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1.0 TR AR A
.

The purpose of the Sesdbrook Station Offsite Dose Calculation Manual
(ODCM) 4s to identify the equipment, methods, equations, and data used co
verify compliance with the effluent release limits specified in the Seabrook
Station Technical Specifications. Included as part of Jection 7.0 of the ODCM
is a table of the atmospheric diffusion and deposition factors used to
calculate the offsite doses and radionuclide concentrations necessary ¢to
determine compliance with the dose and dose rate requirements of the Technical
Specifications which implement LOCFR20 and 1OCFRSO Appendix I dose criteria.
The intent of this document is to present a technical description of the
methofology used to generates the Seabrock Station ODCM atmospheric diffusion

and deposition factors.



" A nAETATY AP FAL /™ s

Seabrook Station Offsite Dose Calculation Manual (ODCM) atmespheric
diffusion and deposition factors were computed for routine continuous and
randomiy distridbuted batch relesses using the AEOLUS-2 computer code
(Reference 1). AEOLUS-2 {s based, in part, on the constant sean wind
direction model with Caussian diffusion as presented in Regulatory Cuide 1. 111
(Reference 2) and as implemented by the NRC XOQDOQ computer code (Reference
).

Four types of atmospheric diffusion and deposition factors were generared
by AEQLUS.2 for use within the Seabrook Station ODCM:

1. Undepleted CHI/Q factors which convert noble release rates (Ci/sec)

to ground level concentrations (Ci/l’).
2. Depleted CHI/Q factors which convert iodine and particulate release
rates (Ci/sec) to ground level concantrations (CL/IS).

3. D/Q factors which convert lodine and particulate releases (Ci{) to
ground depesition per unit area (Ci/lz).

4. GCamma CHI/Q factors which are used to convert noble gas vrelease rates
(Ci/sec) to whole body gamma dose rates (mrem/sec) utilizing the
sector-average gamma dose model presented in Section 7.5 of
Meteorology and Atomic Energy - 1968 (Reference 4). [The standard
gamms dose rate equation for & semi-infinite cloud can be converted
to & finite eioud gamma dose rate equation by replacing undepleted
CHI/Q factors in the semi-infinite cloud dose rate equation with
gamasa CHI/Q factors.)

Tvo categories of potential release pathvays wvere considered: (i) a

‘generic’' ground-lsvel release pathway (indicetive of Condenser Air Evacuation

and Chemistry Lab Hood Vents releases); and, (ii) a Primary Vent Stack release

pathway. The following assumptions were usad in generating diffusion and



deposition factors for each of the two release pathvays:
Sector-average atmospheric diffusion and deposition factors vere used
(e.§. . the plume wvas assumed to be distributed evenly horizontally
across a 22 5-degree wide direction sector),
Pecirculation correction factors were applied to consider the effects
of spatial and temporal variations in airflow vhich can occur during
prolonged periods of atmespheric stagnation and during the onset and
decay of seabreezes.
The ground-level release pathway vas treated as & Regulatory Guide
1.111 ground-mode release occurring belovw the height of adjacent
buildings.
The Primary Vent Stack release pathvay was treated as & }o;ulccory
Guide 1.111 mix-mode release occurring above (but less than 2 times
sbove) the height of adjacent buildings.
Onsite lower level vind speed data vere used to evaluate diffusion
and deposition conditions for both release pathways. These data were
used 'as is' to disperse the plume for the ground-level release
pathway and the ground-mode porticn of the Primary Vent Stack release
pathway. These data vere extrapolated upvards to the Primary Vent
Stack releass height for evaluating the potentizl for plume
entrainment and for determining plume rise and dispersion for the
elevated-mode portion of the Primary Vent Stack release pathvay.
Ons' 5 lower level vind direction data vere used to determine plume
transport (e.g., affected downwind sector) for both release pathvayvs.

. Atmospheric stability was determined as a function of vertical

temperature difference using the onsite 209'.43' delta-temperature

measurements.



The effect of the Thermal Internal Boundary Laver (TIBL) coastal site
phenomenon on plume dispersion was evaluated for both release
pathways. TIBLs were assumed to occur from April through Septeaber
between the hours of 08:00 and 18.00 wvhenever solar radiation vas
above 0 .35 langley/ain, wind speed was detweon 2 and 10 m/sec, and
the wind was from the northeast clockwisse through south-southeast.
The Ragulatory Guide 1.111 dopletion/deposition model was used for
determining depleted CHI/Q and D/Q valuas for both release pathways
Wat depletion/deposition and daecay-in-transit wore not considerad.
The gamma enaergy spectrum used to generate the gamma CHI/Q values vas
derived using the gamma energy spectrum agssociated with the projectad
annual noble gae releass rates for asch veloase pathway as presented
in Saction 3.5 of the Seabrook Station Envirormental Report -
Operating Licensas Stage (ER.OLS).

Average diffusion and deposition factors wvere genarated using on-site

meteorological data from the six-yser period Januery 1980 through December

1983 and January 1987 through December 1988 (with the exception that April

1980 and May 1980 data wers substituted with April 1979 and ™May 1979 data
because of low dats recovery ratee) by compiling a Joint frequency
istridbution of wind spasd, wind direction, and atmogpharic stability for both
TIBL and TIBL/non-TIBL conditions. Corresponding diffusion and deposition
factors for each wind gpesd/vind direction/stability class combination ware
genarated. Average diffusion and deposition factors vera then calculated for
sach receptor a9 a function of the frequency of wind speed/wind
direction/stability combinations applicabla to the receptor’'s location.
Specific details on the compilation of the meteserclogical data joint
frequency distributions and the resulting svorage diffusion and deposition

factors are provided in the subsect’ons which follow.




2.1 Messorslogical Data Joins Freguency RIstzidutiong

Hourly meteorological data records consisting of lower level wind speed,
lover level wind directicn, and 209'-43' wvertical temperature difference
(delta-temperature) data were used to generate joint frequency summaries of
stabllity class {, wind speed group J, and vind direction sector k for both

TIBL and TIBL/non-TIBL conditions as follows:

211 Ammespherdc Stability Classes

Atmospheric stability classes (Pasquill Categories A through C) were
determined as a function of vertical temperature difference using the onsite
209" 43" delta-temperature measuremants and the atmoapheric stability

classification criteria outlined {in Regulatory Guide 1.23 (Reference 5).

2.1.2 dind Speed Croups

Lower level wind speed data were utilized to ganerate wind speed
frequency distributions for both the ground-level and Primary Vent Stack
release pathways. In accordance with Regulatory Guide 1.111 guidance, the
wind speed data were divided into 12 wind speed classes which approximated the
Beafort wind scale. The lovest wind speed group represented calm conditions,
defined as wind speeds less than the anemometer/wind vane threshold wind speed
of 0.5 mph. A group-average vind speed of 0.25 mph (half the anemometer/wind
vane threshold wind speed) vas assigned to this first vind speed group. For
all other vind speed groups, the average vind speed vas determined for each
wind speed group § as a function of stability class 1. These group-average
ground-level wind speeds u‘(t.j) vere used to disperse the plume for the
ground-level release pathway and the ground-mode portion of the Primary Vent
Stack mix-mode releass pathway.

In order to perform dispersion analysis for the elevated-mode portion of

-



the Primary Vent Stack release pathway, the group-average ground-level wind

speeds g L.)) were extrapolated to the Primary Vent Stack releasa height of

7.9 m above plant grade as follows:

ug(l,3) = ugd,y) @ ($7.9m/10.08)3' %)

where u_(1,)) is the group-averasge eleovated vind spoed (considared to be
representative of conditions at the Primary Vant Stack relessa height) and
q(L) is a stability-dependent power coafficient. In line with tha XOQDOQ
computer code, q(i) was defined as 0.25 for stability classes A. B, C, and D

and 0 .50 for stabilicty classes E, F, and G,

.13 Wind Dirgction S3c80rs

The hourly wind direction data wvere classified into 16 compass point
sectors (e.g., 22.5-degres wide soctors) centared on true nerth, north-
northeast, etc. Wind directions during calm conditions (e¢.g., hours with wind
speeds less than 0.5 mph) for any given stability were distributed to the

various soectors in proportion to the sector-depsndant observaticnz in the

second wind spead group for that stabilicy.

2.1.64 IIAL Conditiona

For coastal sitee such as Seebrook, a Thermal Internal Boundary Layer
(TIBL) can form under conditions of scabreegze or onshore gradiant flow which
can limit the vertical mixing depth of the plume. Durl-g certain cimes of the
yoar when offshore water temperatures are relativel low, a cool and stable
air mass can form over the cold water surface. Duiing an onshore flow, this
cool and stable msrine air can de heated {rom balow bv a warmer land surface
and become unstable in the lower levels. The layer of unstable air bdencath

the stable marine air {s known as the TIBL and tends to increass in dapth with




inland distance For rteleases occurring within the TIBL, the msterial is
trapped within the TIBL. This lid will limit the aixing volume to a greater
extent than the average aixing depth for the area arouna the site and can
result in higher ground-level concentrations.
The following criteria were established for the formation of TIBELs:
TIBLs vere assumed to oczur only during the time of year when the
land-vater temperature difference was assumed suitable for TIBL
formation. A TIBL season from Ap.-il through September vas assumed
appropriate for the Seabrook sire.
TIBLs can occur only during daytime vhen there is sufficient solar
intensity to generate a TIBL., Consequently, TIBL occurrence was
limited to between the hours of 08:00 and 18:00.
The wind direction must be onshore with an overvater fetch
sufficiently long to stabilize tt. marine air mass. Consequently,
TIBL occurrence wvas limited to time periods where the wind direction
vas from the northeast clockwise to south-southeast sectors.
The wind spead must be in an appropriate range. Too low a wind speed
vill not support a TIBL; too high a wind speed will result in
generating mechanical turbulence vhich will overcome any thermal
effects resulting in a TIBL, Consequently, TIBL occurrence wvas
limited to time periods where wind speeds vere between 2 and 10
m/sec. (Note that the check on wind-speed for the identification of
TIBLs was applied to the data in the hourly meteorological file, not
to the group-sverage vind speed values).
. Solar radiation must be sufficiently strong since it is the heating
of the land vhich causes the development of a TIEL. Consequently,
TIBL occurrence vas limited to time periods when a minimum of 0.35

langley/min wers recorded.



A separate joint frequency aistribution £ (i J.K)
of observations of stabllity class 1, wind spead group §, and vwind direction
sector k during TIBL conditions was compiled. Since ~ne of the perameters
needed (n TIBL analysis is the intensity of solar radiacion for determining
TIBL height, averaga solar radiation values were compiled for each array

position in the £,(1,J,k) Joint froquency distributioen.

Averags diffusion and deposition factors for each receptor location wvare

determined as follows:

/

DF(k.,x) = [C(x)/f,] Z ((2¢4,3.%) « £,(4,5,%)) @ DF(1.§.k,x))
£,

+ [C(x)/L,) z (£,(4,3.%) * DF (4,],k,%))

L)

average diffusion factor of interest (e.g., undepleted

CH1/Q, dapletad Chi/Q, D/Q, or geamms CHI/Q) for receptor
located at in directional sector k at downwind distance x
recirculaticn corraction facter for downwind distance x
total number of obsarvations ia the joint fraequency
digeridbution £(1,),%)

£(4,).k) nusber of observations in the joint frequency disetribution
with atabilicy clase L, wind speed group jJ, and wind
dirsction sector k (TIBL and non-TIBL conditions)

£,(1,3.%) nunbay of obsarvations im ths joint frequency distribution

with stabilicy class {, wind speed group j, and wind




direction sector k (TIBL conditions only)

DF(4,.4.k.x) = diffusion factor of interest in directional sector k at
downwind distance x in directional sector x for stability
class 1 and vind speed group j during non-TIBL conditions

DF,(1,) k%) = diffusion factor of interest at downwind distance x in
directional sector k for stablility class { and wind speed
group J during TIBL conditions

The fundamental equations used to determine the diffusion factors
DF(L,J . k,x) and DF (1,) k,x) are described in the subsections which follow. A
descriprion of the recirculation correction facters C(x) Lie provided in

Subsection 2.3.9.

2.3 Diffusion and Deposition Factor Models
2.3.1 Undaplated CHIAQ

The equation used to determine undepleted diffusion factors
CHI/Q,(1,] .k,x) (uc/u3) in direction sector k at a downwind distance x for

stability class { and wind speed class J vas as follows:

CHI/Qu(L.3,k,X) = Eg(d,3) * CHI/Q (L8 k%)
+ [1Eg(1.1)] % CHI/Q(1,§.k,%)

where the subscripts “g" and "e" stand for "ground-mode” and "elevated-mode”
releases and E (1,)) is the plume entrainment coefficient, The ground-mode
and elevated-mode undepleted diffusion factors Cm/Qu.(t.j.k.x) and

CHI/Q q(1,] .k, x) vere defined as follows:

2.032
ug(d,3)9T, (1, x) %

CHI/Qug(L.] k\x) =



CHI/Quq(8.] . k\X) @

$

s
. 2: oxp + (1210 Serent, g kom0 /00,000

Juo§

2.032

ug(d,d)%0, (1, %)%

. 2: exp + (12170 3o (1,1, k%) /05(L,%) + (219 Segencs, g,k %) /0, (4, %))

Jm. 8§
where:

X

u‘(l.J)

u (4.3
az(i.x)
I,(L,x)

h.(tuj Oklx)
L{i,).k,x)

downwind distance (m) from the release point

group average ground-level vind speed (m/sec) for stability
class { end wind speed group J

group average eslevated vind speed (m/sec) for stabilicy
class { and vind speed group § (representative of
conditions at the Primary Vent Stack release height)
vertical plume standard deviation (m) at downwind distance
x and stability class {

vertical plume standard deviation (m) at downwind distance
x and stability class { corrected for building wake effects
offective plume height above ground (m) as & function of
stabilicty class { and vind speed class ]} in direccion
sector k at a downwind distance x

mixing layer depth (m) as & function of stability class §{
and wind speed class j in direction sector k at a downwind

distance x

The generation of the group average wind speeds u‘(I.J) and u, {1,)) vas

10



discussed in Section 2.1.2 Cetails on the definitions of the remaining

parameters are given in the subsections that follow

Sl S 2
The equation used to datermine depleted diffusion factors CHI/Qq(1.J . k,x)

sec/m’) for downwind Jdistance x in direction sector k for stabilicy class

i
.

and wind speed group | wvas as follows:

CHI/Qq(L.J k\x) = E.(1,)) » CNI/Qu’(i.j,k.x) * D (%)

B
¢ (1B (1,3)] @ CHI/Quq(4,8,k)  Dy(4,§ Kk, x)

where D‘fx) and D (1,J k. x) vare the dry deplecion factors for ground-mede and
elevated-mode porzions of the plume, respectively, for downwind distance x in
direction sector k for stability claes | and wind speed group J.

Tra dry dapletion factors Ds(x) and D (1,),k,n) used ware based on the
dry depletion factors presonted in Flgures 2 through 5 of Regulatory Cuide
1111 as represented by analytical expressicns provided in the X00LOQ computer
code. (Regulatory Guide 1.!1l1 Figures 2 thiough 3 repiesent Jepletion factors
for release haights of 0 m, 30 m, 60 m, and 100 m, reaspectively.) A

description of the procedurs employed for determining the appropriate

depletion correction factors D‘(x) and L (1,§,k,x) from Regulatory Guide 1.111

Filgures 2 through $ fellewa.

The ground-mode dry deposition correction factors Ds(x) wvere computaed at

the downwind distance of intersst x using a atability-indapendent analytical
exprassion corresponding to the single curve in Figure 2 of Regulatory Guide
3.133.

The elevated-mode dry deposition corrsction factore Dg(i,J . k,n) were
computed et downwind distance x in dirsction secter k for stabilicy class {

and vwind speed group J using a modified effeetive plume haight he' (4,5 ,k,x)




defined as:
he'(4.) . Kx) = (hy * hvt(i.J.x) « ¢, )] « 0.5%h, (k,x)

where the parameters stack height h,, plume rise hp:(i.j.:). downwash
correction factor ¢({,j), and maximum tervain height h.(k x) are ciscussed in
Subsection 2.3.7.

The above expression represents the use of an averaje terrain height
between the release point and the receptor. This expression was used with the
limiting conditions that O m g h (1, ) k,x) £ 100 m. Dry depletion correction
factors for three different plume heights h wvere computed for the downwind
distance of interest x using the stability-dependent analytical expressions

for Figures 2 through 5 of Regulatory Guide 1.111 as follows:

if hy' (1., kx) g 30 @, h =« 0,30, and 60 m
L hy'(4,),kx) > 230 m, h = 30, 60, and 100 m

The three computed depletion correction factors wvere then converted to
logarithms and subjected to parabolic interpolation for computation of the
correct factor D ({,) k,x) at the desired height h '(i,§,k,x). Due to the
limiting condition that h '({,§ k,x) £ 100 m, extrapolation of the data to

effective plume heights greater than .00 m was not allowed.

2.3.3 A
The equation used co determine deposition factors D/Q(L,] .k,x) (1/.2) in
direction secter k at downwind distance x for atmospheric stability class i

and vind speed group j was as follovs:

8
D/QUL. S KR) = = (Eo(L,§)%Rg(x) & [L-Be(1,9)]%Pg(L. 8, k,%))
Lot 3

12



where P‘~x) and P (i, k. x) are the relative deposition rates (l/m) for
ground.-sode and elevated-mode portions of the plume, respectively, for
downwind distance x in direction sector k for stability class i and wind speed
group J. The relative deposition rates P‘(x) and P (1,] k,x) used wers based
on the relative deposition rates presented i{n Figures 6 through 9 of
Regulatory Guide 1.111 as represented by analytical expressions provided in
the X0QDOQ computer code. (Regulatory Guide 1.111 Figures 6 through 9
represent relative deposition rates for release heights of O m, 30 m, 60 m,
and 100 m, respectively.) The procedure employed for datermining the
appropriate relative deposition rates P.(x) and P (1,].k,x) from Regulatory
Guide 1.111 Figures 6 through 9 vas similar to the procedure used to determine

the appropriate dry deposition factors D‘(u) and D {1,§.k,x) from Regulatory

Guide 1.111 Figures 2 through 5 as described in Section 2.3.2.

2.3.4 Canma CHI/Q
Camma diffusion factors CRI/Q,(i.j.k.x) vere generated for downwind
distance x in direction sector k for stability class { and vind speed group |

using the following expression:

Z E(r) * A(r) * CHI/Q (4,4, %,%)

T

CHI/Q (4.§ . k\x) =

: E(r) * A(r)
4

Z Q' (n) * A(z,n)

Al(r) =




where.

A

2'(n) = release rate (e.g., Cl/yr) of nuclide n (used to indicate the
relative concentration of nuclide n in the plume)
E(r) = nedian energy level (Mev) of gamma photon energy group r
Alr,n) = photon yiald (photo/dis) of gamma-ray photons in energy group r
due to the decay of nuclide n in the plume
A(r) « photon yield (photo/dis) of gamma-ray photons ir energy group r
due to the decay of all nuclides in the plume (used to indicate
the relative abundance of energy group r photons in the plume)
The pluse nuclidesmixture was derived from the estimates of annual noble
gas releases zs presented in Section 3.5 of the Seabrook Station Environmental
Report - Operating License Stage (ER-OLS). These annual ilotbptc release
rates (Ci/yr) are provided in Exhibit 1. A table of isotope-dependent photon
production rates for 16 different energy groups vas then used along wvith the
plume’'s estimated nuclide mixture to determine the relative abundance A(r) of
each energy group's photons in the plume. The resulting 16 energy group
spectrum was then reduced to an eight group energy spectrum for the purposes
of calculating the energy-dependent gamma diffusion factor CHI/Q (1,).k,r.x).
The energy-dependent gamma diffusion fectors CHI/Q,(i.j.k.t.x) vere

deternined as follows:

CHI/Q (4.3 .k, r,x) = Eg(1,§) * CHI/Q (1,§.k,F,X)
+ [L-Eg(1,8)] * CHI/Q  (1.] k,1,%)

vhere the ground-mode and elevated-mode energy-dependent gamms diffusion

factors CHI/Q,‘(t.j.k.r.:) and CHI/Q,.(L.J.&.:.:) vere defined as:

2% p(x) {Illf""‘) - K(t)t{glﬁt.r.x)]

CH1/ (L,3,k,2,%x) =
Qﬂl J (']O.S - u‘(t.J) *x* [x/8)

14



‘
. }: oxp - (12) Pes0Lct, g,k %) /2, (4,%))
Joud

2% ug(r) ® (Tyo(0.0.0k,E.%) ¢ K(E)OIo(4, 5 k5, %))
CHI/Qu (L. ) .k, 2.%) =

(0192 0w 1.9) @ x ® [n/8)

*oxp (1200 %en (1, 5.k,%)/0,(4,%))

:
. z: oxp (1210 Pen (8. kex)/og (4,3) ¢ (2)9-3ugenct, g k%) fog (4,00

3

vhera 4 (r) is tha linear aenergy absorption coefficlent for air (1/m) at
enargy E(r) and K(r) is the buildup factor for air defined as [u(r)-
Mal®)|/ug(r) where w(r) (e the linesr attenuation coefficlent for air (l/m) at
enargy E(r).

Pararaters 11‘(1.t.x). lzu(x.r.x). I1o(d, &, 2,%), and Ioe(d, ) .k x,x) are
integrals defined by Healy and Baker in Seccion 7-5.2.5 in Metaorology and
Atomic Energy - 1968 (Refarence 4). These integrals account for tha
dispersion of the plume and are functions of vercical plume atandard deviation

(0, for 113 and Iz‘; L, for I,. and 15,), offective plume height hy, and
photon enaergy E(r).

Furthor details on the derivation of the gempa diffusion factor and tha
caleulation of the I, and I, intervals can be found in Referencee 1 and 6.
2.3.9

The algorithms used to determina vertiecal plume standerd deviation

9,(1,x) ware the same as those utilized by computer coue XOQDOQ for non-desert




conditions

For ground-mode portion of any release, consideration was also given to
additional dispersion of the effluent plume within the wake causad by the
bulldings adjacent to the release point. In such cases, use was made of an

adjusted vertical standard deviation I (1,x) defined as:
T,(0.%) = [og(0m)% + 0.5n %m0 3

where hy is the height of the building causing additional disparsion. A value
of 23.8 m was used representing the Heater Bay and Control Building roof

heights. The maximum vaive of I,({,x) vas restricted by the condition:

L0000 5 (319 3%0,00,%)

2.1.6 Entzalonent

According to Regulatory Cuide 1.111, effluents can be censidered to be
ground-mode releases [E,(1,§) = 1], elevated-mode releases [E.(1,}) = 0], or
mixed-mode releases [0 < E.(1,§) < 1] depending on: (a) the elevation of the
release point relative to the height of adjacent solid structures, and (b) the
effluent vertical exit velocity relative to the speed of the prevailing wind
at the height of release.

Releases from the ground-level release pathway were assumed to occur

below the tops of adjacent buildings. Consequently, E.(1,J) = 1 for ground-

level releases.

Primary Vent Stack releases occur at & height of approximately 3.4 o
above the height of the containment structure, the highest building on-site.
Consequently, Primary Vent Stack releases qualified as & mixed-mode release
pathway based on Regulaiory Guide 1.111 criteria. The entrainment coefficient

for Primary Vent Stack releases vas therefore defined as follows:

16




B (i.8) = 1.0 when Vo/ugit.3) § 1.0
Bo(1.d) = 2.88 « 1.50 §,/u,(4.4) when 1.0 € Wy/u(4.9) 1.8
E.(1,4) = 0.30 + 0.06 ¥,/u,(4.§) wvhen 1.5 < V/u(1.)58.0

E. (1)) = 0.0 wvhen S.0<U°/u‘(1.1)

where W, is the Prizary Vent Stack effluent exit velocity. An exit velocity

of 12.9 m/sec (representing a flow rate of 272,665 cfm) was used to represent

L

2.3.7 Effscsive Plume Helght

Ground-level releases .nd the ground-mode portion of the Primary Vent
Stack releases vere assumed to have effective plume heighta equal to zere. In
accordance with Regulatory Guide 1.111, the effective plume height for the

elevatud portion of Primary Vent Stack release vas defined as:
h.(i.J-k.‘) - h. * hpt(t.',.x) ¢ ht(kc‘) L e(‘lj)

where:
he(l,) k%) = effective plume height (m above receptor grade) at distance
x in downwind sector k for stability class { and vind speed

group J
h, = Primary Vent Stack height (57.9 m above plant grade)

hpe(t d.x)

plume rise above the release point (m) at distance x for

stabilicy class { and wind speed group |

hy(k,x) = maximum terrain height (m above plant grade) bdbetwveen the
releass point and the recepvor located at dowuwind distance
x in direction sector k [ h, 20 )|
e(i,§) = downwash correction facter (m) for low relative exit

velocity as a function of stability class { and vind speed

group J
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The downwash correction factor ¢(i,)) is defined as:

e(d.J) = I*[(1.9 - Vo/u.(t,j)]id vhen Uo/u.(t.j) <1.%

e(i.jJ) = 0 vhen W /u (4,§) 2 1.3

where d is the effective inside diameter of the Primary Vent Stack (1.57 m).
Only nen-buoyant plumes vere assumed to emanate from the Primary Vent
Stack. Consequently, the momentus jet equations adopted from the X0QUOQ
computer code were utilized as outlined bilov to determine plume rise h".
For neutral and unstable conditions, plume rise was computed from the

following two equations:
hog(h g ®) = 1.k % (Wo/ug(1,9))% %67 o (x/0)033 » ¢
hop(1.3) ® 3% (Wo/ug(d,)) * 4

and the lesser (more conservative) value used.
For stable conditions, the results of the previous two equations were

compared with the results from the following two equations:
hpg(‘.]) - 4L "‘./s.(‘)IO-ZS
hop(dd) = 1.5 ¢ (y.,u.(‘.J,,o.saa . '-(‘).o,1¢7

and the smallest value of hpr vas used. In the last two squations, F, i{s the

momentun flux parameter defined as:

F

. = (Voa/2)?

and S,(1) is the restoring acceleration per unit vecrtical displacement for
adiabatic motion in the atmosphere (ooe'z). In line with the XOQDOQ computer
code, S,(1) s defined as 8.7 x 10" for E stability, 1.78 x 10"} for ¥
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stabilicy, and 2.45 x 10°7 for ¢ stabilisy.

2.3.8 Mixing Depths

Vertical diffusion of the plume can be inhidited by the existence of a
stable atmospheric layer (an slevated inversion) aloft. The rate of vertical
mixing is reduced in such cases and the stable layer can be considered as an
effective 11d on vertical transport of pollutants.

For the determination of diffusion factors during non-TIBL conditions,
the mixing layer haight L(L{.J k,x) was sssigned a value of 500 m based on the
average of the mean annual sorning and mean annual afterncon mixing layer
heights for the Seabrook site region as reported by Holzvorth (Reference 7).

For TIBL conditions, the mixing layer height L({,J k,x) vas assigned a
value equal to the height of the TIBL as predicted by the following

relationship:

ML S k%) o hegpy (4.0, %)
o 1.79 [(xexg(k)) * SR(1,3,k))%°% + 83.33

where h.. o (4,),k,x) is the height (m) of the TIBL layer above ground in
direction sector k at distance x for stabilicty class { and wind speed group J,
xg(k) is the upwind distance from the shoreline to the release point whenever
the wind is blowing towards direction sector k, and SR(1i,J,k) is the average
solar radiation intensity (langley/min) for stability class {, wvind speed
group J, and direction sector k.

Tals relationship for hg.p (1.5 ,k,x) vas derived from a field study
conducted by Lebeis and Foltman at the Fermi-2 Nuclear Power Plart site on the
vestern shore of lake Erie (References § and 9). Llabeis and Foltman tested
several different parameters to account for observed TIBL height variation

(ineluding overland fetch, land/vater temperature differences, solar
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radiation, wind direction, wind direction standard deviation, wind speed,
frictional velocity, and overvater vertical temperature gradient) and found
that overland fetch and solar radiation were the top ranked parameters.
Support for an equation of this form can also be found in NUREG/CR-3542
(Reference 10),

Note that the above equation defines & TIBL height of €3.33 m et the
coastline, due to the heating of che onshore fiov by warmer water near the
coastline. Conzequently, all releases (including these from the 57.9 m high
Primary Vent Stack) are assumed to occur beneath the TIBL. The plume {s not
allowed to punch through the TIEL even though the plume rise equations may

/

predict so. Also note that TIBLs are assume to follov the terrain and are not

alloved to exceed the 900 m mixing layer height discussed praviously.

2.3.9% Recizsulasien Serxxeesion Factors

In order to consider the effects of spatial and temporal variations in
alrflev such as recirculation which can occur during prolonged periods of
atmospheric stagnation and during the onset and decay of seabreezes,
recirculation correction factors C(x) were applied in defining each type of
diffusion factor as a function of downwind discance x. The recirculation
correction factors used wvere based on the ‘'open terrain’ correction factors
published in Rev. 0 to Regulatory Cuide 1.111 (Reference 11) (See Exhidic 2).
These recirculation correction factors are compatible with site-specific

factors generated at other coastal sites (e.g., Perry and St. Lucie No. 2).
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Diffusion and deposition factors for the ground-level and Prizary Vent
Stack release pathways were calculated frr the Site Boundary and two onsite
locations: 'The Rocks' and the Ed Center. In order %o determing the meximum
offsite diffusion and deposition factors for the mixed-mode Primary Vent Stack
releass pethway, diffusion and deposicion factore were also calculated at 0.2
mile increments from the stack starting bayond the site boundary out to five

wiles. The fellowing criteria were used to detormine recseptor downwind
distances and dirs 'tion sectors:
1. Ground-Lavel Release Pathway
‘The Rocks and Ed Centar: The minimua discances from the nearest
peint on the Adminiastration Building/Turbine Building complex to
‘The Rocks' and Ed Center as measured from a site aerial
photograph ware used.

Site Boundary: For the south-southeast clockwisce to north

downwind sectors, the minimum discances froa the nearast point on

the Adaministration Building/Turbine Building complex te the gite

boundary within a 45-degree sector cantezed on the ccmpass
direction of intarest ss measured fron Seabrook Station FSAR
Figure 2.1-4A vore used (see Exhibit 3). The site boundary for
tha remaining six sectors, north-northesst clockwise to
southeast, is loceted over marsh. Consequently, for these
remaining sin sectore, the minleua discances from the center of
the Unit 1 Containment Building "o the nearest dry land beyond

the site boundary as measuzec froe a site sevial phocograph ware

ugad,




Primary Vent Stack Release Pathway

The Rocks' and Ed Conter: The minimum distancaes from the center
of the Unit 1 Containment Building to 'The Rocks' and Ed Center
as measured from a sitae aerial photograph were used,

Site Boundary: For the south-southeast clockwise %o north
dovnwind sectors, the minimum distances frem the centar of the
Unit 1 Containment Bulilding to the site boundary within a &5-
dagree saector centered on the compass dirsction of interest as
neasured from Seabrook Station FSAR Figure 2.1-4A ware used (see
Exhibit &). The site boundary for the remaining 2ix sactors,
north-northaast clockwise to southeast, is locat.d over marsh.
Congequently, for these remaining six sectors, the minimum
distances from the center of the Unit 1 Contajinment Building to
the nearest dry land beyond the site boundary as measured from &
site aarial photograph were uged.

A list of the resulting receptor coordinates (downwind distance and sector) is
provided in Exhibic 3.
Six-year average diffusion and deposition factors ware zalculated for

‘The Rocks’' and the Ed Center during the time period January 1980 through

December 1983 and Jenuary 1987 through Dacember 1988. For the site boundary

and offsite recaptors, both siz-ysar growing seasen (April through Septamber)
and year-round (January through Decembar) diffusion and daposition factors
were generated, with the higher of the two chosen to represent tha site
boundary and offsite roceptor diffusion and deposition factors.

The resulting diffusion and deposition factors for the two onsite
recoptors ('The Rocks’ and Ed Canter) and the location and resulting
diffusion and deposition factors for the highest site boundary/offsice

racepctors are provided in Table 1 for both the ground-lavel and the Primary




Vent Stack release pathways. These are the diffusion and deposition values

incorporated into the Seabrook Station Offsite Dose Calculation Manual.
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TABLE 1

Seabrook Station QDCM

Asmospherdc Diffusion and Deposition Factors

A. Cround-Level Release Pathway

B2 00 C QX

Riffusion Facsox IThe _Rocks
Undepleted CHI/Q, sec/m’ 1.6 x 10°%
(244m ENE)

Depleted CHI/Q, soc/n3 1.2 x 1074
. (244m ENE)

0/Q, a'? 5.1 x 10°7
(244m ENE)

Camma CHI/Q, occ/03 2.6 x 1073
(244m ENE)

2. Primary Vent Stack Release Pathway

Riffusion Factox Ihe _Rocka
Undepleted CH1/Q, loc/n3 1.7 x 10°3
(244m ENE)

Depleted CHI/Q, aoc/n3 1.6 x 10°3
(244m ENE)

D/Q, a2 1.1 x 10°7
: (244m ENE)

Gamma CHI/Q, soc/n’ 5.0 x 10°¢
(244m ENE)

(8)7he highest site boundary diffusion and deposition factors occurred during
Note that for the Primary Vent Stack Release

the Apr-Se) growing season.

B4 Cencer  iise Anay‘*
2.3 % 1073 1.0 x 10°°
(406m SW) (823m W)
2.1 x 10" 9.4 x 10°8
(406m SW) (823a W)
1.0 x 10°7 5.1 x 10°8
(406m SW) (823a W)
5.3 x 1078 3.4 x 1076
(406m SW) (823m W)
Bd Center  sice Body(V
1.6 x 10°8 8.2 x 107
(488m SW) (974m W)
1.5 x 1078 7.5 x 1077
(488m SW) (974m W)
2.7 x 10°° 1.5 x 10°8
(488m SW) (914m NW)
1.1 x 10°6 8.5 x 10°7
(4BBm SW) (974m W)

Pathway, none of the offsite receptor diffusion and deposition factors

(located at 0.25-mile increments beyond the si.a boundary) exceeded the

site boundary diffusion and deposition factors.
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EXHIBIT 1

Bxoiected Annual Noble Cas ELfluent Releases (CL/ZvR)

Cround-Level Primary Vent Stack
Badicnuciide Release Pacthway _ ___ Releass Pathway

Ar-6l o(®) 2.8 x 10
Kr-83M o(a) o(®)

Kr - 85M 1.0 x 10° 1.0 x 10t
Ke-85 o) 2.6 x 10°
Kr-87 o(®) 3.0 x 18°
Kr-88 2.0 x 10° 1.6 x 10*
Kr-89 ola) o(e)

Xe-131M ola) 2.3 x 10*
Xe-133M o(a) 1.6 x 10
Xe-133 2.1 x 10t 9.9 x 10°
Xe-1354 o(®) ol®)

Xe-135 3.0 x 10° 3.8 x 10%
Xe-137 o(a) o(a)

Xe-138 ola) 1.0 x 109

(8)Less than 1.0 Ci/yr.

Reference: Seabrook Station ER-OLS Table 3.5-10
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EXHIBIT &
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The Rocks

Ed Center

Site Bndy

Offsite

(e.g., water),

EXHIBIT S

Beceptor locations

Ground-Level

RBelease Pathway

244m ENE

L06m SW

780m N
2926m NN%(‘)
2276m NE'®)
2276 ENE'®)
2438m E(®)
2276m ESE(®)
2276m SE'S)

952m SSE

968m S

968m SSW

941lm SW
871lm WSW

823m W

775m WNV

775m NW
775m NNW

None

Primary Vent Stack
Releass Fathway

26bm
204m

483m

NE
ENE

sW

914m N

2926
2276n
2276n
2438m
2276m
2276m
9lém
930a
990m
1022m
1022m
974m
930m
9l4m
9lém

(®)

NN (a)

NE a)
!(l)

£)

ES (a)

sg(®)

SSE

S

SSW

W

WSW

W

WNW

NW

NNW

(#)The site boundary im the NNE through SE sectors is located over marsh
Consequently, the site boundary distances for these six

direction sectors represent the nearest dry land beyond the site boundary.

(®)Because the maximum offsite dispersion and deposition factors for the

Primary Vent Stack Ralease Pathway may occur beyond the site boundary,
diffusion and deposition factors were determined at 0.25-mile increments
from the stack starting beyond the site boundary out to five miles.
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