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Discrepancy between Expectations and Observations
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Observations are always found left to the separation line. ~
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Overview of Data in Four-lsotope-Ratio Plot
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Overview of Hypothetical Explanations

What is the reason for 133mXe/131mXe shifting towards lower values?

1. Radioactive decay of a pure iodine holdup

2. Accumulation of xenon and iodine from successive target
dissolutions

3. Accumulation of pure iodine from successive target dissolutions

4. One-time mixing of decayed radioxenon gases with fresh
radioxenon

5. One-time mixing of decay products from a stock of pure
radioiodine with fresh radioxenon

Xel35/Xel33

Bateman equation
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Simulation Methods for Understanding Ratios at Discharge Time

Initiation of the radioxenon inventory of the targets before [ . Radioxenon inventoryin
diSSOIUtion takeS place simulation target after irradiation

Inferring the radioiodine inventory of the targets from the * Radioiodine inventory
i after irradiation
radioxenon content

target dissolution

Radioactive decay and in-growth before targets are dissolved * Inventory at time of

Further in-growth and decay of the inventory in the abatement

SyStem e Accumulation
modelling

Incremental accumulation of inventory in the abatement system
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Radioactive Decay of a Pure lodine Holdup
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Accumulation of Xenon and lodine from Successive Target Dissolutions

On the left side of the
separation line along decay.

A little further but too low
and not going far enough.

Isotope production, HEU [Saey, 2009]

Neutron flux x10 lower: 10°13 n/cm”™2s

U-235 amount x10 lower: 4.2 g

Irradiation time doubled: 4 d

Irradiation time: 11 d

Irradiation time: 7 d

Zero time for MIPF scenarios (Eslinger et al., 2020)
From accumulating composition, dot at equilibrium
Decay products from iodine at target composition
Separation line acc. to Kalinowski et al. (2010)
Separation line along radioactive decay

135/133 thresh.= 5 (IDC)

133m/131m thresh.= 2 (IDC)

133/131m thresh.= 1000 (proposed)
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Accumulation of Pure lodine from Successive Target Dissolutions

On the left side of the
separation line.

A bit further, but still
not going far enough.
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Isotope production, HEU [Saey, 2009]
Neutron flux x10 lower: 10”13 n/cm™2s
U-235 amount x10 lower: 4.2 g
Irradiation time doubled: 4 d

Irradiation time: 11 d

- Irradiation time: 7 d

Zero time for MIPF scenarios (Eslinger et al., 2020)

—o— Decay from accumulating iodine, dot at equilibrium
—e— From accumulating composition, dot at equilibrium
—i= Decay products from iodine at target composition
-== Separation line acc. to Kalinowski et al. (2010)

—-== Separation line along radioactive decay
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One-time Mixing of Decayed Radioxenon Gases with Fresh Radioxenon
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One-time Mixing of Decay Products from a Stock of Pure Radioiodine with Fresh Radioxenon

On the left side of the
separation line along decay.

Filling the whole space
even further.
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U-235 amount x10 lower: 4.2 g
Irradiation time doubled: 4 d

Irradiation time:; 11 d

Irradiation time: 7 d
Zero time for MIPF scenarios (Eslinger et al., 2020)

Decay from accumulating iodine, dot at equilibrium
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Comparison of Key Simulations with Time Series of MIPF Discharge Rates

Comparison with STAX
data from a MIPF,
including a trajectory
showing decay in an
outage period.

Evidence that mixing is
the only physical
process that can
explain the data.

Isotope production, HEU [Saey, 2009]

Neutron flux x10 lower: 10~13 nfcm™2s

U-235 amount x10 lower: 4.2 g

Irradiation time doubled: 4 d

Irradiation time: 11 d

Irradiation time: 7 d

Zero time for MIPF scenarios (Eslinger et al., 2020)
Decay from accumulating iodine, dot at equilibrium
From accumulating composition, dot at equilibrium
Decay products from iodine at target composition
mixing 1:10 with xenon decay products

mixing 1:1000

mixing 1:100000

- Separation line acc. to Kalinowski et al. (2010)
- Separation line along radioactive decay

135/133 thresh.= 5 (IDC)
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MIPF normal operation

MIPF normal operation

MIPF cutage trajectory (see color map)
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Effect caused by using non-representative values to substitute for a measurement below MDR

3Hypothetical Timelines for Xe-133 and Xe-135
10

Hypothetical Timelines for Xe-133m and Xe-131m
10

--- MDR of Xe-133 and Xe-135
102 4 s Xe-133 always above MDR
x- 5% False Positives of Xe-135
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< 0 for Xe-131m or Xe-135 unless above MDR
D 0 for Xe-133m or Xe-135 unless above MDR
ﬂr Only samples with Xe-131m & Xe-135 above MDR
< MDR for Xe-131m and Xe-135 unless above MDR
— LWR 4.5% enriched
--+-- U235f full fractionation
—+— U235f ingrowth
~-++-- U238he full fractionation
—+— U238he ingrowth
=+ Pu239f full fractionation
—+— Pu239f ingrowth
-- Xel35/X133 threshold
Xel33m/X131m threshold
=== Separation line

Top: Hypothetical data for a full year to be used to
generate annual total discharges for each isotope.

Bottom: 3 different ways are used to substitute non-
detections when estimating annual total discharges:

1. No substitution

2. Minimum Detectable Rate (MDR)

3. Zero
In the 4-isotope plot, the ratios of annual total
discharges show large discrepancies despite same
hypothetical data are used. The real value is
anywhere between zero and MDR, i.e. the
uncertainty is several orders of magnitude.
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Summary and Conclusions

Available online at www.sciencedirect.com

Several hypotheses are tested to explain the shift of the = & ... @omeor JoumvaLor
133mXe/131mXe isotopic activity ratios towards lower values. RADIOACTIVITY

Journal of Environmental Radioactivity 88 (2006) 215—235 —_——
www.elsevier.com/locate/jenvrad

Decay products from pure radioiodine, accumulation of
xenon and iodine from successive target dissolutions can [sotopic signature of atmospheric xenon released

: : . : #o
explain a little shift. from light water reactors

Martin B. Kalinowski **, Christoph Pistner b
Legend

The full spread of the 133mXe/3"mXe activity ratio can only
be explained by the one-time mixing of decayed gases with
a fresh radioxenon release.

Independent fission yield (t=0)

e for 235U(th) [th = thermal, f = fission neutrons]
o for 23%Uu(f), 238U(f), 2°Pu(th), Z*°Pu(f)
Fission product decay (+ at 1, 2, 3, 4 days)
¢ for 25U(th)
<+ for 228U(H), 2°8U(f), 2°Pu(th), 2°Pu(f)

Xe-135/ Xe-133
3

This was an open question for about 15 years, and the
strongest mechanism (mixing) was published in 2006.

== Separation line for screening

. — LWR burnup, 3.2% enrichment (3 cycles)
10 e < Mix of fresh and aged (1:10, 1:10°, 1:10°%)

107° 16" 10°
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What questions are left to be answered? Xe-133m / Xe-131m
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