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» Fission product mass balance

* PGS of fuel compact holders

* PGS of fuel compacts
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~* - -Fission Product Mass Balance as Indicator of Fuel
~~ Performance
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« Analyze irradiation experiment components to determine fission product release from fuel compacts

Individual Fuel Compact and Graphite
Holder Gamma Scanning

Capsule Components Counting Leach of meta}l components for
gamma-emitters and Sr-90
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" PRECISION GAMMA SCANNER
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~All Precision Gamma Scanning Completed

Compact Holders

Axial Scan

Tomographic Scans

Overall

Capsule 1
Capsule 2
Capsule 3
Capsule 4
Capsule 5

6/6

Cap1:3
Cap 2: 2
Cap 3 inner: 4
Cap 3 outer: 1
Cap4:1
Cap5:1
TOTAL: 12/12

Compacts
194/194
90/90
32/32
24/24
24/24
24/24
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7 Metallic Test Train Components Leaching

- Completed leaching all five capsule shells and metallic components in boiling HNO; for a L2
milestone at the end of FY22

* Analysis of leachates to assess fission product content out of the fuel is in progress for a
L2 milestone due 9/15/2023
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e .-%::e_ﬁ__,__fGS IS Used to Establish the Fission Product Inventory of
~* " Fuel Holders
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Axial Scans Axial Scan Results Suggest Location for Tomographic Scans Over Multiple Angles
Tomography
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/. Fu el Holder Exams enable finding and studying failed
- particles

ldentify compacts with leakers
Study particles with failed coatings

ldentify particles with failed coatings



;;:"‘\"""' = AII Fuel Compacts were also Scanned via PGS

NV PGS Collimator Width
2.2225cm
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PGS Collimator Height
0.1cm
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Capsule 1 Holder Gamma Tomography
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Capsule 2 Holder Gamma Tomography
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Cs-137 z=14.9
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Capsule 3 Inner Holder Gamma Tomography
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Capsule 4 Holder Gamma Tomography
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Isotope

Capsule Fraction

Estimated Particle Equivalents
Zr-95 2.14E-3 661
Ru-106 2.21E-3 684
Ag-110m 1.10E-1 33930
Cs-134 2.96E-3 915
Cs-137 2.79E-3 861
Ce-144 3.74E-10 0
Eu-154 1.62E-2 5022
Eu-155 3.31E-3 1023
Capsule 1 Holder Cs-137 Activity
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® Middle Scan: 5.8
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Isotope |Capsule Fraction| Estimated Particle Equivalents
Zr-95 6.27E-3 454
Ru-106 1.26E-5 0.9
Ag-110m 4.21E-1 30465
Cs-134 2.97E-5 2.1
Cs-137 1.47E-4 10.7
Ce-144 3.48E-12 2.5E-7
Eu-154 2.71E-4 19.6
Eu-155 1.02E-4 7.4
Capsule 2 Holder Cs-137 Activity
1000
100 :
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g 10 ® Right Scan: 4.9
E © Left Scan: 6.7
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~* - -Capsule 2 Holder Inventories
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Indicates tens of failed SiC
and/or TRISO in the hottest
AGR capsule of all time

== \ V% ey g VG .
t- - «Capsule 3 Inner and Outer Holder Inventories
i ‘ Isotope Capsule Fraction | Estimated Particle Equivalents
Zr-95 8.4E-4 45
Ru-106 2.8E-6 0
Ag-110m 8.1E-2 4387
Cs-134 8.3E-4 45
Cs-137 8.5E-4 46
Ce-144 0.0E+0 0
Eu-154 1.8E-2 967
Eu-155 1.4E-3 78
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Isotope |Capsule Fraction| Estimated Particle Equivalents
Zr-95 3.92E-4 21
Ru-106 0.00E+0 0.0
Ag-110m 1.90E-2 1004
Cs-134 2.39E-6 0.1
Cs-137 1.25E-5 0.7
Ce-144 3.95E-5 2.1
Eu-154 Below Detection
Eu-155" 1.70E-4 | 9.0
*High uncertainty
Capsule 4 Holder Eu-155
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\, o / < - Capsule 5 Holder Eu-155 Activity Eu-154
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~“ _Fission Product Inventories in Capsule Holders Compared to

7 AGR-2
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~+  ~Fission Product Inventories in Capsule Holders Compared to
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~+ . Compacts PGS: Ag-110m M/C

.___.. |

V7 Measured activities (M) divided by physics calculations (C)
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~Compacts PGS: Ag-110m M/C
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. Compacts PGS: Cs-137 M/C
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- - Compacts PGS: Eu-154 M/C

o

These are generally
consistent with prior
experiments.
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« PGS has been completed on the graphite holders and all fuel compacts

« Preliminary gamma tomograms have been made for the holders and will be used to guide
compact selection for PIE

« The mass balance outside of the fuel has not been completed: radiochemical analysis of
the metallic and ceramic test train components is in progress

* In the case of Ag-110m, the mass balance can be compared with the results from PGS to
check for consistency
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Measured/Calculated Ratio

0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

600

\.r

Ag-110m
L ]
:‘1' o ° [ J
PR
$ L3 O
oM
90 o0 .“,‘.
."0“ ° ‘.~
(3 ° o
° oo 3
[ ] ] Py
o * o
¢ <
o Jule
800 1000

TAFT Ave (°C)

1200

1400

@ Capsule 1
@ Capsule 2
@ Capsule 3

Capsule 4
@ Capsule 5

©
o -

Measured/Calculated Ratio
© © ©o o o o ©o
[ N w EaY (9] ()] ~

o

600

o
[e]
[ 4

800

Eu-154

°
%
°
LT
°
1000

TAFT Ave (°C)

1200

1400

1.2

[EEN

0.8

0.6

0.4

Measured/Calculated Ratio

0.2

600

@ Capsule 1
® Capsule 2
® Capsule 3

Capsule 4
® Capsule 5

[ ADVANCED REACTOR TECHNOLOGIES s

Cs-137
s
%
e
[ ]
[ ]
1000 1200

TAFT Ave (°C)

1400

@ Capsule 1
@ Capsule 2
@ Capsule 3

Capsule 4
@ Capsule 5



	Slide 1
	Slide 2: Topics
	Slide 3: Fission Product Mass Balance as Indicator of Fuel Performance
	Slide 4: All Precision Gamma Scanning Completed
	Slide 5: Metallic Test Train Components Leaching
	Slide 6: PGS is Used to Establish the Fission Product Inventory of Fuel Holders
	Slide 7: Fuel Holder Exams enable finding and studying failed particles
	Slide 8: All Fuel Compacts were also Scanned via PGS
	Slide 9: Capsule 1 Holder Gamma Tomography
	Slide 10: Capsule 2 Holder Gamma Tomography
	Slide 11: Capsule 3 Inner Holder Gamma Tomography
	Slide 12: Capsule 4 Holder Gamma Tomography
	Slide 13: Capsule 1 Holder Inventories
	Slide 14: Capsule 2 Holder Inventories
	Slide 15: Capsule 3 Inner and Outer Holder Inventories
	Slide 16: Capsule 4 Holder Inventories
	Slide 17: Capsule 5 Holder Inventories
	Slide 18: Fission Product Inventories in Capsule Holders Compared to AGR-2
	Slide 19: Fission Product Inventories in Capsule Holders Compared to AGR-2
	Slide 20: Compacts PGS: Ag-110m M/C
	Slide 21: Compacts PGS: Ag-110m M/C
	Slide 22: Compacts PGS: Cs-137 M/C
	Slide 23: Compacts PGS: Eu-154 M/C
	Slide 24: Conclusions
	Slide 25
	Slide 26: Summary of PGS Compacts



