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Average backgrounds of radioactive xenon in the atmosphere

Backgrounds of Xenon and STAX

From Generoso, 2017
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03303 ~7"  STAX idea for mitigating the impact on IMS is &I

Pacific

Northwest ~D@coming a reality.

Emission Level
Atoms Released

1018 atoms/day

Emission Source

XPp=W

(Predictable) IMS Station
Detection

Atoms Detected
10 atoms/day

IMS Station
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Pacific

Northwest  Jse of STAX Data to Remove Background

XPp=W

Measured 133Xe at DEX33
The use of data collected at

20

known facilities may prove =
£16

useful to remove the effect 3
of these sources E12
S s

o
. X 4

For example, using data &
0

from IRE (Belgium), one
may subtract off its effect at

DEX33 Net signal (Measured — Predicted)

Voo

*
*

1-Aug 22-Aug 12-Sep 3-Oct 24-Oct 14-Nov 5-Dec 26-Dec

Many IMS station detections

can be screened out !

133Xe Conc. (mBg/m?3)
o

|
|

Use IRE stack release rate
ATM: HYSPLIT & NOAA’s 0.25°, 3-hr

global met data. Difference between the
measured and modeled 1-Aug 22-Aug 12-Sep 3-Oct 24-Oct 14-Nov 5-Dec 26-Dec
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Analysis of environmental radioxenon detec
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Radiorenon activity concenmral
the Comprehensive Nuchear-Te
derert radicoucdide signarures
operation ar AWE {Abdermiso
samples. When operated in thd
significant detection events an
derection evernts analysed using
eransport simulations and & red
fucility in Belghem. A comparis
senced, including & compariso
1y, 1y

The mternaticnal Monitaring System (IMS) of the Comprebensive

Fianreh:
ARTICLE INFO ABSTR Taloarien
Hanllisg Faliter- D Asslrrass Selllesie The French RadoatcBller
background w
Tesi-Ban Tt
beases from Hable gt
However, a
work disca
menial Pred
Radio Elem
year with ¢
which resa
diswriburion
ard 1 mea
Onveall, thy 1. Iniroduction
rodogical &
concenrath 1.1, Noble gos monitoring
forecast in
Isolated chi
which was | Muclear-Test-Bam Treaty (CTET) menitors the activity concentration
::W m': [A:) of foar noble gas radiomeclides (" Xe, 7™ Xe, ""Xe, " ¥Ke) in air
show addit using a range of gas separation and noclear spectrometry technologies

1. Introduction

Ammospheric Transport Modelling (ATM) is one of
available o National Data Centers (NDC) o help categari
noble s measarements of the Infemational Monitoring
The TMS monitors waveforms and mdioneclides around
the werification of the Comprehensive Nuoclear. Test-Ban 7
Mearly 90% of the expected 40 noble gas stations are
measure four radioactive isatopes of xenon (radioxenons
= 11.86d), " Xe (Ty 2= 5.244), "“"crnm_ 2194d)3
= 9.14 h) (Ringhbaor
1. This monitoring has revealed an induserial rad
graund, which has to be discriminated from nuclear explo

* Corresponding suthor.
E-manll aviedressr syhvis.genercsogiosa fr (S Generosa).
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( yer et al, These mdioxenon sotopes (and long-lived o

mers) are produoced duoring fission (mostly from the decay of telluriom
and iodine with atomic mass 131, 133 and 135) and if measared, can be
used to infer the origin of the releass, which may or may not sappart
evidence of a potential Treaty viokation. Due to low chemical reactivity
and volatile nature, xenon atoms are more likely to escape an mmder

ground nuclear test (UGT) cavity than particalate matter. Radioxenon is
alse emitted as part of civil processss, such as nuclear power plant
[NPP), nudear research reactor (NRR) and medical isotope produection
Eacility (MIPF) cperatioms, The latter can emit-- 10" By per annwm and
henee contribute to a significant and dynamic ammespheric badsgrownd
of radioxenca (Saey, 19), The =fect of MIPPs on the TMS has been
demenstrated in work by 10a) and & sach, the Nucksar
Treaty Verification community have been working on developing miti

gating technologies. The Source Term Analysis for Xenon (STAX) project

* Corresponding uthor.
E-mail address: maithew. gondwingawe.co.uk (M.A. Goodwinl

hetpa//dod org /10, 1006/ Jenvrad. 2021. 106629
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1. Introdoction and background

Radioactive xenon isctopes are created @
thase thﬂl accur ina :nm:bnlrpuwu :rm:rlr. i

[1996) |dr-M1Ers ar
tion h-clmnl.-:ngns including measurement of
Diee £ their chemically umreactive natare, i
most likely isotopes to be released into the at
ground nuckear detonation (Cul v, 2000
negotiated, anabysts understood that industris
vgies also released radioxencn to the atmospl
automated equipment to monitor radioxend
397, 1998, 2002).

The International Maonitoring System (IM!
paratory Commission for the Comprehensive
Organization {CTETO PrepCom). The IMS isq
technologies including atmaspheric radicnocl
eventually be B0 locations arcand the warld
specified in the Treaty and will have equipme
isotopes on airbome aercsols. In addition, 4
inchude equipment to monitor four xenon
1505, and "PXe. The recommended standa
the IMS i presented in Matthe =

Mot of the radiocenon detections in the [

= and [}
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1. Introduction

Ammospheric tramsport and dispersion models (ATM),
Forward-in-time, calculate the concentration of gases or pa
the atmusphers as a function of time using known or estic
sions. ATM can be used in a wide range of applications. ©
applications is Treaty monitoring. The Provistonal Technical
of the Comprehensive Nuclkear Test-Ban Treaty (CTET) Ong
setting up a global network of stations, called the Intemat
toring System (IMS), which will be able to detect atmasph
weater and underground meclear explosions. Part of this o
consist of stations that measure airbome concentrations of
particulates (80 stations worldwide, of which 72 are current

1 and radicactive I'ltllJl.P B [-ID stations we
which 5 are carrently certified; CTI 1 Thm '
capable of measuring tiny concentrations of radioacti i
can be the signatures of an underground nuckear explosio
l=akage into the atmosphers [Ringbom e al, 2004). ATM
establish a link between airbome detections of radionucli
correspending source (i.e. the event of radionoclides being n
the atmosphersl. This has already been done for undergro

* Comresponding suthor. Belglan Nuclear Research Centre (30X
E-mail addness pleter.de meurterigscheen be (P. De Meutter).
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Use of STAX data in global-scale simulation of 123

atmospheric background

Sylvia Generoso ,

CEA, DAM, DIF, F-91397, Apsjor, Cader, Fromoe

jfm

Paseal Achim, Mireille Morin, Philippe Groes, Guilhem Douyeset

ARTICLEINFO ABETRACT

Feyauord: A global scale simulaticn of the '¥xe amospheric background is aunmared ot the French Marional Dot Center

(NIDC) fior the purpose of mitegorizing the radionuclide meanmements of the Comprehensive Nudear-Test-Ban
Treaty [CTET) Imiemational Maonitoring System (IMS). These simulations take Into accownt 1% releases

frem. alll known major industrial emitters in the world, comsplled from the literarure and described as constant
vahses, Emission dam measured directly at the stack of the Instirute for Radio Elemeanes (TRE), & medical ksotope
production facility located |n Fleurus (Belgium), were implemenied in the simulations with a time rescluton of
15 minmtes. This work disrsses the contribation of real (measured) emisstons to the prediction of the e
amnspherte background at M5 noble gos stations and t & loestion near Paris, for which IMS-lke "X mea.
surements were avallable. For the purpose of this snady, simulations initiated with the IRE measured emissions
were rum in parallel to those with the a prior emissions used 1o date_ The benefits of inclsding actual emissions in
the simulations were found as a fanction of the dismnce berween the smrion and the sowrce of the release. At the
closest sations, Le., near Parls (France) and at Schawinsland, Fredburg {Germany), respectively 250 and 400 km
from. Flewnos, the simulated activity concenmations differed by a factor greater than 2 mare than ane third of the
time, and by a factor of more than 5 abour 10% of the time. No significant or detecrable differences were found
beyond 1500-2000 km. Fusthermore, at the Paris station, the timing of the measured peaks was better repro.
duced with the actual emission data. Howeves, not all peak amplicodes were comrectly reproduced even though
the real emissions were used, highlighting the remaining uncenainties, primarily in the meteorological data and

transport modeling.

1. Introduction

The International Monitoring System (IM5) is designed far the veri
fication of the Comprehensive Muclear Test-Ban Treaty (CTET). When
completed, the TMS will consist of 321 monitoring stations (for wave.
forms and radionuclides) distribated on the surface of the globe, The
network will include 40 noble gas stations at eniry into force of the
treaty, with Iel:lmnlug]' designed to monitor four radioactive isotopes of
xenon (radioxenon): " Ke [Ty, = 1196 d), ™Xe (T, = 5 24 dl,
VEnY R (Ty = 2.19 d) and "Xe (T, 5 = 9.14 h) {Rirg ral,
Fontaine et 4 Tl st al. 1. Presently, ?Rﬁbul'rhemlb'lr
gas nebwaork i5 installed (63% is certified) and there are plans (o evolve
towards a second generation of sysems offering further |mpc|:wrd
r.lrlﬂ.-l:um imits .uni sharier collection periods (Le Pet k
P Topin t al, Ringhom et al
. Dtz from this continn ous monitoring shows frequent
e drlﬂ:tlcm; al some monitoring stations, so called madioxenon

* Corresponding suthar.
E-mail address: syhvia.genemsoiiceafr (. Generosa).

hetpayfded arg/10.1006,) Jenvrad. 20

background. A proper characterization of the global radioxenon back
ground is essential to consolidate the effectivencs of the IMS. This
vhserved atmospheric radioxencn background is mainly doe to induas
trial activities, the major contribators being medical isotope production
(MTP) facilities and nuclear power plants (NPP) {summarized in, &.3.,
Bowr P 1. In some cases, minos contributors, among other hospi
tals with a nuclear medicine department and research reaciors, may
affect nearby IMS stations (Kalin o al, 2021)

Simulation studies have been used o better understand and char
acterize the atmaspheric backgroand, notably forward smulations from
of ke industrial faci iusn-l.ﬂ:'mg T ['n'nl.lv\

A L, ryerin of al., 2 H-»')
One major shortooming is the Jmlml.edgv af the releass data. A few
studies have wed measured emisica data provided directly by some
producers, but oaly over a limited perfod (Schoppner et al
Eslinger et al aurer et 3 18). Presently, continoous radi
xenon manitoring at plant stacks & installed at several wolonteer

Ricedved 1 December 2021; Recelved In rzn.:au Enrm 19 May 202X Accepted 1 August 2022

Avallable cnline 12 Aupest 2022
026593108 2022 Elevier Led. Al righes reserved.
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Trends, events and potential sou
radioxenon network
A. Bollhofer ™,

* Badescni for Stuhleuchus, 708, Py, Doy
* Bandmamin fir Gearmasnschafio wed Aoleoffe 30655, Hames

5. Brander ", R. Kraziz", 5.

AEBESETRACT

The messurement of radloxenons (170X, 11imge, Uiy, 15
(CTET). AL the Garman Federal Office for Radiatton Protecto
In Germany have been measured for more than 5 decades,
measurement and maonitoring systems and procedures for wer
International Monitoring System (IMS) of the CTETO on Mt S
laberatory measaremsems with less sensitive proportional o
radioxenon analyses. Six years of radioxenon activity comoen
are presented. Activity concentrations of "X in sowthern G
years. Magnirude and variabiity of "Xe scthvicy concentrach
prevalling wind directions in the region. Selected, but typica
data Is demonsrated.

1. Introduction

The Freiburg branch of the German Federal Offic
Protection (Bundesamt fir Strahlenschutz, BE) has be
samples for the analysis of :rmtnm:rlw nable gases fin
decades (Schlosser et al etal., 200159)"
in Preiburg and the manitoring Station on Mt Schauins]
the Max-Flanck-Institute for Nuclear Physics in Hedde (!
merged into the Federal Office of Civil Defence (BZS) it
subsequently integrated into the BES in 1989, Since th
hias been actively engaged in verification isaees and ¢
Noble Gas Experiment (INGE) (Auer «t al., 2004} The
ratory is recognized as a support laboratary to the Provi
Secretariat (FTS) of the Comprehensive Test Ban Tred
(CTBTO) and oversees a global noble gas network (Kers
with partner mstitetions currently at 12 stations natic
nationally. Around 1000 radioactive noble gas analy
performed annually.

Initially, radicactive noble gases in ambient air sam
weere analyesd to meaitor emissions from noclear install
being an indicator for nuclear fuel reprocessing, wh

* Correspending author,
E-mxil adidress: aballhoefergibés de (A Ballhafer)

hetpar/dedorg, 10,1016/, jenvrad. MIED

Recefved 10 February 2022; Recelved I revised form 16 A
Avallable anlime 21 September 2022
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Phase II testing of Xenon Internati

Sofia Brander ™, Sandra Baur *, Roman Era
Michael Howard ©, Michael Mayer, Mark P

* Beerul. Oiffice for Rastiation Protection, Rusairase #, 009, Prebury, G
* Furdered. Irocitute for Genscimon ol Nanrn! Eeoaros - Gt Hou
* Telalyne Brows Enghusring 2508 Quulty Line, Krasville, 37021, Teme
4 Pucific Northmest Nationa! Leboriory, #2 Bettelle Bouberard, Richland) §

ABETRACT

Starlon FN332 on Mount Schawinsland near Fredburg, Germany, is
and "Fxe) for vertfication of the Comprehensive Nuclear Test Bar
July 14k, 2021 1o Jan Z2nd, 2022, cogetheer with SPALAYX datm fr
multiple isotope detections. Activity concentrations of splied an
Imternational for radioxenons & up to one order of magnitude be

1. Introduoction

The Comprehensive Nuclear Test Ban Treaty (CTHET)
nuclear explosions on earth & observed by the Internationa
System (IMS) of the CTBT crganisation (CTETO) using |
mentary technkjoes: seksmic, hydroacustic, infrasound and |
monitaring. OF these, eoly the rmdiomeclide (RN) monitorin
can affirm that a possible explosion detectsd by wavefo
hydroacustic or infrasound) technigues was in fact a mucks
The RN part of the IMS comprises both the monitering al
particubates (total of 80 stations planned worldwide) and
[NG) (total of 40 stations planned). The manitoring of nob
special importance as it also allows for detection of unde
underwater nucdear explosions. 25 of the 40 planned noble
ane certified in 2021 (https/Swwow.ctbio.ong‘map) and
Faar Xeaen (Xe) isotapes "™ (2 = 1196 ), e (g
Tyt = 220 d), and " Xe (= 914 h).

Initially, four NG systems were tested for their Xe moni
billities in phase IT of the Imternational Neble Gas Experime
the premises of the German Federal Office for Radiatio
(Bundesamt fir Strablenechutz, BES) in Freilurg in the
(Bowyer et al. (2002); Aver et al. (2010% Mcintyre et al.
Automatic Radivanalyzer for lotopic Xenon (ARIES-01, D
51), the Auntvmated Radicxenon Sampler-Analyzer (Al
et al. (2002]), the Swedish Antomatic Unit for Moble gas
(SAUNA, Bingbom et al. (2003)) and the Systéme de

* Corresponding suthor.
E-mant] address: shrared ergntfs de (5. Brander)

hetpes/fdolorg/10.1 076/ Jenvrad. 34
Received 9 March 2022; Received In revised Bom 19 Sepeember
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Ximow s duction fa
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STAX
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M- quality wae
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1. Iniroduction

1.1, Background

Tt i well established that fisvion based medical o
(MIF) is the largest contributor to the global radioxem
E | o) and that the rad
nating from MIP is dlfﬁcnli to distinguish from that ar
nucdear explosions. Dhee to this badcground, detections
from MIP by the International Monitaring System (IMS], 1
the verification regime of the Comprehensive Nuclear-T
(CTET), hinder the ability to effectively detect msc)
(Reiners, JHE; Saey of al., 2010a, 2010bL

The M3 incorporates seismic, hydro-acowstic, i
radianeclide monitoring  technologies (CTET, 1996).
monitoring by the IMS measures the relative abundance
= 119 days), " Xe (tyz = 219 days), "ONe (2 = §
E¥e (= 200 k). To distinguish betwesn indust
radiaxenon detected by the IMS, such ax from MIP and nu
sources, phots of xenon isotopes ratios are evalsated toid
releise scﬂ:mril:rit Calimoskd et al.,
Wotawa et al, 20100, This method works well in n

Saey et al,

* Corresponding author.
E-mail addrece: charles.dell@peal.gov {C Dall)
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Source Term Analysis of Xenon (STAX
man-made isotope production from nt
Lori Metz ™, Ted Bowver ", Jonathan Burnett”,
Charles Doll”, Justin Melntyre °, Brian Schrom’
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1. Introduction

Eadiaxenon isotopes are created in ouclear explosions and
their volatility, are the maost likely isotopes to be released into
mosphere from an underground muckear explosion {Dul .
Monitoring of the radioxenon isotopes 1= Ke, 1550, 1=y, g4n
is ome of the main methods wsed in the Intemational Menitaring
(MM5) For determining whether an event of concern was a noc
plosion. The IMS, being built as a part of the verification regim
Comprehensive Nuckear Test-Ban Treaty (CTET) (Bowyer et al,
currently maintains 25 centifisd and & installed but not centifie
s monitoring stations (with plans to expand to 40 and the o
extend to B0 stations after eptry-inte-foree of the Treaty) that an
across the globe for measuring radioxencn at concentration level
as 0.1 mBg/m” (Huclear, 1996; Aner et al, 2004). As descril
shown in several recent papers, radinxenon backgrounds in th
sphiere from industrial sources sach as medical isotope produoct
interfere with the IMS and are of primary concern in obtaining
and reliable radiceenon meamrements for nuclear explosion mim
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A Review of Global Radioxenon Background Research and lssues

T. W. Bowver'

Abgrars—Among the most imporant problems for the workd
wide muclear explogion monitoring & the ntarfesnce of natorally
occuming and man-made radiomdides. The Interrational Moni
toming Systam (IMS) of e Comprehensive Noder-TestBan
Treaty (CTET) franmnty deects these inlerkrences osing sans
tive radinnachde mammment aqoipment. We commanly refer o
the presance of radionadides #ut ax elvant in the CTET but do
mot ongmate from a mockar explosion as “background”. Badc
promnds are i ghest near ghe soarces bt are knoen i0 have regional
and global efiects on the TMS. This review paper sommarizes madh
of the mlevant work in ghe area of background and discueees iswes
of interest for moclear explogion detection.

Keywords: CTBT, radiowenon, mclear explosion.

1. Itroducrion

The radionuclide monitoring component of the
M5 is comprised of both radioactive particulate and
madicactive xenon {radioxenon) noble gas measune-
ments {zee Fig, 1) (Schulze et al. 2000; Weiss a al.
2000; Auver et al. 2004). Radioxenon isotopes are the
most highly sought signatures becanse they ame easily
vented and detocted even from underground nucl ear
testing, they are produced in copious quantities from
muclear explosions, and are non-reactive in the
environment. The mdioxenon izotopes of interest for
the CTBT: "™ Xe (1t = 1LEd; "V Xe (s = 5.2 1
133mye {1, = 22 d); “Ne {r;=9.1h) [ENSDF
2019) have half-lives in the rmnge of several hours to
nearly 2 weeks making them ideal for detection
hecause they do not build-up in the atmosphene bt
ame long enowgh lived to allow transport of thowsands
of kilometers before their decay.  Atmospheric
madioxenon  measurement oguipment has  heoen

! Pxific Norfiwest Mafional Labhoratnry, Richhnd, WA,
USA . Email: ted hoeryer @ ponl. gov

expecially designed for CTET monitoring and several
anticles have written on the subject (Awer et al. 2010;
Haas et al. 2017; Sivels et al. 2017; Cagniant et al.
2018; Ringbom et al. 2018).

Atmospheric radionuclide measurements for the
IMS were developed starting in the 199k to supply
evidence that a suspect scismic event was of nuclear
arigin and to detect nuclear explozions, even ahsent a
spismic trigger. During negotiations of the design of
the IMS, howewer, concentrations of radionuclides
and in particular radioxenon isotopes in the emvi-
ronment were not well understond or studied. In
addition, it is likely that the arborne concentration
and distribution of radioxenon isotopes have changed
zince that time duee to evolving activities and loca-
tions associated with fission-based medical isotope
production and muclear power generation. However,
the Protocol to the CTBT did explicitly refer o
hackgrounds and implied an isswe that needed to he
addressed. Therefore, the writers of the Treaty com-
posad text refering to backgrounds of “man-made”™
{ anthmo pogenic ) rdiondides.’ Faollowing negotis-
tions on the implementation of the verification regime
specified in the Treaty and during the development
and testing of radionuclide monitoring technology, it
was found that radioxenon back grounds were non-
negligible and persistent in parts of Morth America
and Evrope despite their short half-lives (Bowyer
et al. 1997, 2002; Weiss et al. 2000; Auver et al. 2004;
Le Petit et al. 2008). After performing atmospheric
transport model caloulations (ATM) in the early
200k, it was determined that sources wemne consistent

! Ammex 2 i the Pmincal of e CTRET States “For cwnrs
detersed by the farematonal Momisoring Susewm madiomehde
component, the ollovwing parawmesers, imser alia, may be used:
comcenmanan of  backgroamd  marural  and  msonomade
madionuchdes:..."
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Release profile is important for ATM for the IMS

One year of radioxenon
data from two AGR

1.5 years of radioxenon data

Over two years of radioxenon .
from one medical isotope

data from two BWR reactors
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Northwest  The Future
« Keep existing facilities generating quality STAX data

* Work with potential future volunteer facilities to address data security and IP
Issues

* Continue scientific work to make xenon background subtraction reliable

* Include additional voluntary data (research reactors, power reactors, other
Xxenon sources ) - See STAX 2 poster
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