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Letter from Brian Hughes (NRC) to Peter Hastings (Duke Energy),
Request for Additional Information Letter No. 096 Related to SRP Section
02.04.12 - Groundwater for the William States Lee III Units 1 and 2
Combined License Application, dated April 14, 2011 (ML1 110305690)

This letter provides the Duke Energy response to the Nuclear Regulatory Commission's
request for additional information (RAI) included in the referenced letter.

The response to the NRC information request described in the referenced letter is
addressed in a separate enclosure, which also identifies associated changes, when
appropriate, that will be made in a future revision of the Final Safety Analysis Report for
the Lee Nuclear Station.

If you have any questions or need any additional information, please contact Peter S.
Hastings, Nuclear Plant Development Licensing Manager, at 980-373-7820.
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Enclosure:

1) Lee Nuclear Station Response to Request for Additional Information (RAI), RAI
Letter No. 096, RAI 02.04.12-020

2) Lee Nuclear Station Response to Request for Additional Information (RAI), RAI
Letter No. 096, RAI 02.04.12-021
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xc (w/out enclosure):
Loren Plisco, Deputy Regional Administrator, Region II

xc (w/ enclosure):
Brian Hughes, Senior Project Manager, DNRL
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AFFIDAVIT OF RONALD A. JONES

Ronald A. Jones, being duly sworn, states that he is Senior Vice President, Nuclear
Development, Duke Energy Carolinas, LLC, that he is authorized on the part of said
Company to sign and file with the U. S. Nuclear Regulatory Commission this combined
license application for the William States Lee III Nuclear Station, and that all the matter
and facts set forth herein are true and correct to the best of his knowledge.

Ronald A. Jones

Subscribec

Notary Put

land sworn to me on _- )2.1

)lic

My commission expires: q10212c) 16-

SEAL Ij',. a Vol

- -
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Lee Nuclear Station Response to Request for Additional Intormation (RAI)

RAI Letter No. 096

NRC Technical Review Branch: Hydrologic Engineering Branch (RHEB)

Reference NRC RAI Number(s): 02.04.12-020

NRC RAI:

Additional information regarding maxi mum post-construction groundwater elevations at the Lee
Nuclear Site is required to meet the requirements of 10 CFR 52.79(a)(1)(iii), 10 CFR 100.20(c),
10 CFR 100.21(d), and GDC 2. The applicant's past estimates based on observed water levels in
the Cherokee excavation and generalizations based on LeGrand (2004) are insufficient, since
they do not sufficiently take into account the actual conditions that are anticipated to exist after
construction. Staff needs an estimate of the maximum post-construction groundwater level that
is based on anticipated post-construction surface conditions, and also on a plausible conceptual
model of the post-construction subsurface conditions. The estimate must be based on recharge
rates associated with each of the main surface features, including semi-impervious surfaces,
grass-covered surfaces, drainage ditches, and the cooling tower mounds. The estimate must
address groundwater response to the maximum plausible recharge rates and to potential
groundwater mounds that might form, e.g., beneath the cooling towers and drainage ditches. The
groundwater response must account for the post-construction subsurface conditions, including
engineered fill and backfill. The area of interest is bounded approximately by the 588-ft contour
just north and south of Units 1 and 2, as shown in COLA Rev. 2, FSAR Fig. 2.4.2 202, and
bounded east and west by the cooling towers.

Duke Energy Response:

1.0 Post-Construction Conditions

Post-Construction Subsurface Conceptual Model
Duke Energy developed a conceptual site groundwater model of the William States Lee III
Nuclear Station (WLS) Site that considered the hydrogeologic setting, historical and current
groundwater conditions, and anticipated potential post-construction groundwater conditions as
part of the implementation of a Radiological Groundwater Protection Initiative (Reference 1).

The post-construction subsurface lithostratigraphy is primarily composed of two interconnected
layers (media) of native materials: 1) regolith comprised of soil, saprolite, and partially
weathered rock (PWR) within a weathering transition zone, overlying 2) fractured crystalline
bedrock (Reference 1). Unaltered areas were conceptualized as being consistent with the
Piedmont hydrogeological conceptual model summarized by LeGrand (Reference 2).
Additionally, areas altered by the placement of fill materials composed of on-site soil and/or
saprolite are considered to be hydrologically similar to otherwise undisturbed native regolith
materials. Groundwater conditions at the WLS site have been previously discussed in terms of
this conceptual model (Reference 1).
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WLS site topographic and subsurface conditions were significantly altered by Cherokee-era
construction activities, following completion of the 1973 PSAR. These alterations are further
described in FSAR Section 2.4.12.2.2 and included (Reference 1):

" Excavation of the power block area, which was allowed to fill with water following the
cessation of Cherokee construction;

* Extensive site grading (cut and fill activities to establish an approximate common grade
near elevation 590 ft.)

* Make-Up Pond A construction east/southeast of the power block;
* Make-Up Pond B construction west of the power block; and,
* Hold-Up Pond A construction north of the power block.

These site alterations occurred during Cherokee-era construction activities, well prior to the
WLS site investigations conducted in 2006,- 2007, such that the impacts from these alterations
are reflected in WLS investigations' results. The WLS groundwater investigations also
considered potential impacts from the dewatering of the power block excavation, which is
ongoing and occurred contemporaneously with the 2006 investigations, as described in FSAR
Section 2.4.12.2.3.

FSAR Figure 2.4.12-204, Sheet 8 illustrates the projected post-construction, post-dewatering
potentiometric surface. The projected post-construction groundwater conditions are based on
water level measurements in groundwater wells during the WLS investigations, surface water
elevations of surrounding water bodies, and the observed high water mark within the power
block excavation (approximately 579 ft. elevation) (Reference 1). Duke Energy's experience
with other nuclear plants in Piedmont settings and general knowledge of the Piedmont, through
experience and literature, support the prediction that post-construction Lee Nuclear groundwater
conditions will be dictated by the current two-medium, surface drainage basin and slope-aquifer
system that will remain post-construction (Reference 1).

While the majority of the post-construction site can be characterized by the Piedmont-type, two-
medium slope-aquifer system, the area within the power block area is expected to have altered
post-construction groundwater flow conditions. During construction of the nuclear island, two
types of fill materials will surround the new units within the existing excavation. Engineered
granular fill (GF) will be placed around each of the new units in an annulus of approximately
100 ft., extending out from the subsurface structure walls and forming the foundation support for
adjacent buildings. The remainder of the excavation will be backfilled with native fill to a plant
grade elevation of 589.5 ft. msl. Granular fill will not extend to the sidewalls of the existing
excavation, but will be surrounded by compacted, native fill. FSAR Figures 2.5.4-245, -246, -
260 through -265 provide cross-sections of the granular and native (soil) fill placements in'
relation to Units 1 and 2.

Conceptually, post-construction groundwater flow through the excavation is expected to be
controlled by the least transmissive zone along the flow path, which will be the compacted native
fill. Because the compacted native fill material will extend vertically from the excavation
bottom to approximately surface grade and will surround the granular fill within the existing
excavation, it is expected to control and restrict groundwater flow into the granular fill. The
composition and hydraulic properties of the native fill are expected to be similar to Cherokee-era
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construction till, which was also compacted from on-site borrow (cut) materials, as described in
FSAR Sections 2.4.1.2.1 and 2.4.12.1.2. This fill material was determined to have a mean total
porosity of 40% and an estimated effective porosity of 9%. Hydraulic conductivity of fill ranged
from 1.81 x 10- cm/s to 7.44 x 10' cm/s with a median value of 5.39 x 10' cm/s.
Characteristics of Cherokee-era fill materials are provided in F'SAR, Section 2.4.12.2.4.

Soil classifications for acceptable specifications of granular fill include well-graded sand (SW),
poorly-graded gravel (GP), and well-graded gravel (GW). Hydraulic properties for these
granular fill materials have been estimated from typical ranges for the described materials, as
shown in Table 1. By comparing the granular fill and Cherokee-era fill, the hydraulic
conductivity of granular fill is estimated to be approximately two to three orders of magnitude
greater than the compacted native fill material.

Table I Estimated Hydraulic Properties of Granular Fill(')
Hydraulic Property Units SW GP GW

Effective Porosity, ne 2 ) Percent 22 18 12
Hydraulic Conductivity (K), cm/sec 0.005 - 0.017 0.005 - 0.075 0.005-0.05
range of values(3)

(I ) The physical properties presented are typical for the materials described. Actual physical properties of fill
materials. may vary across the site.

(2) Effective porosities are estimated to be approximately 78% of total porosity.

(3) K values are estimated based on relationship between grain size distribution and permeability coefficient per
Hlazen method. Hydraulic conductivity values are provided in FSAR TFable 2.5.4-211, Sheet 2 of 2.

Post-Construction Surface Conditions
Changes to post-construction surface conditions have been previously detailed in Duke Energy's
response to RAI No. 02.04.12-019 (Reference 3). The primary post-construction changes to
surface conditions pertain to surface grading and the construction of impervious surfaces.

Pre-construction surface grading allowed precipitation and runoff from the surrounding area to
collect within the Cherokee-era open excavation. In contrast, post-construction surface grading
will facilitate the runoff of precipitation away from safety-related structures, as indicated in the
post-construction topographic contours depicted in FSAR, Figure 2.4.2-202.

Post-construction surface cover in close proximity to the nuclear island will include buildings,
impervious roadways and parking areas, and semi-impervious compacted hardscape material to
promote runoff. These areas and materials will be surrounded by grass surfaces located outside
of the power block area (Reference 3).
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2.0 Post-Construction Recharge Rates

Anticipated post-construction groundwater recharge was calculated using a water budget analysis
taking post-construction surface cover into account. The average post-construction recharge rate
was calculated to be 5.1 inches per year (in/yr), which considered mean annual inputs for
precipitation, evapotranspiration, and runoff in the water budget analysis. The maximum post-
construction recharge rate was calculated to be 8.2 in/yr, which considered the maximum
recorded historical annual precipitation. Post-construction recharge rates were calculated for the
total area of interest, but recharge is expected to locally vary dependent on surface cover type.
Analysis of potential infiltration indicates that groundwater recharge will primarily occur
beneath the grass cover types on the periphery of the power block area.

The maximum post-construction recharge rate is considered conservative in that the analysis
considers the maximum historically-recorded precipitation rate and does not account for
stormwater removed by planned stormwater drainage conveyances. This approach takes no
credit for the Storm Drain System (DRS) that will discharge stormwater runoff away fr-om the
power block area. Roof drainage will also be channeled through drainage downspouts and
directed to the DRS (Reference 3). The analysis allowed runoff from impervious surfaces to
hypothetically travel by overland flow and infiltrate into adjacent grass surfaces at slightly lower
elevations. This conservative approach increased the calculated post-construction groundwater
recharge rate. While this approach is considered unrealistic for the site as a whole, the analysis
produces a maximum recharge rate that more than accounts for any possibility that some areas
may receive additional runoff from localized surface drainage paths.

Post-construction calculated recharge rates were compared to analogous results in Piedmont
settings in available literature, which generally represent average Piedmont climatic conditions.
The calculated average and maximum post-construction annual recharge rates, 5.1 in/yr and 8.2
in/yr, respectively, are within the range of average annual recharge rates from three literature
studies, where recharge rates ranged from 4.03 to 12.6 in/yr. The calculated post-construction
recharge rates for the WLS site are less than many of the literature values, which is reasonable
given the proportionally large area of hardscape and impervious surfaces within the "area of
interest" as defined by this RAI (as compared to the more wooded and permeable nature of a
typical Piedmont setting).

3.0 Post-Construction Groundwater Response to Recharge

Using an analysis that incorporates saturated zone flow equations and the water table fluctuation
method (Reference 4), potential future water table response to recharge from precipitation was
estimated. This analytical method allowed the change in groundwater height to be predicted as a
series of iterative time steps. The resulting change in groundwater height was a function of the
calculated maximum post-construction recharge rate, site-specific aquifer properties, and the
aquifer discharge potential. Results of the analysis indicated:

Groundwater rises following significant recharge events (modeled as approximately 25%
of the maximum annual recharge rate and approximately representative of the highest
recorded monthly precipitation event) were ephemeral. Groundwater levels dropped
below the previous elevation within the month following the recharge event.
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" The magnitude of rounlvdwater rises following recharge events was limited in height.
such as an approximate rise of 1.2 ft following a recharge event representing 25% of the
maximum annual recharge rate.

* The aquifer discharge potential is sufficient to discharge the additional recharged water
(under maximum precipitation conditions) without restulting in a net gain in water table
elevation.

* Construction of impermeable surfaces and hardscapes increases runoff, which is
inversely related to groundwater recharge in the water budget analysis. Because the
cooling tower mounds are topographically-localized mounds, the post-construction
groundwater elevation is expected to be directly related to local recharge and topography.
As such, the post-construction increase in impermeable surfaces and runoff is expected to
result in a decrease in recharge and groundwater elevation compared to pre-construction
conditions.

Following the above analysis of reasonable recharge events through time, a simplified
calculation of maximum groundwater elevation in response to a single extreme recharge event
was performed to bound the groundwater response analysis. This hypothetical scenario assumed
that maximum annual recharge (8.2 in/yr) (representing the recharge resulting from the annual
maximum precipitation rate) occurred instantaneously without any aquifer discharge. Using the
water table fluctuation method, the maximum change in groundwater height, dh, was calculated
by dividing the recharge rate, R, by the effective porosity of the aquifer material (assumed to be
an average of fill and soil/saprolite, because these lithologies are generally located near the top of
the water table where recharge fluctuation will occur). The calculated rise in groundwater was
approximately 56.5 in, or 4.7 ft. ý Although this scenario is unrealistic, it provides a conservative
bounding estimate of the maximum groundwater recharge response.

As previously described in Reference 3, site observations of water level fluctuations (based on
historical aerial photographs and range of water stains on Cherokee concrete structures) have
been assessed. These observations suggest that the range of groundwater fluctuation in the open
excavation (approximately between the years of 1984 and 2005) was between 574 and 579 ft.
msl, with a mid-range point of 576.5 ft. msl. Because the aquifer surrounding the excavation is
unconfined and ground elevation near the excavation is not expected to change significantly, pre-
construction water level observations are considered to be appropriate reference points. By
adding the hypothetical groundwater rise of 4.7 ft. to the observed mid-range groundwater
elevation (576.5 ft. msl), the resultant maximum groundwater elevation is approximately 581.2
ft. msl. As a more extreme case, when the 4.7 ft. rise is added to the highest observed pre-
construction water level within the excavation (579 ft. msl), the resultant maximum groundwater
elevation is 583.7 ft. msl.

4.0 Predicted Groundwater Response to Post-Construction Fill Materials

The potential for post-construction groundwater mounding resulting from groundwater flow
through fill materials and around below-grade reactor foundations was also analyzed. This
analysis was conceptually based on a groundwater flowpath through post-construction
subsurface materials and similar to Pathway 1 from FSAR Section 2.4.12.3.1 and Figure 2.4.12-
208. The two-dimensional flowpath starts in the native aquifer materials on the upgradient side
of the former excavation, traveling through compacted fill and engineered granular fill flowing
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around one of the below-grade reactor buildings (accounting f0or a reduction in size of1 tile
available flow area clue to the imperreable building foundation). On the downgradient side.

groundwater flow continues through granular fill, compacted fill, and finally back into the native
aCluif'er materials of fill, soil, saprolite, and PWR. The steady-state one-dimensional groundwater
flow equation was used to calculate the potential change in groundwater height along the
conceptual flowpath. Results of this analysis indicated:

* Groundwater height within the compacted fill is expected to be approximately uniform.
This is consistent with the steady-state principle in that the compacted fill is expected to
release groundwater into the granular fill (upgradient of the power block) at the same rate
that it accepts groundwater flow from the granular fill at the downgradient side of the
flow path.

• Groundwater height within the granular fill surrounding the nuclear island is not expected
to exceed the groundwater height in the surrounding compacted fill material. Because the
granular fill is projected to have a higher hydraulic conductivity and effective porosity
(values shown in Table I of this response) than the surrounding compacted fill, the
granular fill requires less aquifer thickness (less height) to transmit the groundwater that
enters through the compacted fill. Groundwater elevation may be more locally variable
than is indicated by the conceptualized steady-state one-dimensional flowpath, but this
analysis indicates that any localized mounding is expected to be below the groundwater
elevation within the compacted fill material.

* Rises in groundwater height within the granular fill due to subsurface buildings are
expected to be minimal (approximately 0.1 ft. rise within the granular fill), such that the
groundwater elevation will remain lower than in the surrounding compacted fill. In
general, this calculation indicates that groundwater elevation is more sensitive to
variability in hydraulic conductivity (approximately two orders of magnitude increase in
granular fill compared to surrounding materials) than to the decreased cross-sectional
flow area (approximately reduced by half an order of magnitude) due to subsurface
obstruction, such as the reactor building.

5.0 Estimate of the Maximum Post-Construction Groundwater Level

The quantitative analysis indicates that 583.7 ft msl is a conservative estimate of the maximum
post-construction groundwater level in the area of Units 1 and 2. This estimate was calculated
using the maximum historically-recorded precipitation rate, a conservative estimate of maximum
site-specific groundwater recharge, and post-construction surface and subsurface conditions. To
provide a conservative and bounding scenario, the groundwater level of 583.7 ft msl is based on
a hypothetical recharge event that allows the calculated annual recharge to occur instantaneously.

As discussed in Section 4.0 of this response, the analysis also indicates that under steady-state
equilibrium conditions subsurface building foundations are not expected to significantly restrict
groundwater flow through the surrounding granular fill. Additionally, groundwater rises
following recharge events (or seasonal rises) are expected to be ephemeral and limited in height
(Section 3.0 of this response), such that groundwater levels are expected to equilibrate below the
calculated maximum level.
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Previous characterization of post-construction maximum groundwater levels was based on site

water level measurements, evidence from water level stains on Cherokee structures within the
excavation, and review of aerial photography and regional Piedmont groundwater level
fluctuationsl The conservative estimate of the post-construction maximum groundwater level in
the area of Units I and 2 was determined to be 584 ft mesl (Relference 3).

The maximum groundwater level considered in the API000 design is 2 ft below the plant
elevation (WLS elevation 590 ft msl). Therefore the maximum post-construction groundwater
elevation for the WLS site must be below 588 ft msl. The calculated maximum post-
construction groundwater elevation of 583.7 ft msl is approximately 4.3 ft below the AP1000
design maximum groundwater elevation and is bounded by the previously determined maximum
post-construction groundwater level of 584 ft msl.

References:
1) Duke Energy Letter, dated May 12, 2009, from B.J. Dolan to Document Control Desk,

U.S. Nuclear Regulatory Commission, Lee Nuclear Station Supplemental Response to
Request for Additional Information (RAI No. 826), RAI Letter No. 017, NRC RAI No.
02.04.12-014, ML091340410.

2) LeGrand Sr., Harry E., 2004. A Master Conceptual Model for the Hydrogeological Site
Characterization in the Piedmont and Mountain Region of North Carolina, A Guidance
Manual. North Carolina Department of Environmental and Natural Resources, Division
of Water Quality, Groundwater Section.

3) Duke Energy Letter, dated September 30, 2010, from B.J. Dolan to Document Control
Desk, U.S. Nuclear Regulatory Commission, Lee Nuclear Station Supplemental
Response to Request for Additional Information (RAI No. 4870), RAI Letter No. 091,
NRC RAI No. 02.04.12-019, ML102770372.

4) Park, E. and J.C. Parker, A Simple Model for Water Table Fluctuations in Response to
Precipitation, Journal of Hydrology, vol. 356, p. 344-349, 2008.

Associated Revisions to the Lee Nuclear Station Final Safety Analysis Report:

None

Attachments:

None
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter No. 096

NRC Technical Review Branch: Hydrologic Engineering Branch (RHEB)

Reference NRC RAI Number(s): 02.04.12-021

NRC RAT:

Additional information regarding the site characteristics of the proposed Lee Nuclear Site is
required to meet the requirements of 10 CFR 52.79(a)(1)(iii), 10 CFR 100.20(c), 10 CFR
100.21 (d), and GDC 2. FSAR Revision 2, Appendix 2AA, provides the results of 11 packer tests
conducted in 2006. Enercon Project Report DUKO10-FSAR-2.4-Calc-16, Rev. 5, provides the
results of 16 slug tests conducted in 2006. Calc- 16 also shows the calculation of hydraulic
conductivity summary statistics (based on all conductivity tests) that support Table 2.4.12-204.
In reviewing the FSAR and this information, staff identified the need for clarification of data and
methods related to these results. The following questions and requests for documents address this
need:

1. Calc- 16 identifies eight Partially Weathered Rock (PWR) "pump & recovery tests" and 23
Undifferentiated Material "aquifer pump tests" that are not identified in Section 2.4.12.2.4 of the
FSAR. It appears the hydraulic conductivity values from these tests were included in the
summary statistics that support Table 2.4.12-204. Please provide the following:

a. Information or references describing the eight PWR pumping tests
b. Information or references describing the 23 Undifferentiated Material pumping tests
c. Clarification about whether and how these K values were included in the summary statistics
d. If Calc-16 does contain new information about the basis of Table 2.4.12-204 that is not
included in FSAR Revision 2, a revised description of the basis of the table.

2. "Undifferentiated Material" refers to a combination of soil, saprolite, PWR, and/or bedrock.
Aquifer tests were conducted in Undifferentiated Material in the 1970s. Calc- 16 shows that the
average hydraulic conductivity of this material is 1.58E-3 cm/s, which is slightly higher than the
FSAR estimate of a "conservative" hydraulic conductivity of 1.4E-3 cm/s for the PWR. Please
explain whether the value of 1.4E-3 cm/s should be retained as a conservative estimate of
hydraulic conductivity, or whether a higher value (e.g., something greater than the average
conductivity of undifferentiated material) should be used instead.

3. Figure 2.4.12-207 shows hydraulic conductivity values as a function of depth. Many hydraulic
conductivity values in the PWR exceed the "conservative" estimate of 1.4E-3 cm/s. Please
describe how many of those values are associated with the primary transport pathway defined as
Pathway 1 in Section 2.4.12.3 and FSAR Figure 2.4.12-208.pdf and provide the values.

4. Figure 2.4.12-207 shows hydraulic conductivity values as a function of depth. According to
the legend, it appears that there are at least seven values associated with 2006 pumping tests. The
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FSAR indicated there was only one pumping test in 2006. Please clarify how many pumping
tests were conducted in 2006, and, if more than one, what boreholes were used for pumping and
water level observation. If more than one pumping test were performed in 2006, please provide
the results.

5. Please clarify whether the statistics that support Table 2.4.12-207 are based on unique
hydraulic conductivity measurements, or whether they include multiple tests conducted in the
same borehole. For example, if a slug test was repeated in the same borehole, were both values
included in the calculations? If repeated measurements in the same borehole were included, even
if using different techniques, explain whether this approach would bias the statistics.

6. Please provide a copy of the calculation package or report that describes the multi-borehole
aquifer test and the calculations that yielded the value of 1.4E-3 cm/s as the conservative
estimate of hydraulic conductivity for PWR, as shown in Table 2.4.12-204.

7. Please provide a copy of Enercon Project Report, DUKO1O-PR-036, Rev. 0, "Review of
Cherokee Gradient and Drainage Plans to Evaluate Potential for Preferential Pathways."

8. Please provide the complete MACTEC Engineering, Inc., report for the packer tests conducted

in 2006.

9. Please provide the complete contractor report for the slug-out tests conducted in 2006.
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Responses to each question are provided below in the order presented in the RAI.

1. CALC-016 identifies eight Partially Weathered Rock (PWR) "pump & recovery tests" and
23 Undifferentiated Material "aquifer pump tests" that are not identified in Section 2.4.12.2.4
of the FSAR. It appears the hydraulic conductivity values from these tests were included in the
summary statistics that support Table 2.4.12-204. Please provide the following:

a. Information or references describing the eight PWR pumping tests
b. Information or references describing the 23 Undifferentiated Material pumping tests
c. Clarification about whether and how these K values were included in the summary
statistics
d. If CALC-016 does contain new information about the basis of Table 2.4.12-204 that
is not included in FSAR Revision 2, a revised description of the basis of the table.

Duke Energy Response:

The project calculation referenced in the NRC RAI, DUKO10-FSAR-2.4-CALC-016 ("CALC-
016"), Revision 5 (Reference 1) was reviewed and revised in preparation of this response. The
current revision level of CALC-0 16 is Revision 7 (Reference 2) and is available for NRC
inspection. During the preparation of this RAI response, minor discrepancies were identified in
the calculation as well as FSAR Section 2.4.12. These discrepancies have been addressed in
CALC-0 16, Rev. 7, and associated proposed changes to the FSAR are provided in Attachments 1
through 4 to this response. The discrepancies have no impact to the overall conclusions of the
calculation or FSAR Section 2.4.12. The following information is provided in response to the
specific RAI questions listed above.

a. Information or references describing the eight PWR pumping tests

Duke Energy Response:

A single multi-well pumping test was performed in 2006 for the Lee groundwater investigation.
A total of nine horizontal hydraulic conductivity (K) values resulted from this pumping test,
eight from application of one analysis method and one from application of a second analysis
method.

The following information describes the single 2006 Lee Multi-Well Aquifer Pumping Test.
* This test is documented in Project Report DUK01O-PR-018 "PR-0 18" (Reference 4) and

noted in FSAR Section 2.4.12.2.4.2.
* This test consisted of a single multi-well pumping test. Groundwater was pumped from well

MW-1215 (pumping well) while observing the affect on this well and the surrounding
observation wells MW-1201, MW-1206, and MW-1207. From this single test, there were
eight K values determined using the Theis water level drawdown and recovery analysis
method (References 2, 3 and 4). The Theis method is considered to be representative of
conditions in closer proximity of the pumping well. (Reference 3)

" In addition, the test data was evaluated using the Cooper-Jacob distance-drawdown analysis
method (References 2, 3 and 4). This method is considered to reflect hydraulic properties
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further from the pumping well, nearer the edge of the cone of depression. The Cooper-Jacob
analysis method yielded one K value (i.e., 3.2E-04 cm/s).

" Thus, from the single 2006 multi-well pumping test, there were eight K values developed
from the Theis method and one K value from the Cooper-Jacob method for a total nine K
values, all developed from the data obtained from one multi-well pumping test conducted in
2006 as part of the Lee era characterization.

* From these nine K values, an average of 1.4E-03 cm/s was determined (Reference 4).
" These nine K values, derived from aquifer test analysis, are included within Table 3 of

Appendix 9.3 of CALC-0 16 (Reference 2), which lists other values of K that were associated
with partially weathered rock (PWR) material and derived from slug tests and packer tests
conducted during Cherokee and Lee site investigations.

Minor wording changes to FSAR Section 2.4.12.2.4.2 to clarify that a single pumping test was
performed in 2006 are provided in Attachment 1.

b. Information or references describing the 23 Undifferentiated Material pumping tests

Duke Energy Response:

Values of K for "undifferentiated material" are associated with Cherokee era multi-well aquifer
pumping tests. Note that the 1977 Cherokee era aquifer tests described in FSAR documents were
performed with little consideration of the vertical variability of K, treating the aquifer as a single
hydrostratigraphic unit. For this reason, the Cherokee era pumping test results on
undifferentiated material are used for gross comparison with the Lee pumping test results.

The 23 items in CALC-0 16, Appendix 9.3, Table 4 (Rev. 5) (Reference 1) are the resulting
calculated K values from two multi-well aquifer pumping tests. These values represent 23
analyses, reflecting the reported hydraulic responses of 19 observation wells for the two pumping
tests. The two tests were conducted in areas north of Cherokee Units 1 (Test 1) and 3 (Test 2B).
A third multi-well aquifer test (Test 2A) was also performed in the same location near Cherokee
Unit 3, but the calculated K values were not used in the analysis of the undifferentiated materials
due to the relatively lower K values derived compared to another pumping test from this same set
of wells. The following additional detail is provided on these three tests and resulting K values.
1) The wells were screened across permeable zones without distinction to hydrostratigraphic

units; therefore, this is referred to as testing of undifferentiated material.
2) The Cherokee era pumping tests were completed in 1977, and the areas of the tests were

subsequently removed or significantly altered during Cherokee site excavation.
3) Results from only two tests (Test 1 and Test 2B) are provided in the Table 4 (Rev. 5) since

data from a second test (Test 2A) at the location near Cherokee Unit 3 yielded relatively low
K values and was excluded from the analysis. That is, the data from the second test was not
listed in Table 4, Rev. 5 as a conservative measure, biasing the data set average to a higher
value. Note that "conservative" used here and throughout this response refers to the selection
of higher K values which would imply a higher rate of transport of contaminants through
groundwater.
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4) Given the intent to provide an estimate for gross comparison purposes, the average of the
selected K data was used to generally represent the aquifer. The resulting average in CALC-
016, Appendix 9.3, Table 4 (Rev. 5) was 1.58E-03 cm/s (rounded to 1.6E-03 cm/s). This
result was based on the average of the 23 entries of K values in Table 4.

Note that CALC-0 16, Appendix 9.3 has been revised (Rev. 7) (Reference 2) to provide an
expanded discussion of the Cherokee era pumping tests of undifferentiated material. This
revision also simplifies and/or clarifies the Appendix 9.3, Table 4 values for K, reducing the
number of K values considered from 23 to 19 (removed a duplicate entry, removed an entry
without a K value and removed two entries that represented averages of the respective pumping
tests). These minor changes do not alter the overall use and conclusions regarding the testing of
undifferentiated material. Proposed revisions to FSAR Table 2.4.12-204 are provided in
Attachment 2 to reflect a small change (reduction) in the estimate of K for undifferentiated
material from 1.6E-03 to 1.5E-03 cm/s.

c. Clarification about whether and how these K values were included in the summary
statistics.

Duke Energy Response:

In general, as part of planning the Lee groundwater investigation, the PWR material (or bedrock
transition zone) was anticipated to be the most hydraulically conductive aquifer material (FSAR
Section 2.4.12.2.4.2). Therefore, special attention was given to the evaluation of PWR hydraulic
conductivity. Overall, the more conservative result from two analyses was used to establish an
estimate for PWR horizontal hydraulic conductivity (K).

The two analyses were:
1) Analysis of the single 2006 Multi-well Aquifer Pumping Test, as documented in Project

Report "PR-018" (Reference 4). This analysis is described in the response to Question I a
above.

2) Statistical analysis of multiple PWR K values (from Cherokee and Lee era investigations),
documented in CALC-016, Appendix 9.3 (Table 3 and related discussion) (Reference 2).
This analysis considered a broad range of PWR K values from Cherokee and Lee era testing.
The following information describes the statistical analysis of PWR K Values.
* This analysis is based on approximately 80 values (listed in Table 3) for PWR K from

Cherokee packer tests and Lee era slug tests, packer tests, and the single multi-well
aquifer pumping test. In Appendix 9.3, Table 3, the nine K values from the single 2006
multi-well pumping test are labeled "zAqT" and "zAqTr" (drawdown and recovery)
under the "Test Method" column.

* The statistical analysis of the Appendix 9.3, Table 3 data set yielded a conservative value
(i.e., the geometric mean of K values above the median) of 1E-03 cm/s. However, as
discussed in CALC-016, Appendix 9.3 Table 3 and in FSAR Section 2.4.12.2.4.2, the
more conservative K value of 1.4E-03 cm/s from PR-0 18 (Reference 4) was ultimately
selected as an estimate of PWR K.
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* A minor discrepancy in Appendix 9.3, Table 3, CALC-016 was corrected (K from
distance-drawdown analysis method was updated from 1.40 E-03 to 3.20 E-04 cm/s) in
Rev. 7. This discrepancy had no impact on the calculation results, conclusions, or the
reporting of data in FSAR Table 2.4.12-204.

" This analysis does not include Cherokee era pumping test results related to
undifferentiated materials for reasons described below.

Testing Related to Cherokee Undifferentiated Material
Values of K for undifferentiated material are associated exclusively with the Cherokee era 1977
aquifer pumping tests (Test 1 and Test 2B). This data was considered informative but not as
reliable as other Cherokee and Lee era data. This data was included in CALC-0 16 and reported
in summary fashion in FSAR Section 2.4.12.2.4.2 and FSAR Table 2.4.12-204 for gross
comparison purposes only. This approach was taken for the following reasons:

" Some of the Cherokee era data from these tests were not finalized and only available in
"draft" form.

* The results of these tests can no longer be verified or reproduced since the test areas were
subsequently removed or significantly altered during the Cherokee site excavation.

* Well design (using approximately 95 feet of screen interval) for the Cherokee era testing
varied significantly from that of the Lee investigation introducing uncertainty in the
statistical comparison of the data.

" Cherokee era pumping test methods for data collection and test duration were
inconsistent amongst the three Cherokee pumping tests, and one test's duration is
considered inadequate by Lee era standards. The shortest Cherokee era pumping test (4
hours in duration) resulted in the highest K values of the Cherokee era pumping tests
(Lee era aquifer test was approximately 47 hours in duration).

The Cherokee era pumping test data was considered independently for comparison purposes only
with the Lee pumping test results. The K values calculated from Cherokee era testing were not
appropriate for inclusion in the statistical analysis of the PWR K. However, the average of the
testing, 1.5E-03 cm/s (CALC-016, Appendix 9.3, Table 4, Rev. 7) is in the same order of
magnitude as the PWR K results. This value is presented in the proposed revision to FSAR Table
2.4.12-204 in Attachment 2.

d. If CALC-016 does contain new information about the basis of Table 2.4.12-204 that is not
included in FSAR Revision 2, a revised description of the basis of the table.

Duke Energy Response:

FSAR Table 2.4.12-204 has been revised to be consistent with the results from Appendix 9.3 of
CALC-0 16, Rev. 7 (Reference 2); see Attachment 2. The calculation has been expanded,
clarified, and discrepancies in Appendix 9.3 have been corrected, but the calculation contains no
new test data results. The changes to FSAR Table 2.4.12-204 have no impact on overall
conclusions either in CALC-0 16 or in FSAR text.
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2. "Undifferentiated Material" refers to a combination of soil, saprolite, PWR, and/or
bedrock. Aquifer tests were conducted in Undifferentiated Material in the 1970s. CALC-016
shows that the average hydraulic conductivity of this material is 1.58E-3 cm/s, which is
slightly higher than the FSAR estimate of a "conservative" hydraulic conductivity of 1.4E-3
cm/s for the PWR. Please explain whether the value of 1.4E-3 cm/s should be retained as a
conservative estimate of hydraulic conductivity, or whether a higher value (e.g., something
greater than the average conductivity of undifferentiated material) should be used instead.

Duke Energy Response:

As noted in the response to Question 1 c above, the average K value for undifferentiated material
was provided for comparison purposes only. A higher level of confidence and reliability exists
with the test data used to develop the conservative estimate of 1.4E-03 cm/s for PWR K. For
reasons discussed in response to Question 1 c above, it is not scientifically appropriate to consider
the two bodies of data fully comparable. The Cherokee undifferentiated material is used merely
as a point of reference for pre-Cherokee aquifer conditions. See the response to Question 3 for
further discussion regarding the development of the conservative estimate of 1.4E-03 cm/s for
PWR K.

3. Figure 2.4.12-207 shows hydraulic conductivity values as afunction of depth. Many
hydraulic conductivity values in the PWR exceed the "conservative" estimate of 1.4E-3 cm/s.
Please describe how many of those values are associated with the primary transport pathway
defined as Pathway 1 in Section 2.4.12.3 and FSARFIG02 04 12 208.pdf and provide the
values.

Duke Energy Response:

Question lc provides a description of the method used to select the value to represent the
plausible and conservative K for aquifer characterization for Lee Nuclear Station. Within the
PWR K data set used for statistical analysis (provided in CALC-0 16, Appendix 9.3, Table 3
[Reference 2]) a broad range of K values was used to determine the conservative estimate of
1.4E-03 cm/s. The distribution of the K values relative to depth is illustrated in FSAR Figure
2.4.12-207. Some of the K values representing PWR exceed the conservative estimate of 1.4E-
03 cm/s. Reported K values range to a maximum value of 9.89E-03 cm/s. The maximum value
of 9.89E-03 cm/s, while taken into consideration with all other data in the statistical analysis of
PWR data, was not deemed plausible to represent an average K value for the primary
groundwater pathway downgradient from the Lee Nuclear Station, simply because an alignment
of K values of this magnitude along the primary pathway is unlikely.

Note that while a portion of the current aquifer is composed of Cherokee-era fill material (on-site
material that was cut, reprocessed, and re-placed with compaction), as well as soil, saprolite, and
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partially weathered rock (PWR) media, the selected K value represents a plausible and
conservative alignment of K values within the primary groundwater pathway.

Thus, in considering which values of hydraulic conductivity measurements were associated with
Pathway 1, test data in the general area downgradient of both Units 1 and 2 were considered in
this evaluation. For this reason, the 2006 multi-well aquifer pumping test (and the K value of
1.4E-03 cm/s that resulted from the test) is considered a conservative representation of
groundwater aquifer conditions within the limiting groundwater Pathway 1 (that is, downgradient
between Lee Units 1 and 2 and Hold-Up Pond A), and is derived from a highly reliable,
customary, and appropriate hydrogeologic method of measuring hydraulic conductivity.
Furthermore, the average K value derived from this pumping test was more conservative than the
conser;vative statistical analysis of the PWR data set, which resulted in a K value of 1.0E-03
cm/s. The 1.4E-03 cm/s value is considered to be sufficiently conservative and appropriate for
use in transport analyses.

Sensitivity of Hydraulic Conductivity in Transport Analyses
There are calculated K values for PWR media that are higher than 1.4E-03 cm/s. Four K values
presented in CALC-016, Appendix 9.3, Tables 2 and 3 (Reference 2) both exceed the 1.4E-03
cm/s conservative K value and are also within the primary transport pathway defined as Pathway
1. Those four values represent K values from two locations, MW-1206 and MW-1207, and were
derived from pumping test drawdown and recovery analyses. The K values range from 2.46E-03
to 2.61E-03 cm/s.

In preparation of this response and to further assess the sensitivity of increased K on the transport
analyses discussed in FSAR Section 2.4.13, a single transport analysis was conducted. As
illustrated in FSAR Table 2.4.13-204, following a postulated effluent holdup tank failure, the
resulting sum of fractions for detected radionuclides at the nearest drinking water source in an
unrestricted area is 3.38E-05. This analysis is associated with a PWR K value of 1.4E-03 cm/s.
With other inputs held unchanged, K for PWR material was arbitrarily doubled to 2.8E-03 cm/s,
bounding the maximum hydraulic conductivity values observed within Pathway 1. The impact
of doubling K in this analysis resulted in a slight increase in the sum of fractions to 3.9E-05.
This is a relatively small increase in a value that is already quite low relative to 10 CFR Part 20
limits. A modest increase in K would have no significant impact on the FSAR Section 2.4.13
results or conclusions.

4. Figure 2.4.12-20 7 shows hydraulic conductivity values as afunction of depth. According to
the legend, it appears that there are at least seven values associated with 2006 pumping
tests. The FSAR indicated there was only one pumping test in 2006. Please clarify how
many pumping tests were conducted in 2006, and, if more than one, what boreholes were
used for pumping and water level observation. If more than one pumping test were
performed in 2006, please provide the results.

Duke Energy Response:
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The 2006 Multi-Well Aquifer Pumping Test
As described in response to Question 1 a above, only one aquifer pumping test was performed in
2006, which yielded an average K value of 1.4E-03 cm/s. The aquifer pumping test was
performed by documenting the effect of drawdown and recovery on the water levels in the
pumping well (MW-1215) and the observation wells (MW-1201, MW-1206, and MW-1207)),
yielding the nine values associated with the 2006 pumping test that are depicted in Figure 2.4.12-
207. This pumping test is documented in Project Report PR-01 8 (Reference 4) and is also
discussed in CALC-016, Appendix 9.3, Table 3 (Reference 2). A minor revision has been made
to the wording in the legend of FSAR Figure 2.4.12-207 to clarify that one pumping test was
performed in 2006. The point plotted for K from the distance-drawdown analysis method on
FSAR Figure 2.4.12-207 was updated from 1.40 E-03 to 3.20 E-04 (see explanation in response
to Question Ic above). The revised figure is provided as Attachment 4. These changes have no
impact on the overall conclusions in CALC-016 or FSAR Section 2.4.12.

5. Please clarify whether the statistics that support Table 2.4.12-207 are based on unique
hydraulic conductivity measurements, or whether they include multiple tests conducted in
the same borehole. For example, if a slug test was repeated in the same borehole, were
both values included in the calculations? If repeated measurements in the same borehole
were included, even if using different techniques, explain whether this approach would
bias the statistics.

Duke Energy Response:

Multiple Tests and Conservative Bias
Duke assumes this reference is regarding FSAR Table 2.4.12-204 (in that there is no FSAR
Table 2.4.12-207).

Hydraulic conductivity tests performed in 2006 included packer tests, one multi-well pumping
test, and slug tests. Multiple packer tests were performed in the same boreholes (B- 1004, B-
1015, MW-1201, and MW-1210) during the 2006 drilling program. Eleven packer test K values
characterize the vertical variability of hydraulic conductivity at these boring locations. This
approach was consistent with packer testing performed during the Cherokee investigation.

As discussed above in response to Question 1 a, the K value for the Lee site groundwater aquifer
was derived from the aquifer pumping test using eight drawdown and recovery analyses using
the Theis method and one analysis using the Cooper-Jacob distance-drawdown method. The
drawdown and the recovery analyses yield similar K values for their respective well screen
intervals. However, the distance-drawdown analysis is represented by only one value, yet this
analysis is likely more representative of a larger portion of the aquifer, and hence the overall K
of the Piedmont Aquifer at the Lee site. The resultant bias of this analysis weighs the average K
value more towards the drawdown'and recovery results in the individual wells, which were
generally higher values. This approach is considered conservative for the transport analyses
since, while it considers the generally low K value of the aquifer as a whole, the average K value
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has the effect of being weighted by the Theis analyses and tends to emphasize the higher K
values encountered in PWR screen intervals.

Slug tests were performed on 12 wells during the Lee investigation (MW-1201A, MW-1203,
MW-1204A, MW-1206, MW-1206A, MW-1207A, MW-1209, MW-1209A, MW-1210A, MW-
1211, MW-1212, and MW-1216). The wells designated as "A" wells are the shallowest of a
clustered well pair. Two slug tests were performed at four of the wells (MW-1201A, MW-
1207A, MWO1210A, and MW-1216), designated as "a" and "b" slug tests. Slug tests "a" and
"b" were repeated in the same well locations and both values were included in the statistical
assessments. Thus, a total of 16 slug tests were performed in 12 wells. The resultant K values
for the slug tests are included in CALC-016 (Reference 2), Appendix 9.3, Tables 2, 3, and 5, and
a summary of slug test results is also provided. The results of each of these slug tests were
included in the evaluations of K for fill in MW-1201A (a & b) and for soil/saprolite in MW-
1210A (a & b), MW-1207A (a & b) and MW-1216 (a & b).

While these duplicated measurements may introduce some degree of bias in the characterization
of fill and of soil / saprolite, this approach was selected to allow the broadest consideration of
data available. Note that there were no duplicate slug tests associated with the statistical analysis
of PWR K (see CALC-016, Appendix 9.3, Table 3.) Because the aquifer was assumed to be
comprised of PWR in analyses of pathway travel times (FSAR 2.4.12) and in transport analyses
(FSAR 2.4.13), the consideration of duplicate slug tests in fill or soil/saprolite would have no
impact on analyses or conclusions presented in these FSAR sections.

6. Please provide a copy of the calculation package or report that describes the multi-borehole
aquifer test and the calculations that yielded the value of 1.4E-3 cm/s as the conservative
estimate of hydraulic conductivity for PWR, as shown in Table 2.4.12-204.

Duke Energy Response:

ENERCON Project Report DUKO1O-PR-018 (Reference 4), which is the 2006 Lee pumping test
report, is available for NRC inspection.

7. Please provide a copy of ENERCON Project Report, DUKOl O-PR-036, Rev. 0, "Review of
Cherokee Gradient and Drainage Plans to Evaluate Potential for Preferential Pathways.:

Duke Energy Response:

ENERCON Project Report DUK010-PR-036 (Reference 5) is available for NRC inspection.
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8. Please provide the complete MACTEC Engineering, Inc., report for the packer tests
conducted in 2006

Duke Energy Response:

Borehole packer tests were conducted in four boreholes at locations B- 1004, B- 1015, MW- 1201,
and MW-1210 (see FSAR Figure 2.5.4-210 for boring locations). A summary of the test method
along with resulting test data is provided in the MACTEC Engineering and Consulting, Inc.
"Geotechnical Data Report, Attachment B," Revision 2 (January 11, 2010) (Reference 6),
Section 6.0 and Tables B-2 through B-5. This report is available for NRC inspection.

9. Please provide the complete contractor report for the slug-out tests conducted in 2006.

Duke Energy Response:

A separate contractor report was not prepared for the 2006-2007 slug tests. Appendix 9.3 of
DUK010-FSAR-2.4-CALC-016, Rev. 7 generally describes the procedures, presents the
analyses, and summarizes the findings of the slug tests. Calculation DUKO1O-FSAR-2.4-CALC-
016, Rev. 7 (Reference 2) is available for NRC inspection.
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Associated Revisions to the Lee Nuclear Station Final Safety Analysis Report:

FSAR Section 2.4.12.2.4.2

FSAR Table 2.4.12-204

FSAR Figure 2.4.12-205, Sheets 2, 3, and 4

FSAR Figure 2.4.12-207

Attachments:

1. Revision to FSAR Section 2.4.12.2.4.2

2. Revision to FSAR Table 2.4.12-204

3. Revision to FSAR Figure 2.4.12-205, Sheets 2, 3, and 4

4. Revision to FSAR Figure 2.4.12-207
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Attachment 1 to RAI 2.4.12-021

Revision to FSAR Section 2.4.12.2.4.2
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COLA Part 2, FSAR Rev. 3, Chapter 2, Subsection 2.4.12.2.4.2, is revised as follows:

The permeability of a material is a measure of its ability to transmit water. Generally within
the Piedmont region, the soil/saprolite zone has a low permeability. Also, fractures within the
competent bedrock become sparse and poorly connected at increasing depths, thus limiting
crystalline bedrock permeability. Fracture permeability consistently occurs in the transition
zone, including the uppermost part of bedrock; therefore, this zone often exhibits the highest
consistent permeability.

During the Cherokee investigation in the ear4y 1970's, 135 field and laboratory tests were
conducted to characterize soil and rock permeability. Fifty-five packer tests were conducted
in soil and rock intervals in 17 soil borings across the site. An additional 42 field and 38
laboratory tests were performed to evaluate soil permeability. The recent investigation
supplements the above investigation with the performance of an additional 11 packer tests in
bedrock materials, 16 slug-out tests across the site, and one multi-well aquifer pump test
performed within the limiting groundwater flow path (i.e., the flow path with the shortest
time-of-travel) from the nuclear island area toward the Broad River to the north.

Based on results from the 973 -Cherokee investigation, packer tests, multiwell pumping
tests, geotechnical laboratory analyses, and field tests (combined with the results of the 2006
slug tests, packer tests, and multiwell pumping test), the following conclusions are made
regarding aquifer permeability at the Lee Nuclear Site, noting that maintenance dewatering is
ongoing and may have affected the recent aquifer test results:

Reported vertical soil hydraulic conductivities (Kv) of soil and saprolite ranges from

2.45 x 10-8 cm/s to a maximum value of 2.55 x 10- 4 cm/s with a median of 2.10 x
10-6 cm/s. For samples exceeding the median hydraulic conductivity of the data set,
the geometric mean (4.4 x 10-5 cm/s) represents a conservative vertical hydraulic
conductivity value for the residuum. For the purpose of permeability analysis, a
conservative value is one that increases the rate of water movement. Vertical
hydraulic conductivity generally increases with depth.

Reported horizontal hydraulic conductivities (Kh) of soil and saprolite ranges from

9.67 x 10-7 cm/s (i.e., the lower limit of the test range) to a maximum value of 2.26 x
10-3 cm/s with a median of 1.14 x 10-4 cm/s. For samples exceeding the median

hydraulic conductivity of the data set, the geometric mean (4.5 x 10-4 cm/s)
represents a conservative hydraulic conductivity value for the residuum.

Reported hydraulic conductivities measured in the partially weathered rock (PWR),

or transition zone, range from approximately 9.67 x 10-7 cm/s to a maximum value of
9.89 x 10-3 cm/s with a median of 1.543_x 10-4 cm/s. For samples exceeding the
median hydraulic conductivity of the data set, the geometric mean (1.0 x 10-3 cm/s)
represents a conservative hydraulic conductivity value for the PWR transition zone
across the site. Based on its thorough review of the properties of the PWR zone, Duke
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asserts that a value of 1.4 x 10-3 cm/s is a scientifically-sound, conservative, and
representative hydraulic conductivity value for PWR materials at the Lee site. This is
the value obtained from an aquifer tests in 2006 for an area believed to best represent
the limiting groundwater flow path, and is used as the representative value of
hydraulic conductivity for PWR. Figure 2.4.12-207 includes three PWR samples that
were subsequently excavated in the area of the reactors.

Values of hydraulic conductivity reported in the Cherokee-era studies represent the
upper 100 ft. of the saturated interval. This undifferentiated aquifer zone is comprised
of residual soil, saprolite, and partially weathered rock. The resultant hydraulic

conductivity values range from 2.21 x 10- 4 cm/s to 3.90 x 10-3 cm/s. These results
are consistent with and support the recent findings of the Lee-era site investigation.
These more recent studies determined the hydraulic conductivity of PWR, the most

hydraulically conductive aquifer material, to be 1.4 x 10-3 cm/s.

Fill materials placed in former valleys during site grading are currently groundwater
aquifer materials in some areas. Slug tests conducted in 2006 and 2007 characterized

these materials to have hydraulic conductivities ranging from 4-.2-21.81 x 10-5 cm/s to

447.44 x 10452 cm/s. The median hydraulic conductivity for the fill material is

7-.O05.39 x 10-5 cm/s. For samples equal to and greater than the median hydraulic

conductivity of the data set, the geometric mean (4-.2-7.0 x 10-45 cm/s) represents a
conservative hydraulic conductivity value for the fill materials.

A summary of the various test results is presented in Table 2.4.12-204. Figure 2.4.12-207
depicts the distribution of hydraulic conductivities with depth. This figure shows the wide
variability of hydraulic conductivities observed across the site during both the Cherokee and
Lee site investigations. Hydraulic conductivities generally decrease with depth as partially
weathered rock transitions to continuous rock. Figure 2.4.12-207 includes the results for
partially weathered rock samples that were subsequently removed during excavation for the
Cherokee Nuclear Station reactor buildings.
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Attachment 2 to RAI 2.4.12-021

Revision to FSAR Table 2.4.12-204
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WLS COL 2.4-4

TABLE 2.4.12-204
AQUIFER CHARACTERISTICS

Hydraulic Conductivity (K)

Conservative
EstimateMaterial Minimum Median Maximum Source

Saprolite/Soil K,

Saprolite/Soil Kh

Bedrock - PWR Kh

Undifferentiated
Material

2.45 x 10-8

9.67 x 10-7

9.67 x 10-7

2.21 x 10-4

2.10 x 10-6

1.14 x 10-4

4.4 x 10-5

4.5x 10-4

1.4 x 10-3

1973 investigation laboratoryanalyses.

2.26 x 10-3 1973 investigation field tests and

2006 slug tests.

1973 investigation packer tests
9.89 x 10-3 and 2006 slug, aquifer pumpin,

and packer tests.

3.90 x 10-3 -973-1977 aquifer pumping tests.

4--54 1.53 X 10-4

4.10 x 10-
4

.6 1.5 x 10

4-2 7.0 x 1 O-4Fill Material 422 1.81 x 10 5 7.0o 5.39 x 10-5
1447.44 x

I 0•-4
2006 slug tests.

Units are in centimeters per second (cm/sec).
PWR - Partially weathered rock.
K, - Vertical hydraulic conductivity.
Kh - Horizontal hydraulic conductivity.

Conservative Estimate - The geometric mean of samples exceeding the median (applicable to
Saprolite/Soil Kv, Kh and Fill Material).
Conservative Estimate for Bedrock Kh was obtained from results of 2006 pumping test-
CnOOerFYatiV'e EVtimate• wore and was used to calculate the groundwater velocity. The Bedrock
Kh of 1.4E-03 cm/s bounded the geometric mean of samnles exceedinp the nmdian (i e I F-03
cmns).
Undifferentiated Material -Identification used for 19-73--1977 data where well screens bracketed
the entire saturated zone, and did not differentiate between the fill material, soil, saprolite, or
partially weathered rock. Conservative estimate of Undifferentiated Material Kh is presented
for comparison purposes only and is based on an average of results from 1977 pumping tests.
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Attachment 3 to RAI 2.4.12-021

FSAR Figure 2.4.12-205, Sheets 2, 3, and 4
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HISTORICAL TOPOGRAPHIC DATA FROM USGS BLACKSBURG SOUTH SC QUADRANGLE MAP (DATED 1971).
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Aquifer Characteristics
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I
Groundwater exists at the site as a single undifferentiated aquifer,
comprised of soils, saprolite. PWR, and competent bedrock. For
conservatism, the calculation of potential comlaminant transport
velocities used the slightly higher hydraulic conductivity and the
lower effective porosity values of PWR.
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HISTORICAL TOPOGRAPHIC DATA FROM USGS BLACKSBURG SOUTH SC QUADRANGLE MAP (DATED 1971).
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Attachment 4 to RAI 2.4.12-021

FSAR Figure 2.4.12-207
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Hydraulic Conductivity (K, cm/s)
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Note: Some symbols plotted above represent multiple
data points positioned on or very near the same
coordinates.
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