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CONSORTIUM FOR VERIFICATION TECHNOLOGY
BACKGROUND

TWQ WAYS OF APPROACHING THE VERIFICATION PROBLEM

Technology-focused and mission-focused approach;
CVT seeks to combine both; unique opportunities for synergisms

given diversity of 13 + 9 CVT partner institutions and groups
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http://www.engin.umich.edu
http://news.kremlin.ru

RELEVANT NUCLEAR
ARMS CONTROL TREATIES

NUCLEAR NON-PROLIFERATION TREATY

Bans the acquisition of nuclear weapons by non-weapon states and commits the five weapon
states to nuclear disarmament; verified by IAEA safeguards

COMPREHENSIVE TEST BAN TREATY

mament, Deutsche Physikalische Gesellschaft, March 2016



BACKGROUND

SCIENCE AND TECHNOLOGY OF NUCLEAR VERIFICATION




DETECTION OF "JOE-1" IN AUGUST 1949
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THE VELA SATELLITE PROGRAM

1963-1984
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GROUP OF SCIENTIFIC EXPERTS

1976-1996
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VERIFICATION CHALLENGES

OF NUCLEAR DISARMAMENT




WHAT IS TO BE VERIFIED 7

VERIFICATION CHALLENGES OF NUCLEAR DISARMAMENT

1. VERIFYING NUMERICAL LIMITS OF DECLARED NUCLEAR WARHEADS

Requires techniques to account for (and identify) nuclear warheads in storage
for example, using (hashed) declarations, special tags, and/or unique identifiers (UIDs)
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VERIFICATION CHALLENGE 1

CONFIRMING NUMERICAL LIMITS

ON TREATY ACCOUNTABLE ITEMS




THOUSANDS OF NUCLEAR WEAPONS

ARE CURRENTLY IN RESERVE OR AWAITING DISMANTLEMENT

A. Glaser, Next Steps Toward Verified Nuclear Disarmament, Deutsche Physikalische Gesellschaft, March 2016 13


http://www.paulshambroom.com

TAGGING

TRANSFORMING A *“NUMERICAL LIMIT" INTO A "BAN ON UNTAGGED ITEMS”
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VERIFYING NUMERICAL LIMITS OF DECLARED NUCLEAR WARHEADS

WARHEAD TAGGING OPTIONS

1 2 4

Serial number Unique ID S S — Buddy Tag with
on warhead on warhead g 4 , Pralsiad serial number

Reflective Particle Tags

123456

O

Non-intrusiveness Non-intrusiveness c : e ) ARt Non-intrusiveness Non-intrusiveness

Robustness Robustness ) 5 Cag, f Robustness Robustness
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VERIFYING NUMERICAL LIMITS OF DECLARED NUCLEAR WARHEADS

MINIMALLY INTRUSIVE
VERIFICATION APPROACHES

Unique identifiers (UIDs) don't necessarily have to be directly attached to treaty accountable items
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Area off limits ~ Area accessible to inspectors

Project on advanced buddy tags, launched in Oct. 2015, U.S. Department of State, Bureau of Arms Control, Verification and Compliance, SNL/Princeton
Original buddy tag concept: S. E. Jordan, Buddy Tag’s Motion Sensing and Analysis Subsystem, Sandia National Laboratories, 1991
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FULL-MOTION VIRTUAL REALITY

FOR EXPLORING MANAGED-ACCESS AND WARHEAD-DISMANTLEMENT PROCEDURES
(WITH REAL-TIME VIRTUAL RADIATION FIELDS)

A. Glaser, Next Steps Toward Verified Nuclear Disarmament, Deutsche Physikalische Gesellschaft, March 2016
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VERIFICATION CHALLENGE 2

CONFIRMING THE AUTHENTICITY
OF A NUCLEAR WARHEAD




NUCLEAR WEAPONS HAVE UNIQUE SIGNATURES

BUT THEY ARE SENSITIVE AND CANNOT BE REVEALED TO INSPECTORS
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PREVENTING THE EXCHANGE OF SENSITIVE INFORMATION
DURING A RADIATION MEASUREMENT
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INTERACTIVE ZERO-KNOWLEDGE PROOFS

X YES!

>
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PHYSICAL ZERO-KNOWLEDGE PROOF

"NUMBER OF MARBLES IN A CUP”

O (2, ©

Alice claims that Bob chooses randomly Bob now counts the marbles
two cups contain the same into which bucket in each bucket and should
number of marbles which cup is poured find the same number in both

(L,L) and (R,R) or (L,R) and (R,L)

’ ’ 100 100

SASA BEASE RS A

E P

She then also offers

two buckets of marbles 50% confidence after 1st game

75% confidence after 2nd game

She claims these buckets also contain 95% confidence after 5th game

an identical number of marbles
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SUPERHEATED DROPLET DETECTORS
OFFER A WAY TO IMPLEMENT THIS PROTOCOL

AND AVOID DETECTOR-SIDE ELECTRONICS

Superheated C-318 fluorocarbon (C4Fs)
droplets suspended in aqueous gel

Tailor-made by d’Errico Research Group, Yale University

Sensitive to neutrons with En > Emin
Designed to be insensitive to y-radiation

<& s> Active volume .......... : 6.0 cm3
Droplet density ......... : 3500 cm-3
Droplet diameter ...... : ~100 pm
Absolute Efficiency ...: 4 x 10-%
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o g b 2

Collimator slot !
3 Detector array 4

 Test object
> (nreloaded)m,.
14 MeV neutron genekator
(Thermo Scientific P 385)

Collimator




/ERO-KNOWLEDGE VERIFICATION

RADIOGRAPHY WITH 14 MEV NEUTRONS

r Radiograph % Reference item Valid item

(never measured)

09
2 00 S

0
[cm] [cm]

@ Small deviations from Ny @ Significant deviations from Nyax (2.0, 2.5, 3.0 sigma)
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/ERO-KNOWLEDGE VERIFICATION

RADIOGRAPHY WITH 14 MEV NEUTRONS

‘ Radiograph ‘ Reference item Valid item

(never measured)

[cm] [cm] [cm]

@ Small deviations from Npyax @ Significant deviations from Nyax (2.0, 2.5, 3.0 sigma)
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/ERO-KNOWLEDGE VERIFICATION

RADIOGRAPHY WITH 14 MEV NEUTRONS

(Tungsten rings replaced by lead rings)

Radiograph . o
‘ (never measured) ‘ Valid item & Invalid item

+10
[cm] [cm] [cm]

@ Small deviations from Npyax @ Significant deviations from Nyax (2.0, 2.5, 3.0 sigma)
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EXPERIMENTAL SETUP AND SCENARIO

WE WISH TO IDENTIFY CASES IN WHICH THE CUBE PATTERN HAS BEEN ALTERED
WITHOUT GAINING ANY INFORMATION ABOUT THE CONFIGURATION IN CASES WHERE IT HAS NOT

Collimated neutron beam Reference item consists
14-MeV (DT) generator of a combination of 2-inch cubes

\ (aluminum and stainless steel)

AL AL AL s Reference item
<

s

LS

Staging area
(with reference item)

8 Detector array

&
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VERIFICATION CHALLENGE 3

CONFIRMING COMPLE TENESS

OF NUCLEAR WEAPON AND FISSILE MATERIAL STOCKPILES




e Materials

Flels
4-99

1348

World Stockpiles of

495 tons of separated plutonium

1280 tons of highly-enriched uranium
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http://nuclearsecrecy.com

WILL WE EVER KNOW HOW MUCH
FISSILE MATERIAL EXISTS WORLDWIDE?

| RECONSTRUCTING HISTORIC FISSILE MATERIAL PRODUCTION

Many aspects of declared production histories can be reviewed
for consistency even without verification

(for example, by comparison with historic krypton emissions)

\,;ew v ‘.’471""." m
BN ," 4 ‘fo;
NS : > » 4

-‘.ggci “

\ i ’ bl 4
-X RN S
C i - \ 2%
9 : 5 ’ .\_I
i " '.4', |

A. Glaser, Next Steps Toward Verified Nuclear Disarmament, Deutsche Physikalische Gesellschaft, March 2016 32



Science & Global Security,
¢ rmitted by license only

ng pe
ilable directly from the pu

© 1993 Gordon and Breac
Printed in the United Sta

Controlling the pro
tion policy. Simi
an important com
techniques t
verify the past pro
nique, the concent
reactor core ar
and thereby verify declar
technique, the ratio of th
determine whether 8 g
enriched uranium, whi
which can be used in J
“puclear archaeology,” |
ties and thereby lay a !

|NTRODUCT\ON

For the first time,
tal proliferation—
reduce their cor
than 10,000 byt
South Africa, Ir
nuclear thresh¢
1t is impoY
capabilities al

—
a. school O

1993, Volume 3, pp.237

blisher
h Science Publishers S.A.

tes of America

duction of fissi

hat make use 0
duction of plu
rations of long
e used to estimate

259

le material is an essential element of nonprolifera-
ion of fissile material should be

cribes two promising

ament. This paper des
at reactors and enrichment facilities to
i om. In the first tech-

adionuclides in permanent components of the
s of the reacto]

nce in various region
ctor. In the secor

tonium a
Jived T
i the neutron flue

+tang of plutonium production in the rea
£11.935 to that of U-234 in the tails is used
"1 in the production of ¥
Science & whed urani
nce & Glop
Copyri obal Securi, S
ght rity, 22 m
ISSN: 0892©98]§2yloz & pram,-y'ZGMQ’ 2014 and ot
X o .
DOJ: 10-1080/0891;;:;’ /1547 7800145, ;LC
82.2014.87188 ]” ine N
[=]
52 Ro
m
ut
3 Taylor & Fr,SCC,g €
is

GrOup

Nucle
ar Futureg Laborat
ory,

rincet
on Unj
l .
versity, Prince Departme

ton, NJ, U; élg of Mechanica]
and AerOSpacg B
ngineerin
g



NUCLEAR ARCHAEOLOGY

THE CASE OF PLUTONIUM PRODUCTION




COMPUTER MODEL OF NRX/CIRUS

(40-50 MW, HEAVY-WATER MODERATED, NATURAL-URANIUM FUELED)

\ | NRX-Reactor
(Canada)
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[] Light Water
] Heavy Water
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MANY ELEMENTS ARE PRESENT
AS IMPURITIES IN ALUMINUM

RESULTS FROM ANALYSIS OF HISTORIC ALUMINUM SAMPLE FROM
MANHATTAN COLLEGE ZERO POWER REACTOR (MCZPR)

Element Content Element Content

5 Boron 26 [ron
12 Magnesium 28 Nickel
14 Silicon 29 Copper
22 Titanium 30 Zinc

23 Vanadium 40 Zirconium

24 Chromium 82 Lead




ARCHAEQOLOGY FOR CANADA'S NRX REACTOR

EVOLUTION OF SELECTED CHLORINE RATIOS, SIMULATED DATA

Example: measured 36Cl/35Cl ratio = 0.55

Isotope ratio

0.0 ;1 [ N R K R R M R K T N S S S S S T i [ S S RN I SR B B 14
0 1 2 3 L 5 6

Neutron fluence [1022 cm?]
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ARCHAEQOLOGY FOR CANADA'S NRX REACTOR

"LOOKUP TABLES" CAN BE USED TO MAP FLUENCE VALUE (IN FUEL CHANNEL)
TO LIFETIME PLUTONIUM PRODUCTION OF REACTOR

Lifetime plutonium production [kg]

Neutron fluence [102%/cm?]
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DECLARATION

FORENSIC ANALYSIS OF GRAPHITE SAMPLES COULD CONFIRM TOTAL PLUTONIUM
PRODUCTION IN NORTH KOREA WITHIN AN UNCERTAINTY OF +2 KG
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PLUTONIUM PRODUCTION REACTORS

BY TYPE AND COUNTRY

Graphite moderated Heavy-water moderated
H20 cooled CO; cooled H20 cooled D20 cooled

United States

Russia

United Kingdom
France
China

Israel

Pakistan
DPRK
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TEST BEDS FOR NUCLEAR ARCHAEQOLOGY

To begin countries could offer single sites or facilities as test beds and
Invite partners with similar production facilities to engage in “site-to-site exercises’ to
jointly demonstrate verification approaches and measurement techniques

2
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i
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MANY NON-NUCLEAR WEAPON STATES HAVE
CANDIDATE FACILITIES THAT COULD BE USED TO DEMONSTRATE
METHODS REQUIRED FOR NUCLEAR ARCHAEOLOGY
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https://um.baden-wuerttemberg.de/de/umwelt/kernenergie-und-radioaktivitaet/kerntechnische-anlagen/sonstige-kerntechnische-anlagen/wiederaufarbeitungsanlage-karlsruhe-wak-gmbh

SUMMARY AND NEXT STEPS

REFRAMING THE RESEARCH QUESTIONS

o Agree on “Universal Test Objects” and define benchmarks
« Begin with minimally intrusive verification approaches and techniques

» Offer test beds for joint development and demonstration

A. Glaser, Next Steps Toward Verified Nuclear Disarmament, Deutsche Physikalische Gesellschaft, March 2016
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