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I. Introduction

Xenon-133 and Xenon-135 are radio-noble gases which can be found in power
reactor liquid effluents. It is the purpose of this report to determine the
Maximum Permissible Concentration in Water (MPC,) of these radionuclides for
the general population.

II. Xznon In The Water Environment

A. Maximum Specific Activities Attainable in Water

The maximum specific activities of Xenon-133 and Xenon-135 attainable in the

water environment are functions of solubility and intrinsic specific activi-

ties. The concentration of Xenon in water can be determined by Henry's Law.

This law states that the solubility of a gas in a liquid is directly propor-

t onal to the pressure of the gas above the liquid at equ1librium. Mathema-
t‘cally Henry's Law may be expressed as,

C= kP ' | _ ¥

where C is the weight of gas in the liquid, P is the atmospheric partial
pressure, and k is Henry's constant for a given gas and 2 given temperature.
At 0° C and 1 atmosphere partial pressure, 242 m]l of Xenon will be seluble

in 1 liter of water (1). And, by extrapolation it can be shown that 1 1§ .r
of water at 10° C can absorb approximately 210 m]l of Xenon at 1 atmosphere
pressure Since the density of Xenon is 5.85 mg/ml (2) Henry's constant at
10° ¢ for Xenon 1s 1.23 g/1-atn. The mole fr=ction of Xenon in the atmos-
phere is =~ 8 x 10-8(3); therefore, substitut?ng into equation 1,

C = (1.229/1-atm)(8 x 10-3 atm) = 9.8 x 10~8g/1 2.

it is fcund that 1 liter of water can absorb up to 9.8 x 10-8 g/1 of Xenon
at 10° C. . L

The intrinsic specific activities of Xenon-133 and Xenon-135 are 1.85 x 103
Ci/g and 2.55 x 105 Ci/q, respactively. As such each liter.of water can ab-
sorb a raximum of either 1.8 x 10-2 Ci of Xenon-133 or 0.25.Ci of Xenon-135,
These vaiues are equivalent to 18 yCi/mi of Xenon- 133 or 250 uC1/m1 of Xenon
-135.

III. Determination of MPC

-
The calculation of an adult MPC, equal to 5000 mrem/year for the drinking
water pathway is based on the following equation (4):

%

1.3x10- GmQx

MPC, = o
v /(1 - e"2t) & E;F;(RBE) n, .

Each term in this equation is discussed below.
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m - M is the mass in grams of the critical organ. It has been shown that
Xenon is conzentrated in the body fat approximately ten to

twenty times

above the level in the biood stream (5). Thus the bedy fat is considered

to be the critical organ; its mass is 10,000 g(4).

R - R is the permissible dose rate to the organ in rems/week. Since the bedy
fat is the critical crgan, and since it is distributed through the whole

body, R is taken as 0.1.

Ag - Ag is the effective decay constant,
and biological decay constants, In

it s 2 combination of the physicai
order to calculate ), the bic agi-

cal half life (Ty) must be determined.
T = 0.693 MC/
b If,

= mass of critical organ = 10,000 g
= average tissue concentration = 1.1 x 10-6

whers

g/kg based on

equation 1 with k equal to 0.68 g/1-atm at 37.8° C and

a concentration factor of 20
I = average daily ingastion rate = 2.3 x 10-7
water plus fluid uptake of 2200 cc/day and

g based on a
300 cc/day

of water of oxidation produced in the body, therefore
intake is 2.21(9.8 x 10-8 g/1) + 0.31(0.68 g/1-atm)(8

x 10-8 atm)

w = 0.95 based on a frac.ion from GI tract to bloed of 1.0

and a concentration factor of 20 in the body fat

X 0.693(10,000)(1.1x10-9)

“plXe (2.3x10-7)(0.95) = 35 days 5.
Teff 1 Tpr//}b + Tp 6.
Tase{133Xe) =(§gfji5(§T%7y. " 4.58 days 7.
Tors(135%e) ‘(53?’5063?397' = 0.38 days 8.
A = O.693//Teff §_
2o(3%e) = 0593 /< 015170 10.
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" ag13SKe) ® °'593//6.38 = 1.82/4 1.

t-tis the time which in this case is 365 days ,

:E‘Fi(RBE)ini - effective ener?y for organ of reference = 0.0027 for 33e
and 0.090 for 15%e (4)

peferring pack to equation 3 the adult MPC,'S for drinking are,

(1.3x10“)(10,000)(0.1\(0-1511__

X33Xe”P =
e, (o.95)(1-¢'(°°143)(365))(0-0027)

7.7x10-2uCi/m 12.

o (1.3x1o-‘)(104§oo)(o.1)(1.sgL 2 8x10-25C1 /m) 13
Ye = S - !
MPC,, (0.95)(1-e-(1.82)(365))(0.090)

The MPC'S calculated above are for the adult popuiat1on and are not repre<
centative of MpC,'s for the general population. In order tO calcu.ate MPC.'s
for the genera\ population the age discritution of the population must be
considered. However, it would be 1mpract1ca1 to add this variable to the
nec, caleulational scheme. AS such, and in keeping with the phiIosophy of

10 CFR 20, the adult MPC,'s are lowered by 3 factor of ten to arrive at gen-
eral population WPC,'s. The uec,'s for 123ye ond 135Xe are then:

133teypg, * 8 X 10-2 yCi/ml

135keype, = 3% 10-3 wCi/m
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IVv. Conclusions

MPC_'s were calcuiated for 133xe and 135Xe in water. The critical organ was
the body fat. The MPC, val-es found were lower than the solubility of Xenon
in water. Further analysis has shown that drinking water is the critical
dose pathway.

Apper.dix A of this report reviews other dose pathways.
!

’
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Appendix A

I. Introduction

In this appendix general population MPC,'s are calculated for dose pathways
other than drinking for Xenon in water. These pathways are swimming and
shine at the shoreline. Adult dose conversion factors are also calculated
for thesa pathways as well as the drinking water pathway. General popula-
tion MPC,'s and adult dose conversion factors were chosen to agree with 1C

CFR 20 and ALAP philosophy respectively.

II. Swiming Pathway

The calculation of an MPC, equal to 5000 mre~/year for the swimming path-
way is based on the follewing assumptions:

1. The maximum individual swims 107 hours per year (1)
2. The critical organ is the whole body
3. Adult dose convarsion factc . (OCF) are (1):

5.7 x 108 mrem/hr/pCi/1 for !33Xe

4.5 x 10~7 mrem/hr/pCi/1 for 135Xe

The equation for calculating an MPC, based on a dose conversion factor is,

MPC.(uCi/ml) = (5000 mrem/Year)(10‘9uC1/m1/pC€/1)lflucF)(t)  §

Therefors the adult MPC,'s arz,

(5000){10-?) ¥
= //(5.7x10'°)(100) = 0.88 yCi/ml - . © 2.

n -9
135¢s (5000)(10 ’//( = 0.11 yCi/m) 3.

4.5x10-7)(100)

and the general population MPC,'s are,

l”"‘-’MPcv = 0.1 pCi/ml 1492 ]]2 o

‘35Xe“pc = 0.01 DCi/MI 5.
w

[I1. Direct Radiation At The Shorelin2

Xenon is a noble gas and will not absorb in the sediments; therefore che ex-
posure is limited to the shine dose from the dissclved gas. The following
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assumptions are made,

1. The problem is defined as primary ionization above an infinite disc
where buildup due to scatter and absorption cancel each other out
2. At a point above the center of the disc the dose is equal to the
2» air imnersion dose minus a correction factor, F (2)
3. Then at a point above one edge of this infinite disc the dose is
% the 2 immersion dose minus a correction factor, that fis,

Destne * B (2« immersion dose)(1-F) 6.
where,
F=eVYo .- uo[Euol 7.
and,
@ e-UOt :
Eug = §' el 8.

therefore by integration,

w,t uit?  it? ulitn
fag *log t 4 e oo 3?31 i n?n! -
apply limits with,
By (133%e) = 0.2 em?/g (3) 10.
and ug (13%e) = 0.12 cm2/g  (3) Ry 11.
then, )
Euo (133%e) = 0.19 12.
and Exg (135%e) = 0.12 13.
ans from equation 7,
F (133ke) = e=0-2 - 0.2(0.19) = 0.78 14.
and F (135Ke) = e-0.12 - 0,12(0.12) = 0.87 15.

Therefore from equation 6 and utilizing the 2» immersion DC?'S in reference
1 the dose conversion factors are,

DCF(!33Xe)=%(2.8x10~-8mrem/hr/pCi/1)(0.22}=3.1x10~3mrem/hr/pCi/1 16.
DCF(135%e)=%(2.2%10-"mrem/hr/pCi/1)(0. .3)=1.4x10~%mrem/hr/pCi/1 17.
And the adult MPC,'s-for 5000.mrem/year are, in a fashion analagous to equa-

tion 1,
1492 113
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(5000)(10-9)
W ikewpe, = '/ (3.1x10-9) (365) (24) = O-18uCi/m0 18.

135 . (5000)(10-9) £l "
*ewpc,, , / (1.4x10-2) (365) (26) = 4-1x10 2L/ 19.

And the general population MPC 's are,

MPC,, = 0,02 yCi/ml 20.

135Xeype, = 4 x 1073 uCi/ml 21.

. 133y,

Thes2 MPC_'s are overly conservative in that they assume én individual would
stand at the shoreline all year, which is unrealistic. The dose rate drops

off very rapidly with distance from the sh~reline,

[V. Deternination of Dose Conversion Factor$ (DCF's)

A. DOrinking Water Pathway

The 0CF's are determined by rearranging equaticn 1 to,

are = (5000 mrem/year)(10-% wCi/m1/pCi/1) 22
o= (WPC, wCi/ml)(hours/year) A

and substituting the appropriate values. The DCF's are,

wa . (5000)(10-2) PI |
"3keger * //(7.7x10-2)(365)(24)‘ 7.4x10-%mrem/hr/pCi/1 23.

. {5000) (10-%)
3¢ 5 / - -2 3 »
l"..E a3 3 /\2.8x10-2)(365)(24;‘ 2.0x10 ?...rem/hr/pC./'! 25.

B. Swimming Pathway

The DCF's are given in reference 1. They are, based on whole body dose,
l33XeDCF = 5.7 x 10-® mrem/hr/pCi/] 25.
135Xepcr = 4.5 x 10=7 mrem/hr/pCi/1 26.

C. Direct Radiation At The Shoreline

These values are as calculated in equations 15 and 17. They are,
l33XeDcr = 3.1 x 10-? mrem/hr/pCi/] : 27.

135%e .. = 1.4 x 10~8 mrem/hr/pCi/l 28.
OCF
1492 114
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V. Summar

General Population MPC, Values

based on 5000 mrem/year (uCi/ml) ’ Solubility in Water
/ \ at 10°C and
Drinking Swimming Shoreline 80 natm, Xe
133%e 8 x 10~3 0.1 0.02 18
13550 3 x 10-3 0.01 4 x 10~3 250

Adult Dose Conversion Factors mrem/hr/pCi/i

Orinking Swimming Shoreline : -
133y 7.4 x 10~° 5.7 x 10-8 3.1 x 10-9 '
135¢e 2.0 z 10-8 4.5 x 10°7 1.4 x 10-8
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Appendix 8B

I. Introducticn

In this appendix adult dose conversion factors specific to TMINS are calculated
for the applicable pathways. Adult dose conversion factors were chosen to agree
with the ALAP philosophy. These pathways include the maximum individual drink-
ing, the closest realistic drinking individual supplied by a water compary,
Brunnzr Island, the individual swimming, and the individual on the shoreline.
A1l valuas are in mrem/hr/pCi/1 for the effluent concentraticn.

I1. Crinking Pathway

The liguid outfall at TMINS is submerged and is diluted approximately 1.7 x 10%
times. 7This dilution factor is based on a maximum pump flow of 30 gpm, a min-
imum blowdown flew of 5000 gpm and a river dilution factor of 100. Therefore
the concentration of radio-Xenon in the river water (C,) is

- CE
Co //1.7 x 10% -
where Cg is the concentration of radio-Xenon in the station effluent.

A. Maximum Individual

discharg2. If credit is taken only for diluticn and not for physical decay
the T™INS sita specific dose conversion factors are,
/

12019\

e

_ (7.4x10-9) (3555

B. Individuals That Work At Brunner Island

\
The maximum individual drinks 120C ml of river water per day at the point of

The individuals who work at Brunner Island drink 600 ml of water during their
work day. The Brunner Island river intake is 4.2 miles below the TMINS out-
fall and as such the trave! time is about 9 hours. For calculation of these

dose conversion factors cr for radioactive decay equal to the travel time
is taken. he dose :onver: factors are,
9
! 600
133e = CE(7-4*1°‘9)22555)@’(‘131)(237 = 1.1 x 10-13
OCF ) 1.7x1.%
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I1.

I7.

600 3
135ge = C(2.0x10~8) 7755 e-(1.82)(27)
o / 1.7x10"
Swimming Pathway
133 (5.7x10-8) , C iy
*€ocr * i VAR
135 . (4.5x10°7) / ! 5.
“ocr /1.7x10% = 2:6 % 10

. Direct Radiation At The Shoreline

» _ (3.1x1079) :
133Xepcr 1.7x10%= 1.8 x 10713

A

. {1.4x10°%) = 8.2 x 10713

135
Xeper 1.7x10%

Simple Problem

= 1.6 x 10-13

f the offluent at TMINS contained 10-2 uCi/ml (107 pCi/ 1) each of !33Xe.ard
135xs the resultant doses to the adult population are as in the table below.

l)lx;

<

Max Ind Brunnar Is Swimming
Crinking Drirking 100 hours/yr
2.1x10-2 9,6x10"3 3.4x10~3

13%%e 5.6x10-2 1.4x10-2 2.6x10-2
.*-_,-.\ ' = o 2'\8 R 4"'

Shorelina

all year

1.6x10-2

7.2x10~2

e —
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