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Project Objectives Q@g@@

* Enable cost-effective safeguards for advanced reactors by
understanding exactly how nondestructive analyses can be used

* Directly measure NDA uncertainty to provide a comprehensive set of
validated measurement capabilities for safeguards models

e Current focus is burnup measurement of TRISO fuels for pebble bed
reactors to support:
* On-line burnup measurement system

e Safeguards of used fuel
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What signatures of burnup can be observed in s,
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TRISO fuels? Measure them! @3@@

 Measurements of dissolved AGR2 and

AGR5/6/7 TRISO fuels completed at
ORNL Analytical Laboratory

* Measurements of AGR2 and AGR5/6/7
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intact compacts and subsamples %Qﬁlflfs{)?gfyl
completed at ORNL Irradiated Fuel — |
Examination Laboratory INIL, ideho Nofional Loboratory

* Planning completed for additional TRISO

particle measurements at INL Analytical
Laboratory
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ORNL Hot Cells
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Solid TRISO Fuels @@@

AGR5/6/7 Compact 223 14.33% Intact compact

AGR2 Compact 211 12.5% Intact compact

AGR2 Compact 542 12.03% ~90% of compact

AGR2 subsamples 7.3-12.7% 11 samples with ~150-235 particles
AGR5/6/7 subsamples 90.3-14.3% 4 samples with ~235 particles

AGR2 Irradiations: June 2010 to October 2013
AGR5/6/7 Irradiations: February 2018 to July 2020
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Dissolved TRISO Fuels @@@

AGR2 Compact 642 9.26% 3 samples prepared for burnup DA
AGR5/6/7 Compact 232 14.36% Fuel holder leach solution
AGR5/6/7 Compact 232 14.36% Deconsolidation acid

AGR?2 Irradiations: June 2010 to October 2013
AGR5/6/7 Irradiations: February 2018 to July 2020
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Initial Observations Q@i@q
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HPGe counts per 75 eV bin
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Cs-134/137 Ratios with HPGe Q@;@ 8)
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possible issues: changing background, may need correction for irradiation timeline

AGR2 Cs134/137 vs. Burnup %FIMA AGRS5 Cs134/137 vs. Burnup %FIMA
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Solid vs. Liquid Fuels: Fluorescence X-rays Q@;@@
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Pu/U Element Ratio Quantification with Microcal@@@

3 == AGR5 Compact 223 (Canberra GL1015 HPGe)
o AGR2 Compact 211 (Canberra GL1015 HPGe)
| mm AGR5 Compact 223 (SOFIA Microcalorimeter)
I= . AGR2 Compact 211 (SOFIA Microcalorimeter) C_%
-(>3 10 E i g
3 ]
P 6 P L
N 54 @
— 4 o
o C
Q 3- ﬂ =
(2] 4 (0]
c 2 100 3
-] 8 —
@) -7 -k
8 3 E 6 o
o 107 v L-s @
D- -1 <
T N o O 4 Q.
5+ S > < > To Ry -
qo 9 T T 2 gw
UC) [ CE _C)I | o —Lw—Lud
98 100 102 104 & %
( — n N
Energy (keV)



Pu/U Element Ratio

W EE I
N Pu/

N_U (%)

2.40 +/-
0.07
1.46 +/-
0.16
1.96 +/-
0.10

Calculated
N _Pu/N_U
(%)

2.53

~J
-~J
~J

1.732

Residuals

Counts / 10 eV bin

(sigma)

104 -

2
Xred

Line Centroid (keV)

5223 cal2 ROI O

| = Data 4 tt L
| = Total L [ 4 4 4
Lt 4 4
] = Peaks tt ] r
Tails tt 4 4
tt jc 4 4
tt jJc 4 4
4 tet jc 4 4
4 [ S N 4 4
4 tectjc 4 4
L [t C L C
4 [t C 4 C
L [t C L L
4 rcrjec 4 4
4 [ 4 L
4 [ty /c 4 4
L reyc 4 4
4 [ 4 4 4
4 4 4 4
4 4 4 4

4 4

4 [t

104

92 94 96 98
Energy (keV)
+
- + : ¥ ; - + +
+ a o + T at . H -+
= ' - i1 "“ 4 Hr s iy “,' . s .,, o QRO St .
TR W P a 5 ” ’f“.:" . h.“""'n'.“"“ I T gl e T R
“h g gl + . s St Sl T oW
B i +++ + g + + + +
92 94 96 98 100 102 104
Energy (keV)
= 1.78 | Main FWHM = 99.9 eV | Tail FWHM = 235.5 eV Dotted Lines above indicate

Ref.

"947626"
97.

98

805

.032
98.
99.

100.

103.

461
565
007
834

Source Area (uncert) Lorentzian FWHM
/ fit (eV)

/7 -0.00Y TOKa2 " " 71232336.7°10.1337%) 118727 10.87%) -

/ +0.017 Sn esc 17327.7 (2.256 %) 11.1 (fixed)
/ +0.010 Sn esc 8050.9 (5.232 %) 11.1 (fixed)
/ 98.428 UKal 1899621.0 (0.116 %) 122.3 (0.8 %)
/ +0.006 PuKaz 26018.1 (3.029 %) 136.9 (5.7 %)
/ -0.000 Celdd 11383.0 (2.593 %)
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tabulated peak locations

Dashed lines above indicate
best-fit locations

* and red indicate peak used
in efficiency curve fit
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Next Steps Q@g@ )

* INL Measurement Campaign
* Emphasis is on freshly irradiated TRISO fuels
* Use HPGe and HERMES-400 microcalorimeter spectrometers

* ORNL Measurement Campaign

» Additional solid-form subsamples of AGR2 and AGR5/6/7 measured in lower-
background location for better quantitative analysis

* Dedicated Irradiation Planning
* Priority is measuring effect of extremely short-lived fission products
e Expect much lower burnup than from AGR irradiations
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