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U.S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555-0001

SHEARON HARRIS NUCLEAR POWER PLANT,. UNITS 2 AND 3
DOCKET NOS. 52-022 AND 52-023
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 020 RELATED TO
STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS -,SUPPLEMENT 1

References: 1. Letter from Manny Comar (NRC) to James Scarola (PEC), dated September 26,
2008, "Request for Additional Information Letter No. 020 Related-to SRP Section
02.05.04 for the Harris Units 2 and 3 Combined License Application"

2. Letter from Garry D. Miller (PEC) to U.S. Nuclear Regulatory Commission, dated
November 24, 2008, "Response to Request for Additional information Letter No.
020 Related to Stability of Subsurface Materials and Foundations"

Ladies and Gentlemen:

Progress Energy Carolinas, Inc. (PEC) hereby submits our response to the Nuclear Regulatory
Commission's (NRC) request for additional information provided in Reference 1. A partial
response to the NRC request was provided in Reference 2, and a response to the remaining
questions is provided in the enclosure. Page 1 of the enclosure includes a schedule for additional
supplemental information to be provided.
If you have any further questions, or need additional information, please contact Bob Kitchen at

(919) 546-6992, or me at (919) 546-6107.

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

Executed on December 3, 2008.

Sincerely,

Garry D. Mi r
General Manager
Nuclear Plant Development

Enclosure/Attachments

cc: U.S. NRC Director, Office of New Reactors/NRLPO
U.S. NRC Office of Nuclear Reactor Regulation/NRLPO
U.S. NRC Region II, Regional Administrator
U.S. NRC Resident Inspector, SHNPP Unit 1
Mr. Manny Comar, U.S. NRC Project Manager

Progress Energy Carolinas, Inc.

P.O. Box 1551
Raleigh, NC 27602

7I~X~Qf
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Shearon Harris Nuclear Power Plant Units 2 and 3
Supplement I to Response to NRC Request for Additional Information Letter No. 020

Related to SRP Section 02.05.04 for the Combined License Application,
dated September 26, 2008

NRC RAI #

02.05.04-3

02.05.04-4

02.05.04-5

02.05.04-6

02.05.04-7

02.05.04-8

02.05.04-9

02.05.04-10

02.05.04-11

02.05.04-12

02.05.04-13

02.05.04-14

Progress Energy RAI #

H-0117

H-0118

H-0119

H-0120

H-0121

H-0122

H-0123

H-0124

H-0125

H-0126

H-0127

H-0128

Progress Energy Response

Response enclosed - see following pages,
with supplemental submittal expected by
1/15/09
NPD-NRC-2008-051 dated 11/24/08

NPD-NRC-2008-051 dated 11/24/08

Response enclosed - see following pages

NPD-NRC-2008-051 dated 11/24/08

Response enclosed - see following pages,
with supplemental submittal expected by
1/15/09
NPD-NRC-2008-051 dated 11/24/08

NPD-NRC-2008-051 dated 11/24/08

NPD-NRC-2008-051 dated 11/24/08

NPD-NRC-2008-051 dated 11/24/08

Response enclosed - see following pages,
with supplemental submittal expected by
1/15/09
Response enclosed - see following pages,
with supplemental submittal expected by
1/15/09
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NCR Letter No.: HAR-NRC-LTR-020

NRC Letter Date: September 26, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.04-3

Text of NRC RAI:

Technical Memorandum (NPD-NRC-2008-014), "Supplemental Liquefaction Evaluation - HAR
Site Backfill and Native Soil"; Section 1.0 "Site Specific Ground Motion Parameters, CSR, and
FS Criteria", states that a site factor of 1.2 was assigned to "convert the PGA at top of sound
rock to a ground surface motion" based on IBC 2006.

Please clarify whether IBC 2006 or a site-specific response was used for the liquefaction
analysis. The report indicates a factor of 1.2 was applied, however, the plant grade peak
ground acceleration could not be found in the report. Please provide the value of the peak
ground acceleration at the surface, a sample liquefaction calculation using SPT N-values, and
document how you determined N equals 30 for the sand backfill.

PGN RAI ID #: H-0117

PGN Response to NRC RAI:

The HAR 2 and HAR 3 nuclear islands will be founded on and keyed approximately 7 to 35 feet
into sound bedrock. The volume between sound bedrock and the sides of the nuclear island
basemat will be filled with concrete. For these conditions, bedrock is expected to provide
acceptable bearing capacity and resistance to sliding for the HAR nuclear islands during gravity
and seismic loading conditions. Therefore, granular backfill and site soils located above the
bedrock and concrete fill at HAR should not be required to provide any safety-related function.
This will be further documented as described in the response to RAI 02.05.04-8.

The liquefaction evaluation summarized in Technical Memorandum (TM) (NPD-NRC-2008-014)
applies to nonsafety-related soils, such as those under non-seismic structures (turbine and
radwaste buildings). Use of IBC 2006 methodology, as described in the TM and detailed below,
is considered appropriate for these structures. The Annex Buildings (seismic Category II
structures) will be founded on concrete, and as noted above, the volume between the sides of
the nuclear island basemat and sound rock will be filled with concrete. The concrete fill is not
subject to liquefaction.

The following responses apply only to nonsafety-related soils and do not apply to liquefaction
evaluation for safety-related soils.

a) The PGA at rock outcrop (0.173g) was calculated based on the ground motion response
spectrum (GMRS) for HAR 3 (PGA = 0.137g), divided by the factor 0.792 to remove the
contribution of cumulative average velocity adjustments (a conservative value based on 10-4

mean annual frequency). This GMRS PGA value was then multiplied by a site factor of 1.2 to
calculate the PGA at site grade. Note that the GMRS already includes site amplification from
hard rock to the competent rock outcrop. The competent outcrop (that is, GMRS) conditions are
generally consistent with the soft rock conditions used by the IBC 2006 methodology. The site
factor of 1.2 corresponds to site class C, as shown in IBC 2006, Tables 1613.5.2 and
1613.5.3(1).
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The site class was determined on the basis of the average shear wave velocity, V,, of soils in
the upper 100 feet of soil and rock at the HAR site, as required by the IBC 2006 methodology.
Site class C soils are characterized by average V, of 1,200 to 2,500 feet per second (fps) in the
upper 100 feet of site profile. The average V, in the upper 100 feet of soil and rock profile is
greater than 1200 fps; therefore, site class C is applicable.

The site class factors given in IBC 2006 were determined in the early 1990s by conducting site
response studies for a range of soil profiles, earthquake records, and ground acceleration
levels using the computer program SHAKE. Results of these analyses were enveloped for
different input acceleration levels to define the site factors. The envelope of results generally
provides a conservative determination of PGA at the ground surface using the methodology in
IBC.

Table 1613.5.3(1) in IBC 2006 relates the site class and the short period acceleration, Ss, to the
site factor. For the HAR site, the combination of site class C and Ss <0.5 defined a site factor of
1.2. The resulting PGA at site grade used in the liquefaction analyses is therefore 0.173g x 1.2
= 0.21g.

b) A sample calculation of liquefaction resistance for granular backfill based on estimated SPT
N-values is provided in Appendix 02.05.04-3A.

c) The estimates of field as-compacted SPT N-values for granular backfill used in the
liquefaction analyses are based on Figure 2-13 of Kulhawy and Mayne, 1990 (a reprint of data
presented in Gibbs and Holtz, 1957). In this reference, SPT-N is related to the relative density
of the backfill and the effective overburden pressure. A relative density of 90 percent (very
dense) represents a typical density that would be achieved during construction for compaction
control methods consistent with those that would be used for placing backfill at HAR 2 and HAR
3. The resulting relationship between effective overburden pressure and SPT N, for relative
density of 90 percent (very dense), is tabulated in Section 2.1.2 of Technical Memorandum
NPD-NRC-2008-014.

Liquefaction analyses were conducted using the simplified method for soils compacted to a
relative density of 90 percent. This computation involved first determining the field SPT N-
values based on the Kulhawy and Mayne table at a relative density of 90 percent, as described
above. The estimated field SPT N-values based on this method ranged from 17 blows per foot
(bpf) near ground surface to 44 bpf at the nuclear island subgrade. These field SPT N-values
were then corrected to (N1)60 values using the recommended correction factors presented in
Youd et al., 2001, as shown in Appendix 02.05.04-3A. The resulting (N1)60 value was slightly
less than 30 bpf (i.e., 29.8 bpf) at a depth of 6 feet. At deeper depths, the (N,)60 values were
greater than 30 bpf. An evaluation of liquefaction was then performed using (N1)60 to determine
the factor of safety for liquefaction at each depth. The factor of safety is higher than 1.4 at all
depths in the backfill, including backfill with (N1)60 less than 30. In the example calculation
provided at a depth of 6 feet below ground surface (ft bgs), the resulting factor of safety is 2.6.

As discussed in Technical Memorandum NPD-NRC-2008-014, Progress Energy will confirm
that backfill will resist liquefaction during the SSE using the relative compaction/relative density
data monitored in the field and, where necessary, shear wave velocity measurements using the
Spectral Analysis of Surface Wave (SASW) method.

References:

Gibbs, H. J. and Holtz, W. G. 1957. Research on Determining the Density of Sands by Spoon
Penetration Testing". Proceedings, 4 th International Conference on Soil Mechanics and
Foundation Engineering, Vol. 1. London.
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Kulhawy, F. H. and P. W. Mayne. 1990. Manual on Estimating Soil Properties for Foundation
Design. Prepared for Electric Power Research Institute (EPRI). Cornell University. Ithaca, New
York. August.

Youd, T. L. et al. 2001. Liquefaction Resistance of Soils: Summary Report from the 1996
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils.
Journal of Geotechnical and Geoenvironmental Engineering, ASCE. Vol. 127, No. 10. October.
pp. 817-833.

Associated HAR COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

Appendix 02.05.04-3A, "Sample Calculation of Liquefaction Resistance of Compacted Granular
Backfill Based on Estimated SPT Blowcount"
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NCR Letter No.: HAR-NRC-LTR-020

NRC Letter Date: September 26, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.04-6

Text of NRC RAI:

The AP1000 DCD, Tier 2, Section 2.5.4.5.3, "Site Foundation Material Evaluation Criteria"
states, "The distribution of bearing reactions under the basemat is a function of the subgrade
modulus, which in turn is a function of the shear wave velocity. The Combined License
applicant shall demonstrate that the variation of subgrade modulus or shear wave velocity
across the footprint is within the range considered for design of the nuclear island basemat."

Considering the variation in shear wave velocity profiles at HAR 3, there appears to be softer
conditions on the northwest side of the NI. The lower average shear wave velocity (3500 fps)
observed in Boring BPA-49 is 30% lower than the 5100 fps observed for the same depth
interval at boring BPA-50.

Please demonstrate that the variation of shear wave velocity (and therefore subgrade modulus)
across the HAR 3 footprint is within the range considered for design of the nuclear island
basemat.

PGN RAI ID #: H-0120

PGN Response to NRC RAI

See response to NRC RAI # 02.05.04-5 for a discussion of the Vs differences within subsurface
layers at HAR 3 as related to site uniformity (reference PEC letter to NRC dated November 24,
2008, Serial NPD-NRC-2008-051).

See response to NRC RAI # 02.05.04-4 for a discussion of the HAR 3 dip angle as related to
site uniformity (reference PEC letter to NRC dated November 24, 2008, Serial NPD-NRC-2008-
051).

For the reasons presented therein, the variations in Vs across the HAR 3 footprint are
considered to satisfy the site uniformity criteria. WEC concurs with this conclusion and has
advised that there is no need for site-specific evaluation of bearing pressures (i.e., based on
subgrade modulus) at the site.

Although the overall Vs variations satisfy the WEC uniformity criteria, the potential exists for
local variations in subgrade moduli with associated variations in settlement. However, the
estimated elastic settlements of the HAR nuclear islands based on the moduli derived from
shear wave velocities are very small, with total and differential settlements of less than 0.5 inch
across the footprints (as summarized in HAR FSAR Section 2.5.4.10.3). Considering that the
HAR sites satisfy the uniformity criteria in the DCD and that the estimated nuclear island
settlements are very small, it follows that local variation in subgrade modulus across the HAR
nuclear island footprints will not result in unacceptable nuclear island performance.

Associated HAR COL Application Revisions:

No COLA revisions have been identified associated with this response.
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Attachments/Enclosures:

None.
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NCR Letter No.: HAR-NRC-LTR-020

NRC Letter Date: September 26, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.04-8

Text of NRC RAI:

FSAR 2.5.4.10.4, "Lateral Earth Pressures", states "The resulting at-rest lateral earth pressure
profiles for the two soil backfill types are presented for representative sidewall elevations in
Table 2.5.4-217."

Please provide all the lateral earth pressures required by AP1000 DCD, Tier 2, and Section
2.5.4.6.7. Provide sample calculations showing the assumptions and methods used in the
calculation of the dynamic active and passive lateral earth pressures.

PGN RAI ID #: H-0122

PGN Response to NRC RAI

AP1000 DCD, Tier 2, Section 2.5.4.6.7 states:

"Earth Pressures - The combined License applicant will describe the design for static and
dynamic lateral earth pressures and hydrostatic groundwater pressures acting on plant
safety-related facilities using soil parameters as evaluated in previous subsections."

As discussed in the response to NRC RAI # 02.05.04-12, the HAR FSAR was prepared with
consideration that the nuclear island design did not take credit for lateral support from backfill
materials (reference PEC letter to NRC dated November 24, 2008, Serial NPD-NRC-2008-051).
Therefore, only the at-rest static lateral earth pressures were calculated and presented in the
HAR FSAR. Dynamic active and passive earth pressures were not calculated nor presented in
the HAR FSAR.

Information now available from WEC indicates that under some loading conditions, passive
lateral forces must be considered in the nuclear island design, including the dynamic passive
forces considered in the sliding resistance evaluations. Based on this more recent
documentation, modified lateral earth pressure evaluations are currently being prepared to
assess and document the magnitude of seismic active and passive earth pressures, as well as
the need to rely on passive earth pressures for sliding stability. These evaluations include the
following:

* Determination of dynamic active and passive forces related to various native rock, soil, and
backfill conditions on the different sides of the HAR 2 and HAR 3 nuclear islands. The rock
embedment depth will be considered in this determination;

* Additional determination of the effects of surcharge loads from adjacent structures on the
nuclear island lateral earth pressures (see response to NRC RAI # 02.05.04-11; reference
PEC letter to NRC dated November 24, 2008, Serial NPD-NRC-2008-051); and

" Comparison of the calculated dynamic active and passive forces with values considered in
the nuclear island sliding evaluation and documentation of adequate factor of safety against
sliding.
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If necessary based on the above evaluations, revised or additional backfill engineering property
requirements may be proposed in a revised FSAR Table 2.5.4-212. A technical memorandum
will be prepared to document the methodology used for these evaluations, including sample
calculations. Associated proposed revisions to the HAR FSAR will also be presented in the
technical memorandum. It is anticipated that this technical memorandum will be provided to the
NRC for review by January 2009.

Associated HAR COL Application Revisions:

No COLA revisions have been identified associated with this response at this time.

Attachments/Enclosures:

None.
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NCR Letter No.: HAR-NRC-LTR-020

NRC Letter Date: September 26, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.04-13

Text of NRC RAI:

FSAR Section 2.5.4.10.1.2, "Rock Mass Strength Parameters for Bearing Capacity Analyses"
provides the rationale and general procedures used to obtain Mohr-Coulomb strength
parameters using the Hoek-Brown criteria for use in determining bearing capacity. However, the
rock strength tables do not provide all the Hoek-Brown classification data needed as input to
confirm the Mohr-Coulomb strength parameters presented for the various cases analyzed.

Please provide all the assumptions, input data, and a sample calculation showing how those
input parameters were derived for the lower bound bearing capacity determination at HAR 3.

PGN RAI ID #: H-0127

PGN Response to NRC RAI

Appendix 02.05.04-13A presents a description of the assumptions, input data, and a sample
calculation that demonstrate how the Mohr-Coulomb strength parameters were derived for the
lower bound bearing capacity determination at HAR 3.

One of the primary inputs to the Mohr-Coulomb strength parameters is the Geological Strength
Index (GSI). As described in Appendix 02.05.04-13A, the lower bound GSI value for HAR 3
rock is 54, whereas the lower bound GSI value for HAR 3 shallow rock (between elevation 170
and 220 feet) is 48. A plot of the rock core GSI values for HAR 3 boreholes, for shallow rock, is
presented in the attached Figure A-i. The allowable bearing capacities presented in HAR FSAR
2.5.4.10.1 for HAR 3 are based on the lower bound properties of the shallow rock.

As shown on Figure A-i, the lower bound GSI value of 48 bounds approximately 80 percent of
the GSI results at HAR 3 between elevation 170 to 220 ft. Conversely, approximately 20
percent of the GSI results in this elevation range are less than the lower bound value, of which
approximately 2/3 occur between elevation 200 and 220 ft. Most occur in boreholes near the
Plant West half of the nuclear island (Boreholes BPA-27, BPA-31, BPA-46, and BPA-47).
These lower GSI values are driven by the presence of thin clay seams and soft or fractured
rock intervals typically aligned with bedding planes, as described in Appendix 02.05.04-13A and
in HAR FSAR 2.5.4.

Use of the lower bound GSI value of 48 is considered highly conservative for calculation of rock
mass strength parameters associated with general or global shear bearing failure modes.
Failure surfaces modeled by these modes require significant shearing through high quality rock
with GSI values much greater than the lower bound value, as shown on Figure A-i.

However, bearing failure modes associated specifically with translation along oriented
discontinuities (such as bedding planes and high angle joints) are controlled by the conditions
and orientations of the discontinuities. Such failure modes are not explicitly considered in the
traditional general bearing capacity equations.

Additional documentation of the bearing capacity and sliding resistance along oriented rock
discontinuities at HAR 2 and HAR 3 is being prepared and will be included in the future TM
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referenced in the response to NRC RAI # 02.05.04-8. The affects of thin clay seams and soft or
fractured rock intervals within shallow rock at HAR 3, associated with the GSI values below the
lower bound value, will be specifically addressed.

Associated HAR COL Application Revisions:

No COLA revisions have been identified associated with this response.

Attachments/Enclosures:

Appendix 02.05.04-13A, "Sample Calculation of Rock Mass Strength Parameters"

Figure A-1, "Rock Core GSI vs. Elevation HAR 3 - El. 220 to 170 Ft."
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NCR Letter No.: HAR-NRC-LTR-020

NRC Letter Date: September 26, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.04-14

Text of NRC RAI:

AP1 000 DCD, Tier 2, (Section 2.5.4.6.2 "Properties of Materials Adjacent to Nuclear Island
Exterior Walls") states that "A determination of the static and dynamic engineering properties of
the surrounding soil will be made to demonstrate they are competent and provide passive earth
pressures greater than or equal to those used in the seismic stability evaluation for sliding of
the nuclear island."

FSAR Section 2.5.4.5.3, "Properties of Backfill Adjacent to Nuclear Islands" states "Backfill
materials will be placed adjacent to the sidewalls of the nuclear islands. The backfill material
adjacent to the nuclear island sidewalls is nonsafety-related; the nuclear islands are designed
for safe performance independent of the sidewall backfill type." Compare this statement to that
found in AP1 000 DCD, Tier 2, Section 2.5.4.6.2 "Properties of Materials Adjacent to Nuclear
Island Exterior Walls" where it states "A determination of the static and dynamic engineering
properties of the surrounding soil will be made to demonstrate they are competent and provide
passive earth pressures greater than or equal to those used in the seismic stability evaluation
for sliding of the nuclear island." The DCD goes on to state: "If the soil below and adjacent to
the exterior walls is made up of clay, sand and clay, or other types of soil other than those
classified above as competent, then the Combined License applicant will evaluate the seismic
stability against sliding as described in subsection 3.8.5.5.3 using the site-specific soil
properties."

Please include engineering data on all the backfill (concrete, cohesionless backfill and cohesive
soil backfill) that will be used adjacent to nuclear islands. Also, please supply the borrow area
exploration program data, field results on full scale test fills for each type material planned as
backfill, including shear wave velocities measured in the test fills, and static and dynamic
laboratory test results (including resonant column/torsional shear) for all backfill types intended
for use adjacent to the sidewalls of the nuclear island.

PGN RAI ID #: H-0128

PGN Response to NRC RAI

Backfill sources have not yet been selected or tested for the HAR sites. FSAR Subsection
2.5.4.5.3 states, "The engineering properties listed in Table 2.5.4-212 will be included in the
construction specifications. Backfill material sources, once identified, will be tested to
demonstrate that they are consistent with the properties in Table 2.5.4-212. The development
of the backfill specification, and associated testing and approval of backfill sources, will occur
prior to construction." This FSAR statement serves as a commitment to perform the required
backfill testing at a future date prior to construction. Note that no compacted backfill will be
placed under the nuclear island.

Additional lateral earth pressure calculations will be provided as described in the response to
NRC RAI # 02.05.04-8.
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For satisfaction of the requirements in AP1 000 DCD, Tier 2, Section 2.5.4.6.2, the future
backfill testing program will demonstrate that the static and dynamic engineering properties of
the backfill will meet or exceed project requirements. The required backfill properties are
currently listed in FSAR Table 2.5.4-212, which may be modified as described in the response
to NRC RAI # 02.05.04-8. Multiple borrow sources may be investigated and tested as part of
this commitment, as necessary, to demonstrate borrow source acceptance.

The HAR 2 and HAR 3 nuclear islands will be founded on and keyed into sound bedrock.
Concrete fill will be placed in spaces between the sides of the nuclear island basemat and the
adjacent sound bedrock to assure solid contact between the nuclear islands and the bedrock.
By locating the nuclear islands in bedrock, bearing capacity and sliding resistance requirements
for the HAR nuclear islands should be met without loading the granular backfill and site soils.
Therefore, granular backfill and site soils above the bedrock at HAR should not be required to
provide any safety-related function.

An ITAAC will be needed for the concrete backfill associated with sliding resistance. Further
analysis and the associated ITAAC will be addressed in the future TM referenced in the
response to NRC RAI # 02.05.04-8.

Associated HAR COL Application Revisions:

See response to NRC RAI # 02.05.04-8.

Attachments/Enclosures:

None.
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List of Attachments:

1. NRC RAI #2.05.04-3 (PGN RAI ID#H-0117):

Appendix 02.05.04-3A, "Sample Calculation of Liquefaction Resistance of Compacted
Granular Backfill Based on Estimated SPT Blowcount" (6 pages)

2. NRC RAI # 2.05.04-13 (PGN RAI ID #H-0127):

Appendix 02.05.04-13A, "Sample Calculation of Rock Mass Strength Parameters" (9 pages)

3. NRC RAI # 2.05.04-13 (PGN RAI ID #H-0127):

Figure A-I, "Rock Core GSI vs. Elevation HAR 3 - El. 220 to 170 Ft." (1 page)



Appendix 02.05.04-3A

Sample Calculation of Liquefaction Resistance of Compacted
Granular Backfill Based on Estimated SPT Blowcount
Liquefaction resistance of compacted granular backfill at the HAR sites has been calculated
based on the estimated standard penetration test (SPT) blowcounts (N-values). A summary
of the methods used and results of these calculations was documented in a submittal to
NRC dated May 29, 2008 (Document No. NPD-NRC-2008-014). In NRC RAI # 02.05.04-3,
NRC requests a sample liquefaction calculation using SPT N-values.

This appendix presents the requested sample calculation. For this sample, the factor of
safety (FS) against liquefaction is calculated for a compacted granular backfill interval
located six feet below ground surface (bgs) adjacent to the nuclear island.

As described in the May 29, 2008 submittal, the empirical liquefaction resistance calculation
is based on the method presented in Youd et al., 2001. Correlations between SPT N-value,
relative density, and effective overburden, used to estimate the field as-compacted SPT N-
value of the granular fill, are based on those presented in Kulhawy & Mayne, 1990 (reprint
of information presented in Gibbs and Holtz, 1957).

Calculation Inputs
Inputs used in the liquefaction calculation are summarized in Table A-i:

TABLE A-1
Summary of Inputs Used in Sample Liquefaction Calculation
Appendix 02.05.04-3A

Symbol Description Value Unit

dgw Depth to groundwater (bgs) 0 ft

d Depth of soil interval evaluated 6 ft

'sat Saturated soil unit weight 140 pcf

7w Unit weight of water 62.4 pcf

Dr Relative density of compacted fill 90 %

ER SPT hammer energy ratio 60 %

B Borehole diameter 5 in

amax Peak horizontal ground acceleration (site grade) 0.21 g

M Design earthquake magnitude 7.1 --

Pa Atmospheric Pressure 1.058 tsf



Calculations

1. Effective Overburden Pressure (cy'):
The groundwater depth is conservatively assumed to be zero (at ground surface). The
effective overburden pressure is therefore calculated as follows:

a' = (ysa - Yw)d

a' = (140- 62.4)6 = 465.6psf = 0.2328tsf

2. Total Overburden Pressure (m-v):

a, = (ysa)d

a,= (140)6 = 840psf = 0.42tsf

3. Equivalent Field SPT N-Value (Nfied)
As summarized in NPD-NRC-2008-014, the granular backfill will be compacted to at least 95
percent relative compaction, which will correspond to Dr of at least 90 percent. The as-
compacted SPT N-values are estimated for Dr of 90 percent, based on correlations with the
effective overburden pressure (from Kulhawy and Mayne, 1990), as summarized in Table A-
2.

TABLE A-2
Relationship Between SPT N-Value and Effective
Overburden Pressure for Dr of 90 Percent

Oyv'/Pa Cv' (psf) Equivalent
SPT N
(bpf)

0 0 16

0.36 762 28

1.36 2,878 42

2.72 5,761 67

bpf = blows per foot

Linear interpolation was used to estimate the as-compacted SPT N-values (Nfield) using the
relationships in Table A-2. Since a,' of 465.6 psf is less than 762 psf:

-fied [28 -6]+16Nt (762psf)



Nfield - (465.6) [28-16]+16= 23.3 bpf
(762psf)

4. Overburden Correction Factor (CN):
2.2

CN = .2 , Where CN is less than or equal to 1.7
1.2+

CN = 2.2 1.549
1.2 + 0"2328tsfl

1.2+ 1 .OS8tsf

5. Rod Length Correction Factor (CR):

The rod length correction factor varies by rod length (depth below ground surface), as
shown in Table A-3:

TABLE A-3
Rod Length Correction Factor (CR) Variation With Depth

Rod Length (ft) Rod length correction (CR)

<9.8 0.75

9.8-13.1 0.8

13.1 - 19.7 0.85

19.7-32.8 0.95

32.8 -98.4 1.0

For depth of 6 ft. bgs,

CR = 0.75

6. Hammer Energy Correction Factor (CE):

The hammer energy correction factor (CE) is used to normalize the field-measured SPT N-
value to a SPT hammer energy transfer efficiency of 60 percent. For this calculation, it is
assumed that a hammer with energy transfer efficiency of 60 percent is used. Therefore,

CE = 1.0

7. Sample Method Correction Factor (Cs):
The sample method correction factor (Cs) is 1.0 if a sample liner is used, or 1.1 if a sample
liner is not used. For this calculation, it is assumed that a sample liner will not be used.
Therefore,

Cs = 1.1



8. Borehole Diameter Correction Factor (CB):

The borehole diameter correction factor (CB) is 1.0 if the borehole diameter is less than 6
inches. For this calculation, it is assumed that borehole diameter will be 5 inches. Therefore,

CB = 1.0

9. Corrected Blowcount Without Fines [(NI) 6o]:

(N 1 ) 6 0 = NfieldCNCRCECSCB

(N,) 6 0 = 23.3(l.549)(0.75)(1.0)(1.1)(1.0) = 29.8

10. Corrected Blowcount, Clean Sand [(NI)6o.cs]:

The clean sand correction adjusts (N1 )60 to account for the fines fraction of the soil based on
the following equation:

(N 1 ) 60-CS = a + ,fl[(N1 ) 60]

For clean sand with fines fraction less than five percent, a is 0 and P3 is 1. It is assumed that
the granular backfill will have less than 5 percent fines. Therefore,

(N )60_cs = 0 + (1)(29.8) = 29.8 - 30 bpf

11. Stress Reduction Coefficient (rd):

The stress reduction coefficient (rd) isrelated to depth (d) as shown in Table A-4:

TABLE A-4
Stress Reduction Coefficient (rd) Variation With Depth (d)

Depth (ft. bgs) Equation to calculate rd

Less than 30 ft rd = 1 - 0.00233 * d

30- 75 rd = 1.174 - 0.00814* d

75-100 rd = 0.744 - 0.00244* d

Greater than 100ft rd = 0.5

For depth of 6 feet, as shown in Table A-4:

rd = 1 - 0.00233(6) = 0.986

12. Cyclic Stress Ratio (CSR):

CSR = 0 .6 5(amx O'v/, )'rdg )(j\,7 7



CSR = 0.65(0"21g g)(0O42tSf .o2 32 8tsf )0.986 = 0.243

13. Cyclic Resistance Ratio (CRR):

For (Ni) 60-cs less than 30 bpf, the cyclic resistance ratio (CRR) is calculated as follows:

1 + (N 1 ) 60 -CS + 50 1

34- (NI)60CS 135 [lO(N 1 ) 60os +45]2 200

Soils with (N1)60-cs greater than 30 blows per foot are not considered susceptible to
liquefaction, so a very high CRR would be assigned (such as CRR = 100). For (N,)60-cs of
29.8 bpf,

1 29.8 50 1
CRR + - + - = 0.454

34-29.8 135 [10(29.8)+45]2 200

14. CRR Correction Factor (K,):

K, = h1) Where Ka is less than or equal to 1.2

The factor f is a function of the effective overburden.. For GTv'/Pa greater than 1, f was
assigned as 0.8, whereas for av'/Pa less than 1, f was assigned as 0.7. At a depth of 10 feet,
av'/Pa is less than 1. Therefore:

=(0.2328tsf/ )07-ltan12

K, = (2 f1.058) = 1.57 (...greater than 1.2)

Since the calculated value is greater than 1.2, the assigned value is:

K, = 1.2

15. Sloping Ground Correction Factor (K.):

The post construction ground surface at and near the HAR sites will be relatively flat.
Therefore, no correction for sloping ground is appropriate.

K, = 1.0

16. Corrected CRR (CCRR):

CCRR =CRR(K0 . XKa,)

CCRR = 0.454(1.2X1.0) = 0.545



17. Magnitude Scaling Factor (MSF)

MF=102.24/MSF = 1 2%M 2.56

MF 102"24/
MSF= 102/7.12.56 = 1.15

18. Factor of Safety Against Liquefaction (FS):

FS = (CCRRI CSMSF)

FS = (0. 54524"1; 2.

Since the calculated FS is greater than 1.4, the associated compacted granular soil will
provide acceptable resistance to liquefaction.



Appendix 02.05.04-13A

Sample Calculation of Rock Mass Strength Parameters
Rock Mass Strength Parameters at the HAR sites have been calculated following the Hoek-
Brown rock strength criterion. A summary of the method is presented in HAR FSAR Section
2.5.4.10.1. In NRC RAI # 02.05.04-13, NRC requests a sample Rock Mass Strength
Parameters calculation used in the lower bound bearing capacity determination at HAR 3.

The Rock Mass Strength Parameter calculation is directly related to the characteristics of the
rock mass. The rock mass is first characterized/classified using the Rock Mass Rating (RMR)
system proposed by Bieniawski (1989) as presented in Bieniawski (1993). The RMR is then
correlated to the Geological Strength Index (GSI), as proposed by Hoek and Brown (1997).
Finally, the RMR and GSI are used with the Hoek-Brown and the Mohr-Columb criteria to
define the Rock Mass Strength Parameters used in the bearing capacity determination.

This appendix presents the requested sample calculation for the rock mass strength
evaluation. The following are presented herein:

1) The RMR determination for one rock core run in one borehole is first presented, based
on the rock mass data collected from that core run.

2) The GSI determination for the same rock core run is then presented, based on the RMR
determination.

3) Similar calculations of RMR and GSI were performed for each rock core run interval
within the elevation range of interest, and statistics were calculated for these results to
determine representative rock mass strength. Calculation of the "Lower Bound" RMR
and GSI values for HAR 3 based on these statistics is presented.

4) Calculation of the Hoek-Brown strength parameters (rock mass friction angle and
cohesion) for the "Lower Bound" condition at HAR 3 is then presented, based on the
Lower Bound GSI values and laboratory unconfined compression strength (UCS) test
results.

Calculations

1. Determination of RMR
The rock mass classification was performed using the RMR system which consists of
assigning individual ratings for each of the following rock mass parameters: intact rock
strength, drill core quality (measured through rock quality designation RQD), discontinuity
spacing, discontinuity conditions, orientation of the discontinuities, and groundwater
conditions. RMR is the sum of all the individual parameter ratings.

a. Intact rock strength rating: The intact rock strength was classified following either
the R-scale system or the unconfined compressive strength (UCS) of the intact rock.
The R-scale system describes the rock strength based on the behavior of rock to
blows with a geologic hammer and other methods as described by Wyllie (1999). The
R-scale system also correlates to a range in the unconfined compressive strength



(UCS) of the intact rock (as shown in Table A-i). Either the field-measured R-scale
value was used directly, or an equivalent R-scale value was assigned based on
available UCS test results. Then, an intact rock strength rating was assigned to the
rock core interval based on the R-scale value. The intact rock strength rating for each
corresponding R-scale and UCS value is presented in Table A-1.

TABLE A-1
R Scale Definition per Wyllie (1999) at Table 11.3 page 378 and Intact Rock Strength
Rating per Bieniawski (1989)

Unconfined
Compressive Intact Rock

R Scale Strength of Intact Strength
Rock Core Rating

(MPa)
RO 0.25 - <1 0
R1 1-<5 1
R2 5-<25 2
R3 25-<50 4
R4 50 or larger 7

Example: In Boring BPA-23 Rock Coring Run R8-NQ, the intact rock core strength
from elevation 210.7 to 215.7feet was field-classified between R3 and R4. The rating
based on R-scale R3 would produce more conservative results because it implies a
softer/weaker rock. Therefore, an intact rock strength rating of 4 (corresponding to R-
scale of R3) was assigned. The intact rock strength input data can be obtained from
the rock coring logs comments column, in which the R-scale values are shown.

Note: the R-scale readings were used as an indication of rock strength in the
RMR calculations because the R-scale values were collected much more
frequently than laboratory UCS test results. The average intact rock strength
indicated by the R-scale readings is less than the average of the UCS laboratory
test results in the corresponding elevation intervals in which rock mass strength
parameters were calculated, such that use of the R-scale values is considered
conservative.

Further, the sensitivity in the RMR value due to variations in the intact rock
strength rating (i.e., between R-scale value of R2 or R3) is small (a few points),
and has a small affect on the calculated Hoek-Brown strength parameters relative
to the "representative intact rock UCS" (see Section 4). The "representative intact
rock UCS" presented in Section 4 is based solely on the laboratory rock UCS test
results.

b. Drill core quality rating: This rating is obtained based on the RQD value obtained
from each particular rock coring run interval.



TABLE A-2
Drill Core Quality Rating per Bieniawski (1989)

RQD Rating

<25 3

25 - <50 8

50 - <75 13

75 - <9.0 17

90-100 20

- Example: For BPA-23 Rock Coring Run R8-NQ the RQD value is 88. Based on this
RQD the drill core quality rating is 17. The input data for this rating comes from the
RQD value shown in the rock coring logs.

c. Discontinuity spacing rating: The discontinuity spacing is calculated based on the
number of discontinuities observed in a rock core run and the rock core run length.
The spacing of the discontinuities can be obtained using the following formula:

Spacing = Rock Core Run Length / (Total number of discontinuities in the
rock core run + 1)

When two consecutive rock core run intervals are completely intact, meaning that no
discontinuities/fractures were observed, the spacing is calculated in the following
way:

Spacing = (Rock Core Run Length 1 + Rock Core Run Length 2)

The formulas assume that the discontinuities are equally spaced. The discontinuity
spacing ratings are shown in Table A-3.

TABLE A-3
Discontinuity Spacing Rating per Bieniawski (1989)

Discontinuity Spacing Rating

<60 mm 5
60 - <200 mm 8

200 - <600 mm 10
0.6 - <2 m 15

2 m or larger 20

Example: For Boring BPA-23 Rock Coring Run R8-NQ the total number offractures
for the 5foot long rock core run is 6. Following the spacing equation presented above,
the spacing between the fractures is 0.22 meters (220 mm). Based on this spacing, the
discontinuity spacing rating is 10. The input data for this rating comes from the
fractures per foot column in the rock coring logs and the length of the rock core run.



d. Discontinuity condition rating: Discontinuity condition ratings were determined
based on data from the discontinuities recorded in the soil and rock core logs. The
ratings are based on observations of the roughness, infilling, and weathering of the
discontinuities. The ratings are shown below.

TABLE A-4

Discontinuity Condition Rating after Bieniawski (1989

Discontinuity Condition Rating

Infilling> 0.2 inch 0
Infilling < or = to 0.2 inch 10

Rough, Highly Weathered, No Infilling 20
Rough, Slightly Weathered, No Infilling 25

Rough, Unweathered, No Infilling 30
Slickensided 10

Example: The discontinuities in Boring BPA-23 Rock Coring Run R8-NQ were
generally smooth. For this particular case a rating of 10, corresponding to a discontinuity
condition slickensided, was conservatively assigned.

The input data for this rating comes from the data shown in the discontinuity
description or the lithology information column in the rock coring logs. Where the
discontinuity descriptions did not clearly fall within one of these categories,
professional judgment was used to assign a representative rating.

e. Groundwater Rating: In the calculation of RMR values, the average rating for
groundwater, which corresponds to the wet condition rating, was assigned to all
rock core runs. RMR values are used only for deriving the Geological Strength Index
(GSI) of the rock mass. The groundwater rating is not accounted for separately in the
determination of the GSI values, which is the index used to obtain the Hoek and
Brown rock strength parameters. Therefore, the assigned groundwater rating does
not have any impact in the Hoek and Brown rock strength parameters
determination, and a default rating of 7 was assigned.

TABLE A-5

Groundwater Rating per Bieniawski (1989)

General Conditions Rating

Completely Dry 15
Damp 10
Wet 7

Dripping 4
Flowing 0

Example: For Boring BPA-23 Rock Coring Run R8-NQ the groundwater conditions
in the rock mass were assumed wet. Therefore, a rating of 7 was assigned.

f. Strike and Dip Orientations of Discontinuity Rating: The discontinuity orientation
is taken into account directly in the bearing capacity analyses, rather than by



adjusting the RMR value. Therefore, no adjustments were performed for this
condition and the rating was assigned to be 0 in all rock core runs. In addition, as
explained in Section 2, this rating does not impact the GSI values. Therefore, the rock
mass strength parameters used for bearing capacity calculation are independent of
the discontinuity orientation..

g. RMR value: RMR is the sum of all the individual parameters ratings.

- Example: For Boring BPA-23 Rock Coring Run R8-NQ the RMR value is
4+17+10+10+7 = 48.

2. Determination of GSI

Once RMR is obtained, the GSI is estimated from a correlation with RMR proposed by Hoek
and Brown (1997). The equation for estimating GSI is:

GSI = RMR 89 - 5

where the subscript 89 refers to the year in which the rock mass rating system was proposed
by Bieniawski (1989). It should be noted that RMR89 is equal to RMR without considering
the adjustments for discontinuity orientations and with the groundwater rating of 15, as
described on page 60 of Wyllie (1999) at and as described on page 1172 of Hoek and Brown
(1997). Therefore, the GSI equation is modified as follows:

RMR89 = RMR - Groundwater Rating + 15

And so,

GSI = RMR- Groundwater Rating + 15 - 5

Example: For Boring BPA-23 Rock Coring Run R8-NQ the GSI value is 48-7+15-5
= 51.

3. Statistics of RMR and GSI
Statistics of RMR and GSI at HAR 2 were calculated from results of individual rock core
runs from boreholes under or adjacent to the nuclear island within the following elevation
ranges: all elevations, elevations above 220 ft msl, and elevations below 220 ft msl. Statistics
of RMR and GSI in HAR 3 were calculated from results of individual rock core runs at the
following elevation ranges: all elevations, elevations above 220 ft msl, elevations between
220 ft msl and 170 ft msl, elevations below 220 ft msl, and elevations below 170 ft msl.
Results from the following boreholes were used in this calculation:

* HAR 2: BPA-03, BPA-05, BPA-07, BPA-08, BPA-41, BPA-02, BPA-04, BPA-10, BPA-11,
BPA-45, BPA-47 and BPA-48

* HAR 3: BPA-23, BPA-25, BPA-27, BPA-28, BPA-43, BPA-22, BPA-24, BPA-30, BPA-31,
BPA-46, BPA-49 and BPA-50

The RMR and GSI mean values were calculated using the results from each rock core run in
the elevation interval under consideration. The standard deviations were computed to



measure of how widely values are dispersed from the mean value (average). The equation
used is as follows:

Standard Deviation= C
where F is the arithmetic - mean of the values xk, and n is the sample size.

The RMR and GSI values at one standard deviation below the mean were calculated by
subtracting the standard deviations from the mean values. The corresponding GSI value
was used in calculation of the "lower bound" rock mass strength parameters.

4. Determination of Rock Mass Strength Parameters
The computer program RocLab 1.031 by Rocscience (2007) was used to calculate rock mass
strength parameters (friction angle and cohesion) based on the Hoek-Brown rock strength
criteria. Key inputs to the Hoek-Brown criteria are as follows:

* Representative intact rock UCS,

" GSI of the rock mass,

• Hoek and Brown material constant of intact rock sample (mi),

" Disturbance factor, and

* The upper limit of confining stress over which the relationship between the Hoek-Brown
and the Mohr-Coulomb Criteria is considered.

The following values were selected for the lower bound case at HAR 3 (elevation below 220
ft):

a. "Lower-bound" values of UCS and GSI of the rock mass correspond to the value one
standard deviation below the mean at HAR 3. The lower bound GSI at HAR 3 is 54.
The average and standard deviation UCS value for the lower bound case at HAR 3 is
reported in FSAR Table 2.5.4-206.

- Example: At HAR 3, the mean UCS at elevation below 220ft is 6532psi, while the
standard deviation is 3836psi. Therefore, the lower bound value is equal to 6532 -
3836 = 2696psi.

b. The Hoek-Brown material constant mi was chosen to be 7, which is the default value
of mi for siltstone in the computer program RocLab. The project site mainly consists
of siltstone and sandstone below nuclear island subgrade elevation. The default
value of mi for sandstone is 17 in the computer program RocLab. Therefore, the
selection of 7 as mi is conservative.

c. A disturbance factor of 0.9 was conservatively used. Generally, for tunnel
application, a disturbance factor of 0.8 means very poor blasting during excavation
and a disturbance factor of 0 means excellently controlled blasting according to
RocLab software. RocLab does not provide a recommendation for foundation
applications. Therefore, a conservative value of 0.9 is used.



d. The maximum confining pressure was estimated using the method by Wyllie (1999).
This maximum confining pressure was used as the upper boundary of the Hoek-
Brown failure envelope such that cohesion and friction angle can be obtained from
the non-linear Hoek-Brown failure envelope. The maximum confining pressure was
conservatively assigned as one MPa.

A MathCAD example calculation has been prepared to demonstrate how the rock mass
strength parameters (cohesion and friction angle) are calculated internally in the RocLab
software. The example corresponds to the lower bound case, below elevation 220 ft, at HAR
3.
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Determination of Hoek and Brown Strength Properties at HAR 3
Case: Lower Bound Below Elevation 220 ft.

1. The computer program RocLab was used to obtain the Hoek and Brown Rock Mass Strength
Properties. The computer program RocLab computes the Mohr-Coulomb cohesion and friction
angle based on the equation provided in the following reference, which is the basis of RocLab as
provided in RocLab manual:

a. Hoek, E., Carranza-Torres, C.T., and Corkum, B. (2002), Hoek-Brown failurecriterion 2002
edition. Proc. North American Rock Mechanics Society meeting in Toronto in July 2002

The following MathCAD template was developed based on the original equations to show how
RocLab computes internally the Mohr-Coulomb cohesion and friction angle.

a. Inputs

O-ci := 2.696ksi

GSI:= 54

mi := 7

D:= 0.9

U'3max := 0.145ksi

Lower Bound UCS of intact rock at HAR 3

Lower Bound Geological Strength Index at HAR 3

Hoek-Brown material constant of intact rock

Disturbance Factor

Maximum confining pressure over which the relationship
between the Hoek-Brown and the Mohr-Coulomb Criteria is
considered.

B. Calculations

GSI-100

28-14D
mb := mi.e

mb = 0.353

GSI-100

9-3D
Sb := e

Hoek-Brown material constant of rock mass, Eq. (3) in
reference (a), i.e. Hoek, et al. (2002). This mb is the

same as parameter "m" used to obtain the maximum
confining pressure.

Hoek-Brown constant of rock mass, which is the same
as "s" in above Eq. (4) in reference (a), i.e. Hoek, et al.
(2002). This sb is the same as parameter "s" used to

obtain the maximum confining pressure.
Sb = 0.0007



GSI 
-20e

2 6 15
Hoek-Brown constant of rock mass. Eq. (5) in reference
(a), i.e. Hoek, et al. (2002).

ot = 0.504

o"3max

0-'3n= 0.

(T'3, = 0.054

A variable used by Eq. (12) and (13) in reference (a)

V := n[s 6'ot'mb'(Sb + mb'°"3n) 1
2.(1 + oa).(2 + a) + 6.'o .m b -(sb + m b .o "3n) it- 1

Mohr-Coulomb effective
friction angle. Eq. (12) in
reference (a)

Mohr-Coulomb effective
cohesion. Eq. (13) in
reference (a)

47 ci.P I+ 2 a).sb + (1 - O).mb- "'3 n'].(sb + mb.o"3n)et-1
C':=

(1 + a).(2 + a).jI + 6,otmb,(Sb + mb.-'&3n)a-
(1~ ~~ +(.(+I) + (l) +.(2 + a)

Mohr-Coulomb Fit

c' = 0.031 ksi = 29.9 deg Rock mass strength parameters, cohesion and
friction angle.



Figure A-I
Rock Core GSI vs. Elevation

HAR 3 - El. 220 to 170 Ft.

Geological Strength Index (GSI)
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