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 Airborne isotopic signatures of nuclear explosions can be obscured

by civilian sources:
* Nuclear power plants
* Fission-based medical isotope

« A Bayesian model was recent
Isotopes In a source-term ana

= Explicitly uses information on t

production facilities

y introduced to use multiple xenon
VSIS (doi:10.1016/j.jenvrad.2019.04.004)

ne release type (reactor, etc.)

* We extend the model to jointly use radioxenon and aerosol samples

* The new model improves our ability to discriminate between nuclear
testing and civilian activities when both radioxenon and radioactive
aerosols are sampled in the air
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Model Characteristics Performance Measures

* Source parameters: location,  Distance from release point to the
release time and duration, estimated release point
magnitude by isotope, release

* Probability that the source is within 100
type «xm of the release point

) Reltea_se tytpe IS tnt}(])d?_led b¥ - Probability of the type of release
ISOLOPIC Tallos at the time 0 (nuclear explosion, medical isotope

release production facility, nuclear power plant)
 Different samplers can have

different collection periods (i.e., The likelihood function uses data (D), subject matter

6 or 12 h for xenon, 24 h for expert information (1), and predicted concentrations (C).
iodine ' Y\ i

) _ 1 (Di — Ci(M))
P(D|M,I) « exp|—= > -
2 : Opj + 0¢;j
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Release Types
» 10 reactors (historical data)

« 15 modeled MIPF releases (low
lodine releases)

* 15 modeled MIPF releases (iodine
filter leak)

« 72 types using 2*°U and %3°Pu fission
(England & Ryder, 1994).
" 6 base types

* HoldupsofO,1,2,3,4,5,6,7,8, 12,
16, and 24 h.

Synthetic Releases

Extends the data set in Haas, et. al
(10.1016/j,jenvrad.2017.08.005)

235U fission with a 4 h holdup time
Xenon; 131mXe 133Xe, 135Xe
lodine; 131, 133] 135]

Location: DPRK test site

Release times: Selected so plumes cross 2
IMS sampling locations

Samplers:
= JPP38 - Takasaki, Japan
» RUPS58 - Ussuriysk, Russian Federation
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133Xe 131'

Release

* Model provides point estimate and
probability density for the release

location
- Location accuracy improves with E}‘erg(gris’etmm : W
the number of detected isotopes pre . ol e
location probability ‘ T\
over the five cases : " ™
Average Location Performance when 2 or 6 Posterlo Location Pobablllty
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« Estimation cases were run with all
possible combinations of 2 or more
Isotopes.

« 133Xe was always included

 Results are summarized In three
categories

« Fission event (explosion)
* Nuclear power plant (NPP)
« Medical isotope production facility (MIPF)

Performance if only have 2 isotopes:
« Worst (0.587) is 133Xe with 133mXe
« Best (>0.994) is 133Xe with 13°Xe or 133

Posterior Release Category
M P(Fission) @ P(MIPF) @ P(NPP)
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Performance if have 3 isotopes:

« Worst (0.731) is 133Xe with 133mXe and 131
* Then (0.949) is 133Xe with 133mXe and 13
* Then (0.966) is 133Xe with 31| and 139

« Rest are 0.995 or higher
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The highest
probabilities of the
release type for
the individual
cases are for 235U
near 4 h
separation time,
lower probabilities
for 239Pu near 4 h
separation time.
This generally
agrees with the
synthetic data
(235U explosion
witha 4 h
separation time).
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\ ) Specific Release Typg [l |
Y I |
Explosion (3>U) with  Explosion (23°Pu) with Medical plant (leaky Nuclear
different holdup times  different holdup times filters) with different power
holdup times plants
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Abstract: Recently, Eslinger et al. (2019) introduced a new Bayesian algorithm that makes
discrimination between possible types of releases (e.g., nuclear explosion, nuclear power plant,

or medical isotope production facility) an integral part of a source-location analysis for samples that
contain multiple xenon isotopes. The method can be applied to data sets containing both aerosol
and noble gas samples that are measured with different frequencies. Using synthetic data, the
method is applied to five estimation cases with IMS radionuclide station separation distances where
each release plume crosses two sampling stations. Releases for three xenon isotopes, 133MXe, 133Xe,
and 13°Xe, and three iodine isotopes, 311, 133], and 13°I, are simulated for 23°U fission. The average
location discrepancy (estimated release location versus the simulated release location) decreases
from 100 km (with all pairs of isotopes) to 45 km with six detected isotopes. The posterior
probability of selecting the right class of release type increases with the number of detected
isotopes and approaches 1 when four or more isotopes are detected.

Eslinger, PW., Lowrey, J.D., Miley, H.S., Rosenthal, W.S., Schrom, B.T., 2019. Source term

estimation using multiple xenon isotopes in atmospheric samples. J. Environ. Radioact. 204, 111-
116. doi:10.1016/j.jenvrad.2019.04.004
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