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References: 1) PSEG Power, LLC Letter No, ND-2014-0010 to USNRC, Submittal
of Revision 3 of the Early Site Permit Application for the PSEG Site,
dated March 31, 2014

2) RAI No. 67, SRP Section: 02.04.05 - Probable Maximum Surge
and Seiche Flooding, dated October 29, 2012 (eRAI 6615)

3) PSEG Power, LLC Letter No. ND-2011-0066 to USNRC,
Supplemental Response to Request for Additional Information, RAI
No. 39, Probable Maximum Surge and Seiche Flooding, dated
December 9, 2011

4) PSEG Power, LLC Letter No. ND-2013-0039 to USNRC, Response
to Request for Additional Information, RAI No. 67, Probable
Maximum Surge and Seiche Flooding, dated November 27, 2013

The purpose of this letter is to provide a revised response to the request for additional
information (RAI) provided in Reference 2 above. This RAI addresses the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report (SSAR), as submitted in Part 2 of the PSEG Site Early Site
Permit Application, Revision 3. This revised response supersedes the response
submitted by PSEG in Reference 4.



U. S. Nuclear Regulatory 2 8/21/14
Commission

Enclosure 1 provides our response for RAI No. 67, Question Nos. 02.04.05-12 through
02.04.05-17. Our response to RAI No. 67, Question Nos. 02.04.05-12 and 02.04.05-15
will result in revisions to the SSAR and Environmental Report (ER). Enclosure 2
contains the proposed revisions of the SSAR and ER in support of the response for RAI
No. 67. Enclosure 3 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.

I declare under penalty of perjury that the foregoing is true and correct. Executed on
the 2 1st day of August, 2014.

Sincerely,

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

Enclosure 1: Response to NRC Request for Additional Information, RAI No. 67,
Question Nos. 02.04.05-12 through 02.04.05-17, SRP Section: 02.04.05 -
Probable Maximum Surge and Seiche Flooding

Enclosure 2: Optical Media containing the following:
" Proposed Revisions Part 2 - Site Safety Analysis Report,

Subsection 2.4.5 - Probable Maximum Surge and Seiche Flooding
" Proposed Revisions Part 2 - Site Safety Analysis Report,

Chapter 2 - Site Characteristics
* Proposed Revisions Part 3 - Environmental Report,

Subsection 2.3.1 - Hydrology
Enclosure 3: Summary of Regulatory Commitments

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



PSEG Letter ND-2014-0020, dated August 21, 2014

ENCLOSURE 1

Response to RAI No. 67

Question Nos.
02.04.05-12
02.04.05-13
02.04.05-14
02.04.05-15
02.04.05-16
02.04.05-17



Response to RAI No. 67, Question 02.04.05-12:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-12 was:

Supplement to RAI 39, Question 2.4.5-6:

To show compliance with 10 CFR 52.17, PSEG should evaluate the storm surge
induced by the PMH at the site as recommended by Regulatory Guide 1.59 and
supplemented by current best practices. NUREG-0800, Standard Review Plan
(SRP), Chapter 2.4.5, 'Probable Maximum Surge and Seiche Flooding,'
establishes criteria that the NRC staff applies to evaluate whether PSEG meets
the NRC's regulations. SSAR Sections 2.4.5.2.2.2 and 2.4.5.2.2.3 discuss
application of the SLOSH storm surge model to develop the surge at the mouth
of Delaware Bay and at the proposed project site.

In response to RAI 39, Question 2.4.5-6 (MLI 1349A356), PSEG provides
information on the PMH storm parameters as referenced and some additional
information on SLOSH storms applied in comparison. Since SLOSH applies
MOM (maximum of maximums) analysis, NRC staff is unable to completely
determine individual storm characteristics that produced the SLOSH results
presented in the ESP application (Revision 1). The PSEG response to RAI 39,
Question 2.4.5-6 also states that maximum SLOSH water level at the project site
equals 22.8 ft-NA VD (SSAR page 2.4-77) which is still below the PMH surge
estimates (Bodine/HEC-RAS/Wind Setup) after adding the 10% high tide (SSAR
page 2.4-77). No additional SLOSH runs have been conducted by PSEG since
the site safety audit.

Through independent confirmatory analysis, NRC staff determined that
application of PMH storm parameters as input in the SLOSH model produces
water surface elevations that exceed the publicly available SLOSH Display
Program (V. 1.61g) data for Category 4 storms in the PSEG Site area. In order to
show compliance with the requirements of 10 CFR 52.17 and evaluate the
methods applied, NRC staff requests that PSEG provide an analysis of the PMH
events using a conservative, current practice approach such as those predicted
by a two-dimensional storm surge model (e.g., ADCIRC, FVCOM, SLOSH, other)
with input from appropriate PMH scenarios and with resolution that captures the
nuances of the bathymetry and topography near the project site. Note that, to
account for wave-induced water level effects (wave setup), PSEG will likely need
to couple a nearshore wave transformation model to a hydrodynamics model.
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PSEG Response to NRC RAI:

PSEG has performed a confirmatory analysis of the PMH storm parameters presented
in SSAR Subsection 2.4.5.2 using the ADCIRC+SWAN modeling platform. Enclosure 2
includes a revision to SSAR Subsection 2.4.5, in which the confirmatory analysis is
presented. A description of the modeling system, PMH simulations performed, and a
comparison of the results are provided. The confirmatory PMH simulations used the
same input parameters applied to the ADClRC+SWAN modeling system as the existing
Bodine, Kamphuis and HEC-RAS modeling approach used to determine the design
basis storm surge water surface elevation (WSEL). The results show that the Bodine,
Kamphuis and HEC-RAS model produces conservative WSELs at the PSEG Site when
compared to the ADCIRC+SWAN model. A summary of the ADCIRC+SWAN results for
modeling the PMH storm, including still water level (SWL), wave runup, 10 percent
exceedance high tide, 100 year projected sea level rise and total water level (TWL) is
provided below. The input parameters to each PMH simulation are provided in SSAR
Table 2.4.5-4 (see Enclosure 2). When simulated using the existing Bodine, Kaphuis
and HEC-RAS modeling approach, the maximum WSEL due to the PMH event is 42.4
ft. NAVD.

The antecedent water level in the ADClRC+SWAN model is adjusted through the sea
surface height adjustment parameter, and by doing so, raises the water level throughout
the entire model domain by that amount. For example, adjusting the initial conditions to
account for both sea level rise and the 10 percent exceedance high tide raises the initial
water level by 5.85 ft throughout the entire model domain (e.g., the Western North
Atlantic Ocean, Gulf of Mexico, and Caribbean Sea). Although this may be appropriate
for the potential sea level rise, which would be a widespread effect, tides are localized
increases and coincident decreases in sea level that don't represent a net increase in
water volume. Artificially raising water levels throughout the entire model domain in this
manner will likely lead to conservative results at the site given the geometry of Delaware
Bay and the funneling effect that the geometry causes with water being pushed up the
bay. That is, the added volume of water that is artificially introduced into the model will
most likely be pushed up into the bay during the PMH simulation leading to artificially
higher flood levels at the PSEG Site.

The first simulation set the antecedent water level at 0 ft. NAVD and subsequently
added potential sea level rise and 10 percent exceedance high tide to the maximum
total WSEL determined. The below table provides the results at the PSEG Site.

Flooding Source Value

Maximum SWL (ft, NAVD)a 18.63

Runup (ft)a 7.51

Maximum SWL + Runup (ft, NAVD) 26.14

10% Exceedance High Tide (ft, NAVD) 4.50
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Flooding Source Value

100-yr Projected Sea Level Rise (ft) 1.35

Total WSEL (ft, NAVD) 31.99

a) Indicates the individual SWL and Runup values that produce the maximum
total WSEL combination when the time series values are added together.

The second simulation set the antecedent water level equal to the estimated potential
sea level rise (see SSAR Subsection 2.4.5.4) at 1.35 ft. NAVD and subsequently added
10 percent exceedance high tide to the maximum total WSEL determined. The below
table provides the results at the PSEG Site.

Flooding Source Value

Maximum SWL (ft, NAVD)a 20.16

Runup (ft)a 7.43

Maximum SWL + Runup (ft, NAVD) 27.59

10% Exceedance High Tide (ft, NAVD) 4.50

Total Flood Level (ft, NAVD) 32.09

a) Indicates the individual SWL and Runup values that produce maximum total
WSEL combination when the time series values are added together.

The third simulation set the antecedent water level equal to the estimated potential sea
level rise and 10 percent exceedance high tide at 5.85 ft. NAVD to determine the
maximum total WSEL. The below table provides the results at the PSEG Site.

Flooding Source Value

Maximum SWL (ft, NAVD88)a 25.27

Runup (ft)a 7.74

Maximum SWL + Runup (ft, NAVD88) 33.01

Total Flood Level (ft, NAVD88) 33.01

a) Indicates the individual SWL and Runup values that produce the maximum
total WSEL combination when the time series values are added together.

The confirmatory PMH simulations in the ADCIRC+SWAN modeling system produce
maximum WSELs approximately 10 ft. below the equivalent maximum WSEL of the
Bodine, Kaphuis and HEC-RAS modeling approach. Varying the antecedent water
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levels of the model simulations from 0 ft. NAVD to 5.85 ft. NAVD to conservatively
account for potential sea level rise and the 10 percent exceedance high tide results in
an approximate 1 ft. difference in maximum WSEL at the PSEG Site.

Based on the confirmatory PMH simulations performed in the ADCIRC+SWAN
modeling system, it is shown the Bodine, Kaphuis and HEC-RAS modeling approach
produces conservative resultant WSELs at the PSEG Site when the same input
parameters are applied.

Associated PSEG Site ESP Application Revisions:

Enclosure 2 contains proposed revisions to SSAR Subsection 2.4.5. Figures 2.4.5-8
through 2.4.5-11, and Table 2.4.5-4 are provided in Enclosure 2 and added to the SSAR
based on the response to this question.
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Response to RAI No. 67, Question 02.04.05-13:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-13 was:

Supplement to RAI 39, Question 2.4.5-8:

To show compliance with 10 CFR 52.17, PSEG should evaluate the storm surge
induced by the PMH at the site as recommended by Regulatory Guide 1.59 and
supplemented by current best practices. NUREG-0800, Standard Review Plan
(SRP), Chapter 2.4.5, 'Probable Maximum Surge and Seiche Flooding,'
establishes criteria that the NRC staff applies to evaluate whether PSEG meets
the NRC's regulations. SSAR Section 2.4.5.2.2.3 discusses application of the
Kamphuis wind setup model to estimate wind-induced water level changes from
the mouth of Delaware Bay (developed by the Bodine model) to the project site
approximately 80 km (50 miles) inland.

In response to RAI 39, Question 2.4.5-8 (MLI 1349A356), PSEG provides
equations and details of the analysis for the SSAR wind setup calculation. PSEG
states that fetch development applies the longest possible fetch (53+ miles) and
that the wind setup files are located in Enclosure 3. PSEG also discusses that
the shape of bay/estuary is known to alter tide, surge propagation and height,
and that the combined HEC-RASA/ind Setup model results show amplification of
surge (also indicated by a historical storm data). Finally, PSEG provides a
comparison to SLOSH amplification that shows that the SLOSH model produces
a similar (5.5 ft versus 6 ft) increase in storm surge from the bay mouth to the
project site. However, the PSEG response to RAI 39, Question 2.4.5-8 does not
provide a direct method for wind setup that includes shape of bay.

In order to show compliance with the requirements of 10 CFR 52.17 and evaluate
the methods applied, NRC staff requests that PSEG provide:

(1) a discussion of depth values applied by the wind setup method. The
PSEG response to RAI 39, Question 2.4.5-8 states that bathymetry along
the fetch line is applied in the wind setup model, but the bathymetry values
necessary to calculate the total water depth are not clearly provided. The
wind setup calculation depends on the total water depth and the
bathymetric location applied in the wind setup calculation is important (but
not clearly demonstrated). The bathymetry across Delaware Bay varies
significantly so the depth value can vary widely depending on where the
value is chosen.

(2) a discussion of what wind speed averaging was applied to develop the
wind speeds applied in the wind setup calculations. The PSEG response
to RAI 39, Question 2.4.5-8 does not clearly describe the wind field
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averaging method applied in the application of the wind speeds within the
wind setup calculation.

Note, using a conservative, current practice approach, such as those predicted
by an execution of a two-dimensional storm surge model (e.g., SLOSH) with
input from appropriate PMH scenarios, will account for the shape of the bay
when developing wind-induced water level changes from the mouth of Delaware
Bay to the project site approximately 80 km (50 miles) inland. This methodology
will negate the need for combining multiple models and methods.

PSEG Response to NRC RAI:

(1) Bathymetric data for the Delaware Bay was obtained from NOAA's National Ocean
Service Estuarine Bathymetry Data Set (SSAR Reference 2.4.3-11), as described in
SSAR Subsection 2.4.5.2.2.3. A bathymetric profile along the wind setup fetch is
generated from this data to provide the elevation of the bottom of the bay at 10-
meter intervals along the 85.4 kilometer (53.1 mi.) fetch. Wind setup is calculated in
a step-wise manner at every 10 meters along the fetch, starting at the midpoint of
the fetch and stepping toward the site. The initial depth of water is measured below
the water surface elevation (WSEL) representing the surge plus tide that is
calculated using HEC-RAS at the midpoint of the fetch, River Mile 24.92. The WSEL
calculated using HEC-RAS at the midpoint of the fetch is conservatively applied
along the entire length of the fetch. The total water depth used in the wind setup
calculations for each 10-meter interval is equal to the initial depth of water plus the
cumulative water level rise due to wind setup calculated along the fetch from the
previous interval. This fetch accounts for a varied bathymetric contour along the
Delaware Bay, ranging from the shallow areas near the shorelines to the deeper
areas near the navigational channel.

The response to RAI No. 67, Question No. 02.04.05-12 presents a confirmatory
analysis of the PMH storm surge event using the ADCRIC+SWAN modeling system.
While there may be certain limitations associated with the ability of the Kamphuis
wind setup methodology to capture the nuances of the bathymetry and variable
hurricane wind directions across the Delaware Bay, the overall combination of
models and methods produces a conservative estimate of the maximum WSEL
associated with the PMH storm surge event when compared to ADCRIC+SWAN
results.

(2) There is no wind speed averaging applied to the wind speeds used within the wind
setup calculation. As described in the response to RAI 39, Question 2.4.5-8
(Reference 3), the wind speed and direction are calculated at the midpoint of the
fetch line during the PMH simulation in accordance with NOAA NWS 23 (SSAR
Reference 2.4.5-19). The wind speed and direction calculated at the fetch midpoint
are applied to the entire length of the fetch without any averaging. This procedure is
repeated for the wind setup calculations for each time step.
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Associated PSEG Site ESP Application Revisions:

None.
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Response to RAI No. 67, Question 02.04.05-14:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-14 was:

Supplement to RAI 39, Question 2.4.5-9:

To show compliance with 10 CFR 52.17, PSEG should evaluate the storm surge
induced by the PMH at the site as recommended by Regulatory Guide 1.59 and
supplemented by current best practices. NUREG-0800, Standard Review Plan
(SRP), Chapter 2.4.5, 'Probable Maximum Surge and Seiche Flooding,'
establishes criteria that the NRC staff applies to evaluate whether PSEG meets
the NRC's regulations. SSAR Section 2.4.5.3.1 discusses the development of the
wave runup at the PSEG Site.

In order to show compliance with the requirements of 10 CFR 52.17 and evaluate
the methods applied, NRC staff requests that PSEG provide the following:

(1) Clarification on the time of maximum still water level provided in
response to RAI 39, Question 2.4.5-9. In the PSEG response to RAI 39
(MLI 1349A356), Question 2.4.5-9, the simulation time of maximum still
water level (21.0 hours) does not match the maximum still water level in
Table 2.4.5.1 in the SSAR (Revision 1) and Table RAI 39-9-2 (20.5 hours).
PSEG also states the design flooding condition occurs at simulation time
21.5 hours when Table 2.4.5.1 in the SSAR and Table RAI 39-9-2 indicate
21.0 hours.

(2) The relationship between the two wind speeds listed in PSEG
response to RAI 39, Question 2.4.5-9, Table 39-9-1 (Column 2 and
Column 4).

PSEG Response to NRC RAI:

(1) A typographical error was identified in the response text of RAI No. 39 Question No.
02.0.4.05-9 (Reference 3) regarding the reported simulation time for maximum still
water level (SWL) and the time of the design flooding condition when SWL plus
wave runup reaches its maximum elevation. The correct simulation time of
maximum SWL is 20.5 hours. Similarly, the correct simulation time of the design
flooding condition when SWL plus wave runup reaches its maximum elevation is
21.0 hours. These values are consistent with SSAR Table 2.4.5-1 and Table RAI
39-9-2.
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(2) The wind speed in Column 4 of Table 39-9-1 in PSEG's response to RAI No. 39
Question No. 02.0.4.05-9 (Reference 3) is the average of the wind speeds in
Column 2 for the averaging period shown in Column 6., Table RAI 67-14-1, which
includes additional columns with notes describing the procedure used to average the
wind speed values and directions is provided to clarify the relationship between the
two wind speeds in Table RAI 39-9-1.

Associated PSEG Site ESP Application Revisions:

None.
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Table RAI 67-14-1
Wind Speed and Direction Information Used to Calculate Wave Runup

Sheet 1 of 2

Wind Angle (0) Component Component of W Average of Average Of WN Resultant Resultant Resultant

Simulation Speed Wind from of W along perpendicular to Averaging Time WT along perpendicular Wind Speed Direction from Angle for Direction

Time (hr) (W) Direction Traverse traverse traverse (WN) Period traverse to traverse (R) for Traverse (0) Runup for

(mph) (From) (Degree) (WT) (mph) (mph) (mph) (mph) Runup (mph) for Runup =318.24 - Runup
(Degree)

Note (1) Note (2) Note (3) Note (4) Note (5) Note (6) Note (7) Note (9)

1 1 2 3 4 5 6 7 8 9 10 11 12 13

17.5 73.2 NE 97.43 -9.46 72.57 N/A" N/A 8 N/A 8 N/A' N/A' N/A" N/A"

18.0 83.6 NE 94.97 -7.25 83.28 N/A 8 N/A 8 N/A 8 N/A 8 N/A 8 N/A 8 N/A8

18.5 91.0 NE 90.31 -0.49 90.95 N/A 8 N/A a N/A 8 N/A 8 N/A 8 N/A 8 N/A"

19.0 100.6 NE 82.92 12.40 99.8 17.5-19.0 -1.20 86.65 86.66 90.79 227.45 NE

19.5 112.4 ENE 71.47 35.73 106.61 18.0-19.5 10.10 95.16 95.69 83.94 234.30 ENE

20.0 123.2 E 54.49 71.55 100.29 19.0-20.0 39.89 102.23 109.74 68.68 249.56 ENE

20.5 132.4 ESE 32.43 111.77 71.01 19.5-20.5 73.02 92.64 117.95 51.75 266.49 E

21.0 134.4 SE 9.49 132.52 22.16 20.0-21.0 105.28 64.49 123.46 31.49 286.75 ESE

21.5 128.9 SE 352.50 127.76 -16.81 20.0-21.5 110.90 44.16 119.37 21.71 296.53 ESE

22.0 118.6 SSE 342.38 113.03 -35.89 20.0-22.0 111.32 28.15 114.83 14.19 304.05 ESE

22.5 108.2 SSE 335.53 98.50 -44.82 19.5-22.5 98.69 28.94 102.85 16.34 301.90 ESE

23.0 97.0 SSE 329.80 83.83 -48.79 19.0-23.0 87.45 28.17 91.88 17.86 300.38 ESE

87.8 S 326.34 73.10 -48.69 18.5-23.5 78.15 26.89 82.65 18.99 299.25 ESE

78.9 S 322.15 62.28 -48.39 22.5-24.0 79.43 -47.67 92.64 -30.97 349.21 S
I I I I I I
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Table RAI 67-14-1
Wind Speed and Direction Information Used to Calculate Wave Runup

Sheet 2 of 2

Notes:

1) Direction of traverse 318.24 degree

2) WT=W X Cos(e)

3) WN=W X sin (0)

4) Values from Column 5 are averaged over the time period identified in Column 7

5) Values from Column 6 are averaged over the time period identified in Column 7

6) R = (WT
2 + WN

2 )
0 .

5

7) For WN >0 and WT >0, - tan-1 (WN/WT)

For WN >0 and WT < 0,13 = 180 + tan-1 (WN/WT)

For WN <0 and WT > 0, 13 = tan-1 (WNNVT)

For WN <0 and WT < 0; N/A therefore not specified

8) The averaging period begins at hour 19.0 using the previous 1.5 hrs of data.

9) The resultant direction for wave runup is the closest fetch applied to the time step based on the value computed in Column 12.
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Response to RAI No. 67, Question 02.04.05-15:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-15 was:

Supplement to RAI 39, Question 2.4.5-10:

To show compliance with 10 CFR 52.17, PSEG should evaluate the wind-
induced wave runup under PMH or PMWS winds with runup estimates based on
USA CE Coastal Engineering Manual equations and supplemented by current
best practices. NUREG-0800, Standard Review Plan (SRP), Chapter 2.4.5,
'Probable Maximum Surge and Seiche Flooding,' establishes criteria that the
NRC staff applies to evaluate whether the applicant meets the NRC's regulations.
SSAR (Revision 1) Section 2.4.5.3.2 discusses the development of the wave
runup estimate for the project site.

The PSEG response to RAI 39, Question 2.4.5-10 (ML1 1349A356), provides
equations and discussion on the methods applied to develop wave runup at site.
The discussion details wave height calculation (CEM), fetch calculation, wind
speed adjustment (NWS 23), and runup calculation. However, the discussion
provides only limited details of values applied in analysis; no table to show
different scenarios, fetch directions, wind speeds, etc. The discussion ends with
a final runup equation (D'Angremond and van Roode) with the addition of surface
roughness coefficient (0. 5 for rip-rap).

The NRC staff has concerns that fall within two different areas:

1. Overall, the wave height calculation methodology appears satisfactory.
However, the PSEG response to RAI 39, Question 2.4.5-10 (Enclosure 1, Page
27, paragraph 2) indicates that the maximum wave height = 1. 67Hmo and also
equates the significant wave height with Hmo.

i. Hmo is not equivalent to the significant wave height (H113); however, the
approximation Hmo = H 113 is common and acceptable.

ii. CEM Equation 11-1-132 (SSAR Reference 2.4.5-27, page 11-1-74) gives
the following relationships:
H11100 = 1.67 H113
Hmax = 1.86 H113

The relationship between maximum wave height and significant wave
height on Enclosure 1, Page 27, appears inaccurate; however, designing
to H1 iloo (the 1% wave height) versus Hmax is generally acceptable.
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In order to show compliance with the requirements of 10 CFR 52.17 and evaluate
the methods applied, NRC staff requests that PSEG provide a reference to the
Hmax = 1. 67H113 relationship or update the SSAR to indicate the H11100 design.

2. Based on the NRC staff review of the PSEG response to RAI 39, Question
2.4.5-10, the runup equation (RAI 39-10-11) is derived from CEM Section 11-4-4-
a(1). The PSEG RAI response shows the runup estimates apply a roughness
coefficient equal to 0. 5 to this equation.

i. The CEM equation applied calculates runup on beaches, while the
estimate at the project site requires a calculation for runup on a rubble
structure. CEM Section VI-5-2 discusses more appropriate equations and
calculations for runup on structures.

ii. The roughness coefficient listed in the PSEG response to RAI 39,
Question 2.4.5-10 does not apply to equation RAI 39-10-11. The
roughness coefficient and method of application relates to formulas in
CEM Section VI-5-2. The equations listed in CEM Section VI-5-2 have
additional parameters when compared to the runup equation applied in the
PSEG response to RAI 39, Question 2.4.5-10 (equations derived from
CEM Section 11-4-4-a(1)). The additional parameters may result in higher
runup estimates, even when applied in combination with the roughness
coefficient.

iii. The equation/discussion in the PSEG response to RAI 39, Question
2.4.5-10 does not indicate the exceedance level of the runup (e.g. 0. 1%,
2%, etc.). As listed in the PSEG response, the application of the
roughness coefficient and the CEM Section 11-4-4-a(1) formula would
appear to give an exceedance level of 50% (i.e. 50% of incident waves will
produce a higher runup).

In order to show compliance with the requirements of 10 CFR 52.17 and evaluate
the methods applied, NRC staff requests that PSEG provide additional
justification for the equation applied to develop the runup (i.e., justification for the
use of a roughness coefficient with the CEM section 11-4-4-a(1) equation). In
addition, NRC staff requests that PSEG provide a discussion on the exceedance
level of the runup estimate developed and the appropriateness of that
exceedance level.
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PSEG Response to NRC RAI:

The wave runup methodology described in SSAR Subsection 2.4.5.3 has been revised
to use the methodology presented in USACE Coastal Engineering Manual (CEM),
Chapter VI-5. Enclosure 2 provides a revised SSAR Subsection 2.4.5.3 which details
the methodology used, input parameters at critical time steps and resulting wave runup
values. The revised methodology increases the maximum WSEL due to the PMH event
to 42.4 ft. NAVD.

Associated PSEG Site ESP Application Revisions:

Enclosure 2 contains proposed revisions to SSAR Subsection 2.4.5.3, Table 2.4.5-1,
and Figure 2.4.5-7. Table 2.4.5-5 is added to the SSAR based on the response to this
question.

Enclosure 2 contains proposed revisions to other SSAR Chapter 2 Subsections to
reflect the results presented in SSAR Subsection 2.4.5. SSAR Figure 2.4.2-7 has been
revised.

Enclosure 2 contains proposed revisions to ER Subsection 2.3.1 to reflect the results
presented in SSAR Subsection 2.4.5.
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Response to RAI No. 67, Question 02.04.05-16:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-16 was:

Supplemental Question
To show compliance with 10 CFR 52.17, PSEG should evaluate the storm surge
induced by the PMH at the site as recommended by Regulatory Guide 1.59 and
supplemented by current best practices. NUREG-0800, Standard Review Plan
(SRP), Chapter 2.4.5, "Probable Maximum Surge and Seiche Flooding,"
establishes criteria that the staff applies to evaluate whether PSEG meets the
NRC regulations. SSAR (Revision 1) Sections 2.4.5.2.1 and 2.4.5.2.2 discuss
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 mi) inland.

In response to RAI 25 (ML 11179A080, June 23, 2011, and ML 11195A 163
(Supplemental), July 7, 2011), PSEG provided four DVDs with HEC-RAS related
files, data, and a user's guide for data. Review of data indicates that some
questions still remain.

After reviewing the Surface Water Digital Files User's Guide (referenced in
PSEG's Supplemental Response to RAI 25, dated July 7, 2011 (ML 11195A 163)),
the NRC staff has the following comments and observations:

An NRC staff review of the HEC-RAS geometry file and model setup (i.e.,
MASTER.g0l) shows the roadways leading to the two bridges are not
included in the model. The surge flow could have been partially blocked by
the roadways. PSEG possibly used an ineffective flow scheme (HEC-RAS
model ineffective flow area method) instead. In order to show compliance
with the requirements of 10 CFR 52.17 and evaluate the methods applied,
the NRC staff requests that PSEG provide a discussion and justification
for the model setup applied.

An NRC staff review of the unsteady HEC-RAS model
(DelawareRiverHydraulic Model) surge calibration run (Plan:
Surge calibration 1933) provides the following comments and
observations:

An NRC staff review of a PSEG animation of the longitudinal water
surface profile appears to indicate model numerical instability during the
simulation. The numerical instability occurs to a degree that could affect
calibration and model prediction values. In order to show compliance with
the requirements of 10 CFR 52.17 and evaluate the methods applied, the
NRC staff requests that PSEG describe any steps taken steps to minimize
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the model instabilities. If steps were taken to reduce model instabilities,
please describe how these steps affected the model calibration.

An NRC staff review of the unsteady HEC-RAS model
(DelawareRiverHydraulic Model) Probable Maximum Hurricane (PMH)
surge run (Plan: PMHR28_ T26_25YRFLDDYNAMIC) provides the
following comments and observations:

The PSEG animation of the longitudinal water surface profile appears to
indicate model numerical instability during the simulation. The instability
appears very pronounced just before the passing of the peak surge wave
for the PMH surge run (as presented in the HEC-RAS Model run screen
shots pasted below). In order to show compliance with the requirements of
10 CFR 52.17 and evaluate the methods applied, the NRC staff requests
that PSEG describe any steps taken steps to minimize the model
instabilities. If steps were taken to reduce model instabilities, please
describe how these steps affected the model results.

PSEG Response to NRC RAI:

Question No. 02.04.05-16 presents two major questions (1) clarification of the modeling
technique used for bridge approach embankments in HEC-RAS, and (2) further
discussion of model oscillations, which appear to indicate model instabilities. Response
to these two questions is provided below.

Bridge Approach Embankments

Question No. 02.02.05-16 requests clarification regarding the HEC-RAS modeling
technique used for the bridge approach embankments for the Delaware Memorial
Bridge (1-295, approximately 17.5 miles upstream of the PSEG Site) and the
Commodore Barry Bridge (US-322, approximately 30 miles upstream of the PSEG
Site). Figure RAI 67-16-1 shows the model profile provided in Reference 2 and the
location of the two bridges represented in the HEC-RAS model. The current HEC-RAS
model uses an ineffective-flow-area methodology to represent the approach
embankments, but it does not explicitly key in the embankment on either side of the
bridge into the data editor. To assess the effects of this modeling technique, the HEC-
RAS model is modified to include approximations of the bridge approach embankments
in order to gauge the sensitivity of the current modeling results versus the modified
modeling results.

The HEC-RAS model geometry file is modified to include the approximate bridge
roadway approaches using estimates based on available information. The PMH
simulation is re-run in HEC-RAS and the resultant water surface elevations (WSELs) at
the PSEG Site are computed. The difference between the current and modified
modeling method of representing the bridge approaches were then compared.
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Table RAI 67-16-1 presents the resulting peak WSEL and peak flow (Q) resulting at the
three river stations (River Miles 52, 50.8, and 50.36) that cross through the PSEG Site.
From this table it can be seen that there is a very slight increase (0.01 ft.) in the
maximum WSEL at the PSEG Site. This slight increase is most likely because the
bridge approach embankments act as a slightly more effective barrier to upstream
movement of the storm surge and therefore produce a slightly greater backwater effect
at the PSEG Site. There are also small and insignificant differences in the flow past the
site. These results show the current HEC-RAS approach to modeling the bridge
embankments at the Delaware Memorial Bridge and Commodore Barry Bridge are
appropriate for the PMH storm surge event and no changes to the HEC-RAS model or
resultant water surface elevations are required.

Table RAI 67-16-1
Effects of Adding Approximate Bridge Approaches to Model

Model Results Difference
River Mile Plan Q

Q Total WSEL Total WSEL.

(cfs) (ft NAVD) (%) (%)

52 Current HEC-RAS model -2859915 16.19 0.22 0.06
Modified for Bridge Embankment -2853571 16.20

Current HEC-RAS model -2886137 16.1650.8 0.18 0.06
Modified for Bridge Embankment -2880970 16.17

50.36 Current HEC-RAS model -3134544 16.13 0.10 0.06
Modified for Bridge Embankment -3131386 16.14

Model Instabilities

Question 02.02.05-16 also inquires about the model oscillations, which appear to
indicate model instabilities. These oscillations in the WSEL can be seen in the figures
provided with RAI No. 02.04.05-16 (Reference 2). As an example, the oscillations in the
WSEL at time 19:00 can be seen on Figure RAI 67-16-1 (reproduced from Reference
2). As noted in Reference RAI 67-16-1, stability issues are not uncommon when
performing unsteady flow analyses. A sensitivity analysis was performed in order to
assess the potential significance of the perceived numerical instability suggested by an
oscillating water surface profile for the PMH surge run (between 29JUN2006 17:30 to
29JUN2006 19:30).

The model is modified by varying a number of parameters recommended by the USACE
Hydraulic Engineering Center (HEC) (Reference RAI 67-16-1) to minimize potential
instability problems. The effect of varying these parameters is assessed to determine
the relation between the observed oscillations and a level of instability that could affect
model results. Four model runs are made to evaluate the sensitivity of the resulting
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maximum WSEL to different modeling techniques that might be used to smooth out
perceived numerical instabilities generated by HEC-RAS. These modeling scenarios
are based on the HEC-RAS plan modeling run called
"PMHR28_T26_25YRFLDDYNAMIC."

The following four sensitivity runs are made:
1) Adjust computational time step from 30 seconds to 5 seconds.
2) Set Theta coefficient = 1.0, (changed from 0.6 in PMH run). The Theta

coefficient is a weighting factor applied in the model finite difference calculations.
3) Adjusted Options and Tolerances, including keeping Theta = 1.0, increasing

maximum number of warm up time steps from 20 to 40, and adjusting Theta
during the warm up period from 0.6 to 1.0.

4) Add interpolated cross sections every 2,000 feet from river mile (RM) 56.8 to the
most upstream cross section.

The oscillations at the model's downstream boundary from RM 0 to approximately RM 2
(0 to 10,000 ft.) are consistently observed during the rapid increase in the boundary
condition elevation. As noted in Reference RAI 67-16-1, oscillations of this type are not
uncommon during periods of sharp changes in flow that occur at the model boundary as
the surge hydrograph is introduced to the model domain.

Figure RAI 67-12-2 illustrates the resulting water surface profile at time step
26JUN2006 18:30 hr for the PMH run and the sensitivity runs listed above. This figure
addresses the perceived instabilities at approximately RM 64 (340,000 ft.). The base or
PMH run with no adjustments is shown with the dark dashed line. It was found that run
3, adding warm up modifications to run 2, was not significantly different from run 2.
Accordingly, the two runs are labeled as one line (Theta=1 + Warm Up). From Figure
RAI-67-2, it can be seen the sensitivity run "Interpolated Cross Sections" oscillates less
than the PMH run. Additionally, the sensitivity run "Theta=1+Warm Up" oscillates less
than the PMH run. Shortening the computational time step from 30 to 5 seconds slightly
increases the oscillations.

Figure RAI 67-16-3 illustrates the resulting water surface profile at time step
26JUN2006 19:00 hr for the PMH run and the sensitivity runs listed above. This figure
addresses the perceived instabilities at approximately RM 85 (450,000 ft.). From Figure
RAI 67-16-3, it can be seen that the sensitivity run results are similar to the previous
time step provided in Figure RAI 67-16-2 and discussed above.

The resulting maximum WSEL at the PSEG Site for each run are summarized in Table
RAI 67-16-2. These results are presented to show the effect that might be realized at
the PSEG Site if potential modeling improvements were made to reduce the perceived
numerical instability suggested by the oscillations. From Table RAI 67-16-2, it can be
seen that the current PMH run in the unchanged HEC-RAS model generally produces
the most conservative estimate, with the exception that the sensitivity run using a 5-
second time step, which has the effect of increasing oscillations rather than decreasing,
is 0.01 foot higher at RMs 50.36 and 52.
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Table RAI 67-16-2
Effects of Numerical Instability Runs at the PSEG Site

Current PMH HEC-RAS Sensitivity Model Run
Model Run Interpolated Time Step = Adjust Calc Options

Cross Sections 5 Sec Theta = 1.0 and Tolerances
WSEL WSEL WSEL WSEL WSEL

River Mile (ft. NAVD) I (ft. NAVD) (ft. NAVD) (ft. NAVD) (ft. NAVD)

52 16.19 16.05 16.20 16.15 16.15

50.8 16.16 16.04 16.16 16.16 16.16

50.36 16.13 16.00 16.14 16.11 16.11

The results of this sensitivity analysis show that there is a negligible difference in the
resulting water surface elevation at the PSEG Site as a result of addressing the
modeling instabilities that occurred several miles upstream of the site and well before
the peak surge period. These results show the current HEC-RAS model is appropriate
for the PMH storm surge event and no changes to the HEC-RAS model or resultant
water surface elevations are required.

References:

RAI 67-16-1 Brunner, G.W. Common Model Stability Problems When Performing an
Unsteady Flow Analysis. USACE Hydrologic Engineering Center.,
http://www.nws.noaa.gov/oh/hrl/modelcalibration/6.`%20%2OHydraulic%20
Model%20Calibration/4.1%20L-
11%20CommonModelStabilityProblemslnUnsteady%20FIowAnalysis. pdf,
accessed June 25, 2014.

Associated PSEG Site ESP Application Revisions:

None.
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Figure RAI 67-16-1
Water Surface Profile for Time Step 26JUN2006 19:00 Showing Bridge Locations and Water Level
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Figure RAI 67-16-2
Sensitivity Runs for Oscillations at Time Step 26JUN2006 18:30
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Figure RAI 67-16-3
Sensitivity Runs for Oscillations at Time Step 26JUN2006 19:00
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Response to RAI No. 67, Question 02.04.05-17:

In Reference 2, the NRC staff asked PSEG for information regarding the Probable
Maximum Surge and Seiche Flooding, as described in Subsection 2.4.5 of the Site
Safety Analysis Report. The specific request for Question 02.04.05-17 was:

Supplement to RAI 39, Question 2.4.5-7:

To show compliance with 10 CFR 52.17, PSEG should evaluate the storm surge
induced by the PMH at the site as recommended by Regulatory Guide 1.59 and
supplemented by current best practices. NUREG-0800, Standard Review Plan
(SRP), Chapter 2.4.5, 'Probable Maximum Surge and Seiche Flooding,'
establishes criteria that the NRC staff applies to evaluate whether PSEG meets
the NRC's regulations. SSAR Section 2.4.5.2.2.3 discuss application of the HEC-
RAS model to propagate the storm surge at the mouth of Delaware Bay
(developed by the Bodine model) to the PSEG project site approximately 80 km
(50 miles) inland.

The PSEG response to RAI 39, Question 2.4.5-7 (ML1 1329A069) lists HEC-RAS
model upgrades in V4. I not found in V4. 0 (applied in the SSAR analysis). The
PSEG response also states that only two model corrections in V4. 1 could affect
results for analysis (related to bridge crossings). Comparison of output for bridge
crossing data developed with V4.1 and V4.0 versions of code indicate identical
curves. PSEG did not conduct model results comparison between more recent
HEC-RAS versions and the model used for the SSAR. Instead, PSEG relied on
the development of bridge curves with each model version and on documented
differences between the versions.

In order to show compliance with the requirements of 10 CFR 52.17 and evaluate
the methods applied, NRC staff requests that PSEG provide a discussion of their
V4. 0 HEC-RAS model compared to the latest HEC-RAS model version to confirm
that there is no effect to any of the HEC-RAS model results from recent software
updates.

PSEG Response to NRC RAI:

The PMH model run is compared between HEC-RAS Version 4.0 and 4.1. The PMH
model files are run in both model versions V4.0 and V4.1, and the modeling results are
then compared so as to confirm that there are no significant differences between the
two model versions. The results are presented in Table RAI 67-17-1.

As can be seen from Table RAI 67-17-1, there are very slight differences in river flow
and there are no differences in the WSEL at the PSEG Site. It is therefore concluded
that there is no significant difference between the results generated by the two HEC-
RAS model versions for the PMH analysis at the PSEG Site.
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Table RAI 67-17-1
Water Surface Elevation Comparison between HEC-RAS V4.0 and V4.1

Model Version River Mile Q Total T_____
I(cfs) -% Difference (ft. NAVD)

Version 4.0 50.36 -3134544 <0.0001% 16.13
Version 4.1 -3134545 16.13

Version 4.0 -2886137 16.16Vrin4150.8 < 0.0001%
Version 4.1 -28861364 16.16

Version 4.0 -2859915 0.0001% 16.19
Version 4.1 -2859914 16.19

Associated PSEG Site ESP Application Revisions:

None.
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PSEG Letter ND-2014-0020, dated August 21, 2014

ENCLOSURE 2

Optical Media containing the following:

Proposed Revisions Part 2 - Site Safety Analysis Report, Subsection 2.4.5 -
Probable Maximum Surge and Seiche Flooding

Proposed Revisions Part 2 - Site Safety Analysis Report, Chapter 2 - Site
Characteristics

* Proposed Revisions Part 3- Environmental Report, Subsection 2.3.1 -
Hydrology
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PSEG Letter ND-2014-0020, dated August 21, 2014

ENCLOSURE 3

Summary of Regulatory Commitments



ENCLOSURE 3

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 the This revision will be Yes No
SSAR and ER to included in a future
incorporate the update of the PSEG
changes in ESP application.
Enclosure 2 in
response to NRC
RAI No. 67,
Questions 02.04.05-
12 and 02.04.05-15.
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