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EXECU'I'IV!: SUMMARY

The purpose of this report i. to document the weather conditions a••o­
ciated with the Berkeley Township tornado and allo evaluate whether the
oceurrence of the tornado is conai.tent witb the tornado hazard probability
disculled in the Oylter 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 da=age and several people were injured.
Wind speed. were esti.ated between 113 and 157 mph.

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

An evaluation of whether thi. tornado is consistent with the tornado hazard
probability discu.sed in the Oyster Creek Environmental Report revealed that the
Oy.ter Creek report hazard probabilities are outdated, but not because of the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 Rather, they are outdated because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 ~ore recent high quality, computerized tornado data and
the use of more refined .tatistical methods, neither of which were available
prior to 1972, the year the Oy.ter Creek Environmental Report wa. published.

'The Environmental Report based the computatiC'n of tornado hazard proba­
bility at Oyster Creek in part on data from 225 Iowa and ~n.a. tornados that
occurred during the year. 1953-1962. Iowa and ~nsas tornados, however, are
much more severe than New Jersey tornado•• More recent technical reports based
the tornado hazard probability at Oyster Creek ·on 110 tornados that occurred in
New Jersey and neighborin~'states during the years 1971-1978.

The use of Iowa and Kansas tornados made the tornado hazard probabilities
in the Environmental Report extre~ely con.ervative. Using ~ew Jersey area
tornado~. the mea n recurrence interval of a tornado oc:c:urrin& at a point is no
shorter than 10,000 years, as compared with 2170 years stated in the Environ­
mental Report. Six to seven tornados per year are ~xpected to 9ccur in an area
of land .... ithin ap proximately 125 miles of the Oyster Creek Nuclear Plant. Both
this report nnd :he Oyster CreeK 5EP indicate al~o~t identical tornado hc:arc
probabilities. Reg. Guide 1.76 and "ASH 1300, hO\olever, inaicate sli~htly

greater tornado ha~ar~ probabilities.

:n:s rercr~ represents six man weeks of effort.
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1. INTRODUCTION

At 1:30 P.M. (EDT) on June 29, 1982, a tornado touched down in Berkley

Township, N. J., about 10 mil.. north of the Oyster Creek Nuclear Power

Plant.

The purpose of this brief report is to, first, describe the weather

conditions associated with this storm, and second, to evaluate whether the

occurrence of this tornado is 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.
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2. WEATHER CONDITIONS PRECEDING AND ACCOMPANYING TORNADO

2.1 General Weather Conditiou. and Forecast. for N. J. and Vicinity

On June 29, 1982 a va~, 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 lov 80's under partly cloudy

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

Rain shovers and thunderstOrms vere scattered in Nev Jersey, Nev York,

Pennsylvania and Delavare. Some areas of Pennsylvania received 1 to 2

inches of rain during the day in locally heavy downpours. During the mid­

afternoon and evening hours. National Weather Service veather radar in

Atlantic City shoved rainfall of "light" to livery heavy" intensity falling

from shovers and thunderstorms in eastern Pennsylvania and Nev Jersey. At

7:30 P.M. on June 29, vhen the tornado struck Berkley Township, the Atlantic

City veather radar shoved 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 shovers and thunderstorms during the evening. The

possibility of severe thunderstorms and tornados vas not mentioned in the

forecasts. After the Berkley Township tornado vas reported. however, the

N~t1.onal ·\'~atiler Servic~ Office in Atluntic City issucJ a severe thun~erstortl'.

and tornado warning for Ocean County and adjacent coastal waters.

2.2 ~~ather Conditions at the Oyster Creek Meteorological Tower

~side f~om :he 1/2 to 1 inch of rain that fell at the met tover betwea~

6:3C and 9:30 P.~!. (!DT) on Ju~e 29, nothin~ at the tover indicated severe

....e<1the:-. The met tower continued to function. The highest lS-minute aver~;;e

~ind spee~ .as 13 mph at the 33-ft. level and 31 mph At the 38D-ft. lev~l,

- 2



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

the soutb-southwest and from the west-southwest thereafter. ~e temperature

remained near 70 degrees and the relative humidity near 100% through the late

afternooD and evening 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 eye9itness 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 leveli 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 dama~ed, 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 Tornado

Direct measurements of wind speeds in the Berkley Township tornado were

not available. As is usually, if not always, the case with tornados, wind

s;)eetis nlust be estim~ted indirectly froul a StenQr::.l uam:lAe oescription of tor­

nacio destruction. The wind speeds in the Berkley To~~ship tornado were esti­

~tcd using the ~ethod of Fujita (1971).

Fujita (19il) proposed a rating system, now wi~cly recognized, ~hereby

:==~~do i~tensi:y (i.e., \:inc $?eec) is jud~ed on th~ basis of daca~e a?~ear­

ence. Six intensity level~ of the Fujit~ sc~le, or r-scale, weTe de[~~ed.

~ach intensity classification has an associated ~ind speed range. Taole 1

presents a general da:age description of the d~struction expected within each

F-scale classification. The intensity assigned to a tornado is based on the

worst damage within the tornado path.
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TABLE 1

F-SCALE CLASSIFICATION OF TORNADO Im'ENSITY BASED ON DAMACE (FUJI'I'A, 1973)

(FO) LIGHT DAMAGE 40-72 mph

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

(Fl) HODE:R.ATE DAMACE 73-112 mph

73 mph is the beginning of burricane Qind speed or Beaufort 12. Peeis
surface off roofs: windows broken; trailer houses pushed or overturned;
trees on soft ground uprooted; some trees snapped: moving autos pushed
off the road.

(F2) CONSIDERABLE DAMAGE 113-157 mph

Roof tora 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 uprooted; light-object
missiles ~enerated; cars blovn off highvay: block structures and valls
badly damaged.

(F3) SEVERE DAMAGE 158-206 mph

Roofs and some walls tora off veIl-constructed frame houses: sose rural
buildings completely demolished or flattened; trains overturned: steel
framed han~ar-warehouse type structures torn; cars lifted of~ tbe ground
and ~ay roll some distance; most trees in a forest uprooted, snapped, or
.leveled; block structures often leveled.

~e::-constructed fra~~ houses lev~led, leaVing p1~es of debris; structur~

~-:.::: \..e~~; fOL:nd~:io:-: li:tec. to:-:., ':':1: :'~O\m or; 50:-:oe dista:-;.:a; trees
debar~eci by SI::.:lll ilyins deori!:; l:i~;"ld:: soil erooed and gravels fly in
high winds; c~r~ thro~~ some distances or rolled considerable distance
finall~ to di~~~:c~ra:c; lar~~ ~~ss~les ~~n~ra:~~.

(~5) INC:::CDItLE DA:!.·,r.: ::u-:ns r.:i'h

Strong frame houses lifted clear off io~d3tion and carried cor.siderable
distance to disintegrate; steel-reinforced concrete structures badly
dacaged; automobile-sized missiles !lj" throur,h the dist~ncc or 100 yds.
or core; trees debarked cocpletely; incredible phenoQ&U& can occur.
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For the Berkley Township torn<ldo, a comparison of both nc.... sp.'per 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.
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3. REASSESSHENT OF THE TORNADO HAZARD PRORABILITY
FOR OYSTER CREEK NUCLEAR GENEKATING STATION

The Oyster Creek Environmental Report (March 6, 1972) only briefly

addresses the question of tornado hazard probability. It states that the

recurrence interval of a tornado is 2170 years, and that the calculation of

this number is based on the method of Thorn (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 data, which was tornado 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 equivalently. 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 Oyster 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 Hind Hazard

Probability for Oyster Creek Nuclear Power Reactor Site. New Jersev (MacDonald,

1982). This section condenses and si~plifies the contents of that report.

3.1 ~1('th(ldo101'"---_ ..-
1n uasi c terI_~, tilt: probabilily, F, 0: a lornaJo striking a point is given

b:. the relalion U~hlH'Y, 1976):

I'
~un~cr of torn~d05 per y~ar

in heo~raphical region x J~..:.r.!!."!.(~~ll, .:l l'E.
T~tal ~rea of ~co~r~phfca] r~gion

To compute the prob~bility of a tornado ~triking a point. the geographical

H'l:ioll must be defined first. For Oystcr Creek, obviously, the geographic

r~~ion should in~lude the Oyster Creek site. Th~ geographic region s~ould also

be ~s l~r~e 3~ po~s1ble and still r,ive a reasonably homopeneous con~ition for

tornado for~;'ltion, i.e., -the conditions for tornado formation anVl.'here in the

repiC'n dIOde re~Clin f,"lirly repr<lsentative of the Oyster Creck sit£".

- 6 -
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A rCbion that satisfies the above criteria is a rectanbulwr arew 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 Figure 1.

To compute the probability of a tornado striking a point within this

region, the number of tornados per year and the tornado path area must be known.

These parameters are discussed in the next two sections.

3.2 Tornado Freouencv

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 tornados for the 8-year period beginning

in 1973 is much higher than for the previous 23 years. Apparently, a campaign

in the early 1970's to encourage tornado reporting and documentation by the

National Weather Service, Red Cross, and civil defense officials accounts for

most of the increase (Abbey, 1982). Natural climatic variability is not a factol

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

19S0-l97e. The annual averap,e number of tornados is shown as a function of

l(,rn~uo inl('n~J [y:' (Sc" 1:.lLJJ.c 1 in Scction 2.4 for i:i d~scription of tornado

l.ntL!I~llj~~;). As c.:!n be Sc::t:n in the f~,~ure. slightly over 6 tornadu~ annuallY

... IVe' oc,'arL.: 1.r; ::Il ~~I_VC.:!- ppriud. Fl [C'rn.:ll.:u" \.~r~ reost fr~qu(:nt, occurrir::.

~-4 tiac~ p~r year. ~ll tcrn~dos rcpurLed had an intensity of F3 or less, i.e.,

~pccds of :C'" r-:,I, or IE'S!'>.

,.. :';[~l.i~;tic...:' .:lni1]y~;j:; of LII~ c.. t.:.:1 in Figure) gives the nWllber of tornado!':

t;;·;pt:cted to occur during .:Jny ~iv~n ye~r. This is the nueber that \Will be in­

sc.:rted in the above relation (Section 3.1). The number of tornados expected to

- I -



fleUR- _. THE GEOGRAPHICAL REGION FOR WIlICH TOr-:;1\DO
HAZARD PROBABILITIES t~£ CALCUL/\TED
(Geographical region 18 within dashed lines)

(CONN.

.. .
,.... l""l

i::::::~~~I---l-~-----~-- "'-:""::'42·
PENNSYLVANIA '-,-.1 NEW' YORK

il I
:\.. I.......

, I
0 ...

I ,/ ". .) _/,f(.:'::
/' ~ ~dl./l!j/!/jXX
(i N~ J~SP'V ~. • ...l;:.:Z:/;:....:::/JJi./:::;:'O';' 41..,. -''' -..n...... " .:.:.......... ~

/'1 (~
, I /', ....-:.~

•,...,....

:..... ':'
;

/' I

10- __ -("-'Y' OYSTER ClU:EK.
---,- /

. I . (.,
t;-: I ~::

) f.:·.:Y.: [<'.I,.,..··... ",".
:'\" ';_:~".;~_ 1 -.. •

40

~ ".:.:... :~ ... , ,':',-
." .' ...... . :::::::":::,:><:-" >:----=-.------- .---";"
~.:". . .'

1... ·.·.,"·.:·:,··, ~.
~.-: .•. '.,:.'....I

I

1,:{p,2-
!2i::~_:::~i\>' ;:1:\,

~

- 0 -



) )

I , [:111.'1: 2: ANNUAL COUNT OF TORNADOES
'/ITHI"1 I;, Ill'llr·\L MILES OF THE OYSTER CREE~ NUCLEAR PLANT

)

:'1 "-"l'}'"--._-.---.- - - - rnon 1HE NA110NAl SE~EAE SlOAns '~[C~S1 C[~1[RI

r
u
f(
rI

f
rI

U
E

J'
I
l~

y

r..
"

"

11

p

r_JALl ,." '\11'1'''.125 MIt Of' 0'$1(11 CRHa.

F,] Id ;'.1' 11'" 'r"L'

--------_ .. --------------_.....

-

-

-

1-

1(''30 le.2 IC4 ICC Ir~8 IQGII 10£1 IQ54 1051 1058 107' 1072 1074 101' 107' I....



)

ALLF5F3

IDATA FPOM "ACDOHALO. \89.,

·F2

'VERAGE NUMBER OF TORNADOES PER YEAR
. fUlleTtoN OF 10RNADO IN1ENSI1Y

1:!r:lH'1

65 -_.._-- .... - -._-

6

~.!i

.,
~

I)

I~ ... ~
t!
I ..
D
l' 1.!t
f
~ ,

~
~ .
c.

r
r '] !i

I,
2

Y
L 1.!J

I ~

0.'

r

Fn F I



--

occur during any given year are .hown in Figure 4A. The upper limit of the

number of tornado. expected dur1na any year are shown in Figure 4B.

As can be seen from F1;ure 4A, berween 6 and 7 tornados can be expected

to occur each year. III allY JiVeD year, it 1. UDlikely there vUl be mere

than 8 tornados (Figure 4B). The tornado moat likely to occur will have winds

becween 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 tornado. Figure 5 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 ~ere

not generally available prior to 1971.)

As Figure 5 illustrates, the mean damage path area of the most intense tor­

nado reported (F3 intensity) is smaller than the mean damaRe 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 tornados is

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

The bias of sa~?le size is min~ized in Figure 6, vhich is a statistical

.::-..:::'ysi;c c;' the car::a in Figure 5. F ~:::~rt: 6 SII(JI,;S tne expected ciamag~ path are",

~u::c:...,-,::.::. torr.;.. __ ~nL.~m:i:l.:':;. ;...,:.. ::.ur;.lt~S:l.n;.,_y. tile expected dama/;t: p.:::.

,- .."'7"·.;;:t~';' c.:.r.:~;:(· ;;~::-: ~ • .,;.:. \_:.; ;. :C1:1:ciC':! .-.[ t.orn.:luo intensity) and the: expected

n~7.:e:' of :ornacos ~(.r :'~~r (;'5 a functic.:a c: i:-~tE:~!:ity) ir.to the =el.::tion i~

Se::ic~ ;.l. 7he to~.~:= h~:~=d ?rob~bi:~tie~ co~uted in this ~~J are sho~~
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in ehe second column of Table 2. The first column of Table 2 shows ehe mean

recurrence ineerval, which is the inverse of the tornado ha~ard probability.

It ~ obvioU8 from T.bla 2 th.t the hazard probability decrecRe. a. the

tornado intenaity incre..... Al.o nota that the recurrence interval for the

~t toru.do ~ 10,000 year., which 18 S time. longer than the recurrence

interval calculated using the method and data of Thom (1963).

It should be emphasized that the probabiliey of observing a specific

tornado wind speed in a span equ.l to its recurrence ineerval is not 1.

Raeher, the probabiliey is 0.63, and chis value is approached asymptotically

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

The eornado hazard probabilities in Table 2 are graphed in Figure 7.

For purposes of comparison, the straight wind hazard probabilities are also

shown. Note that for wind speeds less than 110 mph, the h.zard probability

for seraight winds is much greater than the hazard probability for tornado

winds. Thus, for wind speeds up to 100 mph, the hazard is not likely co be

from a eornado. For wind speeds over 110 mph, however, the hazard is likely

co be from a tornado.

A summary of wind speed hazard probabilities for Oyster Creek is pre­

seneed in Table 3. The table summarizes wh~t has just been mentioned. Thae

is, for wind speeds less than 110 mph, straight winds are the hazard. For

wind speeds greater chan 110 mph, eornado winds are the hazard. In deeer­

eining ehe n~zardous elfeces or a eornado, however, ehe ae~ospheric pressure

.::l ~ "':"':'__ •

. ........ __ .' ~;-_..:. - ~ :". . - - _. -... :. ... _. -..
u: ::<:c:: f"=,~~ : .. ble ':'. :;.:; .. t~;;':; :,",=~:,":,"': ':":'".: th", Clyster Greek SE? indicaee

.:.::':._~ .~._ .. _~..:.:l :':>~';:;\:.' ;.,-.;:':'1:::' :.":,i:ili ... ,. r:.:;,:' ~.U.&.GlIl 1.76 ana i'ii,SH



TORNADO HAZARD PROBABILITIES
WITH 95 PEllCEN'l' CONFIDENCE LIMITS

Mean Hazard Tornado lntensitv
Recurrence Probability Expected Lower Limit of Upper Limit of
Interval Per Year 1~1nd Speed Wind Speed Wind Speed

(mph) (mph) (llIph)

10,000 1.0 X 10-4 <40 <40 <40

100,000 1.0 X 10-5 84 S6 118

1,000,000 1.0 X 10-6 152 123 18~

10,000,000 1.0 X 10-7 209 174 255

e-
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FIGURE 7: TOR.'I;,\DO A.."lD STRAIGIlT WIND 11"1.;11::'
rr.OU"~Il.lT'r' HODL:l. l\)j~ O\':;TL:!~ Cl;'LL..
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3.5 Summary

AZ1 evaluat10u of whetber the occurrence of the Berkley Township tornado

is conaistent witb the tornado hazard probability discussed in the Oyster

Creek EDvironmental llaport revealed that the Oyster Creek J.eport hazard

probabilities are outdated. but ~ 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 statistical 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 mles of tbe 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

slishtly greater tornado hazard probabilities.
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- 1. SUMMARY

This study 1.,';15 ur1d~rtaker1 in response to :-.ilJREG 0654, Rev. L, and

Reg. Guide 1.23, Rev. 1, and also in response to an NRC meteorologist who

specificQl1y requesterl thp study he performed during his onsite evaluation

of che Oyster Creek meteorological program in January 1982.

The results of this study showp.d that during the months of Hay 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 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% 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.

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,

Lonsisted of 1590 daily time series plots of meteorological parameters.

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

SRC meteorologists have expressed concern about the effects of the sea

bre~z~ on efflu~nt plum~ tr~nsport 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 atmospheric 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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~ore recently, in December 1982, the NRC promulgated SUPPLEHE~T 1 TO

~1(jREG 737 - REQ(jIRE~[EHS FOR E~ERGENCY RESPONSE CAPABILITY, Io'hich states under

Secclon 6.l.b (Concrol Room):

"~o changes in existing meteorological monitoring systems are necessary

if ~hey have historically provided reliable indi:ation of these variables that

are representative of meteorological conditions in the vicinity (up to about

10 mi les) of the plant si te" .

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. CONCLGSIO~S

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 0:
about 30 days between May and August.

On days when Oyster Creek had sea breezes, the AtlantLc City wind direction

was within 45· of the Oyster Creek wind direction 56% of the time. In contrast,

the Lakeh~rst wind direction was within 45· of the Oyster Creek wind direction

only 35% of the time. This made Atlantic City wind directions more

~epresentative of Oyster Creek than Lakehurst. The better representativeness of

Atlantic City also held true for the May - August period in general, when

Atlantic City winds were within 45· of Oyster Creek winds 637. 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.
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4 RECOMMENDATIONS

In che concexc of che sea breeze, the usefulness of 3 supplemental met

cower locaced to the east of the plant would be greatly enhanced if it could

oe shown that the data is useful for revealing not only what ~ happening dt

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

met tower. This premise leads to two recommendations:

1. 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.

2. Pending the completion of the study in Recommendation Ill, 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
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5. THE FREQUENCY OF THE SEA BRE~ZE AT OYSTER CREEK

5.1 Si:e Geo~r~phv

The Oyster Creek Nuclear Plant site is locdted in the 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 5-2).

Barnegat Bay is a shallow bay bounded by the mainland on the west and

by a barrier heach 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 barrier beach in

this area is at Barnegat Inlet about 20 miles south of Point Pleasant.

The maximum width of Barnegat Bay is about four miles. The average

depth of the Bay is under five feet; 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, i.e., there are cyclical day-to-night variations in one

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

and temperature.

5-1



HUN T E

z

u

o

o , 10 I'

~
'CAl.! ....lUi

I

I
I

R E

BAY

'\.,

'\.
''\

OELAWA

I

" ~ ..~
M' """C A'. MOE N '
If_ G L. 0 U C EST E R\.••\

'I.~".. ..~
; 'y \.

-"'~.")
I

o i/,
I
I

)

N

JERSEY CENTRAL. POWER AND L.IGHT CONPANY

OYSTER CREEK NUCLEAR GENERATr~G STATION
AREA NAP:

60 ~1ile Radius

FIGURE

5-1

5-2



\
~

C'ffk

'.

...... ",:,:~""" "M'
····'9
'~d

_""I"'I~"''':'''''I'__''':'~~ sca~.MI~l~i1••
. ~~..,., ,.....It c.•rIa

-

Figure 5-2

~1EA MAP: BARNEGAT BAY & BARRIER ISLANDS

5-3



Ov~r a 2~-hour period, the sea breeze is characterized by the evolution

,~t ::-'e to110\.lin>; sequence of events (PLelke, 1981; Angell and Pack, 1965):

1. WLnds de nL 6ht 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 falL.

4. Winds shift back to offshore in the late evening or night.

The sequence of events listed above served as the primary criteria for

establishing the exLstence 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 ~ay be in­

sufficient to prove the presence of a sea breeze. In these cases, changes in

atmospheric stability served as secondary criteria. Changes in atmospheric

stability are reflected by changes in the temperature difference between the

lSO-it and JJ-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

is c\laracterized by relatively stable conditions at night and relatively

unstable conditions during the day in the layer of air near the ground

(Pielke. 1981; 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-

na tion.

5.J Data

Data from the Oyster Creek meteorological tower were used to establish

the existence of the sea breeze at Oyster Creek.
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The Oyster Creek meteorological tower LS instrumented at three levels:

380-ft, 150-ft and 33-ft above ground~ Th~ met~oroLogical variables measured

at each level are shown in Table 5-1. The variables are measured every 10

seconds and are averaged for 15-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

is 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

OYSTER CREEK ~ETEOROLO(.ICAL TOWER:

P~~ETERS RECORDED DURING THE YEARS 1977-1981

APPROXI}~TEHEIGBT

ABOVE TOweR BASE
(ft)

380

150

33

Ground
Level

RECORDED METEOROLOGICAL PARAMETERS

Wind speed & direction
Temperature
~ T 380-33 ft.

Dew point temperature
Dew point ambient temperature

Wind speed & direction
Temperature
~ T 150-33 ft.

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

Rainfall
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For each of the two seasons of the year, wind roses were also gener­

ated tor the daytime and nighttime periods. Daytime includ·~d the h')urs trom

9 .\~\ (0 7P~! LST; nighttime included the hours from 8 PM to R A~ LST.

It the sea breeze occured often at Oyster Creek, the daytime wind rose

for the months ~ay-August would show onshore winds occurring more frequently

than the nighttime wind rose would show. The nighttime wind rose would show

a r~latively 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 breez~s 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, 3nd 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 At.'1 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.
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"Offshore l.oIinds" - Winds thdt .1re not onshore

'Clim WLllds" - wind speed less than 3.50 ~ph (dbout J kn<Jts).

'..,rIC!l thes~ mur<: pr~cise definitions, r::riterid 1, 2 clnd .:. of Section 5.2

1.oI0r~ ~3siiy incorpordted into dn .1utomated procedure that searched the

~eteorologicdl datd 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

daytime 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 le.1st 4 of the 11 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.

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 ~hich 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. If, however, the temperature

trends were not clear cut, the trend of the temperature difference between the

ISO-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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'cy relatively stable conditions at night and relatively unstable conditions

curi.ng the day (Pi~lke, 1981; Ryznar and [ouma, 1981), a positive or sllghtly

negative temperature difference at night and a negative temperature difference

curtng 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 Crawford, 1974). Sigma theta is the standard deviation

of the horizontal wind direction and can be used as an indicator of atmos­

pheric stability (51ade, 1968; Reg. Guide 1.21, Table 48; 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 5-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 NMi

winds blew 50i. 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 tAe 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
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FIGURE 5-3
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FIGURE 5-4
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FIGURI-: 5-5
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approximately 457. of the time. The wind blows from the NE through S directions

only about 22;' of the time. During May-August, however, the predominant winds

bLow tram a \oJ through S dir~ction, 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 September-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

ft level. Because calm winds occur less often at the J80-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 is 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 (1'Iay-Augus c) 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 48% of the

time. During the nighttime, however, winds from the NE through 5 directions

blow?nly 184 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 4% 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 5 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 3J-£t
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FICURE 5-6

OYSTER CREEK WIND ROSES; FIVE-YEAR AVERAGE
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l~vel ut the May-Augu~t period, this methOd of subtraction glves a sea breeze

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

Daytime ~nd nighttime wind roses for the September-April period are

shown in Figure 5-8. Figure 5-8 shows that while there is a difference in

wi~d direction frequencies from daytime to nighttime. there is no pronounced

shift of wind direction from onshore during the day to offshore at night. as

is shown in Figure 5-7.

Wind roses for the 380-ft level of the met tower are shown 1n Figures

5-9 and 5-10. Figure 5-9 shows the daytime and nighttime wino roses fer 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 ~~y-August period shows that the daytime, nighttime and all

hours wind roses are similar for both levels. There is no systematic shift 1n

--- wind direction wi th height. The 380-ft level winds blow from same directions

as the 3J-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. Ihe winds at the 380-ft

level show the same directional distribution as the winds at the 33-ft level

except that the 380-ft level winds blow more frequently because 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 wh~ther 1n 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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FIeURE 5-8
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FIGURE 5-10
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As ~ ftrst step in determining cat~s wtth a true s~a breez~s, the JJ-ft

Lev~L ~l~~ data for May-August for 1977-l9Bl was ~eJrch~d (i.e., computerized

'3<.: Ire:') ['ur days s3tisfying the above sequence of conditions. The days

satisfvlng 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-year 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

Fig~re 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 ADpen­

dix Al for the 33-ft level and Appendix A2 for the 380-ft level. Th~ J80-ft

level winds are presented to show that in general they blow in the same

direction as the 33-ft 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

l.ind shift to a strong WNW flow at the end of the day are typical parts of

the sea breeze cycle. 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 day.

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 85. 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 (OF) at the

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

POTE~TIAL SEA BREEZE DAYS DCRI~C ~~Y-ACCUST

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 Sill 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
5121 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 7711
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
7/09 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
:-'''L'XBER 45 35 37 28 45
JF DAYS
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F1~ure 5-11:

Sample plot of hourly winds at the ))-ft. level. IHnd speeds are indicated by
barb length: one-half barb equals 5 mph, one full barh equals 10 J11ph, etc.
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Figure 5-12:

Sample plot of hourly winds at the 380-ft. level. Wind speeds are indicated by Larb
length: one-half harL equals 5 mph, one full harb equals 10 mph, etc.

OYSTER CREEK HOURLY ~rNOS ON POTENTIAL SEA BREEZE DAYS DuRI~G 1977
'~ind6 meo~ured 01 380-( I level or D.C. mel la_erl

0..-

r '> ') ) } J J J j :l d =' J J~ ~
r f ----,') ') ) )j -1 -'.I d./.::/~

f

..- ~ ~ )JjJJJjddd.::/-"

) } ) j J j J j j j ) ) J J J

» ))))~Jjjj))J)

II.- '- ~ (.
) ) ) J J ) ) ) J -1 ~

/"" /'.,.,.....~..-..~ ") . . .J.../ =' J../.../~
(...- '-.. ') '» )'-.t......'-,"-'L-Lll-I(..,. '-

Jj J J JJ../.J../

May 3 "-~ It.... ( ~ ~ ~ ~

May 8 ~ ~ ~ t f r r r
May 15 r r r r r r f f

May 19 \l- I&...... ~ "- "- Ie.... ~ r
---",-/\ \'.

May 21

May 20

May 22

May 23 .../ J ../ ../ J d ../

May 26 -" __ ( f r r r f

May 27 ~~~'- 'L- '- ~ \

V1
I

N
W

1<4 15
(LST)



) )

Figure 5-1):

Sample plot of meteorological parameters during true sea breeze conditions.
Winds shift through the north during onset of sea hreeze.
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Figure 5-14:

Sample plot of meteorological parameters during true sea bn'eze conditiuns.
Winds shift through the south during onset of sea breeze.
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Figure 5-15:

Sample plot of meteorological para\lleters during true sea breeze conditions.
Hinds shift f rom calm to SE dud ng onset of sea hreeze.
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('F) hd\Jccn the 130-ft level and JJ-ft l~vd (T 150 - T1J ). Delta thda

is th~ wi~d direction range (degrees) during any given hour.

Th" JJ-ft and 150-ft levels ;..>ere chosen fur ?lotting 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

ciat~d 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. In

the early evening, the winds die down and become more westerly, the

temperature falls and the atmosphere becomes more stable.

Although 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

;.rind in the morning shifting from the Ntol to the N to the E and fi na lly SE.

Figure 5-14 shows the wind in the morning shifting from th~ 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. In some cases, the

temperature and delta temperature did not verify 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 is shown in Table 5-3.
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TABLE 5-3:

SEA BREEZE DAYS DURING MAY-AUGUST

1977 19i8 1979 1980 1981

5/03 5/23 6/20 5/02 5/07
5/15 5/30 6/21 5/06 5/18
5/19 5/31 6/26 5/12 5/20
5/20 6/02 6/27 5/15 5/21
5/21 6/06 6/28 5/16 5/23
5/22 6/16 7/07 5/19 5/26
5/23 6/20 7/08 5/24 5/30
5/'26 6/23 7/09 5/28 6/08
5/27 6/24 7/17 6/07 6/12
5/31 6/25 7/18 6/11 6/16
6/12 6/2 i 7/19 6/13 6/18
6/13 7/05 7/20 6/14 6/27
6/14 7/06 7/21 6/17 6/28
6/23 7/11 7/22 6/22 7/04
6/24 7/12 7/23 6/23 7/10
6/27 7/18 7/24 7/04 7/11
7/03 7/21 7/25 7/07 7/12
7/06 8/13 8/01 7/24 7/17
7/09 8/14 8/02 7/26 7/18
7/15 8/15 8/03 8/17 7/19
7/16 8/16 8/05 8/23 7/22
7/18 8/19 8/06 8/24 7/23
7/19 8/21 8/07 8/25 7/30
7/23 8/22 8/09 8/26 7/31
7/27 8/23 8/16 8/01
7/28 8/26 8/17 8/02
8/02 8/19 8/09
8/03 8/20 8/10
8/04 8/22 8/11
8/10 8/28 8/14
8/13 8/16
8/14 8/18
8/15 8/21
8/25 8/25

8/26
8/28

TOTAL
NU~IBER 34 26 30 24 36
OF DAYS
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It should be noted that the del theta parameter plotted ~t the bottom

of Fig~res 5-13, 5-14 and 5-15 has not been included in the discussion.

Del theta is the 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 a1. (1980) have suggested

that sig~a theta, which is the standard deviation of the horizontal wind

direction, maybe a more appropriate measure of atmospheric stability than

temperature lapse rate, which has been adopted by the NRC as more or less the

standard for indicating atmospheric stability. For thts 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 approximation of sigma theta.
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6. THE REP~ESENTATI~~NESS OF THE OYSTER CkEtK wIND DIR~C1IUNS

6.L Regional C~0graphy

The Oyster Creek site 1S located on the eastern margln 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 0 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.

Th~ barrier beaches of the New Jersey coast are evident ln 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 param~ter 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, det~rmining ~hether a meteorological station 1S

representative or not depends on the resolution of two questions:

1. wnat is an acceptable level of ditference 1n the measured

meteorological parameters at one location versus another?

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

parameter ditfers 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 exa~ple, the purpose of

the representativeness study was to aid the development of an evacuation

plan. If the evacuation plan ~ere based on evacuating a 90 0 sector, greater

differences in ~ind directions could be tolerated than if the evacuation plan

were based on evacuating a 45 0 sector.

The answer to the second question depends on policy and philosophy. It

1S 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

th~ 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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pres~nted in sufficient detail so that individuals with different backgrounds

and phi losophies wi 11 find enough data 1n this report to form tile ir 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 ~ational weather

Service Atlantic City station (NAFEC) 33 miles to the southwest. These

stations are shown in Figure 6-1.

Although Atlantic City is a considerable distance from Oyster Creek,

indications that a sea breeze is 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 Ci~y 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 identical. 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 1n 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

IITATHER STATIONS USED I~

~I~D DIRECTION REPRESENTATIVE~ESS STUDY

STATION ~A.~E.

LAKEHURST ATLANTIC CITY

Years of record readily available

Hours of day when observaeions
were reporeed (LST)

Heighe of anemomeeer above ground
(f e . )

wind direceion

Wind speed

6-5

1977, 1978, 1979
1980

0700, 1000, 1300
1600, 1900, 2200

15

16 poine compass

Nearese whole
knoes

1977, 1978, 1980,
1981

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

20

16 poine compass

Nearese whole
knoes



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

tions can be the same because the constituent hourly values are the same, or

b~cause 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 is 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 ~ind 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 ]-hourly

data, Oyster Creek wind roses were also generated from 3-hourly data. (Note

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

3-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 Hay-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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6.4.~ ~ethodol05Y for Hourly Comparison

The data bas~ used in this analysis is identlcdl to the one described

tn 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 tne May-August period and sea breeze days

only.

6.5 ~esults 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 )-hourly

data, they 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 ~E through S directions blow about 50% of the time. During the nighttime

winds have a westerly component. In addition, 20% of the nighttime winds are

calm as opposed to about 5% 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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FIGURE 6-3

LAKEHURST WIND ROSES HAY - AUGUST
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nigh=~ime winds over one-half the time. Comparison of daytime winds shows

~'at c...akehurst ha s westerly winds occurri ng more frequently than Oyster Creek

: ~outheasterly winds blowing l~ss often than Oyster Creek. Note that for

All-.:urs, Lakehurst has almost three times as many calm winds (wlnds less

than 3 knots) as does Oyster Creek.

A conserva tive estimate of the fre quency of the sea breeze at Lakehurst

. be obtained by subtracting the nighttime frequency of ~E through S winds

from the daytlme frequency of NE through S winds. For Lakehurst this method

of s~otraction 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 pe riod. Comparison of the daytime and nighttime wind roses

shows that onshore winds are much more frequent during the day, but SSW

through NNW 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 Oyster

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 .hows only calm winds and winds with westerly components, and

that the daytime wind ro.e .hows almost all onshore winds.

Figure 6-6 show. the daytime and nighttime Lakehur.t wind roses for sea

breeze days only. During :he 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
fIVE YEARS (3-HOURLY): 1977-1961
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FIGURE 6-6

LAKEHURST WIND ROSES SEA BREEZE D~Y~ ONLY
FOUR YEARS (3-HOURLY) 1977-1980
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u~l:! about ont.'-half (jt the non-calm ... inds nr", ()nsl1'Jre. Thus Jt lo=Jst hJl[ the

,""c' J"ri~o; tilL' dlv ~!'()( t.iking i~t() aC:COulH ~';j\'" '",nd,,) Lakt'(\\Jrst wind:; Io'lJlJ!d

.~~~ be r~pr",:;entJtlvc 0f O~st~r Cree~ winds.

figure 6-7 shows the daytime and nighttime Atlantic City wi~d roses

fer seJ breeze days only. Atlantic City daytime ctnd nighttime wind roses sho~

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

~. onshore winds and only slightly more frequent offshore winds. For both

ca:~i~e and nighttime, Atlantic City and Oyster Creek have about the same

frequency of calm winds.

6.5.2 Results of Hourly Comparisons

Table 6-2 lists for the May-August period the percentage of hours tha:

the hourLy wind direction differences between Oyster Creek and L~kehurst are

less than ~5° and also less than 90°. These hourly wind direction differences

are listed as a function of Oyster Creek wind direction. Also shown are the

frequency of these differences as a percentage of total hours in the data

sdIT!ple.

For example, Table 6-2 shows that when a northerly wind blows at Oyster

Cree~. the Lakehurst wind direction was within 45' of the Oyster Creek wind

direction about 56% of the time. But this 56% 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

Oyster Creek wind is about 62%, when the wind at Oyster Creek is northerly.

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

An analysis of Table 6-2 reveals that the Lakehurst winds were within

~5° of Oyster Creek winds about 50% of all hours. Lakehurst winds were Within

90 0 of Oyster Creek winds 56% of all hours, which is not much of an increase

from 50% With the 45° angle.
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Table 6-'" Oyster Creek v~. L.Jkehurst
Hourly Wind Direction Comparison

for May - August
for the 'tears 1977, 1978, 1979 & 19!:lO

Oyster Creek
33-ft Leve 1

Wind Direction

Percentage of Hours
Lakehurst Wind 1S

Coincident \oIithin +45 0

Percentage of Hours
Lakehurst Wind is

Coincident Within + 90°

N

t"NE

NE

E

ESE

SE

SSE

S

SSIoI

SW

WSW

W

WNW

NM'

Subtotal

Oyster Creek
or Lakehurst
Wind Ca 1m

Oyster Creek
Wind Missing

All Other Winds

Grand Total

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 Hou rs
(% )

(l.19)

(1.32)

(2.30 )

(2.10 )

(1.63)

(1.76)

(1.96)

D.35 )

(6.03)

<5.96)

D.59)

(4.51)

(4.07)

(3.59)

D.69)

(2.71)

(49.76 )

DO.49)

(8.77)

(10.98)

(100.00)
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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
(~ )

(l.3~)

(1.52)

(2.67)

(2.54)

(2.10)

( 1.89)

(2.27)

D.73)

(7.50)

(6.77)

D.86)

(4.74)

(4.13)

D.79)

(4.00)

(3.15)

<55.99)

00.49)

(8.7.])

(4.75)

<100.00)
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T:'e \o'inds at Oyster Creek and Lake hurst were most often co inc ident ...,he:-:

the Ioiinds at Oyst er Creek ...,ere W through ~'... 1hey were least often coincicenr

\o'hen the Oyster Creek winds ...,ere E though 51:.. E though 51:. \o'inds, or cour~e.

a re ass 0 cia ted W'i t h the sea b r ee ze and t his s uggest s t hat La ke hu r s t I.' in d s are

least likely to coincide with Oyster Creek winds during these conCltions. we

shall see this later in Table 6-4.

\./hen eithe r the Lakehurst or Oyste r Creek winds are ca 1m (i. e •• winds

less than 3.5 mph). hourly wind direction differences cannot be computed.

winds at Oyster Creek and Lakehurst were calm about 301 of the time. as can be

seen from the bot tom part of Table 6-2. Oyster Creek winds were missing about

9~~ of ~he 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 0 of Oyster Creek winds 634

of the time. Oyster Creek or Atlantic City winds are calm only 181 of the

time. Comparing these percentages with the corresponding percentages with the

Lakehurst shows that the Atlantic City wind 1S coincident more often with the

Oyster Creek wind than is the Lakehurst wind. This greater coinc idence of

Atlantic City winds is due to Atlantic City having fewer calm winds than

Lakehurst. Atlantic City has an especially better coincidence of winds with

Cyster Creek during onshore flow than does Lakehurst during onshore flow.

Cnshore flow, of course, includes sea breeze conditions. ~te that in neither

the case of Atlantic City Or Lakehurst does a 90 0 angle dramatically increase

the percentage of coincident winds over the 45 0 angle case.

Tables 6-4 .and 6-5 list for Lakehu rst and Atlantic City re spectively

the percentage of hours of coincident wi~ds on sea breeze days only. Table

6-4 shows L.kehurst winds are 45- coincident with Oyster Creek winds about 1/3

the time, compared with 1/2 the time for all days in Hay-August in Table 6-2.

The frequency of coincidence for all directions is less on sea breeze days

than for all days in Hay-August. On sea breeze days, 45% of hours have calm

winds at either Oyster Creek or Lakehurst. compared to 30% for all days 1n

May-August.
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Table 6-3: Oyster Creek vs. Atlantic Clty
Hourly Wind Direction Compariscn

for May - Augus t
for the Years 1977, 1978, 1980 & 1981

Oyster Creek Percentage of Hours Percentage 0 f Hours
33-ft Level Atlantic City Wind 1S Atlantic City Wind is

Wind Direction Coincident Within +45° Coincident Within + geo

Hours To ta 1 Hou rs Hours Iota 1 Hours
('f) (% ) (I) (:0

N 84.42 (1.65) 93.51 (1.83)

NNE 79.22 (1.55) 92.20 (1.80)

NI:; 75.86 (2.24 ) 89.65 (2.64)

E~E 73.38 (2.59 ) 85.61 ().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 ().lS)

SSE 82.59 (4.22 ) 89.56 (4.57)

S 85.66 (6.55) 94.84 (7.00)

SS~ 86.69 0.11) 92.26 0.58)

SW 79.01 (5.26) 90.37 (5.65)

WSW 75.53 0.29) 81.32 (7.86)

W 76.79 (4.62 ) 89.45 (5.39)

WNW 80.53 (4.62) 93.36 (5.35)

~1.' 79.36 (4.40) 88.08 (4.88)

N~1.' 73.60 ().33) 87.08 ().94)

Subtotal (62.70) (69.69)

Oyster Creek
or Atlantic City
Wind Calm <17.89) (17.89)

Oyster Creek
Wind Hissing (8.43 ) (8.43)

All Othe r Wind s (.lQ..:..2! ) (J.99)

Grand Tota 1 (100.00 ) <100.00)
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- Tab 1e 6-4 : Oy 5 t e r Cr e e k v s. !.d ke hu r s t
Hourly Wind Direction Comp~rison

for Sea Bree ~e Days
for the Years 1977,1978,1979 & 1980

Oyster Creek
3J-ft Level

Io:ind Direction

Percentage of Hours
Lakehurst Wind is

Coincident ~ithin +45°

Percentage 0 f Hours
Lakehurst Wlnd 1S

Coincident Within + 90°

~E

E

ESE

51:::

5SE

S

SSW

SIO

'..

Subtotal

Oyster Creek
or Lakehurst
Wind Calm

Oyster Creek
~ind Missing

All Other Winds

Grand Total

Hours
(I)

33.33

42.86

58.33

44.74

27.78

25.00

35.59

39.02

55.00

36.84

40.00

26.47

52.94

33.33

64.71

48.28

Total Hours
(4 )

(1.02 )

(.88 )

(1.02)

(2.49)

(1.46 )

0.61 )

(3.0i)

(4.67)

(6.43)

<J.07 )

0.75)

(l.32 )

(1.32 )

(0.88 )

(1.61 )

(2.05)

(J4. 65)

(45.18)

(2.78)

07.39)

000.00)
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Hours
"""TIT

38.09

42.86

83.33

60.52

47.23

27.27

40.67

45.12

61. 25

43.86

40.00

29.41

52.94

38.89

70.59

51. 73

Total Ho~rs

(4 )

0.17)

(0.88)

(1.46)

<J.37)

(2.49)

(1.76)

<J.5t)

(5.40)

(7.15)

(J. 64)

(1.75)

0.47)

0.32)

(l.03)

0.76)

(2.20)

(40.35)

(45.18)

(2.78)

(!.l:.ll)

000.00)



-- 1able 6-5: OystH Creek vs. Atlantic City
Hourly ~ind Direction Comparison

for Sea Bree ze Days
for the Years 1977, 1978, 1980 & 1981

Oyster Creek
33-ft Leve 1

....·ind Direction

Percentage of Hours
Atlantic City is

Coincident Within +45 0

Percentage of Hours
Atlantic City Wind 1S

Coincident Within ~ 90·

--

N

NH

NE

EH

E

ESE

SE

SSE

S

SSW

S\.l

WSW

Subtotal

Oyster Creek
or Atlantic City
wind Callll

Oyster Creek
Winci Missing

All Other Winds

Grand Total

Hours
(I)

83.33

94.44

76.19

62.50

42.11

62.00

59.02

76.71

90.91

80.00

60.42

60.81

57.89

63.27

63.89

76.79

Total Hou rs
(4 )

(2.60)

(1.77)

0.67 )

(J.13)

(1.67)

(J.23)

(J.i5)

(S.83)

(].28)

(5.42)

(J.02)

(4.69)

(2.29)

0.23)

(2.40)

(4.48)

(56.46)

(25.73 )

(2.29)

<15.52)

<100.00 )
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Hours
--m-
93.33

100.00

80.95

85.41

60.53

68.00

77.05

89.04

94.81

90.77

64.58

66.21

78.94

83.68

75.01

85.72

Tota 1 Hours
(% )

<2.91)

(1.87)

0.77)

(4.28)

(2.40)

(J. 54)

(4.90)

(6.77)

0.(1)

(6.15)

0.22)

(5.10)

(J.12)

(4.27)

(2.82)

(5.00)

(65.73)

(25.73)

(2.29)

(6.25)

(100·00)



1Jble 6-5 sholo's Atlantic City Io'inds are 45° coin.;ident Io'ith Uyster

Creek Io'inds about 56% of. the time, compared Io'ith 63% for all days in ~ay­

August in Table 6-3. The frequency of coincidence for the N~\J though the ~::

direc:ions and the southerly direction is greater on sea breeze days than for

all days in Hay-August. On sea breeze days, 26% of hours at either Oyster

Creek or Atlantic City have calm winds, compared Io'ith Itl4 for all days in

Hay-August.

Tables 6-2 through 6-5 showed the percentage of hours that the wind

at Oyster Creek is coincident with the wind at Lakehurst and Atlantic ,City.

Tables 6-2 through 6-5 did not reveal, however, whether there was a bias to

the hourly wind direction differences. The tables contained insufficie~t

information to show, for example, whether the hourly wind direction differ­

ences were consistently positive or negative.

70 show possible biases, new table s were generated. Tables 6-6 througn

6-9 sholo' the bias in hourly wind direction differences. These four tables

correspond to the stations and averaging periods for Tables 6-2 th~ough 6-5,

respectively. ~te that the hourly wind direction differences are listed to

the nearest 22.5° so that, for example, "-45°" includes a wind direction

difference anY"lhe re from -56° to -34.5°. Positive biases indicate that the

La~ehurst 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 6-6: Oyster Creek vs. Lakehurst
Hourly Wind Direction ComFarison

for May - Augus t

for the Years 1977, 1978, 1979 E:. 1980
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Table 6-7: Oyster Creek vs. Atlantic City
Hourly Wind Direction Comparison

for May - Augus t
for the Years 1977,1978,1980 & 1981

Oyster Creek Di t ferences in Wind Direction to the Nearest 22. 5° Sector
33- f t Leve 1

\.lind Direction -45° -22.5° 0° 22.5° ~

Percent Occurrence

r.; 5.19 29.87 35.06 11.69 3.90

N~E. 10.39 15.58 35.06 20.78 3.90

NE 5.17 20.69 18.97 25.00 16.38

r;t:E 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. 3 7 19.59 42.61 21. 31 5.50

SSw 8.36 30.34 39.94 8.67 2.79

SloW 5.73 28.63 30.15 11.45 6.49

ws;.;' 5.26 20.26 27.37 21.05 3.68

W 10.13 9.28 43.04 13.92 5.91

w~"W 2.21 24.78 23.01 22.12 14.16

NW 10.09 13.30 26.61 26.61 7.80

N~W 3.93 10.11 38.76 20.22 4.49
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Table 6-8: Oys~er Creek VS. Lak~hurs~

Hourly Wind Direc~ion Comparison
for Sea Bree ze Days

for ~he Years 1977, 1978, 1979 6. 1980

01' s~e r Creek Di fferences ln ~ind Direction ~o ~he Neares~ 22. 50 ~ec~or

33-f~ Leve 1
\.iind Direc~ion -45 0 -22.5 0 00 22.5 0 45 0

Percent Occurrence

N 0.00 14.29 14.29 4.76 0.00

N~E 0.00 21. 43 14.29 7.14 0.00 .

NE 50.00 0.00 0.00 16.67 16.67

E:, E. 7.89 2.63 21. as 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

5 5.00 8.75 36.25 6.25 0.00-- 55\.1 5.26 21. 05 8.77 1. 75 5.26

5\.1 0.00 13.33 16.67 6.67 3.33

\.lSI.' 0.00 2.94 11. 76 11.76 0.00

\.I 0.00 0.00 29.41 23.53 0.00

wl-W 0.00 16.67 11.11 5.56 5.56

N\.I 5.88 11. 76 17.65 29.41 5.88

NN\.I 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 & 1981

Oyster Creek Di ffe rences ln Wind Direction to the Nedrest n.5° Se c tor
3 3- ~ t Le ....e 1

Wine )irection -45° -22.5· 0° 22.5° 45°

Percent Occurrence

N 3.33 26.67 46.67 6.67 0.00

Nt'tE 22.22 22.22 27. 78 22.22 5.56

H 0.00 33.33 9.52 23.81 14.29

E-:: 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

5.'::: 8.22 15.07 27.40 23.29 4.11

- S 2.60 24.68 40.26 18.18 5.19

55''; 12.31 29.23 38.46 6.15 3.08

51.' 10.42 16. I) 7 31. 25 2.08 4.17

WSW 9.46 14.81) 18.92 16.22 1. 35

W 15.79 10.53 21.05 10.53 7.89

WM' 2.04 10.20 14.29 24.49 20.41

N1o.I 8.33 2.78 8.33 33.33 19.44

N~1oJ 7.14 7.14 32.14 32.14 0.00
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--
I, THE EFFECT OF THE SEA BREEZE OK PLC~E TR.;:'iSPOR7 A~:O 01 FH'S ro~;

The sea broE, e ze c ..1 n <J f f ~ C t tile p l ume i n t \J 0 \01 J Ys : I tea n c hanget he

Jirection of travel (transport) of the plume, <Jnd it C..ln also change the rate

vf dilution (diffusion) of the plume.

The effect of the sea breeze on plume transport is discussed in Section

7.1. and the effect ot 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-~i~ensional flow (Van der Hoven. 1967; 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 kilometers and has a

vertical extent varying frQc. 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

com?licated 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 directions 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

\/ind 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 but equally useful task is to determine the maximum inland

penetration, or western boundary, of the Oyster Creek sea breeze. The western

~oundary is the maximum western position the plume would reach before

retreating seaward again in the late afternoon or evening. This is of

interest for X/Q and dose calculations because beyond this boundary the doses

and effluent concentrations would falloff sharply.

Pinpointing the inland penetration of the sea breeze is difficult. For

example, Angell and Pack (1965) could not definitively locate the sea breeze

~ound3ry 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 year 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 (1981) 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 City

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

wind 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),

t.hereas 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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-- Cornp~ri~g the Oyster Creek daytime wind rose with the AtLantic City

d~yti~e ~inJ rose shows that Atlantic City (16 km inLand) has about the same

fre<;ue:1c:, of onshore \.linds as Oyster Creek. This suggests that the Oyster

Cree~ se3 breeze penetrates at least 16 km inl3nd if we 3ssume that the Oyster

Cr~ek aGe AtLantic City sea breezes are part of the same sea breeze front.

The validity of this assumption cannot easily be verified. 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 (Lakehurst).

The inland penetration of the Oyster Creek sea breeze is only one

aspect of a complex three dimensional flow. Effluent trajectory reversals and

compl:~ated patterns associated with this flow make dose modeling and X/Q

modell~g 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. ~ Tile Eff~<.:t of till' Sc..! Bre~ze on Ptume Dl ffusiun

Durlng a sea bre~ze, the cool, stable, u<.:e~n aLr becomes heated from

below by :ne land surface and assumes a neutral or super~di~batic lapse rate

in the lower levels while remaining stable atoft. With increased time and

distance from the shoreline, the heated zone, or mixing level, grows

vertically until the last remnant of the stable ldyer has been burned off.

If a tall stack located near the shore discharges into the stable

tayer, 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 ~he 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 ~he 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.
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7.lhlt:' 7-1: ClJsslliciltinn of Atmo.;pheric SCJbility

Sta:,ilicy
Classification

Pasquill
Categories

Temperature Change
With Height (a)

(OC/lOO m)

Extremely unstable A <-1.9

Moderately unstable B -1.9 to -1. 7

Slightly unstable C -1. 7 to -1. 5

Neutral 0 -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 calculated temperature differences did not contain

systematic errors, the calculated temperature differences were compared to the

measur~d 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 - JJ ft 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 9J% of the time for the 150 ft 33 ft layer and about 88~

f the time for the 380 ft - 33 ft layer. The remainder of the time, the

3gnitude of the discrepancy between the measured and calculated value was

small, but st i 11 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 detet'lllining 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 occur, three conditions must be met

simultaneously:

1. 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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To~le 7-2: Comparison of Cdlculaccd T~mperature Differences with
:j~.Jsured Tl:!mperature Differences for the 150 ft - JJ ft Level

(Nay-Augu~t. L977-19J.l1)

Percent of hours when either the measured temperature
difierence or te~perature was missing

Percent of hours (missing hours excluded) when the
$tability class based on measured temperature
ci~ference agreed with the stability class based
on calculated temperature difference

Percent of hours (missing hours excluded) when
~tability 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
$:ability class based on measured temperature
difference was more stable than the stability class
~ased on calculated temperature difference

Total (missing hours excluded)

26.n(a)

93.3':

3.2%

3.5%

100%

Notes
(a)

to Table:
According to M. Abrams of PtG, this percentage is high because
in the early part of the five year period 1977-198l,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
~ssertion 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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..-
7-,ble 7-1: Comp.Hisoll of Cdculiltt'c T\:l'1periltl.'rL' Differences with

~~asured T~~p~r~ture Diff~rences for the 180 ft - 11 ft Level
(~ay-August. 1977-1981)

Percent of hours when either the measured tel'1perature
difference or temperature was missing

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

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

Percent of hours (~issing hours excluded) when
stability class based on measured temperature
difference was more stable than the stability class
based on calculated temperature difference

Total (missing hours excluded)

26.7%(a)

88.1%

7.7"1.

4.n

100%

Notes
(a)

to Table:
According to M. Abrams of PLC. this percentage is high because
in the early part of the five year period 1977-l98l.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.
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onshrHe I.'ind,; u,:;u<.llly b~gdn blowing somecime ..!fcer 8,\."1 LST. Til",.: the first

..:onc.:cion necessary tor sea breeze fumigocion is cypi..: ..dly mec S·1c'l:i~" otc.::r

,~.\.'I. Tel dcc",rmin(' l.iilech~r the secol1d ,Ind third <,:')l1uitions I.',:rl' met. thE:

~t~osph~rl~ stdbility of the air near the ground ond in ch~ plu~e I.'as

decer~ined. The at~ospheric stability near the ground was determin~d from the

scabilicy of c!',e 150 fc - )) ft layer. The atmospheric stability ac plume

height l.'.Js determined from the atmospheric stability of the )80 fc - 150 fc

layer. Implicit in this approach was the assumption th~t the )80 ft - 150 ft

layer is representative of the atmospheric stability at plu~e 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 mls and a stack

cop w.. nd 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: ~'rst, at night the upper layer is always less stable than the lower

layer; dur .1g 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,

I.'ithout averaging. The results of the comparison are shown in Table 7-5. As

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

~multaneously about 2/3 of the time during the hours of 8 AM to 3 PH LST.

Fumigation is unlikely to occur under these conditions. 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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Tabl!:: 7-4: A Comparison of the Hourly Aver'lge Atmospheric Stahility
Ncar Stack Top with the lIourly Average Atnlosphl-'r il' Stdbi 1 i ty Ncar

the Ground Ouring Sea IIn'cze O;lYS(;I)

Average Calculated Average Calculated
Lapse Rate Lapse Kate

lIour Between the 380-ft Stabil tty CJass Between the 150- f t Stahility Class
(1.5T) and l'>O-f t Leve 1 of this Layer and ))-fL Leve I of thls Lilj'~

(oC/I00 m) (UC/100 m)

1 4.85 G 2.)8 F
2 5.36 G 2.55 F
) 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 8 -0.72 D

...... 9 -2.71 A -0,60 D
I 10 -2.97 A -0.67 D.....

0 11 -J.18 A -0.81 D

12 -J.26 A -0.79 D
1) -J.51 A -0.50 D
14 -2.52 A -0.85 D
15 -2.89 A -0.52 D
16 -2.51 A -0. )8 E
I 7 -1. 75 B -0. )7 E
18 -0.95 f) -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 3.04 F 1.68 F

2J 3.79 F 2.02 F
24 4.18 G 2.)0 F

Notes to Table
(a) The atmospheric stability near stack top is the atmospheric stability of the )BO-It to 150-fl

layer (upper layer). The atmospheric stability near the ground ls the atmospherl\' sl,Iblll!y
of the 150-ft to 3J-ft layer (lower layer).
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Table 1-5: A Comparison of the AtmospherlL JtaLd lity Near Stack Top with the
(a)

Atmospheric Stability Near the Ground for Each IIollr During Sea Breeze r);JyS

16.1 1.6 9.6 88.8 100.0

16.1 0.8 8.0 91.2 100.0

16.1 0.0 5.6 94.4 100.0

15.3 0.0 8.7 91. 3 100.0

15.3 0.0 6.3 93.7 100.0

15.3 2.4 20.5 77 .1 100.0

14.1 25.0 60.1 14.9 100.0

18.7 54.1 42.6 3.3 100.0

16.1 67.2 32.8 0.0 100.0

16.1 66.4 32.8 0.8 11)0.0

15.3 66.1 32.3 1.6 100.0

16.0 65.1 34.9 0.0 100.0

11.3 64.5 35.5 0.0 100.0

16.1 66.4 J2 .8 0.8 100.0

16.0 64.3 34.9 O.R 100.0

20.7 58.0 41.2 0.8 100.0

22.0 54.7 40.2 5.1 100.0

20.7 31.0 51. 3 11.7 100.0

20.1 10.9 38.7 50.4 100.0

Hour
(LST)

1

2

3

4

5

6

7
"I 8~

~

9

10

11

12

13

14

15

16

17

18

19

Percent of Hours
With Hissing Datd

Percent of Hours When
Upper and Lower Layers
Are Neutral or Untt1ble

Simultaneously
(Hissing Hours Exc1ud.)

Pe rcen t 0 f 1I0llrs \lhen
Upper Layer is St~ble

l. Lower I.ayer tS(~5utral

or Unstable
(Hissing IIours Exclud.)

Percent of Hours
Uith Other Stability

Combinations
("1iss ing Hours Exc 111I1. )

Total Percent
(MlsslnR 1I0urs
_E~rJ uded )__



TilLIe 7-S: «'Ollt lll\ll.:d)

Percent of Hours Whell Percent of Hours Hhen
Upper and Lower Layers Upper Layer is Stable Percent of Hours
Are Neutral or UnY~fble 6. Lower Layer is(~~utral With Other Stability Total Percent

Percent of Houra Simultaneously or Unstable Combinations (Misstnl!, Hours
1I01lr With Hissing Data (Hissing Hours Exclud.) (Hissing \lours Exc] lid. ) (Missi~Hours Exclud.) __"~xcl_uded)

(l.sT)

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 S.B 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

"I 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 l50-ft. to 33-ft. layer (lower layer).

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



The relative inErequency of fumigation cases is nut surprising in vie~

of the local geogr~?hy. As was mentioned in Section 5.1. the Oyster Creek

plane is two miles west of Barnegat Bay. The m3ximum wi~th oE Barnegut Bay is

about four miles. The average depth is under five feet and larg~ areas dre

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

~armth 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 gr~ss indicator of the Barnegat Bay water temperature.) for the months

of ~ay. June, July and August, the daily intake temperature ranged over the

follo~ing values (OC & fRNGS Report Q316, 1978, Table A2-6(a»:

Temperature

Mon~h Range (OF) 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

Oyster Creek.
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8. EVALCATION OF THE ~EED FOR A SUPPLEMENTARY METEOROLOGICAL TOWER

Before discussing che need for a supplementary meteorological tower, let

us lise the conclusions of chis report up to this point:

1. During the months of Hay through August, the sea breeze at Oyster

Creek occured one day in four, or an average of about 30 days

between Hay and August.

2. 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

chan Lakehurst. The betcer representativeness of Atlantic City also

held true for the Hay - August period in general, when Atlantic City

tJinds were within 45° of Oyster Creek winds 63% of the time, as

opposed to 50% of the time for Lakehurst.

3. 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 Hay and August.

4. 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.

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

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 is 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 is

occurring. how far inland is it?

8-1



.- The first question can be ~nswered easily by locating a met tower on one

of ttl'" b.Hrier i::dands to the east of Oyster Creek. The barrier island met

tower would shav whether a sea 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

J~oxi~ity to the coastline (Raynor, 1977).

The barrier island met tower, however, would 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

2stern side of Barnegat Bay. Some sea or lake breezes penetrate only' a small

cistance inland and then remain stationary or retreat seaward again (Ryz~ar

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

One approach to answering the second question is t~ 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 subt~acting 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 1981 are already in the CPUN 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

8-2



sea breeze to as far west as Oyster Creek and also Lakehurst, for example. If

a simple relationship between the incex and inland sea br~eze p~netration can

be founn, the result could prove i~valuable in locating the s~a breeze front

based on se~ hreeze strength.

In summary, it appears unwise to consider a suprlementary 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 pe"etration distance does not exist,

however, the data from a supplementary met tower would have little predictive

v3lue because it could not be used to establish whether the sea breeze at the

supplementary tower, for example, would remain stationary, advance or retreat

seaward. 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 ~UREG/CR-27S4, Critical Review of Studies on

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

part:

"A great potential exists 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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available in the referenced document.

2.31>-1
Rev. 0

12/84



1

Section 1. 0 Meteorolo~ical Diffusion Calculations

1. 1 Meteorological Dat;) Used for Analysis

Section 1. 1 contains information relative to the data bases available from

Ule site measurement programs and a description of the meteorolog\cal

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 Si te

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 site monitoring

program. The data periods used for the detailed Regulatory Guide 1. 111

diffusion calculiltions are indicated in the right hand column of the table.

The 1968 site dilta were used for the detailed diffusion estimates for the

Oyster Creek plant. Calculations were also made using a composite three­

year period from 1966-1968 data.. Wind roses for years of dilta 1966-1975

were used to demonstrate that the data used in the analysis were representative

of lonp;er term conditions at the site.

1. 1. 3 SUl'l1m:lry of Availilble Data

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

joint frequency t.,blcs. For the Oyster Creek site these t.,bles were com-
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piled for two levels over a three year j)<:>riod 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 £t and 12 ft.

These data are used for evaluations of slack effluents. A logarithmic

adjustment is made to the delta-T to be representative of temperature

dU'ference 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 ft-12 ft 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 continuously 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 comp ly 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 elevntioll, it is believed that the aerovane has pro-

vided data which can be used to make accurate diffusion estimates at

this si teo

Inspection of the nvailable records showed tll-'\t the 1968 data were most

appropriate for nnalyses nt the site~ D:lta from 1966 and 1967 were nlso



3

considered :lclequate. Therefore. dctai led hourly calculations were m=tcie

using the 19G8 d:.lta and the results were compared with a calcul;'\tion

using three year composite joint frequency data. Results were simil;'\r

as shown in Tables 1.3-6 and 1.3-10. Thus, from a diffusion st:lndpoint 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 systems with their

clockwise flow of air around them produce wes t and nor thwest 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 nort.hwest 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 durn tion of influence is

short in compnrison to high pressure systems.

Dm"ing periods of light winds, the proxin"lity of DaJ"negat Bay nnd the

Atl:lntic Oce:ln results in the fOJ"maHon of land nnd sen breezes" This

is padicularly true in the summer months when lar~e 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 from 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 time to compute estimates using particle-in-cell or puff trajectory

diffusion models, correction factors suggested in Regulatory Guide

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

to result in very conser\'ative estimates at distances near the plant.

4



5

1. 2 Description of AtmospherlC" Diffusiun Models

Models described in this section ~enerally follow Re~latory Guide 1. 1] 1 (prC\·lo'.JS;·;

1. DD). Subsections below describe the model used in these evaluations with

references to Regulatory Guide 1. III since most assumptions are

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

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 model shown below:
'T7i"\i _ L .- ~ .. )-1 2 2(·"Icol')D - 2.032 .. n.. (Nxu... (x) exp[-h /20 .(x)] 0)

1J lJ 1 ZJ e zJ
where

h
e

n..
1J

N

-u.
1

l" . (x)
zJ

2. 032

is the effective release height

is the length of time (hours of val id drJ.ta) weather
conditions are observed to be at a given wind d1rection.
windspeed class, i, il.nd atmospheric stability class, j:

is the total hours of valid data;

is the geometrical mean of all speeds in the windspeed
class. it at a height representative of releil.se, calms
are one-halt the threshold anemometer speed or less:

is the vertical plume spread without volumetric
correction at distance, x, lor st:ll>ility class, j (see
Figure 1 o{ Regulatory Guide 1.111) based on vertical
temperature d.ifference (~T) and Regulatory Guide
1. 23 categorization of Pasquill Groups by /.IT;

is the vertical plume spre:ld with a volumetric
corrcct ion {or :l release within the building wake
cavity, :\t n distnnce. ". (or st:ll>ility cl:lss, j;
otherwise ~ . (,,) = l" . (x);

zJ zJ

is the :\Ver:\~e E'fflucl1t concentr:'ltion. X, llorm:llized
by SOUl"ce stl'cn~th, Q', at distance, x, in:l ~iven

downwinct dircction, J): and

is (2/1r)1/2 ctivided by the width in racii:\lls of :l
22. ~o sector.
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For sites where hourly data were aV;Lilablc on t:tpC? the summation over

i and j in the abovc equ~tion W:lS deleted and the summation W:lS ~ccomplishcct

for all hours at all distances for each direction. Hourly calculn.tions n.re

considered to be mOl'C accurate since the actunl wind speeds at the vent

location arc available rather than the extrapolation of an average from a

le>wer level. Dilution was decreased according to terrain correction

factors of Regulatory Guide 1. 111 given in Figure 2 of Regulatory Guide

1. 111. These factors were multiplied by the results from Equation (1)

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

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 turbllience and resulting diffusion

could be obtained using bivane datil. or some other measurement of

turbulence.

Actual model input assumptions and SOUl'ce term configurations are

discussed below.

1. 2, 2 Soul'ce Confi~urationConsiderations

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 release defined as follows (from Equation (4) of

Rel;UI:llol'y Gu ide 1. 111):
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h =h +h -h-ce s pr t

where

c

he

hpr

hs

\
Values of

h
pr

is the correction for low relative exit velocity (Equation
(5) of Regulatory Guide 1. Ill)

is the effective release height;

is the rise of the plume above the release point based on
Briggs (see below);

is the physical height of the release point (the elevation
of the stack base should be assumed to be z.ero); and

is the maximum terrain height between the re-lease point
and the point for which the calculation is made.

are computed as follows for a "jet" since nuclear plant vents
have an insij;niIicant amount of buoyancy due to heated
discharges: 2/3 1/3

hpr = 1. 44D Go) (~ )
up to the point where h is the minimum of the following twopr
equations:

hprmax

hprmax

= 3 (~O)D. or

~ ~ 1/3
= 1. 5 \_~11) -1/6s

where symbols arc as before, and:

D is stack or vent effective inside diameter (m)

W is stack or vent exit velocity (m/sec)o
u is wind speed at cHscharge level (m/sec)

F . 4 2
m is momentnm flux (m Isec )

s is stability p:wall1eter (sec -2)



E t =2.58-1. 58 (~o)

E l =O. 3-0. 06(~O~
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If the plume tr:ljeetory [rom a release point (vent) does not remain out­

side of bui lding 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 (0),

(7rand (8) of Regulatory Guide 1. 111 and are repeated here for completeness.

If w Iii > 5. 0 use h as calculated above
o e

If W III ! 1. 0 use h = 0o e

II 1 <: W III ! 1. 5
o

l! 1. 5 <: Wolu ! 5. 0

The appropriate diffusion estimate 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:

! = ~o/ + c~2 • 1.730z
where

: effective dispersion coefficient for use in Equ:1tion (1) (m)

c building wake coefficient (c =O. 5)

H height of the tallest structure in the nuclear plant
power block (m)
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As radio:tctive effluent in il 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 from the phlme is considered only to the extent suggested in

Regulatory Guide 1. Ill, Figures 3 through 6. Depletion f~ctors in these

curves are a function of height and distance, therefore, for sites where

elevated releases occur the terrai n must be subtracted frol':) the plume

height before entering the curves at the appropriate distance. Each

eleva ted or ground level X!Q is multiplied by the depletion and the terrain

correction factors before combining to give the final depleted X I~ \-alue.

To determine relati ve deposition rate as a function of distance and

stability the curves given in Figures 7 through 10 of Regulatory Guide

1. 111 are used. Agai n terra.in height s are subtracted before the table

look-up is made. Terra.in correction factors, if any, multiply each

D!Q \':tllle. 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 considered.
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1.3 Dif[u~jon Monel Inpul~ :Inc! nesults

Computer runs h:lve been m:lde usinp; site dat.'\ in the diffusion models ~i\'C'n

in 1.2 above. A list of l"Uns made, input paranloeters and assumplions

and results are given in the following sections.

1.3.1 List of Computer nuns
~

Table 1. 3-1 tabulates computer runs made using the diUusion models

described in Section 1.2 above. Separate runs were made for the ~raZ:ing seasons

and annual periods. The grazing season was assumed to be May throu~h October.

1.3.2 Summary of Plant Discharges

A summary oC pl:lnt vent information for each discharge point is given in

Tables 1. 3-2 and 1.3-3. Only vents used during ]"outine operation are considered

in this evaluation. Inspection of Tables 1. 3-2 and 1. 3-3 showed that two

calculations were required to detel'mine diffusion conditions applicable for eilch

"en t.

1.3.3 Input Assumptions

Table 1.3-4 t:lbulates all pertinent input information utilized in making the

model calculations. Table 1. 3-5 ~ives terrain elevations for all distances out

to 10 miles. Terrain height is conservatively not allowed to decrease with

increasing distance in accordance with Regulato]")' Guid~ 1. 111.

1.3-4 TIes\llts

Resulting X/Q, depleted X/Q and D /Q Vi\ lues are listed in Tables 1. 3-6 throllgh

1. 3-10 for e:lch direction seclor for ten distances. These results are used as

input fOJ" the dose calc\llations described in the approl>riale section. Tables

1. 3-11 thl"oll~h 14 sUllllll:'ll"ize the res\lltin~ diffusion factors for each of the

receptor lOC:ltions. E:lch t:lblc rC'prescnts modcl results for one ~lack for

each season l>cin~ c\':l}u:lled. One set of c:'l.lc\lbti ons was m:'l.de Cor the stack

throu~h which most cfflucnts :'l.re di!=;r.h:'l.r~cd. A scc-ond set of cnlc-ubtions w:,\s



11

m:1c)c [01" the liquid r:ldw:1ste buildin~ vent :1nd :111 cff1ucnt~ were assumcd to be

cntr:1ppecJ in the buildill~ wake. This vent was i1ssunlcd to l'cpresenl :Ill othcr

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 assumc a ground

level relr.ase in the building w:1kc.



Table 1.1-1

Oyster Creek Site

Speed and Temperature
Combined %Period of Direction DiHcrence

~

Level (ft) Between (£t) Rec:overy CommentRecord

2/E6-12/66 400 400-12 "Not Determined Used for comparative
75 200-12 .. purposes only

1/67-12/67 400 400-12 .. Used for comparative
75 200-12 " purposes .only

1/68~12/68 400 400-12 91. 9 Used for hourly
75 200-12 83.6 diffusion calculations

Composite 400 400-12 83.8 Joint frequency tables
including 75 200-12 61. 0 used for diffusion
above 3 calculations
years of
record

I/G9-12/75 400 400-12 Not Determined Used wind roses for
75 200-12 .. comparative

evaluations



TABLES 1.1-2 through 1.1-5

(OMITTED FROM APPENDIX)



Tallie 1. J - •

Li st or Computu Runs

Sill': Oystel Crl'ek

,

To B(' Used
Hourly Or Grazinr, St'ason for E,'a IUJlIon

Run Vent LJta Type or Joint Frequency or Releases rrQm the
l\umber Identification Used Run Data Used Annual Dala Following Vpnts

OX· 1 Slack 68 Oyster Ell'vated tlourly GraZing Slack
Creek Source

OX·2 Stack 68 Oyster Elev:tled 1I0urly Annual Sl:lck
Creek Source

OX·] Radwaste 680)'ster Ground Hourly Grazing Radwasle
U1d(; Vent Creek Source vent, lurblne

In bldg bld(; vent
wake

OX-4 Radwaste 68 Oyster Ground tlourly Annual Radwaste
Bldl: vent Creek source vent, turbine

II: bldg DldC vent
wake

OX·5 Stack Oyster Elevated Joint Gnzing Stack
Creek 3 Source Frequency
yr com-
posite
66,67,
68,

Locahon of R('sults
in the Repor t

Tables 1,3-6 L
1.3·12

Tables I. 3-1 «.
1.3·1\

Tables I. 3- R «.
I . 3- 14

Tables 1.3·9«'
1. 3-13

Table 1.3-10



Table 1. 3-2

G~seous Discharge Points

Oyster Creek

System

Turbine buildlng ventilation

Aux i I iary bu iI di I1g vent ila tion

Rac.lw~ste building ventilation

Cuntainment building ventilation

Main condenser o[fgas system

Tllrbine gland sealing system

Mechanical vacuum pumps

Vent Number

1

1

2

1

1

1

1



Tahlp. 1. 3-3
Vent Design Information

Oyster Cree\;:

lIei~ht of
Discharge Discharge Ah::>ve Veloc:tvat

Elevation Above Ma..ximum Building Effective Vent Point or Discharge
=~( Loc:!tion Grade (m) Elevation (m) Diameter (m) (rr./sec)

1 Main stack 112 2.5 15. 2

2 Liquid radwaste 15 Vents on sidewall N/A r:-:/A
building assumed trapped

in building wake

)



Tal>lc 1. 3-4

Tabul:llion of Input Assumptions for Calc\llations

Site: Ov!;ter Creek

ASSllm('d V:il\l~ 01" Char:lC'terislic

meteorolo~ic~1 i:lsu-uments 400 It speed a:'ld directioi1, !'.T 4{;~-12

nms ~T adjusted to :-epresei1t -10(i-3~ it

meteorologic:l1 instruments 75 ft speed ilnd direction, t-T ?-:0-12
cl level releases '75 ft sreed adjusted to ~3 ft, I'T

:ldjusled to represent 200-33 Ct

:>r determining stability and
1 COCfflC ients

'eatr.;ent

mit fo:' C1 (m)z
,f tallest structure for
.hon of 2.: effective (m)

lt conditions

nts for exponential s~eed

:ioll with Ileight (Stability A-G)

n heip;ht

n correction factors

Temperature difference using Regulatory
Guide 1. 23 and Pilsquill CU1"VCS

Assumed 1. 0 mph (threshold jo~" aerovane is
about 2. ti mph). Assumed to have same
direction as measured. '

1000

15. 2

From Tables 1. 3- 3

For 6T 200-12 = 0.64
For ll.T 400-12 =0.71

0.25, O. 25, 0.25, O. 33, O. 5, o. 5, O. 5

See Tahle 1. 3-5

Figu1'e 2 or Regulatory Guide 1. 111



Table 1. 3-5

Maxim\lln Topo~raphic Ele\':llion~ for Oyster Creek (ft-MSL)

(Plant Grnde is 20 ft)

DISTANCE IN MILES

1 2 3 4 5 6 7 8 9 10

30 30 60 60 60 GO 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 0 0 0 0 0 0

- --
20 10 0 0 0 0 0 0 0 0- f--- -
20 0 0 0 0 0 0 0 0 0

10 10 0 0 0 0 0 0 0 0

20 20 20 0 0 0 0 0 0 0---
10 40 50 30 30 30 20 10 10 10-_.
20 50 DO 120 130 120 110 110 100 90- - --
10 60 90 140 150 145 169 150 140 130

40 40 90 80 130 160 172 169 160 164
--

40 50 70 117 140 158 179 187 202 202

30 50 100 100 180 176 174 1R7 195 200
I -

30 30 90 110 120 120 120 130 130 152
---

30 40 RQ 80 AO 80 GO 70 109 85-

•
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I-DIsi:ifiiCWj---~1
I\c:!l'csl !\Ir:l~ x/Q X1Q
l-\nimJI (m) ~~l'r/m3)I(scc/mJ )

S:le: OV~ler Creck

1
- DIs:.Jl.ce I IDcplcted 1
_~ XE;ll'esl x/Q X/Q
. ·;It· Co-,- 1m)I(sec 1m 3}' (st'c/m3) Io.

j
' ..

-.
t\/A I I I I I

~ N/A N/A t'/A N/A KIA. N/A N/A N/A N/A N/A N/A

II I

,;-.:-:£ I
I I

l-:E I
: ;,

E~E
,

I I,

II
E

j I
ESE ~ I

\
I I

Sf: !
I !

SSE I

II
I

Is i
I

f
SSW , I
S'.'J !

I
WSW

I !
\V I I

; I:

\':XW ! : I. I~'V I

I It I
~:.\V I

I :I I : I

:-OTE: • ~/A Indicates that diffusion Information for this run ",a5 not used In dose calcul:ltlons for receptors In this column.

• (-) IndlCllu receptor distance Is greater than 800Om. dilluslon values RIven are for 800Om.



Tc\lJl..£ I..1- II B

Dillu~ioll ,nl1 U('po~ition Fstim:lle-!' (0" All Here-plor l..oC:llions (conl'd)

~I,~ O\'!iler Creek n(:\C:l sr l'oLl1. Sl:Ick Sr:lson Annll:!1 COl'lfldl'r nU:J (L): OX-2, (;0:1·5

j:;:: .. ~;~~ 10 . jl)(j/lncd • J U•.,I:llIcl; 10 . IJl'pllcled f\l01 rSI SlIeI • {),!~Ic;i.'d

:-;cJ~~st i);Q X 'Q i D:O r'C:He~1 \'eg. X/Q I X,'Q n/~ " lJoundary X,'Q I X,'Q DO
~::c':~o~ R£-s;de:Jce (m)1 (sec 1m 3) lsec.'m 3) (m- l ) Garden 1m) (sec 1m3) I(sec I n1 3) (m- 21 11m) (sec/m 3) Isec/m 3) (01-:")

~ 1710 I. 5E -08 I. 5E-08 r' 8t-09, N/A N/A I N/A N/A 610 6. RF: -09 6.7E-09 I. 7[-0~

~;':E 940 5.2£-09 5.0r.-09 . 3E· 10 73 I 3.0E-09 3.7E-0~ 7. 3E- 10I
~~ 1170 II. 4E-08 1. 4£.0811. IE.09: 957 1.6E-08 I. 5[-08 I. 2[·O~

E\"E J780 I. 5E-08 I. 5E-08 /1.3E-09 I 1500 1.4f.-08 1.4E-08 I. 4 E -09

E 1340 3.3E-08 '.'E·O, ~"E'O" I
I 914 3.RF.-08 3.7E-OR 4.3 r. -09

-c~ 1040 5.7E·08 5.6E-08 .OE-09
,

~_t.

I
914 G.OE-OO 6.6[-08 6.9E-09

SE 890 4.9E-08 4.8£-08 :;.5t-09
I 731 6.2E·08 6.2E-08 6.11':-09

SSE 1150 3.3£-08 3.2E-08 ~.OE-09

I
625 7.4E-08 7.4E-08 2.9E·09

5 2380 1.4 E-08 11.3E-08 ~. IE-IO 610 3.31':-00 3.3E-08 1.7E-09

SS'.V 2350 1.5E-08 II. 5E-08 ".7E-10 I G25 1.0E-08 1.8£-08 9.81:-10

S\V 2710 2.4£-08 t. 'E-O' ~. OE-IO 731 I. IE-08 I. IE-08 5. BE 10

W5W 6250 2.6E·08 .4£-08 ~. 9£-10 1000 I. olE ·08 1.4E-08 I. 7E -09

""
7J60 2.7E-08 t· OE

_
O
•

1.7£-10 1000 1.41':-00 I. 4E-08 1.6E-09

\'.").,v 51110 2.6E-08 .5£-08 ~. 4£·10 1138 2.1f--08 2.IE-08 I. 7[ -09

:-"V 7580 I

II
646 4.4E-08 4.4E·08 4 I E-0912.2E-09 ·OE-08 I. 7£-10

~").\V 2G80 12.7E-08 12.7E.08 ~.4r._10 I 610 6.3E·09 \6.3E-09 11.6E-09

~DTE: • NfA indicates that dillusion In(ormation for this run was not used In dose calculations {or receptors In this column.

• I-I indicates receptor distance Is greater than OOOOm, diffusion valu('s J:iven are (or 8000m.
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Dif:u~ioll amI DI'j)(,sil!OIl I:5Iilll:lles for ..\ II r.ecepIOJ· Loc:llions

5~,<? Ol'sl('r Cree!; Ill'le:lsc Poinl: SI;ll"!t ,CO:TIpUlc r llun ID OX - I

1.8E-10
1
I 2. 3E - 10 96:»0

2. 2E - 10 :1

I. OE: . 10

l.6E:-10

2.3E·09

2.2[-11

1.1E·IO

4.4[·10

1.2[-10

1.6£·09

,.,
i 2.9C 10

12.,E-10

1
'

· RF:-IO
!

i 23[.10,
12.2[-10

I SF: -10

2.3£·10

3.3E·08

J. JE-OB

2.8E·08

J.3E-OB

I. 3E .08

1. OE-08

5.9E-09

14.5E.08

12.5£.08

13.IE.06

l. 1E -08 2.8E-10

9.9£-09 1.1E-10
i

B.2£-09 j7. BE-II il 1200

I. SF; -08 ~. 6E-1O 2510,2110

1.2[-08 I. BE-IO 15300

2.5E-08

i
I. BE - JO 3380

f. 9E-1O
2.IIE-08.

3.31':.08 . lE-IO

3. 3E -08 l. BE-10

, OEO'l ~7E-1OI
3.1F:-08 . 2F: - 10 !

2410

8210

4.5£-11

7.HE-ll

I. 8E-10

1.7E-10

4.8£-11

2.9E-10

2. IE-IO

~ 2.1E-01I1 't'/A
I

10600
I

~;.:£ 1400. 2. .fE-081

~E l. 4E· 08

E~E I. 6E -08

E 1.6[·08

E5£ l. 7[·08

5E 9.9E-09

5EE 8.2E-09
j

5 6.6E-091

5~W 9490 I. OE-08

SW 2.5£-08 1
\'.3W 2.8£. 08 1

'.\' 3.3E-08

\'iXW 3.3E·08

~....v 1 I

I
.2.5[·08

~").....v 13.IE-08
I

:-:OTE: • 't'/A Indicates that dlJlusion inform3t1on lor this run was not used In dose calculations lor recl'ptorS In this column.

• t-) indicates receplor distance Is ,reater than 800Om, diUusion values ~Iven are lor BOOOm.
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T,\nLE I. J 12 U

l\e:lrCSI :>Il"! IUq>II'f:o
BO.Jndary X IQ XIQ

I (m) (ser 1P.1 3) (s/'c 1m3)

Co"'pulN Run rn: OX _I
(,01 G

I. 2£ -09

1.8£-09

I.IF-08

2.IE-09

2. 8r: -o!)

1.3£-09

8.2£-09

2.4E-0'l

I. 5F:-09

I. IF: -09

3.8£-09

2 SF: -09

2.61':-09

2.7E-09

8.8E-09

13.3E-09

610 1.3F·08 N/A

731 7.0£-09

957 3.0E-08

1500 2.4E-08

914 7.IE-08

914 1.IE-07

731 9.2E-08

625 1.3£-07

610 5.7£-08

625 2.7E-08

731 2. IE-OR

1000 2.2£-08

1000 2.7£-08

838 3.0E-08

646 8.4E-08

6JO I. 3£-08

o

.1'
0'

I

O'
I

o

Rclc:tse 1'0:r.1: Sl;'ck

Di~I~cilll\ :'.1,tI [kposillon ~!';'itr:!I(>!'; lor :\11 n,-crr'or LOCl/lOns (conl'd)

:J;;;:a;:cc 10 I ,D"plri{d ! IJ'Sl:IIlCC 10

I jr..It>PI('~;\c? rest . X.'Q I X;Q I [) ..~ ,'\I':trcst "e~. X /Q X/Q O/Q
~: rec::c, ~'~s;~e:lce(ml ISl'c'n',31 '-sec ,~3) I (I!; - I I G:Jrdcn (m) (Sl'c/I"')'(SCC/Ill J ) (m- 2)

;\ ,1710 2.3E-08 N/A 9. 6E- 10 12400 I. 8E· 08 N/A I. 2E-10'
!\:-:E 940 9.5£-09 1.2E-09 8850 2.2r.-08 9.5E-11
;\[ 1170 2.7£-08 I. 6£-09 'I I. -1E-08 'I. OE-IO

[~"E 1780 2.5£-08 J. 9E -09 II 1.6£-08 I.GE-IO

E: 1340 5.5E-08 ~.8£-09, 1.6E-08 2.3[-10

IESE 1040 9.3E-08 is.8E-09 I. 7E -08 2.8£-10
~E 890 I 7.0£-08 ~. 3E-09 9. 9r. -09 1.7£-10
~5E 1150 ".9E-08 2.4£-09 2570 1.7£-08 7.3£-10
S 2380 1.5E-08 5.2£-10 7080 6.9£-09 5.5£-11

SS\V 2350 I.OE-08 5.6E-10 4510, 7560 1.5E-OIl 7. IE-II

SW 2710 3. IE-08 J. 1£ -09 2.5E-08 I. 8E - I

WSW 6250 3.2E-08 ~. 3£-10 9170 2.6£-08 2.4£-1

W 71GO 3.5£-08 ,2.5£-10 3.3E-08 ~. 1£-1

\':~:W 5180 3.7E-08 3. 6E -10 3.3£-08 I. BE - I

~\V 7580 2.6E·08 ~. 5£-10 9650 2.0E-08

f::::~;..."W 2680 /4 . .jE-08 1.4E-09 3. Jr.-08

I
ROTE: • ";/A indicates that di/lusion inlormation lor Ihis run was nol used in (lose calculations lor receplors in Ihis column.

• (-) indicates receptor distance Is greater than DOOOm. dillusion v.. tUI'S r.lven are lor 8000m.



Diffusioll ~I\(I UC'\I11<;ilion r:~lilll:ltH; l(lI' ,\11 J\('cC'JII(,I' LOf:llions

)

5::c: 0l'slc:r Creek

I~ ~ecl::~

~

~;~E

\;~or.

n:E:

£'

I
~5E

S~

~3~

S

~5W

S','I

\'.-SW

\V

\·.;....W

~,l:

:-,-:..,y

N/A t>./A N/A to/A N/A N/A
I

I I
I

I

~

I

I
N/A N/A I NIA

I
I

I

I
!
I

I
I
i
I
!
I
!

!,.
I.

N/A N/A N/A

:-:OTE: • 'Sf;.. indicates thaI diffusion InJormation for this run was nol uSl.'d In dose calculations for receptors \" this column.

• (.) Indicales recf.'ptor disbnce Is Ire:ll~r th:an 800Om. diffusion VJlucs I:ivr.n aTf.' lor llo00m.



T,\!,tE I ' 1:\ n

Dilll:!'ion ;"-11 Deposition fstinnl('< ~ All rll'cl'fllor Loc:ltlons (ctJllrd)
S:l€: Oyster Cl'r~k nell';Jsl' POIIlt. H;1ctu ;1!'le Old\:_ VI'1l1

,
St'lson: Allnll;11 (omlluler Hun m, OX,4

Assu/IIrl! Gro",," IIplr:tsr
IilJ]-]

JI:;(.i:lCe to I ,l>{plrted ! DISI:lllce 10 1J)1!)I('-~ tC;~~:~ll>rli~eI IDl pi r1,,()

I\'el:-£st I X/Q I X/Q I D/,? {'\l'Jrl'st \'e~_ X,'Q ~ XrQ D/~ X:'Q X/Q no
D:~f~t:O:l ;les:dcr.c(! (M)' ISH ':l~3} fsecl:n J) Irr. - -J G::a rden (m) (secIln-') I(Si'C Im:l} I (m- 2) '1 Itn} (sec In: J ) !I~HIm J I (:,' - ! I

~ 14.3E.06 I,. 4E o OOi.. OE'·'1
I

1110 N/A r.:./A N/A N/A I 610 2. :IE-OS 2. OE -05 I. 2E-07
~,:); £ 940 1··5E-05 /'-'EOOSt- tE·08 731 2.2r.-05 1.91':-05 9 Of-08

~£ IliO I •. 1£-05 9.6£-06 .6£-08: 957 I. 6E ·05 1.3[;-05 4.9r.-OR

1780
I

6.3£-06 .5£-08· 18. 8£-06E~E a.OE-06 1500 I. IE-OS 3.6E·09

E 1340 1.3E-05 l. IE-OS 5.6E·C8 914 2.4E-OS 2.0£-05 I. OE -07

[SE 1040 J 1.8£-05 1.6E.05 1. OE·07 ;

I
914 2. JE -OS I. 9E -05 1.2E.07

c:~ 890 2.7E-05 2.3E-05 1. OE-07 . 731 3.8E-05 3. 2E -05 \. SE·07~c.

~

I~SE lI50 1. 3E-OS 1. IE-OS 1I.2E-08 625 l.lE-05 2.8E-05 I. IE-07
I

S 2380 I. 6E-06 1.3£-06 ~. 1£-09 • I 610 I. R£ ·05 1.5E-O"i 6. DE -08

1'1. BE-06
I

~S\V 2350 9.9E-0'1 ~. 9E-09 . I 625 I.OE-05 9.2E-06 ( lE-08

SW 2110 8.IE-0'1 I 73 I I.OE-05 8. 61=: -06 4.1E·086,2£-07 3.IE-09·

I I' "'.08
WSW 6250 1.4E-01 9.4£-07 7.IE-IO 1000 7.2E-06 6.0E·06

W '1160 :1. 3E-07 ' B. 4E-OB '5. OE-IO I 1000 8.0E-06 6. 7E ·06 ".lE-08

\~~\V 5180 II), 6£-07 4.2E-07 6.2£-10 I BlB 7.7F.·06 6.5E·06 4.71:-08

~\V '580 11.0E-01 6.8E-01 13.4E-IO I 646 I. 4F. ·05 I. 2E-05 1.6E·08

I
,

~:--\\' 2680 II. lE-06 B.5E-0'1 4.5E-09 610 I. BE -05 I. 6E-OS 19.2E-08• II I
f:OTE; • ~IA indicates that dWuslon In'ormation lor this run was not used In dose c::tlcul;ttions lor rf'Cl'plors In this column.

• (-) Indlules receptor dislance Is greater than 8000m, diffusion values J:lven are for ROOOm.

)



TABLE I. 3-14 A

Difh:sJOIl ;",d V(pu~ilioll Cslill,~I,'s lur .-\11 r.,., eplnr Lo(:!liolls

J
ill." unc,e I • . . O"plcletl

:0 ;";(;;.~e5t I X Q .. ! X/Q
I'·::~:·: CO\\ (r.'l) I (sec::::.))' (scc/rn 3)

5:le: O\'SIN Creek

C.OE·IO

4.2F.-10

!I. 4F.- 09

!4.4E-10

I
'4. 'lr: - 10
i
i3.9E-10

13. 7F..10

'4.4F:-1O

,5.6E-10

16. 3[-10
!
'6.4E-10
i
!7. 5E - 10

3.4E-08

i
:2.7F.-09

I
lJ.IF.-1I

, Complllrr Hun In OX 3
\,0:1· .,

1~IGJ~~,~~!
t:./A 15. 0£-10

I. 4 E -07

2.6E-07

2.7[-07

1.3E-05

3.0E-07

I. 2£-06

4.2E-07

I. IE-07

7.9E-08

I. OE-07

2.3E-08

4.3E-07

8.5F;-08

8000

2510.2710

15.300

3380

1200

,
7.5E·IOi

J.8E-101

2. 5E-10;
I,

4.41':-10

I
4. 4E-IO ,I

4.9E.10!

3. 4E-09;

1.0£-10;

2.1£-10,

3.9E-10,,

2. 7E ·07

J.OE-07

4.2F.-07

I. IE -07

7.9E-08

1.5E-06

6.21':-08

8. 6F: -08

7.7£-08

8.5£-08

,I. 4E-07

I

2410

9650

82JO

l1l'!r:lsf> Poinl l1;uf,cl!'lf' IHlil:. Vf'nl
AS."'"llrd (;,fWOlI II de:! c;p

O/Q
'.·~·~';r!e·\Is,cl~lle~lL-~.~.-/Q-·--I-b(x~i/IQf-leci-I---'''J'il!SI~IIC(,to .
'"'' ,,~ 0,::) ~ i':eucsl Milk I X/Q

(m- 21 Anim:ll 1m) (sec 1I:,J 1 (sec 1m3 ) (m,2, '.. GOlI (sec Ir!,3) ; (src/m 3,

5.0E-IO:1 11.3E'07 N/A 5.0E_IO:,,11 '1.3E-07

6.2E-10 5790,7400 13.7[-07 1.0E-09 6440,7500 3.0E-07

4.2E-10 2.0E-07 4.2F:.IO
I

,2.0C-07i2. C>: 07 '-6E.'O;!
3. OE -07 6. 3E .lOil

6.4F.:-10;1

5. 6E -10

6.4E-10

6.3E-10

7.5£-10

3.8£- JO

I. 8E· JO

1

7. 6E - 1I

2. IE- 10

(' 4£-10

14. 9£-10

1

3.9E-10

3.7£-10

k 4E-10

! .1

N/'"

2.6E-07,

1.3E.011
,

2.4E-07

2.0[-07

I. 4E-07

2.1E-07

4.2E-07

I. 1£-07

3.0r.-07

I. 0[-07

7.9E-08

8.5£-08

3.0E-07

1.2E-01

, 4.9£-08

8.6E-08

7401,10600

9490

I
I

E

\':sw

5,"

s

:-;OTE: • N/A Indicates that diffusion Information for this run was not used In dose calculallons for receplors In this column.

• (-) Indicales receplor disLance Is greater Ihan 800Om. diffusion ,'allll's ::iven arc for 800Om.



T.I\f!LE 1. 3-14 D

I.OE-07

B.2E-08

J.SE-08

~. lE·08

.6E-08

5 IE-Oa

1.4E-01

8.4E-08

5. 9£-08

1. Of: -07

Ir2F:-07

I
I. OE -01

~.OE·OO

( 9£·08

~. IE-OO

,
CO/;lpuler n~n ITJ' ox J

603·4

Dir:<I~iOll :!II,I f)cpo'.ilioll !:'!'Iin':ll('s lor All P.c("("plor Lonlions (ronl'ti)

Hcle:.as,:, P~If:1 U:letll':tslc nlll;.:. VI'1l1 Sl'Json Cr:lllnj:

,\ssun'('et Crounrl rll'lr;lSI'

~:.',;'~Cf 10 I 'Oq>INCli ,. V.sI:t:lce (0 j /)c!)'f'lrd I F\c;m.!>( SileI IVep!~~(;J ~i1st
. ,

>::0 i X'-Q I 0.'<] I"{·uesl Vl'g. X/Q X:Q 0/:;) I Aoullrbry X/Q XI~: :'"~r :~C~ P'ccj£!e:lCe(r.I) l!o.:·( il\.3) 'sec/nl3) ~ (m--) • CHum hn) (sec I 1l\3)lhcc: 1m3) (nJ- 2)! (111) (SH 1m 3) '(sec:/
~ 1710 :oC.2£-06

,
~/A 2.4E-08 12.400 6.41':-08 N/A 2. 2E - 10:) 610 2.3F:-05 N

:-';-;E 9~0 I.. GE -05 6.7E-08 8850 I. 8E-07 4.3E_w i, 731 2.4£-05I .
~£ 1170 \J. lE-05 4.0E-08 - 2. OE -07 4.2£-10 957 1. 4E-05

16.7E-06
I.

r~E 1780 2.5£-08 - 2.6E-07 S. 6E·10 i 1500 9.1E-06
c: 13-10 II. 2£-05 4.7£ -08 - 3. OE -07 6.3E-IO 914 2.2E-OS.I.. G[ -05

,
t-" 1040 6.9E-OR 2.7E-07 I

914
::>- - ~. 4E-10 I 2.0E-05

S£ 890 13.0E-05 I. OE-07 - 4.2E-07 7.5E-Iol 731 4.IE-05

~S E: 1150 1. 4£-05 3.6£-08 2570 3.0E-0f; 5.8£-09 625 3.5£-05

S 2380 I
3.4E-09: 7080 I. 4E -07 2.2E- IO I 610 I. 6E-OS( 5£-06

SSW 2350 18.9E-07 2.IE-09 4510,7560 I. 7E-07 3.3E-101 625 9.3£-06

SW 2710 '8.2£-07 2.8£-09 - 8. 6E -08 ~.IE-IOI 731 1.0E-OS

\::5W 6250 11. 2£_07 7.1E-l0
1

9170 6.3E-08 3.4E-l0 1000 6.IE-06

W 7160 J.3E-07 15.9E-iO - I. IE-07 4.9£-10: 1000 R.OE-06

\\":-\V 5180 1.8E-07 9. 3E-10 - 11.5[;-08 1. 9E- 10 838 8.3E-06. I
KW 7580 I. J[·07 ~. IE-IO 9650 fl.RE-OB 2.6E-IO 646 I. 5£.05
~-XW 2680 1.4E-06 I 6.0E-09 . I. 4E -07 4.4E- 101 610 2.2E-OS

}:OTE: • r-;/A indicates lhat diffusion Information (or this run was not u5ed In dose calculalions for rect>plors In this column.

• (-) Indicates re~eptor distance Is greater than BOOOm. diHuslon values Riven are for 80()Om.



1.49 perccnt C;\1015

75 rt

II

Figure 1. 1-1

Oystcr Cre('k \Vinet Hoses

19G6

'" W1NO !'r'F:F:O I.I·S5 TlIAN J. ~ "'ph

WlNll Sr'F:F:1l ...:S5 TIIAN T. ~ "'ph

• \V1NO Sr'F:F:II I.I:~S lllAN 12 ~ ",pit

o WINO 5rl:F:1I I.fS5 TIIAN !I'l9 0 "'ph

400 rt

•

. 3ft IH' IT pn t (';11111 S
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Figure 1. 1- 2
Oyster Creek Wind Roses

1967
,

400 ft

•

)

3.83 Iwrccnt calms II

()

wnw srn:u u:ss TIIAN 3.!i mph

WINO SI'I:E:O I.F.SS TIIAN 1,!i ",ph

WIN!) SI'F:£I) 1.1:$$ TIIAN 12.!i 'ol"h

WINTl f.I'F:E:O LF:SS TIII\N ,),),),0 mph

1. ~J1 P('ITI'1l1 C:\ Ims



1.7 percent calms

75 rt
•

Figure 1. 1-
Oyster Creek Wind Hoses

1968

I> wnm 5f'F.[!) l.F.SS TIIAN J.5 n.ph

\V1ND 5f'F.EO !.F.SS n'AN 1. S n.ph

• WIND 51'EEO LESS TIIAN 12.5 ,,,ph

o WIN!) 5I'F.E!) I.ESS TIIAN 999.0 ,"ph

400 rt

•

,

)

1. 52 p<,rcpnl calrn~



.6 percent c;llms

75 ft

•

Fi~ure 1. 1- 4
Oyster Cre('k Wind Roses

1969

tI WI.... D Sr[EO L.F:S5 TIII\N 3.5 mph

• \V1NI> SPEED "ESS TIIIIN '.5 n'rh

• WlNll SPEED L.ESS TII"N 12.5 mrh

o WIND 5I'EI:O l.ESS TIII\N 999.0 n'rh

,



.1 percent calms

75 ft
II

)
Figur(> 1. 1- _

Oyster Creek Wind noses
1970

I:;, WlND S I'U;O "F:SS TIIAN 3. !> ".ph

WlNOSI'EU, LfSS TIIAN 7.!> "'ph

• WlNO Sf'F.EIl U;SS TJlAN 12.!> mph

o WlNO Sf't:F:D J.f:SS TIIAN 9'19.0 mph

400 It

0.0 pen:rnl C\ Irns

)



1.8 percent calms

75 rt

•

)

Figure 1. 1-6
Oyster Creek Wind Roses

1971

1\ WlNIJ SPf:EI> I.F:SS TIII\N 3.!l mph

WIND SrEED u:~~ 11ll\N 1.!l mph

• WlNOSI'EFD U:SS TIII\N 12.!l hlph

400 rt

•

,

• f pprc('111 (':thIl5



1.0 percent calms

75 rt

•

Figure 1.
Oyster Creek Winu Roses

1972

Ii wnlO SPE£O l.rS5 Tit 1\ 1'1 3.5 mph

• WltlO srEEO l.£5S 1'111\1'1 '.5 mf'h

• Wltm srn:o U:SS 1'111\1'1 12.5 mrh
o WltlD SI'[EO \.£55 TIIAtl 9!l9. 0 mph

,

400 H

•

.2 pcrn'nl call\\~



75 rt
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Figure 1. 1- B
Oyster Creek Wind Roses

1973

400 ft

•

)

\.49 percent calms'

•

WJND Sl'tED u;ss TII"N 3,!l mph

WYNO SPEED l.ESS TIl"N 1. !l mph

WltlD Sf'EF:n l.I::SS TIIAtl 12.!l ml,h

. ...... r. ...... r-~.r-. ".~r'r T"~tJ f'lQ" n h'''''

.2 III"'rC(,llt c:llms



1.2 percent calm's

75 rt
•
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Figure 9

Oyster Creek Wind Roses
1974

6 wllm SrEF.O LESS TIIAN 3.5 mph

W1ND SrEED LESS TIIAN '1.5 "'ph

• W1ND SrEF:O LESS TIIAN 12.5 ".ph

o WINO sru:o U:SS TIIAN '1'19.0 mph

,

400 rt
•

.3 percent calms



1.2 percent calms

75 rt

•

)

Figure 1. 1- J0
Oyster Creek Wind Roses

1975

WINO SPEED LESS TIIAN 3. !I mph

WIND SPEED I.rss TIIAN 1.!1 mph

• WIND SI'I':EO J.f:ss nlAN 12. !I hlph

" ......... r"'rr'" , rrf'" or, .... , ftnn n ....~ .....

,

400 rt

•

. S 1)(,1"('(>nt ("alms

)
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RICI-4ARC O. EATON. P. E .

CONSULTING ENGINEER

REFER ~.?~~ 3

kP~ 4;)i'

April 27, 197~) ~ -+ -11

Subject:
W.O. 2700-03
Jersey Central Power & Light Comp.any
Forked River Nuclear Station-Unit 1
Report on Probable Max~ Hurricane

Flood Level

Mr. R. P. Giloth, Project Manager·
Burns 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), 1 must explain that our reasoning applies also to careful analyses which
1 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 1 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
of extreme tidal flooding conditions.
properly conservative and we would be
presented if need should arise.

in support of our method of analysis
I believe that we have been sound and

pleased to defend the numbers we have

Also enclosed are instructions for correcting exhibits previously sub­
mitted whicb 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 silllplest procedure.

~
ince yours.

_/ ~¥?!U'~
icbard O. laton. P.E.

Consulting Enaioeer

ROE:w
Encls.

cc

Revised Report-TEH-4/25/70
Exhibits Instructions
Hurricane Tide Estimatejl/250 year event

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



FOREWQBD

DEFINITIwrl OF A PROBABU MAXIMUM HURRICANE

This report ~ostulates an occurrence of a probable ~xirnu~ hurricane

at the i'orked River Unit 1 Nuclear Power Plant and sti:Julates a set

of conditions associated with its occurrence Which, in combination,

i~ considered to be critical and will result in a probable maxi~

hurricane surge elevation. The·definition of that storm, as contain­

ed in Appendix A - Glossary of Terms, of the U.S. Ar~ Coastal

~gineering Research Center Technical Report No. u, is as follo~:

PROBA8Li ~.AXIMUM HUR;UC~NE - "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 burricane should approach the point under study along

a critical path and at optimum rate of movement."

iach of the basic parameters defining the coaracteristlcs of a

probable maximum hurricane, and its derivation is contained in U.S.

Department of Connerce, I:;SSA, iieather Bureau, MnorandU1ll HUR 7-97A.

A definition and/or description of each of those basic parameters,

as contained in those reports is as follows:

CUlT~L PH.t;SSunt ~DEX (CPI) - The central pressure index (Po) is

the minimum surfac. pressure in the eye (appro~te center) of a

particular hurricane. For the probable maximum hurricane the CPI

was dete~ed on a probability basis to represent a ~~i~

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

i



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

PERIPH.:.RAL PP.ES3URE (Pn) - The peripheral pressure 1.'1 • probable

m.uiJllum hurricane is the surface pressure at the outer lints of

the hurricane where the hurricane circulation ends. It is, in

effect, • "real" pressure DO~Y found in the peripi1e!7 of •

hurricane Where the cyclonic uobars give way to straight or anti­

cyclonic isobars.

AS~~uTI~ PRESS~ (pm) - The aSjmptotic pressure of a probable

~ hurricane is a parameter for detining tne intensity of the

pressure gradient and viDd 10 tne inner portion of the stoma and,

as such, has no real physical counterpart in the pressure field ot

the storm. The asymptotic pressure is a theoretical pressure at

"in!inite distance" and can exceed the peripheral pressure by a

considerable margin.

RADIUS JF MAIDruM wnms (R) - The radius of ruxintunl winds in all

hurricanes is the distance trara the eye ot the stOJ"Jl, where surface

wind velocities are zero, to the locus ot~ surface wind velo­

cities.

roRW~RD SP~ (T) - The forward speed ot the lmrr1cane is the rate

ot 1'orwarc:l l'IOVe.Dt ot the eye (center) uaual.17 avenred onr seTeral

bourSe

i'lAIIMUM .mD ('Ix) - Ta. absolute highest surface w1nd _peed in the

zone of max:1.Jmn viDda occurri.nc at a 30 foot level aboTe the surface

of the vater and averlged over a lO-Minute period generally defloes

the tem 'Ix. Its derivation is llUIt.1ematical based on the equation

"'x • 0.865 Vgx + a.5T, where Vgx is the maxi.muJIl gradient wind in

if
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the stOl'lll as defined by thll pressure fradient and other meteoro­

logical considerations.

IS0iJEL PATT£RN - Tne isovel or wind pattern in a hurric:3ne is a

grapnical representation ot the 30-foot overwater wind speeds at

a particular instant. ~ind 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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D.l::T:::R:~INATrON OF' ? .fl. H. fLOuD HEIGHT

FOR FORK~D RI1ER UNIT 1 nUCUJ,R PJ'f"..:R PLAUT

BARNEGAT BAY, NEW JERSEY

HISTORIC STORMS AND TroiS

Storm OCcurrence and Characteristics

Historic accounts of early hurricanes affecting the New Jersey-

~ew York area date back to the 17th Century. Early chronologies

of tidal !loading from such extreme events have been reported in

References 1 and 2 in some detail. FrOM the latter report it is

Doted that at least 80 tropical hurricanes or their remnants have

affected the coastal area of New Jersey in the 75 year ?eriod

since 1889. In recent years, some of the more severe storma to

have passed ovor or near the area, whose paths are shown in

Reference 3, bave been hurricanes "Hazel" in October, 1954, "Connie"

and ''Diane'' in August, 1955, and "Donna" in September 1960. The

"Great Atlantic Hurricane" of Septnber, 19U4 passed directly over

the N'ev Jersey sborel1ne in its northward movement. Tile relative

storm frequenc7 for the area, noted in Table 1 of Reference h, is

roughly CDe occurrence enry 1.9 years. In general, record hurricane.s

passing over the general study area have had centrsl pressures of

from 27.a to 28.S inches and peak wind speeds over the ocean approach­

inc 100 raphe The forward speed of the ,10re severe hurricanes, follow­

ing recurvature in the middle latitudes, has ranged fro:ll 15 to

hO mots. Northeast storms also affect the are., the 'IIOst severe
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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, Nev Jersey. Numerous accounts of that stor~, its

tides, and the resulting beac~ erosion and tidal da~ge have been re-

ported.

TIDES AND S'rORi'l SURG~

Nornal Tides 1n Barnegat Bay are sel'llidiurual haT1ng two bigb.l and

lows roughly eViry 23* hours, vitil a higher high and lower lov as a

daily occurrence. In.!ormation contained in Reference 5 shows nomal.

and spring tide ranges at Barnegat Inlet along the oceanfront and at

various locations 1n Barnegat Bay. Data for Barnegat Inlet, Oyster

Creek Channel (oft Sedge 1) and for Waretown (1.$ miles south of

Oyster Creek l1louth) are given belov:

Mean Range (ft.) Spring Range (ft.) MTL

Barnegat Inlet
Oyster Creek Channel
r,iaretovn

3.1
0.6
0.6

3.8
0.7
0.7

1.$
0.3
0.3

The time difference between the occurrence of high vater at Sandy Hook

and Waretown gage is +2 hours and 33 minutes; between low vater occur­

rence it is +2 hours and 49 nd.nutes.

Stom Surges and Ext". H.1ih Tides. The March 1962 Northeaster

generated the highest tide ever recorded alone the beach1'rczt of

Barnegat Bay, 7+ ft. MSL, nigher thaD that observed during passage

of the more severe hurricanes of record. Recorded tide data for

Barnegat Inlet gage, or gages in Barnegat Bal', vere not aTallable

to the writer, honTer, SOllll indication of the peak tides observed

2



at Atlantic City, N6V Jersey can be found in References :3 and 4.

In general, it appears that surges on the order of 2 to :3 feet have

been about the bigbest obsened at that station. This vould be

correct inasmuch as most of the major hurricanes have passed inland

of the Nev Jers.,- area, have lost intensitY' rapidly and have not

occurred on the most critical path for tidal surge generation.

PROBABLE MAXIMUM HURRICANE

General

DetaUed anal1'8es have been lllade, as described below, of the height

of !looding to be expected at the Forked River Unit 1 Nuclear Power

Plant site during an occurrence of the Probable Kax1m\1Jll Hurricane.

Basic parameters defiDing that burricane W8re selected from Refer­

ence 6, ESSA Memorandum HUR 7-97. The effect of alternate forward

speeds of storJll IIQvelDllnt on the generation and JIl8gnitude of peak

hurricane tide in tbe ocean at shore vas evaluated; the occurrence

of that sto~ vas an the most critical path for tide generation and

V1 th concurrence of peak hurricane tide and spring astronomical tide j

procedure. used for hour17 hurricane surse co",utation. were those

given in CERe Tecba.1cal Report No 4, Reference 7; estimate. of tidal

overfiow of the beach uland and tidal inflow to BarDegat Bay were

ude to establi.h tt. resultmt baY' elevation; the effect of additional

wind setup in the ba7 vas calculated; s1multaneous occurrence of rain­

fall and runoff associated with the ston va. evaluated as to their

effects on flood level at the plant site; a routing of tidal 1nf1ovs

into the plant intake and discharge channels vas included and, an
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estimate made of associated ~ve action to be expected in those

channel.s. The result. of those studies are given belove

PROBABLE MAIDruM HURRICANE PARA~TERS

Selection of the basic parameters defining the probable maxiMum

hurricane tor the Forked RiTer area vas made trCII Table 1 ot ESSA

Memorandum HUR 7-97. Those parameters are a. tollows:

a. C.r.I. (Po). The latitude ot the plant site is appro~

ate~ 390 and 49' N.; that at the point of mtry (landfall)

selected tor this hurricane is 390 10' N. Interpolation ot

C.P.I. value. for latitude. 390 and 400 trOll Table 1 ot the

reterence _orandUlll resulta in a C.P.I. value of 27.10 inche••

b. Radius ot max:1muIIl winds (R). Table 1 ot ret. Memo. HDR 7-97

lists three po••ible radii tor each C.P.I•••••• as, RM, and at.

For latitude 390 N. the value. given range trOll 7 to 39 nautical

mile.. A moderately large-radius storm i. required 10 order to

haTe sutticient horizontal extent ot peak hurricane tide along

the coa.tal reach oppo.ite Barnegat Sa1. A storm radius

R ot 30 aautical 1I1le. (34.50 statute lI11e.) ".. theretore select­

ed a. be1nl reasonable for tbat purpose.

c. AS7IIIPtotic pressure (PIa). C1&r1ticat1011 and det1D1tiCG ot

the UY1llPtotic pressure a••ociated with tM P.M.H., a. derived

on Figure 6 ot ret. Mao. HUR 7-97, va. conta1Ded 111 a -.orandum

to the Corps ot Engineers dated December 3, 1968, Reterence 8.

In accordance with that IBellOrandUII and ret. FiguN 6, the value

of the asymptotic pressure Pm tor the P.M.H. at latitude 390 is



30.70 inches. A peripheral pressure, Pn, of 30.08 1ncbe.

vas selected to define the P.M.H. pressure at tbe outer limits

of the storm vbere hurricane circulation cd.. Use ot that

pressure and the C.P. I. value of 27.10 !.ncbe. vas used to de­

tine the IUnzmPl pressure etfect at or near tbe center ot the

stom.

d. Maximum wind .peed - Vx• Table 1 ot Keao. HUR 7-97

Sh0V8 a maxirauzI gradient wind speed ot 134 mph and a ma.x:l.murI

10-minute average 30 ft.-overwater wind speed on the order ot

120 IlIph. Those value. are tor a stationary stom; for a mov.

ing storm hal!' the torward speed l'IlUst be added to the latter

value to obtain the max1.'!IUM r-nd at radius R.

e. Forward speed ot the .tON • T. The speed ot translation

altects the shape and duration ot tbI resulting stom surge

hydrcgraph at the coast, .. WIIll as the maxiW!m intensity ot

the stora and the peak tide blight. For tast moving storms

a slig.bt17 higher surge height will result but for a lIlUcb

briefer duratica of tu.. Also, a rapid sbi!t 1n wind direc­

tion CaD occur during passage of such storms vbich, in turn,

can attect ~ tide buildup potent1al at a giveD location. An

evaluation of tta. 1JIIportance at torward speed vitb respect to

tidal fiood conditions at the plant site v.. theretore nece.eary.

Table 1 ot MeJllO. HUll 7-97 lists altematA forward ep..dI po•• ible

ot use, ST, M'r, aDd H'r. Value. ot 11, 20, and 49 knot. vere

selected; conditians related to the use of eacb ot those speed.

were evaluated for applicabilit7 and maximum ettect 1n the
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analysis to determine tta cr:tical burricane lpeed:lurge rela­

tionship.

!. ~. In order to generate critical tides along tbe open

coa~t the path of the hurricane vas selected so that the wind

direction of the max1rawII isovel would be oriented normal to the

off~hore depth contours and to shore. The storm vould approach

the Hew Jersey coastline from the southeast on an azimuth of

about 1350 from Nortb. The stom center would pass inland some

36 statute miles south of Forked River, al shown on Exhibit 1.

g. Parametric relationships describing the stationary sto~ in

terms of a 1fi..Dd speed profUe, the pressure profUe within the

area of hurricane circulation, the probable pressure ,!tect pro­

fU" and basic data used iD cQnetrnct1nC isovel patterns for

the hurricane vere derived W!l1ng • cOIlIputer progru deTeloped

and 8llIployed b7 personnel of the JacuollT1l1e District, Corps

of Engineers, and run CD • G.E. 4lS Caaputer. The output of

that program for the tbree alternate speeds of translation is

given on Exhibit 2 through 6. Methods used con!OI'lll to those

presented in *-:I. HUll 7.IJ7. UraphicaJ. preeentat10D ot the over­

..ter wind proflle for the stat10nary stOI'lll can be seen on

Exhibit 7 j the pre I sure and pressure ,!teet protile. are shom

011 kb1bit 8.

HmUUCANE TIDE CCl1PIJTATIONS

General. The probl_ of accurate~ pred1ctinl the height ot tide to

be expected at the plant site can be divided into tva basic areas of
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concern:

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

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

site.

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

a. Storm 1ntena1ty.

b. Forward speed.

c. Path.

d. Offshore depth configuration.

e. Coincidence with nonal high (or spri..ng) tide.

f. Added .....ve and pressure effectl.

Evaluaticn of those factors can be accomplished with a high degree

of accuracy. Factors affect1ng bay tide elevation are pr1merily a

function ot tl".e amount and duration of tidal overnov of the beach

island, of tidal 1I1tlov through the inlet contributing to the main

water level ot the b.,., hurricane rainfall and ranott, and the ex­

tent of wind setup across the bay to include ~ local vave effects.

The occurrence and IlIagrUtude of wind letup across the bay is also a

function ot tbl available tetch length, plus the requirement that

fairl1' un1di1'ecticoal rind. are ll&iDu1ned over the tetch to pendt

a steady atate ..tup cODditioa to occur on the ..1DlaDd sbore. In

evaluatlDc those tactors c0D81deration III18t be ginn to tbI tollow­

ing:

a. The shape ot the coastal viDd-tide hydrograph inasmuch as

it afrects the duration of wave and tide attack.
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b. The peak value of tbe hurricane surge, with respect to the

beach island profile.

c. The can!iguration and topography of the coast.l Deach island

vitn respect to beiiht and lateral extent of the dune, the

presence or absence of urban development, roads, and the 11ke

which .,uld obstruct erosion and tidal overnow.

d. The area of Barnegat Inlet and the extent and degree ot sub­

sequent erosion during tidal 1n!lov.

e. The creation of secondary small inlets resultinl froll coastal

breakthrough ot the low .r••s along the be.ch island.

While some ot the above noted tactors are predictable .nd subject to

accurate definition IDd resolution, a highly accur.te d.te1'!lliDation

of others would require detailed field study vith possible corrobora­

tive model testa. Perhaps the most critical tactor .ffecting and,

to a large extent, controlling the predicted peak hurricane tide eleva­

tion at tne plant site is the condition of dune erosion with t1Jne

during hurricane passqe and the consequent extent and volume ot tidal

overfiow. Recogniticm IlU.8t also be given to the prob.Dility ot

physical chang.s tbat v1ll IIOst assuredlT OCCUl' aloac the be.ch island,

not 0D17 With respect to dnelopllllnt, Out &180 vi th regard to the con­

sequences ot these ohances an 8D7 basic .s~t10D8 ..de in this anal7ais.

Those assumptions IlU8t nec.ssarily be "rea80Dablen in th& they should

refiect the extent and scope ot ...·.ilabl. Imowledge, pal"ticularly vith

regard to beach erosicm as observed in past events ot this nature.

Procedures. The following is • discussion IDd description ot the

8



-

procedure. ~ed in thi. anal18l1 vi th regard to tbl P.M. H. tide

cOIIPUtations.

a. Hurricane tide cOJ!!ENtatiOI18. Tbe procedure. used to cca­

pute the peak IVge and .hape ot tbe .urge h)'drograph It the

opeD coast are tho.. de.cribed tD CERe TecbDic.l Report No.4.

Surge height. were determ:1.ned at hour17 tDtenw us1.Dl Formula

1-65 trOlD that report. Ottabore depth prot'Ue. wre obta1Ded

and averaged trOlD U.S.C.& G.S. Map No. 1108. The critical tetche.

for tide geceratiOD were .elected aDd gecerall7 paralleled ~

path ot approach ot t.be .tom tD ~ area ot h1che.t v1nda.

C~utati0D8 _re _de tor both .low aDd hiP .ed. ot trau­

htiOD to det1:De th8 extreM raDle tD peak tide ad the .hape

ot the tide b7drograph alecg the ope coast tor each event.

CbaDge. 1D pre.nre ettect wre added to the ottshore depth

vith chIDge 1D tetch llDgth. ODe toot at wave ettect va. Idded

at .bore to the haar17 surge h8lcbt. Th8 re8Ult1Dg bJdrogrlphs

Ire abowa ec izb1b1t 9 together with the spring tide bydro­

grapba tor ocem aDd bIT. Peak value. are 21.$6 n. MLW

(20.06 tt. !IlL) tor the h1ch speed .tom me! 18.25 tt. MLW

(16.75 ft. PIlL) tor th8 lI10w 8p..d atom. '!'be ditter.ce 1D

pat tide bl1Iht8 1a 3.31 teet. Hawver, th8 d1tterecce 1D tbI

shape ot tAe renlt1lal bl'drolJ'&pb8 18 eve lIOI'e .13n1t1cmt

a. 18 1Ddicated b7 the tide-<:turat1= curve••bo1ID au Em1bit 10.

M om be .ee tre. that em1bit Dot CIIl1T 1. the duratiOD at

tide tor the .low mriq stOrti, at .U elevlt10aa except above

18 teet MUI, approz:1Mte17 two to tbr.. tiM. that at the high
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speed storm but. also to. be~ht of tide exceed I that of the

high speed stonl b7 al lImeh as 10 teet for nearly two bourse

O! even greater importance bowever 11 the fact that a r.pid

sh1!'t in viDd direction will occur in the bilh speed stom

immediatelY' tollcnr1ng its landfall. Wind directions v1ll lhilt

from aD easterly component across tbe bar at the time of peak

ocean tide to southerly J thus precludiDg sufticient time for a

steady-state surge condition to be tully developed across the

bay. It is therefON concluded that a 110. 1IO!1nI stom with a

forward speed OD the order of 13 to possibll 20 !!ph seer.ting

a peak sure he1Bht of trOlll 18 to 19+ feet MLW at the open

coast represents the .oat critical P.M.H. condition for the area.

b. Tidal overflow and 1ntlow computations. (1) Basic Dat••

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

a beach profile tor the reach between Manahawkin Bridge on

the south and Thaus Mat!U.s Bridge on the north. Those 'Nre

considered to be the 11m1ta ~ the baY' (aDd beach) are.

affected b7 tidal overfiow and inflow. The total reach length

is 22 st.tute lI11el. Dune elevation ws plotted 81ainst accu­

IIU.lated distmce, or length, to obta1D beaie relationship for

use in detem1n1Dg tidal OTernow. Cuma were established for

the reache. betnc MaMha_in Bridge md the south side of the

iDlet J frcn the DOnh aide of the inlet to ~a Kathis Bridge

and for the total. reach .,colllpused bY' those two reachea. Those

relations are shom on Exhibit 11. Cros. sectiClls of the beach
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island were also plotted by l-M1le average reachea to obtain an

indication of the width of beach area at certain elevationa for

use in evaluation of the probable rate of erosion with both

t1JlMl and increase in tide height at shore. An area-volume rela­

tion vas deternr1ned for Bamegat Say betwen the two bay bridgea

using available U.S.O.S. quad sheeta and navigation IMps. The

area-capacitT relation vas extended Wand to the 20 !t. MLW

contour. Those relatione are ShOMO on Exhibit 12. The croaa­

sectional area ot Barnegat Inlet vaa also obtained b7 averag­

ing several l1Jll1t:1ng aections to arrive at a "basic" area­

elevation relation. That relation is sbcnm on ixhi.bit 1.3. Also

ahavn an that exhibit is the total accumulative area-elevation

relat10a that VBa asaumed to exiat during atoN occurrence as a

reaUlt of beach erosion at the Wet and trOll the creation of

small secClDda17 Weta (breakthroughs in tbl beach island) which

would add to the total available Wet area vi th time. As show

on that exhibit the existing inlet area at elevation 8 feet MSL

would be aSSUlllld to increase from 2L,OOO tt. 2 to a maximum of

97,000 tt. 2 vbeD tbe oceaD tide reaches elevation 17 ft. MSL.

(2) Erosion, bnuthr011lh, and overnov a..umptiona. The

U8Ulnpti0D8 _de ngarding tbI tiM - histol'7 and extent of

erosion and subsequent ""ernov to Bamegat Bq are probab~

the ~st sign11'icant part of this entire malTsis. Available

1n!onaatioc, 1Dclud1Dg personal obeernt1oas ot beach erosion

in major burncaDee affecting aiJn1lar beach and shore installa­

tions in tbe florida area provided SOlD8 knowledge of th8 time
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sequence of erosion and result~nt effects. Wave action in ad-

vaDce of actual sto~ passage attacks coastal beaches in vary-
.

ing degrees depending on both offshore and onshore beach slopes,

the proxi:n1ty (or exist4Dce) of dunes, type of underl:ring rnater-

ial, wave characteristics, and ot:ler factors. As tne hurricane

tide at shore rises, tne area of beachfrant exposed to wave

attack and ?ossible overtopping increases with elevation. The

hori~antal extent of beach erosion c~~ var,r; in major hurricanes

sane 10 to 20 feet horizCZ1tal loss of beach bas been observed.

In loag-duration northeast stor.u, which occur in late winter

and early .pring, tide heights do Dot approach the ~xi~ values

observed in !:1urricanes; however, the repeated occurrence ot four

to five much-abo.e-normal tides plus abno~ll1 high selS and

wave action has caused horizontal erosion of beachtront areas

of as much as 50 to 100 teet. Such storms al.o have associated

severe Y8ve action lasting trOlll 36 to b8 hours and longer. The

March 1962 Northeaster had 5 successive high tides with wave

action ot nearly 60 hours duration. FrOlll Sxhioits 9 and 10 the

tide ~drograph ot the slow IIIOving stom (considered applica­

ble tor the P.M.H.) and the tide-duratioD curve ind1cate that

tbe beach island tronting the plant site Ifill be subject to

joint tide and wave attack tor about a 6 to 8 hour period •

.i::xhibit 11 indicates that so.. 5,000 teet ot beachIrant is

at or below ele.atian 10 tt. MSL and aoout 18,000 teet is at

or below 15 teet KSL. The duration of tide height above 10 tt.

~, as shown on Exhibit 10, i. Ipproximately L hours; that
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above lS 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 vas postulated, beginning

at ti3e T-6 for beach areas at or below elevation 6ft. ~W.

For those areas the maxiMum erosion depth ~ the total sto~

would be on the order ot a 1-foot vertic~l reduction. Comparable

hourly rates were assumed to occur with increase in beach eleva­

tion and with hourly increase in tide height at shore. In this

manner a final "eroded" profUe relation vas established, as

shown on Exhibit 11, which vas assullled to exist at time r+l hours.

The progreasive hourly changes in beach elevation provided a

basis for cOlllputation ot hourly overnow volumes (as described

later 10 this report). The total inlet area relation show on

~bit 13 was based on an est~~ted total 1,500 linear feet of

breakthrough of the beach, occurring at about 1 locations within

the 2-mile reach south of the inlet and in the first 1, miles

north of the inlet. A total erosion depth ot about 10+ feet vas

assumed to occur in those specific locations, down to about lIlean

low vater. This assumption depends in large lIleasure on the type

ot llUlt8rial underlying the beach, ie., vbether entire17 sand or

cOlllPoaed ot liMrock or some other non-erodable material. In

view of this unknown the assumption is caoaidered to be extreme.

0) Overnov and 1nnow computationa. These computations were

made simultaneoualy to evaluate hourly changes in bay volume

and stage. Hourly computations ot the volume ot overnow ot

the beach island were based on a series of hourly erosion pro-
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files wbich vere related to tide elevation and vere plan1~etered

to obtain a "mean" deptb and area of overflow. Mannings forlllUla

tor turbulent now 1J:1 ope channels vas used to compute tidal

overnow of the constantly changing beacb profUe. As such the

flow is non-ua1form througb tbe various cuts and troughs whicb

comprise the eroding sections along tbe reach of beacb!ront con-

sidered.

where

Q • discharge in cubic teet per second
a • hourly area at overflow in Iquare teet
'I • nov velocity in teet per second
r • hydraulic rldius, IIswaed to be equal to the lIlean hourly

depth at overflow.
s • vater surflce slope, estimated as the bourly averlge bead

across a 1,000 toot width ot beach
n • roughness coefticient, assumed IS 0.0) vb1cb is noted on

page 7-17 at King's Handbook at Hydrlulics II applicable
for naturll Itream channels, with no rifts or deep pools,
but containing some obstructions sucb as stones.

The maximum hourly overnow rate of 1,775,000 cts was reached

in the hour T-l to To. The max:1.nIwI average hourly veloci ty,

based on slope, vas 12.25 feet per second and occurred in the

period T.2 to T.l. The total volume ccmtribution to tbe bay

troll tidal overnow would be !4>5,074 acre teet. Tbe orUice

fol'DlUla vas used to cCllllPute 1ntlov. As datined in Kine's

Handbook of Hydraulics, an orifice is III opc1nl with I closed

perueter and of regular form through vh1cb vater nows. The

movement at tidal 1J1!low through Samegat Inlet dUring the P.~.H.

under both relatively high head conditions and the influence ot
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winds in excess of 1)0 mpb vas considered best represented

bydraulically as !'lov tbrough an orifice. That fornrula is:

vhere

-

Q • discharge in cubic feet per second
C • ellpirical COMtant (u..d 0.64 band on s1m1lar COftlPuta­

tiot18 lIIade by the Jacksonville District, Corps of Eogineers
in design hurricane-protection studies)

A • inlet area (fl'01ll Exhibit 13)
g • graYitational constant (32.186)
h • average hourly bead acros. the inlet.

The maxi.nnmI hourly innov rate through Barnegat Inlet 8I1d the

various breaktbrougba vas caJlPUted to be 1,050,000 cf. in the

period T-l to To. The JII&X1.•• bourly average velocity vas

16.2 feet per second tra. T-2 to T_l. The total vol~ contri­

bution to tbe bay froll tidal innov would be 310,010 acre feet,

!laking a grand total volume of 765,084 acre teet added to the

bay. Graphs of the hourly innov, overnov, and total volume

added to the bay are shown on Exhibit 14. The rise in ....an hour­

ly bay level (stage) trOlll that innov can be seen on ~xhibi t 15.

The peak stage reached in the be,. would be 15.8 ft. MLW, and

would occur at ti_ T+l hours.

c. Hurricane ra1n!ell. As noted on page 7 ot U.S.W.B. Technical

Paper No. 48, Reterence 9 --- "hurricane. _y~ as lINch as

12 incbes ot rainfall in 24 hours over large areas ~nd even lIlore

over areas of a fn SqUiN 11I1.188". In gmeral, the allIOunt of

rain resulting frOlll ~ given storm is I function of several

factors --- the JIOisture content of the atom and infiuence ot

surrounding air _sail, its path, ie., whether over reatively
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nat terrain or lDOunt.ainous areaa, where the .ffect ot oro­

graphic 11!ting can result in torrential and widespr.ad dOMD­

pours, and other _teorologic conditions. i.xam.ination of

rainfall recordl alsociated with the passage of int.na. hurri­

can.s ov.r or n.ar the north.astern seaboard indicatea that

r.Wall distribution in those Itoml bas been light along the

coaat, v1th heavi.r alllOUDtl not.d 1Dland due to rise in topo­

graphy. The heavi.st r.infall has been found to occur in the

area slightly ahead of the center, this being the area ot

1Ux:L1lIUa lllOistur. intlov and convergence, and that ftlCst Iffect.d

by orographic lUting. For tM P.M.H. I total pre-peak tid.

raintall ia postulat.d, ringing from .3 inchel Ilong tbe coast

over the Bam.glt Bay area, to a ns.u:1lIl\a 12 incb.1 aOIl8 25 to

.30 lIl1les 1.nlaad. The total contribution ot Itorm ra1niall over

Barnegat Bay (0.25 tt.) vithin a 24-bour p.riod prior to peak

tid. occurrence in the bay would b. small in tems of its

normal average depth, and even small.r with respect to the added

volWlMt ot tidal Wlow and overnow noted above.

d. Runott. Littl. or no contribution to the ba1 from upland

runott trca nch str.... II TClU River, Cedar Creek, Fork.d River,

O)"st.r Cre.k, Gunning Riv.r, or ~D&bII.1D Creek ill .xpect.d

at the tilll8 of peak b.y tid. occurrence because of the normal

3 to 6 hour llg b.tween ra1n!all occurrence and the tv. ot

concentratioD 1D p.ak ruDott fram those watersblds. In this r.­

gard it baa beeD observed that the .tfect ot hurrican. winds

plul high vat.r l.v.ll in coastal b8Ya snd riv.ra can and has

16
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delayed or caused a further lag in the time of occurrence of

peak runoft owing to reversals in slope upstream.

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

of P.M.H. surge occurrence aloD( tbe oceanfront the vater level

in Barneg.t Bay v1ll have risen up to a pe.k at t1.lle 1+1. At

that time peak burricpn. winds are directed .cross the e.st-

west axis of the bay c.using aD additional rise in vater level

along the mainland shore froll Wind and vave setup. FolloV'iDg

passag. of the hurricane center inland vtnd directions gradually

begin to sturt to the southeast. For tbe .....Uabl. 4 to 5 lI1lee

of fetch distance across the bay a m1n;~ duration of .t least

, hour is considered n.cessary for aver.g. winds to be effective

in creating. theoretic.l "steady-state" setup condition along

shor.. AccordinglYJ a me.n i hourly bay l.v.l of 15.35 ft. j~W

(.from tim. T., to 1+1) vas used to compute the .dditional bay

tide. The tomula

was us.d to COllpUte the slope 5, in feet per mil' J across the

bq. Alter .....eral succ.ssiv••pprox1mat1ODs • nod. lin. vas

est.blisbed mel setup and setdow cOJIIPUtations wre made. The

vater .rea 1D the v1cinit1 of t.be be.ch island v1ll "setdown"

bec.us. of tbe shallow.r vater d.ptha. A half-hourly .verage

vind speed of 120 mph vas used, bas.d on a slight reduction in

storm winds due to tbe effect of overland friction and normal

17



stonn filling folioving landfall. A geographical sketch of

conditions used in the computation can be seen on J:.Xh1bit 16.

The peak computed tide elnation at shore, includina the

eftects of wind, rain!all, and wave action, vas determined to

be 19.8) tt. MLW (19.2 ft. MSL). That tide eleyation is con­

sidered applicable at the plant site.

t. 'lave nmup at the plant s1te. 1. General. Location of

the plant site is approximately It ",Ues inland from the western

shore of Barnegat Bay and about 2,000 feet east of Highway 9.

Topographic data for the area fronting the plant site vas taken

from Topographic Survey "Baywood Fa1"ll8 n dated January 23, 1970,

sheets 1 through 7, prepared tor Jers~ Central Pover and Light

Company. Those data supplement the U.S.O.S. Quadrangle Sheet­

Forked River, N.J. 192), a portion ot v.bicb is reproduced on

~b1t 17 with the plant site location indicated thereon. Four

ground profiles for the area fronting tbe plant site are shown

on Exhibit 18, one extending north-south alang the base of the

plant fUl and three east-vest profUes bracketing the wave

approach area to the plant site.

2. Wave heights in Barnegat Bay. Evaluation of wve reneration

conditions in the bay vas based on aD available east-vest fetch

length across the bay ot approximately ).2 statue miles, an

average beach-~1n1and depth under the V1Dd tide profile (Exhibit

16) of approx1Jutely 18 teet, and en averare v1Dd speed frOlll the

east-southeast of 120 mph. Wave height and period vere obtained

with the above data frOlll Figures 1-)2 and 1-36 (extended for V1Dd

18
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speed) of ETL-lllO-2-8, dated 1 August 1966, interpolated for

an average depth of 18 feet. From those curves a wave height

Hs • 8 to 8.5 feet and W8ve period T • 7 secends were obtained.

3. Wave heights &nd characteristics in the vicinity of the plant

!!:! will be a function of available depth of vater SOMe distance

8..twrd of the plant _ bankm8nt. iiater depth decreas.. pro£res­

sivel, nth distance Wand from the uinland shore. The higher

waves will br.ak on IIDYing Wand as their brealt1ng depth is

reached. For example, an 8.5 ft. wave will break in approximate­

ly 11 feet of vater, or about 0.9 mil. inland frOll the Wlstern

bay shore, barring the effect of any physical obstruction to ita

forward progress illland. The vave height that can be sustained

vithout breaking in crossing the area 111 front of t be plant site

flll and that nll break OD and nm up the fill slope vas deter­

mined using the topographic profiles A-D sho~ on Exhibit lao

Ir the effect ot tbe denle woods extending north-south for over

hal!' a Illile east of the plant site can be ignored, ground eleva­

tiona of 15+ to 17 feet V1l1 control the VI? height reaching the

plant fill 8111bankmeat. Using an average tide elevation of 19+ ft.

aDd a controlling ground .le~ation of 15+ tt. the maximum non­

breaking depth of vater tor va~e. reach1nc the embanlanlnt V1ll be

about 1& t.et. For tbat deptb a 3.1 ft. _~e vill oreak (Hb •

0.78 x 1& • ) .12 ft.), ind1catiDg tbat the height of the wave break­

ing on the e~baDkment v1ll be about ) feet.

LA. Wa~e nmup OD the plant embame:-nt. An embaNcnent slope of

19



one vertical OQ 3 horizontal is plaaned for the bay side of the

plant site fill. llIave runup for that slope vaa cOlllput.d. Gener­

alized relationsbipa betnen vater depth, vave height, and vave

length vere derived, as given below; equivilent deep vater relations

and runup criteria were obtained troll Techanical Report Ho. 1£,

"Shore Protection Planning Ind Design" by BEB, OCE. Wave runup

and wIVe runup elevation (non-overtopping) tor deterwdD1ng plant

fill elevation wre cOlllPUted for two conditions: 1. A smooth

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

3 embankment slope. DeteJ'lllinate data for .acb are as 10110118:

General d - db - " f ..t He-flb-3 teet

T - 1 seconds L - $.lzr2 - 2$1 feet

d/L • 1£/251 • 0.0199 d/Lo • 0.00160

H/Hb - 2.238 lib- 1.35

HblT - 0.0276 d/Hb - 2.96

Condition 1 - Smooth 1 on 3 slope: (Figure 3-2)

Cot a - 3.08 d/Hb • 3

R/~ • 3.9 R - 5.3 feet

(Correction tor Model Scale Ufect - Fig. 3-11 • 12%)

!corr. - 5.9 teet

RUDup elev8tiaD • 19.5 + 5.9 • 25." ttl ~L

Condition 2 - Rubble 1 OD 3 slope: (Figure 3-12)

Cot a - 3.08 d/Hb - 3

R/Hb • 0.96 R - 1.3 teet

!corr. - 1."1, .IY 1.$ feet

Runup elevation - 19.5 + 1.5 - 21.0 ttl MSL

20



PROBAsn.m OF ~CE

The return frequency of the probable MaXimUM hurricane has been de­

fined on a probability basis in ESSA Memorandum HUR 7-97 ¥berein the

frequency of C.P.I. occurrence vas derived for various coastal zones

at I 1,000-lear return period. Numerous factors, botb singly and in

combinltiao, 1Dtluence and comprise tbe return frequency of thi.

storm and it. associated maximum vater level at the Forked River Unit 1

Nuclear Pover Plant site. They include stom intensity (central

prenure index), the selected radius of max1nlunl wind and fornrd

speed, the requ1.r_nt that the P.H.R. occur on an euct critical

patb for peak ocean surge generation, and the further requirement

that tbe time of peak .tora surge occurrence It the COlst coincide

with the high mont~ a.tronomical tide level. The ab.ence, omission,

or failure of anyone or IllOre of the above conditiol18 and requirement.

will result in a le.s-tban-eritical event tban that predicated in thi.

report. For example, assWlling all other condition. met if the peak

stora surge occurs coincident with low astronomical tide at the coast

the rllulting peak surge elevation would be over U teet lowr than

predic.ted. It all other conditione are met but the storm path is

to tbe north of the pant .ite the resultant surge height would be

minimal. An exact determination ot the probable return frequency ot

the peak F.H.R. surge ele_Uon predicated for the plant site voald

be extreme~ ditticult at best and would bave to represent the com­

posite probability ot occurrence of each of the conditions and

cOIIlbinaUoDa of conditions stipulated. Ae sucb it would be an
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extremely rare event with a return frequency estimated to be on

ttle order of once in a lI1llion 1'88", or possibl;y more.

mREME LOW TIDE ANALYSIS

Various facton. affect aDd to a large extent ccctrol the value of

the prob8ble minimum vater level elevation, or extr..e low tide con­

dition, to be expected at the intake canal of Porked River Unit 1

nuclear power plant. The,. are essentially 8S follows:

1. Hurricane wind direction, duration and intensit1' in a P.M.H.

occurence pa.sinl either a sutticient distance otfsbore or a

sufficient distance to the north of the site area so as to prevent

the buildup ot tides alongshere and in Barnegat Ba;y. Winds in the

bay area opposite the plant site mu8t be directed tav.rd tbe east

so as to create a setdown in bay level along the wstem ba1' shore.

2. The occurrence ot the stom, with applicable rinds over the bay,

on a normal low astronomical tide condition in the ba1'.

3. The locatioD ot the plant site with respect to the principal

axis of the ba;y.

4. The average depth ot the ba1' with respect to viDd-tide genera­

tion and,

5. The general orieatatioD ot the bay vitb respect to aDtici~ted

burricane wind direction.

An occurrence ot the P.JIJ.H. is postulated on a path generall;y parallel

to shore at a distance SOJIIII 35 to 14) statue lIl1les ottshore. Peak otf­

sbore winds (corrected tor o!nand trictioD) in the lett rear quadrant

of the storm would be on the order ot 90-95 raph (lOO-llO mph x 0.89)
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over ~. b'1. For the For~ed River Unit 1 plant site tide-gener-

at~ conditions in Barnegat Bay are minimal... The available east-

west wind-tide generating retcb acros. the bal would be ot lome

3 lIile. maX; II!!II length. The plant site is located at or near the

nodal polot tor nortb-.outh tide geMution and vater levels would

be a!1'ected the 1...10 under tbose cQIld1tions. An assumed nOl'!llal

low tide condition in tbe bal of -0.1 tt. MLW (-0.4 rt. MSL) would

exist 111 the baT coincident vith the timB ot JUX1Jlunl setdovn 810ng

the western bay shere. The fol"llUJA used to cOlIIPute W1nd setdOlm 111

the baT vithin the plant lotake and discharge cl"..amels is tha t

described in Rererence 10. Tha t tormula is:

s • L ). Til M
".0

S • total letup over tee respective fetc~1l1 reet.

L • retcb distance, in teet.

~rs • tangential wind sbear stress (lb••/rt. 2).

~ • specU1c weight or vater (62.4 lba/rt.3 ).

D • average deptb ot vater over 1'etch L, 10 teet.

M • ra tio 01' a. tup to deptb (after

An averaCI bay bottOll protUe (west to east) ft. conatructed 1'01'

a 2-11ile vide bal .ection, .bGta on Exb1bit 19. FrC?'" the 10 bal

protUe, sbom QIl Exhibit 20, average be,. bottaal elevetiona 1Mre

obtained to deteZ'll1ne eve rere depths and ba,. volUJlls. The nodal

point in the b.,. ... e.timated initiaUT and nbeequeDtly tinalized

b,. a volumetric cbeck ot setup and eetdowa volUMe. Outfiov trOlll
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the bay vas considered negligible, assuming the condition of no~

lov tide plus V1nd setup against the eastern ~ shore would be act­

ing aga1D3t a rising no~l ocean tide condition. Basic computations

and data all shown in tabular fortll on E%hibit 20. An l!:xtreme Low

Tide elevation ot -3.1 ft. MLW (-3.4 tt. ~) vas cOlllputed in the

bay at the intake canal.

CCWCLUSIONS

aased on the above analrsis the undersigned has drawn the following

conclusioM;

1. That atta1nlHDt ot the 1IU1.'IlUJI nood level in Bamegat a.y at

the plant site is a tunction ot the m.ax:1.munl volUlll8 ot intlov to the

bay.

2. That that volume is primarily dependent upon the P.foI[.H. tide

duration curve at the coast.

3. That a t.M.H. with a JIOderately slow speed ot tranalation is

required to proTide the l'IlOst critical combination ot conditions

for Conclusions 1 and 2.

4. That such a ston, as described above in thia report, v1ll

generate a peak tide elevation ot 19.83 ft. MLW (19.5 tt. lm.)

at the plant site.

S. That an added vaTe runup can be expected to occur Oft the

planned 1 on 3 emb~t tronting the plant rang1nl tro. 5.9 teet

(elevation 25.4 ft. HSL) tor a SJIlOOth slope, to 1.S teet (eleTation

21.0 ft. MSL) tor a rubble (riprap) slope.
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6. That tIle 6xtrelll Low Tide elevation to be expected in the bay

at the plant intake and discharge channel. is on the order of

-3.1 ft. MLW (-3.~ ft. ~).

Subtdt.t.ed b7

.,
a.:t~~ f! )k4£'L,,.:~

'rh8odoN E. Halu8snV
Hydraulic Engineer Consultant
Jacksonville, ~lorida

AprU 25, 1970
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EXHIBrrs

1. P.M.Hurricane Path

2. P.M.Hurricane Parameters

3. P.N.Hurricane Wind & Pressure Profile Data

h. r.M.Hurricane Overvater Wind Data - Slov-speed Translation

5.. n " • n - Moderate-speed Translation

6." " n n a _ Higb-speed Translation

7. P.M.Hurricane Overvater Wind ProfUe

8. P.M.iiurncaDI Pressun and Pressure Effect Profiles

9. P.M.Hurricane & Normal Tide ijJdrocrapn.

10. P.M.Hur1"icane Tide Duration Cums

11. DuDe Elevation "'II Distance

12. Barnegat Say Area-eapacit7 CurTeS

13. Barnegat Inlet-BIIee I-Sectional Area & Total Area Rela tions

lh. P.M.Hurricane Inflow Hydrograpba

15. P.M.Hurricane Hour17 Sta@:e Graph

16. r.M.Hurricane Tide Profile acrose Barnegat Bay

17. Topographic Mq - Forked River and .,icin1t7

18. Topograhic ProfUe.

19. P.M.Hurricane Wind Setup Section - Bamecat Sa7

20. Iztre.. Low Tide Profile - Forked Ri",er Unit 1 ~uclear Pover

Plant
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PROBABLE MAXIMUM HURRICANE PARAMETERS

-

Po • 27.10 inches

Pn • ".03 inches

ST • 1) ~es per hour

j.l! • 2) r.dlo3 por hour

lir • S6 DUOS per hoUl'

Pa • ;0.70 inches

Po • J!~.~ Dt.~tute cillllS

~::<HIBIT 2
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h1JRRICANE TIDB ISTNTE - 1/250 YEAR ~T

FORKED RIVER UNIT 1 NUCLEAR roWER PLANT

A pre11lll1nary estimate vas IUde ot the tide height to be expected in

the nc1nity ot the Forked River Unit 1 nuclear pOVllr plant during

an occurrence of a burricane With a ~.r.I. having a return frequency

CD the order ot once 1n 250 year8. aasic parameters describing tbe

storm were taken !ro~ ESSA MemorandUM HUR 7-97; 8 critical path for

peak tide generation 1n both tbe ocean and bly VIS selected; available

topographic and ocea.nogrspnic data utilized in tne P.M.H. tide report

vere .mployed where possible; basic tide computation procedures dis-

cussed in that report were used; tidal inflow and overnow estimates

to the bly vere calculated to obta1n I .an bay level Eor vind tide

generation IcrOSI the b.y to the plant site area. Those data and the..
criteria selected IS vell as procedures elllPloyed and results obtained

are described in the following paragrapna.

HURRICANB PARAME'r!2tS

Ae noted Ibove, selection or the basic parameters describing the once

in 250 ,..r burricane were taken trClll i.SSA ~emorandwl HUR 7-97. They

are 18 follo'nll:

a. C.P.I. (Po). Interpolation ot values fraa Figure 4 of the

,.lIOrandua re~t1z3c central pressure to ~t1tude It the point

of atoM landfall (approxilUtely 39 degrees 10 lIlinut.es north)

1



resulted in a CPI value a! 28.02 inches.

b. Radius a! max:1muJll winds (R). A moderate radius a! 1Uxi.Jn'um

winds a! 30 statute miles was selected as being rspresentative

a! storma in this lrea (sae Table A, Zone ua! HUH 7-97).

c. Peripheral pressure (Pn). A peripneral pressure a! 30.08

inches vas selected !rCJll Figure 6 a! liUR 7-97. Use a! ttat

value and the C.P.I. of 28.05 inches results in a ~XiMUa pres­

sure e!!ect a! 2.31 teet at or near the center a! the storm.

d. Max1nn.ull wind speed ('Ix). Front Fieure 9, extrapolated to

a C.P.I. at 28.05 inches, a IUx:1JauJIl 30-foot oftnnlter wind speed

for a sutionary storm o! 75 lIlUes per hour vas detemined.

e. Fornrd speed of the storm (T). A torward speed o! 20 mUes

per hour vas selected tor this storm based essentially on results

ot the P.M.H. study. Addinf half the forward speed to the

rna.x1JIluIa wind tor t1:.e stationary storm results in a peak stom

V1l1d speed o! 65 lIiles per bour.

f. ~. Tbe path ot thi8 stan would be senerally that se­

lected tor tbe P.H.H. IS being critical tor tide generation in

the area. TbI st02'll would approach the Nev Jersey coastl1l1e

trOIS the southeast OIl an az1Jluth of about 1350 troll North. The

storm center would pass inland som. 30-32 statuI miles south at

Forked River.

HURRICANE TIDE C(JGIUTATIONS

General. Factors atfecting the height of tide to be expected in

2



Barneg.t Bay in tbe Ticloity ot the plant site vere discuI'ed It

sOllle length in tbe P.M.H. Tide report dated April 25, 1970. In

general to.y relate to the height ot peak tide reaco.d IlOUC tbe

oceantrant; the duration ot tidl lbaTl to. be.ch duna l1..atiOl18

alC11glhore; the duration aDd "'olWIII ot duDe Oftrtopp1D, and OTer­

nov al ...U .. the .mgunt ot innov through Bameglt Inlet vhich

att.ct. the melD vater 1.",el ot the blY It the ttm. ot blY tide

Procedure.. Tbe proc.durea ueed to ca.pute tbe peak surge Ilevl­

tiOD aloaa thl oceanfront are those d.scribed 10 CERe TecbDic.l

Report No. b. A COlllpltt.e suree ~drograph tor th1s atom WI DOt

cOIllPUt.ed; a theoretical bydrograph was approx1Jlated pattem.d

gen'rall7 atter the ahape ot the P.X.H. tid. ~rogr.ph tor I 110w

IftOTinl Itom. A. v1ll be .hown later 1D the report the dur.tion

and Tolume ot tidal oTer!lov is small campar.d to that ot the P.~.H.;

the prilnary contribution to b.y Tolwne incr.... is trOlfl 1n!lov

throUCh the 1Dl.t.

Peak oc.an t1dal-aurge ele..tioo. COIlIpUtat1oDl nre _de tor the

peak ocelD tide a' abore vith the atom in • critic.l poaiticm It

shore at tiM To. A total tetch ot a.,. 70 atatu'. lI1lea .a uaed

genlrally det1DiDg the l1Jl1t ot .pp11cable viDd d1rect1ClD8 over tbe

tetch. AT.r'le wind speedl rll1g1n& trOll 70 IlIph .t lbere to a peak

of 65 IIPh 111 the aone of max1Jlua v1Adl vere UMd. The in1tlll

elevation at tb.e ocean end ot the fetch val u.70 ft. /1LW (lltrODc.1cal

tide) + l.u tt. (pr.s8Ure .ffect) or 6.10 ft. MLW. One foot ot vave

3



efree~ was .dded to thl computed peak. tide elev.\1on at .hore.

The total peak tide ellT.tioD WI. detem1ned to- be 12.66 ft. MLV .
•

(11.16 rt. MSL).

Tid.l overflow and inflow to B.rnegat Bay. Area-elevation rela-

tioD.hipa tor the reach ot be.ehf'ront exposed to tidal ovemov

a. derived in the P.M.H. tide report were used ~ ~. lI1.ly.1••

ea.ed on an e.t~ted tide hjdrograph tor thi. storm the total

duration of overflow would be lest than ui houn md would 1I1vol,..

less that a 2-~e total overflow section of be.chfront. Tot.l

overflow volume would be on the order ot u8,ooo .ere feet, or .bout

• l-toot cClltr1bution to 1ncre.sed blY lena. Total tidal 1Dncnr

V01UM througb tbe inlet would be rougbl7 100,000 .en t.et. Witoh

.n initial bay elev.tioD of 1.0 ft. HLW the .dded etfect at tid.l

inno. and overnov, plus. ane toot added beight tor pre.sure eftect,

will result 1D • ~e.n bay level .t t~ To of .pproximately u.O tt.

MLW.

Barnegat a.l Wind tide cO!!lfutationa. Procedure. md tol"lllUl. for

COIllPUtinc 1dJ1d setup in the bay tor t!» P.M.H. vere elllplOTed in this

analysi.. An .verace balf-bDurlT wind speed ot 70-75 IlIPb ft. used;

.ver.ge bottoa el.vation. were obt.ined o....r a 3t tlI1le tetch .cros.

the bay tor. two tlI1le vide section ot b.y tront1DC tbe pt.ft, lite.

A v1Dd tide elev,tion of 5.21 ft. ~W vaa detena1AedJ an .dded vave

ettect ot troa 0.3 to 0.5 tt. CaD be aaau.ed to occur .loac tbe

m.1Dland .bore which would reault in • tint.l peak tide elev.tion in

the vicinity of the plant site of .bout ~.6 ft. MI,W (5.3 tt. MSt).
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CONC1.USlOOS

Based em tbI abo.,e analye18 the undersigned concludes tbat:

1. An occurrence ot a hurricane ba.,ing a retW"l1 frequency on the

order of onc. 111 250 yean oa a criticd path concurrent nth tliih

astronomical tide in the ocean will result in a peak tide l • .,el of

12.66 ft. ~.fLW (1l.16 ft. l'ISI.) along the beach!ront opposite the

plant .ite.

2. M1niIul tidal OTernOV and 1.nfiov to Bamegat Bay v1l1 rai.e

baT le.,el. to approximately b.O ft. MLW.

3. Wind effect in Barneg.t BaT occurring on that bay le.,.l vUl

re.ult 1n a peak tide elevation on the order of 5.6 ft. MLW

(5.3 ft. MSL) on the _inland .hore.

Sw-itted bT

{Z,o.v~
Theodore ~. Haeus.ner
Hydraulic Engineer Conrotant
Jacksonville, Florida
April 25, 1970
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June 22, 1970

Re: Oyster Creek Nuclear Station Unit 1
Forked River Nuclear Station Unit 1
Circulating Water System
Environmental Considerati

Mr. R. T. Richards, Project Engineer
Burns and Roe, Inc.
700 Kinderkamack Road
Oradell, New Jersey 07649

Dear Mr. Richards:

··,(:7~- .. •·
I r 1----

t?t_~: __ I}'} r:.__

._-----_1 ._- _

Pursuant to your letter June 5, 1970, we have reviewed the
tidal flooding characteristics at the new Forked River Site. The
p.nclosed report by my Associate, in which I concur, presents our
conclusions in this regard.

Please inform me if any additional information is desired.

Richard O. Eaton

ROE:w
Encl. TEH Report 6/18/70

cc Richard W. Haward, Jr.
Project !'.anager
Jersey Central Power & Light Co.

T. E. Haeussner

AMENDMENT 1
(July 15, 19iG)



-- ADDENDUM

GENJ:.RAL

This Addend'lJlft is supplemental to the report "Deter."l1i.Dation of

Probable Maximum Hurricane Flood Height-Forked River Unit 1

Nuclear Power Plant", dated April 25, 1970. The purpose of thi.

addendum is to provide an evaluation of the tidal flood potential

at a plant site located approximately 7,QOO 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 evaluation postulates an occurrence of a

Probable ~aximum Hurricane identical in all aspects to and occurring

under the same stipulated conditione as those described in the

reference report.

TO?Ul riA PHlC Fl:.A TlJlU:;S

The relocated plant site is to be situated on a plateau within a

30 ft. MSL ground contour, &I can be seen on the Attachment. The

site is some 2, to ) statute ~les inland from the west sbore of

Barnegat Bay. It i. flanked north and south by the South Branch

Forked River and Oyster Creek, respectively.

f> .!'f • H• TIDAL Fl.OOD POTENT rAL

The peak Probable Maximum Hurricane tidal flood level that would

1
AMENDMENT 1

(Ju 1 y 15, 1970 )



be attained along the western snore of Barnegat Bay, as deterMined

in the above referenced report, 1s 19.5 ft. MSL occurring at time

T+l hours, or 1 hour ~fter stor~ landfall. Because of the close

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, includinr wave runup, is not expected

to be a proble~ in the plant site area. Waves generated in

3arnegat Bay were previously calculated to reach a maximum of 8 to

3.5 feet in height during the P.M.H. occurrence. The higber waves

would break in !!lOving inland when reaching State Road !-Io. 9, the

railroad, and other secondary roads wnich range in grade from 10 ft.

up to 19 ft •.-1SL. Toe lesser waves would break progressively with

distance westward as natural ~round and river bank elevation3 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 1 on 20 to 1 on 50.

For those flat slopes wave runup resulting from wave heigbts on the

order of 3 to 4 feet would be limited to v.lues of approximately

1 to 2 teet above the peak tidal !lood level ot 19.5 ft. MSL. The

maxiJnulll flood level including wave ruzurp would therefore be on the

order 01" 21.5 ft. MSL in the site area.

Based on the above evaluation the undersigned nas drawn tbe following

conclusions.

2
AMENDMENT 1

(July 15. 19i1)\



1. That the peak tidal flood level, including vave runup, that

vould result from the po.tulated Probable Maximum Hurricane occurrence

would be on the orde r or 21.5 it. !"tSL in the vicinity or the relocated

Forked River Unit 1 nuclear pover plant site.

2. That since the plant site is to be located on natural gl'alnd at

elevation .30+ ft. MSL the resultant plant grade would be approx1mltel,.

9 reet above the I'II&.XiJmml probable nood level and therefore the plant

site would not be subject to any flooding errect. during a Probable

MaximUM Hurricane occurrence.

3ublft1tted by

~~~,I(.<r!~'l~«'."""~
Theodore 1. Haeussner
Hydraulic Engineer Consultant
JacksoaYille, Florida
June 18, 1970

Attachment - Site Map

3 AMENDMENT 1
(July 15, 1970)
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Hr. Philip Sherlock
D_u & Moore
14 Co_rca Drive
Cranford, N. J. 07016

Dear Mr. Sherlock:

R'CHARD O.IIEATON. P. E.

CONSULTlNG ENGINEER

March 10, 1972

~2__ aao3

....... c:00I JOt

I have reviewed the report trans~tted with your letter March 2, 1972,
addressed to GPO Service Corporation re "Probable KaxiJlwa nood Analysis.
Oyster Creek Nuclear Unit Mo. Itt. My cOllllents follow:

a. Maximum Storm Surse 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 DO juatif1cation for the factor
of 1.1' ascribed .. "initial tidal rise". Otherwise the
analysis meets current ABC criteria for aaz1miz~g all of
the variables, assWling s1Jlultaneous occurrence which 1s
truly a fant.. tically remote occurrence. The addition of
1.1' to values thus derived ascribed to ttinitial rise" is,
in my opinion, completely unsupported by any technical
evaluation of which I am aware. In.., judgment, the maxi­
mum still water level on the west side of Barnegat Bay can­
not exceed +21' KSL by the most extreme logical reasoning.

!!.. Effect of Waves at the Plant Site. With respect to wave
ruDUp it is quite obvious that this will be governed pd-
JUrily by topolraphy between the western shore of Barnegat Bay
and the plant site. A pd. factor in this respect is the
stabilized "Hishway 9", at elevation lS' to 19' HSL, which
traverse. the land between the bay and the plant site. \I111e
detailed topolraphy has Dot been presented it is apparent by
inspection that the hilhway Irade is only slishtly higher
than the adjacent terrain. AlonS the lently slopinl Iradient
between Highway 9 and the plant site, while s01DeWhat inadequately
portrayed on Plate 10 but obvioua fra. personal inspection, the
wave heishts of 3' to 4' P...inl over the highway eDlbankment
will progrusively break and refor. a. the plant is approached.
Runup of l' above maximum SWL is considered to be a conservative
estimate 88 exprused in relation to maximua SWL. This would
result in no overtopping at plant grade of +23' MSL and free­
board of l' for my preferred elevation of 21' for maximum SWL.



Hr. Philip Sherlock
o.ae. & Moore

-2- Karch 10, 1972

Excavated areas for intake and discharge canals will
present no hazard insofar as runup is concerned because
of their alignment.

S~riz1ng. I believe that the report maximizes each parameter re­
latina to total flood1na aad adds an unsupported factor of 1.1' described
as "initial rise". 'I.'he result. in .., judpaent. represents a DUlXimum
possible condition plus a factor of safety of at least 1'. Probability
of occurrence is so remote aa to be allDOst inconceivable. Wave runup,
when aoverned by topoaraphy aa in this case. is quite accurately deter­
minable. Effects of wave stresses. either impact or uplift, become
nominal in a site of this character. I therefore resard the results of
our study to be ultra-conservative.

SinCe~e.l~un,

£~ --.~ ~ /~~
lUchard o. Eaton
Consultina Engineer

ROE:w

Sherlock, D&K, 3/10/72
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PROBABLE HAXnruK HURRICANE FLOOD ANALYSIS

OYSTERCREEK NlXLEAR UNIT NO.1

OYSTER CREEK. NEW JERSEY

POll

JERSEY CmTRAL Pa.rER & LIGHT COMPANY

INTRODOCTION

This report presents the results of our flood analysis for the

Oyster Creek Nuclear Unit No.1, Oyster Creek, New Jersey. The Oyster

Creek Plant is located at approximately Latitude 390 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.1 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.
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Work pertinent to this snalysis conducted prior to this report

included:

1. Hurricane storm surge analyses resulting in a probable

maximum hurricane (PHH) stillwater level of +22 feet Mean

Sea Level (HSL) at the western side of Barnegat Bay

fronting the Oyster Creek Unit No. 1 during a high astro­

nomical tide condition.* (Reference 1)

2. Procedure Ur routing the open coast surge into Barnegat

**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 HSL as requested b~ the AEC.

2. A surge hydrograph giving maximum stillwater levels at

the western side of Barnegat Bay was developed by using

the Barnegat Bay surge hydrograph of Reference 2.

3. A wind field for the PHH parameters vas 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.

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.
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PROBABLE MAXIMUl1 STILLWATER LEVELS AT THE PLANT SITE

The open coast surge was calculated in References 1 and 2. Its

effects were routed into Barnegat Bay to determine the probable maximum

stillwater levels at the plant site. The PHH p~rameters 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 :ipring tide of 4.2 feet above

Mean Low Water (HLW).

In evaluating the stillwater levels at the plane 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.

J. The extent of wind setup across Barnegat Bay.

4. Local wave setup.

These four items were analyzed in Reference 2 for an open coast

PHH stillwater elevation of 16.75 feet MSL. The result 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.
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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 AlC (Reference 1) aad

of Reference 2.

2. The surge hydrograph for Barnegat Bay of Reference 2.

3. The inflov-overflow curves of Reference 2.

4. The hurricane wind field developed using the PMB parameters

of the AlC.

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 wa. determined for

use in adjusting the Barnegat 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 develope4 using the PMH para-

meters was adjusted for nearshore land effects and was then propngated 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

waves. The ti.. history of these cOllponent wind. is shown on Plate S. This

wind profile and the stillwater hydrograph, shown on Plate 3, including the
.

effects of wind and 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,

water depth and fetch length. Generated waves were calculatt·d coincidental

with the maximum surge hydrograph to determine the maximum fJood elevation.
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Deepwater fetches were not considered because the larger deep.

water-generat£d waves would break on reaching Island Beach. The elevation of the

island, rang~lg from 0 to +40 feat. as shown on Plate 4, would be reduced by

approximately five feet along ita lower elevatiQns by wave eroaion. Most of

the erosion w('uld occur primarily during the surge recelsion when wave direction

would be offshore rather than onshore. Therefore, the critical wave conditions

would be the shallow water wavel generated within Barnegat Bay. The fetch

distance would be approximately five nautical miles (along the hurricane

travers() across Barnegat Bay from Island Beach to the Oylter Creek Plant

Unit No.1 as shown on plate 6.

WIND

AI hurricanes move towards the coast, wind speeds and directions

are dependent upon location and tUDe. In order to prepare a wind distribution

for the purpose of wave forecasting, the wind vectors along-the storm traverse

were calculated using the hurricane wind field. A compon~nt 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.1-32 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 pha.e shift

in tbBe of +0.5 hour over the wind profile to allow for the generation and travel

of waves to the site. The maxfmum significant wave height and period i. 8.7

*U.S.AnDY Coastal Engineering Research Center (1966). Shore Protection Planning
and Design, Technical Report No.4, 3rd Edition.
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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

site location.

The significant wave height was obtained from statistical analysis

of synoptic weather charts. Approximate relatio~s~ips 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

the 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 s~rrounding 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. Thi. 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 ~he 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 requestud 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 minLmum top of levee elevation at the plant 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 (Hb) 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 HSL. &unup would be less

tn-n one foot; therefore, there will be no wave overtopp1Dg of the +23 feet

HSL top of plan t fill.

The top of both the intake and discharge structures is at elevation

15 feet HSL. Because these structures are located on the we3tern side of the

plant, they will not e~erience as high a stillwater level as the eastern

side of the plant which is directly exposed to the wave and wind setup.

Kaxtmum stillwater levels against the intake and discharge structures would

be less than +20 feet HSL. However, during maximum stillwater levels, a

one-foot wave could pass across the intake and discharge structures and runup

on the 2;1 backfilled slope in front of the turbine building. Kax~ runup

would be about 2.2 feet for a smooth slope and about one foot for a roup slope

such as rip-rap, resulting in a maximum flood elevation of 22.2 feet HSL. There­

mre, the +23 feet top of backfill elevation in front of the turbine building

would not be overtopped.

The maximum flood level for plant structures ~uld be caused by the

maxUDum stillwater level, or +22 feet MSL. Plate 10 illustrates the boundaries
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of flooded land iD the viciDity of the Oyster Creek Nuclear Unit No.1 during

a stillwater level of +22 feet MSL.

WAVE FORCES

'l'bere will be no wave force. alaiD.t plant structure. except for

the intake aDd diacbarle structures because the plant Irade elevation of 23 feet

MSL protect. plant strucutre. from wave action. ~ wave action is ...11 at

the iDtake aDd di.charle .tructure., the max1pnDl wave force. alaiD.t these

.tructures will essentially be the bydrostatic pre••ures resultiDg from a

stillwater elevation of +22 feet MSL. The lenerated waves will break to the

..st of the plant site alaiDat the graded f111 duriDl the hilber water levels.

For design purpo.es the maz1mum significant wave heilbt that may break alaiust

thi. Iraded fill i. 3.1 fHt.

CONCLUSIONS

laaed on the above discussiou. aDd _lyse. the followiul is

c01lcluded:

1. The ..x1mua stillwater elevation at the site, as determined by

the AlC, is +22 feet MSL.

2. With the aurrOUDClinl top of the plant site f11l to at least

Elevation +23 feet MSL, plant .tructur.. are protected alaiDst

wave runup.

3. The "Xi•• flood elevation for plaDt structur.. i. +22 feet MSL.

4. PlaDt structure. are protected alainat wave force••

-
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The following Plates are attached and complete this Report:

-

Plate 1

Plate 2

Plate 3

Plate 4

Plate S

Plate 6

Plate 7

Plate 8

Plate 9

Plate 10

PS-Olt-bak
(S copies subaitted)

Site Lacatiou

Plot Plan

PKB Stillwater Level at Oyster Creek
Nuclear Un!t No.1

StOr1l Traverse

Component Wind Profile

Storm Traverse Depth Profile

Wave Characteristics and Stillwater Levels
versus Time.

Site P1&D

Intake &TurbiDe Area Excavation and
Backf.111 Plan and SectioUl.

Boundaries of Flooded LaDd during the
PMII Qccuneuce.

Kespectfully submitted,

DAMES & HOOlE

ftL-L ~.-.(~)
PhUip Sherlock
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FORKED RIVER NUCLEAR STATION

'INVESTIGATION OF STABILITY CHARACTERISTICS

OF SOILS IN THE CANAL BANKS



o\rthur C~sagrande
K) Cu~grande

)Irk R. C.s~grande
CASAGRANDE CON SULTANTS FOUNDATIONS &- EARTHWORKS

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

Dea r 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, Hal'\'ard 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 extends 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, i.e. at the north end

near the bridge. Some peat lenses with a thickness of a few

inches were found at several locations within ~e 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 peat 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 observed. Directly overlying the clay

was usually found a layer of gravelly sand, sometLmes 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 u8ually 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 '~eachN 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 lb) 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
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constant depth d 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 l~its. In retrospect, it is recognized

that in these dense sandb it would have been better to use a

penetrometer with a much smaller area, e.g. 0.5 sq in.

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. In 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 ft below the original

ground surface. ~ost of these tests were made at depths of

4 to 6 ft measured vertically from the sloping canal-bank

surface, (i.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 Ib (or lb/sq in.). All

tests between lines A and B are indicative of very 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 trenches 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

sfightest 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 ft from the original ground surface.

On an average they yielded pressures approximately one-half of

those in the other group which were performed at locations

substantially deeper than 3 ft below the original ground surface.

The test results which fall in Area II indicate loose to medium

dense sands, and which was also reflected by the ease with

which excavation by hand shovel could be performed. At depths

of less than 3 ft beneath original ground surface even a sand

which was originally deposited in a dense state, would have

been loosened by alternate freeZing and thawing. But it is
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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
eN-values) z.:ieasured 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, B10,

Bll, B12 and C25 are located in the vicinity of test trenches 1,

2 and 10. Therefore, a meaningful comparison could be made

between these two set~ 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(lb) d (in.) El. P (lb) d (in. )

+20 21

+14 48 +14 190 4
+14 174 4

+10 190 5
+10 177 4.5

+9 58
+8 193 5
+8 223 6.5

Sand Layer { +2 180 4.5
Below Clay +2 183 4.5



Mr. R. P. Giloth -8- April 21, 1972

For Trench 1 is also included penetration tests dete~ined 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 v.alues 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(lb) d (in.)

+16 158 2.5

+11 158 3

Boring 54 Boring B10 Boring Bll Boring B12

~ !L !h !L !L. !L El. L
+17 63 +18 60 +20 37 +18 24

+12 51 +13' 43 +15 37 +12 50

+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 values 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:

1. 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 W1S 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 ft, 1.8j 2.2; 3.0j 3.6j 2.2.

Trench 4

Elevation +1.5

Compressive strength, ton/sq ft, 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,

ilr~ I'lt/Z~
A. Casagrande

AC:sm
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