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The Nine Steps Required to Denuclearize North Korea

Dismantle nuclear
arms

Halt uranium

enrichment . . . .
Halt uranium enrichment Disable reactors End H-bomb fuel production

Disable reactors

Close nuclear test
sites

End H-bomb fuel Dismantle and remove

i Close nuclear test sites Inspect anywhere, forever
production Nuclear weapons P y
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arms . 'g
- Curb missile program Destroy germ weapons  Destroy chemical weapons Curb missile program

Bi(or Multi)-lateral Arms Control

@ International safeguards

Undoing weapons of mass destruction : o Inspectclons on .

M Full elimination B Partial elimination fissile material productlon
Nuclear Program Dismantlement
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191 States Parties

Non-States Parties:
India, Israel, Pakistan, South Sudan

North Korea has initiated a procedure to withdraw.

The NPT recognizes five
nuclear-weapon States:

China, France, Russia, the United Kingdom and the
United States
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NUCLEAR NON-PROLIFERATION TREATY

Three pillars
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Entry into force: 1970 , :
International Atomic Energy Agency
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Peaceful uses
of nuclear energy

Non-proliferation
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Aim: limiting
the quantity of nuclear
weapons worldwide

> A cornerstone of
collective security
> An irreplaceable component
of peacekeeping

EX : https://www.diplomatie.gouv.fr/en/french-foreign-policy/security-disarmament-and-non-proliferation/disarmament-and-non-proliferatio

Not transferring
nuclear weapons, or
assisting in manufacture
or acquisition

U

Many States have given
up nuclear weapons, like
South Africa and Ukraine

%

HOW 9

Pursuing negotiations
in good faith on nuclear
disarmament measures

U

The global nuclear
warhead stock has
been reduced from
70,000 in the 1980s
to 15,000 today

Facilitating access
to peaceful applications
of nuclear energy

U

Civilian applications
of nuclear energy
have been fostered:
worldwide, more than
450 reactors produce
electricity
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IAEA State—Level Approach (SLA)
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Manufacturing and export of sensitive 1%
nuclear-related equipment and material

BROADER INFORMATION o e 0 BROADER ACCESS

A State’s nuclear fuel cycle research and

Any building on a site at short-notice
development activities (2-hour or 24-hour access)

; o : g A State's declared locations or other
All parts of a State’s nuclear fuel cycle, Y : T\
from uranium mines to nuclear waste y -

locations where nuclear material is
° 9 present

i1 |1 Otherlocations for the collection of
W environmental samples
'
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BROADER CONCLUSION

The implementation of a Comprehensive Safeguards Agreement and an Additional Protocol enables the IAEA to

conclude that all nuclear material in a State remains in peaceful activities
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IAEA State—Level Approach (SLA)
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+ P: Indigenous productionof pre-34(c)-nuclear material;

IAEA State-Level Approach [SLA) e psrd e el eir

*  M: Undeclared production or processing of nuclear

- material in declared facilities or LOFs;
* | Types of safeguards agreement « Fr'Undeclared production or processing of nuclear
o * [ Nuclear fuel cycle and related technical capabilities of the State material in'undeclared facilities; or
State Specific Factors _I_ » Technical capabilities of the SSAC + I: Undeclared import of nuclear material.
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NFC_Test | Policy Level Simuiation

Simulation Tool (AnyLogic) @A W w

- — (o} - B~ -
? 6L FAmM .
logic* gl & i N
° i - .
*\ny ogic’ : 5 g iy
Macro level : System l - L =R e |
' Dynamics | ‘?— - lj -
| I P = S P
: LN BNy FRip Ug | ¥
I = =
1 PUREX Process
- | Model
Meso level Discrete ] A T4
§ _ _Ev_ent ______ Age_nt o Y R G mE 1
Modeling 'stei.d' < i R 50 O O 0 e W Simplifyl Verify
Modeling " . ‘ = Plutonium Reprocessing
o - e M onan o emy e @ qunf
Stack Graph ) 7
Core Depleti 2 <
Micro level @ oreM:c?ef o
AR Simplifyl IVerify
Multi-method modeling environment S Interim
If th ind d bi based h s Storage of
. there are many indepen ent objects, use an agent.- ased approach. 3 Uranium Spent Fuel
« If there is only information about global dependencies, use system Fuel
dynamics. i
 If a system is easily described as a process, \)‘0“:‘;
use a discrete event approach. 2
* Having access to all methods simultaneously :
gives the flexibility needed to successfully Refining/Conversion/ [==T=—"jym—m—m—"
solve the problem Enrichment/Fabrication g
SimplifyI lVerify
Nuclear Fuel Cycle Model of DPRK™ High-level Radioactive
Developed by KINAC "™ oo el Waste Disposal
nrichment Process 12
Model




Scope of Modeling

Required Input Data

* Nuclear Fuel Cycle

* Nuclear Material Inventories
» Technical Capabilities
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Proliferation Scenarios

I Proliferation Scenarios
* P: Indigenous production of pre-34(c) nuclear material;

» D: Diversion of declared nuclear material in declared
_ Declared Facility (Diversion) _ d Faciltiy (Misuse) Undeclared Facility facilities or LOFs:

* M: Undeclared production or processing of nuclear
material in declared facilities or LOFs;

* F: Undeclared production or processing of nuclear
material in undeclared facilities; or

* I: Undeclared import of nuclear material

Nuclear Fuel Cycle

- |Divided into 9 levels according to the nuclear fuel

cycle sequence

- |If alternative facilities exist, they are classified with a

‘—(hyphen)’ sign

* When using NU as nuclear fuel, level 2 and level 3 are
skipped

* The acquisition path related to DU assumes neutron
irradiation through a nuclear reactor

+ Although there will be a combination of different
proliferation scenarios, this model assumes one

Conversion 2| 6l

Research Reactor malicious activity at every single facility.
F
Interim Storage
: Level Start Process End
1 P1-1,11, P1-2 -
Hot cell Reprocessing Hot cell Reprocessing 2 Dt R gl M
£ 3 D3, 13 M3-1, M3-2, F3
4 D4-1, D4-2, 14 M4, F4 HEU
Conversion3 ||| el 1100 Conversion Conversion 3 i e
6 D6-1, D6-2 M6-1, M6-2, F6
7 D7-1, D7-2, |7 F7
8 D8-1, D8-2, I8 M8-1, M8-2, F8
9 D9-1,D92,19 MS, F9
10 - - Pu

14



Example of developed simulation model
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@ Existence of the declared facilities

@ Type of acquired nuclear material (HEU, Pu)

® Type of reactors (PWR, IRT, GCR)

@ Inventory of declared nuclear material at each facility
® Technical capabilities (H, M, L)

® Run
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Criteria for 1 SQ s ‘M
- (HEU) The amount of B =
feed materials for each process N .
required to produce 1 SQ of HEU o =
metal is updated on each level e ; | i .
- (Pu) Determine the cycle in which more > "ol #hal....L. 4 -
than 1SQ of plutonium can be produced el S Gt
through a nuclear reactor. el i [ e ) e s [ e ] s

Update the 1 SQ at each front-end facility to the (> mocumae

amount required to operate the determined cycle.

If a declared facility exists, enter the facility information.

If a declared facility does not exist, a facility with a capacity of 1SQ per year is assumed.
Assume one facility as one material balance area.

If there is nuclear material inventory, the inventory amount is deducted from 1SQ, the target
production of the previous facility. 15



Model Assessment & Results

Input Data and Assumption A ek xRk 5% A 2F R 5|22
- Target State: DPRK Gar 0 11700 95 wgH 0 500 95 s e Pu 2 YT [kel 8
« Declared Facilities [MTU] [MTU/yr] (%] [MTU] [MTU/yr] (%]
- Mining and Milling A N Np Ny XA g AR Aske [#] | 1.296 | #HA 2QA7F [day]l | 829.25
B 5 0 0.7 90 0.3 16,000
- [ke] (%] (%] (%] [kg-SWU] P1-1 — M2 — M5 — M6-2
- Enrichment Aus | AdgY | sie Ao | AE8F | a4+ e eate o F7 > M8-1 > M9
- Deconversion g2 0 500 95 72t 0 350 95
- Fabrication [MTU] [MTU/yr] (%) [MTU] [MTU/yr] [%] oy oo
- Reactor ZER] 259 A5 LR ArE BB 't e ”
_ : ARE 0 25 50 18 270
Reprocessing (MTU] [MWth] (MTU] [mon] [MWd/MTU] =AY #]| 12 34 2QAIZF [day] | 117.31
- Conversion (to metal) , Ausk | AEEF | 08 Aoz | AE8F | alrg
. Declar_ed Nuclear.Mate.rlaI: Nothing A 0 110 95 w5t3 0 500 95 24 2072 Pl-1 — M2 — M3 — M9
» Technical Capability: High [ke] [MTU/yr] [%] kgl [MTU/yr] (%]
+ Type of Reactor: Graphite Cooled Reactor
Results and Discussion
+ The acquisition path that utilizes all declared facilities is the
shortest
u -1 — - - o ege . . o
PIST = M2 = F3 = M9 HEU * Acquisition time underestimated since model assumed
Hp1-1 - M2 — M3 — M9 nuclear material inventory does not exist
(Presence of low-enriched uranium in the uranium
P1-1 — F2 — M5 — M6-2 — F7 — M8-1 — M9 enrichment process can significantly shorten the acquisition
path)
“P1-1 — M2 — F5 - M6-2 — F7 — M8-1 — M9 Pu * Input variable may differ from reality, leading to inaccuracy
BP1-1 o M2 — M5 — M6-2 — E7 — F8 — M9 (I.Esp.eslally, reactor campaigns set as flxed variables can cause
significant differences in the acquisition path)
Bpi-1 > M2 — M5 — M6-2 — F7 — M8-1 — M9 * When loading NU, 1 SQ of Pu can be acquired in 1 cycle, so
there is no need to consider the scenario of loading DU
+ The acquisition path for HEU is dramatically lower in terms
0 200 400 600 800 1000 1200 of time required and number of paths compared to the
Time needed to accomolish oroliferation scenario acquisition path for Pu. Therefore, it can be empirically
pish p confirmed that the risk of HEU's proliferation scenario is
higher
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Conclusion and Required Improvements

« Verification of denuclearization has similar purposes and procedures to the ¥
IAEA’'s safeguards implementation activities.

e
. . . . . .. » ! oihe

« Therefore, benchmarking the IAEA’s safeguards implementation activities would e
be a more realistic alternative to denuclearization verification. Nuclear reactor

J—

* Especially in cases where part of sensitive nuclear fuel cycle facilities are AT
permitted for commercial purposes, such as Iran's JCPOA, a quantitative ‘%
proliferation scenario evaluation is needed to minimize proliferation risk. Uranium mine Envichment

* However, the following required improvements were derived to improve
the model's accuracy and reliability.

v' Considering complex proliferation scenarios

v Specification of material balance area and supplementation of input data

v" Improving model by considering nuclear material inventory of various uranium enrichment

v' Considering the case of operating the reactor only in campaigns optimized for Pu 1 SQ production
v Visualization to intuitively understand the acquisition path

v" Improving Ul

v' Development of an alternative methodology to determine TO priorities 18



Implications and Applicability

Verification of Denuclearization

Mining & Milling

LOFs

Verifica
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South Koreans grow more skeptical
of NK’s denuclearization

% of South
Koreans think
denuclearization
of NK is
‘impossible’
Source: Institute

for Peace and
Unification Studies

2020 89.5
2021  89.1
2022 925
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IAEA

nternational Atomic Energy Agency

Nuclear transparency
guaranteed by the
international community
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