
2.3 METEOROLOGY 

2.3.1 Regional Climatology 

2.3.1. 1 Data Sources 

Data sources are listed in the references provided at the end of 
this section. 

2.3.1.2 General Climate 

Based on the Koeppen climatic classification system, the region 
intersects two climatic zones. They are humid continental and 
humid sub-tropical. Both zones have characteristics of warm 
summers and mild winters (1). Summer maximum average temperatures 
are near 80 degrees Fahrenheit, and the coldest month is January 
having an average daily temperature of approximately 32 degrees 
Fahrenheit. Examining a 30 year mean of precipitation amounts for 
Wilmington, Delaware, National Weather Service (NWS) station shows 
that the most rainfall occurs in the summer months, followed by 
spring, fall, and winter (2). 

The area of southern New Jersey is frequented by Polar Canadian 
air masses in the fall and winter and occasionally invaded by 
Arctic Canadian air late in winter. During the spring and summer, 
the dominant air mass is Maritime Tropical (1). 

2.3.1.2.1 Precipitation 

The frequency of precipitation events such as rain, snow, ice 
storms, thunderstorms, and hail are tabulated in Tables 2. 3-1, 

2.3-2, and 2.3-3. The data in Table 2.3-1 were obtained from the 
Revised Uniform Summary of Surface Weather Observations, Dover 
(Delaware) Air Force Base, 1942-1965. The data presented in 
Tables 2.3-2 and 2.3-3 were obtained from Philadelphia 
International Airport and Trenton Airport, respectively. 
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2.3.1.2.2 Humidity, Winds 

Humidity annually averages 70 percent (3). Prevailing winds on a 
monthly average during the winter (December to March) are from a 
northwest direction with a range of speeds from 9 to 13 mph. 
Average monthly winds for the spring and summer months (April to 
August) are from a southerly to southwesterly direction at speeds 
ranging from 7 to 10 mph. Winds during the fall are predominantly 
from the west-southwest veering to a west-northwest direction by 
December. The average wind speeds increase as the season 
progresses (4). 

2.3.1.3 Severe Weather 

The terrain is open and extremely flat which favors a vigorous 
wind flow. While the area is almost certain to experience 
hurricane force winds frequently, there is no reason to anticipate 
fastest mile velocity, reaching 100 miles per hour, more than once 
in 100 years. Table 2.3-4 lists the distribution of peak winds 
for Philadelphia International Airport based on a 25-year record. 
The tornado frequency in this area is reassuringly low; a few 
small funnels have been observed in southeastern Pennsylvania and 
southern New Jersey, but it is unlikely that any tornado would 
affect the site itself more than once in 4300 years. 

2.3.2 Local Meteorology 

Figure 2.3-1 shows the different stations that collect 
meteorological records. Figures 2.3-2 and 2.3-3 are 2-year wind 
roses derived from Artificial Island wind data using all hours and 
only hours with a stable stability, respectively. The wind 
direction is randomly distributed when stable atmospheric 
conditions occur, whereas using all hours of data shows a 
northwest wind direction peak. 
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2.3.3 Onsite Meteorological Measurements Program 

Meteorological Data Collection Program 

In order to arrive at atmospheric dispersion factors for use in 
calculating radiological exposures from both low level normal 
releases and accidental releases, an extensive data collection 
program was undertaken at the site. This data collection program 
is described in detail in the following paragraphs. The present 
meteorological monitoring program is in conformance with the 
recommendations of Regulatory Guide 1.23. 

2.3.3.1 Preoperational Data Collection Program 

Data became available from the 300 feet meteorological tower 
located on Artificial Island in June of 1969. The official 
preoperational data collection program was terminated at the end 
of May 1971. The tower was positioned just north of the actual 
plant site and is shown on Figure 2.3-1. The actual location was 
2700 feet north of Unit 2 at a Latitude of 39 degrees 28 minutes 
13 seconds north, and a Longitude of 75 degrees, 32 minutes 12 
seconds west. 

A detailed representation of the meteorological facility is not 
necessary because of the simplicity of the terrain. The tower 
data used in this study is primarily that from the 33 and 300-foot 
levels, although some data were obtained at the intermediate 
150-foot elevation. The wind instrumentation consisted of 
Aerovanes, and the temperature-difference measurements were 
obtained from aspirated resistance thermometers. The usual 
precipitation, humidity, and solar radiation are on record if they 
are ever needed for general environmental applications. 
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2.3.3.1.1 Data Summaries and Turbulence Classifications 

The record of temperature and all other data extends from June 1969. Data are 
being obtained continuously. A monthly distribution is presented 
in Table 2.3-5. 

Table 2. 3-6 shows monthly summaries of precipitation in inches for June 1969 
through November 1970. Included with this summary is a range of maximum hourly 

rates. 

Table 2.3-7 lists the monthly percentages of hours with fog in 3-hour 
intervals. October through March have the largest percentage of fog during the 
hours of 0600 to 0800. During April through September, the largest percentage 
occurred between the hours of 0300 to 0500. 

Stability 

Alternative techniques of estimating the turbulence usually involve one of two 
methods: approximating it from a combination of lapse rate and 'tJind speed 
measurements, or from the fluctuations of a standard wind instrument such as an 
Aerovane. We believe the latter to be more representative of the typical 
~Lvu~~m~, and accordingly this is based on wind direction 
range and data. The rate classification has been used, 
however, and some of the data are summarized in the report. In this 
the two techniques are in good 

Turbulence Classifications 

The system used for defining the turbulence is that developed originally by 
Singer and Smith(5) and widely applied in both nuclear and fossil power plant 
evaluations. The classification is depicted on Figure 2. 3-4, where Classes I 
and II unstable conditions. 
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Class III is the overcast stormy situation, and Class IV is the 
stable, inversion flow pattern. 

In the Preliminary Safety Analysis Report the distribution of 
turbulence classifications obtained from the Delaware City site 
10 miles north-northwest of Salem, was presented as probably 
typical of the dispersion regimes. In Table 2.3-8 the new Salem 
data (300-foot level) are compared with the earlier summary from 
Delaware City, and the agreement is very good despite the fact 
that the information was obtained in different years. The only 
notable difference is that Salem showed a more marked tendency 
toward the neutral Class III turbulence than did Delaware City. 
This aberration may be real, but it is more likely that the water 
tower on which the Delaware City instrument was located produced 
somewhat broader and more turbulent direction traces than the 
clean installation at Salem. In any case, the difference has no 
great significance in the dispersion evaluation. 

At both sites, the distributions seem quite normal for open, 
mid-latitude locations. The Class II turbulence dominates the 
distributions, accounting for approximately 60 percent of all 
hours, and the stable cases are found in roughly 25 percent of the 
remainder. We had anticipated a noticeable increase in the 
frequency of Class IV conditions during the late spring and early 
summer at Salem, because it is directly exposed to over-water flow 
which might be stable, but apparently the combination of 
infrequent winds from the 130- to 160-degree sector and the 
relatively mild bay temperatures did not produce the expected 
increase. 

Lapse Rates 

In Table 2.3-9, the distribution of lapse rates over the year is 
shown. These data agree well within the indications of the 
turbulence classification, in that 24 percent of the hours appear 
to be stable, 14 percent neutral, and the remainder unstable. 
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Another indication that the water influence is fairly small at 
this site is that the diurnal variation of the lapse rate in June 
(Figure 2.3-5) does not show any tendency toward stability in the 
afternoon hours, and, in fact, is quite similar to the December 
(Figure 2.3-6) pattern. 

Relation Between Lapse Rates and Turbulence Classes 

As a final comparison between turbulence classes and the lapse 
rate data, Table 2.3-10 is presented which clearly shows that the 
two methods of estimating turbulence are compatible at this site. 
The vast majority of Class I and Class II turbulence hours are 
associated with unstable lapse rates, and the Class IV hours are 
primarily inversion periods as they ought to be. 

The distributions of lapse rates, winds, and turbulence classes 
already presented are adequate to define the diffusion meteorology 
of this site as quite normal and uncomplicated, but it is 
important to translate the data as accurately as possible into the 
dispersion parameters actually used in numerical evaluations. 
Since the experience with the bi-directional wind vane was 
typically unsuccessful, the measurement of hourly wind direction 
range was evaluated and used for estimates of ae. These data, 
separated according to turbulence class, are given for the entire 
period of observation in Table 2.3-11, and it is apparent that the 
wind fluctuations at this site are very nearly identical to those 
at Brookhaven National Laboratory (6) where the turbulence 
classification was originally developed. It therefore is 
reasonable to utilize the diffusion parameters developed at that 
site (7) in this study. 

One further point is important, and that is to be sure that 
diffusion with south-southeast winds from the open waters of 
Delaware Bay is not significantly different from that occurring 
with other wind directions. Table 2. 3-12 is a replica of Table 
2. 3-11, except that only south-southeast winds are represented. 
Obviously there is no difference. 
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Hour-by-hour stability frequency tables are presented in Tables 2.3-9 and 2.3-

10 . 

The distribution of wind speeds at the 33- and 300-foot levels as a function of 
turbulence class are presented in Table 2.3-13, where the most notable feature 
is the very low frequency of calms. Normally, with an Aerovane as a sensing 
instrument, calms at the 33-foot elevation are prominent, but the very flat 
terrain and the air-sea interaction at Salem obviously favor a vigorous wind 
flow. Also, the percentage of hours having relatively high speeds, reflected 
in both Tables 2.3~13 and 2.3-14, is quite large, as one would anticipate in 
this locality. 

Data recovery percentages for the June 1969 to May 1970, 33-foot and 300-foot 
wind data, are shown in Table 2.3-15. 

2.3.3.2 Operational Data Collection Program 

The digital Meteorological Data Acquisition Systems provide increased data 
recovery over traditional systems. The digital Meteorological Data Acquisition 
systems were designed to meet the intent of Regulatory Guide 1.23. 

The Salem and Hope Creek Safety Parameter Display System ( SPDS) 1 provides an 
Artificial Island wide source of 15-minute average meteorological monitoring 
system parameters, which are read from the two digital data acquisition 
systems. The parameters available for display are 33-ft wind speed, direction, 
sigma theta, and horizontal stability class; 150-ft wind speed, direction, 
sigma theta, and horizontal stability class; 300-ft wind speed, direction, 
sigma theta, and horizontal stability class; delta temperature between 300 and 
33-ft; delta temperature between 150 and 33-ft; vertical stability class for 
each delta temperature; precipitation; barometric pressure; solar radiation; 
and ambient and dew point temperatures . 
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transport 

and Dose 

and diffusion is calculated by 
Assessment System (MIDAS) computers 

the Meteorological 
installed in both 

Salem and Hope Creek. A method for determining atmospheric transport and 
di the plume exposure emergency planning zone during 

emergency conditions has b~en developed. 

The system became operational in April 1976. 

The location of the 300-foot guy wire supported tower is Latitude 39 degrees, 

27 minutes, 48.9 seconds, North and Longitude 75 degrees, minutes, 11.76 

seconds, West. 

The data collection program also includes an additional tower, identified as a 
backup meteorological tower, consisting of a 1 0-meter telephone pole. The 
backup tower is located approximately 500 feet south of the primary 
meteorological monitoring tower. Backup meteorological data provides wind 

speed, wind direction, and a computed sigma theta. 

Wind speed and direction instruments are located at 300-foot, 150-foot, and 33-

elevations on the primary tower and at the 33-foot elevation on the backup 

tower. Temperature measurement includes ambient taken at the 33 
foot elevation and temperature differences taken between T300 - T33 and T150 -

T 33 levels. Temperature sensors consist of thermistors in a motor aspirated 

solar radiation shield. The dew-point is measured at the 33-foot level. 
Rainfall and barometric pressure are measured at approximately 3 and 6 feet, 
respectively. Figure 2. 3-7 depicts the heights of these instruments on the 

tower. 
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All meteorological parameters are electronically recorded in the Meteorological 
Instrument Building at the base of the tower, 

The data acquisition system includes capabilities for remote interrogation in 
addition to data acquisition. The data acquisition systems consist of primary 
and backup data acquisition systems (DAS) located at the Meteorological 
Instrument Building. A diagram of the system configuration is provided on 
Figure 2.3-8. The rain gauge uses a tipping bucket. 

The primary and backup DAS are configured with identical hardware. Each DAS is 
provided with communication ports, including one as a link to the Salem and 
Hope Creek SPDS, and one for direct dialup capability. Each DAS provides 
storage for at least 7 days of 15-minute averages. 

The primary DAS collects wind speed and direction from the primary tower. The 
backup DAS collects wind speed and direction from the backup meteorological 
tower. Each DAS calculates a sigma theta for its respective meteorological 
tower (each of the three level wind directions on the primary tower, one level 
on the backup tower) . The host computers acquire the meteorological data 
collected by the data loggers . 
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The calculations of the sigma thetas use samples of horizontal wind direction 
at each elevation/location. 

Data interrogation :i.s possible through dial-up connection to the digital data 
acquisition systems, which also prov:l..de data to the Salem and Hope Creek SPDS. 
'l'he SPDS supports display units in the EOF, the Hope Creek Control Point, the 
Salem and Hope Creek TSCs, the Hope Creek OSC, and the Salem Ops Ready Room. 

Additional sources of meteorological data to provide a description of airflow 
trajectories from the site out to a distance of 50 miles include Wilmington and 
Philadelphia National Weather Service (NWS) stations. 

Hourly wind, 
NWS stations. 

SGS-UFSAR 

temp>er·at:ux:e, and cloud cover data are readily available from these 
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2.3.4 Short-Term Diffusion Estimate 

2.3.4.1 Objective 

The objective is to provide conservative and realistic short term estimates of 
relative concentration (X/Q), at both the site boundary and the o~ter boundary 
of the low population zone (LPZ) following a hypothetical release of 
radioactivity from SGS Units 1 or 2. The assessment is based on the results of 
atmospheric diffusion modeling and onsite meteorological data . 
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A ground-level accidental radionuclide release from SGS is analyzed at various 

distances. Conservative and realistic X/Q values at the exclusion area 

boundary (EAB) are derived for the 0- to 2-hour period following a postulated 

accident. Conservative and realistic estimates of the X/Q value at the outer 

boundary of the LPZ are computed for 2, 8, 16, 72, and 624 hours following a 

postulated accident. For this modeling assessment, the EAB is a distance of 

1270 meters in all sectors except the Northeast and East, which were 1391 

meters. The LPZ boundary is 5.0 miles (8,047 meters), all sectors. 

2.3.4.2 Accident Assessment 

The short-term, 0- to 2-hour X/Q values for ground-level releases are 

calculated with the sector dependent model described in Regulatory Guide 

1.145, Reference 8. Annual accident X/Q values are also required to derive 

the intermediate time period X/Q values. These annual accident X/Q values are 

derived using the long-term diffusion model described in Regulatory Guide 

1.111, Revision 1, Reference 9. 

2.3.4.2.1 Methodology 

The procedures used to estimate the X/Q values for the appropriate time 

periods following a postulated accident are described in Regulatory Guide 

1. 145. The diffusion model generates a cumulative frequency distribution of 
X/Q values for each sector-distance combination representing the first 2 hours 

after the postulated accident. These 2-hour X/Q values are based on 1-hour 

averaged data, but are assumed to apply for 2 hours. The frequency 

distributions are plotted on a log-probability scale for each sector-distance 

combination, and are then enveloped in accordance with the methodology 

described by Markee and Levine in Reference 11. 

The X/Q value that is equaled or exceeded 0. S% of the time at each sector-

distance combination is then determined from the intersection of the envelope 

and the 0.5'- probability level. The highest sector dependent X/Q value is 

then compared with the "overall" St accident X/Q value. The highest value 

represents the conservative 2-hour accident X/Q. The realistic 2-hour accident 

X/Q is evaluated at the overall 50% probability level. 

The overall 5% and 50% X/Q values are determined by summing the sixteen sector 

dependent X/Q distributions for each distance into a curnulati ve frequency 

distribution representJ.ng all sectors and again enveloping the data points. 

The 5% and 50% values are determined by the intersection of the envelope with 

the 5% and 50% probability levels, respectively. 
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The conservative accident X/Q values for time periods of up to 30 
following an accident are derived by logarithmic interpolation between the 2-

hour 0.5% and the annual accident X/Q value at each sect6r-distance 

combination. The intermediate time periods for the overall 5% and 50% X/Q 
are determined by logarithmic ·interpolation between the overall 2-hour 

5% and 50% X/Q values and the maximum annual X/Q. The maximum conservative 

X/Q value for a given distance is the maximum sector 0.5% X/Q, or the overall 

5% X/Q, whichever is higher, for the conservative assessment. The realistic 

assessment is based upon the overall X/Q and the overall 50% X/Q. The higher 

X/Q .value is chosen again. 

2.3.4.2.2 Meteorological Data 

2.3.4i2.2.1 Representativeness 

The · Artificial Island meteorological tower data from January 1988 through 

December 1994 are employed in the accident assessment. The data collected at 

the tower are representative of the meteorological conditions under which 

effluents are released, since both are located on the Delaware River shoreline. 

Furthermor~, the proximity of the 300-foot tower to SGS ensures .that the data 
are representative of the conditions used in an accident evaluation . 

2.3.4.2.2.2 Joint Frequency Distributions 

Joint 
stability class 

and direction 

distributions of wind speed and direction by atmospheric 

are used as input to the diffusion calculations. Wind speed 
data from the 33-foot level are used in the assessment of 

diffusion for the ground-level releases. 

Atmospheric stability is determined for the 33-foot distributions by the 

difference between the 300- and 33-foot levels. Joint 

frequency distributions of wind speed and direction by atmospheric stability 

class are computed for 22.5° sector using the wind speed groups and atmospheric 

stability classes suggested in Regulatory Guide 1. 23. The 7-year frequency 

distributions are used in the 
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With the exception of the calm and 25+ mph wind speed groups, the highest wind 
in each group is used to represent that group in the diffusion 

calculations. For conservatism, a wind speed of 0.5 mph is used to represent 
calms at the 33-foot level. This value represents a conservative threshold 
wind speed for the 33-foot wind instrumentation. Due to the high wind speeds 
asso~iated with this site, a wind speed of 30 mph is used to 
mph wind speed group. 

the 25+ 

2.3.4.3 Atmospheric Diffusion Model 

The ~eactor building vent is treated as a ground-level source for both short-
term and long-term calculations. This implies that no plume rise is calculated 
and no terrain corrections are applied. A building wake correction factor is 
used, in accordance with the methodology discussed in Regulatory Guide 1.145 
for vent releases. The building wake correction factor takes into account the 
initial mixing of the plume within the building cavity. 

The vent release X/Q values are calculated with the following equations from 
Regulatory Guide 1.145: 

X/Q = 

X/Q 

X/Q 1 

where: 

X/Q relative concentration, s/m3 

U10 wind speed at the 10 m level, m/s 
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Sy • lateral plume apeed, m 

~ = lateral plume spread with meander and building wake effects, m 

sz = vertical plume spread, m 

A = smalleat vertical-plane cross-sectional area of the reactor building, 
and adjacent structures, m2 • 

2 A building wake correction factor of 2430 m is used for calculations of the 
short-term X/Q. 

For neutral or stable conditions combined with wind speeds less than 6.0 mjs, 
calculations of the X/Q value& are made using Equations 2. 3-2 through 2. 3-4. For 
all other meteorological conditions, X/Q values are calculated using Equations 
2.3-2 and 2.3-3 only. 

The values computed from Equations 2.3-2 and 2.3-3 are compared, and the higher 
value is selected. For neutral and stable conditions with a wind &peed less than 
6 mjs, the value from Equation 2.3-4 is compared with the value chosen from 
Equations 2.3-2 and 2.3-3, and the lower value is chosen to represent these 
conditions. 

2.3.4.4 Diffusion Estimates 

2.3.4.4.1 Exclusion Area Boundary 

-4 3 The maximum conservative 2-hour X/Q at the EAB, 0.79 miles, is 1.30 x 10 s/m • 
This is the maximum overall 0.5% sector dependent value at this distance. This 
value is larger than the overall 5% X/Q value. The maximum realistic (50\) 2-

-S 3 hour X/Q at the EAB is 3.0 x 10 s/m • This is the overall SO% X/0, value. 
Conservative and realistic X/0, values for the EAB (0.79 miles) for all the time 
periods following the accident are given in Table 2.3-21. 

2.3.4.4.2 Low Population zone 

The maximum conservative and realistic X/0, values, 0.5\ and SO\, respectively, 
given in Table 2.3-21 represent the maximum X/0, value& (sector value used if 
greater than the overall value) at the LPZ boundary, 5 miles. 
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2.3.5 Long-Term Diffusion Estimate 

2.3.5.1 Objective 

The objective is to provide realistic estimates of annual average offsite 
atmospheric dilution factors based on site meteorological data. 

2.3.5.2 Calculations 

Annual X/Q values for sixteen - 22. 5 -degree arcs at sixty distances are 
presented in Tables 2.3-17 through 2.3-20. The meteorological input data used 
was the 2-year period, June 1969 

2.3-14b 
SGS-UFSAR Revision 16 

January 31, 1998 



through May 1971. X/0. estimates are based on the procedures presented in 
Regulatory Guide 1.111. These values were submitted in July 1976 as part of the 
Appendix I, lOCFRSO submittal to the NRC. 
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