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Burpose:

The purpese of this analysis is to determine the probabilistic fregquency of a
chlorine concentration in the control room at the Brovns Ferry Nuclear

Plant (BPNP) in excess of the toxicity limit due to & barge accident
(reference ).

Hethedology

The freg.ency, zc (events/yr), of a chlorine concentration .n the control room
at BFN .n excess of the toxicity limit due to e barge accident 1s calculated

using:
AN (1

vhere t‘_- frequency of a chlorine contentration in the control room at BPN
“ in excess of the toxicity limit due to & barge accident in shipping
channel segment § (eventa/yr)

Fo = trequency of a chlorine barge accident occurring within shipping
channel segment { (events/yr)

P, « conditional probability of a chlorine release given that a chlorine
barge accident has occurred

conditional probability that a chlorine release in shipping channel
segment 1 is transported to the 8PN control room air intakes.

&lgops ‘Oh.l

1. The fallure mechanism for a chlorine release is assumed to be s barge
collision or grounding, ' other failure mechanisms are considered.

¢. Because current barge » sdent data specific to the Tennessee River System
is not available (reference 2), generic data based on nationvide inland
vatervey statistics from reference J is utilized. This data source is
specifically referred to in reference 4, The use of generic nationvide
statistics in evaluating the frequency of explosions near nuclear pover
plants (including barge explosions) vhen an adequate plant-specific data
base is not available has been endorsed in reference 5 by the Nuclsar
Regulatory Commission. Based on this information, use of the generic
naticnvide accident data in reference 3 in this snalysis is deemed
acceptable.

3. The, barge sccident must occur vithin a 5.5 km (3.4 mile) radius of the
plint to preduce the postulated haszardous ccndition inside the control
roor (reference 6, page 2).
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4. Atmospheric charscteristics utilized for estimating the chlorine plume
transportation probabilities are based on site meteorlogical data for the
period January 1977 through December 1979 in reference 7.

5. Given that a 6.8 mile radius around the plant ‘s considered per assumption 3,
all points along the river length vithin this radius are equally likely to
oe the site of the postulated barge accident,

6. A chlorine barge accident is no more likely to oceur vithin the critical
exposure distance than at any other point along the Tennessee River System.
This assumption is supported by data indicating that no commercial barge
atcidents occurred vithin a five mile radius of BFNP during 1984 and 1985
vhile 44 accidents (one with spillage) occurred on other portions of the
systen (reference 8).

7. Any chlorine barge accident vith release is assumed to produce
concentrations in the control room in excess of the toxicity limit given
necessary meteorlogical conditions.

6. A sensitivity analysis to determine the effect of varying the meteorlogical
conditions (e.g., Pasquill stablility classes) on the chlorine concentration
in the control room vas not performed. In addition, it .s been determined
that chlorine releases are potentially hazardous to the control room
operators for all Pasquill stability classes depending on the proximity of
the accident to the site (reference 9). Therefore, the frequency of a
chlorine concentration in the control room in excess of the toxicity limit
{s calculated based on chlorine plume transport probabilities that are
a) conditional only on vind direction and b) conditional on vind direction
and Pasquill stability class.

9. The track length of a barge traveling through the critical exposure
distance is measured along the "sailing line" as indicated in reference 10,

Design lInput Data:

The barge accident frequency for any given barge on the river is provided in
reference 3, page 68 as

fq = 1.BE-6 accidents/barge-mile traveled.

This value inviudes all types of accidents (e.g., groundings, collisions vith
docks, locks, bridges, and other craft, etc.).

The number of chlorine barge shipments past BFN per year is taken from
reference 11. This value is

n =« 30 barges/yr.

Reference 8 provides the basis for the calculation of the conditional
probability of a chlorine reiesse given that a talorine barge accident has
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occurred (P,). This reference indicates that of 44 barge accidents oscurring
on the Tennessee River System in 1984 and 1985, only one resuited in spillage
(& frequency of 0.023 per accident).

The total percentage frequencies of vind direction and Pasquill stability
class on vhich the conditional chlorine transport probabilities Py, are based
are obtained from reference 7, Tables 2.3-3 through 2.3.10. This set of data
is chosen because it vas measured at a level (10.0 meters) vhich most closely
corresponds to the 79 ft. (24.] meter) height of the control room air intakes
above the Tennessee River (reference 6, calculation sheet 2).

The segmentized path lengths d; of a barge traveling past BFN are obtained
from reference 10, chart nos. &3 and 44,

Computations and Analyses:

The frequency, P, (events/yr), of a toxic chlorine concentration in the
control room at BPN due to a barge accident is calculated using:

S 1 (1)

as previously defined in the Methodology section.

I. Calculation of Chlorine Barge Accident Prequencies Fo for Shipping Channel
Segments .

Pigure | depicts the location of the BFN site vith respect to the

Tennessee River. Arcs are dravn at the tvo points (labeled A and B) vhere
an imaginary circle centered at the BFN site and vith a radius of 3.4 miles
(assumption 3) intersects the "sailing line" of the river. The portien of
the circle containing the vatervay is discretized into 22.5 degree (360
dugrees divided by 16 vind directions) segments labeled ! through 8. For
each shipping channel segment, the approximaie distance ¢. traveled by &
barge along the "sailing line" is measured. The results are used in the
folloving equation to caleulate the frequency of a chlorine barge accident
occuring vithin each segment:

’.‘. t.d‘ﬂ (3)

vhere fg « the frequency of a barge accident on the river
(asccidents/barge-nile traveled)

n = number oo chlorine barge shipments past BFN per year
(barges/yr)

dL = distance as measured in Figure | for segment { (miles).
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As documented previously in the Design Input Data section:

fa o 1.8B-6 accidents/barge-mile traveled

n = 30 barges/yr.

As an example, consider segment ! through vhich a barge travels 2.0 miles.
The chlorine barge accident freguency for this segment is

'.. - t.“ﬂ

Fa, * (1.8B+6 accidents/barge-mile traveled)(3.0 miles)(20 barges/yr)

« 1.6B-4 accidents/yr.

The barge travel distances (dy) and chlorine barge accident frequencies
(Fa;) for all of the segments (i) are tabulated belov.

Table 1: Frequencies of Barge Accidents Occurring within Given Segments

egment|Barge Travel Distance | Frequency of Chiorine Barge Accident
(1) ivithin n mi)ivithin Segment %pgh) (events/yr)
. 6B -4
; T 68
[ ; | JUE -
5 0 5.“'
l. 6 + & LcI ’F
| _—’ . . oi
et 7 484
(Total 7. 3.6E-4

il. Determination of the Chlerine Release Conditicnal Probability P,

From the preceeding Design Input Data section:

hoe ojisleste - 0.0
accidents

This vaive is vithin the 0.02 to 0,05 range recommended in referen.e 12
(Table I on page 653) for the probability that a traffic accident
involving hazardous materials vill result in explosion or release
Furthermore, multiplication of the 0.023 release probability by tae !.BE-6
accidents/barge-mile traveled barge accident frequency yields a .otal
chlorine release frequency of 4.1BE-8 releases/barge-mile traveled which
closely corresponds to the 4.6E-8 accidents/barge-mile traveled value
(4.4B+8 « 1.6B-9 + 2.3B-11) given in reference 3, Table 3 (page /0) for
the modarate to extreme barge accident frequency. The calculated river-

specific value is used.
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{11, Calculation of the Chlorine Release Transport Conditional Probabilities rt‘

Por any given location of the postulated barge accident, only a specific
range of vind direction vill carry the released chlorine to the BFN
site. A range of direction defines vinds from vithin a 22.5 degree arc,
the sides of vhich form the boundaries of one of the river segments

(see Figure 1). For example, consider segment 3. Only vinds from the

VSV (tovard the ENE) are considered to be capable of carrying chlorine
tovard the BPN site should the barge accident occur in this segment. The
V:V range includes vinds from the VSV and 11.25 degrees to either side

of WSV.

For a given vind direction, there may be only a fraction of time vhen
the vind is stadle enough to carry chlorine to the site without
sufficient dispersal to result in control room concentration belov the
toxicity limit, Therefore, the conditional probability that a chlorine
release is transported to the BFN control room air intakes is calculated
based on a) vind direction only and b) vind direction and Pasquill
stability class (see assumption 8). Again consider segment 3 as an
example, Reference 7, Tables 2.3-7 and 2.3-10 indicete that the total
percentage frequencies of stability class E vind from the VSV and of a
vind from the VSV irrespective of stability class are !.43% and 4.04%,
respectively. Therefore, the conditional probability of chlorine
transport to the BFN site given a release in segment 2 ig 0.0143 for
stability class E and 0.040¢ disregarding stability class. The
conditional chlorine transport probabilities for each of the river
segments under consideration taken from refevence 7, Tables 2.3-3 through
2:3<10 are listed belov:

Table 2: Conditional Probabilities of Chloriae Release Transport to the

BPN Site
Begment | Direction vind | Conditional Prob pility [, for Stabi Class
() is trom C
) N .00 0.0083 | 0.0054 | 0.0300 1 C.007T8
2 v ,001¢ | 0.0043 | 0. 0.0323 | 0,0189
3 L ) OIS0 0178 10,014
% Y 0. AL 0,001 %
vs D!U ) . . . . c'
6 . " 0.0086 | -8—%8' B 0,02 0,0304
3 SSP . 0.0043 | 0,0034 | 0,04 0.0286
ey 0.0156 | 0.0088 | 0.0056 | 0. 0.0539 |




XD+ Q0000900003 Sheet 6 of 10
Prepared: & S0
Checked! 5/2%/%

d Conditional Probability |
irection vind h, for Stabil Class |
LL%___.W

4 » . -~

v . - L0914
VSV 0, R 0é
. . oo .
;g I 304 *%% f
i; Q: : 8:i§§a

* Conditional probability of chlorine transport to site including all
Pasquill stability classes.

Tedble 2 continued

rS .—J-—J joa
.-
-

dxﬁah{

IV, Calculation of the Frequencies of Chlorine Concentrations in the Control
Room in Excess of the Toxicity Limit (ptg)

The frequency 't; ot & chlorine concentration in the ¢ontrol room in
excess of the toxicity limit due to a chlorine barge sccident in each
shipping channel segment { {5 calculated using

r
L

For exanple, consider segment 3. From Table !, the frequency of a chlorine
barge a-cident in this segment is

« Fa BBy . (2)

Fa, = 1.1E-5 evente/yr.

The conditional probability of a chlorine release given that a barge
accident has occurred taken from calculation section IT is

P' u 000230
The conditional probability that & chlorine release in shipping channel
segment 3 is transported to the BPN site for Pasquill stability class D is
obtained from Table 2. This velue is

P"’. 0001750

Therefore, the frequency of a chlorine concentration in the control
voom in excess of the toxicity limit due to a chlorine barge accident in
shipping channel segment 3 is
!i‘ ® (1.1B-5 events/yr)(0.023)(C -.75)
]
® 4.up-y events/yr

for Pasquill stability class D.



Sheet 7 of 10

% S USIA L

38 /%
The P, values for all shipp..g chennel segments and stability classes are
tabulbted belov:

. XD - 90200 900003
Frepared:
Checked!:

Table 3: Pregencies of Chlorine Concentrations in the Control Room in
Excess of the Toxicity Limit Due to Barge Accidents in Various
Shipping Channel Segments

l Frequency for Pesquil. Stability CLASS (EVents/yr)
nt A D | ] A
| { ’O:"i [ » L & Itii” _;~°§E'g .oéi-;v ]J[Q . -
| |4, 4B-10] 1. 689 |1.18:0 [8. OE-9 6. 6E-10]7.4k-11 1 .55~
1 . -t 0 s » hed o ‘-ZW . - ‘0 JE - .O . o 00"8
; 0 ot %u"' o‘. s "T . . 4 o 4 *® 0 *
. - o o . 'ii tT.OI- [ . ' o 4 »
s; 0 & .’1 -:}' -l“’t ‘5 ,» ,Q" dn!:' 0 > x -
o’E“ >.h " * '9 3 . e ‘. > o’ '9 X -
" OB~ N | P . 287 11.7%e u,B;;g" L 0B+8 14, 7E-
kota! 6E-5 [5.6E- -8 _[2.78.7 [2.4B-7 ]6.0B-8 |3.3E- .
mmar ults:

The probabilistic frequencies of chlorine concentrations in the BPN control
room in excess of the toxicity limit due to & chlorine barge accident are
listed belov for each Pasquill stability class:

Table 4: Frequencies of Chlorine Concentrations in the Control Room in Excess
of the Toxicity Limit due to & Barge Accident

Pasquill Stability Class
C D E

6.6E-8 O5.6E-8 4.4R-8

A B F G All
Frequency
(.V.nt./yl‘) 2.7"7 20‘8’7 8.0"8 30 3"8 800"7
The frequency of a chlorine concertration in the control room in excess of the
toxicity limit due to a barge accident (from all possible vind directions) is

8.0E-7 events/yr, including all Pasquill stability classes.

Conclusions:

The calculated frequency of a chlorine concentration in the control room at
BFN in excess of the toxicity limit due to a barge acciden: (from all
possible vind directions) {s calculated to be 8.0R.7 eventi/yr, including all
Pasquill stability classes. This it a very conservative estimate es it
approximates only the frequency of the chlorine approachin; the site. The
frequency that the chlorine enters the control room and in:apacitates the
operators vould actually be less than the estimated frequeicy as credit could
be taken for any shift {n the direction of the vind transp.rting the chlorine
to the control room air intakes., In addition, there are barriers betveen the
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control room air intakes and the river including the reactor building, turbine
building, cooling tovers, and & large hill on the south to southvest side of
the site (reference 13 and reference 14, page B). Pinally, the inclusion of
all Pasquill stebility classes in the frequency adds conservatism in that
vinds of the less stable classes may disperse the chlorine to a non-hazardous
level before it resches the control room air intakes. For example, elimination
of stability classes A through D as vas done in reference 14 reduces the
caleulated frequency to 3.5B.7 events/yr. Reduction in the frequencies for
seguents 1, 7, and 8 vould result in the greatest reduction of the total
frequency since these megments compose most of the totsl (see Table 3).
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