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ACCIDENT RADIOLOGICAL DOSE ASSESSMENT -
MANUAL METHOD FOR THE ENRICO FERMI
ATOMIC POWER PLANT - UNIT 2

Introduction

This report documents the assumptions and technical basis for
the manual back-up method for Fermi-2 off-site, accident dose
assessments and radiological emergency declarations. The
method uses the accident classifications of the Environmental
Protection Agency Protective Action Guides (PAG),

Reference 1, as well as NUREG-0654,.Reference 2. Total dose
projections offsite are compared to the criteria of Reference 1.
Reference 2 site and general emergencies based on radiological
considerations at the site boundary are projected.

Accident classifications based on both projected dose rate at
the site boundary and projected dose to the general population
require a considerable amount of information to be known about
the plant performance. In-plant monitor readings may provide
an estimation of the amounts of radionuclides released in plant
but do not predict the amounts that may be released to the
environment withcocut many assumptions. Additional parameters
that are required but are not well known are:
(a) the nuclidic composition of the source
(b) the time dependent leakage rate from the primary
containment to the secondary containment
(reactor building)
(c) the amount cf mixing in and the exhaust rate
from the reactor building
(d) other releases; e.g. Standby Gas Treatment
System (SGTS) bypass leakage, Main Steamline
Isolation Valve (MSIV) leakage, and drywell
purge
(e) the actual SGTS filter efficiency for iodines
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(f) the effective height of the release to the
environment

(g) the wind speed and direction

(h) the meteorclogical stability class

The actual values for these items may be unknown; however,

their limiting values may be known. 1In order to make a

manual method for determining accident classifications tractable,
these items must be limited in a conservative manner; that is,
the values chosen must give the highest doses and dose rates.
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Mode 1l

The model for the manual method uses conservative assumptions
similar to those of Reference 3. The accident scenario starts
with instantaneous release of noble gases and iodines to the
primary containment at reactor shutdown or at discrete times after
shutdown. 100% of the core inventory of noble gases and 25%
of the core inventory of icdines (both reduced by radiodecay
for the time between shutdown and the accident) are airborne
and are instantaneously mixed in the primary containment
volume. These activities leak to the reactor building at the
design basis leak rate where they are exhausted immediately

by the SGTS through an iodine filter to the eavironment at
ground level.

The calculated released activities are not necessarily the

actual released activities. An estimation of the actual released
activities may be made by normalizing the calculated released
activities (based on conservative plant parameter assumptions)

by the ratio of actual monitor readings to calculated monitor
readings.

The estimated actual released activities are then transported
instantaneously downwind to the dose point. Dose and dose
rate equations used are those for a semi-infinite cloud whose
concentration is that for the center of a Gaussian plume.

™e dispersion parameters are those for the current Pasquill
stability class (Reference 4) at the distance downwind from
the release point to the dose point; however, in certain
applications, the "worst" class (class G) is used.

No iodine depletion by plating, washout, or ground deposition

occurs. Thyroid inhalation doses and dose rates are based

on the product of breathing rate times dose conversion factor

for an awake (active) adult; for a child this product is taken

to be two times larger. Parent-daughter relationships are rot
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considered after the accident; however, during the time
between reactor shutdown and the accident, the parent-daughter
relationships between I-135 and both Xe-135m and Xe-135 are
included.

Noble gas and iodine nuclides with half-lives less than
3 minutes are omitted.

A more general model for off-site dose and dose rate projections
including mathematical descriptions and solutions of eguations
can be found in Aprendix A. The manuval method is a specific
application of this general model. Equations used for the
production of tables, graphs, and worksheets for the manual
method are developed from the equations of Appendix A using
certain specific assumptions and using Fermi-2 data.

Among the potentially useful monitors, two have been

chosen - an in-containment and a standby gas treatment system
(SGTS) monitor. These monitors provide the idealized readings
of Rad (a.r)/Hr and mci/cc of Xe-133 equivalent respectively.
The in-containment monitor is located on the outer wall of the
drywell at the 605 ft. elevation. It views a portion of a
cylindrical annulus cloud of gamma emitters and is not affected
by beta radiation. The SGTS monitor is located in the standby
gas treatment effluent stream after the iodine filter. It
provides the effective Xe-133 activity concentration, based

on ! energy emitted, at that point.

Each of these monitors has its faults for accident classifi-
cation. Although the SGTS monitor reflects what is being
instantaneously released to the environment, it may not be
conservative under certain conditions for projections of dose
rate and dose as we will see later. The drywell monitor
reflects what potentially might be released and may thus be

overly conservative.
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. 3. Assumptions

3.1

Nuclidic Composition of the Source

For r ble gases the nuclide mix in the reactor core at
the time of the accident would be the same as the mix
in the core at reactor shutdown reduced by radiodecay
for the time between shutdown and the accident. The
maximum noble gas activity released to the primary
containment would then be 100% of the core inventory
at the time of the accident. To be conservative these
activities are assumed to be immediately airborne. The
ratio of the actual to the calculated monitor readings
would be a measure of the fraction of the 100% core
activity that was actually released. The exclusion of
iodine activity from the monitor readings would result
in a conservative estimate of that fraction since the
actual monitor reading could be higher due to iodines.

For iodine, the amount of release relative to the ncble
gas release is unknown. Furthermore, the amounts airborne
and available for leakage are unknown. We will rely on
Reference 3 to obtain a conservative estimate of the
relative amounts of iodine released. This Reference
states that 100% of the noble gases and 25% of the
iodines in the core inventory are airborne and available
for leakage to the environment. We will assume that,

for the purpose of determining thyroid inhalation doses,
the amounts of iodine released are always in this
proportion; that is, the amount of iodine airborne in
the primary containment will always be 25% of the iodine
core inventory tines the fraction of the Reference 3
mixture that is actually airborne. This fraction is the
ratio of the actual monitor reading to the calculated
reading including both 100% noble gases and 25% iodines.
For example, if the ratio of the monitor readings is

%, then we assume that 12-%% of the iodines are airborne.
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We must note that in this example, the fraction of the
100% core inventory of noble gases that is airborne
would be %, but this fraction would not be conservative
because the actual amounts of iodine present are unknown.
So we exclude the iodine contribution to the calculated
monitor reading when we determine the fraction of ncble
gases airborne. Thus, in the example, the fraction of
the 100% noble gas core inventory that is airborne would
be significantly larger than %.

In any case the activities are assumed to be completely
mixed in the entire primary containmert volume.

The primary containment leakage rate is not only unknown

To be conservative the design basis leak rate given in
Reference 5 (p. 15B.6-37) is used. This value of 0.5 %/day
) is assumed to be constant for the

3.2 Primary Containment Leakage Rate
but also is probably a complicated function of time.
(2.083 x 1074 nel
duration of the accident (Reference 3).

3.3

Mixing in and Exhaust Rate from the Reactor Building

Reference 5 (pp. 15B.6-34 and 15B.6-37) states that no
credit is taken for mixing and holdup in the reactor
building. This is conservative for immediate dose
considerations but leads to difficulties for projected

dose rates and doses based on Standby Gas Treatment System
monitor readings. Cne would expect that some mixing does
occur. Thus an SGTS monitor would give increasing readings
with time until a maximum is reached, and then the readings
would fall with radiodecay. However, calculated monitor
readings based oa no mixing would start at a high value

and fall monotonically with time. The result is that

at early times the fraction of core inventory released
would be underestimated. The estimation would improve

with time and eventually become conservative. But the
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drywell monitor wouid project overly conservative results
at early times because holdup due to mixing was ignored.

Because we lack mixing data, we must assume no mixing, but
we must recognize that the dose projections at early times
must be closely watched.

The no mixing assumption is equivalent to direct leakage
from the primary containment through the SGTS filter to

the environment. 1In other words, the SGTS exhaust rate

is infinite.

Bypass leakage is assumed to be zero. Reference 5
(p. 6.2-10f) states that a conservative estimate of the
SGTS bypass leakage is zero for wind speeds less than

MSTV leakage is assumed to be zero. Reference 5
(Section 9A.3.1, p. 9A-1) states that the MSIV leakage
control system is designed to operate at a higher
pressure than the primary containment. Thus, leakage

A drywell purge is not assumed to occur.

3.4 Other leckages
20 miles per hour.
is inhibited.

349

SGTS Filter Efficiency

Reference 5 (p. 15B.6-37) states that the SGTS filter
efficiency for iodine is 99%. This is a conservative
value. The actual value may be higher. Since the actual
value is unknown, we must use the conservative value which
will! result in an overestimation of the thyroid inhalation

dose consequences.
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The Fermi-2 SGTS vent is not at sufficient height to take
credit for elevated release. Although some height effects
are present, we must be conservative by selecting a ground
level release. Although a methodology for partial elevated
releases could be formulated (Reference 6), finite cloud
considerations would have to be used for whole body dose
determinations. In addition, terrain effects would have

to be considered. These complications were rejected in
favor of the more simple conservative ground release with
no plume rise and no terrain effects; however, building

Dose rates and doses are inversely proportional to wind
speed. To project such quantities over time, the wind
speed must be known. It is assumed that the wind speed
at the time of the projection is constant over the time
period of the projection. Dose projections over large
time periods should be avoided because of changes in
wind speed and direction. Of course, instantanecus dose
rates downwind are independent of wind direction but
integrated doses apply only to directions in which the

3.6 Release Height
wake is included.
3.7 Wind Speed and Direction
wind was blowing.
3.8 Meteorological Stability Class

The Pasquill stability class (Reference 4) is required
to fix the amount of dispersion in the Gaussian plume
model (References 7 and 3). The stability class is
assumed to be constant over the time period of the

projection.
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Monitors

All calculated monitor readings use the following assump-

tions.

1.

for the purpose of determining the actual amcunt
of noble gas released to the primary containment,
100% of the core inventory of noble gases are
instantaneously released to the entire primary
containment with perfect mixing. Radiodecay
from time of reactor shutdown to time of
accident is incluvded.

for the purpose of determining the actual amount
of iodines airborne in the primary containment,
100% of the core inventory of noble gases plus
25% of the core inventory of iodines are
instantaneously released to the entire primary
containment with perfect mixing. Radiodecay
from time of reactor shutdown to time of accident

is included.
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the specific Fermi-2 data used in

for the manual method.

TABLE 1
FERMI-2 PLANT DESIGN BASIS PARAMETERS
Appendix A Location
_Variable Value Description Ref. in Ref.
v 2.946 x 10° ft° Primary Containment Volume 5 p. 6.2-4
b, Table 6.2-1
N 2.083 x 10-6 hr.l Primary Containment Leak
Rate 5 p. 15B.6-37
P 0.0 Purge Rate (Primary
Containment) - -
B 0.0 SGTS Bypass Fraction 5 p. 6.2-10f
\' 1.836 x 106 ft3 Secondary Containment
Volume 8 p. 3
M 0.0% Secondary Containment
Mixing Fraction 5 p. 15B.6-34
5 p. 15B.6-37
E (1.0 hr-l) SGTS Exhaust Rate (any
nor-zero value since
M= 0.0) - -
Cu 0.99 SCGTS Filter Fractional
Efficiency for lodines; 5 p. 15B.6-37
1€ J £5;
(t‘, 2 0.0 for 6£ j £18)
*Since M * 0.0 (See Appendix A), M= 1.0 x 10-10 was used.

10
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TABLE

NUCLIDE DATA FOR FERMI-2

P?i(x:'ry n-i > Xj ’ Avg:gg'e Hfa »
Containment Thyroid Dose Radiodecay Energy per Infinite/Finite
Initial Airborne Conv. Factor, Constant, Disintegration, Gamma Cloud

Nuclide Activity, Ci Rem/Inhaled Ci hr-1 Mev Dose Ratio
1-131 2.2047 1.4946 .003593 .381 28.74
I-132 3.3247 5.48+4 .3035 2.26 31.33
1-133 4.80+7 3.66+5 .03334 .608 30.20
I-134 5.67+7 2.87+4 .792 2.601 32.12
I-135 4.4147 1.17+45 .1051 1.557 34.71
Kr-83m 1.41+47 - .374 .00245 1.173
Kr-85m 4.4147 - .1548 .158 26,08
Kr-85 1.40+6 - 7.38-6 .00221 29.55
Kr-87 7.97+7 - .5472 . 7825 36.10
Kr-88 1.1048 - L2477 1.934 37.92
Kr-89 1.3748 - 13.18 1.713 36.22
Xe-131m 8.90+45 - .002408 .01975 7.245
Xe-133m 4.80+6 - .01296 .04123 11.60
Xe-133 1.90+48 - .00547 .04501 1373
Xe-135m 5.3447 - 2.718 L4317 28.61
Xe-135 1.80+48 - .0756 L2471 28.39
Xe-137 1.80+8 - 10.84 .1968 30.68
Xe-138 1.68+8 - 2.93 1.096 35.68

0OVIIND
SHIANIONI
AGQNNT ¥ LN3ONVS
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The data in Table 2 were obtained from the following sources:
A,©) from Reference 5, Table 15B.6.5-2 but with the
1 minute values in the Table multiplied by
exp(.01667A; ) to obtain values at time = 0.0;

X, is given in Table 2, and its units are hr I,
D,; from Reference 9
' from Reference 10
€, from Reference 11 by summing the products of
the frequencies times their discrete energies.
H, from Appendix A.4

12
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. 5. Manual Method Theory
5.1 Projected Effective Activity Release
Projected effective Xe-133 and effective I-131 activity
releases are given by Egns. Al7, Al8, A2l, and A22 in
Appendix A.3.3. 1In each case an effective activity
released during a time pericd is given by an actual

monitor reading times the ratio of the design basis
effective activity released to the design basis cal-
culated moniter reading; e.g., from Eqn. Al7 of

Appendix A.3.3,
Q ngiua(ta ’tl)

Benena ) = Rylt) 97555

This ratio (that in the curly brackets) will be called
Q/R and may be tabulated for various combinations of
release time period (7, tot, ) and time (¢ ) of the
monitor reading. Such Q/R tabulations can be made for

‘ both effective Xe-133 and effective I-131 as well as
for both drywell monitor and SGTS monitor. To obtain
the actual effective activity released during a time
period, the actual monitor readi.g at time t is
multiplied by the appropriate Q/R. Since the actual
drywell monitor reading units are mrad/hr, that reading
must be multiplied by 1.0 x 10.3 to convert the units
to rad/hr.

Such Q/R tables were prepared for the accident occurring
0, 2, 4, 6, and 8 hours after the reactor shutdown.

Coasecutive 8 hour release time periods were used.

Worksheets were prepared which provided a record of

(a) time after shutdown of release to primary

containment
(b) time of monitor reading
' (c) 8 hr period desired for activity release




(d) Q/R
(e) the
(f) the

For

For
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as obtained from the appropriate table
monitor reading

calculation of the activity, Q, released.
the drywell monitor:

Q = [Q/R] [monitor reading (mrad/hr)) [1.0 x 10~

the SGTS monitor:
Q = [Q/R] [monitor reading ( mci/cc)]

PAG Emergency Classification - Worst EAB Conditions

3

Projected downwind doses for the time period f, to tg are
given by Egqns. A67 through A70 in Appendix A.3.8.2.

equations may be solved for actual released activity

These

required to obtain the PAG dose limit, DI, or]h,h"H(See

Appendix A, Section A.3.8.3).

The subscripts D and § may

be dropped because the actual release activity found in

this manner is independent of plant parameters. Thus,
from either Eqn. A67 or Egn. A68,

Coy (£ 4)= )ﬂ' .
k Xe- ' P Egn. 1
A ' Fa ity ]('E:“qultucvgx‘]_- =q8. 2

where [E (’Sg) J]

And,

from either Eqn. A69 or Egn. A70,

)l'f'hyn; a

“Q.",_,,,lh 'tr) = Dcx--::3ﬁ a("/d}.-‘]

Egns.

equations are found in Appendix A.3.7.2.

Eqgn. 2

1 and 2, may be evaluated for the worst conditions

(conditions giving the smallest activit; release).

conditions are:

and

(a)
(b)

Pasquill class G, & = 7

shortest downwind distance of importance,
d = 915m (EAB distance Ref. 5, P. 15B.6-37,
Table 15P.6.5-1).

These
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Any time period 7, to t, may be assumed. When this is
done the effective activity released to obtain the k™
PAG dose limit becomes a linear function of the wind
speed U .

A graph of Eqn. 1 and a graph of Eqn. 2 with wind speed
in units of miles per hour and with worst conditions

were prepared. Each graph consisted of 3 curves, one for
each value of k. Any known or projected (Section 5.1)
effective activity release and the current wind speed are
courdinates of a point that may be plotted on each of the
graphs. If the point lies above the k = 1 curve, there
is a red emergency; if the point lies between the k=1
and k ® 2 curves, there is a yellow emergency; if the
point lies between the k = 2 and k= 3 curves, there is a
white emergency; and, if the point lies below the k= 3

curve, there is no emergency.

A worksheet was prepared which provides a record of

(a) wind speed

(b, effective Xe-133 activity released

(c) whole body dose emergency classification
from graph

(d) effective I-131 activity released

(e) thyroid inhalation dose emergency classification
from graph

5.3 PAG Emergency Classification

5.3.1 Whole Body Dose Emergency

Equation 1 may be rewritten

N _ o447 D, U’
k €55 Xe-133 K Ek..“[a(‘/a').d]

15
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where thsu-m is the effectivre Xe-133 activity
released over any time period to obtain the k™ PAG
whole bedy dose limit, and the wind speed @ in the
nunerator is exrzressed in units of miles per hour.

The activity @, ¢ e-1ms may be normalized such
that the normalizec wvalue N2k 55 e 133 equals 1
for k= 3 and @' = ) mph; since D, = 0.05 Rem

(Appendix A.3.8.3 and Table A4) and E"‘_m =
0.04501 Mev (™able 2),

OH47x 0.05 x |
s ogs e = Km

0.253« . 0450} [a(:va-)._‘)
where K.-,, is the normalization constant.

Since @,y = 1,
K, = 05095 [a ()., | Bah. 4

where [&(’Va'),,] is found in Appendix A.3.7.2.
Applying the normalization iactor K“, to Egn. 3
gives

(¥ )

2 - (1 _:‘L';)a" Egn.

3eFf Xe-13y

for k = 3. For k = 2, since J,, = 1.0 Rem (Appendix
A.3.8.3 and Table A4) and, thus, 3,,/D,, = 2C,

. L = \
~aleﬂ Xe-13y ™ (20 mph ) U Egn. 6
For k = 1, since D, = 5 Rem (Appendix A.3.8.3 and
Table A4) and, thus, Du_,/]’n = 100,

= (o0 &) @'

"Q* €ff Xe-133 - Egn. 7

16
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A graph of Egns. 5 through 7 (3 curves) was prepared.
On this graph, titled PAG Emergency Classification =
Normalized Curves Including Stability Class and
Distance, the ordinate is the normalized effective
Xe-133 activity released. Any known or projected
(Section 5.1) effective Xe-133 activity release

can be multiplied by the normalization factor ’(u;
evaluated by Eqn. 4 for a particular downwind distance
and Pasquill stability class to produce the normalized
effective Xe-133 activity release. Any normalized
effective Xe-133 activity release and the current

wind speed @' are coordinates of a point that may

be plotted on the graph. If the point lies above

the k= 1 (Egqn. 7) curve, there is a red whole body
dose em- _gency; if the point lies between the k = 1
and k = 2 (Eqn. 6) curves, there is a yellow whole
pody dose emergency; if the point lies between the

k =2 and k= 3 (Egn. 5) curves, there is a white
whole body dose emergency; and, if the point lies
below the k = 3 curve, there is no whole body dose

emergency.

A table of normalization factors titled Multiplying
Factors For Xe=-133 Activity (-i ) Released was
prepared. The entries in this table resulted from
the evaluation of Egqn. 4 for all seven Pasquill
stability classes at the distances 915m and the
integral miles from 1 through 10.

Thyroid Inhalation Dose Emergency

Equation 2 may be rewritten

-
0.447 D‘tﬂ_jrvu “ Egn. 8
DC 2434 :BK [u(l/a').‘]

Qk ef¢ -1y

17
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where @,. ;.  is the effective I-131 activity
released over any time period to obtain the k®*
PAG thyroid inhalation dose limit, and the wind
speed @'in the numerator is expressed in units of
miles per hour.

The activity @, ep13, may be normalized such that
the normalized value Q,. ., equals 1 for k = 3
and &'= 1 mph; since

]%,”,ﬁ‘ = 0.3 Rem (Appendix A.3.8.3
and Table A4)
W = 1.49 x 10° Rem/(inhaled ci )
(Table 2)
B _ -4 3
and x = 3.47 %10 m~/sec (Ref. 3),
a¥47 x 0.3 x |
23 a4 13 " Ku Thyreid L49X/0% x 3.47./0"T_&(w-§,:)
where K.-‘n,"u is the normalization constant.
Since Jzacnx-u: =3,
3
= 3. x|0 (:a f ] Egn. 9
K«'J'rhyfoid 3 85‘ ’ (‘/Q )“ L

where [ﬁCVﬁﬁ“] is found in Appendix A.3.7.2.
Applying the normalization factor '(M1%”w~ to
Egn. 8 gives

(1} =/
"QJC“ I3 - (1 Mmph u Egn. 10
for k = 5. For k = 2, since ]%1v'u4 = 5 Rem
(Apf ndix A.3.8.3 and Table A4) and, thus
D‘rh""’d /DJ.’h".;J = 160667'
gs et

. oy Egn. 11

~Q':. €5§ 1-131 ('"“7 mehn u g
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For k = 1, since i rayesid = 25 Rem (Appendix
A.3.8.3 and Table A4) and, thus, D""'vr--‘-'/s;ﬂ.n.u =
83.33,

* i NG’
ﬁsecn-m‘ (‘333 meh u Egn. 12

A graph of Egns. 10 through 12 (3 curves) was
prepared. On this graph, titled PAG Emergency
Classification - Normalized Cuives Including
Stability Class and Distance, the ordinate is the
normalized effective I-131 activity released. Any
known or projected (Section 5.1) effective I-131
activity release can be multiplied by the normaliza-
tion factor K;‘ Thyreid €valuted by Egn. 9 for a
particular downwind distance and Pasquill stability
class to produce the normalized effective I-131
activity release. Any normalized effective I-131
activity release and the current wind speed u'are
coordinates of a point that may be plotted on the
graph. If the point lies above the k = 1 (Egn. 12)
curve, there is a red thyroid inhalation dose
emergency; if the point lies between the k = 1 and
k = 2 (Eqn. 1ll) curves, there is a yellow thyroid
inhalation dose emergency; if the point lies between
the k = 2 and k = 3 (Egqn. 10) curves, there is a
white thyroid inhalation dose emergency; and, if
the point lies below the k = 3 curve, there is no

thyroid inhalation dose emergency.

A table of normalization factors titled Multiplying
Factors For I-131 Activity (c1) Released was
prepared. The entries in this table resulted from
the evaluation of Eqn. 9 for all seven Pasquill
stability classes at the distances 915m and the

integral miles from 1 to 10.
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5.3.3 Worksheet
A worksheet titled Emergency Classification Cal-
culation was prepared which provides a record of

(a) Pasquill stability class

(b) downwind distance

(c) type of dose (whole body or thyroid
inhalation)

(d) multiplying factor from appropriate
table

(e) effective activity release (effective
Xe-133 or effective I-131)

(f) normalized effective activity released
(the product of item (d) and item (e))

(g) wind speed

The coordinates of the point as itemized in (f)
and (g) are then plotted on the appropriate graph;
the location of the point on the graph determines

the emergency classification.

5.4 Dose Calculation at 10 Miles or Less
5.4.1 Whole Body Dose
From Appendix A.3.8.2 Egqn. A67, the whole body dose
D,s due to an effective Xe-133 activity release

CL”IFH, over any time period at a distance d

downwind and for Pasquill class ¢ is
Didt= 0.253 Q'en Ye-iny E;Xc-us {a (&/a.).}]/j

Rewriting this equation, using the data of Secti~n
22 3v4 'EOF Ethw;; , and expressing the wind speed

- 3 o
as U in units of miles per hour,

2 P
D“': 0.02 5475- an Le-13d [a(%).d]/u F—J—I—————( B. 23
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Rearranging Egn. 13,

b- - g
et U - 0.02.5'475[5 M)w] Egn. 14
Qafflc-n:

Egn. 14 says that for a particular distance down-

wind and Pasquill stability class the quantity

D‘-J,E/amh,,,, is a constant; let Cu, be that
constant.

Thus,

Cise =aoas475-[;2(‘/a'),J Egn. 15

From Egqn. 14, the units of Cdr are Rem-mph/ci.
Using Egn. 15, Egn. 13 can be rewritten

’ q ]
: g — E n- ..6
DaJt C‘Jr qu)(e—ll) /u

A table of the Cur factors titled Dose Calculation
Table, Xe-133 Whole Body Gamma Dose, Rem*mph/ci
was prepared. The entries in this table resulted
from the evaluation of Egn. 15 for all seven
Pasquill stability classes at the distances 915m
and the integral miles from I to 10. These data
were also prepared in graphical form. The graph
title was Whole Body Dose * MPH Per Curie Released
vs. Distance For Indicated Pasquill Stability

Classes.

Given the effective Xe-133 activity released over
any time period and given the wind speed a’. the
downwind whole body dose may be calculated using
Egqn. 16 with a value of Cis¢ from the table or

graph.
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Thyroid Inhalation Dose

From Appendix A.3.8.2 Egn. A69, the thyroid in-
halation dose ]lgfhnu due to an effective I-131
activity release Qc;; 113 over any time period
at a distance d downwind and for Pasquill class i is

)‘Jﬂynté S Du--J.B* Q"”"" [ﬁ ("‘)' ]/l;

Rewriting this equation, using the data of Section

5.3.2 for ]},HM and Ek ,» and expressing the wind

’ . i "
speed as U in units of miles per hour,

Distrpenis 1156.67 Rygy 113, [0—4(’%')‘.‘]/(7' Egn. 17

Rearranging Egn. 17,

—f
)l‘?b".ia u = ’|$‘.‘7 {:a(\/a‘).‘] Egn. 18
anx-m

Eqn. 18 says that for a particular distance down-
wind and Pasquill stability class the quantity

PR— 4 :
),‘Jﬂ".'-J M/Q““_'u is a constant; let c-‘dﬂ,«..’a
be that constant. Thus,

C“"'rn-‘d = |15¢.67 &7(’(/4‘)‘.;\ Eqn. 19

From Eqn. 18, the units of C;d Thyreid are Rem-mph/ci.

Using Egqn. 19, Egn. 17 can be rewritten

—
D;J"hyn.é - C‘Jrﬁy'hé Q.“,_”' /u Egn. 20
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A table of the C,-‘I Thyroid factors titled Dose
Calculation Table, I-131 Thyroid Inhalation Dose,
Rem-mph/ci was prepared. The entries in this

table resulted from the evaluation of Egn. 19 for

all seven Pasquill stability classes at the distances
915m and the intergral miles from 1 to 10. These
data were also prepared in graphical form. The

graph title was Thyroid Inhalation Dose+MPH Per

Curie Released vs. Distance For Indicated Pasguill
otability Classes.

Given the effective I-131 activity released over any
time period and given the wind speed ', the down-
wind thyroid inhalation dose may be calculated

using Eqn. 20 with a value of Ciim,.u from
the table or graph.

Worksheet

A worksheet titled Dose Calculation was prepared
which provides a record of
(a) Pasquill stability class
(b) downwind distance
(c) type of dose (whole body or thyroid
inhalation)
(d) value from Cgy or Ciyp,.., table
or graph
(e) effective activity released (effective
Xe-133 or effective I-131)
(f) wind speed
(g) calculation of item (e) divided by
item (f)
(h) calculation of dose: item (d) times

item (qg)
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. 5.5 Area Affected Calculation for PAG Classification

5.5.1 ET(?ékaﬁCu:xgg

A graph of [G(%)u] vs. distance was prepared.

The graph contained a curve for each of the seven
Pasquill stability classes. The plotted values

were obtained from the evaluation of equations given
in Appendix A.3.7.2. Note that this is for a ground
level release with building wake included.

OQuter Boundary of PAG Whole Body Dose Emergency

Condition

Rearranging Egqn. 3,

0.447 D, a’
E(M ( ue -33 (amxe-m) Egn. 2]

where the subscript k was removed from the Q

ef§ Xe =133
in order to denote any effective Xe-133 activity

released over any time period and the subscript
k was added to the [3(%).-,]“ to denote that
this quantity is that required to obtain the dose

Du . Using the values of K and E;‘

e-i33 from

Section 5.3.1, Egn. 21 becomes

[H M’).-J] (3.2534 D) ( a’ > Eqn. 22

QH Ae-133

For k = 1, )u. = 5.0 Rem and Eqn. 22 becomes

{U (%')‘Jl = 19e. 27 u ’/QC{f Xe-133 Egn. 23

For k = 2, ]%‘ = 1.0 Rem and Egn. 22 becomes

[ (’Vdﬂ 39.a5 “/-ﬁx.-m

24
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For k = 3, ]%‘ = 0.05 Rem and Egn. 22 becomes

Ez (‘%')u] = 19627 & /a.,, s Egn. 25

Egqns. 23 through 25 provide the means of calculating
the wind speed times the atmospheric relative
concentration at the outer boundary of the PAG whole
body dose emergency condition k for any effective
Xe-133 activity release over any time period. The
value obtained along with the current Pasquill
stability class can be used to obtain the outer
boundary distance from the curves developed in
Section 5.5.1; let this distance be d" « Then,

for any distance, d

0.57 miles 4 d < dyy , Red Emergency
d,,< d < d;r , Yellow Emergency
d,,< d < Oy , White Emergency
d,,< d » No Emergency

The curves of Section 5.5.1 are not defined for
distances less than 0.57 miles (915m). 1If any of

the upper boundaries dkt are apparently less than
0.57 miles because the associated [Fégbi&) is greater
than any value on the appropriate curve, ghen the
corresponding emergency condition is not required.
The curves of Section 5.5.1 are also not defined

for distances greater than 50 miles because emergency
condition evaluations are not required beyond that

distance.

A worksheet titled Area Affected Calculation - Xe-133
was prepared which provides a record of

(a) effective Xe-133 activity released

(b) wind speed

(c) Egn. 25 evaluation
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(d) Egn. 24 evaluation

(e) Eqn. 23 evaluation

(f) Pasquill stability class

(g) white emergency outer boundary
(h) Yellow emergency outer boundary
(i) red emergency outer boundary

Outer Boundary of PAG Thyroid Inhalation Dose

Emergency Condition

Rearranging Egn. 8,

[—(‘y.) o (047 Dy | (T
uilza ], R s T Quess -0 Egqn. 26

where the subscript k was removed from the Qh,bm,

in order to denote any effective I-131 activity
released over any time period and the subscript

k was added to the [ﬁ /é')d-) to denote that this
quantity is that required tok obtain the dose :D",,,”,-J-

Using the values of D

% 213 and B% from Section 5.3.2,

Egqn. 26 becomes

[aét/&');g]k: (&‘4553'16*]).15,'.;3 ( 8 > Eqn. 27

anbnl

For k = 1, I},MW“J = 25.0 Rem and Eqn. 27 becomes

3 3 =

[“6/6‘).‘4] . l.l‘“fllo U /Qof{ 1-13) Egn. 28

i
For k = 2, D, .., = 5.0 Rem and Eqn. 27 becomes
ol e
[U(%)“Jl- #.3228x/0 "‘//Qm s Egn. 29
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For k = 3, ]L,"“u = 0.5 Rem and Egn. 27 becomes

Eﬁ(‘%‘)u] = 1.5‘937:/0" a/a,m,,,, Egn. 30
3

Egqns. 28 through 30 provide the means of calculating
the wind speed times the atmospheric relative con-
centration at the outer bcundary of the PAG thyroid
inhalation dose emergency condition k for any
effective I-131 activity release over any time
period. The value obtained along with the current
Pasquill stability class can be used to obtain the
outer boundary distance from the curves developed
in Seccion 5.5.1; let this distance be dyq,m.
Then, for any distance d ’
0.57 miles < d $dm.,m'a , Red Emergency

Qirpres < d < diryeis . Yellow Emergency

- FEERNE - 4 derw‘ ,» White Emergency

d”hmu <d » No Emergency

The curves of 5.5.1 are not defined for distances
less than 0.57 miles (915m). If any of the upper
boundaries dh,”,ﬁ‘ are apparently less than
.57 miles because the associated [@C&é);]k is
greater than any value on the appropriate curve,
then the corresponding emergency condition is not
required. The curves of Section 5.5.1 are also
not defined for distances greater than 50 miles
because emergency condition evaluations are not

required beyond that distance.

A worksheet titled Area Affected Calculation - I-131
was prepared which provides a record of

(a) effective 1I-131 activity released

(b) wind speed

(c) Egqn. 30 evaluation
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(d)
(e) Egn. 28 evaluation

(f) Pasquill stability class

(g) white emergency outer boundary

Egn. 29 evaluation

(h) yellow emercency outer boundary
(1) red emergency outer boundary

5.6 Doses at Distances Between 0.57 and 50 Miles
5.6.1 Whole Body Dose

Egn. 13 enables the calculation of the downwind

whole body dose for any effective Xe-133 activity
release over any time period. The value of[aevakl
for a given distance and Pasquill stability class
may be found from the appropriate curve developed
in Section 5.5.1.

A worksheet titled Calculation of Dose at Distances
. Between 0.57 and 50 Miles - Xe-133 was prepared
which provides a record of
(a) downwind distance
(b) Pasquill stability class
(c) wind speed times atmospheric relative
concentration from the appropriate
curve developed in Section 5.5.1
(d) wind speed
(e) effective Xe-133 activity released
(f) Egn. 13 evaluation for whole body dose

w
(>3]
N

Thyroid Inhalation Dose

Egn. 17 enables the calculation of the downwind
*hyroid inhalation dose for any effective I-131
activity release over any time period. The value
of [ﬁ(@b)“] for a Yyiven distance and Pasquill
stability class may be found from the appropriate
. curve developed in Section 5.5.1.
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A worksheet titled Calculation of Dose at Distances
Between 0.57 and 50 Miles - I-131 was prepared
which provides a record of
(a) down wind distance
(b) Pasquill stability class
(c) wind speed times atmospheric relative
concentration from the appropriate
curve developed in Section 5.5.1
(d) wind speed
(e) effective 1I-131 activity released
(f) Egqn. 17 evaluation for thyroid
inhalation dose

NUREG-0654 Emergency Classification

In the fcllowing development, the theory of Appendix A.3.9.2
leading to Egqns. A82 and A83 will be used. These two

equations are now rewritten.

7 Dy
- Egn. 31
@ REQF) Q.
and
F -
R, = +-R. 4 Eqn. 32

See Appendix A.2 for definitions of the variables,

These equations are now made more explicit by elaborations
for monitor type, downwind dose rate type, time dependence,

and Pasquill stability class. Thus, Egqn. 31 becomes

F . D,

(7 11

u g 0.253 F;u-lu(a(%')‘]é’cuu-n)(t\un--u) Egqn. 32 33
and
F. )lh. void
Allyeed = —~ N W Eqn. 34
u De. x--)-_'B'& [“(‘/d)‘] Q"fil-‘il(":““l"")
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Also, after dividing Eqn. 32 by U , that equat:ion

becomes

¢

Rn_éu(
u

Fise

“

) Res (£)

P\Ai 1.4' Th'n;‘

Fl‘
(e )R,

(FagwdR , ()

u

(iR

The following definitions apply.

Firy

Filruyf.aa

30

fraction
accident
excluded
released

tainment

of the design basi
release with iodin
that is actually

to the primary con

ana will result in

Egn. 35

Egn. 36

152}

qn. 37

n. 3

:

s

es

the NUREG-0654 whole body dose
rate limit £ at the site boundary

for Pasquill stability class (.

fraction of the design basis

accident release including 25%

of the core inventory of iodines

that is actually released to the

primary containment and will
result in the NUREG-0654 thyroid

inhalation dose rate limit [f at

the site boundary for Pasquill

stability class ¢ .
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R%nar(t) = actual drywell monitor reading
at time T for the NUREG-0654
whole body dose rate limit £ at
the site boundary for Pasquill
ctability class i .

same as R, ip#) except for

Kasut {t)

KAD 2 Th’fvu (t)

SGTS monitor.

same as R, piar(t) except for
resulting in the NUREG-0654 thyroid
inhalation dose rate limit.! .

P\mun,.,u(t) sane as RA»un.,m'a () except for

SGTS monitor.

Calculated Monitor Readings

~J

Calculated monitor readings, R () and R_(¢) , were
ftabulated at several times, t‘, after the accident
from 0.167 hr through 24.0 hr. Tabulations were
made for both 0% and 25% iodine core inventory
airborne in the primary containment; in both cases,
100% of the noble gas core inventory was airborne.
Drywell monitor readings, R,._,(t) , were evaluated
from Fgqn. Al3 in Appendix A.3.2.1. SGTS monitor
readings, R‘,(t) , were evaluated from Egn. Al4 in
Appendix A.3.2.2.

These tabulations were done for the accident occurring

0, 2, 4, 6, and 8 hrs after reactor shutdown.

General Emergency

Eqns. 33 and 34 were evaluated with ﬂ = 1 for each
of the seven Pasquill stability classes, 1<¢ § 7.
Results of Eqn. 33 were tabulated. There was a
table for each time interval between reactor shut-
down and the accident. The title of each table

was
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Fractions of 100% Noble Gases Plus N% Iodines
Released Ard Wind Speed Ranges to Give Gamma
Whole Body Emergency Condition (NUREG-0654)
For Release to Primary Containment at X. Hours
After Shutdown Without I-135 As Parent

where X was the appropriate time 0, 2, 4, 6, or 8.

Four tables containing minimum monitor readings

divided by wind speed, at times ¢ and for all

Pasquill stability classes, at which general

emergencies exist were prepared. There was a table
for evaluations of each of Egqns. 35 through 38 with

L =1.
(a)

(b)

(c)

(d)

The titles of the tables were

for Eqn. 35 evaluation

Drywell Monitor Readings - General Emergency
For Release at X. Hr After Shutdown

Whole Body Gamma Dose Rate Emergency

for Egqn. 36 evaluation

SGTS Monitor Readings - General Emergency
For Release at X. Hr After Shutdown

wWhole Body Gamma Dose Rate Emergency

for Eqn. 37 evaluation

Drywell Monitor Readings - General Emergency
For Release at X. Hr After Shutdown

Thyroid Inhalation Dose Rate Emergency

for Eqn. 38 evaluation

SGTS Monitor Readings ~ General Emergency
For Release at X. Hr After Shutdown

Thyroid Inhalation Dose Rate Emergency

where X was the appropriate time 0, 2, 4, 6, cor 8.

Worksheets titled
General Energency Determination For Drywell Monitor

and

General Emergency Determination For SGTS Monitor

were prepared which provide a record of
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(a) Pasquill stability class
(b) type of dose rate - whole body or
thyroid inhalation
(c) time of monitor reading
(d) value of monitor reading divided by
wind speed from the general emergency
table
(e) wind speed (mph)
(f) calculation of monitor reading for
general emergency
Drywell monitor: 447.0 x item (d) x item (
mrad/hr
SGTS monitor: 0.447 x item (d) x item (e),
Mci/cc
(g) actual monitor reading
(h) comparison of item (g) with item (f) for
emergency determination
If item (g) & item (f) then general
emergency.
If item (g) € item (f) then no

emergency.

Site Emergency

Table A5 in Appendix A.3.9.1 lists two criteria

for determining a site emergency. One states that

a given dose rate limit (f = 3) at the site boundary
for Pasquill stability class G (i = 7) and for a

1.0 m/sec wind speed must be equalled or exceeded
for a period of % hour. The other is similar except
the dose rate limit (€ = 2) is ten times larger

and the duration is 2 minutes. For the types of
accidents considered, a large dose rate for a per.iod
of 2 minutes is not possible without a similar large
dose rate for a period of % hr. The largest possible
time rate of chenge of dose rate is that for the

whole body during the first 30 minutes of the accident
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assuming the accident occurs at reactor shutdown:
however, this decrease in dose rate is considerably
less than a factor of i0. Thus, all £ = 2 site
emergencies are a subset of the £ = 3 site emer-
gencies. In site emergency determination only the
L =3 criterion will be used.

Since both T, ... and T .., are always zero
because there is no reactor building mixing and
since the activity release rates are monotonically
decreasing, the times T and T, ;.
should both be set to % hour for 1 = 3 calculations.

Egqns. 33 and 34 were evaluated with I = 3 for
Pasquill class G (i = 7). The results were included
in the tables described in the first paragraph of
Section 5.7.2.

Two tables containing minimum monitor readings, at
times * and Pasquill stability class G (i = 7),
at which site emergencies exist were prepared. One
table was for the drywell monitor and contained
the evaluations of Eqns. 37 and 35. The other table
was for the SGTS monitor and contained the evaluations
of Eqns. 38 and 36. The titles of the hles were
(a) for Egqns. 37 and 35 evaluat
Drywell Monitor Readings - Site Emergency
Release at X. Hr After Shutdown
Pasquill Stability Class G
Wind Speed = 1.0 M/Sec
(b) for Egns. 38 and 36 evalautions
SGTS Monitor Readings - Site Emergency
Release at X. Hrs After Shutdown
Pasquill Stability Class G
Wind Speed = 1.0 M/Sec

where X was the appropriate time 0, 2, 4, 6, or 8.
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Worksheets titled
Site Emergency Determination For Drywell Monitor
and
Site Emergency Determination For SGTS Monitor
were prepared which provide a record of
(a) type of dose rate - whole body or
thyroid inhalation
(b) time of monitor reading
(c) value of monitor reading from the site
emergency table. For the drywell monitor
multiply this value by 1000 to convert
to mrad/hr
(d) actual monitor reading
(e) comparison of item (d) with item (c)
for emergency determination
If item (d) 2 item (c) then site
emergency
If item (d) € item (c¢) then no

emergency,
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Adjustment for Infant Thyroid Inhalation Dose Assessment

In Section 5.2 through 5.7 thyroid inhalation dose assess-
ment methods were based on the response of an awake,
active adult. From Reference 1, the response of an infant
is conservatively twice that for an adult. This fector

of 2 will now be used to extend the manual method to
include infant dose assessments.

The thyroid inhalation dose response is the breathing rate
times the thyroid inhalation dose conversion factor,
Ikbn,B‘ . In Section 5.2 through 5.7, D.,., B is
evaluated for an awake, active adult. For an infant
response the factor should be multiplied by two. However,
this is equivalent to recording on the worksheets of
Section 5.2 through 5.6 two times the projected effective
I-131 activity release found in Section 5.1. If two times
the projected effective I-131 activity release is used,

no other change is required to effect an infant thyroid

inhalation dose assessment for Section 5.2 through 5.6.

For Section 5.7, an increase in Dg;,;, By would cause
a decrease in the quantity calculated in Eqn. 34; a cor-
responding decrease in the tables generated by Egns. 37
and 38 would occur. Thus, when using the worksheet in
Section 5.7.2, item (d) (the value from the general
emergency table) should be divided by 2 when doing
thyroid inhalation dose rate evaluations. Similarly,
when using the worksheet in Section 5.7.3, item (c) (the
value from the site emergency table) should be divided

by 2 when doing thyroid inhalation dose rate evaluations.

No other change is required to effect an infant thyroid

inhalation dose emergency assessment for Section 5.7.
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which were used in U.S.N.R.C. Regulatory Guide 1.109, Rev. 1,

Oct. 1977, and they agreed better with values from TID-14844

and values in a letter from J. C. Golden, "AEC Standard Assumptions",
Jan. 10, 1973.
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APPENDIX A

A.l Method of Solution

A.l.1 Solution Models
Figure Al shows a simple model of a Boiling Water Reactor (BWR)

power plant building structure and shows nuclide activity transport
paths. In this model the accident occurs at time t equal to zero.
The activity ﬁg@) for nuclide J is instantaneously mixed in the
drywell plus wetwell (primary containment) volume. The airborne
activity 44Jﬂ is assumed to leak at a constant rate L to the
reactor building (secondary containment) volume; a fraction B of
this leakage is immediately released, unfiltered, to the environment
(bypass leakage), and a fraction I-B of this leakage is instantan.ously
mixed in the reactor building volume. Airborne activity Cﬂf) in
the reactor building is exhausted to the environment by the standby
Gas Treatment System (SGTS); the iodine portion of this effluent

may be filtered. Mixing in the reactor building volume can include
any percentage of that volume; e.g. 0% would be no mixing and 100%
would be complete mixing. 1In addition, a filtered purge of the
primary containment volume is possible. These three modes of
release - SGTS, purge, and bypass leakage - then contribute to the
total activity release rate dy&) for nuclide J.

The activities Aj(t) and Q(f) and the activity release rates é)/t/
are calculated using design basis accident plant parameters or, if
possible, known parameters at the time of the accident. Such
activities and activity release rates are referred to as design
basis accident or just design basis values. By suitable input

the design basis accident may be changed; however, the actual
activities and activity release rates are not necessarily the
design basis values. To calculate the actual values, the design
basis values are normalized to actual radiation monitor readings

Al
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in the drywell or in the SGTS effluent. The normalization requires
a calculation of the monitor readings using the design basis activ-
ities.

The drywell (in-containment) monitor calculated reading is the actual
air dose rate due to gamma radiation at a specific point in the dry-
well.* The calculational model is that for a semi-infinite cloud
(Ref. 3) of activities /M(F) but with a finite cloud correction

(see Section A.4). The SGTS monitor calculated reading is the

actual effective Xe-133 activity concentration in the SGTS effluent;
a definition of effective Xe-133 activity is given at the beginning
of Section A.3.2.2 of this report. The SGTS monitor is placed
downstream from the SGTS iodine filter.

In order to be conservative and in view of the fact that the iodine
releases to the primary containment may be considerably smaller then
the design basis values, the calculated monitor readings should not
include contributions from iodines when normalizing the activity
releases for the purpose of determining downwind whole body doses
and dose rates. However, if the amount of iodine present is known,
suitable input will effect the inclusion of iodine in the monitor
calculations. For the purpose of determining downwind thyroid
inhalation doses and dose rates, the contribution from the design
basis iodine or the actual iodine, if known, is always included in
the calculation of the monitor readings.

Both the SGTS and purge effluents are assumed to be released near
the top of the highest structure and, thus, will be completely
mixed in the building wake resulting in a ground level release

(Ref. 3). Although the exhaust velocities may be sufficient to

*For the Enrico Fermi Atomic Power Plant - Unit 2, this monitor
1s located on the outer wall of the drywell at the 605 ft.
elevation. It views a portion of a cylindrical annulus cloud of
gamma emmitters. See Section A.4 for a discussion of the finite
cloud correction.
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claim partial elevated release (Ref. 6), this effect is conser-
vatively ignored. A partial elevated release would require the
consideration of finite plume models as well as terrain effects

which would greatly increase the complexity of the problem.

Any bypass leakage effluent would probably be of a diffuse nature
over the reactor building structure. Such effluent must then be
a ground level release.

The transport of the effluent is modelled by a straight line
Gaussian plume with a building wake correction using current site
meteorological data. Such data include the average wind speed
and the Pasquill stability class (Ref. 4); wind direction is not
required. The centerline concentrations of nuclide activities as
predicted by this model at a given downwind distance is assumed
to exist at all points in space - the semi-infinite cloud model.
The transport of activities from the release point to the dose
point is instantaneous; there is no radiodecay in transit. This
conservative modelling is used to reduce the complexity of the

problem.

Downwind whole body doses and dose rates use the semi-infinite
cloud immersion tissue dose model of Reference 3; body depth
shielding is conservatively ignored. Downwind thyroid inhalation
doses and dose rates are for an awake adult, but this may be

modified by suitable input.

Emergency classifications based on radiological dose and dose rate
considerations are obtained from the criteria given in both the
Environmental Protection Agency Portective Action Guides, Appendix D,
(Ref. 1) and NUREG-0654, Appendix 1, (.ef. 2).
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2 Assumptions

The
1‘

2.

10.

assumptions are:
The accidental release of radioactive nuclides is to the
primary containment
For the two types of releases -
(a) It the release is at or after reactor shutdown, the
release is instantaneous at time equal zero hours.
(b) If the release is during reactor operation, the
release is continuous and the reactor is not
shutdown during the time period of interest; that
time period should start at zero hours.
The release consists of noble gases and iodines - the noble
gases in proportion to their core inventory and the iodines
in proportion to 25% of their core inventory (Ref. 3).
Opticnally, the iodines may be in proportion to any amount
of their core inventory. Optionally, the core inventory
may be changed to any desired values.
The release is instantaneously mixed in the entire primary
containment volume.
The primary containment leaks to the reactor building at a
constant rate.
The leakage into the reactor building is instantaneously
mixed into any desired fraction of the reactor building
volume.
The reactor building is exhausted to the environment at
a constant rate through an iodine filter of constant
efficiency.
The primary containment may be purged to the environment
with a constant purge rate through an iodine filter of
constant efficiency.
Bypass leakage is direct and instantaneous from the
primary containment to the environment and is unfiltered.
All exhausts are released as a ground level Gaussian plume
with no plume rise and no terrain effects; however, building

wake 1s included.
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whole bodv doses and dose rates can be conservatively
calculated with a semi~infinite gamma cloud model.

No iodine depletion by plating, washout, or grouad
deposition occurs.

Radiocactive decay in transit may be conservatively
excluded.

Parent-daughter relationships need not be considered in
the release calculations (Reference 3 stipulates only
100% noble gasers and 25% iodines in the reactor core are
released). However, optionally, the contribution of I-135
to Xe-135m and Xe-135 may be included; this relationship
is the only one of importance.

The drywell monitor views a portion of an easily modelled
(simple geometry) finite cloud of thorouchly mixed gamra
emitters and is not affectel! by beta radiation; also,
this monitor is not affectea by plated out activities.
The SGTS monitor is placed in the SGTS exhaust after the
iodine filter. It measures the effertive Xe-133 activity
concentration in the SGTS exhaust.

All monitors respond to gamma radiation only.

The ratio of the actual monitor reading to the calculated
reading for that monitor is the fraction of the design
basis accident release that has actually occurred.

For the purpose of determining downwind whole body doses
and dose rates, no iodine is present when calculating the
monitor readings. However, iodine may optionally be
included.

For the purpose of determining downwind thyroid inhalation
doses and dose rates, contributions of both nodle gases
and iodines (design basis accicent amounts) are included
in the calculated monitor readings.

Thyroid inhalation dose and dose rate criteria for
determination of emergency classificatwons are for an
awake adult. Optional input can adjust tnis for any

person.,

A6
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The wind direction is assun2d to be constant over the dose
accumulation time period.

The average wind stpeed for the dose accumulation time
period is appropriate for use during the entire time
period.

The Pasquill stability class is constant over the dose
accumulation time period.

Nuclides with half-lives less than 3 minutes may be
excluded.

A7
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A.2 Definitions of Variables

A,
A
A®)

G, (t)

ey

Df.l-!l‘

Dy,

Paramerar in the algorithm for ; (d)

Parameter in the algorithm for @, (d)

Time dependent airborne activity, ci, in

the primary containment. For 1< ) £ 5,

A (°) is the desired fraction of the core
inventory of iodines at reactor shutdown.

For J >5, Aj(") is all of the core

inventory of noble gases.

same as Aj(t) but for a parent nuclide (I-135).
Smallest vertical plane cross-sectional

area, mz, of the reactor building.

Standby Gas Treatment System bypass fraction;
fraction of primary containment leakage that
goes directly to the environment (unfiltered).
Parameter in the algorithm for 07, (d)

Parameter in the algorithm for 0 (d)

Awake, adult breathing rate, m3/sec.

Branching ratio from parent nuclide (I-135)

to daughter nuclide J; J =15 for Xe-135m and

J =16 for Xe-135.

Parameter in the algorithm for @,{d)

Time dependent airborne activity, ci, in the
secondary containment (Reactor Building).

C(0) 80.0 ci. Cj(t) is a meaningful guantity
only if M does not equal its equivalent of
zero, i.e., 1.0 x 10-10.

same as C/(*) but for a parent nuclide (I1-135).
Thyroid inhalation dose conversion factor,
Rem/(inhaled ci), for iodine nuclide J,

1€ J <5,

Same as D,; but for I-131, J =1.

Whole body dose, rem, for PAG (Reference 1)
lower dose limit k. (See definition of k).

A8
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ILT"'“‘ Thyroid inhalation dose, rem, for PAG
. (Reference 1) lower dose limit k. (See

definition of k).

D,,(t.1) Drywell monitor projected downwind whole body
dose, Rem, at distance d for Pasquill class i
for the time period ?, to %, . This guantity

>

is also deperdent on windspeed U .

’DM,”"met,) Drywell monitor projected downwind thyroid
inhalation dose, Rem, at dist nce 4 for
Pasquill class i for the time period t, to i, .
This quantity ies also dependent on windspeed U .

s Disr (1, 1y) same as D, (1.1,) except SGTS monitor
projected.

,IZdrv“u(gj”) Same as‘,IthM'ﬁ*Ghi,) except SGTS monitor
projected.

,Dm(";.,,,-.s;) Drywell monitor projected downwind maximum

whole body dose rate, Rem/hr, at distance d
for Pasquill class ¢ . This quantity is also
‘ ) dependent on windspeed U .
Qbmru“4(1;u1u3> Drywell monitor projected downwind maximum
thyroid inhalation dose rate, Rem/hr, at
distance d for Pasquill class ¢ . This

quantity is also dependent on windspeed 4 .

;D.'u( »ax x,-n!) Same as ,bu,('r... x.,..n) except SGTS monitor
projected.

,Dgar.,.,.d(rr;..x-m\' Same as ,,bian,,,;a(":u ;-,;.\: except SGTS monitor
projected.

D, A NUREG-0654 (Ref. 2) dose rate, Rem/hr, limit

at the site boundary for emergency classification
{ (see definition of £).

1 The NUREC-0654 (Ref. 2) whole body dose rate,
Rem/hr, limit at the site boundary for emergency

iy

classification £ . (See definition of £ ).

A9
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i%fhnd Same as I&, except for thyroid inhalation
dose rate.
d Downwind distance, m, between activity release

point and dose point.

die Maximum distance, m, to which the PAG (Ref. 1)
whole body dose emergency condition k extends
(See definition of k ) as projected by the
drywell monitor. This quantity is also
dependent on windspeed U .

’d."”“J Maximum distance, m, to which the PAG (Ref. 1)

thyroid inhalation dose emergency condition k

extends (See definition of k ) as projected

by the drywell monitor. This quantity is also

dependent on windspeed U .

Same as d

§kt b a2 4
monitor.

except as projected by the SGTS

Same as ,du7y, .04 except as projected by
the SGTS monitor.

3% Distance, m, at which NUREC 2654 (Ref. 2)

fdh Thyroid

whole body dose rate limit for emergency
classification £ (see definition of ¥ ) occurs
as projected by the drywell monitor. Tiis
quantity is also dependent on windspeed U .
Distaace, m, at which NUREG-0654 (Ref. 2)
thyroid inhalation dose rate limit for

N Thy roid

emergency classification X (see definition of £)
occurs as projected by the drywell monitor.
This quantity is also dependent on windspeed Q.
;t, Same as )dir except as projected by the
SGTS monitor.
Same as g except as projected by the
SGTS monitor.
E SGTS exhaust rate, hr-l. This is defined as

the SGTS actual exhaust rate, cfm, times

min.
60 -
being exhausted without regard to mixing

s l'flu'n-ﬁ

divided by the entire volume, ft3,
fraction.

AlO
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Average energy, Mev, per disintegration for
nuclide ) ; see, also, the definition of J.
Same as E;J but for J corresponding to
Xe-133.

Fracticnal efficiency of SGTS filter for
nuclide j. 1¢J =5 are iodine nuclides.

For §J >5, CJ-E 0.0.

The building wake correction factor as defined
by Eqn. A62 for a point at a distance d downwind
and for Pasquill class ( .

The fraction of the design basis accident
activity release that is actually released

to the primary containment and that will
result in the NUREG-0654 (Ref. 2) dose rate
limit at the site boundary for emergency
classification £ (see definition of £ ).
Fraction of nuclide j that coantributes to a
monitor reading for the purpose of projecting
downwind whole body dose and dose rate.

1€ ) £5 are iocine nuclides. For J >5,

£ = 1.0.

Ratio of a semi-infinite gamma cloud dose rate
to that for a finite cloud for nuclide j .

See Section A.4 for theory.

Pasquill Stability Class index for atmospheric
dispersion (Ref., 4).

Index ( Class

1 A (least stable)
2 B

3 C

4 D

5 E

6 F

7 G (most stable)

All



Cmr

SARGENT & LUNDY

ENGINEERS
CHICAGO

Nuclide index

index j nuclide index J nuclide
1 I-131 10 Kr-88
2 I-132 11 Kr-89
3 I-133 12 Xe=131m
4 I-134 13 Xe-133m
5 I-135 14 Xe-133
6 Kr-83m 15 Xe=135m
7 Kr-85m 16 Xe-135
8 Kr-85 17 Xe-137
9 Kr-87 18 Xe-138

Dose conversion factor for semi-infinite cloud

whole body immersion dose rate (Ref. 3);

K= 0.253 Rem-m>/(ci-Mev-sec).

same as K except for air dose rate; K =K /Ml

(Ref. 7).

Defined inEgn. A6L K =A, /(M") ; see definition

of A,

Constant of proportionality between activity

release rate and dose rate.

An index denoting the PAG (Ref. 1) emergency

condition dose limit.

k = 1, Red emergency; whole body and thyroid
dose limits are 5.0 and 25.0 Rem
respectively.

k = 2, Ye.low emergency; whole body and thyroid
dose limits are 1.0 and 5.0 Rem
respectively.

k = 3, White emergency; whole body and thyroid
dose limits are 0.05 and 0.3 Rem
respectively.

Primary containment leak rate, hr-l.

Al2
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An index denoting the NUREG-0654 (Ref. 2) dose
rate limit fur the emergency classifications
in Table A5: thus,
£ = 1 for General Emergency
{ = 2 for Site Emergency with duration
2 minutes.
A =3 for site Emergency with duration
% hour.
That fraction of the secondary containment
volume in which the primary containment leaked
activity is instantaneously and completely
mixed before being exhausted by the SGTS.
M cannst be zero. The flag M= 1.0 x 10
effects no mixing; i.e., direct leakage from

19

the primary containment through the SGTS.
Primary containment purge rate, hr-l. A purge
is assumed to be filtered by a filter whose
iodine efficiency is the same as that for the
SGTS filter.

A subscript which denotes a parent nuclide.
Effective Xe-133 activity, ci, (as defined by
Egqn. All) released to the environment during
the time period %, to iy for a design basis
accident; note that this quantity is not the actu:
effective Xe-133 activity released because 1it
has not been normalized by the monitor readings.
Note, also, that this quantity contains the
gamma energy importance of all nuclides
including iodines.

Effective I-131 activity, ci, (as defined by
Fqn. Al2) released to the environment during

the time period f, to %, for a design basis
accident; note that this quantity is not the
actual effective I-131 activity released
because it has not been normalized by the
monitor readings. Note, also, that this quantity
contains the thyroid inhalation dose conversion
importance of all the iodines.

Al3
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The activity, ci, for nuclide ] released to
the environment during the time period

1. to t, for a design basis accident; note
that this quantity is not the actual activity
released because it has not been normalized
by the monitor readings.

The total noble gas activity, ci, (as defined
by Eqn. A9) released to the environment during
the time period 1, to 1, for a design basis
accident; note that this guantity is not the
actual total noble gas activity released
because it has not been normalized by the
monitor readings.

The total Iodine activity, ci, (as defined

by Egqn. Al0) released to the environment
during the time period Z, to £, for a design
basis accident; note that this quantity is
not the actual total iodine activity released
because it has not been normalized by the
monitor readings.

Same as Gk"xw”’(g,t.) except this
guantity has been normalized by the drywell
monitor and is the projected actual effective
Xe-133 activity released to the environment.
Same as Q&,bn,U.d,) except this gquantity
has been normalized by the drywell monitor
and is the projected actual effective I-131
activity released to the environment.

Same as Q,m.“(t. %) except this guantity
has been normalized by the drywell monitor
and is the projected total noble gas activity
released to the environment.

Al4
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same as @, ., (t.,%s) except this guantity
has been normalized by the drywell monitor
and is the projected total iodine activity
released to the environment.

Same as Aéa",‘ru,(tuti) but normalized by
the SGTS monitor.

Same as ‘;leﬂ,q”(g,t,)
the SGTS monitor.

the SGTS monitor.

Same as ,,@.... .. (2 %)
the SGTS monitor.
Nuclide § activity release rate, ci/hr, to the

but normalized by
but normalized by

but normalized by

environment at time ¢ for a design basis
accident; note that this gquantity is not the
actual activity release rate because it has
not been normalized by the monitor readings.
The actual effective Xe-133 or I-131 activity
release rate, ci/hr, to the environment at
time ? to obtain the NUREG-0654 (Ref. 2) dose
rate limit at the site boundary for emergency
classification ¥ ; see definition of £ .
Effective Xe-133 activity release rate, ci/hr,
(as defined by Egn. A23) to the environment

at time ¢ for a design basis accident; note
that this quantity is not the actual effective
Xe-133 activity release rate because it has
not heen normalized by the monitor readings.
Note, also, that this quantity contains the

gamma enerqgy importance of all nuclides including

iodines,

AlS
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ckupuﬂl) Effective I-131 activity release rate, ci/hr,
(as defined by Eqn. A24) to the environment
at time T for a design basis accident; note
that this quantity is not the actual effective
I-131 activity release rate because it has
not been normalized by the monitor readings.
Note, also, that this quantity contains the
thyroid inhalation dose conversion importance
of all the iodines.

é—.,‘ (‘) Same as é"‘ »"33(¢) or d”' 113 ({) »
Qé,m s (&) Same as dm“,,n(i) except this quantity

has been normalized by the drywell monitor
and is the projected actual effective Xe-133
activity release rate to the environment.
.Sl”,bu,ﬂ) Same as Q. () except this quantity
has been normalized by the drywell monitor
and is the projected actual effective I-131
activity release rate to the environment.

Aﬁh“,,Anl‘) Same as 0dq;hq”f¢) but normalized by the
SGTS monitor.
‘Jiﬁa‘”k(t) Same as mﬂ«;ru,(‘) but normalized by the
SGTS monitor.
™
As 955 Xe-133 (Ta-T.) Same as A,Q.,, Ye-133 (¢) except this is an average

value over the time interval T, to T

”QQH,HJI(K '7;> Same as Aﬁhﬂxq” H) except this is an average

value over the time interval 'n to 'n

6_,“ T Time derivative of Q.ﬂ ,._,,,(*) y

a““!”]‘u\ Time derivative of du§1"h(t)-

Q, Time derivative of @) .

R, () Actual time dependent drywell monitor reading,
Rad/hr.

RZ,GT Calculated time dependent drywell monitor
reading, Rad/hr, for the design basis accident.

R-,‘,(t) Actual time dependent SGTS monitor reading,

/pci/cc.
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Calculated time dependent SGTS monitor

reading, mci/cec, for the design basis

accident.
Calculated monitor reading for the design
basis accident at the time of the maximum

release rate (either the drywell or the SGTS

monitor) .

The monitor reading (either drywell or SGTS)

which would result in the NUREG-0654 (Ref. 2)
dose rate limit at the site boundary for

emergency classification f; see definition of ¥

The lower time, hr, limit of the time
period T, to T; .

The upper time, hr, limit of the time period

T to %

The

effective Xe-133 activity; thus,

time, hr, of the maxi num release rate for

the maximum whole body dose rate downwind.

The

for effective I-131 activity; thus, the time

time, hr, of the maximum release rate

of the maximum thyroid inhalation dose rate

downwind.

Time, hr, after

The
The
The
The

The

lower time,
upper time,
lower time,

upper time,

the accident.

hr,of the time period t, to
hr, of the time period Z, to
hr, of the time period % to
hr, of the time period % to

average wind speed, m/sec, over a time

the time of

2
t.

zl.
tl

period for a given direction at ground level.

The

volume, ft3, of the primary containment,

both wetwell and drywell.

The

volume, ft

3

of the secondary containment

reactor building - serviced by the SGTS.

A collection of constants defired by Eqgn.

A collection of constants defined by Eqn.

Al7
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L] A collection of constants defined by Egn. A43.
& A collection of constants defined by Eqn. A47

2 Radiodecay constant, hr-l, for nuclide J.

A Radiodecay constant, hr-l, for a parent nuclide.

M A collection of constants defined by Egn. A45.
3 A collection of constants defined by Egn. A46.
\)‘.“\)u .\),3 Collections of constants defined in Section

A.3.4 preceding Egn. A23.

f' The ratio of the fraction of the core inventory
of the parent nuclide contributing to the
airborne daughter in the primary containment
to the fraction of the core inventory of the
parent nuclide that is airborne in the primary
containment.

O;hﬂ The lateral (crosswind) standard deviation, m,
of a Gaussian plume a distance d downwind from
the release point for Pasquill class 5

o, (d) The vertical standard deviation, m, of a
Gaussian plume a distance d downwind from the
release point for Pasquill class {

C&A&l, The atmospheric relative concentration, sec/m3,
for Pasquill class i at a distance d downwind
from the release point. It is the ratio of
the activity concentration, ci/m3, at the
downwind location to the activity release rate,
ci/sec, at the release point. As used in this
report, the value is on the centerline of a
ground released Gaussian plume with a possible

building wake correction.

AlS8
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A.3 Development of Equations

A.3.1 Activities and Activity Releases Based on Design

Basis Assumptions

The differential equations describing the time dependent activities
in the primary and secondary containments without parent contributions
are:

A ) = - (A + LeP) A(4) Egn. Al
E(t)= =0, + 2 )C;0) + (1=BILA,(£) Eqn. A2

The quantity% is the effective SGTS exhaust rate. A value of M
equal to zero is nct allowed in the above differential equations.
Such a value would imply direct leakage from the primary containment
through the SGTS; thus, C%t) would be identically zero. However, the
use of a very small value for M, e.g. 1.0 x 10”27, gives the same
results as direct leakage. The above differential equations can

then be used for both no mixing and mixing,.

The solutions to the above differential equations are:
=tk + PX(t-1,)
A=A (t,) € Eqn. A3

- {2y + =)t -2,
|- A g

-(2 P)(t-1a
s frRLAfY g Eqn. g

The initial conditions are, when t‘ = 0.0, Ai(o) is the initial airborne
activity in the primary containment and QJUQ = 0.0.

The release rate to the environment for nuclide j is then

‘S.j(t\ =['BL +(1- Es)?] Ale) + (1- 53)—,5,—\ C;(¢) Eqn. AS

Al9
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Substituting Egns. A3 and A4 into Egn. A5,

-E;)01- - (2 tLePE-1,

~B)LA; (£) e‘"; vV,

( B

The total release to the environment during the time period 1% to t,

is then

ty
QJ.(Q,t.): iés(f)ﬂt Egn. A7

A

~(X L +P) 1)
=)D | Adt) e ‘]
Qj(tutl)’ ‘?L+(1-£3\‘P+ g(;\-v-i.—?)ﬁ\.}(zyﬂ.*f?)l e
'43*!ﬁ@f10]
GBLAL) | ()= g i
+ [CJ(*‘)" (;\ zt_vj](aj"_’é:\) ‘1 e Egn. A8

The total and the effective activities released to the environment

for the time period are
1]

Q.m“k,(t‘\,f,): ZQ‘JUA'*') with exclusions?* Egyn. A9
76 e
Y
Q““'_“(t‘.,t‘)-‘? Zai(t"t'\ Egn. Al0
)1

*The sum over all noble gas nuclides must exclude Kr-83m, Kr-89,

Xe-131m, Xe-137, and Xe-138 for subsequent use in the methods of

Appendix D in Reference 1.
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Quanit e —gﬂ— Q,(t, ita) Eqn. All
=4 X133

(includes all nuclides, even iodines)

Q.ff l-‘!c(tl ) = i‘ ‘%.:.-:Q'J (tA 't.)

Egqn. Al2
Je
Note that the atove total and effective activities released are not
the actual activities released. They are the result of a design

basis accident and have not been modified by actual monitor readings.
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Qg xaeiny (Ba 1 1) = 2;  aam QJ (t a)

S: Egn. All
X"

(includes all nuclides, even iodines)

Q- lta ) = i Q4 4)

Egn. Al2
1-131
.

Note that the above total and effective activities released are not

the actual activities released. They are the result of a design

basis accident and have not been modified by actual monitor readings.
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A.3.2 Calculated Monitor Readings

A.3.2.1 Calculated Drywell Monitor Readings

The drywell monitor is assumed to be unshielded and to read the air
dose rate due to a finite cloud of gamma emitting nuclides. The

finite cloud is approximated by a cylindrical annulus. Cloud

geometry, monitor location, and calculated ratio, H3 , of semi~iafinite
to finite gamma cloud dose rates for each nuclide as well as the

theory for the ratios are given in Section A.4. The calculation

of these ratios is not a part of the Accident Radiological Dose
Assessment Program.

The drywell monitor response is assumed to be independent of energy.
However, a response function can be incorporated in the Hskif

needed.

The calculated drywell monitor reading as a function of time is for

the design basis accident

8
_ K 3600 (5F) =
Ru(f)- v, (0'30" %‘L): Z’ [fJ EnAj(ﬂ/HJJ

where A,‘,(t) is obtained from Egn. A3.

Thus
3
v -(A+L+P)f-1,)
_ 2.3986X10 $E.. 3 A
Rc,(t\“ Vrc Z’ H.s” Ai(t‘)e Egqn. Al3
Js
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A.3.2.2 Calculated SGTS Monitor Readings

The SGTS monitor is assumed to measure the effective Xe-133 activity
concentration in the SGTS erfluent at a point after the iodine
filter. The effective Xe-133 activity concentration is the sum of
all ruclide activity concentrations each weighted by the ratio of

their gamma energy emitted per disintegration to that for Xe-133.

The calculated SGTS monitor reading as a function of time is for
the design basis accident

18 E?

-R (t): 1 Z i{ 4] Cj(i)

e (9.30%38 %)’M\éc e E

TXxe=i33

where C_,(lt) is obtained from Egqn. A4.

Thus

1%
o 353147 jEﬂ__ _ (-®LAR -0+ = Yt 1)
Re,(ﬁ MV, 21 T [Cj(t‘) (-,{-7_37]3
J=

FXe-133

(1-B)L A;(t) =(3;+L4P)(¢-14)
(£ -L-P)

Egn. Ald
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A.3.3 Activity Releases Normalized to Actual Monitor Readings

The ratio of an actual monitor reading l”(t) or R, (t) to the
calculated monitor reading for the design basis accident is assumed
to be a measure of the ratio of the actual activity released (or

the actual activity release rate) to the calculated activity released
(or the calculated activity release rate) based on the design basis
accident. This is a good assumption if the accident is according

to the design basis and departs from design basis only in the
percentage of core inventory activities that are released to the
primary containment. However, if %& is large the assumption is also
good for other values of k that are not too large.

Using this assumption with the drywell monitor read and calculated
at the same time T, (see also Egqns. A9 through Al2), the actual
activity releases are

A:Q'rmks (t“ ' t')= _HYT Qw.u. (t,, t’) Egn. AlS

”Q‘Pb)‘nf;(t4 'iu).: .R (:‘) art.‘;‘”({A't.) Egn. A16
¢p
RylH) e
AP'file-ai's(t4 .1..): R"(t) Q—en Xe-133VA ') Egn. Al?_
Q L&) L&—Q (1, ' ts) Eqn. AlS
4p u;ru:»(“' . Rea(t) g

Similarly for the SGTS monitor,

¢
MQ"NM)« f') M_Q'n.wu(t"t‘)

Ks(‘t) Ealn . Al9
Ralt)
AsQ"r x.&--g(‘t‘ '{') K:(t) Q—n.a -\u( w4 ) Egn. A20
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Ra (£)
MQ'GO’XQ-n;({‘.tU)?‘ RA “) Qo" 1;-:)3“‘:*3) Egn. A2l
$.)= Rﬂ(ﬂ
49'9161-'31 (t,,.)- R.ols) me-m(fa,i-) Egn. A22
St/
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A.3.4 Time of Maximum Effective Activity Release Rate

This section presents equations for the time of maximum effective
activity release rate (for a design basis accident) on a specific
time interval. This section does not apply if the value of M is

1.0 x 10710 (M= 1.0 x 10710 is a flag for the desired value of M

equal to zero).

I1f M does not equal zero, the effective activity release rate should
increase with time until the activity buildup in the secondary
containment reaches a level at which the removal through the SGTS
equals the addition through the primary containment leakage. After
this point the effective activity release rate should decrease
because of radiodecay. If the specific time interval includes the
time of maximum effective activity release rate, then this section
presents equations for the time at which that release rate occurs.
If that time interval does not include the time of maximum effective
activity release then, for that time interval, the time of maximum
effective activity release is that interval end point time which

has the larger effective activity release rate.

uting g = (RO S
Substituting ay (%—L—?)

E
V,;= (1= EJ)';\-
and t,=14

into Eqn. A6, employing the definitions of effective activity, and
summing over appropriate nuclides, the effective activity release

rates are
18

Qm x.-a:s“)"" =E— VA L) €
It ¥ Xe=123

E { ([ tL*P)E-t))

Egn. A23

(¢ (1)
fagr-yc0 € _z)
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D, () sLeP(t-1)
. * -
.ﬂl m(t) = Dy, ~Do:lA (t )
=(%+ 5)(¢-2.)
-[\%A;(t)—\} (t)] Eqn. A24
To find the time of maximum é.“u,,,,(ﬂ and é.",-,,,(‘) '

the derivatives of Eqns. A23 and A24 must be set equal to zero and
the result solved for the time. The derivatives of Egns. A23 and
A24 are

I8

2 Es 3 ~(3;+L+P)(¢-2,)
Qs T (P A RE
J:1 T Xe-i33
~0 ¢ RNt -1)
LOr BN AEY O] e Eqn. A2
K
. ; MaLtP)t-t.)
8, .00 ) 2 banaee®
efs I-131 )cr’n'
=1
(e )e-t)
+ly+ 2 Ail)-0,; ¢ e))e Eqn. A26
The desired times of maximum effective activity release rates 'l:u“_n’
and 'T ST on the interval %, to t, are then given by
Qei& Xpon(";'u lt'*“) e Bgn. At

» = ’o Pram AR
Q.’, 1-1%) (T'M\l Xﬂ\') o Lgn. Aco
with the conditions Qe“ Xe-fls(t') and Qg 1.5/ () must be

positive; if they are negative then the time of maximum effective

activity release rate is ¥,
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Thus if
Qtﬂ lz-uh(t" s 0.0 then 7;.. xe-133 - tv Egn. A29
or if
Gb“l_m(é,) < 0.0 then Tﬁnx-n,:t' Eqn. A3"
Eqns. A27 and A28 may be solVed for ?;\uk-ng and 7:‘“ P

respectively by a method of interpolation (regula falsi). The first
guess should be T, and Egns. A29 and A30 tested. The second guess
may be any value between ¥, and #, . If the solution to either
Eqns. A27 or A28exceed t, then the solution is set equal to %, .

In the following steps describing the method of interpolation, the
subscripts Xe-133 and I-131 have been dropped because the method
applies either quantities denoted by those subscriris.
Step 1: Let first guess for the maximum time be T, and
calculate Ei“(f) using either Egn. A25 or
Egn. A26 whichever is appropriate.
Step 2: Let the second guess for the maximum time be T, .
Step 3: Increment the loop counter.
Step 4: Calculate eL“fn) using either Egn. A25 or
Egn. A26 whichever is appropriate.
Step 5: Calculate new maximum time T by linear inter-
polation; thus, T=T=- (’T;-‘T.')am("f:)/[ém(ﬁ)- é.”(T.)]
step 6: If |[T-T|/T < 0.0001 then T, =T : finished
Step 7: If loop counter exceeds 30 then finished.

Step 8: 1{’&gﬁ(ﬂ)l>laﬁﬁja‘ then go to Step 10.
Step 9: Set 1::1‘ and go to Step 3.
step 10: set & _(T): @, (1) ; set T=T, ; set T,=T ;

then go to Step 3.
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A.3.5 Effective Activity Release Rates Normalized to Actual

Monitor Readings

With the assumptions of Section A.3.2, and Egns. A23 and A24, the

actual activity releases are for the drywell monitor

@ (1) 2ult) & (4)

AV ff Xa-153 Rep () B Xe-rrd>

a (t) = ﬁlk_(l) é (t)

Ab efi 1-130 K,.(t) tggI-130

Similarly for ths SGTS monitor,

Relt) 2
Agm A.-'ﬂ(‘): R"(t\ Qtﬂ Xc'on(t)

()= Bl

"Ql”l 13 t)= ch(l) Q'"l x-lj'(i)

A29

Egqn. A3l

Egn. A32

Egn. A33

Eqn. A34
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2.3.6 Parent Contributions

¢

Section A.3.1 developed equations excluding parent effects. For
most of the required nuclides parent effects are negligible. Only
the parent I-135 is of any consequence in its production of Xe-135.
This section develops the equations which include the effects of
one parent. Note that the subscript p denotes parent and the
subscript j denotes daughter.

The differential equations describing the time dependent activities
of the parent in the primary and secondary containments (without
contributions from its parent) arc the same as Egns. Al and A2 with
subscript jJ replaced by subscript p . The solutions are then
similar to Egns. A3 and A4; thus

-0, + L4 PY(E-1,)

A=A, (L)e Egn. A35

£
_ UBLA ) SO ENEt)
C, (- EZ,(t‘) L) ]

- O, # Lt Pt
+%B—LMQ)* i, Eqn. A36
(- L.-P)

Let g' be the ratio of the fraction of the core inventory of the
parent contributing to the airborne daughter in the primary
containment to the fraction of the core inventory cf the parent
that is airborne on the primary containment. Then the differential
equations describing the time dependent daughter activities in the

primary and secondary containments are

A= =Oph+PIA (8) + b2 (LA, 1) Egn.
G, ()= = (3,4 %)C,(8) +(=BLA® + b ), € (0 Eqn.

Note that the absence of A’ in Egqns. A37 and A38 is correct.
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After substituting Egns. A35 and A36 into Egns. A37 and A38, the

solutions are

~(a; 4L P)(t-14)
A=A L)€

* lzlz, ; A) (t,) {e-(x',’b?)(t-t‘\ _ é(liﬂ.o?)(z-t.)]
A=A,

+Eve1 : ~O s EXi-1
C,J(n: [C,-(‘J '“'Q‘t] e-(l, X A)+["_d]e N 4)

SRt -0yt P) ()
+fe-<le rae

where
a=b, (DAL AW [E&-L-P)(,-)))
g =(-B)nA) (& -L-7)

f= bJ)JC,(t‘)/()J - )r)

Egqn. A39

Egn. A40

Egn. A4l

Egn. A42

Egn. A43

The initial conditions are, when t‘ = 0.0, AJb)is the initial

airborne daughter activity in the primary containment, A,@) is the

initial airborne parent activity in the primary containment, and

both CJU) and C,(O) are zero.

The release rate to the environment for the daughter nuclide is then

AOE [(1~£}P+BL] A () + (1-£) 2 ¢, ()

Let ﬂ:[{f‘ﬁJ)P*BL]

:
v=(1-E)

A3l

Egn. .-\4{
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and = b.i).i‘r A'(t,)/(ls-l,) Eqn. A47
Substituting Eqns. A39, A40, A45, A46, and A47 into Egn. Ad4,

(LA PY1- 1) (2 eLte)i-t,) =(2, tL4P)(¢-1,)
(t\ya}A t)e -§e rée

_(,‘J, M)({ t,) -0, + 5N\ (e1,)
o {[c (t)+d-a-7]| € #[p-ade "
-(A tL4P)(t-1,) ~(ptLtf) t- .)}

+1_Q-°(] +AL

The total release to the environment during the time period tA

Egn. A48

to ¢ is

B
b
Q.(t, t,)= S Q) 8t Egn. A49
4

) ,é[A (t- 6][1 v m]/[xs;uv}
+é[i-e.p'“")(t-m) /[A, +L+P]S

+'0§ E(t,)m— (s-;] [l-é(v%x*‘t{\/[)w £

{ ]L g A+ £t t.)Mp—][ ][ (L)L) A,-HAP]
\[1’e-u,mn')(bfn]/b:{d?]} _Egn. AS50

Egn. A50 should replace Eqn. A8 when parent effects are to be

considered for nuclide
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Rearranging Eqn. A48, the activity release rate,

~(2;4L10)(¢-1,
Q)= {17 [(s-q] fA[Aj(t‘\-é]l eh r )

} (0,4 40)(¢-,)

r -()3075‘-*1'2‘)
+§9(4,u6 e +év LCBGA)‘A-Q-)’] ie

-(A, + %)(*‘ta\
+ {1)[1'-0\]36 Egn. 251

Egn. A51 should replace Eqrn. A6 when parent effects are to be
considered for nuclide J

The derivative of ﬁj(t) (Egqn. 251) is

-()5“.49)(*"(4)

d, )= i)s +L+\;§{}’ [x- 6] mfs-A;0] } e

~(3,+L*7)(¢- 1)
=

- {)‘,un} {\)mﬂ&}

.4.{)51‘ %l é ) {Q*f—a -cj(t‘)] 3
e SPRICSLIE! SOr Bt

Egn. AS52should replace the guantity within the braces in Egn. A25

e“()i’ o) SRA

when J in the summation corresponds to a nuclide for which parent

effects are to be considered.
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4
. A.3.7 Atmospheric Relative Concentration, (}6).4

The atmospheric disperison model used is that for a semi-infinite

cloud whose concentration is that for the center of a Gaussian
plume a distance d meters downwind from the ground level release
point. The lateral and the vertical plume spreads, m meters, are
termed O (4) and €,d) respectively and are functions of the
Pasquill stability class ¢ and the downwind distance d .

The atmospheric relative concentration times the wind speed U in
meters/second for the desired model, excluding a building wake
correction and excluding plume rise is (Ref. 1,

- (32) . 1
u ( Q)u' ﬂo?'(d)a"‘(cn Eg_r_‘_‘__l_&‘.s_:;
The nuvi¢t subsections will describe the determination of
. (a) G, and 07,(d)
(b) E(‘/d)u with building wake correction

(c) dwhen given a value of & (%')‘.‘
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A.3.7.1 Determination of 950 ang ©;,0)
The algorithms, Reference 12, for determining q&@» and O&(é)

were
3,
G, (J)=A;,d Egn. A54
B
a,(d) = A,.d "+ C,., if 0 (8 £ 1000.0m Eqn. AS55
O,(d) = 1000.0m if Eqn. A55 fails Eqn. A56

The inequality test for Eqn. AS55 resul:s from the assumption of
1000.0 meters for the planetary boundary layer thickness (maximum
mixing depth). The parameters Iur these egquations are given in
Table Al and Table A2. All parameters for Pasquill class G ( (= 7)

were calculated from the parameters for Pasquill class F ({ = 6)
using the following equations from Reference 13.

Q, ()= 0.6L7 7 (d) Egn. AS57
0, (4)=0.6 O, ) Egn. A58
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TABLE Al
Parameters for 0;(6) Algorithm
(From Reference 12 and Egn. A57)

Pasquill Class

Class Index ( Aq By
A 1 .3658 .9031
B 2 .2751 .9031
C 3 .2089 .9031
D 4 .1471 .9031
E 5 .1046 .9031
F 6 .0722 .9031
G 7 .0481 .9031
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TABLE A2
Parameters for 0’:.(&) Algorithm

(From Reference 12 and Eqn. A58)

Pasquill Class d < 100m 100 d4 < 1000m d 21000 m
Class Index A, B, Cis A, B.. Cie A, B, Cio
A 1 .192  .936 0 .00066 1.941 9.27 .00024 2.094 -9.6
B 2 .156  .922 0 .0382 1.149 3.3 .0055 1.098 2.0
C 3 .116  .905 0 .113 .911 0 .113 .911 0
D 4 .079  .881 0 .222 .725 =1.7 1.26 .516 =13.0
E 5 .63  .871 0 211 .678 -1.3 6.73 .305 -33.8*
F - .053  .814 0 .086 .74 - .35 18.05 .18 -48.6
G 7 .032 .814 0 .052 .74 - .21 10.83 .18  =-29.13*

*Adjusted values to give a better match at the interval boundary, 2z = 1000m

ODVYIIHD
SHIIANIONSI
AGQNNT B LN3IDNVS
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. A.3.7.2 Determination of GO/Q')lWith Buildirg Wake Correction
; ' : 2
Let A‘ = smallest vertical plane cross-sectional area, m ,

of the reactor building.*

Then from Reference 13, conservatively assuming no plume meander,

- (34) - 1

“(k)‘f [0, (0, @ +A, /4] Ean. A9
or

- (&6‘): 1 Egqn. A60
U 3T 0 (0), @) e

whichever is the larger.

=
. Define Kc" -;#— Egn. A61

K
Define EJ- 1 + U)Q}@ Egqn. A62
which is the building wake correction factor.
Then, if F,-J 2 3 .
) Egqn. A63

or if F,< 3

3 /] = — 1 gqn. A64
0 (’1’6)4 p GT,(J)(Y.,(J)*KL] Eqn. AbS

*For the Enrico Fermi Atomic Power Plant - Unit 2, the value of
2 2
. Aa was found to be 160 (ft.) x 152.5 (ft) x (.3048) (m/ft)
from The Detroit Edison Co. Architectural Drawings #7A721-2001 and

#7A721-2003. Thus, A, = 2266.83 m° ana K_= 360.78 m°.
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A.3.7.3 Determination of Distance When Given a value of U (%L

Solving for the product 0{,(8)0;'.()) in both Egns. A63 and A64, '
0 (O = -L Egn. A65
i (Va),

to be used if o:,(J)UE.(A\f- Kc/ -

and

o0 @)= WJ(’ll/E);‘ - Kc_ Eqn. A66

to be used if W,(J)O?.(J) >K‘/:L

The appropriate equation (Egn. A65 or Egn. A66) may be solved for
the distance, d , by a method of interpolation (regula falsi) when
given a value of M)‘ . The following steps are used.
Step 1: Evaluate 3-0},(4)07.(4) using both Egn. A65 and

Eqn. A66, and select the appropriate value

according to the inequalities associated with

each of these equations.
Step 2: Select the range 100% d <1000 m. for the parameters

to be used in Egns. A54 through A56.

Step 3: Let the first guess for the distance be d,= 200 m.

Step 4: Let the second guess for the distance be d, = 800 m.

Step 5: Set the iteration counter equal to zero.

Step 6: Calculate 3',=0:,(J.)07,(d.) from Eqns. A54 through AS56.

Step 7: Increment the iteration counter by 1.

Step 8: Calculate Sfdf,(d,\ﬁ}‘(d,) from Egqns. A54 through A56.

Step 9: Calculate new distance d by log-log interpolation;
thus, 4= exfs(ﬂq(d,)’ﬁm(—:f)fm (%)/L(—%‘)g

Step 10: If \A-J‘\/} < 0.0001 then go to Step 15.

Step 11: If iteration counter exceeds 30 then go to Step 15.
Step 12: 1If lS.-S'i>\S;S'\ , then go to Step 14.

Step 13: Set 6,23 ; then go to Step 7.
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set 5,25, ; set 4,291 ; set d:d; then go to Step 7.
If 6.2,1000 m. and the parameters in use for Egns. A54
through A56 are not for the range d 21000 m., go

to Step 18.

1f d <100 m. and the parameters in use for Egns. AS54
through A56 are not for the range d <100 m., go to
Step 19.

Finished.

Select the range d 2 1000 m. for the parameters to be
used in Egns. A54 through A56; Set d, = 2000 m.; Set d,=
8000 m.; go to Step 5.

Select the range d < 100 m. for the parameters to be
used in Eqns. A54 through A56; Set d, = 10 m.; Set d, =
90 m.; go to Step 5.
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A.3.8 Total Downwind Doses

A.3.8.1 Environmental Protection Agency Protective Action Guide
Limits

In Reference 1, Protective Action Guides (PAG), recommended protective
actions to reduce whole body and thyroid dose from exposure to a
gaseous plume are given based on projected whole body and thyrecid
inhalation doses to the population (see Table 5.1 in Reference 1).
Table A3 summarizes these actions. Table A4 condenses the limits

of Table A3 into Red, Yellow, White, and No emergency conditions.

The White energency condition does not exist in Reference 1.

Adl
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TABLE A3

Recommended Protective Actions to Reduce Whole Body and Thyroid Dose

From Exposure to a Gaseous Plume (Ref. 1)

Projected Dose (Rem) to

the Population

(a)

Recommended Actions

Comments

Whole body, <1
Thyroid, <5

Whole body, l tof 5
Thyroid, $.to% 25

Whole body, 5 and above
Thyroid, 25 and above

(a) These actions are recommended for planning purposes.

(b)

No plamued protective actions.
State may issue an advisory to seek
shelter and await further

instructions. Monitor environmental

radiation levels.

Seek shelter as a minimum. Consider
evacuation. Evacuate unless
constraints make it impractical.
Monitor environmental radiation

levels. Control access.

Conduct mandatory evacuation.
Monitor environmental radiation
levels and adjust area for
mandatory evacuation based on

these levels. Control access.

Previously recommended
protective actions mav

be reconsidered <r

terminate::

If «unstrzt it~ exist,
spec. ' ._onsideration
shoui: . given for

children and pregnant

women.

Seeking shelter would
be an a'ternative if
evacuation were not

immediately possible.

Protective action decision at

the time of the incident mus* take existing conditions into consideration.

(b) At the time of the incident, officials may implement low impact protective actions

ir keeping with the principle of maintaining radiation exposure as low as ieasonably

achievable.

n
:
z0
m
o0 2
-9
nz
am®
4
]
C
"2
O
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TABLE A4
Protective Action Guide Dose Limits

Projected Dose (Rem) Emergency
to the Population Condition Relation to Table A3
Whole Body < 0.05 No Corresponds to the
Thyroid < 0.3 No first set of entries.
0.05¢ Whole Body< 1.0 White Corresponds to the
0.3 € Thyroid < 5.0 White first set of entries.
0 £ Whole Body <5.0 Yellow Corresponds to the
. 5.0 € Thyroid < 25.0 Yellow second set of entries.
5.0 € Whole Body Red Corresponds to the
25.0 € Thyroid Red third set of entries.
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A.3.8.2 Dose Calculations
The projected whole body (§) dose for the time period %, to 1, at

a distance 4 for Pasquill class ¢ as determined by the drywell
monitor reading is

D, (8 .1,)= K[,,th,”(,,t)] = ”3[ (%)‘J]/-‘ Eqn. A67
where K= 0.253 (Rem - m3)/(ci-Mev.sec).
‘,Qe"“_,”(t,, .f.)] is found from Egqn. Al7,
and [ﬁ(}4§lJ] is found from Egqns. A62 through A64.

As determined by the SGTS monitor reading, it is

‘D.“(f itz K [AQQ{f x._-lu(t‘ .i,)]fm_mlﬁ (‘/6').;}%' Egn. A68
where L:th-ns(t"t’)] is found from Egn. A2l.

The projected thyroid inhalation dose for the time period 7, to i,
at a distance d for Pasquill class ( as determined by the drywell
monitor reading is

» “”'vna(t‘ te)* Dc!'ll L‘b esn.,,(a %S_“ ( ]/ =30. Aed

where L’ q11n|( gi] is found from Egn. AlS8.

As determined by the SGTS monitor reading, it is

Parests =2, B0 sla (36),) /,; Bqn. A70

where LQ (‘41*-)] is found from Egqn. A22.

S e 1-13
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‘ The doses as calculated by Egns. A67 through A70 can be compared
tc the PAG dose limits in Table A4, and the associated Emergency
Condition can be assigned.
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. A.3.8.3 Distances to Protective Action Guides Dose Limits
Let k be an index denoting the lower PAG dose limit for the PAG

emexrgency conditions in Table A4 excluding the no emergency
condition; thus,

k =1 for lower dose limit of Red emergency condition,
k = 2 for lower dose limit of Yellow emergency condition,
and k = 3 for lower dose limit of White emergency condition.

Let B, be the whole body dose for lower dose limit k and I),‘.,hr,..d
be the thyroid inhalation dose for lower dose limit k ,

As determined by the drywell monitor reading let ,dk, be the
maximum distance to which the whole body emergency condition k
extends; thus,

from 0 to ,d“ the Red emergency condition exists,

from ,4, to ,d the Yellow emergency condition

' exists,
and from ,d,, to ,d,,  the White emergency condition
exists.
Similarly let )d,,.“'mJ be the maximum distance to which the

thyroid inhalation emergency condition k extends.

As determined by the SGTS monitor reading define gdkr and thhnd

in a similar manner.

The distances to the Protective Action Guide dose limits are found

by substituting D,y or B s

Eqn. A67, A68, A69, or A70and solving for 'R(%'),‘ where X 1is the

appropriate distance designation d or
pprop 3 D ky sdkr » »dh'rum:é .

into the appropriate

lak Thyrod

Solving Egn. A67,

‘ u (4/6:)., - K[_ et Egqn. A7l

ADQC“ x«-m(t‘ 't')] Etxe-en
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where X = Ddhr which may be found from the procedure
in Section A.3.7.3.

Solving Egn. A68,

ad
" (%)‘ = -K"‘ SR = Eqn. A72
x [AQ'.” te-ins (s 't')] Et Xe-133
where x=‘dk, which may be found from the procedures

in Section A.3.7.3.

Solving Egn. A69,

; T Dk riyee
u (S/Q)u s TQ‘“ :_m(t:;l,;]]) Y Egn. A73

AD e 1-13)

where xz)dkfhnﬂ which may be found from the procedures
in Section A.3.7.3.

Solving Egqn. A70,

N

- V ’ . u B Thyreid " 74

ulrQ), = Q ¢ tYD. B £4D. AJS
e I3 4 '8 t1-3 TR

where xz:dk7w~u

1n Section A.3.7.3.

which may be found from the procedures
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A.3.5 Total Downwinc Dose Rates

A.3.9.1 NUREG-0654 Emergency Dose Rate Limits

I.. Reference 2, (NUREG-0654), Licensee and State and/or Local
Offsite Authority actions are given for several emergency clas-

sifications. One method of defining these classifications is
by specifying dose rate limits at the site boundary. Table AS

summarizes these dose rate limits.

TABLE AS
NUREG-0654, Rev, 1, Appendix 1, (Ref. 2)
Emergency Dose Rate Limits
Projected Dose
Rate Limit,

Rem/hr, Wind
at the Site Minimum Pasquill Speed, Emergency
Boundary Duration Class m/sec Classification
Whole Body = 0.05 % hour G* 1.0% Site

Thyroid = 0.25

Whole Body = 0.5 2 minutes G* 1.0* Site
Thyroid = 2.5

Whole Body = 1.0 N/A Actual** Actual** General
Thyroid = 5.0

*Values assumed to be "adversec meteorology"

**Actual site meteorology
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A.3.9.2 Dose Rate Calculations
The projected whole body (T) dose rate at the time of maximum
release rate at a distance d for Pasquill class ( as determined

&?(Vﬂ);) 7] Egn. A75

by the drywell moaitor reading is

»Dut (Tou n-m)= K AQ‘” "'-"”(T:“' "'"”)] -E-"h"”

where K = 0.253 (Rem'm3)/(ci'Mev'sec).

‘_@é"”h""b(n““""’)} is found from Egn. A3l

'K‘“ Xe~133 is found by the methods of Section A.3.4,
and [_\7 (W)u] is found from Egne. A62 througn A64.
As determined by the SGTS monitor reading, it is

sj).'dt (Tnu u-n;)‘-‘ K [\’de" el 9% ('1;‘“ x.-u;“?t‘u‘la (%')‘:Jﬁ Egn. A76

where [“Q,“Xe_m('r;“h_,,,)] is found from Egn. A33.

|

The projected thyroid inhalation dose rate at the time of maximum
release rate at a distance d for Pasquill class { as determined

by the drywell monitor reading is

Jl.>.~a'r>.,..;a(7;u x-m\z bc ,.,,,_-B.‘ LQ'" 13, (T ;-.,Sl% (}6‘)‘3 /é Eqn. A77

~ 3 Fo AAD anc
whete [ADQGHI‘GO(T:AUR-»M)] is found from Eqn. AlZ and
'T:“,Vm iz found by the methods of Section A.3.4.

As determined by the SGTS mor.tor reading, it is

’i“"'"“(ﬁ" ) D‘-l-‘h B& [‘\F‘.ﬂl-ul(tu t-n,\]\? (%')“:\ /a Egn. A78

where Llﬁ'f“_m(n“t_.‘)] is found from FEgn. A34.
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The dose rates at the site boundary as calculated by Egns. A75
through A78 can be compared to the NUREG-0654 dose rate limits
and the asscciated Emergency Classification can be assigned.
Another approach would be to calculate the monitor reading which
would result in the dose rate limit at the site boundary. This
approach is now cdescribed; however, the subscript Xe-133 or I1-131
will be dropped because this description applies to both Xe-133
and I-131.

Fgn. A23 or Eqn. A24 can be interpreted to be the calculation of the
effective activity release rate to achieve the dose rate limit at
the site boundary égﬂgﬂ) divided by the fraction of the

design basis accident release that is actually released to the
primary containment § ; thus,

T L) Eqn. A79
ﬁ efs

For simplicity the functional dependence on time will no longer

be indicated; all time dependent guantities will be understood to

be evaluated at the time of the maximum release rate. Also, the
distinction between whole body and thyroid inhalation dose rates

will be dropped as well as the indication of the monitor location.
Distance &8 will be the distance to the site boundary; the sub-
script 4 will be dropped.

Let j% be the dose rate limit at the site boundary. Then

B = K,Qy [‘_‘ (’%x)‘]/ﬁ B %0

where K is a constant.
, Qe [
Solving Egn. A80 for a 7

1

-.‘ = 2 - Egn. A8l
i KRG Egn. s
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Dividing Egn. A81 by Egn. A79,
£ D,
= - -— Egqn. A82
i K [aa) ]a,, Eqn. A82

The monitor reading ‘RR which would result in the dose rate limit

at the site boundary is

b R & Egqn. A83
P\“ ks ‘_u =
where the R, is obtained from Eqn. Al3 or Eqn. Al4.

Substituting Egn. A82 into Egn. A83,

R DR T Egn. A84
= - ) o PN
K [a (@) )<,

The actual monitor reading can be compared to'R, to determine the

emergency classification.

t'‘qn. AB4 shculd now be recoagnized as the design basis accident
calculated monitor reading times the ratio of the dose rate limit

to the design basis accident dose rate.
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A.3.9.3 Distances to NUREG-0654 Emergency NDose Rate Limits
Let £ be an index denoting the NUREG-0654 (Ref. 2) dose rate limit
for the emergency classifications in Table A5; thus,

£ = 1 for General Emergency
L = 2 for Site Emeraency with duration 2 minutes
A = 3 for Site Emergency with duration % hour.

Let Ih‘ be the whole body dose rate for classification £ and
j&f”mé be the thyroid inhalation dose rate for
classification f .

As determined by the drywell monitor reading, let J*t be the distance
at which classification { for the whole body emergency occurs.

Similarly let ,dgy .4 be the distance at which classification
£ for the thyroid inhalation emergency occurs.
As determined by the SGTS monitor reading define ‘d" and ;ﬁ,hnd

in a similar manner.

The distances to the NUREG-0654 dose rate limits are found by

substituting jlr and j)mm;a into the appropriate Egn. A75,
A76, A77, or A78 and solving for ﬁ(?ﬁﬁu where X is the
appropriate distance designation )d" : ,d“ : ’A‘ﬂ’m‘ ) or :dna.,mJ'
Solving Eqn. A75,
u D
E(VQ’)" 2 K '; —— Egn. A85
EQ!"X"')\( max lc-n)\] El‘ Xe-1313
where X= fﬁr which may be found from the procedures
in Section A.3.7.3.
Solving Egn. A76,
7))
= [if fue L -~ 5 4
M(E/Gl, S J= Egn. A86
K[Ap'tﬂ n-mh;uxc--n '1 E“Q_,n
where Xt‘d". which may be found from the procedures

in Section A.3.7.3.
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Solving Eqn. A77,

u Dj'rm...l
(Vd)(x [A e "'( e u')] ;x-u. Egn. A87

where X= pdl Thyeeid
in Section A.3.7.3.

which may be found from the procedures

Solving Egn. A7b,

Va u jé!ra.,.,,i_ g
( ) [MQ", 3434\ B 3- ,3‘\] ) yons B Eqn. A88

where X*= sdlr~"',J which may be found from the procedures
in Section A.3.7.3.
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A.3.10 Projections Based on Constant SGTS Monitor Reading with
No Shutdown

This section deals with the special case of a constant SGTS monitor

reading. The special assumptions of no reactor shutdown and no
reactor building mixing will apply.

Let F%g = the actual SGTS monitor reading, ci/m3, (effective
Xe-133); since Rm; is assumed to be constant, the

functional dependence on t will be dropped.

Then the effective Xe-133 activity, ci, released during the time

period 1: to T; is

3
Egn. AB89

aess e (T To)= RA, V. E ‘_’l"- 'l;] {‘o. 3048 —?—t—] Egn. A89
The total noble gas activity, ci, released during the time period
is

¥ *

A;
- C - "
AP‘TN.W.(TA. ’T‘)_ Agagﬂ Aq_ﬂ‘l)(?; 'T') ENe-n) 2: t-‘qg;_&g_g
}_.Eu (&), A
=

where A; is independert of time because no reactor shutdown was
assumed. (Egn. A90 becomes obvious if the definition of Qe;; Xe-113

is recalled).

Similarly the total iodine activity, ci, released during the time

Z: (- 5,'\ A;

(71-7',)-5,““’ e
ng(x-cj),q‘. Egn. A91
2|

period is

*When using the results of this section as input to the methodology
of Reference 1, all summations including values of } 2 6 should
use only those nuclides in Table 3.1, Appendix D, page D-25 of
Reference 1.
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However, it will be noted that the §; in the denominator of

Eqn. A90 was omitted from the denominator of Egn. A91. This is
because the definition of Qg .53 is different when determining
iodine releases; in this case all of the design basis accident
1odine is assumed to be present and, therefore, fsi 1.0. The
effective I-131 activity, ci, release during the time period is

D‘)(I' C‘-\ A;,
Zu-a)A

The average eifective activ1ty release rates for the time period
are

agem m(r T') As TloJ:w("‘.) 1-13)

Egn. A92

~9‘mx. -133 (. ') mx.--n(“ ')A'r 'r] Eqn. A93
and

a ]

MQ'“ 2-"5:(7;‘ 'T')= Aratﬁ 1-'31(7:\ 'T')/['T’- T‘] Egn. A94

The results of Eqns. A89 and A92 can be used in Egns. A68 and A70
to obtain downwind doses. The iesults of Egns. A93 and A%4 can

be used in Egqns. A76 and A78 to obtain downwind dose rates. The

results of Egqns. A89 and A92 can be used in Eqns. A72 and A74 to
obtain the distances to the Protective Action Guides (Ref. 1) dose
limits.
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A.4 Drywell Finite Gamma Cloud Corrections

Since the drywell monitor calculated readings, Eqn. Al3, are based
on the semi-infinite cloud equation, the division by a correction
factor H, was required to effect a finite cloud. This correction
factor is the ratio of the semi-infinite gamma cloud dose rate to

that for a finite cloud. This ratio is dependent only on the
nuclide §j and the geometry ¢f the finite cioud; thus, for a given

monitor location, ratios need to be calculated only once.

For a BWR drywell monitor located on the outer wall of the drywell,
a simple model of the geometry of the finite cloud will be a cylin-
drical annulus. This section provides a reference for the theory
of infinite to finite gamma cloud dose rate ratios as well as
documentation for extending the theory to a cylindrical annulus
cloud. Calculation of the ratios are done by an independent
computer program; the ratios are then available as default values
in the Accident Radiological Dose Assessment Program. Any input

values may override the default ratios.

Reference 14, Section 2.1 provides the theory of infinite to finite
gamma cloud dose rate ratios. The equations developed in Ref. 14,
Section 2.1.3.4 (Finite Rectangular Parallelopiped Cloud Dose) can
be modified in order to apply to a cylindrical annulus cloud by
replacing the function Ree) by a function r@&) to be derived in this
Section.

Let R be the radius of the outer cylinder.

Let R, be the radius of the inner cylinder.

Define r to be the distance from a point on the outer cylinder to
the outer or inner cylinder whichever is shorter in a direct.on
whose angle is « from the tangent to the point on the outer

cylinder (see Figure A2). Also, define
“.= cos..(R‘/R-\ »

the angle of the direction of v when ¥ is tangent to the inner

cylinder.
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Two cases must be considered. Case 1 applies when the distance
v is from the point on the outer cylinder to another point on the
outer cylinder. From Figure A2, Case 1,

0s x <o,

sina = (7/2)/R,

Therefore, ¥ = AR 3Sind« Eqn. A95

Case 2 applies when the distance r is from the point on the outer

cylinder to a point on the inner cylinder. From Figure A2, Case 2,
o, £ xS M2
R, = Tsing + R, Cos

where @ is defined in Figure A2, Case 2. Therefore,

R, cos'e = R} - 2R, ¥ 3in% 4 sintx
2

Egn. A96
But S ’1/“‘ and Cos« = I/f where { is defined in Figure A2,
Case 2. Solving for £ and equating the two results,
reos o = Ry sinf
rees’x = Ry [' - cos’ (']
LS
Rices’@ = R, - rleos’ Egn. A97

Substituting Egn. A96 into Egn. A97
RI-2AR T 3in + 7 sin'n = R=rtcos'«
R.“ZR."S:.\Q *f‘:R:
Dividing by R} and applying the definition of 4,
*
- %s;n( 4—5—; =cos* ¥,
oL 3
|- 25 sma 445 7 I-Sin'd,
Multiplying by R} and rearranging,

tearR sinag 4 RISIIX, =0

Applying the quadratic formula,
A [2 &. Siay 2 V'll\,l Snn'q-"ﬂ“ﬁn‘(.ﬁJ/l

T-R[!mq- 'qu-sil\l,] Egn. A93
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where the negative sign was chosen because the shcrtest distance
to the inner cylinder is wanted.

From Eqns. A95 and A98, the function rf)is

v(q: 2R Sing for 0 €& <%,

r ()= R.Iso‘u- 'Isu‘.\-s,.n.df} for o, < X =TA

The function vf) replaces the function Rl®) in section 2.1.3.4 of

Ref. 14. The integration over ® in that Reference is replaced

by an integration over % for oS« = f/a ; the result is multiplied
by two to account for the interval W<« < . For the interval

W<« <am » the integral is zero.



