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Further discussion of the development of the epistemic uncertainty term is provided in 
Subsection 2.4.3.5. 
 
2.4.3.1.2.1 Sensitivity Analysis 
 
Equation 2.4-5 presents eight parameters plus the epistemic uncertainty term, which must be 
considered in the JPM-OS integration process.  Given the complexity of such an integral, 
sensitivity studies are performed to determine which parameters could be removed from the 
integral. River discharge, Holland B, forward velocity of the storm and tidal effects are 
considered for potential simplification.  Based on an extrapolation of the results of the FEMA 
storm surge studies, tropical storms generating surges lower than 12.2 ft. NAVD (3.72 m) were 
not considered to contribute significantly to the surge probabilities in 10-6 AEP range.  Therefore, 
the synthetic storms simulated in the sensitivity studies discussed below have general 
characteristics of very large tropical storms. 
 
2.4.3.1.2.1.1 Storm Surge Sensitivity to River Discharge 
 
Past studies have shown river discharge can have a significant influence on storm surges along 
confined rivers (Reference 2.4-14).  The PSEG Site is located at the transition zone from the 
Delaware River to the Delaware Bay, and can be affected by river discharge from the Delaware 
River Basin.  Therefore, a series of storms are modeled using the system described in 
Subsection 2.4.2 to demonstrate the effects of a surge propagating up the Delaware Bay in 
combination with discharges in the Delaware River.  River discharges are varied from a no flow 
condition to the 50 percent and 90 percent flow rates for the months of July through November 
(the months when tropical storms are regionally experienced), while the storm parameters are 
held constant. The input parameters and resulting still WSELs at the PSEG Site are shown in 
Table 2.4-1.  As can be seen from the resulting still WSELs, there is effectively no variation in 
the peak surge elevation for the site; therefore, the river discharge parameter can be excluded 
from Equation 2.4-5 to describe the effect of storm surge at the PSEG Site.  In addition, given 
the near identical surge elevations for each case, the parameter does not contribute to the 
epistemic uncertainty of the analysis. 
 
2.4.3.1.2.1.2 Storm Surge Sensitivity to Holland B Parameter 
 
The Holland B parameter represents the radial pressure profile of the hurricane wind field 
(Reference 2.4-10). In the coastal ocean along the Delaware Bay, the distribution of Holland B 
values is shown to have an average value of 1.1 with a standard deviation of 0.2; thus, this 
parameter does not exhibit a large degree of variability in this area. Previous studies indicate 
that the Holland B term can be excluded from the JPM-OS integral, as long as it is accounted 
for in the epistemic uncertainty term in Equation 2.4-5 (Reference 2.4-11).  Therefore, a series 
of storms are modeled using the system described in Subsection 2.4.2 to demonstrate the 
effects of the Holland B parameter on the resulting storm surge at the PSEG Site. 
 
Table 2.4-2 presents the input parameters and resulting still WSELs for four synthetic storms 
that capture the effect of varying the Holland B parameter.  Holland B values of 1.1 (the mean 
value) and 1.3 (one standard deviation above the mean value) are used with two different 
storms with varying central pressure and radius to maximum winds.  In both sets of storms the 
difference in still WSEL at the PSEG Site between the two Holland B values was between 0.2 to 
0.3 ft. (0.06 and 0.08 m).  Therefore, a conservative approximation for the sensitivity to the 
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Holland B parameter is to include an additional 0.3 ft. (0.1 m) variation within the epistemic 
uncertainty in Equation 2.4-5. 
 
2.4.3.1.2.1.3 Storm Surge Sensitivity to Forward Velocity 
 
Forward velocity has been shown in previous studies to have a relatively small effect on surges 
in coastal areas (References 2.4-19 and 2.4-26). To establish that this is a reasonable 
assumption at the PSEG Site, two storm simulations were made with deviations of ±10 knots 
superimposed on a typical forward velocity of 30 knots.  The input parameters and resulting still 
WSELs at the PSEG Site are shown in Table 2.4-3.   For the PSEG Site analysis, an 
approximation is taken in that forward velocity is linear with wind speed, similar to that used in 
some FEMA studies (Reference 2.4-19). 
 

η=η0 + λδvf       (Equation 2.4-6) 
 
where: 
η surge with forward velocity νf 

ηo  surge with reference forward velocity of 30 knots 
 

Based on the model results, λ is taken to be a constant equal to 1.09 and δvf is defined as the 
difference between the storm forward velocity and the reference storm forward velocity of 
30 knots.  This can be interpreted as a change of +9 percent in the surge level for a variation in 
forward storm speed of +10 knots from the reference velocity and a change of -9 percent in the 
surge level for a variation in forward storm speed of -10 knots from the reference velocity. In this 
case, the effect of forward velocity is retained as a separate probability term; however, since the 
effects are minimal and essentially linear, this effect is captured by a scaling function rather than 
by including an additional dimension in the simulation set. 
 
2.4.3.1.2.1.4 Tidal Effects 
 
Including the effects of tides in a probabilistic manner as part of the storm surge analysis at the 
PSEG Site is computed through the use of linear superposition.  The combined water level 
produced by tides and storm surge at the time of the maximum surge is well approximated by 
linear superposition. To create a synthesized tidal record for the site, the astronomic tide signal 
at the PSEG Site is obtained from the ADCIRC+SWAN model by simulating a tides-only 
condition (i.e., no meteorological and river discharge forcings are included).  A 90-day 
simulation is executed to allow for full tidal resonance to be achieved within the model domain 
and a harmonic analysis is performed on the last 45 days of the simulation to obtain the tidal 
constituents at the site.  The tidal constituents are then synthesized every three minutes over a 
14-day period to produce a time series of tidal values that correspond to the full Spring-Neap 
tidal cycle at the site.  This effectively creates a tidal hydrograph at the PSEG Site consisting of 
a WSEL at every three minutes of the 14-day simulation, creating a total of 6720 WSELs.  To 
probabilistically evaluate the effect of tides on the 10-6 AEP storm surge WSEL, a mean tidal 
displacement is added to each storm surge result and a standard deviation is determined to add 
to the epistemic uncertainty term in the JPM-OS integral. 
 
Tidal effects on surges ranging from 16.4 to 29.5 ft. (5 to 9 m) in 3.28 ft. (1 m) intervals (five 
total) are assessed by representing each surge value as a Gaussian form centered on the 
maximum WSEL using the following equation: 
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(Equation 2.4-7) 

(J standard deviation used to characterize the surge variation around the peak 

To evaluate the mean tidal displacement of the storm surge when combined with the tide, the 
start time for each surge interval is started at each of the 6720 three minute intervals, and a 
maximum combined WSEL is recorded for each starting interval. The average displacement of 
the combined (surge plus tide) water level is then computed by adding all the maxima together 
and dividing by the number of samples and subtracting the surge value for that surge interval. 
The standard deviation of the tidal effect is computed by analyzing the 6720 displacements to 
characterize the variation in the duration of the storm surge around the peak value. The result 
for each interval of storm surges is presented in Table 2.4-4. Given the expected range of the 
10-6 AEP storm surge WSEL at the PSEG Site, a mean tidal displacement value of 0.59 ft. (0.18 
m) and a standard deviation value of 1.6 ft. (0.49 m) is used in the analysis and confirmed upon 
determination of the final WSEL. 

2.4.3.1.3 JPM-OS Integral for the PSEG Site 

Integrating over all dimensions of Equation 2.4-5 and including the results of the sensitivity 
studies provides the final form of the JPM-OS Integral for the PSEG Site: 

F(lJ)= (Equation 2.4-8) 

f·.f p(~p,Rmnx,Of,xo)P(v()p(&)0(1 ')d~pdRlllHXdOfdxOdv(d& 
where 0( ') = H[q - {17mnx (~p,Rlllnx ,Of' xo)x (l + 1.0098vf ) + ('7tides) + &}] 

11 estimated surge 
Ilmax estimated maximum surge 
~p peripheral pressure minus central pressure 
Rmax distance from the eye of the storm to maximum winds 
Sf angle of storm heading 
Xo along coast location of landfall 
£ deviation in storm surge due to potential errors in the estimate 
Vf storm forward velocity 
Iltides mean displacement of the tidal effect 

2.4.3.1.4 Selection of Production Storms 

The estimated 10-6 AEP storm surge can only be evaluated after the storm simulations are 
complete and the duration characteristics of the surges are quantified. From the form of 
Equation 2.4-8, it is apparent that simulations need to cover a range of the four primary 
parameters affecting the surges at the PSEG Site that is sufficient to estimate the 10-6 AEP 
storm surge. The four primary parameters are central pressure, radius to maximum winds, track 

Page 2-58 Sargent & Lundy~·" 



PSEG Nuclear LLC 
Salem Generating Station 
Flood Hazard Reevaluation 

 
 
 

SL-012270 
Revision 0 

Project No.: 12800-213

 

Page 2-59 

 

angle, and landfall location.  Of these four parameters, track angle and landfall location are 
greatly impacted by the geographical characteristics of the PSEG Site location on the Delaware 
Bay. Therefore, their variations in the storm simulations can be limited as discussed below. 
 
The axis of the Delaware Bay runs along a line rotated approximately 49 degrees north of due 
west.  Only a narrow band of track angles can produce wind fields which are aligned with the 
axis of Delaware Bay. Storms moving at angles due north must pass over land once they pass 
the Virginia-North Carolina border, so it is physically impossible for extremely intense storms to 
approach from this direction. On the other hand, storms passing at angles rotated even 22.5 
degrees counterclockwise from along the axis of Delaware Bay have wind directions which blow 
away from the northern portion of the Bay until the center of the storm has passed by the site.   
 
To determine the track angles to consider in the storm simulations and ultimately the JPM-OS 
integration process, an assessment of track angles 22.5 degrees clockwise, 0 degrees, 11.25 
degrees counterclockwise, and 22.5 degrees counterclockwise from the axis of the bay is 
undertaken (see Figure 2.4-6).  The results of these simulations (see Table 2.4-5) indicate storm 
headings within the 22.5-degree storm track window created by the track 0 degrees and 22.5 
degrees counterclockwise from the axis of the bay are expected to produce surges capable of 
contributing to the 10-6 AEP storm surge.  Storms heading along the track bisecting this window 
(11.25 degrees counterclockwise from the axis of the bay) have only slight differences in surge 
WSEL than those to either side of this bisecting angle.  Therefore, the 0 degrees and 22.5 
degrees counterclockwise from the axis of the bay tracks are considered in the JPM-OS 
integration. 
 
Previous studies have shown that only storms which pass within a specific landfall region, such 
that the region of maximum wind speeds is in the vicinity of a site, can produce large surges at 
that site (References 2.4-11, 2.4-12 and 2.4-35).  Therefore, the landfall location is scaled 
relative to the radius to maximum winds (Rmax value) for each simulation such that the 
maximum wind speeds are realized in the vicinity of the PSEG Site.  The Rmax scaling for 
landfall locations was performed in the vertical (north-south) direction. A factor is used to 
convert the vertical spacing between parallel storm tracks into orthogonal spacing in a physical 
space coordinate system.  For the two storm track angles (0 degrees and 22.5 degrees 
counterclockwise) used the analysis, this conversion factor equates to 0.57 for the 0-degree 
track and 0.85 for the 22.5 degrees counterclockwise track. Figure 2.4-6 shows the reference 
tracks where landfall displacement equals zero. 
 
Central pressure and radius to maximum winds are the two remaining parameters which are 
analyzed to set the appropriate range of storm which must be simulated in order to estimate the 
10-6 AEP. Using estimates based on scaling arguments similar to those advanced in Reference 
2.4-12, a preliminary estimate of the range of storms required for simulations was made and a 
set of storms was defined for the initial surge model simulations. An iterative process is used to 
develop the storm set: once initial simulations are completed, more information is available and 
is used to determine additional storms to be simulated. Table 2.4-5 provides the set of the 48 
storms, 29 of which are ultimately used to establish the surge response surface at the PSEG 
Site (see Subsection 2.4.3.3).  Figure 2.4-7 presents the tracks of each of the storms simulated. 
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2.4.3.2 Simulation of Production Storms 
 
The storm parameters are input to the modeling system described in Subsection 2.4.2 and 
resultant peak still WSEL and total WSEL are produced at the locations around the PSEG Site 
shown in Figure 2.4-4.  The maximum results for each storm are presented in Table 2.4-5.  
 
The storm simulations are performed with a constant tide set at 0 ft. NAVD (no tidal effects) and 
a typical peripheral pressure of 1018 millibars (mb).  Total simulation time for each of the 
production storms was 5.5 days, with the peak surge timed to occur at the PSEG Site at 
approximately 4.2 days into the simulation. The ADCIRC+SWAN model was executed with a 
one second time step and results were output every five minutes.   
 
2.4.3.3 Surge Response Functions for the PSEG Site 
 
The maximum still WSEL for storms presented in Table 2.4-5 are used along with interpolation, 
extrapolation and a scaling function based on ratios of pressure differentials to establish a 
response surface for each storm set (Rmax and track heading) as a function of landfall location.  
The following procedure is used to establish the surge response functions.  
 

 Identification of the simulated surge results within the response surface matrix. 
 Estimation of a continuous function for all seven tracks, two track angles, and the 918 

and 928 mb central pressures, using interpolation, extrapolation and the pressure 
differential scaling procedure.   

 Use pressure differential scaling to establish the response function for the 908, 938 and 
948 mb central pressures. 

 
The resultant storm surge WSEL as a function of differential pressure is shown in previous 
studies as (Reference 2.4-11 and 2.4-19): 
 

η2 = (∆p2/∆p1)*η1      (Equation 2.4-9) 
 
 where: 
 η1 surge of Storm 1 

η2 surge of Storm 2 

∆p1 pressure differential of Storm 1 

∆p2 pressure differential of Storm 2 

 
In this scaling function, the surge levels have been shown to be proportional to the pressure 
differential of a hurricane (peripheral pressure minus central pressure).  In cases where all the 
other storm parameters (size, track angle, Holland B, forward storm velocity and landfall 
location) remain constant, this approximation has proven to provide a reliable estimate of the 
effect of varying a storm pressure differential on the resulting storm surge.  A peripheral 
pressure of 1018 mb is used in this analysis. 
 
Table 2.4-6 provides the surge response matrix for storms with an Rmax of 30 nautical miles 
(NM) and track angles rotated 22.5 degrees counterclockwise from the axis of the Delaware 
Bay.  Table 2.4-7 provides the surge response matrix for storms with an Rmax of 45 NM and 
track angles rotated 22.5 degrees counterclockwise from the axis of the Delaware Bay.  Table 
2.4-8 provides the surge response matrix for storms with an Rmax of 30 NM and track angles 
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parallel to the axis of the Delaware Bay.  Table 2.4-9 provides the surge response matrix for 
storms with an Rmax of 45 NM and track angles parallel to the axis of the Delaware Bay. 
 
Figures 2.4-8 and 2.4-9 illustrate the surge response functions for track angles parallel to the 
axis of the Delaware Bay and track angles rotated 22.5 degrees counterclockwise from the axis 
of the Delaware Bay, respectively. 
 
2.4.3.4 Storm Parameter Probability Distributions 

The next step of the JPM-OS process is to establish the key climatological probabilities of the 
storm parameters used in Equation 2.4-8.  These probabilities are established by evaluating the 
climatological record for the study area and applying a statistical distribution to fit the data.  For 
the PSEG Site region, FEMA’s recent work in the Region II storm surge studies has established 
these probability relationships.  The following relationships are defined for this area: 
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Where the parameter values for these relationships were taken to be consistent with the 
FEMA results for this area: 
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While these relationships are reasonable for the return periods associated with the FEMA storm 
surge studies at return periods from 25 to 500 years, the truncated Weibull distribution used to 
represent the central pressure implies an asymptotic upper limit at very low probability events, 
which has not been established for the PSEG Site area.  The following subsections establish 
the central pressure and storm rate relationship for the PSEG Site, and summarize the 
probability relationships used for the PSEG Site JPM-OS integration. 
 
2.4.3.4.1 Central Pressure Sensitivity  
 
Central pressure is evaluated for the PSEG Site area by reviewing the NOAA Hurricane 
Research Division’s HURDAT dataset (References 2.4-2, 2.4-15 and 2.4-16).  A line-crossing 
approach is used to screen the historical hurricanes that have approached the east coast of the 
United States in the general region of the PSEG Site.  Figure 2.4-11 shows the line of 
demarcation defined for the PSEG Site region.  Based on the screening of the HURDAT 

(Equation 2.4-10) 

(Equation 2.4-11) 
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dataset, Table 2.4-10 lists the set of historical storms that cross this line heading towards the 
coast and their corresponding parameters.  Even though only one of the 15 storms, Sandy, is 
headed in the critical track angle window for the PSEG Site, all of the storms in Table 2.4-10 are 
included in the definition of the complementary probability distribution of storm central 
pressures, (i.e., the probability of a central pressure given that a storm occurs).Table 2.4-11 
shows the results of this calculation for a best-fit Gumbel distribution in terms of the 
complementary probability distribution. This is the distribution of central pressures given that a 
storm occurs (i.e., a storm with a central pressure of 908.85 mb is expected to occur once every 
100 storms). Similar to the definition of a conditional probability, this provides estimates that can 
be interpreted on a per storm basis.  The equation for the central pressure best-fit Gumbel 
distribution is: 
 

0
0 1

1

( ) exp[ exp( )]

where  with =36.68 and =14.67 and p is converted to central pressure.

F z z

p a
z a a

a

  

  
  
 

 

 
2.4.3.4.2 Historical Storm Rate 
 
The storm rate is established to determine the probability of a storm occurring in the region.  As 
discussed in Subsection 2.4.3.1.4, storm track angle or heading is critical to develop 10-6 AEP 
storm surges at the PSEG Site.  Therefore, these two parameters are considered together to 
establish a historical probability of a storm forming and heading in the critical storm track 
needed to generate 10-6 AEP storm surges.  Although the FEMA storm surge study focused on 
surges for a much lower range of return periods than those of interest in this analysis, the 
objective measure of storm rate within the angle range of interest is used for the PSEG Site, as 
the catalog of historical storm data is the same. In the FEMA storm surge study the omni-
directional storm rate in the vicinity of the mouth of Delaware Bay is approximately 0.045 storms 
per year per degree.  
 
The storm track distribution is assumed to be a Gaussian fit with a mean heading of 4 degrees 
east of north and a standard deviation of 10 degrees.  Instead of the FEMA study mean heading 
of 22 degrees east of north, a mean heading of 4 degrees east of north is used to better 
represent storms that have the potential to impact the PSEG Site.  By using this mean heading 
instead of the mean heading defined by FEMA, the track angle probabilities are conservative 
(i.e., have a higher rate of occurrence).  When conservatively considering a 45 degree storm 
track window enveloping the 22.5 degree storm track window discussed in Subsection 2.4.3.1.4, 
the cumulative percentage of storms is only 0.1695 percent of the total omni-directional storm 
population. The storm rate, adjusted for storm track, is 7.628 x 10-5 storms per year per degree.  
This value is used for the frequency of storms in the PSEG Site region in the JPM-OS 
integration discussed in Subsection 2.4.3.6. 
 
2.4.3.4.3 PSEG Site Storm Parameter Probability Distributions 
 
In summary, the set of probability distributions used for joint-probability estimations in the JPM-
OS calculations at the PSEG Site, as per Equation 2.4-8, can be summarized as: 
 

max 0 max 0( , , , ) ( ) ( | ) ( )fp p R x p p p R p p x     

(Equation 2.4-12) 

(Equation 2.4-13) 



PSEG Nuclear LLC 
Salem Generating Station 
Flood Hazard Reevaluation 

 
 
 

SL-012270 
Revision 0 

Project No.: 12800-213

 

Page 2-63 

 

where:  

( )
( ) exp[ exp( )]

F z
p p z

z z

 
    

 

 

 where: 

0

1

e 
p a

z
a

  
  
 

 

 where: 
ao=36.68 and a1=14.67 and ∆p is estimated from the central pressure via 
the operation ∆p=1018-cp 

and: 
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and: 
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 where: 
λ 7.628 x 10-5 is the storm frequency per 60 NM along-coast distance with 

the defined 45 degree angle band 
δs Spacing between tracks in nautical miles 

  
2.4.3.5 Epistemic Uncertainty 
 
Epistemic uncertainty provides a method to characterize factors of the storm surge analysis that 
are known, but in the practical sense are not accounted for in the storm surge estimate.  In 
Subsections 2.4.3.1.2.1.2 and 2.4.3.1.2.1.4, the effects of the Holland B parameter and tides are 
assigned uncertainty values of 0.3 ft. (0.1 m) and 1.6 ft. (0.49 m), respectively.  In addition to 
these parameters, the potential inaccuracies of the modeling system are accounted for by 
estimating an uncertainty value to contribute to the epistemic term. 
 
The primary components of the modeling system described in Subsection 2.4.2 are the TC96 
wind and pressure model, and the ADCIRC+SWAN model.  Examples of potential inaccuracies 
of the modeling system include (1) differences between actual (very complex) space-time 
varying winds in a real hurricane and the parametric representation of these winds in a model 
driven by a small set of parameters; (2) errors related to imperfections in numerical surge 
models (in both the physics and numerical approximations utilized within such models); and (3) 
errors in bathymetric representations of the coastal area being modeled. For example, even if 
we had a perfect bathymetry at the time of this study, the coast is always in a state of change, 
so the use of present-day topographic/bathymetric representations in simulations of future 
storms may not be precise.  For these reasons, based on past studies using the TC96 and 
ADCIRC+SWAN platform, a 2 ft. (0.6 m) uncertainty term is assigned to the modeling system. 



PSEG Nuclear LLC 
Salem Generating Station 
Flood Hazard Reevaluation 

 
 
 

SL-012270 
Revision 0 

Project No.: 12800-213

 

Page 2-64 

 

 
Taking all the individual epistemic uncertainty terms as independent, the total value of the 
epistemic uncertainty for the PSEG Site is defined as (References 2.4-11, 2.4-19, 2.4-26 and 
2.4-35,): 
 

2 2 2
&Tot tide m w Holland           

 
where: 
ε tide standard deviation of maximum surge levels around the mean tidal displacement 
ε m&w standard deviation of surge estimation errors due to modeling system 

inaccuracies 
εHolland standard deviation of surge levels due to neglecting the Holland B term 

 
Based on the values discussed above, the total epistemic uncertainty value is estimated to be 
2.6 ft. (0.8 m). 
 
2.4.3.6 JPM-OS Integration and 10-6 AEP Still WSEL 
 
With the response functions, storm probability parameters and epistemic uncertainty 
established, numerical integration of Equation 2.4-8 is performed.  Integration of the equation is 
performed using the same type of code used in previous JPM-OS efforts (Reference 2.4-35).  A 
summary of the JPM-OS integration steps are as follows: 
 

(1) Integration along the coast was performed using the seven values shown on 
Figures 2.4-8 and 2.4-9.  

 
(2) Integration over central pressures was performed over the five central pressures 

shown on Figures 2.4-8 and 2.4-9 (908 mb, 918 mb, 928 mb, 938 mb, 948 mb). 
 
(3) Integration over Rmax was performed using the two categories of storm size 

shown on Figures 2.4-8 and 2.4-9. It should be noted here that a variation in Rmax 
changes the actual size of the along-coast spatial increment included in this 
integration step. An adjustment to the frequency per degree of latitude/longitude 
(60 NM) must be made to account for this variation. For the 30 NM and 45 NM 
values for radius to maximum winds used in these simulations, this yields factors 
of 0.5, and 0.75, respectively, which are multiplied by the 7.628 x 10-5 storms per 
year per degree factor to convert to storm frequency along each storm track 
simulated. 

 
(4) Integration over storm track angle was performed using the two categories of 

headings shown on Figures 2.4-8 and 2.4-9 (parallel to the axis of Delaware Bay 
and 22.5 degrees counterclockwise from the axis of Delaware Bay). 

 
(5) Integration over storm forward velocity was performed by discretizing the forward 

velocity range into four 10 kt increments (10 kt, 20 kt, 30 kt and 40 kt).  
 
(6) Integration over the epsilon term was performed by discretizing the epsilon 

probabilities into 51 0.3 ft. (0.1 m) increments around the mean value, which is 

(Equation 2.4-14) 
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taken as zero assuming that the numerical model has been calibrated to be 
unbiased. 

 
Figure 2.4-10 shows a plot of the results of the JPM-OS integration in terms of occurrences per 
million years. The 10-6 AEP still WSEL is approximately 19.4 ft. NAVD (5.9 m) without 
accounting for aleatory uncertainty. 
 
2.4.3.7 Total WSEL Determination 
 
As described in Subsection 2.4.2, the modeling system outputs both still WSELs and total 
WSELs, accounting for wave setup and run-up, at the locations around the PSEG Site shown 
on Figure 2.4-4.  The maximum still WSEL for each of the storm simulations is shown in Table 
2.4-5.  The maximum total WSEL plotted as a function of the maximum still WSEL for each 
storm is shown on the corresponding Figures 2.4-14 through 2.4-26, as presented in the Table 
2.4-13. Table 2.4-13 provides the linear regression equations which closely fit the data shown in 
the corresponding figures for each critical location around the PSEG Site. 
 
To determine a total WSEL at the 10-6 AEP using the equations provided in Table 2.4-13, the 
influence of the tides must be removed from the 10-6 AEP still WSEL established in Subsection 
2.4.3.6 because the regression equations are developed without the mean tidal value included.  
Therefore, the 0.59 ft.(0.18 m) mean tide value described in Subsection 2.4.3.1.2.1.4 is 
removed from the 10-6 AEP still WSEL, the total water surface elevation computed, the mean 
tide value added back in, and a 10-6 AEP total WSEL with tides is determined for each point, 
listed on Table 2.4-13.   
 
2.4.3.8 Aleatory Uncertainty  
 
The JPM-OS procedure to this point includes reasonable estimates of the relevant epistemic 
uncertainty in the storm surge estimation process used for the PSEG Site.  However, 
contributions from uncertainty due to sampling or aleatory uncertainty can also be quite 
significant at very low probabilities (References 2.4-24 and 2.4-35). Aleatory uncertainty must 
consider the effects of randomness on the estimated 10-6 AEP still WSEL and total WSEL.  As 
discussed in References 2.4-24 and 2.4-35, the primary contributor to aleatory uncertainty at 
very large return periods is related to uncertainty in the central pressure of the storms. The 
estimated uncertainty band is obtained from the error term: 

21 .1000 1 .1396 1
T

y y

N
   



 

where: 
σ distribution of the standard deviation 
σT root mean squared (rms) error at return period, T 
N number of samples used to estimate the distribution parameters 
y reduced Gumbel variate  

where: 

(Equation 2.4-16) 
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y=(η-ao)/a1 
η variate of interest, surge level 
ao, a1 parameters of the Gumbel distribution 

 
The reduced Gumbel variate and return period are related by: 
 

ln ln
1

T
y

T

          
 

which for T>7 approaches an exponential form given by: 
 

1

2
yT e   

   
 
Equation 2.4-16 shows that the rms error at a fixed return period is related to the distribution 
standard deviation and the square root of a nondimensional factor involving the ratio of different 
powers of y (y2, y1 and y0) to the number of samples used to define the parameters.  By the 
method of moments, the Gumbel parameters are defined as:  

0 1 1

6
        a a a  


  

 
where:  
γ Euler’s constant (=0.57721…)    
m distribution mean 

 
Thus, the distribution standard deviation is related to the slope of the line represented by the 
above equation and can be used for estimating the expected width of the confidence limits for a 
specified return period. 
 
The analyses of central pressures for the PSEG Site (see Subsection 2.4.3.4.1) found that the 
estimated value of standard deviation varied with return period as expected.  Based on the initial 
results developed in Subsection 2.4.3.6, the range of contributions to the 19.7 ft. NAVD (6 m) 
(10-6 AEP) expected range of surges was generated by storms with central pressures in the 
range of 918 to 928 mb.  Table 2.4-12 shows the values for the standard deviation based on the 
complementary probability distribution (i.e., that only one storm per year occurred for the 15 
historical storms identified in Table 2.4-10) versus central pressure. 
 
The historical record reviewed actually has 162 years of data and an argument could be made 
that a reduction of σ would be possible based on the square root of the ratio of the total number 
of years to the number of years used in developing the estimates shown here.  However, the 
quality of the data for many of the older storms suggests that the amount of information might 
not be well-suited for this assumption.  Thus, the values of σ are unmodified as a conservative 
indicator of the aleatory uncertainty in the historical data. 
 
Using the pressure differential factor, the impacts of the standard deviation terms for the three 
central pressure values can be estimated as shown in Table 2.4-12.  Thus, the uncertainty 
equal to one standard deviation in central pressure translates into an approximate variation in 
the surge levels equal to 16 percent to 19 percent.  The standard deviation in terms of surge 
levels can then be estimated from: 

(Equation 2.4-17) 
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p p
  




  
and, since the surges at the 908 to 928 mb central pressure range combine probabilistically to 
produce a 10-6 AEP surge WSEL of approximately 19.7 ft. NAVD (6 m), the estimated standard 
deviation for the surges is given by 
 

ση = 1.2 at 19.7 ft. NAVD (6 m) 
 
Furthermore, since the percentage deviation is roughly constant over the range of storms 
affecting the 10-6 to 10-7 AEP surge WSEL, the slightly conservative estimate that ση = (1.2/6.0)η 
= 0.2η, is used for the estimated value of the standard deviation of aleatory uncertainty term in 
the final JPM-OS integration.   
 
The resulting estimate of the 10-6 AEP still WSEL with aleatory uncertainty included is 22.0 ft. 
NAVD (6.7 m) as shown on Figure 2.4-10.  
 
2.4.3.9 10-6 AEP Total WSEL with Aleatory Uncertainty 
 
Following the procedure described in Subsection 2.4.3.7 and using the 10-6 AEP still WSEL of 
22.0 ft. NAVD (6.7 m), including aleatory uncertainty, the 10-6 AEP total WSEL for the locations 
around the PSEG Site is presented in Table 2.4-14.  The maximum total WSEL around the SGS 
powerblock buildings is estimated at 119.2 ft. PSD.  The maximum total WSEL at the SWIS is 
estimated at 125.6 ft. PSD. 
 
2.4.4 Potential Sea Level Rise 
 
NOAA has evaluated the trend of sea level at the NOAA Reedy Point tidal gage station. 
Measurements at any given tide station include both global sea level rise and vertical land 
motion, such as subsidence, glacial rebound, or large-scale tectonic motion. The monthly sea 
level trend based on monthly mean sea level data from 1956 through 2006 is 1.14 ft./century, 
with an upper 95 percent confidence limit of 1.35 ft./century (Reference 2.4-21). The maximum 
flood levels reported in Table 2.4-14 include 0.5 ft. to conservatively account for sea level rise 
over the projected remaining 32 years on the longest operating license of the three units on the 
PSEG Site (Hope Creek Generating Station). 
 
2.4.5 10-6 AEP Storm Surge Water Surface Elevation 
 
Combining the 10-6 AEP total water level with the potential sea level rise produces a storm 
surge still WSEL of 22.5 ft. NAVD or 112.3 ft. PSD for the PSEG Site.  Total WSELs for each of 
the critical locations around the PSEG Site are presented in Table 2.4-14. 
 
2.4.6 Sediment Erosion and Deposition Associated with Storm Surge 
 
Tidal current velocities normally range from 2 to 3 ft/sec in the vicinity of the PSEG Site. 
Velocities determined by the ADCIRC+SWAN model’s simulation of the Storm 11 surge show 
that maximum velocities at the service water intake structures during a storm surge are similar 
to the tidal currents. These calculated current velocities are conservatively considered sufficient 
to cause resuspension of natural sediments and cause erosion (Reference 2.4-5). Therefore, an 

(Equation 2.4-18) 
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assessment of post event deposition in the Delaware Bay is considered, along with the localized 
effects of sedimentation and erosion at the PSEG Site. 
 
Gross deposition is determined by conservatively assuming that all total suspended solids in the 
water column are deposited within a few days after passage of the hurricane. Observations of 
total suspended solids concentrations (TSS) in other bays and estuaries shortly after passage of 
hurricanes indicate that TSS increase approximately tenfold more than normal pre-storm levels 
(References 2.4-13, 2.4-37, and 2.4-38). TSS levels near the bottom of the Delaware Bay 
normally range between 450 and 525 mg/L during the flood and ebb periods in the tidal cycle 
(Reference 2.4-5). Therefore, TSS levels immediately after the storm could reach 5000 mg/L, 
ten times greater than the normal level of approximately 500 mg/L. Since current velocities are 
higher in the river channel near the PSEG Site than would generally occur throughout Delaware 
Bay, net erosion is more likely to occur than net deposition. Since the intake structure is 
protected from erosion, net deposition could occur immediately around the intake structure. 
Calculations based on the assumption that 5000 mg/L of total suspended solids deposit shortly 
after the passage of the hurricane indicate that deposition is not expected to exceed 2 in. of 
sediment. 
 
In regards to the potential concern for erosion at the site inundated safety related structures 
under hurricane conditions, a maximum average water velocity of approximately 4 ft/sec was 
recorded for locations around the PSEG Site (see Figure 2.4-4). The areas surrounding the 
safety-related structures are highly compacted and covered with pavement, concrete, or gravel. 
Thus, the potential for erosion during a hurricane event is low, since the flow velocities are less 
than the maximum permissible velocities shown in Reference 2.4-42. The velocities are high 
enough at most locations to minimize any sedimentation issues around the safety-related 
structures according to the minimum recommended velocity (2 ft/sec) identified in Reference 
2.4-43. A few locations (ID Nos. 9-10, 18-19, and 22, see Figure 2.4-4) have low enough 
velocities that could potentially cause minor sedimentation, depending on the type of sediments 
being transported in the water column.  
 
The effect of the storm surge related sediment deposition and erosion is not expected to 
adversely affect operation of safety-related SSC. 
 
2.4.7 Probable Maximum Wind Storm (PMWS) 
 
The storm events analyzed in developing the hurricane induced storm surge analysis bound the 
PMWS that could cause flooding at the PSEG Site. A 31-year record (1978 through 2008) of 
wind speed and direction data from Dover, DE (11 miles west of the center of Delaware Bay) 
was analyzed. The Dover weather station is the closest to the center of Delaware Bay, and thus 
the most appropriate location for evaluating winds over the bay that could cause wind setup or 
seiche activity. Setup of Delaware Bay has been observed when strong winds parallel to its long 
axis (i.e., northwest-southeast) persist for durations of 2 to 12 hours. Winds at Dover were 
averaged over 4 hours, a sufficient duration to cause wind setup of Delaware Bay. Analysis of 
historical records shows that 4 hour average winds parallel to the long axis of Delaware Bay did 
not exceed 35 mph (30 kt) at Dover. Over water winds are expected to be 50 kt when overland 
winds are 30 kt (Reference 2.4-20). Therefore winds of sufficient duration to cause wind setup 
or seiche did not exceed 50 kt over Delaware Bay during the period 1978 through 2008. By 
comparison, the 1 hour wind speeds associated with the storm events analyzed in developing 



PSEG Nuclear LLC 
Salem Generating Station 
Flood Hazard Reevaluation 

 
 
 

SL-012270 
Revision 0 

Project No.: 12800-213

 

Page 2-69 

 

the storm surge are approximately 80 kt near the PSEG Site. Therefore, the hurricane induced 
storm surge exceeds any potential surge associated with a PMWS for the PSEG Site. 
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Table 2.4-1 
River Discharge Sensitivity Results (a) 

 

Central 
Pressure 

(mb) 

Radius to 
Maximum 

Winds 
(NM) 

Holland B 
Parameter

Landfall 
Displacement 

(b) 

Storm 
Heading 

(degrees)(c) 

Forward 
Speed 

(kt) 

River 
Discharge 

at 
Trenton 

(cfs) 

Water 
Surface 

Elevation 
(m 

NAVD)(d) 

918 30 1.2 0 0 30 0 4.832 

918 30 1.2 0 0 30 4000 4.837 

918 30 1.2 0 0 30 15,000 4.839 
 

a) Simulated storms follow the track of Storm 1 on Figure 2.4-7. 
b) Landfall displacement is relative to the center of the Delaware Bay at the coast, scaled by Rmax.  Positive 

displacement is to the south. 
c) Angle of storm heading relative to axis of Delaware Bay (degrees). Negative rotation is measured 

counterclockwise from the axis of Delaware Bay. 
d) WSEL is reported in meters NAVD consistent with the modeling system output.  Conversion from meters to 

feet is accomplished by multiplying by a factor of 3.2808. 
 
 
 
 
 
 
 
 



PSEG Nuclear LLC 
Salem Generating Station 
Flood Hazard Reevaluation 

 
 
 

SL-012270 
Revision 0 

Project No.: 12800-213

 

Page 2-74 

 

Table 2.4-2 
Holland B Parameter Sensitivity Results (a) 

 

Storm 
Number 

Central 
Pressure 

(mb) 

Radius to 
Maximum 

Winds 
(NM) 

Holland B 
Parameter

Landfall 
Displacement 

(b) 

Storm 
Heading 

(degrees) 

(c) 

Forward 
Speed 

(kt) 

Water 
Surface 

Elevation 
(m 

NAVD)(d) 

41 928 30 1.1 2 0 30 5.43 

43 928 30 1.3 2 0 30 5.49 

50 918 20 1.3 1 0 30 3.99 

51 918 20 1.1 1 0 30 4.07 
 

a) Simulated storms follow the tracks shown on Figure 2.4-7. 
b) Landfall displacement is relative to the center of the Delaware Bay at the coast, scaled by Rmax.  Positive 

displacement is to the south. 
c) Angle of storm heading relative to axis of Delaware Bay (degrees). Negative rotation is measured 

counterclockwise from the axis of Delaware Bay. 
d) WSEL is reported in meters NAVD consistent with the modeling system output.  Conversion from meters to 

feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-3 
Forward Velocity Sensitivity Results (a) 

 

Storm 
Number 

Central 
Pressure 

(mb) 

Radius to 
Maximum 

Winds 
(NM) 

Holland B 
Parameter

Landfall 
Displacement 

(b) 

Storm 
Heading 

(degrees) 

(c) 

Forward 
Speed 

(kt) 

Water 
Surface 

Elevation 
(m 

NAVD)(d) 

41 928 30 1.1 2 0 30 5.43 

57 928 30 1.1 2 0 20 5.13 

58 928 30 1.1 2 0 40 5.93 
 

a) Simulated storms follow the tracks shown on Figure 2.4-7. 
b) Landfall displacement is relative to the center of the Delaware Bay at the coast, scaled by Rmax.  Positive 

displacement is to the south. 
c) Angle of storm heading relative to axis of Delaware Bay (degrees). Negative rotation is measured 

counterclockwise from the axis of Delaware Bay. 
d) WSEL is reported in meters NAVD consistent with the modeling system output.  Conversion from meters to 

feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-4 
Mean Displacement and Standard Deviation of Tidal Effects(a) 

 
Surge 

Value (m) 
Mean Displacement 

(m) 
Standard 

Deviation (m) 
5 0.22 0.47 
6 0.18 0.49 
7 0.16 0.50 
8 0.14 0.51 
9 0.13 0.51 

 
 
a) The values in this table are reported in meters.  Conversion from meters to feet is accomplished by multiplying 

by a factor of 3.2808. 
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Table 2.4-5 
Production Storm Parameters, Maximum Still Water Surface Elevation and Total Water Surface Elevation (a) 

Sheet 1 of 3 
 

Storm 
Number 

Central 
Pressure 

(mb) 

Radius to 
Maximum 

Winds 
(NM) 

Holland B 
Parameter 

Landfall 
Displacement(b) 

Storm 
Heading 

(degrees)(c) 
Forward 

Speed (kt) 

Maximum Still 
Water Surface 
Elevation (m 

NAVD)(d) 
11 918 45 1.0 2 0 30 6.71 
12 918 30 1.1 2 0 30 5.38 
13 918 30 1.1 3 0 30 5.79 
14 918 30 1.1 4 0 30 5.66 
15 918 30 1.1 5 0 30 5.04 
16 918 30 1.1 6 0 30 4.31 
17 918 30 1.1 7 0 30 3.66 
18 918 30 1.1 0 0 30 3.79 
19 918 30 1.1 1 0 30 5.09 
20 918 45 1.1 2 0 30 7.01 
21 918 45 1.1 3 0 30 6.75 
22 918 45 1.1 4 0 30 5.70 
23 918 45 1.1 5 0 30 4.53 
24 918 45 1.1 0 0 30 4.20 
25 918 45 1.1 1 0 30 6.24 
26 918 45 1.1 1 +22.5 30 4.91 
27 918 45 1.1 1 -22.5 30 7.31 
28 918 45 1.1 2 -22.5 30 7.09 
29 Not Used(e) 
30 918 45 1.1 0 -22.5 30 3.63 
31 918 30 1.1 0 -22.5 30 3.49 
32 Not Used(e) 
33 918 30 1.1 2 -22.5 30 6.28 
34 918 30 1.1 3 -22.5 30 5.71 
35 928 30 1.1 0 -22.5 30 3.34 
36 928 30 1.1 1 -22.5 30 5.39 
37 928 30 1.1 2 -22.5 30 5.89 
38 928 30 1.1 3 -22.5 30 5.32 
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Table 2.4-5 
Production Storm Parameters, Maximum Still Water Surface Elevation and Total Water Surface Elevation (a) 

Sheet 2 of 3 
 

Storm 
Number 

Central 
Pressure 

(mb) 

Radius to 
Maximum 

Winds 
(NM) 

Holland B 
Parameter 

Landfall 
Displacement (b) 

Storm 
Heading 

(degrees) (c) 
Forward 

Speed (kt) 

Maximum 
Still Water 

Surface 
Elevation 

(m NAVD)(d) 
39 928 30 1.1 0 0 30 3.57 
40 928 30 1.1 1 0 30 4.80 
41 928 30 1.1 2 0 30 5.43 
42 928 30 1.1 3 0 30 5.41 
43 928 30 1.3 2 0 30 5.49 
44 943 30 1.1 1 -22.5 30 4.91 
45 943 30 1.1 2 -22.5 30 5.26 
46 943 20 1.1 1 -22.5 30 3.95 
47 Not Used(e) 
48 943 30 1.1 2 0 30 4.87 
49 943 20 1.1 2 0 30 3.94 
50 918 20 1.3 1 0 30 3.99 
51 918 20 1.1 1 0 30 4.07 
52 918 20 1.1 3 0 30 4.83 
53 918 20 1.1 -1 0 30 2.65 
54 928 30 1.1 5 -22.5 30 3.93 
55 Not Used(e) 
56 928 45 1.1 5 -22.5 30 3.48 
57 928 30 1.1 2 0 20 5.13 
58 928 30 1.1 2 0 40 5.93 
59 928 30 1.1 2 -11.25 30 5.96 
60 918 30 1.1 2 -11.25 30 6.37 
61 Not Used(e) 
62 Not Used(e) 
63 918 45 1.1 3 +22.5 30 5.56 
64 918 45 1.1 4 +22.5 30 5.52 
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Table 2.4-5 
Production Storm Parameters, Maximum Still Water Surface Elevation and Total Water Surface Elevation (a) 

Sheet 3 of 3 
 

a) Simulated storms follow the track shown on Figure 2.4-7. 
b) Landfall displacement is relative to the center of the Delaware Bay at the coast, scaled by Rmax.  Positive 

displacement is to the south. 
c) Angle of storm heading relative to axis of Delaware Bay (degrees). Negative rotation is measured 

counterclockwise from the axis of Delaware Bay. 
d) Maximum Still WSEL are reported in meters NAVD consistent with the modeling system output.  Conversion 

from meters to feet is accomplished by multiplying by a factor of 3.2808. 
e) Not Used indicates storms run during the production sequence, but were not used due to modeling issues 

during execution. 
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Table 2.4-6 
Surge Response Matrix for  

30 NM Rmax– 22.5 Degrees Counterclockwise Storms(a)(b)(c)(e) 
 

Track 
Number(d) 

Still WSEL 
(m NAVD), 
Cp = 918 

mb 

Still WSEL 
(m NAVD), 
Cp = 928 

mb 
1 3.5 (31) 3.3 (35) 
2 6.0 5.4 (36) 
3 6.3 (33) 5.9 (37) 
4 5.7 (34) 5.3 (38) 
5 5.0 4.6 
6 4.3 3.9 (54) 
7 3.6 3.2 

 
a) Surge values with a number in parentheses adjacent to it are values from 

ADCIRC+SWAN simulations.  The number in the parentheses correlates to the Storm 
Number on Table 2.4-5. 

b) Surge values italicized and bolded are established from the pressure differential 
relationship discussed in Subsection 2.4.3.3. 

c) Surge values underlined are established by interpolation or extrapolation. 
d) Track number is indexed by one value from the landfall displacement described in Table 

2.4-5 (i.e., a Track Number of 1 equals a Landfall Displacement of 0). 
e) Still WSEL is reported in meters NAVD consistent with the modeling system output.  

Conversion from meters to feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-7 
Surge Response Matrix for  

45 NM Rmax – 22.5 Degrees Counterclockwise Storms(a)(b)(c)(e) 
 

Track 
Number(d) 

Still WSEL 
(m NAVD), 
Cp = 918 

mb 

Still WSEL 
(m NAVD), 
Cp = 928 

mb 
1 3.6 (30) 3.3 
2 7.3 (27) 6.7 
3 7.1 (28) 6.4 
4 6.0 5.5 
5 5.0 4.6 
6 3.9 3.5 (56) 
7 2.8 2.5 

 
a) Surge values with a number in parentheses adjacent to it are values from 

ADCIRC+SWAN simulations.  The number in the parentheses correlates to the Storm 
Number on Table 2.4-5. 

b) Surge values italicized and bolded are established from the pressure differential 
relationship discussed in Subsection 2.4.3.3. 

c) Surge values underlined are established by interpolation or extrapolation. 
d) Track number is indexed by one value from the landfall displacement described in Table 

2.4-5 (i.e., a Track Number of 1 equals a Landfall Displacement of 0). 
e) Still WSEL is reported in meters NAVD consistent with the modeling system output.  

Conversion from meters to feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-8 
Surge Response Matrix for  

30 NM Rmax – 0 Degrees Storms(a)(b)(c)(e) 
 

Track 
Number(d) 

Still WSEL 
(m NAVD), 
Cp = 918 

mb 

Still WSEL 
(m NAVD), 
Cp = 928 

mb 
1 3.8 (18) 3.6 (39) 
2 5.1 (19) 4.8 (40) 
3 5.4 (12) 5.4 (41) 
4 5.8 (13) 5.4 (42) 
5 5.7 (14) 5.1 
6 5.0 (15) 4.5 
7 4.3 (16) 3.9 

 
a) Surge values with a number in parentheses adjacent to it are values from 

ADCIRC+SWAN simulations.  The number in the parentheses correlates to the Storm 
Number on Table 2.4-5. 

b) Surge values italicized and bolded are established from the pressure differential 
relationship discussed in Subsection 2.4.3.3. 

c) Surge values underlined are established by interpolation or extrapolation. 
d) Track number is indexed by one value from the landfall displacement described in Table 

2.4-5 (i.e., a Track Number of 1 equals a Landfall Displacement of 0). 
e) Still WSEL is reported in meters NAVD consistent with the modeling system output.  

Conversion from meters to feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-9 
Surge Response Matrix for  

45 NM Rmax – 0 Degrees Storms(a)(b)(c)(e) 
 

Track 
Number(d) 

Still WSEL 
(m NAVD), 
Cp = 918 

mb 

Still WSEL 
(m NAVD), 
Cp = 928 

mb 
1 4.2 (24) 3.8 
2 6.2 (25) 5.6 
3 7.0 (20) 6.3 
4 6.8 (21) 6.1 
5 5.7 (22) 5.1 
6 4.5 (23) 4.1 
7 3.3 3.0 

 
a) Surge values with a number in parentheses adjacent to it are values from 

ADCIRC+SWAN simulations.  The number in the parentheses correlates to the Storm 
Number on Table 2.4-5. 

b) Surge values italicized and bolded are established from the pressure differential 
relationship discussed in Subsection 2.4.3.3. 

c) Surge values underlined are established by interpolation or extrapolation. 
d) Track number is indexed by one value from the landfall displacement described in Table 

2.4-5 (i.e., a Track Number of 1 equals a Landfall Displacement of 0). 
e) Still WSEL is reported in meters NAVD consistent with the modeling system output.  

Conversion from meters to feet is accomplished by multiplying by a factor of 3.2808. 
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Table 2.4-10 
Historical Storms with Headings Towards the PSEG Site(a)(c) 

 
Central  

Pressure 
(mb) 

Longitude 
Deg. East 

Latitude 
Deg. North 

Forward 
Velocity (kt) 

Track 
Angle 

(deg)(b) Year Name 
963 71.9 41.0 44.4 67.9 1869 Unnamed 
984 73.4 39.5 27.2 41.9 1879 Unnamed 
990 72.5 41.0 22.8 49.1 1916 Unnamed 
941 72.9 40.7 14.0 90.0 1938 Unnamed 
966 71.5 42.1 30.1 57.1 1944 Unnamed 
976 71.8 43.1 30.1 67.5 1954 Carol 
969 75.9 36.6 10.0 84.3 1955 Connie 
980 73.4 40.2 20.1 98.5 1972 Agnes 
977 73.8 38.8 22.5 77.2 1976 Belle 
951 74.5 38.4 41.0 67.5 1985 Gloria 
990 75.2 37.4 14.8 46.2 1986 Charley 
964 71.4 41.4 27.3 55.3 1991 Bob 
980 73.5 40.6 29.4 55.3 1999 Floyd 
958 75.0 38.1 15.0 63.4 2011 Irene 
943 74.0 38.8 8.0 148.0 2012 Sandy 

 
a) Storms passing over a Line from a point at Latitude 36.5 degrees North, Longitude 76 

degrees East to a point at Latitude 41.5 degrees North, 71 degrees East (see Figure 2.4-
11). 

b) Track Angle convention is 0 degrees denotes a storm moving east, 90 degrees denotes 
a storm moving north and 180 degrees denotes a storm moving west. 

c) References 2.4-2 and 2.4-16. 
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Table 2.4-11 
Central Pressure Gumbel Distribution 

 

Return Period (per 
Number of Storms) 

Estimated 
Central 

Pressure (mb) 
5 954.32 

10 943.32 
25 929.41 
50 919.09 

100 908.85 
150 902.88 
200 898.65 
250 895.37 
500 885.19 

1000 875.01 
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Table 2.4-12 
Central Pressure Standard Deviation and Associated Surge Effect 

 
Central 

Pressure (mb) 
Standard 

Deviation (mb) 
Relative Surge Effect (mb)(a) Ratio 

929.41 14.5 ((1018-929.41) + 14.5)/(1018-929.41) 1.16 
919.09 17.4 ((1018-919.09) + 17.4)/(1018-919.09) 1.17 
908.85 20.4 ((1018-908.85) + 20.4)/(1018-908.85) 1.19 

 
a) The relative surge effect uses the pressure differential relationship discussed in 

Subsection 2.4.3.3. 
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Table 2.4-13 
Relationship between SWL and TWL at Each Location 

 

Location Regression Equation R2 
Regression 
Plot Figure 

Number 
5 TWL=0.82*SWL+1.08 0.94 2.4-14 
6 TWL=1.64*SWL+0.03 0.99 2.4-15 
7 TWL=2.11*SWL-3.09 1.00 2.4-16 
8 TWL=1.27*SWL-0.61 0.99 2.4-17 
9 TWL=1.23*SWL-0.68 0.99 2.4-18 

10 TWL=1.32*SWL-1.03 0.95 2.4-19 
11 TWL=1.69*SWL-2.23 0.99 2.4-20 
12 TWL=1.68*SWL-2.18 0.99 2.4-21 
13 TWL=1.48*SWL-1.44 0.99 2.4-22 
14 TWL=1.51*SWL-1.53 0.99 2.4-23 
15 TWL=1.37*SWL-1.13 0.99 2.4-24 
16 TWL=1.07*SWL-0.13 0.98 2.4-25 
17 TWL=SWL 1.00 N/A 
18 TWL=1.14*SWL-0.33 0.98 2.4-26 
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Table 2.4-14 
Total Water Surface Elevations 

 

Location 
Total 
WSEL  

(m NAVD) 

Total 
WSEL  

(ft. NAVD) 

Total 
WSEL 

(ft. PSD) 

Total WSEL 
with Sea Level 
Rise (ft. PSD) 

1 7.3 23.9 113.7 114.2 

2 9.6 31.5 121.3 121.8 

3 10.9 35.8 125.6 126.1 

4 8.0 26.2 116.0 116.5 

5 6.7 22.0 111.8 112.3 

6 10.9 35.8 125.6 126.1 

7 10.8 35.6 125.4 125.9 

8 7.9 25.8 115.6 116.1 

9 7.5 24.7 114.5 115.0 

10 7.8 25.4 115.2 115.7 

11 9.0 29.4 119.2 119.7 

12 9.0 29.4 119.2 119.7 

13 8.4 27.5 117.3 117.8 

14 8.5 27.9 117.7 118.2 

15 8.0 26.2 116.0 116.5 

16 7.0 23.1 112.9 113.4 

17 6.7 22.0 111.8 112.3 

18 7.3 23.9 113.7 114.2 

19 7.9 26.0 115.8 116.3 

20 9.0 29.7 119.5 120.0 

21 6.7 22.0 111.8 112.3 

22 8.1 26.4 116.2 116.7 
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Figure 2.4-1 
FEMA Region 1\1 ADCIRC Mesh 
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Figure 2.4-2 
ADCIRC Mesh Refinement at PSEG Site 
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Figure 2.4-3 
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Comparison of Refined PSEG Site Mesh versus Unmodified FEMA Region III Mesh 
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Figure 2.4-4 
Wave Run-up Computation Locations around the PSEG Site 
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Figure 2.4-5 
PSEG Site Location within the Delaware Bay Region 
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