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EXECUTIVE SUMMARY

The purpose of this report is to document the weather conditions ssso-
ciated wvith the Berkeley Township tornado and also evaluste whether the
occurrence of the tormado is consistent with the tormado hszard probability
discussed in the Oyster Creek Generating Station Environmental Report.

The tornado struck Berkeley Township between 7:15 P.M. and 7:30 P.M. (EDT)
on June 29, 1982. The storm path was 50 to 75 feet wide and about 1.5 miles
long. One hundred homes sustained damage and several people were injured.
Wind speeds were estimated between 113 and 157 mph.

At about the time of the tornado, one-half to one inch of rain fell at the
Oyster (reek site meteorological tower, Maximum wind speeds were 13 mph at
the lower level of the tower and 31 mph &t the upper level.

An evaluation of whether this tornado is consistent with the tornado hazard
probability discussed in the Oyster Creek Environmental Report revealed that the
Oyster Creek report hazard probabilities are outdated, but not because of the
occurrence of the Berkeley Township tornado. Rather, they are outdated because
of the availability of more recent high quality, computerized tornado data and
the use of more refined statistical methods, neither of which were available
prior to 1972, the year the Oyster Creek Environmental Report was published.

The Environmental Report based the computaticn of tornado hazard proba-
bility at Oyster Creek in part on dats from 225 lows and Kansas tornados that
occurred during the years 1953-1962. Iowa and Kansas tornados, however, are
much more severe than New Jersey tornados. More recent technical reports based
the tornado hazard probability at Oyster Creek on 110 tornados that occurred in
New Jersey and neighboring states during the years 1971-1978.

The use of lowa and Kansas tornados made the tornado hazard probabilities
in the Environmental Report extremely conservative. Using New Jersey area
tornados, the mean recurrence interval of a tornado occurring at a point is no
shorter than 10,000 years, as compsred with 2170 years stated in the Environ-
mental Report. Six to seven tornados per year are expected to occur in an area
of land within ap proximately 125 miles of the Qvster Creek MNuclear Plant. Both
this report and the Ovster Creek SEP indicate almost identical tornado hazard
probabilities. Reg. Guide 1.76 and WASH 1300, however, indicate slightly
greater tornado hazard probabilities.

This repcr: represents six man weeks of effort.

iv



1. INTRODUCTION

At 7:30 P.M. (EDT) on June 29, 1982, a tornado touched down in Rerkley
Township, N. J., about 10 miles north of the Oyster Creek Nuclear Power
Plant.

The purpose of this brief report is to, firsc, describe the weather
conditions associated with this storm, and second, to evaluate whether the
occurrence of this tornado 1is consistent with the tornado hazard probabil-

ity discussed in the Oyster Creek Environmental Report.

Weather conditions are discussed in Section 2 of this report and the
tornado hazard probability is discussed in Section 3.



2. WEATHER CONDITIONS PRECEDING AND ACCOMPANYING TORNADO

2.1 General Weather Conditions and Forecasts for N. J. and Vicinity

On June 29, 1982 a warm, humid air mass covered the middle Atlantic
states with a cold front passing through central Pennsylvania in mid~after-
noon. Temperatures ranged from the mid 70's to low 80's under parcly cloudy

to cloudy skies. Winds were either variable or southerly at 5-10 mph.

Rain showers and thunderstorms wer; scattered in New Jersey, New York,
Pennsylvania and Delaware. Some areas of Pennsylvania received 1 to 2
inches of rain during the day in locally heavy dowmnpours. During the mid;
afternoon and evening hours, National Weather Service weather radar in
Atlantic City showed rainfall of "light" to "very heavy" intensity falling
from showers and thunderstorms in eastern Pennsylvania and New Jersey. At
7:30 P.M. on June 29, when the tornado struck Berkley Township, the Arlantic
City weather radar showed rainfall of "unknown, but probably heavy' intensity
in central and southern New Jersey. (Rainfall intensity is a gross measure

of thunderstorm severity; severe thunderstorms can spawn tornados.)

Forecasts for eastern Pennsylvania and New Jersey, issued at 5 P.M. EDT
on June 29, called for showers and thunderstorms during the evening. The
possibility of severe thunderstorms and tornados was not mentioned in the
forecasts. After the Berkley Township tornado was reported, however, the
National Weather Service Office in Atlantic City issued a severe thunderstorm

and tornado warning for Ocean County and adjacent coastal waters.

2.2 Wkeather Concditions at the Oyster Creek Meteorological Tower

isice from the 1/2 to 1 inch of rain that fell at the met tower betwesa
8:3C and 9:30 P.M. (EDT) on June 29, nothing at the tower indicated severec
weather. The met tower continued to function. The highest 15-minute averaze
wind speec was 13 mph at the 33-ft. level and 31 mph at the 380-fr. level,



both measured during the onset of the rain. Winds before the rain were from

the south-southwest and from the west-southwest thereafter. The temperaturs
remained near 70 degrees and the relative humidity near 1002 through the late

afternoon and eveaning hours.

2.3 Eyewitness Accounts and National Weather Service Description of Tornado

The tornado touched down in the west section of Silver Ridge Park in
Berkley Township between 7:15 P.M. and 7:30 P.M. (EDT), moving in an easterly-
northeasterly direction. The storm path was 50 to 75 feet wide and about 1.5

miles long.

An eyewitness reported two ''tubes" hanging down from the clouds that
merged into one and hit the house next to his home, which was destroyed. Other
people interviewed reported seeing only one funnel. Much of the time, the tor-
nado was apparently at roof-top level; most damage was to roofs and TV antennas.

The most severe damage occurred where the tornado reached ground level.

One hundred homes sustained damage - 15 homes were totally damaged, 40
homes were seriously damaged. Seven automobiles were damaged; four were totally

damaged. Damage estimates were $1.5 million. From 2 to 30 people suffered

injuries (depending on the source of the report).

2.4 Estimate of Wind Speeds in the Tormado

Direct measurements of wind speeds in the Berkley Township tornado were
not available. As 1is usually, if not always, the case with tornados, wind
speeds nust be estimated indirectly from a generzl damage description of tor-
nado destruction. The wind speeds in the Berkley Township tormado were esci-

mated using the method of Fujita (1971).

Fujita (1971) proposed a rating system, now wicdely recognized, whereby
tornzdo iatensity (i.e., windé sneed) is judged cn the basis of damage aprear-
ence. Six intensity levels of the Fujita scale, or r-scale, were defined.
Each intensity classification has an associated wind speed range. Tavle 1
presents a general dacage description of the destruction expected within each
F-scale classification. The intensity assigned to a tormado is based on the

worst dam2ge within the tormado path.
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TABLE 1

F-SCALE CLASSIFICATION OF TORNADO INTENSITY BASED ON DAMAGE (FUJITA, 1973)

(FO)

(F1)

(F2)

(F3)

(F-s

(r5)

LIGHT DAMAGE 40-72 mph

This speed range corresponds to Beaufort 9 through 11. Some damage to
chimneys or TV antennae; breaks branches off trees; pushes over shallow~
rooted trees; old trees with hollow inside break or fall; sign boards

damaged.
MODERATE DAMAGE 73-112 mph

73 mph is the beginning of hurricane vind speed or Beaufort 12. Peels
surface off roofs; windows broken; trailer houses pushed or overturned;
trees on soft ground uprooted; some trees snapped; moving autos pushed

off the road.
CONSIDERABLE DAMAGE 113-157 mph

Roof torn off frame houses leaving strong upright walls standing; weak
structure or outbuildings demolished; trailer houses demolished; rail-
road boxcars pushed over; large trees snapped or uyprooted; light-object
missiles generated; cars blown off highway; block structures and walls
badly damaged.

SEVERE DAMAGE 158-206 mph

Roofs and sowme walls torn off well-constructed frame houses; some rural
buildings completely demolished or flattened; trains overturned; steel
framed hangar-warehouse type structures torn; cars lifted off the ground
and may roll some distance; most trees in a forest uprooted, snapped, or

.leveled; block structures often leveled.

DEVLSUATING DAMACE 207-260 =pni.

well-constructed frare houses leveled, leaving piles of depris; structure
wnoa weak foundzazion 1ifted, tor:. &ni tiown off some distancae; trees
debarxea by smz2ll ilving debris: scndy soil eroded and gravelis fly in
high winds; cars thrown some distances or rolled considerable distance
finally to disinzegrace; larze missiles ;r2naracecd.

INCREDIBLE DAMAGT 201-318 mph

Strong frame houses lifted clear off foundation and carried considerable
distance to disintegrate; steel-reinforced concrete structures badly
dacaged; automobile-sized missiles fly through rhe distance of 100 yds.
or more; trees debarked completely; incredible phenomensa can occur.



For the Berkley Township tornado, a comparison of both ncwspaper photo-

graphs of the damage and written descriptions of the damage with the descrip-

tions in Table 1 suggests that the tornado was a category F2. An F2 tornado

is characterized by winds between 113 and 157 miles per hour. Please note

that these winds were sustained only in the area where the worst damage occur-

red, not the entire length of the tornado path.



3. REASSESSMENT OF THE TORNADO HAZARD PROBABILITY
FOR OYSTER CREEK NUCLEAR GENERATING STATION

The Oyster Creek Environmental Report (March 6, 1972) only briefly
addresses the question of tornado hazard probability. 1t states that the
recurrence interval of a tornado is 2170 years, and that the calculation of

this number is based on the method of Thom (1963).

Although Thom's method has served as the basis for many tornado proba-
bility studies since 1963, the methodology, by today's standards, is at best

crude, and the dara, which was tornmado data for Iowa and Kansas, not applic-
able to New Jersey.

The Oyster Creek Environmental Report also does not address the expected
intensity of the tornado, or equivalentlv, the expected wind speeds in the
tornado, which can vary anywhere from 40 to 318 miles per hour.

This section updates the tornado hazard probability for Ovster Creek
using more refined methods and more recent and applicable tornado data. The

refined methods and more recent data described herein were originally pre-

sented in an NRC sponsored report entitled Tornado and Straight Vind Hazard

Probabilitvy for Oyster Creek Nuclear Power Reactor Site, New Jersey (MacDonald,

1982). This section condenses and simplifies the contents of that report.

3.1 Mecthodolosey

in basic teri.s, the probability, P, of a tornado striking a point is given

by the relation (Abbey, 1976):

Number of tarnados per vear Tornado path zrea
in geographical region

P o=

Total area of aedﬂraphfca] region

To compute the probability of a tornado striking a point, the geographical
region must be defined first. For Oyster Creek, obviously, the geographic
region should include the Ovster Creek site. The geographic region should also
be as large as possible and still give a reasonably homogeneous condition for
tornado formation, i.e., the conditions for tornado formation anvwhere in the

repion chould remain fajrly representative of the Oyster Crecck site.



A region that satisfies the above criteria is a rectangular area bounded
by latitude 38°N to the south, latitude 42°N to the north, longitude 73°W to
the east, and longitude 77°W to the west. The geographical region is shown
in Pigure 1.

To compute the probability of a tormado striking a point within this
region, the number of tornados per year and the tornado path arca must be known.

These paramcters are discussed in the next two sections,

3.2 Tornado Frequency

Figure 2 illustrates the historical trend of tornado frequency for N. J.
and also for an area within 125 nautical miles of the Oyster Creek Nuclear Plant.

This data is presented for illustrative purposes only. Similar data for the

rectangular geographic region described above was not readily available. Never-

theless, note that the annual number of tormados for the 8-year period beginning
in 1973 1s much higher than for the previous 23 years. Apparently, a campaign
in the early 1970's to encourage tormado reporting and documentation by the
National Weather Service, Red Cross, and civil defense officials accounts for

most of the increase (Abbey, 1982). Natural ¢limatic variability is not a factor
in the increase.

To compute the probability of a tornado striking a point within the rectan-

gular region, the number of tornados per year must be known. Figure 3 shows the

annual average number of tornados that have occurred during the 29-year period

1950-197&. The annual average number of tornados is shown as a function of

Ltornadoe intensaty. {(Sce labic 1 in Scetion 2.4 for a description of tornado

Intensitics).  As can be seen in the {figure, slightly over 6 tornados annually

GdVe oeTurre. 1n tihne Z%-vea~ periocd. Fl ternacdo: were most frequent, occurrin.

5-4 tiuves per ycar. &11 tecrnados repurted had an intensity of F3 or less, i.e.,

<slie speeds of (¢4 or less.

A ostatistice amalyuiy of the dota in Fijure 3 gives the number of tornados

expected to occur during any given year. This is the number thact will be in-

scrted in the above relation (Secction 3.1). The number of tornados expected to



FIGUR. .. THE GEOGRAPHICAL REGION FOR WHICH TORNADO
HAZARD PROBABILITIES WERE CALCULATED
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occur during any given year are shown in Figure 4A. The upper limit of the

oumber of tornados expected during any year are shown in Figure 4B.

As can be seen from Figure 4A, between 6 and 7 tornados can be expected
to occur each year. In any given year, it is unlikely there yill be more
than 8 tornados (Figure 4B)., The tornado most likely to occur will have winds
between 73 and 112 mph and will occur 3-4 times per year (Figure 4A). A tornado
with winds between 261 and 318 mph is expected to occur once every 100 years

(Figure 4A), but not more than every 20 years (Figure 4B).

3.3 Tornado Path Area

The last parameter needed to compute the probability of a tornado striking
a point is the tornado path area. The tornado path area is the damage path area
(path length times path width) of the tormnado. TFigure S shows the mean damage
path area, as a function of tornado intensity, of all tornados that occurred
during the 9-year period 1971-1978. (Accurate damage path area statistics were

not generally available prior te 1971.)

As Figure 5 illustrates, the mean damage path area of the most intense tor-
nado reported (F3 intensity) is smaller than the mean damage path area of the
less intense F2 tornado. This may be due more to differences in sample size
than in the physics of tornados. For example, the sample size of F3 tormados is

only 1/4 the sample size of the F2 tormados.

The bias of sample size is minimized in Figure 6, which is a scatistcical

cnzlvsis ¢ the cata in Figure 5. Figure © suows the expected damage path are:z

Gn = MUBCL.vn . TOLMLe. LNLEns1ly. Lol surprosin_.y, thie expected damage pati.
ZTez Incre.usues Wil toruacod inteasic.
Jes Woraz o nezord VioodoliLties

Toe zoTuo L nizorl prllllilities @rv czigfused Sy substituting rooh the

L.Teltee €amaie p23h ares (el o funzrionr of rornado intensity) and the expected
nunter of tornades per uir (s 2 functicu ¢f izteneity) into the rTelcrion in

Seczicn 2.1, The torniic hazardé probabilities computed in this way are shown
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in the second column of Table 2. The first column of Table 2 shows the mean

recurrence interval, which is the inverse of the tornado hazard probabilicy.

It is obvious from Table 2 that the hazard probabilify decreases as the
tornado intensgity increases. Also note that the recurrence interval for the
weakest tornado is 10,000 years, vhich is 5 times longer than the recurrence
interval calculated using the method and data of Thom (1963).

It should be emphasized that the probability of observing a specific
tornado wind speed in a span equal to its recurrence interval is not 1.
Rather, the probability is 0.63, and this value is approached asymptotically

as the recurrence interval approaches infinity (Crutcher, et. al., 1975).

The tornado hazard probabilities in Table 2 are graphed in Figure 7.
For purposes of comparison, the straight wind hazard probabilities are alse
shown. Note that for wind speeds less than 110 mph, the hazard probability
for straight winds is much greater than the hazard probability for torﬁado
winds. Thus, for wind speeds up to 100 mph, the hazard is not likely to be
from a tornado. For wind speeds over 110 mph, however, the hazard is likely

to be from a tornado.

A summary of wind speed hazard probabilities for Oyster Creek is pre-
sented in Table 3. The table summarizes what has just been mentioned. That
is, for wind speeds less than 110 mph, straight winds are the hazard. For
wind speeds greater than 110 mph, tornado winds are the hazard. In deter-
zining the nazardous effects of a tornado, however, the atmospheric pressure

in additien to thne hiuh wind
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Mean
Recurrence

Interval

10,000
100,000
1,000,000

10,000,000

TORNADO HAZARD PROBABILITIES

TABLE 2

WITH 95 PERCENT CONFIDENCE LIMITS

Hazard
Probability

Per Year

1.0 X 10™¢
1.0 X 10°3
1.0 x 106

1.0 x 1077

Tornado Intensity

Expected Lower Limit of Upper Limit of
Wind Speed Wind Speed Wind Speed
(mph) (mph) (mph)
<40 <40 <40
84 56 118
152 123 186
209 174 255



PROBABILITY OF EXCEEDING THRESHOLD
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TABLE 3

TUINRY OF WINDSPEED RISKS WITH 95 PERCENT
CONFIDENCE LIMITS FOR OYSTER CREEK

Windspeeds, mph

Rruvrence ™ obability Expected Lower Upper
bimiv . Per Year Value Limit Limit Type of Storm
1o 1.0 x 1072 69 60 78 Straight Wind
1,00 1.0 x 1073 80 66 93 Straight Wind
10,00 1.ox 10! 0 73 109 Straight Wind
100,00 1.0 x 1070 102 80 124 Straight Wind
1,000,000 1.0 x 1078 152 123 188 Tornado
10,000,00 ) 1.0 x 1077 209 174 255 Tornado



3.5 Summary

An evaluation of whether the occurrence of the Berkley Township tormado
is consistent with the tormado hazard probability discussed in the Oyster
Creek Environmental Raport revealed that the Oyster Creek Report hazard
probabilities are outdated, but not because of the occurrence of the
Berkley Township tornado. Rather, they are outdated because of the avail-
ability of more recent high quality, computerized tornado data and the use
of more refined scatiscical methods, neither of which were available prior

to 1972, the year the Oyster Creek Environmental Report was published.

As a result, the mean recurrence interval of a tornado is no shorter
than 10,000 years, as compared with 2170 years stated in the Environmental:
Report. Six to seven tornados per year are expected to occur in an area
of land within approximately 125 miles of the Oyster Creek Nuclear Plant.
Both this report and the Oyster Creek SEP indicate almost identical tor-
nado hazard probabilities. Reg. Guide 1.76 and WASH 1300, however, indicate
slightly greater tornado hazard probabilities.

-0 -



-'rz-

NI 1 I v PARISON OF TORNADO CNARACTERISTICS
'S COMPILED FROM FOUR DOCUMFNTS
o DOCUMENT NAME
HASIH 1300
Ble. o1 1,76 (TECHNICAL BASIS TEXAS TECH/NRC
(Hi: v resas FOR INTERIM REGIONAL OYSTER CRTEK TORNADO HAZARD
RS R TORNADO CRITFRIA) SEP PROBABILITIES
Crecr vilteAl, REGIOR o AVL of- 1" 3, east All of U.S. east of Within 60 nile N.J., Bastern 1/3
VIR TORZADD CILRAC - nr et - Rocky Mountains radius of of Pa., Del., Md.
TEVISTICS AVTLY t “nr Oyster Creek
AN TROBABIL DT OF Kot g1, 15wl 107’ 107’ 107’
OCTURRIIICE
AN 1 WIND SPRED (1N e 360 310 250+
PEATIR ROTAVINNAY, 290 300 250 250
SFLED (M'))
TEALSLATIORAL SPien 10 60 60 Not addressed
()
PRESCGSE DROY® (1°61) i 3 2 Not addresged
RATI € PRESSURE Dol ? 2 1 Not addressed
(Ps1,57¢)
Wil : AMR

9/2/82



4, REFERENCES

Abbey, Robert F., Jr., 1976: Risk probabilities associated with tormado

vindspeeds. Proceedings of the Symwposium on Tornadoes (Assessment
of Knowledge and lmplications for Man), June 22-24, 1976, Texas Tech

University, Lubbock, Texas.

Abbey, R. T., Jr., 1982: Private Communication, Office of MNuclear Regu-
latorv Research.

Crutcher, ¥. L., et al, 1975: A preliminary note on return periods and
their cisuse. Unpublished manuscript available from NOAA National
Climate Center, Asheville, North Carolina, 10 pp.

Fujita, T. T., 1971: Proposed characterization of tornadces and hurri-
canes by area and intensity. SMRP Res. Paver No. 91, University of
Chicage, Chicago, Illinois.

Fujita, T. T., 1973: Experimental classification of tornadoes in F P P
scale. SMRP Res. Paper No. 98, Universitv of Chicago, Chicago,
Illinois.

Jersev Central Power §&§ Light Company, 1972: Qvster Creek Nuclear fener-
ating Station Environmental Report.

MeDonald, J. R., 1982: Tornado and Straight Wind Hazard Probabilitv for
Ovster Creek Nuclear Power Reactor Site. New Jersev. Prepared for
U. S. Nuclear Regulatory Commission, Site Safety Research Branch,
Division of Reactor Safety Research by Institute for Disaster Re-
search, Texas Tech University, Lubbock, Texas.

Thom. Y, C. S., 1l¢%63: 1iornado Probabilities. Mon. "ecz. Xev..
730,

[ %]



OCNGS
FSAR UPDATE

APPENDIX 2.3B

AN INVESTIGATION OF THE SEA BREEZE
AT THE OYSTER CREEK NUCLEAR GENERATING STATION

Rev. 0
12/8%



AN [NVESTIGATION OF THE

SEA BREEZE AT THE

OYSTER CREEK NUCLEAR GENERATING STATION

By

GPU Nuclear Corporation

Environmental Controls Department

Werner Heck

June 1983



TABLE OF CONTENTS

LIST OF FIGURES
LIST OF TABLES

Wy B W

SUMMARY

INTRODUCTION

CONCLUSIONS

RECOMMENDATIONS

THE FREQUENCY OF THE SEA BREEZE AT OYSTER CREEK
5.1 Site Geography

2 Definition of the Sea Breeze

5.3 Data

5.4 Method of Data Analysis
5.4.1 Analysis of Wind Roses
5.4.2 Analysis of Sea Breeze Days

5.5 Results of Data Analysis
5.5.1 Results of Wind Rose Analysis
5.5.2 Results of Sea Breeze Days Analysis

THE REPRESENTATIVENESS OF THE OYSTER CREEK WIND DIRECTIONS
Regional Geography
Definition of Representativeness

Data

[ TN« NN e AR © N
EA T UV T I o

Method of Data Analysis

6.4.1 Methodology for Wind Rose Analysis
6.4.2 Methodology for Hourly Comparison
6.5 Results of Data Analysis

6.5.1 Results of Wind Rose Analysis

6.5.2 Results of Hourly Comparisons
THE EFFECT OF THE SEA BREEZE ON PLUME TRANSPORT AND DIFFUSION
7.1 The Effect of the Sea Breeze on Plume Transport

7.2 The Effect of the Sea Breeze on Plume Diffusion
EVALUATION OF THE NEED FOR A SUPPLEMENTARY METEOROLOGICAL TOWER
REFERENCES

ii

PAGE

iv

vi

[V Y, Y V. B R R Y I
| I R N
[l S = Y o B Vo B R I L e B e o

o N 00 0 OO OO
[ N D e I e |
NN N W W W e

6-14
7-1
7-1
7-4
8-1
9-1



APPENDIX A Hourly
Oyster
Breeze

APPENDIX B Hourly
Breeze

APPENDIX C Hourly

TABLE OF CONTENTS (continued)

Winds at the 33-ft and 380-ft levels of the
Creek Meteorological Tower on Potential Sea
Days (May - August, 1977 - 1981)

Meteorclogical Parameters on Potential Sea
Days (May - August, 1977 - 1981)

Winds for Oyster Creek, Lakehurst and Atlantic

City on Sea Breeze Days (May - August, 1977 - 1981)

iii

PAGE

Al-1

Bl-1

Cl-1



LIST OF FIGCURES

Area Map: 60 Mile Radius

Barnegat Bay & Barrier Islands

Oyster Creek Annual Wind Rose: Five Year
(Years: 1977 - 1981) 33-ft Level

Oyster Creek Annual Wind Rose: Five Year
(Years: 1977 - 1981) 380-ft Level

Average

Average

Oyster Creek Wind Roses: Five Year Average

(Years: 1977 - 1981) 33-ft Level

Oyster Creek Wind Roses: Five Year Average

(Years: 1977 - 1981) 380-ft Level

Oyster Creek Wind Roses: May - August (Five

Years: 1977 - 1981) 33~fc Level

Ovster Creek Wind Roses: September - April

(Five Years: 1977 - 1981) 33-ft Level

Oyster Creek Wind Roses: May - August (Five

Years: 1977 - 1981) 380-ft Level

Oyster Creek Wind Roses: September - April

(Five Years: 1977 - 1981) 380-ft Level

Sample Plot of Hourly Winds at the 33-ftc

Level

Sample Plot of Hourly Winds at the 380-ft Level

Sample Plot of Meteorological Parameters
True Sea Breeze Conditions. Winds Shift
the North During Onset of Sea Breeze

Sample Plot of Meteorological Parameters
True Sea Breeze Conditions. Winds Shift
the South During Onset of Sea Breeze

Sample Plot of Meteorological Parameters
True Sea Breeze Conditions. Winds Shift
Calm to SE During Onset of Sea Breeze

During
Through

During
Through

During
From

5-24

5-25

5-26

?v 44_4474-4_4474-4_4474-4‘*4'4J




FIGURE

LIST OF FIGURES (continued)

Area Map: New Jersey

Oyster Creek Wind Roses: May = August, Five Years
(3-hourly): 1977 - 1981, 33-ft Level

Lakehurst Wind Roses: May = August, Four Years
(3-hourly): 1977 - 1980

Atlantic City Wind Roses: May = August, Four Years
(3-hourly): 1977, 1978, 1980, 1981

Oyster Creek Wind Roses: Sea Breeze Days Only,
Five Years (3-hourly): 1977 - 1981, 33«ft Level

Lakehurst Wind Roses: Sea Breeze Days Only, Four
Years (3-hourly): 1977 - 1980

Atlantic Cicty Wind Roses: Sea Breeze Days Only,
Four Years (3-hourly): 1977, 1978, 1980, 1981

6-9

6-11

6-12

6=-15



6-3

6-6

6-8

6-9

7-2

LIST OF TABLES

Oyster Creek Meteorological Tower: Parameters
Recorded During the Years 1977 - 1981

Potential Sea Breeze Days During May - August
Sea Breeze Days During May - August

Weather Stations used in Wind Direction
Representativeness Study

Oyster Creek vs. Lakehurst: Hourly Wind Direction
Comparison for May - August for the Years 1977, 1978,
1979 and 1980

Oyster Creek vs. Atlantic City: Hourly Wind Direction
Comparison for May - August for the Years 1977, 1978,
1980 and 1981

Oyster Creek vs. Lakehurst: Hourly Wind Direction
Comparison for Sea Breeze Days for the Years 1977,
1978, 1979 and 1980

Oyster Creek vs. Atlantic City: Hourly Wind Direction
Comparison for Sea Breeze Days for the Years 1977,
1978, 1980 and 1981

Oyster Creek vs. Lakehurst: Hourly Wind Direction
Comparison for May - August for the Years 1977,
1978, 1979 anc 1980

Oyster Creek vs. Atlantic City: Hourly Wind Direction

Comparison for May - August for the Years 1977, 1978,
1980 and 1981

Oyster Creek vs. Lakehurst: Hourly Wind Direction
Comparison for Sea Breeze Days for the Years 1977,
1978, 1979 and 1980

Oyster Creek vs. Atlantic City: Hourly Wind Direction
Comparison for Sea Breeze Days for the Years 1977,
1978, 1980 and 1981

Classification of Atmospheric Stability

Comparison of Calculated Temperature Differences with

Measured Temperature Differences for the 150 ft - 33 ft

Level (May-August, 1977-1981)

vi

PAGE

6-16

6-18

6-19

6-20

6-22

6-23

6

24

6-25



TABLE

7-3

LIST OF TABLES (continued)

Comparison of Calculated Temperature Differences with
Measured Temperature Differences for the 380 ft - 33 ft
Level (May-August, 1977-1981)

Comparison of the Hourly Average Atmospheric Stability
Near Stack Top with the Hourly Average Atmospheric
Stability Near the Ground During Sea Breeze Days

Comparison of the Atmospheric Stability Near Stack

Top with the Atmospheric Stability Near the Ground
for Each Hour During Sea Breeze Days

vii

PAGE

7-8



1. SUMMARY

This study was undertaken in response to NUREG 0654, Rev. L, and
Reg. Guide 1.23, Rev. 1, and also in response to an NRC meteorologist who
specifically requested the study he performed during his onsite evaluation

of rhe Oyster Creek meteorological program in January 1982,

The results of this study showed that during the moanths of May through
August, the sea breeze at Oyster Creek occured one day in four, or an average

of about 30 days between May and August.

On days when Oyster Creek had sea breezes, the Atlantic City wind
direction was within 45° of the Oyster Creek wind direction 56% of the time.
In contrast, the Lakehurst wind direction was within 45° of the Oyster Creek
‘wind direction only 33% of the time. This made Atlantic City wind directions
more representative of Oyster Creek than Lakehurst., The better representa-
tiveness of Atlantic City also held true for the May -~ August period in
general, when Atlantic City winds were within 45° of Oyster Creek winds 63%Z of

the time, as opposed to 50% of the time for Lakehurst.

Meteorological conditions conducive to sea breeze fumigation at Oyster

Creek occured on 1/3 of the Oyster Creek sea breeze days, or an average of

about 10 days between May and August.

The Oyster Creek sea breeze ofcen penetrated to 16 km inland and
occasionally to 21 km inland, but this conclusion was based on somewhat

tenuous assumptions.

The analysis described in this report required the processing of
900,000 pieces of meteorological data. The data processing and analysis
culminated in the generation of 425 tables and figures, which, in part,
consisted of 1590 daily time serles plots of meteorological parameters.

All tables, figures and time series plots were included in this report.
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2. INTRODUCTION

NRC metenrologists have expressed concern about the effeces of the sea
breeze on effluent plume transport and diffusion at Oyster Creek. They are
concerned about abrupt changes in plume direction and diffusion that would

occur during a sea breeze at Oyster Creek.

To alleviate these concerns, GPUN Corporate Environmental Controls
committed to do a sea breeze analysis at a meeting with NRC meteorologist
Joe Levine, who specifically requested the study be performed during his on-

site evaluation of the Oyster Creek meteorological program in January 1982.

The need to address the sea breeze is also discussed in NUREG 0654,
Rev. 1, in the section entitled "Atmospheric Transport and Diffusion

Assessment’”. This section states:

"The Class A model shall provide calculations or relative
concentrations (X/Q) and transit times within the plume exposure EPZ.
Atmospheric diffusion rates shall be based on atmespheric stability as a
function of site-specific terrain conditions. Site-specific local
climatological effects on the trajectories, such as seasonal, diurnal, and

terrain~induced flows shall be included.”

The need for supplemental meteorological towers in a sea breeze regime
is discussed in REG. GUIDE 1.23, REV. 1. Section C.l of REG. GUIDE 1.23

states:

"Supplemental towers or masts, special meteorological instrumentation,
data analysis techniques for field studies, may be needed for the pre-
operation and/or operational programs when airflow and diffusion conditions
within the vicinity of the site cannot be represented by a single measurement
location. An example would be in non-uniform terrain or a land-water

interface™.
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More recently, in Decembetr 1982, cthe NRC promulgated SUPPLEMENT 1 TO
NUREG 737 ~ REQUIREMENTS FOR EMERGENCY RESPONSE CAPABILITY, which states under

Seccion H5.1.b (Control Room):

“"No changes in existing meteorological monitoring systems are necessary
if zhey have historically provided reliable indization of these variables that
are representative of meteorological conditions in the vicinity (up to about

10 miles) of the plant site”.

The purpose of this report is to analyze the sea breeze at Oyster

Creek. The sea breeze analysis is divided into the following four parts:
1. Determination of the frequency of the sea breeze at Oyster Creek.

2. Evaluation of the representativeness of the Oyster Creek wind

direction during the sea breeze season

3. Evaluation of the implication of (1) and (2) on effluent plume

transport.

4. Evaluation of the need for supplementary meteorological towers.
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3. CONCLUSIONS

The results of this study showed that during the months of May through
August, the sea breeze at Oyster Creek occured one day in four, or an average of

about 30 days between May and August.

On days when Oyster Creek had sea breezes, the Atlantic City wind direction
was within 45° of the Oyster Creek wind direction 56% of the time. In contrast,
the Lakehurst wind direction was within 45° of the Oyster Creek wind direction
only 35% of the time. This made Atlantic City wind directions more
representative of Oyster Creek than Lakehurst. The better representativeness of
Atlancic City also held true for the May ~ August period in general, when
Atlantic City winds were within 45° of Oyster Creek winds 63% of the time, as

opposed to 50% of the time for Lakehurst.

Meteorological conditions conducive to sea breeze fumigation at Oyster
Creek occured on 1/3 of the Oyster Creek sea breeze days, or an average of about

10 days between May and August.

The Oyster Creek sea breeze often penetrated to 16 km inland and

occasionally to 21 km inland, but this conclusion was based on somewhat tenuous

assumptions.




4. RECOMMENDATIONS

rhe context of the sea breeze, the usefulness of a supplemental met

tower located to the east of the plant would be greatly enhanced if it could

be shown that the data is useful for revealing not only what is happening at

the supplemental tower but also what will happen downwind of the supplemental

met tower.

This premise leads to two recommendations:

It is recommended that the Oyster Creek data serve as a prototype
data for testing its usefulness as a predictor of sea breezes at
Oyster Creek. If the tower data can be used to predict the sea
breeze at Oyster Creek, it is likely, but by no means certain, that
data from a supplemental met tower can be used to predict sea breeze
occurrences at the supplementary met tower and at points in between
the supplementary met tower and the Oyster Creek tower. This would

help to define the sea breeze boundary.

Pending the completion of the study in Recommendation #1, Corporate
Environmental Controls in conjunction with Oyster Creek
Environmental Controls and Oyster Creek Emergency Preparedness,
should develop an interim plan for compensating actions to be taken

during sea breeze regimes



5. THE FREQUENCY OF THE SEA BREEZE AT OYSTER CREEK

5.1 Sice Geography

The Oyster Creek Nuclear Plant site is located in che coastal pine
barrens of New Jersey about nine miles south of Toms River (see Figure 5-1).
Six miles east of the site is the Atlantic Ocean; two miles east of the site

is the western edge of Barnegat Bay (see Figure 5-21).

Barnegat Bay is a shallow bay bounded by the mainland on the west and
by a barrier beach on the east. The barrier beach, which separates the bay
from the Atlantic Ocean, stretches 30 miles from Point Pleasant on the north
and Manahawkin Causeway on the south. The only break in the barrievr beach in

this area is at Barnegat Inlet about 20 miles south of Point Pleasant.
The maximum width of Batrnegat Bay is about four miles. The average
depth of the Bay is under five feect; large areas are less than one foot deep

at local mean low tide.

5.2 Definition of the Sea Breeze

A sea breeze is normally thought of as a cool wind blowing from the

ocean. A cool wind blowing from the ocean, however, is not necessarily a sea

breeze.

In meteorological terms, a sea breeze is an onshore wind caused speci-
fically by the land heating up more quickly than the adjacent waters (Pielke,
1981; Ryznar and Touma, 1981). An onshore wind caused by something other
than the land heating up more quickly than the adjacent waters is, therefore,

not a sea breeze.

This definition of the sea breeze implies that the sea breeze is a
diurnal phenomenon, {.e., there are cyclical day-to-night variations in one

or more meteorological variables, in this case, most notably wind direction

and temperature.
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Over a 24-hour period, the sea breeze is characterized by the evolution
sf tme following sequence of events (Pielke, 1981; Angell and Pack, 1965):
1. Winds at night or early morning are calm or offshore.
2. Winds shift from offshore to onshore in the late morning or early
afternoon.
J. With the onset of onshore winds, the air temperature holds steady
or falls.

=

Winds shift back to offshore in the late evening or aight.

The sequence of events listed above served as the primary criteria for
establishing the existence of the sea breeze at Oyster Creek, Although
changes in other meteorological parameters, such as atmospheric stability,
may also be associated with the onset of the sea breeze, the changes in wind
direction and temperature were expected to be much more pronounced than

changes in these other parameters.

In some cases, however, temperature changes by themselves may be in-
sufficient to prove the presence of a sea breeze. In these cases, changes in
atmospheric stability served as secondary criteria. Changes in atﬁospheric
stabilicty are reflected by changes in the temperature difference between the
150-ft and 33-ft level of the Oyster Creek met tower. If a sea breeze is
present, the temperature difference should be positive or slightly negative
at night and negative during the day. This is because the sea breeze cycle
1s characterized by relatively stable conditions at night and relatively
unstable conditions during the day in the layer of air near the ground

(Pielke, 198l; Ryznar and Touma, 1981).

The next section describes the meteorological data that was used to
implement the primary and secondary criteria above for sea breeze determi-

nation.

5.3 Data
Data from the Oyster Creek meteorological tower were used to establish

the existence of the sea breeze at Oyster Creek.



The Oyster Creek meteorological tower is instrumented at three levels:
380-ft, l50-ft and 33-ft above ground. The meteorological variables measured
at each level are shown in Table 5-1. The variables are measured every 10

seconds and are averaged for lS5-minute periods before being archived on

computer tape.

The l5-minute averages, centered on the hour, for the five-year period

1977-1981 were used in the analysis.

5.4 Method of Data Analysis

A preliminary estimate of sea breeze occurrences at Oyster Creek was
obtained from an analysis of Oyster Creek wind roses. This method of analysis

1s described in Section 5.4.1

A more accurate and complete picture of the sea breeze at Oyster Creek
was obtained by searching the meteorological data for sea breeze days and
analyzing in detail the hourly meteorological data on these days. This method

of analysis is described in Section 5.4.2

5.4.1 Analysis of Wind Roses

An overview of sea breeze occurrences at Oyster Creek was obtained by
examining Oyster Creek wind roses. These wind roses served as a screening
procedure for making a preliminary estimate of the frequency of the sea breeze

at Oyster Creek.

To determine the extent of sea breeze occurrences at Oyster Creek, wind
roses were generated for each season. For this purpose, the year was divided
into two seasons: (1) the season from May-August, and (2) the season from
September-April. The period from May-August was called the sea breeze season.
According to Raynor (1977), sea breezes on Long Island occur most frequently
during the months of May, June and July. Peck and Smith (1980) showed from an
analysis of Atlantic City area meteorological data that most of the days with
sea breezes occurred during the months of May-August. There is no reason why
this should not also be true for the Oyster Creek area. Sea breezes are most

likely to occur when land-water temperature differences are greatest, and this

typically happens during the months of May, June, July and August.
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TABLE 5-1

QOYSTER CREEK METEOROLOGICAL TOWER:

PARAMETERS RECORDED DURING THE YEARS 1977-1981

APPROXIMATE HEIGHT

ABOVE TOWER BASE RECORDED METEOROLOGICAL PARAMETERS
(fr)
380 Wind speed & direction
Temperature
AT 380-33 fe.

Dew point témperature
Dew point ambient temperature

150 Wind speed & direction
Temperature
AT 150-33 ft.

33 Wind speed & direction
Temperature
Dew point temperature
Dew point ambient temperature

Ground Rainfall
Level
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For each of the two seasons of the year, wind roses were also gener-
ated for the davtime and nighttime periods. Daytime includad the hours from

9 M to 7PM LST; nighttime included the hours from 8 PM to 8 AM LST.

If the sea breeze occured often at Oyster Creek, the daytime wind rose
{or the months May~August would show onshore winds occurring more frequently
than the nighttime wind rose would show. The nighttime wind rose would show
a relatively high frequency of calm and offshore winds if the sea breeze oc-
cured often enough. During the months September-April, however, when few sea
breezes were expected to occur, differences between the daytime and nighttime

wind roses should be negligible.

The analysis of wind roses revealed whether sea breezes occurred
frequently at Oyster Creek, but it revealed nothing about the dates they
occurred, or whether they in fact were true sea breezes. True sea breezes
must meet the criteria outlined in Section 5.2 of this report, and up to this
point, the data have not been analyzed to determine when and how often the
criteria were met. The method for determining when and how often the cri-

teria were met is described in Section 6.4.2, the next section.

5.4.2 Analysis of Sea Breeze Days

Before the data could be compared against the criteria in Section 5.2,
the analysis require? more precise definitions of terms used in criteria 1-4
of Section 5.2.

The terms which needed more precise definition were "daytime”, "night-
time”, “onshore winds”, "offshore winds” and "calm winds”. These terms are
defined below.

“Daytime” - 9 AM to 7 PM, LST

“"Nighttime” = 7 PM to 9 AM, LST

“"Onshore winds” - Winds blowing from the northeast through southerly

directions. Specifically, winds blowing from a
sector having as its most counterclockwise boundary

a compass direction of 34 degrees and its most clock-

wise boundary a compass direction of 180 degrees.



"Offshore winds"’ - Winds that are not onshore

“Calm winds” - Wind speed less than 3.50 aph (about 3 knots).

With thesc more precise definitions, criteria 1, 2 and % of Section 3.2
were easily incorporated into 4n automated proledure that searched the

neteorological data for dates when these criteria were met.

Implementing these three criteria into an automated procedure required

more objective and quantitative standards than were contained in the criteria

themselves.

Criteria 1, 2 and &4 describe wind direction characteristics during the
davtime and nighttime hours during sea breeze conditions. A set of objective
standards that satisfy the sense of criteria 1, 2 and 4 are the following:

1. At least 4 of the 1l daytime hours must have onshore winds with
speeds greater than 3.49 mph. This allows seven hours of calm winds
and offshore winds. Since this allows so many hours of calm and
offshore winds during the daytime hours, it is a conservative con-
straint because it would overestimate the number of sea breeze days.

2. At least 7 of the 13 nighttime hours must have offshore or calm
winds. This allows six hours of onshore winds caused by random
shifts in direction during a light wind regime, or temporary on=-
shore winds for other reasons. This is also considered a conserva-
tive constraint which would result in an overestimate in the number
of sea breeze days.

If a daytime period characterized by (1) above was both preceded and

followed by a nighttime period characterized by (2) above, the date was

classified as a possible or potential sea breeze date.

To determine which of the possible or potential sea breeze dates had
true sea breezes, temperature and stability trends were examined. If the
temperature held steady or fell during the onset of the onshore wind, then the
on-shore wind was classified as a sea breeze. 1If, however, the temperature
trends were not clear cut, the trend of the temperature difference between the
150~ft and the 33-ft level was examined. The temperature difference served as

an indicator of atmospheric stability. Since the sea breeze is characterized
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by relatively stable conditions at night and relatively unstable conditions
curing the day (Pielke, 198l; Ryznar and Touma, 198l), a positive or slightly
negative temperature difference at night and a negative temperature difference

during the day were supplementary evidence that sea breeze conditions existed.

Atmospheric stability can also be estimated from the wind direction
range, which is also part of the meteorological data base. The wind direc-
tion range can be divided by 6 to approximate sigma theta (Van der Hoven,
1967; Pendergast and Crawtord, 1974). Sigma theta is the standard deviation
ef the horizontal wind direction and can be used as an indicator of atmos-
oheric stability (Slade, 1968; Reg. Guide 1.21, Table 4B; Reg. Guide 1.23,
Rev. 1, Table 2)

5.5 Results of Data Analysis

5.5.1 Results of Wind Rose Analysis

Figure 5-3 shows a S-year average of the annual wind rose for the 33-ft
level of the Oyster Creek met tower., Over the 5-year period, SSW through NNW
winds blew 50% of the time. Calm winds (i.e., winds with speeds less than 3.5
mph) occurred 11% of the time. All other wind directions occurred 39% of the
time. Note that NE through S winds (i.e., onshore winds) occurred 5% of the

time.

Figure 5-4 shows the annual wind rose for the 380-ft level. The 380-
ft level wind rose shows a similar distribution of winds as the 33-ft level
annual wind rose. Because calm winds occur less often at the 380-ft level
(only 1.2% of the time), the winds blow more frequently from all directions

except the WSW direction when compared to the 33-ft level.

Seasonal wind roses were also generated. For seasonal wind roses, as
was discussed in Section 5.4.1, the year was divided into the sea breeze sea-~
son (May-August) and the non-sea breeze season (September-April). Figure 5-5
shows the seasonal wind roses for the 33-ft level. For ease of comparison,
the annual wind rose from Figure 5-3 is also shown. As can be seen from
Figure 5-5, the wind rose for September-April shows a predominantly NW through

SW flow. During these months, the wind blows from the NW through SW directions

5+9



01-¢

FIGURE 5-3

OYSTER CREEK ANNUAL WIND ROSE: FIVE-YEAR AVERAGE
YEARS: 1977-1981
33-FT LEVEL

CALM WINDS: 11 1%

OUTER CIRCLE REPRESENTS

HISSING DATA: 7.7x WIND DIRECTION FREQUENCY OF 15X
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FICURE 5-4

OYSTER CREEK ANNUAL WIND ROSE - FIVE-YEAR AVERAGE
YEARS: 1977-1981I
380-FT LEVEL

CALM WINDS: | 2% N

MISSING DATA: 5. 4Xx OUTER CIRCLE REPRESENTS

WIND DIRECTION FREOUENCY OF 15X
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F1GURE 5-5

OYSTER CREEK WIND ROSES: FIVE-YEAR AVERAGE
* YEARS: 1977-1981
33-FT LEVEL

SEPTEMBER - APRIL MAY - AUGUST ANNUAL

can
vINDS:

10.3X%

NOTE .

NISSING . CALM MISSING CALM NISSING
DATA: 7.6x HINDS: 12.6X DATA: 8% WINDS: 11.IX DATA: 2.7X

OUTER CIRCLE REPRESENTS WIND DIRECTION FREOUENCY OF 1SX



approximately 45% of the time. The wind blows from the NE through S directions
only about 224 of the time. During May-August, however, the predominant winds
blow from a W through S direction, which represents a shift of 45° from the
September-April mean direction. The frequency of winds blowing from the NE
through S direction is now about 32%, as opposed to 22% for September-April.
Note that for both the Seprember—April and May-August periods, calm winds

occur about 10-13% of the time.

The preceding discussion applied to the 33-ft level wind directions.
Seasonal wind roses for the 380-ft level are shown in Figure 5-6. Note that
calm winds occur only about 1% of the time, as opposed to 10-13% for the 33-
fr level. Because calm winds occur less often at the 380-ft level, the wind
direction frequencies equal or exceed the corresponding wind direction fre-

quencies at the 33-ft level.

As mentioned in Section 5.2, the sea breeze i1s a diurnal phenomenon
with onshore winds during the day and offshore or calm winds at night. This
diurnal variation in wind direction can be seen in Figure 5-7, which shows the
wind roses for both the daytime and nighttime periods during the sea breeze
season (May-August) at the 33-ft level. The figure shows a pronounced diurnal
variation of W to SW winds at night and NE to S winds during the day. During
the daytime, winds from the NE through S directions blow about 482 of the
time. During the nighttime, however, winds from the NE through S directions
blow only 18% of the time, or about 1/3 as often as during the daytime. Over
one-half of the nighttime winds have a westerly component. In addition, 20%
of the nighttime winds are calm as opposed to 4X of the daytime winds. Note
that the "All Hours'" wind rose in Figure 5-~7 masks the diurnal variation in
that it does not show dual peaks for the daytime and nighttime mean wind

directions.

A conservative ball park estimate of the frequency of the sea breeze
can be obtained by subtracting the nighttime frequency of NE through S winds
from the daytime frequency of NE through S winds. This method of subtraction
assumes that all nighttime NE through S winds are synoptically forced, and

‘that this synoptic forcing also operates through the daytime. For the 33-ft
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FIGURE 5-6

OYSTER CREEK WIND ROSES: FIVE-YEAR AVERAGE
YEARS: 1977-1981
380-FT LEVEL

SEPTEMBER - APRIL MAY - AUGUST ANMUAL

cam RISSING . CALN MI3SING CALn NISSING
WINDS: 1.1X DATA: S.ax WINDS: ) .6X DATA: §. 4% WINDS: 1.2X% DATA: 5. 4x

NOTE: OUTER CIRCLE REPRESENTS WIND DIRECTION FREOUENCY OF 5X
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FTCURE 5-7

OYSTER CREEK WIND ROSES: MAY - AUGUST
FIVE YEARS: 1977-1981

33-FT LEVEL
DAYTINE HOURS NIGITTIME HOURS ALL HOURS
QAN - TP (OPH - B8AM)
N N N

CALM NISSING . CALM MISSING CALM MISSING
MINDS: D.7% DATA: 8.8X WINDS: 20X DATA: 7.3x MINDS: 12 6% DATA. ox

NOTE: OUTER CIRCLE REPRESENTS WIND DIRECTION FREQUENCY OF 15X%



level of the May-august period, this method of subtraction gives a sea breeze

frequency of about 30%. This estimate will be refined in Section 5.5.2.

Daytime and nighttime wind réses for the September-April period are
shown in Figure 5-8. Figure 5-8 shows that while thers is a difference in
wind direction frequencies from daytime to nighttime, there 1s no pronounced
shift of wind direction from onshore during the day to offshore at night, as

1s shown in Figure 5-7.

Wind roses for the 380-ft level of the met tower are shown in Figures
5-9 and 5-10. Figure 5-9 shows the daytime and nighttime wina roses fcr the
May-August period, and Figure 5-10 shows the daytime and nighttime wind roses

for the September-April period.

A comparison of the 380-ft (Figure 5-9) and 33-ft level (Figure 5-7)
winds for the May-August period shows that the daytime, nighttime and all
hours wind roses are similar for both levels. There 1is no systematic shift in
wind direction with height. The 380-ft level winds blow from same directions
as the 32-ft level winds only more frequently; the 380-ft winds blow more

frequently because there are only 1/4 as many calm winds at this level.

A comparison of the 380-ft (Figure 5-10) and 33-ft level winds (Figure
5-8) for the September-April period also shows that the daytime, nighttime and
all hours wind roses are similar for both levels. 1lhe winds at the 380-ft
level show the same directional disctribution as the winds at the 33-ft level
except that the 380-ft level winds blow more frequently becauyse of fewer calm

winds at that level.

5.5.2 Results of Sea Breeze Days Analysis

The analysis of wind roses in the preceding section gave an estimate
of the frequency of the sea breeze at Oyster Creek, but it revealed nothing
about the dates they occurred, or whether in fact they were true sea breezes.
True sea breezes must meet, at a minimum, the two conditions outlined in
Section 5.4.2. That is, a daytime period characterized by condition (1) must
be both preceded and followed by a nighttime period characterized by condition

(2). Only then-was the day classified as a potential sea breeze day.
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As o first step in determining dates with a true sca breezes, the 33-ft
lovel wind data for May-August for 1977-198]1 was secuarched (l.e., computerized
soirch) ror days satisfying the above sequence of conditions. The days
satisfving this sequence of conditions are listed in Table 5-2. The table
lists a total of a 190 potential sea breeze days during May-August for the
five-vear period. Note that the number of sea breeze days ranges from 28 in

1980 to %5 in 1977 and 1981.

For all potential sea breeze days, hourly winds were plotted for both
‘he 33-ft level and the 380-ft level. Samples of these plots are shown in
Figure 5-11 for the 33-ft level and in Figure 5-12 for the 380 ft level.
Plots of hourly winds for all dates listed in Table 5-2 are shown in Appen-
dix Al for the 33-ft level and Appendix A2 for the 380-ft level. The 380-ft
level winds are presented to show that in general they blow in the same
direction as the 33-ftr level winds, even on potential sea breeze days.

Figure 5-11 indicates that the winds on all dates shown look charac-
teristic of the sea breeze cycle with the exception of May 8, which shows an
abrupt wind shift at the end of the day. Note also the strong S to SSW winds
preceding the wind shift. Neither the strong S to SSW winds nor the abrupt
wind shift to a strong WNW flow at the end of the day are typical parts of
the sea breeze cycie. May 8 may have started out with a sea breeze regime
but it did not end with one. Synoptic-scale effects began dominating the
winds later in the day. For this reason May 8, based on wind considerations

alone, was not a true sea breeze dav.

To verify that the days listed in Table 5-2 were true sea breeze days,
hourly temperature and stability data for these days were also examined.
Hourly temperature and stability data were plotted for all potential sea
breeze days. Plots for all potential sea breeze dates are shown in
Appendices Bl through B5. Samples of these plots are shown in Figures 5-13,
5-14 and 5-15. For ease of comparison, the hourly winds shown in previous
graphs are also presented. On the left side of the graphs the labels TEMP,
DELTA T, and DEL THETA are abbreviations for temperature, delta temperature,
and delta theta, respectively. Temperature is the temperature (°F) at the

33-fr level of the tower. Delta temperature is the temperature difference
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TABLE 5-2:

PCTENTIAL SEA BREEZE DAYS DURING MAY-AUCUST

1977 1978 1979 1980 1981
5/03 5/02 5/12 5/02 5/06
5/08 5/07 5/18 5/06 5/07
5/15 5/11 6/20 5/12 5/18
5/19 5/23 6/21 5/15 5/19
5/20 5/24 6/26 5/16 5/20
5/21 5/30 6/27 5/19 5/21
5/22 5/31 6/28 5/24 5/22
5/23 6/02 6/29 5/25 5/23
5/26 6/03 7/07 5/28 5/26
5/27 6/06 7/08 6/07 5/30
5/31 6/10 7/09 6/11 6/08
6/06 6/11 7/10 6/13 6/12
6/09 6/16 7/17 6/14 6/16
6/12 6/20 7/18 6/17 6/18
6/13 6/23 7/19 6/22 6/24
6/14 6/24 7/20 6/23 6/25
6/23 6/25 7/21 7/04 6/27
6/24 6/26 7/22 7/07 6/28
6/27 6/27 7/23 7/24 7/04
6/28 7/05 7/24 7/26 7/10
7/03 7/06 7/25 8/10 7/11
7/06 7/11 7/28 8/11 7/12
7/07 7/12 8/01 8/17 7/17
7/08 7/18 8/02 8/22 7/18
7/99 7/21 8/03 8/23 7/19
7/15 8/13 8/05 8/24 7/22
7/16 8/14 8/06 8/25 7/23
7/18 8/15 8/07 8/26 7/26
7/19 8/16 8/09 7/28
7/23 8/19 8/16 7/30
7/27 8/21 8/17 7/31
7/28 8/22 8/18 8/01
7/29 8/23 8/19 8/02
8/02 8/25 8/20 8/09
8/03 8/26 8/22 8/10
8/04 8/26 8/11
8/10 8/28 8/14
8/13 8/15
8/14 8/16
8/15 8/18
8/16 : 8/21
8/19 8/22
8/21 8/25
8/23 8/26
8/25 8/28

TOTAL

NUMBER 45 35 37 28 45

JF DAYS
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Figure 5-11:

Sample plot of hourly winds at the 33-ft. level. Wind speeds are indicated by
barb length: one-half barb equals 5 mph, one full barb equals 10 mph, etc.
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Figure 5-12:

Sample plot of hourly winds at the 380-ft. level. Wind speeds are indicated by barb
length: one-half barb equals 5 mph, one full harb equals 10 mph, etc.
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Sample plot of meteorological parameters during true sea breeze conditions.

Winds shife through the north during onset of sca breeze.
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Figure 5-14:

Sample plot of mcreorological parameters during true sea breeze conditions.

Winds shift through the south during onset of sea breeze.
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Figure 5-15:

Sample plot of meteorological parameters during true sea breeze conditions.

Winds shift from calm to SE during onset of sea breeze.
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('F) between the L30=ft level and 33-ft level (TLSO - T33). Delta theta

is the wind direction range (degrees) during any given hour.

The 33-ft and 150-ft levels were chosen for plotting because the sea
breeze is a surface based phenomenon that is forced by differential surface
heating, and it is at the lower levels where meteorological changes asso-

clated with the sea breeze would be most pronounced.

Figures 5-13, 5-14 and 5-15 show different days with classic sea breeze
features evident in the winds, temperature and delta temperature. Weak west-
erly or calm winds blow in the early part of the day, the temperature reaches
its minimum value and the atmosphere is extremely stable (large positive delta
temperature). As the day progresses, the atmosphere becomes more unstable,
the winds shift to easterly, the temperature stops rising and levels off with
the onset of the easterly wind, and the atmosphere becomes more unstable. 1In
the early evening, the winds die down and become more westerly, the

temperature falls and the atmosphere becomes more stable.

Alcthough Figures 5-13, 5-14, and 5-15 all show classic sea breeze
features, there are interesting differences in the morning shift in wind
direction on the three days shown in the figures. Figure 5-13 shows the
wind in the morning shifting from the NW to the N to the E and finally SE.
Figure 5-14 shows the wind in the morning shifting from the SW to the SE.

Figure 5-15 shows the wind in the morning shifting from calm to the SE.

Whether the wind shifts through the N or S would have important impli-
cations on emergency preparedness, since the direction of evacuation during
these two different mornings with sea breezes would have been in opposite

directions. This point will be discussed in greater detail in Section 7.1.

Not all the potential sea breeze days showed the classic sea breeze
features illustrated in Figures 5-13, 5-14 and 5-15. 1In some cases, the
temperature and delta temperature did not vefify the existence of the sea
breeze. Of the 190 potential sea breeze days, only 150 had sea breezes that
met the adopted criteria. ‘The remaining 40 dates were rejected for various

reasons. A list of final sea breeze dates i{s shown in Table 5-3.
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TOTAL
NUMBER
OF DAYS

1977

5/03
5/15
5/19
5/20
5/21
5/22
5/23
5/26
5/27
5/31
6/12
6/13
6/14
6/23
6/24
6/27
7/03
7/06
7/09
7/15
7/16
7/18
7/19
7/23
7/27
7/28
8/02
8/03
8/04
8/10
8/13
8/14
8/15
8/25

34

SEA BREEZE DAYS DURING MAY-AUGUST

TABLE 5-3:

1978

5/23
5/30
5/31
6/02
6/06
6/16
6/20
6/23
6/24
6/25
6/27
7/05
7/06
7/11
7/12
7/18
7/21
8/13
8/14
8/15
8/16
8/19
8/21
8/22
8/23
8/26

26

1979

6/20
6/21
6/26
6/27
6/28
7/07
7/08
7/09
7/17
7/18
7/19
7/20
7/21
7/22
7/23
7/24
7/25
8/01
8/02
8/03
8/05
8/06
8/07
8/09
8/16
8/17
8/19
8/20
8/22
8/28

30

5-28

1980

5/02
5/06
5/12
5/15
5/16
5/19
5/24
5/28
6/07
6/11
6/13
6/14
6/17
6/22
6/23
7/04
7/07
7/24
7/26
8/17
8/23
8/24
8/25
8/26

24

1981

5/07
5/18
5/20
5/21
5/23
5/26
5/30
6/08
6/12
6/16
6/18
6/27
6/28
7/04
7/10
7/11
7/12
7/17
7/18
7/19
7/22
7/23
7/30
7/31
8/01
8/02
8/09
8/10
8/11
8/14
8/16
8/18
8/21
8/25
8/26
8/28

36



It should be noted that the del theta parameter plotted at the bottom
of Figores 5-13, 5-14 and 5-15 has not been included in the discussion.
Del theta is cthe hourly wind direction range. Under certain meteorological
conditions, del theta is a gross approximation of sigma theta (Van der Hoven,
1967; Pendergast and Crawford, 1974). Raynor et al. (1980) have suggested
that sigma theta, which is the standard deviation of the horizontal wind
direc;ion. maybe a more appropriate measure of atmospheric stability than
temperature lapse race, which has been adopted by the NRC as more or less the
standard for indicating atmospheric stability. For this reason and as a
matter of interest, del theta was plotted in the figures though it was not
used in the analysis. Note from Figures 5-13, 5-14 and 5-15, that del theta
is largest when the hourly wind changes direction. When this occurs, del

theta is not a valid approximacion of sigma theta.
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6. THE REPRESENTATIVENESS OF THE OYSTER CKREEK WIND DIRECTIONS

6.1 Regional Ceography
The Oyster Creek site is located on thé eastern margin of the Atlantic

Coastal Plain. Characteristic topography of the Atlantic Coastal Plain
includes gentle rolling plains and flat lowlands at a general elevation of
from O to 120 feet above mean sea level, although elevations exceed +250 feet

locally. General relief in the coastal plain ranges from 20 to 100 feet.

Local topographic features surrounding the site are part of a broad
(two to three miles wide) lowland (0 to 25 feet elevation) and tidal marsh
area flanked on the east by Barnegat Bay and a sand dune barrier beach. These
features typify the eastern margin of the New Jersey Coastal Plain from the

vicinity of Manasquan 23 miles NNE of the site to Cape May 70 miles SSW of the

site.
The barrier beaches of the New Jersey coast are evident in Figure 5-1.

6.2 Definition of Representativeness

The representativeness of on-site meteorological data can be defined in
terms of two types of analyses. The first type of analysis involves develop-
ing frequency distributions of parameters measured at each meteorological
station and comparing these distributions. The second type of analysis
involves comparing the measured parameters at each meteorological station on

an hour-by-hour basis.

The first method is a good screening procedure, but the method requires
considerable caution when the results are interpreted. For example, the first
method may show identical frequency distributions for a given parameter from
two meteorological stations, but this should not be interpreted as meaning

that one station is representative of the other for that parameter.
To conclusively substantiate representativeness, the second type of
analysis must be employed in addition to the first. The second method

compares individual hourly values from each meteorological station. With
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this second method, however, determining whether a meteorological station 1is
representative or not depends on the resolution of two questions:

l. What is an acceptable level of ditference in the measured

meteoro logical parameters at one location versus another?

2. What is an acceptable percentage of time that the meteorological

parameter differs by more than this acceptable difference?

In answer to the first question, the acceptable level of difference in
the meteorological parameters between locations depends on the intended appli-
cation of the representativeness study. Suppose, for example, the purpose of
the representativeness study was to aid the development of an evacuation
plan. If the evacuation plan were based on evacuating a 90° sector, greater
differences in wind directions could be tolerated than if the evacuation plan

were based on evacuating a 45° sector.

The answer to the second question depends on policy and philosophy. It
is almost impossible to have a meteorological measurement program that will
assure 100%¥ of the time that the hourly differences in a parameter measured at
two locations always fall within a pre-specified range of acceptability. The
obvious exception, of course, is the case where the pre-specified range of
acceptability is so large that the hourly parameter differences always fall

within the range.

Defining quantitative criteria for substantiating representativeness is
the subject of considerable debate. What is certain, however, is that of all
the meteorological parameters involved in the representativeness issue, wind
direction is probably the single most important parameter because it defines
the direction in which potential emissions will travel in the event of a
radiological emergency and thus constitutes a major factor in developing, for
example, evacuation plans. Therefore, it is crucial that the degree of rep-
resentativeness of this parameter is known. The representativeness of wind

direction is the focus of the following sections.

In the absence of objective criteria for establishing representativeness
for wind direction between stations, the results of the two types of analyses

described above are evaluated subjectively in Section 6.5. The results are
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presented in sufficient detail so that individuals with different backgrounds
and philosophies will find enough data in this report to form their own con-

clusions of the representativeness of the Oyster Creek wind direction data.

6.3 Data

For the representativeness study, the closest stations available were
the Lakehurst Naval Air Station 14 miles northwest and the National Weather
Service Atlantic City station (NAFEC) 33 miles to the southwest. These

stations are shown in Figure 6-1.

Although At lantic City is a considerable distance from Oyster Creek,
indications that a sea breeze 1s occurring simultaneously at Atlantic City and
Lakehurst, for example, could suggest that a sea breeze is acting all along
the southern New Jersey coast, and not just at Oyster Creek. This infor-
mation could prove invaluable and argues for including Atlantic City in the

representativeness study.

The wind data available at these stations are shown in Table 6-1.
Observations are reported every 3 hours. Note that the years of record for
Lakehurst and Atlantic City are not 1dentical. Also note Lakehurst does not

report observations at 1 AM and 4 AM LST.

6.4 Method of Data Analysis

In the discussion of the definition of representativeness in Section 6.2,
two methods of substantiating the on-site representativeness of meteorological
data were discussed. The first method consisted of comparing frequency dis-

tributions and the second method consisted of comparing hourly values.

For wind direction, the first method entails comparing wind roses and

the second method entails comparing hourly values using contingency tables.

With the first method, similar wind roses (i.e., similar wind direction
frequency distributions) does not imply one station's winds are representative
of the other station's. For example, the wind roses for two stations can show

identical averge wind directions, yet for any given hour or sequence of hours,
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TABLE 6-1

WEATHER STATIONS USED IN
WIND DIRECTION REPRESENTATIVENESS STUDY

Years of record readily available

Hours of day when observations
were reported (LST)

Height of anemometer above ground

(ft.)
Wind direction

Wind speed

6-5

STATION NAME

LAKEHURST

ATLANTIC CITY

1977, 1978, 1979
1980

0700, 1000, 1300
1600, 1900, 2200

15

16 point compass

Nearest whole
knots

1977, 1978, 1980,
1981

0100, 0400, 0700,
1000, 1300, 1600,
1900, 2200

20

16 point compass

Nearest whole
knots



they can have completely different wind directions. The average for two sta-

tions can be the same because the constituent hourly values are the same, or
because the constituent hourly values are different and just happen to average

out the same over the course of a week, month or year.

The second method, however, which 1s an hourly comparison of wind

direction, will show conclusively the degree of representativeness.

Section 6.4.1 discusses the methodology for the wind rose analysis.

Section 6.4.2 discusses the methodology for the hourly comparisons.

6.4.1 Methodology for Wind Rose Analysis

As a preliminary screening procedure for representativeness, wind roses
for Lakehurs: and Atlantic City were compared to the Oyster Creek wind rose.
Since the Lakehurst and Atlantic City wind roses were generated from 3-hourly
data, Oyster Creek wind roses were also generated from 3-hourly data. (Mote

that the Oyster Creek wind roses in Section 5 were generated from hourly data.)

Oyster Creek wind roses included all 3-hourly values for the five year
period 1977-1981 (8 values/day). Lakehurst wind roses included 3-hourly
values for the four year period 1977-1980 (6 values/day; 1 AM and &4 AM data
were not reported at Lakehurst). Atlantic City wind roses included all
J-hourly values for the four year period 1977, 1978, 1979 and 1981 (8
values/day). Thus the data bases differed slightly but not appreciably.

Daytime and nighttime wind roses for the period May-August were gener-
ated for all three stations. Daytime and nighttime wind roses for sea breeze
days only were also generated for all three stations. Daytime included the
hours 1000, 1300, 1600 and 1900; nighttime included the hours 0100, 0400, 0700
and 2200. Note that since Lakehurst did not report data at 0100 and 0400,
Lakehurst contained only the hours of 0700 and 2200 in its nighttime data base.

For Lakehurst and Atlantic City, wind speeds 3 knots or less were
considered calm. For Oyster Creek, wind speeds 3.4 mph or less were con-

sidered calm.
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$.4.2 Methodoloagy for Hourly Comparison

The data base used in this analysis is identical to the one described

in Section 6.4.1.

In this analysis, hourly differences in wind direction between Oyster
Creek and Lakehurst and between Oyster Creek and Atlantic City were computed.
These hourly differences in wind direction were then summarized as a function
of Oyster Creek wind direction. Contingency tables summarizing the hourly
differences were generated for both the May—-August period and sea breeze days

only.

6.5 Results of Data Analysis

A comparison of wind roses is presented in Section 6.5.1. An hour-by-

hour comparison of wind direction is presented in Section 6.5.2.

6.5.1 Results of Wind Rose Analysis

Figure 6-2 shows the daytime and nighttime Oyster Creek wind roses for
the May-August period. Note that even though they are generated from 3-hourly
data, thev are remarkably similar to the wind roses in Figure 5-7 which were
generated from hourly data. Thus the use of 3-hourly data rather than 1-

hourly data does not distort the wind rose.

Figure 6-2 shows that during the daytime at Oyster Creek, winds from
the NE through S directions blow about 50% of the time. During the nightctime
winds have a westerly component. 1In addition, 20% of the nighttime winds are

calm as opposed to about 57 of the daytime winds.

Figure 6-3 shows the daytime and nighttime Lakehurst wind roses for the
May-August period. From the figure, two things are immediately obvious: (1)
calm winds occurred during over one-half the nighttime hours, and (2) daytime
winds, when compared with the nighttime winds, show an increase in both west-
erly and southeasterly winds. Comparing Lakehurst nighttime hours with Oyster
Creek nighttime hours shows Lakehurst does not have the predominant W to SW

winds that Oyster Creek shows. This is due of course to Lakehurst having calm
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nigh:izime winds over one-half the time. Comparison of daytime winds shows
.-at Lakehurst has westerly winds occurring more frequently than Oyster Creek
i southeasterly winds blowing less often than Oyster Creek. Note that for

All *:urs, Lakehurst has almost three times as many calm winds (winds less

than 3 knots) as does Oyster Creek.

A conservative estimate of the frequency of the sea breeze at Lakehurst
. be obtained by subtracting the nighttime frequency of ME through S winds
from the daytime frequency of NE through S winds. For Lakehurst this method
of subtraction gives a sea breeze frequency of about 18%, or between 1/2 to
2/3 of the estimate for the Oyster Creek sea breeze frequency using a similar

procedure.

Figure 6-4 shows the daytime and nighttime Atlantic City wind roses for
the ™ay-August period. Comparison of the daytime and nighttime wind roses
shows that onshore winds are much more frequent during the day, but SSW
through NMW winds also dominate. The frequency of calm winds at Oyster Creek
and Atlantic City are almost identical for the three averaging periods shown.
Oyster Creek has more frequent onshore breezes during the day than Atlantic

City and about the same frequency of westerly component winds at night.

Subtracting nighttime from daytime gives a sea breeze frequency of
about 24% at Atlantic City, or about 3/4 of the sea breeze frequency at Ovster

Creek, using an identical method.

Figure 6-5 shows the daytime and nighttime Oyster Creek wind roses for
sea breeze days only (150 days as listed in Table 5-3). Since the wind roses
are for sea breeze days only, it is no surprise that the nighttime wind rose
in Figure 6~5 shows only calm winds and winds with westerly components, and

that the daytime wind rose shows almost all onshore winds.

Figure 6-6 shows the daytime and nighttime Lakehurst wind roses for sea
breeze days only. During the nighttime, 75% of the Lakehurst winds are calm

and almost all remaining winds have westerly components. During the daytime,
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FIGURE 6-5

OYSTER CREEK WIND ROSES: SEA BREEZE DAYS ONLY
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FIGURE 6-6
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ualy about onme-halfr of the non=calm winds are onshore. Thus 4t least half the
Cme during the day (not taking into account calm winds) Lakehurst winds would
1o+ be representitive of Ovster Creek winds.

Figure 6-7 shows the daytime and nighttime Atlaantic City wiad roses
for sea breeze davs only. Atlantic City daytime and nighttime wind roscs show
the classic shift in direction associated with the sea breeze, even though
the data are for Oyster Creek sea breeze days. Comparing the Atlantic City
nighttime rose with the Oyster Creek nighttime rose shows more NNW to N winds
at Atlantic City even though at both locations the frequency of offshore winds
is identical. During the daytime Atlantic City shows about the same frequency
of onshore winds and only slightly more frequent offshore winds. For both

davzize and nighttime, Atlantic City and Oyster Creek have about the same

frequency of calm winds.

6.3.2 Results of Hourly Comparisoas

Table 6-2 lists for the May-August period the percentage of hours tha:
the hourly wind direction differences between Oyster Creek and Lakehurst are
less than 43° and also less than 90°. These hourly wind direction differences
are listed as a function of Oyster Creek wind direction. Also shown are the
frecuency of these differences as a percentage of total hours in the data

sample.

_For example, Table 6-2 shows that when a northerly wind blows at Oyster
Creex, the Lakehurst wind direction was within 45° of the Oyster Creek wind
direction about 56% of the time. But this 56X frequency represents only 1.19%
of all hours in the four May-August periods. Looking further at Table 6-2, we
see that the percentage of the time that Lakehurst wind is within 90° of the
Ovster Creek wind is about 62X, when the wind at Oyster Creek is northerly.

This 62% represents 1.33% of all hours in the May-August period.

An analysis of Table 6-2 reveals that the Lakehurst winds were within
45° of Oyster Creek winds about 50% of all hours. Lakehurst winds were within
90° of Oyster Creek winds 56% of all hours, which is not much of an increase

from 507 with the 45° angle.
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Oyster Creek
33-fr Level
Wind Direction

NNE
NE
EnE

ESE
SE
SSE

SSW
SW
WSW

WNW

NW

NNw
Subtotal
Oyster Creek

or Lakehurst
Wind Calm

Oyster Creek
Wind Missing

All Other Winds

Grand Total

Table 6-2:

Oyster Creek vs

. Lakehurst

Hourly Wind Direction Comparison

for May - August

for the Years 1977, 1978,

Percentage of Hours
Lakehurst Wind 1is
Coincident Within +45°

Hours

(%)

55.56
56.52
66.02
55.86
44.04
43.33
41.13
51.83
59.53
61.97
63.86
59.64
77.92
73.10
73.65
60.15

Total Hours
(%)
(1.19)
(1.32)
(2.30)
(2.10)
(1.63)
(1.76)
(1.96)
(3.35)
(6.03)
(5.96)
(3.59)
(4.51)
(646.07)
(3.59)
(3.69)
2.71)
(49.76)

(30.49)

(8.77)
(10.98)

(100.00)
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1979 & 1980

Percentage of Hours
Lakehurst Wind is
Coincident Within * 90°

Hours

(%)

61.91
65.22
76.70
67.57
56.89
46.66
47.52
57.58
73.91
70.42
68.67
62.78
79.22
77.24
79.73
69.92

Total Hours

(%)
(1.32)
(1.52)
(2.67)
(2.54)
(2.10)
(1.89)
(2.27)
(3.73)
(7.50)
(6.77)
(3.86)
(4.74)
(4.13)
(3.79)
(4.00)
(3.15)
(55.99)

(30.49)

(8.727)
(4.75)

(100.00)



The winds at Oyster Creek and Lakehurst were most often coilncident when
the winds at Oyster Creek were W through M. T1lhey were least often coincicent
when the Cyster Creek winds were E though St. E though St winds, of course,
are associated with the sea breeze and this suggests that Lakehurst winds are
least likely to coincide with Oyster Creek winds during these condtions. we

shall see this later in Table 6-4.

When either the Lakehurst or Oyster Creek winds are c3lm (i.e., winds
less than 3.5 mph), hourly wind direction differences cannot be computed.
Winds at Oyster Creek and Lakehurst were calm about 30% of the time, as can be
seen from the bottom part of Table 6-2. Oyster Creek winds were missing about

9% of the time.

Table 6-3 is the same as Table 6-2 except it compares Oyster Creek with
Atlantic City. Atlantic City winds are within 45° of Oyster Creek winds 63%
of the time. Oystér Creek or Atlantic City winds are calm only 18% of the
time. Comparing these percentages with the corresponding percentages with the
Lakehurst shows that the Atlantic City wind is coincident more often with the
Oyster Creek wind than is the Lakehurst wind. This greater coincidence of
At lantic City winds is due to Atlantic City having fewer calm winds than
Lakehurst. Atlantic City has an especially better coincidence of winds with
Uyster Creek during onshore flow than does Lakehurst during onshore flow.
Cnshore flow, of course, includes sea breeze conditions. Mote that in neither
the case of Atlantic City or Lakehurst does a 90° angle dramatically increase

the percentage of coincident winds over the 45° angle case.

Tables 6-4 and 6-5 list for Lakehurst and Atlantic City re spectively
the percentage of hours of coincident winds on sea breeze days only. Table
6-4 shows Lakehurst winds are 45° coincident with Oyster Creek winds about 1/3
the time, compared with 1/2 the time for all days in May-August in Table 6-2.
The frequency of coincidence for all directions is less on sea breeze days
than for all days in May-August. On sea breeze days, 45% of hours have calm
winds at either Oyster Creek or Lakehurst, compared to 30X for all days in

May-August.



Table 6-3: Oyster Creek vs. Atlantic City
Hourly Wind Direction Compariscn
for May - August
for the Years 1977, 1978, 198C & 1981

Oyster Creek Percentage of Hours Percentage of Hours
33-ft Level Atlantic City Wind 1is Atlantic City Wind 1is
Wind Direction Coincident Within +45° Coincident Within + 9C°
Hours Total Hours Hours Total Hours

() (%) (%) (%)

N 84.42 (1.65) 93.51 (1.83)

NNE 79.22 (1.55) 92.20 (1.80)

NE 75.86 (2.24) 89.65 (2.64)

ENE 73.38 (2.59) 85. 61 (3.02)

E 63.25 (1.88) 73.51 (2.18)

ESE 70.00 (2.67) 74.66 (2.85)

SE 66.46 (2.72) 77.02 (3.1%)

SSE 82.59 (4.22) 89.56 (4.57)

S 86.66 (6.55) 94.84 (7.00)

SSW 86.69 (7.11) 92.26 (7.58)

SW 79.01 (5.26) 90.37 (5.65)

WSW 75.53 (7.29) 81.32 (7.86)

W 76.79 (4.62) 89.45 (5.39)

WNW 80.53 (4.62) 93.36 (5.35)

NW 79.36 (4.40) 88.08 (4.88)

NAW 73.60 (3.33) 87.08 (3.94)

Subtotal (62.70) (69.69)

Oyster Creek
or Atlantic City

Wind Calm (17.89) (17.89)
Oyster Creek

Wind Missing (8.43) (8.43)
All Other Winds (10.98) (3.99)
Grand Total (100.00) (100.00)
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Table 6-4: Oyster Creek vs. Lakehurst
Hourly Wind Direction Comparison
for Sea Breeze Days
for the Years 1977, 1978, 1979 & 1980

Oyster Creek Percentage of Hours Percentage of Hours
33-ft Level Lakehurst Wind 1is lakehurst Wind 1is
Wind Direction Coincident Within *+45° Coincident Within + 90°
Hours Total Hours Hours Total Hours
(X) (2) (%) (%)

N 33.33 (1.02) 38.09 (1.17)
NNE 42.86 (.88) 42.86 (0.88)

NE 58.33 (1.02) 83.33 (1.46)

NE 44.74 (2.49) 60.52 (3.37)

E 27.78 (1.46) 47.23 (2.49)
ESE 25.00 (1.61) 27.27 (1.76)

St 35.59 (3.07) 40.67 ' (3.50)
SSE 39.02 (4.67) 45.12 (5.40)

S 55.00 (6.43) 6l1.25 (7.15)
SSW 36.84 (3.07) 43.86 © (3.64)
SW 40.00 (1.75) 40.00 (1.75)
WSW 26.47 (1.32) 29.41 (1.47)

" 52.94 (1.32) 52.94 (1.32)
WNW 33.33 (0.88) 38.89 (1.03)

Nw 64.71 (1.61) 70.59 (1.76)
NNW 48.28 (2.05) 51.73 Q.20
Subtotal (34.65) (40.35)

Oyster Creek
or Lakehurst

Wind Calm (45.18) (45.18)
Oyster Creek

Wind Missing (2.78) (2.78)
All Other Winds £17.39) (11.69)
Grand Total (100.00) (100.00)
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Table 6-5: Oyster Creek vs. Atlantic City
Hourly Wind Direction Comparison
for Sea Breeze Days
for the Years 1977, 1978, 1980 & 1981

Oyster Creek Percentage of Hours Percentage of Hours
33-ft Level Atlantic City 1is Atlantic City Wind is
Wind Direction Coincident Within +45° Coincident Within * 90°
Hours Total Hours Hours Total Hours

(%) (%) (%) (%)

N 83.33 (2.60) 93.33 (2.91)

NNE 94.44 (1.77) 100.00 (1.87)

NE 76.19 (1.67) 80.95 (1.77)

ENE 62.50 (3.13) 85.41 (4.28)

E 42.11 (1.67) 60.53 (2.40)

ESE 62.00 (3.23) . 68.00 (3.54)

SE 59.02 (3.75) 77.05 (4.90)

SSE 76.71 (5.83) 89.04 (6.77)

S 90.91 (7.28) 94.81 (7.61)

SSW 80.00 (5.42) 90.77 (6.15)

Sw 60.42 (3.02) 64.58 (3.22)

WSW 60.81 (4.69) 66.21 (5.10)

4] 57.89 C(2.29) 78.94 (3.12)

WNW 63.27 (3.23) 83.68 (4.27)

NW 63.89 (2.40) 75.01 (2.82)

NNW ' 76.79 (4.48) 85.72 (5.00)

Subtotal (56.46) (65.73)

Oyster Creek
or Atlantic City

Wind Calm (25.73) (25.73)
Oyster Creek

Wind Missing (2.29) (2.29)
All Other Winds (15.52) f6.25)
Grand Total (100.00) (100-00)
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Table 6-5 shows Atlantic City winds are 45° coincident with Uyster
Creek winds aboutr 56% of.the time, compared with 63% for all days in May-
August in Table 6-3. The frequency of colncidence for the NM though the NE
direczions and the southerly direction 1s greater on sea breeze days than for
all days in May-August. On sea breeze days, 26X of hours at either Oyster
Creek or Atlantic City have calm winds, compared with 18% for all days in

May-August.

Tables 6-2 through 6-5 showed the percentage of hours that the wind
at Oyster Creek 1s coincident with the wind at Lakehurst and Atlantic City.
Tables 6-2 through 6-5 did not reveal, however, whether there was a blas to
the hourly wind direction differences. The tables contained insufficier:
information to show, for example, whether the hourly wind direction differ-

ences were consistently positive or negative.

7o show possible biases, new tables were generated. Tables 6-6 througn
6-9 show the bias in hourly wind direction differences. These four tables
correspond to the stations and averaging periods for Tables 6-2 through 6-5,
respectively. Mote that the hourly wind direction differences are listed to
the nearest 22.5° so that, for example, "=45°" includes a wind direction
difference anywhere from -56° to -34.5°. Positive biases indicate that the
Lakehurst or Atlantic City wind direction is more clockwise from the Oyster

Creek wind direction.

An examination of Tables 6-6 through 6-9 shows no obvious biases in
wind direction differences in any of the stations for any of the averaging

periods.

Graphs of the 3-hourly winds for Oyster Creek, Lakehurst and Atlantic

City on sea breeze days only (Table 5-3) are presented in Appendix C.
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Table 6-5: Oyster Creek vs. Lakehurst
Hourly Wind Direction Comparison
for May - August
for the Years 1977, 1978, 1979 & 1680

Oystaer Creek Differences in Wind Direction to the Nearest 22.5° Sector
33-ft Level
Wind Direction -45° -22.5°¢ 0° 22.5° 45°¢

Percent Occurrence

N 7.94 14.29 19.05 12.70 1.59
NNE 1.45 8.70 21.74 14.49 13.04
NE 5.83 5.83 16.56 29.13 17.48
ENE 3.60 4.50 26.32 21.62 6.31
E 1.83 3.67 16.51 18.35 ©9.17
ESE 3.33 6.67 17.50 11.67 5.00
SE 5.67 9.22 17.73 7.80 5.07
SSE 2.62 12.04 23.04 13.61 2.62
S 3.68 11.06 26.09 14.38 6.69
SSk 4.23 20.77 17.25 14.79 . 9.15
SW 3.61 10.84 23.49 19.28 9.04
WSW 1.35 6.73 15.25 33.18 3.59
W 0.00 6.49 44.16 20.78 7.14
WNW 0.69 22.76 25.52 22.07 6.21
Nw 9.46 15.54 33.78 18.24 2.70
NiW 9.77 17.29 24.81 11.28 0.75

6-22



Table 6-7: Oyster Creek vs. Atlantic City
Hourly Wind Direction Comparison
for May - August
for the Years 1977, 1978, 1980 & 1981

Oyster Creek Ditferences in Wind Direction to the Nearest 22.5° Sector
33-ft Level
Wind Direction -45° -22.5° 0° 22.5° L5°

Percent Occurrence

N 5.19 29.87 35.06 11.69 3.90
NNE 10.39 15.58 35.06 20.78 3.90
NE 5.17 20.69 18.97 25.00 16.38
ENE 2.88  8.63 21.58 41.01 4.32
E 1.71 9.40 33.33 17.09 3.42
ESE 1.33 24.67 23.33 14.00 7.33
SE 8.70 10.56 26.71 19.25 6.83
SSE 6.47 15.42 34.33 20.40 7.96
s 1.37 19.59 42.61 21.31 5.50
SSW 8.36 30.34 39.94 8.67 2.79
Sw 5.73 28.63 30.15 11.45 6.49
WSW 5.26 20.26 27.37 21.05 3.68
W 10.13 9.28 43.04 13.92 5.91
WNW 2.21 26.78 23.01 22.12 14.16
NW 10.09 13.30 26.61 26.61 7.80
NAW 3.93 10.11 38.76 20.22 4.49
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Table 6-8: Oyster Creek vs. Lakehurst
Hourly Wind Direction Comparison
for Sea Breeze Days
for the Years 1977, 1978, 1979 & 1980

Oyster Creek Differences in Wind Direction to the Nearest 22.5° Sector
33-ft Level
wind Direction =45° -22.5° 0° 22.5° 45°

Percent Occurrence

N 0.00 14.29 14.29 4.76 0.00
NME 0.00 21.43 14.29 7.14 0.00°
NE 50.00 0.00 0.00 16.67 16.67
INE 7.89 2.63 21.05 15.79 5.26
E 2.78 2.78 16.67 5.56 5.56
ESE 6.82 2.27 11.36 4.55 0.00
SE 3.39 10.17 13.56 5.08 6.78
SSE 2.44  10.98 20.73 6.10 0.00
s 5.00 8.75 36.25 6.25 0.00
SSwW 5.26 21.05 8.77 1.75 5.26
SW 0.00 13.33 16.67 6.67 3.33
WSW 0.00 2.94 11.76 11.76 0.00
W 0.00 0.00 29.41 23.53 0.00
W 0.00 16.67 11.11 5.56 5.56
NW 5.88 11.76 17.65 29.41 5.88
NNW 0.00 17.24 20.69 10. 34 3.45
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Table 6~9: Oyster Creek vs. Atlantic City
Hourly Wind Direction Comparison
for Sea Breeze Days
for the Years 1977, 1978, 1980 & 198!

Oyster Creek Differences in Wind Direction to the Nearest 22.5° Sector
33-“t Level
Winc Direction =45° -22.5° 0° 22.5° 45°

Percent Occurrence

N 3.33 26.67 46.67 6.67 0.00
NME V 22.22 22.22 27.78 22.22 5.56
MNE 0.00 33.33 9.52 23.81 14.29
£z 4.17 6.25 4.17 50.00 8.33
E 2.63 5.26 21.05 13.16 2.63
ESE 2.00 18.00 16.00 16.00 10.00
SE 4.92 4.92 27.87 19.67 9.84
sce 8.22 15.07 27.40 23.29 4.11
S 2.60 24.68 40.26 18.18 o 5.19
SSwW 12.31 29.23 38.46 6.15 3.08
SW 10.42 16.67 31.25 2.08 4.17
WSW 9.46 14.86 18.92 16.22 1.35
W 15.79 10.53 21.05 10.53 7.89
Wil 2.04 10.20 14.29 24.49 20.41
NW 8.33 2.78 8.33 33.33 19.44
NNW 7.14 7.14 32.14 32.14 0.00
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7. THE EFFECT OF THE SEA BREEZE ON PLUME TRANSPORT AND DIFFUSION

The sea breeze can affect the plume ia two ways: It can change the
direction of travel (transport) of the plume, and it can also change the rate

of dilution (diffusion) of the plume.
The effect of the sea breeze on plume transport is discussed in Section
7.1, and the effect of the sea breeze on plume difusion is discussed in

Section 7.2.

7.1 The Effect of the Sea Breeze on Plume Transport

It is generally recognized that a sea breeze is part of a
three-2imensional flow (Van der Hoven, 1957; Lyons, 1975; Pielke, 1981). This

flow can be described as a cellular circulation from the colder water to the

warmer land at the surface but with a return circulation aloft. The sea
breeze extends inland to as much as several tens of ki{lometers and has a
vertical extent varving from a few hundred to a few thousand feet. The
nighttime land breeze reverses the cycle but usually as a less vigorous
offshore flow. Air trajectories under these conditions, when extended beyond
the time period of the daily heating cycle or to distances greater than the
dimensions of the localized flow, will show trajectory reversals and

complicated patterns.

An example of a trajectory reversal is the morning transition of
offshore to onshore winds. As was mentioned in Section 5.5.2, the transition
from offshore to onshore winds can be characterized by a shift of the wind
through the northerly direction then to onshore, or by a shift through the
southerly direction then to onshore. A visual inspection of the Oyster Creek
hourly wind dlrections for the 150 sea breeze days showed that the morning
transition from offshore to onshore winds is characterized by a shift through
the northerly direction about 2/3 of the time. The morning shift of wind
through the southerly direction occurs about 1/6 of the time. The shift of
wind for the remaining 1/6 of the time could not be determined from the hourly

data.
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It is beyond the scope of this report to hypothesize about the details
of the three dimensional flow associated with the sea breeze at Oyster Creek.
A less ambitious bur equally useful task is to determine the maximum {nland
penetration, or western boundary, of the Oyster Creek sea breeze. The western
boundary is the maximum western position the plume would reach before
retreating seaward again in the late afterncon or evening. This is of
interest for X/Q and dose calculations because beyond this boundary the doses

and effluent concentrations would fall off sharply.

Pinpointing the inland penetration of the sea breeze {s difficult. For
example, Angell and Pack (1965) could not definitively locate the sea breeze
boundary even with National Weather Service radar following the track of
individual constant volume balloons (tetroons) at Atlantic City on six sea
breeze days. Gaynor (1977) documented an average of 70 sea breeze occurrences
per vear at the Brookhaven National Laboratory on Long Island, 16 km inland
from the ocean; the maximum inland extent of these sea breezes was not known,
however. Ryznar and Touma (198l) used a network of 25 meteorological stations
on the eastern shore of Lake Michigan to show that almost half of 187 lake

breezes observed over a six year period penetrated as far as 19 km inland.

Distance of inland penetration is also usually greater in more southern
latitudes. But even in England, which is at a latitude 13 degrees north of

Oyster Creek, sea breezes have penetrated as far as 85 km (Gaynor, 1977).

The inland penetration of the Oyster Creek sea breeze can be estimated
by comparing the Oyster Creek wind rose with the Lakehurst and Atlantic Cicy
wind roses for Oyster Creek sea breeze days only. The Oyster Creek, Lakehurst
and Atlantic City wind roses for Oyster Creek sea breeze days only are shown
in Figures 6=5, 6-6 and 6-7, respectively. Comparing the Oyster Creek daytime
vind rose with the Lakehurst daytime wind rose shows that only 1/3 of the
winds at Lakehurst are onshore (the remaining 2/3 are offshore or calm),
whereas almost all of the Oyster Creek winds are onshore. From this it can be
inferred that the sea breeze penetrates as far inland as Lakehurst 1/3 of the
time, or an average of about 10 days during May through August. Lakehurst is

21 km from the ocean while Oyster Creek is 6 km from the ocean.
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Comparing the Oyster Creek dayrime wind rose with the Aclantic Cirty
dayzirme wind rose shows that Atlantic City (16 km inland) has about the sane
frequency of onshore winds as Ovster Creek. This suggests that the Oyster
Cree< sea breeze penctrates at least 16 km inland if we assume that the Oyster
Creek ancd Atlantic City sea breezes are part of the same sea breeze front.

The validity of this assumption cannot easily be ver{ified. Nevertheless, this
tenuous assumption leads to the ‘conclusion that the Oyster Creek sea breeze
often penetrates to at least 16 km inland (Atlantic City NAFEC) and

occasionally to 21 km inland (Lakehursc).

The inland penettation of the Oyster Creek sea breeze is only oné
aspect of a complex three dimensional flow. Effluent trajectory reversals and
compli-ated patterns associated with this flow make dose modeling and X/Q
modeling a formidable task, even with a dense ground based meteorological
network. However, if the dose modeling and X/Q modeling is limited to
generating seasonal averages, as opposed to hourly or daily averages, the
effect of changes in effluent trajectories is probably small enough so that
fixed point straight line wind statistics can be used in an appropriate
diffusion model (Van der Hoven, 1967). Long term averages of predicted doses

and X/Q's would obviate the need for more than one meterological tower.
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7.2 The Effect of the Sea Breeze on Plume Diftusion

During a sea breeze, the cool, stable, vtesn air becomes heated from
below by zne land surface and assumes a neutral or superadiabacic lapse rate
in the lower levels while remaining stable aloft. Wich increased time and
distance from the shoreline, the heated zone, or mixing level, grows

vertically until the last remnant of the stable layer has been burned oif.

If a tall stack located near the shore discharges into the stable
layer, the effluent plume disperses very little and holds together in a steady
cone as it moves downwind. At some point inland the mixing layer extends
upward to the plume level. At this point, material in the plume mixes rapidly
downward to cause fumigation and high concentrations of stack effluent at
ground level. As the mixing layer continues to grow upward, vertical mixing
also takes place above the plume, and gradually normal diffusion conditions

take over and ground-level concentrations decrease.

For the case of the Oyster Creek stack, it is not immediately obvious
whether, during sea breezes, the 380-ft high stack discharges into the stable
layer. To answer this question, the atmospheric stability near stack height
must be determined. The atmospheric stability near stack height can be easily

determined using met tower data.

Figure 5-1 on page 5-6 shows the Oyster Creek met tower data which were
recorded. As can be seen from the table, temperature was measured at all
three levels of the tower. Temperature differences were measured between the
lower and upper level, and between the lower and middle level. Note that
temperature differences were not measured between the middle and upper level.
This is the layer of air nearest the level of the stack and it is the

stability of this layer which needs to be determined.

In line with NRC guidance, temperature differences between levels
served as an indicator of the stability of the layer of air between the levels
{Table 7-1). Since the measured temperature difference between the upper and
niddle levels was not available, the temperature difference for these two

levels was instead calculated.




Table 7-1: Classilicatinn of Atmospheric Stability

Stability Pasquill Temperature Change
Classification Categories With Height (a)
(°C/100 m)

Extremely unstable A {-1.9

Moderately unstable B -1.9 to -1.7
Slightly unstable C -1.7 to -1.5
Neutral D =1.5 to -0.5
Slightly stable E -0.5 to +1.5
Moderately stable F +1.5 to +4.0
Extremely stable G »+4.0

Notes to Table:

(a) For the purpose of computing stability classification, the
expression "-1.9 to -1.7", for example, was interpreted as
meaning ""greater than -1.9 and less than or equal to -1.7".
This convention was adopted for stability classes B through F.
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To make sure the calculacted ctemperature differences did not contain
systematic errors, the calculated temperature differences were compared to the
measured temperature differences for those levels where measured temperature
differences were available. The results of the comparison are shown in Tables
7-2 and 7-3 for the 150 ft - 33 fr and 380 ft - 33 ft levels, respectively.
The tables show that the stability class based on measured temperature
differences agreed with the stability class based on calculated temperature
differences about 93% of the time for the 150 ft - 33 ft layer and about 88%

f the time for the 380 fr - 33 ft layer. The remainder of the time, the
agnitude of the discrepancy between the measured and calculated value was
small, but still large enough to cause the measured temperature difference to
fall into one stability class and the calculated temperature difference into

another.

Since Tables 7-2 and 7-3 showed that there was no systematic error in
the stability «class based on calculated temperature differences, the
calculated temperature differences were used for determining the atmospheric
stability for both the 380 ft - 150 ft and 150 ft - 33 ft layers of the met

tower.

For sea breeze fumigation to occ¢ur, three conditions must be met
simultaneously:
l. The wind blows onshore
2. The atmospheric stability of the layer of air
near the ground downwind of the stack is neutral
or unstable.
3. The atmospheric stability of the layer of air
containing the plume is initially stable downwind
of the stack.
Although these three conditions make sea breeze fumigation likely, they do not

guarentee that sea breeze fumigation will occur.
To determine the time the winds began blowing onshore during sea breeze

days at Oyster Creek, the hourly winds time series illustrated in Appendix C

were visually inspected. From this visual inspection it was obvious that
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Table 7-2: Comparison of Calculated Temperature Ditferences with

Measured Temperature Differences for the 150 ft = 33 ft Level
(May-August, 1977-1981)

Percent of hours when either the measured temperature 26.7%(a)
difrerence or temperature was missing

Percent of hours (missing hours excluded) when the 93,3%

stability class based on measured temperature
difference agreed with the stability class based

on calculated temperature difference

Percent of hours (missing hours excluded) when 3.2%

stabilitv class based on calculated temperature
difference was more stable than the stability class

based on measured temperature difference

Percent of hours (missing hours excluded) when 3.5%
stabilicy class based on measured temperature
difference was more stable than the stability class
based on calculated temperature difference

Total (missing hours excluded) 1002

Notes to Table:

(a) According to M. Abrams of PLG, this percentage is high because
in the early part of the five year period 1977-1981,the
temperature was not digitized from strip charts when {t was
missing from the real-time .computer data base. Thus, this
high percentage is due to the temperature being missing rather
than the measured temperature difference being missing. His
assertion is borne out by the data which shows that the
Rosemount temperature was missing 14% of the time even though
the measured temperature difference was available during these
same hours. Temperature and measured temperature differences
were missing simultaneously 12.5% of the time.
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Tioble 7=3: Comparison of Calculated Temperature Differences with

Measured Temperature Diffzrences for the 380 ft - 33 ft Level
(Mav-august, 1977-1981)

Percent of hours when either the measured temperature 26.7%(a)
difference or temperature was missing

Percent of hours (missing hours excluded) when the 88.17%
stability class based on measured temperature
difference agreed with the stability class based
on calculated temperature difference

Percent of hours (missing hours excluded) when 7.7%
stability class based on calculated temperature

difference was more stable than the stability class

hased on measured temperature difference

Percent of hours (missing hours excluded) when &,2%
stability class based on measured temperature

difference was more stable than the stability class

based on calculated temperature difference

Total (missing hours excluded) 1007%

Notes to Table:

(a) According to M. Abrams of PLG, this percentage is high because
in the early part of the five year period 1977-1981,the
temperature was not digitized from strip charts when it was
missing from the real-time computer data base. Thus, this
high percentage is due to the temperature being missing rather
than the measured temperature difference being missing. His
assertion is borne out by the data which shows that the
Rosemount temperature was missing 19.5% of the time even
though the measured temperature difference was available
during these same hours. Temperature and measured temperature
differences were missing simultaneously 7% of the time.




onshnre winds usually began blowing sometime after 8 AM LST. Thuax the ficrst
cond:tion necessary for sea breeze fumigation is typically met somczime after
] AM. To determine whether the second and third c¢onditions were met, the

atmospherte stability of the air near the ground and {n the plume was

determined. The atmospheric stability near the ground was determined from the
stabilicty of the 150 ft = 33 ft layer. The atmospheric stabilicy at plume
height was determined from the atmospheric stability of the 380 fr - 150 f¢c

layer. ILaplicit in this approach was the assumption that the 380 fc - 130 f¢t

layer is representative of the atmospheric stability at plume height.

As a side note, the height of the non-buoyant plume from the Oyster
Creek stack is about 25-30 meters above stack top for stable conditions and
about 140-150 meters above stack top for unstable and neutral conditions.
These plume rises are the maximum possible plume rises because they were
computed assuming a maximum stack gas exit velocity of 19.2 m/s and a stack
top wind speed of 1 m/s. Actual plume rises are certain to be much lower.

The plume rises were calculated from Equations 5.2 and 4.28 in Briggs (1969).

The average hourly stability of the layer near the ground and the layer
near stack top are shown in Table 7-4., From the table two things are
obvious: First, at night the upper layer is always less stable than the lower
layer; dur.xg the day the upper layer is more stable than the lower layer
Second, the upper layer from mid morning to mid afternoon is neutral while the
lower layer is unstable., Thus the averages do not suggest that there is a

fumigation problem, but the averages do not tell the whole story.

To further investigate the possibility of fumigation, a comparison was
made of the atmospheric stability at the upper and lower layers for each hour,
without averaging. The results of the comparison are shown in Table 7-5. As

an be seen from the table, the upper and lower layer were neutral or unstable

.imultaneously about 2/3 of the time during the hours of 8 AM to 3 PM LST.
Fumigation is unlikely to occur under these conditfons. The remaining 1/3 of
the time during these same hours, however, conditions were favorable for
fumigation because the upper layer was stable and the lower layer was neutral

or unstable.
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Table 7-4: A Comparison of the Hourly Average Atmospheric Stability
Near Stack Top with the Hourly Average Awmospheric Stability Near
the Ground During Sca Breeze Days(a)

Average Calculated Average Calculated
Lapse Rate Lapse Rate
Hour Between the 380-ft Stability Class Between the 150-ft Stability Class
(LST) and 150-ft Level of this Layer and 33-ft Level of this Laycer
(°C/100 m) (°C/100 m)
1 4.85 G 2.38 F
2 5.36 G 2.55 F
3 5.66 G 2.76 F
4 5.74 G 2.54 F
5 5.71 G 2,78 F
6 2.58 F 2.58 F
7 -1.25 D 0.44 E
8 -1.79 B -0.72 D
9 -2.71 A -0.60 D
10 -2.97 A -0.67 D
11 -3.18 A -0.81 D
12 -3.26 A -0.79 D
13 -3.51 A -0.50 D
14 -2.52 A -0.85 D
15 -2.89 A -0.52 b
16 -2.51 A -0.38 E
17 -1.75 B -0.137 E
18 =-0.95 )] -0.56 D
19 -0.25 E 0.20 E
20 1.14 E 0.79 E
21 2.20 F 1.32 E
22 .04 F 1.68 F
23 3.79 F 2.02 F
24 4.18 G 2.30 F

Notes to Table .
(a) The atmospherlc stability near stack top is the atmospheric stability of the 380-ft to 150-f1
layer (upper layer). The atmospheric stability near the ground is the atmospherfc stability
of the 150-ft to 33-ft layer (lower layer).
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Table 7-9: A Comparison of the Atmospherlc otability Near Stack Top with the

Atmospheric Stability Ncar the Ground for Fach llour During Sea Breeze nays(n)

Percent of Hours When Percent of lours When
Upper and Lower Layers = Upper Layer is Stable Percent of Hours
Are Neutral or U"fﬁ§b1e & Lower layer is(usutral Hith Other Stability Total Percent
Percent of Hours Simultaneously or Unstable Combinations (Missing Hours
Hour With Missing Data  (Missing Hours Exclud.) (Missing llours Exclud.) (Missing Hours Fxclud.)  Fxcluded)
(LST) '
1 16.7 1.6 9.6 88.8 100.0
2 16.7 0.8 8.0 91.2 100.0
3 16.7 0.0 5.6 94.4 100.0
4 15.3 0.0 8.7 91.3 100.0
5 15.3 0.0 6.3 93.7 100.0
6 15.3 2.4 20.5 77.1 100.0
7 14.7 25.0 60.1 14.9 100.0
8 18.7 54.1 42.6 3.3 100.0
9 16.7 67.2 32.8 0.0 100.0
10 16.7 66.4 32.8 0.8 100.0
11 15.3 66.1 32.3 1.6 100.0
12 16.0 65.1 34.9 0.0 100.0
13 17.3 64.5 35.5 0.0 100.0
14 16.7 66.4 32.8 0.8 100.0
15 16.0 64.3 34.9 0.8 100.0
16 20.7 58.0 41.2 0.8 100.0
17 22.0 54.7 T 40,2 5.1 100.0
18 20.7 37.0 51.3 11.7 100.0
19 20.7 ' 10.9 38.7 50.4 100.0
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Table 7-5:  (continucd)

Percent of Hours When Percent of Hours Vhen
Upper and Luwer Layers Upper Layer is Stable Percent of Hours
Are Neutral or Un'E?ble & Lower Layer 1s(§?utra1 With Other Stability Total Percent
Percent of Hours Simultaneously or Unstable Combinations (Missing Hours
Howr  With Missing Data  (Missing Hours Exclud.) (Missing Wours Exclud.) (Missing Hours Exclud.) _ Excluded)
(LST)
20 20.7 2.5 18.5 79.0 100.0
21 19.3 0.8 9.9 89.3 100.0
22 19.3 0.8 5.8 93.4 100.0
23 19.3 0.8 5.0 94,2 100.0
24 22.7 0.9 9.5 89.6 100.0

NOTES TO TABLE:

(a) The atmospheric stability near stack top is the atmospheric stability of the 380-ft, to 150-ft. layer (upper layer).
The atmospheric stability near the ground is the atmospheric stability of the 150-ft. to 33-ft. layer (lower layer).

(b) For purposes of this table, the neutral and unstable stability categories are treated as a single stability category.



The relative infrequency of fumigation cases is not surprising in view
of the local geography, As was mentioned in Section 5.1, the Oyster Creek
plant is two miles west of Barnegat Bay. The maximum width of Barnegat Bay is
about four miles. The average depth is under five feet and large areas are

less than one foot deep at local mean low tide.

Because Barnegat Bay is so shallow and because of its generally
non-turbulent nature, the water temperature is more responsive to air
temperatures than a deeper, more turbulent bay. To illustrate the relative
warmth of the bay, the daily range of the Oyster Creek intake temperature is
listec below. (The intake temperature of the water at Oyster Creek was used
as a gross indicator of the Barnegat Bay water temperature.) For the months
of May, June, July and August, the daily incake temperature ranged over the

following values (OC & FRNGS Report #316, 1978, Table A2-6(a)):

Temperature
Monch Range (°F) Years of Record
May 60 - 75 1976
June 65 - 90 1975,1976
July 70 - 85 1975,1976
August 70 - 90 1975,1976,1977

Thus the shallow bay acts more like a warm land surface than a cold water
surface. This appears to explain the relative infrequency of fumigation at

Ovster Creek.
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8.

EVALUATION OF THE NEED FOR A SUPPLEMENTARY METEOROLOGICAL TOWER

gefore discussing the need for a supplementary meteorological tower, let

us list the conclusions of this report up to this point:

"~

e

During the months of May through August, the sea breeze at Oyster
Creek occured one day in four,'or an average of about 30 days

between May and August.

On days when Oyster Creek had sea breezes, the Atlantic City wind
direction was within 45° of the Oyster Creek wind direction 562 of
the time. In contrast, the Lakehurst wind direction was within 45°
of the Oyster Creek wind direction only 35% of the time. This made
Atlantic City wind directions more representative of Oyster Creek
than Lakehurst. The better representativeness of Atlantic City also
held true for the May - August period in general, when Atlantic Cicy
winds were within 45° of Oyster Creek winds 63% of the time, as

opposed to 50% of the time for Lakehurst.

Meteorological conditions conducive to sea breeze fumigation at
Oyster Creek occured on 1/3 of the Oyster Creek sea breeze days, or

an average of about 10 days between May and August.

The Qyster Creek sea breeze often penetrated to 16 km inland and
occasionally to 21 km inland, but this conclusion was based on

somewhat tenuous assumptions.

In light of these conclusions and in light of the regulatory guldance

discussed in Section 2 (Introduction) of this report, there appears to be some

justification for concern about the representativeness of the Oyster Creek met

tower.

If it 1s assumed that the sea breeze is the primary factor affecting the

representativeness of the tower, then the representativeness issue reduces to

two questions: (1) Is a sea breeze occurring? (2) If a sea breeze {s

occurring, how far inland is {t?



The first question can be answered easily by locating a met tower on one
of the barrier islands to the east of Oyster Creek. The barrier island met
tower would show whether a éea breeze was setting up. It is expected that
this met tower would show sea breezes occurring much more often than the
Oyster Creek met tower because sea breeze frequency and duration increase with

sroximity to the coastline (Raynor, 1977).

The barrier island met tower, however, wWould not answer the second
estion of how far inland the sea breeze was. A sea breeze at the barrier
sland would not insure its inland penetration to Oyster Creek or even to the
:stern side of Barnegat Bay. Some sea or lake breezes penetrate only a small

¢istance inland and then remain stationary or retreat seaward again (Ryznar

and Touma, 1981). This makes locating sea breezes difficult.

One approach to answering the second question is to apply to Oyster
Creek a lake breeze index developed by Biggs and Graves (1962). This index
was used successfully by Biggs and Graves to distinguish between lake hreeze
and non-lake breeze days at the Enrico Fermi Nuclear Reactor site on the
western shore of Lake Erie. Biggs and Graves also suggested that the probable
strength of the lake breeze could be inferred from the magnitude of the lake
breeze index. The strength of the lake breeze, and hence the magnitude of the

lake breeze index, determines the inland penetration of the breeze.

The lake breeze index as applied to Oyster Creek would consist of the
land-ocean temperature difference and the 33-ft level met tower wind speed.
The land~ocean temperature difference would be obtained by subtracting the
ocean temperature from the 33-ft level met tower temperature. The daily ocean
temperature for Sandy Hook, Long Branch, Atlantic City and Cape May for the
years 1976 through 198] are already in the GPUN data base. The data, which
were obtained from NOAA National Ocean Survey, have not yet been quality

assured, however.
By computing the sea breeze index for Oyster Creek from this historical

data, it can be determined whether there exists an empirical relationship

between the size of the sea breeze index and the inland penetration of the
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saa breeze to as far west as Oyster Creek and also Lakehurst, for example. If
a simple relationship between the {ndex and inland sea breeze penetration can
Ye found, the result could prove iavaluable in locating the sea breeze front

rased on sed hreeze strength.

In summary, it appears unwise to consider a supplementary met tower
before exploring the relationship between the sea breeze index and inland
penetration of the sea breeze. If a sea breeze index/inland penetration
distance relationship can be established, a supplementary met tower could
serve as a warning beacon for an advancing sea breeze. If a relationship
between sea breeze index and inland penetration distance does not exist,
however, the data from a supplementary met tower would have little predictive
value because it could not be used to establish whether the sea breeze at the
supplementary tower, for example, would remain stationary, advance or retreat
seawvard. In the absence of a sea breeze index/inland penetration distance
relationship, the tower would be an indicator of where the sea breeze has
been, not where it is going. The usefulness of a supplementary met tower

would be greatly diminished if the data has no predictive value for sea breeze

movement,

The need to analyze existing data before proceeding with additional

measurement programs is echoed in NUREG/CR-2754, Critical Review of Studies on

Atmospheric Dispersion in Coastal Regions (September, 1982), which states in

part:

"A great potential ex{sts for further analysis of existing data, and
this may alleviate the need for establishing additional measurement

programs.” (page 26, paragraph 4)

"It goes without saying that the fulfillment of information gaps through
analysis of existing data will enable NRC to achieve program objectives

at a substantial saving of both time and money.” (page 27, paragraph 1)

While there always seems to be a need for more data in resolving
representativeness issues, a thorough, thoughtful analysis of existing data

will go a long way for answering many of today's questions and also for

building the foundation for tomorrow's supplementary measurement program.
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Section 1.0 Meteorological Diffusion Calculations

1.1 Meteorological Data Used for Analysis

Section 1.1 contains information relative to the data bases available from
the site measurement programs and a description of the meteorological
tower configuration. Tables in this section contain the measured
meteorological data requested as well as discussions of representativeness

and terrain effects.

1.1.1 Tower Configuration at the Site

The Oyster Creek tower configuration and instrumentation used to measure
data included in this report are described in Table 1 of the FSAR, Amendment

No. 13, Docket No. 50-219.

1.1.2 Available Data from the Site

Table 1. 1-1 summarizes data bases available from the sile monitoring

program. The dala periods used for the detailed Regulatory Guide 1.111
diffusion calculations are indicated in the right hand column of the table.

The 1968 site data were used for the detailed diffusion estimates for the
Oyster Creek plant. Calculations were also made using a composite three-
yeaxl period from 1966-1968 data. Wind roses for years of data 1966-1975
were used to demonstrate that the data used in the analysis were representative

of longer term conditions at the site.

1.1.3  Summary of Available Data

Data which were used in the analyses are presented in this section as

joint frequency tables. For the Oyster Creek site these tables were com-



piled for two levels over a three year period of record. Table 1.1-2
is a joint frequency table of wind speed, wind direction and stability
group for the 400 ft level using delta-T between 400 ft and 12 ft.
These data are used for evaluations of stack effluents. A logarithmic
adjustment is made to the delta-T to be representative of temperature
difference between 400 ft and 33 ft. Table 1. 1-3 is a joint frequency
table for the 75 ft data. Speeds are adjusted to a 33 ft level for
ground release calculations and 200 {t-12 {t delta-T is adjusted to be
representative of temperatures between 200 ft and 33 ft. Table 1.1-4
is a 400 ft level joint frequency table similar to Table 1. 1-2 for each
of the 12 months and Table 1. 1-5 is a 75 ft level joint frequency table
similar to Table 1. 1-3 for each of the 12 months.

Figures 1. 1-1 through 1. 1-10 represent wind roses for each year of
data collected to date from both levels on the tower. These will be

discussed further in Section 1. 1. 4 below.

1.1.4 Representativeness of the Year of Data Used in Analysis

Meteorological data have been collected coutinuously for 10 years at

the Oyster Creek site. The tower instrumentation conforms with most of the
Regulatory Guide 1.23 requirements. However, the aerovane ane-
mometers do not comply with the specified threshold speed of 1. 0 mph.
Since winds are relatively high at the site and since most plant re-

leases are at a high elevation, it is believed that the aerovane has pro-
vided data which can be used to make accurate diffusion estimates at

this site.

Inspection of the available records showed that the 1968 data were most
appropriate for analyses at the site. Data from 1966 and 1967 were also



considered adequate. Therefore. detailed hourly calculations were made

using the 1968 data and the results were compared with a calculation

using three year composite joint frequency data. Results were similar

as shown in Tables 1.3-6 and 1.3-10. Thus, from a diffusion standpoint the
1968 data are considered representative of the three year period |
1966-1968. To demonstrate longer term representativeness wind roses

for a ten year period at the site, Figures 1.1-1 through 1. 1-10 were

compared. They showed similarity with respect to predominant winds which
further supports the conclusion that the 1968 data were representative of longer

term conditions.

1.1.5 Airflow Trajectory and Terrain Influences

The general flow in the Oyster Creek site region, as indicated in the
wind roses shown in Figures 1. 1-1 through 1. 1-10, is from the north-
west through southwest. During the fall and winter months the east
coast of the U. S. is generally dominated by high pressure centers
from Canada and the Pacific. These high pressure syvstems with their
clockwise flow of air around them produce west and northwest winds
when they are west of the plant region, and south and southwest winds
when they are east of the plant region. During the spring and summer
months the predominant flow across the U. S. is from west to east re-
sulting in winds from the northwest to the southwest. Many low pres-
sure systems move up the east coast producing easterly winds in the site
region. However, they move rapidly and their duration of influence is

short in comparison to high pressure systems.

During periods of light winds, the proximitly of Barnegat Bay and the
Atlantic Ocean results in the formation of land and sea breezes. This

is particularly true in the summer months when large temperature



differences exist between the land and the sea. During such conditions
a circulation cell can be set up which may produce sea breezes during
the day or land breezes at night. Inspection of the wind roses {rom the
meteorological tower at the site, however, shows only a small per-
centage of low wind speeds from directions that would indicate the
presence of land or sea breezes. Since the plant is located consid-
erably inland (at least two miles from Barnegat Bay and six miles from
the ocean) land or sea breeze situations may not have a significant in-

fluence on the local average annual flow patterns.

Terrain in the site region is nonvarying and should not significantly
influence flow patterns. Since it is not considered practical at the pre-
sent {ime to compule estimates using particle-in-cell or puff trajectory
diffusion models, correction factors suggested in Regulatory Guide

1. 111 for open terrain are used in this analysis. This is considered

to result in very conservative estimates at distances near the plant.



1.2 Description of Atmospheric Diffusion Models

Models described in this section generally follow Regulatory Guide 1. 111 (previousiy
1.DD). Subsections below describe the model used in these evaluations with
references to Regulatory Guide 1. 111 since most assumptions are

identical to those in the guide. These models are used to detéermine

routine (average) X/Q and D/Q values applicable to the site.

1.2.1 Atmospheric Diffusion Model

Average atmospheric dispersion evaluations are made using the straight

line airflow mode! shown below:
(FQ')p = 2.032 2 n [Nxu T (x )]-lexp[-hz/2oz.(x)] (1)
1) ij i7zj e 2j
where
h is the effective release height

is the length of time (hours of valid data) weather
conditions are observed {o be at a given wind direction.
windspeed class, i, and atmospheric stability class, j;

N is the total hours of valid data;

u is the geometrical mean of all speeds in the windspeed
class, i, at a height representative of release, calms
are one-halt the threshold anemometer speed or less:

e (x) is the vertical plume spread without volumetric
correction at distance, X, for stabilily class, j (see
Figure 1 of Regulatory Guide 1. 111) based on vertical
temperature difference (AT) and Regulatory Guide

1. 23 categorization of Pasquill Groups by AT;

is the vertical plume spread with a volumetric
correction for a release within the building wake
cavity, at adistance, x, for stability class, j;

an

herwi - (x) = AX)S
otherwise Z](\) “zj(")
(WQ—’)D is the average effluent concentration. X, normalized
by source strength, Q', at distance, x, in a given
downwind direction, D: and

2.032 is (2/17)1'/2 divided by the width in radians of a
22. 5° sector.

e



¢

For sites where hourly data were available on tape the summation over

i and j in the above equation was deleted and the summation was accomplished
for all hours at all distances for cach direction. Hourly calculations are
considered to be more accurate since the actual wind speeds at the vent
location are available rather than the extrapolation of an average {rom a
lower level. Dilution was decreased according to terrain correction

factors of Regulatory Guide 1.111 given in Figure 2 of Regulaiory Guide
1.111. These factors were multiplied by the results from Equation (1)

and varied in accordance with the direction and distance being evalualed.

This general Gaussian diffusion model has been utilized extensively for
both nuclear reactor and air pollution diffusion analysis for at least 10
years, therefore, it is considered appropriate for use in this specific
application. With regard to model accurancy, the greatest weakness
results from determining stability using vertical temperature difference.
A more appropriate representation of turbulence and resulting diffusion
could be obtained using bivane data or some other measuremeni of

turbulence.

Actual model input assumptions and source term configurations are

discussed helow.

1.2.2 Source Configuration Considerations

If a release point is elevated and there are no buildings which would
obstruct the plume in its normal trajectory, Equation (1) above is used
with the height of releasc defined as follows (from Egquation (4) of
Regulatory Guide 1. 111):



-1

s pr t
where
c is the correction for low relative exit velocity (Equation
(5) of Regulatory Guide 1. 111)
. he is the effeclive release height;
h r is the rise of the plume above the release pointbased on
p Briggs (see below);
hs is the physical height of the release point (the elevation
of the stack base should be assumed to be 2ero); and
ht is the maximum terrain height between the release point
. and the point for which the calculation is made .
Values of
h r are computed as follows for 2 "'jet' since nuclear plant vents
P have an insignificant amount of buoyancy due to heated
discharges:

2/3 ;0\ 173
h = 1.44D <VE) <——)
pTr u D

up to the point where hpr is the minimum of the following two

equations:

\*Y
n e (12 D, or
pr
niax

h = 1.5 (in-’> 1738 s'l/6
prmax u

where symbols are as before, and:

D  is stack or vent effective inside diameter (m)
W _ is stack or vent exit velocity (m/sec)

u  is wind speed at discharge level (m/sec)

Fpm is momentum f{lux (m4/sec2)

s is stability parameter (sec'z)




If the plume trajectory {rom a relcase point (vent) does not remain out-
side of building wake influences near large structures all or portions of
the plume are considered to be entrappea and brought to ground level in the

turbulent wake of the building. The criteria for determining the portion of
the plume treated as an elevated or ground release follows from Equations (),
(7rand (8) of Regulatory Guide 1. 111 and are repeated here for completeness.

If Wo/ﬁ > 5.0 use he as calculated above

W /0 = 1.Ouseh =0
(o] e

I1<w /i 515 E, = 2.58-1.58 (&)
1.5 <W_/ug5.0 Et=o.3-o.oe<“__i>_)
u

The appropriate diffusion estimmate is then computed by assuming an elevated
release 100 (1 - Et) percent of the time and by assuming ground release 100 Et
percent of the time.

A building wake correction is computed for all ground releases near
structures in accordance with the following general equation:

2
T = Vo2 .8 5 1730
Z n Z

where
effective dispersion coefficient for use in Equation (1) (m)

t4

building wake coefficient (c = 0.5)

o o 2

height of the tallest structure in the nuclear plant
power block (m)




1.2.3 Removal Mechanisms

As radioactive effluent in a plume travels downwind, it is subject to
several removal mechanisms including radioactive decay, dry deposition,
and wet deposition (during rain). Corrections for radioactive decay are

not made in the estimates reported in this section.

Dry deposition which results in depletion of halogen and particulate '
isotopes {rom the plume is considered only to the extent suggested in
Regulatory Guide 1. 111, Figures 3 through 6. Depletion factors in these
curves are a function of height and distance, therefore, for sites where
elevated releases occur the terrain must be subtracted {rom the plume
height before entering the curves at the appropriate distance. Each
elevated or ground level X/Q is multiplied by the depletion and the terrain
correction factors before combining to give the final depleted X /3 value.

To determine relative deposition rate as a function of distance and
stabilily the curves given in Figures 7 through 10 of Regulatory Guide
1. 111 are used. Again terrain heights are subtracted before the table
look-up is made. Terrain correction factors, if any, multiply each
D/Q value. Values from the curves are divided by the sector cross

width (arc) at the point of calculation.

Dry depostion is believed to adequately represent overall deposition rates,
since seasonal rainfall is fairly uniform, therefore, wet deposition has

not been coansidered.
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1.3 Diffusion Model Inputs and Results

Computer runs have been made using site data in the diffusion models given
in 1.2 above. A list of runs made, input paramreters and assumptions

and resuilts are given in the following sections.

1.3.] List of Compuler Runs
Table 1.3-1 tabulates computer runs made using the diffusion nmodels

described in Section 1.2 above. Separate runs were made for the grazing seasons

and annual periods. The grazing season was assumed to be May through October.

1.3.2 Sumunarv of Plant Discharges

A sumimary of plant vent information for each discharge point is given in

Tables 1.3-2 and 1.3-3. Only vents used during routine operation are considered
in this evaluation. Inspection of Tables 1.3-2 and 1. 3-3 showed that two

calculations were required to determine diffusion conditions applicable for each

vent.

1.3.3  Input Assumptions

Table 1.3-4 tabulales all pertinent input information utilized in making the
model calculations. Table 1. 3-5 pives terrain elevations for all distances out
to 10 miles. Terrain height is conservatively not allowed to decrease with

increasing distance in accordance with Regulatory Guide 1.111.

1.3-4  Tesults

Resulting X/Q, depleted X/Q and D/Q values are listed in Tables 1. 3-6 through
1.3-10 for each direction sector for ten distances. These results are used as
input for the dose calculations described in the appropriate section. Tables
1.3-11 through 14 summarize the resulting diffusion factors for each of the
receptor locations. Each table represents model results for one stack for
each season being evaluated. One set of ealculations was made for the stack
through which most effluents are discharged. A sccond sct of calculations was
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made for the liquid radwaste building vent and all effluents were assumeced to be
entrapped in the building wake. This vent was assumed to represent all other

plant vents because there was little or no vertical exit velocity associated with
the other vents (see Table 1.3-1), thus it is appropriate to assume a ground

level release in the building wake.

L 4




Table 1.1-1

Oyster Creek Site

Comment

Speed and Temperature

Period of Direction  Dillcrence Combined %
Record Level (ft)  Between ({t) Recovery
2/€6-12/66 400 400-12 ‘Not Determined

75 200-12 "
1/67-12/87 400 400-12 "

(K 200-12 "
1/68-12/68 400 400-12 91.9

75 200-12 83.6
Composite 400 400-12 83. 8
including 75 200-12 61.0
above 3
years of
record
1/69-12/75 400 400-12 Not Determined

75 200-12 ' v

Used for comparative
purposes only

Used for comparative
purposes only

Used for hourly
diffusion calculations

Joint {requency tables
used for diffusion
calculations

Used wind roses for
comparative
evaluations



TABLES 1.1-2 through 1.1-5

(OMITTED FROM APPENDIX)



Table 1.3-.

List of Computer Runs

Site: Oyster Creek

To Be Used
Hourly or ' Grazing Season for Evaluation
Run Vent Data Type of Joint Frequency or Releases {rom the Location of Results
Number Identification  Used Run Data Used Annual Data Following Vents in the Report
0Xx-1 Stack 68 Oyster Elevated Hourly Grazing Stack Tables 1.3-6 &
Creek Source 1.3-12
0X-2 Stack 68 Oyster Elevaled Hourly Annual Stack Tables 1.3-7 &
Creek Source 1.3-11
0X-3 Radwaste 68 Oyster Ground Hourly Grazing Radwaste Tables 1.3-8 &
Bldg Vent Creek Source vent, turbine 1.3-14
in bidg bldg vent
wake
0X-4 Radwaste 68 Oyster Ground Hourly Annual Radwaste Tables 1.3-2 &
Bldg vent Creek source vent, turbine 1.3-13
ir bldg oldg vent
wake
0X-5 Stack Oyster Elevated Joint Grazing Stack Table 1.3-10
Creek 3 Source Frequency
yr com-
posile
66, 67,



Table 1.3-2
Gascous Discharge Points
Oyster Creck

Syslem Vent Number
Turbine building ventilation 1
Auxiliary building ventilation 1
Radwaste building ventilation 2
Containment building ventilation 1
Main condenser offzas system 1
Turbine gland sealing system 1

Mechanical vacuum pumps 1



Table 1.3-2
Vent Design Information
Oysler Creek

building

assumed trapped
in building wake

Height of
Discharge Discharge Above Velocitv at
Elevation Above Maximum Building Effective Vent  Point of Discharge
Ehl Location Grade (m) Elevation (m) Diameter (m) (m/sec)
1 Main stack 112 - 2.5 15.2
2 " Liquid radwaste 15 Vents on sidewall N/A N/A



Table 1. 3-4
Tabulation of Input Assumptions for Calculations

Site: OQOvster Crecek

r Assumed Value or Characteristic

meteorological instruments |40¢ ft speed and direction, AT 4{u-12
runs AT adjusted to represent 403G-30 jt

metcorological instruments |75 ft speed and direction, AT 270-12
tl level releases 75 ft speed adjusted to 32 ft, AT
adjusted to represent 2¢0-33 ft

or determining stability and |Temperature difference using Regulatory
1 coefficients Guide 1. 23 and Pasquill curves

‘eatment Assumed 1.0 miph (threshold jor aerovane is
about 2. 5 mph). Assumed to have same
direction as mezasured. ’

mit for o, (m) 1000

f tallest structure for 15.2

tion of 2_ effective (m)

1t conditions From Tubles 1.3-3

2mnerature correction For AT 200-12 = 0,64

For AT 400-12=0.71

nts for exponentinl sneed 0.25,0.25,0.25,0.33,0.5,0.5,0.35
tion with height (Stability A-G)
n height Sce Table 1. 3-5
n correction factors ‘ Figure 2 of Regulatory Guide 1. 111




Table 1.

3-5

Maximum Topographic Elevations for Oyster Creek (ft-MSL)

(Plant Grade is 20 ft)

DISTANCE IN MILES
1 2 | 3 | 4 5 6 ? 8 3 | 10
30 | 30 | 60 | 60 | 60 {60 | 70 | 60 | 70 | 70
10 | 20| 40| 40 | 60 {60 | 60 | 40 | 40 | 40
10 | 10 | 10| 10 10 0 0 0 0 0
10 | 10 0 0 0of{ o 0 0 0 0
20 | 10 0 0 ol o 0 0 0 0
-

20 | o0 0 0 ol o 0 0 o | o
10 | 10 0 0 ol o 0 0 0 0
20 | 20 | 20 0 o o 0 0 0 0

10 | 40 | s0o | 30 | 3030 |2 |10 | 10| 10
20 | 50 | 90 | 120 | 130 {120 {110 110 [100 | 90
10 | 60 | 80 | 140 | 150 {145 {169 150 |[140 | 130
40 | 40 | 90 | 80 | 130 [160 {172 |169 [160 | 164
40 | so | 70 | 117 | 140 {158 {179 {187 |20z | 202
30 | 50 {100 | 100 | 180 {176 {174 187 " |195 | 200
30 | 30 | 90 | 110 | 120 {120 {120 {130 |[130 | 152
30 | 40 | a0 | 80 | 0|80 [ oo |70 [109 | 85
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TARLE 1.3-1) A

Dilfusion and Beposition Estinaales fur ATl Receptor Localtions
Site: Oyster Creck Nelcase Point: Stack Season’ Annual » Compuler RunID 0OX.?2

. e o 603-5
Distarce ) Depleted [ | Distancc o~ Depteicd ﬁ' Distince to Deploicd e

> Nearest X/Q xX/Q ' D/Q iNearest Meat X/Q,‘ X/Q D/ i Nearest Milk xX/Q ‘ X, Q DO
Dizection {31 Cow (m).(sec/m3)'(sec/m3) (-2} |Animad (m) Ysec/m¥) (scc/m:') {m-2) W Goat (sec/m3) Hsec/m3) | (sec/mI) | (m-2)

N N/A N/A | N/A N/A | N/A N/A N/A N/A l! N/A N/A N/A N/A
{

—_——— —

NYNE

1
}
{
NE ! !
!

csw
Sy
wSw
w
uNW :

ha\'

NNwv

NOTE: e N/A indicates that diffusion information for this run was not used in dose calculations for receptors in this column.

o {-) indicates receplor distance Is greater than 8000m, diffusion values given are for 8000m.



Sie Ovster Creck

Diflusion »nd Deposition Fstimates for Al Receptor Locations (cont'd)

TABLE 1.2-11 B

Release I'oat: Stack Season: Annual Computer Nua [DH: OX-2
\ 601.5
Jizinteto Depleied Distancg o | Depleted | Nrarest Site Dovtcied
Nearest 1 XQ, | X:Q, i D/Q jiearest Veg. XQ 1 oXxQ D/3 i Boundary *Q . x.Q. DO

Diréztion | Residence (m) (sec /m3) 'lsec.’m3)| {m~“) } Garden {m) (sec/mI)sec/mI) 1 (m-2) {m) (sec/m?) l(sec/m”) (m~-)
N 1710 1.5E-08 {1.5E-08 t 8E-09 N/A N/A N/A N/A ‘ 610 6.8F-09 | 6.7E-09 | 1.7E-09
\\E 940 5.2E-09 |5.0F-09 ! .3E-10 1 3.8-00 | 3.7€-00 | 7.3€-10

- . [}

\E 1170 1.4E-08 [1.4E-08 Il. 1E-09 1 957 1.6E-08 | 1.5E-08 | ). 2E-D9

)
ENE 1780 1.SE-08 |1.5E-08 |I. 3E-09 i{ 1500 1.4F-08 [ 1.4E-08 | 1.4E-09
E 1340 3.3E-08 (3.2E-08 B.2E-09, || 914 1.8E-08 | 3.7E-08 | 4.3r-09
£SE 1040 S.7E-08 ;5. 6E-08 6. 0E-09 ‘ ' 914 6.8E-08 | 6.6E-08 | 6.9E-09
cE 890 4.9E£-08 {4.BE-08 p.SE-09 I 131 6.2E-08 | 6.2E-08 ; 6. 1E-09
SSE 1150 ° 3.3E-08 {3.2E-08 R.OE-09 1 625 7.4E-08 | 7.4E-08 | 2.9€-09
3 2380 1.4E-08 |1.3E-08 p. IE-10 610 3.3E-08 }3.32-08 |1.7E-09
S 2350 1.5£-08 11.SE-08 P.7E-10 | R 625 1.8£-08 | 1.8E-08 |9.8E-10
sw 21710 2.4E-08 [2.4E-08 B.OE-10 ‘ 731 1.1E-08 [1.1E-08 [5 BE-10
wsw 6250 2.6E-08 &.45-08 P.‘JE-lOv Il 1000 1.4E.08 1.4E-09 1. 7E-09
w 7160 2,7E-08 2.6E-08 Jl.7E-10 it 1000 1.4E-08 ] 1.4E-08 |1.6E-09
LNW 5180 2.6E-08 R.5E-08 R.4E-10 838 2.1E-08 [2.1E-08 |1.7€-09
W 7580 2.2E-03 2.0g.08 .7E-10 ‘ 646 4. 408 |4.4E-08 |4 1E-09
\w 2680 12. 7E-08 [2.7E-08 p.4E-10 610 6.3E-09 ]6.JE-09 ilAsr,-Os
| ' l . 1
SOTE: & N/A indicates that dilfusion inlormation for this run was nol used in dose calculaiions fof receptors in this column.

o (-) indicates receplor distance is greater than 8000m, diffusion values given are for 8000m.




TADLE 1.3-12 A

Ditiusion and Bepusition Eslimates for All Receplor Locations

—— o e e e+ et e+ e | e,

Site: Ovster Creck Nelease Point: Stack Season: Grazing ,Computer Run M OXx-1
Biciance ! ‘Denteled T Dislance o T Deptoted Y Binnhce o De Taasd e
oNearest | X Q' xX/Q t 0 p/Q Nearest Meat %Q_ 1 X0 D/ 1 Nearest Mits ! X/Q tx/Q DO
Direction i Cow (m)! (sec :’:na)’(sec.’m:’) ' (m-2)  |Animal {m) Tsec./m3) :(scc/'m ) (m-2) A Goat (sec/m3) 1(sec/m3) | (sec/m3) | (m-2)
N - 2.'1!:-08! K/A .3E-10 - : 2. n:wl N/A .SE-10 l . iz.n-:-oa N/A L2 5E-10
NXX\E 7400, 10600 2.4E-08' 9E - 11 5790, 7400 | 2. 41..08 .8E-10 I 6440, 1500 §2.QE-08 1.5E-10
NE - 1.4E.08 .0E-10 - 1.4F -08 .0E-10 i - 1.4E-08 1.CE-10
ENE - 1.6E-08 .6E-10 - 1. 6E-08 6E-10 | - 1.GE-08 | 1.6£-10
£ . 1. 6E-08 IE-10 . 1. 6E-08 3E-10 | - I 608 2.3E-10
ESE - 1.7E-08 .8E-10 ! - 1. 7E-08 .8E-10 i - ,8. 1E-08 7. 6E-09
£z - 9.9E-09 .TE-10 - 9. 9E-09 .TE-10 i - 1.0E-08 1.7E-10
S:E ) 8.2E-09 .8E-11 - 8. 2E-09 _BE-11 }l 1200 4.5E-08 . 2.3E-09
S - 6. 6E-09 .SE-11 2410 1. 5SE-08 .6E-10 E 2570, 2770 1.JE-08 4.4E-10
SEW 9490 1.0E-08 .8E-11 8210 1. 2E-08 .8E-10 : 15300 5.9E-09 2.2E-11
SW . 2.5£-08 .BE-10 . 2. SE-08! _BE-10 ] 3380 3.3E-08 i 7.2E-10
WIW - 2.8E-08 .9E-10 - 2. BE-OB! .9E-10 : - 2.BE-08 E 2.9C€- 10
w - 3.3E-08 .1E-10 - 3.3E.08 .1E-10 E - 3.JE-08 2.)JE-10
ww\w - J.3E-08 . 8E-10 - 3.JE-08 .8E-10 3 - 3. JE-08 | 1.8€-10
Nw - l2.5€-08 .3E-10 | 9650 2. OE.-OR; TE-10 - 2.5E-08 '2.38-10
N\w - 3.1E-08 .2E-10 - J.IF-08 .2E-10 i - 3. 1E-06 ! 2.2E-10
!

NOTE: e N/A indicates that ditfusion information for this run was not used In dose calculations for receptors In this column.

e (-} indicates receptor distance is greater than 8000m, diffusion values given are for 8000m.



TARLE 1.3-12 B

Diflesion 2nd Deposition Sstimnates for Al Reeepltor Locations (cont'd)

Site: Oyster Creek Release Poirt: Stack Scason.  Grazing Cotputer Run ID: OX
601 6
!);s\f.::iz;‘o i Q .Dejl:l't:cd" . | _f)ssmnc’e 1o . ibep!lclrd 1_‘—/_Hﬁl rest Siie 1 Deplere ' a

e Nea . Q| /QJ | 03 {Nearest Veg. xr(? - X’Q3 D,-le { Boundary X/,QJ X/QJ D_Q
z:recson [ Rrsidence (m) fseen?) dsce'm3d) ! (1n-¢) ) Carden (m) (scc/ m?) (see /) {(m~*) (m) {scc’m*) l(sec/m™) ()
N 1710 2.3E-08 N/A jo.gE-10] 12400 1.8E.08 N/A 1.25-10{ 610 ).3E.08 N/A 2.B5-09
NNE 940 9.SE.09 1.2E-09] 8gs0 2.2F-08 9.5E-11] 131 7.0£-09 1.2E-09
NE 1170 2.7E-08 1.6E-09" 1. 4E-08 1 1.LOE-10{ 957 3. 0E.08 1.8E-09
ENE 1780 2.5E-08 1.9E-09, 1. 6E-08 1.GE-10 1500 2.4€-08 2. 1E-09
£ 1340 5.5E-08 4.8E-09 1. 6F.-08 2-JE-IOE 914 7. 1E-08 1.3E-09
ZSE 1040 9. 3E-08 8. 8E-09 1.7E-08 2. sc‘w: 914 1. 1E-07 1. 1E-08
sz 890 7.0E-08 h. 3E-09 9. 9F..09 1.7E-104 731 9.2E-08 8.2E-09
SSE 1150 4.9E-08 2.4E-09 | 2570 1. 7E-08 7.3£.m| 625 1. 3E-07 3. 8E-09
s 2380 1.SE-08 5.2E-10 } 7080 6. 9€-09 5,SE-|I! 610 5.7E-08 2.4E-09
SSw 2350 1. 0E-08 5.6E-10 ] 4510, 7560 1.5E-08 7 1E-11; 625 2. 7E-08 1.5F-09
sw 2710 3. 1E-08 1. 1E-09 2.5E.08 1. as-mk 71 2. IE-08 1. 1E.09
wsw 6250 3.2E-08 4.31':40' 9170 2. 6E-08 2.4[-2-)0: 1000 2. 2E-08 2.5E.09
w 7160 { 3.5E-08 2. 5E-10 3.3E.08 2.15-10; 1000 2.7E-08 2. 7E-09
W 5180 3. 7E-08 3. 6E-10 3.3E-08 ). 8E-10]f 838 3. 0E-08 2. 6E-09
\wW 7580 2. 6E-08 2. SE-10 | 9650 2.0£-08 : 1.6E-10 |1 646 8.4£.08 | 8. 8E.09
NXw 2680 4.4E-08 1.4E-09 3.1E-08 D.2E-10 ]} 610 1. 3E-08 3.3E-09

NOTE: o N/A indicales thal dillusion inlormation for this run was not used in dase calculations for receptors in this column,

¢ (-)indicates receptor distance is greater than 8000m, diflusion values piven are lor 8000m.



TADBLE 1.3-13 A

Diffusion and Deposition Eclimates for A Receptor Locations

]

Site: Oyster Creek Release Powne: Radwaste Bide. Vent Season: Annual Computer Run iD OXx .4
_ 7 Assunmod Grownd Release 603-3
Distance o ch-plElEd DlSl.’llu‘ﬁTl Depletad] ." Vistauce lo Deplicted
A "~ Nearest H X’Q3 booXQ D/Q {Nearest Mcat  X/Q X/Q D/Q |; Nearest Xlilk l X/Q X/Q D'Q’
Direct:zz Ik Cow (m):(see/mY)i (sec /mI) (m-2)  JAnimal (m) Isec/md) s /md) (m-2) 1§ Goat (sec/m3) Hsec/md) ! cec/md) ) (o)
X N/A N/A N/A N/A N/A N/A N/A N/A N/A ' N/A N/A N/A
\YE
NE
EXE
£ i '
ESE
£z
€:ic
S
S5w
s i
VIW ;
!
W i
YW |
i
S\w l

NOTE: e N/A indicates that diffusion Information for thls run was not used in dose calculations for receptors In this column.

e (-) indicates receptor distance is greater than 8000m, diffusion values given are for 8000m.




S:ite: Ovster Crecek

TABLE

Diffusion :=d Deposition Tstimates @

B N

B

r All Recentor Locations (cont'd)

Release Pont: Madwaste Bldg. Vet Season: Aunnunl Cor‘npuler Run D (Ox. 4
Asswned Ground ltelease 011
nstince to Devlered Distance to Deplied Nearcsl Site Diplezd
. . :\';ez-:-esl | X/'QJ ! x.’Qs | D/S .\‘carcst Ver. XQ . x/Q:l D{%} { Boundary .\(_»'Q‘3 X/QJ f)Q
Direction }Residerncelm) (sec/n?) tsee/m¥ | (m~°) } Garden (m) (sec/m”)i{sec/m*Y | (m~¢) - (m) (sec/m?) Hzec/m”) (=2~}
N 1710 4. 3E-06 3. 45-06il.0E-08 N/A N/A N/A N/A " 610 2.)E-05 2.0E-05 1.2E-07
NNE 940 1.5E-05 2.3E-051%5. TE-08" ; 71 2. 2F.-05 1. 9E.05 9.0E-09
\E 1170 L 1E-05 { 9.6E-06p.6E-08! 957 1.6C-05 [1.3C-05 |4.9E-08
ENE 1780 4. 0E-06 6.JE-06R.5E-08! ' 1500 1. 1IE-05 8. BE-06 J.8E-08
E 1340 1L3JE-05 | 1.1E-055.6E-C8 | 3T 2.4E-05 |2.0E-05 |1.0E.07
¥ '
ESE 1040 1.8E-05 | 1.6E-05 1.05-07; ! 914 2.3E-05 |1L.9E-05 |). 2E.07
sz 890 2.7E-05 |2.3E-051. 0E-07 ‘ () 3.8E-05 [3.2E.05 [1.5E-07
SSE 1150 1.3_'5-05 1.1E-0§ .25-08' l 625 1.JE-05 2. BE-05 1. 1E-07
S 2380 1. 6E-06 1.3E-06 §. 1E-09 ; 610 1. BE-05 1.5E-05 6.0E-08
SSw 2350 9.9E-07 |7.8E-06D2,9E-09° 625 1.0E-05 9. 2E-06 J.7E-08
sSwW 2710 8. 1E-07 6.2E-07 [1. IE-09: 71 1.0E-05 8. 6F -06 4. 1E.08
WwWiw 6250 1. 4E-D? 9.4E-07 1. 1E-10 1000 7.2E-06 6. OE.06 4.5¢-08
W 7160 ‘ 11, JE-07 8. 4E-08 5. 0E-10 1000 8. 0E-06 6. 7E-06 4.7E-08
WNW 5180 |1.6E-07 {4.2E-07 5. 2E 10 U 838 7.7E-06  [6.5E-06 [4.7€-08
W 1580 1. 0E-07 6.8E-07 N.4E-10 i] 646 1.4E-05 1. 2E-05 7.6F-08
NXw 2680 !l. 1E-06 8.5E-07 {4.5E-09 l 610 1. 8E.05 1. 6E-05 9.2E-08
| I

NOTE: o N/Aindicales that dilluslon inlormation for this yun was nol used in dose calculations for receptors in this column.

s (-) indicates receptor distance ls greater than 8000m, diffusion vatues given are for BOOOm,




) )
TABLE 1,3-14 A
Diffusion and Daonosition Estiniates for AN Receptor Al,ocations
Sitte:  Ovster Creck Release Point: Radwaste Ridg. Veot Srason:  Grazing Computer RunID OX 3
Assumed Ground Retense 6H03-4
ihsunce ‘Depieted "LTIE(WGJ—mw—"_‘“_bﬁ;h—léd ‘1 Drsiance 1o epletea T
‘e Necarest xQ_ ! x/Q D/Q [Nearest Meal ¥/Q X/Q D/ !}.\'earest Mk, | xQ X/Q D0
reetizn D Cow (m)(secsm3) (see/mI) (=) L animal tm) (sec/md | (sec/md) (m-2) " Goal (sec /3y isec/m3y N tsec/mI) - ) !
N - 1LIE-07] N/A  |5.0E-10 - i 1LIE-07] N/A 5. os-no;! - ) JE-07 N/A ‘-5.05» 10 |
N\E 7401,10600| 2. 4E-07 6.2E-10 | 5790, 7400 |3.7E-07 1.0E-09 6440, 7500 | 3.0E-07 £.0E-10
NE - 2. 0E-07 4.2E-10 - !24 0E-07 1 25:.10I ~ 2.0E-07 4.2F-10
ENE - 2.6E-07, 5.6E-10 - lz.cﬂm S.GE-m; - 2. 6E-07 \5. 6E-10
E - 3. 0E-07 6.3E-10 ‘ - 3.0E-07 6. 3E-|oil - 3.0E-07 ‘6. 3E-10
£ - 2. 7E-07 6.4E-10 - 2.7E.07 G.JE-IOJ - 2. 7E-07 %6.4[5-10
ST - 4.2E-07 7.5E-10 - 4.2F.-07 7.55-|o: : 4.2E-07 i?.ss-lo
2E - 3. 0E-07 1.8E-10 - 3.0E-07 3.8E-100] 1200 1. 3£-05 3.4E-08
S - 1.2E-07 1.8E-10 2410 1.5E-06 3.4E-09; 2570,2770 11.2E-06 !2.7[-?«09
sew 9490 4.9E-08 7.6E-11 | 8210 6. 2E-08 1.OE-10)] 15,300 2.3E-08 'a 1E-11
S . 8. 6E-08 2.1E-10 R 8. 6E-08 2. |E-105 3380 4.3E-07 ,:|.4F.-09
usW . 7.9E-08 4L4E-10 . 7.9E-08 4.45-10" . 7.9E-08 '4 4E-10
w . 1. 1IE-07 4.9E-10 - 1.1E-07 4.9!-3-10i - 1. VE-01 ?4.'.)F,~IO
TNwW ) 8. 5£-08 3.9E-10 ) 8.5E-08 3.9E- m; ) 8.5E-08 !‘3. 9E 10
nw N 1. 0E-07 3.7E-10 | 9650 7.7E-08 2.5!-:-10'; . 1. 0E-07 ia.vs.lo
NNw ) 1. 4E-07 !4. 4E-10 N V1. 4107 4. 4E-10 8000 1.4E-07 f4. 4F. 10
) ! 1 |

NOTE: e N/A indicates that diffusion Information for thts run was not used In dose calculations for receptors in this cotumn,

e {-) iIndicates receptor distance 1s greater than 8000m, diffusion values given are {or 8000m.



2. Ovster Creek

TAPLE 1.3-14 ¢

Diftusion and Deporition Cetimales far AN Peceptor Locations (cont'd)

Release Point. Nadwaste Dldz. Vent

Scason. Grazing

Computer Run ID: OX )

Assuned Ground Release 601-4
Jiince w0 | ‘Depletea Distance to i Denleted INeares(Site Deplcied

e .Tigarest : .): 03 l' )(,'QJ | DS Ncarest Veg. XQ 3 X-’Q3 Df%) |! Boundary X/Q ; X/QJ D.(g

<.recsien | Ricideace(m) (sec/w.?) isec/m) (m~?) } Garden (n) (sec/m ) sec/m?) | (m-2) ' (m) (sec’m”) 1(sec/m7) | (m-?)
N 1710 54. 2E-06 N/A 2. 4E-08 12,400 6. 4E-08 N/A 2.2E-10i] 610 2.3E-05 N/A 1. 4E-07
NNE 940 ll.GE-OS 6. 7E-08 8850 1. 8E-07 4.3E-IOE 71 2.4E-035 t. OE-07
NE 1170 1.1E-05 4.0E-08 - 2.0E-07 Q.ZE-IO‘A 9517 1.4E-05 5.3E.08
ENE 1780 6. TE-06 2.5E-08 - 2. GE-07 5. 6E - IOi 1500 8. 1E-06 3. 5E-08
E 1340 1. 2E-05 4. 7E-08 - 3. 0E-07 B.JE-IO‘ 914 2.2E-05 8.2E-08
ESE 1040 . |1. GE-0S 6.9E-08 - 2.7E-07 . 4E- 10! 914 2.0E-05 8. 4E-08
SE 890 3.0E-05 1. 0E-07 - 4.2E.07 7.SE~|0‘ 31 4.1E-05 1.4E-07
33 1150 1.4E-05 3.6e-08{ 2570 3.0E-06 5.8E-09]} 625 3.5E-05 1.0E-07
S 23180 ll.SE-OG 3.4E-09; 7080 1. 4E-07 2.2E-|0‘ 610 1.6E-05 P.0E~08
g3wW 2350 la. 9E-07 2. n:-ogl' 4510, 7560 |1. 7E-07 3. Js.ml 625 9. JE-06 2.9E. 08
sw 2710 l8. 2£-07 2. BE-09 - 8. GE-08 Q. IE-IO' 1 1. OE-0§ L 1E-08
\WSw 6250 1. 2E-07 1. 1E- lOf 9170 6. 3E-08 3. 4E-10l 1000 6. 1E-06 5. 1FE-08
W 7160 1. JE-07 5. 95-’0. - 1LIE-07 4.9E-10: 1060 8. OE-06 b. 6E-08
w\wv 5180 1. BE-07 9. 3E- 10 - f. SE-08 1. 9E-10{{ 838 . JE-06 5. 9E-08
\w 7580. 1. 1E-0% 4. 1E- 10 9650 7. 8E-08 2.6E-10|] 646 1.5£.05 1.0E-07
N\w 2680 1. 4E-08 6.0E-09 - 1. 4E-07 4. 4E-10yf 610 2.2E-05 1.2E-07
NOTE: o K/A indicates that diffusion Information for this ran was nol used in dose calculations lor receptors in Ihis

s (-)indicates receptor distance Is greater than 8000m, diffusion values given are for BO0Om.

column,




Figure 1. 1-1
Oyster Creek Wind Roses
1966

400 ft

|

1.49 percent calms

\.

A  WIND SPEED LESS THAN 3.5 mph

WIND SPEED 1.LESS THAN 7.5 mph
x WIND SPEFED LESS T1HIAN 12,5 mph
O  WINDSPEED LESS THAN 999 0 mph

.36 percent calms



Figure 1. 1-2
Oyster Creek Wind Roses
1967
A ]
5 ft 400 1t
- " L}

WIND SPEED LESS THAN 3.5 mph
WIND SPEED LESS THAN 7 5 miph , 1.51 percent calms
WIND SPEED L.ESS THAN 12,5 wph - ‘

3. 83 percent calms
WIND SIPEED LESS TIIAN 999. 0 mph

o

[]

x
o]
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Figure 1. 1-
Oyster Creek Wind Roses

1968

5 1t 400 ft

WIND SPEED LESS THAN 3.5 mph -
WIND SPEED LESS THAN 7.5 mph ' . 1.52 percent calm:
WIND SIPEED LESS THAN 12.5 mph
WIND SPEED 1L.ESS THAN 9990 wnph

1.7 percent calms

O » +



Figure 1. 1-4
Oyster Creck Wind Roses
1969

T 1t

WIND SPEED LESS THAN 3.5 mph
¢ WINDSPEED LESS TUAN 1.5 mph
x WIND SPEED LESS TIIAN 12,5 mph

6 pe rcent (‘.:\lms' O  WIND SIPEED LESS THAN 999. 0 mph



Figure 1. 1. _
Oyster Creek Wind Roses
1970

75 1t 400 ft

WIND SPEED LESS THAN 3.5 mph
WIND SPEED LFESS THAN 7.5 mph
WIND SPEED LESS THAN 12.5 mph
WIND SPEED 1.ESS TIAN 999, 0 mph

. T percent calins .

O u « p

0.0 percent calms



Figure 1. 1-6
Oyster Creek Wind Roses
1971

75 1t

A WIND SPEED LFSS THAN 1.5 mph .1 percent catims

1.8 percent calins - : 4+ WINDSPEED LESS THAN 1.5 mph
b WIND SPEFD LESS THAN 12.5 mph
NN CHEEN T FCS THAN 999 0 mph



Figure 1.
Oyster Creek Winu Roses
1972

5 1t 400 ft

WIND SPPEED LESS THAN 3.5 mph
$S THAN 1.5 mph
WIND STERD L " " - .2 percent calms
WIND SPEED LFSS THAN 12,5 mph
WIND SIPEED 1.ESS THAN 959_0 mph

1.0 percent calms

QO m + D




Figure 1. 1-8
Oyster Creek Wind Roses
1973

15
ft 400 1t

1.49 percent calms -
: 6  WIND SIPEED LESS THAN 3.5 mph

WIND SPEED 1LESS THAN 7.5 mph : 2 percent cal
. b : atms

WIND STEFD 1.ESS THAN 12,5 mph

........... N ECE THAN 060 0 miph

>
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Figure 9
Oyster Creek Wind Roses
1974

7? ft 400 ft

WIND SPEED LESS THAN 3.5 mph
WIND SPEED LESS THAN 1.5 mph
WIND SPEED LESS THAN 12,5 mph .3 perccnt calms
WIND SPEED 1LESS TH1AN 999.0 mph

1.2 percent calms

O m -



Figure 1. 1-10
Oyster Creek Wind Roses
1975

75 ft 400 ft

& WIND SPEED LESS THAN 3.5 mph

. . . WIND SPEED LFSS THAN 1.5 mph

1.2 percent calms . .
] WIND SIPEED LFSS THAN 12.5 mph

.95 percent calms
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“N812 ADMIRALS WAY REFER ree-s003 37

POTOMACGC. MARYLANO 20834
MAILING ACDRESS RICHARD ©. EATON.P.E. £ I = 2 2Y4

P O 80X 148 CONSULTING ENGINEER
ROCKVILLE, MARY LAND 20050

April 27, 197

Subject:
W.0. 2700-03
Jersey Central Power & Light Cowpany
Forked River Nuclear Station-Unit 1
Report on Probable Maximum Hurricane
Flood Level

Mr. R. P. Giloth, Project Manager"
Buzrns and Roe, Inc.

700 Kinderkamack Road

Oradell, New Jersey 07649

Dear Mr., Giloth:

In response to your letter April 16, 1970, we have elected to completely
rewrite our earlier report on the above subject. Because of our now rather
long experience in debating this general subject with AEC Consultants we have
fallen into the habit of analyzing and writing more for their perusal than
that of our clients who are perhaps not as likely to be familiar either with
terminology or the basis of reasoning with which the numbers we propose are
supported.

We have done our best to rectify this in the new version of our report.
If anything remains unclear please inform me and we will do what we can to pro-
vide additional clarification.

It will doubtless be evident to you, as well as to other reviewers, that a
substantial factor in the validity of our analysis is the extent of overtopping
which will occur over the barrier beach at the maximum water stage on the open
coast, While the report by my Associate could be interpreted to imply that our
reasoning is based upon experience along the Florida coasts (both Atlantic and
Gulf), I must explain that our reasoning applies also to careful analyses which
I have made over many years of storm overtopping of the barrier beaches of the
Carolinas, Virginia, Maryland, New Jersey and New York.

In all of my experience in the studies which could be made on the basis of
data available I have reached a firm conclusion that the overtopping which occurs
at the extreme height of ocean level, while it creates small fissures through the
beach, does not produce major breaches. These occur when the transit of the
storm produces a rapid lowering of ocean sea level and impounded bay waters,
seeking exit under substantial head, scour new channels through the beach. This
is amply born out by such data as have been obtained after storms and by elder
fishermen on the Carolina Banks who are quite astute observers of coastal
phenomena.




What I have said above is simply in support of our method of analysis
of extreme tidal flooding conditions. I believe that we have been sound and
properly conservative and we would be pleased to defend the numbers we have
presented if need should arise,

Also enclosed are instructions for correcting exhibits previously sub-
mitted which your draftsmen will find quite easy to follow. We are submitting
a revised version of the 1/250 year event which will presumably be used for
non-critical plant elements and for construction planning. We regret this but
it appeared to be the simplest procedure.

ichard O, Eaton, P.E.
Consulting Engineer

ROE:w
Encls. Revised Report-TEH-4/25/70
Exhibits Instructions
Hurricane Tide Estimate;1/250 year event

ce Mr.J.V.Neely,JCP&L w/out enclosures



FOREWARD

DEFINITIUN OF A PROBABLE MAXIMUM HURRICANE

This report postulates an occurrence of a probable maximum hurricane
at the rorked River Unit 1 Nuclear Power Flant and stioulates a set
of conditions associated with its occurrence which, in combination,
is considered to be critical and will result in a prooable maxiwum
hurricane surge elevation., The definition of that storm, a3s containe-
ed in Appendix A - Glossary of Terms, of the U.S. Army Coastal
cngineering Research Center Technical Report No, L, is as follows:

PROBABLE MAXIMUM HURRICANE - "A hypo-hurricane that might re-

sult from the most severe combination of hurricane parameters
that is considered reasonably possible in the region involved,
if the hurricane should approach the point under study along
a critical path and at optimum rate of movement."
tach of the basic parameters defining the cnaracteristics of a
probable maximum hurricane, and its derivation is contained in U.S.
Department of Commerce, ESSA, Weather Bureau, Memorandum HUR 7-97A.
A definition and/or description of each of those basic parameters,
as contained in those reports is as follows:

CSNTHAL PRESSURE INDEX (CPI) - The central pressure index (po) is

the minimum surface pressure in the eye (approximate center) of a
particular hurricane. For the probable maximum hurricane the CPI
was determined on a probability basis to represent a minimum

pressure in each of various zones along the Atlantic and Gulf coasts



having a return frequency of near 1 in 1,000 years.

PERIPH=RAL PEESSURE (pp) - The peripheral pressure in a probable

maximum hurricane is the surface pressure at the outer limits of
the hurricane where the hurricane circulation ends, It is, in
effect, a "real" pressure normally found in the peripnery of s
hurricane where the cyclonic isobars give way to straight or anti-
cyclonic isobars,

ASYMPTUTIC PRESSURL (pm) ~ The asymptotic pressure of a prodbable

maximum hurricane is a parameter for defining the intensity of the
pressure gradient and wind in the inner portion of the storm and,
as such, has no real physical counterpart in the pressure field of
the storm, The asymptotic pressure is a theoretical pressure at
"infinite distance™ and can exceed the peripheral pressurs by a
considerable margin,

RADIUS UF MAXIMUM WINDS (R) - The radius of maximum winds in all

hurricanes is the distance from the eye of the storm, where surface
wind velocities are zero, to the locus of maximm surface wind velo-

cities,
FURWARD SPEED (T) - The forward speed of the murricane is the rate

of forward movement of the eye (center) usually averaged over several
hours.

MAXIMUM WIND (Vx) - The absolute highest surface wind speed in the

zone of maximum winds occurring at a 30 foot level above the surface
of the water and averaged over s l0-minute period generally defines
the term Vx. Its derivation is mataematical based on the equation

Vx = 0.365 Vgx + 0.5T, where Vgyx is the maximum gradient wind in

it



the storm as defined by the pressure gradient and other meteoro=-
logical considerations,

ISOVEL PATTERN - The isovel or wind patiern in a hurricane is a

graphical representation of the 30-foot overwater wind speeds at
a particular instant. Wind directions are indicated thereon by
arrows or deflection angles. Standard procedures are used for de-

riving an isovel pattern, as contained in HUR 7-97.
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DETZRMINATION OF P.M,H., FLOUD HEIGHT

FOR FORKED RIVER UNIT 1 NUCLEAR POW:R PLANT

BARNEGAT BAY, NEW JERSEY

HISTQRIC STORMS AND TIDES

Storm Occurrence and Characteristics

Historic accounts of early hurricanes affecting the New Jersey-

New York area date back to the 17th Century, &garly chronologies

of tidal flooding from such extreme events have been reported in
References 1 and 2 in some detail, From the latter report it is
noted that at least 80 tropical hurricanes or their remmants have
affected the cosstal area of New Jersey in the 75 year period

since 1389. In recent years, some of the more severe storms to

have passed over or near the area, whose paths asre shown in

Reference 3, have been hurricanes "hHazel" in October, 195L, "Connie"
and 'Diane" in August, 1955, and "Donna" in Septamber 1960. The

"Great Atlantic Hurricane" of Septenber, 15LlL passed directly over

the New Jersey shoreline in its northward movement. The relative
storm frequency for the area, noted in Table 1 of Reference L, is
roughly one occurrence every 1.3 years. In general, record hurricanes
passing over the general study area have had central pressures of
from 27.3 to 28.5 inches and peak wind speeds over the ocean approach-
ing 100 mph, The forward speed of the .1ore severe hurricanes, follow-
ing recurvature in the middle laﬁitudes, has ranged from 15 to

LO imots., Northeast storms also affect the area, the most severe



in recent years has been the March, 1962 Northeaster which lasted

for several days and resulted in a recorded high tide of 7,20 ft, MSL
at Atlantic City, New Jersey. Numerous accounts of that storm, its
tides, and the resulting beach erosion and tidal damage have been re-

ported,

TIDES AND STORM SURG:S

Nornal Tides in Barnegat Bay are semidiurnal having two highs and
lows roughly every 23§ hours, witn a higher high and lower low as a
daily occurrence. Information contained in Reference 5 shows normal
and spring tide ranges at Barmegat Inlet along the oceanfront and at
various locations in Barmegat Bay. Data for Barnegat Inlet, Oyster
Creeik Chanmnel (off Sedge 1) and for Waretown (1.5 miles south of
Oyster Creek mouth) are given below:

Mean Range (ft.) Spring Range (ft.) MIL

Barnegat Inlet 3.1 3.8 1.5
Oyster Creek Channel 0.6 0.7 0.3
Yaretown 0.6 0.7 0.3

The time difference between the occurrence of high water at Sandy Hook
and Waretown gage is +2 hours snd 33 minutes; between low wster occur-
rence it is +2 hours and L9 minutes.

Storm Surges and Extreme High Tides. The March 1962 Northeaster
generated the highest tide ever recorded along the beachfromt of
Barnegat Bay, 7¢ ft. MSL, higher than that observed during passage

of the more severe hurricanes of record. Recorded tide data for
Barnegat Inlet gage, or gages in Barnegat Bay, were not available

to the writer, however, some indication of the peak tides observed



at Atlantic City, New Jersey can be found in References 3 and i,
In general, it appears that surges on the order of 2 to 3 feet have
been about the highest observed at that station., This would be
correct inasmuch as most of the major hurricanes have passed inland
of the New Jersey areas, hsve lost intensity rapidly and have not

occurred on the most critical path for tidal surge generation.

PROBABLE MAXIMUM HURRICANE

General

Detailed analyses have been made, as described below, of the height

of flooding to be expected at the Forked River Unit 1 Nuclear Power
Plant site during sn occurrence of the Probable Maximum Hurricane,
Basic parameters defining that hurricane were selected from Refer-
ence 6, ESSA Memorandum HUR 7-97, The effect of alternate forward
speeds of storm movemsnt on the generation and magnitude of peak
hurricane tide in the ocean at store was evaluated; the occurrence

of that storm was on the most critical path for tide generation and
with concurrence of peak hurricane tide and spring astronomical tide;
procedures used for hourly hurricane surge cormputations were those
given in CERC Technical Report No L, Reference 7; estimates of tidal
overflow of the beach island and tidal inflow to Barmegat Bay were
made to establish the resultant bay elevation; the effect of additional
wind setup in the bay was calculated; simultaneous occurrence of rain-
fall and runoff associated with the storm was evaluated as to their
effects on flood level at the plant site; a routing of tidal inflows

into the plant intake and discharge channels was included and, an



estimate made of associated wave action to be expected in those

channels, The results of those studies are given below,

PROBABLE MAXIMUM HURRICANE PARAMETERS

Selection of the basic parameters defining the probable maximum
hurricane for the Forked River srea was made from Table 1 of ESSA
Memorandum HUR 7-97. Those parameters are as follows:
a. C.r.I. (po). The latitude of the plant site is spproxim-
ately 39° and L9' N.; that at the point of entry (landfall)
selected for this hurricsne is 39° 10' N. Interpolation of
C.P.I. values for latitudes 399 and 4O0° from Table 1 of the
reference memorandum results in a C.P.I. value of 27,10 inches.

b. Radius of maximumm winds (R). Table 1 of ref. Memo. HUR 7-97

lists three possible radii for each C.P.I. ..... RS, RM, and RL.

For latitude 39° N, the values given range from 7 to 39 nautical
miles. A moderately large-radius storm is required in order to

have sufficient horizontal extent of peak hurricane tide along
the coastal reach opposite Barnegst Bay. A storm radius

R of 30 nsutical miles (3L.50 statute miles) was therefore select-
ed ss being reasonable for that purpose,

c. Asymptotic pressure (pm). Clarification and definitioa of

the asymptotic pressure associated with the P.M.H., as derived
on Figure 6 of ref. Memo, HUR 7-97, was contained in a memorandum
to the Corps of Engineers dated December 3, 1968, Reference 8,
In accordance with that memorandum and ref, Figure 6, the value

of the asymptotic pressure pm for the P.M.H. st latitude 39° is



30.70 inches. A peripheral pressure, pn, of 30.08 inches

was selected to define the P.M.H. pressure at the outer limits
of the storm where hurricane circulation ends, Use of that
pressure and the C.F.I. valus of 27.10 inches was used to de-
fine the maximum pressure effect at or near thes center of the
storn.

d, Maximum wind speed - Vx, Table 1 of Memo, HUR 797

shows a maximum gradient wind speed of 13L rph and a maximmn
10-minute average 30 ft.-overwater wind speed on the order of
120 mph. Those values are for a stationary stom; for a mov-
ing storm half the forward speed must be added to the latter
value to obtain the maximm wind at radius R,

e. Forward speed of the storm - T, The speed of translation

affects the shape and duration of the resulting stom surge
hydrograph at the coast, as well as the maxismum intensity of

the storm and the peak tide height. For fast moving storms

a slightly higher surge beight will result but for a much
briefer duration of time, Also, a rapid shift in wind direc-
tion can occur during passage of such storms which, in turn,

can affect the tide buildup potential at a givem location, An
evaluation of the importance of forward speed with respect to
tidal flood conditions at the plant site wss therefore necessary,
Table 1 of Memo, HUR 7-97 lists alternate forward speeds possible
of use, ST, fﬂ', and HT, Values of 11, 20, and L9 knots were
selected; conditions related to the use of each of those speeds

wers evaluated for applicability and maximum effect in the



analysis to determine tke cr:ticsal burricane speed:surge rela-
tionship,

f. Path. In order to generate critical tides along the open
coast the path of the hurricane was selected so that the wind
direction of the maximum isovel would be oriented normal to the
of fshore depth contours and to shore, The stom would approach
the New Jersey coastline from the southeast on an azimuth of
about 135° from North, The storm center would pass inland some
36 statute miles south of Forked River, as shown on Exhibit 1,

g. Parametric relationships describing the staticnary stom in

terms of a wind speed profile, the pressure profile within the
area of hurricane circulation, the probable pressure effect pro-
file, and basic data used in constructing isovel patterns for
the hurricane were derived using a computer program developed
and employed by personnel of the Jacksonville District, Corps
of Engineers, and run an a G.E. 415 Computer. The output of
that program for the three alternate speeds of translation is

. given on Exhibit 2 through 6. Methods used conform to those
presented in Memo, HUR 7-97. GUraphical presentation of the over-
water wind profile for the stationary storm csn be seen on
Exhibit 7; the pressure and pressure effect profiles are shown
on Exhibit 8,

HURRICANE TIDE COMPUTATIONS

GCeneral, The problem of accurately predicting the height of tide to
be expected at the plant site can be divided into two basic aress of




concern:

1. Those factors which affect the peak open-coast surge, and

2. Those which affect the peak bay tide elevation at the plant

site,

With regard to the former, they can best be described aé:

a., Storm intensity.

b. Forward speed.

c. Path,

d. Offshore depth configuration.

e. Coincidence with normal high (or spring) tide.

f. Added wave and pressure effects.
Evaluation of those factors can be accomplished with a high degree
of accuracy. Factors affecting bay tide elevation are primerily a
function of the amount and duratiom of tidal overflow of the beach
island, of tidal inflow through the inlet contributing to the main
water level of the bgy, hurricane rainfall and runoff, and the ex-
tent of wind setup across the bay to include any local wave effects,
The occurrence and magnitude of wind setup across the bay is also a
function of the svailable fetch length, plus the requirement that
fairly unidirectional winds sre maintained over the fetch to permit
a steady state setup condition to occur cn the mainland shore, In
evaluating those factors consideration must be given to the follow-
ing:

a. The shape of the coastal wind-tide hydrograph inasmuch as

it affects the duration of wave and tide attack,



b, The peak value of the hurricane surge, with respect to the
beach island profile.
c. The configuration and topography of the coastal beach island
witn respect to beight and lateral extent of the dune, the
presence or absence of urban development, roads, and the like
which would obstruct erosion and tidal overflow.
d. Thes area of Barnegat Inlet and the extent and degree of sub-
sequent erosion during tidal inflow,
e, The creation of secondary small inlets resulting from coastal
breakthrough of the low areas along the beach island,
While some of the sbove noted factors are predictable and subject to
accurate definition and resolution, a highly accurate determination
of others would require detailed field study with possible corrobora-
tive model tests. Perhaps the most critical factor affecting and,
to a large extent, controlling the predicted peak hurricsne tide eleva-
tion at tne plant site is the condition of dune erosion with time
during hurricane passage and the consequent extent and volume of tidal
overflow, Recognition must also be given to the probability of
physical changes that will most assuredly occur along the beech island,
not only with respect to developmsnt, but also with regard to the con-
sequences of those changes on any basic assumptions made in this analysis.
Those assumptions must necessarily be "reasonable™ in that they should
reflect the extent and scope of available knowledge, particulsrly with

regard to beach erosion as observed in past events of this nature,

Procedures., The following is a discussion and description of the



procedures used in this analysis with regard to the P.M.H. tide

computations,
a. Hurricane tide computations. The procedures used t_o com-
pute the peak surge and shape of the surge hydrograph at the
open coast are those described in CERC Tectmical Report No.k.
Surge heights were determined at hourly intervals using Formula
1-65 from that report, Offshore depth profiles were obta:l.ned.
and averaged from U.S.C.& G.S. Map No. 1108, The critical fetches
for tide gensration were selected and gemerally paralleled the
path of approach of the stom in the area of highest winds,
Computations were made for both slow and high speeds of trans-
lation to define the extrems range in peak tide and the shape
of the tide hydrograph along the open coast for each event,
Changes in pressure effect were added to the offshore depth
with change in fetch length, One foot of wave effect was added
at shore to the hourly surge height. The resulting hydrographs
are shown on Exhibit 9 together with the spring tide hydro-
graphs for ocean and bay., Peak values are 21.2 v, MW
(20,06 ft., MSL) for the high speed storm and 18,25 ft. MLW
(16,75 ft. MSL) for the slow speed storm, The difference in

peak tide heights is 3.31 feet., However, the difference in the
shape of the resulting hydrographs is even more significant

as is indicated by the tide-duration c¢urves showm on Exhibit 10,
As can be seen from that exhibit not only is the duration of
tide for the slow moving storm, at sll elevations except above
18 feet MLW, approximately two to three times that of the high



speed storm but alsoc the height of tide exceeds that of the
high speed storm by as much as 10 feet for nearly two hours,

Of even greater importance however is the fact that a rapid
shift in wind direction will occur in the high speed storm
immediately following its landfall, Wind directions will shift
from an easterly component across the bay at the time of peak
ocean tide to southerly, thus precluding sufficient time for a
steady-state surge condition to be fully developed across the
bay. It is therefore concluded that a slow moving storm with a

forward speed on ths order of 13 to possibly 20 mph generat

a peak surge height of from 18 to 19+ feet MLW at the open
coast represents the most critical P.M.H. condition for the area,

b, Tidal overflow and inflow computations. (1) Basic Dats.

Available U.S.G.S. quad sheets for the area wers used to plot

a beach profile for the reach between Manahawkin Bridge on

the south and Thomas Mathis Bridge on the north. Those were
considered to be the limits of the bay (and beach) area
affected by tidal overflow and inflow, The total reach length
is 22 statute miles. Dune elevation was plotted against accu-
mulated distance, or length, to obtain basic relationship for
use in detarmining tidal overflow, Curves were established for
the reaches between Manahawkin Bridge and the south side of thse
inlet, from the north side of the inlet to Thomas Mathis Bridge
and for the total reach encompassed by those two reaches. Those

relations are shown on Exhibit 11, Cross sectians of the beach
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island were also plotted by l-mile average reaches to obtain an
indication of the width of beach area at certain elevations for
use in evaluation of‘ the probable rate of erosion with both

time and increase in tide height at shore. An area-volume rela-
tion was determined for Barnegat Bay between the two bay bridges
uiing available U.S.G.S. quad sheets and navigation maps, The
area-capacity relation was extended inland to the 20 ft., MLW
contour. Those relations are shown on Exhibit 12, The cross-
sectional area of Barnegat Inlet was also obtained by averag-
ing several limiting sections to arrive at a ™asic" area-
elevation relation, That relation is shown on Exhibit 13, Also
shown on that exhibit is the total accumulative area-elevation
relation that was assumed to exist during storm occurrence as a
result of beach erosion at the inlet and from the creation of
small secandary inlets (breskthroughs in the beach island) which
would add to the total available inlet area with time, As shown
on that exhibit the existing inlet area at elevation 8 feet MSL
would be assumed to increase from 24,000 ft.2 to a maximum of
97,000 ft.2 when the ocean tide reaches elevation 17 ft. MSL.
(2) Erosiom, breakthrough, and overflow assumptions, The
assunptions made regarding the time - history and extent of
erosion and subsequent overflow to Barmegat Bay are probably

the most significant part of this entire analysis, Available
information, including personal observations of beach erosion

in major hurricanes affecting similar beach and shore installa-

tions in the Florida area provided some knowledge of the time

11



sequence of erosion and resultant effects, Wave action in ad-
vance of actuni stora passage attacks coastal beaches in vary-
ing degrees depending on both offshore and onshore beach slopes,
the proximity ( or existance) of dunes, type of underlying mater-
ial, wave characteristics, and otaer factors. As tne hurricane
tide at shore rises, tne area of beachfront exposed to wave
attack and possible overtopping increases with elevation. The
horizontal extent of beach erosion can vary; in major hurricanes
sane 10 to 20 feet horizantal loss of beach has been observed.
In long-duration northeast storns, which occur in late winter
and early spring, tide heights do not approach the maximum vslues
observed in hurricanes; however, the repeated occurrence of four
to five mucheabove-normal tides plus abnormally high seas and
wave action has caused horizontal erosion of beachfront areas

of as much as 50 to 100 feet. Such storms also have associated
severe wave action lasting from 36 to L8 hours and longer. The
March 1962 Northeaster had S successive high tides witn wave
action of nearly &0 hours duration, From Exhioits § and 10 the
tide hydrograph of the slow moving storm (considered applica-
ble for the P.M.H.) and the tide-duration curve indicate that
thes beach island fronting the plant site will be subject to
Joint tide and wave attack for about a 6 to 8 hour period,
Exhibit 11 indicates that some 5,000 feet of beachfront is

at or below elevation 10 ft. MSL and about 18,000 feet is at

or below 15 feet MSL, The duration of tide height above 10 ft.

MSL, as shown on Exhibit 10, is approximately L hours; that

12



above 15 ft. MSL is about 2+ hours, Based on those data and

the general width of dune and beach in the area an erosion

rate of 1 foot per hour vertically was postulated, beginning

at time T.§ for beach areas at or below elevation & ft, MLW,

For those areas the maximum erosion depth in the total storm
would be on the order of a 7-foot vertical reduction, Comparable
hourly rates were assumed to occur witn increase in beach eleva-
tion and with hourly increase in tide height at shore, In this
manner a final "eroded" profile relation was established, as
shown on Exhibit 11, which was assumed to exist at time T+]1 hours,
The progressive hourly changes in beach elevation provided a
basis for computation of hourly overflow volumes ( as described
later in this report). The total inlet area relation shown on
Exhibit 13 was based on an estimated total 7,500 linear feet of
breakthrough of the beach, occurring at about 7 locations within
the 2-mile reach south of the inlet and in the first 1% miles
north of the inlet, A total erosion depth of about 10+ feet was
assumed to occur in those specific locations, down to about mean
low water. This assumption depends in large measure on the type
of material underlying the beach, ie., whether entirely sand or
composed of limerock or some other non-erodable material, In
view of this unknown the assumption is considered to be extreme,

(3) Overflow and inflow computations, These computations were

made simultanecusly to cvaluat§ hourly changes in bay volume
and stage. Hourly computations of the volume of overflow of

the beach island were based on a series of hourly erosion pro-
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files which were related to tide elevation and were planinetered
to obtain a "mean” depth and area of overflow. Mannings formula
for turbulent flow in opem channels was used to compute tidal
overflow of the constantly changing beach profile. As such the
flow is non-uniform through the various cuts and troughs which
comprise the eroding sections along the reach of beachfroant con-

sidered,

where

Q= av - LelB82/3,1/2

discharge in cubic feet per second

hourly area of overflow in square feet

flow velocity in feet per second

bydraulic radius, assumed to be equal to ths mean hourly

depth of overflow,

s = water surface slope, estimated as the hourly average head
across a 1,000 foot width of beach

n = roughness coefficient, assumed as 0,03 which is noted on

page 7-17 of King's Handbook of Hydraulics as applicable

for natural stream channels, with no rifts or deep pools,

but containing some obstructions such as stones,

"o << O
a8 00

The maximum hourly overflow rate of 1,775,000 cfs was reached

in the hour T.l1 to To. The maximum average hourly velocity,
based on slope, was 12,25 feat per second and occurred in the
period T.2 to T.l. The total volume comtribution to the bay
from tidal overflow would be 05,074 acre feet. The orifice
formula was used to compute inflow., As defined in King's
Handbook of Hydraulics, an orifice is an opening with a closed
perimeter and of regular form through which water flows, The
movement of tidal inflow through 3arnegat Inlet during the P.M.H.

under both relatively high head conditions and ths influence of

1L



winds in excess of 120 mph was considered best'repmsentod

bhydraulically ss flow through an orifice. That formula is:
Q = CA 4 2gh where

discharge in cubic feet per seceand

empirical constant (used 0,64 based on similar computa-
tions made by the Jacksonville District, Corps of Engineers
in design hurricane-protection studies)

inlet area (from Exhibit 13)

gravitational constant (32,186)

h = average hourly head across the inlet,

Qo
s 0

m >
a

The maximum hourly inflow rate through Barnegat Inlet and the
various breakthroughs was computed to bevl,OS0,000 cfs in the
period T.1 to To. The maximum hourly average velocity was

16,2 feet per second from T.2 to T.1. The total volume contri-
bution to the bay from tidal inflow would be 310,010 acre feet,
meking a grand total volume of 765,084 acre feet added to the
bay. Craphs of the hourly inflow, overflow, and total volume
added to the bay are shown on Exhibit li, The rise in mean hour-
ly bay level (stage) from that inflow can be seen on Exhibit 1S5,
The peak stage reached in the bay would be 15,8 ft. MLW, and
would occur at time T.j hours,

c, Hurricane rainfall, As noted on page 7 of U.S.W.B. Technical

Paper No. L8, Reference 9 --- "hurricanes may dump as much as
12 inches of rainfall in 24 hours over large sreas and even more
over areas of a few square miles", In general, the amount of
rain resulting from any given storm is g function of severasl
factors --- the moisture coatant of the stormm and influence of

surrounding sir masses, its path, ie., whether over relatively
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{flat terrain or mountainous areas, where the effect of oro-
graphic lifting can result in torrential and widespread down-
pours, and other meteorologic conditions, Examination of
rainfall records associated with the passage of intense hurri-
canes over or near the northeastern seaboard indicates that
rainfall distribution in those storms has been light along the
coast, with heavier amounts noted inland due to rise in topo-
graphy. The heaviest reinfall has been found to occur in the
area slightly ahead of the center, this being the area of
maximum moisture inflow and convergence, and that most affected
by orographic lifting. For the P.M.H. a total pre-peak tide
rainfall is postulated, ranging from 3 inches along the coast
over the Barnegat Bay area, to a maximum 12 inches some 25 to

30 miles inland. The total contribution of storm rainfall over
Barnegat Bay (0.25 ft.) within a 2L-hour period prior to peak
tide occurrence in the bay would be small in terms of its
normal average depth, and even smaller with respect to the added
volume of tidal inflow and overflow noted above,

d. Runoff. Little or no contribution to the bay from upland
ranoff from such streams as Toms River, Cedar Creek, Forked River,
Oyster Creek, Cuming River, or Msnahawkin Creek is expected

at the time of peak bay tide occurrence because of the normal

3 to 6 hour lag between rainfall occurrence and the time of
concentration in peak runoff from those watersheds, In this re-
gard it has been observed that the effect of hurricane winds

plus high water levels in coastal bays and rivers can and has
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delayed or caused a further lag in the time of occurrence of
peak runoff owing to reversals in slope upstreanm,

e. Barnegat Say wind set-up computations. During the period

of P.M.H., surge occurrence slong the oceanfront the water level
in Barnegat Bay will bave risen up to a peak at time T.3., At
that time peak hurricene winds are directed across the east-
west axis of the bay causing an additional rise in water level
along the mainland shore from wind and wave setup., Following
passage of thes hurricane center inland wind directions gracdually
begin to shift to the southeast, For the available L to S miles
of fetch distance across the bay a minimum duration of at least
% hour is considered necessary for average winds to be effective
in creating a theoretical "steady-state” setup condition along
shore. Accordingly, a mean % hourly bay level of 15.35 ft. MLW
(from time T+d to T+1) was used to compute the additional bay

tide. The formula

S e A\Ts L N
¥D
was used to compute the slope S, in feet per mile, across the
bay. After several successive spproximations a node line was
established and setup and setdown computations were made. The
water ares in the vicinity of the beach island will "setdown"
because of the shallower water depths, A half-hourly average
wind speed of 120 mph was used, based on a 8light reduction in

storm winds due to the effect of overland friction and normal
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storm filling following landfall. A geographical sketch of

conditions used in the computation can be seen on exhibit 16,
The peak computed tide elevation at snore, including the
efiects of wind, rasinfall, and wave action, was determined to

be 19.83 ft, MLW 512.5 ft, ) That tide elevation is con-

sidered spplicsble at the plant site,

f. Wave runup at the plant site. 1. General. Location of

the plant site is approximately 1% miles inland from the western
shore of Barnegat Bay and sbout 2,000 feet east of Highway 9.
Topographic data for the srea fronting the plant site was taken
from Topographic Survey "Baywood Farms" dated Janmuary 23, 1970,
sheets 1 through 7, prepared for Jersey Central Power and Light
Company. Those data supplement the U.S5.G.S. Quadrangle Sheet-
Forked River, N,J. 1953, a portion of which is reproduced on
Exhibit 17 with the plant site location indicated thereon. Four
ground profiles for the area fronting the plant site are shown
on Exhibit 18, one extending north-south along the base of the
plant fil1l and three east-west profiles bracketing the wave
approach area to the plant site,

2, Wave heights in Barnegat Bay. Evaluation of wave generation
conditions in the bay was based on an available east-west fetch
length across the bay of approximately 3.5 statue miles, an
average beach-mainland depth under the wind tide profile (Exhibit
16) of spproximstely 18 feet, and an average wind speed from the
east-southeast of 120 mph., Wave height and period were obtained

with the above data from Figures 1-35 and 1-36 (extended for wind
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speed) of ETL-111C-2-8, dsted 1 August 1966, interpolated for
an average depth of 18 feet., From those curves a wave height

Hs = 8 to 8.5 feet and wave period T = 7 secands were cbtained.

3. VWave heights and characteristics in the vicinity of the plant

site will be a function of available depth of water some distance
sastward of the plant embankment, Water depth decreases progres-
sively with distance inland from the mainland shore, The higher
waves will break on moving inland as their breaking depth is
reached, For example, an 8,5 ft. wave will break in approximate-
ly 11 feest of wster, or about 0.9 mile inland from the western
bay shore, barring the effect of any physical obstruction to its
forward progress inland, The wave height that can be sustained
without breaking in crossing the area in front of the plant site
111 and that will break on and run up the fill slope was detere
mined using the topogresphic profiles A-D shown on Exhibit 13.

If the effect of tha‘denae woods extending north-south for over
half a mile east of the plant site cen be ignored, ground eleva-
tions of 15+ to 17 feet will control the wave height reaching the
plant £ill embankment., Using an average tide elevetion of 19+ ft.
and a controlling ground elevation of 15+ ft, the maximum non-
breaking depth of water for waves reaching the embankment will be
about U4 feet. For that depth a 3.1 ft. wave will oreak (Hp =
0.78 x 4 = 3.12 ft.), indicating that the height of the wave break-
ing on the embankment will be about 3 feet,

be Wave runup on the plant embanlkment. An embankment slope of
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one vertical on 3 horizontal is planned for the bay side of the
plant sites fill, Wave runup for that siope was computed. Gener-
alized relationships between water depth, wave height, and wave
length were derived, as given below; equivaleat deep water relations
and runup criteria were obtained from Techanical Report No, L,
"Store Protection Flanning and Design" by BEB, OCE, Wave runup

and wave runup elevation (non-overtopping) for determining plant
£i1l elevation were computed for two conditions: 1, A smooth

1 on 3 embankment slope, and 2. A rubble (riprap) coated 1 on

3 embankment slope. Determinate data for each are as follows:

General d = db = L feet Hs = Ho = 3 feet
T = 7 seconds L = 5.12T2 = 251 feet
d/L = L4/251 = 0,019  d/L, = 0.00160
H/HY = 2,238 HY = 1.35 a
HY/T = 0,0276 d/HY = 2,96
Condition 1 = Smooth 1 on 3 slope: (Figure 3-2)
Cot a = 3,08 d/Hs = 3
R/HY = 3.9 R = 5.3 feet

(Correction for Model Scale Effect - Fig. 3-11 = 12%)

Rcorr. - 509 feet
Runup elevatiom = 19.5 + 5,9 = 25,k £+, MSL

Condition 2 - Rubble 1 om 3 slope: (Figure 3-12)
Cot a = 3,08 d/Hy = 3
R/HY = 0.96 R =1.3 feet

IRcorr. = 1,47, say 1.5 feet

Runup elevation = 19.5 + 1.5 = 21.C ft, MSL
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PROBABILITY OF OCCURRENCE

The return frequency of the probable maximum burricane has been de-
fined on a probability basis in ESSA Memorandum HUR 7-97 wherein the
frequency of C.P.I. occurrence was derived for various co;stal zones
at a 1,000-year return period. Numerous factors, botb singly and in
combination, influence and comprise the return frequency of this

storm and its associated maximum water level at the Forked River Unit 1
Nuclear Power Plant site. They include storm intensity ( central
pressure index), the selected radius of maximm wind and forward
speed, the requirement that tha4P.M.H. occur on an exact critical
path for pesk ocean surge generation, and the further requirement

that thbe time of peak storm surge occurrence at the coast coincide
with the high monthly astronomical tide level, The absence, omission,
or failure of any one or more of the above conditions and requirements
will result in a less-than-critical event tban that predicated in this
report, For example, assuming all other conditions met if the peak
storm surge occurs coincident with low astronomical tide at the ccast
the resulting peak surge elevation would be over L feet lower than
predicated, If all other conditions are met but the storm path is

to the north of the plant site the resultant surge height would be
minimal, An exact determination of the probable return frequency of
the peak P.M.H. surge elevation predicated for the plant site would
be extremely difficult at best and would have to represent the com=
posite probability of occurrence of each of the conditions and

combinations of conditions stipulated. As such it would be an
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extremely rare event with a return frequency estimated to be on

the order of once in a million years, or possibly morse.

EXTREME LOW TIDE ANALYSIS

Various factors affect and to a large extent control the valus of

the probeble minimum water level elevation, or extreme low tide con-
dition, to be expected at the intake canal of Forked River Unit 1
nuclear power plant. They are essentially as follows:

1, Hurricane wind direction, duration and intensity in a P.M.H.
occurence passing either a sufficient distance offshore or a
sufficient distance to the north of the site area so as to prevent

the buildup of tides alongshore and in Barnegat Say. Winds in the
bay area opposite the plant site must be directed toward the east

80 as to create a setdown in bay level along the western bay shore.

2. The occurrence of the storm, with applicable winds over the bay,
on a normal low astronomical tide condition in the bay.

3. The location of the plant site with respect to the principal

axis of the bay.

L. The average depth of the bay with respect to wind-tide genera-
tion and,

S. The general orientation of the bay with respect to anticipated
burricane wind direction.

An occurrence of the P.M.H. is postulated on a path generally parallel
to shore at a distﬁnce some 35 to LO statue miles offshore., Peak off-
shore winds ( corrected for offland friction) in the left rear quadrant

of the storm would be on the order of 90-95 mph (100-110 mph x 0,.89)
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over the bay. For the Forked River Unit 1 plant site tide-gener-
ating conditions in Barnegat Bay are minimal,. The available east-
west wind-tide generating fetch across the bay would be of some
3 miles maximum length. The plant site is located at or near the
nodal point for north-south tide gensration and water levels would
be affected the least under those conditimms., An assumed normal
low tide condition in the bay of 0.1 ft, MW ( 0.4 ft. MSL) would
exist in the bay coincident with the time of maximum setdown along
the western bay shore. The formuls used to compute wind setdown in
the bay within the plant intake and discharge channels is that
described in Reference 10, That formula is:
Se= L_;}%_" where
S = total setup over the respective fetch, in feet,
L = fetch distance, in feeat.
Als = tangential wind shear stress (lbu./ft.z).
X = specific weight of water (62.L lbs/ft.3),
D = average depth of water over fetch L, in feet,

N = ratio of setup to depth (after

An aversge bay bottom profile (west to east) was constructed for

a 2-mile wide bay section, showm on Exhibit 19. From that bay
profile, shown on Exhibit 20, average bay bottom elevetions were
obtained to determine sversge depths and bay volumes, The nodal
point in the bay wes eatimated initially and subsequently finalized

by a volumetxric check of setup and setdowm volumes., Outf{low from
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the bay was considersd negligible, assuming the condition of normal
low tide plus wind setup against the eastern bay shore would be act-
ing against a rising normal ocean tic;ie. condition, BSasic computations
and data all shown in tabular form on Exhibit 20. An Extreme Low

Tide elevation of -3.1 ft. MW (-3.4 ft. SL) was computed in the

bay at the intake canal.

CONCLUSIONS

Based on the sbove analysis the undersigned has drawn the following
conclusions;

1. That attainment of the maximum flood lesvel in Barnegat Bay at
the plant site is s function of the maximum volume of inflow to thse
bay.

2. That that volume is primarily dependent upon the P.M.H. tide
duration curve at the coast,

3. That a P.M.H. with a moderately slow speed of translation is
required to provide the most critical combination of conditions
for Conclusions 1 and 2.

L. That such a storm, as described above in this report, will
generate a peak tide elevation of 19,83 ft. MLW (19.5 ft, MSL

at the plant site.

S. That an added wave runup can be expected to occur on the

planned 1 on 3 embankment fronting the plant ranging from 5.9 feet

(elevation 25.4 ft, PQLZ for a smooth slope, %o 1,5 feet (elevation

21.0 ft, MSL) for a rubble {riprap) slope.
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6., That tne sxtreme Low Tide elevation to be expected in the bay

at the plant intake and discharge channels is on the order of

'3.1 ft. ml" (‘30“ fto m).
Submitted by

CZZ;EZI4C241,12?(;;22244¢,444¢4.

Theodore E. Hasussner
Hydraulic Engineer Consultant
Jacksonville, Florida

April 25, 1970
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EXHIBITS

1, P.M,Hurricane Path

2, P.M. Hurricane Parameters

3. P.M.Hurricesne Wind & Pressure Profile Data

4. P.M.Hurricane QOverwater Wind Data - Slow-speed Translation
S * n . " n . Moderate-speed Translation
6 " n n " ® . High-speed Translation
7. P.M.hurricane Overwater Wind Profile

8. P.M.durricane Pressure and Pressure iffect Profiles

9. P.M.,Hurricane & Normal Tide Hydrographs

10, P.M.Hurricesne Tide Duration Curves

11, Dune Elevation vs Distance

12, Barnegat Bay Area-Capacity Curves

13, Barnegst Inlet-Base X-Sectional Area & Total Area Relations
1k, P.M,Hurricane Inflow Hydrographs
15, P.M.Hurricane liourly Stage Graph
16. P.M.Hurricane Tide Profile across Barnegat Bay

17, Topographic May - Forked River and vicinity
18, Topograhic Profiles
19, P.M.Hurricane Wind Setup Section - Barnegat Bay

20, Extreme Low Tide Profile - Forked River Unit 1 Nuclesr Power
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PROBABLE MAXIMUM HURRICANE PARAMETERS

Fo ® 27410 inches Pq ® 32.70 inches
Pn ® 20408 inches R = 21,50 statute nmiles

ST » 13 niles per hour
il = 23 miles per hLowr
HL = S6 niles per howr

EXHIBIT 2



RASIC [NFORMATION

DISTANCE
____FROM = OVERWATER WIND J .
CoTT CENTER PROFILE PRESSURE
i 8.6 39-88 27.11
1743 76.97 __21.59 -
o 25.9 106.05 28,08
34,5 118.03 _28.42
44,5  104.61 28.76
54.5 91.80 29.01
6"05 8‘0038 29021
- 7"05 . 730"6 - 29037 -
84.5 12.22 29.49
94,5 67.05 29.60
114.5 60.78 29.176
134.5 55.50 29.89
154.5 50.77 29.98
174.5 46.48 30.05
194.5 %42.55 , 30.11
_ 214.5 38.91 - 30,17 .
234.5 . 35.51 . 30.21
-(. 254.9 32,32 ' 30.24 .




ST T T 7T T T SLOM SPEED TRANSLATION

OVERMATER WIND SPEED DATA ST T T A

ANGLES NEASURED FRON LINE OF FORWARD MOTION

oIST. 25 55 85 115 145 175 205 235 265 295 325 355

8.6 7 39.9. 743,17 45,57 46,477 45,5 T 4301 T 73909 7 736060 34.3 77 33,4 34,3 36.6

7.3  "11.0 80.2 82.6 535 82.6 80.2 17.0 3.7 V.3 1005 113 3.7

25090 1064177109037 UL 11206 111,77 7109.3 7 7 106,17 102,87 100.4 7 99.6 . '190.4  102.8
T %S T TTINEL0 T 21Ty T NZIN T 12455 123077 121,37 7118407 11408 T N12.4 11155 112.4 T 114.8

~&ATSTT04.6 T 107.9 1T0.2 IIT.T T10.2 107.9 104.6 T0T:4 99.0 96.1 0‘9’.0_ 101.4
54.5  91.8 95.1  97.4 98.3  97.4  95.1  91.8 ~ 88.6  86.2 85.3 A6.2  B88.6

T 4.5 844 87.6 90.0 90.9 90.0 3‘7".6"‘".' 84.4  81.1  78.8  T77.9 18.8  8l.l

14.5 8.5 - 8l.7 84.1  85.0 84.1 8l.7  18.5 75.2 72.8 72.0 12.8 5.2

T 84,5 T 72,2 1505 77.8 18.7  T1.8 715.5 12,2 69.0  T66.6 < 65.7  66.6  69.0

ST 94,57 T 6T.1 70.3 12.7 73.6  12.7 70.3 67T.1 63.8  61.4  060.6 6l.4  63.8

114.5 60.8 64.0 66.4 67.3 66.4 64.0 60.8 57.5 55.2 54.3 55.2 57.5

134.5 55.5 58.7 61;1 62.0 611 58.7 55.5 52.27  49.9° 49.0 " 45.9 52.2

154.5 50.8  S4.0 56.4 57.3 56.4 54.0 50.8 47.5 45.1 44.3 45.1 47.5

TTTTTTHIA S 46.5 49..7 52.1 53.0 52.1 %9.7 46.5 43.2 40.8 40.0 %40.8 43.2

194.5 42.5 45.8 48.2 49,0 ~ 48.2 45.8 42.5 39.377 36.9 36.0 36.9° 39.3

21405 7 38,9 T 42,2 44.5 45,4 44.5 42.2 38.9 35.7 3"3;‘3”_‘32;'4‘ 33,3 773507

234.5 35.5 36.8 1.1 %2.0 &1.1 36.8 35.5  32.3 29.9 29.0 2979 32.3

254,50 32.3 T 35.6  37.9 36.8 37.9 35.6 32‘.‘3_“".29‘;'1 TTT26.T T 25,87 2601 729.1

", . EXHIGIT L




" OVERWATER WIND SPEED DATA
= -~ MDERATE SPRED TRANSLATION ~ =~~~ T T e e

ANGLES MEASUREN FROM LINE OF FORWARD MOTION

NIST. 25 T T s T "T85 T 115 145 115 7205 235 265 T 295 T 325 7 355
8.6  39.9 45.6  49.8  51.4  49.8 45.6 39.9 34,1 29.9  28.4 29.9  34.1
17.3 717.0 62.7 86.9 80.5 86.9 . 82.7 77.0 71.2 61.0 65.5 67.C T1.2

©25.9° " 106.1 111.8  116.0 117.6 116.0 111.8 106.1 100.3  96.1  94.6  96.1 100.3

34.5 118.0 12—5;—.‘8 128.0  129.5 128.0 123.8 118.0 112.3  108.1 ~106.5 108.1 112.3 °
44.5 104.6 110.4  114.6 116.1 114.6 110.4 104.6 98.9 94.7 93.1 - 94.17 98.9
T 545 91.8 97.6 101.8 103.3 101.8 97.6 ~ 91.8 86.1 81.8 ~ 80.3  81.8  86.1
T 64,5 844 90,1 94.3 95.9  94.3 90.1 Bh.4  78.6  Th.4  T72.9 . T4k T8.6
T4.5 78.5 - 84.2 88.4 90.0 88.4 84.2 78.5 T2.7 68.5 67.0 68.5 T2.7
“““““ 34.5  T2.2 78.0 82.2 83.7 82.2 78.07 72027 665 62.3 7 60.7  62.3 66.5
T 9408 T TRTAA 72.8 17.0 78.6 FT.07 T 72,87 67.17 7 61.3  S7.1 77 55.6 S5T.1 61.3
114.5 60.8 66.5 T0.7 72.3 706.7 66.5 .60.8 55.0 50.8 49.3 50.8 55.0
1345 55.5 61.2 55.;5 67.0 65.5 61.2 55.5 49.7 45.5 44.0°  45.5  49.1
TTT154.5 _50.8 56.5 60.7 62.3 60.7 56.5 50.8 45.0 40.8  39.3 " "40.8  45.0
174.5 %6.5 $2.2 5644 58.0 56.4 .s‘z.z 46.5 40.7 36.5 35.0 T 36.5 %0.7
T19%.5 T 42,5 4843 52.5 54.0 52.5 48.3 %2.5 36.8 " T32.6 —"31._0—.—;_32-'6——- 36.8
A U 38.9 447 48.9 50.4  48.9  44.7 38.9 33.2 28.9 27.4 "‘ze.‘o" "33.2
2I00S 35.5 41.3 45.5 47.0 45.5 41.3 35.% 29.8 25.6 24.0 25.6 26.8
"254.5 32,3 38.1 42.3 43.8 " 42.3 38.1 32,3 7 T726.67  22.4 7 20.8 22.4  26.6

CEXLTBIT B



) ) -)
. OEEWATER WDND SPEEDDATA 7 ’ ) )
ST T T MIOH SPRED TRANSIATION T S )
ANGLES MEASURED FRON LUINE OF FORWARD FOTTON
DIST. 25 [ 55 T 7 85 LIS 145 T LTS T T 205 T 2357 265 0 295 0 77325 T 355
Y DV S 3‘3.9—‘._—53‘.'9_"—-_'67{._1 U619 64.1 ““53‘.‘9""'“36.‘9’_"25.9' T1S.6 7 11,9 T T 15,677 25.9
17.3 77.0 S1.00 101.2 105.0 101.2 91.0 TT.o 63.0 52.7 49.0 52,7 63.0
T 25097710600 12001 T 130037 134017 1300377 1200177710601 92,1 T al.8 T 784177 81.87 7 Te2.1
T 34,577 118,00 132,00 142.3  146.0 iv2.37 132.0 118.0 104.0°  93.8  90.0 93.8 104.0
46,5 104.6 118.6 128.9 132.¢ 128.9 118.6 104.6 90.6 80.4 T6.6 80.4 90.6
T 54,5 T 91.8 105.8 il6.1 119.8 116.1 105.8  91.8 77.8  67.6  63.4  b&1.¢ 71.8
T T 64.57 B4 .4 98.4 108.6 112.4 108.6 '68‘."4.""‘84‘.‘4‘—"70.4"—66;'1—'““56:4"’—60.’1 T 10.4
14.5 TR 5 52.5 102.7 106.5 102,77 92.5 78.5 64,5 56.2 50.5 54,2 64.5
84.5  12.2 86.2 : 96.5 100.2  96.5  86.2  12.2  58.2 48,0 44,2  48.0  58.2
T T ag,s 67.1 8l.1  91.3 95.1 91.3 T Bl.16T.1 0 S53.1 0 42.8 0 39.1 42.8 5.1
114.5 60.8 T4.8 85.0 66.8 85.0 74.8 60.8 46.8 36.5 32.8 36.5 46.8
T 713405 55.5 69.5 797 83.5 79.7 69.5 55.5  41.5  31.3 27.5 = 31.3 41.5
154.5 50.8 €4.8 75.0 78.8 75.0 [T 50.8 36.8 26.5 22.8 26,5 3&.8
174.5 46.5  60-5 T0.7 74.5 Too7 60.5 46.5 32.5 22.2 8.5, 22.2 32.5
7719405 42,5 56.5 66.8 70.5  66.8 56.5 ©“2.5 28.5 18.3 14'.‘5';'-\” 18.3° " 28.5
T 21405 7 38.9 ; 52,9 63.2 66.5  63.2 52.9 38.9 24.9 14.7 10.97 T14.7T 7 T24.9 77
234.5 35.5 49,5 55.3 63.5 59.8 49.5 35.5 21.5 1.3 7.5 [ P ) 21.5'__“
T 25405 32.3 46.3 6.6 60.3 T 56.6 46.3 32.3 18.3° 8.1 4.37 7 8.1  18.3
. rolore e — —_—
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HURRICANE TIDE BSTIMATE - 1/250 YEAR EVENT

FORKED RIVER UNIT 1 NUCLEAR POWER PLANT

GENERAL

A preliminary estimste was made of the tide height to be expected in
the vicinity of the Forked River Unit 1 nuclear power plant during
an occurrence of a hurricane with a C.r.I. having a return frequency
on the order of once in 250 years. Basic parameters describing the
storm were taken from ESSA Memorandum HUR 7-97; & critical path for
peak tide genaration in both the ocean and bay wes selected; available
topographic and oceanograpaic data utilized in tne P.M.H, tide report
were employed where possible; basic tide computation procedures dis-
cussed in that report were used; tidal inflow and overflow estimates
to the bay were calculated to obtain a mean bay level for wind tide
generation acrogf the bay to the plant site area., Those data and the
criteria selected as well as procedures employed and results obtained

are described in the following paragraphs.

HURRICANE PARAMETERS

As noted above, selection of the basic parameters describing the once
in 250 year hurricane were taken fraom £SSA Memorandum HUR 7-97. They
are as follows:

a. C.P.I. (po). Interpolation of values from Figure L of the

memorandum relating central pressure to latitude at the point

of storm landfall (approximately 39 degrees 10 minutes north)




resulted in a CPI value of 28.05 inches,

b. Radius of maximum winds (R). A moderate radius of maximum

winds of 30 statute miles was selected as being representative

of storms in this area (see Table A, Zone L of HUR 7-97),

c. Peripheral pressure (pn). 4 peripneral pressure of 30.08

inches was selected from Figure 6 of HUR 7-97. Use of tLat

value snd the C.P.I. of 28,05 inches results in a maximum pres-
sure effect of 2.31 feet at or near the center of the storm,

d, Maximum wind speed (Vx). From Figure 9, extrapolated to

a C.P.I. of 28,05 inches, a moximum 30-foot overwater wind speed

for a stationary storm of 75 miles per hour wss determined,

e, Forward speed of the storm (T). A forward speed of 20 miles

per hour was selected for this stom saaed essentially on results
of the P.M,H, study., Adding half the forwsrd speed to the
maximm wind for the atationary storm results in a peaic storm
wind speed of 65 miles per hour,

f. Path, Toe path of this storm would be generally that se-
lected for the P.M.H. as being critical for tide generation in
the area, The storm would approach the New Jersey coastline
from the socutbheast on an azimuth of about 135° from North. The
storm center would pass inland soms 30-32 statue miles south of

Forked River,

HURRICANE TIDE COMPUTATIONS

General. Factors affecting the height of tice to be expected in



Barnegat Bay in the vicinity of the plant site were discuseed at
some length in the P.M.H. Tide report dated April 25, 1970. In
general they relate to the height of peak tide reached alcong the
oceanfront; the duration of tide above the beach dune elevations
slangshore; the durstion and volume of dune overtopping and overe
flov as well as the amount of inflow through Barmegat Inlet which
affects the mesn water level of the bay at the time of bay tide
oceurrence,

Procedures. The procedures used to compute tbe peak surge eleva-
tion along the oceanfront are those described in CERC Technical
Report No. L. 4 complete surge hydrograph for this storm was not
computed; a theoretical hydrograph was approximated patterned
generally after the shape of the P M.H. tide hydrogrsph for a slow
moving storm. As will be shown later in the report the duration
and volume of tidal overflow is small compared to that of ths P.M.H,;
the primary coatribution to bay volume increase is from inflow
through the inlet.

Peak ocean tidal-surge elevation, Computations were made for the
peak ocesn tide at shore with the storm in a critical position at
shore at time To, A total fetch of somes 70 statute miles was used
generally defining the limit of applicable wind directions over the
fetch, Average wind speeds ranging from 70 mph at shore to a peak
of 85 mph in the sone of maximm winds were used. The initiasl
elevation at the ocean end of the fetch was L.70 ft, MLW (astromomical

tide) + 1.k ft. (pressure effect) or 6.10 ft, MLW. One foot of wave




effect was added to the computed peak tide elevstion at shore,

The total peak tide elevation was determinsd to be 12.66 ft. MLM. B

511016 ft. HSL!.

Tidel overflow and inflow %o Barmegat Bay, Area-elevation rels-

tionships for ths reach of beachfront exposed to tidal overflow

a8 derived in the P.M,H. tide report were used in tLis snalysis.
Pased on an estimated tide hydrograph for this stom the total
duration of overflow would be less than L# hours and would involve
less that a 2-mile total overflow section of beachfront. Total
overflov volume would be on the order of L8,000 acre feet, or about
a lefoot cantribution to increased bay levels, Total tidal inflow
volume through the inlet would be roughly 100,000 acre feet, With
sn initial bay elevation of 1,0 ft. MLW the added effect of tidal
inflow and overflow, plus a ane foot added height for pressure effect,
will result in a mean bay level at time Ty of approximately L.0 ft.
MLW,

Barnegat Bay wind tide computations. Procedures and formula for

computing wvind setup in the bay for the P.M,H. were smployed in this
analysis, An average half-hourly wind speed of 70-7S mph was used;
average bottom elevations were obtained over a 34 mile fetch across
the bay for a two mile wide section of bay fronting the plant site,
A wind tide elevstion of 5.21 ft., LW was determined; an added wave
effect of from 0.3 to 0.5 ft. can be assumed to occur along the
mainland shore which would result in a tntal peak tide elevation in
the vicinity of the plant site of about .6 ft. MLWw (5,3 ft, MSL),




CONCLUSIONS
Bssed on the above analysis the undersigned concludes that:

1. An occurrence of a hurricane having a return frequency on the .
order of once in 250 years on a critical path concurrent‘with high

astronomical tide in the ccean will result in a peak tide level of

12,66 ft, MW (11.16 ft, 4SL) along the beachfront opposite the

plant site.

2. Minimal tidal overflow and inflow to Barnegat Bay will raise
bay levels to approximately L.0 ft. MLW.

3. Wind effect in Barnegat Bay occurring on that bay level will
result in a peak tide elevation on the order of 5.6 ft. MLW

(5.3 ft. MSL) on the mainland shore,

Submitted by

Theodore £, Haeussner
Hydraulic Engineer Consultant
Jacksonville, Florida

April 25, 1970




RICHARD O. EATON - JUNE 22, 1970
CIRCULATING WATER SYSTEM
ENVIRONMENTAL CONSIDERATIONS



10812 ADMIRALS WAY TELEPMONE 299 %6C)

POTOMAC MAAYLAND 20894 - Amga Z0C0C YO
MAIL.NG ACORESS RICHARD O. EATON.P E. -
® © BOx "z48 CONSULTING ENG.NEER

ROCKVILLE MARYLAND 20830

June 22, 1970

Re: Oyster Creek Nuclear Station Unit 1
Forked River Nuclear Station Unit 1
Circulating Water System

Environmental Considerati EﬁE’FER-?O
T 76T v

] 7
|

Mr., R. T. Richards, Project Engineer /?{ié;;ﬁﬁé{f;_

Burns and Roe, Inc. D

700 Kinderkamack Road S DU SO

Oradell, New Jersey 07649

' —

S I

Dear Mr. Richards: ! i

Pursuant to your letter June 5, 1970, we have reviewed the
tidal flooding characteristics at the new Forked River Site. The
enclosed report by my Associate, in which I concur, presents our
conclusions in this regard,

Please inform me if any additional information is desired,

Sinceraly,
7

Richard 0. Eaton
ROE :w
Encl. TEH Report 6/18/70
cc Richard W, Haward, Jr.
Project Manager

Jersey Central Power & Light Co.

T. E. Haeussner

AMENDMENT 1
(July 15, 1¢70)



ADDENDUM

GEN=RAL

This Addendum is supplemental to the report "Determinastion of
Probable Maximum Hurricane Flood Height-Forked River Unit 1
Nuclear Power Flant", dated April 25, 1970. The purpose of this
addendum is to provide an evaluation of the tidal flood potential
at a plant site located approximately 7,000 feet westward of that
shown on Exhibit 17 of the above referenced report. The exact
location of the relocated site can be seen on the enclosed Attach-
ment, a reproduced portion of U.S.G.S. Quadrangle Sheet - Forked
River, N.J. 1953, The evsluation postulates an occurrence of a
Probable Maximum Hurricane ideanticsl in all aspects to and occurring
under the same stipulsted conditions as those described in the

reference report,

TOPLGRAPHIC FrATURES

The relocated plant site is to be situated on a plateau within a
30 ft. MSL ground contour, as can be seen on the Attachment, The
site is some 24 to 3} statute miles inland from the west shore of
Barnegat Bay. It is flanked north and south by the Soutn Branch

Forked River and Oyster Creek, respectively.

pP.M.H, TIDAL FLOOD POTENTIAL

The peak Probasble Maximum Hurricane tidal flood level that would

AMENDMENT 1
(July 15, 1970)



be attained along the western snore of 3arnegat Bay, as determined
in the above referenced report, is 19,5 ft. MSL occurring at tinme
T+1 hours, or 1 hour after storm landfall, Because of the ﬁlose
proximity of the proposed site area to the bay shore little or no
reduction in that flood level can be expected to occur in its move-
ment up the Oyster Creek and South Branch Forked River channels to
the site area, Wave action, including wave runup, is not expected
to be a proolem in the plant site area. Waves generated in

Barnegat BSay were previously calculated to reach s maximum of 8 to
3.5 feet in height during the P.M.H. occurrence., The higher waves
would break in moving inland when reaching State Road No., 9, the
railroad, and other secondary roads wnich range in grade from 10 ft,
Qp to 19 ft, 4SL, Tae lesser waves would break progressively with
distance westward as natural ground and river bank elevations north
and south of the plant site gradually rise to the 20 ft, MSL contour
(see Attachment for topography). Ground slope between the 20 and

30 ft, MSL contours in the site area ranges from 1l on 20 to 1 on S0,
For those flat slopes wave runup resulting from wave heights on the
order of 3 to L feet would be limited to values of approximatesly

1l to 2 feet above the peak tidal flood level of 19.5 ft, MSL., The
maximum flood level including wave runup would therefore be on the

order of 21.5 ft, MSL in the site ares,

CiONCLIUSI(NS

Based on the above evaluation the undersigned nas drawn the following

conclusions,

AMENDMENT 1
(July 15, 1970



1. That the peak tidal flood level, including wave runup, that

would result from the postulated Probable Maximum Hurricane occurrence
would be on the order of 21,5 ft. MSL in the vicinity of the relocated
Forked River Unit 1 nuclear power plant site,

2, That since the plant site is to be located on natural graund at
elavation 30+ ft, MSL the resultant plant grade would be appréximntely
9 feet above the maxisum probable flood level and therefore the plant
site would not be subject to any flooding effects during a Probable
Maximum Hurricane occurrence.

Submitted by

Y
1_@&44 A a7 PP P ITVD. I

Theodore E, Haeussner
Hydraulic Engineer Consultant
Jacksonville, Florida

June 18, 1970

Attachment - Site Map

3 AMENDMENT 1
(July 15, 1970)
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10812 ADMIRALS WAY
POTOMAC, MARYLAND 20084

TELEMONE 166-5380)
AREA COOE 301

RICHARD O. EATON.P. E.
CONSULTING ENGINEER

March 10, 1972

Mr. Philip Sherlock
Dames & Moore

14 Commerce Drive
Cranford, N. J. 07016

Dear Mr. Sherlock:

I have reviewed the report transmitted with your letter March 2, 1972,
addressed to GPU Service Corporation re '"Probable Maximum Flood Analysis,
Oyster Creek Nuclear Unit No. 1". My comments follow:

a.

jor
L]

Maximum Storm Surge Still Water Level. I am in accord with
the analysis of maximum still water of +22' MSL at the west-
ern shore of Barnegat Bay as derived by AEC Consultants with
the exception that I know of no justification for the factor
of 1.1' ascribed as "tnitial tidal rise". Otherwvise the
analysis meets current AEC criteria for maximizing all of
the variables, assuming simultaneous occurrence which is
truly a fantastically remote occurrence. The addition of
1.1' to values thus derived ascribed to "initial rise" is,
in my opinion, completely unsupported by any technical
evaluation of which I am aware. In my judgment, the maxi-
mum still water level on the west side of Barnegat Bay can-
not exceed +21' MSL by the moset extreme logical reasoning.

Effect of Waves at the Plant Site. With respect to wave

runup it is quite obvious that this will be governed pri-
marily by topography between the western shore of Barnegat Bay
and the plant site. A prime factor in this respect is the
stabilized "Highway 9", at elevation 18' to 19' MSL, which
traverses the land between the bay and the plant site. While
detailed topography has not been presented it is apparent by
inspection that the highway grade is only slightly higher

than the adjacent terrain. Along the gently sloping gradient
between Highway 9 and the plant site, while somewhat inadequately
portrayed on Plate 10 but obvious from personal inspection, the
wave heights of 3' to 4' passing over the highway embankment
will progressively break and reform as the plant is approached.
Runup of 1' above maximum SWL is considered to be a conservative
estimate as expressed in relation to maximum SWL. This would
result in no overtopping at plant grade of +23' MSL and free-
board of 1' for my preferred elevation of 21' for maximum SWL.




Mr. Philip Sherlock -2~ March 10, 1972
Dames & Moore

Excavated areas for intake and discharge canals will
present no hazard insofar as rumup is concerned because
of their alignment.

Summarizing, I believe that the report maximizes each parameter re-

lating to total flooding and adds an unsupported factor of 1.1' described

as "initial rise'. The result, in wy judgment, represents a maximum
possible condition plus a factor of safety of at least 1'. Probability
of occurrence is so remote as to be almost inconceivable. Wave runup,
when governed by topography as in this case, is quite accurately deter-
minable. Effects of wave stresses, either impact or uplift, become
nominal in a site of this character. 1 therefore regard the results of
our study to be ultra-conservative.

Sincerel;, urs,

(%
Richasd O° £aton
Consulting Engineer

ROE:w

Sherlock, D&M, 3/10/72



REPORT
PROBABLE MAXIMUM HURRICANE FLOOD ANALYSIS
OYSTERCREEK NUCLEAR UNIT NO.1
OYSTER CREEK, NEW JERSEY
FOR

JERSEY CFNTRAL POWER & LIGHT COMPANY

INTRODUCTION

This report presents the results of our flood analysis for the
Oyster Creek Nuclear Unit No.l , Oyster Creek, New Jersey. The Oyster
Creek Plant is located at approximately Latitude 39°49' on the eastern
coastline of New Jersey 1.5 nautical miles inland from the western
shoreline of Barnegat Bay as shown on Plate 1.
All elevations unless otherwise indicated are in feet and refer
to Mean Sea Level Datum as Zero.
PURPOSE
The purpose of our study was to perform flood analyses to establish
design criteria for suitable flood protection of Class 1 structures. The
Oyster Creek Nuclear Unit No.l plant layout is shown on Plate 2.
ScopE
The scope of our analysis included an evaluation of the following:
1.. Wind-generated waves.
2, Flood levels.

3. Wave forces.



Work pertinent to this analysis conducted prior to this report
included:

1. Hurricane storm surge analyses resulting in a probable
maximum hurricane (PMH) stillwater level of +22 feet Mean
Sea Level (MSL) at the western side of Barmegat Bay
fronting the Oyster Creek Unit No. 1 during a high astro-
nomical tide condition.® (Reference 1)

2. Procedure for routing the open coast surge into Barmegat

Bay.*. (Reference 2)

BASIC DATA AND ASSUMPTIONS

Basic data and assumptions for our analysis included:

1. The PMH stillwater level at the western side of Barnegat
Bay was taken at +22 feet MSL as requested by the AEC.

2. A surge hydrograph giving maximum stillwater levels at
the vwestern side of Barnegat Bay was developed by using
the Barmegat Bay surge hydrograph of Reference 2.

3. A wind field for the PMH parameters was developed for
use in calculating wind-generated waves.

4. The calculation methods for wave generation of
Coastal Engineering Research Center (CERC), "Shore Pro-
tection, Planning, and Design," Technical Report No. 4,

1966, were used.

*

e D. J. Skovolt, AEC letter to R. H. Sims dated 12-29-71.

Theodore E. Hacussner, Report-Determination of M.P.H. Flood Height for
Oyster Creek, Units 1 and 2, Copy No. 1, December 21, 1968.




PROBABLE MAXIMUM STILLWATER LEVELS AT THE PLANT SITE

The open coast surge was calculatedin References 1 and 2. Its
effects were routed into Barnegat Bay to determine the probgble maximum
stillwater levels at the plant site. The PMH parameters used by the AEC
(Reference 1) in calculating the open coast surge were:

1. A central pressure index of 27.10 inches of mercury.

2. An asymptotic pressure of 30.70 inches of mercury.

3. A radius of maximum winds of 39 nautical miles.

4. A maximum gradient wind speed of 133.0 miles per hour.

5. A forward translational speed of 12 knots and 23 knots.

6. A bottom friction factor of 0.008.

7. An initial rise in water level of 1.1 feet.

8. An astronomical high :pring tide of 4.2 feet above

Mean Low Water (MLW).

In evaluating the stillwater levels at the plant site on the western
shore of Barnegat Bay, the following were considered:

1. The amount and duration of tidal overflow of Island Beach

(the beach island).
2. The amount and duration of tidal inflow through Barnegat
Inlet and through the eroded sections of the beach island.

3. The extent of wind setup across Barnegat Bay.

4., Local wave setup.

These four items were analyzed in Reference 2 for am open coast
PMH stillwater elevation of 16.75 feet MSL. Theiresult was a maximum still-
water elevation of 19.5 feet MSL at the plant site that occurred one hour

after the maximum open coast stillwater elevation.



The approximate stillwater hydrograph was developed at the plant
site as shown on Plate 3 by considering the following:

1. The open coast surge hydrographs of the AEC (Reference 1) and

of Reference 2.

2. The surge hydrograph for Barnegat Bay of Reference 2.

3. The inflow-overflow curves of Reference 2.

4. The hurricane wind field developed using the PMH parameters

of the AEC,

By using the AEC open coast surge hydrograph in conjunction with
the open coast surge hydrograph and inflow-overflow curves of Reference 2,
an approximate time history of additional inflow-overflow was determined for
use in adjusting the Barnmegat Bay surge hydrograph of Reference 2 upward to
a peak value of +22 feet MSL. This stillwater hydrograph also includes the
effects of wind and wave setup, and is, therefore, used as the plant site
stillwater hydrograph. The hurricane wind field developed using the PMH para-
meters was adjusted for nearshore land effects and wvas then propagated across
Barnegat Bay. Component wind velocities were calculated along the storm
traverse as shown on Plate 4 in order to consider wind setup and wind-generated
wvaves. The time history of these component winds is shown on Plate 5. This
wind profile and the stillwater hydrograph, shown on Plate 3, including the
effects of Hind.hnd wave setup, at the plant site, were used in the following

analyses.

WIND-GENERATED WAVES

GENERAL
Wave characteristics are dependent upon wind speed, wind duration,
wvater depth and fetch length. Generated waves were calculated coincidental

with the maximum surge hydrograph to determine the maximum flood elevation.



Deepwater fetches were not considered because the larger deep-
water-generated waves would break on reaching Island Beach. The elevation of the
island, ranging from 0 to +40 feet, as shown on Plate 4, would be reduced by
approximately five feet along its lower elevations by wave erosion. Most of
the erosion wculd occur primarily during the surge recession when wave direction
would be offshore rather than onshore. Therefore, the critical wave conditions
would be the shallow water waves generated within Barnegat Bay. The fetch
distance would be approximately five nautical miles (along the hurricane
traverse) across Barnegat Bay from Island Beach to the Oyster Creek Plant
Unit No.l as shown on Plate 6.

WIND

As hurricanes move towards the coast, wind speeds and directions
are dependent upon location and time. In order to prepare a wind distribution
for the purpose of wave forecasting, the wind vectors along -the storm traverse
were calculated using the hurri;ane wind field. A compongnt wind profile
was then plotted as shown on Plate 5 using the time history of average wind
vectors over the fetch length,

WAVE CHARACTERISTICS

Shallow water waves were generated by using Fig.l1-32 of CERC, T.R.
No.4*., These significant shallow water wave heights and periods, based on the
fetch length, component wind profile and average water depth are plotted on
Plate 7. The generated wave height and period profiles have a phase shift
in time of 40.5 hour over the wind profile to allow for the generation and travel

of waves to the site. The maximum significant wave height and period is 8.7

*U.S.Army Coastal Engineering Rescarch Center (1966). Shore Protection Planning
and Design, Technical Report No.4, 3rd Edition.




b=
feet and 6.3 seconds, respectively. This significant wave occurs during
stillwater level of +21.3 feet Mean Sea Level as shown on Plate 7 at the

sicte location.

The significant wave height was obtained from statistical analysis
of synoptic weather charts. Approximate relationships of the significant wave
height to other parameters of the normal wave spectra were defined. The
maximum wave height curve*, as shown on Plate 7 is based on the significant
wave height curve, The maximum wave height is 14.5 feet but will not occur
at the site because of insufficient water depth.

DESIGN WAVES

Selection of design waves depends on the offshore waves at the
site, the structures being considered, and the available water depths fronting
the structures. Generated wave conditions during the PMH occurrence were
propagated shoreward to the plant structures., Topographic data indicate that
tﬁe elevation of Highway 9 to the east of the plant site is about 18 to 19
feet MSL. As shown on Plate 8 the top of fill elevation sqrrounding the plant
site will be at least +23 feet MSL, and this fill will be graded towards High-
way 9, east of the plant. Therefore, as land elevations rise abruptly to the
west, waves would break progressively westward and would not reach the plant
site area. The only wave action that could reach the plant site would result
from possible waves traveling up the 100 to 140 feet wide intake and discharge
channels. This wave action would be small because of channel friction, trees,
vegetation, and other obstructions adjacent to the channels, the two bridges in
the intake and discharge channels, the 90 degree curvature of the channels in the
plant area, and ihe fact that the intake and discharge structures are located

on the westward side of the power plant. Therefore the largest wave

*Considered as the one percent wave in this analysis as requested by the AEC.
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that could possibly reach the intake and discharge structures is on the order

of one foot.

FLOOD LEVELS

The generated waves coming from the east, break far eastward of
the site because the minimum top of levee elevation at the pl;nt is +23.
Maximum waves that might break in the area of Highway 9 will depend on the
available water depth. Time histories of the maximum wave heights without
breaking (H,) that might reach and runup on the graded plant £fill are shown
on Plate 7. Using these data, the maximum design wave height was computed as
3.1 feet during a stillwater elevation of +22 feet MSL, Ruaup would be less
than one foot; therefore, there will be no wave overtopping of the +23 feet
MSL top of plant fill.

The top of both the intake and discharge structures is at elevation
15 feet MSL. Because these structures are located on the western side of the
plant, they will not experience as high a stillwater level as the eastern
side of the plant which is directly exposed to the wave and wind setup.
Maximum stillwater levels against the intake and discharge strwc tures would
be less than +20 feet MSL. However, during maximum stillwater levels, a
one-foot wave could pass across the intake and discharge structures and ruaup
on the 2;1 backfilled slope in front of the turbine building. Maximum runup
would be about 2.2 feet for a smooth slope and abtout one foot for a rough slope
such as rip-rap, resulting in a maximum flood elevation of 22.2 feet MSL. There-
fore, the +23 feet top of backfill elevation in front of the turbine building
would not be overtopped.

The maximum flood level for plant structures would be caused by the

maximum stillwater level, or 422 feet MSL. Plate 10 illustrates the boundaries
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of flooded land in the vicinity of the Oyster Creek Nuclear Unit No.l during

a stillwater level of +22 feet MSL.

WAVE FORCES
There will be no wave forces against plant structures except for

the intake and discharge structures because the plant grade elevation of 23 feet
MSL protects plant strucutres from wave action. As wave action is small at
the intake and discharge structures, the maximm wave forces against these
structures will essentially be the hydrostatic pressures resulting from a
stillwater elevation of +22 feet MSL. The generated waves will break to the
east of the plant site against the graded fill during the higher water levels.
For design purposes the maximum significant wave height that may break against
this graded £fill is 3.1 feet.

CONCLUSIONS

Based on the above discussions and amlyses the following 1is

concluded:

l. The maximum stillwater elevation at the site, as determined By
the AEC, is +22 feet MSL.

2. With the surrounding top of the plant site fill to at least
Elevation +23 feet MSL, plant structures are protected agsinst
wave runup.

3. The maximm flood elevation for plant structures is +22 feet MSL.

4. Plant structures are protected against wave forces.



The following

Plate
Plate

Plate

Plate
Plate
Plate

Plate

Plate

Plate

Plate

PS-UK-bak

(5 copies subaitted)

4

10
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Plates are attached and complete this Report:

Site Location
Plot Plan

PMH Stillwater Level at Oyster Creek
Nuclear Unit No.l

Storm Traverse
Component Wind Profile
Storm Traverse Depth Profile

Wave Characteristics and Stillwater Levels
versus Time.

Site Plan

Intake & Turbine Area Excavation and
Backfill Plan and Sections.

Boundaries of Flooded Land during the
PMH Occurrence.

Respectfully submitted,

DAMES & MOORE

%/z@,«-ﬁ@}

Philip Sherlock
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o Canagrande CASAGRANDE CONSULTANTS  FOUNDATIONS & EARTHWORKS
irk R. Casagrande

April 21, 1972

Mr. R. P. Giloth
Project Manager
Burns and Roe, Inc.
700 Kinderkamack Road
Oradell, New Jersey 07649
Subject: Forked River Nuclear Station
Investigation of Stability Characteristics of
Soils in the Canal Banks
Dear Mr. Giloth:

The purpose of this letter-report is to describe the
investigations which were carried out recently for the pur-
pose of defining more accurately the stability characteristics
of the sands in the canal banks, with special attention to
the sensitivity of these sands to liquefaction.

In accordance with recommendations which I made during
our meeting on April 3, 1972, ten exploratory trenches were
excavated in the canal banks which extended from the top of
the slope down to the water surface. In the higher banks the
trenches were excavated by means of a dragline, and by means
of a backhoe further north where the banks are low. These
trenches were inspected and in situ penetration tests were
carried out on April 7, 1972. In the following week the

trench profiles were surveyed and the profiles were extended

into the canal by soundings.

40 Massachusetts Avenue/Arlington, Massachusetts 02174/Telephone: (617) 648-3630
Pierce Hall, Harvard University/Cambridge, Massachusetts 02138/ Telephone: (617) 495-2843
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The following persons participated in the field inspection

and testing on April 7, 1972:

W. G. Thorpe, Burns and Roe B. L. Smith, Consultant
R. C. Macken, Burns and Roe A. Casagrande, Consultant
T. Hannen, Oyster Creek Plant D. R. Casagrande, Consultant

Stratigraphy as Disclosed by Exploratory Trenches

In Figs. 1 to 10, the trench profiles are plotted and the
description of the soil layers is given. Also shown are the
locations where in situ penetration tests were carried out. The
locations of the trenches are shown in plan in Fig? 11.

In general, an upper sand stratum is clearly identified
which extgnds from the ground surface down to the surface of a
layer of clay or peat and which varies from about El. +9 at
the southern end to El. +6 at the northern end, near the bridge.

The clay layer was found in trenches 1 and 2 on the west
side, and 9 and 10 on the east side, i.e. along the southern
portion of the canal. Further north the clay layer changes into
a peat layer which lies approximately at the same elevation,
but which almost disappears in trench 6, i1.e. at the north end
near the bridge. Some peat lenses with a thickness of a few
inches were found at several locations within the upper sand

stratum.
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Although the upper part of the clay or peat layer is
generally massive, in the lower zone the clay or pe&t is usually
stratified with sand layers.

The more massive sand layers consisted generally of clean,
fine to medium sands, without any distinct stratification.
Cross-bedding was not obgserved. Directly overlying the clay
was usually found a layer of gravelly sand, sometimes sandy
gravel, with the gravel consisting of well-worn beach pebbles.
At some locations a layer of gravelly sand or sandy gravel was
observed below the peat layer.

The lower end of the trenches, close to the water
level, ended in sand, except in trench 6. In trench 6,
hand excavation behind a small “cofferdam" disclosed the surface
of-another clay layer a few inches below the water surface.

All sand and clay layers showed extensive color stratifi-
cation. In fact, the colors varied so greatly that they could
not be described in detail.

In general, the portions of the bank slopes within the
massive sand layers were standing at approximately the angle
of repose of sand, whereas in the clay and peat layers the

slope was usually much steeper.
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Immediately above the water surface, and to the extent one
could see the bottom through the water, a flat "beach" had
formed, probably by erosion caused by discharging groundwater
which always develops high discharge velocities at the elevation
of the open water level. The extent of this beach formation
can be seen in the profiles, Figs. 1 to 10.

Static Cone Penetration Tests

The penetration tests in sand were made by means of a
cone penetrometer with a base area of one square inch and a
30 degree angle at the apex, which is patterned after a design
that was developed by the U.S. Waterways Experiment Station
about 20 years ago. The dimensions of the cone are shown in
an inset in Fig. 12. This device is equipped with (1) a dial
gage which measures the applied pressure, (2) a handle and
(3) extension rods for deep penetration. Extension rods were
not needed for the measurements at this site. The maximum
load P that was applied in these tests was limited by the
weight (220 1b) of the man who pushed the penetrometer into
the ground. In sands, the penetration resistance close to
ground surface rapidly increases with depth of penetration.

Therefore, it was intended to perform all these tests to a

e
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constant depth 4@ of penetration. However, because of the
high resistances encountered (and partly because of inclement
weather - a cold rain fell all day)this could not be controlled
within the desired limits. In retrospect, it is recognized
that in these dense sands it would have been better to use a
penetrometer with a much smaller area, e.g. 0.5 sq 1in.

The results of the penetration tests in sand layers are
plotted in Fig. 12. The locations of these tests are shown
in the trench profiles, Figs. 1 to 10. 1In Fig. 12 it can be
seen that the test results fall clearly into two areas as
described below:

Area I, which is bounded by lines A and B,covers all
tests performed at locations deeper than 3 £t below the original
ground surface. Most 0Of these tests were made at depths of
4 to 6 £t measured vertically from the sloping canal-bank
surface, (1.e. before the exploratory trenches were excavated).
At these locations the depths below the original ground surface,
i.e. before the canal was dredged, were of course much greater.
If these tests had all been performed with the same depth of
penetration, the results would lie within a relatively narrow
range of pressure. E.g., if consistently a depth of penetra-

tion of about 3 in. had been used, the applied pressure would
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have ranged between about 150 and 200 1b (or 1lb/sq in.). All
tests between lines A and B are indicative of véry dense sands.
The high density was reflected also qualitatively by the effort
required in excavating by means of a shovel horizontal shelves
into the back of the trenchea for performing the penetration
tests. Normally one can excavate with a shovel even in fairly
dense sands without much effort. However, while excavating the
shelves into undisturbed sand, the required effort left not the
slightest doubt that the sand layers for which the test results
fall between lines A and B, are indeed very compact.

Area II - The test results, which in Fig. 12 fall within
or on the elliptical curve C, were all performed at locations
which were less than 3 £t from the original ground surface.

On an average they yvielded pressures approximately one-half of
those in the other group which were performed at locations
substantially deeper than 3 £t below the original ground surface,
The test results which fall in Area II indicate loose to medium
dense sands, and which was aléo reflected by the ease with

which excavation by hand ghovel could be performed. At depths
of less than 3 ft beneath original ground surface even a sand
whicﬁ was originally deposited in a dense state, would have

been loosened by alternate freezing and thawing. But it is

e
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also possible that close to the ground surface the sand was
relatively loose, man-made fill.
Comparison of Standard (Dynamic) Penetration Measurements

(N-values) Measured in Borings, with Static Cone Penetration
Values Measured in Trenches, for Sand Stratum Above the Clay

Among the many standard penetration borings which were made
for the Oyster Creek Nuclear Power Plant, the borings B4, BlO,
Bll, Bl2 and C25 are located in the vicinity of test trenches 1,
2 and 10. Therefore, a meaningful comparison could be made
between these two sets of test data.

In Table I are compared for the sand above the clay layer
the N values from Boring C25 with the P values determined in

trenches 1 and 2.

TABLE I
Boring C25 Trench 1 Trench 2
El. N El. P (1b) d(in.) El. P (1b) d{in.)
+20 21
+14 190 4
+l4 48 +14 174 a
+10 190 5
+10 177 4.5
+9 >8 +8 193 5
+8 223 6.5
sand Layer { +2 180 4.5
Below Clay +2 183 4.5
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For Trench 1 is also included penetration tests determined on
sand below the clay stratum (probably a sand layer within the
clay stratum), which showed the same high P values as the sand
above the clay. Comparing the N values from boring C25 with
the P values determined in Trenches 1 and 2, one may conclude
that in the sand stratum above the clay N values in the range
between 21 and 50 correspond to P values falling in Area I of
Fig. 12. It should be noted that the relatively low N value
of 21 was at a shallow depth for which such a value also indi-
cates dense sand.

In the following Table II are compared for the sand above
the clay the P values from trench 10 with the N values from four

nearby borings.

TABLE II
Trench 10
El. P (1b) d(in.)
+16 158 2.5
+11 158 3
Boring B4 Boring Bl0O Boring Bll Boring Bl2
El. N_ El. N _ El. N _ El. N _
+17 63 +18 60 +20 37 +18 24
+12 51 +13° 43 +15 37 +12 S0
+8 47

_—
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Comparing the P values from trench 10 with the N values from
the four nearby borings, it is concluded that P valués falling
in Area I of Fig. 12 correspond to N values ranging between 24
and 63.

On the basis of the foregoing data the following conclusions

are justified:

l. In the area represented by the borings and trenches
which are listed in Tables I and II, the sand stratum
overlying the clay is dense to very dense.

2. Whenever penetration tests at the locations of other
trenches gave results falling within Area I of Fig. 12,
such sands are dense to very dense,.

Pocket Penetrometer Measurements on Clay

A pocket penetrometer wigs used to measure the in situ
strength of typical clay. The penetrometer readings are expressed
as equivalent unconfined compressive strength, in ton/sq ft.

The results are summarized below.
Trench 1

Elevation +12 to +13

Compressive strength, ton/sq £t, 1.8; 2.2; 3.0; 3.6; 2.2.
Trench 4

Elevation +1.5

Compressive strength, ton/sq £t, 1.5; 1.3; 1.0; 1.2; 1.0; 1.2.
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Remolding changed the consistency of the clay into the
range of soft to very soft.

No penetration tests were made in the peat layers because
of the spongy consistency.

Discussion and Conclusions

The 10 trenches which were excavated in both canal banks,
permitted an excellent opportunity to inspect and test in situ
the soil strata from the ground level adjacent to the excavated
canal prism down to the water surface.

By comparing the results of static cone penetration tests
in the sand above the clay with the results of standard pene-
tration tests (N values) obtained in nearby borings, the cone
penetrometer tests could be used to establish that the sand
overlying the clay or peat layers along both canal banks is
dense to very dense, with the exception of a surface layer not
exceeding 3 ft in thickness which ranges between medium loose
to medium dense.

The detailed inspection of all soil strata in the canal
banks and test results convinced the writer that there is no
possibility that the banks could experience liquefaction slides.
The worst that could happen during a severe earthquake would be

slumping of oversteepened slopes. Most of the slumped material
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would collect on the flat beach-like berm which has formed
within the range of normal tidal fluctuations (see Figs. 1 to
10), and the volume of material that might move into the canal
prism below El. zero would be of no consequence..
Sincerely yours,
/éazféf?tiZy1aa4,1—q/g?i~___.—_-
A. Casagrande

AC:sm
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