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Introduction

Examples of activities at FOI related to nuclear weapons issues

Technical advisor to the Swedish government

 MFA(Ministry for Foreign Affairs)

(CTBTO — Vienna, FMCT (Fissile Material Cut-off Treaty) - Conference on
Disarmament, Geneva)

e Export control issues (Nuclear Suppliers Group)
 NPT(Nuclear Non-Proliferation Treaty)

« Routine monitoring of airborne radioactivity (SSM)
 National Data Center for CTBT (radionuclide and seismic)

 Development of verification techniques used nationally and/or In
International verification regimes

 Worked with radionuclide monitoring since the 1950ies
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National Data Center for radionuclides (NDC)

Preparatory Commission for the Comprehensive Nuclear-Test-Ban Treaty (CTBTO)
Facilities of the CTBT International Monitoring System
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v\Gas is likely to leak out

Particles stay in cavity

/

Volatile substance, it's a gas

Indicates nuclear reactor usage

Isotope ratios can be used to determine the source

Not washed out by rain => spread over long distances

Is released from underground nuclear tests! o
Stable Xenon concentration is constant in atmosphere 0.087ppm FOI



Why look for radioactive noble gases

Fission products from nuclear explosions
133Xe + 101Sr + 2n
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The strongest Xenon decay modes
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How to make use of the Xenon isotopes
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The three isotope ratio plot
l33mXe/l33Xe VS l35Xe/l33Xe

M. Kalinowski Journal of Environmental Radioactivity 88 (2006)
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CTBT artikel 1, "Basic obligations”:

“Each State Party undertakes not to carry out any nuclear

weapon test explosion or any other nuclear explosion, and
to prohibit and prevent any such nuclear explosion at any

place under its jurisdiction or control”

*CTBT Is a treaty that forbids nuclear tests

*No promise by the signing states to reduce or to stop
developing nuclear weapons
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CTBT — possible effects

 Nuclear states are able to keep their stockpile functioning for
decades and perform updates and new weapons of old material

 The nuclear states are not (easily) able to make radically new
bomb designs

 No state is able of new-development of a two-stage thermo-
nuclear device that can be trusted

A non nuclear state can probably build a canon type Uranium
bomb without breaking the treaty (but NPT). A fission type bomb
can also be design but with less confidence




Signed: 182
Ratification: 153
Not signed: 13




CTBT — status Annex Il (44 states)

Signed : 41
Ratification : 35
Not signed : 3



CTBT — verification - IMS
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CTBT - verification

GLOBAL COMMUNICATIONS
. INFRASTRU CTURE

INTERNATIONAL
MONITORING SYSTEM




ndary seismic station AS101 Hag Hydroaucustlc statlon HAO4 Crozet Islands

B

Radionuclide station RN48, Spitsbergen, Norway FOI



CTBT - verification - status

 Number of certified stations
 Primary seismic: 82 %
o Secondary seismic: 80%
e Infrasound: 70%
 Hydroacoustic: 91%

 Radionuclide: 74%

e Xenon stations 60% “operational”, the first stations certified 2010
Three SAUNA Il stations USX75, BRX11 and GBX68 (USX77+...)

The OSI (On Site Inspection) regimen is currently not as developed.
New project at FOI 2011-2012.




SAUNA Sweden
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History of noble gas detections in Sweden

« Development started in the 70’s 133X e stations 1990-2000

* Network of stations operated 1990 — 2000. Detected
the last Soviet nuclear test in 1999.

* Prototype for automatic system ready 2000 (SAUNA). ||® #rsamping staton

@ Nuclear power plant

e Participated in the radioxenon equipment
development within CTBTO from the start

 In 2000 a comparative test of four automatic
radioxenon systems. France, Russia, United States
and Sweden participated.

« SAUNA commercialized in 2003
* Mobile system developed 2006
« Detected the nuclear test in DPRK in 2006




Technique used at FOI 1990 - 2000

\ 133Xe only measured
MDC = 1-2 mBg/m3

Pum
P Mol. Sieve

Activity analysis
_ Cold trap Act. charcoal on HPGe
Sampling on cooled charcoal
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Air sampling at ambient temperature. Separation using gas chromatography-
Quantification of stable Xe using a GC. Beta-gamma coincidence detector

Nelaglelligle

i Detector  Detector
Sampling pump electronics



The SAUNA Il system today

The commercialization of the SAUNA | prototype
Cooperation between FOI and Gammadata 2003

First SAUNA-II delivered 2004. The 16th system in the CTBT
network installed during 2011 |

« Samples up to 16m3in 12h
« Two 6h samples combined

e Xenon volume typically 1.3ml

e Activity of four Xenon isotopes

e 133,135, 131m and 133m
« MDC typically < 1mBqg/m3

&
e
=]

Z

Z




Developed by FOI in cooperation with Gammadata AB, 2005-2006
Samples and absorbs up to the same volume as a SAUNA-Il on a
charcoal trap

Can collect both atmospheric and subsoil samples
Modular construction for easy transportation
Tested in ambient temperatures between 0-40°C
Xenon sample absorbed on charcoal trap

Samples can be analyzed in an extended SAUNA LAB system a
SAUNA Il or “equivalent” system

Used to detect radioxenon from North Korean test in 2006
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SAUNA Lab and Extended Lab system

-,_ __-L

 Developed by Gammadata for
radionuclide laboratories (16 within
the treaty, 10 certified). Currently
no obligation for Xenon capability.

« Archive bottles can be send to the
labs to reanalyze samples (quality
check of IMS stations)

 “Extended Lab” system are used to
analyze samples from mobile
systems. Processing oven for the
transfer column.




The SAUNA Il process, how it works

Sampling Ovens
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The SAUNA Il process, how it works

Sarmpling Cvens Carrier gas (He)
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The SAUNA Il process, how it works

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
Time (hours) | | | | | | | | | | | | | | | | |
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e One full air sample / 12h, +6h processing, +11h data collection
« Full spectral data 30h after collection start (preliminary file after 19h)




The SAUNA Il system layout

PLC

Xenon Processing Unit

Sampling Oven A ~—— SOH

Detector Electronics

4 — Detectors

Sampling Oven B : - -

Sampling Control Unit

Sample Transfer Unit
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Programmable Logic Controller
Used for system control.

Some actions like a GC-calibration can
be initiated from the front panel.
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SCU-Sampling control unit

Sampling control unit

Sampling pressure, 6-7 bar.

Air flow through the system, ~23 |/min
Heat exchanger
Water filter

Commercial air dryer
Water Removal Filters mounted on
Back of Sampling Control Unit




Sampling oven A and B
Two columns with molecular sieves

SAUNA "l Four columns with activated charcoal

Swedah Autormans Urn for Noble gas Acquisition




XPU and Processing ovens

Processing valve unit
Solenoid valves, gas line
filters, evacuation pump.

Processing ovens

POV1:
One column with molecular sieves

One column with activated charcoal

POV2:
Two columns with molecular sieves




Gas Chromatograph

Gas Chromatograph
Commercial GC. One molecular sieves
column.
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20 pressure sensors, 16
temperature sensors, 6 HV-
readouts, 2 gas flows and a RH-
sensor monitor the State-of-Health
of the system.

SOH data is reported to IMS every
2 hours. The reported data is 10
min averages based on readings
faster than every minute.

In case of a system malfunction
an alert message is generated
and sent ASAP.

The alert message is graded in
three levels of gravity.

. Warning: A situation occurred that
should be checked, data can be
invalid

. Critical: Technical problems,
operator need to perform some
action.

Fatal: Application stopped,
operator needs to perform some
action.
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» Main_FP_SAUNA_ V8 02.vi

r

v




Load Data |
360,000

340,000

260,000 -
240,000 -

220,000 -

arnplitude
oo
=
fn |
=
_
1

140,000

120,000 -

100,000 -

Select Data |

1440 Graph = Real Time Graph | Double plot | Correlation '

1 | 1 1 1 [ I | I | I | I
02000 05:00:00 14:00:00 2000000 02:00:00 08:00:00 1400500 20:00:00 020000 080000 1400000  20:00:00 020000

15:56:57
Z008/05/07 2008/05/08 2008/05/08 200870508 2008(05/08 Z005/05/09 2008/05/09 2008/05/09 2008/05/09 Z008{05/10 2008/05/10 2008/05/10 2008/05/10 2008/05/11
Tirne:
1_TO3 50V _A < Cursor 1 11:16:49 19.777¢ b EE 8-
2008{05/16
1 To4 SOV B f05) -
i 2| | Carsar 2 1111649 19.7774 & B8 &

2008/05/16

Z008/05,

‘ $




Beta - Gamma Coincidence Detector







Plastic scintillator for beta detection and sample container
(volume about 6ml)

NaI(Ti) crystal for gamma detection. 4" detector with
central hole for plastic scintillator.

Pb —Sn - Cu

Jal




The beta cell is placed inside the Nal detector




Beta - Gamma Coincidence Detector

Nal - crystal PM - tubes for beta pulses

— Scintillator cell

Xe -inlet

" PM - tube for gamma pulses




Beta - Gamma Coincidence Detector

The data is presented by the software as:
255 channels - Singles beta and singles gamma
255x255 channel beta gamma coincidence

250
Beta
i 130 keV (Xe-131m)
- £ Beta I;EI}EGE!" He-133)
>
e :
o 1501 e
E r Gamma
£ . 30 keV (Xe-133.131m)
‘g fmu: , 81 keW(Xe-133)
u'l..-LI 'I "'I"h. ".'I"-"'; _I.I.!J;:-|.| Rk T (OO
0 50 100 150 200

Beta energy




Beta - Gamma Coincidence Detector
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The detector electronics has two branches, one for the generation
of triggers and one for the detector signals.




Kmax Version 7.4.6
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Beta-Gamma Spectra

ROI's (Region Of Interest) are used to determine the

activity of different radio Xenon isotopes in a sample
250~ 250
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Detector calibration

The detector calibration is a non routine operation, normally
performed only at the installation.

1. Detector background measurement
2. Gamma calibration

Point sources:

137Cs 31 and 662 keV
241Am 60 keV

152Ey 122, 245 and 344 keV

3. Beta calibration

Compton scattering of 13’Cs gamma
4. Efficiency calibration

Radioactive 133Xe and 131mXe gas in cell
5. Radon measurement

Rn gas in cell




Point sources on top of detector, 200
Inside the lead shield. Typical sources -
that cover 30 to 670 keV. % —
=< 400
5 300 -
137Cs 31 and 662 keV O 540 .
c
241Am 60 keV " 100
0 : :
152FEu 122, 245 and 344 keV 0,00 100,00 200,00 300,00
Channel
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Gamma energy

e

FOI



|Beta-gamma 2

Zhannels

1=

120 8

BOfE

G0 120 180 240

Channels

Compton scattered gammas
from a 13’Cs source positioned
on the outside of the detector.

The resulting diagonal in the two
dimensional beta-gamma
spectrum corresponds to
E,+E,=662 keV.
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Efficiency calibration

Absolute gamma efficiency calibration:

*The absolute gamma efficiency at 30keV is calculated from the known ratio between beta gamma
coincidence (129keV) and the total beta events 129 keV + 169 keV from 131mXe.

*80keV efficiency is derived from relative eff. between 30-81keV.
«250 keV derived from 30 keV eff and MC simulation
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Beta energy Gamma ener 9y

Coincidence spectra and beta spectra measured after injecting active 131mXe. The
ratio between the number of counts in B-singles and y-gated (3-spectrum is used to
calculate the gamma detection efficiency




Efficiency calibration

Absolute beta efficiency calibration:

*Beta efficiency up to 346 keV from 81 keV gamma, ratio between beta gated gamma and single
gamma. This value is extrapolated to 908 keV. 346 keV + 46 keV CE from absolute gamma efficiency
ratios 81/30 keV. 129 keV and 198 keV are assumed to have an efficiency of 1 (5% error).
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Gamma-ray spectra measured after injecting active 133Xe. The ratio between the

number of counts in y-singles and B-gated y-spectrum is used to calculate the beta
detection efficiency




Finally Radon is
Injected into the cell to
determine the effect of
Rn daughters in the
different ROI's




Activity Determination

The following 10 ROI’s are calculated from the known Beta

Gamma coincidence distributions: 250
1. The 222Rn daughter 214Pb 352 keV yin coincidence with 8 200;':' -
distribution 0 - 678 keV (Rn/Pb-214). o . 6
2. 135Xe 250 keV y in coincidence with B distribution O - 908 - : o
keV (Xe-135). 150 - >
3. 133Xe 81 keV yin coincidence with B distribution 0 - 346 keV °F — ; _— 4
(Xe-133-81). 1
4. 133Xe 30keV X-rays in coincidence with B +45 keV conversion 100j|'," — |-- 2'_ : 3
electrons gives the distribution 0 - (346+45) keV (133X e-30) e - _
A =
5. 129 keV B peak from 3!mXe in coincidence wit ) ) - 2
rays. ",
6. 198 keV B peak from 133™Xe in coincidence wit - |1
rays. "
0

7. low end of 133Xe-30, for use when 13'™Xe pres
8. hiend of 33Xe-30, for use when 131mXe prese
9. hiend of 133Xe-30, for use when 13!mXe NOT |
10. low end of 133Xe-30, for use when 13'mXe NO
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Fﬂ Backeround subtracted sample
FiE Bit &

i oans | In pe Ul Es aE

F— e, e e e e e — — e —

Station: SEX63

Detector: SEX63_002

Collection start: 2007/03/25 10:13:00.0
Collection stop: 2007/03/25 22:00:00.0
Xenon volume: 1.15 ml, yield: 0.859

Xenon concentrations (mBg/m3)
Xe133: 6.21 +/- 0.19
Xe131m: -0.23 +/- 0.1
Xe133m: 0.23 +/- 0.12
Xe135: 0.40 +/- 0.19

LC (mBg/m3) MDC (mBg/m3)

Xe133: 0.13 0.28
Xe13im: 0.20 0.41
Xe133m: 0.19 0.39
Xe135: 0.28 0.60
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What has been done B —
with the SAUNA? i na

e Inthe IMS network 16 systems installed
2011. Data evaluated to understand the
background of Xenon in the atmosphere

 +EU/JA-project with full SAUNA
Installation, Kuwait South Africa and

£33

,A .
Fa

Thailand T 910 10M0 14110 12M0 1310 14H0 18MO0 160 17M0 180 1910 2040 24110 22H0
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« Belgium 2008, samples analyzed in
Stockholm

e Austria. TRIGA reactor, samples
analyzed in both Freiburg and
Stockholm

« Germany
e Slovakia, NG09

-..ﬁh'

/



Example from SEX63 (FOI/Kista), April 2010
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Example from SEX63 (FOI/Kista), April 2010

NOAA HYSPLIT MODEL

Concentration {/m3) averaged betwean O mand 500 m
Integrated from 1200 11 Aprto 1600 11 Apr 10 (LITC) [backward]
Fors Releaze started at 1800 11 Apr 10 (UTC)

A EDNC e '- =1.0E-12 /ma

1.0E-13 /m3
1.0E-14 /m3
1.0E-15 /m3

faximum: B.5E-12
{identified a3 a square)

Minimum: 2.4E-18

from 320m
o

10 15

Source = 59.410 N 17.840 E
"y ]

GDAS M.I:_I'EGF’[GLL’.I]GIGAII_ DATA ! FOI



DRPK seismic even 2006

Top graph from DRPK even below an

earthguake from same area
|
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Avstand ~ 300 km

£, Suspected test site
: Sampling position
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from 100m

A test scenario

Using ATM modeling from a seismic events one can determine if there
IS a correlation between Xenon signals at several different sites.

Source @+ 19.400 N 68.200 W

=1.0E-14 /m3
1.0E-16/m3
1.0E-1&8/m3
1.0E-20 /m3

Maximum: 7.6E-14

(idantified as a squars)

Minimum: 1.6E-21

1014

10715

—_

1016

10017

1018

Concentration (Mass/m3

1019

1020

1021

TIME SERIES PLOT
Event1_tc.txt
First Sample: 1200 19 Oct 2010

12
19 20 21 22 23 24 25 26 27 28 29 30 31 1

DATE ( Hour/Day)

#/00 2,00 €600 :SU0}ed0T

€00 £900 Z100 </00

GDOAS METEORO CWSICEAl DAT A




Upgrades, research and new development

e Detector electronics and software

 Reduced memory effect

* Next generation of SAUNA systems




Detector electronics and software

New electronics replacing old NIM and CAMAC equipment

Gammadata developed HV and preamp unit

Pixie-4, 4-Channel Compact-PCI Digital Spectrometer

New data acquisition software developed by Gammadata

User accounts with different levels of privileges

More spectral information stored than IMS format allows for

Data stored locally in a database

B SAUNA: postgres (Operations Manager) Cycle time: 1440 (2011-01-24 08:51:57)

gam madata Noble Gas Detection Systems
Status |Detect9r Control I chquisitions.l GC I.GC Calib I Log I S‘atqp.l About I
- Collection
T " TR 19 Air volurne [scm]:
SRID: I.UUZUUUUIUIUUIIG Stark: IZUIU 12-21 15:19:24 {8, B, A+E) IU a o]
riEc
SRID: I(iC“E) Start: Time [minutes]: | ViE
 Detectars
A . i Est, stop: Spectrum count rates [cps]: | | |
& I(Idle) AL I TR I [rmirwtes] {Mal, Betal, Beta2l
2 f 5 —— ry— Est, stop: Spectrum c@unt rates [cps]:
B: | SAMPLE SRID; | Larskorrekt Start; | 2011-01-17 11351539 i [nfa (N, Batat, Beta2) [zzee [17.76 [17.77
\-'.iew... |




Reduced memory effect: MER project

Atomic Layer Deposition of Al,O,
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. T T T T 0
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0.004 % Coating thickness [nm]

Memory effect whole cell [%]

Xenon diffuses into the plastic cell, reduced sensitivity after strong spike
Different types of coating are under testing

— Optical Cement
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e Statistical uncertainty ~1%
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Next generation of SAUNA systems

« 2011-12 a new processing system for OSI use will be developed.
The focus is to improve the sample throughpuit.

 An OSI inspection will require a drastically increased throughput of the system
 Expected about 100 samples/day, sample mixing (newtoning search)

o Useful input for the next generation of systems, SAUNA Il

e Higher throughput
* Higher time resolution, more samples/day

e Krypton system...




CTBT:s verification network is almost built. It will be capable of detecting
small underground nuclear bombs. The main noble gas system is the FOI
developed SAUNA Il system

More than 20 SAUNA-II systems built so far
e 16 in the IMS network plus a few mobile and lab systems
Can detect trace levels of radioxenon, <1mBg/m3

« |f three or four isotopes are detected, possible to distinguish between peaceful
or bomb origin

« Combined with seismic signals and ATM modeling a stronger case can be
made

Ongoing and future development
 New detector hard- and software, improved stability and functionality
 Reduced memory effects in detector cells, improved sensitivity
e A transportable processing system with a higher through put
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