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Serial: NPD-NRC-2011-003
April 19, 2011

10 CFR 52.79

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. 076 RELATED TO
FLOODS

Reference: Letter from Brian Hughes (NRC) to John Elnitsky (PEC), dated November 17, 2010,
"Request for Additional Information Letter No. 076 Related to SRP Section 02.04 -
Floods for the Shearon Harris Units 2 and 3 Combined License Application"

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 the referenced letter.

A partial response to the NRC request is addressed in the enclosure. The enclosure also identifies
changes that will be made in a future revision of the Shearon Harris Nuclear Power Plant Units 2
and 3 application.
If you have any further questions, or need additional information, please contact Bob Kitchen at

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

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

Executed on April 19, 2011.

Sin(

A/fce President
New Generation Programs & Projects

Enclosure/Attachments

cc: U.S. NRC Region II, Regional Administrator
U.S. NRC Resident Inspector, SHNPP Unit 1
Mr. Brian Hughes, U.S. NRC Project Manager

Progress Energy Florida, Inc.

P.O. Box 14042

St. Petersburg, FL 33733

"Dow 0::
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Shearon Harris Nuclear Power Plant Units 2 and 3
Response to NRC Request for Additional Information Letter No. 076 Related to

SRP Section 02.04 for the Combined License Application, dated November 17, 2010

NRC RAI #

02.04.02-1

02.04.02-2

02.04.02-3

02.04.03-6

02.04.03-7

02.04.03-8

02.04.05-1

02.04.06-1

02.04.12-5

Progress Energy RAI #

H-0642

H-0643

H-0644

H-0645

H-0646

H-0647

H-0648

H-0649

H-0650

Prowress Energy Response

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages

Future response

Future response

Response enclosed - see following pages

Response enclosed - see following pages

Response enclosed - see following pages
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.02-1

Text of NRC RAI:

Concerning the historical flood flows and stages for Buckhorn Creek and the Cape Fear River
(Lillington) stations, in FSAR Section 2.4.2.1, the terms "yearly peak streamflow" and "average
daily discharge" are used to describe the flow data from the Lillington and Buckhorn Creek
gages. The use of the term "peak streamflow" is not consistent with the use of the term
"average daily discharge." Clarify the use of these terms so that the description of the data
supplied in the FSAR is consistent.

PGN RAI ID #: H-0642

PGN Response to NRC RAI:

As detailed in Regulatory Guide 1.206 (June 2007), Section C.1.2.4.2.1 Flood History, "the
applicant should provide the date, level, peak discharge, and related information for major flood
events in the site region." To address these requirements, the closest USGS gauging stations
were used to understand the site region: the Buckhorn Creek gauging station (USGS 02102192)
[http://waterdata.usgs.gov/nwis/uv?02102192] and the Cape Fear River at Lillington gauging
station (USGS 02102500) [http://waterdata.usgs.gov/nwis/uv?02102500]. The daily discharge
data for each of these gauging stations provided the most complete set of data concerning
dates and associated discharges: 1972 to 2005 (34 years) for the Buckhorn Creek gauging
station and 1924 to 2005 (82 years) for the Cape Fear River at Lillington gauging station. The
data provided by the USGS included the date and mean streamflow (ft3/s) for each day within
the respective time periods. The maximum average daily streamflow or discharge
measurements for each year were provided in FSAR Tables 2.4.1-202 Yearly Maximum
Average Daily Stream flow Measurements for Buckhorn Creek, North Carolina and 2.4.1-205
Yearly Maximum Average Daily Stream flow Measurements for Cape Fear River, North Carolina.
(FSAR Reference 2.4-201 and Reference RAI 02.04.02-1 01)

In FSAR Subsection 2.4.2.1, the terms "yearly peak streamflow" and "average daily discharge"
were used to describe the flow data measured at the Buckhorn Creek and Lillington gauging
stations. However, the use of the term "yearly peak streamflow" is not consistent with the use of
the term "average daily discharge," because the "yearly peak streamflow" measurements were
based upon the maximum average daily discharge or streamflow for each year and not the
yearly maximum peak streamflow. A peak streamflow measurement for a given day will be
greater than the average daily streamflow for that same day.

FSAR Subsection 2.4.2.1 will be revised to provide "yearly peak streamflow" measurements
based upon USGS peak streamflow data for each gauging station.
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References:

RAI 02.04.02-1 01:

U.S. Geological Survey (USGS), "Monitoring Station: 02102500 Cape Fear at Lillington,
NC," Website,
http://waterdata.uscqs..ov/nc/nwis/nwisman/?site no=02102500&aqency cd=USGS,
accessed December 2010

Associated HAR COL Application Revisions:

Text for FSAR Subsection 2.4.1.2.3 and 2.4.13.1.1 will be revised in a future revision of the
FSAR as presented below.

Text, tables, and references for FSAR Subsection 2.4.2.1 will be revised in a future revision as
presented below.

* Tables 2.4.2-203 and 2.4.2-204 will be added to the FSAR. All other tables in
Subsection 2.4.2.1 remain unchanged.

Reference RAI 02.04.02-1 01 will be added to FSAR Subsection 2.4.16 as FSAR Reference
2.4-271; FSAR Reference 2.4-201 will be revised to show an accessed date of December 2010.
References 2.4-248 and 2.4-259 are "Not Used" and need to be removed; all other references
remain unchanged.

HAR FSAR Subsection 2.4.1.2.3 will be revised to read:

Table 2.4.1-204 presents the mean monthly discharge (January 1924 through September 2004)
for the Cape Fear River USGS gauging station 02102500 at Lillington, North Carolina
(Reference 2.4-201). The average monthly discharge for the Cape Fear River at Lillington is
95.9 m3/s (3387 cfs). March has the highest average monthly discharge of 182.4 m3/s (6441
cfs) and August has the lowest average monthly discharge of 55.8 m3/s (1970 cfs). A maximum
average daily streamflow of 3964.4 m3/s (140,000 cfs) was recorded on September 19, 1945
(Table 2.4.1-205). The drainage area at the Cape Fear River at Lillington USGS station is 8971
km 2 (3464 mi. 2) (Reference 2.4-271).

HAR FSAR Subsection 2.4.13.1.1 will be revised to read:

Radionuclide concentrations are reduced during transport through the saturated regolith by
adsorption, dispersion, and radioactive decay. In addition, hold-up and dilution occurs in the
Main Reservoir with its storage capacity of 2.2 x 108 m3 (177,563 ac-ft) at the nominal 73.2-m
(240-ft.) water elevation. Flow from the Cape Fear River further dilutes the nuclide
concentrations for surface water use at Lillington. Average monthly Cape Fear River flow above
Lillington is 95.9 m3/s (3387 cfs) (Table 2.4.1-204) (Reference 2.4-271). The minimum
downstream release from the Main Dam is expected to be 0.57 m3/s (20 cfs). Average annual
flow in the Thomas Creek branch of the Main Reservoir is greater than 0.057 m3/s (2 cfs).
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HAR FSAR Subsection 2.4.2.1 will be revised to read:

Flood History

The yearly peak streamflow and average daily streamflow measurements recorded at the
Buckhorn Creek gauging station (USGS 02102192) from 1972 to 2005 (34 years) indicate the
Auxiliary Reservoir and the Main Reservoir are significantly attenuating flood flows in Buckhorn
Creek (Tables 2.4.2-203 and 2.4.1-202, and Figure 2.4.2-201). Prior to completion of the
Auxiliary Dam and Main Dam Structures in late 1980, the average yearly peak streamflow was
80.5 m3/s (2841 cfs), with a peak streamflow of 196.0 m3/s (6920 cfs) occurring on February 2,
1973; the maximum recorded average daily streamflow of 88.6 m3/s (3130 cfs) also occurred on
February 2, 1973. Following completion of Harris Lake, the average yearly peak streamflow
was 29.4 m3/s (1038 cfs), with a peak streamflow of 121.8 m3/s (4300 cfs) occurring on
September 6, 1996; the maximum recorded average daily streamflow of 54.9 m3/s (1940 cfs)
also occurred on September 6, 1996 (Reference 2.4-201).

Yearly peak streamflow and average daily streamflow measurements recorded at the Cape
Fear River at Lillington gauging station (USGS# 02102500) from 1924 to 2005 (82 years) were
also reviewed (Tables 2.4.2-204 and 2.4.1-205, and Figure 2.4.2-202) as follows (Reference
2.4-271):

* The average yearly peak streamflow based on available data was 1153.5 m3/s (40,736
cfs), with a peak streamflow of 4247.5 m3/s (150,000 cfs) occurring on September 19,
1945;

* The maximum recorded average daily streamflow of 3964.4 m3/s (140,000 cfs) also
occurred on September 19, 1945.

Starting in 1973, the discharge or streamflow of the Cape Fear River has been affected by
regulation or diversion (Reference 2.4-271).

* Prior to 1973, the average yearly peak streamflow was 1362.6 m3/s (48,118 cfs);
" After 1972, the average yearly peak streamflow has been 843.1 m3/s (29,774 cfs).

Figures 2.4.2-203 and 2.4.2-204 show the flood frequency analysis curves created using the
Log Pearson Type III Distribution statistical technique for the Buckhorn Creek and the Cape
Fear River at Lillington gauging stations. Table 2.4.2-201 shows calculated recurrence intervals
of 2.33, 10, 25, 50, and 100 years, and associated streamflows for each gauging station. The
maximum recorded average daily discharge of 88.6 m3/s (3130 cfs) at the Buckhorn Creek
gauging station has a calculated recurrence interval of about 40.5 years. At the Cape Fear
River at Lillington gauging station, the maximum recorded average daily discharge of 3964.4
m3/s (140,000 cfs) has a calculated recurrence interval of about 678.5 years. The highest
maximum average daily discharge after 1945 was 2024.7 m3/s (71,500 cfs), which has a
calculated recurrence interval of about 21.5 years. The unusually high yearly peak streamflow
measurements (greater than 1982.2 m3/s [70,000 cfs]) at the Cape Fear River at Lillington
gauging station occurred prior to 1952. These elevated measurements are likely attributed to
land usage and to fewer locks and dams built on the Cape Fear River to attenuate flood events.

HAR FSAR Tables 2.4.2-203 and 2.4.2-204 will be added as follows:
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Table 2.4.2-203 (Sheet 1 of 2)
Yearly Peak Streamflow Measurements for Buckhorn Creek, North Carolina

Buckhorn Creek Monitoring Station
Chatham County (Near Corinth)

USGS Station Identification #: 02102192
Hydrologic Unit Code: 3030004

Latitude: 35*3335"
Longitude: -78o58'25"

Drainage Area: 76.3 ml2

Gage Height Streamflow
Year Date (ft.) (cfs)

1973 February 2, 1973 20.02 6920

1974 August 7, 1974 9.84 1410

1975 July 16, 1975 12.00 2300

1976 January 28, 1976 7.54 1060

1977 March 14, 1977 12.73 2520

1978 April 26,1978 17.48 4660

1979 April 4, 1979 12.68 2440

1980 November 3, 1979 9.27 1420

1981 February 19, 1981 3.93 284

1982 July 29, 1982 6.20 703

1983 April 15, 1983 7.45 968

1984 March 28, 1984 9.58 1500

1985 February 2, 1985 4.50 381

1986 August 20, 1986 11.65 2110

1987 January 22, 1987 8.27 1160

1988 March 10, 1988 2.33 46

1989 July 16, 1989 9.57 1500

1990 March 31, 1990 4.39 363

1991 January 11, 1991 4.80 429
1992 June 26, 1992 6.71 800
1993 April6, 1993 7.29 931
1994 March 2, 1994 6.56 770

1995 June 29, 1995 5.48 526

1996 September 6, 1996 16.79 4300
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Table 2.4.2-203 (Sheet 2 of 2)
Yearly Peak Streamflow Measurements for Buckhorn Creek, North Carolina

Gage Height Streamflow
Year Date (ft.) (cfs)

1997 July 24, 1997 7.60 1000

1998 March 19, 1998 10.44 1740

1999 September 16, 1999 9.51 1480

2000 June 19, 2000 7.33 941

2001 August 12, 2001 9.25 1410

2002 January 23, 2002 ND 513

2003 April 10, 2003 9.55 1490

2004 May 2, 2004 4.40 335

2005 March 17, 2005 4.18 303

Notes:
ND = no data recorded
The gage height for 1985 is an estimate.
The 1981 to 2005 discharge is affected by regulation or diversion.

Source: Reference 2.4-201
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Table 2.4.2-204 (Sheet 1 of 2)
Yearly Peak Streamflow Measurements for Cape Fear River, North Carolina,

at Lillington
Cape Fear River Monitoring Station

Harnett County
USGS Station Identification #: 02102500

Hydrologic Unit Code: 3030004
Latitude: 35o24'22"

Longitude: -78°48'48"
Drainage Area: 3,464.0 mi.2

Gage Height Streamflow
Year Date (ft.) (cfs)
1924 September 30, 1924 18.80 52,400
1925 January 12, 1925 17.60 46,200
1926 January 19, 1926 13.30 27,300
1927 March 7, 1927 14.80 33,200
1928 September 20, 1928 24.80 84,000
1929 March 1, 1929 21.90 67,700
1930 October 2, 1929 27.55 107,000
1931 August 21, 1931 13.75 29,200
1932 March 7, 1932 18.74 50,900
1933 October 18, 1932 13.75 29,200
1934 April 10, 1934 16.45 40,000
1935 December 2, 1934 16.55 41,000
1936 April 7, 1936 22.88 73,200
1937 January 29, 1937 15.21 34,800
1938 July 27, 1938 17.87 47,000
1939 February 10, 1939 18.00 47,500
1940 February 8, 1940 14.54 32,000
1941 November 15, 1940 14.40 31,600
1942 February 18, 1942 14.16 30,800
1943 July 14, 1943 16.55 40,900
1944 March 21, 1944 16.90 42,300
1945 September 19, 1945 33.19 150,000
1946 February 11, 1946 19.45 54,400
1947 January 14, 1947 16.30 39,600
1948 February 15, 1948 18.50 49,900
1949 November 29, 1948 19.15 53,400
1950 May 15, 1950 15.55 36,500
1951 April 9, 1951 15.18 34,800
1952 March 5, 1952 23.55 77,100
1953 February 16, 1953 17.34 44,100
1954 January 23, 1954 19.83 56,500
1955 October 17, 1954 18.50' 49,900
1956 March 17, 1956 17.84 46,500
1957 February 2, 1957 16.80 41,800
1958 November 26, 1957 17.80 46,500
1959 April 20, 1959 16.42 40,000
1960 April 6, 1960 18.04 47,500
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Table 2.4.2-204 (Sheet 2 of 2)
Yearly Peak Streamflow Measurements for Cape Fear River, North Carolina,

at Lillington
Gage Height Strearnflow

Year Date (ft.) (Cfs)
1961 March 22, 1961 15.63 36,500
1962 January 7, 1962 19.76 56,500
1963 March 7, 1963 16.92 42,300
1964 April 9, 1964 16.94 42,300
1965 July 28, 1965 20.00 57,500
1966 March 1, 1966 18.43 49,400
1967 August 25, 1967 13.06 26,400
1968 January 15, 1968 15.59 36,500
1969 February 3, 1969 14.32 31,300
1970 February 18, 1970 15.74 37,200
1971 March 4, 1971 16.66 41,300
1972 October 25, 1971 17.24 43,900
1973 February 3, 1973 19.27 53,800
1974 January 29, 1974 12.12 22,900
1975 July 16, 1975 18.00 47,500
1976 January 28, 1976 10.87 19,100
1977 January 10, 1977 12.70 25,000
1978 April 27, 1978 15.66 36,800
1979 February 26, 1979 18.23 48,700
1980 March 21, 1980 13.33 -27,500
1981 February 12, 1981 11.48 21,000
1982 June 11, 1982 15.26 35,100
1983 March 19, 1983 14.54 32,200
1984 January 11, 1984 14.90 33,600
1985 August 19, 1985 12.40 24,100
1986 November 22, 1985 13.42 27,800
1987 March 1, 1987 15.59 36,500
1988 January 21, 1988 7.60 9950
1989 March 24, 1989 13.73 29,000
1990 October 4, 1989 11.43 20,800
1991 January 12, 1991 13.76 29,100
1992 April 24, 1992 10.56 18,000
1993 April 6, 1993 15.81 37,500
1994 March 3, 1994 14.00 30,000
1995 June 29, 1995 14.01 30,000
1996 September 7, 1996 18.97 51,800
1997 July 24, 1997 14.26 29,000
1998 March 19, 1998 18.37 47,500
1999 September 16, 1999 14.46 29,800
2000 January 31, 2000 9.70 14,600
2001 March 30, 2001 11.41 19,500
2002 January 24, 2002 9.39 13,800
2003 April 11, 2003 17.07 41,200
2004 September 9, 2004 10.83 18,900
2005 January 15, 2005 11.35 20,500

Notes:
The 1973 to 1981 discharge is affected to an unknown degree by regulation or diversion.
The 1982 to 2005 discharge is affected by regulation or diversion.
Source: Reference 2.4-271
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Attachments/Enclosures:

None.
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.02-2

Text of NRC RAI:

In the review of FSAR Revision 2 Section 2.4.2 and supporting calculation packages, the staff
found that the text did not reflect the current available analyses. In particular, the calculation
package HAG-000-X7C-044 provides information not included in the FSAR Revision 2 for the
analysis of the local intense precipitation. Provide proposed text for inclusion in a subsequent
revision of the FSAR that incorporates the local PMP and HEC-RAS analyses of the local
intense precipitation presented in HAG-000-X7C-044. Also, provide a figure for inclusion in a
subsequent revision of the FSAR in which the HEC-RAS cross sections overlays the proposed
site grade. Include in the figure the proposed drainage system layout, drainage system
structures, and contour elevations of the site.

PGN RAI ID #: H-0643

PGN Response to NRC RAI:

The FSAR text is revised to include the local PMP and HEC-RAS Analysis, presented in HAG-
000-X7C-044. An updated FSAR Figure 2.4.2-205 showing the HEC-RAS cross sections
overlays, the proposed site grade and the proposed drainage system layout, drainage system
structures, and contour elevations is included. No new figures will be added to HAR FSAR
Subsection 2.4.2.

Associated HAR COL Application Revisions:

The following changes will be made in a future revision to Part 2, FSAR of the HAR COLA:

1. HAR FSAR Rev. 2, Figure 2.4.2-205 will be revised per Attachment 02.04.02-2A.

2. Add table (Table 2.4.2-205) to HAR FSAR Subsection 2.4.2
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Table 2.4.2-205
Zones A and B - Water Levels and Flow Velocities

ZONE A ZONE B

Cross Froude Water Cross Froude Water
Section Velocity Number Level Section Velocity Number Level

(Down- Feet/sec Feet (Down- Feet/sec Feet
stream to (NGVD stream to (NGVD
upstream) 29) upstream) 29)

0 3.57 1.00 256.64 0 3.64 1.01 260.41

120 1.35 0.24 257.19 155 0.72 0.09 260.70

220 3.43 0.72 257.31 340 0.50 0.07 260.72

320 2.20 0.41 257.97 470 0.50 0.07 260.73

420 1.88 0.34 258.25 645 0.29 0.03 260.74

535 1.06 0.18 258.42 750 0.25 0.03 260.74

685 1.14 0.20 258.51 890 1.86 0.71 260.71

840 2.94 1.00 259.95 955 0.75 0.22 260.87

987 1.32 0.38 260.88 1070 0.43 0.12 260.92

1140 0.48 0.09 260.94 1185 0.08 0.02 260.92

1300 0.29 0.06 260.96 1295 0.00 0.00 260.92

1502 0.00 0.00 260.96

3. Subsection 2.4.2.3 will be revised as follows:

2.4.2.3 Effects of Local Intense Precipitation

The effect of the local PMP on the drainage areas adjacent to the power block safety-
related facilities, including the drainage from the roofs of the facilities, was evaluated.
DCD Revision 17, Subsection 3.4.1.1.1 discusses the protection of seismic Category I
structures and safety-related systems against local floods. The roofs do not have drains
or parapets, but are sloped so that rainfall is directed toward gutters located along the
edges of the roofs. Therefore, water does not pond on the roofs. A drainage system
designed to remove runoff from a 50-year precipitation event will consist of conveying
water from roof gutters and/or scuppers, as well as runoff from the HAR site and
adjacent areas, to catch basins, underground pipes, or directly to open ditches. During a
local PMP event, the drainage system is conservatively assumed to stop functioning; the
plant site is drained by overland flow on open roads and ground surface away from the
safety-related structures and directly to the Main Reservoir, the Auxiliary Reservoir, or
the Emergency Service Water Intake and Discharge Channels.
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The proposed site grade elevation for the HAR site is 79.25 m (260 ft.) NGVD29. The
plant site area is bounded by the Main Reservoir on the east and the Auxiliary Reservoir
on the west. The proposed normal water elevation for the Main Reservoir will be 73.2 m
(240.0 ft.) NGVD29, which will be 6.4 m (21 ft.) below the plant floor elevation of 79.55 m
(261 ft.). The normal water level elevation in the Auxiliary Reservoir is 76.8 m (252 ft.)
NGVD29, which is 2.7 m (9 ft.) below the plant floor elevation. The prol5osed floor
elevation for facilities associated with HAR 2 and HAR 3 is 79.6 m (261 ft.) NGVD29.

Figure 2.4.2-205 presents the conceptual grading and drainage of the HAR site which is
subdivided into Zones A through C. Most of the runoff from a local PMP event on the
site area will drain toward the Main Reservoir on the east and toward the Auxiliary
Reservoir on the west and southwest. Zone A of the HAR site drains east to the Main
Reservoir.

Zone B located to the west of HAR 2 and HAR 3 is graded and sloped to allow runoff to
drain south and west toward the Emergency Service Water Discharge Channel for the
HNP and the Auxiliary Reservoir. The drainage area north of Zone B has an existing
grade elevation varying from 88.4 m (290 ft.) NGVD29 to 82.3 m (270 ft.) NGVD29 and
drains west toward the Auxiliary Reservoir.

Zones C located north of the HAR site is graded at a higher elevation. The high point of
the construction parking area within Zone C is at a proposed elevation of 82.9 m (272 ft.)
NGVD29. Zone C is graded and sloped to allow runoff from a local PMP event to drain
east toward the Main Reservoir. Similarly, the office and warehouse area within Zone C
located immediately north of HAR 3 has a high point elevation of 80.2 m (263 ft.)
NGVD29 and the area is graded and sloped to drain east toward the Main Reservoir.

The local intense PMP is defined by Hydrometeorological Report (HMR) No. 52
(Reference 2.4-218). The 2.6 km 2 (1 mi 2) PMP values for durations from 5 minutes to 24
hours are determined using the procedures described in Section 6.4 of HMR No. 52. As
indicated in HMR No. 52, the 2.6 km 2 (1 mi 2) PMP can be considered as point rainfall
(i.e., these values are also applicable to areas that are less than 2.6 km 2 [1 mi 2]). HMR
No. 52 provides ratio analysis maps for 5, 15, and 30 minute durations relative to one
hour precipitation for a 2.6 km 2 (1 mi 2) area in Figures 36, 37, and 38.

PMP values for a 2.6 km 2 (1 mi 2) area are shown in Table 2.4.2-202. Figures 2.4.2-206
and 2.4.2-207 present the Depth-Duration and Intensity-Duration curves for the local
intense PMP, respectively.
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Using the 2.6 km 2 (1 mi2) PMP values given in Table 2.4.2-202, several functions were
determined by best fit. The following function was found as an appropriate relationship
to represent the Depth-Duration for a 2.6 km 2 (1 mi 2) area.

4.579 + 25.517T
1D+ 0.566T - 0.003T2

where

D = depth (in.), and

T = duration (hr.)

The AP1 000 design is based on a PMP of 49.3 cm/hr (19.4 in/hr) and 16.0 cm/5 min (6.3
in/5 min). The estimated 2.6 km 2 (1 mi2) PMP values for the HAR site are 48.0 cm/hr
(18.9 in/hr) and 15.7 cm/5 min (6.2 in/5 min) (Table 2.4.2-202). Therefore, the HAR site
is within the plant design limits for PMP.

The rational method was used to determine the peak runoff from each of the zones
identified earlier. The rational method is given by the equation (Reference 2.4-219):

Q=CIA

where

Q= peak runoff in cfs,

C = coefficient of runoff,

I = intensity of rainfall in inch/hour, and

A = drainage area in ac.

The times of concentration for each drainage zone are estimated and the corresponding
intensities are determined. The value of C is conservatively assumed to be 1.0.

Water levels corresponding to runoff associated with a local PMP event for drainage
zones A and B identified in Figure 2.4.2-205 are estimated by performing a backwater
analysis using HEC-RAS (Reference 2.4-271) computer program assuming the
downstream boundary condition as critical flow depth.

Drainage area for Zone A is 81 ac. which includes a portion of offices and warehouses
south of the high point (HP) elevation of 80.16 m (263 ft.) NGVD29 north of HAR 3.
PMP runoff from this Zone A will flow to the east and will drain into the Harris Lake. For
the computation using HEC-RAS, Zone A was modeled with 12 cross sections running
north south and perpendicular to the flow direction. The cooling tower area and the
building areas within the power block were modeled as no-flow portions of the respective
cross sections. The north and south boundaries of Zone A were considered as no-flow
boundaries. East boundary, adjacent to the Harris Lake, was modeled as the
downstream boundary with critical flow depth. The west-most cross section along the
reactor centerline was modeled as the upstream boundary for this zone. The computed
peak runoff (Q) at the downstream cross section for this zone is 3143 cfs. Peak
discharges for the other cross sections were computed by prorating the downstream
peak discharge in the ratio of upstream drainage area at the cross section to the
maximum drainage area.
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Drainage area for Zone B is 49 ac. PMP runoff from Zone B will flow to the southwest
over the 365.76 m (1200 ft.) long railroad track and will drain into the auxiliary reservoir
through emergency service water channel for existing HNP. For the computation using
HEC-RAS, Zone B was modeled using 11 cross sections running north-south near
reactor building to northwest-southeast near the downstream boundary. Cross sections
were modeled perpendicular to the flow direction, except the upstream and downstream
boundaries, all boundaries were modeled as no-flow boundaries. The downstream
boundary of 1200 ft. of railroad track adjacent to the discharge channel was modeled as
the boundary with critical flow depth. The upstream cross section along the reactor
centerline was modeled as the upstream boundary for this zone. Areas upstream of the
each cross section were measured and identified as the contributing drainage area for
the respective cross section. The computed peak runoff discharge (Q) at downstream
cross section for this zone is 1784 cfs. Peak discharges for the other cross sections
were computed by prorating the downstream peak discharge in the ratio of upstream
drainage area at the cross section to the maximum drainage area.

The maximum elevation of the calculated water level in Zone A is 79.54 m (260.96 ft.)
NGVD29 and in Zone B is 79.53 m (260.92 ft.) NGVD29, which are below the proposed
plant floor elevation of 79.6 m (261 ft.) NGVD29 for HAR 2 and HAR 3. Therefore,
flooding caused by a local PMP event within Zones A and B will not affect the safety-
related facilities associated with HAR 2 and HAR 3.

Drainage area for Zone C is 52 ac. Zone C is graded at higher elevation; however, the
area is graded and sloped such that runoff due to PMP on this area will drain east to the
Main Reservoir and the flow from this zone does not affect the power block area in the
Zones A and B. Therefore backwater computation for Zone C is not performed. The
computed peak runoff at the boundary for this zone is 1695 cfs. The maximum water
level in this zone C for the office and warehouse area north of Zone A will be 79.47 m
(260.74 ft.) NGVD29 which is below plant grade elevation of 79.55 m (261 ft.) NGVD29.
The maximum water level in this zone for the construction parking area is 81.99 m (269
ft.) NGVD29 which is below 82.30 m (270 ft.) NGVD29 high point elevation of this area,
The PMP runoff will flow east to the Main Reservoir. Hence, this flow will not affect the
safety-related facilities of HAR 3.

The runoff from Zone C, which is north of HAR 2 and HAR 3, flows east to the Harris
Lake and will not affect safety related facilities of HAR 2 and HAR 3.

The velocity of overland flow due to local Probable Maximum Precipitation (PMP), in the
east area near the power block is less than 0.61 m/sec (2 ft/sec.) and the maximum
velocity downstream of the power block area is less than 1.22 m/sec (4.0 ft/sec) Similarly
for the west area, the maximum flow velocity in the power block area is less than 0.30
m/sec (1 ft/sec) and less than 1.22 m/sec (4.0 ft/sec) for areas downstream. Therefore,
the potential for erosion near the safety-related facilities is minimal. Minor erosion due to
1.22 m/sec (4.0 ft/sec) velocity will occur at locations far away from the safety-related
facilities and therefore will not impact the plant buildings and the safety-related facilities
in the power block area.

A Froude number value of 1.0 or less indicates critical or sub-critical flow; and therefore,
there is no potential for a hydraulic jump near any cross section.

Water levels and flow velocities at different cross sections for Zones A and B are shown
in Table 2.4.2-205.
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During the final design of the site grading and drainage, any roads and railroads in the
path of surface runoff from a local PMP event that could adversely affect the water levels
near the safety-related facilities will be lowered to elevation 79.2 m (260 ft.) NGVD29 or
lower, so that those facilities will not be affected by local PMP on the site area.

A review of historical rainfall records from the National Weather Service (NWS)
Cooperative Observer Station No. 317069 in Raleigh, North Carolina, for the period
1971 to 2000, indicates monthly mean precipitation ranges between 7.11 and 10.90 cm
(2.80 and 4.29 in.) and the annual mean precipitation is 109.35 cm (43.05 in.)
(Reference 2.4-221). Monthly extremes were calculated from 1948 to 2001 from the
station's available digital record. The highest daily precipitation of 12.60 cm (4.96 in.)
occurred on September 6, 1996, and the highest monthly precipitation of 55.35 cm
(21.79 in.) occurred during September 1999. Subsection 2.4.3.1 provides information
pertaining to the PMP for the Buckhorn Creek Drainage basin. Because the HAR site is
not expected to experience long-term accumulations of ice and snow, ice and snowmelt
are not considered for flooding effects.

4. Revise Subsection 2.4.16 References to add:

2.4-271 U.S. Army Corps of Engineers (USACE), Hydrologic Engineering Center, "HEC-
RAS River Analysis System," Version 3.1.3, May 2005.

Attachments/Enclosures:

Attachment 02.04.02-2A, Local PMP Site Drainage Map With HAR 2 and HAR 3
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.02-3

Text of NRC RAI:

Staff has reviewed the HEC-RAS analysis in HAG-000-X7C-044 and the native HEC-RAS
files provided by the applicant to support the local intense precipitation analysis to be
included in FSAR Section 2.4.2. The analysis considered three sub-basins, with two of the
sub-basins (described as zones A and B) draining the nuclear island of units HAR 2 and
HAR 3. The applicant's analysis of the local PMP, using the HEC-RAS model, found a
maximum elevation 260.96 ft MSL in zone A and 260.92 ft MSL in zone B. The HAR site
grade is 261 ft MSL, so that the margin of safety is very small. While the steady-state
analysis is conservative, it is nonetheless necessary to insure that the drainage system will
function as designed in a local PMP. Provide assurances that the local drainage system
will be maintained to provide conveyance as designed throughout the operational life of the
HAR units. Applicant should modify FSAR to include this assurance.

PGN RAI ID #: H-0644

PGN Response to NRC RAI:

A statement of assurance that the local drainage system will be maintained to provide
conveyance as designed throughout the operational life of the HAR units will be incorporated in
the FSAR, Subsection 2.4.2.3.

Associated HAR COL Application Revisions:

The following changes will be made to the HAR FSAR in a future revision:

COLA Subsection 2.4.2.3 presented in response to the NRC RAI 02.04.02-2 is revised to insert
the following paragraph before the last paragraph of the subsection.

The storm drainage ditches, which carry normal storm water runoff from the site, are not
considered in the PMP analysis. However, the local drainage system will be maintained to
provide conveyance as designed throughout the operational life of the HAR units.

Attachments/Enclosures:

None.
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.03-6

Text of NRC RAI:

Clarify why the cumulative 1-hr PMP (as derived from FSAR Table 2.4.3-216) does not match
the cumulative 6-hr PMP depths (FSAR Table 2.4.3-215). The maximum 1-hr PMP interval
(FSAR Table 2.4.3-216) falls between the data points at hours 36 and 42 of the 6-hr PMP
(FSAR Table 2.4.3-215) and is the inflection point of the curve. One-hour PMP intensities are
used to generate runoff for the PMF analyses. Clarify the calculations to estimate the maximum
1-hr intensity for the 72-hr PMP. The staff could not confirm the cumulative peak inflows from
the sub-basins to the Main Reservoir in FSAR Table 2.4.3-224. Provide a table with the
component inflows from the sub-basins (including the residual area).

PGN RAI ID #: H-0645

PGN Response to NRC RAI:

This RAI consists of three different needs with the itemized response for each provided below:

Clarify why the cumulative 1-hr PMP (as derived from FSAR Table 2.4.3-216) does not match
the cumulative 6-hr PMP depths (FSAR Table 2.4.3-215)

FSAR Table 2.4.3-215 presents distribution of 6-hour incremental average PMP according to
ANSI/ANS-2.8-1992 for the 72-hour duration; FSAR Table 2.4.3-216 presents incremental
hourly PMP for the same 72-hour duration. Based on FSAR Table 2.4.3-215, the cumulative 6-
hour PMP for the Main Reservoir is 39.24 inches. Whereas, based on FSAR Table 2.4.3-216,
the cumulative 1-hour PMP for the Main Reservoir is 39.30 inches. Theoretically, the
cumulative PMPs (1-hour and 6-hour) in both FSAR Tables 2.4.3-215 and 2.4.3-216 should be
equal. However, the difference between the cumulative 1-hour and 6-hour cumulative PMPs is
0.06 inch. This difference is caused by rounding of the 1-hour PMP values from the 6-hour
PMP values as given in FSAR Table 2.4.3-215 by HEC-HMS. Therefore, the resulting 1-hour
cumulative PMP provided by the HEC-HMS model will not exactly match the 6-hour cumulative
PMP even though the PMP values from FSAR Table 2.4.3-215 were used as input to the model.
The rounding of the PMP values within HEC-HMS is unavoidable.

However, this difference due to rounding does not create a problem, because the greater
cumulative PMP was used in the modeling effort. The 1-hour PMP values presented in FSAR
Table 2.4.3-216 have been used in the HEC-HMS model as described in FSAR Subsection
2.4.3.1. By using the PMP presented in FSAR Table 2.4.3-216, the HEC-HMS model result is
conservative as it increases the PMP by 0.06 inches for the drainage basin above the Main
Dam.
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Clarify the calculations to estimate the maximum 1-hr intensity for the 72-hr PMP

A simple smoothing technique, which complies with the principle of a balanced storm, was used
to remove sharp steps between the 6-hour precipitation intervals. While removal of these sharp
steps gives a better natural looking hyetograph, no reference could be found to support this
technique. Therefore, the smoothing step has been removed from the FSAR and replaced by
RAI 02.04.03-6 Table 1 as given below.

In Table 1, the 1-hour PMP for the drainage basin above the Main Dam was calculated by
dividing the 6-hour PMP by its duration (i.e., 1-hour PMP = 6-hour PMP/6 hr). Thus, the
maximum 1-hr intensity for the 72-hr PMP storm has been calculated as:

Maximum 6- hr PMP 24.48
Maximum 1- 6 - h- - =4.08 in/hr

Duration 6

Similarly, the maximum 1-hour PMP was calculated for the drainage basin above the Auxiliary
Dam. After making this revision, the maximum 1-hour incremental PMP is constant with the 6-
hour interval from hours 36 to 42 as depicted on Attachment 02.04.03-6A, thereby clarifying the
maximum 1-hour intensity for the 72-hour PMP calculations. RAI 02.04.03-6 Table 1 represents
the revised PMP data after removal of smoothing with the resulting PMP for the drainage basin
above the Main Dam as shown on Attachment 02.04.03-6A.
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RAI 02.04.03-6 Table I
Incremental Probable Maximum Precipitation

for the Basins above the Main Dam and the Auxiliary Dam
Incremental PMP Incremental PMP

Incremental PMP for for the Auxiliary Incremental PMP for for the Auxiliary
Time the Main Dam Dam Time the Main Dam Dam
(hr.) (inches) (inches) (hr.) (inches) (inches)

1

2

3
4

5

6

7

8

9

10

11

12

13

14

15
16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
31

32

33

34

35

36

0.12

0.12

0.12

0.12

0.12

0.12

0.15

0.15

0.15

0.15

0.15

0.15

0.2

0.2

0.2
0.2

0.2

0.2

0.26

0.26

0.26

0.26
0.26

0.26

0.34

0.34

0.34

0.34

0.34

0.34

0.67
0.67

0.67

0.67

0.67

0.67

0.15

0.15

0.15

0.15

0.15

0.15

0.19

0.19

0.19

0.19

0.19

0.19

0.25

0.25

0.25
0.25

0.25

0.25

0.33

0.33

0.33

0.33

0.33
0.33

0.43

0.43

0.43

0.43

0.43

0.43

0.85

0.85

0.85

0.85

0.85

0.85

37

38

39
40

41

42

43
44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

4.08

4.08

4.08

4.08

4.08

4.08

0.48

0.48

0.48

0.48

0.48

0.48
0.09

0.09

0.09

0.09

0.09

0.09

0.07

0.07

0.07

0.07

0.07
0.07

0.05

0.05

0.05

0.05

0.05

0.05

0.04

0.04

0.04

0.04

0.04

0.04

5.18

5.18

5.18

5.18

5.18

5.18

0.6

0.6

0.6

0.6

0.6

0.6
0.12

0.12

0.12

0.12

0.12

0.12

0.09

0.09

0.09

0.09

0.09
0.09

0.07

0.07

0.07

0.07

0.07

0.07
0.05

0.05

0.05

0.05

0.05

0.05
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Provide a table with the component inflows from the sub-basins (includinq the residual area)

A summary of peak inflows, contributing areas, and runoff volume from various sub-basins and
combined peak flows at various junctions has been presented in RAI 02.04.03-6 Table 2. FSAR
Figure 2.4.3-217 presents the locations of the junctions within the Buckhorn Creek watershed.

The maximum cumulative peak inflow to the Main Reservoir combining all the contributing
drainage basin of 70.3 mi2 is listed as Junction-3 with a magnitude of 125,020 cfs; the
maximum cumulative peak inflow to the Auxiliary Reservoir including tailwater conditions of
252.25 and 252.76 ft. NGVD29, respectively, is 125,193.53 cfs. Attachment 02.04.03-6B
presents the time series of inflows from various sub-basins to the Main Reservoir along with
overall inflow to the Main Reservoir.

RAI 02.04.03-6 Table 2
Peak Inflows from Various Sub-Basins of the Main Reservoir

Hydrologic Unit Drainage Area Peak Flow Volume
(sq. mi) (cfs) (ac-ft)

Auxiliary Reservoir 3.00 6,261.78 10,307.26
Auxiliary Reservoir Surface 0.53 1,763.84 1,948.30

Junction-2 16.06 28,870.98 43,657.50
Junction-3 70.30 125,193.53 195,551.36
Junction-4 24.70 46,989.54 69,296.53
Junction-5 21.70 40,851.71 58,989.28
Junction-6 5.16 11,464.84 14,026.94
Junction-7 3.00 6,961.88 10,561.02
Junction-8 16.54 30,839.34 44,962.33

Main Reservoir 70.30 21,090.87 181,644.57
Main Reservoir Surface 11.94 31,177.73 34,753.49
Residual Land Surface 17.60 46,318.97 47,843.84

Sub-Basin IV 12.46 22,030.63 33,871.26
Sub-Basin IX 1.14 2,892.61 3,098.98
Sub-Basin V 3.60 7,080.45 9,786.24
Sub-Basin VI 3.38 6,959.08 9,188.19
Sub-Basin VII 13.16 24,164.24 35,774.14
Sub-Basin VIII 4.02 8,796.23 10,927.97
Sub-Basin X 2.47 6,758.36 8,612.72

Associated HAR COL Application Revisions:

The following changes will be made to the HAR FSAR in a future revision:

* Table 2.4.3-216 will be replaced by RAI 02.04.03-6 Table 1 provided above

* Table 2.4.3-217 will be replaced by the revised Table 2.4.3-217 below

* Attachment 02.04.03-6A will be added as FSAR Figure 2.4.3-205

* Attachment 02.04.03-6C will be added as FSAR Figure 2.4.3-206

" Attachment 02.04.03-6D will be added as FSAR Figure 2.4.3-207
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* Attachment 02.04.03-6E will be added as FSAR Figure 2.4.3-208

* Attachment 02.04.03-6F will be added as FSAR Figure 2.4.3-209

• Attachment 02.04.03-6G will be added as FSAR Figure 2.4.3-210

" Attachment 02.04.03-6H will be added as FSAR Figure 2.4.3-211

The text of FSAR Subsection 2.4.3.1.5 will be revised in a future revision from:

Using the PMP rainfall distribution shown on Figure 2.4.3-205, a design storm was developed.

To read:

Using the PMP rainfall distribution tabulated in Table 2.4.3-216 and shown on Figure 2.4.3-205,
a design storm was developed.
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Table 2.4.3-217
Incremental Effective Probable Maximum Precipitation for the Main Dam and the

Auxiliary Dam

Time Incremental PMP Incremental PMP Time Incremental PMP Incremental PMP
(hr.) for the Main Dam for the Auxiliary (hr.) for the Main Dam for the Auxiliary

(inches) Dam (inches) (inches) Dam (inches)

1 0.00 0.00 37 1.56 2.00

2 0.00 0.00 38 1.56 2.00

3 0.00 0.00 39 1.56 2.00

4 0.00 0.00 40 1.56 2.00

5 0.00 0.00 41 1.57 2.01

6 0.00 0.00 42 1.57 2.01

7 0.00 0.00 43 0.13 0.18

8 0.00 0.00 44 0.13 0.18

9 0.00 0.00 45 0.13 0.19

10 0.00 0.00 46 0.14 0.19

11 0.00 0.00 47 0.14 0.19

12 0.00 0.00 48 0.14 0.19

13 0.00 0.00 49 0.00 0.00

14 0.00 0.00 50 0.00 0.00

15 0.00 0.00 51 0.00 0.00

16 0.00 0.00 52 0.00 0.00

17 0.00 0.00 53 0.00 0.01

18 0.00 0.00 54 0.00 0.01

19 0.00 0.02 55 0.00 0.00

20 0.00 0.02 56 0.00 0.00

21 0.00 0.02 57 0.00 0.00

22 0.00 0.03 58 0.00 0.01

23 0.00 0.03 59 0.00 0.01

24 0.00 0.03 60 0.00 0.01

25 0.04 0.07 61 0.00 0.00

26 0.04 0.08 62 0.00 0.01

27 0.04 0.08 63 0.00 0.01

28 0.04 0.08 64 0.00 0.01

29 0.05 0.08 65 0.01 0.01

30 0.05 0.08 66 0.01 0.01

31 0.18 0.26 67 0.01 0.01

32 0.19 0.26 68 0.01 0.01

33 0.19 0.26 69 0.01 0.01
34 0.19 0.26 70 0.01 0.02

35 0.19 0.26 71 0.01 0.02

36 0.19 0.27 72 0.02 0.02
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Attachments/Enclosures:

Attachment 02.04.03-6A Hourly PMP Rainfall Distribution for the Main Reservoir (Harris
Reservoir)

Attachment 02.04.03-613 Plot of Inflows from Various Sub-basins and the Main Reservoir
Along with the Overall Inflow to the Main Reservoir

Attachment 02.04.03-6C Design Storm Rainfall Input for Basin above the Main Dam

Attachment 02.04.03-6D Hourly PMP Rainfall Distribution for the Auxiliary Dam

Attachment 02.04.03-6E Design Storm Rainfall Input for Basin above the Auxiliary Dam

Attachment 02.04.03-6F Infiltration Rate as a Function of Time

Attachment 02.04.03-6G Actual and Effective Precipitation for Main Drainage Basin

Attachment 02.04.03-6H Actual and Effective Precipitation for Auxiliary Drainage Basin
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.05-1

Text of NRC RAI:

Provide a reference to support the assertion concerning resonance. Add text. Refer to FSAR
section.

PGN RAI ID #: H-0648

PGN Response to NRC RAI:
A reference has been requested to support the following statement described in FSAR
Subsection 2.4.5.4 Resonance:

"Wave amplification due to resonance will not occur on either reservoir at the HAR site, because
the wind fetch is approximately 100 times longer than the significant wave length. The
resonance due to such a high mode, if it does occur, would not have an appreciable effect.
Normally, only the first few modes of resonance are of concern, that is, the wave length would
have to be at least 152.4 m (500 ft.)."

A direct reference to support the above assertion concerning resonance is not available in
literature. However, the text described in FSAR Subsection 2.4.5.4 was provided after
conducting a preliminary resonance evaluation as described below.

In order to discuss a possibility of oscillations of waves at natural periodicity such as lake
reflection and harbor resonance phenomena and any resulting effects at the site, two sinusoidal
waves of the same amplitude and wavelength travel in opposite directions are considered and
their interference can be studied through Equations (Eqs.) (1) and (2):

y(x, t) = y. sin(kx - cot) (1)

y(x, t) = yo sin(kx + cot) (2)

Where y0 is the initial magnitude of a wave, k is the wave number represented as 27/2A in which

A. is a wavelength of oscillations generated by an external perturbation. The symbol co

represents the angular frequency and is represented as 2•/T, in which T is the time period, and
x and t represent location and wave travel time. According to the superposition principle, the
resultant wave is simply the sum of the two waves, i.e.

YResonance (x,t) = yo sin(kx - cot) + y, sin(kx + cot) (3)

Using trigonometry identities, the sum of two sines is given by:

YResonance (x,t) = 2yo sin(kx)cos(cot) (4)
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The amplitude of the resonance wave is 2y0 sin(kx)which varies with position x. Alternatively,

Eq.(4) can also be written as:

YResonance(x,t)= 2yo sinr /T cos z-) (5)

It can be noted that there are well defined points where the magnitude of the resonance wave is
zero. Such as at x = 0, 2A/2, A., 3A`/2, 22A, etc; these points are called the nodes. Similarly,
points of maximum magnitude oscillations, called the antinodes, are the locations of maximum
amplitude oscillations such as at x = A14, 32A/4, 5A/4, etc. At these locations the two waves

undergo constructive interference and result in resonance with magnified magnitude. This
indicates that the length of a water body over which waves are generated should be a multiple

of A/2. This multiple is also know as the mode or harmonic of an oscillating wave. The
oscillation resonance mode n can be determined as (Reference RAI 02.04.05-1 01):

2Ln=- 
(6)

A.

The corresponding resonance period T, is given as (References RAI 02.04.05-1 02 and RAI
02.04.05-1 03):

T = 2L (7)
n g•(h

where L is the length, h the average depth of the body of water, and g the acceleration of
gravity. Using the physical parameters of the Main and Auxiliary Reservoirs provided in FSAR
Tables 2.4.3-235 and 2.4.3-236, the numbers of modes (n) at which resonance may occur were
determined as given in RAI 02.04.05-1 Table 1. As shown in RAI 02.04.05-1 Table 1, all modes
are over 100.
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RAI 02.04.05-1 Table 1:
Oscillation Resonance Modes in the Main and Auxiliary Reservoirs

Location Fetch Straight Wave Depth Velocity Wavelength Mode, n
Line Line Period, Tp (M/s) (m)
ID Fetch, L (sec)

(krn)

HAR 2 1 1.36 1.80 32.76 9.9 17.8 153
2 1.16 1.71 32.76 9.9 16.9 137
3 0.98 1.62 16.56 7.0 11.4 172
4 1.02 1.64 16.56 7.0 11.5 177
5 0.88 1.57 16.56 7.0 11.0 159

HAR 3 1 1.49 1.86 32.76 9.9 18.4 162
2 1.41 1.83 32.76 9.9 18.1 156
3 1.39 1.82 32.76 9.9 18.0 154
4 0.63 1.41 16.56 7.0 9.9 127
5 0.80 1.52 16.56 7.0 10.7 150
6 0.80 1.52 16.56 7.0 10.7 150
7 0.80 1.52 16.56 7.0 10.7 150

HNP 1 1.22 1.74 16.56 7.0 12.2 199
2 6.92 3.06 32.76 9.9 30.3 457
3 4.36 2.64 32.76 9.9 26.1 334

DAMs 1 6.87 3.05 32.76 9.9 30.2 455
2 6.87 3.05 32.76 9.9 30.2 455
3 1.88 2.00 16.56 7.0 14.1 267
4 1.73 1.95 16.56 7.0 13.7 252

The amplitude and persistence of a wave depends not only on the magnitude of energy source
but also on the energy losses within a water body. Such losses include dissipative effects
resulting from friction on the sides or bottom of the basin. If a wave is generated by an external
implusive event such as a sudden change in atmospheric pressure gradient, the amplitude is
seen to decay by nearly constant fraction with each successive period or mode. In general, the
rate of decay is greater for basins that are shallow or have narrow constrictions and complex
topography (Reference RAI 02.04.05-1 03).

Using geometric progression and assuming a constant rate loss of r, the magnitude of
resonance wave A, after n modes is given as:

A,, = 2yo (I - r)'-' (8)

Eq. (8) indicates that only the first few modes are important as n increases A tends to decrease.
At a large value of n, An becomes insignificant. Based on literature, the decay rate r in Lake
Geneva and Lake Erie has been estimated to be about 3% and 32% respectively with each
successive wave period (Reference RAI 02.04.05-1 03). Both the Main and Auxiliary
Reservoirs are very shallow and have narrow constrictions with complex topography.
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Therefore, it is expected that the decay rate r will be large. In the absence of observed data, a
conservative decay rate of 10% was assumed and the magnitude of resonance wave after n
modes A, were determined as shown in RAI 02.04.05-1 Table 2.

RAI 02.04.05-1 Table 2:
Wave Amplification due to Resonance for the Main and Auxiliary Reservoirs

Location Line ID Mode, n Setup An

(ft.) (ft-)

HAR 2 1 153 0.05 0

2 137 0.04 0

3 172 0.07 0

4 177 0.07 0

5 159 0.06 0

HAIR 3 1 162 0.05 0

2 156 0.05 0

3 154 0.05 0

4 127 0.05 0

5 150 0.06 0

6 150 0.06 0

7 150 0.06 0

HNP 1 199 0.09 0

2 457 0.23 0

3 334 0.15 0

DAMs 1 455 0.23 0

2 455 0.23 0

3 267 0.13 0

4 252 0.12 0

As shown in RAI 02.04.05-1 Table 2, the magnitude of resonance wave for all fetch lengths is
zero. Thus, the resonance statement described in FSAR Subsection 2.4.5.4 concerning wave
amplification due to resonance is correct.
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Associated HAR COL Application Revisions:

The following changes will be made to the HAR FSAR in a future revision:

References RAI 02.04.05-1 01, RAI 02.04.05-1 02, and RAI 02.04.05-1 03 will be added as new
references to FSAR Subsection 2.4.16, "References".

" RAI 02.04.05-1 01, Young, H.D., Freedman, R.A., and Sears, F.W. (2007), University
Physics, 12 th Edition

" RAI 02.04.05-1 02, Rueda, F. J., and Schladow, S. G. (2002), Surface Seiche in Lakes of
Complex Geometry, Limnol. Oceanogr, 47(3) 906-910

" RAI 02.04.05-1 03, Seiche (2003), McGraw-Hill Encyclopedia of Science & Technology, 9th

Edition, The McGraw-Hill Companies, Inc.

Table RAI 02.04.05-1 Table 1 will become Table 2.4.5-206; table RAI 02.04.05-1 Table 2 will
become Table 2.4.5-207. Both tables will be added to the FSAR as shown below.

The text of FSAR Subsection 2.4.5.4 will be revised in a future revision from:

Wave amplification due to resonance will not occur on either reservoir at the HAR site, because
the wind fetch is approximately 100 times longer than the significant wave length. The
resonance due to such a high mode, if it does occur, would not have an appreciable effect.
Normally, only the first few modes of resonance are of concern, that is, the wave length would
have to be at least 152.4 m (500 ft.).

To read:

In order to discuss a possibility of oscillations of waves at natural periodicity such as lake
reflection and harbor resonance phenomena and any resulting effects at the site, two sinusoidal
waves of the same amplitude and wavelength travel in opposite directions are considered and
their interference can be studied through Equations (22) and (23):

y(x, t) = yo sin(kx - cot) (22)

y(x, t)= yo sin(kx + cot) (23)

Where y0 is the initial magnitude of a wave, k is the wave number represented as 2f/2l in which

A, is a wavelength of oscillations generated by an external perturbation. The symbol co

represents the angular frequency and is represented as 27//T, in which T is the time period, and
x and t represent location and wave travel time. According to the superposition principle, the
resultant wave is simply the sum of the two waves, i.e.

YResonance (x, t) = yo sin(kx - cot) + yo sin(Icx + cot) (24)

Using trigonometry identities, the sum of two sines is given by:

YResonance (x,t) = 2yo sin(kx)cos(cot) (25)
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The amplitude of the resonance wave is 2y0 sin(kx) which varies with position x. Alternatively,

Equation (25) can also be written as:

YRe .. nance (x,t)= 2Yo sin)r- -2Cos 2 (26)

Well defined points exist where the magnitude of the resonance wave is zero. Such as at x = 0,
A•/2, A,, 32/2, 22, etc; these points are called the nodes. Similarly, points of maximum

magnitude oscillations, called the antinodes, are the locations of maximum amplitude

oscillations such as at x = A./4, 34/4, 5A14, etc. At these locations the two waves undergo
constructive interference and result in resonance with magnified magnitude. This indicates that
the length of a water body over which waves are generated should be a multiple of /2. This
multiple is also know as the mode or harmonic of an oscillating wave. The oscillation resonance
mode n can be determined as (Reference RAI 02.04.05-1 01):

n = 2L (27)

The corresponding resonance period Tn is given as (References RAI 02.04.05-1 02 and RAI
02.04.05-1 03):

Tn = 2L (28)
n -. gh

where L is the length, h the average depth of the body of water, and g the acceleration of
gravity. Using the physical parameters of the Main and Auxiliary Reservoirs provided in Tables
2.4.3-235 and 2.4.3-236, the numbers of modes (n) at which resonance may occur were
determined as given in Table 2.4.5-206. As presented in Table 2.4.5-206, all modes are over
100.

The amplitude and persistence of a wave depends not only on the magnitude of energy source
but also on the energy losses within a water body. Such losses include dissipative effects
resulting from friction on the sides or bottom of the basin. If a wave is generated by an external
implusive event such as a sudden change in atmospheric pressure gradient, the amplitude is
seen to decay by nearly constant fraction with each successive period or mode. In general, the
rate of decay is greater for basins that are shallow or have narrow constrictions and complex
topography (Reference RAI 02.04.05-1 03).

Using geometric progression and assuming a constant rate loss of r, the magnitude of
resonance wave An after n modes is given as:

An = 2yo(1-r)"-I (29)

Equation (29) indicates that only the first few modes are important as n increases A tends to
decrease. At a large value of n, An becomes insignificant. Based on literature, the decay rate r
in Lake Geneva and Lake Erie has been estimated to be about 3% and 32% respectively with
each successive wave period (Reference RAI 02.04.05-1 03). Both the Main and Auxiliary
Reservoirs are very shallow and have narrow constrictions with complex topography.
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Therefore, it is expected that the decay rate r will be large. In the absence of observed data, a
conservative decay rate of 10% was assumed and the magnitude of resonance wave after n
modes An were determined as shown in Table 2.4.5-207.

As presented in Table 2.4.5-207, the magnitude of resonance wave for all fetch lengths is zero.
Therefore, wave amplification due to resonance will not occur on the Auxiliary or Main Reservoir
at the HAR site, because the wind fetch is approximately 100 times longer than the significant
wave length. The resonance due to such a high mode, if it does occur, would not have an
appreciable effect due to the fact that only the first few modes of resonance are of concern for
wave amplification.
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Table 2.4.5-206
Oscillation Resonance Modes in the Main and Auxiliary Reservoirs

Location Fetch Straight Wave Depth Velocity Wavelength Mode, n
Line Line Fetch, Period, Tp (ft.) (m/s) (m)
ID L (kin) (sec)

HAR 2 1 1.36 1.80 32.76 9.9 17.8 153
2 1.16 1.71 32.76 9.9 16.9 137
3 0.98 1.62 16.56 7.0 11.4 172
4 1.02 1.64 16.56 7.0 11.5 177
5 0.88 1.57 16.56 7.0 11.0 159

HAR 3 1 1.49 1.86 32.76 9.9 18.4 162
2 1.41 1.83 32.76 9.9 18.1 156

3 1.39 1.82 32.76 9.9 18.0 154
4 0.63 1.41 16.56 7.0 9.9 127
5 0.80 1.52 16.56 7.0 10.7 150
6 0.80 1.52 16.56 7.0 10.7 150
7 0.80 1.52 16.56 7.0 10.7 150

HNP 1 1.22 1.74 16.56 7.0 12.2 199
2 6.92 3.06 32.76 9.9 30.3 457
3 4.36 2.64 32.76 9.9 26.1 334

DAMs 1 6.87 3.05 32.76 9.9 30.2 455

2 6.87 3.05 32.76 9.9 30.2 455
3 1.88 2.00 16.56 7.0 14.1 267

4 1.73 1.95 16.56 7.0 13.7 252
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Table 2.4.5-207
Resonance for the Main and Auxiliary ReservoirsWave Amplification due to

Location Line ID Mode, n Setup An
(ft.) (ft.)

HAR 2 1 153 0.05 0

2 137 0.04 0

3 172 0.07 0

4 177 0.07 0
5 159 0.06 0

HAR 3 1 162 0.05 0

2 156 0.05 0

3 154 0.05 0

4 127 0.05 0
5 150 0.06 0

6 150 0.06 0

7 150 0.06 0

HNP 1 199 0.09 0

2 457 0.23 0

3 334 0.15 0

DAMs 1 455 0.23 0

2 455 0.23 . 0

3 267 0.13 0

4 252 0.12 0

Attachments/Enclosures:

None.
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.06-1

Text of NRC RAI:

In a future revision of the FSAR please include a brief discussion concerning landslide-
generated tsunamis, or provide a reference to another section where it is discussed.

PGN RAI ID #: H-0649

PGN Response to NRC RAI:
The primary criteria which influence landslide potential at a given site include: topography,
geology, groundwater, seismicity, history and landuse. Based on these metrics, the HAR site is
not expected to be impacted by landslide-generated tsunamis. The following sections discuss
the HAR site characteristics with respect to primary landslide criteria.

Topography:
One of the most important factors in a landslide study is the topographic slope of the area; in
general, steeper slopes are more susceptible to a landslide due to the greater driving force they
can develop. The general site physiography and topography are gentle and muted as
discussed in FSAR Subsection 2.5.1.2.1. As noted in this Subsection, the HAR site is located in
an upland section of the Piedmont province, within the Deep River basin. The Deep River Basin
is filled with Triassic rocks consisting primarily of claystone, shale, siltstone, sandstone and
conglomerate overlain by Triassic sediments. These sediments form a trough-like topographic
lowland, which in the site area generally lie between 15 and 91 m (50 and 300 ft.) above sea
level, and are characterized by gently rolling hills and low-gradient streams. In addition, this
Subsection notes "Because of the muted topographic features produced by a long period of
topographic inactivity, there are no landslides, areas of uplift or subsidence, or other natural
features that potentially could be hazardous to the plant."

A bathymetry contour map was developed from data associated with a Main Reservoir contour
map using GIS techniques (Attachment 02.04.06-1 B). This contour map was used to create a
slope map around the reservoir as shown in Attachment 02.04.06-1A. Five categories of slope
steepness were established based on professional judgment: very gently sloping (00 - 110),
gently sloping (120 - 240), moderately sloping (250 - 340), steeply sloping (350- 540), and very
steeply sloping (>550). RAI 02.04.06-1 Table 1 presents some of the important features of
Attachment 02.04.06-1A.
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RAI 02.04.06-1 Table 1: Slope Map Characteristics of the Main Reservoir

Slope Total Area Maximum Continuous Text Qualifier
Classification Area

Sq. Meter % Sq. Meter %

00 - 110 40,404,872 88.13 38,643,136 99.65 very gently
sloping

120-240 4,615,143 10.07 116,113 0.30 gently sloping

250- 340 518,518 1.13 4,825 0.01 moderately
sloping

350- 540 236,540 0.52 10,208 0.03 steeply sloping

>550 69,898 0.15 5,350 0.01 very steeply6 01 5 sloping

Note: Both lower and upper ranges for each interval are included in the slope classification.

The slope for the Main Reservoir and shoreline varies from 00 to greater than 550. Of the area
surveyed, about 88% is rated as "very gently sloping"; the combined percentages for all slopes
>250 amount to only about 2% of the area surveyed. In addition, the maximum continuous
areas for each slope classification were calculated; the maximum continuous area for the slope
classification of 00- 110 is 99.65% of the combined areas of all'four classifications.

Based upon the topographical characteristics (i.e., gentle slopes) of the region and HAR site,
the Buckhorn Creek Watershed does not have the potential to trigger a landslide.

Geology:
The geology of the HAR site was investigated in detail as part of the FSAR preparation and
included an extensive literature search, a site specific boring program, as well as geophysical
surveys. The results of these investigations showed that the bedrock and surficial soils at the
HAR site are stable, competent materials and are not prone to landslide related activity.

The geologic setting of the HAR site is detailed in FSAR Subsection 2.5.1 and summarized in
Subsection 2.5.0.1.2 as follows:

The HAR site is located within the Deep River basin, a north- to northeast-trending
half-graben, approximately 6.4 km (4 mi.) west of the eastern margin of the Deep River
basin, where the Jonesboro fault separates Triassic rift-fill sediments from igneous and
metamorphic rocks of the Piedmont Plateau. The sediments of the Deep River basin are
composed largely of debris from nearby pre-Triassic metamorphic and igneous rocks; in
places, the deposits contain much debris from nearby granite intrusive bodies. These
sediments were deposited as alluvial fans, stream channel and flood plain deposits, and
lake and swamp deposits. Bedrock within the site area consists predominantly of
well-consolidated Triassic siltstones and sandstones interbedded with subordinate shale,
claystone, and conglomerate. Diabase intrusive rocks also are present in the site area
and site vicinity. Additionally, Proterozoic and Paleozoic igneous and metamorphic
rocks; remnants of the flat-lying, poorly consolidated sediments of the Coastal Plain;
terrace gravels; and Holocene alluvial deposits occur in the site vicinity.
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The geotechnical investigation focused on the subsurface beneath plant structures, including
the nuclear islands and the cooling towers. These investigations confirmed the geologic setting
detailed in FSAR Subsection 2.5.1 (see FSAR Subsection 2.5.4.1.1.1.3). Surficial soils were
found to consist primarily of lean clays, sand and silt formed by weathering of the parent
bedrock, predominantly siltstone and sandstone. The transitions from soil to weathered rock
and sound rock were found to be gradual. Gradual transitions between such strata are less
likely to develop slope instabilities since there is not an extensive soft or weak zone on which a
slide can develop.

The analyses performed for the plant structures showed a low potential for soil or rocks
becoming unstable. In addition, the surface residual soils were found to be highly over
consolidated, which generally increases their strength and reduces their permeability. While the
geotechnical investigation was focused in the HAR 2 and HAR 3 areas, the subsurface
materials surrounding the Main Reservoir are expected to consist of similar soils and rocks
based on the geologic investigation detailed in FSAR Subsection 2.5.1.

The HAR FSAR concluded that there was no potential for the occurrence of landslides, as
summarized in FSAR Subsection 2.5.0.1.2:

Based on the review and updating of the geological, seismological, geophysical, and
geotechnical data for the HAR site, nothing was identified that would preclude the safe
operation of the proposed facilities. There is no potential for occurrence of nontectonic
geologic events (e.g., landsliding, collapse or subsidence, or differential settlement) that
would pose a hazard to the facilities. The site is not located in an area where .
large-scale crustal stresses related to glacial or erosional/depositional loading or
unloading have occurred in recent geological time. The absence of reported shallow
stress-relief features and the limited seismicity in the region also suggest minimal
unrelieved residual stresses in bedrock in the site vicinity. Previous investigations
performed for the HNP site and for this study identified no human activities that would
adversely affect the site. Reservoir-triggered seismicity has not occurred since filling of
the Harris Reservoir, and there is no reason to expect it will occur in the future.

Groundwater
The groundwater regime, in combination with other factors, can play a large role in susceptibility
to landslides. Rapid groundwater infiltration or poor drainage from susceptible soil layers on
steep slopes can combine to trigger slope failures, a condition that was not found to exist at the
HAR site. The groundwater regime was investigated in detail as part of the HAR FSAR
preparation and is detailed in FSAR Subsection 2.4.12.

The investigation showed that with regards to groundwater flows, the surficial soils at the HAR
site have low effective porosity, poorly interconnected pores and a very low primary
permeability. As a result, most of the precipitation is either returned to the atmosphere through
evapotranspiration or becomes surface runoff, and natural recharge to the regional aquifer
occurs at a very low rate. As reported in HAR FSAR section 2.4.12.1.1, an average of 8 percent
or lower of the precipitation within the Triassic basin recharges the groundwater aquifer.
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Seismicity
Slope instability in susceptible subsurface materials can be triggered by seismic activity. The
evaluation of the seismicity of the HAR site is presented in FSAR Subsection 2.5.2 and 2.5.3.
As reported in HAR FSAR Subsection 2.5.0.3, "the potential for tectonic deformation at the HAR
site is assessed to be negligible." FSAR Subsection 2.5.3.6 summarized the following:

A "capable tectonic source," as defined by Regulatory Guide 1.208, is described by at least
one of the following characteristics:

* Presence of surface or near-surface deformation of landforms or geologic deposits of a
recurring nature within the last approximately 500,000 years, or at least once in the last
approximately 50,000 years.

• A reasonable association with one or more large earthquakes or sustained earthquake
activity that usually is accompanied by significant surface deformation.

* Structural association with a capable tectonic source having characteristics of bullet item
1 above, such that movement on one could reasonably be expected to be accompanied
by movement on the other.

None of the mapped bedrock faults within a 40-km (25-mi.) radius or possible fault-related
lineaments (e.g., the fire pond lineament) within an 8-km (5-mi.) radius of the HAR site is
assessed to be a capable tectonic source.

History
Hazard mapping is a useful tool to indicate the potential for slope instabilities in a given region.
The U.S. Geological Survey (USGS) landslide map, Landslide Overview Map of the
Conterminous United States, "delineates areas where large numbers of landslides have
occurred and areas which are susceptible to landsliding in the conterminous United States
(Reference RAI 02.04.06-1 01)." The USGS authors considered landslides "to be any downward
and outward movement of earth materials on a slope (Reference RAI 02.04.06-1 01)." The
USGS used published geologic mapping to evaluate formations or groups of formations "as
being of high, medium, or low susceptibility to landsliding and classified the formations as
having high, medium, or low landslide incidence (number of landslides). Susceptibility to
landsliding was defined as the probable degree of response of the areal rocks and soils to
natural or artificial cutting or loading of slopes or to anomalously high precipitation. High,
medium, and low susceptibility are delimited by the percentages given below for classifying the
incidence of landsliding" (Reference RAI 02.04.06-1 01). The Buckhorn Creek Watershed and
associated HAR site are located in an area on the map with a "low" defined landslide incidence
which is characterized as "less that 1.5% of area involved."

In addition, no observed or recorded slope instability of any kind has occurred along the shore
of either the Main or Auxiliary Reservoirs since they were filled in late 1980.
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Landuse

Landuse has a direct or indirect effect in triggering the landslides; in general, areas with no to
limited vegetation are more susceptible to a landslide. As described in FSAR Subsection
2.4.3.2, the land use in the Buckhorn Creek watershed is primarily forested game lands with
some transitional and urban areas. The HAR site is classified as heavy industrial, and the
remaining area of the Buckhorn Creek watershed can be classified as approximately 85 percent
forest and 15 percent transitional lands. The surrounding areas along both the Main and
Auxiliary Reservoirs are heavily vegetated with grass, bushes, shrubs, and a thick cover of
trees. These characteristics create good soil cohesion based upon a root network and aids in
protecting the watershed from erosion due to intense precipitation.

Based upon the past, current, and projected landuse (primarily forested game lands which
creates soil cohesion) for the Buckhorn Creek Watershed, the area in the vicinity of the Auxiliary
and Main Reservoirs does not have the potential to trigger a landslide. Additional details
concerning the regional and HAR site landuse are provided in ER Subsection 2.2.1 (HAR Site
and Vicinity).

Conclusions:
* The general site topography is gentle and muted.
* 88% of the area associated with the Main Reservoir has a slope of 00 - 110; 98% of the

area has a slope <250. The continuous areas with the steepest slopes are very small.
* The geologic and geotechnical investigations showed that the bedrock and surficial soils

at the HAR site are generally stable and competent.
* No location on the shore of either the Main or Auxiliary Reservoirs has experienced any

land slippage of any kind since the reservoirs were filled in late 1980.
* The surficial soils have low effective porosity, poorly interconnected pores, and very low

primary permeability which results in low recharge rates to the aquifer and rapid runoff of
precipitation.

* The potential for a seismically triggered deformation at the HAR site is negligible.
* Hazard mapping shows the Buckhorn Creek Watershed and associated HAR site are

located in an area with a "low" defined landslide incidence which is characterized as
"less that 1.5% of area involved".

* The current landuse of the Buckhorn Creek Watershed can be classified as
approximately 85 percent forest and 15 percent transitional lands.

* The surrounding areas of both the Main and Auxiliary Reservoirs are heavily vegetated
with grass, bushes, shrubs, and a thick cover of trees providing an interlocking between
the upper soil layer and underlying weathered bedrock.

* There is no urban development in the area such as deforestation and mining that can
cause slope instability.

The potential of a slope failure into the Main or Auxiliary Reservoirs causing a tsunami-like wave
is negligible.
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Associated HAR COL Application Revisions:

The following text will be added to the end of FSAR Subsection 2.4.6 in a future revision:

The potential for a slope failure into the Main or Auxiliary Reservoirs causing a tsunami-like
wave is negligible based on the extensive site specific investigations associated with
topography, geology, seismicity, and groundwater (Subsections 2.5.0.1.2, 2.5.1, 2.5.2, 2.5.4.1,
2.5.3, 2.5.0.3, 2.5.3.6, and 2.4.12.1). In addition, the current landuse is not conducive to
landslide activity (Subsection 2.4.3.2) and no observed or recorded land slippage of any kind
has occurred along the shore of either the Main or Auxiliary Reservoirs since the reservoirs
were filled in late 1980.

Attachments/Enclosures:
Attachment 02.04.06-1A, HAR Site Contour Slope Map

References:

RAI 02.04.06-1 01 Radbruch-Hall, D.H., R.B. Colton, W.E. Davies, Ivo Lucchitta, B.A. Skipp,
and D.J. Varnes, 1982, Landslide Overview Map of the Conterminous
United States, Geological Survey Professional Paper 1183, U.S. Geological
Survey, Washington. Website,
http://landslides.usgs.gov/learning/nationalmap/
accessed on December 23, 2010.
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NRC Letter No.: HAR-RAI-LTR-076

NRC Letter Date: November 17, 2010

NRC Review of Final Safety Analysis Report

NRC RAI NUMBER: 02.04.12-5

Text of NRC RAI:

Provide additional details of the pre-operational and operational groundwater monitoring
program specified in Section 2.4.12-5 of the FSAR Rev. 2. These details shall include 1) the
locations, depths, and monitored intervals proposed for the groundwater monitoring wells; 2) the
frequency of groundwater level monitoring; 3) the criteria for implementing a mitigation plan; 4)
anticipated mitigation actions; and 5) data management and reporting of measured groundwater
levels.

PGN RAI ID #: H-0650

PGN Response to NRC RAI:
The pre-operational and operational groundwater monitoring program for the HAR facility was
described in the following text from FSAR Subsection 2.4.12.5:

"A pre-operational and operational groundwater monitoring program will be designed
and implemented to monitor the effectiveness of the surface water drainage system for
HAR 2 and HAR 3. The groundwater monitoring program will monitor both up-gradient
and side-gradient groundwater elevations in the vicinity of HAR 2 and HAR 3 to identify
any potential groundwater mounding issues near the safety-related structures. This
program will begin prior to operations and will be incorporated into the overall
groundwater monitoring program for HNP and HAR. The results of the monitoring
program will be continually evaluated, and a mitigation plan will be created if
groundwater elevations near the safety-related structures threaten to exceed the DCD
groundwater criteria."

In addition, DCD requirements for subsurface hydrostatic loading were described in the
following text from FSAR Subsection 2.4.12.5:

"The APIO00 is designed for a normal groundwater elevation up to 0.6 m (2 ft.) below
the proposed nominal plant grade of 79.6 m (261 ft.) NG VD29."

Additional details concerning this groundwater monitoring program are provided in HAR ER
Subsections 6.3.3 (Pre-Operational Hydrological Monitoring Program) and 6.3.4 (Operational
Hydrological Monitoring Program), and in the information provided below.

Pre-operational groundwater Monitoring Program

The pre-operational groundwater monitoring program will be designed to provide a baseline for
evaluating the effectiveness of the surface water drainage system for HAR 2 and HAR 3.
Baseline data collected during this monitoring program will be used to assess the potential for
the following:

* Alteration of groundwater levels.
* Alteration of groundwater flow (velocity and direction).
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The pre-operational groundwater monitoring program will begin at least 1 year prior to plant
operation to establish a baseline after plant construction is complete. This program will include
the continuation of the monitoring of existing perimeter wells and piezometers quarterly as
described in HAR ER Subsections 6.3.1 (Pre-Application Hydrological Monitoring Program) and
6.3.2 (Construction Hydrological Monitoring Program) and the installation of additional
groundwater monitoring wells immediately following the completion of construction activities and
prior to plant operation; details concerning these monitoring wells are provided below.

Groundwater Monitoring (Pre-Operational)

Once construction activities are complete, groundwater monitoring will be conducted to
establish post-construction baseline conditions for groundwater level and flow. Groundwater.
monitoring will be performed in the existing perimeter wells and piezometers that remain
operational after the HAR facility is constructed, and in some additional reactor area wells that
will be installed after construction is completed. The existing perimeter wells and piezometers
will continue to be monitored for water level measurements and the results evaluated quarterly.

The reactor area wells will include a total of ten new monitoring wells that will be installed
immediately following construction activities and prior to plant operation. These wells will be
installed adjacent to and surrounding the HAR 2 and HAR 3 reactor buildings to establish
baseline groundwater parameters in the immediate vicinity of the reactors. The reactor area
monitoring wells will be labeled MWA-12, MWA-13, MWA-14, MWA-15, MWA-16, MWA-17,
MWA-18, MWA-19, MWA-20, and MWA-21 as shown on Attachment 02.04.12-5A. The
locations of the monitoring wells are based on the existing flow gradients indicated by the
potentiometric surfaces of the surficial and bedrock aquifers as shown on Figure 2 [Attachment
02.04.12-2B] and Figure 3 [Attachment 02.04.12-2C] of RAI 02.04.12-2. Installation of the
reactor area monitoring wells will occur in two phases based on the scheduled completion of
construction activities for HAR 2 and HAR 3:

" Phase 1 monitoring wells will be installed following the completion of HAR 2 (wells MWA-12,
MWA-13, MWA-14, MWA-20, and MWA-21).

* Phase 2 monitoring wells will be installed following the completion of HAR 3 (wells MWA-15,
MWA-16, MWA-17, MWA-18, and MWA-1 9).

Each reactor area well will be completed within the surficial aquifer and consist of at least 20
feet of well screen (5 ft. above the watertable and 15 ft. below) to account for potential seasonal
groundwater variations. Well depths and monitoring intervals will vary for each well location
based on the depth to groundwater and variations in lithology observed during well installation.

Changes in water levels in the proposed new wells will be monitored using automated pressure
transducers programmed to collect data every 12 hours. The data will be downloaded and
evaluated weekly beginning at least 1 year before plant operations begin.
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The results of the pre-operational monitoring program will be periodically evaluated to ensure
that groundwater elevations are within DCD criteria. Deviations from the DCD criteria will be
reported to the NRC and a Mitigation Plan will be prepared and submitted if groundwater
elevations at any of the ten reactor area monitoring wells exceed an elevation of 259 ft.
NGVD29. A Mitigation Plan will be developed that addresses the specific groundwater issues
that are identified; however, specific plan details cannot be provided at this time, but may
include the installation of additional monitoring wells, modification of the frequency of
groundwater level monitoring and/or the frequency of the evaluation of the data, modification of
the existing surface water drainage system, or the installation of an active dewatering system.
All groundwater monitoring data collected from these monitoring wells will be maintained in a
data management system for the life of the plant.

Operational groundwater Monitoring program

The operational groundwater monitoring program will be used to record and document
groundwater levels in the immediate vicinity of the HAR 2 and HAR 3 reactors during operation.
The operational groundwater monitoring program will extend the pre-operational monitoring
program as described above for the duration of operation for HAR 2 and HAR 3. The need for
modifications to the monitoring program (e.g., changes in monitoring station locations or
collection procedures) will be assessed periodically throughout the duration of the operational
groundwater monitoring program.

Groundwater Monitoring (Operational)

The operational groundwater monitoring program will consist of extending the pre-operational
monitoring program and continuing the monitoring of the existing wells and piezometers for the
duration of HAR 2 and HAR 3 operation. The data collected during the operational phase of the
monitoring program will be used to evaluate the effectiveness of the surface water drainage
system for HAR 2 and HAR 3, and to identify any potential changes in groundwater elevation,
velocity, or direction.

The operational monitoring program will include measuring the water levels in perimeter and
reactor area wells. Perimeter wells will continue to be monitored for water level measurements
and evaluated each quarter.

Groundwater elevations in the reactor area monitoring wells MWA-12, MWA-13, MWA-14,
MWA-15, MWA-16, MWA-17, MWA-18, MWA-19, MWA-20, and MWA-21, as illustrated in
Attachment 02.04.12-5A, will continue to be automatically measured and recorded every 12
hours. The data will be downloaded and evaluated at the following frequencies:

* Weekly for the first year of operation.
* Quarterly after the first year of operation for the life of the plant.

The frequency of monitoring and data evaluation will be evaluated and potentially modified
(increased or decreased) in response to trends observed in the data.

The results of the operational monitoring program will be evaluated according to the schedule
described above to ensure that groundwater elevations are consistent with the DCD criteria.
Deviations from the allowable DCD criteria will be reported to the NRC and a Mitigation Plan will
also be prepared and submitted if groundwater elevations at any of the ten reactor area
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monitoring wells exceed an elevation of 259 ft. NGVD29. A Mitigation Plan will be developed
that addresses the specific groundwater issues identified; however, specific Mitigation Plan
details cannot be provided at this time, but may include the installation of additional monitoring
wells, modification of the frequency of groundwater level monitoring and/or the evaluation of the
data, modification of the existing surface water drainage system, or the installation of an active
dewatering system. All groundwater monitoring data collected from these monitoring wells will
be maintained in a data management system for the life of the plant.

Associated HAR COL Application Revisions:

The following change will be made to the HAR FSAR in a future revision:

Attachment 02.04.12-5B will added to the FSAR as Figure 2.4.1-205.

ER Revisions:

The text of ER Subsection 6.3.3.3 will be revised in a future revision from:

Harris Reservoir will be used to meet the facility's water requirements and no groundwater will
be used; therefore, there should not be a significant effect to the groundwater system from the
operation of the HAR site. However, pre-operational monitoring will be conducted to re-
establish baseline conditions for groundwater level and flow following the completion of the
construction activities. The monitoring will consist of collecting water level measurements
quarterly from wells and piezometers that remain after the HAR facility is constructed.

To read:

Harris Reservoir will be used to meet the facility's primary process and cooling water
requirements and no groundwater will be used; therefore, there should be no significant impacts
(due to water withdrawal from the aquifer) on the local groundwater system as a result of the
operation of HAR 2 and HAR 3. Upon completion of construction of HAR 2 and HAR 3,
pre-operational groundwater monitoring will be conducted to establish baseline conditions for
groundwater level, velocity, and direction. Groundwater monitoring will be performed in the
existing perimeter wells and piezometers that remain operational after the HAR facility is
constructed, and in some additional reactor area wells that will be installed after construction is
completed. The existing perimeter wells and piezometers will continue to be monitored for
water level measurements and the results evaluated quarterly. Perimeter wells are shown on
Figure 6.3-1.

Reactor area wells include a total of ten new monitoring wells that will be installed immediately
following construction activities and prior to plant operation. These wells will be installed in the
immediate vicinity of the reactor buildings for HAR 2 and HAR 3 to establish background
groundwater conditions. The monitoring wells will be labeled MWA-12, MWA-13, MWA-14,
MWA-15, MWA-16, MWA-17, MWA-18, MWA-19, MWA-20, and MWA-21 as shown on Figure
6.3-2. Installation of these monitoring wells will occur in two phases based on the schedule of
construction activities for HAR 2 and HAR 3:

* Phase 1 monitoring wells will be installed following the completion of HAR 2
(wells MWA-12, MWA-13, MWA-14, MWA-20, and MWA-21).

" Phase 2 monitoring wells will be installed following the completion of HAR 3
(wells MWA-15, MWA-16, MWA-17, MWA-18, and MWA-19).
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Each of the reactor area wells will be completed within the surficial aquifer and will consist of at
least 20 feet of well screen (5 ft. above the watertable and 15 ft. below) to account for potential
seasonal groundwater variations. Well depths and monitoring intervals will vary for each well
location based on the actual depth to groundwater and variations in lithology observed at the
time of installation. Once the wells are operational, groundwater levels will be monitored using
automated pressure transducers programmed to collect data every 12 hours. The data will be
downloaded and evaluated weekly beginning at least one year prior to the operation of HAR 2
and HAR 3.

The results of the pre-operational monitoring program will be periodically evaluated to ensure
that groundwater elevations are consistent with the DCD criteria. Deviations from the DCD
criteria will be reported to the NRC and a Mitigation Plan will be prepared and submitted if
groundwater elevations at any of the ten reactor area monitoring wells exceed an elevation of
259 ft. NGVD29. A Mitigation Plan will be developed that addresses the specific groundwater
issues identified; however, Mitigation Plan details cannot be provided at this time but may
include the installation of additional monitoring wells, modification of the frequency of
groundwater level monitoring and/or evaluation of the data, modification of the existing surface
water drainage system, or the installation of an active dewatering system. All groundwater
monitoring data will be maintained in a data management system and available for review for
the life of the plant.

The text of ER Subsection 6.3.4.3 will be revised in a future revision from:

A limited operational hydrological monitoring program will be implemented to establish the
effects to the groundwater system from the operation of HAR 2 and HAR 3, and to detect any
unexpected effects from facility operation. The objective of the monitoring is to evaluate
changes to the groundwater system related to potential changes in Harris Reservoir levels. The
monitoring of groundwater levels will consist of extending pre-operational monitoring for the
duration of the HAR 2 and HAR 3 operation. The need for modifications to the monitoring
program (e.g., changes in monitoring stations or frequency of collection) will be assessed
regularly over the duration of the operational hydrological monitoring program.

To read:

The operational groundwater monitoring program will consist of extending the pre-operational
monitoring program for the duration of HAR 2 and HAR 3 operation. The data collected during
the operational phase of the monitoring program will be used to evaluate the effectiveness of
the surface water drainage system for HAR 2 and HAR 3, and to identify any potential changes
in groundwater elevation, velocity, or direction. The need for modifications to the monitoring
program (e.g., changes in monitoring stations or collection procedures) will be assessed
periodically throughout the duration of the operational groundwater monitoring program.

The operational monitoring program will include measuring water levels in the perimeter wells
that remain operational after construction is complete and in the reactor area wells that will be
installed upon completion of construction. Perimeter wells will continue to be monitored for
water level measurements and the results evaluated quarterly.

Groundwater levels in the reactor area monitoring wells MWA-12, MWA-13, MWA-14, MWA-15,
MWA-16, MWA-17, MWA-18, MWA-19, MWA-20, and MWA-21 (Figure 6.3-2), will also continue
to be measured. During the operational monitoring period, potential changes in groundwater
elevations will be evaluated weekly for the first full year of operation and quarterly thereafter.



Enclosure to Serial: NPD-NRC-2011-003
Page 44 of 44

Data will be collected at the ten monitoring wells using automated pressure transducers
programmed to collect groundwater elevations every 12 hours.

The groundwater monitoring and evaluation frequency described above will be periodically
evaluated and may be modified (increased or decreased) in response to trends observed in the
data.

The results of the operational monitoring program will be evaluated according to the schedule
described above to ensure that groundwater elevations are within DCD criteria. Deviations from
the DCD criteria will be reported to the NRC and a Mitigation Plan will be prepared and
submitted if groundwater elevations at any of the ten reactor area monitoring wells exceed an
elevation of 259 ft. NGVD29. A Mitigation Plan will be developed that addresses the specific
groundwater issues identified; however, specific Mitigation Plan details cannot be provided at
this time, but may include the installation of additional monitoring wells, modification of the
frequency of groundwater level monitoring and/or evaluation, modification of the existing surface
water drainage system, or the installation of an active dewatering system. All groundwater
monitoring data will be maintained in a data management system and available for review for
the life of the plant.
ER Figures: Attachment 02.04.12-5A will be added to the ER as Figure 6.3-2 consistent with

the revised text provided above. All other figures in ER Subsection 6.3 will remain unchanged.

Attachments/Enclosures:

Attachment 02.04.12-5A Proposed Reactor Area Monitoring Well Locations

Attachment 02.04.12-513 Site Drainage Map with HAR2 and HAR3
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