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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Subject: PSEG Early Site Permit Application
Docket No. 52-043
Response to Request for Additional Information, RAI No. 39, Probable
Maximum Surge and Seiche Flooding

References: 1) PSEG Power, LLC letter to USNRC, Application for Early Site Permit
for the PSEG Site, dated May 25, 2010

2) RAI No. 39, SRP Section: 02.04.05 - Probable Maximum Surge and
Seiche Flooding, dated October 27, 2011 (eRAI 6051)

The purpose of this letter is to respond to the request for additional information (RAI)
identified in Reference 2 above. This RAI addresses Probable Maximum Surge and
Seiche Flooding, as described in Section 2.4.5 of the Site Safety Analysis Report
(SSAR), as submitted in Part 2 of the PSEG Site Early Site Permit Application, Revision
0.

Enclosure 1 provides our response for RAI No. 39, Questions Nos. 02.04.05-1,
02.04.05-2, 02.04.05-5, and 02.04.05-7. The responses to the remaining questions
from RAI No. 39 will be provided by December 9, 2011.

Our response to RAI No. 39, Question Nos.02.04.05-1, 02.04.05-2 and 02.04.05-5 will
result in a revision to the SSAR. The markups to SSAR Subsection 2.4.5 will be
provided by December 9, 2011. Enclosure 2 includes the new regulatory commitments
established in this submittal.

If any additional information is needed, please contact David Robillard, PSEG Nuclear
Development Licensing Engineer, at (856) 339-7914.
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I declare under penalty of perjury that the foregoing is true and correct. Executed on
the 22nd day of November, 2011.

Sincerely,

James Mallon
Early Site Permit Manager
Nuclear Development
PSEG Power, LLC

Enclosure 1:

Enclosure 2:

Response to NRC Request for Additional Information, RAI No. 39,
Questions No. 02.04.05-1, 02.04.05-2, 02.04.05-5, and 02.04.05-7, SRP
Section: 2.4.5 - Probable Maximum Surge and Seiche Flooding
Summary of Regulatory Commitments

cc: USNRC Project Manager, Division of New Reactor Licensing, PSEG Site
(w/enclosures)
USNRC, Environmental Project Manager, Division of Site and Environmental
Reviews (w/enclosures)
USNRC Region I, Regional Administrator (w/enclosures)



PSEG Letter ND-2011-0064, dated November 22, 2011

ENCLOSURE 1

RESPONSE to RAI No. 39

QUESTION NOS. 02.04.05-1, 02.04.05-2, 02.04.05-5, and 02.04.05-7



Response to RAI No. 39, Question 02.04.05-1:

In Reference 2, the NRC staff asked PSEG for information regarding Probable Maximum
Surge and Seiche Flooding, as described in Section 2.4.5 of the Site Safety Analysis
Report. The specific request for Question 02.04.05-1 was:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100,
estimates of the probable maximum hurricane (PMH) and the probable maximum
storm surge are needed. Regulatory Guide 1.59, supplemented by current best
practices, provides an acceptable methodology for estimating storm surge
induced by PMH. NOAA NWS Report 23 provides an acceptable method for
estimating the winds associated with the PMH for the proposed site. SSAR
Section 2.4.5.1 provides a bulleted list of meteorological parameters for the PMH
at the project site. The NRC staff requests that PSEG provide a table of wind
speeds developed from the PMH meteorological parameters listed in SSAR
Section 2.4.5.

PSEG Response to NRC RAI:

SSAR Section 2.4.5.1 provides a bulleted list presenting a range of meteorological
parameters that define the Probable Maximum Hurricane (PMH) potentially affecting the
project site. The range of parameters is specified by National Oceanic and Atmospheric
Administration (NOAA) National Weather Service (NWS) Report 23 (SSAR Reference
2.4.5-18), an acceptable method for estimating the winds associated with the PMH for
the site. Several critical parameters are defined by NOAA NWS Report 23 as a range
of possible values. Various parameters within the specified range may constitute the
PMH that causes the PMH surge at the site. These are the radius of maximum winds,
R; the forward speed, T; and the track direction. The track direction that produces the
maximum surge at the open coast is the track that is oriented perpendicular to the
ocean-bed contours near shore, and therefore that track direction is selected (SSAR
Reference 2.4.5-2). NRC RG 1.59 Appendix C and ANSI/ANS 2.8 (SSAR Reference
2.4.5-1; Section 7.2.1.4) describe procedures to vary the parameters within the range
specified by NOAA NWS 23, so as to identify the PMH that causes the probable
maximum surge. These procedures are adhered to by conducting preliminary
screening simulations using the Bodine model within the specified range of R and T. R
was varied from 11 to 28 nautical miles (NM), and T was varied from 26 knots (kt) to 42
kt. The following table presents the maximum sustained wind speed for nine (9)
possible combinations of meteorological parameters that may constitute the PMH that
causes the probable maximum surge. As shown in this table, the maximum sustained
wind speed for the PMH at the site ranges from 128 to 135 kt.
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Maximum Sustained Wind Speed (kt) for Multiple PMH Scenarios
Radius of Maximum Winds, R (NM)

11 20 28

42 135 133 132
Forward Speed, T (kt) 34 133 131 130

26 131 129 128
Note: Each PMH evaluated in the above table exhibited a central pressure, Po, = 26.65 inches of mercury;
pressure drop, Ap = 3.5 inches of mercury; and track direction from 138 degrees (moving northwest).
These parameters, and the ranges considered, represent the PMH that can affect the project site
according to NOAA (SSAR Reference 2.4.5-18).

Associated PSEG Site ESP Application Revisions:

The above table will be added to SSAR Subsection 2.4.5, as Table 2.4.5-2.
Additionally, this table will be referenced in the text of SSAR Subsection 2.4.5.1.
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Response to RAI No. 39, Question 02.04.05-2:

In Reference 2, the specific request for Question 02.04.05-2 was:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100,
estimates of the probable maximum hurricane (PMH) and the probable maximum
storm surge are needed. The storm surge induced by the PMH can be estimated
as recommended by Regulatory Guide 1.59, supplemented by current best
practices. SSAR Sections 2.4.5.1 and 2.4.5.2.2.2 discuss the storm surge
induced by PMH storms with different parameter combinations at the open coast.
The NRC staff requests that PSEG provide a table of storm surge levels
developed with the Bodine model for the different PMH meteorological parameter
combinations listed in SSAR Section 2.4.5, or justify why this information is not
necessary. In addition, please provide any analyses that demonstrate the
influence of varying track direction on surge levels at the open coast and project
site.

PSEG Response to NRC RAI:

Results of preliminary simulations designed to identify the PMH that causes the PMH
surge are summarized in SSAR Subsection 2.4.5.1. The scope of the preliminary
simulations summarized in SSAR Subsection 2.4.5.1 addresses the still water level and
does not include determination of wave runup. Results of these preliminary simulations
are provided in the table below. Results presented at the mouth of the Delaware Bay
are produced by the Bodine model; while results at the project site are based on the
results of the Bodine, HEC-RAS, and Kamphuis wind setup models as described in
SSAR Subsections 2.4.5.1 and 2.4.5.2.2.2. Comparison of results of the preliminary
simulations is useful for identification of the meteorological parameters that produce the
maximum PMH surge. The results presented here cannot be compared directly with the
PMH surge determination presented in SSAR Subsection 2.4.5.2, because tide levels
for the preliminary simulations for this response were set at a constant high tide level,
rather than specifying a time series of variable water levels through the tidal cycle,
which are used in SSAR Subsection 2.4.5.2.

Meteorological parameters are specified by SSAR Reference 2.4.5-18. The radius of
maximum winds, R, for the PMH can be within the range of 11 to 28 NM. The forward
speed, T, of the PMH can be within the range of 26 to 42 kt.
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Maximum Surge (ft. NAVD) for Multiple PMH Scenarios from Screening Simulations
At Mouth of Delaware Bay (RM 0) At the Site (RM 52)

Radius of Maximum Winds, R (NM)

11 20 28 28

Forward Speed,T 42 18.5 21.7 22.7 23.4

(kt) 34 18.4 21.2 22.1 25.3
26 18.1 21.2 22.1 27.8

Note: Each PMH evaluated in the above table exhibited a central pressure, Po, = 26.65 inches of mercury;
pressure drop, Ap = 3.5 inches of mercury; and track direction from 138 degrees (moving northwest).

The track direction oriented perpendicular to the ocean-bed contours near shore is from
the southeast at 138', which falls within the range of track directions for the site defined
in NOAA NWS 23. The Bodine model is designed to simulate a track perpendicular to
the offshore depth contours because that track produces the maximum surge at the
open coast, and is therefore conservative. This track produces the probable maximum
surge at the mouth of the Bay (SSAR Reference 2.4.5-2). The alignment of the
Delaware Bay from the center of the mouth of the Delaware Bay to the site is from the
southeast at 146'. Therefore the alignment of the Delaware Bay is nearly equal to the
alignment of the track direction, which reinforces the effect of winds within the Delaware
Bay acting along the track direction that produces peak surge at the mouth of the Bay.

Varying track direction from that used in the analysis would not produce the maximum
surge at the site. The surge at the mouth of the Bay is propagated through the Bay to
the project site using HEC-RAS. With all other parameters remaining the same, a larger
surge at the mouth of the Bay produces a larger surge at the project site. The surge at
the mouth represents the predominant contribution to the surge at the site. The PMH
surge coincident with the 10% exceedance high tide acting at the mouth of the Bay is
20.9 feet (ft), North American Vertical Datum of 1988 (NAVD) (SSAR Figure 2.4.5-6).
The additional surge resulting from propagation of the surge up the funnel shape of the
Delaware Bay, in concert with the wind setup that occurs within the Delaware Bay,
further increases the surge by 6 ft to produce a PMH surge at the site of 26.9 ft, NAVD.
Since the primary surge (20.9 ft) is produced at the mouth of the Bay, while the
additional surge within the Delaware Bay is a smaller contributor to total surge at the
site, use of a track direction other than the track direction that maximizes surge at the
mouth of the Bay (specifically, 1380) would produce a lower surge at the site. Since the
surge at the mouth is the predominant contributor to the surge at the site, contributing
78% (20.9 - 26.9) of the total surge, any track direction other than 1380, would produce
smaller predominant contribution at the mouth of the Bay, and hence would not produce
the maximum surge at the site.

Associated PSEG Site ESP Application Revisions:

The above table will be added to SSAR Subsection 2.4.5, as Table 2.4.5-3.
Additionally, this table will be referenced in the text of SSAR Subsection 2.4.5.2.2.2.

Response to RAI No. 39, Question 02.04.05-5:
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Response to RAI No. 39, Question 02.04.05-5:

In Reference 2, the specific request for Question 02.04.05-5 was:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100,
estimates of the probable maximum hurricane (PMH) and the probable maximum
storm surge are needed. The storm surge induced by the PMH can be estimated
as recommended by Regulatory Guide 1.59, supplemented by current best
practices. SSAR Sections 2.4.5.2.1 and 2.4.5.2.2 discuss validation of the
applied methodology to estimate storm surge at the proposed site with
comparisons to the Chesapeake-Potomac hurricane (1933) [reference to
Bretschneider, 1959]. The NRC staff requests that PSEG provide additional
discussion and verification of the development of water level records, including
datum conversions, from the Bretschneider (1959) report. The NRC staff also
requests that PSEG clarify the calculation of the storm surge from the observed
water levels and tidal record at the Reedy Point, Delaware Station - SSAR
Figure 2.4.5-4. Finally, the NRC staff requests that PSEG provide justification
that the model predictions are conservative.

PSEG Response to NRC RAI:

The Bretschneider (1959) report (SSAR Reference 2.4.5-3; page 3) defines surge
hydrographs as the result of subtracting the predicted astronomical tide from available
tide records. Bretschneider's surge hydrographs are the best available information that
define the surge during the 1933 hurricane. Bretschneider's Figure 6 (SSAR Reference
2.4.5-3; page 9) presents surge hydrographs for different locations, and the graph for
Reedy Point is used to define the observed surge hydrograph near the site. As defined
in the Bretschneider report, the surge hydrograph presented in Bretschneider's Figure 6
was defined by subtracting the predicted astronomical tide (ft, mean low water (MLW))
from the observed water levels (ft, MLW). As a result, the values presented in
Bretschneider's Figure 6 are differences of two values that are referenced to the same
datum, and therefore are not elevation referenced to that datum. The proper unit for
Bretschneider's Figure 6 (SSAR Reference 2.4.5-3) on the vertical scale is surge height
in feet instead of elevation.

The best available information on predicted astronomical tides during the 1933
hurricane is from NOAA Tides Online (SSAR Reference 2.4.5-16). These referenced
data were acquired in ft, NAVD. By adding surge hydrographs from Bretschneider
Figure 6 to predicted astronomical tides in ft, NAVD, the resultant water surface
elevation (WSEL) is expressed in ft, NAVD.
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The results illustrated in SSAR Figure 2.4.5-4 are detailed in Table RAI 02.04.05-5-1.
The maximum predicted surge is 7.91 ft, and the maximum observed surge is 7.70 ft.
The maximum predicted WSEL is 7.93 ft, and the maximum observed WSEL is 8.33 ft.
The model predictions are accurate because both the WSEL and the surge are
predicted within the observed values. The critical measure for evaluation of the model
is the surge (WSEL minus the astronomical tide), as used by others who have
conducted surge model verification. Verification of the Sea, Lake, and Overland Surges
from Hurricanes (SLOSH) model (SSAR Reference 2.4.5-23) and additional evaluations
reported by Jarvinen and Lawrence (Reference RAI-39-1) verify the SLOSH model after
eliminating the effect of astronomical tide. The use of the Bodine and HEC-RAS models
is conservative because the predicted magnitude of the surge exceeds the observed
surge.

Both the timing and the duration of the simulated surge for the 1933 hurricane differ
somewhat from the observations, and these differences cause the observed WSEL to
exceed the simulated WSEL. This is not unexpected in simulation of a real hurricane
whose forward speed and track direction varied (SSAR Reference 2.4.5-3). Forward
speed and track direction is constant in the 1933 hurricane simulation as well as in the
PMH as described in SSAR Subsection 2.4.5.2.2.2. In the simulation of the PMH, the
tidal phase is controlled so that the peak surge coincides with the high tide, eliminating
these sources of variability and ensuring conservatism.

The accurate reproduction of the observed surge and WSELs demonstrate that the
storm surge model developed to determine the PMH surge is accurate. Conservative
inputs used in determination of the PMH surge, combined with an accurate model as
demonstrated by the validation to the 1933 hurricane, ensure that the PMH surge
determined in Subsection 2.4.5 is conservative.
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Table RAI 02.04.05-5-1
Results at Site RM 58.82: Reedy Pt., Delaware

Modeled Observed
Predicted HEC-RAS Wind Still Water

Simulation Tide 1  WSEL Setup Level 2  Surge Surge 3  WSEL
Local Time Time (hr) (ft, NAVD) (ft, NAVD) (ft) (ft, NAVD) (ft) (ft) (ft, NAVD) 4

23AUG1933 1200 24.00 2.33 4.14 0.72 4.86 2.53 4.10 6.43
23AUG1933 1230 24.50 2.56 4.18 0.89 5.07 2.52 4.30 6.86
23AUG1933 1300 25.00 2.78 4.22 1.08 5.30 2.52 4.65 7.43
23AUG1933 1330 25.50 2.69 5.47 1.26 6.73 4.04 5.00 7.69
23AUG1933 1400 26.00 2.59 5.92 1.43 7.35 4.76 5.55 8.14

23AUG1933 1430 26.50 2.16 6.26 1.53 7.79 5.63 6.10 8.26
23AUG1933 1500 27.00 1.73 6.29 1.64 7.93 6.20 6.60 8.33
23AUG1933 1530 27.50 1.13 6.21 1.71 7.92 6.80 7.10 8.23
23AUG1933 1600 28.00 0.52 5.69 1.74 7.43 6.91 7.35 7.87

23AUG1933 1630 28.50 -0.09 4.95 1.69 6.64 6.73 7.60 7.52
23AUG1933 1700 29.00 -0.69 4.96 1.65 6.61 7.30 7.65 6.96
23AUG1933 1730 29.50 -1.15 4.85 1.58 6.43 7.58 7.70 6.55
23AUG1933 1800 30.00 -1.61 4.82 1.48 6.30 7.91 7.65 6.04
23AUG1933 1830 30.50 -1.90 2.68 1.37 4.05 5.95 7.60 5.70
23AUG1933 1900 31.00 -2.19 1.94 1.24 3.18 5.37 7.40 5.21

23AUG1933 1930 31.50 -2.31 1.21 1.12 2.33 4.63 7.20 4.90
23AUG1933 2000 32.00 -2.42 0.82 0.97 1.79 4.21 6.95 4.53

23AUG1933 2030 32.50 -2.20 0.30 0.84 1.14 3.33 6.70 4.51
23AUG1933 2100 33.00 -1.97 0.28 0.72 1.00 2.97 6.70 4.73

Note: 1 =
2

3

4

SSAR Reference 2.4.5-16
HEC-RAS Surge + Setup
SSAR Reference 2.4.5-3
Surge + Predicted Tide

References:

RAI-39-1 Jarvinen, B.R. and M.B. Lawrence. 1985. An Evaluation of the SLOSH
Storm Surge Model. Bulletin of the American Meteorological Society. V.
66:1408-11.

Associated PSEG Site ESP Application Revisions:

During the development of the response to this RAI, it was noted that the maximum
observed surge at Reedy Point, DE, is reported in SSAR Subsection 2.4.5.2.2 as 7.6 ft.
This result is determined from a curve on a chart in a document published in 1959
(SSAR Reference 2.4.5-3, Figure 5). A close reading of the chart indicates the reported
maximum surge is 7.65 ft. SSAR Figure 2.4.5-4 is conservatively based on 7.7 ft, and
the text in SSAR Subsection 2.4.5.2.2 will be revised to report the maximum observed
surge of 7.7 ft.
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Response to RAI No. 39, Question 02.04.05-7:

In Reference 2, the specific request for Question 02.04.05-7 was:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100,
estimates of the probable maximum hurricane (PMH) and the probable maximum
storm surge are needed. The storm surge induced by the PMH can be estimated
as recommended by Regulatory Guide 1.59, supplemented by current best
practices. SSAR Section 2.4.5.2.2.3 discusses application of the HEC-RAS
model to propagate the storm surge at the mouth of Delaware Bay (developed by
the Bodine Model) to the project site approximately 80 km (50 miles) inland. The
NRC staff requests that PSEG provide additional information on the testing done
to confirm that execution of more recent HEC-RAS model versions (v. 4.1
released in early 2010) than applied in the SSAR did not result in significant
changes to the HEC-RAS model results.

PSEG Response to NRC RAI:

The release notes for version 4.1 of the HEC-RAS model document the additional
model capabilities available in the new version, as well as reported problems that were
corrected from version 4.0 (2010, Ref. RAI-39-2). A review of the additional capabilities
available in version 4.1 indicates that no additional features have been developed that
would affect the HEC-RAS analysis used for the propagation of the PMH surge through
Delaware Bay. The additional analytical features of version 4.1 are: routing by the
Modified Puls method for steep reaches; allowing input of empirically derived
contraction/expansion coefficients for unsteady flow; computation of minor energy loss
due to friction for unsteady flow; an additional modeling option for stream junctions; and
computation of groundwater leakage from storage areas. None of these additional
features would affect the analysis of the propagation of hurricane surge through
Delaware Bay.

Version 4.1 includes 50 corrections from Version 4.0, of which only two pertained to
components that are used for the analysis of the PMH. Both of the corrections impact
the development of bridge curves by the geometry preprocessor component. In order to
evaluate any potential effect on the model results, version 4.1 is used to develop bridge
curves, and the curves are compared to those developed by version 4.0. It is confirmed
that both versions of the software produced identical curves for the two bridge crossings
that are incorporated into the model. Therefore, there is no effect to any of the HEC-
RAS model results from the recent software updates. The comparison of the bridge
curves is presented in Table RAI 02.04.05-7-1.
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Table RAI 02.04.05-7-1
Comparison of Bridce Ratinq Curves Between HEC-RAS Versions

Bridge at river mile (RM) 81.91 Bridge at RM 68.751

Version 4.0 Version 4.1 Version 4.0 Version 4.1
WSEL WSEL Differential WSEL WSEL Differential

Flow (cfs) (ft NAVD) (ft NAVD) (ft) Flow (cfs) (ft NAVD) (ft NAVD) (ft)

0.0 3.8 3.8 0.0 0.0 4.0 4.0 0.0

249,100.9 3.9 3.9 0.0 393,808.2 4.0 4.0 0.0

1,992,807.5 5.8 5.8 0.0 1,575,232.6 4.8 4.8 0.0

2,740,110.3 7.5 7.5 0.0 2,756,657.0 6.9 6.9 0.0

3,487,413.0 9.8 9.8 0.0 3,150,465.3 8.1 8.1 0.0

4,424,813.0 13.4 13.4 0.0 3,693,276.0 10.2 10.2 0.0
Note: ' = Tailwater condition is 4 ft

References:

RAI-39-2 U.S. Army Corps of Engineers. 2010. River Analysis System, HEC-RAS,
Release Notes Version 4.1. U.S. Army Corps of Engineers, Washington,
D.C.

Associated PSEG Site ESP Application Revisions:

None.
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Summary of Regulatory Commitments



ENCLOSURE2

SUMMARY OF REGULATORY COMMITMENTS

The following table identifies commitments made in this document. (Any other actions
discussed in the submittal represent intended or planned actions. They are described
to the NRC for the NRC's information and are not regulatory commitments.)

COMMITMENT COMMITTED DATE COMMITMENT TYPE
ONE-TIME Programmatic
ACTION (Yes/No)
(Yes/No)

PSEG will revise This revision will be Yes No
SSAR Subsection included in the next
2.4.5 to incorporate update of the PSEG
the changes ESP application
described in the
responses to RAI
#39, Questions
02.04.05-1,
02.04..05-2, and
02.04.05-5.
PSEG will provide December 9, 2011 Yes No
the marked up
pages to SSAR
Subsection 2.4.5.
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