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INTRODUGTION AND SUMMARY

‘his report documents a method for the calculation of the concentration of isotopes
of Kr and Xe in the reactor blanket gas system. These isotopes are formed by
fissioning of <35y exposed by fuel defects to the moderator; the radicactive gases
then diffuse to the gas plenum. The effect of blanket gas leakage rate and operating
and design variables on the Kr and Xe concentrations are included, together with a
summary of pertinent var“ for recent reactor operation.

It is estimated that current E-D operation results in a blanket gas inventory

ranging from 20 to 800 curies of Kr and Xe. If cycle average values are used, and if
average blanket gas leakage and venting rates are assumed, the result is a release
rate of 200 to 400 curies of Kr and Xe per day.

‘Since about 90 percent of the activity consists of isotopes with half-lives shorter
than 10 hours, the decay after release is rapid; the time for reduction of the total
activity to 50% of the initial values is about 4 hours.

These egsbimates do not include allowance for radicactive decay during transport of the
activit, from the point of fission to the blanket gas. This assumption results in
over—estlmatlon of short-lived activities. A four hour delay, for example, would re-
sult in a 50% reduction in the blanket gas Kr and Xe content,

An analytical program has been started (ref. 2) to determine the transport times for

Kr and Xe {which may differ) and to verify the calculational methods used in these
estimates of blanket gas activities,
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"CALCULATIONS

The concentrations of Kr and Xe isotopes in the blanket gas are controlled by the
fission rate (power), the amount of fissioning ‘39U exposed to the moderator and

the rate of increase of that amount,the time for the gases to diffuse into the blanket
gas, and the rate of remeval of Kr and Xe from the blanket gas (radioactive decay and
gas turnover rate).

The rate of change of the content "N'" of a radioactive gas in the blanket gas is
given by the expression: : .
=g - (A+ LN (Bgn. 1)

Where g = generation or input rate, atoms/sec

A = Aasnyr Asaratamt Laa/fml nnn-'l
L UTwE WIlDwalivy e U/ 4D, DT ‘
L = blanket gas leakage and vent rate, scf/sec

V = blanket gas volume, scf

In most cases, the rate of change, dN/dt, is sufficiently low that a steady state
condition can be assumed for a period of a few days. Then dN/dt = O, and equation 1

becomes:
_ (Ean.2)
N'“‘X + LV
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of a given nuclide.

If the assumption is made that the tran
ha 3

Head
e b P

The amount of exposed 235U core material causing the re& ase of Kr and Xe is cal-
culated from the dissolved fission product (e.g., 3 hr SSr) concentrations in the
moderator by the methods described in reference 1. The input rate, g, for a given
isotope "I" is thus given by the following: (Eqn.3)

g (atoms "I"/sec) = Total fuel power (MN) X 3.2 § 1016 (fissions/sec per MW}

T aynnaed

P i S

£
x fission yleld of "I" x g 23§U in fuel (corrected far
: burnup)

This result is used in equation 2, together with the blanket gas turnover rate, L, to
calculate the concentrations of isotopes. The total curies in the blanket gas are
also calculatede

ci(rIvy = N(HIH) A (1) : (Eqn-b-)
3.7 x 10¥ d/s/curie

L (aoth) | o, (Eqn. 5)

The daily release of activity (curies) = Ci(eqn.4) x ¥ ger

Lbiu‘..vlr; ,4‘5@5 4”LL ¢/
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RESULIS :

Equations 2, 3 and 4 are used to calculate the Kr and Xe concentrations for a typical

Mark 1 fuel cycle (e.g. P-1). Results are summarized in Table 1; it should be nobted

that equation 2 was modified so that the results are in terms of curies per gram of

exposed core. These values can then be used with actual exposed core values to cal-

culate total curies Kr and Xe for a specific case, subject to corrections for differences

in the parameters given below: I ‘
. ;

f \
PARAMETERS USED IN CALCULATING VALUES GIVEN IN TABLE 1:
Total Mark 14 power = 1300 MW

)

) Grams <3°U in Mark 14 = 4.3 x 107
) L =20 sef/hr (5.6 x 10-3 scf/sec)
)

v = 400 sef
TAELE 1 CALCUIATED Kr AND Xe CONCEN‘Ib_AILNS IN RIANKET GAS ;
| A .
i g,atoms/ N (curies) i
f Fission ! sac, per gram
Isotope T3 Yield,Z A.,sec™* A + L/V,sec™l per 230y N (atoms) 235U
&m 1,9 nr 048  LOLAoh  L1sxoch  o.sxol2 3x1012 12
85y Lok hr 1.5 L4x10-5 5.8x1072 L4xl0) % 2. moi ¢ 28
85 kr  10.8 yr 0.3 2x10-9 1. 4x1072 0.3x10 2.1x1072 1.1x10
87 xr L3 br 2.7 1. 52x1074 1. 66x1074 2.6x101°% 1, 6x1016 66
88 kr 2.8 hr 3.7 6,9x10~> 8.3x1077 3.6x1012  4.3x1016 80
Total Kr 186
DIhe  124day 0.03  LO7X0T]  La7x0Tf  0.03x1012 2.0x1017 3, 8x107%
1Bmye 2.3 day 0.16  .35x1077 L7560  0.15x10%2 s, 6xlol$ 1
133 Xe 5.3 day 6.5 . 15x10™2 1. 55x107° 6.3x1012 4. Lx101 17
135 ye- 9.2 br 6.2 2.1x1072 3, 5x10~2 6.0x10 1. 7x1017 96
Total Xe 14
Total Kr and Xe | 300 c%:égs/g

20 scfh .
Release/day = 300 Ci x ﬁ&' x 24 = 360 Cl/g235U
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EFFECT OF CHANGING PARAMETERS ON Kr AND Xe CONCENTRATIONS

A,

Ba

Amount of Exposed Core

Figures 1,2 and 3 show the amount of 235U exposed to the reactor moderator for recent
enriched uranium fuel charges. An estimation of the range of values for natural
uranium charges is shown in the C Area graph, figure 3.

Fuel Design amd Operation

Differences in total fuel power and 235U content for current enriched uranium fuel
types and the effects they have on Xr - Xe releases are summarized in Table 2. The
data include <377 burnup corrections (< mid-cycle), the reduced number of assemblies
in Mark 14 cycles, and assume 20 scfh leak rate (as in Table 1).

TABLE 2 Kr AND Xe IN BLANKET GAS - RECENT CYCLES, AVG. VAIUES

Fuel Type Fuel Power, MW 235y in Fuel, g N (Curies Kr + Xe/gESSU)

Mark 14 1000 2. 5x10° 397
Mark 16 1700 6. 7x107 252
Mark 18 1300 1, 2x10% 10,750

C.

E.

Blanket Gas Leakage and Venting

The leakage and venting rates are calculated by adding the amount of make-up He
added to the system and the amount continuously flowing to level indicator bubblers.
Figure /4 shows how b%tguthe blanket gas content and daily release, in terms of

Ci Kr + Xe per gram 3 exposed, depend on the leakage rate. The other parameters
are the same as for Table 1 caleulations. Normal leak/vent rates fall between 10
and 20 scfh. As shown in figure 4, this results in a blanket gas content of 300 to
350 curies per gram <357 with daily releases from 210 to 360 curies per gram 350,

Deecay of Kr and e

As shown in Table 1, about 90% of the total Kr and Xe curies represent isctopes with
less than 10 hours half life. This results in a fairly rapid decay of total activity
after release from the blanket gas. Figure 5 illustrates the decay of 300 curies

of Kr + Xe (Table 1, curies/g <35U) after an abrupt release from the reactor.

Diffusion Rate

If significant time is required for the fission product gases to diffuse from the
point of fission (fuel element surfaces) through the moderator to the gas plenum,

the radioactive decay will result in lower concentrations of the various isctopes
than given in Table 1. This effect is greater with short half-life isotopes than
with long-lived ones. Figure 5 can be used to correct Table 1 values where the axis
labeled "hours after release" is considered to be "hours for diffusion to gas plenum",
For instance if this time were 4 hours, total Kr and Xe activity, in the blanket gas
would be 145 Ci per gram 235y rather than 300 curies.
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Fo Current Activity levels and Release Rates

The information from Table 2 and figures 1, 2 and 3 are summarized in Table 3 for
average recent operating experience.

TABLE 3 Kr AND Xe ACTIVITY - 1970 - 71 CYCLES

Avg. Blanket Gas Content, Avg. Daily Release,
Ci Kr + Xe Ci Kr + Xe

Fuel Type  Avg. Exposed <2°U, grams .= 10 cfh L= 20 cfh L= 10 ofh L= 20 ofh
Mark 14 0.7 162 278 195 334,
Mark 16 1.3 109 328 229 393
Mark 18 5 x 1072 32 54, 37 64,

#The release values will decay as explained in section D and shown in figure 5.
Both releases and blanket gas contents are overestimated by a factor dependent
on gas diffusion rates as explained in section E.

The minimum 1970 - 71 blanket gas content is 20 curies (K-1, .05 g<3°U) while the
maximum is 800 curies {P-6, 2.0 g<371).
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FIGURE 1 CAICUIATED EXPOSED CORE, P AREA
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FIGURE 2 CALCULATED EXPOSKD CORE, K AREA

[}
L
q
i
. i
’ .
5
k t i
I
EY
J
I [
WARK L8 j=Hari 3
CE— 1Ay
T TTOF K=t
o O R - ‘.l c ‘
1967 1968 1969 1970 1971

PLGLAS

."P : - E
@ O T T




imtrm o LS e e e B

C e = e e e e ek o

‘,J'“

e T r‘& f ﬂ;’ r;.];" :_\I
SOLASSIri ey

R DPSP-71-1152

-8 - . RTR-1227

FIGURE 3 CALCULATED EXPOSED CORE, C AREA
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'FIGURE 4 EFFECT OF BLANKET GAS LEAK/VENT RATE ON
- _.__BLANKET GAS CONTENT AND DATLY RELEASE

Leak and Vent, scfh
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. FIGURE 5 DECAY OF Kr AND Xe - AFTER ABRUPT RELEASE |
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