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IntroductionIntroduction

•• Future energy needs will require use nuclear energy as one of thFuture energy needs will require use nuclear energy as one of the most e most 
reliable energy source.reliable energy source.

•• Nuclear energy always has dual nature Nuclear energy always has dual nature –– destructive and constructivedestructive and constructive
•• Only human responsibility which side of NE will be used Only human responsibility which side of NE will be used 
•• State (government) is responsible how NE will be used on its ownState (government) is responsible how NE will be used on its own territoryterritory
•• Same time State is responsible in front of international communiSame time State is responsible in front of international community for ty for 

proper and safe use of NE and all means involved in implementatiproper and safe use of NE and all means involved in implementation of NE on of NE 
(nuclear materials, technology, facilities, radioactive wastes a(nuclear materials, technology, facilities, radioactive wastes as results of s results of 
NE use)     NE use)     



IntroductionIntroduction
cont.cont.

•• Since all (any) fissile nuclear materials can be used with certaSince all (any) fissile nuclear materials can be used with certain extend of difficulties to in extend of difficulties to 
construct nuclear explosive device (by using any INS or its compconstruct nuclear explosive device (by using any INS or its components) the nuclear fuel onents) the nuclear fuel 
cycle can not be made completely free of proliferation risk. Thecycle can not be made completely free of proliferation risk. The assessment can identify assessment can identify 
most vulnerable elements of INS and relevant fuel cycle which comost vulnerable elements of INS and relevant fuel cycle which could be weak from uld be weak from 
proliferation resistance point of view and which require specialproliferation resistance point of view and which require special attention from designers attention from designers 
and users. It also must be taken into account and users. It also must be taken into account -- who is doing the assessment. National who is doing the assessment. National 
experts intentionally or unintentionally can leave beside some pexperts intentionally or unintentionally can leave beside some points which could have oints which could have 
serious impact on final results of assessment and recommendationserious impact on final results of assessment and recommendations. It makes extremely s. It makes extremely 
important that the methodology approach, principals, criteria, vimportant that the methodology approach, principals, criteria, variables and acceptance ariables and acceptance 
limits have to be internationally accepted that the evaluation ulimits have to be internationally accepted that the evaluation use objective parameters. se objective parameters. 

•• The goal of INS and relevant fuel cycle proliferation resistanceThe goal of INS and relevant fuel cycle proliferation resistance (PR) assessment is (PR) assessment is 
investigation of level of difficulty for toinvestigation of level of difficulty for to--bebe--proliferatorproliferator create nuclear explosive devices create nuclear explosive devices 
using INS or its components by covered diversion of nuclear mateusing INS or its components by covered diversion of nuclear materials, misuse of rials, misuse of 
technology or facilities. The methodology for PR assessment basetechnology or facilities. The methodology for PR assessment based on basic principals d on basic principals 
(BP), user requirements (UR), criteria and indicators developed (BP), user requirements (UR), criteria and indicators developed and agreed by INPRO and agreed by INPRO 
experts working group and published in IAEA TECDOC experts working group and published in IAEA TECDOC –– 1434  1434  



DefinitionDefinition andand keykey conceptsconcepts
•• Definition of PR :Definition of PR :

PR is that characteristic of a PR is that characteristic of a nuclear energy systemnuclear energy system that impedes that impedes 
the diversion or undeclared production of nuclear material (NM) the diversion or undeclared production of nuclear material (NM) 
or misuse of technology, or misuse of technology, by Statesby States in order to acquire in order to acquire nuclear nuclear 
weaponsweapons or or other nuclear explosive devicesother nuclear explosive devices

•• Internationally agreed definitionInternationally agreed definition
–– Ref : Ref : IAEAIAEA’’ss organized T.M. Oct. 2002 / STRorganized T.M. Oct. 2002 / STR--332, Dec 2002, 332, Dec 2002, 

IAEA TECDOC IAEA TECDOC –– 1432, Como meeting 20021432, Como meeting 2002
–– Used widely : GIF (Gen IV),  INPRO, Used widely : GIF (Gen IV),  INPRO, ……..

•• Physical Protection (PP)Physical Protection (PP) is complementary, but differentis complementary, but different
–– It addresses theIt addresses the theft theft of material suitable for making a nuclear of material suitable for making a nuclear 

explosive devise or a explosive devise or a ““dirty bombdirty bomb””
–– There are some overlaps (e.g. : location and protection of  There are some overlaps (e.g. : location and protection of  

N.M. ). PP is sometimes extended to sabotage N.M. ). PP is sometimes extended to sabotage 



Mining

Enrichment

Fuel
fabrication

Thermal
reactors

Aqueous
reprocessing

Intermediate
storage

Final
disposal

U

Fuel
fabrication

Depleted U

Pu

Fast
reactors

Non-aqueous
reprocessing

FP1 TRU

Molten-salt
reactor-burner

Separation
process

Pu, MA, Th
I-129, Tc-99

Neutron
Source

Pu, UPu

Enriched U

Pu

Multi-component nuclear power system with closed fuel cycle for all actinides, including Pu and 
dangerous long-lived fission products (principle of coexistence)

“Zero” approach of Innovation Nuclear System



Schedule of INPROSchedule of INPRO

•• InitiationInitiation
(in response to GC Res. 2000)(in response to GC Res. 2000)

•• Phase 1APhase 1A
(Methodology Development)(Methodology Development)

•• Phase 1B (1Phase 1B (1stst part)part)
(Methodology Validation)(Methodology Validation)

•• Phase 1B (2Phase 1B (2ndnd part)part)
(Methodology Application)(Methodology Application)

•• Phase 2Phase 2
(International Cooperation)(International Cooperation)
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Main Main ResultsResults of INPROof INPRO

•• Results ofResults of Phase 1APhase 1A((Jun. 2003)Jun. 2003)
-- TECDOCTECDOC--1362,1362, ““Guidance for the evaluation of Guidance for the evaluation of 
innovative nuclear reactors and fuel cyclesinnovative nuclear reactors and fuel cycles””

•• Results ofResults of Phase 1B 1Phase 1B 1stst PartPart(Dec.(Dec. 2004)2004)
-- TECDOCTECDOC--1434,1434, ““Methodology for the Methodology for the 
assessment of innovative nuclear reactors and assessment of innovative nuclear reactors and 
fuel cyclesfuel cycles””



Assessments of INS by Assessments of INS by MSsMSs
-- To improve the revised INPRO Methodology To improve the revised INPRO Methodology --

1.1. Joint assessment of INS based on closed fuel cycle and fast Joint assessment of INS based on closed fuel cycle and fast 
reactors(reactors(China, France, India, Korea, Russia and JapanChina, France, India, Korea, Russia and Japan););

2.2. Assessment of hydrogen generating INS (Assessment of hydrogen generating INS (IndiaIndia););
3.3. Study on transition from Study on transition from LWRsLWRs to Gen IV fast neutron to Gen IV fast neutron 

system(system(FranceFrance););
4.4. Assessment of the introduction of a nuclear bloc of 700 Assessment of the introduction of a nuclear bloc of 700 MWeMWe

((ArgentinaArgentina););
5.5. Assessment of INS for country with small grid(Assessment of INS for country with small grid(ArmeniaArmenia); and  ); and  
6.6. Assessment of whole fuel cycle of DUPICAssessment of whole fuel cycle of DUPIC in the area of in the area of PRPR

((Republic of KoreaRepublic of Korea))
*  Additional  assessments are expected.*  Additional  assessments are expected.



•• Proliferation ResistanceProliferation Resistance::
–– Characteristics of nuclear energy system that Characteristics of nuclear energy system that 

impedesimpedes the the diversiondiversion or or undeclared productionundeclared production
of nuclear material or of nuclear material or misusemisuse of technologyof technology

•• IntrinsicIntrinsic FeaturesFeatures: : 
–– TechnicalTechnical designdesign ((e.ge.g., ., corecore withwith smallsmall reactivityreactivity

marginsmargins),  ),  includingincluding thosethose thatthat facilitatefacilitate thethe
extrinsicextrinsic measuresmeasures

•• ExtrinsicExtrinsic MeasuresMeasures:  :  
–– StateState‘‘ss decisionsdecisions and and undertakingsundertakings(e.g(e.g., IAEA ., IAEA 

safeguardssafeguards))
*  *  BasedBased on on thethe international international consensusconsensus reachedreached in in OctOct. 2002 at a . 2002 at a 

meetingmeeting heldheld in in ComoComo, , ItalyItaly..

DefinitionDefinition



INPRO Hierarchy*INPRO Hierarchy*

Basic PrincipleBasic Principle

User RequirementUser Requirement

CriterionCriterion

* * INPRP Hierarchy of demands on innovative designs of nuclear enerINPRP Hierarchy of demands on innovative designs of nuclear energy systemsgy systems
-- Basic Principle corresponds to the term Basic Principle corresponds to the term ‘‘GoalGoal’’ in Generation IV International Formin Generation IV International Form

(GIF).(GIF).
-- User Requirement corresponds to the term User Requirement corresponds to the term ‘‘CriterionCriterion’’ in GIF.in GIF.
-- Criterion corresponds to the term Criterion corresponds to the term ‘‘MetricsMetrics’’ in GIF.in GIF.



BPsBPs, , URsURs, Indicators, and Acceptance Limits, Indicators, and Acceptance Limits
(According to the TECDOC 1434)(According to the TECDOC 1434)

77775522Proliferation Proliferation 
ResistanceResistance

38383838141444SafetySafety

242424247744Waste ManagementWaste Management

141414144411InfrastructureInfrastructure

99994422EnvironmentEnvironment

88884411EconomicsEconomics

AcceptancAcceptanc
e Limitse LimitsIndicatorsIndicatorsURsURsBPsBPs

HierarchyHierarchy
AreaArea



*  Based on the feedback from *  Based on the feedback from MSMS’’s case studiess case studies and and numerous numerous 
consultancies. consultancies. 

2.2.22.2.22.2.22.2.2

2.1.22.1.22.1.22.1.2

2.2.12.2.12.2.12.2.1
UR 2.2UR 2.2

1.3.11.3.11.3.11.3.1UR 1.3UR 1.3
1.2.11.2.11.2.11.2.1UR 1.2UR 1.2

Acceptance Acceptance 
LimitsLimitsIndicatorsIndicators

2.1.12.1.12.1.12.1.1
UR 2.1UR 2.1

BP 2BP 2

1.1.11.1.11.1.11.1.1UR 1.1UR 1.1

BP 1BP 1

CriteriaCriteria
User User 

RequirementsRequirements
Basic Basic 

PrinciplesPrinciples

Hierarchy in the Area ofHierarchy in the Area of PR PR (IAEA (IAEA 
TECDOC 1434)TECDOC 1434)



Basic PrinciplesBasic Principles

BP 1BP 1 : : Proliferation resistance features and measures shall beProliferation resistance features and measures shall be
implemented implemented throughout the full life cyclethroughout the full life cycle forfor
innovative nuclear energy systems to help ensure that innovative nuclear energy systems to help ensure that 
INSsINSs will continue to be an unattractive meanswill continue to be an unattractive means toto
acquire fissile materialacquire fissile material for a nuclear weapons for a nuclear weapons 
programmeprogramme..

BP 2BP 2 :: Both Both intrinsic featuresintrinsic features and and extrinsic measuresextrinsic measures areare
essential, and essential, and shall be neither considered sufficient byshall be neither considered sufficient by
itselfitself..



BPsBPs, , URsURs and Indicators of and Indicators of PRPR inin TECDOC 1434TECDOC 1434

Basic Principles User Requirements

BPPR1 Proliferation
resistance features and
measures shall be
implemented throughout
the full life cycle for
innovative nuclear energy
systems to help ensure
that INSs will continue to
be an unattractive means
to acquire fissile material
for a nuclear weapons
programme.

BPPR2 Both intrinsic
features and extrinsic
measures are essential,
and neither shall be
considered sufficient by

itself.

URPR1.1 States' commitments, obligations and
policies regarding non-proliferation should be

adequate.

URPR1.2 The attractiveness of nuclear material
in an INS for a nuclear weapons programme
should be low. This includes the attractiveness of
undeclared nuclear material that could credibly
be produced or processed in the INS.

URPR1.3 The diversion of nuclear material
should be reasonably difficult and detectable.
Diversion includes the use of an INS facility for
the introduction, production or processing of

undeclared nuclear material.

URPR2.1 Innovative nuclear energy systems
should incorporate multiple proliferation
resistance features and measures.

URPR2.2 The combination of intrinsic
features and extrinsic measures, compatible
with other design considerations, should be
optimized (in the design/engineering phase)
to provide cost-efficient proliferation

resistance.

IPR1.1.1 States' commitments, obligations
and policies regarding non-proliferation.

IPR1.2.1 Material Attractiveness.

IPR1.3.1 Difficulty and detectability of
diversion.

IPR2.1.1  The extent by which the INS is
covered by multiple intrinsic features.
“Extent” is the fraction of plausible acquisition
paths. It is understood that each acquisition
path is covered by appropriate verification

measures.

IPR2.1.2  Robustness of barriers covering an
acquisition path.

IPR2.2.1 Cost to incorporate those intrinsic
features and extrinsic measures, which are
required to provide proliferation resistance.

IPR2.2.2 Verification approach with a level of
extrinsic measures agreed to between the
verification authority (e.g. IAEA, Regional
safeguards organizations, etc.) and the State.

Indicators

VPR1.1.1.1 ~
VPR1.1.1.14

VPR1.1.3.1 ~

VPR1.1.3.9

VPR1.1.2.1 ~
VPR1.1.2.5

Variables



Basic PrinciplesBasic Principles

BP BP 11 : : Proliferation resistance features and measures shall beProliferation resistance features and measures shall be

implemented implemented throughout the full life cyclethroughout the full life cycle forfor
innovative nuclear energy systems to help ensure that innovative nuclear energy systems to help ensure that 
INSsINSs will continue to be an unattractive meanswill continue to be an unattractive means toto
acquire fissile materialacquire fissile material for a nuclear weapons for a nuclear weapons 
programmeprogramme..

BP 2BP 2 :: Both Both intrinsic featuresintrinsic features and and extrinsic measuresextrinsic measures areare
essential, and essential, and shall be neither considered sufficient byshall be neither considered sufficient by
itselfitself..



User RequirementsUser Requirements
UR 1.1UR 1.1 : : StateState’’ commitmentscommitments, , obligationsobligations andand policiespolicies regarding nonregarding non--proliferation proliferation 

should be adequate.should be adequate.
UR 1.2UR 1.2 : : The The attractiveness of nuclear materialattractiveness of nuclear material in an INS for a nuclear weapons in an INS for a nuclear weapons 

programmeprogramme should be should be lowlow. . 
This includes the attractiveness of  undeclared nThis includes the attractiveness of  undeclared nuclear material that could uclear material that could 
credibly be produced or processed in the INS.credibly be produced or processed in the INS.

UR 1.3UR 1.3 : : The The diversion of nuclear materialdiversion of nuclear material should be reasonably should be reasonably difficultdifficult and and 
detectabledetectable**. Diversion includes the use of an INS facility for the  introdu. Diversion includes the use of an INS facility for the  introduction,ction,
production or processing of undeclared nuclear maproduction or processing of undeclared nuclear material. terial. 
(* (* ““DetectableDetectable”” may be described by the term may be described by the term ““SafeguardabilitySafeguardability””) ) 

UR 2.1UR 2.1 : : Innovative nuclear energy systems should incorporate Innovative nuclear energy systems should incorporate multiple proliferation multiple proliferation 
resistance features and measuresresistance features and measures..

UR 2.2UR 2.2 : : The combination of The combination of intrinsic featuresintrinsic features and and extrinsic measuresextrinsic measures, compatible, compatible
with other design considerations, should be with other design considerations, should be optimizedoptimized (in the design/(in the design/
engineering phase) to provide engineering phase) to provide costcost--efficient proliferation resistanceefficient proliferation resistance..



Indicators, Acceptance Limits, and VariablesIndicators, Acceptance Limits, and Variables

•• Indicators Indicators andand Acceptance LimitsAcceptance Limits have been defined to assess the fulfillment of have been defined to assess the fulfillment of 
each of the User Requirementseach of the User Requirements. . 

•• VariablesVariables have been defined to describe in detail the nature of have been defined to describe in detail the nature of each of the each of the 
IndicatorsIndicators..

–– IN 1.1.1 :IN 1.1.1 : StateState’’ commitment, obligations and policies(14)commitment, obligations and policies(14)

–– IN 1.2.1 :IN 1.2.1 : Material Attractiveness(5)Material Attractiveness(5)

–– IN 1.3.1 :IN 1.3.1 : Difficulty and detectability of diversion(11)Difficulty and detectability of diversion(11)

–– IN 2.1.1 : IN 2.1.1 : Extent covered by multiple intrinsic features(11)Extent covered by multiple intrinsic features(11)

–– IN 2.1.2 :IN 2.1.2 : Robustness of barriers covering an acquisition path(11)Robustness of barriers covering an acquisition path(11)

–– IN 2.2.1 :IN 2.2.1 : Cost of intrinsic features and extrinsic measures(1) Cost of intrinsic features and extrinsic measures(1) 

–– IN 2.2.2 :IN 2.2.2 : Verification approach of extrinsic measures(1)Verification approach of extrinsic measures(1)

* The figures in parenthesis mean * The figures in parenthesis mean the number of variablesthe number of variables defined by defined by 
consultancy.consultancy.



Methods can be used for PR assessmentMethods can be used for PR assessment

•• Expert group Delphi techniques (EGD);Expert group Delphi techniques (EGD);
•• Comparative Value (cost) Measures (CVM);Comparative Value (cost) Measures (CVM);
•• MultiMulti--Attribute Utility Analysis/Theory (MAUA);Attribute Utility Analysis/Theory (MAUA);
•• MultiMulti--Criteria Optimizations (MCO);Criteria Optimizations (MCO);
•• Risk/Consequence or Probabilistic Risk Analysis (R/CA or Risk/Consequence or Probabilistic Risk Analysis (R/CA or 

PRA);PRA);
•• Fuzzy Logic Barrier Method (FLBM).Fuzzy Logic Barrier Method (FLBM).



New Proposed New Proposed IndicatorsIndicators in the area ofin the area of PRPR



14 Variables for evaluation of indicators14 Variables for evaluation of indicators
1.1. Safeguards agreements pursuant to the NPT Safeguards agreements pursuant to the NPT 
2.2. NuclearNuclear--weaponsweapons--free zone treatiesfree zone treaties
3.3. Comprehensive IAEA safeguards agreementsComprehensive IAEA safeguards agreements
4.4. Additional protocols of IAEA agreementsAdditional protocols of IAEA agreements
5.5. Export control policiesExport control policies
6.6. Bilateral agreements for supply and return of Bilateral agreements for supply and return of 

nuclear materialnuclear material
7.7. Bilateral agreements governing reBilateral agreements governing re--export of NES export of NES 

componentscomponents
8.8. Commercial, legal or institutional arrangements Commercial, legal or institutional arrangements 

to control access to NM and NESto control access to NM and NES
9.9. Relevant international conventionsRelevant international conventions
10.10.MultiMulti--national ownership, management or  national ownership, management or  

control of a NEScontrol of a NES
11.11.Verification activitiesVerification activities
12.12.State or regional systems for accounting and State or regional systems for accounting and 

controlcontrol
13.13.Safeguards approaches for the State's or regional Safeguards approaches for the State's or regional 

safeguard system, capable of detecting diversion safeguard system, capable of detecting diversion 
or undeclared productionor undeclared production

14.14.An effectiveness international response An effectiveness international response 
mechanism for violationsmechanism for violations

Indicator 1.1.3 Indicator 1.1.3 : Commercial, legal or institutional : Commercial, legal or institutional 
arrangements to control access to NM and NESarrangements to control access to NM and NES

•• Export control policiesExport control policies
•• Bilateral agreements for supply and return of NMBilateral agreements for supply and return of NM
•• Bilateral agreements governing reBilateral agreements governing re--export of NES componentsexport of NES components

Indicator 1.1.2 Indicator 1.1.2 : Agreements between exporting and : Agreements between exporting and 
importing Statesimporting States

•• NPTNPT
•• NuclearNuclear--weaponsweapons--free zone treatiesfree zone treaties
•• Comprehensive IAEA safeguards agreementsComprehensive IAEA safeguards agreements
•• Additional protocols of IAEA agreementsAdditional protocols of IAEA agreements

Indicator 1.1.1 Indicator 1.1.1 : States' commitments, obligations and: States' commitments, obligations and
policiespolicies

Indicator 1.1.1Indicator 1.1.1 : States' commitments, : States' commitments, 
obligations and policies obligations and policies 
regarding nonregarding non--proliferationproliferation

Indicator 1.1.5 Indicator 1.1.5 : Legal and institutional arrangements : Legal and institutional arrangements 
to address violations of nuclear nonto address violations of nuclear non--proliferationproliferation

Indicator 1.1.4 Indicator 1.1.4 : IAEA verification and, as appropriate,: IAEA verification and, as appropriate,
regional, bilateral and national measuresregional, bilateral and national measures

•• Commercial, legal or institutional arrangements that control Commercial, legal or institutional arrangements that control 
access to NM and NESaccess to NM and NES

•• Relevant international conventionsRelevant international conventions
•• MultiMulti--national ownership, management or control of a NESnational ownership, management or control of a NES

•• An effectiveness international response mechanism for An effectiveness international response mechanism for 
violationsviolations

New Proposed New Proposed IndicatorsIndicatorsIndicator in Indicator in TECDOCTECDOC--14341434

Note: Make 5 Indicators Note: Make 5 Indicators according to 5 Categories of according to 5 Categories of ““Extrinsic Extrinsic 
MeasuresMeasures”” in TECDOCin TECDOC--14341434 and rearrange 14 Variables as and rearrange 14 Variables as 
Evaluation Parameters instead of Indicator 1.1.1 in TECDOCEvaluation Parameters instead of Indicator 1.1.1 in TECDOC--
14341434

Note: One Indicator(1.1.1) has same wording with Note: One Indicator(1.1.1) has same wording with 
User Requirement 1.1.User Requirement 1.1.

•• Verification activitiesVerification activities
•• State or regional systems for accounting and controlState or regional systems for accounting and control
•• Safeguards approaches for the State's or regional safeguard Safeguards approaches for the State's or regional safeguard 

system, capable of detecting diversion or undeclared system, capable of detecting diversion or undeclared 
productionproduction



Indicator 1.3.3 Indicator 1.3.3 : Bulk and Mass: Bulk and Mass
•• Environment between Environment between proliferatorproliferator and NMand NM

Indicator 1.3.2 Indicator 1.3.2 : Design features that limit : Design features that limit 
access to NMaccess to NM

9 Variables for evaluation of indicators9 Variables for evaluation of indicators

1.1.Difficulty to modify fuel cycle facilities and Difficulty to modify fuel cycle facilities and 
process for undeclared productionprocess for undeclared production

2.2.Design features that limit access to NMDesign features that limit access to NM
3.3.Bulk and massBulk and mass
4.4.Diversion detectabilityDiversion detectability
5.5.Skills, expertise and knowledge required to Skills, expertise and knowledge required to 

divert or produce NM and convert it to divert or produce NM and convert it to 
weapons useable formweapons useable form

6.6.Complexity of, and time required for Complexity of, and time required for 
modifications necessary to use a civilian INS modifications necessary to use a civilian INS 
for a weapons production facility (Duplicated for a weapons production facility (Duplicated 
with 1.)with 1.)

7.7.Time required to divert or produce NM and Time required to divert or produce NM and 
convert it to weapons useable form (Duplicate convert it to weapons useable form (Duplicate 
with Indicator 1.2.2: Chemical form)with Indicator 1.2.2: Chemical form)

8.8.Material stocks and flows (Duplicated with 4.)Material stocks and flows (Duplicated with 4.)
9.9.Effectiveness of prevention of diversion of NM Effectiveness of prevention of diversion of NM 

(Duplicated with 2.)(Duplicated with 2.)

•• Degree of difficultyDegree of difficulty

Indicator 1.3.1 Indicator 1.3.1 : Difficulty to modify fuel : Difficulty to modify fuel 
cycle facilities and process cycle facilities and process 
for undeclared productionfor undeclared production

Indicator 1.3.1Indicator 1.3.1 : Difficulty and detectability : Difficulty and detectability 
ofof

diversiondiversion

Indicator 1.3.5 Indicator 1.3.5 : : SkillsSkills, e, expertixpertisse and e and 
knowledge required to knowledge required to 

divert ordivert or
produce NM and convert it produce NM and convert it 

to to 
weapons useable formweapons useable form

Indicator 1.3.4 Indicator 1.3.4 : : Diversion detectabilityDiversion detectability

•• Mass for 1SQ (kg)Mass for 1SQ (kg)
•• Size of NM to be diverted (cm)Size of NM to be diverted (cm)

•• Degree of skill and knowledge requiredDegree of skill and knowledge required

New Proposed New Proposed IndicatorsIndicatorsIndicator in Indicator in TECDOCTECDOC--14341434

Note: Make 5 Indicators related to Note: Make 5 Indicators related to ““Difficulty of Difficulty of 
DiversionDiversion”” among intrinsic features in among intrinsic features in 
TECDOCTECDOC--14341434 and define and define ““Evaluation Evaluation 
ParametersParameters”” for each indicatorfor each indicator

Note: One Indicator and same wording with User Note: One Indicator and same wording with User 
Requirement 1.3. Variables 6,7, 8 and 9 are Requirement 1.3. Variables 6,7, 8 and 9 are 
duplicated and need to be deleted.duplicated and need to be deleted.

•• MUFMUF



Indicator 1.2.3 Indicator 1.2.3 : Radiation field: Radiation field

•• Chemical formChemical form

Indicator 1.2.2 Indicator 1.2.2 : Chemical form: Chemical form5 Variables for evaluation of indicators5 Variables for evaluation of indicators

1.1.Isotope contentIsotope content
2.2.Chemical formChemical form
3.3.Radiation fieldRadiation field
4.4.Heat generationHeat generation
5.5.Spontaneous neutron generation rateSpontaneous neutron generation rate

•• 239Pu/Pu (239Pu/Pu (wtwt%)%)
•• 235U/U (235U/U (wtwt%)%)
•• 232Ucontamination for 233U (232Ucontamination for 233U (ppmppm))

Indicator 1.2.1 Indicator 1.2.1 : Isotope content: Isotope contentIndicator 1.2.1Indicator 1.2.1 : Material attractiveness: Material attractiveness

Indicator 1.2.5 Indicator 1.2.5 : Spontaneous neutron: Spontaneous neutron
generation rategeneration rate

Indicator 1.2.4 Indicator 1.2.4 : Heat generation: Heat generation

•• Dose (Dose (remrem/hr)/hr)

•• (240Pu+ 242Pu)/Pu (wt%)(240Pu+ 242Pu)/Pu (wt%)

New Proposed New Proposed IndicatorsIndicatorsIndicator in Indicator in TECDOCTECDOC--14341434

Note: Make 5 Indicators related to Note: Make 5 Indicators related to ““Material Material 
AttractivenessAttractiveness”” among intrinsic features among intrinsic features 
in TECDOCin TECDOC--14341434 and define Evaluation and define Evaluation 
Parameters for each indicatorParameters for each indicator

Note: One Indicator and same wording with Note: One Indicator and same wording with 
User Requirement 1.2User Requirement 1.2

•• 238Pu/Pu (wt%)238Pu/Pu (wt%)



•• Robustness of verification approachRobustness of verification approach

•• Sum of the costs for enhancing intrinsic Sum of the costs for enhancing intrinsic 
features and IAEA inspection during life features and IAEA inspection during life 
timetime

•• Extent of robustness of barriersExtent of robustness of barriers

•• Fraction of the number of plausible Fraction of the number of plausible 
acquisition  paths of INS to the number of acquisition  paths of INS to the number of 
those of the most sensitive facilitythose of the most sensitive facility

Indicator 2.2.1Indicator 2.2.1 Cost to incorporate those Cost to incorporate those 
intrinsic features and extrinsic intrinsic features and extrinsic 
measures,  which are required measures,  which are required 
to provide PRto provide PR

Indicator 2.1.2 Indicator 2.1.2 (same to left)(same to left)Indicator 2.1.2Indicator 2.1.2 Robustness of barriers Robustness of barriers 
covering an acquisition pathcovering an acquisition path

Indicator 2.1.1 Indicator 2.1.1 (same to left)(same to left)Indicator 2.1.1Indicator 2.1.1The extent by which   the INS The extent by which   the INS 
is covered by multiple intrinsicis covered by multiple intrinsic
features.            features.            ““ExtentExtent”” is the is the 
fraction of plausible acquisitionfraction of plausible acquisition
paths.        It is understood that paths.        It is understood that 
each acquisition path is coveredeach acquisition path is covered
by appropriate verificationby appropriate verification
measures.measures.

Indicator 2.2.1 Indicator 2.2.1 (same to left)(same to left)

New Proposed New Proposed IndicatorsIndicatorsIndicator in Indicator in TECDOCTECDOC--14341434

Indicator 2.2.2 Indicator 2.2.2 (same to left)(same to left)Indicator 2.2.2Indicator 2.2.2 Verification approach with a Verification approach with a 
level of extrinsic measures level of extrinsic measures 
agreed to between the agreed to between the 
verification authority(e.g. IAEA,verification authority(e.g. IAEA,
Regional safeguards  Regional safeguards  
organizations, etc.) and the State.organizations, etc.) and the State.



NoNo YesYes

YesYes

YesYes

YesYes

YesYes

AAUU

NoNo

NoNo

NoNo

NoNo

Evaluation scaleEvaluation scale**
Evaluation ParametersEvaluation ParametersIndicatorsIndicators

•• An effectiveness international response mechanism for violationAn effectiveness international response mechanism for violationssIndicator1.1.5Indicator1.1.5:: Legal and institutional Legal and institutional 
arrangements to address violations ofarrangements to address violations of
nuclear nonnuclear non--proliferationproliferation

•• Verification activitiesVerification activities
•• State or regional systems for accounting and controlState or regional systems for accounting and control
•• Safeguards approaches for the State's or regional safeguard sysSafeguards approaches for the State's or regional safeguard system,tem,
capable of detecting diversion or undeclared productioncapable of detecting diversion or undeclared production

Indicator 1.1.4Indicator 1.1.4:: IAEA verification and, IAEA verification and, 
as appropriate, regional, bilateral andas appropriate, regional, bilateral and
national measuresnational measures

•• Commercial, legal or institutional arrangements that control acCommercial, legal or institutional arrangements that control accesscess
to NM and NESto NM and NES

•• Relevant international conventionsRelevant international conventions
•• MultiMulti--lateral ownership, management or control of a NESlateral ownership, management or control of a NES

Indicator 1.1.3Indicator 1.1.3:: Commercial, legal or Commercial, legal or 
institutional arrangements to controlinstitutional arrangements to control
access to NM and NESaccess to NM and NES

•• Export control policiesExport control policies
•• BiBi--lateral agreements for supply and return of nuclear materiallateral agreements for supply and return of nuclear material
•• BiBi--lateral agreements governing relateral agreements governing re--export of NES componentsexport of NES components

Indicator 1.1.2Indicator 1.1.2:: Agreements between Agreements between 
exporting and importing Statesexporting and importing States

•• NPTNPT
•• NuclearNuclear--weaponsweapons--free zone treatiesfree zone treaties
•• Comprehensive IAEA safeguards agreementsComprehensive IAEA safeguards agreements
•• Additional protocols of IAEA agreementsAdditional protocols of IAEA agreements

Indicator 1.1.1Indicator 1.1.1:  S:  States' commitments, tates' commitments, 
obligations and policiesobligations and policies

UR 1.1:UR 1.1: States' commitments, obligations and policies regarding nonStates' commitments, obligations and policies regarding non--proliferation should be adequate.proliferation should be adequate.

BP 1:BP 1: PR features and measures shall be implemented throughout the fulPR features and measures shall be implemented throughout the full life cycle for  innovativel life cycle for  innovative
nuclear energy systems to help ensure that nuclear energy systems to help ensure that INSsINSs will continue to be an unattractive means towill continue to be an unattractive means to
acquire fissile material for a nuclear weapons acquire fissile material for a nuclear weapons programmeprogramme..

* U: Unacceptable, A: acceptable* U: Unacceptable, A: acceptable



BP 1:BP 1: PR features and measures shall be implemented throughout the fuPR features and measures shall be implemented throughout the full life cycle for innovativell life cycle for innovative
nuclear energy systems to help ensure that nuclear energy systems to help ensure that INSsINSs will continue to be an unattractive means towill continue to be an unattractive means to
acquire fissile material for a nuclear weapons acquire fissile material for a nuclear weapons programmeprogramme..

UR 1.2:UR 1.2: The attractiveness of nuclear material in an INS for a nuclear The attractiveness of nuclear material in an INS for a nuclear weapons weapons programmeprogramme should be low.should be low.

< 5< 55~205~2020~5020~5050~9050~90> 90> 90•• 235U/U (wt%)235U/U (wt%)

< 60< 6060~7060~7070~8070~8080~9380~93> 93> 93•• 239Pu/Pu (wt%)239Pu/Pu (wt%)Indicator 1.2.1Indicator 1.2.1: : 
Isotope contentIsotope content

> 7000> 70004000~70004000~7000100~4000100~40001~1001~100< 1< 1•• 232Ucontam. for 232Ucontam. for 
233U (233U (ppmppm))

VVSSMMWWUU

Evaluation scaleEvaluation scale**

< 1< 1

< 0.1< 0.1

< 1< 1

Pure Pure PuPu
metalmetal

10~2010~20

1~101~10

15~10015~100

Fresh MOXFresh MOX

1~101~10

0.1~10.1~1

1~151~15

PuOPuO2, 2, PuNPuN

20~5020~50

10~8010~80

100~1000100~1000

Spent fuelSpent fuel

Evaluation ParametersEvaluation ParametersIndicatorsIndicators

Indicator 1.2.5Indicator 1.2.5: : 
Spontaneous neutronSpontaneous neutron
generation rategeneration rate

Indicator 1.2.4Indicator 1.2.4: : 
Heat  generationHeat  generation

Indicator 1.2.3Indicator 1.2.3::
Radiation fieldRadiation field

Indicator 1.2.2Indicator 1.2.2::
Chemical formChemical form

> 1000> 1000•• Dose (Dose (remrem/hr)/hr)

Spent fuel with Spent fuel with 
high high burnupburnup•• Chemical formChemical form

> 80> 80•• 238Pu/Pu (wt%)238Pu/Pu (wt%)

> 50> 50•• (240Pu+ 242Pu) /(240Pu+ 242Pu) /PuPu
(wt%)(wt%)

* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Stron* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Strongg



BP 1:BP 1: PR features and measures shall be implemented throughout the fuPR features and measures shall be implemented throughout the full life cycle for innovative ll life cycle for innovative 
nuclear energy systems to help ensure that nuclear energy systems to help ensure that INSsINSs will continue to be an unattractive means towill continue to be an unattractive means to
acquire fissile material for a nuclear weapons acquire fissile material for a nuclear weapons programmeprogramme..

UR 1.3:UR 1.3: The diversion of nuclear material should be reasonably difficulThe diversion of nuclear material should be reasonably difficult and detectable.t and detectable.

> 1000> 1000500~1000500~1000100~500100~50010~10010~100< 10< 10•• Mass (kg)Mass (kg)Indicator1.3.3Indicator1.3.3:: Bulk/MassBulk/Mass

> 300> 300100~300100~30040~10040~10010~4010~40< 10< 10•• Size (cm)Size (cm)

< 6< 67~67~625~1225~1225~5025~50> 50> 50•• Kg 235U with LEUKg 235U with LEU

< 9< 99~189~1818~3718~3737~7537~75> 150> 150•• Kg 235U with HEUKg 235U with HEU

< 5< 55~105~1010~2010~2020~4020~40> 40> 40•• Ton Ton ThTh

VVSSMMWWUU

Evaluation scaleEvaluation scale**

Very highVery high

> 16> 16

OpenOpen

Very easyVery easy

MediumMedium

4~84~8

Glove box, Glove box, 
concrete, or concrete, or 

metalmetal

MediumMedium

High High 

8~168~16

Limited openLimited open

Easy Easy 

LowLow

2~42~4

Shielded hot Shielded hot 
cellcell

Difficult Difficult 

Evaluation ParametersEvaluation ParametersIndicatorsIndicators

Indicator 1.3.5Indicator 1.3.5:: Skills, Skills, 
expertise and knowledgeexpertise and knowledge
required to divert or required to divert or 
produce NM and convert it produce NM and convert it 
to weapons useable formto weapons useable form

Indicator1.3.4Indicator1.3.4:: Diversion Diversion 
detectability (MUF)detectability (MUF)

Indicator1.3.2Indicator1.3.2:: DesignDesign
features that limit access to features that limit access to 
NMNM

Indicator 1.3.1Indicator 1.3.1:: Difficulty toDifficulty to
modify fuel cycle facilities modify fuel cycle facilities 
and process for undeclared and process for undeclared 
productionproduction

Very difficultVery difficult•• Degree of difficultyDegree of difficulty
•• Time for modificationTime for modification
•• Complexity of modificationComplexity of modification

Geological Geological 
mediamedia

•• Environment between Environment between 
proliferatorproliferator and NMand NM

< 2< 2•• Kg Kg PuPu or 233Uor 233U

Very lowVery low•• Degree of Skill and  Degree of Skill and  
knowledgeknowledge

* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Stron* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Strongg



UR 2.1:UR 2.1: Innovative nuclear energy systems should incorporate multiple PInnovative nuclear energy systems should incorporate multiple PR features andR features and
measures.measures.

BP 2:BP 2: Both intrinsic features and extrinsic measures are essential, aBoth intrinsic features and extrinsic measures are essential, and neither shall bend neither shall be
considered sufficient by itself. considered sufficient by itself. 

Very Very 
highhigh

High High MediumMediumLow Low Very lowVery low•• Extent of RobustnessExtent of Robustness
of barriersof barriers

Indicator 2.1.2Indicator 2.1.2::
Robustness of barriersRobustness of barriers
covering an acquisitioncovering an acquisition
pathpath

VVSSMMWWUU

Evaluation scaleEvaluation scale**

1~0.81~0.8 0.6~0.40.6~0.40.8~0.60.8~0.6 0.4~0.20.4~0.2

Evaluation ParametersEvaluation ParametersIndicatorsIndicators

Indicator 2.1.1Indicator 2.1.1::
The extent by which The extent by which 
the INS is covered by the INS is covered by 
multiple intrinsicmultiple intrinsic
featuresfeatures

< 0.2< 0.2•• Fraction of the Fraction of the 
number of plausiblenumber of plausible
acquisition paths of acquisition paths of 
INS to the number ofINS to the number of
those of the mostthose of the most
sensitive facilitysensitive facility

* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Stron* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Strongg



UR 2.2:UR 2.2: The combination of intrinsic features and extrinsic measures shThe combination of intrinsic features and extrinsic measures should be optimized to ould be optimized to 
provide costprovide cost--efficient PR.efficient PR.

BP 2:BP 2: Both intrinsic features and extrinsic measures are essential, aBoth intrinsic features and extrinsic measures are essential, and neither shnd neither shallall bebe
considered sufficient by itself.considered sufficient by itself.

•• Sum of the costs for Sum of the costs for 
enhancing   intrinsicenhancing   intrinsic
features  and IAEA features  and IAEA 
Inspection during lifeInspection during life
timetime

Indicator 2.2.1Indicator 2.2.1::
Cost to incorporate Cost to incorporate 
those intrinsic featuresthose intrinsic features
and extrinsic measures,and extrinsic measures,
which are required towhich are required to
provide PRprovide PR

VVSSMMWWUU

Evaluation scaleEvaluation scale**

Very lowVery low MediumMediumLow Low High High 

Evaluation Evaluation 
ParametersParametersIndicatorsIndicators

Indicator 2.2.2Indicator 2.2.2::
Verification approach Verification approach 
with a level of extrinsicwith a level of extrinsic
measures agreed to measures agreed to 
between the verificationbetween the verification
authority and the Stateauthority and the State

Very Very 
highhigh

•• Robustness of Robustness of 
Verification approachVerification approach

* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Stron* U: Unacceptable, W: weak, M: Moderate, S:Strong, V: Very Strongg



Sample Table of Sample Table of PRPR Assessment for INS SystemAssessment for INS System
Parameter/

Step SUM

BPPR
WF for BP

URPR
WF for UR

IPR 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 1 2
WF for Ind. 0.5 0.2 0.1 0.1 0.1 0.3 0.2 0.2 0.2 0.1 0.3 0.1 0.2 0.2 0.2 0.5 0.5 0.5 0.5

PWR
Step P1 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P2 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P3 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P4 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P5 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P6 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P7 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P8 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P9 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69

Step P10 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step P11 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69

DUPIC
Step D1 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step D2 5 5 1 5 5 4.6 5 4 3 3 4 3.9 4 4 4 3 4 3.8 4.09 4 4 4 3 4 3.5 3.7 3.9
Step D3 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step D4 5 5 1 5 5 4.6 5 4 3 3 4 3.9 3 3 2 5 4 3.4 4.01 4 2 3 3 3 3 3 3.51
Step D5 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step D6 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step D7 5 5 1 5 5 4.6 0 0 1.38 0 0 0 0.69
Step D8 5 5 1 5 5 4.6 5 4 1 3 5 3.6 4 4 4 5 5 4.2 4.02 5 5 5 5 5 5 5 4.51

SUM

BP BP

Evaluation Score

UR UR UR UR UR

BP1 BP2

0.3
UR1.1 UR1.2 UR1.3

0.5 0.2 0.4 0.6

0.5 0.5

UR2.1 UR2.2

∑ ⋅=
i

jijii XPRwYPR ,, ((YPRYPR: UR or BP ; : UR or BP ; XPRXPR: Indicator or UR; : Indicator or UR; ww: Weighting : Weighting 
factor)factor)



UR 1.2: Material AttractivenessUR 1.2: Material Attractiveness

< 5< 55~205~2020~5020~5050~9050~90> 90> 90235U/U (wt%)235U/U (wt%)

< 60< 6060~7060~7070~8070~8080~9380~93> 93> 93239Pu/Pu (wt%)239Pu/Pu (wt%)

IPR1.2.1: Isotope contentIPR1.2.1: Isotope content

> 7000> 70004000~7004000~700
00100~4000100~40001~1001~100< 1< 1232Ucontam. for 232Ucontam. for 

233U (233U (ppmppm))

VVSSMMWWUU

Evaluation scaleEvaluation scale

< 1< 1

< 0.1< 0.1

< 1< 1

Pure Pure PuPu
metalmetal

10~2010~20

1~101~10

15~10015~100

Fresh MOXFresh MOX

1~101~10

0.1~10.1~1

1~151~15

PuOPuO2, 2, PuNPuN

20~5020~50

10~8010~80

100~1000100~1000

Spent fuelSpent fuel

Evaluation Evaluation 
ParameterParameterIndicatorsIndicators

IPR1.2.5: Spontaneous IPR1.2.5: Spontaneous 
neutron generation rateneutron generation rate

IPR1.2.4: Heat generationIPR1.2.4: Heat generation

IPR1.2.3: Radiation fieldIPR1.2.3: Radiation field

IPR1.2.2: Chemical formIPR1.2.2: Chemical form

> 1000> 1000Dose (Dose (remrem/hr)/hr)

Spent fuel Spent fuel 
with high with high 
burnupburnup

Chemical formChemical form

> 80> 80238Pu/Pu (wt%)238Pu/Pu (wt%)

> 50> 50(240Pu+ 242Pu) (240Pu+ 242Pu) 
//PuPu (wt%)(wt%)



Characteristics ofCharacteristics of PRPR

1.1. Inherently qualitative, and difficult to quantify Inherently qualitative, and difficult to quantify 
many of the elementsmany of the elements

–– Some elements, such as treaties, agreements, and policies are Some elements, such as treaties, agreements, and policies are 
difficult to quantify because of variations in strength, qualitydifficult to quantify because of variations in strength, quality and and 
degree of compliance (a political judgement). degree of compliance (a political judgement). 

–– Others are difficult to quantify because they involve human Others are difficult to quantify because they involve human 
choices and activities that are outside of the range of normal choices and activities that are outside of the range of normal 
experience. experience. 

–– The technical of extracting The technical of extracting PuPu from irradiated targets can vary from irradiated targets can vary 
considerably depending on what the potential toconsiderably depending on what the potential to--bebe--proliferatorproliferator is is 
prepared to do. prepared to do. 

–– If human health is not a significant consideration, then extractIf human health is not a significant consideration, then extraction ion 
can be performed with minimal shielding and protective can be performed with minimal shielding and protective 
equipment.equipment.



2.2. Malevolent human activityMalevolent human activity
–– Other areas compared to PR are primarily concerned with Other areas compared to PR are primarily concerned with 

technical aspects such as equipment/system failures, radioactivetechnical aspects such as equipment/system failures, radioactive
releases, costs, human health, etc. releases, costs, human health, etc. 

–– Whereas in most areas it is assumed that agreements are Whereas in most areas it is assumed that agreements are 
respected and followed, with proliferation it is assumed that norespected and followed, with proliferation it is assumed that nonn--
proliferation agreements are broken.proliferation agreements are broken.

3.3. Involvement of the interaction between two sides Involvement of the interaction between two sides 
such as tosuch as to--bebe--proliferatorproliferator and the safeguard/ and the safeguard/ 
defenderdefender
–– It is sometimes examined using gaming theory. It is sometimes examined using gaming theory. 
–– The choices that each side makes depend to some extent on The choices that each side makes depend to some extent on 

what choices they expect the other side to make. what choices they expect the other side to make. 
–– This human element must be considered in making a This human element must be considered in making a 

comprehensive assessment of PR, and is further complicated comprehensive assessment of PR, and is further complicated 
because many analysts believe that proliferators would disregardbecause many analysts believe that proliferators would disregard
common safety and environmental norms.common safety and environmental norms.



4.4. Requirement of a means to handle sensitive Requirement of a means to handle sensitive 
information without disclosing the sensitive information without disclosing the sensitive 
detailsdetails

–– The detailed understanding of how the nuclear material The detailed understanding of how the nuclear material 
characteristics (e.g. isotopic composition, chemical compositioncharacteristics (e.g. isotopic composition, chemical composition, , 
etc.) affect a nuclear explosive is generally classified informaetc.) affect a nuclear explosive is generally classified information. tion. 

–– This makes assessment of the PR provided by material This makes assessment of the PR provided by material 
characteristics difficult when considered in more than a coarse characteristics difficult when considered in more than a coarse 
sense (e.g. HEU versus LEU or WG sense (e.g. HEU versus LEU or WG PuPu versus RG versus RG PuPu))



Some Points to Be ConsideredSome Points to Be Considered

•• Aggregation MethodAggregation Method
–– Assessment methods may beAssessment methods may be

•• Required an accepted means using clear and transparent toolsRequired an accepted means using clear and transparent tools
•• Useful by verification regimes to assess the effect of verificatUseful by verification regimes to assess the effect of verification ion 

(extrinsic measures) to provide effective and cost(extrinsic measures) to provide effective and cost--effective PR for a effective PR for a 
NESNES

•• Composite incorporating scenarioComposite incorporating scenario--based and attributebased and attribute--based toolsbased tools

–– Aggregation methods may beAggregation methods may be
•• Misleading, possible hiding weak links with a single score for PMisleading, possible hiding weak links with a single score for PR R 

based on the strengths and weaknessbased on the strengths and weakness



Some Points to Be Considered (CONT.)Some Points to Be Considered (CONT.)

•• Dependent and independent State specific informationDependent and independent State specific information
–– Dependent State specific informationDependent State specific information

•• The strength of the PR provided by some intrinsic features can The strength of the PR provided by some intrinsic features can 
depend on statedepend on state--specific information such as, specific information such as, inter inter aliaalia, the , the 
presence of indigenous uranium resources or the presence of presence of indigenous uranium resources or the presence of 
other nuclear facilities. other nuclear facilities. 

•• StateState--specific extrinsic measures such as fuel supply specific extrinsic measures such as fuel supply 
agreements for procurement of fresh fuel and return of spent agreements for procurement of fresh fuel and return of spent 
fuel (e.g. commitment to multilateral fuel cycle facilities) canfuel (e.g. commitment to multilateral fuel cycle facilities) can
affect the PR of an INS.affect the PR of an INS.

–– Independent State specific informationIndependent State specific information
•• Intrinsic features that facilitate verification generally providIntrinsic features that facilitate verification generally provide PR e PR 

independent of the State in which the INS is deployed. independent of the State in which the INS is deployed. 
–– PR assessments must address both aspects. Where required, PR assessments must address both aspects. Where required, 

credible stylized state descriptions can provide a means to addrcredible stylized state descriptions can provide a means to address ess 
the statethe state--specific aspects early in the design process.specific aspects early in the design process.



Recommendations for the future workRecommendations for the future work in in PR PR 
(Vienna, Sept. 2004)(Vienna, Sept. 2004)

1.1. INPRO continue to seek ways to cooperate closely INPRO continue to seek ways to cooperate closely 
with other projects on PR (e.g. GIF PR & PP).with other projects on PR (e.g. GIF PR & PP).

2.2. INPRO compile INPRO compile a list of variables for PRa list of variables for PR..
3.3. A further case studyA further case study should be conducted to test theshould be conducted to test the

new new BPsBPs, , URsURs, and Criteria for PR., and Criteria for PR.
4.4. Based on the results of the case study, INPRO shouldBased on the results of the case study, INPRO should

further developfurther develop the PR methodologythe PR methodology..
5.5. In parallel with the case study, INPRO examine In parallel with the case study, INPRO examine thethe

relationship between variables and indicatorsrelationship between variables and indicators, and, and
consider whether the list of variables is complete.consider whether the list of variables is complete.

6.6. INPRO assess INPRO assess the compatibility of PR assessmentthe compatibility of PR assessment inin
light of the concept of light of the concept of sustainable developmentsustainable development..



Purpose of the Assessment MethodologyPurpose of the Assessment Methodology

•• PresentPresent resultsresults to to authoritiesauthorities responsible responsible 
for deciding which nuclear concepts to for deciding which nuclear concepts to 
pursue and how the proliferation goals will pursue and how the proliferation goals will 
be metbe met

•• ProvideProvide guidanceguidance for for the nuclear energy the nuclear energy 
system development groupssystem development groups that will that will 
develop the proliferation resistant develop the proliferation resistant 
technology technology 



Guidance for Assessment of PRGuidance for Assessment of PR

•• I. Introduction I. Introduction 
••
•• II.  General ApproachII.  General Approach
••
•• 2.1. Country Profile2.1. Country Profile
•• 2.2. INS (system) Identification2.2. INS (system) Identification
•• 2.3.System Elements Identification 2.3.System Elements Identification 
•• 2.4.Acquisition Paths Analysis2.4.Acquisition Paths Analysis
•• 2.4.1. Possible Target Identification2.4.1. Possible Target Identification
•• 2.4.2. Concealed Diversion Paths Identification2.4.2. Concealed Diversion Paths Identification
•• 2.4.3. Concealed Production Identification2.4.3. Concealed Production Identification
••
••



Guidance for Assessment of PR (cont.)Guidance for Assessment of PR (cont.)

•• III.III. PR Assessment Methodology PR Assessment Methodology 
••
•• 3.1. General Provision3.1. General Provision
•• 3.2. BP, UR, Criteria Structure, 3.2. BP, UR, Criteria Structure, 
•• 3.3. Indicators and Acceptance Limits.  3.3. Indicators and Acceptance Limits.  
•• 3.4. Matrix and Variations.3.4. Matrix and Variations.
•• 3.5. Tools and Methods.3.5. Tools and Methods.
•• 3.6. Results Aggregation and selected INS potential judgment.3.6. Results Aggregation and selected INS potential judgment.
•• 3.7. Conclusion and Recommendations.3.7. Conclusion and Recommendations.
•• 3.7.1. Identification of Vulnerable points of the selected INS. 3.7.1. Identification of Vulnerable points of the selected INS. 
•• 3.7.2. Identification of R&D for Vulnerable points enhancements.3.7.2. Identification of R&D for Vulnerable points enhancements.
•• 3.7.3. Consideration of International Options for future INS PR 3.7.3. Consideration of International Options for future INS PR general solution. general solution. 
••
•• IV.IV. Demonstration of the Methodology on Min/Max Scenarios Demonstration of the Methodology on Min/Max Scenarios 
••
•• 4.1. Maximal Case 4.1. Maximal Case –– INS Based of Sodium Cooled Fast Reactor (SCFR) with relevant FuINS Based of Sodium Cooled Fast Reactor (SCFR) with relevant Fuel Cycle.el Cycle.
•• 4.2. Minimal Case 4.2. Minimal Case –– INS Based on Imported SCFR and Leasing of Fuel.INS Based on Imported SCFR and Leasing of Fuel.
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ConclusionConclusion

•• Proliferation Resistance of INS is one of the key parameters forProliferation Resistance of INS is one of the key parameters for
assessment of INS for future development of nuclear energy.assessment of INS for future development of nuclear energy.

•• Proliferation Resistance of INS can not be solved just by techniProliferation Resistance of INS can not be solved just by technical means cal means 
(intrinsic features) of fuel cycle but only with combination of (intrinsic features) of fuel cycle but only with combination of the technical the technical 
means and institutional and organizational measures (extrinsic mmeans and institutional and organizational measures (extrinsic measures)easures)

•• PR is dependent upon time, facility description, fuel cycle detaPR is dependent upon time, facility description, fuel cycle details, and ils, and 
safeguards (or verification regime) implementationsafeguards (or verification regime) implementation

•• Assessment of INS Proliferation Resistance so far has few not fiAssessment of INS Proliferation Resistance so far has few not finalized nalized 
issues for example quantitative parameters for extrinsic measureissues for example quantitative parameters for extrinsic measures, s, 
aggregation and presentation of results    aggregation and presentation of results    


