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THE MENZINGEN VERIFICATION EXPERIMENT
UNIDIR & SWISS ARMED FORCES, SWITZERLAND

EARLIER THIS YEAR IN SWITZERLAND

In March 2023, UNIDIR organized a verification experiment that included a mockup
onsite inspection at a former military facility in Menzingen, Switzerland

See Pavel Poavig, “Verifying the Absence of Nuclear Weapons: Results of a Field
Exercise,” INMM & ESARDA Joint Annual Meeting, Vienna, 2023
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BUNKER AREA

PREPARED FOR RADIATION MEASUREMENTS
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MEASUREMENT EQUIPMENT



NEUTRON DETECTOR

BERTHOLD LB 6414

MAIN TECHNICAL SPECS

e Helium-3 proportional counter tube

In polyethylene moderator


https://www.berthold.com/en/radiation-protection/products/dose-and-dose-rate/neutron-survey-monitor-lb-6414/

GAMMA DETECTOR

ABSENCE CONFIRMATION DEVICE (ACX) 2.0

MAIN TECHNICAL SPECS

o Mirion/Canberra 2" x 2" Nal detector

= A% in lead collimator/shield
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http://doi.org/10.1016/j.nima.2020.164983

IMPRESSIONS



Confirming dimensions of structures onsite

Photo: Pavel Podvig




KROGER

Member of the host team aligns the sodium-iodide detector

Photo: Pavel Podvig




Setup for gamma measurements to confirm absence of uranium (with Cs-137 reference source in place)

Photo: Pavel Podvig




ACX 2.0 device (with keypad and worksheet) during a measurement

Photo: Pavel Podvig
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Reviewing measurement results

Photo: Pavel Podvig



INSPECTION RESULTS



NEW START

ALLOWS FOR MEASUREMENTS ON ITEMS DECLARED AS NON-NUCLEAR OBJECTS

“If the average measurement of the neutron radiation
level at the selected point is less than or equal to the

comparison number calculated in accordance with

subparagraph 14(e)(iv) of this Section, the inspected
object is, in fact, a non-nuclear object. This fact shall
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https://2009-2017.state.gov/documents/organization/141294.pdf

NEUTRON MEASUREMENTS

Inspection Worksheet
for Neutron Measurements

Date

Local time
Location
Inspected item ID

Measurement time proposed by host (60150 seconds)
Measurement time chosen by inspector

Line 02 must be = Line 01 but < 150 seconds
Average background count rate
Total background counts (B = Line 03a x Line 02)

Rounded up to next integer

Reference number (R) with R=B + 4 x VB

Rounded up to next integer

Distance from detector to center of item
Line 05 must be < 70 cm
Average count rate during inspection
Total counts acquired during inspection (Line 06a x Line 02)
Rounded down to previous integer
Check box if Line 06b < Line 04
Check box if Line 06b > Line 04 %

Revision 0.6

Menzingen Experiment

March ¥, 2023
13:32

202

Cat:e_gorkj B

01
02

counts

counts

March 2023

seconds
seconds

cps
counts

Inspection Worksheet
for Neutron Measurements

Date

Local time
Location
Inspected item ID

Measurement time proposed by host (60150 seconds)
Measurement time chosen by inspector

Line 02 must be = Line 01 but < 150 seconds
Average background count rate
Total background counts (B = Line 03a x Line 02)

Rounded up to next integer

Reference number (R) with R=B + 4 x VB

Rounded up to next integer

Distance from detector to center of item
Line 05 must be < 70 cm
Average count rate during inspection
Total counts acquired during inspection (Line 06a x Line 02)
Rounded down to previous integer
Check box if Line 06b < Line 04
Check box if Line 06b > Line 04 %

Revision 0.6
Menzingen Experiment
March 2023

March ¥, 2023
14-:02

Rol

Caizegortj ]

seconds
seconds

cps
counts

counts

Californium-282 source

(96,000-95,000 W/s) Container emp&v
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INSPECTION PROTOCOL

FOR GAMMA MEASUREMENTS

1. BACKGROUND 2. REFERENCE 3. SHIELDING 4. INSPECTION

DETECTOR DETECTOR REFERENCE DETECTOR REFERENCE DETECTOR
SOURCE SOURCE
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http://doi.org/10.1016/j.nima.2020.164983

GAMMA MEASUREMENTS

Inspection Worksheet Inspection Worksheet

Revision 0.6 Revision 0.6

for Gamma Measurements Menzingen Experment for Gamma Measurements Menzingen Experment

March 2023 March 2023

Date March ¥, 2023 Date March ¥, 2023
Local time 14:30 Local time 16:30

Location RO4 Location ROS

Inspected item D Catagortj C Inspected item D Catze_gortj C

Measurement time proposed by host 01 4 & O seconds Measurement time proposed by host 01 20 O seconds

Measurement time chosen by inspector (and used) 02 4- & ¢ seconds Measurement time chosen by inspector (and used) 02 20 ¢ seconds
Line 02 must be > Line 01 Line 02 must be > Line 01

Background, Region of Interest for plutonium 03a 1971 counts Background, Region of Interest for plutonium 03a 17&7 counts

Background, Region of Interest for uranium 2 counts Background, Region of Interest for uranium 03b 2 & & counts

Distance from detector to center of item Distance from detector to center of item 04 4 0
Line 04 must be < 70 cm Line 04 must be < 70 cm

Reference source (without container) k k counts Reference source (without container) 05a 22&7 3 & counts
Reference source (with container) KX 557 counts Reference source (with container) 05b 177112 counts

Container only (ROI for reference source) counts Container only (ROI for reference source) ILE] 2278 counts
Container only (ROI for plutonium) IR PPy Essaua Sy S-1NT, VSR Container only (ROI for plutonium) 06 genss ;
Container only (ROI for uranium) i ] Container only (ROI for uranium)

Critical limit (ROI for plutonium) o Critical limit (ROI for plutonium) 2% counts
Critical limit (ROI for uranium) ¥ counts Critical limit (ROI for uranium) counts

Estimated thickness of shielding, lead-equivalent Estimated thickness of shielding, lead-equivalent
Max i Max
Max Max

s . . s DU Projet&iie_s
X Container QMPE:} (300 grams c«f U-23%)

— ) —
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GAMMA MEASUREMENTS

Inspection Worksheet Inspection Worksheet

Revision 0.6 Revision 0.6

for Gamma Measurements Menzingen Experment for Gamma Measurements Menzingen Experment

March 2023 March 2023

Date March ¥, 2023 Date March ¥, 2023
Local time 14:30 Local time 16:30

Location RO4 Location ROS

Inspected item D Catagortj C Inspected item D Catze_gortj C

Measurement time proposed by host 01 4 & O seconds Measurement time proposed by host 01 20 O seconds

Measurement time chosen by inspector (and used) 02 4- & ¢ seconds Measurement time chosen by inspector (and used) 02 20 ¢ seconds
Line 02 must be > Line 01 Line 02 must be > Line 01

Background, Region of Interest for plutonium 03a 1971 counts Background, Region of Interest for plutonium 03a 17&7 counts

Background, Region of Interest for uranium 2 counts Background, Region of Interest for uranium 03b 2 & & counts

Distance from detector to center of item Distance from detector to center of item 04 4 0
Line 04 must be < 70 cm Line 04 must be < 70 cm

Reference source (without container) k k counts Reference source (without container) 05a 22&7 3 & counts
Reference source (with container) KX 557 counts Reference source (with container) 05b 177112 counts

Container only (ROI for reference source) y GRNpLE . Container only (ROI for reference source) ILE] 2278 counts
Container only (ROI for plutonium) : K counts Container only (ROI for plutonium) 06b 10&O0O 3 counts
Container only (ROI for uranium) 2 counts Container only (ROI for uranium) 06c 174 4 counts

Critical limit (ROI for plutonium) > counts Critical limit (ROI for plutonium) 07a 13 % counts
Critical limit (ROI for uranium) ¥ counts Critical limit (ROI for uranium) £ 2 counts

Estimated thickness of shielding, lead-equivalent Estimated thickness of shielding, lead-equivalent
Max i Max
Max Max

s . . s DU Projet&iie_s
X Container QMPE:} (300 grams c«f U-23%)
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Yrrl MEASUREMENTS

(Post Menzingen)



L ABORATORY SETUP

(PRINCETON PLASMA PHYSICS LABORATORY)
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MEASUREMENT RESULTS
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LESSONS LEARNED



BACKGROUND MEASUREMENT

(ACQUIRED DURING & AFTER EXPERIMENT)

43 counts
during experiment

1.5 counts
after experiment

13 counts
during experiment
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L ESSONS LEARNED & CONCLUSIONS

ON THE DIFFICULTY OF “IN-SITU” MEASUREMENTS

For verification approaches that envision the inspection of items in storage
it is critically important that such items can be moved to a dedicated staging area,
where the background is well-characterized

This is relevant for both absence and confirmation measurements

26
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