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AP1000 Combined License Application for the

William States Lee III Nuclear Station Units 1 and 2
Supplemental Response to Request for Additional Information
(RAI No. 826)
Ltr# WLG2009.05-07

Letter from Brian Hughes (NRC) to Peter Hastings (Duke Energy), Request for
Additional Information Letter No. 012 [sic] [017] Related To SRP Section 2.3.4
[sic] [2.4] for the William States Lee Ill Units I And 2 Combined License
Application, dated September 19, 2008.

References:

Letter from Bryan J. Dolan (Duke Energy) to Document Control Desk (NRC),
Response to Request for Additional Information Ltr# WLG2008.12-06, dated
December 11, 2008.

This letter provides supplemental information to the Nuclear Regulatory Commission's request
for additional information (RAIs) included in the referenced letter.

The supplemental information updates information regarding the groundwater modeling that is
part of Duke Energy's Radiological Groundwater Protection Initiative for William States Lee III
Nuclear Station and provides corrections to FSAR Subsection 2.4.12. Responses are
addressed in separate enclosures, which also identify associated changes, when appropriate,
that will be made in a future revision of the Final Safety Analysis Report for the Lee Nuclear
Station.

The response to RAI 02.04.12-013 was submitted on December 11, 2008 (ML083520336) and
included revisions to FSAR Figure 2.4.12-205 (Sheets 2, 3 and 4 of 4) as an attached mark-up.
The proposed change was not incorporated into Revision 1 of the FSAR issued February 25,
2009 and will be incorporated into a future revision of the FSAR.

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

Br~n JI Dolan
Vice President
Nuclear Plant Development

www. duke-energy. com r n



Document Control Desk
May 12, 2009
Page 2 of 4

Enclosures:

1) Duke Energy Supplemental Response to Request for Additional Information Letter 017,
RAI 02.04.12-004.

2) Duke Energy Supplemental Response to Request for Additional Information Letter 017,
RAI 02.04.12-014.
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AFFIDAVIT OF BRYAN J. DOLAN

Bryan J. Dolan, being duly sworn, states that he is Vice President, Nuclear Plant 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 supplement to the 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.

frydt J. lolan

Subscri ed and sworn to me on

Notary Public

1 2' 'ga

alolj-(~ 2~O/OMy commission expires:
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xc (w/o enclosures):

Loren Plisco, Deputy Regional Administrator, Region II
Stephanie Coffin, Branch Chief, DNRL

xc (w/ enclosures):

Brian Hughes, Senior Project Manager, DNRL
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Lee Nuclear Station Supplemental Response to Request for Additional Information (RAI)

RAI Letter No. 017

NRC Technical Review Branch: Hydrologic Engineering Branch (RHEB)

Reference NRC RAI Number: 02.04.12-004

NRC RAI:

Explain how effective porosity was determined. Define the terms used and identify the raw data
or references such that an independent determination can be made. Corroborate values
determined for the Lee site with published values used to represent similar settings elsewhere in
the Piedmont region.

Duke Energy Response:

This enclosure supplements the information provided in the response to RAI 02.04.12-004
submitted on December 11, 2008 (ML083520336). The information in the December 11, 2008
response remains accurate. In that response, markups of FSAR Table 2.4.12-203 and FSAR
Table 2.4.12-204 were provided and subsequently incorporated into Revision 1 of the FSAR
which was submitted on February 25, 2009. It has since been determined that conforming
changes to FSAR Section 2.4.12.2.4.1 were not identified or incorporated consistent with the
information contained in the response to RAI 02.04.12-004. This supplemental response
provides the conforming changes to FSAR Section 2.4.12.2.4.1

Subsection 2.4.12.2.4.1 will be revised in a future revision to the FSAR.

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

FSAR Chapter 2, Subsection 2.4.12.2.4.1

Attachment:

1) Revised FSAR Chapter 2, Subsection 2.4.12.2.4.1
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Lee Nuclear Station Supplemental Response to Request for Additional Information
(RAI)

Attachment 1 to RAI 02.04.12-004

Revision to FSAR Chapter 2, Subsection 2.4.12.2.4.1
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2.4.12.2.4.1 Porosity
J

Site-specific soils in the area surrounding the power block include fill, fesiduimresidual soil,
and-saprolite, and partially weathered rock. Fill materials are located in former drainage ways,
which have been built up to existing elevation. Based on the results of the geotechnical
investigation, analyses of saturated and unsaturated (vadose z.ne) mater.als, average engineering
properties of the soil characteristics were determined according to methods described in Subsection
2.5.4.2. Characterization of porosity and effective porosity were made using the data provided in
Table 2.5.4-211. Based on the specific gravity (particle density, 2.71 grams per cubic centimeter,
g/cc) and dry unit weight (101 pounds per cubic foot, pcf) provided for fill material, For fill material,
a mean total porosity of 41-40 percent with a range from 33 per-ent. to 55 percent. was ealettate4
determined (Table 2.4.12-203). Using grain size distributions according to Johnson (Reference
296), effective porosity, assumed to be equivalent to specific yield, was estimated to be 9 percent.
Based on the differ-ence between total porosity and residual w-ater- content, the eff-ective poroesity
was estimated to be 31 percent. Fill materials have been belewed-cut from other areas of the site,
and they are typically comprised of unconsolidated materials similar to native soil. Hoeer-,

characteristics-.

The residual soils are the near-surface zone of the preconstruction undisturbed profile. The
residual soils have undergone relatively complete weathering, and lack the relict features found
in the saprolite zone. Saprolite soils are the natural soils of the undisturbed weathering profile
that retain relict features from the parent bedrock from which they were formed. According to
Based on data available foEm the U.S. Department of Agriculture (USDA) Natural Resources
Conservation Service (NRCS), fesiduthqi residual soil in the vicinity of the power block
consists predominantly of Tatum silty clay loam and Tatum very fine sandy loam with
variable slope and erosion (Figure 2.4.12-206). Tatum soils are typically composed of a surficial
0 - 8 in. of silty clay loam or very fine sandy loam (CL, CL- ML, ML) overlying clay, silty
clay, and silty clay loam (CH, MH) overlying shallow, weathered bedrock or silt loam. Clay
content in Tatum soils ranges from 12 to 60 percent. Moist bulk densities were repoired
...................30 a ....6 - .............. . . The saturated hydraulic
conductivity of Tatum soils is reported by the NRCS to be moderately permeable: 4 to 14
micrometers per second (jrmm/s) (4 to 14 x 10-4 centimeters per second [cm/s]). Tatum soils are
not prone to flooding and exhibit erosion factors (Kf) that range from 0.32 to 0.43. The soils are
highly corrosive to both concrete and steel (Reference 278). Based on geotechnical analyses of
of residual soil and saprolitethe -esiduum, a mean total porosity of 4548 percent with a -ange
from .6 percent to 51 per.ent was detefmined-estimated for these materials. Grain size
distributions suggest theThe effective porosity wasestimated-to be approximately 20 4-7
percent.

The mean total poroesit-y measured in sapr-olite was 4 4 percent#. A range fromf 3 0 perceent to 514
percentA was determined for these materials. Based on
geoteehncal dnalyses, the eff-ective poroesity, was consenva ively estimated to be 22 perceent.
Partially weathered rocek was estimated to have an effective porosity of 18 perceent.

Partially weathered rock is a transitional weathering zone between the saprolite and the less
weathered bedrock. The partially weathered rock materials are similar to the overlying saprolite
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zone, but include more fragments of less weathered and less porous rock. As such, total porosity
is presumed to be less than that of saprolite. Partially weathered rock was conservatively
estimated to have an effective porosity greater than 8 percent based on the difference between its
saturated unit weight (140 pcf) and its wet unit weight (135 pcf), assuming the 5 pcf difference is
due to the incomplete, but natural drainage of the media.
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Lee Nuclear Station Supplemental Response to Request for Additional Information (RAI)

RAI Letter No. 017

NRC Technical Review Branch: Hydrologic Engineering Branch (RHEB)

Reference NRC RAI Number: 02.04.12-014

NRC RAI:

FSAR Figure 2.4.12-204, Sheet 8, shows the projected post-development water table. This water table is
dominated by two groundwater divides, one west and one east of the planned nuclear power units and
trending generally north and south. These divides apparently diverge from a groundwater high at a point
about 2,500 feet south of Unit 1. Between the divides, the projected water table implies that groundwater
flows generally northward and converges on Hold-Up Pond A.

Groundwater conditions were, however, significantly different before construction associated with the
Cherokee Nuclear Station. According to the Cherokee Nuclear Station Environmental Report, Vol. 1
(1974), the pre-construction water table (Figure 2.5.4-2 ) had a western groundwater divide whose
location was similar to that of the western groundwater divide projected for the Lee plant (FSAR Figure
2.4.12-204). A second groundwater divide diverged from the western divide at a point located about 800
feet south-southwest of the proposed Lee Unit 1 reactor containment. This second divide ran to the
northeast between the locations of the proposed Lee Units 1 and 2.

The difference between the Cherokee (pre-construction) and Lee (post-construction) groundwater
configurations is potentially highly significant. For example, if the actual configuration were more like
the Cherokee case, then a release to groundwater at Lee Unit 2 would flow southeastward toward Make-
Up Pond A rather than northward as is hypothesized in the Lee FSAR.

Please provide a detailed discussion of the projected post-development water table, the factors that
govern its configuration, and why the post-construction water table is expected to differ significantly
from the observed pre-construction water table. Staff believes that hydrogeological modeling will be
necessary to examine these issues in sufficient detail; if modeling is not used, its omission should be
clearly justified. To the extent that the discussion is based on the similarity of the projected water table
to the post-construction topography, provide a detailed discussion, with appropriate analysis and
literature references, to support this approach.

Duke Energy Response:

As discussed in the initial response to this RAI, Duke Energy Ltr# WLG2008.12-06 (Accession#
ML083520336) submitted December 11, 2008, Duke Energy is proceeding with the development of a
conceptual site model containing hydrogeologic information an interpretation of historical and current
groundwater conditions and an interpretation of potential post-construction groundwater conditions. This
is part of the implementation of a Radiological Groundwater Protection Initiative (RGP Initiative) at Lee
Nuclear Site in a manner which is similar to the process implemented at its currently operating stations.
Duke has developed a conceptual site model (CSM) for the Lee Nuclear Site, which is the first stage of
the site characterization report for the RGP Initiative. The RGP Initiative includes the use of
groundwater monitoring wells that will be completed following construction. The information provided
in this supplemental response is a summary of the CSM.

Groundwater conditions for the William States Lee III Nuclear Station Units 1 & 2 (Lee Nuclear) are
considered within the context of the body of knowledge concerning groundwater occurrence and
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movement in the Piedmont Geologic Province in which Lee Nuclear is located. This body of knowledge
is summarized in LeGrand's A Master Conceptual Model for Hydro geological Site Characterization in
the Piedmont and Mountain Region of North Carolina (MCM)] (Reference 1). These generalizations are
transferrable to the entire region of the Piedmont (extending from northern Alabama to southern New
York), and particularly the nearby region of South Carolina (Reference 2).

Information provided from Cherokee Nuclear, Lee Nuclear, LeGrand's MCM, and hydrogeologic
experience in the Piedmont of South Carolina has been considered in the preparation of the CSM.

Piedmont Hydrogeology

The hydrogeology of the Piedmont region is different from and has to be considered in a different way
from conventional sedimentary aquifer systems (Reference 1). The following characteristics of the
MCM of the Piedmont hydrogeology are emphasized as the basis for the evaluations and conclusions that
follow:

1. Groundwater in the Piedmont, in most cases, is within a system comprised of two interconnected
layers (mediums): 1) regolith, comprised of residuum and weathered rock, overlying 2) fractured
crystalline bedrock (Figure 1). A transition zone at the base of the regolith is present in many
areas of the Piedmont and consists of partially weathered bedrock and lesser amounts of saprolite
(Reference 3).

REGOTH ROWIREIDUUM

I Eff~

ZONE WEATHERED
BEDROCK

__UNWEATHERED
BEDROCK

FRACTURED BEDROCK

SHEET JOINT

BEDROCK
STRUCTURE

Figure 1, Diagram showing the principal components of the groundwater system in the
Piedmont Geologic Province

(Reference 1)

2. The MCM, developed by LeGrand, incorporates a system of drainage divides and discharges.
The movement of groundwater is generally restricted to the area extending from the drainage
divides to a perennial stream (Slope-Aquifer System, Figure 2).
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Figure 2, Conceptual view of double slope-aquifer system and included compartments
(Reference 1)

3. The combination of the two-medium system (Figure 1) with the surface drainage basin system
(Figure 2) comprises the MCM for Piedmont groundwater occurrence.

4. Extrapolation of the MCM to a regional level results in a network of connected and adjacent, yet
independent, slope-aquifer systems as portrayed in Figure 3. Groundwater recharge to the system
occurs at the ridge top divides and along the corresponding hillsides. Groundwater discharge
occurs at valley streams, rivers, lakes, etc. Groundwater flow is from areas of higher potential to
lower potential.
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Figure 3, Diagram showing conceptual view of the groundwater flow system in the
Piedmont Geologic Province

(Reference 1)
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5. The resulting consequence of the MCM is that groundwater in the Piedmont Geologic Province
approximates a subdued image of the ground surface topography. As LeGrand states "Under
natural conditions, the topography of the water table is crudely similar to that of the land surface,
but has less relief'. (Reference 1)

Groundwater Conditions

The pre-development groundwater conditions established for Cherokee Nuclear. in 1973 were presented
in PSAR Figure 2B-2 (Reference 4), and are provided here as Figure 4 and on the USGS Blacksburg
South and Kings Creek 7.5 minute quadrangles with pre-Cherokee topography in Figure 5. This
groundwater table map was developed from data collected before substantial Cherokee site development.
The primary surface water feature is the Broad River to the north and east. The groundwater map shows
one major groundwater divide west of planned Cherokee Units 1-3 and a second groundwater divide
trending northeast, approximately though Cherokee Unit 2.

Examination of Figure 5 indicates the pre-Cherokee groundwater table contours are an approximate
subdued image of the pre-development ground surface topography, consistent with the MCM for the
Piedmont. The divide west of the planned power block correlates with a quartzite ridge. The divide
trending northeast through Cherokee Unit 2 correlates with a topographic ridge.

FSAR RAI Response 02.04.12-001, Duke Energy Ltr# WLG2008.12-06 (Accession# ML083520336)
submitted December 11, 2008, included a post-construction Lee Nuclear groundwater map as presented
in Figure 2.4.12-208. A portion of that figure, amended to reflect an alternate southwest to northeast
groundwater divide, is provided as Figure 6 in this summary. This groundwater map was prepared post-
Cherokee, after Cherokee construction concluded, under site conditions altered from those at the time of
the 1973 PSAR. The alterations included:

* Power block excavation;

* Power block grading (cuts and fills to establish an approximately common grade near elevation 590±)
to the west and east for cooling towers, to the south for electrical substation, to the north for large
buildings, and surrounding, supporting infrastructure;

* 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.

In addition to the site alterations, the power block excavation was dewatered by pumping beginning
December 2005, and continues to be maintained dewatered as of this writing.

The post-construction Lee Nuclear groundwater conditions are based on water level measurements in
groundwater wells, Cherokee dewatering wells, surface water elevations of surrounding water bodies
(i.e., Make-Up Pond A, Make-Up Pond B, Hold-Up Pond A, Broad River) and the high water mark
observable on partially constructed Cherokee Unit 1 (near elevation 579). The groundwater map (Figure
6) shows two primary groundwater divides: one to the west of Lee Nuclear Units 1-2 trending
approximately south to north; and one beginning south of Lee Nuclear Units 1-2, trending first southwest
to northeast then turning southeast to northwest.

The post-construction Lee Nuclear groundwater map is consistent with the MCM for the Piedmont. The
western south to north trending groundwater divide remains a reflection of the quartzite ridge. Even
though the quartzite ridge is graded for the western cooling towers, the cooling tower area grade remains
higher than both the plant site to the east and Make-Up Pond B to the west. Thus, groundwater will
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recharge along the ridge and move away from the ridge to the west and east. The southwest to northeast
trending groundwater divide is a function of the graded plant site being the higher topography for
groundwater recharge, with hydraulic "lows" (Reference 1) existing simultaneously to both the north
(Broad River) and east (Make-Up Pond A and Broad River).

Post-Construction Lee Nuclear Groundwater Table

Relative to the power block, groundwater is expected to flow primarily north, toward Hold-Up Pond A
and the Broad River floodplain (Figure 6). Components of groundwater flow beyond the groundwater
divides are expected toward the west (Make-Up Pond B), northwest (Make-Up Pond B tailwater), and
east (Make-Up Pond A and Broad River). No component of groundwater flow occurs toward the south
in the direction of McKown's Mountain Road, as topography is still higher with no valley or surface
water (for discharge) nearby to the south.

The factors that influence the post-construction Lee Nuclear groundwater configuration are the two-
medium, surface drainage basin and slope-aquifer systems that govern groundwater occurrence and
movement in the Piedmont Geologic Province, as described in LeGrand's MCM. The interpretation of
the effects of these systems on post-construction Lee Nuclear groundwater is based in part on available
groundwater levels, in part on available surface water levels, and in part on hydrogeologic experience in
the Piedmont Geologic Province.

The projected post-construction Lee Nuclear groundwater conditions differ from the pre-Cherokee
groundwater conditions because significant changes to the site, and thus, significant changes to the local
surface drainage basin and slope-aquifer systems, have occurred and/or will occur between pre-Cherokee
and post-construction Lee Nuclear. The pre-Cherokee groundwater table characteristics were dictated by
the local two-medium, surface drainage basin, and slope-aquifer system that existed at that time,
consistent with the Piedmont MCM. During the partial Cherokee development, ridges were graded,
valleys were filled, and surface waters were altered and/or created. Correspondingly, the post-
construction Lee Nuclear groundwater table characteristics will be dictated by the local two-medium,
surface drainage basin, and slope-aquifer systems that exists now and following Lee Nuclear completion.

The above is substantiated by not only general Piedmont experience and literature, but also by Duke
Energy's voluntary Radiological Groundwater Protection (RGP) Initiative implemented at the remaining
Nuclear Fleet (Catawba Nuclear, McGuire Nuclear, and Oconee Nuclear). At all three stations, site
characterization reports document that post-development groundwater conditions are consistent with the
LeGrand Master Conceptual Model.

Release Analysis

The conclusion of the radioactive release analysis in FSAR Section 2.4.13 remains valid. Groundwater
flow will occur as shown in the revised FSAR Figure 2.4.12-208 (Anticipated Groundwater Travel
Paths), provided as Attachment 2, i.e., largely perpendicular to the projected post-construction, equi-
potential groundwater contours. This evaluation supports the validity of those projected groundwater
potential contours, thus the groundwater flow paths.

Post Development Groundwater Verification

LeGrand's work has been heavily utilized in support of the groundwater characteristics and the postulated
post-development groundwater conditions at Lee Nuclear. It is recognized, to quote from LeGrand,
"Groundwater in the Piedmont... occurs in a complex underground environment that is difficult to
understand and explain. Adding to the complexities is a variety of reactions that occur... as man modifies
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the natural settings" (Reference 1). He further states, "Inherent vagueness and uncertainty can be
reduced but rarely eliminated" (Reference 1).

While the independent, postulated post-construction Lee Nuclear groundwater conditions at Lee Nuclear
(Figure 6) are relatively consistent with each other and the Piedmont MCM, Duke Energy will confirm
the actual post-construction Lee Nuclear groundwater conditions. Confirmation of post-construction Lee
Nuclear groundwater conditions will be accomplished through Duke Energy's voluntary RGP Initiative.
This initiative will include:

" Groundwater monitoring well installations for the purpose of confirming post-development
groundwater conditions

" Groundwater monitoring well installations for the purpose of establishing a robust network of both
near-field and far-field groundwater monitoring wells for program monitoring;

* Preparation of a site characterization report to document site characterization activities and findings;
* Preparation of a numerical groundwater model to support groundwater decision making; and,

Long-term, life-of-plant program groundwater monitoring for reasonable assurance that unplanned
releases of radioactive material to groundwater are discovered and properly managed.

The RGP Initiative will be implemented following the completion of plant construction.

The RGP Initiative is implemented as a good practice to provide for early detection of unmonitored
releases that could potentially impact groundwater and to provide the capability to manage tritium over
the life of the plant. The RGP Initiative also provides the ability to confirm the post-construction Lee
Nuclear groundwater characteristics to ensure consistency with the description, provided in FSAR 2.4.13.

FSAR Figure 2.4.12-208 was developed in response to RAI 02.04.12-001 regarding preferential
pathways. The change to FSAR Figure 2.4.12-208 for this supplement does not invalidate information
provided in the December 11, 2008 (ML083520336) response to RAI 02.04.12-001.

FSAR Figures 2.4.12-204 (Sheet 8) and 2.4.12-208 have been revised to reflect the change in the
southwest to northeast groundwater divide expected to occur as a result of site construction. Updates to
FSAR Figure 2.4.12-204 (Sheet 8) and FSAR Figure 2.4.12-208 to incorporate the revised groundwater
divide trend, shown in Attachments 1 and 2, will be included in a future revision of the Final Safety
Analysis Report.

References:
1) LeGrand Sr., Harry E., 2004. A Master Conceptual Model for 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.

2) LeGrand, H. E., 1988, Region 21, Piedmont and Blue Ridge, pp. 201-208, in Back, W., Rosenshein,
J. S., and Seaber, P. R., eds, Hydrogeology; Geology of North America, Vol. 0-2, Geological Society
of America, 524p.

3) Hamed, D. A. and Daniel, C. C., III, 1989, The transition zone between bedrock and regolith:
Conduit for contamination?, p. 336-348, in Daniel, C. C., III, White, R. K., and Stone, P. A., eds.,
Groundwater in the Piedmont: Proceedings of a Conference on Ground Water in the Piedmont of the
Eastern United States, October 16-18, 1989, Clemson University, 693p.

4) Duke Power, undated. Cherokee Nuclear Station PSAR Figure 2B-2, Amendment 7, Amendment 13.
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Associated Revisions to the Lee Nuclear Station Final Safety Analysis Report:

Figure 2.4.12-204 (Sheet 8)

Figure 2.4.12-208

Attachments:

1) Revised FSAR Figure 2.4.12-204 (Sheet 8)

2) Revised FSAR Figure 2.4.12-208
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Lee Nuclear Station Supplemental Response to Request for Additional Information
(RAI)

Attachment 1 to RAI 02.04.12-014

Revision to FSAR Figure 2.4.12-204 (Sheet 8)
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Lee Nuclear Station Supplemental Response to Request for Additional Information

(RAI)

Attachment 2 to RAI 02.04.12-014

Revision to FSAR Figure 2.4.12-208
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