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SECTION 1.C --
.

.

* N TRODUCT IC'.

Accendix E to 10 CFR Part 50 requires licensees to maintain :ne cacaoility~'

for determining tre magnitus.: cf and assessing the imoact of the release of
radioactivi y. Previoed herein is a descrioticn of the major attributes oft ,

the atmo soneric transocet and dif fu sion assessment sof tware wnice Will be Jsec
at the Nine Mile Point / James A. Fitzpatrick Nuclear Power Plants. ;

The atmosaberic discersion mcdel will ce capable of providing dosage
e(timates and clume characte'ization / olume cimensions and location, magnituce
of and arri/al t me of peak relative concentrations) <tithin the Emergencyi
Precaredness Zor.e (50 miles) 3r for travel periods of tnree hours. The model

; will cerform validation of metecrolcgical data ano alert coeratcrs to possiole
meteorolccical tcuer malfunctions. The model will also alert tne operator if
certain credetermined criteria are exceeded (e.g. EPA protective action
quideline s) .

.

Calcu ations are performed by using a cuff advection model fer atmosonericl

di scer sion . Site soecific asoects of the model include:
;

a lake breeze alooritnm utilizing onsite data
.

a wind field alegrithm utilizing onsite and off site data.

incorocrating the solit sigma acoroach.

acolying an acoroach fcr using c. ( standard deviation of .vina.

1irection fluctuation) under stable etnditions and light winds'

site specific power laws tc estimate missing wind toeecs
.

ouildino wake effects. .

s'ource location s.

The model will continuously sample and process meteorological ano release
data. '<eteorological data will be averaged over a 15 minute time span.

is ccmouted on a running three minute average cased uoonAiditionally, 23
.ind directicn cata. Meteorologicai data will be stcred in a wor <ing file fce
three hourt and updated once every 15 minutes. The model will ce caoacle of
acceoLing either manual or a' tomatic inout of release data. Altnougn tne
model uses real time, meteorolooical and release data, orovi sicos nave oeen
made for inoutting crojected release or meteorological data. This gives
cersnnnel tne capability of credictina discersion of radionuclices due to
controlled or ur.ccntrolled release witn actual or predicted meteorolo;).

The model will calculate values for X/Q for the sector of interest for 15
minute, ' nour, 3 hour and 6 hour tine ceriods. Using these X/Q values,
dosages f or tne isotooes li sted in Tar'e 1 will ce c:'- !ted. r. ole occy,.

skin, and iahalation doses due to intersion in a cloud wil ca - 'cula;ec.l

additionally, ground deoosition concentration of iodine and carti;uistes anu
v. hole bc/" docas due to cecosited a;;' city will be cc: routed.

r
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LISTI!.7 0F RADIO"uCLIDES CO*. SIDE?- IN DISPERSI0t4 *COELIriG

FOR T'E t;I'4E MILE POINTn

AND THE

J.A. FITZFATRICK NUCLEAR STATIONS
-

';hol e Skin Ground
.

Tyce Radionuclide Scdy In ersion Inhalaticn Cecosition

Noble gases Kr-83M X X

Kr-85M X X

Kr-87 X X

Kr-53 X X

Xe-133 X X

Xe-135m X X

(e-135 X X
'

Xe-138 X X

Iodines I-131 X X X X

I-132 X X X

I-133 X X X
._,

I-134 X X X

I-135 X X X

Tritium H-3 X X
.

Part icu l ate s Mn-54 (

Co-58 X

Co-60 X
j

! Fictional X X

i Fe-59 X

| Zn-65 X

! Sr-89 X

Sr-90 X

Sb 125 X

Te-132 ( X X

Cs-134 X

C s-136 X

C s- 137 X

3a-100 X

La-la0 X

\

|
|
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'he moc.1 uill also ce_ capa 1e of croviding the following displays:

grapni:al map output of the area snowing Emergency Response Planning.. . .s .
' A ea (E;01-5) and cc icours of .boie 3dy dose

graohical display of the wind field.

craphical display of isotccic source distribution
.

tabular di solays deoicting olume travel time, the arr:.vi time of the
.

concentrations and tneir values, dose rates, and whole cocj, skin and
thyroia organ integrated doses for 2, 5,10 and 50 mile racius areas.

araphical map output showing ERPAs and plume for re51 time anc
.

preaictea 1, 3 and 6 hours on 2, 5,10 and 50 mile raciu s di splay.

.a
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SECT!0ft 2.0
.,

cuff ADVECTIn!! "00EL-

The cuff advection concept assumes that a continucus clume can be broken
into 30 infinite numoer cf incividual ouff s of infinitesimal source
strergtn which have been serially released. The advection of tne
continucus clume i s defined by the movement of each ccmoonent ouff. This .

movement is in turn cen*.rciled by a wind field which can vary in toth time
and space. Diffusion of the continuous plume is defined by the growth of
each corocrent Duff. Tne concentr3 tion at a specific receptor coint is
obtaired througn :ne integration of the contribution of all tuf#s in the
vicin'ty of the coint. Adoitional details of the mocei fccmulation are
given below.

2.1 OLUME ADVECTION

Plume advection will be calculated using 15-minute averages of wind speed
meteorological systemand wind direction taken from tne towers in the 5, a

and from meteorological data taken at other acercar :.e stat cns. Thisi

allows the use of data taken frcm Albany and Buff alo or other stations on
a case-by-ca se basi s if required. This will be accomplisned of incetting
all cf the asailable meteorological data into a site-specific algoritho
which estimates the uinc flow at the center of each ou'#. Inis algoritnm

i s 'di scu s sed below. For missing oarameters, the #cllow ng solaci enti

procedure s will be used.
,

.-

For missino wind soeed in order of preference:

1. the backco system wind sceed will be used to reolace missing
lower level wind soeed, or

2' . a site-soecific wind power law w ll be used in conjunction withi

data from coersole instruments to estimate the missing .tinc
speed.

If wind direction is missing then in order of creference eitner:

'. the backup system wind direction will be usea to reolace missing
lower level wind, or cirecticn.

2. a site-soecific vertical wind shear value will be used in
conjunction with data from oDerable instruments to estimate the
missing wind direction.

The 00.ver law and shear estimate w;11 incorocrate an index of stability
clas< und will be based uoon a statistical analysis of at least cra jaar

Je '.'''. : inc
of on-stte cata. Following U.S. Muclear Requiatcev ^ui
soeed of half the anemometer start ng 'sceed will b : assigne: tc ;; -i

cond4-ions. Calm wind speeds .4111 not be included in the st ri st!;3i
an al '; ;i s . Wind sceed cower law ccefficient s anc vertical .!irc sneir
coef"'cient; .cil be deveicoed far each stability class.

-
-
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Duffs 411 De released at !5-minute intervals and tracked to calculate
clume as.ection. Hcrizontal c f f cccedirrates wi'l be referenced to a

the a int (0,0) and erier.ted with nortn-southlcartesi hn sf sten centered cr.
(y) and east-nest (3) axe s. Vertical ouf f coordinatas (z) <.i:1 be,

.,

refererced to mean sea level (1SL).

Puff coordir.ates are upd2;ed usic.g the fci;oning eqsatior.s:*

xy = x0 + U_t (1)

yN=10'V t (2)

zn =z0* Wit ~ (3)

where x is the easterly ccordinate, y is the northerly coccainate, z is
tne vertical coordinate, the suoscricts N and 0 reccesent new and aid,

is $1e ncrtnerlyrespectively, U is the easterly nind soeed comoonent, s

wind soeed comoonent, W is the vertical velocity of the c' 3 as

determined fecm the wind field anc plume dynamics, and u t is the length
of the advection step (15 minutes in thi s cas?). Note tnat the wind sceec
component s will be estimated by the site-soecific algori *.hm f cr toe end
points of the plume segments in a wind field which varies in time and
sDaCe .

2.2 DLUME O!FFUSIO*1'

The diffusi n of the continuous clume will be calculatea ;1 te ms r ' tr.et

crowth of cuf f s wnich are released every 15 minutes. he graatn of eacn
Duf# will be calculated using the following equaticq:

_ ,.

;3=# S IXv ' ax. i) (4)

c, x represents the virtuai clumewhere c repre sents either :y or z y

dispersion distance, i represents the current stacility class, ;x
repre sent; +tne dj;}ance tne puf f has traveled durina the advection step:

( e. a. .. ( U ',' 2 ) ' a t) . The suoscriots N and S recresent r.ea anc
| standard, resoectively; c3 recresents the ecuations for the standara NRC

Dasquill-Gif #ord di spersion curve s (Eimuti s,1972) . The virtual d* stance
|

I used in equation (4) is aefined cy:
,

;

x.. = C( 30 i) (5)

where : is the functional inverse of cs and c0 i s plume disparsion
paraceter the end of tce crice advection step.

For gecund level and mixed mode releases (as per RG l.111) tre vertical
l discer sion parameter, : 2, will be modified for tne build og .ske effect

prior to the calculation of relative concentration using ne fcilo..ing
ecuation:

: , = min ((c ' O.5 ;2, ,;t/2,j7 :z) (6)
z

-

- - . .-
_ _ _ - -

.m.y , 7 .m-
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where : g is +.be rcocified va!ue arc - i s tse maximum adj acant ouilding
heignt in tne fic n'ty :3 riiease. Ini s fccmulation vill al 50 te useci

wnen tna 01 ve i entr aines inta :.ba wa<e cf tne ccoling dater c, crently
under (;nstructior i:r fline Mile P.sint Unit 2.y

The sclit sica accroach t- the cal ulatico of stability c': .

used. Standar; criterii 33 catiin:; la p toused revisian ; a Regulate.j
Guide '.23 for T/ Z wi'l be ussa to determine the staci * ty : lass for

The c3 culaticn of:y wi'' be based upan tne1calculitian of : 7
stability class determinea fecm:; . Criteria will be incorpcrated which

will a'la.. the use of the : stab ~ility class in the calculat on of :i y

during ary stable low wind speed cordi*ionc. Thi s e.lil ce iccc.npli'sned
by u<ir.c a smaller averaging time in tne calculation of :3

2.3 CALCUL2.IICfl 0F RELAThi C0flCENTRATION

The locus of tne centers of all ouff s released at 15-m.inute intervals
defines tne plume centerline. The portion of the niume centerline tetteen
one Duff and tne ne/t obf f is referred tc as a plMe segment. The
relative concentration n a particular receptor poi.t 'xa. ya is

-

calculated as tne sum of the contricutions of each ei;ne'segfent * *

receotcr ooint.

In thi s aoolication the contribution of a plume segmer- "'e receptor

coint fx q, ya) will be calculatea using the followin; egmatN .

l, ya'j 2
'

7- j )G e :7)1 excl-0.5i( _ e
=

Q ,' d , : y

where G is 3n edge effect term given by:

x' DXg'
a

~ ) (3)3 = 0.5 ( erf - + e9
I2 : y v 2': y.

and 2 i s a vertical di soersion term defined by:

[ H + Ig -Zti
2 exp(-0.5 ! . ) (2a); =

.- d i cZ Z

where ' i s tne plume heient , Z is the elevation of the plant (MSL).
oThi s carticu ar forli for t'e vertical di spersion term issumes tota! olumel

reflection in conjunction witn v ariations in topograohy. Ini s cart calari

for 'or the vertical term is used for non lake breeze concition s. Tne

coec Wic formulaticn of fcr u se curing lake breeze s i s ai scussed later.
ti will te calculated using tne formulation of Briggs alsme is presented in
Reau'atcry Guide 1.111.

_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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The coint (xc', ya') represar ts the cocedinates of the receptor coint
in a nea c;o.'ainate systen wcico has been translated to the cccroinates of
the cuf f wnico define tr.e start of the plame segment and has been rotated

s_. ,
~ in a manner mich orient s tne x ' a> is with the plune centerline in the

downwind direction. O recresents the length of the clume sag-nant, y
and :, are the hori:ont C and ve-tical di spersion carameters, and

. .

V* 1 s g uen L,:

V*=Dj t

In thi s application it shoolc be noted that S, the length of a plume
secment, is a function of time because the net effect cf hori; anti: wino
shear i s to cause a stretching of the plume (e.g. end paint puff s m&/e
relative to one another). The variation of the discersion parsmeters

alona tne plume segment centerline will be calculated using tne values of
the ;i scersion parameters of tne puf f s which bouno the plume sec, ment.
This ca culation will be nace using a power law intercolation.i

Plume depleti,n estimates and deposition rate estimates will be calculated
by multiplying the results obtained using ecuation (7) cy the f actces
contaired in U.S. NRC Regulatory Guide 1.111. Relative ccncentraticn,

decayed relati,e concentration and depleted relative concentration and
depositien rate will be outout as accropriate for use in cosage

lcalcu ations.

The model w'll be structured to accept inout of wind speed and direction
from severa' eiind sensors whicn are located witnin 50 miles :# the site.
The mocei . vill use an intercolation algorithm to estimate .inc fields from
sensor data. The specifics of the algorithm are given celow.,

Let (x,yi recre cent the coint at which the horizontal wino is reca ac ano
recrasent tre distance between tais point and the metsoroicgi;i

rm
station. The interpolation alacrithm utilized in tni s model consists of
two ci stinct steps. The first 'steo is defined by the #cilowing

'

relationsnio:
--

T~ do y., ~. ca m'

n

where V is the estimated horizontal wino vector at point (x,y,z), {n
..

is
th

| the horizontal wind vectcr at tne m station, the summation runs over,

| neteorological stations anicn satisfy the following constraint:

rm< TC

|
where r is tne site-soecific cutoff distarce.c

1

- will De mcdeled using site-specific pcuer laws.Vert ic al variation of Vm

I
l
|

|
1

- .
--
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The .teient, w is selected in 3 f asnion 'tnich makes the interociation am
weichted averige, thus

{w,=1,(Oc w ' ' .-s g
m

and w is taken to be inversely pr:1cortional to e mm

-I.. , = c e q
.

where c is asfined by
_

c = ({ r -I)m
m

This step of the interpolation algorithm has the following aovantages:

The algcrithm returns tne wina vector at the sensce ahen tne casitiono
of the ocint is conincident aith sensor (i.e. when e = 0),m

The algorithm gives a higher weight to senscrs whicn are closer too
the coint where the wind vector i s recuired. nis15 consistent Witn~

observations of spacial correlation coefficients v.nicn snow a cecline
witn distance.

Ihe seccan step of the interce'ation procedure is to adjust tne wind field
V to render it both nondivergent and mass consistant. .Thi s i s
accomplishen by calculatina the vertical comoonent of V using the--

continuity ecuation and then by the apolication of a reiaeation ;rccedure
which rodifies the norizontal comconents of V to insure tnat

| 7 V|s cd
where cd iscn the order 10-3 anc represents the maximum error in
divergence acceptacle in the nondivergence flow.

i

I 2.4 CALCULATION OF RELATIVE CONCENTRATIONS IN SHOREL!nE ENVIR0ie'E1TS
l
!

The incorporation of a formulation of a '.ake breeze fumigation alg ritra'

' 5 ) , .l i e s -is based uoon the work of Lyons, et al (1981), Schuh -

Hirt (1975) and others. The accroach i s two-tier in tn_. meteoroic3
conditicns are first checked fer the existence of a lake breeze and tne

I Thermal Internal Boundar Layer (TI5L). A modifiec version of equa*1;n

| (7) is then used to calcu'3 e re'ative concentrations and associatec cases
if the conditions of lake breeze f amigatin exist.

f Fiaure 1 illustrates the check s wn:ch will be mace prior to tqe use of t'e
modifiea l ake breeze forru'ation. 'hese checks involse _1.me cf cay,'

wind sosec, wind directlen and tce land-lake temperature Ji-ferential.

_ _ _ _ _



.M g 9p m.e **-MM h r w g. g-e4 @gh 4e p h + w- - N h 4P4 W 6 3yM* h.h@*d 6*N- ~Gh' * *- 6-M 6-e 4" " - =*P e * mob-4ehe w

$

_

w
-

~- < s
wem. g-D

i b l h$ '
l

'

|
i
!

f'

e

i

a

i
e
e

t
e-

h #

'
I

I
,

s

e\
~ e

| N
e

YN,
*w

& C ! _$ O 3. ~ m, t,\
- w s

,<r -

#
<, -

E.$0-F 3 .

-

5 ~5 -d +
.

-

e
u s--

t" #., ~2
423e * * *" i ; s?. n *

v , - , L
.

at x q;
+a

Na i %s
u

O
N
G)
's
L

C

!
..c.

| J
! L

i
.

Gil'I"

I
t *

-

1
-

a e
=

i . k E. .-=

I

.

,

_

er

\E g/ - iy

/- E L,
- $ = E C $ U $kI h/ IO \ -: .- -- .- - s ^

~IUi Y "*-
- 2 W J m * z 3 -xr. - - - -- c =

-
-

-r- b * , V'
- s= a.
w a . W - o %*

- 9 /.s

\ TE"'/ 2 a '"/ri*G o-

= ; =p, ii ,- \ s :
; / 'S *~

~

E '~''g g we

\ /

. .

4

%*

-, , --w 4,e,- - ,- ,--w-- . - - - - - , , , , , - - - - - ,- ,-- ,,- , - - , w , - - - - , - - - - - - 7 , , - - - - - - - - - - - - - -



,

"
em-

,,

i-

i = :' i

l ,A
- s-: *-f '.r a

o a
1

i
:
e

9

ior

'i
e .

g $ |0 et E5. . , --
1

,---- . <

N$ $$$ * ?p-
-

/ a | ~
. h. h . i r'C

0 "

: R /x- ar:: -s
u 1 w - ) *y204

V / a=

v c. u
Of
N
08
CD

*%
CD i

(I
S
13

!

.

M

* ti
6
O

i C8| J'. j b .-

t L.

e a e ,

E E F y

) ,s

/ s's
/, f N

- /
i _. e ,e 5ars= = E O g0/ g 2 ,N e =N :

--

1 . - _ -
-

-Qu t: L > -* .e :! OEt ,;-3- x- --

.

r s -' . \
- i. ~t.s. E '

-

5 E 'i. \ ~ r " ", : - z-

&'E3 i gi=g, /
- [- \ ,/ ~ T

n . . a-
o - *y <". ~ '

\
s /

V \v: v \.y
-

.

e

, r- - - - - - - - - ,



_ . _ _ _ _ _ _

'

.,

.

..

The three ccmconents of tne lake breeze d'is;ersion algcritnm are (1) a
model fcr the predicti. cf TIBL neight anc sh3 >e as a function of
retecrolocical and dc..naind di st 3.ica, (2) a modifiec di scersica ecuation

y ,e ano (3) an algorithn which deter:,1nes e.here the plume i: relative to the
TISL and hc. tne oiscersica equar ions should be accliec.

Wei smar and Hirt (1975) ard Lyons have de/cloped ecdations for cetermining
the heignt of the TIBL. Weisman and Hirt's ecuation is acceptacle for
TISL acplicaticn since it is cased on average wind speed and tne lake-land
temoerature diff erence. The Lyons equation is a simple acaotation of tne
fundamental theory describing the growth of the convection layer.

_

The Weisman and Hirt TISL equation is:

L(x) = f(U,aT)x (g)n

where,

L(x) = tne height of the T!BL as a function of downwinc distance.

f'U,; T) = a function of mean wind soeed U and the diff erence in lake
surf ace temoerature from daily maximum, a T.

x = ccwn ind distance,.

= 0.5a

The f unction f is related to the parameter D2/C emoirically.7
p

.

? cd'#ication of the dispersion equation for the lake breeze fumigation
concition is essentially a simple change to the vertical term in equation
(8):

a

{exp(-/0,2})dP (10)1= 1.

(2 /.' 2 : L s

w"eee.

a = L-4 (i i.
J Z

and h i s the acuilibrium clure height. This acoroach is cased ucci Lyons

(1981T.

Figures 2 and 3 (Schuh 1975, and Lyons 1931) present the gecnetry of the
clume in a lage breeze situatior. Two basic cases nust te ccnsidered:

1. olume equilibrio.) height i s below the TIBL, and
2. slume eauilibrium height is above tne TIBL.

, _ . . . . . .
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