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Observe metallic fission product (e.g., Ag, Cs, Eu, and Sr) transport within graphitic matrix
and nuclear grade graphites (1G-110 and PCEA)

Measure fission product inventories and spatial distributions within fuel compacts and
graphite

Determine diffusion coefficients of metallic fission products within graphitic materials

These goals are different than fuel performance experiments like AGR-1, AGR-2, and
AGR-5/6/7.
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units of particle equivalents. “Low” includes measured values only. “High”

represents measured values plus particle equivalents calculated from MDAs.

Particle
Equivalents | Ag-110m | Ce-144 Cs-134 Cs-137 Eu-154 Eu-155 Ru-106 Sr-90°
1 Low | 223E+1 | 0.00E+0 | 5.11E+0 | 9.53E+0 | 8.10E+0 | 128E+l | 0.00E+0 | 3.51E2
High | 933842 | 1.55B-1 | S5.04E+0 | 9.53E+0 | 4.53E+l | 1.38E+1 | 8.10E-1 3.51E-2
” Low | 000E+0 | 0.00E+0 | 4.18E+0 | 9.55E+0 | 0.00E+0 | 9.91E+0 | 0.00E+0 | 5.58E-2
High | 490E+1 1.47E-1 418E+0 | 9.55E+0 | 1.06E+0 | 1.32E+l 5.70E-1 5.58E-2
; Low | 525B+3 | 5.54B2 | 3.59B+1 | 4.11B+1 | 3.53B+1 | 1.26E+1 | 0.00E+0 | 2.33E+0
High | 526E+3 | 2.23B-1 | 3.59E+1 | 4.11E+1 | 449E+1 | 1.58E+1 | 6.55B-1 | 2.33E+0
4 Low 5.60E+2 0.00E+0 7.21E+1 7.32E+1 0.00E+0 1.88E+1 0.00E+0 7.75E-2
High | se7E+2 | 283E-1 | 7.21E+1 | 7.32E+1 | 144E+l | 1.92E+1 | 2.08E-1 7.75E-2
S Low | 336E+1 8.69E2 | 6.34E+1 | 6.05E+1 | 0.00E+0 | 0.00E+0 | 0.00E+0 | 3.51E-2
High | 463E+1 1.86E-1 6.34E+1 | 6.05E+1 | 127E+1 | 3.03E+0 | 3.25E-1 3.51E-2
" Low | 129B+1 | 0.00E+0 | 3.28E+0 | 4.74B+0 | 2.33E-3 | 0.00E+0 | 0.00E+0 | 2.57E-2
High | 347E+1 1.95B-1 | 3.29E+0 | 4.74E+0 | 647E-1 | 341Et0 | 4.74E-1 2.57E-2
; Low 7.65E+3 0.00E+0 4.52E+1 4.96E+1 2.33E+2 4.17E+0 7.75E-3 3.33E+0
High | 765843 LI0E-] | 452E+1 | 496E+]1 | 240E+2 | 652E+0 | 3.83E-1 | 3.33E+0
g Low | 6.67E+3 1.69E-2 | 5.23B+1 | 6.02B+1 | L11E+1 | 2.96E+0 | 2.11E-2 7.09E-1
High | 6.68E+3 1.32E-1 523E+1 | 6.02E+1 | 1.92E+1 | 5.87E+0 | 3.41B-1 7.09E-1
o Low | 314E+1 | 0.00E+0 | 2.20E+0 | 5.07E+0 | 2.22E+0 | 1.05E+l 1.43E-2 3.56E-2
High | 643E+1 1.83E-1 | 220E+0 | 5.07E+0 | 3.78E+0 | 1.14E+1 | 9.48E-1 3.56E-2
0 Low | 550E+3 | 7.50BE-3 | 4.34B+1 | 5.03E+l | 9.15B+0 | 4.61E+0 | 244E2 | 2.10E+0
High | 550p+3 | 1.32B-1 | 434E+1 | 5.03E+1 | 9.96E+0 | 7.54E+0 | 4.11E-1 | 2.10E+0
e Low | 412E+2 | 881E3 | 265E+1 | 3.18E+1 | 1.99E+1 | 228E+1 | 0.00E+0 | 1.14E-1
High | 217643 | 2.52E-1 2.65E+1 | 3.8E+1 | 2.16E+l1 | 2.36E+l 7.59E-1 1.14E-1
. Low 0.00E+0 0.00E+0 3.25E+0 1.65E+1 1.69E+1 5.61E+0 6.21E-4 1.38E-1
High | 307843 | 245E-1 | 4.67E+0 | 1.65E+1 | 1.35B+2 | LISE+l | 141E+0 | 138E-1
a. Capsules 2, 6, 9, and 11 were intact fuel bodies. The inner and outer ring inventories have not been determined. The mass
balance is incomplete in these capsules.
b. Does not include inner and outer ring Sr-90 inventory.

~Mass Balance of Fission Products Outside of Fuel Compacts
~was Completed in 2018

Summary of the fission product inventory measured outside of the fuel expressed
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AGR-3/4 Compact Destructive Exams
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ssion Product Radial Concentration Profiles

- Radial deconsolidation-leach-burn-leach (R-DLBL)

Radial mmp %

segments

Compact core ., Pt

with DTF
particles

Measure fission product inventory in compact outside of the SiC layer as a function of the radial position in the compact
Traditional axial

deconsolidation
Avoid deconsolidating DTF particles until the final axial step of compact core

Collect particles from specific radial portions of the compact for gamma counting and other PIE

Compare measured fission product profile with model predictions
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Compact ID | Burnup (% FIMA) | TAVA Irradiation Temp (°C) R-DLBL

1-3 6.4 959 | InprogressatORNLinFY21 |
1-4 6.9 929 Completed ORNL

3-3 12.7 1205 Completed at INL

5-3 14.9 1050 Completed at INL

5-4 15.0 989 Completed at INL

7-3 15.0 1376 Completed at INL

7-4 14.9 1319

8-3 14.5 1213
8-4 14.4 1169

10-3 11.8 1210

12-1 5.9 849 Completed at INL

12-3 5.2 864 Completed at INL

Radial Deconsolidation and Leach-Burn-Leach
of AGR-3/4 Compacts 1-4 and 10-4

,,,,,
nnnnnnn

Radial Deconsolidation
and Leach-Burn-Leach of
AGR-3/4 Compacts
3-3,12-1, and 12-3
D. Stempien u

September 2017
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~+ - . FACS-Tested Compacts R-DLBL Status

Expecting to have only four R-DLBLs and radiochemical analysis work remaining to be
completed in FY22

Compact | Burnup (% FIMA) TAYQ:;??,'S;'O“ FACS Temperature (°C) | Reirradiation? R-DLBL
1-2 5.9 880 Planned 1400 Planned FY?21 Planned for FY22
3-1 12.2 1138 1600 Yes Planned for FY21 at INL
3-2 12.5 1196 1600 No Completed at INL
4-3 14.3 1035 Planned 1000 Planned FY21 Planned for FY22
8-1 14.5 1165 1200 Yes Planned for FY21 at INL
8-2 14.6 1213 1400 No Completed at INL
10-1 12.1 1172 1400 Yes Planned for FY22 at ORNL or INL
10-2 12.0 1213 1200 No Planned at ORNL for FY22
10-4 11.4 1168 1400 No Completed at ORNL
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Particle equivalents per mm?3
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Physical Sampling of Irradiated
Rings to Measure Fission Product
Concentration Profiles



' /tedConstructlon of Radial Fission Product Profiles
| Carbon Rings in FY2021

INL/EXT-21-62863

Measurement of Fission
Product Concentration
Profiles in AGR-3/4 TRISO

w Fuel Graphitic Matrix and

Nuclear Graphites
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» Machining samples from the graphite rings to measure fission product radial profiles within rings
- Progressively remove radial segments from rings at one or two axial locations
- Collected material is gamma scanned and burn-leached for Sr-90 analysis
- Refine models, compare to PGS, and derive transport parameters (e.qg., diffusion coefficients) for FPs in graphite

Rotates AGR'SM
ring Ring
Material Removal Fines Collection Images of IR-08 at beginning, middle, and end of sampling
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Figure 16. Radial profiles for select fission products at the axial center of the Capsule 3 IRs and ORs. The

Figure 15. Radial profiles for select fission products at the axial top of the Capsule 3 rings. open symbol for Ag-110m at x = 6.4 mm denotes a value derived from an MDA.
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Figure 22. Radial profiles for select fission products at the axial center of the Capsule 5 IR and OR. The
open symbols denote values derived from MDAs.
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Figure 26. Radial profiles for select fission products at the axial top of the Capsule 7 IR and OR. The  Figure 27. Radial profiles for select fission products at the axial center of the Capsule 7 IR and OR. The
open symbols denote values derived from MDAs. open symbols denote values derived from MDAs.
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Figure 32. Radial profiles for select fission products at the axial bottom of the Capsule 8 IR and OR. The

Figure 31. Radial profiles for select fission products at the axial center of the Capsule 8 IR and OR. The open symbols denote values derived from MDAs. Gray shading highlights points with greater uncertainty
open symbols denote values derived from MDAs. from ring cracking during sampling.
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Figure 38. Radial profiles for select fission products at the axial center of the Capsule 10 IR and OR. The

open symbols denote values derived from MDAs.
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Figure 39. Radial profiles for select fission products at the axial bottom of the Capsule 10 IR and OR. The
open symbols denote values derived from MDAs. Gray shading highlights the points with greater
uncertainty from ring movement during sampling.
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Figure 45. Radial profiles for select fission products at the axial center of the Capsule 12 IR and OR. The
open symbols denote values derived from MDAs. Gray shading shows the IR-12 segments where roughly

60% of the third segment (around x = 10.8 mm) was collected in the vial for the second segment (around
x = 11.4 mm).

Figure 46. Radial profiles for select fission products at the axial bottom of the Capsule 12 IR and OR. The
open symbols denote values derived from MDAs.
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AGR-3/4 Mass Balance Outside of
Driver Fuel SiC
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driver
fuel
(MDA =
0)

Total
outside of
driver
fuel
(MDA =
0)



5.0E-3
4.5E-3
4.0E-3
3.5E3
3.0E-3
2.5E-3
2.0E-3
1.5E-3
1.0E-3
5.0E-4
0.0E+0

Capsule Fraction

1.2E-2

1.0E-2

8.0E-3

6.0E-3

Capsule Fraction

4.0E-3

2.0E-3

0.0E+0D

In compacts
outside
driver fuel

In
compacts
outside
driver fuel

R

1A -

Y #

o
o

Ag-110m

Inner Ring  QuterRing  Sink Ring Through
tubes
Cs-134
—_—
Inner Ring Outer Ring Sink Ring  Through
tubes

Foils

Foils

Spacers

Spacers

Felts

Felts

Total outside
driver fuel
(MDA =0)

Total
outside
driver fuel
(MDA = 0)

Capsule Fraction

Capsule Fraction

1.4E-2

1.2E-2

1.0E-2

8.0E-3

6.0E-3

4.0E-3

2.0E-3

0.0E+0

9.0E-3
8.0E-3
7.0E-3
6.0E-3
5.0E-3
4.0E-3
3.0E-3
2.0E-3
1.0E-3
0.0E+0

el _~ Use this information to adjust the source from
| 9\5 PARFUME used in the AGR-3/4 transport model.

Sr-90
In compacts Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total
outside tubes outside
driver fuel driver fuel
(MDA = 0)
Eu-154
In Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total
compacts tubes outside
outside driver fuel
driver fuel (MDA = 0)
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\

. II'. b :{/
b

e _~ Use this information to adjust the source from
9\7 PARFUME used in the AGR-3/4 transport model.

Ag-110m Cs-134
1.20E+00 9.00E-03
8.00E-03
1.00E+00
- g 700603
£ 800601 £ 6.00E-03
& = 5.00E-03
@ 6.00E-01 2 41.00E-03
S 2
& 4.00E-01 £ 3.00E-03
(1]
o “ 2.00E-03
2.00E-01
1.00E-03 I .
0.00E+00 - 0.00E+00 L —_— -
In compact Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total In compact Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver fuel driver fuel driver fuel driver fuel
(MDA = 0) (MDA = 0)
Eu-154 Sr-90
7.00E-02 8.00E-02
6.00E-02 7.00E-02
5 500602 § 600E02
] T 5.00E-02
E 4.00E-02 i
"= 4.00E-02
[} [+ 8]
= 3.00E-02 =
2 2 3.00E-02
T 2.00E-02 -y
[ o 2.00E-02
L.00E-02 1.00E-02 l
0.00E+00 _— — 0.00E+00 —
In compact Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total In compact Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver fuel driver fuel driver fuel driver fuel
(MDA = 0) (MDA = 0)

[ ADVANCED REACTOR TECHNOLOGIES mmms



Use this information to adjust the source from
PARFUME used in the AGR-3/4 transport model.

Ag-110m Cs-137
1.00E+0 1.00E-2
9.00E-3
8.00E-3
1.00E-1 7.00E-3
6.00E-3
1.00E-2 5.00E-3
Derived B
I s o -
s 1.00E-3
1.00E-4 4 % 0.00E+0 - . — — S -
In compact Inner Ring Outer Ring SinkRing  Through Foils Spacers Felts Total In compact Inner Ring Outer Ring SinkRing  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver driver driver driver
particles particles particles particles
(MDA =0) (MDA =0)
Eu-154 Sr-90
9.00E-3 1.20E-2
8.00E-3
7 00E-3 1.00E-2
6.00E-3 8.00E-3
5.00E-3
4 00E.3 6.00E-3
3.00E-3 4.00E-3
2.00E-3
1.00E-3 2.00E-3 I
0.00E+0 - — - —_ - 0.00E+0 —_—
Incompact Inner Ring Outer Ring SinkRing  Through Foils Spacers Felts Total In compact Inner Ring Outer Ring Sink Ring  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver driver driver driver
particles particles particles particles
(MDA =0) (MDA = 0)
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Use this information to adjust the source from
PARFUME used in the AGR-3/4 transport model.

Ag-110m Cs-134
0.25 7.00E-3
02 6.00E-3
V % 5.00E-3
7 bove MDA
. Mone above
/ / 2.00E-3
00 é %‘ 1.00E-3
0 A A LA . rrrs . 0.00E+0 — s I
Incompact Inner Ring OuterRing SinkRing ~ Through Foils Spacers Felts Total In compact Inner Ring Outer Ring SinkRing  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver driver driver driver
particles particles particles particles
(MDA = 0) (MDA = 0)
Eu-154 Sr-90
1.20E-2 2.50E-3
1oo= 2 Derived from MDA 2.00E-3
V
8.00E-3 /
/ 1.50E-3
6.006-3 77 ///
/ / 1.00E-3
4.00E-3 / V//
2.00E3 % ’%/ 5.00E-4
0.00E+0D 4 é o - — . 0.00E+0 — _— —

In compact Inner Ring Outer Ring  SinkRing ~ Through Foils Spacers Felts Total In compact InnerRing OuterRing SinkRing  Through Foils Spacers Felts Total
outside tubes outside of outside tubes outside of
driver driver driver driver
particles particles particles particles

(MDA =0) (MDA =0)
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AGR-3/4 Compact Heating Tests
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Compact

Burnup
ID (% FIMA)

Fast Fluence
(n/m2, E > 0.18 MeV)

TAVA
Irradiation Temp (°C)

Heating
Test Temp (°C)

3-2 12.5

4.17E+25

1196

1600/1700

8-2 14.6

5.11E+25

1213

1400

10-2 12.0

4.01E+25

1213

1200

10-4 11.4

3.75E+25

1168

1400

FIMA: fissions per initial metal atom
TAVA: time-averaged, volume-averaged

1900
1700

NG
Za

¥

1500

1300

1100
900
700
500 ¢
300 x

100 !
0 50

D S S e ASEE Saeep S

Temperature (°C)

100

150

s S

*

X X %

plate changes

200
Test Time (hrs)

250

Symbols show time and
temp of condensation

300

350 400

—— Compact 3-2

—— Compact 10-4

Compact 10-2

Compact 8-2
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tests of fuel compacts from the AGR-3/4 irradiation

John D. Stempien, Paul 4. Demkowics, Edward L. Reber, Cad L. Chrisienzen
Idaie National Laboratery
PO. Box 1625, Idahe Falls, ID §3415
phone: +1-208-320-5410, john. stempisni@inl gov

Abstract — Three pesr-irvadiation heating tests af fuel compacts from rthe US
AGR-3/4 irvadiation sxperiment were completed. In addition to TRISO-coated driver
fuel each compact contained particles with UCO fusl kemnels coated only in
pyrocarbon to simulate exposed kernels. Tects at 1600/1700°C, 1490°C, and 1200°C
were performed to measure fission product releases as a function of time and
temperature. Sitver releases were highest m the 1200°C test, supporting the
observation that silver release rates ave highest in the remperanire range of 1100 10
1300°C. Execapt for Ag-110m (which was relzased in multiple parvicls aquivalents).
releases of Cs-134. Kr-85, Eu-134. and 5r-90 were all less than one particle
inventory per compact. This suggests that exposed kermels retain lide Kr-85 after
irradiation. Compared to tests of AGR-1 compacts with no exposed kernels, the Cs-
134 and Er-85 releases were noticeably higher, and ar 1600°C the exposed kernels
contributed noticeably more Eu and Sr than in 1600°C testz of AGR-1 fuel These
data can be used to make inferences om retention of fizsion products in exposed
kermals

Preliminary results from the first round of post-irradiation heating

I INTRODUCTION

The US Advanced Gas Reactor (AGR) fuel
development and qualificstion program  has
fabricated and imadiated struchmal isotropic
(TRISO)-costed particle fusls for high-temperature
zas-cooled reactors (HTGRs). Three campaigms of
fuel fabrication and nradiation m the Advanced Test
Reactor (ATR) at the Idzho National Laberatory
(INL) have abeady been completed [1-[3]. In
by logical order, those were fifled
AGR-1, AGR-2, and AGR-3/4. Destructive and non-
destructive post-imadiation examination (PIE) of
AGR-1 is complete [4], and PIE of AGR-2 and
AGR-3/4 15 in progress. The fourth and final AGR
fuel fradiation experiment (AGR-3/6/T) bezan in
February 2018

Whereas AGR-1 and AGR-Z were intended to
demonstate performance of TRISO fuel, the
AGR-3/4 imadistion experiment was desizned to
mvestizate the release of fission products from

exposed kemnels and their migration in fuel compact
graphific matix and structural graphite materials
This 15 an essential area of study needed to refine

fission product tamsport modals and  support
caleulations of fission product releases from the
reactor core. The objective was accomplished using
“designed-to-fail” (DTF) particles in sach AGR-3/4
compact that provided a source of fission products to
be released during the imadistion As part of
AGR-3/4 PIE, heating tests of AGR-3/4 fuel
compacts are being used to study fission product
releases from fuel kemels and fission product
tramsport in the compact matnx under a range of
temperafures represemtative of normal reactor
operation and postulated reactor accidents.

1L AGR-3/4 FUEL AND IRRADIATION
L4, Fuel Dascription

AGR-34 fuel kemels were a heterogencous
mizture of wemmm carbide and wamium omds
(UCO) emricked to 19.7 wt % in U-235. Kemal:
were nominally 350-pm in diameter and wers
producad 3t BWH Technologies Nuclear Operations
Group (Lynchibure, VA USA)

[ n
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Three AGR-3/4 Compact
Reirradiation Heating Tests Were
Completed. Two Remain.



Compact ID

Burnup (% FIMA)

TAVA Irradiation Temp (°C)

Heating Test Temp (°C)

3-1

12.2

1138 1600

8-1

14.5

1165 1200

10-1

12.1

1172 1400

Planned in FY21: 4-3

14.3

1035 1000

Planned in FY21: 1-2

5.9

941 1400

1400 -

Procesdings of HTR 2021
Yopyakarta. Indonesia. June 2-4. 2021
Paper HTR 2021-3004

Reirradiation and Heating Testing of AGR-3/4 TRISO Fuels

John D. Stempien, Paul A. Demkowicz, Edward L. Reber, and Cad L. Christensen
Idahe National Laboratory
PO Box 1625, Idaho Falls, ID' §3415-6188, USA
Corresponding author: john.stempien@inl gov, +1-208-520-5410

Abstract - Three fradiated fusl compacts, each with abour 1,893 TRISO-coated
particles and 20 designed-tofail (DIF) particles with kemsls coated only in
FoTocarbon, were reirradiated and then heated at temperatures from 1200 to 1600°C.
Reirradiation enabled meazursment of the releases of short-lved fission products
1131 and Xe-133 from the DTF kernelz. At a given temperarure, the amounts of 1-131
and Xe-133 released agreed within about 20%. At 1600°C and 1400°C. the toral
’ amounts af I-13] released ranged from 32-46% and the total amount of Xe-133
released ranged from 30-40% of the DIF kernel imventories. I-13] and Xe-133

1350

releases ar 1200°C were close 1o 10 fimes lower than those ar 1600°C and 1400°C.

Thiz indicates rignificant kemnel retemtion of these isotopes, particularly ar

heating tests to Cs-134 detected through destructive exams in unheated compacts

‘ temperatures below 1400°C. Comparing Cs-134 released from the compacis during

1300

Compact 10-1
/

L INTRODUCTION

1250

The Advanced Gas Reactor (AGR) Fuel
Development and Qualification Progmam was
established to perform research and development on

< *®

1200

tristructura] sotropic (TRISO)-coated particle fuel to
led

suggests that even with 20 exposed kernels. up to several particles worth of Cs-134 s
z1ill rerained in the compact: outside of the intact SiC layers afier the heating tests.

isotopes such as 1131 (12 = 8.02 d) and Xe-133 (tin
24 d) have decayed away before PIE can bagin

Understanding the behavior of short-lived 1-131,
for example, iz important because it i a significant
contributor to offite dose during postulated
accidents. To study I-131 and Ne-133, the Neutron

support 5 ofa high =
2 2 & reactor (HTGR) in the United States. The AGR-1 and

AGR-2 experiments focused on fabricating and

1150
1100
1050 -
1000

Planned
Compact 1-2

L 4
‘ demonstrating the iradistion performance of mixed
4

from exposed UCO kemmels and the subsequent
transport of fiszion products in fuel compact graphitic
matnx  and structwral graphite matenals. New

uramum carbide’uranim oxide (UCO) TRISO fael
Planned
. /
2

diffusion coefficients are being derived from results
of AGR-3/4 post-iradiation examinations (PIE) [1]
PIE results are also being compared to caleulations
from predictive fission product transport models of

o In contrast, the AGR-3/4 uradiation experiment was
Compact 4-3
Compact 3-1

E desizned to investigate the release of fission products
0 o * 'S
: 4

TAVA Temperature (°C)

the AGR-3/4 experiment [2]

Comparatively litfle data are availsble on the
behavior of short-lived fission products in the TRISO
fuel system This is becawse post-imadiation

950

examination of the fuel typically does not begin wntil
several months after the end of imadiation, and

900 ++—

&)}

9 10 11 12 13 14 15 16
Burnup (% FIMA)

Radiography (NRAD) Reactor at the ldsho National
Laboratory (VL) Hot Fuels Examination Facility
(HFEF) was wsed to reimadiate fuel that was
previously imadiated in INL's Advanced Test Reactor
(ATR). Remvadistion generstes short-lived fission
products, and mapidly transfering the fuel from
NRAD to the Fuel Accident Condition Simulator
(FACS) fumace {also located at HFEF) emables
‘measurement of chort-lived fission product relezes.

11 AGR-3/4 FUEL AND SAMPLE SELECTION

4. Fuel Description

The AGR-3/4 fuel form consisted of cylindrical
fuel compacts nommally 127 cm in diameter and
1.27cm inlength. Approximately 1,918 fuel particles
were in each fuel compact Of these, exactly 20
patticles were designed-to-fail (DTE) particles,
coated only with pyrocarbon, and about 1,898 were
TRISO-coated paticles. Fig 1 shows m x
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2. Compact
reirradiated

1. Compact 3. Compact

loaded into unloaded 9. fOnc‘;pdéCt

NRAD from NRAD urloade
E— from PGS.

Store at HFEF
é

4, Compact
scanned on
PGS

PRECISION GAMMA SCANNER
5. Compact unloaded from PGS I

6. Compact

loaded in FACS - 10. Transfer condensation

| plates to Analytical Lab for

5r-90 analysis. '

7. Count condensation

Cold Finger

>

Heat Shields
inoloy Plate ¢

Graphite Heating Elements

Condensation —§
Plate

Tantalum Flow Tube
Compact

Sample Holder 8. Unload compact from
Fishum Outel FACS, and scan on PGS

Sample Support &
Helium Inlet

Neutron Radiography Reactor {(NRAD)

Fuel Accident Condition Simulator (FACS)
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Major Fmdmgs from Reirradiation Tests
’ Prlor |rrad|at|on history (e.g., temperature and burnup) affects releases in heating tests.

[-131 and Xe-133 releases are similar; therefore, Xe-133 is reasonable indicator of 1-131
release.

Kernels may retain some 1-131 and Xe-133: 9x less Xe-133 and 5x less |-131 are released at
1200°C than at 1400°C and 1600°C.

Several DTF particles’ worth of Cs-134 likely remains in compacts outside of SiC layers even
after heating.

Two compact reirradiation tests remain to be completed.

May be possible to determine effective diffusion coefficients from the release data.
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* _I____.__._.__f;ampacf 3 1 1600°C Test Summary

g
)

e,

N
i

[ 208

Particle Equivalents Released

FISSIOI‘] g%ses and iodine released fastest. 1-131 and Xe-133 releases are similar

Kernels may retain some iodine and xenon

Compact retained Cs-134 after irradiation that was released in heating test. Based on DLBL and measured releases, up
to ~3 DTF particles worth may remain in compact even after heating.

Short-lived isotope release dominated by inventory in DTF that was generated from reirradiation
Long-lived isotope release dominated by state of fuel after initial irradiation. Reirradiation does not affect long-lived much

9 1800
8 ( _________________________________________ -+ 1600
7 || L 1400 © . _
! 4 s o o e Reirradiation: ~114 hr
6 | |! ge-0-0-0-0—0—0—0—9 - 1200 @ : o
ie®® 1000 2 Heating test: 1600°C for 202 hr
5 L
1, % DTF Inventory Released (%)
4 - 800 & Cs-134 4.4
3 L 600 * 1-131 32
(%)
Q Kr-85 9.3

2 - 400

L < Xe-133 41
1y S e A " " ~— | F 200

:‘AA-A'A ------ A A A A A
0 Ui 0
0 30 60 90 120 150 180 210
Time (hr)
—0—[-131 —a—Cs-134 Kr-85 ----- Xe-133 ——Temperature
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Particle Equivalents Released

Compact was reirradiated for ~120 hours, then heated at 1400°C for 300 hours

Fission gases and iodine released fastest: I-131 and Xe-133 releases are similar

Kernels seem to retain some iodine and xenon

12 1600
11
/.—..:.:. -
10 pE—— 1400
9 T - 1200
8 .,o’. ________________________ in
7 e [ - 1000
¢ 1 _.-=T
g & - 800
® - i
2 || & 600
3 |8 - 400
2 {J‘,’ i ckhh—A—A—A—k A A—A A A A A A—Al | 200
1 }"“‘
0 & 0
0 50 100 150 200 250 300
Time (hr)
—0—[-131 —a—Cs-134 Kr-85 ----- Xe-133 ——Temperature

Furnace Temperature (°C)

DTF Inventory Released (%)
Cs-134 10
1-131 54
Kr-85 17
Xe-133 43
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Particle Equivalents Released

Compact was reirradiated for ~120 hours, then heated at 1200°C for 272 hours
Fission gases and iodine released fastest. I-131 and Xe-133 releases are similar

Temperature cycle from test interruption may have caused a little more release upon reheat phase
After about 200 hr, 9x less Xe-133 and 5x less 1-131 released at 1200°C than at 1600°C

1E+1
L— 1200
1E+0 B L T} =CT T CTTL £ es e rapmr. jmpmrys,
#(,_- —0—-Q=0— ——Toerad” L 1000
1E-1 —— A A A A—A— 4]
1 . A — [ f 800
P
182 1) Test|interryipted L 600
and restarted
1E-3 - 400
1E-4 - 200
1E-5 L 0
0 50 100 150 200 250 300
Time (hr)
—0—1-131 ——Cs-134 Kr-85 ----- Xe-133 —— Temperature

FACS Furnace Temperature (°C)

DTF Inventory Released (%)

Cs-134 0.49
1-131 6.2
Kr-85 21

Xe-133 4.6
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AGR-3/4 Compact Ceramography
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Sectioned Compacts to Observe DTF and TRISO

All DTF Particles Appeared Failed

Compact 5-2 Compact 7-2
N— - Compact Ceramography

Ep;:‘\w:eﬂap Material appearing/'
kernel.and like matrix where £ ;'-’ John Stempien

Va7 P ‘compact Jason Schulthess

Epoxy amid : of ‘matrix March 2020

L7 ) T Ty }
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Expected remaining experimental work for FY22:
R-DLBL of 4 compacts

Radiochemical analysis of some samples generated from R-DLBL and NRAD/FACS
tests in FY21

Significant work remains in:
Fission product transport model-data comparisons

Determinations of transport parameters from AGR-3/4 data
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John Stempien

AGR TRISO Fuels Post-Irradiation
Examination Technical Lead

john.stempien@inl.gov
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TAVA Irradiation Temperature (°C)

N : " '-H
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Temperatures and Fuel Burnup

s

1600

1400

1200

1000

800

600

400

200

Fuel Compact Burnup (% FIMA)

1 2 3 4 5 6 7 9 10 11 12
Capsule #
—4—Compact —#—Inner Ring -—#—Outer Ring =>¢=Sink Ring = = Burnup

TAVA = time-averaged, volume-averaged

FIMA = fissions per initial metal atom
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