plan (NAD 27) grid system. Note that for brevity the "3" was
eliminated from the Northing and the "29" was eliminated from the Easting.

[2] Elevations are referenced to NGVD 29 datum[3] B§6iHngC-916, made ; lCi' U.4. GtWid'5i ýA:•th STP 4 S•Pa TP 4, is included with STP 3.

r4}iot included in site chdtgcte~ritAtib~n for engineýerng propethies.
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This table was updated to reflect the redistribution of data inside and outside the Power Block.

Table 2.5S.4-22 As-Built Observation Well Information

Reference Well
OW Northing [1] Easting [1] El.[2] Depth Base El. [2]

Number .(feet):, (feet) (feet) (feet) (feet)
OBSERVATION WELLS - STP 3
OW-308L 63,196.43 43,374.36 29.9 97.1 -67.2
OW-308U 63,195.64 43,354.04 29.9 47.1 -17.2
OW-332La-R 63,729.36 43,608.74 30 103.1 -73.1
OW-332U 63,739.21 43,591.02 30.2 46.1 -15.9
OW-348L 62,685.92 43,014.48 30.1 79.1 -49
OW-348U 62,685.23 42,994.44 30.5 39.1 -8.6
OW-349L 62,901.84 43,602.97 29.4 81.1 -51.7
OW-349U 62,902.40 43,582.28 29.4 46.1 -16.7
OBSERVATION WELLS - STP 4
OW-408L 63,196.18 42,472.54 31.7 81.3 -49.6
OW-408U 63,194.01 42,456.01 31.5 43.1 -11.6
OW-420U 62,902.15 42,018.94 32.3 49.1 -16.9
OW-438L 63,790.77 42,045.09 30.1 104.1 1-74
OW-438U 63,792.04 42,025.17 30.5 41 - 1-10.5
OBSERVATION WELLS - OUTSIDE POWER BLOCK

.1-9 0iI3,368.45 426. P 92. 1ý 761.4,

OW-928L 64,932.30 40,376.21 29.8 121.1 -91.3
OW-928U 64,933.86 40,356.48 30 39.6 -9.6
OW-929L 64,671.50 45,497.78 36.9 98.1 -61.2
OW-929U 64,672.34 45,477.58 36.9 60.1 -23.2
OW-930L 60,214.45 49,525.96 26.2 106.5 -80.3
OW-930U 60,209.72 49,506.58 25.6 36.1 -10.5
OW-931U 61,979.42 39,520.36 30.5 36 -5.5
OW-932L 61,899.37 42,115.90 31.1 79.6 -48.5
OW-932U 61,898.53 42,097.29 31.4 39.6 -8.2
OW-933L 61,898.05 43,515.01 28.7 87.1 -58.4
OW-933U 61,897.65 43,494.66 28.9 37.1 -8.2
OW-934L 62,082.08 48,254.12 29 100 -71
OW-934U 62,079.87 48,234.20 28.5 41.1 1-12.6

[1] Coordinates are referenced to the Texas South Central State Plan (NAD 27) grid system. Note that for
brevity the "3' was eliminated from the Northing and the "29" was eliminated from the Easting.

[2] Elevations are referenced to NGVD 29 datum
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Table 2.5S.4-23 Insitu Hydraulic Conductivity (Slug Test Results)

Test Type [1]

Sand Intake EL USCS Risinq Head Method Fallin Head Method
Observation Well [2] (feet) Stratum Group Butler KGS B-R Butler KGS B-R

OW-308L -52.2 to -67.2 E/H SP-SM 64 67 65 72 73 56

OW-308U -2.1 to -17.2 C SP-SM 70 64 63 64 62 68

OW-332L -57.0 to -73.1 E/H SM 53 54 P [3] 49 49 55

OW-332U -0.8 to-15.9 C SM 37 36 27 19 18 11

OW-348L -33.9 to -49.0 E SP-SM 58 46 44 76 61 39

OW-348U 6.5 to -8.6 C SM P [3] 83 88 68 71 65

OW-349L -35.6 to -51.7 D/E SM 63 51 35 43 40 52

OW-349U -1.6 to -16.7 C SM P [3] P [3] 43 P [3] P [3] 53

OW-408L -34.3 to -49.6 E SP-SM P [3] 72 P [3] 70 68 50

OW-408U 3.5 to -11.6 C SM 17 11 11 22 32 28

OW-420U -1.8 to -16.9 C SM P [3] 33 45 ND [4] ND [4] ND [4]

OW-438L -58.9 to -74.0 F/H SM 17 27 10 15 28 14

OW-438U 4.5 to -10.5 B/C SM 38 39 26 P [3] P [3] 24

OW-910L -46.3 to -61.4 F CH 3 0.3 0.6 2 0.9 0.5

OW-910U 9.7 to -5.4 B/C SM 26 29 21 P [3] P [3] P [3]

OW-928L -76.2 to -91.3 F/H SP 19 11 7 P [3] 24 21

OW-928U 5.5 to -9.6 C SM 19 P [3] 8 19 16 16

OW-929L -46.2 to -61.2 H SP-SM 56 54 29 59 P [3] 59

OW-929U -8.1 to -23.2 D/E/F CH P [3] 3 4 P [3] 12 2

OW-930L -64.8 to -80.3 H SP 40 37 27 24 15 19

OW-930U 4.6 to -10.5 B/C SM P [3] 23 32 P [3] 47 48

OW-931U 9.5 to -5.5 C SM 34 23 20 P [3] P [3] 49

OW-932L -33.4 to -48.5 D/E SM 24 23 18 22 22 25

OW-932U 6.9 to -8.3 B/C SM 21 13 14 P [3] 16 22

OW-933L -43.3 to -58.4 F CH P [3] 51 63 P [3] P [3] 64

OW-933U 5.9 to -8.2 B/C ML P [3] 10 3 8 5 3

OW-934L -56.0 to -71.0 E SM P [3] P [3] 35 P [3] P [3] 32

OW-934U 2.5 to -12.6 C SM P [3] 32 33 49 P [3] 40

[1] Refer to Subsection 2.4S.12 for details on testing and analysis methods
[2] Elevations are referenced to NGVD 29 datum.
[3] "P" denotes tests with a poor curve match or questionable data
[4] "ND" denotes no data (data not recovered from the data logger)'
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Table 2.5S.4-24 Summary of Test Pit Positions and Bulk Soil Sample Details

Test Pit Stratum
Number Position Bulk Sample Description (Bulk Sample Depth)

TP- Adjoining B-322C BEAUMONT; black; silt; CLAY (CH) Stratum A (1.5 to 6.0
B322C (STP 3 Turbine Building) feet depth)

TP-B409 Adjoining B-409 BEAUMONT; black; silt; CLAY (CH) Stratum A (1.5 to 6.5
(STP 4 Reactor Building) feet depth)

TP-B919 Adjoining B-919 BEAUMONT; black; silt; sand; Stratum A (0.5 to 6.0
(Switch Yard) CLAY (CH) feet depth)

BEAUMONT; red; silt; CLAY (CH) Stratum A (6.0 to 8.5
feet depth)

TP-B927 Adjoining B-927 BEAUMONT; black; silt; sand; Stratum A (0.5 to 4.0
(Training Center) CLAY (CL) feet depth)

BEAUMONT; yellow-red; silt; sand; Stratum A (5.5 to 8.5
CLAY (CL) feet depth)

TP-C304 Adjoining C-304 BEAUMONT; black; silt; sand; Stratum A (3.0 to 7.0
(STP 3 Power Block) CLAY (CH) feet depth)

BEAUMONT; red-brown; silt; sand; Stratum A (7.0 to 9.0
CLAY (CL) feet depth)

TP-C404 Adjoining C-404 BEAUMONT; black; silt; CLAY (CH) Stratum A (2.0 to 7.0
(STP 4 Power Block) feet depth)

BEAUMONT; red; silt; CLAY (CH) Stratum A (7.0 to 9.0
feet depth)
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Table 2.5S.4-25 As-Built Field Electrical Resistivity Information

Northing [1] Easting [1] Ground El. [2]
ER Number T (feet) (feet) (feet)

ELECTRICAL RESISTIVITY TESTS - STP 3

ER-301 63,748.20 43,308.16 30.5
ELECTRICAL RESISTIVITY TESTS - STP 4
ER-401 63,753.46 42,407.42 31.5

ELECTRICAL RESISTIVITY TESTS - OUTSIDE POWER BLOCK

ER-901 64,722.85 142,995.07 31.1

ER-902 64,722.85 42,995.07 31.1

[1]Coordinates are referenced to the Texas South Central State Plane (NAD 27) grid system.
Note that for brevity the "3" was eliminated from the Northing and the "29" was eliminated from
the Easting

[2]Elevations are referenced to NGVD 29 datum
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Table 2.5S.4-26 Summary of Laboratory Compaction and CBR Test Results

Natural Maximum Dry Optimum California
Moisture Liquid Plasticity Density [1] Moisture Bearing

Sample Depth Content Limit Index USCS (pounds/ Content [1] Ratio/ CBR
Test Number (feet) (percent) (percent) (percent) Group cubic foot) (percent) [2] (percent)

STRATUM A (UPPER; SAMPLES GENERALLY TAKEN BETWEEN 0.5 AND 7.0 FEET BELOW GROUND SURFACE)

TP-B919 0.50-6.0 20.2 53 33 CH 115.6 12.4

TP-B927 0.5-4.0 24.1 45 30 CL 118.4 13.6 3

TP-C304 3.0-7.0 21.7 51 36 CH 112.2 11.2

TP-C404 2.0-7.0 24.3 62 44 CH 116.6 13.8 3

MINIMUM, STRATUM A 20.2 45 30 Typically 112.2 11.2 3
CH

MAXIMUM, STRATUM A (UPPER) 24.3 62 44 118.4 13.8 3

AVERAGE, STRATUM A 22.6 53 36 115.7 12.8 3

STRATUM A (LOWER; SAMPLES GENERALLY TAKEN BETWEEN 5.5 AND 9.0 FEET BELOW GROUND SURFACE)

TP-B919 6.0 - 8.5 25.9 74 52 CH 109.1 18.2

TP-B927 5.5-8.5 22.0 41 26 CL 117.6 11.3

TP-C304 7.0-9.0 25.5 40 23 CL 121.8 9.5 2

TP-C404 7.0-9.0 28.4 77 56 CH 121.7 9.4 3

MINIMUM, STRATUM A 22.0 40 23 Typically 109.1 9.4 2
CL, CH

MAXIMUM, STRATUM A (LOWER) 28.4 77 56 121.8 18.2 3

AVERAGE, STRATUM A 25.5 58 39 117.6 12.1 3

[I ]Compaction (moisture-density) tests were conducted in accordance with Reference 2.5S.4-42, Method A
[2]CBR tests were conducted in accordance with Reference 2.5S.4-43, generally on soaked test specimens compacted to approximately 95%

of modified Proctor maximum dry density (Reference 2.5S.4-42)
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Table 2.5S.4-27 Summa of Shear Wave Velocities to 600 Feet Below Ground Surface

Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average Vs
Soil El. [1] El. [1] Thickness [2] Weight PI su Vs (Ft/ Vs (Ft/ Vs (Ft/ (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) sec) sec) sec) sec) LJ
30 10 20 14 1,078 290 578 575 0.45

30 25 5 6.5 670 330 451 450 0.43

A Clay 25 20 5 11.5 124 • 1.6 1,000 290 547 545 0.41

20 15 5 16.5 1,078- 370 601 600 0.47

15 10 5 21.5 890 300 643 640 0.48

10 0 10 29 1,090 400 728 725 0.48

B Silt 10 5 5 26.5 121 N/A N/A 1,060 400 707 705 0.48

5 0 5 31.5 1,090 470 758 755 0.49

0 -20 20 44 1,430 440 786 785 0.49

0 -5 5 36.5 1,430 440 756 755 0.49

C Sand -5 -10 5 41.5 122 N/A N/A 1,220 520 805 805 0.49

-10 -15 5 46.5 1,070 520 828 825 0.49

-15 -20 5 51.5 1,390 510 767 765 0.49

-20 -40 20 64 1,550 540 929 925 0.48

-20 -25 5 56.5 1,020 540 702 700 0.49

D Clay -25 -30 5 61.5 -, 40 3.0 1,331 580 849 845 0.49

-30 -35 5 66.5 1,370 790 1,026 1,025 0.48

-35 -40 5 71.5 1,550 870 1,204 1,200 0.48

-40 -60 20 84 1,627 720 1,082 1,080 0.48

-40 -45 5 76.5 1,430 940 1,196 1,195 0.48

E Sand -45 -50 5 81.5 N/A N/A 1,627 750 1,103 1,100 0.48

-50 -55 5 86.5 1,250 770 1,038 1,035 0.48

-55 -60 5 91.5 1,203 720 961 960 0.48
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Table 2.5S.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continue d
Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average Vs
Soil El. [1] El. [1] Thickness [2] Weight PI Su V. V. (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft/ sec) (Ft/ sec) (FtI sec) sec) 1L
-60 -75 15 101.5 1,280 720 947 945 0.48

-60 -65 5 96.5 1,280 720 905 905 0.49
F Clay -65 -70 5 101.5 125 40 • 12 830 956 955 0.48

-70 -75 5 106.5 1,270 780 990 990 0.48

-75 -90 15 116.5 2,190 730 1,077 1,075 0.48

-75 -80 5 111.5 1,890 740 1,078 1,075 0.48
H Sand -80 -85 5 116.5 N/A N/A 2,190 730 1,081 1,080 0.48

-85 -90 5 121.5 1,814 750 1,071 1,070 0.48

-90 -125 35 141.5 1,880 640 1,148 1,145 0.48

-90 -95 5 126.5 1,350 760 981 980 0.48

-95 -100 5 131.5 1,410 720 1,057 1,055 0.48

-100 -105 5 136.5 1,470 640 1,068 1,065 0.48
JClay1 Clay -105 -110 5 141.5 125 1,780 910 1,307 1,305 0.47

-110 -115 5 146.5 1,880 1,000 1,337 1,335 0.47,

-115 -120 5 151.5 1,610 1,090 1,260 1,260 0.47

-120 -125 5 156.5 1,720 680 1,178 1,175 0.48

-125 -140 15 166.5 3,210 720 1,275 1,275 0.47

-125 -130 5 161.5 2,270 840 1,299 1,295 0.47
J Sand Sand/ -125N-130i5

Silt -130 -135 5 166.5 N/A N/A 2,560 840 1,277 1,275 0.47

-135 -140 5 171.5 3,210 720 1,244 1,240 0.47
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Table 2.5S.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continued)

Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average Vs
Soil El. [1] El. [1] Thickness [2] Weight PI Su Vs V. Vs (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft sec) (FtI sec) (Ft sec) sec) 1L
-140 -185 45 196.5 1,690 700 1,033 1,030 0.48

-140 -145 5 176.5 1,690 930 1,235 1,235 0.47

-145 -150 5 181.5 1,260 960 1,036 1,035 0.48

-150 -155 5 186.5 1 ,390. - 870 1,059 1,055 0.48

-155 -160 5 191.5 1,360 700 1,034 1,030 0.48
J Clay 2 Clay -160 -165 5 196.5 125 35 W 1,440 830 1,037 1,035 0.48

-165 -170 5 201.5 1,290 800 965 965 0.48

-170 -175 5 206.5 1,330 770 966 965 0.48

-175 -180 5 211.5 1,180 760 943 940 0.48

-180 -185 5 216.5 1,220 670 938 935 0.48

-185 -203 18 228.0 1,650 730 1,170 1,170 0.48

-185 -190 5 221.5 1,420 820 1,111 1,110 0.48

K Clay Clay -190 -195 5 226.5 2 5 3.
K ly ly -10215 15 2. 25 3.0 1,560 810 1,117 1,115 0.48

-195 -200 5 231.5 1,320 730 1,075 1,075 0.48

-200 -203 3 235.5 1,650 1,430 1,510 1,510 0.47

-203 -228 25 249.5 2,010 940 1,371 1,370 0.47

-203 -208 5 239.5 1,630 1,140 1,341 1,340 0.47

K Sand/ Sand! -208 -213 5 244.5 2,010 1,100 1,573 1,570 0.46

Silt Silt -213 -218 5 249.5 1,630 1,070 1,350 1,350 0.47

-218 -223 5 254.5 1,490 1,230 1,346 1,345 0.47

-223 -228 5 259.5 1,620 940 1,240 1,240 0.47

L Clay -228 -233 5 264.5 •4 50 3.0 1,410 750 979 975 0.48
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Table 2.5S.4-27 Summary of Shear Wave Velocities to 600 Feet Below Ground Surface (Continud)
Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average Vs
Soil El. [1] El. [1] Thickness [2] Weight PI Su Vs Vs V. (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft/ sec) (FtI sec) (Ft/ sec) sec) tj
-233 -248 15 274.5 1,600 800 1,165 1,165 0.47

-233 -238 5 269.5 1,600 1,130 1,343 1,340 0.47
M Sand -238 -243 5 274.5 127 N/A N/A 1,170 860 1,018 1,015 0.48

-243 -248 5 279.5 1,400 800 1,110 1,110 0.48

-248 -307 59 311.5 1,760 700 1,234 1,230 0.47

-248 -253 5 284.5 1,180 700 957 955 0.48

-253 -258 5 • 289.5 1,670 1,370 1,501 1,500 0.47

-258 -263 5 294.5 1,650 1,320 1,510 1,510 0.46

-263 -268 5 299.5 1,760 1,010 1,293 1,290 0.47

-268 -273 5 304.5 1,100 980 1,053 1,050 0.48

N Clay 1 Clay -273 -278 5 309.5 4-24 45 3.0 1,200 900 1,037 1,035 0.48

-278 -283 5 314.5 1,160 830 966 965 0.48

-283 -288 5 319.5 1,260 1,070 1,112 1,110 0.48

-288 -293 5 324.5 1,570 1,210 1,408 1,405 0.47

-293 -298 5 329.5 1,640 1,470 1,522 1,520 0.46

-298 -303 5 334.5 1,640 1,110 1,362 1,360 0.47

-303 -307 4 339.0 1,470 940 1,140 1,140 0.48

-307 -324 17 349.5 2,430 1,390 1,646 1,645 0.46

-307 -312 5 343.5 1,650 1,390 1,535 1,535 0.46

N Sand 1 Sand -312 -317 5 348.5 128 N/A N/A 2,430 1,540 1,843 1,840 0.45

-317 -322 5 353.5 1,720 1,560 1,618 1,615 0.46

-322 -324 2 357.0 1,650 1,470 1,550 1,550 0.46
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ladle .S.4-2 ummary OT Snear wave velocities to 6u0 i-eet selow Grouna Sunace L;ontilnuea)
Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average V.
Soil El. [1] El. [1] Thickness [2] Weight PI s, Vs Vs Vs (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft/ sec) (Ft/ sec) (Ft/ sec) sec) L..

N Clay 2 Clay -324 -332 8 362.0 2,220 870 1,537 1,535 0.46

-324 -329 5 360.5 •4,4 45 3.0 2,220 1,460 1,704 1,700 0.45

-329 -332 3 364.5 1,670 870 1,328 1,325 0.47

N Sand 2 Sand -332 -365 33 382.5 2,360 1,380 1,666 1,665 0.45

-332 -337 5 368.5 1,790 1,380 1,642 1,640 0.46

-337 -342 5 373.5 1,810 1,630 1,685 1,685 0.45

-342 -347 5 378.5 1,690 1,610 1,649 1,645 0.46
128 N/A N/A

-347 -352 5 383.5 1,750 1,580 1,638 1,635 0.45

-352 -357 5 388.5 1,620 1,470 1,561 1,560 0.46

-357 -362 5 393.5 1,960 1,480 1,665 1,665 0.45

-362 -365 3 397.5 2,360 2,020 2,190 2,190 0.43

N Clay 3 Clay -365 -373 8 403.0 2,540 1,220 1,851 1,850 0.45

-365 -370 5 401.5 W 23 45 3.0 2,540 1,220 2,053 2,050 0.43

-370 -373 3 405.5 1,680 1,430 1,498 1,495 0.47

N Sand 3 Sand -373 -392 19 416.5 2,060 1,360 1,572 1,570 0.46

-373 -378 5 409.5 2,060 1,410 1,682 1,680 0.46

-378 -383 5 414.5 128 N/A N/A 1,710 1,460 1,577 1,575 0.46

-383 -388 5 419.5 1,630 1,360 1,475 1,475 0.46

-388 -392 4 424.0 1,630 1,460 1,552 1,550 0.46
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Tnhl_ 2.R S_-27 Rgimmnirv nf Shnnr WnvA VnlnrcitiA~q tn Rflf FAnt lRlnw (Grn.and R.irfnt-~ ICnntin.u•rI

Mid-
Point Use

Top Bottom Depth Unit Average Maximum Minimum Average Vs
Soil El. [1] El. [1] Thickness [2] Weight Pi su Vs V. V" (Ft/ Average

Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft/ sec) (Ft/ sec) (Ft/ sec) sec) J
N Clay4 Clay, -392 -422 30 441.0 1,810 910 1,207 1,205 0.47

-392 -397 5 428.5 1,810 1,330 1,537 1,535 0.46

-397 -402 5 433.5 1,260 1,040 1,115 1,115 0.48

-402 -407 5 438.5 ý42: 45 3.0 1,390 1,050 1,190 1,190 0.48

-407 -412 5 443.5 1,400 1,040 1,260 1,260 0.47

-412 -417 5 448.5 1,380 1,000 1,167 1,165 0.48

-417 -422 5 453.5 1,100 910 975 975 0.48

N Sand 4 Sand -422 -430 8 460.0 1,720 870 1,359 1,355 0.47

-422 -427 5 458.5 128 N/A N/A 1,720 870 1,292 1,290 0.47

-427 -430 3 462.5 1,580 1,370 1,460 1,460 0.46

N Clay 5 Clay -430 -484 54 491.0 1,820 970 1,223 1,220 0.48

-430 -435 5 466.5 1,540 1,000 1,260 1,260 0.47

-435 -440 5 471.5 1,460 970 1,184 1,180 0.48

-440 -445 5 476.5 1,050 1,030 1,040 1,040 0.48

-445 -450 5 481.5 1,060 1,000 1,040 1,040 0.48

-450 -455 5 486.5 1,460 1,080 1,273 1,270 0.48
_____ ___ ___ 45 3.0 _ ___

-455 -460 5 491.5 1,280 1,110 1,167 1,165 0.48

-460 -465 5 496.5 1,130 1,080 1,110 1,110 0.48

-465 -470 5 501.5 1,190 1,170 1,180 1,180 0.48

-470 -475 5 506.5 1,280 1,110 1,180 1,180 0.48

-475 -480 5 511.5 1,420 1,190 1,330 1,330 0.47

-478 -484 4 516.0 1,820 1,750 1,785 1,785 0.46
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600 Feet Below Ground Surface (Continued)Thhle 2.5S.4-27 Summary of Shear Wave Velocities to

Mid-

Point Use
Top Bottom Depth Unit Average Maximum Minimum Average V.

Soil El. [1] El. [1] Thickness [2] Weight PI su Vs V. V. (Ft/ Average
Stratum Type (Feet) (Feet) (Feet) (Feet) (Feet) (%) (ksf) (Ft/ sec) (Ft/ sec) (Ft/ sec) sec) L

-484 -502 18 527.0 2,250 1,540 1,848 1,845 0.45

-484 -489 5 520.5 2,250 1,790 1,972 1,970 0.44

N Sand 5 Sand -489 -494 5 525.5 128 N/A N/A 2,080 1,720 1,910 1,910 0.44

-494 -499 5 530.5 2,020 1,540 1,735 1,735 0.45

-499 -502 3 534.5 1,800 1,740 1,770 1,770 0.45

-502 -575 73 572.5 1,880 1,120 1,347 1,345 0.47

-502 -507 5 538.5 1,880 1,620 1,750 1,750 0.45
-507 -512 5 543.5 1,250 1,180 1,217 1,217 0.48
-512 -517 5 548.5 1,200 1,120 1,170 1,170 0.48

-517 -522 5 553.5 1,270 1,140 1,190 1,190 0.48

-522 -527 5 558.5 1,330 1,320 1,323 1,323 0.47

-527 -532 5 563.5 1,190 1,130 1,160 1,160 0.48

-532 -537 5 568.5 1,320 1,210 1,267 1,265 0.47

N Clay 6 Clay -. 5' 45 3.0

-537 -542 5 573.5 1,230 1,220 1,227 1,225 0.47

-542 -547 5 578.5 1,560 1,160 1,363 1,360 0.47

-547 -552 5 583.5 1,400 1,270 1,317 1,315 0.47

-552 -557 5 588.5 1,370 1,290 1,330 1,330 0.47

-557 -562 5 593.5 1,620 1,470 1,523 1,520 0.47

-562 -567 5 598.5 1,800 1,280 1,508 1,505 0.47

-567 -572 5 603.5 1,620 1,420 1,520 1,520 0.47

-572 -575 3 607.5 1,450 1,420 1,435 1,435 0.47

[1 ]Elevations are referenced to NGVD 29 datum.
[2]Mid-point depth measured below El. 34 feet.
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Table 2.5S.4-28 Summary of Shear Wave Velocities

Deeper than 600 Feet Below Ground Surface [1]

Top Bottom
Depth Depth Top El. Bottom Mid-Point Depth Vs (Ft/

Profile (Feet) (Feet) (Feet) El. (Feet) [2] (Feet) sec)
M1Pi 609 680 -575 -646 644.5 2,050

680 780 -646 -746 730.0 2,150

780 880 -746 -846 830.0 2,250

880 1,300 -846 -1,266 1,090.0 2,350

1,300 1,930 -1,266 -1,896 1,615.0 2,550

1,930 2,500 -1,896 -2,466 2,215.0 2,850

2,500 3,280 -2,466 -3,246 2,890.0 9,285

M1 P2 609 1,000 -575 -966 804.5 1,585

1,000 1,300 -966 -1,266 1,150.0 2,350

1,300 1,930 -1,266 -1,896 1,615.0 2,550

1,930 2,500 -1,896 -2,466 2,215.0 2,850

2,500 3,280 -2,466 -3,246 2,890.0 9,285

M1P3 609 700 -575 -666 654.5 2,650

700 780 -666 -746 740.0 2,825

780 850 -746 -816 815.0 2,900

850 1,000 -816 -966 925.0 3,000

1,000 1,060 -966 -1,026 1,030.0 3,100

1,060 1,160 -1,026 -1,126 1,110.0 3,200

1,160 1,250 -1,126 -1,216 1,205.0 3,325

1,250 1,700 -1,216 -1,666 1,475.0 3,575

1,700 2,500 -1,666 -2,466 2,100.0 4,125

2,500 3,280 -2,466 -3,246 2,890.0 9,285

[I ]Shear wave velocities and depth ranges scaled from Figure B-12, "Shear Wave Velocity Profile
for the South Texas Site," Reference 2.5S.4-4

[2]Mid-point depth measured below El. 34 fee

t
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Table 2.5S.4-29 Summary of Strata Unit Weights

Depth Below Stratum Selected
Ground Surface (feet) and/or Soil Type Unit Weight (pcf)

Ground Surface to 20 A 124

20 to 30 B 121

30 to 50 C 122

50 to 70 D

70to 90 E 42-1-

90 to 105 F 125

105 to 120 H 128

120 to 215 J Clay; J Sand 125; 125

215 to 258 K Clay; K Sand/Silt 2 24-;127,,

258 to 263 L A.2 [1]

263 to 278 M 127 [1]

278 to 609 N Clay; N Sand 4 ; 128

609 to 680 Silt/Clay 129 [2]

680 to 780 Silty Sand 126 [2]

780 to 880 Silt/Clay 130 [2]

880 to 1,300 Silty Sand 130 [2]

1,300 to 1,930 Interbedded Sand, Clay, Silt, Claystone 130 [2]

1,930 to 2,500 Interbedded Claystone, Siltstone, Sand, Clay, Silt 135 [2]

2,500 to 3,280 + Interbedded Claystone, Sand, Silt 140 [2]

[1] The selected unit weight for Stratum L is after Sub-stratum K Clay. The selected unit weight for
Stratum M is after Sub-stratum K Sand/Silt

. [2] The selected unit weights for strata deeper than approximately 600 feet below ground surface are
after Reference 2.5S.4-3, Boring B-233
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This figure has been updated.
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Figure 2.5S.4-3 Subsurface Profile Legend
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M CL D SP

CH I sw

ML SM

CL-MI..SC

SGP.

Lff SP-SM

L-7 SP-SC

SW-SM

SW-SC

Figure 2.5S.4-3 Subsurface Profile Legend (Continued)
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Figure 2.55.4-14 Not Used
(The data has been included in Figure 2.5S.4-15)
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Figure 2.5S.4-18 Not Used
(The data has been included in Figure 2.5S.4-19)
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Undrained Shear Strength (s.) (ksf)
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Figure 2.5S.4-25 Not Used
(The data has been included in Figure 2.5S.4-26)
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Preconsolidation Pressure (Pcj) (ksf)
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Figure 2.5S.4-31 Not Used
(The data has been included in Figure 2.55.4-32)
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. Figure 2.5S.4-36 Not Used
(The data has been included in Figure

2.5S.4-37)
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COLA Tier 2 Section 2.5S.4.10 will be revised as shown:

2.5S.4.10 Static Stability

The following site-specific supplement addresses COL License Information Items 2.2,
2.35, 2.36, 2.37, 2.38, and 2.39.

As noted in Subsection 2.5S.4.5.2, a substantial amount of earthwork is required to
establish site grades at STP 3 & 4. The proposed rough grade at the Power Block is
approximately El. 34 feet. As noted above, the Reactor Buildings, Control Buildings, M
iQ UHS Basins/RSW Pump Houses,,le -•tesGn
Oil Stprage Va.•It are all considered Seismic Category I structures. This subsection
addresses the stability of foundation soils for those structures, the locations of which are
shown on Figure 2.5S.4-2. The approximate structure dimensions, loads, and other
details for these tunnel structures are included below for completeness. Other STP 3 & 4
major structures, including the Turbine Buildings, Bi•. ljdngs, and the Service
Buildings, are not Seismic Category I structures, and are, therefore, not considered here.

2.5S.4.1 0.1 STP 1 & 2 Foundations

The STP 1 & 2 UFSAR (Reference 2.5S.4-3) provides a description of the site soils and
foundations for the STP 1 & 2 major structures. That information is summarized below.

STP 1 and STP 2 are essentially of identical design. The Reactor Containment Building
(RCB) rests on a 166-foot-diameter mat foundation at approximately El. -31 ft, supported
on undisturbed granular soils and compacted structural fill. The Fuel Handling Building
(FHB) is approximately 88 feet by 190 feet in plan dimensions, with stepped foundation
levels, ranging from approximately El. -36 feet to El. 14 feet. The deeper foundation
levels of the FHB are on natural soils, while the shallower foundation levels of the FHB
are on structural fill, in turn supported by Strata D and E. The Diesel Generator Building
(DGB) is approximately 82 feet by 107 feet in plan dimensions, with foundations at
approximately El. 20 feet, founded on structural fill, in turn supported by Stratum C in
STP 1, and Stratum D in STP 2. The Auxiliary Feedwater Storage Tank (AFST) is 51 feet
in diameter, supported on a mat foundation at approximately El. 19 feet, bearing on
structural fill which extends into Strata C, D, and E. The foundation loading information
for these structures (from the STP 1 & 2 UFSAR [Reference 2.5S.4-3]) is summarized
below:

Gross Foundation Foundation El. Net Foundation
Structure Pressure (ksf) (feet) Pressure (ksf)

Reactor Containment 94 -31.2 2.0
Building

Fuel Handling Building 4.4 to 9.2 -35.8 to 14.0 3.5 to -1.2

Diesel Generator Building 4.4 20.0 3.4

Aux. Feedwater Storage 3.5 18.5 2.3
Tank

The gross foundation pressure was defined as dead plus equipment load. The net
foundation pressure was defined as the gross foundation pressure less the overburden
pressure.

The bearing capacity of STP 1 & 2 Seismic Category I foundations was analyzed using
conventional and layered methods, with the groundwater level taken near the ground
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surface. The factors of safety against bearing capacity failure consistently exceeded a
value of 3.0 for the long-term stability of foundations.

Foundation settlement analyses were also made. Foundation settlement monitoring was
also undertaken during construction. Upper-bound predictions of foundation settlements,
as well as measured settlements, were in the range of 2 inches to 3 inches subsequent
to recovering the ground heave. Ground heave values were in the range of 3.5 inches to
5 inches.

2.5S.4.10.2 STP 3 & 4 Foundations, Subsurface Conditions, and Soil Properties

The STP 3 & 4 Seismic Category I structures, including their approximate foundation
dimensions, elevations, and design pressures are indicated below ;4e4-¾4

§ give .R a4e aSSUmed-ty'Pk.e[4 thec strue Given the position of the groundwater
level-I GleSe a-rej und-su 44a4(once constdru~ction, d6watri~ ng is terrKina6dfK92MQŽM

grIpilter level recovers), and the foundation depth, buoyanyefcso h
foundations were mustbe osdre. q

Structure [11
Reactor
Buildings

Control
Buildings

UHS Basins

RSW Pump
Houses

RSW Tunnels

bieThi
Generato£
FuelOilF
ýigeoatiF~

Approximate
Foundation
Dimensions

(feet)

'197.5

ýt55. 0b'y 80.T
.7 -44¾ Aj

Foundation
El. [21 (feet)

-50.31
{'60:3}_

42.3
f744.3)

-44-
4.0

{2. 0}'

f-34.0}
-32
'21.0

{-23.O},
-24
-5.0_

Foundation
Depth [21

(feet)

{ J4,}

390
1_4L-,

Estimated

Pressure fo3

,(falculatio6ns
(ksf)
15.0

15.0

j379

Pressure f

Calculatio~ns

(ksf)
a17.741

K i d 47-

:3ffl-q,]jTjrj7_

[1] All structures listed above are Seismic Category I structures.
[2] At tc 1 ,:Itcte oReta-Ct1 i j 6-6 v 1 ....

; gntionc shown in " {}" symbols denote thei E4' n rn
+l base of significant over-excavation 1 ah epuitic uldr lý_iRtu 't d4ihht o% 5C Lva to

b~iq Iaced %\Itnh 'onc eteMnI.[ ....... tilec t fl A

t:iControl6 1dirIui fgsIHS Ba smBiiisi oRS miWouses -% T mý m id Dk dclatdd itd
O i.." , or, g eA , ' ' -- - ,-ýf _1 QPýr~5 d~t6 Uld111l, •(.t h 4 L-," ol.
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te; foundation and thne !over-excav•aton at lace d • oncreteI,1Sl

Stratum ~ ~ ~ ~ ý,[Itx b)~ovrxd&ic coirt I-c Io~h I tunjfitHIbs4t~e
excavt1,11Hi, ),fep ,ýaaced db1btrd tural 14h U4eiihl)!fae BUE

3]Value red-ced >t ' Q ~,ý R

The subsurface conditions at STP 3 & 4 are described in detail in Subsection 2.5S.4.2.
The geotechnical engineering parameters of the various soil strata are similarly
described in Subsection 2.5S.4.2, and are summarized in Table 2.5S.4-16. These
parameters were used as the bases for the analyses of foundations.h .j g -,
t-Jd6 properties of structural fill = taken from the STP 1 & 2 UFSAR (Reference
2.5S.4-3). Structural fill properties were taken as: j unit weight (y) of 134 pcf,
static elastic modulus (E) of 3000 ksf; drained friction angle (6) of 43 degrees (3"
k rees sed nte bearigapacity alysesTor serat and drained
cohesion (c') of 0 ksf (Reference 2.5S.4-3). te moit uni tweight (unf.i

od f strhbfu-c~u I abov e watertable was estimate based oniformation in
,Rteftence ? A moist _unit wighto~f 121 cfgasassumed ~forl Stutra il

For foundation evaluation purposes, specific subsurface profiles associated with each of
the major structures, in both the STP 3 and STP 4 areas, were developed, as shown on
Figures 2.5S.4-7 through 2.5S.4-7O 7`4Z. Associated elevations and soil properties
for these profiles are shown in Tables 2.5S.4-37A, ,a _n

, For depths below El. -180 feet, strata boundary and soil property
information was from the two deep borings (Borings B-305DH/DHA and B-405DHF),:7,For

ps e••,-o•,t•,l."0?T!feet. strata boundi"yVnd soil properties estimated for ••ed6p

2.5S.4.10.3 STP 3 & 4 Bearing Capacity Evaluation

The ultimate bearing capacity, qu, of a foundation was calculated by Hansen s'equations
(Reference 2.5S.4545)f

I,. NS,, cN,S .... +(ISSd d7jR, Equation 2.5S.4- 15

)f oý = 0, U SL



Question 02.05.04-13, Supplement 1 U7-C-STP-NRC-090012
Attachment 3

Page 182 of 304

where,
C4.1 = undrained shear strength of the soil (s,)
q = effective overburden pressure at the foundation base
UON = effective unit weight of the soil
B = foundation width

n d d 'tare d epth factors'
N,, N and NIJ are bearing capacity factors

c _ 5ro, u Hib :'6cfor

Fr ra ft we ge bEquation 2.5 S.4-•1Da

For rectangular foundations, the shape factors were given by Reference 2.5S.4ý.54-55 as:

NN -wee0 .es Equation 2.5S.4-16

o.jQ4 (B8/ L)4S1 =r-0g 4 0.60/

where,
B = foundation width
L = foundation length
4 = friction angle of the soil

Equation 2.5S.4-17

Equation 2.5S.4-18

For !Z .................. f•oundaations, the-shatpep, r factors were given by
Reference 2.5S-454 4-55 as:

• N• (••4rd04k fo+r 0J, else Equation 2.5S.4-19
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4Equation 2.5r.V-19A

-k £-& if • ; and,

UfJ tf soilbide the focinatIon.

Equation 2.5S.4-20

Equation 2.5S.4-21
0.6 - 1.0,, i

T-E IaFge Tonain4w vi're
wibreaert,,,l6W5k r

1h65Ullwab1&e'bba~i aaiyqwsrind d a6Wffws?

s"ý/O Eq a~ - -. 5 4__ ,__ Q

,w hero,, FOS is the factor of safety.
jVheifactorof sfety (FS agains~t eceed ing the ultimiate Ioading thattcanb ~sdstaineoIhy,
the 'soil at the bottom of the fou_2d~tidn, 6riW6 'boftdiof coVcrgtý,ilfID where prtiteAýýJ

61icu1zted as follows;
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the volume ani soIl bearing area contact dimensionsfor concrete fill were basedon rg•h
rectangular prismnhapes extendng beyondrhoutsileh)-ne base mat dimenshins'by an

amoun equl t~tIe thickness of theconcrete fill for, ti~e'R'eactor Buildi ngs nd D ,iesel
,eneratorFuel Oil•'Storage Vaults• •or otlir hbuitdhngetlheconcreteLfiII h asLhesame
lateral diensions qtebase mat-

The above bearing capacity formulation is based on the assumption that the soil within the
zone of foundation deformation is uniform in terms of shear strength properties. The STP
3 & 4 site soils, however, are layered, and as such, this layering is considered in the
evaluation of foundation bearing capacities. This issue of a layered subsurface has been
addressed by several investigators. A simplified p approach is to average
the shear strength parameters in the foundation deformation zone, as proposed by
Referencem 2.5S.4-55•..., and to use the formulation in Reference 2.5S.4
, (Equations 2.5S.4-15 through 2.5S.4-21). This approach was followed for estimating
foundation bearing capacities, as described below.

Figure 2.5S.4-47- shows the typical failure wedge developed below a foundation, with
the effective shear depth (i.e., the height of the failure wedge) as H'. Reference 2.5S.4-55
recommends determining the weighted average of cohesion, c (s), and friction
angle, as follows:

XHi
Equation 2.5S.4-23

Equation 2.5S.4-24tan(o) = Xtan(O )Hi
EHi

where,
ci = cohesion of layer i

ý) = friction angle of layer i
Hi thickness of layer i within the effective shear depth H'

Equations 2.5S.4-23,f142.5S.4-24, and 5S4-24 were used for

6c5u6dl~fferprit Sckl (e7g.,kyciadrd F6rh e
~le'~6ton co6s f~~a inib bothd!c~~ 6

A--I
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I ~l ;1 ; 0e 'FblGr c eoroatisi, if structurdl fill '(vý "'piF, ct bleng :yiih §6th&'r ý"il
t4&[h~A56Thi66fhb'ft _§jfr9!t6iral fill we~

e properties of the stronger concrete fill below the
foundatons were ignored in estimating bearing capacity 'exept todep•,
ifn ofor, dfo tAtorBuilding and beJse tr i
:S~f4lgd b eb ea rnng pfress uredasdexplainedi elo

For each Reactor Building, where concrete fill is below the foundations, the pressure distribution
at the base of the concrete fill (top of the natural soil) was calculated based on a 1:1 H/V
distribution of stress through the concrete fill, as shown on Figure 2.5S.4-4t5. With a 10-foot-
thickness of concrete fill, then, the pressure from each Reactor Building was distributed on an area
having B =T fe720 feetf+0, and L f eetfeet + 20 feet =
_Tf-s feet. Thus, the effective foundation pressure at the base of the concrete fill for each Reactor
Building was estimated as 4 1ksf) ( ý4- feet) (4-96-1977 feet)]J(•O6-207.7 feet)

) (0feet) =9.13.8 ksf, using a unit weight of

concrete fill of 0.150 kstkcttidnotat0tadcoin for soil bckfitlabove W..N2

fill.

Foundation bearing capacities were estimated usin g the the- •i;•material properties in
Tables 2.5S.4-37B1B, 40b and 4i0Ftrog Table and using
Equations 2.55.4-15 through 2.55.4-21. A summary of the 6av•qq-material parameters,
as well as the derived bearing capacity factors, are shown in Tables 2.5S.4-41 and
2.5S.4-41B. Estimated utirnmate bearing capacities a acto of safty, are e shown
in Table 2.5S.4-41979. The results of the analyses show that the factorof:fty istqal

o6r0igi eT inhe r~equired minimum-f6all stbr ctui res.-The FO: vles ranigfrdom

.Q3 t6o123.:6fo.shorermi cbnditions with full backfilil'inlpace ,prior'•o fuel storage'and
theKwaite'able lowettd ~below theiindersid~i'of the concreteflto a FOS9g 1d6t6?0of
207ý6forloffg term conditionsvwith full backfillin plae&a&dthe watertbleiat El. 1740
feet-aH&'.ablo boaiRg G&apb~it', (using FQSt3) is highor thanftheteff6&tive~6~t6

PFSUefor al etJ /r&6cpt for h STP 3 Reaco Building fouiidationciG.~
tt F) brdcac hc re .t sedsdut61in 6 odetail, bealcb)te.%eFS lo t

dioa th.... ..etrang frohi appao ximatel•t 4,5as a( tbrFudte5•t ,a&st
an0j(ý5hdiug~l 6 6 all indicgatil Q qL4Gufcan6PFOS _____________

Uti-fssiT Building foundatiea•siinýh hb• ' aniik d raeu aln
C o i 5 jandcubgrs a e so si a ere s eF'
F W~H 0Jn Figuro 2-55 i-4iO Section A) exceeds-4whereas tho FS a suLngit-a-ftJ
piaýy-s'5cbgrad& 5f O4

', -hon Str atum F is preseptý P, as Fhl~no igures >215SA 19 an -d2 5S 1{50& SG-ti 5n A and B) is 2'.9 ( 26.842). \AIhil the. resuilt for the fuillyzcaby
suLbgradd, bppo is rl~ghtl" (ie. lesc than 3%yý)be!ow thetý'Pjqal FOS-3'0 65ThýniYlyibd
the FOS of the actual'mxcd- ubgrade ti'e~ by Ohspddt"idn1 PcXco-Pd&3 .0( Also, diP/dr th
Concr'.ati m adoptod in tho telectio9f matorcial paaetF-G h ern aadit"

dviiatbni A~thltdet that tl#J StP3 ReactdrF Building fpgbj §j~fpgl
ty a aYint tfttndatio btirkig failure.

T~he dil6w-aN6-e-bearing pressuire duedto seismic loadd&ol b acuae fr"'hd
allowable bea 'ring pressure under equivalent static loadsj For' a rnin (yalc
,loading condition, appli'ed to the foundation after ;it has -adjusted to its ~applied~ sttic,

lodng4helaliowable bearing pressureis computedtusinggthe 6'&nsoiidated-uhd rain Ied
(CU) total stressshieartrength paranieters in the clay soilsla~ye~r3 jheffecixELit LP

vf,,4qrýtegj i__4i-5Wtdrs dare týAed in the sand s6Wl~lyersJ
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The bearing capacity calculation for.seismic loading utilizes ih' C tota I strength
parameters for the clay layers, the effectiv strengthfor the sand layers andthe same
bearing capacity equations as for static loading, and•a reduced foundation width and
length due to the eccentricity caused bythe se smic-oading. The equation for the
,reduced foundation width and length is:

13'= B -2e., ~Eqgg~in 2f,5S.4-2.4B
L'= 2e,,, where

B Reduced foundation width,
L' Redu ced founhdationrlength, __

e ', ! = .eccentricity of load in direction parallel to "B, and
e, eccentricitycof loadin direction parallel to L.

The criterion factor of safety (FdS) is 1,.5iwhen dynamic or transient) loadIn conditions
sucnhas ,selsmic apply •(Reference 2.5S.4-69).,

2.5S.4.10.4 Settlement

Foundation settlements were estimated using pseudo-elastic compression and one-
dimensional consolidation. Based on a stress-strain model that computes settlement in
discrete layers, the settlement, 6, of shallow foundations due to "elastic" compression of
the subsurface materials was estimated as:

6, =244, , I X jhi =161 Equation,2.5S.4-25

where,
8 = settlement
i= i to n, where n is the number of layers
p = vertical applied pressure increment at center of layer i (also called (,i or Aaj)
h. = thickness of layer i
Eoi•• =elastic constrained modulus of layer i

M,•i•di di Equation

E'i ý e#lasti cmodulus•.of layer if Ior= drained (long .term).con .ditions

= Poisson's ratio of layer4 for drained (long term) conditions

The elasticnmodulus of the v~arious soil laer's was-'usd to epresent the soil
compressibility•i•r purposes of settlement-estimates. This is justifiedbecause the soils
behave as overconsolidated. Estimated settlements were based on the dewatered
condition where the water table was'kept artificially lowered at the bottom of the
excavation throughout the process~of loading the foundation areas. Even with this
dewatered .condition, theeffective stresses in thle soil layers did not exceed the
preconsolidation pressures except by small amounts:in limited locations described -ater.
(The_ c!ropression of th~esubjayers in these limited locationswasmodeled using
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Sl' ar o e tablIad~the fine effective st '0 ibeesý ea
aldoi ay~ersabl 'iaw *etv purposil'b 9?s'sesa
iillnot exneed the preconsoeidation stress!•Y This supqt• ,the use oftfe elastico rioddus

tmoepurpoq.

The stress distribution below rectangular, flexil
Boussinesq-type distribution4 "dt Zila

.calculationot R llowsefene 2 dit. of ries

VI/ h ,sP.t tIe P'.n ts, i ýh P-in"ate'Cl.

where,.
ýUz= calculated pressure at depth z

applied foundation pressure

low the foundation | which the pressure is calculated
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7X+Iv-b4[(x b+2a4+ 22 z $2

2~ 1[(x )a2 ++ b 72 1(x

itA ;(xcaXy +b)r(x -a)- +(y +jb)=siz +$
8 ~ tk½- LI 21(y+b) ±z2 T(x a+ ~t(xv + + z'

ýV4Iher'e:
x =doordiniate -of pointh1 og .rd ~ tion~ (ihrrotheladedw
6ra twhc the stresses are being calculated- o

Scoo~rdinate of point in shorter direction (with res'tfi7itr o elade
ýra twihthe stress~es ar beirng calculated_____ ______

a= halfofthe ent or width of foundation in WR6n_________il wei
aclegh r ~4r~ ~oncrete fill s whe ha oudtin

h~alfof the length or width of founda-,tion lnshttr'i concrete__ i wen

cýonc~rgtefiil is lontger than founfdation)..,.._rree il we
_____pt belwthe bottom of foundatintotdiddjjfaer

G.,_ P _ Equationt2.5S. 2-7

ardiamotor-of the c~i rcu feu1~~~n~~pj~ Pom P~~pq~u~~gn4

In applying Equation 2.5S.4-25 ito layers With Gorbthah one& tyipeJ spanning aGrocS a

ý5ar~tiuldr foundation, hc elaetir--modulivaluos,, E' of tho-J differonVolt-ý pes w'ero
pomaroar~hp~sPr valuo- was colocý:JdjT-tle E-values for the various soil strata are

shw nTables 2.5S.4-37A, 38A, 39A, 40A,440C'n40 iug Th -t,j

Gbiddd 67 tata aregiven iniTable 2.5S.471~6. Note, howc111 cre,'that for the deep~est
cons t rd tm-tfdraa ) ea offitssigwifir-dt thrcomS Grposito.E-for
6-~atmAa tae sa-ihe average oteýub-Stiatufrrii NCla1y* and the ff

ofS~bcrt~amiN Sad wt Aloighting-bcad§6frsubtra~ta thicknesses to total St~atUrp
thckoti:,( P500 ksfP (22t8 foot) (20 lSk4)93T5Jdtfl(22a feet +P-2-5- foot) -
WftBb$Ž& fritm N wtas found ro.ilyt'V dephlý hpfdt

AI.utur sbettain level in ifli expected td-)bhp 1
" W jtfjgtbjh fterltv

Q"4Mjpgs:t~Lgccaclae Also, in estfimating elastic settlements, the
compression of concrete fill below the Reactor Buildings was ignored due to its relative
incompressibility in the range of loads being considered.

Spreadsheets were used for settlement calculations. W-L~fiejresurface re
Jccupib'ý- -thbK ygris load' area) including CaterIn pt'Y nro~n-QategpN I

loaded ýareas, whos~e stes blsoeaptdphTýtecalculations were extended
to a depth w i~' hoeho in,-erase in Vertidi-stF4-s&(ý t~)det h Pie4ýUýai
prg-SSre Wa lesszlba----eual t6410% othe-apoii4foudurtioni~~ ur-e§ýU A"I o~ijusgq

VHh rqsjffý Itiabution shown inFgo t ýI1Jo 7t .ria strqs~ebd
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;horamoroAP h ;d Pbnt4 ROi type 4as. ;rte t to c pari u a o n at

discussed prov ously. RAdUl~ 1;hA;A4P th~t rtr'ata preblA Rti6' sLWtia
e-xcceded the applied vcirtwjGl stre~sses mi poFijt of eagcllayeirto tindclude t de
layers (egg Table, 2.5S.4-37A),bginning atadepthof527 fe5et.belwEl.34 feet and
extending-to a depth of,2500 fpee for an~' hminorcontridtions theyight make-fo the total
settlemenrt. The applied vertica~l -pressureincremerits, calcu late~d using the Boussiresql
distribution andEquation 2.5S .4-26, wit cotiuinsfo l lo~adedaeas; were addid
tthe vertical effective stressestbelow the'e*cavation bottom kand the 'esult waf
compared to preconsplidatipn pressure'(IP,)'6fothewvayous soil strata in Table 2.5S.4-13 1

ResultsIshowed that the str a I ta-. , c I so.lidation, pressures' exc.eded the finI lvtical
strsse a th mi-pintofeachllayer,-except at a'fbw select depths i.the, Rbaclto~rm

16uildingsRSW'Tunnels and Diesel'Generator FuelOiV Storage Vaults No. 1 in Units:3 &
14, the Cdntrol'Buil ding in!Unit 4, and the' Diesel:QpenratoK'FueiOl Ostoryag'!VaultNo in

he post-6hýsdti hstresses e&ced edthe ptecopsolidatiopressures in theStrhtum
Flayerat ,the southeas tad southwestcornerso f esReadtorBuildr ns in pUftsh&4F
and at-the suascoriero the,ControliBuild, ihg rUnit 4;1 in theStratum:F FSWrt
landSt~ratum K layers at thb ntets6fthe,'RSW Tunnels in Unit&,4-, in the Stratum J
Iad'er at the ceniters andwest'side "of herkedto Build'ings in Units 3, & 4- andrnorthside
'of the reactorBuildihnginUnit 3; i the StraturhJ and SItratnitm K laertthb2outlside
lof-the-Diesel Genefratr Fuel. Oil Str e auI o in-n it 3 and Inorth and west 1slide ,sr
of th4 Dies~el Genierator Fuel, Oil, Stora~ge Vau~lt No.3~ inU n it 3; .in the.zStratu m K l~ayer at,
theenters and eastan eseiesel .¶eneratorFuelOi Storage Vaults Noh

ny a cat•n iwest• sidis eof: the uiaia•tiin U nits 3 &.4 and~north side~oflhe .Oiesel: Generator Fuel Oil xStora~geVaultNo. 1l in
iUnit 4, ,and 'theicen Iter of theýDiesdkqI en erato Irý Fuel Oil Storage Vaut4 N6.137inUnit3. aM-
,i the Stratumr K and Stratum' L layersat the north edge of, he Diese- I Generator. Fuel Oil
Storage Va.ult No. 3 i Unit 3.: Once thebuoyancy is~considere4 orilie building" the
pteses~sapplied wil~di~mihish and the post codristrf uptiqp :stresses will be less tiiaC
precoinsolidation' pr6estdt&..If the applied. vertical str -besses we Ire to'exc6ed the

ptreche'1idatio prse, vgnditfa incomprIession&of the 'stratum-, At7 ata

paftcdilr found tio andlyehold _ecmu uig f 264-55):ý

H Equation2 •554528

Ae 10, ,"' " ,.-- Equation 2.5S4.429
e ~ Pl .) tC

ýWbere,> H ='thibk i&ess -f the~soiF1_~ayeri
4e initialjvoid ratio

Ae=v~oidaatictchannge
'C compression index

S7=-preconsolidati6n pressure
AuV 1 the incremenet ir vertid~l'streýs abiove P,

Foundation settlements were calculated based on Equations 2.5S.4-25 through 2.5S.4-
2-729, the iI'i-subsurface profiles shown in Figures 2.5S.4A-L771 through 2.5S.4-
6974t1• and the material parameters shown in Tables 2.5S.4-37B 38B•z"3•A39B9B,
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tog2 ;I . Settlement estimates, which include!the total settlement at

the center, corners and 3he~i~idcfles76f the edger" offoundations,.- o~~~l~r~
yqluee, are shown in Table 2.5S.4-4-42. Total settlements calculated at the centers of
foundations for the Reactor Buildii n g sa4tho Ctrol Buidin were estinA"ta in the
range of approximately y40Wi41 to g1tb.7 inches. Total settlements .:calculated'a}ti i

centers of foundations for the Control Build gwereestimated in the ran; gt
approximately• 7.81to 8.3inches. Total settlements calculated at th6ecenters&6of

ýoondtins orth' UH,'-Basnsýwere estimatedto., be inthrag o .to 8;5J6bhAJI

emrents at a&pohintrin imea,6rj
ipplied andthe soi has ful
ise that may be interpreted 41s
e in place, after which
.e•£d. T he; settlIement, calua Ic•e

6d~El +1 I7'f~~n tiff
1remained'at e tto he
re itself, s,,,decreased from
ntof cllay1aer•sfor, lad-

fron 0.26 to 0.00 inches. Othre'
e calculation also indicated thnat
,xICed4the preconsoli,tation
Jtructures. are thus over4ýt!d to,
ibn and tewaterinJ

As an additional consideration, soil rebound7 heave resulting from the maximum L0 Cd
95 feet of excavation (i.e., Reactor Buildings over-excavated to El. 4jI -60.3 feet) was
estimated, with W calculated values in the range ofapproximately23t3Tý inchesUib,6

3.7 l1ower bound mb_ýthbd1777 A`FpT&01i a6fte Iiy 63 i67Tnhs
when using the Jupper bound thod. , ctdaHsilQ e.inds are anticipatedNt7%y
between the calculated lowr al values, de ndin. on
sequence of construction and dewatering. Soil rebounds reasured for theSTP 17& 2
Reactor Buldn fouindation excavations, which: extended ?to El. -31 ~feet' wr
a~pproimately 4 iniches. This v'alue of heave res'ulted in a calculate~d "spring" value of
I pproximately 1060 pfpric of reboun~d (efciepesr tE.71fe e~,g

4-1a ,Ad y Lave>.' Note that soil reboundev at
selected foundation excavations is to be monitored during construction.

iJ,ý..gr'adi ae ite~ iff P.• t. h~ ei ýF-_j -P-e

Nod~h~ tlcabcto-tal 'citl6Hents asthigh as 5 incfec havec alse oei bcrfug65t~ forI
That foundations (Refcrenco 2.5S.4 55). The settl eme nts descri bed above were'
calculated assuming a pefectly lxbestutrVn with no reduction: in applied load ing,
du'e to buoyancy. Reference 2.5S.4-55Q(Article 1 0-4)notes that the riidt of -il

super~structurd arid its mat foundationyreduce the di4fere 'nkial settlement witibi thkrnat to,
.aeraxibnle ta h e dife enia pttlemnent between th cent r ad edge calc u~lated for th

flexblecas.Rfernce2.5S.4,-55 gives Equatio'n102tl eeffrargdt atr
Yh hxpr&s~sýs th~ eratioo th~e 'flexualdgj~!ty~ "
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p rodct of the.Yung-s mod ulus osc,•6,lmultipled y:the .cube of an

appropriate base •ith off the f6u ndtionperpendicular to the direction'of-interet
tf e0gid iy factpz•t lheprct e ntialsettlementon, the rnatiss'.fllows.

Krý Expected&Differential Settlerh6ht

UOl54imes total settlemhfdfr loncbase
__ __ _ __0 _ _ tM

c,__ _ __ _ t Ie" rsu b

f~b.01s Ri -9(ostructure; nod7iKeFe-ntia(ýA6jR
E -For ar hat foundationthe total settlement isindicated to behthe calculated nteri

settlemen mainus the calculatedege settl ement

PII4 dt~t l'~ settlements 'i d can be
accommodated when critical connections to adjacent structures, utilities, and pavements
can be delayed. Differential settlements are usually more important in the context of
structure performance than total settlements, with acceptable angular distortions/tilts of
the order of 1/300, generally reported for frame buildings (Reference 2.5S.4-55), to as
low as 1/750 for foundations supporting sensitive machinery (Reference 2.5S.4-59),
having been suggested.

Estimated differential settlement and angular distortion/tilt values (from center to edge of
fliexi! foundations for the referenced STP 3 & 4 structures) were as follows:

Structure

Reactor Buildings

Control Buildings

Estimated MaximuMrFIexile6
Differential Settlement

(inches•.2N

Estimated Maximum
Angular

Distortion/TiltV

go i/ff1L~Jj

L4Q-' p194'LJ-i 't

UHS Basins • - 65

RSW TunnR f6B~~175

Dbesel Generat6r Fuel Oil

,ýtjrage Vaults (N~oý2 Y9~~L
111.e Geertr ue-I)i

__ otae V, _ __ aTufl~u~tda N o.

Foundations evaluated had estimated differential settlements in the range of
,approximately 26 inches to • inches (measured from center to edge of
structure) torthe flexible ca. From the differential settlement values, angular
distortions/tilts were estimated (based on average foundation plan dimension), and for all
evaluated structures were g within the acceptable limit of 1/300. erFrOm
.hed Fdhjftisenttl "ment -(aluesl calculated angular distortion/tilt values forthe ;fleblle
cas..e exceeded the 1/750 criterion for the special case of foundations supporting
sensitive machinery fo olyiRtSe e Gesnl'Ge rator Fuel Oil

WaeVaults-10 .!:ip acltdagl ie wrerless'tha'rlth6
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1/765bcriterion'for h Re ac .to-r -Build ng - anid ControlBuild Iin I s, U--H IS~ Basins,'ffgw

an i e Generator Fuel Oi trgeVut No. 2 and N(D. 3. ow veril, it
should be noted that despite the calculated 7Q ; 4 total settlement for
the referenced foundations, and the angular distortion/tilt values, actual
angular distortion/tilt'values are much less in, given that a
significant amount (i.e., more than half) of foundation settlements are expected to have
taken place by the time building superstructures are ready to receive equipment and/or
piping. In this case, estimated angular distortion/tilt would similarly be one-half of those
calculated above, or approximately 494)0 to1Iiý5M0 for the Reactor Buildings, and

5Wfi7q b to f/06 for the Control Buildings, jv11300ý to 1/400 or he;U*l9
B a sii1 134;004 /350 orth R VPn7p",pss 1/1 400Jfor~the R5SV WTunnl

for the'DieselGeneratoFuel OilStorgeVault 2, and `1 0 5 h
_gen~Lebrator Fuel OQ~jýtgrage Vault N A3 These are g~fefJy 1e within the

stricter criterion for the special case of foundations supporting sensitive machinery.
Note, more significantly, that settlement estimates were based on the assumption of
flexible mat foundations, not including the effects that thick, highly-reinforced concrete
mat foundations have in mitigating differential settlements. To verify that foundations
perform according to estimates, and to provide an ability to make corrections if needed,
major structure foundations are monitored for movement during and after construction.

In general, the estimated foundation settlements are larger than those calculated for STP
1 & 2, as discussed in Subsection 2.5S.4.10.1. Given that subsurface conditions at STP
3 & 4 are comparable, the differences in calculated settlements are largely due to
differences in _-ikM loading imposed on the subsurface soils, and differences in
foundation sizes. For instance, each Reactor Containment Building at STP 1 & 2 was
approximately 150-feet diameter, occupying a plan area of approximately 21,640 square
feet, while each Reactor Building at STP 3 & 4 has a plan area of approximately
M•q _0M square feet, or approximately j47Y3-/ larger than the plan area of an
individual STP 1 & 2 structure. In addition, the fiet-applic loading of each Reactor
Containment Building at STP 1 & 2 was t 9.4 ksf, while the effective foundation
pressure of each Reactor Building at STP 3 & 4 is ý2 sebotto't . ..

•u.s-• e6 e . 1 . larger foundation sizes and higher effective
foundation pressures STP 3 & 4are expected to result in larger, still
tolerable, foundation settlementsat STPý3.& a STP 1'&.2

oruction sequenc be inecessary to address the time- ate of sett ementfor thd
.Category I structUres. The structural and rriecha~nical consierations (a~ddressed~ during
• esggn) llifluence differential settlemettolera nces between structures Expeerienen

'Orn setemn roioigo TUntI&2(Referenc 2-5S-4-3) will be used to

2.5S.4.10.5 Earth Pressures

Static and seismic lateral earth pressures are addressed here for below-grade walls.
The development of seismic earth pressure diagrams is addressed generically. Passive
earth pressures are not addressed here. As noted above, sources for structural fill
materials, and their engineering properties, have not been conclusively established yet.
As such, and to illustrate the earth pressure calculation method only, the following
properties were assumed for structural fill: unit weight (7) of 120 pcf and drained friction
angle (l') of 30 degrees. Actual structural fill properties, determined following sourcing of
the materials, and following laboratory testing of those materials, are available at project
detailed design stage.
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Note additionally that a surcharge pressure of 500 psf was assumed in earth pressure
calculations. The validity of this assumption is also reviewed at project detailed design
stage. In particular note, as per Subsection 2.5S.4.5.2, the proposal to accommodate a
heavy lift crane at the south edge of each Reactor Building. The imposed surcharge, and
the foundation requirements for this specialty equipment are considered separately.

Lateral earth pressure increases due to compaction close to structures were not
considered here. These are controlled at construction stage by limiting the size of
compaction equipment within close proximity to below-grade walls. Note that the
magnitude of compaction-induced earth pressure increases can only be assessed once a
range of allowable equipment sizes and types has been selected/specified.

Earthquake-induced horizontal ground accelerations were included by the factor (k•-•g,):
a peak horizontal ground surface acceleration of 0.1 Og (refer to Subsection 2.5S.4.7.5)
was applied. Vertical ground accelerations (k!vg) were considered negligible
(Reference 2.5S.4-60).

2.5S.4.10.5.1 Static Lateral Earth Pressures

The static active earth pressure, PAS' was estimated using (Reference 2.5S.4-60):

PAS -- KAS*'Y "Z Equation 2.5S.4-30

where,
KAS = Rankine coefficient of static active lateral earth pressure

y = unit weight of the structural fill (y', effective unit weight when below the groundwater
level)
z = depth below ground surface

The Rankine coefficient, KAS' was calculated from:

2
KAS = tan (45- 472) Equation 2.5S.4-31 (also Equation 2.5S.4-9, above)

where, 4' = friction angle of the structural fill, in degrees.

The static at-rest earth pressure, p0s, was estimated using (Reference 2.5S.4-12):

P0s = Kos" Y .z Equation 2.5S.4-32

where,
K0s = coefficient of at-rest static lateral earth pressure

y = unit weight of the structural fill (y', effective unit weight when below the groundwater
level)
z = depth below ground surface
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K0os 1 - sin (4)') Equation 2.5S.4-33 (also Equation 2.5S.4-1 1A, above)

where,
4)' = friction angle of the structural fill, in degrees.

Hydrostatic groundwater pressures were considered for both active and at-rest static
conditions. The hydrostatic pressure was calculated by:

Pw = Y w*Zw Equation 2.5S.4-34

where,
Pw= hydrostatic pressure
z= depth below the groundwater level

y= unit weight of water = 62.4 pcf

2.5S.4.10.5.2 Seismic Lateral Earth Pressures

The active seismic pressure, PAE' was given by the Mononobe-Okabe equation
(Reference 2.5S.4-60), represented by:

PAE = KAE'Y"(H - z) Equation 2.5S.4-35

where,
AKAE = coefficient of active seismic earth pressure = KAE - KAS
KAE = Mononobe-Okabe coefficient of active seismic earth thrust (Equation 2.5S.4-36)
y = unit weight of the structural fill at depth z
z = depth below the top of the structural fill
H = below-grade height of the wall

The coefficient KAE was calculated from:

2 2 0.5 2
KAE = COS (I)' -e)/{cos 6.[1 + (sin 4)' sin (I)' -6)/cos (0)) ] }

where,
4)' = friction angle of the structural fill, in degrees

-1

6 = tan (kh)
kh 0.10, as above

Equation 2.5S.4-36

Note that AKAE can be estimated using 3/4.kh for kh values less than about 0.25g,
regardless of the angle of shearing resistance of the structural fill.

At-rest seismic pressures have been reported at up to three times as large as active
earth pressures when calculated by the Mononobe-Okabe equation (Reference 2.5S.4-
61).

Recognizing the limitations of the Mononobe-Okabe method for the design of below-
grade structural walls, the evaluation of below-grade walls of specific Seismic Category I
structures used either an alternate method described here (Reference 2.5S.4-62), or an
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elastic solution described in ASCE 4 (refer to Appendix 3H.6), to estimate seismic at-rest
lateral earth pressures. The alternate method described here (Reference 2.5S.4-62)
recognizes limited building wall movements due to the presence of floor diaphragms and
the frequency content of the design motion, and uses the soil shear wave velocity and
damping as input. It has been adopted for application to building design by the National
Earthquake Hazard Reduction Program (NEHRP) (Reference 2.5S.4-63). To predict
lateral seismic soil pressures for below-grade structure walls resting on firm foundations
and assuming non-yielding walls, the method involves the following:

(1) Performing free-field soil column analysis and obtaining the ground response
motion at the depth corresponding to the base of the wall in the free-field. The
response motion in terms of acceleration response spectrum at 30% damping
should be obtained. The free-field soil column analysis may be performed
using the computer program SHAKE (Reference 2.5S.2-52), or similar dynamic
methods, with input motion specified either at the ground surface or at the
depth of the foundation mat. The choice of location of control motion is an
important decision that is made consistent with the development of the design
motion. The location of input motion may significantly affect the dynamic
response of the building and the seismic soil pressure amplitudes.

(2) Computing the total mass for a representative Single Degree of Freedom
(SDOF) system using Poisson's ratio and the mass density of the soil, m:

2m = 0.5 gig H Lpo Equation 2.5S.4-37

where,
y/g = total mass density of the structural fill
H = height of the wall
u= factor to account for Poisson's ratio (p), defined by

u1,= 2/[(1 - Ip) (2- )].5 Equation 2.5S.4-38

(3) Obtaining the lateral seismic force as the product of the total mass obtained
from Step 2, and the acceleration spectral value of the free-field response at
the soil column frequency obtained at the depth equal to the bottom of the wall
from Step 1.

(4) Obtaining the maximum lateral seismic soil pressure at the ground surface by
dividing the lateral force obtained from Step 3 by the area under the normalized
seismic soil pressure, or 0.744 H.

(5) And finally, obtaining the soil pressure profile by multiplying the peak pressure
from Step 4 by the following pressure distribution relationship:

2 3 4 5

p(y) = -0.0015 + 5.05y - 15.84y + 28.25y - 24.59y + 8.14y Equation 2.5S.4-39

where,
y = normalized height ratio (Y/H), where "Y" is measured from bottom of

the wall and Y/H ranges from a value of zero at the bottom of the wall to a
value of 1.0 at the top of the wall. The area under the seismic soil pressure
curve can be obtained from integration of the pressure distribution over the
height of the wall. The total area is 0.744H Pmax for a wall with a height of H
and a maximum pressure of Pmax at the top of the wall.
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2.5S.4.10.5.3 Lateral Earth Pressures Due to Surcharge

Lateral earth pressures as a result of surcharge applied at the ground surface at the
top of a below-grade wall, pur, were calculated using the following:

pro oq Equation 2.5S.4-40
where,

K = earth pressure coefficient; KAS for active; o for at-rest; AKAE or AKoE for seismic
loading, depending on the nature of the loading
q ta niform surcharge pressure

2.5S.4.10.5.4 Sample Earth Pressure Diagrams

Using the relationships outlined and the assumed structural fill properties, above,
sample earth pressures were estimated. Sample earth pressure diagrams are
provided on Figures 2.5S4476 and 2.5S.4-,s73 for the maximum 85-foot wall
height, level ground surface, and groundwater level at the ground surface. As above,
to illustrate the earth pressure calculation method only, structural fill properties
(granular soils) were conservatively taken as unit weight (y) of 120 pcf and drained
friction angle ((p') of 30 degrees; the peak horizontal ground surface acceleration was
taken as 0.10g; and, a permanent uniform surcharge load of 500 psf was included.

Actual surcharge loads, structural fill properties, and final configurations of structures
are not known at this time. Final earth pressure calculations are prepared at project
detailed design stage based on the actual design conditions at each structure, on a
case-by-case basis. STP commits to include the final earth pressure calculations,
including actual surcharge loads, structural fill properties, and final configuration of
structures, following completion of the project detailed design in an update to the
FSAR in accordance with 1OCFR 50.71(e) (COM 2.5S-3).


