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1. Motivation and Purpose of the Research 3. Results: Potential applications

€ Objective of Safeguards (IAEA, INFCIRC/153)!1] 3-1 Gross defect detection
- Timely detection of diversion of significant quantities of nuclear material and deterrence
of such diversion by the risk of early detection. B Spent fucl assemby
Scintillator plate N 4
& Verifying spent fuel is needed to prevent the diversion of spent fuel _ Rt - . et b

Conveying system

"
Storage Time

- It includes gross defect detection, partial defect detection.
- If an entire spent fuel assembly or several fuel rods are replaced by dummy material, it
becomes gross or partial defect respectively.

- Itis a frequent pathway for diverting nuclear material to manufacture a nuclear explosive
d EVice. Disposal Cask Transportation Cask
- Since there are a number of spent fuel assemblies, diverting small amounts of nuclear ®
material from a single spent fuel assembly can result in the accumulation of a significant V)
quantity of nuclear material. Fig. 3. Conceptual design of gross defect detector
€ Since conventional verifying methods have some limitations, @ Test case analysis for feasibility demonstration.
simple and fast spent fuel verification is needed - Spent fuel type: Westinghouse 16x16 PWR fuel assembly!3! with 3.5w/o enrichment
- Cannot inspect every spent fuel assembly because of the limited inspection time . - 4 Burnup cases: 34.49, 39.33, 40.54, 47.34 GWd/tU 14l
- Cannot inspect spent fuel assembly out of specific area (i.e. spent fuel pool). - 8 Cooling times: 10, 15, 20, 25, 30, 40, 50, 60 year
@ Purpose of the research B | w3449 owaru] — The gross defect of a spent fuel assembly can
gwo - el be detected during encapsulating process
- Develop i fpent fuel defe”ct detection system appll.ed out of spent fuel c.oolmg pool. § i 2 | “4T34GWA _ ghant fuel assemblies with significant
- Devc.elop simple and fast” spent fuel defect detection system for detecting the gross and 3 . ‘ difference in cooling time can be
partial defect of a spent fuel assembly. E 6 e @ 7 distinguished.
LLi s |
E 7, | EERESRRSRR_ SR ——— ____________ L . % .................... g _______________________ T S 4 The resolution Of the burnup haS 'l',O be
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< generated current between 39.33 and 40.54

2-1 Methods of electricity generation 0w G g 50 &0 GWd/tU is too small.

Fig. 4. Generated electric current using test case burnup/cooling time
€ System consists of scintillator and photovoltaic cell

@ Radiation from spent fuel is converted into visible photons via a 3-2 Partial defect detection

scintillator. T Reference fuel assembly  Case 1: 12 fuel rods missing
€ Photovoltaic cell generates electricity using the scintillated photons '

directly.

€ The generated electricity becomes a sighature or signal for a spent
fuel rod/assembly.
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2-2 Comparison between the method and scintillator detector | <SS

%‘&:’ﬁ%&@ Case 2: 3 fuel rods missing  Case 3: 1 fuel rod missing
Table 1. Comparison of scintillator based electricity generation and scintillator detector. T @ v fuclrod
Scintillator based defect detector Scintillator detector f e
Similarity - Scintillator converts radiation into electricity. Fuelassembly structure
- Visible photons are converted into electrons producing a signal for Bl Collimatorstructure
detecting radiation. B ol o rod
Suspicious fuel rod
Difference - Signals do not need to be amplified |- The main purpose is to detect B ]
because target application is spent | radiation whose activity is much Fig. 5. Conceptual design of partial defect detector Fig. 6. Reference spent fuel assembly and three test case
fuel environment. smaller than spent fuel radiation. spent fuel assemblies with different partial defects
- No external high voltage source is |- It contains a photomultiplier tube @ Test case analysis for feasibility demonstration
needed since the generated (PMT) and an external high voltage - Reference spent fuel assembly: Westinghouse 16x16 PWR]
electricity itself becomes a signal. source to amplify the signal - Three different test case spent fuel assemblies with different defects
- The system only consists of a generated by scintillated photons. - Case 1: 12 rods missing, Case 2: 3 rods missing, Case 3: 1 rod missing
scintillator and photovoltaic cell, - 15 reference detecting positions
which refiu.ces its price compared Table 3. Relative electricity generation of three defect cases compared to the reference
to the scintillator detector. (red: location of detect, yellow: location near defect, blue: location far from defect)

Current (nA) Voltage (mV) Power (nW)

Location

Ref Casel Case2 Case3 Ref Casel Case2 Case3 Ref Casel Case?2 Case3

2-3 Computational model development!?!

1 1 1 1

- 0 | 2l 1 0.8794 1 0.8798 1 0.7737

(a) *g?; (b) o (€) . i 3 1 0.9089 | 0.9619 1 0.9092 | 0.9621 1 0.8263 | 0.9254

\ =3 -l 2 | ; i1 4 1 0.9527 | 0.9819 1 0.9529 | 0.9820 1 0.9078 | 0.9642

@ L s - £ : '

- Egow Hnariin ~émonth 5 1 0.9608 1 0.9610 1 0.9233

A= 55 —10year FE 5 —12month 6 1 0.9388 | 0.9743 1 0.9391 | 0.9744 1 0.8816 | 0.9493

£ £k I s 7 1 0.8786 | 0.9710 1 0.8789 | 0.9711 1 0.7722 | 0.9430

x 5§ | —18month g 1 0.9367 | 0.9809 1 0.9370 | 0.9810 1 0.8777 | 0.9623

&% - Y NN 9 1 0.9605 | 0.9855 1 0.9606 | 0.9855 1 0.9227 | 0.9712

e 3 7 5 e s L i T S Toro 100 1 0.9343 | 0.9730 1 0.9345 | 0.9731 1 0.8731 | 0.9468

Ll avelength (nm) 11 1 0.9365 | 0.9764 1 0.9367 | 0.9765 1 0.8772 | 0.9535

< (d]) o it iy _ : o mastao Eaui % f) =Non el G 12) 1 0.9468 | 0.9794 1 0.9470 | 0.9795 1 0.8966 | 0.9592

g oo :::?:!iti’:.ﬁilﬂizmd;}j°\(?)\ Ul o ™ 13 1 0.7274 | 0.8481 | 0.9757 1 0.7280 | 0.8485 | 0.9758 1 0.5296 | 0.7196 | 0.9521

=°\xh;—— —5 14 1 0.8808 | 0.9872 | 0.9936 1 0.8812 | 0.9873 | 0.9937 1 0.7762 | 0.9747 | 0.9873
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Fig. 1. Computational model description: (a) Conceptual system design geometry, (b) Spent fuel radiation analysis, - .
(c) Scintillated photon analysis, (d) Generated current, (e) Generated voltage, (f) Generated power QScmtlllator based gross and partlal defect detector

- Feasibility of both systems was demonstrated.
- Results of scintillator based gross defect detector indicated there is enough difference in

2-4 Computatlonal model validation electricity generation if the burnup/cooling time is different.
B ohotovotaiccen - Scintillator based partial defect detector had enough resolution to detect the existence of
otovoltaic ce . . . . . . . . .
ccttotor e ca. cawon 12 NE 2 Results of model validation experiment. one fuel rod diversion and roughly estimates the position of a partial defect.
Reflector CslI(TI) Ccdwo, - The system has potential to more quickly detect defects in a spent fuel assembly.
Bl Gamma source (8.516Bq C5-137) Measured Current 136.2 113.0 - The system suggested the possibility of adequate inspection without an inspector.
. Gamma source holder (nA) . .
. Ampere meter Calculated Cu rrent 5 o REfe re n Ces
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