
Progress Energy

Serial: NPD-NRC-2009-231
November 17, 2009

1 OCFR52.79
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Attention: Document Control Desk
Washington, D.C. 20555-0001

LEVY NUCLEAR PLANT, UNITS 1 AND 2
DOCKET NOS. 52-029 AND 52-030
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 055 RELATED TO
FOUNDATIONS

Reference: Letter from Chandu P. Patel (NRC) to Garry Miller (PEF), dated June 9, 2009,
"Request for Additional Information Letter No. 055 Related to SRP Section 3.8.5 for
the Levy County Nuclear Plant, Units 1 and 2 Combined License Application"

Ladies and Gentlemen:

Progress Energy Florida, Inc. (PEF) hereby submits our response to the Nuclear Regulatory
Commission's (NRC) request for additional information provided in the referenced letter.

A response to the NRC request is addressed in the enclosure. The enclosure also identifies
changes that will be made in a future revision of the Levy Nuclear Plant Units 1 and 2 application.
If you have any further questions, or need additional information, please contact Bob Kitchen at

(919) 546-6992, or me at (727) 820-4481.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on November 17, 2009.

Sini

dicn Elnitsky
ice President

Nuclear Plant Development

Enclosure

cc: U.S. NRC Region II, Regional Administrator
Mr. Brian C. Anderson, U.S. NRC Project Manager

Progress Energy Florida,.Inc.

P.O. Box 14042
St. Petersburg, FL 33733
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Levy Nuclear Plant Units I and 2
Response to NRC Request for Additional Information Letter No. 055 Related to
SRP Section 3.8.5 for the Combined License Application, dated June 9, 2009

NRC RAI #

03.08.05-2

03.08.05-3

Progress Energy RAI #

L-0428

L-0429

Progress Energy Response

Response enclosed - see following pages

Response enclosed - see following pages
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NRC Letter No.: LNP-RAI-LTR-055

NRC Letter Date: June 9, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 03.08.05-2

Text of NRC RAI:

Levy FSAR Section 3.8.5.1 "Description of the Foundations" refers to Section 2.5.4 for
information about overburden and depth of embedment. Section 2.5.4.5.4 identifies a roller
compacted concrete (RCC) bridging mat. The RCC mat is expected to be about 35 feet thick
and serves to create "a uniform subsurface with increased bearing capacity" and to "bridge
conservatively over postulated features".

Additional information on the RCC mat has been supplied by the applicant with a September
12, 2008 submittal: "Levy Nuclear Plants Units 1 and 2 (LNP) NRC Project Number 756 LNP
COLA Supplemental Information" (Serial NPD-NRC-2008-031) and a November 20, 2008
submittal: "Levy Nuclear Plants Units 1 and 2 NRC Docket Numbers 52-029 and 52-030 LNP
COLA Request for Additional Information" (Serial NPD-NRC-2008-064).

The planned RCC mat falls within the design and construction techniques addressed by ACI
207.5R-99, "Roller Compacted Mass Concrete". ACI 207.5R-99 summarizes the state of the art
for design and construction of RCC in mass applications.

More information is needed about the design assumptions for RCC strength at lift boundaries
and the testing to verify the assumptions. Per ACI-207.5R Section 3.2, practice has shown that
the RCC tensile and shear strengths at lift joints are sensitive to mix, construction method and
quality control.

Page 9 of the September 12 submittal states that the nominal concrete tension capacity is 230
psi using the ACI-318-05 equation for plain structural concrete. That equation applies to
conventionally constructed concrete and may not be appropriate at RCC lift joints. The slab
nominal shear capacity is not identified. Additional information is requested:

1. Please describe the type of joint to be formed at lift boundaries (e.g., bonded, cold joint,
bedded joint).

2. Please identify methods to be used to determine tensile and shear strengths and
stifnesses at lift joints, together with their variability, number and types of tests to be
used to verify properties.

3. Page 9 of the September 12 submittal states that tensile capacity will be verified with the
Test Pad. Please identify the methods and standards that will be used to verify tensile
strength and how the test will address strength at lift boundaries.

4. Please identify the required shear strength at lift joints, the assumed shear strength at
lift joints and the technical basis for the assumed strength. Address the assumptions
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regarding cohesion between lifts, the effective coefficient of friction, the effective bonded
area (as a percent of nominal area), and the required stresses for seismic conditions.

5. Page 10 of the September 12 submittal states that a Test Pad will be constructed and
various tests will be conducted. Testing of the as-built strength of the RCC mat (e.g.,
from core samples) is not discussed. Clearly, because of sensitivities to construction,
strength of the as-built RCC mat may differ from the Test Pad. If no as-built shear and
tensile strength testing is to be conducted, please demonstrate that design assumptions
are sufficiently conservative to account for uncertainty in the as-built mat strength.

Page 8 of the September 12 submittal describes a finite element analysis of the combined RCC
mat and underlying rock. The description provided of the finite element analysis of the coupled
RCC bridging mat and rock/void materials does not provide information on sensitivity of the
computed responses (stresses developed in and around the rock mass as well as stresses
induced in the RCC bridging mat) to uncertainties and variability in material properties.
Additional information is requested:

6. Please provide information on the assumed planned location of cavities and specifically
whether the analysis considers conditions wherein a cavity is located (a) under an edge
of the NI basement and, (b) under a corner of the NI basement. If the cases have not
been considered then please justify that the calculated stresses sufficiently bound these
cases for normal and seismic conditions.

PGN RAI ID M L-0428

PGN Response to INIRC RAI:

1 . There are two types of lift joints that may be formed at the RCC bridging mat lift boundaries.

The first type of lift joint is bonded with bedding material or a "bedding mix" placed between
the lifts of RCC. A bond, as defined by ACI, is "the adhesion of concrete or mortar to
reinforcement or other surfaces against which it is placed". The bedding material acts as a
bonding layer, as defined by ACI, in that "it serves as a thin layer which is spread on a moist
and prepared, hardened concrete surface before placing fresh concrete". Bedding mix
improves shear strength by penetrating both surfaces. The bedding layer is high slump
concrete batched with %-inch maximum aggregate, and placed at a nominal maximum
thickness of % inches. This joint will be constructed and tested during the RCC Test
Program using two joint maturities to represent a "warm joint;" and a "cold joint." The termUwarm joint' simply distinguishes between a lift surface less mature than 3000 degree hours
and a "cold joint" which is a joint that is more mature than 3000 degree-hours. For a cold
joint, the joint will be prepared for the subsequent lift by removing all laitance, loose debris,
and contaminants from the entire surface. The cleaning procedure will expose but not
undercut the aggregate. At this stage of maturity, water jetting will be used if air alone does
not satisfactorily prepare the surface.

The second type of lift joint that may be used does not include a layer of bedding mix. The
joint maturities described above will also be tested in the RCC Test Program for joints
without bedding mix.

These joints are being tested to evaluate the feasibility of satisfying design requirements
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without use of bedding mix. However, it is currently envisioned that all lift joints used in the
construction of the RCC bridging mat will include bedding mix.

2. There are two testing programs associated with the RCC bridging mat: Production testing,
conducted during placement of the RCC bridging mat; and an RCC Test Program,
conducted prior to construction.

Testing performed on the RCC during production is currently envisioned to be driven by the
quality control requirements of the mixing and placement. These tests are generally
described in FSAR Section 2.5.4.5.4 and the response to LNP RAI 03.08.05-1 (NPD-NRC-
2008-064)

Shear strength will be evaluated during construction based on the results of compressive
strength of concrete test cylinders. The cylinders will be tested in accordance with ASTM C
39, Compressive Strength of Concrete Test Cylinders. The compressive strength will be
measured by two tests per break age (3, 7, 28, 56, 90, 180, 365 days). The USACE gives
the shear strength of RCC for bedded lift joints to range from 0.09 to 0.15f'c (Reference RAI
03.08.05-2 01).

The lift joints in the RCC bridging mat may be bonded with a bedding mix, as described in
Item 1. Testing of these joints during the RCC Test Program will ensure development of
required strength at the joints. The joints provide the continuity to ensure the overall
stiffness of the bridging mat.

The RCC Test Program will include direct shear testing of each lift joint condition (described
in Item 1 above). Shear strength of the RCC lift joints will be measured based on a
procedure adapted from ASTM D 5607 -95, Direct Shear Test, and from the International
Society of Rock Mechanics document entitled "Suggested Methods for Laboratory
Determination of Direct Shear Strength." Each lift joint condition will be evaluated at three
different normal stress conditions. Each normal stress condition will be evaluated with up to
three test replicates. The testing will be performed on 1 ft. by 1 ft. by 2 ft. blocks cut from
the test pad.

Item 3 below addresses the tensile testing that will be performed during the RCC Test
Program.

3. Tensile strength of the RCC will be determined by the Brazilian Splitting Tensile Test, ASTM
C 496. Tests will be performed on cylinders cast during the RCC Test Program and during
construction of the RCC bridging mat. The RCC test cylinders will be cast at a regular
frequency and one cylinder from each break age (3, 7, 28, 56, 90, 180, 365 days) will be
tested for tensile strength in accordance with ASTM C 496. Based on our prior experience,
we anticipate the results from the splitting tensile testing will vary from approximately 12 to
15 percent of design compressive strength. Based on correlations developed by E.
Schrader, splitting tensile test results converted to direct tensile strength for the RCC mass
is approximately 9 to 12 percent of the compressive strength (Schrader et al, 2003). The
same parameter for lifts constructed without a bedding layer is estimated to range from 5 to
6 percent of the compressive strength (Reference RAI 03.08.05-2 02).

Correlations will be made between the Brazilian Splitting Tensile Test results, RCC
Compressive Strength Test results, in-place density and other test results to develop
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complete recommendations for the RCC bridging mat construction as part of the RCC Test
Program Final Report.

4. The U.S. Army Corps of Engineers (USACE) and ACI-318 recommended (assumed) values
for tensile and shear strength are based on empirical historical data, and have been used in
the conceptual design phase. These assumed strength values will be verified for final
design by tests performed on samples prepared in the laboratory and secured from the
RCC Test Program. Allowable (required) values for tensile and shear strength correspond
to the recommended design values with an applied factor of safety. ACI 349-01
recommends a strength reduction factor for flexure compression, shear, and bearing for
structural plain concrete (unreinforced concrete) of 0.65. This translates to a factor of
safety of approximately 1.5 (or 1/0.65). This factor of safety is considered to be adequate
for RCC structures.

The lift joint tensile strength is 0.09 f'c (or 225 psi) from USACE EM 1110-2-2006 for
workable RCC with maximum aggregate size of 1.5 inches and compressive strength less
than 3500 psi. This value is similar to the tensile strength recommended in ACI 318:
5*sqrt(f'c), or 250 psi. This assumed tensile strength of 225 psi is reduced to an allowable
value of 112.5 psi for the stress analyses, which corresponds to a factor of safety of
approximately 2.0 for static loading.

According to the USACE, the recommended dynamic tensile strength of RCC is considered
to be equivalent to the tensile strength multiplied by a factor of 1.5. This factor applies to
both the tensile strength of the parent material and to the tensile strength at lift joints.

The tensile strength recommended by the US Army Corps of Engineers (USACE), in EM
1110-2-2006, is 0.09(f'c) or 225 psi. This value is similar to the tensile strength
recommended in ACI-318 (Reference RAI 03.08.05-2 03): 5*sqrt(f'c) or 250 psi. The tensile
strength that is considered in the analyses is reduced to an allowable value of 112.5 psi,
which corresponds to a factor of safety of approximately 2.0 for static loading. The
allowable stress associated with dynamic loading is 168.7 psi (a 50 percent increase on the
static allowable stress). These values are applicable for stress analysis but not for thermal
analysis, where a strain criteria is used. The tensile strength will be verified with the
laboratory test results obtained from the test pad.

Shear strength in RCC is generally represented by a Mohr envelope relationship of a
combination of cohesion (bond) and friction resistance: s = c + (7n*tan). According to
USACE, a conservative cohesion value of c = 0.05f'c and a friction angle of 45 degrees are
considered to be adequate to calculate the design lift joint shear strength (preliminary
assumed value) when no bedding layer is used. However, it has been observed that, for
bedded lift joints, the cohesion value varies from 0.09f'c to 0.15f'c. Friction angles typically
remain unchanged with the use of a bedding layer (Reference RAI 03.08.05-2 02).

The shear strength is a function of the normal stress acting on each particular element. For
this application, it was considered that the shear strength is approximately the same as the
tensile strength. This consideration is valid for zones with low normal stresses, where shear
strength is equal to cohesion, with no additional strength realized due to friction. According
to USACE, both cohesion and tensile strength can be assumed as 0.09f'c for preliminary
design. Therefore, for these analyses, the shear strength and tensile strength are
approximately 0.09 f'c.
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In the center of the RCC bridging mat, where larger deflections could be realized, the shear
stresses tend to be low. Maximum shear stresses are located in areas with high stress
concentrations (e.g. at the edges and corners of the RCC bridging mat). Generally, in these
areas, the normal stresses will be in compression, and shear strength will increase,
according to the Mohr envelope relationship.

The following two cases are presented to illustrate two extreme cases for the RCC shear
strength. Results are obtained from a FEM with 13 continuous layers of soft material, as
described in response to RAI Letter 9 (RAI 02.05.04-8), which corresponds to a critical case
of the analysis. A case with high tensile stresses and low shear stresses, and another case
with high compressive stresses and high shear stresses are presented.

Case 1) A solid element with maximum tensile stresses (a•t = 113.6 psi), near the center of
the RCC bridging mat, experiences very low shear stress in both the horizontal and vertical
directions. As mentioned previously, this maximum tensile stress is a principal stress in the
horizontal direction; therefore, the associated shear stresses are close to zero.

The maximum shear stress for this solid element is approximately 95 psi, and occurs in a
plane at approximately 45 degrees from the horizontal direction. This value is lower than
the cohesion stress of s = c = 0.09f'c = 225 psi. If a factor of safety of 2 is considered, the
allowable shear strength is sa = 113 psi, which exceeds the maximum shear stress in that
direction.

Case 2) A solid element with maximum shear stress (T2 3 = 179.9 psi) near the west edge of
the RCC bridging mat has high normal compressive stresses in both the horizontal and
vertical directions (CY33 = 577.7 psi and C722 = 296.35 psi). Therefore, the shear strength
increases to approximately: s = 0.09f'c + c,*tan (45) = 225 + 296*1 = 521 psi. The cohesion
and friction angle are considered to be constant for all elements across the bridging mat.

If a factor of safety of 2 is considered, the allowable shear strength is Sa = 260.5 psi, which
exceeds the maximum shear stress in that direction.

As such, tensile stresses (minimum principal stress of each solid element) usually control
the stability of RCC structures.

The tensile and shear strength will be confirmed by laboratory tests, as described in #2 and
#3 above. The cohesion between lift joints and the effective coefficient of friction will be
determined by direct shear testing, as described in #2 above.

While the final design of the RCC bridging mat is not complete, the horizontal shear
stresses at lift joints will be less than the shear strength established by the RCC Test
Program.

5. In order to reduce the variability between the RCC test pad and the as-built RCC bridging
mat, a high level of quality control will be maintained throughout both test pad and bridging
mat construction.

Testing of the RCC bridging mat will address materials and processes (as described in
FSAR Section 2.5.4.5.4), including the following:
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- All materials proposed for use in the RCC will be tested upon arrival for conformance to
project requirements. This includes water, cement, fly ash, and aggregate.

- Prior to construction, the batch plant will be evaluated through a Plant Uniformity Testing
process to ensure that the batch plant is capable of consistently producing the RCC within
stipulated tolerances.

- During placement, the RCC will be sampled and tested to ensure that a consistent mix is
being placed in the test pad.

- In-place nuclear density tests will be performed to confirm that the RCC has been
compacted to the required density.

- Test cylinders will be cast during RCC placement to measure the compressive strength of
the RCC.

6. The design criteria for the RCC bridging mat include stipulations for the design karst feature
located in the center, edge, and corner of the nuclear island. Elastic stress and settlement
analyses have been performed for multiple cavity sizes and locations beneath the RCC
bridging mat, including cavities along the edge of the RCC bridging mat. These were
discussed in responses to RAI 02.05.01-7, RAI 02.05.04-2, RAI 02.05.04-8, RAI 02.05.04-
23, and RAI 03.08.05-1.

In addition, sensitivity analyses have been performed whereby the design karst feature is
placed at the edge of the shield building, at the location of the maximum dynamic bearing
stress. The design karst feature was also evaluated immediately beneath the location of
the maximum bending moment associated with the dynamic bearing pressure. The
maximum dynamic bearing pressure used in the analysis (27.9 ksf) corresponds to a firm
rock site with 0.3g ground motion - a conservative comparison to the anticipated site
response of the LNP site. These cases were also evaluated using static bearing pressures.

In these cases, it was determined that the static loading condition, with a design karst
feature present beneath the location of the maximum bending moment in the RCC bridging
mat, represents the lowest margin case with respect to the appropriate factor of safety. For
this static case, the maximum tensile stress in the RCC bridging mat is approximately 90
psi, representing 80 percent of the allowable static stress. For the comparable dynamic
case, the maximum tensile stress in the RCC bridging mat is 94 psi, representing only 63
percent of the allowable dynamic stress.

Between marginal increases in RCC bridging mat tensile stresses, the highly conservative
dynamic bearing pressures used in the analysis, and the increased allowable stresses
associated with dynamic loading conditions, it has thus been shown that the static loading
condition controls the design of the RCC bridging mat.

References:

1. U.S. Army Corps of Engineers, Engineering Manual EM 1110-2-2006, Engineering and
Design - Roller-Compacted Concrete, January 2000.
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2. Schrader, E.K., Rizzo, P.C., Osterle, J.P, Gaekel, L.R., "Saluda Mix Design Program,"
Roller Compacted Concrete Dams: Proceedings of the Fourth International Symposium
on Roller Compacted Concrete (RCC) Dams, 17-19 November 2003, Madrid, Spain.

3. ACI 318-05, Building Code Requirements for Structural Concrete and Commentary.

Associated LNP COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

None.
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NRC Letter No.: LNP-RAI-LTR-055

NRC Letter Date: June 9, 2009

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 03.08.05-3

Text of NRC RAI:

Levy FSAR Section 2.5.4.8.5 states that liquefaction analysis has identified random zones of
soil with an inadequate FS against liquefaction. These zones occur beneath buildings that are
adjacent to the NI. The adjacent buildings are to be supported on piles that bear on rock.

The section further states that liquefaction will not affect the NI and that the piles will be
designed in a manner that precludes soil liquefaction effects from having an impact on the
surrounding structures such that they might unfavorably interact with the NI. Increasing pile
shaft lateral stiffness, grouting, excavation and soil remediation are cited as possible remedies.

An updated seismic interaction review is to be conducted as described in FSAR Section 3.7.5.3.
The review will consider as-built information. This review is listed as a COL Holder action Item
in Table 1.8-202.

AP1000 DCD Section 3.7.2.8 discusses seismic interaction between the NI and adjacent
buildings. Five soil profiles have been addressed. Liquefaction has not been considered in any
of the seismic interaction analyses.

Zones of liquefied soil may reduce effective foundation stiffness for earthquake conditions even
if they are isolated. This softening effect would depend in part on the extent and distribution of
liquefiable soil. A concern is that the softening may produce horizontal seismic displacements
that exceed the gaps between buildings, either above ground (4 inch minimum gap) or at the
foundation level (2 inch minimum gap).

Please provide more detail on how liquefaction potential has been addressed in the existing
seismic interaction calculations:

1. Levy FSAR Section 3.7.2.8.1 states that analyses have shown that seismic
displacements at the foundation level are less than 1 inch. Please provide the
calculations for peak foundation displacements discussed in Section 3.7.2.8 for the
Annex, Radwaste and Turbine Buildings.

2. Please describe how foundation stiffness has been addressed in the seismic
interaction calculations in light of the liquefiable soil; please include the values used for
soil shear moduli and the assumed extent (volume and distribution) of liquefiable soil.
If soil liquefaction is not considered then please address why this is justified.

3. Please explain how the AP1 000 DCD seismic interaction analysis for the Annex
Building bounds the Levy site given that liquefaction was not considered in the DCD
analysis.
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4. With regard to liquefaction, what soil data will be recorded during pile test boring
and how will this data be used to verify the seismic interaction analyses?

FSAR Section 2.5.4.8.5 indicates that, based on test borings at pile locations and design
studies, measures to control seismic displacements will be developed. Piles are identified as a
design measure to control seismic displacement but no description is provided about methods
for seismic design of piles. Typically, for a long pile, the lateral stiffness provided by the pile
originates mainly from lateral bearing on the upper layers of soil (pile embedment). Lateral
stiffness can also be provided by the use of battered piles. Moment frame action (moment fixity
at pile ends) is often a small contributor to stiffness when the piles are long. Please provide
more information on the planned method for seismic design of piles:

5. Please identify if pile seismic design will rely on lateral bearing on soil and how
potential zones of liquefaction will affect the pile stiffness. Also, does the 7 foot depth
of engineered fill (FSAR Section 2.5.4.8.1) account for required pile stiffness?

6. If pile seismic design will not rely on the upper soil layers as a load path, please
demonstrate that a practical stiffening design can be achieved by moment fame action
given the length of the piles.

7. Will the use of battered piles be considered as a design method?

PGN RAI ID #: L-0429

PGN Response to NRC RAI:

Revised Tables 2.5.4.8-202A and 2.5.4.8-202B present liquefaction analysis results. The
methodology for liquefaction analysis used is described in FSAR Subsection 2.5.4.8. As stated
in the FSAR, soils under the AP1 000 footprint that would be excavated or improved as part of
the overall construction were excluded from the liquefaction analysis. The revised Tables
2.5.4.8-202A and 2.5.4.8-202B also present the computed factors of safety against liquefaction
and the depth below the Annex, Radwaste, or Turbine Building basemat where liquefaction is
postulated. RAI 03.08.05-03 Figures 1 and 2 show, in plan and elevation respectively, the
location of the liquefaction zones identified in revised Table 2.5.4.8-202A for LNP Unit 1. RAI
03.08.05-03 Figures 3 and 4 show, in plan and elevation view respectively, the liquefaction
zones identified in revised Table 2.5.4.8-202B for LNP Unit 2. In these figures, the liquefaction
zones with a factor of safety between 1.1 and 1.4 are shown by white circles and liquefaction
zones with a factor of safety of less than or equal to 1.0 are shown by yellow circles. For Unit 1,
liquefiable zones were postulated in boreholes Al5, A18, and B28. Boreholes Al5 and A18 are
in the nuclear island excavation zone. For Unit 2, liquefiable zones were postulated for
boreholes B6 and B7/B7A in the Turbine Building. Boreholes B1 and B3 with liquefiable zones
are well away from the AP1000 footprint. Based on these figures, it can be concluded that
liquefiable zones at the LNP site are confined to isolated random pockets.

Soil beneath the nuclear island foundation will be removed and replaced with Roller Compacted
Concrete (RCC). Thus, the bearing stability of the nuclear island foundation is not affected by
liquefaction. The random isolated pockets of liquefiable soils also do not affect the nuclear
island sliding and overturning stability based on Westinghouse analysis performed in response
to RAI-TR85-SEBl-10 Rev. 3. For sliding stability the Westinghouse RAI response concludes "it
can be concluded that the nuclear island is stable against sliding, and there is no quality
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requirement for backfill material adjacent to the NI (side soil) to maintain stability against
sliding". For overturning stability the Westinghouse RAI response concludes "It is not necessary
to consider passive pressure in the overturning evaluation... All factors of safety are above the
established limit of 1.1."

For the area under the Annex, Turbine, and Radwaste building footprint, in-situ soil will be
replaced or improved to a depth of approximately 2.1 m (7 ft.) below-existing grade (elevation
12.8 m (42 ft.)). In addition, this earthwork design will incorporate measures that prevent the
excess pore pressure from the deeper liquefiable pockets from adversely affecting the shear
modulus of the replaced/improved soil layer above. The plant finished grade will be established
at elevation 15.5 m (51 ft.) NAVD88 by placing engineered fill above the improved/replaced in-
situ material. The resulting typical soil profile under the Annex and Radwaste Buildings and the
Turbine Building is shown in RAI 03.08.05-03 Figures 5 and 6 respectively. Calculations show
that the lateral stiffness of the drilled shaft is primarily governed by soil properties in the top 10
ft. for drilled shafts up to 4 ft. in diameter and the top 16 ft. for 6 ft. diameter drilled shafts. No
additional liquefaction evaluation or remediation for Annex and Radwaste Building foundation is
necessary because their design uses 2.5 ft., 3 ft., or 4 ft. drilled shafts and the top 10 ft. of soil
under these buildings is engineered fill that is not susceptible to liquefaction. For the Turbine
Building, the top of the 4 ft. thick foundation mat is at two levels; at grade elevation 15.5 (51 ft.)
and at elevation 9.1 m (30 ft.). For the mat at grade, 3 ft. or 4 ft. drilled shafts will be used. Thus
the top 10 ft. of these drilled shafts are laterally supported by engineered fill that is not
susceptible to liquefaction. For the condenser pit area (elevation 9.1 m (30 ft.)) of the Turbine
Building where 6 ft. diameter drilled shaft may be used, lateral support from 16 ft. of non-
liquefiable in-situ soil is required to limit the lateral displacement to less than 1 inch. This
condition is satisfied under the condenser pit area of Unit 1 and 2 Turbine Buildings except in
the northwest (plant coordinates) corner area of Unit 2 Turbine Building condenser pit. In this
area, the earthwork design will incorporate provisions to prevent buildup of excess pore
pressures that cause liquefaction within the 16 ft. depth required for lateral support and the
excess pore water pressures from the deeper liquefiable pockets from adversely affecting the
shear modulus of soils within the 16 ft. depth during SSE. The computed lateral displacement
for the Annex, Turbine, and Radwaste Building foundation during SSE is less than one half of
the gap between the nuclear island and the Turbine, Annex, and Radwaste basemat. Thus, no
seismic interaction between these buildings and the nuclear island is expected at the foundation
level of these buildings.

The term "piles" in the RAI has not been used when discussing the foundation design in the
FSAR. However, the planned construction is a pile variation commonly referred to as drilled
shafts (sometimes called a drilled pier or reinforced caisson). An important difference between
piles and drilled shafts is the installation. Construction of drilled shafts includes a bored hole as
opposed to a driven pile. The hole will be bored to the top of rock, a casing is generally set and
further boring into the rock creates a rock socket. A reinforcing "cage" is placed in the shaft and
the shaft is filled with concrete. Depending on the design and subsurface conditions, a steel
casing is generally used to support the sidewall of the hole and allow for proper concrete
placement. A drilled shaft derives most of its vertical capacity from the sidewall of the rock
socket. The lateral capacity of drilled shaft is primarily from the top layers of soil surrounding
the drilled shaft. Drilled shafts are normally vertical and rarely battered. Also, they are larger in
diameter and considerably stiffer than conventional driven piles. The following paragraphs
provide specific information requested by the corresponding NRC RAI paragraphs:

1. The FSAR Section 3.7.2.8.1 statement that analyses have shown that seismic
displacement at the foundation level is less than 1 inch was based on calculation LNG-
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0000-XCC-002 Revision 0. The calculation was based on the conceptual design
parameters for the Turbine, Radwaste, and Annex building foundation current when the
LNP COLA was prepared. Calculation LNG-0000-XCC-002 has been revised to
incorporate a range of conceptual design parameters for the Turbine, Radwaste, and
Annex Building foundation to account for future changes. Calculation LNG-0000-XCC-
002 Revision 1 has been placed in the Progress Energy provided reading room for
NRC's review. The calculation shows that the maximum foundation displacement of the
Turbine, Annex, and Radwaste Building during the SSE is less than 1 inch which is less
than one half the gaps at the foundation level between these buildings and the Nuclear
Island. The calculation also shows that the lateral stiffness of the drilled shaft is primarily
governed by soil properties in the top 10 ft. for drilled shafts up to 4 ft. in diameter and
the top 16 ft. for 6 ft. diameter drilled shafts. The calculation LNG-0000-XCC-002
Revision 1 considers the following:

a. The drilled shafts have no moment constraint at the top. The drilled shaft lengths
considered are the maximum length based on the lowest competent rock
elevation for LNP Units 1 & 2. Drilled shaft concrete compressive strength, f'c =
4000 psi was considered. A range for the number of drilled shafts and drilled
shaft diameters for each building was considered that envelops the likely final
foundation design parameters for the Turbine, Annex, and Radwaste Buildings
as follows:

Building Lower Estimate Upper Estimate

Turbine Building 110 - 4 ft. diameter 150 - 6 ft. diameter
drilled shafts drilled shafts

Annex Building 100 - 3 ft. diameter 135 - 4 ft. diameter
drilled shafts drilled shafts

Radwaste Building 15 - 2.5 ft. diameter 30 - 4 ft. diameter drilled
drilled shafts shafts

b. Best Estimate (BE) and Lower Bound (LB) soil and engineered fill properties
were considered. The Upper Bound (UB) soil properties will yield lower
displacements and was thus not considered. The BE and LB of soil/fill properties
considered were based on the shear wave velocity profile used in the seismic
convolution analysis (RAI 03.07.01-01 Figure 2). Another set of BE soil
properties were based on the average SPT blow counts for each soil/fill layer.
The engineered backfill properties used in the calculation are derived from
published literature and the basis document is attached to the calculation. The
soil shear modulus for the soil layers was calculated from SPT blow count for
each layer for each building and the correlations provided in VNAVFAC DM-7. 1,
May 1982, Soil Mechanics Design Manual 7.1, Department of the Navy, Naval
Facilities Engineering Command.

c. Lateral stiffness of soil below 10 ft. (for 2.5 ft., 3 ft., and 4 ft. drilled shafts) or 16
ft. (for 6 ft. drilled shafts) was varied to assess sensitivity. Reducing soil
properties below 10 ft. (up to 4 ft. drilled shafts) or 16 ft. (6 ft. drilled shafts)
depth by a factor of 4 resulted in -3% reduction in lateral stiffness of the drilled
shafts when compared to the BE soil case. Similarly reducing the soil properties
by a factor of 8 in the same region resulted in a -5% reduction in lateral stiffness
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of the drilled shafts when compared to the BE soil case. Thus, the lateral
stiffness of the drilled shaft is primarily derived from the top 10 ft. (up to 4 ft.
diameter drilled shaft) to 16 ft. (6 ft. drilled shafts) of soil and pockets of isolated
liquefaction at deeper elevations will not significantly affect the lateral
displacement of the drilled shaft foundation for the Annex, Radwaste, and the
Turbine Buildings during SSE.

d. The dynamic impedance functions for the drilled shafts were calculated using
S&L proprietary computer program PILAY. PILAY used the methodology for
impedance functions for piles embedded in layered media by M. Novak and F.
Aboul-Ella (Reference 03.08.05-3-1).

e. Currently, the building frequencies of the Turbine Building, Annex Building, and
Radwaste Building cannot be accurately determined. Thus, conservatively the
peak of the PBSRS (RAI 03.07.01-01 Figure 1) was used. PBSRS was
developed using Section 5.2.1 of the Interim Staff Guidance DC/COL-ISG-017.
In addition, effects of higher modes were considered by using a 1.5 factor per
SRP 3.7.2. The maximum lateral load was calculated by multiplying the building
mass (dead load plus 40% of the live load) by 1.5 times the peak spectral
acceleration. The maximum lateral displacement was calculated by dividing the
computed maximum lateral load for each building by the number of drilled shafts
and the dynamic stiffness of the individual drilled shafts for each building.

2. As stated in paragraph 1 above, isolated pockets of soil liquefaction in soil layers below
the lateral support zone have an insignificant effect on the lateral stiffness of the drilled
shaft foundation. Thus, soil liquefaction is not considered in calculation LNG-0000-XCC-
002 Revision 1. For the Annex and the Radwaste Buildings where 2.5 ft., 3 ft., or 4 ft.
diameter drilled shafts are used for design, it is shown that the foundation lateral
stiffness is not sensitive to soil properties below 10 ft. feet from the top of the drilled
shafts. For these buildings, the top 10 ft. of the drilled shafts is in engineered fill or,
improved soil that is not susceptible to liquefaction. For the Turbine Building soils
(including the engineered fill) up to 10 ft. depth (for 3 ft. and 4 ft. diameter drilled shafts)
is not susceptible to liquefaction. For the condenser pit area (elevation 9.1 m (30 ft.)) of
the Turbine Building where 6 ft. diameter drilled shaft may be used, lateral support from
16 ft. of non-liquefiable in-situ soil is required to limit the lateral displacement to less
than 1 inch. This condition is satisfied under the condenser pit area of Unit 1 and 2
Turbine Buildings except in the northwest (plant coordinates) corner area of Unit 2
Turbine Building condenser pit. In this area, the earthwork design will incorporate
provisions to prevent buildup of excess pore pressures that cause liquefaction within the
16 ft. depth required for lateral support and the excess pore water pressures from the
deeper liquefiable pockets from adversely affecting the shear modulus of soils within the
16 ft. depth during SSE.

The BE and LB soil property used for the lateral displacement calculation are discussed
in paragraph lb above. Liquefaction in the top 10 ft. for 2.5 ft., 3 ft., and 4 ft. drilled
shafts and in the top 16 ft. for 6 ft. drilled shafts is not considered for reasons stated in
paragraph 1 above. The lateral stiffness of drilled shaft foundation is not sensitive to
large variation of soil properties below these depths as shown in Calculation LNG-0000-
XCC-002 Revision 1.
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3. In DCD Section 3.7.2.8.1, the maximum displacement of the roof of the Annex Building
is reported as 1.6 inches for response spectra input at the base of the building that
envelops the SSI spectra for the six soil profiles and also the CSDRS. The Annex
building foundation (top of mat) is at finished grade. RAI 03.07.01-01 Figure 1 shows a
comparison of the LNP performance based surface response spectra (PBSRS) at the
plant finished grade and the CSDRS. The CSDRS envelops the LNP PBSRS by a wide
margin. Thus, the LNP Annex Building roof displacement relative to its foundation is
expected to be less than the 1.6 inches reported in the DCD for the CSDRS. In
calculation LNG-0000-XCC-002 Revision 1 the maximum foundation displacement
during SSE of the drilled shaft supported Annex Building is conservatively computed to
be less than 1 inch. Thus, the LNP Annex building roof displacement during SSE is
expected to be less than 2.6 inches. As stated in DCD Section 3.7.2.8.1, the minimum
clearance between the structural elements of the Annex Building above grade and the
nuclear island (NI) is 4 inches. The gap between the Annex Building foundation and the
Nuclear Island is 2 inches. Thus, no seismic interaction between the Annex Building
and the NI is expected.

4. As stated earlier in the response, no additional liquefaction evaluation or soil
remediation for Annex, Radwaste Building, and Turbine Building foundation is
necessary. The only exception is in the northwest (plant coordinates) corner area of Unit
2 Turbine Building condenser pit. In this area, the earthwork design will incorporate
provisions to prevent buildup of excess pore pressures that cause liquefaction within the
16 ft. depth required for lateral support and the excess pore water pressures from the
deeper liquefiable pockets from adversely affecting the shear modulus of soils within the
16 ft. depth during SSE.

5. The seismic interaction analysis of calculation LNG-0000-XCC-002 Revision 1 relies on
the lateral bearing on soils including the engineered fill and improved soils. The
engineered fill and improved soils extend from elevation 10.7 m (35 ft.) to the plant
finished grade elevation 15.5 m (51 ft.). In the northwest corner of the Unit 2 Turbine
Building condenser pit area earthwork design will incorporate provisions to prevent
buildup of excess pore pressures that cause liquefaction within the 16 ft. depth required
for lateral support.

6. As stated in paragraph 1 above, the seismic interaction analysis relies on lateral bearing
on soil including the engineered backfill and improved soil. The drilled shafts have no
moment restraint at the top, i.e., moment frame action is not considered for the Annex
Building, Radwaste Building, or the Turbine Building.

7. As stated in paragraph 1 above, the lateral capacity of drilled shaft foundations is
primarily derived from the top layers of soil surrounding the drilled shaft. Drilled shafts
are normally vertical and rarely battered. The use of battered drilled shafts for the
Turbine Building, Annex Building, or the Radwaste Building is not planned.

Reference 03.08.05-3-1: M. Novak and F. Aboul-Ella, "Impedence Functions for Piles
Embedded in Layered Media", Journal of Engineering Mechanics Division, ASCE, June 1978.

Associated LNP COL Application Revisions:

The following changes will be made to Sections 2.5 and 3.7 of the FSAR in a future revision:

1) Text changes to Subsection 2.5.4 as noted below;

2) Figures will be added to Subsections 2.5.4 as noted below;



Enclosure to Serial: NPD-NRC-2009-231
Page 15 of 18

3) Tables in Subsection 2.5.4 will be revised as noted below; and

4) Text changes to Subsection 3.7.2 as noted below.

Text changes:

Subsection 2.5.4 Changes

The second bullet in Subsection 2.5.4.8.1 will be modified from:

"Soil beyond the nuclear island perimeter, which will be left in place, was subject to liquefaction
analysis except for soil within approximately 2.1 m (7 ft.) of existing grade which will be
removed or improved to prevent liquefaction, unless detailed analysis for nuclear island sliding
and adjacent building foundations demonstrate negligible consequences from liquefaction."

To read:

"Soil beyond the nuclear island perimeter, which will be left in place, was subject to liquefaction
analysis except for soil within approximately 2.1 m (7 ft.) of existing grade which will be
removed or improved to prevent liquefaction."

The text in Subsection 2.5.4.8.5 starting with the 3P paragraph to the end will be modified from:

"The Borings, Soil Types and SPT Values used for Liquefaction Analysis are summarized in
Tables 2.5.4.8-202A and 2.5.4.8-202B along with the FS for each.

It is noted that the results in these tables indicate random zones in the Tertiary deposits where
the analyses indicate low inadequate FS and possible triggering of liquefaction based on
comparison to the criteria listed above. These random zones are, however, surrounded by
materials that exhibit high blow counts.

It is important to note that the nuclear island will be supported on RCC above material that is
not liquefiable. The occurrence of liquefaction in the random locations adjacent to the nuclear
island does not impact these structures as described below. The adjacent nonsafety-related
structures (Annex Building, Radwaste Building, Turbine Building, and Diesel Generator
Building) will be supported on deep foundations that extend to rock.

The random zones of soil with low FS will not affect the development of passive pressure
resistance to sliding of the AP1 000 basemat because of any of the following:

The zones are isolated, not continuous, and negligible.

The zone is not in the passive wedge on any side of the nuclear island.

The zone will be specifically excavated and replaced with non-liquefiable material, or
detailed analysis for nuclear island sliding demonstrates adequate margin of safety
without credit for passive wedge resistance.

The random zones of soil with inadequate FS will not affect the lateral soil reaction acting on
the drilled shafts supporting the nonsafety-related structures during an earthquake, and
thereby, causing the structure to affect the structural integrity of the nuclear island structures
because:
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The drilled shafts will be designed to account for the possible existence of random
zones of soil with reduced shear strength caused by elevated dynamic pore pressures.

The area at each shaft will be investigated with a test boring (pilot hole) prior to
construction of the shaft. The combination of exploration and design studies will be used
to select drilled shaft stiffness that precludes motions during the SSE that could affect
adjacent structures. If the design considerations dictate, the zone will be remediated
such as by grouting or by excavation and replacement with non-liquefiable material to
protect adjacent structures.

To read:

"For borings where the liquefaction analysis shows potential for liquefaction, the borehole
identification, bottom depth of the SPT sample, soil type, and the field SPT N-Value used in the
liquefaction analysis are summarized in revised Tables 2.5.4.8-202A and 2.5.4.8-202B. The
revised Tables 2.5.4.8-202A and 2.5.4.8-202B also present the results of the liquefaction
analysis including the factors of safety against liquefaction and the depth of the postulated
liquefiable zone. RAI 03.08.05-03 Figures 1 and 2 show, in plan and elevation respectively, the
location of the liquefaction zones identified in revised Tables 2.5.4.8-202A for LNP Unit 1. RAI
03.08.05-03 Figures 3 and 4 show, in plan and elevation view respectively, the liquefaction
zones identified in revised Tables 2.5.4.8-202B for LNP Unit 2. In these figures, the liquefaction
zones with a factor of safety between 1.1 and 1.4 are shown by white circles and liquefaction
zones with a factor of safety of less than or equal to 1.0 are shown by yellow circles. For Unit 1,
liquefiable zones were postulated in boreholes Al 5, Al 8, and B28. Boreholes Al 5 and Al 8 are
in the nuclear island excavation zone. For Unit 2, liquefiable zones were postulated for
boreholes B6 and B7/B7A in the Turbine Building. Boreholes B1 and B3 with liquefiable zones
are well away from the AP1000 footprint. Based on these figures, it was concluded that
liquefaction zones at the LNP site are confined to isolated random pockets.

Soil beneath the nuclear island foundation will be removed and replaced with Roller Compacted
Concrete (RCC). Thus, the bearing stability of the nuclear island foundation is not affected by
the postulated liquefaction. The random isolated pockets of liquefiable soils also do not affect
the nuclear island sliding and overturning stability based on Westinghouse analysis. The
Westinghouse analysis concludes that the nuclear island is stable against sliding, and there is
no quality requirement for backfill adjacent to the nuclear island to maintain stability against
sliding. In addition, it is not necessary to consider passive pressure in overturning evaluation. All
factor of safety are above the established limit of 1.1.

For the area under the Annex, Turbine, and Radwaste building footprint, in-situ soil will be
replaced or improved to a depth of approximately 2.1 m (7 ft.) below existing grade (elevation
12.8 m (42 ft.)). The plant finished grade will be established at elevation 15.5 m (51 ft.) NAVD88
by placing engineered fill above the improved/ replaced in-situ material. In addition, this
earthwork design will incorporate measures that prevent the excess pore pressure from the
deeper liquefiable pockets adversely affecting the shear modulus of the replaced/improved soil
layer above. The resulting typical soil profile under the Annex and Radwaste Buildings and the
Turbine Building is shown in RAI 03.08.05-03 Figures 5 and 6 respectively. Calculations show
that the lateral stiffness of the drilled shaft is primarily governed by soil properties in the top 10
ft. for drilled shafts up to 4 ft. in diameter and the top 16 ft. for 6 ft. diameter drilled shafts. No
additional liquefaction evaluation or remediation for Annex and Radwaste Building foundation is
necessary because their design uses 2.5 ft., 3 ft., or 4 ft. drilled shafts and the top 10 ft. of soil
under these buildings is engineered fill that is not susceptible to liquefaction. For the Turbine
building, the top of the 4 ft. thick foundation mat is at two levels; at grade elevation 15.5 (51 ft.)
and at elevation 9.1 m (30 ft.). For the mat at grade, 3 ft. or 4 ft. drilled shafts will be used. Thus
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the top 10 ft. of these drilled shafts are laterally supported by engineered fill that is not
susceptible to liquefaction. For the condenser pit area (elevation 9.1 m (30 ft.)) of the Turbine
Building where 6 ft. diameter drilled shaft may be used, lateral support from 16 ft. of non-
liquefiable in-situ soil is required to limit the lateral displacement to less than 1 inch. This
condition is satisfied under the condenser pit area of Unit 1 and 2 Turbine Buildings except in
the northwest (plant coordinates) corner area of Unit 2 Turbine Building condenser pit. In this
area, the earthwork design will incorporate provisions to prevent buildup of excess pore
pressures that cause liquefaction within the 16 ft. depth required for lateral support and the
excess pore water pressures from the deeper liquefiable pockets from adversely affecting the
shear modulus of soils within the 16 ft. depth during SSE.

The maximum foundation displacement of the Turbine, Annex, and Radwaste Building during
the SSE is less than 1 inch which is less than one half the gap at the foundation level between
these buildings and the Nuclear Island."

Section 3.7.2 Text changes

Section 3.7.2.8.1 will be modified from:

"Add the following text to the end of DCD Subsection 3.7.2.8.1.

Peak foundation elevation displacement resulting from a GMRS scaled to 0. lg is conservatively

LNP computed to be less than 2.5 cm (1 in.). Considering that 5 cm (2 in.) seismic gaps are
SUP 3.7-5 installed between the Annex Building foundation and the Auxiliary Building, no seismic

interaction at the Annex Building foundation elevation is expected."

To read:

"Add the following text to the end of DCD Subsection 3.7.2.8.1.

In DCD Section 3.7.2.8.1, the maximum displacement of the roof of the Annex Building is
LNP reported as 1.6 inches for response spectra input at the base of the building that envelops the
SUP 3.7-5 SSI spectra for the six soil profiles and also the CSDRS. The Annex building foundation (top of

mat) is at finished grade. RAI 03.07.01-01 Figure 1 shows a comparison of the LNP
performance based surface response spectra (PBSRS) at the plant finished grade and the
CSDRS. The CSDRS envelops the LNP PBSRS by a wide margin. Thus, the LNP Annex
Building roof displacement relative to its foundation is expected to be less than the 1.6 inches in
the DCD for the CSDRS. The foundation displacement during SSE of the drilled shaft
supported Annex Building is conservatively computed to be less than 1 inch. Thus, the LNP
Annex building roof displacement during SSE is expected to be less than 2.6 inches. As stated
in DCD Section 3.7.2.8.1, the minimum clearance between the structural elements of the Annex
Building above grade and the nuclear island (NI) is 4 inches. The gap between the Annex
Building foundation and the Nuclear Island is 2 inches. Thus, no seismic interaction between
the Annex Building and the NI is expected."

Section 3.7.2.8.2 will be modified from:

"Add the following text to the end of DCD Subsection 3.7.2.8.2.

LNP Peak foundation elevation displacement resulting from a GMRS scaled to 0.lg is conservatively
SUP 3.7-5 computed to be less than 2.5 cm (1 in.). Considering that 5 cm (2 in.) seismic gaps are
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installed between the Radwaste Building foundation and the Auxiliary Building, no seismic
interaction at the Radwaste Building foundation elevation is expected."

To read:

"Add the following text to the end of DCD Subsection 3.7.2.8.2.

Peak foundation elevation displacement resulting from a Performance Based Surface

LNP Response Spectra (PBSRS) is conservatively computed to be less than 2.5 cm (1 in.).
SUP 3.7-5 Considering that 5 cm (2 in.) seismic gaps are installed between the Radwaste Building

foundation and the Nuclear Island Structures, no seismic interaction at the Radwaste Building
foundation elevation is expected."

Section 3.7.2.8.3 will be modified from:

"Add the following text to the end of DCD Subsection 3.7.2.8.3.

Peak foundation elevation displacement resulting from a GMRS scaled to O.lg is conservatively

LNP computed to be less than 2.5 cm (1 in.). Considering that 5 cm (2 in.) seismic gaps are
SUP 3.7-5 installed between the Radwaste Building foundation and the Auxiliary Building, no seismic

interaction at the Annex Building foundation elevation is expected."

To read:

"Add the following text to the end of DCD Subsection 3.7.2.8.3.

Peak foundation elevation displacement resulting from a Performance Based Surface

LNP Response Spectra (PBSRS) is conservatively computed to be less than 2.5 cm (1 in.).
SUP 3.7-5 Considering that 5 cm (2 in.) seismic gaps are installed between the Turbine Building

foundation and the Nuclear Island Structures, no seismic interaction at the Turbine Building
foundation elevation is expected.

Attachments/Enclosures:

Attachment 03.08.05-3A: RAI 03.08.05-03 Figures 1 through 6

Attachment 03.08.05-3B: Revised Tables 2.5.4.8-202A and 2.5.4.8-202B
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Figures
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REVISED FSAR TABLE 2.5.4.8-202A
LIQUEFACTION AREAS, LNP1

BOTTOM DEPTH FIELD SPT FACTOR OF DEPTH OF SPT SAMPLE BELOW
OF SPT SAMPLE SOIL N-VALUE SAFETY BOTTOM OF FOUNDATION MAT

BOREHOLE iFT)() TYPE (BPF) (FS) (FT)

A-15 21 SP 1 1.0 26.5

A-15 26 Sc 2 1.2 31.5

A-18 20 No 0 0.8 25.7
recovery

B-28 36.5 ML 0 0.9 43
(1) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft NAVD88.

REVISED FSAR TABLE 2.5.4.8-202B
LIQUEFACTION AREAS, LNP2

BOTTOM DEPTH FIELD SPT FACTOR OF DEPTH OF SPT SAMPLE BELOW
OF SPT SAMPLE SOIL N-VALUE SAFETY BOTTOM OF FOUNDATION MAT

BOREHOLE (FT) (1) TYPE (BPF) FS) (FTr)

B-01 26.5 SM 2 0.8 NA

B-01 31.5 SM 2 0.8 NA

B-01 41.5 Sc 4 1.3 NA

B-03 26.5 SM 3 1.3 NA

B-06 36.5 SC 4 1.3 39

B-06 41.5 Sc 3 1.2 44

B-07 31.5 SP-SM 3 0.9 33.4

B-07 36.5 SP-SM 2 0.7 38.4

B-07 41.5 SP-SM 5 1.3 43.4

B-07 46.5 SP-SM 3 0.9 48.4

B-07 51.5 SP-SM 2 0.7 53.4

B-07 56.5 SP-SM 2 0.6 58.4

B-07 61.5 SP-SM 3 0.7 63.4

B-07 76.5 SP-SM 3 0.8 78.4

B-07 81.5 SM 3 1.1 83.4

B-07A 26.5 SP-SM 5 1.1 28.3

B-07A 31.5 SM 4 1.0 33.3

B-07A 36.5 SP-SM 3 0.7 38.3

B-07A 41.5 SM 3 0.7 43.3

B-07A 46.5 SM 3 1.0 48.3

B-07A 51.5 SM 2 0.9 53.3

B-07A 56.5 SM 6 1.3 58.3

B-07A 76.5 SP-SM 6 0.7 78.3

(2) Depth of SPT sample is relative to original site grade at approximately El 41-43 ft NAVD88.


