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ASSUMPTIONS USED FOR EVALUATING THE POTENTIAL RADIOLOGICAL CONSEQUENCES
OF A LOSS OF COOLANT ACCIDENT FOR BOILING WATER REACTORS'

A. INTRODUCTION

Section S ol TOCER Part 5O tequires that cach
applicant for o construction permit or operating license
provide ananalysis and evaluation o the design and
perfonmance of structures, svstems, and components of
e reility with the objective o assessing the risk to
public health and satety resulting from opsration of the
facility. The design basis loss of coolant accident
LOCAY bs one of the postulated accidents used o
evatluate the adequacy of these structures, systems, and
components with respect to the public health and safety,
This puide gives weceptable assumptions that may be
used i evaduating the radiological consequences of this
accident for o boiling water reactor, In some cascs,
unusual site characteristies, plant design features, or
other factors muy require. different assumptions which
will he considered on ane individual case basis. The
Advisory Canunittee on Reactor Sufeguards has been
consulted concerning this guide and has concurred in the
cegulitory position.

B. DISCUSSION

Alter  reviewing o number of applications  for
constiuetion permits and operating licenses for boiling
water power reactors. the AEC Regulatory stadl has
developed o nomber  of appropriately  conservative
assumptions, based on engineering judgmem and on
applicable experimental results from safety rescuarch
programs conducted by the AEC and the nuclear
industry, that are used 1o evaluate calculations of the
radiologicil  conseyuences ol * various  postulited
accidents. '

This guide lists acceptable assumptions that may be
used o evaluate the design busis LOCA of 4 Boiling
Water Reactor {(BWR). 1t should be shown that the
offsite dose consequences will be within the guidelines
of 10 CFR Part 100.

C. REGULATORY POSITION

L. The assumptions welited to the release of radivactive
material from the fiel and containment are as Tollows:

a. Twenty-five percent of  the  equilibiium
radivactive iodine inventory developed frops maximim
full power operation ol the core should be assimed o
be immedintely available for leakage from the prinary
reactor containment. Ninclv-one pereent of this 28
percent s 1o be assumed 1o be in the Torm of elemental
iodine. 5 pereent of this 235 percent in the Torm of
particutate jodine, and 4 perceint of this 25 pereent in
the Yorm ol organic iodides.

b. One bhundred percent of e equitibrium
radivactive  nable  gas  inventory  developed  from
nmaximim fall power operation of the vore shoudd be
asstmed to be immediately availible for leakage from
the reactor containment.

¢. The effects of radivlogical decay during holdup
in the containment or other buildings should be taken
into account,

d. The reduction in the amount of radioactive
matarial available for leakage to the environment by
containment sprays. recirculating Nfter systems. ar other
engineered safery features muy be taken into accouat,
bat the amount of reduction in concentration of
radioactive  materials  should  be  evaduated on an
individual case basis.

¢.  The primary containment should be assumed to
leak at the leak rate incorporated or to be incorporated
in the technical specilications for the duration ol the
accident.? The leakage should be assumed to pass

TFhis guide is a revision of former Satety Guide 3.

The  effeet on containment  Jeakage under  accident
conditions of features provided 1o reduce the leakape of
radioactive materials From the contiinment witl be evaluaied an
an individual case hasis.

USAEC REGULATORY GUIDES

Regulatary Guitdes are issued 1o describe and make available 10 the public
methods acerptable to the AEC Regulatory staff of implementing specific parts of
the Commussiun’s regulations, to delineste technigues used by the stalf in
evnluating specilic problems or pottulated accidents, or to provide guidance to
appliconts. Roguiatory Guides sre nol tubstitutes for reguiations and compliance
with them is not requited. Methods and solutions differant from thosa sat out in
the (raides will be accrptable it thay provide o basis for the findings requisite t

the 1sance or continuance o! o permit or licente hy the Commission, .

Puhtished guites will he reviced periodicatly, 83 appropriate, (o accommodate
comments and tn refiect new information or experience.

Copies of published guides may be ohtained by request indicnting the divivions
desired to the US, Atomic Energy Commisuion, Washington, D.C, 20945,
Attention; Director of Regulatory Standards. Comments and supmastions lor
improvements in thess guides, are ancoursged and shauld be sent to the Secretary
of the Commission, US, Atomic Energy Commirtsion, Washington, D.C. 20545,
Attention: Chiel, Public Procsedings Staff. ’

The guides are itsued in the foliowing ten broad divisiar.s:

G. Products

7. Teamportation

8. Occupaticnal Heplth
9, Antitrust Review
10, General

. Power Reactors

. Research and Test Reactors

. Fuels and Moaterials Focilities

. Envirosmental and Siting

. Materisis and Plant Pratection

POt N -




. dircctly to the emergency exhaust system  without
mixing? in the surrounding reactor building atmosphere
and should then be assumed to be released as an elevated
plume for those facilities with stacks.®

f.  No credit should be given for retention of
iodine in the suppression pool.
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2. Acceplable assumptions for atmospheric diffusion
and dose conversion are:

3. Elevated releases should be considered to be at
a height equal to no more thun the actual stack height.
Certain site dependent conditions may éxist. such as
surrounding elevated topography or nearby structures
which will have the effect of reducing the actual stack
height. The degree of stack height reduction should be
evaluated on an individual case basis. Also. special
meteorological and geographical conditions may exist
which can contribute to greater ground level
concentrations in the immediate neighborhood of a
stack. For example. fumigation should always be
assumed to occur: however, the length of time that a
fumigation condition exists is strongly dependent on
geographical and seasonal factors and should be
evaluated on a case-by-case basis.® (See Figures 1A
through ID for atmospheric diffusion factors for an
clevated refease with fumigation.)

b. No correction should be made for depletion of
the effluent plume of radicactive iodine duc to
deposition on the ground. or for the radiological decuy
of iodine in transit.

¢. For the first 8 hours. the breathing rate of
persons offsite should be assumed to be 3.47x 107
cubic meters per second. From 8 to 24 hours following
the accident, the breathing rate should be assumed to be
1.75 x 10* cubic meters per second. After that until the
end of the accident, the rate should be assumed to be
2.32 x 10* cubic meters per second. (These values were
developed from the average daily breathing rate {2 x 107
em?/day] assumed in the report of ICRP, Committec
11-1959.)

3In some cases, credit fur mixing will be allowed:; however,
the amount of credit allowed will be evaluated on an individual
case basis,

4Credit for an clevated selease should be given only if the
point of release is (1) more than two and one-half times the
height of any structure close enough to.affect the dispersion of
the plume, or (2) located far enough from any structure which
vould have an effect on the dispersion of the plume, lFor those
BWR’s without stacks the atmospheric diffusion factoss
assuming ground level release given in section 2.h. should be used
to determine site acceplability,

*TFor sites located more than 2 miles from large bodies of
water such as oceans or one of the Great Lakes, a fumigation
condition should be assumed to exist at the time of the uccident
and continue for one-hall hour. For sites located less than 2
miles from large bodics of water, a fumigition condition should
be assumied to exist at the time of the accident and continue for
4 hours,

d.  The iodine dosc conversion factors are given in

ICRP  Publication 2, Report of Commitiee

“Permissible Dose for Internal Radiation.” 1959,

c. External whole body doses should be calculated
using “Infinite Clowd™ assumptions. i.c.. the dimensions
of the cloud .are assumed to be large compared (o the
distance that the gamma rays and beta particles travel.
“Such a ctoud would be considered an infinite clond for
a receptor at the center beeause any additional {gamma
and]  beta  emitting  material  beyond the  cloud
dimensions would not alter the flux of [ganmma rays
and| beta particles to the receptor” (Meteorology and
Atomic  Lnergy, Section 7.4.1.1-editorial  additions
made so that gamma and beta emitting material could be
considered). Under these conditions the rate of energy .
absorption per unit volume is equal to the rate olenergy
relcased per unit volume. For an infinite uniform cloud
containing x curies of beta radioactivity per cubic meter
the betu dose in air at the cloud center is:

' o
gD~ =0.457 Egx

The surface body dose rate from beta emitters in the
infinitc cloud can be approximated as being one-half this

amount (i.c.. BD!. =0.23 EBx).

For gamma emitting material the dose rate in air at the
cloud center is:

" o
7Dw =0.507 I:,rx

Froma semi-infinite cloud. the gamma dose rate in air
is:

.,DL =0.25 ny
Where

D= = beta dose rate from an infinite cloud (rad/sec)

D&= gamma dose rate from an infinite cloud

_ {rad/sec)

Eﬁ = average beta energy per disintegration

_ (Mev/dis)

}:’.7 = average gamma cnergy per disintegration
(Mev/dis)

X = concentration of beta or gamma emitting
isotope in the cloud (curie/m*)

f. The following specific assumptions are

acceplable with respect to the radioactive cloud dose
calculations:

(1) The dose at any distance from the reactor
should be caleulated based on  the maximum -
concentration in the plume at that distance taking into
account specific meteorological, topographicul. and
other characteristics which may affect the maximum
plume concentration, These site related characteristics




must be evaluated on an individual case basis. In the case
of beta radiation. the receptor is assumed to be exposed
to an infinite cloud at the maximum ground level
concentration at that distance from the reactor. In the
case of gamma radiation, the receptor is assumed to be
exposed to only one-half the cloud owing to the
presence  of the ground. The maximum cloud
concentration always should be assumed to be at ground
level.

(2) The appropriate average beta and gamma.

cnergics emitted per disintegration, as given in the Table
of Isotopes. Sixth Edition, by C. M. Lederer, J. M.
Hollander, I, Perlman: University of California, Berkeley:
Lawrence Radiation Laboratory; should be used.

g. For BWR's with stucks the atmospheric
diffusion model should be as follows:
{1} The basic equation for atmospheric

diffusion from an elevated release is:

exp(-h*/20,%)

muoy0,

x/Q
Where

= the short term average cenledine value of the
ground level concentration (curie/meter?)

= amount of material released (curie/sec)

= windspeed (meter/scc)

= the horizontal standard deviation of the
plume (meters) [See Figure V-1, Page 48,
Nuclear Safety, June 1961, Volume 2,
Number 4, “Use of Routine Meteorological
Observations for Estimating Atmospheric
Dispersion,” F. A. Gifford, Jr.]

= the vertical standard deviation of the plume
{meters) |See Figure V-2, Page 48, Mieclear
Safety, Junc 1961, Volume 2, Number 4,
““Use of Routine Mcteorological
Obscrvations for Estimating Atmospheric
Dispersion,” F. A. Gifford, Jr.]

= effective height of release (meters)

N

h

(2) For time periods of greater than 8 hours
the plume from an elevated release should bc assumed to
meander and spread uniformly over a 22.5° sector. The
resultant equation is:

2.032 exp(-h?/20,%)

OZUX

x/Q =

Where

= distance from the release point (meters)
othcer variables are as given in g(1).

X
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(3) The astmospheric diffusion model® for an
clevated release as a function of the distance from the
reactor, is based on the information in the table below.

Time
Following
Accident Atmospheric Conditions

0-8 hours  See¢  Figure (A} Envelope of Pasquill
diffusion catepories hased on Figure A7
Meteorology  and  Atomic  Energy-1908,
assuming various stack heighis: windspeed |
meter/sec: uniform direction,

8-24 hours See  Figure  1{B) Envelope ol Pasquill
diffusion CJngUriLS'\\‘indschd I meterfsec:
variable direction within a 22.5° sector.,

14 days See Figure I{C) Envelope of Pasquill
diffusion categories with the following

refationship used 10 represent maximum
plume concentrations as g funciion of
distance:

Atmospheric Condition Case !

407 Pasquilt A

60% Pusquill C
Atmaospheric Condition Case 2

507% Pasquill C

50% Pasquill D
Atmospheric Condition Case 3

35.3% Pasquill C
3.3% Pasquill D
3 Pasquill I
4
3% Pasquill D
3% Pasquill E
3% Pasquill F
Atmospheric Condition Case §

507% Pasquill D

507 Pasquill F

Atmospheric Condition Cas
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wind speed variable (Pasquill Types A, B. L.
and F windspeed 2 metcr/sec: Pasquill
Types C and D windspeed 3 meter/sec);
variable direction within a 22.5° sector.

4-30 days Sec Figure 1{D) Same diffusion relations as

given above: windspeed variable decndcnl

on P.quunll Type uscd wind direction 33.3%
frequency in a 22.5° scctor.

®This model should be wused until adequate site

meteorological data are obtained. In some cases, available
information, such as meteorology. topogruphy and geopraphical
location, may dictate the use of a more restrictive model 1o
insure a conservative estimate of potential offsitc exposures.



h. For BWR's without stacks lhc .&lmuaphz.m
diffusion model® sliould be as follows:

(1) The 08 hour ground level release
concentrations may be reduced b) a factor ranging from
one to a maximum of three (see Figure 2) for additional
dispersion  produced by the turbulent wake of the
rezctor building in caleulating potential exposures. The
volumetric buildin" wike correction factor, us defined in
section 3-3.5.2 of Meteorology and Atomic hncrgy
1968, should be vsed only in the 0-8 hour period: it is
used with a shape tactor of 1/2 and the minimum
cross-sectional area ot the reactor building only.

(2) The basic equation for atmospheric
diffusion from a ground leved point source is:

oy 0,

Where

x = the short term average n.cntcrlmc value of the

~ ground level concentration (curie efmeter?)

Q =amount of material released {curie/sec)

u = windspeed (meter/sec)

o the horizontal standard deviation of the
Y plume (meters) [See Figure V-1, Page 48,
Nuclear Safety, June 1961, Volume 2.
Number 4. “Use of Routine Metcorological
Observations for Estimating Atmospheric
Dispersion,” F. A. Gifford, Jr.}

the vertical standard deviation of the plume
(meters) {Sce Figure V-2, Page 48, Nuclear
Safety, June 1961, Volume 2, Number 4.
“Use of Routine Meteorological
Observations for Estimating Atmospheric
Dispersion.” F. A. Gifford, Ir.}

]

Q
1]

(3) For time periods of greater than 8 hours
the plume should be assumed o meander and sprc:xd
uniformly over a 22.5° sector. The resultant equation is:

2

.01
x/Q ="
,UX
Where
x = distance from point of release to the receptor;

other variables are as given in h(2).

(4) The atmospheric diffusion model for
ground level releases is based on the information in the
table below,

Time
Following

Accident Atmospheric Conditions

08hours Pasquill Type F, windspeed | meter/scc
uniform direction

8-24 hours Pasquill Type F, windspeed 1 meter/sec,
variable direction within a 22.5° sector

1-4 days  (a) 407 Pasquill Type D, windspeed 3
meter/sec
(b) 60% Pasquill Type F, windspeed 2
meter/sec
(c) wind direction variable within a 22.5°
sector

4-30 days (a) 33.3% Pasquill Type C, windspeed 3
meter/sec
(b) 33.3% Pasquill Type D, windspeed 3
meter/sec
(c) 33.3% Pasquill Type F, windspeed 2
meter/sec

(d) Wind direction 33.3% frequency in a
22.5° sector

(5) Figures 3A and 3B give the ground level
release aumospheric diffusion factors based on the
parameters given in h(4),




10%

ELEVATED RELEASE
ATMOSPHERIC DIFFUSION FACTORS
0-8 HOUR RELEASE TIME

FIGURE 1{A)

i M; e ,_... B +i1 - t;.aiua - #uudﬁl_ e
| Bz i A_..# T
- 1 A o 13 ) R K S
T4 I
; mW: h “ . m . : _ :
’ 4 1.|.L | ! . : {
_ .

1 W (T T
" . 4k ;
B ; . § - T i 7]
; .M 4 - — - ..«. . -
: : i i ' :
' i : ] ; 1-

e R EETEES - . H

S ) :

1 . 14 ) It
. 1 : 4
! A N - . :

14 i i i m

. i . .
B . O NS 5 1 -W:.,...“__...W....z T
] .wim'iwli- by L0
S RO SUUROU 0 N AL NS SEUN A
m _ M H H . . . .3 :
A A I I T
v i I A
S bt B IO DU R -
m ! . i b
D
g * - ,.f... . m : "
Pl ;
¥ ¥
- K

i1o3

108

10-3

n
[}
(=]
-—

05

(gW1/295) D/ X 1ou0e4 uoknig

10-8

102

Distance from Release Point (meters)

1.3-5




(gwi/>93) D/X 403984 VoI

Distance from Release Point {metars)

1.3-6



.. _EUEVATED RELEASE |
. ATMOSPHERIC.DIFEUSION FACTORS

.. 1-4 DAY.RE

LEASE TIME _

~ FIGURE 1(C)

e b s e i

10°

§ : H
I I 1= N 1.7
A i - ]
-. . ym . : - -

N D P NI
. vl . : ; '
iy dvs . <
. s 1%#0 .h«;rs_.\q - A m “|lx IM —~— -
SO s 7 — -
RPN P O T 4 i :
L yd o i
m T N
“ e 11 . xT s
- AR " |- 1
m m ” _ B . m . NI . - - .. .w. o N e S
e e e N % B tl
P Y ¥ m
i : . \ . v, 4 - i xf!..—.:ﬁ:. g
: ) ; | . .
7 A .«M\P_}: _ i —2
B4 AV A
\ -1

I

T

—if
e

K
e =t T -
N BN AR
G lna S0 B S e Y N i
— rw rb.l't - U i ...1 . .!..le ) sl
; _ e . : - p - 3t Hiben -
e 3 n : “ i
HE DR I AN SRR TR i 1 0 T O OO O O
_ ;

1074 |—--

(gu/28%) D/X s03083 uotsnyy

eﬁ

2
a

108
102

Distance from Release Point {meters)

T~

A




C}

1073 p— -

- ——y

RELE o
SION £ -

——— e e

. FIGUAE (D)

e oy e
. P |

[ELEVATEL

ATMOSPHERIC
480

FSPERRGRS (U T
U Y PR DR
i : i ]
. ! -

b e ¢ ———

eSS
1 R
I N
: N
9 B
- —
ot
. ..w.
] = =]
1 : “
14 S
o N O ' .m

104

103

1075

(gW/50%) DX 1984 wopngya

102

Distance from Release Point (meters)

1.3-8




NDITIONS
DITIONS-

™

-ATMOSPHERIC C
PASQUILL TYPE F

WINDSPEED 1 METER/SEC
' " FIGUBETIET

ELEVATED RELEASE
ATMOSPHERIC DISPERSION FACTORS
'FOR FUMIGATION

10°

e
Voo .

}
-1
i

N

RS L
m s s

i T
Hb| e
' ! H
’ P 3y
—t —— g i 2
L VIR T
1m.m..!@iim| 2
! ; ) T HE
e b B S e
-8 M ER I
T 1T RIS
I ropee b
- “ __ e
R R R c! #
L |

Y

Y

o

Distance from Release Point (meters)




N -
e o ds s s el wma e femvser i cs od et demi e e ——— i ———

" . . -
R T L TR P R POV VPR ey —. —e e e
. 7
il .
[l

10"
meters)

Dissanos from Structurs {

~ .

ek e

0.5A=1500 metsrs
0.5A=2000 meters?

0.5A=1000 meters?

~ - -
HOLIVA NOILDIHHOD NOISHISSIA AINYM DNIGTINS

1.3-10




S
N S L T A TR S S U S U S , -

e -,0.,?......:1“..“..* . “ g

i
)y ; i
b
\ o
T

N NI
S
! : ”
m;. i ..
A !
- i i :
o w -
L D S
' i . i
] t i
4»0 m.l.l e — *w M . :
5 .
Wt

|-

"“T“.'T"T'r"'f" by .
Py

rve

DIES

FIGURE 3(A}

X .“‘Tq..«t..-T

| VARIOUS!TIMES [FOILLLOWING ACGIDENT

HER|

'
i

T GRpO

—ATM

-
!
, 8-24 hours

|
+

I pe—

Distance from Structure {meters)

AU S
;

i N N
4 e e b ——_ s

t

I
i

1 '
o 8 et s § 0 s @ - mrate— =g o

|

rd |

\
; 1.4 days

5

feesorm - e T (guyoes) D/X 203384 uoisajL

10~
3
L]

1.3-11




o e
; !

&

B

2!
[3¥]
2
B g
Bidie
a1 S
W
223
e
Sl @
D piole)
RO e
SRE
) i 1
Py (2]
e _O_m.
P2l
IR S 3E
w. .AW.V,:

T4

FIGURE 3(B}

hRE AOR
1
L
L
P

. O-Bhours :

g8 Rears T T

]

Distance from Structure (meters)




