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User Requirement 2 states that the innovative nuclear 

energy system (INS) should have low attractiveness of 
nuclear material and technology for use in a nuclear 
weapons program. This user requirement refers to key 
proliferation barriers related to material and technology 
characteristics at the facility level. The attractiveness of 
nuclear material is determined by two intrinsic features: 
the conversion time and the total mass needed to 
achieve 1 SQ. In case of metallic fuel fabrication 
facility, attractiveness of nuclear material and nuclear 
technology, associated with the metallic fuel fabrication 
facility, was acceptably low because it was of similar 
material quality, quantity and classification to spent fuel. 

User Requirement 3 asks for the reasonable difficulty 
and detectability in the diversion of nuclear material, 
and is to be fulfilled by the technology holder 
(developer) at the facility level. It was assumed that the 
metallic fuel fabrication facility had similar safeguards 
measures in place as the existing MOX fuel fabrication 
facility, meeting international state of practice. The 
most important details with respect to IAEA safeguards 
are the primary material flow and inventory, the waste 
streams, hold-up, and residual materials that can be 
released as ‘fines’ into the cell. In particular, the waste 
streams should meet IAEA safeguards: ‘practicably 
irrevocable’ in order for safeguards to be terminated. In 
general, the metal fuel fabrication process generates 
significant amounts of waste during processing, but 
most are recycled to process units for reuse and just 
small amounts are released to waste form fabrication 
process as a final waste. The specific equipment, 
containment and surveillance (C/S) measures, and 
additional extended C/S involved should be addressed 
in the evaluation of UR3 for specific acquisition 
pathways and material, and all assessments concerning 
barriers and diversion difficulty should be related to 
specific proliferator actions. Therefore this UR is 
associated with the concept of ‘Safeguards by Design’. 
For example, separating the maintenance equipment 
and activity to a separate hot cell will result in an 
additional key measurement points and surveillance 
locations, lower throughput, additional walls, and a 
somewhat larger facility footprint. 

User Requirement 4 asks for the INS to incorporate 
multiple and robust PR features and measures (defence 
in depth), to be implemented by technology developers 
in cooperation with PR experts. UR4 can be assessed at 
the State level, the INS level, and the facility level, 
including facility specific pathways, although different 
issues are involved. Some of the characteristics of 
nuclear material and technology discussed in UR2, and 
detectability and difficulty of diversion in UR3, are 
integral elements in assessing UR4. In addition, UR1 
provides State-level barriers against proliferation, the 
necessary framework for implementing safeguards, and 
in this context, the evaluation of UR3. The multiplicity 
of proliferation barriers should be considered together 
with their robustness in assessing UR4. 

The acceptance limit for the multiplicity requirement 
of UR4 is that all plausible acquisition/diversion 

pathways of the INS (composed of several sequential 
segments) are or can be covered by extrinsic measures 
at the facility level and by intrinsic features compatible 
with other design requirements. The robustness of 
proliferation barriers in the context of INPRO PR 
methodology describes the effectiveness of acquisition 
pathway barriers. These are a measure of the difficulty 
of defeating proliferation barriers in terms of time and 
effort. Important performance metrics for IAEA 
safeguards include high detection probability with 
continuity of knowledge in low-probability cases where 
an anomaly in the containment and surveillance 
monitoring requires an IAEA inspection (e.g., a ‘false 
alarm’). For example, Robustness is not a function of 
the number of barriers, or of their individual 
characteristics, but is an integrated value of the whole. 
Therefore, the difficulty in material handling, if not 
supplemented by safeguards measures, would have a 
very minor effect on the facility-level diversion 
compared to the diversion difficulty and detectability 
barriers. 

In addition, a State proliferator would have 
unrestricted access to the entire nuclear facility and the 
equipment designed for handling such type of nuclear 
material. Therefore, the robustness of proliferation 
barriers is not a function of the number of barriers or of 
their individual characteristics but is an integrated 
function of the barriers described in UR1, UR2 and 
UR3, and is dependent on the State capability. 

 
4. Conclusions 

 
The PR of metal fuel fabrication process can be 

evaluated through plausible acquisition pathway 
analysis at the facility level, which requires detailed 
design information. Safeguards measures also can be 
implemented based on the detailed design data of the 
process. In this regard, PR study should focus on 
identifying and analyzing high level pathways for the 
acquisition or diversion of fissile material for a nuclear 
weapons program using an assumed diversion scenario. 
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