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Data Compilation for AGR-1 Pre-Production Test: NUCO350-75T-Z

J. D. Hunn, R. A. Lowden, and P. J. Pappano
Oak Ridge National Laboratory

This document is a compilation of characterization data for compact lot NUCO350-75T-Z. This
compact lot was fabricated using particle composite NUCO350-75T, which was a composite of
three batches of TRISO-coated 350 ym natural uranium oxide/uranium carbide kernels (NUCO).
The compacts and coated particles were produced as part of a development effort at ORNL for
the Advanced Gas Reactor Fuel Development and Qualification (AGR) program. The kernels
were obtained from BWXT and were identified as composite G73B-NU-69300. The BWXT
kernel lot G73B-NU-69300 was riffled into sublots for characterization and coating. The ORNL
identification for these kernel sublots was NUCO350-## (where ## was a series of integers
beginning with 01).

NUCO350-75T-Z was produced as part of the ORNL AGR development effort and is not fully
representative of a final product. This compact lot was the first run through of the entire ORNL
AGR-1 irradiation test fuel production process involving coating, characterization, and
compacting. It was performed using 350 ym NUCO kernels as surrogates for the 350 ym low
enrichment (19.7%) uranium oxide/uranium carbide kernels that will be used for AGR-1
irradiation tests. The results of this exercise were used to fine tune the irradiation test fuel
production process and as a basis for the decision to proceed with the production of the baseline
fuel for the AGR-1 irradiation test. Although it was not required that the materials during this
development phase meet a product specification, the properties were compared to the then
current revision of the AGR-1 Fuel Product Specification and Characterization Guidance, INL
EDF-4380, Rev. 4 for purposes of feedback and decision making.

Note that the average kernel weight was remeasured late in the pre-production test to improve
the accuracy of the reported value. It changed from (2.39+0.03)-10* grams per kernel to
(2.308+0.009)-10* grams per kernel. This resulted in significant correction to the calculated
average kernel volume and buffer densities and some minor corrections to other reported values
previously distributed in progress reports to the AGR program. The data in this summary has
been updated to show the new average kernel weight, average kernel volume, and buffer
densities. A record of the original measured values is included in section 11. Values that were
not significantly changed by the change in average kernel weight were left as originally
recorded.
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1 Product ID’s Associated with NUC0350-75T

Kernels
NUCO350-## (from BWXT G73B-NU-69300)

Buffer coating process qualification

NUCO350-64B
NUCO350-61B
NUCO350-72B
NUCO350-73B (composite of 64B+61B+72B)

IPyC coating process qualification

NUCO350-631
NUCO350-561
NUCO350-691
NUCO350-741 (composite of 631+561+691)

TRISO coated particles

NUCO350-43T
NUCO350-48T
NUCO350-40T
NUCO350-75T (composite of 43T+48T+40T)

Compacts

NUCO350-75T-Z (01-36)

3/3/2006
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2 Coating process conditions

The following pages contain coating process conditions for all coated particle batches associated
with the NUCO350-75T coated particle composite.

Note: The product specifications shown in the summary coating run sheets are from INL EDF-
4380, Rev. 4 of the AGR-1 Fuel Product Specification and Characterization Guidance issued on
11/8/05. The coating runs listed in this section were performed over a period encompassing Rev.
3 (draft 7/18/05, issued 8/31/05) through a draft version of Rev. 4. Over this period, the coating
specification evolved as information became available through the coating development process.
During this period, the buffer coating temperature product specification was changed to
1450+25°C in Rev. 4 from ~1275°C (with no specified tolerance) in Rev. 3. The as-processed
buffer coating temperature of 1350°C satisfied the Rev. 3 specification in use at the time the
coated particles were fabricated.

Buffer qualification

NUCO350-64B
NUCO350-61B
NUCO350-72B

IPyC Qualification

NUCO350-631
NUCO350-561
NUCO350-691

TRISO Batches

NUCO350-43T
NUCO350-48T
NUCO350-40T
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Summary for Baseline Buffer Qualification Run — NUCO350-64B

Coating Run No.

NUCO350-64B

Description:

Baseline NUCO processing conditions

Procedure:

AGR-COAT-SOP-01, Rev. 1

Kernel Lot No.

NUCO350-64

Operator:

R. A. Lowden

Date:

08/02/2005

Data Location:

B002514, Coating Log, Volume 2, pp. 62 -71

Kernel Batch Wt.

61.89¢g

Coated Particle Batch Wit.

84.76 g

AGR-1 Parameter J As-Processed

Buffer

Coating gases

CoHs, + Ar CoHso + Ar

TGF

8530 sccm

CGF

0.60+0.10 0.61

Temperature

1450 + 25°C 1350°C

Time

5 min

IPyC

Coating gases

Ar + C,H, + C3Hg

TGF

CGF

0.30£0.03

CGR

0.85+0.085

Temperature

1265 £ 25°C

Time

SiC

Coating gases

H, + MTS

TGF

CGF

0.015 £ 0.005

Temperature

1500 + 25°C

Time

OPyC

Coating gases

Ar + CyHs + CsHg

TGF

CGF

0.30+£0.03

CGR

0.85 +0.085

Temperature

1290 + 40°C

Time

Comments/Notes:

|

3/3/2006

Operator: MM{//J/ JM’ZM Date: ¥, 2 vy

Verified by: 4@,,,\4;// e Date: | £-3/-0%"
QAS: 2/f‘q,¢,,/) : Pate: | 2 faz foc
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Summary for Baseline Buffer Qualification Run — NUCO350-61B

Coating Run No.

NUCO350-61B

Description: Baseline NUCO processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-61
Operator: R. A. Lowden
Date: 08/02/2005
Data Location: B002514, Coating Log, Volume 2, pp. 72 - 81
Kernel Batch Wt. 62.05¢g
Coated Particle Batch Wit. 84.29 g

AGR-1 Parameter

As-Processed

Buffer
Coating gases CoH, + Ar CoHy + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 £ 25°C 1350°C
Time 5 min
IPyC
Coating gases Ar + CoH, + C3Hg
TGF
CGF 0.30£0.03
CGR 0.85 +£0.085
Temperature 1265 + 25°C
Time
SiC
Coating gases H, + MTS
TGF
CGF 0.015 £ 0.005
Temperature 1500 + 25°C
Time
OPyC
Coating gases Ar + CoH, + C3Hg
TGF
CGF 0.30£0.03
CGR 0.85 £ 0.085
Temperature 1290 + 40°C
Time
Comments/Notes:
| /)
v | fldii] /m@% vate: | /o /b5
Verified by: wirld. UL Date: | 4.3,-05
QAS: %{ 27 ) bate: | 3/28/ e

3/3/2006
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Summary for Baseline Buffer Qualification Run - NUCO350-72B

Coating Run No.

NUCO350-72B

Description: Baseline NUCO processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-72
Operator: R. A. Lowden
Date: 08/03/2005

Data Location:

B002514, Coating Log, Volume 2, pp. 82 - 91

Kernel Batch Wit.

62.29 g

Coated Particle Batch Wt.

85.06 g

AGR-1 Parameter

As-Processed

Buffer
Coating gases CoH, + Ar CoH, + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 + 25°C 1350°C
Time 5 min
IPyC
Coating gases Ar + CoH, + C3Hg
TGF
CGF 0.30£0.03
CGR 0.85+0.085
Temperature 1265 = 25°C
Time
SiC
Coating gases Hy + MTS
TGF
CGF 0.015 £ 0.005
Temperature 1500 + 25°C
Time
OPyC
Coating gases Ar + C,H, + C3Hg
TGF
CGF 0.30£0.03
CGR 0.85+0.085
Temperature 1290 + 40°C
Time
Comments/Notes:
i S /) ,
Operator: /Z{/[//M(// / / ﬁz/%'%_ Date: f// /75/
Verified by: 4/%“; K. e Date: | & -3/ 5%
Date:

02/;2,2 //0 ) Lo

3/3/2006
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Summary for Baseline IPyC Qualification Run — NUCO350-63I

Coating Run No.

NUCO350-63I

Description: Baseline NUCO processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-63
Operator: R. A. Lowden
Date: 08/03/2005
Data Location: B002514, Coating Log, Volume 2, pp. 92 - 101
Kernel Batch Wi. 62.32 g
Coated Particle Batch Wt. 108.77 g

AGR-1 Parameter

As-Processed

Buffer

Coating gases CoHy + Ar CoH, + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 + 25°C 1350°C
Time 5 min
IPyC

Coating gases

Ar + C,H, + C3Hg

Ar + C,H, + C3Hg

TGF 9430 sccm
CGF 0.30£0.03 0.30
CGR 0.85 1+ 0.085 0.85
Temperature 1265 + 25°C 1265°C
Time 13.33 min
SiC

Coating gases H, + MTS

TGF

CGF 0.015 + 0.005

Temperature 1500 £ 25°C

Time

OPyC

Coating gases

Ar + CoH, + CaHg

TGF

CGF 0.30+0.03
CGR 0.85+0.085
Temperature 1290 + 40°C
Time
Comments/Notes:
/ [ /)
Operator: MA/W[(/% % Date: f/J /[75
Verified by: Mﬁ/ /;ﬁ/(f/? Date: F- 5/ - 05
QAS: )’? ({;‘// Date: XQQ( /CU-.

10

3/3/2006
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Summary for Baseline IPyC Qualification Run — NUCO350-56l

Coating Run No. NUCO350-56I
Description: Baseline NUCO processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-56
Operator: R. A. Lowden
Date: 08/08/2005
Data Location: B002514, Coating Log, Volume 2, pp. 102 -111
Kernel Batch Wit. 62.13 g
Coated Particle Batch Wit. 11044 g
AGR-1 Parameter As-Processed

Buffer
Coating gases CoH, + Ar CoHy + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 + 25°C 1350°C
Time 5 min
IPyC
Coating gases Ar + C,H, + C3Hg Ar + CoH, + CsHg
TGF 9430 sccm
CGF 0.30£0.03 0.30
CGR 0.85+0.085 0.85
Temperature 1265 + 25°C 1265°C
Time 13.33 min
SiC
Coating gases H, + MTS
TGF
CGF 0.015 £ 0.005
Temperature 1500 £ 25°C
Time
OPyC
Coating gases Ar + C,H, + C3Hg
TGF
CGF 0.30+0.03
CGR 0.85 1+ 0.085
Temperature 1290 * 40°C
Time
Comments/Notes:

4 j / ] [ /)
Operator: /é‘/[ ///f//(/(// // /bQ///U% Date: 00/ y/v <
Verified by: 44//,1./0%//4/ /% Date: 8 3 / o5
QAS: Date: «52/&2 R/C?é

11

3/3/2006
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Summary for Baseline IPyC Qualification Run - NUCO350-69I

Coating Run No.

NUCO350-69I

Description: Baseline NUCO processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-69
Operator: R. A. Lowden
Date: 08/09/2005

Data Location:

B002514, Coating Log, Volume 2, pp. 112 -121

Kernel Batch Wit.

62.68 g

Coated Particle Batch Wit.

109.65 g

AGR-1 Parameter

As-Processed

Buffer
Coating gases CoH, + Ar CoHy + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 = 25°C 1350°C
Time 5 min
IPyC
Coating gases Ar + CoH;, + C3Hg Ar + C,H, + C3Hg
TGF 9430 sccm
CGF 0.30+0.03 0.30
CGR 0.85 + 0.085 0.85
Temperature 1265 + 25°C 1265°C
Time 13.33 min
SiC
Coating gases H, + MTS
TGF
CGF 0.015 £ 0.005
Temperature 1500 £ 25°C
Time
OPyC
Coating gases Ar + C;H; + C3Hg
TGF
CGF 0.30+0.03
CGR 0.85+0.085
Temperature 1290 = 40°C
Time
Comments/Notes:

/i // [ ' ﬁ
Operator: A/( ///{/[M/ [ / //M/L% Date: 0(/7()/[; 5

7 v A 7 7

Verified by: oy, H. {L[;@,, Date: 3 - 3// - 0%
QAS: %/C/"Q’/ Date: | o P 2 o

12

3/3/2006
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Summary for Baseline Coating Run — NUCO350-43T

13

Coating Run No. NUCO350-43T
Description: Baseline AGR-1 processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-43
Operator: R. A. Lowden
Date: 8/17/2005
Data Location: B002514, Coating Log, Volume 2, pp. 134 -143
Kernel Batch Wit. 62.66 g
Coated Particle Batch Wit. 191.03 g
AGR-1 Parameter As-Processed

Buffer
Coating gases CoH, + Ar CoHy + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 + 25°C 1350°C
Time 6 min
IPyC
Coating gases Ar + CyH;y + C3He Ar + CoH; + C3Hg
TGF 9430 sccm
CGF 0.30+£0.03 0.30
CGR 0.85 £ 0.085 0.85
Temperature 1265 £+ 25°C 1265°C
Time 14 min
SiC
Coating gases Hy + MTS Hy + MTS
TGF 16,945 sccm
CGF 0.015 £ 0.005 0.014
Temperature 1500 £ 25°C 1500°C
Time 140 min
OPyC
Coating gases Ar + CoHy + C3Hg Ar + CoH, + C3Hg
TGF 14,740 sccm
CGF 0.30 £ 0.03 0.30
CGR 0.85+0.085 0.85
Temperature 1290 £ 40°C 1300°C
Time 10.75" min
Comments/Notes:

Y/ ' 0 |
Operator: / Zi// /4_//{%/ /// /YMMN Date: 5 dp 5 -
verified by: | it/ Ao Date: | /G- 25
QAS: %@, J o Date: 2 /f)? ) /[7 ¢

3/3/2006
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Sizing & Removal of Aspherical Particles for NUCO350-43T

Summary for Sizing of Kernels or Coated Particles

Procedure:

AGR-ROLLER-SOP-01, Rev. 0

Operator:

J. H. Miller

Kernel/Coated Particle ID:

NUCO350-43T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 17

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9) (9 (9
(9)
08/30/2005 192.47 176.47 15.91 (0.09)
Comments:
/ rl
@) tor: / /7/// / Date: 2 . -9
perator ‘;Zﬂ?"/é/»éf' /V/; - ate 53008
Verified by: W/M Date: /z/, 57’0 <
QAS: %jfﬁs/ Date: Q/O?a?/
4 ! ’ %

Summary for Tabling of Kernels or Coated Particles

Procedure:

AGR-TABLE-SOP-01, Rev. 1

Operator:

J. H. Miller

Kernel/Coated Particle ID:

NUCO350-43T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 23

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9 (9) (9)
(9)
09/01/2005 174.70 168.57 6.12 (0.01)
Comments:
Operator: H, 674%4 A Date: 9/~ 05"
Verified by: M/ Date: 7///45/

QAS:

Date: 2/90?/0&

14
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Summary for Baseline Coating Run — NUCO350-48T

Coating Run No.

NUCO350-48T

Description: Baseline AGR-1 processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-48
Operator: R. A. Lowden
Date: 8/17/2005

Data Location:

B002514, Coating Log, Volume 2, pp. 144 -153

Kernel Batch Wit.

62.44 g

Coated Particle Batch Wit.

194.58 g

AGR-1 Parameter

As-Processed

Buffer
Coating gases CoHz + Ar CoH, + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 + 25°C 1350°C
Time 6 min
IPyC
Coating gases Ar + CoH, + C3Hg Ar + CoH, + C3Hg
TGF 9430 sccm
CGF 0.30£0.03 0.30
CGR 0.85+0.085 0.85
Temperature 1265 + 25°C 1265°C
Time 14 min
SiC
Coating gases H, + MTS H, + MTS
TGF 16,945 sccm
CGF 0.015 + 0.005 0.014
Temperature 1500 £ 25°C 1500°C
Time 140 min
OPyC
Coating gases Ar + CoHj, + C3Hg Ar + CoH, + C3Hg
TGF 14,740 sccm
CGF 0.30£0.03 0.30
CGR 0.85+0.085 0.85
Temperature 1290 + 40°C 1300°C
Time 10.75" min
Comments/Notes:

Y AW N e
Operator: %M/(// WVZ%A— Date: y///ﬁ T
Verified by: :4;,1( Jﬁ} /7/%25{04 Date: (P~ é‘-ag“

QAS: ?//7@,. Date:

22206

S

15
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Sizing & Removal of Aspherical Particles for NUCO350-48T

Summary for Sizing of Kernels or Coated Particles

Procedure:

AGR-ROLLER-SOP-01, Rev. 0

Operator:

J. H. Miller

Kernel/Coated Particle ID:

NUCO350-48T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 19

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9) Q) (9) (9)

08/30/2005 193.21 188.52 4.69 (0.00)
Comments:
Operator: 47{% w1l //ﬂé/@ . Date: $-30-05

’ \

Verified by: W//M Date: /‘é//g‘/ﬁ_yv
QAS: K - Date: o%zo?/oo;

S 4

Summary for Tabling of Kernels or Coated Particles

Procedure:

AGR-TABLE-SOP-01, Rev. 1

Operator:

J. H. Miller

Kernel/Coated Particle ID:

NUCO350-48T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 22

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9) (9) (9
(9)
08/31/2005 188.35 182.96 5.34 (0.05)
Comments:
Operator: ﬁ“"dn’q ﬁfm m Date: & = 5,‘-‘95\
verified by: kgt 2 fpordod= bate: | G/ s

QAS:

Date: (;L/oué?é

LS

16
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Summary for Baseline Coating Run — NUCO350-40T

Coating Run No.

NUCO350-40T

Description: Baseline AGR-1 processing conditions
Procedure: AGR-COAT-SOP-01, Rev. 1
Kernel Lot No. NUCO350-40
Operator: R. A. Lowden
Date: 8/30/2005
Data Location: B002514, Coating Log, Volume 2, pp. 154 -163
Kernel Batch Wit. 62.36 g
Coated Particle Batch Wt. 190.35¢g

AGR-1 Parameter

As-Processed

Buffer
Coating gases CoH, + Ar CoH, + Ar
TGF 8530 sccm
CGF 0.60+0.10 0.61
Temperature 1450 £ 25°C 1350°C
Time 6 min
IPyC
Coating gases Ar + C,H, + C3Hg Ar + C,oH, + C3Hg
TGF 9430 sccm
CGF 0.30+£0.03 0.30
CGR 0.85+0.085 0.85
Temperature 1265 + 25°C 1265°C
Time 14 min
SiC
Coating gases H; + MTS H, + MTS
TGF 16,945 sccm
CGF 0.015 £ 0.005 0.014
Temperature 1500 + 25°C 1500°C
Time 140 min
OPyC
Coating gases Ar + CyH;, + C3Hg Ar + C;H;, + C3Hg
TGF 14,740 sccm
CGF 0.30+0.03 0.30
CGR 0.85 +£0.085 0.85
Temperature 1290 + 40°C 1300°C
Time 10.75" min
Comments/Notes:
/vy

Operator: /ZL////W// // WLZLV Date: /3//0 g
Verified by: il . // (e / Date: @ /c

{
QAS: %@7&” Date: ’2/0202,/0(3

17
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Sizing & Removal of Aspherical Particles for NUCO350-40T

Summary for Sizing of Kernels or Coated Particles

3/3/2006

Procedure:

AGR-ROLLER-SOP-01, Rev. 0

Operator:

J. H. Miller

Kernel/Coated Particle ID:

NUCO350-40T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 20 - 21

Summary for Tabling of Kernels or Coated Particles

. Sized Batch
Date Batch Weight Weight Scrap Loss
(9) Q) (9) (9
08/31/2005 188.74 177.88 10.91 +0.05
Comments:
Operator: /”A"N»{WZ/ //%/2&/} P Date: 2-3/-05"
Verified by: W/M Date: /ﬂ/%(-
7 14 7 .
QAS: ,‘%,(\/’/' ) Date: R/A’Q,/Oé

Procedure:

AGR-TABLE-SOP-01, Rev. 1

Operator:

R. A. Lowden

Kernel/Coated Particle ID:

NUCO350-40T

Kernel/Coated Particle Description:

Baseline, full TRISO on 350 um NUCO

Data Location:

B002163, Sizing & Tabling, p. 24

Sized Batch

18

Date Batch(s\gl;leight W(egi;g;;ht S((:gr?p L((;s;s
09/01/2005 177.88 172.97 4.89 (0.02)
Comments:
g0 4 | ) ,
R A TR T
Verified by: 45&%%, ,{(4/%4 Date: | O-14 - 05
QAS: %},2/ Date: 5/9202 ¢
C
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3 Blend of coated particle composites

Three batches of TRISO-coated particles were blended into composite NUCO350-75T. The

mass of each batch added to the composite is shown in the following table.

TRISO batch ID Amount added to NUCO350-75T composite (g)
NUCO350-43T 163.4297
NUCO350-48T 177.7137
NUCO350-40T 167.8707
Total 509.0141

Three batches of Buffer/IPyC-coated particles were blended into composite NUCO350-741. The

mass of each batch added to the composite is shown in the following table.

TRISO batch ID Amount added to NUCO350-741 composite (g)
NUCO350-631 100.5042
NUCO350-561 102.7235
NUCO350-691 101.9190
Total 305.1467

Three batches of Buffer-coated particles were blended into composite NUCO350-73B. The

mass of each batch added to the composite is shown in the following table.

TRISO batch ID Amount added to NUCO350-73B composite (g)
NUCO350-64B 58.4071
NUCO0350-61B 57.7439
NUCO350-72B 58.0779
Total 174.2289
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4 Compacting process conditions

Introduction

NUCO350-75T TRISO particles were overcoated and compacted as part of a qualification test
for the compacting process. The NUCO350-75T particles were characterized prior to being
given to the compacting group. The batch of particles was riffled into aliquots of ~20 g and
subsequently labeled NUCO350-75T-Y## (## = 01 to 10). Ten aliquots were overcoated to
make 36 NUCO350-75T-Z compacts for characterization. This section provides the AGR-1
process conditions specified in INL EDF-4380, Rev. 3, AGR-1 Fuel Product Specification and
Characterization Guidance, and a summary table of the process conditions used in making the
compacts.

AGR-1 Process Conditions
The AGR-1 process limits from EDF-4380, Rev. 3 are listed below.
AGR-1 Process Limits: Molding Pressure <20 MPa.

Carbonization parameters: <350°C/hr. in He
Hold at 950+50°C for 1.0+0.4 hrs.
Furnace cool.

Heat treatment parameters: ~20°C/min. in vacuum
Hold at 1650-1850°C for 60+10 min.
Furnace cool at ~20°C/min. to below 700°C.

Table 1 shows the process conditions used in molding the compacts, carbonizing the compacts,
and heat treating the compacts. In the carbonization regime, the furnace was allowed to cool
under no power, i.e., after holding at 950°C for 1 hour, power was turned off. In the heat
treatment run, the furnace was cooled under power until the furnace temperature reached 700°C.
The rate of cooling was 19°C/min.

Conclusion

The NUCO350-75T-Z compact lot was made in accordance with the AGR-1 process limits listed
in EDF-4380, Rev. 3.
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Table 1. Summary of process conditions used in making NUCO350-75T-Z compacts

Carbonization Parameter Heat-treatment Parameters
Molding Pressure . Heating Rate Max. Temp. Hold Time Heating Rate Max. Temp. Hold Time
Compact ID (MPa) (°C/min.) °C) (hrs.) Atmosphere (°C/min.) cC) (hrs.) Atmosphere
NUCO350-75T-Z01 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z02 <4.65 - 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z03 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z04 ) <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z05 <4865 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z06 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z07 - <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z08 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z09 <4.65 5 950 1 flowing He 20 : 1800 1 vacuum
NUCO350-75T-Z10 <4.65 5 950 1 flowing He 20 H 1800 1 vacuum
NUCO350-75T-Z11 <4.65 5 950 1 flowing He - 20 B 1800 1 ~vacuum
NUCO350-75T-Z12 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z13  <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z14 ' <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z15 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z16 ] <4.65 5 950 1 flowing He 20 ; 1800 1 vacuum
NUCO350-75T-Z17 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z18 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z19 <4.65 5 950 1 flowing He 20 - 1800 1 vacuum
NUCO350-75T-220 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-721 <4.65 5 950 1 ‘flowing He 20 1800 1 vacuum
NUCO350-75T-222 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-723 <4.65 5 950 1 flowing He - 20 1800 1 vacuum
NUCO350-75T-Z24 ' <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-725 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z26 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-227 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-728 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z29 <4.65 5 950 1 ‘flowing He | 20 1800 1 vacuum
NUCO350-75T-Z30 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z31 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z32 <4.65 5 950 1 flowing He 20 1800 1 vacuum
'NUCO350-75T-Z33 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z34 <4.65 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z35 . <465 5 950 1 flowing He 20 1800 1 vacuum
NUCO350-75T-Z36 <4.65 5 950 1 flowing He 20 1800 1 vacuum

/

Task Manager Verification:
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J
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5 Characterization of kernel composite

This section contains data on the kernel composite used for NUCO350-75T. It was obtained
according to product inspection plan AGR-CHAR-PIP-O1R1. Some of the kernel data in this
section was used as input for subsequent measurements of coating properties (e.g., buffer density
and burn-leach defects). This is only a partial analysis of the kernel composite and was not used
for product acceptance. Characterization of the kernel composite for acceptance according to the
fuel specification, INL EDF-4380, is documented in the BWXT data package for G73B-NU-
69300. The BWXT kernel lot G73B-NU-69300 was riffled into sublots for characterization and
coating. The ORNL identification for these kernels was NUCO350-## (where ## were a series of
integers beginning with 01). Initial characterization was performed on samples from NUCO350-
26 and later additional characterization was performed on samples from NUCO350-42. Both of
these riffled sublots were representative of the entire kernel lot G73B-NU-69300.

Note that the average kernel weight was remeasured to improve the accuracy of the reported
value. It changed from (2.39+0.03)-10™ grams per kernel to (2.308+0.009)-10* grams per kernel.
This resulted in significant correction to the calculated average kernel volume. The data in this
section has been updated to show the new average kernel weight and average kernel volume. A
record of the original measured values is included in section 11.

The following page shows the inspection report form (IRF-01). Following IRF-O1 are the
individual data report forms for the measurements that were performed.
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i Procedure: | AGR-CHAR.PIP-01 Rev. 1 1

A=y -ts/vVn 2 340

1.645
350 % 10 B = X + ts/vn < 360 3453 DRFi06
average kernet diameter (pm) 3448 4202 Gieparsion e % ke > 300 B, DRF-09
£6.01 < 300

<0.01 > 400 [ = x + ks < 400 380.6
dispersion £1in 30 DRF-06
Kernel eltipticity (Dmax/Dmin} 1.022 4202 <0.10 21.05 of £7 In 142 186 DRE-0S
. mean DRF-15
Kernel envelope density (Mg/m®) 10.800 5 2.132 2104 A= x~ts/Vn 2 10.4 16.79 DRF-22

passes the dispersion specification acceptance criteria of <387 in 420
This composite would pass an ellipticity control irnit of 21.038 at $0% tolerance limit with 85% confidence level.
This composite would pass an ellipticity control limit of 21.05 at 5% tolerance limit with 95% confidence level.

1l g
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Sample 1D: N
Sample Descrip!

Stage Micrometer Calibration Exgirationate* ‘_
Measured Value for 760 ym in Stage Micrometer Image:

Mean average weight/ particle (g):|2.39E-04
Weight of sample of particles (g): 1.408
Approximate number of particles in sample: 5891

7%0& M‘“’

_ Operator
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Procedure: AGR-CHAR-DAM-

Operator:

Folder name containing images: | \\mc. ing\P05052501

Sample ID; | NUC

Sample Description:|350 um NUCO kernels from BWXT 69300 Composite

Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed_Shadow\P05052501_output

Number of kernels analyzed:

Mean of the average diameter of each kernel (pm

e fwm
P RTINS

Standard deviation in the average diameter of each kernel (um]

Mean Diameter _Frequency
<300 36 Histogram
305 1
310 11
315 15 1000
320 61 900 +
325 156 1
330 204 80
335 233 700 1
340 412 g 600 + %
b 550 ol |
355 603 2 400t "
360 383 300 4 |
- i
e i
375 a8 100 + | i LU %
e Z 8LSRRNRNIYRAlBRN28R28S
ggg g ; vmmmmmmm&%mmmmmm%%%%??
400 3 Mean Diameter (pm)
>400 22
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Sample Dmri tion: 350 um & kernels from BWXT 69300 Composite
Folder name containing processed data: \;\.mcwagr\hﬁa\:magg?maess ing\Completed_Shadow\PO5052501_output

Number of kernels analyzed: 4202
Number of kernels with ellipticity >1.05: 186
Average kernel ellipticity:|1.022

Ellipticity (D) _ Frequency
1.005 15 Histogram
1.010 486
1.015 1069 1200
1.020 979
1.025 627 1000 +
1.030 361 .
1.035 197 800 +
1.040 141 g
1.045 89 o
1.050 52 g
1.055 42 & ]
1.060 19 400 4 ||
1.065 17 .
1.070 19 2004 |
1.075 11 i )
1.080 12 Q e L : il L T 0 0 57 0 0 s KT
1.085 15 NOMONMOoNoOINcCIONOINOINOL OO
1.090 8 8883880833888 85688%883c¢2
1.095 11 R B W B e e e S e R
1.100 2 Ellipticity (Dmax/Dmin) g
>1.100 30

Mo, 3, 205
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Procedure: |AGR-CHAR-DAM-~15 Rev. 2
Operator: |5. D. NUNN
Kernel Lot ID: |NUC(O350-26
Kernel Lot Description: INUCO KERNEL COMPOSITE 68300
Thermocouple Expiration Date: |5/23/06
Penetrometer Expiration Date: |5/25/06 |
Completed DRF Filename: | \\mc-agr\AGR\Porosimeter\SG5052601\805052601R1_DRF15R2
Mean average weight/kernel (g):12.31E-04
Uncertainty in mean average weight/kernel (g): |8.69E-07
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05052601L $05026021. 5050526031 S050526041L. 050526051
Weight of kernels (g): 12.8272 12.9542 12,9410 12.9793 12.9624
Approximate number of kernels: 55577 56127 56070 56236 56163
Uncertainty in number of kernels: 209 211 211 212 211
Envelope volume of sample (cc): 1.187 1.200 1,199 1.202 1.199
Average envelope volume/kernel (cc): 2.14E-05 2.14E-05 2.14E-05 2.14E-05 2.14E-05
Sample envelope density (g/cc): 10.805 10.792 10.797 10.799 10.807
Mean average envelope volume/kerne! (cc):}2.137E-05
Uncertainty in mean envelope volume/kernel (cc):5.47E-09
Mean sample envelope density (g/cc):10.800
Standard deviation in sample envelope density (g/cc):|{0.006
S D) e 2/rloe
Operator Date
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Procedure: |JAGR-CHAR-DAM-22 Rev. 1
Operator: | John Hunn
Particle Lot ID: INUCO350-42-A
Particle Lot Description: | BWXT kernel composite 69300
Filename: |\\mc-agr\AGR\ParticleWeight\W06020302_DRF22R1.xls

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Weight of particles (g): 3.13E-02 2.84E-02 3.40E-02 3.48E-02 3.40E-02
Number of particles: 136 123 149 149 147

Average weight/particle (g): 2.30E-04 2.31E-04 2.28E-04 2.34E-04 2.31E-04

Mean average weight/particle (g):|2.308E-04
Uncertainty in mean average weight/particle (g):|8.68E-07

2-3-Db

Date
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6 Characterization of buffer on interrupted batches

This section contains data on the buffer coating density and other properties for particles
removed from the coater after deposition of only the buffer layer. It was obtained according to
product inspection plan AGR-CHAR-PIP-02R2. The buffer on these particles was deposited
under similar conditions as the buffer on the particles in composite NUCO350-75T and was
representative of the buffer on the particles in that composite. Density measurements were made
on these interrupted batches because it was not feasible to measure the buffer density after all
coating layers were applied.

Note that the average kernel weight was remeasured to improve the accuracy of the reported
value. It changed from (2.39+0.03)-10™ grams per kernel to (2.308+0.009)-10* grams per kernel.
This resulted in significant correction to the calculated average kernel volume and buffer
densities. The data in this summary has been updated to show the new average kernel weight,
average kernel volume, and buffer densities. A record of the original measured values is included
in section 11. The new values for buffer density were about 10% higher than the originally
reported values, putting the mean densities at the upper limit of the range specified in INL EDF-
4380, Rev. 4. In two cases, the new buffer density failed to meet the acceptance criteria. Section
11 shows the originally reported values which were used in the decision to proceed with the
coating of the NUCO350-75T TRISO particles using the buffer deposition conditions in section
2.

The following page shows the inspection report form (IRF-02A). Following IRF-02A are the

individual data report forms for the measurements that were performed. Additional data at the
end of this section is provided for information only.
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Procedure:
bbb b

AGR-CHAR-FIP-02 Rev, 2

Batch 1 D¢

NUCTI350-64B

Batch 1 description:
Batch 2 ID:

Batch 3 1D:

Buffor on BWXT kermel composite 68300

Batch 2 description: | Buffer on BWXT kernel wrraacslw 69300

NUCOBE0-61E

NUCD350-728

Batch 3 description:

Buffer on BWXT kernel composite 68300

C 10;

NUCO350.738

Composite description:

Composite (64B+ 6184 72B) Buffer on BWXT kerne! composite 68300

Batch 1: Suler vsiope dersty : = +‘j‘:‘2$018255 120
Batch 2: Buffer envelope density 124 | 008 5 21 | e : == +ZJ/‘\//1 = ‘)1':55 iiz
Batch 3: Buffer envelope density 122 | 008 5 am | e ; = : ::’Z/":‘ 228255 :;Z
Composite buffer envelope density 121 | o004 5 2132 | mean : - :"‘//: = 01'255 i;; el

Standard deviations are

Coating tf for info

only,

inties in buffer density (s

Average thickness of buffer was 110 pm based on average envelope volume of 9.42E-5 cc (effective diameter of 564 pm) and average kernel diameter of 345 pm.

on DRF-16,

o

Average thickness of buffer was 109 pm based on

Data updated te reflect recent remeasurement of average kernel weight (W06020302).

ge outer of 563 um d per DAM-10 and averege kernel diameter of 345 pm.

Not Applicable
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Procedure:

AGR-CHAR-DAM-16 Rev. 2

Operator:

1.0 Hunn and 5.0, Nunn

Buffer-coated kernel batch ID:

NLUCO350-648

Batch Description:

Buffer on BWXT kernel composite 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/08 -

Completed DRF Filename:

Nune-agr AGR\Porosimele\BOS080302\B0508B030 2R DRF16RY xls

Mean average weight/buffer-coated kernel (g):

3.20E-04

Uncertainty in mean average weight/b-c kernel (g):

7.00E-07

Mean average weight/bare kernel (g):

2.31E-04

Uncertainty in mean average weight/bare kernel (g):

8.69E-07

Mean average envelope volume/bare kernel (cc):

2.34E-05

Uncertainty in envelope volume/bare kernel (cc):

5.47E-09

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Porosimeter data file number:

S05080302L

S05080801L

$S05080802L

S05080803L

S05080804L

Weight of buffer-coated kernels (g):

4.1385

4,1703

4,1990

4.2017

4.1848

Approximate number of b-¢ kernels:

12933

13032

13122

13130

13078

Uncertainty in number of b-c kernels:

28

29

29

28

29

Total envelope volume of sample (cc):

1.224

1.228

1.245

1.248

1,238

Av. envelope volume/b-c kernels (cc):

9.46E-05

9.42E-05

9.49E-05

9.50E-05

9.46E-05

Sample envelope density (g/cc):

3.382

3.396

3.373

3.367

3.382

Mean average envelope volume/b-c kernel (cc):

9.47E-05

Uncertainty in envelope volume/b-¢ kernel (cc):

1.4E-07

Buffer density:

1.21E+00

Uncertainty in buffer density:

1.54E-02
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Procedure: |AGR-CHAR-DAM-22 Rev. 1
Operator: | Dixie Barker
Particle Lot ID: INUCO350-648
Particie Lot Description: |Buffer on BWXT kernel composite 69300
Filename: \\mcwagr\AGR\Par‘tmfeWeight\wo50&6)3£3IME}RFZZRL.xEs
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.34E-02 3.14E-02 3.86E-02 4.06E-02 3.62E-02
Number of particles: 104 98 121 128 113
Average weight/particle (g):|  3.21E-04 3.20E-D4 3.19E-04 3.17E-04 3,20E-04
Mean average weight/particle (g):13.20E-04
Uncertainty in mean average weight/particle (g):{7.00E-07

32
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Procedure:

AGR-CHAR-DAM-16 Rev. 2

Operator:

&, D NUNN

Buffer-coated kernel batch ID:

NUCO350-618

Batch Description:

Butfer on BWXT kerpel composite 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

Completed DRF Filename:

Wne-agr\AGR\Porosimeten\50 5080801 \SOS080801 AR DRFI6R2 xis

Mean average weight/buffer-coated kernel (g)::3.20E-04
Uncertainty in mean average weight/b-c kernel (g): $.24E-07
Mean average weight/bare kernel (g):12.31E-04
Uncertainty in mean average weight/bare kernel (g):{8.69E-07
Mean average envelope volume/bare kernel (cc):12.14E-05
Uncertainty in envelope volume/bare kernel (cc):|5.47E-08
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:}| S05080901L S05080902L S050809031. S05080904L S05080905L
Weight of buffer-coated kernels (g): 4.2536 4,2901 4.2776 4.2169 4.0996
Approximate number of b-c kernels: 13293 13407 13368 13178 12811
Uncertainty in number of b-c kernels: 38 39 39 38 37
Total envelope volume of sample (cc): 1.234 1,250 1,248 1.231 1.197
Av. envelope volume/b-c kernels (cc): 9.29E-05 9.33E-05 9.34E-05 9.34E-05 9.34E-05
Sample envelope density (g/cc): 3.446 3.431 3.428 3.425 3.425
Mean average envelope volume/b-c kernel (cc):{9.33E-05
Uncertainty in envelope volume/b-c kernel (cc):{1.1E-07
Buffer density: | 1.24E+00
Uncertainty in buffer density:|1.77E-02
. ~ 7 .
S DD e y}_,/,‘%!/a@
Operator . Date
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Procedure: IAGR-CHAR-DAM-22 Rev. 1

Operator: |Dixie Barker
Particle Lot 1D: INUCO
Particle Lot Description: |Buf
Fliename:
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.55E-02 3.84E-02 4.54E-02 4,44E-02 3.92E-02
Number of particles: 111 121 143 138 122

Average weight/particle (g): 3.20E-04 3.17E-04 3.17E-04 3.22E-04 3.21E-04

Mean average weight/particle (g):13.20E-04
Uncertainty in mean average weight/particle (g):19.24E-07

__ &= M-o3
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Procedure: |AGR-CHAR-DAM-16 Rev. 2
Operator: 18, D, NUNN
Buffer-coated kernel batch ID:NUCO350-72B
Batch Description: | Buffer on BWXT kernel compusite 69300
Thermocouple Expiration Date:: 5/23/06
Penetrometer Expiration Date: 5/25/06
Completed DRF Filename: \\mc-agr\AGR\Porosineter\SO5080906\505080806R1_DRF16R2 xis

Mean average weilght/buffer-coated kernel (g):

3.20E-04

Uncertainty in mean average weight/b-c kernel (g):

1.47E-06

Mean average weight/bare kernel (g):

2,31E-04

Uncertainty in mean average weight/bare kernel (g):

8,69E-07

Mean average envelope volume/bare kernel (cc):

2.14E-05

Uncertainty in envelope volume/bare kernel (cc):

5.47E-09

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Porosimeter data file number:

S05080906L

S05080807L

S05080908L

S050809091L

S05080910L

Weight of buffer-coated kernels (g):

4.3142

4.4196

4.2568

4,2748

4.3303

Approximate number of b-c kernels:

13482

13811

13303

13359

13532

Uncertainty in number of b-c kernels:

62

63

61

61

62

Total envelope volume of sample (cc):

1.267

1.302

1.253

1.258

1.274

Av. envelope volume/b-c kernels (cc):

9.39E-05

$.43E-05

9.42E-05

9.43E-05

9.41E-05

Sample envelope density (g/cc):

3.406

3.3%94

3.397

3.394

3.400

Mean average envelope volume/b-c kernel (cc):
Uncertainty in envelope volume/b-c kernel (cc):

9.42E-05
6.2E-08

Buffer density: |1,22E+00
Uncertainty in buffer density:}2.35E-02

S D Muge

Operator

2 Jit] e

2L
Date
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Procedure: |AGR-CHAR-DAM-22 Rev. 1
Operator: | Dixle Barker
Particle Lot ID; INUCO350-728
Particle Lot Description: | Buffer on BWXT kernel composite 69300
Filename: |\\mc-agr\AGR\ParticleWeight\W05080401_DRFZ2R1.xis
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 3.15E-02 3.21E-02 3.30E-02 3.18E-02 2.69E-02
Number of particles: 98 102 102 100 84
Average weight/particle (g): 3.21E-04 3.15E-04 3.24E-04 3.18E-04 3.20E-04
Mean average weight/particle (g):|3.20E-04
Uncertainty in mean average weight/particle (g):{1.47E-06
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Procedure:

AGR-CHAR-DAM-18 Rev. 2

Operater:

5. D, HUNN

Buffer-coated kernel batch ID:

NUCO350-73B

Batch Description:

Composite (84B+61B+728) Buffer on BWXT kernel composite 69300

Thermocouple Expiration Date:

5/23/06

Penetrometer Expiration Date:

5/25/06

Completed DRF Filename:

\\mc-agr\AGR\Porosimeter\SO5081001\SU5081001R1 DRFI6R2 xis

Mean average weight/buffer-coated kernel (g}:13.18E-04
Uncertainty in mean average weight/b-c kernel (g):17.29E-07
Mean average weight/bare kernel (g): 2. 31E-04
Uncertainty in mean average weight/bare kernel (g): 8 69E-07
Mean average envelope volume/bare kernel (cc):(2.14E-05
Uncertainty in envelope volume/bare kernel (cc):{5.47E-09
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Porosimeter data file number:| S05081001L $05081002L S05081003L S05081004L S05081005L
Weight of buffer-coated kernels (g): 4.3279 4,4597 4.2871 4.3528 4.4245
Approximate number of b-c kernels: 13610 14024 13481 13688 13914
Uncertainty in number of b-c kernels: 31 32 31 31 32
Total envelope volume of sample (cc): 1,268 1.313 1.259 1.279 1.302
Av. envelope volume/b-¢ kernels (cc): 9.31E-05 9.36E-05 9.34E-05 9.34E-05 9.35E-05
Sample envelope density (g/cc): 3.414 3.397 3.406 3.403 3.399
Mean average envelope volume/b-¢ kernel (cc):|9.34E-05
Uncertainty in envelope volume/b-¢ kernel (cc):|8.1E-08
Buffer density: |1.21E+00
Uncertainty in buffer density:|1.58E-02
S D)o 2/t e¢
Operator Date
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Procedure: AGR-CHAR-DAM-22 Rev, 1
Operator: |Andrew K. Kercher
Particle Lot ID: INUCO350-73B
Particle Lot Description: \Composite of Buffer on BWXT kerniel composite 69300
Fllename: |\\mc-agr\AGR\ParticleWeight\W05080901_DRF22R1 xis
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Weight of particles (g): 4,31E-02 3.32E-02 5.09E-02 2.40E-02 3.99E-02
Number of particles: 135 105 160 75 126
Average weight/particle (g): 3.19E-04 3.16E-04 3.18E-04 3.20E-04 3.17E-04
Mean average weight/particle (g):|3.18E-04
Uncertainty in mean average weight/particle (g):17.25E-07
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For Information Only

The information in the remainder of this section reports results of measurements not
required by the fuel specification and is provided for information only.
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Procedure: iAGRwCHAR«GAM«w Rev, 1
Operator: | Andy Nelson
Folder name containing images: | \\imc-

kernei composite 69300

Folder name containing processed data: | \mn:wagMGR\;mgggP i Shadow\PO5080501_output\

Number of particies analyzed: 816
Mean of the average diameter of each particle (um): 564
Standard deviation in the average diameter of each particle (um): 19

4
5
520 5 250
530 8
540 33 200 +
550 102 z
560 145 S 150 ¢ ]
570 229 s |
580 153 g 100 ¢ i
590 103 el %
600 26 = %
620 1 c 0 0o o o o 0o o o e P o
&30 i SENBFIRBRREEES:S3385%
640 0 v A
650 0 Mean Diameter (pm)
>650 0
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Operator: |/

Folder name containing images: |\
Sample ID:

Sample Description: i€

Folder name containing processed data:

Number of particies analyzed: 816
Number of particles with aspect ratio > 1.14 z
Average particle aspect ratio: 1.039

Aspect Ratio (D) Frequency
1.005 0 Histogram
1,010 0
1.015 14 190
1.020 46 ;
1,025 85
1,030 131 120 1
1.035 130
1.040 102
1.045 88 100 + I
1.050 67 i
1,055 49 T
1.060 3 g 80t ] 2 _
1.065 23 g ' |
1.070 23 g I
1.075 7 £ 60 aa g |
oo : g % % % 1
- 2
1.090 2 40 4 %g;’%%é
1.095 T
1.100 1 %%%%Z
1.105 2 20 + T
1.110 2 _ %/%;ggg%
1'120 2 0 ,. 2% 4é Z% 22442 5 B T ' 3 “Yn
1,125 N W W WL W W WY W W W oW Y
1.130 < i o~ (52} < w O P~ @© o)) o i o~ ™ vt
® 8 o0 e B8 e85 6 8 & 8 & = w3
1.135 g vt vt rd v v rd vl rd v v v vl e A
1140 5 Aspect Ratio (Dmax/Dmin)

| 5/4/%;@:
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7  Characterization of IPyC on interrupted batches

This section contains data on the inner pyrocarbon (IPyC) coating density and other properties
for particles removed from the coater after deposition of only the buffer and IPyC layers. It was
obtained according to product inspection plan AGR-CHAR-PIP-02R2. The IPyC on these
particles was deposited under similar conditions as the IPyC on the particles in composite
NUCO350-75T and was representative of the IPyC on the particles in that composite. Density
measurements were made on these interrupted batches because it was not feasible to measure the
IPyC density after all coating layers were applied.

The following page shows the inspection report form (IRF-02B). Following IRF-02B are the

individual data report forms for the measurements that were performed. Additional data at the
end of this section is provided for information only.
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Procedure: | AGR-CHAR-PIP-02 Rev. 2
Batch 1 1: | NUEO350-631 o
Batch 1 description: | IPyC/Buffer on BWXT kerne! composite 65300
Batch 2 ID: | NUCO350-561
Batch 2 description: | IPyC/Buffer on BWXY keme% composite 69300
Batch 3 ID: | NUCO350-691
Batch 3 description: | IPyt/Buffer on BWXT kemel composite 69300
c ite ID: | NUCD350-741
Composite description: |Composite {631+ 5614 691) IPyC/Buffer on BWXT kernel compusite 69300
| Spechicaton | , Aorts Pass brat
IN‘% &a?»*m )rw %nfée Wﬁs
Hey i .
A=x-ts/vn2 185 1,931
1.725 90 " 0 s [ -~
=x+ <1 .938
Batch 1: IPYC sink/float density 19347 | 0.0089 2 e b
dispersion C=x-ks>1.80 1.902
3,262 | 0.01<1.80
<0.01 > 2.00 D = x + ks < 2.00 1.967
o miesh A=x-ts/Vn21.85 1.913
: 190 0.05 | B=x+ts/vn s 1.95 920
Batch 2: IPyC sink/float density 1.9165 | 0.0097 22 - X+ 1s/vn i
dispersion C=x-ks>1.80 1.885
3,233 | <0.01s1.80
£0.01 > 2.00 D =x + ks < 2.00 1.948
2 mean A=x-ts/¥n21.85 1.911
’ 1.90£0.05 | B=x+ts/vn < 1.95 1917
Batch 3: IPyC sink/float density 15140 | 00079 20 : X+ Bivn
dispersion C=x-ks>1.80 1.888
3,295 <0.01 < 1.80
<0.01 = 2.00 D =x+ ks < 2.00 1.940
s mean A=x-ts/Vn 2 1.85 1.905
, : 1.90£0.05 | B=x+ts/vns 1.95 1.918
Composite IPyC sink/float density 1.6115 0.0180 22 dispersion Cmx- ks> 1.80 pppm
3.233 <0.01 < 1.80
<0.01 > 2.00 D =x+ks < 2.00 1.970

ity was higher than expected. Repeat of measurement gave 1.92740.013g/cc.
Bat:ch 1 IPYC did not separate as readily. Measurement of ¢ ite was p y weighted toward material from batches 2 and 3.
Coating thicknesses measured for information only.
95% confidence interval for Buffer thickness in composite = (105.4um, 107.4pm) with <1% s55pm,
95% confidence intervat for IPyC thickness in composite = {34.8um, 35.4pm) with >1% <30pm and <1% 256pm.

8125 - [}5—

Date

Accept for IPyC density (Yes or No): { Not Applicable j
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ratar

,gc .,

Procedure: |AGR-CHAR-DAM-03 Rev. 1
Operator: | Dixle Barker
Filename: \\mc-agr\AGR\DensityColumn\D05080401 _DRFO3R1 . xls
Sample ID: INUCO350-631-B
Sample Description: [IPyC/Bufffer on BWXT kernel composite 69300
Float Expiration Date:107/2007
Gauge Expiration Date: 01/2006
Bath Temperature:|23.0 °C
Density Bottom of Center of Particle Particle Calculated Standard
th_=at F!oag Mass Number Position Density Error
1.800 145,21 154.50 149.86 i 396.1 1.9174 0.0016
1.850 258,70 266.90 262.80 2 396.1 1.9174 0.0016
1.900 370.28 376.33 ~ 373.31 3 404,05 1.9211 0.0016
1.950 475.20 482.72 478.96 4 405,85 1.9220 0.0016
2.000 566.96 573.70 570.33 5 414,12 1.9259 0.0017
6 415.75 1.9266 0.0017
inear Fit 7 418.08 1.8278 0.0017
slope StDev intgrcept Sthev 8 4721.34 1.9293 0.0017
4.73E-04 2.88E-06 1.73E+00 1.14E-03 9 433.79 1.9352 0.0017
10 438.11 1.9372 0.0017
11 439.97 1.9381 0.0017
Density Gradient 12 442.24 1.9392 0.0017
o . - 13 445,10 1.9405 0.0017
T R¥="0.9984 14 447.33 1.9416 0.0017
i5 449.03 1.9424 0.0017
H 16 449.64 1.9427 0.0017
s ST 17 449.94 1.9428 0.0017
2 18 450.39 1.9430 0.0017
K] I / 19 449,33 1.9425 0.0017
2 190 20 457.43 1.9464 0.0017
‘B L 21 464.59 1.9498 0.0018
3 i / 22
8 185 23
[ 24
L 25
1.80 et oo :
0 - a =0 Averag Denst 1 93;1;/' ~ 0.0004
- verage Density . !
Position (mm) Standard Deviation 0.0099 .

< 4 —OF
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Sample 1D:IN
Sample Description: ‘I;W;Buﬁer on BWXT kernel composite 69300

Float Expiration Date:107/2007
Gauge Expiraticn Date:101/2006
Bath Temperature: 123.0 °C

Calculated

 Particle

Density Top of Bottom of Center of Standard
Float Float Mass Number Pgﬂ_sjtﬂisn Density Error

1.800 155,59 164,41 160.00 1 346.31 1.8850 0.0016
1.850 272.00 280.37 276.19 2 396.21 1.9088 0.0017
1.900 382.91 388.54 385.73 3 398.09 1.9097 0.0017
1.950 484.15 490.86 487.51 4 401.05 1.9111 0.0017
2.000 575.49 582.49 578.99 5 401.50 1.9114 0.0017
6 401.88 1.9115 0.0017
near Fit ' . 7 403,12 1.9121 0.0017
slope StDev intercept Sthev 8 404.85 1.9130 0.0017
4.77E-04 3.13E-06 1.72E+00 1,19E-03 9 405.67 1.9133 0.0017
10 406.75 1.9139 0.0017
. 11 411.35 1.9160 0.0018
Density Gradient 12 412,81 1.9167 0.0018
2.00 e’ 13 418,78 1.9201 0.0018
: L R =0.9579 14 420.34 1.9203 0.0018
15 42047 1.9204 0.0018
3 16 421.90 1.9211 0.0018
el i 17 425.07 1.9226 0.0018
2 18 428.46 1.9242 0.0018
o i / 19 430.46 1.9252 0.0018
2 1.90 I 20 431.15 1.9255 0.0018
B L 21 437.05 1.9283 0.0018
g ; / , 22 448.26 1.9336 0.0018

R 185 /

1.80 At
0 200 400 600 ﬂ.__.v,.,w.__m .
an g
Position (mn1) Standard Deviation

8-10- 0S
b
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Procedure: |AGR-CHAR-DAM-03 Rev. 1

Operator:

Dixie Barker

Filename:

\\me-agr\AGR\DensityColumn\DO5081501_DRFO3R1 xis

Sample ID: INUCO350-681-B
Sampie Description: [1PyC/Buffer on BWXT kernel composite 69300
Float Expiration Date: [07/2007
Gauge Expiration Date: 01/2006
Bath Temperature: 123.4 °C

" Bottom of

Center of

Particle

 Particle

Calculated

46

Density Standard
Float Fgaé‘ Mass N\__{Qger Position Densig Error

1.800 137.45 147.03 142.24 1 348,14 1.9021 0.0017

1.850 240.98 248.96 244,97 2 355.92 1.9060 0.0017

1.900 34394 349 .38 346.66 3 358.01 1.9070 0.0017

1.950 441.95 449,56 445.76 4 358.42 1.9072 0.0017

2.000 536.78 544.03 540.41 5 355,04 1.9055 0.0017

6 364,90 1.9105 0.0017

- . - . 7 368.46 1,9123 0.0017

slope StDev intercept StDev 8 371.72 1.9139 0.0017

5,01E-04 3.24E-06 1.73E+00 1.21E-03 9 373.37 1.9147 0,0017

10 378.47 1.9173 0.0017

11 380.67 1.9184 0.0017

Density Gradient 12 381.27 1.9187 0.0017

- s 13 384.65 1.9204 0.0017

[ : 14 387.09 1.9216 0.0017

/ 15 387.46 1.9218 0.0017

16 391.18 1.9236 0.0018

Aot 17 392.15 1.9241 0.0018

s 18 393.01 1.9246 0.0018

C i / 19 339,33 1.8977 0.0016

> 1901 20 368.73 1.9124 0.0017
® 21
5 / 2
8 i85 23
i 24
5 -
180 el t

0 o — = AOW 5 ) ity )1)5540 0.0004

; verage venst . :
Position (mm) Standard Deviation 0.0079 '
K -1 -08
... s
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Filename: A
Sample ID:
Sample Description:
Float Expiration Date: |
Gauge Expiration Date: !.‘!1
Bath Temperature: 22.9 °C
Density Top of Center of Particle Particle Calcuiated Standard
: Float Mas: Number Position Density Error
1.800 122.27 126.61 1 276.37 1.8736 0.0013
1.850 22347 227.46 2 277.30 1.8741 0.0013
1.900 327.17 329.95 3 293.94 1.8822 0.0013
1,950 428.43 431.98 4 309.60 1.8898 0.0014
2.000 532.30 535.95 5 325.33 1,8975 0.0014
6 338.96 1.9042 0.0014
' » lipeaeP® 7 341.89 1.9056 0.0014
slope StDhev interce Sthev 8 350.53 1.8098 0.0015
4,89E-04 3.00E-06 1.74E+00 9.98E-04 9 352.40 1.9108 0.0015
10 358.72 1.9138 0.0015
11 359.48 1.9142 0.0015
Density Gradient 12 362.59 1.9157 0.0015
2.00 Wais 13 372.32 1.9205 0.0015
3 14 374.40 1.9215 0.0015
15 375.26 1.9219 0.0015
16 380,98 1.9247 0.0015
~ 19571 17 381.68 1.9251 0.0015
8 / 18 384.49 1.9264 0.0015
> L 19 388,72 1.9285 0.0015
Z 1.90 i 20 392.67 1.9304 0.0015
@ 21 395.28 1.9317 0.0016
g i / 22 393.31 1.9307 0.0015
Q 185 23
[ 24
/ z
1.80 ittty b
0 200 400 600 . o
. verage Density
Position (mm) Stand%rd Deviation 0.0180
g— (1] - OV
T oReT
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For Information Only

The information in the remainder of this section reports results of measurements not
required by the fuel specification and is provided for information only.

48



ORNL/TM-2006/008, Rev. 0

Summary of coating thickness measurements

Buffer thickness (um)

IPyC thickness (um)

Batch 1 NUCO350-63I-C 105 35.2
Batch 2 NUCO0350-56I-C 108 35.2
Batch 3 NUCO0350-691-C 104 35.1
Average 105 35.2
Composite NUCO350-74I-C 106 35.1
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Procedure: AGR-CHAR-DAM-08 Rev. 0
Operator: |Andrew K. Kercher
Sample 1D: INUCO350-631-C
Sample Description: | IPyC/Buffer on BWXT kernel composite 69300
Mount Number(s): M05081501 -- second mount (first mount was overpolished)

Folder name containing images: \\mc«agr\AGR\Image?m«:essing\POSOSi601\

DMR Calibration Expiration Date:|3/24/06
Stage Micrometer Calibration Expiration Date: 2/17/07
Measured Value for 500 um in Stage Micrometer Image: |500.4 uym

| %gff# /C, 5005
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Folder name contalning image

Sampie ID:

Sample Description:

/Buffer on BWX1 kerme

Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed_Layers\P05081601_outputh

mber of buffer layers analyzed: 196
Mean of the average buffer thickness of each particle (um): 105.0
Standard deviation in the average buffer thickness of each particle (um): 6.9

Buffer Thickness (um) | Frequency |
<55 0
60 0

65

70

75
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\Completed, Layers\PO5081601\

/ W T composite 69300
Folder name containing prm:essed data. &\mmagr\AGRumgePrmessmg‘\f‘mp}eted Layers\PO5081601_outputh

Number of inner pyrocarbon layers analyzed: 203
Mean of the average IPyC thickness of each particle (pm): 35.2
Standard deviation in the average IPyC thickness of each particle (um); 7

1PyC Thickness ‘gmg Freguein
<30 0
32 15
34 49
36 69
38 47 §‘
40 16 g
42 7
44 g §
46 0
48 0
50 0
£ 0 @%33%83@338%%%%
;:t . g IPyC thickness (microns)
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Procedure: |AGR-CHAR-DAM-08 Rev. 0
Operator: |Andrew K, Kercher
Sample ID: | NUCO350-561-C
Sample Description: |1PyC/Buffer on BWXT kernel composite 69300
Mount Number(s): iM05081001
Folder name containing images: \\m‘:ma_gr\AGR\Imagerc:essing\PQSGSl 101\

DMR Calibration Expiration Date: | 3/24/06
Stage Micrometer Calibration Expiration Date: 2/17/07
Measured Value for 500 pm in Stage Micrometer Image: 499.6 um

‘Operator
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Folder name containing processed data: E\\mcwagz‘\AGR\;mage?mmssmg\mmptete& Layers\PO5081 101 output

Numiber of buffer layers analyzed: 201
Mean of the average buffer thickness of each patticle (umj: 107.7
Standard deviation in the average buffer thickness of each particle (um): 7.5

Buffer Thickness ggmg Freguencg
3 5 o Histogram
60 )
65 0 50
70 ] :
75 ] 240
80 0 £
85 0 3 30
90 0 g
g5 3 £ 20
100 27
105 52 0
110 55 0 . i ) ;
115 36 0 w oo
120 17 v 8 8 R
125 0
4
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Folder name conta

!

Sample Descripti

Folder name containing processed

data:

ning images: |\

\\m&:»ag MAGR\ImageProcessing \M@ leted |

0

Layers\POSO81101 output

Number of inner pyrocarbon layers analyzed: 220
Mean of the average I thickness of each particle (pm): 35.2
Standard deviation in the average IPyC thickness of each particle (um): 2.2

I&C Thickness ggmg M

<30 0 80
32 4

34 e Zg
36 73

3 54 g 50
40 21 (] i
47 3 z 1
44 0 g 30 -
4 0 20 4
4 0

: 5 10 -
52 0

54 ¢

56 0

>56 0
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Procedure: |AGR-CHAR-DAM-08 Rev.
Operator: |Andrew K, Kercher
Sample ID: INUCO350-681-C

Sample Description: |IPyC/Buffer on BWXT kernel composite 69300
Mount Number(s): IMO5081002

Folder name containing images: \\mfzwagr\AﬁR\Imageraessmg\PoSﬂB1501\

DMR Calibration Expiration Date: |3/24/06
Stage Micrometer Calibration Expiration Date: 12/17/07
Measured Value for 500 pym in Stage Micrometer In?e: 499.6 um
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npleted Layers\PO5081501\

Sample 1D:|NUCO350-691-C_
Sample Description: IPyC/Buffer on BWXT kernel composite 63300
Folder name containing processed dat -agn\AGR\ImageProcessing\Completed Layers\PO5081501 outputh

Number of butfer layers analyzed: 42
Mean of the average buffer thickness of each particle (pm): 103.5
Standard deviation in the avemgibuﬁer thickness of each particle (um): 6.9

Buffer Thickness (um) | Frequency "
s = - Histogram
60 0
e 40
70 0 35
75 G 230
80 0 § 25
85 0 2 20
2 3 £
g5 i2
100 32 10
105 39 5
110 32 0 gy e A L B -
115 14 0 WO W Yo} W e s &8 Wb non
120 3 v%@mmgmgm‘ggg;ﬁajg
125 1 A
>125
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Folder name containing images: |

Sample 1D: ..
Sample Description: |1PyC/Buffer on B | composite 63300
Folder narme containing processed data: \\me-agr\AGR\ImageProcessing\Completed Layers\PO5081501, output\

\Completed Layers\POSO81501%

Number of inner pyrocarbon layers analyzed: 162
Mean of the average IPyC thickness of each particle (um): 35.1
Standard deviation in the average IPyC thickness of each particie (pm): 2.3

IQC Thickness ‘gmg Freguency

<30 0
32 g
34 48
36 52
38 34 g
40 12 g
42 5 o
44 1 4
4€ 0

0

0

g

0

0

0
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Procedure:

AGR-CHAR-DAM-08 Rev. 0

Operator:

Andrew K. Kercher

Sample ID:

NUCO350-741-C

Sample Description:

Composite (6314561+691) IPyC/Buffer on BWXT kernel 69300

Mount Number(s):

M05081601

Folder name containing images:

\\mc~§gr\A(§R\ImaQercessmg\

DMR Calibration Expiration Date: 13/24/06

Stage Micrometer Calibration Expiration Date: 12/17/07

Measured Value for 500 ym in Stage Micrometer Image: | 500. ym

-~
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Foider name containing processed aata Em»agr\kﬁ&\fmage&mmmg\cHze Laers\Psassi outputy

Number of buffer layers analyzed: 138
Mean of the average buffer thickness of each particle (pmj: 106.4
Standard deviation in the average buffer thickness of each particle (um): 7.4

Buffer Thickness (um) | _Frequency .

=55 5 “ Histogram
g
G 35
0 30
I >
$ g 25
0 g2
3 8 15
5 L=
o 10
33 5 o
34 | — —— . =
Qg
?5 “.\9’88,‘2»‘98%8“’8323‘33&&
: : 2 ¢y

Vel S e Vi
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Folder name centaining images:

Sampie 1D: , -
Sample Description: 1456 :

Enlder name containing processed data: | \Wmc-agr\AGR\ImageProcessing\Completed Layers\PDB081701_outputy

Number of inner pyrocarbon layers analyzed: 50
Mean of the average IPyC PyC thickness of each particle (um): 35.1
Standard deviation in the average IPyC thickness of each particle (um): 2.2

g SV 3¢

IPyC thickness (microns)

ololoioicioiciclwRIBIISINIo
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Operator: |
Filename: \\mc¢:
Sample ID: |}

Float Expiration 11
Gauge Expiration Date: 01/200¢
Bath Temperature: |23.5 °C

Particle

“Particle Calc Standard

seppcriies Fioat | ¥ | Number | Position | Density Error
1.800 115.96 1 341.06 1.8977 0.0015]
1.850 245.66 2 357.55 1.9055 0.0015
1.900 348.98 3 376.90 1.9145 0.0016
1.950 451.03 8. . 4 381.13 1.9165 0.0016
2.000 549 18 555 93] 5 383.07 1.9174 0.0016
~ 6 390.06 1.9207 0.0016
- eSS 7 395.79 1.9234 0.0016
slope Dev 8 399.38 1.9250 0.0016
4.68E-04 3.05E-06 1.74E+00 1.06E-03 9 401.57 1.9261 0.0016
10 407.43 1.9288 0.0016
il 409.73 1.9299 0.0016
Density Gradient 12 410.91 1.9304 0.0016
5 5 . 13 415,29 1.9325 0.0017
L 14 422,82 1.9360 0.0017
i5 423.02 1.9361 0.0017
16 425,83 1.9374 0.0017
= L5y . 17 426.13 1.9376 0.0017
g 18 427.94 1.9384 0.0017
G [ / 19 430.14 1.9394 0.0017
Z 1.80 + 20 451.73 1.9496 0.0017
£ /
@ i
B 185 /v
1.80 b o ;
’ S it = [Average Density
Position (mm) Standard Deviation

I x
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Particle Lot Description. Compc /C/Buffer on BWXT composite 65300
Filtename: \Bmc»agr*\AQR %mﬁ&eWeight\Wi}Sﬂa1762ME>RF22R1 xis
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Welght of particles (g): 5.08E-02 5.64E-02 5.88E-02 7.04E-02 7.50E-02
Number of particles: 123 137 144 172 181

Average weight/particle (g): 4.13E-04 4.12E-04 4.08E-04 4.08E-04 4.14E-04
Mean average weight/particle (g): 4.11E-04
Uncertainty in mean average weight/particle (g):|1.12E-06

63
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Procedure: | AGR-CHAR-DAM-31 Rev. 0

Operator::S. D, Nunn

Coated particle batch ID: |NUCO350-741-E

Batch Description: [IPyC coated BWXT NUCO composite 69300

Thermocouple Expiration Date:15/23/06

Penetrometer Expiration Date: |5/25/06

Completed DRF Filename: |\\mc-agr\AGR\Porosimeter\S05081701\505081701_DRF31R0.xis

Mean average weight/particie (g):14.11E-04

Uncertainty in mean average weight/particie (g):11.12E-06

Weight of particles (g):14.2228

Approximate number of particles: 10274

Uncertainty in number of particles: |28

Total envelope volume of sample (cc):11.415

Average envelope volume/particle (cc):|1.38E-04

Sample envelope density (g_lcc:): 2.984

Average particle diameter (microns):{6.41E+02

Average surface area/particle (cm2):}1.29E-02

Total sample surface area (cm2):{1.33E+02

Intruded mercury volume from 250-10,000 psia (cc):11.71E-02

Open porosity (ml/m2):11.29E+00

/‘ri/7/0‘3"
Date
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8 Characterization of TRISO-coated particle batches

This section contains data on the TRISO-coated batches used for NUCO350-75T. It was
obtained according to product inspection plan AGR-CHAR-PIP-O3R1 with some exceptions
involving what samples were taken from each batch and what measurements were performed.
Missing OPyC fraction was not determined and all samples were not riffled according to the PIP-
03R1 procedure based on a program decision to accelerate schedule by proceeding immediately
to compositing the coated particles for compacting.

The following pages show the inspection report form (IRF-03) for each batch used in the

NUCO350-75T composite. Following each IRF-03 are the individual data report forms for the
measurements that were performed.
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Procedure: | AGR-CHAR-PIP-03 Rev. 1
Coated particie batch ID: RUCOBE0-40T

Costed particle batch description: | TRISU of BWXT kernal conposite £8300

Average buffer thickness for 54 62 147
each particie (pm) B =x+ ts/Vn s 115 100.2
Average IPyC thickness for 258 34 158 1,655 mean A=x-ts/Vn 235 39.5
each particle (um) o 405 B=x+ts/Vn <45 40.1
Average SIC thickness for 33 i | im 1.655 mean A=x-ts/¥n231 33.1
each particie (um) = 35%4 B =X+ ts/vn < 39 33.3
Average OPyC thickness for mean A=x-ts/Vn2 35 40.3
each particle (pm) i e i ue 40 £5 B =x + ts/Vn < 45 40.9
defect fraction
Particles with missing OPyC B Ox1ot <4in 15,500

<
)
<

Y i

‘ Accept Coated particle batch (Yes or No):E Not applicable l
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systen

3/3/2006

Procedure:

AGR-CHAR-DAM-08 Rev. 0

Operator:

Andrew K. Kercher

Sample ID:

NUCQ350-40T-A01

Sample Description:

TRISO on BWXT kernel composite 63300 -- not a riffled sample

Mount Number(s):

M05090201N

Folder name containing images:

\\mec-agr\AGR\ImageProcessing\P05090601\

DMR Calibration Expiration Date:|6/26/2006

Stage Micrometer Calibration Expiration Date:{2/17/2007

Measured Value for 500 um in Stage Micrometer Image: {499.3 ym
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3/3/2006

Procedure: |AGR-CHAR-DAM-11 Rev. 1

Operator:

Andrew K, Kercher

Folder name containing images:

\\me-agr\AGR\Imageprocessing\Completed_Layers\PO5090601\

Sample ID:

NUCO350-40T-A01

Sampie Description:

TRISO on BWXT kernel composite 69300

Folder name containing processed data:

\\me-agr\AGR\ImageProcessing\Completed_Layers\PO509060 i=wtput\

Number of buffer layers analyzed: 147
Mean of the average buffer thickness of each particle (pm): 99 4
Standard deviation in the average buffer thickness of each particle (um): 6.2

Buffer Thfggesg ggmg Fre . n His togram
60 0 60
65 0 50
70 0
75 0 2 40
80 0 £
85 3 5 30
90 8 g
95 26 & 20
100 35
105 49 10

21
: 0
0
0
0
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Procedure: |AGR-CHAR-DAM-11 Rev. 1
Operator: |Andrew K, Kercher
Folder name containing images: I\\mec-agr\AGR\ImageProcessing\Completed_Layers\PO5090601\
Sample ID: INUCO350-40T-A01
Sample Description: [TRISO on BWXT kernel composite 69300
Folder name containing processed data: \\m¢-agr\AGR\ImageProcessing\Completed | ayers\P0O5090601_output\

Number of inner pyrocarbon layers analyzed: 158
Mean of the average IPyC thickness of each particle (um): 36.8
Standard deviation in the average IPyC thickness of each particle (um): 2.4

IPyC Thickness ggmg frequency
32 0
34 0 50
36 5 S
38 29 T 4
40 56 g 2
v i g
S

46 7 & 2

2

1

0

0 &

0

0
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Procedure: |AGR-CHAR-DAM-11 Rev, 1
Operator: |Andrew K, Kercher

Folder name containing images: |\\me-ag r\AGRymager(:essing\ﬁompieted_myers\msa%&c}1\

Sampie ID: INUCO350-401T-A01
Sample Description: | TRISO on BWXT kernel composite 69300
Folder name containing processed data: | \\mec-agr\AGR\ImageProcessing\Completed_[ayers\P05090601 =QU‘CEJU’K\

Number of silicon carbide layers analyzed: 158
Mean of the average SiC thickness of each particle (um): 33.2
Standard deviation in the average SiC thickness of each particle (pm): 1.0

SiC Thickness ggmg Frequency

<25 0 70

26 0

27 0 60

28 0

29 0 50

30 0 3

31 1 § 40

32 16

33 52 5 50

34 59 * 20

35 25

36 4 10

1 i
&ﬁ%%z%@%%%%%%%%
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Procequre: |AGR-GHAR-DAM-11 Rev, 1
Operator: [Andrew K. Kercher
Folder Name: |\\mc-agr\AGR\ImageProcessing\Completed Layers\PO5090601\
Sample ID: INUCD350-40T-AD1
Sample Description: [ TRISO on BWXT kernel composite 69300
Folder name containing processed data: \\mc»agr\AGR\Imager@:essing\Compleﬁed=hayers\P£}5§}9060 1 output\

Number of outer pyrocarbon layers analyzed: 158
Mean of the average OPyC thickness of each particle (um): 40.6
Standard deviation in the average OPyC thickness of each particle (um): 2.0

OPyC Thickness (um Frequenc!
R Thikness (o) Fredvene) Histogram
22 0 0
24 0
6
26 0 ’
28 0 50 ,
30 0 by .
32 0 £ 4
34 0 3
% 3 g 30 :
38 8 * 20 B ——
40 49 z
42 62 10 HE——
44 28 » g %
46 6 0 T T T T T T T r g m‘r"’*‘r"——
48 2 @‘&‘&%%8%888‘3%‘3%?%%
30 g OPyC thickness (microns)
0 o 7y _ -
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Procedure: | AGR-CHAR-PIP-03 Rev, 1
Coated particle batch ID: NUCO350-437

Coated particle batch description: TRISC on BWXT kernel composite 63300

“average buffer thickness for | g 5 . A= x-ts/vn = 85
each particle (um) y . 100 # 15 B=x4 n
X + ts/Vn < 115 99.1 |
Average IPYC thickness for mean A=x-ts/Vn 235 3%.0 DRF-08
each particle (um) 32 45 213 1.692 40%5 B o X7 /v < 45 o6 DRF-11
Average SiC thickness for mean A= x-ts/vn2 31 33.4
enct particte (yen) 335 12 212 1.652 N T =
Average OPyC thickness for : mean A =x-~ts/vn 235 41.0
each particle (um) e 20 2 19 405 B = X + ts/Vn < 45 41.4
fracti
Particles with missing OPYC d:f":’; sy <41n 15,500

2-20-44

Date

Accept Coated particle batch (Yes or No):; Not applicable J
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U8: Imaging of Coated P

systern

3/3/2006

Procedure:

AGR-CHAR-DAM-08 Rev. 0

Operator:

Andrew K. Kercher

Sample ID:

NUCO350-43T

Sample Description:

TRISO-coated BWXT composite 69300

Mount Number(s):

M05082301N

Folder name containing images: |\\mc-agr\AGR\ImageProcessing\P05082501\

DMR Calibration Expiration Date: |8/25/2006

Stage Micrometer Calibration Expiration Date:2/17/2007

Measured Value for 500 pm in Stage Micrometer Image: |500. ym
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Procedure: |AGR-CHAR-DAM-11 Rev, 1
Operator: /Andrew K, Kercher
Folder name containing images: \me-agr\AGR\ImageProcessing\Completed Layers\PO5082501\
Sample 1D: |{NUCO350-43T-M
Sample Description: | TRISO coated BWXT kernel composite 69300

Folder name containing processed data: \\mc:*agr\AGR\imagePrm:essing\Compieteci:Layers\POSOSZSozzmztput\

Number of buffer layers analyzed: 199
Mean of the average buffer thickness of each particie (pm): 98.3
Standard deviation in the average buffer thickness of each particle (pm): 6.8

Buffer Thick (um) | Frequenc i
uffer Thickness L_rrequency Histogram

(6]
o

B
o

o

frequency
N W
[}

-
L)

BN —

C N O O v W
O arowe O3 O]
= v-v'wv‘—vl‘\«

o

<55
60
65
7
7
8
8
9
9

buffer thickness (microns)

0
g
Y]
0
0
0
2
i7
44
100 65
39
22
6
4
0
0

08 /2¢( /05

Date..
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Procedure: |AGR-CHAR-DAM~11 Rev, 1
Operator: [Andrew K. Kercher
Folder name containing images: |\\mc-agr\AGR\ImageProcessing\Completed [ayers\PO5082501\
Sample ID: |NUCO350-43T-M
Sample Description: |TRISO coated BWXT kernel composite 69300
Folder name containing processed data: |\\mc-agr\AGR\ImageProcessing\Completed Layers\PO5082501_output\

Number of inner pyrocarbon layers analyzed: 213
Mean of the average IPyC thickness of each particle (um): 39.3
Standard deviation in the average IPyC thickness of each particle (um): 2.6
ibution of the a
IPyC Thickness ggmg Frequency
<30 0 70
32 0
34 2 60
36 17 50
38 51 oy
40 63 g 40
42 45 & 30
44 23 £
46 10 20
48 2 10
50 0
52 0 0 I o Y T T 13 T
0 %8%3‘#$‘3$%%%%§%
0
0
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Procedure: |AGR-GHAR-DAM-11 Rev., 1
Cperator: Andrew K. Kercher
Folder name containing images: |\\ R\ImageProcessing\Completed _Layers\P05082501\
Sample ID:|NUCO350-43T-M
Sampte Description: | TRISO coated BWXT kernel compuosite 69300
Foider name containing processed data: \\mr:»agr\AGR\ImagaPm«:essmg\é:t)mpﬁeted_myem\msaszseImcuﬁpm:\

Number of silicon carbide layers analyzed: 212
Mean of the average SiC thickness of each particle (um): 33.5
Standard deviation in the average SiC thickness of each particle (um): 1.2

SiC Thickness (um Freguenc -
_Sle fbihngse (o) pas I . Histogram

26 0
27 0 70
28 0
pT) 0 . g
30 0 g 50
31 2 o
32 23 3 40
33 43 2 30
34 73 b
35 50 20
36 19 10
37 5 _
38 0 0 T T T T T b B
35 0 Ba s o
40 8 SiC thickness (microns)
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Procedure: |AGR-CHAR-DAM-11 Rev, 1
Operator: [Andrew K. Kercher
Folder Name: |\\mc-agr\AGR\ImageProcessing\Completed tayers\PO5082501\
Sample ID: {NUCO350-43T-M
Sample Description: [TRISO coated BWXT kernel composite 69300
Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed_Layers\PO508250 1=c:>utput:\

Number of cuter pyrocarbon layers analyzed: 211
Mean of the average OPyC thickness of each particie (um): 41.2
Standard deviation in the average OPyC thickness of each particle (um): 2.0
op.binned)
OPyC Thickness (um Freguency ‘
‘mé&m@wwzo B Histogram
22 0 90
24 0 80
26 0 70
28 0
30 0 Z 0
32 0 S 50
34 0 3
36 2 g
38 8 & 30
40 45 20
42 83
44 55 10
46 16 0 o O
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Procedura: | AGR-CHAR-PIP-03 Rev. 1
Coated particle batch ID: NUCCG350-487
Coated particie batch description: | TRISO on BWXY kernel composite 68300

.., Mheosuwedbata
T |
70 .

Average buffer thickness for i 4 - e A=x-ts/Vn z 85
each particle (pm) o 100 % 15 B =X + ts/vh £ 115 102.7
Average IPyC thickness for i 28 354 1652 mean A=x-ts/Vnz35 40.1
@ach particle (pm) 40 =5 B =x + ts/Vn £ 45 40.7
Average SiC thickness for 328 3 215 1.652 mean A=x-ts/Vn231 327
each particie (pm) 35%4 B =x+ts/Vn < 39 32.9
Average OPyC thickness for 443 23 mean A =x-ts/Vn 2 35 44.0
each particle (pm) 40 £ 5 B =X+ ts/Vn < 45 44.6
defect fraction
Particles with missing OPyC <6.0x10% <4 in 15,500

Accept Coated particle batch (Yes or No):! Not applicable
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Procedure: |AGR-CHAR-DAM-08 Rev. 0
Operator: Andrew K. Kercher
Sample ID: [NUCO350-487
Sample Description: |TRISO-coated BWXT composite 68300
Mount Number(s): IMO5083101N
Folder name containing images: |\\m¢-agr\AGR\ImageProcessing\P05090101\

DMR Calibration Expiration Date: |8/26/2006
Stage Micrometer Calibration Expiration Date:|2/17/2007
Measured Value for 500 pym in Stage Micrometer Image: |500. ym
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Procedure: |AGR-CHAR-DAM-11 Rev, 1
Operator: [Andrew K, Kercher
Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed Layers\PO5090101\
Sample ID: INUCO350-48T .
Sample Description: | TRISO on BWXT kernel composite 69300 -- not a riffled sample
Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed_Layers\P05090101_output

Number of buffer layers analyzed: 189
Mean of the average buffer thickness of each particle (pm): 101.8
Standard deviation in the average buffer thickness of each particie (im): 7.4

Buffer Thiggnggs (gmg %
<55 0
50
60 0
45
65 0
70 0 40
75 0 ey
80 0 £ 30
85 2 3 25
90 7 g 20
95 25 " 15
100 42 10
105 47 5
110 41 0 i
18
6
i
0
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Procedure:

AGR-CHAR-DAM-11 Rev, 1

Operator:

Andrew K. Kercher

Folder name containing images:

\\me-ag\AGR\ImageProcessing\Completed Layers\PO5090101\

Sample ID:

NUCO350-48T

Sample Description:

TRISO on BWXT kernel composite 69300 -~ not a riffied sample

Folder name containing processed data:

\\mﬁzwagF\AGR\Imagerc:ess%ng\c:amp!eted_,myers\m5090101=0utput

Number of inner pyrocarbon layers analyzed: 214
Mean of the average IPyC thickness of each particle (pm): 40.4
Standard deviation in the average IPyC thickness of each particle (um): 2.5

80
70

60

50
40

30

frequency

20
10

g8 3B IFIIILIIBLE BB

>56

IPyC Thicknesg ggmg Frequency
<30 0
32 o]
34 1
36 6
38 26
40 65
42 69
44 28
46 13
48 5
50 0
52 1
54 0
56 0
0
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Procedure: |AGR-CHAR-DAM-11 Rev, 1
Cperator: Andrew K. Kercher
Folder name containing images: [\\mc-agr\AGR\ImageProcessing\Completed Layers\PU5090101\
Sample ID: NUCO350-48T7
Sample Description: |[TRISO on BWXT kernel composite 69300 -~ not a riffied sample
Folder name containing processed data: \\mu»agr\AGR\Imagercessing\Cc)mpletzed=i.ayers\P050901Diﬁautput

Number of silicon carbide layers analyzed: 215
Mean of the average SIC thickness of each particle (um): 32.8
Standard deviation in the average SiC thickness of each particle (um): 1.3

SiC Thickness ggmg Freguency

<25
26
27
28

s ——

S

40
>40
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Procedure: | AGR-CHAR-DAM-11 Rev. 1
Operator: Andrew K. Kercher .
Folder Name: |\\mc-ag \ImageProcessing\Compieted_Layers\PC5030101\
Sample ID: INUCO350-48T .
Sample Description: |[TRISO on BWXT kernel composite 69300 -- not a riffled sample

Folder name containing processed data: | \\mc-agr\AGR. mage?mce@g\t:am%eé__,hayersmsog s

Number of outer pyrocarbon layers analyzed: 215
Mean of the average OPyC thickness of each particle (um): 443
Standard deviation in the average OPyC thickness of each particle (im): 2.3

[0) Thickness (um Freguencg .
=30 0 Histogram
2 0 80
24 4] 70 =
26 0 o
28 0 59 .
. i |
34 0 %40 %
36 0 g 30
38 i - '
40 2 20
42 33 10
44 68
46 64 0 i B B S s S e Wb o et
48 36 gﬁ&ﬁ&%%%%%%
20 g OPyC thickness (microns)
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9 Characterization of TRISO-coated particle composite

This section contains data on the TRISO-coated particle composite, NUCO350-75T. It was
obtained according to product inspection plan AGR-CHAR-PIP-04R2.

The following pages shows the inspection report forms (IRF-04A and IRF-04B) for the
NUCO350-75T composite. Following IRF-04 are the individual data report forms for the
measurements that were performed. Additional data at the end of this section is provided for
information only.
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Procedure:

AGR-CHAR-PIP-04 Rev. 2

Coated particle i

ID:INUCO350-75T

Coated particle compost

description:

Compusite {437+ 487+407} TRISO on BWXT kemel composite 68300

S 65 A x-ts/vn =85
Average buffer thickness for a7.1 632 6 : 100 * 15 B = x + ts/Vn < 115 97.8 pass DRF-08
each particie (pm} : - Jeks dispersion DRF-11
5 £0.01 < 55 C=x-ks>»55 81.3 pass
1653 mean A=x-ts/Vn 236 40.0 pass
Average IPyC thickness for a0 25 15 40 % 4 B=x+ts/Vn<44 40.6 pass DRF-08
each particle (um) . : dispersion C=x-ks> 30 33.9 pass DRF-11
2.560 <0.01 =< 30
<0.01 2 56 D=x+ks <56 46.7 pass
65 mean A=x-ts/vn 2 32 32.8 pass
Average SIC thickness for 330 iz 194 ) 353 B =x+ts/Vns 38 331 pass | DRF-08
each particle (pm) | ! & dispersion DRF-11
2.560 <0.01 < 25 C=x-ks>25 29.9 pass
ee mean A=x-1ts/Vn 236 41.5 pass
Average OPyC thickness for 418 26 161 404 B =X+ ts/Vn s 44 42.1 pass DRF-08
each particle (pm) : E 1580 dispersion DRF-11
: <0.01 < 20 C=x-ks>20 35.1 pass
Buffer envelope density IRF-02A
IPYC sink/float density IRF-02B
1.725 i A=x-ts/Vn23.19 3.205 pass
SiC sink/float density (Mg/m®) 32051 | 0.0014 21 P DRF-02
3.262 <0.01 < 3.17 C=x-ks>3.17 3.20 pass
OPYC sink/float density IRF-04B
1.833 Bt B = x+ ts/vn < 1.035 1.030 pass
IPyC anisotropy (BAFo equivalent) 1.027 0.004 10 DRF-18
dispersion _
3.981 <0.01 >1.06 D =x+ks < 1.06 1.045 pass
1.833 Biypit® B = x + ts/vn < 1.035 1.013 pass
OPYC opy (BAFo equivalent) 1.012 0.002 10 DRF-18
dispersion =
3.881 <0.01 1.06 D =x+ks < 1.06 1.020
defect fraction <6 in 12,000
Particles with SiC gold spot defects 12106 <1.0x107 or <14 in 22,000 34
dispersion <1in 500
Partice sepect ratio 1593 <0,01 21.14 or £7 In 1420 4
. defect fraction <1 in 50,000
Particles with SiC burn-leach defects 120703 < 1.0x10% or <6 in 120,000 4 pass DRF-21
defect fractio
Particles with missing OPyC 31281 -‘n <4in 31,000 0 pass DRF-18
< 3.0x10
SIC microstructure 3 comparison to | all imaged pass visual 3 pass | DRF-23

For inform

y: '
Mean patticle diameter by shadowgraph was 806,014 ym.

visual standard

standard comparison

[Accept coated particle composite (Yes or No):|

Net Applicable |
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Procedure: | AGR-CHAR-PIP-C4 Rev. 2
_Coated particie composite ID:| NULDE50- 757
Coated particie composlte description: fomposite i#ﬂé#&%% TRISO on BWXT kermel composite 69300

Bateh 1 ID: NUCO350-437
Batch 1 description:| TRISO on BWXT kernel mmosm 69300

Batch 2 ID: NUCD3E0 487
Batch 2 description: TRISO on BWXT kemel compasite 69300

Batch 3 ID: NUCO350-407 .
Batch 3 description: TRISU on BWXT kermel compasite 89300

mean A=x-ts/vnz 1.85 1.843
1.725
1.90 + 0.05 =x+1s/Vh <195 1.848 pass
Batch 1: OPYC sink/float density 1.8458 | 0.0069 21 DRF-03
dispersion C=x-ks>1.80 1.823
3.262 <0.01 < 1.80
<0.01 2 2.00 D=x+ks<200 1,868
mésn A =x-ts/vn 2 1.85 1.822
1.725
1.90£0.05 | B=x+ts/vn<1.95 1.826 pass
Batch 2: OPyC sink/float density 1.8238 3.0054 21 - DRF-03
dispersion C=x-ks>1.80 1.806 pass
3.262 <0.01 < 1.80
<0.01 2 2.00 D =x+ks < 2.00 1.841 pass
iaia fhean A =x-ts/Vn > 1.85 1.871 pass
1.90£0.05 | B=x+ts/vn<1.95 1.875 pass
Batch 3: OPyC sink/float density 1.8731 0.0057 24 - DRF-03
dispersion C=x-ks>1.80 1.855 pass
3.181 <0.01 < 1.80
<0.01 = 2.00 D =x+ks <2.00 1.891 pass

| Accept ite for OPyC density (Yes or No):! Not Applicable 1
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3/3/2006

Procedure:

AGR-CHAR-DAM-08 Rev. 0

Operator:

Andrew K. Kercher

Sample ID:

NUCO350-751-B01

Sample Description:

Composite (43T+48T+407) TRISO on BWXT kernel composite 69300

Mount Number(s):

MOS090202N

Folder name containing images:

\Wme-agr\AGR\ImageProcessing\P05090203

DMR Calibration Expiration Date: 8/26/06

Stage Micrometer Calibration Expiration Date:12/17/07

Measured Value for 500 ym in Stage Micrometer Image: 500.4 ym
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Procedure:  AGR-CHAR-DAM-11 Rev. 1

Operator: | Andrew k., Kercher

Folder name containing images: | \\mc-agr\AGR\ImageProcessing\Completed Layers\PUS090203

Sample ID; INUCO350-75T-BUL
Sample Description: |Composite (431+487+407) TRISO on BWXT kernel composite 69300

Folder name containing processed data: |\\mc-agr\AGRY mageProcessing\Completed_Layers\P05050203_output

Number of buffer layers analyzed: 181
Mean of the average buffer thickness of each particle (um): g7.1
Standard deviation in the average buffer thickness of each particle (um): 6.2

Buffer Thgkness g_gng Frequen .
e w&ﬁﬁc . Histogram
60 [}
65 0 50
70 0 :
75 0 240
80 1 s .
85 6 %30 ;
90 15 .
g5 25 £ 20 %
-
110 13 Y e Al L I AL m
2 2 88 8RR 38B3BEE8LLREY
120 0 v 2 F 5 ¥ 5 &
125 0 A
>125 0
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Number of inner pyrocarbon layers analyzed: 189
Mean of the average IPyC thickness of each particle (um): 40.3
Standard deviation in the average IPyC thickness of each particle (um): 2.5

IQC Thickness {gm; Frﬂaeng

<30 0 80

32 0

7 2 i

36 9

38 19 g 50

40 48 © 40
= 3

42 68 o

44 32 EX®

46 6 20

48 4

50 1

52 0

54 g

56 0

>56 0
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Folder name contalning Emaes*

Sample iD:

Sample Description: osite (431 +481+40T) TRISO posite 69300

Folder name containing processed data: \\mc-agr\AGR\ImageProcessing\Completed Em\msegezaz output

Number of sili silicon carbide layers analyzed: 191
Mean of the average rage SIC thickness of each pgr‘cicte pm): 33.0
“Etandard deviation in the average SIC thickness of each particle (um): 1.2

cknes iingquency |
5 0 70
26 g,
27 0 60
28 ) 50
29 0
o
30 i 1)
T [l 5 40
32 28 g- 30
37 64 .g
34 44 20
35 36
36 8 10
37 1
38 o 0 ST S S
35 © K ©
40 0
0
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escription: Composite (43 TRISO on BWXT kernel composite 69300
Folder name containing processed data: \\mr:vagr\AGR\rma«gePmesaﬁg\ﬁmpi&teﬁwm;fers“mswozoa_nog_mut

Number of outer pyrocarbon layers analyzed: 191
Mean of the average CPyC thickness of each particle (pm): 41.8
Standard deviation in the average OPyC thickness of each particle (um): 2.6

-»— Hist ram
0 70 0g
i)
g 60
0
0 4 50
0 £ 40 .
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g e
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Procedure: |

Qperator: |

Filename:

Sample 1D:

Sample Description:

Float Expiration Date:

Gauge Expiration Date: |0

Bath Temperature: 23.5

 Particle

" Center of

Particle

Calculated |

Standard

Density .
Float Float Mass Number Position Density Error
3.150 175.78 195.37] 188.84 1 466.71 3.2016 0.0022
3.170 290.04 314.04 306.04 2 471.85 3.2025 0.0022
3.190 380.80 403.37 395.85 3 477.60 3.2036 0.0022
3.210 499.01 522.95 - 514.97 4 477.76 3.2036 0.0022
5 480.47 3.2041 0.0023
. ] 6 482.69 3.2046 0.0023
slope StDev intercept StDev 7 480.70 3.2042 0.0023
1.87E-04 3.79E-06 3.11E+00 1.33E-03 8 483.91 3.2048 0.0023
9 484.50 3.2049 0.0023
10 485,56 3.2051 0.0023
Density Gradient 11 486.14 3.2052 0.0023
3.21 R:=0.8072.8 12 487‘03 3.2% 0.0023
13 488.01 3.2055 0.0023
i 14 488.52 3.2056 0.0023
3.20 1 : 15 489.75 3.2059 0.0023
L ' / 16 490.14 3.2059 0.0023
8 319 17 490.69 3.2060 0.0023
= - / 18 493.95 3.2067 0.0023
- 3.18 19 494.75 3.2068 0.0023
2 ; 20 494.76 3.2068 0.0023
g / 21 497.45 3.2073 0.0023
g 3.17

: 22
: 23
3.16 + 24

t

0 200 400 600

Average Density

.

3.2051

Position (mm)

Standard Deviation

0.0014

0.0005
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Procedure: (AGR-CHAR-DAM-03 Rev. 1
QOperator: | Dixie Barker :
Filename: [\\mc-agr\AGR\DensityColumn\D05082501_ DRFO3R1.xls
Sample 1D: [NUCO350-43T-M
Sample Description: [OPyC from TRISO on BWXT kernel composite 69300
Float Expiration Date:107/2007
Gauge Expiration Date: 01/2006
Bath Temperature:{23.1 °C

Calibrated Floats . pplepensiy,.. .
Density Top of Bottom of Center of Particie Particle Calculated Standard
Float Float Mass Number Position Density Error
1.800 105.35 113.70 109.53 1 201.82 1.8352 0.0012
1.850 245.91 254.05 249.98 2 204.55 1.8365 0.0012
1.900 349.82 355,53 352.68 3 206.36 1.8373 0.0012
1.950 451.92 458.71 455.32 4 207.85 1.8380 0.0012
2.000 549.41 556.27 552.84 5 212.98 1.8403 0.0012
6 214.13 1.8408 0.0012
, Linear Fit 7 214.70 1.8411 0.0012
slope StDev intercept StDev 8 217.12 1.8422 0.0012
4.55E-04 2.70E-06 1.74E+00 1.01E-03 9 219.75 1.8434 0.0012
10 220.50 1.8437 0.0012
. 11 222.49 1.8446 0.0012
Density Gradient 12 224.94 1.8458 0.0012
2.00 , - 13 228.23 1.8473 0.0012
R =0.9945 14 231.25 1.8486 0.0012
15 234.32 1.8500 0.0012
3 16 238.93 1,8521 0.0012
o 951 17 241.43 1.8533 0.0012
A 18 244.42 1.8546 0.0012
o ! / 19 246.99 1.8558 0.0012
z 1.90 1 20 244.97 1.8549 0.0012
] 21 249.57 1.8570 0.0012
: /
8 185 /¢ -
1.80 ol oo :
0 200 400 600 W, %--_
e verage Densi
Position (mm) Standard Deviation

§- XS -0
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Procedure:

Operator:

Dixie Barker

Filename: I\

Sample ID:

AGR\DensityColumn\D0583001 DRFO3R1 xls

Sample Description:

OPyC from TRISO coated BWXT kernel composite 69300

Float Expiration Date:

07/2007

Gauge Expiration Date:

0172006

Bath Temperature:

23.0 °C

oo v

Samiple Densit

Calculated

Positi

600

Density Center of Particle Standard
F}gg Flcg Mass Number Position Density Error
1.800 134.47 144.26 139.37 1 172.87 1.8158 0.0011
1.850 240.50 248.59 244.55 175.61 1.8171 0.0011
1.900 346.68 352.44 349.56 3 178.08 1.8183 0.0011
1.950 451.67 459,10 455.39 4 179.39 1.8189 0.0011
2.000 554.36 561.31 557.84 5 179.39 1.8189 0.0011
6 180.61 1.8195 0.0011
I , » Linear Fit F 7 181.74 1.8200 0.0011
slope StDev intercept StDev 8 182.62 1.8204 0.0011
4.77E-04 2.86E-06 1.73E+00 1.01E-03 9 184.21 1.8212 0.0011
10 186.20 1.8222 0.0011
11 187.66 1.8228 0.0011
Density Gradient 12 189.28 1.8236 0.0011
2.00 Riip 13 198.98 1.8282 0.0012
L 14 191.66 1.8248 0.0011
15 192.60 1.8252 0.0011
3 16 195.55 1.8266 0.0012
o9 17 200.35 1.8289 0.0012
3 18 202.65 1.8300 0.0012
o> I 19 204.01 1.8306 0.0012
Z 1.90 1 20 208.05 1.8326 0.0012
‘@ 21 213.13 1.8350 0.0012
& i / 22
8 185 23
[ 24
3 25
1.80 F :

'Average Density
Standard Deviation

ion (mm)

- 30-0Y

Date
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Procedure:

AGR-CHAR-DAM-03 Rev. 1

Operator: | Dixie Barker

Filename:

Sample ID: INUCO350-407

\Wmic-agr\AGR\DensityColumn\DO50831021 DRFO3R1.xls

Sample Description: |OPYC from TRISO cdaterj BWXT kernel composite 69300

Float Expiration Date:107/2007

(Gauge Expiration Date: 01/2006

Bath Temperature: 22,9 °C

"~ Center of

Particle

Pa

rticle

Calculated

~ Standard

Density Float Float Mass Number Position Density Error
. s T ——
1.800 146,31 155.58 150.95 1 282.53 1.8623 0.0013
1.850 252.77 260.96 . 256.87 2 287.18 1.8645 0.0013
1.900 359.58 365.33 362.46 3 292.29 1.8669 0.0013
1,950 464.53 471,75 468.14 4 293.15 1.8673 0.0013
2.000 566.81 573.87 570.34 5 294,08 1.8678 0.0013
6 296.59 1.8690 0.0013
. = . 7 293.93 1.8677 0.0013
slope StDev intercept StDev 8 300.12 1.8707 0.0013
4.76E-04 2.84E-06 1.73E400 1.03E-03 9 300.26 1.8707 0.0013
10 302.26 1.8717 0.0013
11 302.26 1.8717 0.0013
Density Gradient 12 302.99 1.8720 0.0013
2.00 g 13 306.13 1.8735 0.0014
L 14 306.77 1.8738 0.0014
15 307.18 1.8740 0.0014
F 16 309.77 1.8752 0.0014
n 195 1 17 311.16 1.8759 0.0014
-~ 18 311.59 1.8761 0.0014
K L / 19 313.01 1.8768 0.0014
2 1.90 i 20 313.91 1.8772 0.0014
@ 21 319.66 1.8800 0.0014
5 / 22 323.31 1.8817 0.0014
0 185 23 326.71 1.8833 0.0014
i / 24 328.88 1.8843 0.0014
1.80 . e +
0 200 400 600

Position (mm)

Average Density

Standard Deviation
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Procedure: |AGR-CHAR-DAM-18 Rev. 1
Operator: |G. E. Jellison
Mount ID: |MO5090703N
Sample ID: INUCO350-757-BO1
Sample Description: | Composite (43T+48T+407) TRISO on BWXT composite 68300
Folder containing data: | \\mc¢-agr\AGR\2-MGEM\RO5091401
Particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev. Ave. Error Average St. Dev. Ave. Error
1 2,2 0.0093 0.0028 0.0017 1.0279 0.0084 0.0051
2 2,3 0.0102 0.0028 0.0015 1.0306 0.0084 0.0045
3 2,4 0.0083 0.0031 0.0018 1.0249 0.0093 0.0054
4 3,2 0.0096 0.0035 0.0018 1.0288 0.0105 0.0054
5 3.3 0.0091 0.0024 0.0016 1.0273 0.0072 0.0048
6 3,4 0.0077 0.0028 0.0019 1.0231 0.0084 0.0057
7 4,2 0.0091 0.0027 0.0017 1.0273 0.0081 0.0051
8 4,3 0.0113 0.0030 0.0018 1.0339 0.0090 0.0054
9 4.4 0.0083 0.0033 0.0019 1.0249 0.0099 0.0057
10 5,3 0.0059 0.0024 0.0019 1.0177 0.0072 0.0057
Average 0.0089 0.0029 0.0018 1.0266 0.0086 0.0053

Mean of average BAFo per particle: |1.0266
Standard deviation of average BAFo per particle: {0.0044

SRR
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Procedure: |AGR-CHAR-DAM-18 Rev. 1
Operator: |G, E. Jellison
Mount ID: IMOS0S0703N
Sample ID: INUCO350-757-BOL
Sample Description: | Composite (437+48T+407) TRISO on BWXT composite 69300
Folder containing data: |\\mc-agNAGR\2-MGEM\RO5091401
Particle # Grid Diattenuation Equivalent BAFo
Position Average St. Dev. Ave. Error Average St. Dev. Ave. Error
1 22 0.0041 0.0023 0.0015 1.0123 0.0069 0.0045
2 2.7 0.0054 0.0025 0.0016 1.0162 0.0087 0.0048
3 2,4 0.0040 0.0019 0.0019 1.0120 0.0057 0.0057
4 3,2 0.0036 0.0024 0.0018 1.0108 0.0072 0.0054
5 3,3 0.0044 0.0022 0.0017 1.0132 0.0066 0.0051
6 3,4 0.0038 0.0024 0.0020 1.0114 0.0072 0.0060
7 4,2 0.0036 0.0018 0.0019 1.0108 0.0054 0.0057
8 4,3 0.0038 0.0018 0.0020 1.0114 0.0054 0.0060
9 4,4 0.0036 0.0019 0.0020 1.0108 0.0057 0.0060
10 5,3 0.0047 0.0028 0.0022 1.0141 0.0084 0.0066
Average 0.0041 0.0022 0.0019 1.0123 0.0067 0.0056

Mean of average BAFo per particle: 11.0123
Standard deviation of average BAFo per particle: |0.0018
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Procedure: AGR-CHAR-DAM-20 Rev. 0

Operator: Llohn Hunn

Sample ID: INUCO350-75T1-C01-Goldspots 12000

Sample Description: Composite (437+48T+40T) TRISO on BWXT kernel composite 65300

Filename: [\\m¢-agNAGR\GoldSpots\GD5090201 DRFZ0R0.xis

Mean average weight/particle (g):

7.25E-04

Uncertainty in average weight/particle (g):

8.29E-07

Weight of sample of particles (g):

8.777

Approximate number of particies in sample:

12106

Uncertainty in number of particles in sample:

14

Number of particies with gold spot defects: |34

Observed gold spots do not conform to GA images of gold spots.

particles identified as having gold spot defects showed varying shades of yellowish color that differed from the

norm. These areas typically covered half the particle.

Some particles with shiny, metallic surfaces were also observed.

98
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Procedure:  AGR-CHAR-DAM-07 Rev. O
Operator: | Andrew K. Kercher
Sample ID: INUCO350-751-B01
Sample Description: (Composite (43T +4874407) TRISO on BWXT kernel composite 68300
Folder name containing images: \\mc-agr\AGR\ImageProcessing\P05090201\

DMR Calibration Expiration Date: |8/26/06
Stage Micrometer Calibration Expiration Date:|2/17/07
Measured Value for 1200 pm in Stage Micrometer Image: 1200.8 ym

Mean average weight/particle (g): 7.25E-04
Weight of sample of patticles (g):12.037
Approximate number of particles in sample: 2810
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Procedure:  AGR-CHAR-DAM-10 Rev, 1
Operator: | Andy Neison
Folder name containing images: 35mc»ggr\AGR\lmggngcessing\POSﬁQ(}mi\
Sampie ID: INUCQ350-757
Sample Description: | Composite (437 +48T+40T) TRISO on BWXT kernel composite 69300
Folder name containing processed data; \mc;«agr\AGR\Image@messing\Complet:ed Shadow\PG5080201_output\
Number of particles analyzed: 1593
Number of particles with aspect ratic > 1,14 1
Average particle aspect ratio: 1.060
Aspect Ratio gD; Freguen@
1.005 0 . Histogram
1.010 0 180
1.015 2
1.020 7
1,025 22 160 +
1.030 52
1.035 76
1.040 95 140
1.045 123
1.050 158 120 +
1.055 145 2
1.060 156 1
1.065 161 i
1.070 131 2
1.075 115 § 80 +
1.080 96 s
1.085 63 60 +
1.080 66
1.095 31
1.100 25 40 +
1.105 22 ;
1,110 14 20 +
1.115 7
1,120 10 4 N I;I.nu
1.125 % oomowm n T T T TRV U Vo B I
1.130 2 o 9w \DNSG\OMNMWO
[= < o © (= (w3 [ i i i e i
1.135 Z e B e R T |
ifig i Ratio (Dmax/Dmin)

% 7 7 LWW g, z/Z,S
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Procedure: lAGR“CHAwDAM-Zl Rev. 1
Operator: | Fred Montgomery
Sample ID: INUCO350-751-E01
Sample Description: | TRISO on BWXT Kernel Composite 69300
Filename: \\mﬁ«»&grﬂG&\memaﬁh\QC&ata\Bogl)QD201 DRFZ21R1.xls
Mean average weight/particle (g):|7.25E-04
Uncertainty in mean average weight/particle (g): 18.29E-07
Weight of sample of particles (g):136,5192
Approximate number of particles in sample: 50371
Uncertainty in number of particles in sample: |58
Mean average weight/kernel (g):12.39E-04
Uncertainty in mean average weight/kernel (g): 12.52E-06
Mean weight % uranium/kernel: [90.27
Standard deviation in weight % uranium/kernel: 10.03
Approximate weight uranium/kernel (g):12.16E-04
Uncertainty in approximate weight uranium/kernel (g):12.28E-06
Leach 1 Leach 2 Leach 3
Sample ID| B05090201-1 | B05090201-2
Volume of solution (mi):
Measured B activity of 0.1ml aliquot (dpm):
Estimated weight of U in solution (mg): 0 0 0
Radiochemical laboratory analysis number| 050907-033 | 050907-034
Weight uranium leached (g):} 3.67E-04 1.34E-05 3.80E-04
Uncertainty in weight uranium leached (g): 3.70E-05 1.30E-06 3.70E-05
Calculated number of particles with SiC defects: 2 0 2
Uncertainty in number of particles with SiC defects: 1.72E-01 6.06E-03 1.73E-01

U data checked fcm 12/02/05

1.9 c.wjgf:a

' {:u{zoob

Date
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Procedure: |AGR-CHAR-DAM-21 Rev. 1

Operator: |Fred Montgomery

Sample 1D: INUCO350-75T-FO1

Sample Description: |TRISO on BWXT Kernel Composite 69300

Filename: |\\mc-ag\AGR\Burnieach\QCData\B05030202_DRF21R1.xis

Mean average weight/particle (g):

7.25E-04

Uncertainty in mean average weight/patticie (g):

8.29E-07

Weight of sample of particles (g):

50.8905

Approximate number of particles in sample:

70332

Uncertainty in number of particles in sample:

80

Mean average weight/kernel (g):

2.3%E-04

Uncertainty in mean average weight/kernel (g):

2.52E-06

Mean weight % uranium/kernei:

90.27

Standard deviation in weight % uranium/kernel:

0.03

Approximate weight uranium/kernel (g):

2.16E-04

Uncertainty in approximate weight uranium/kernel (g):

2.28E-06

Leach 1

Leach 2

Leach 3

Sample ID

B05090202-1

B05090202-2

Volume of solution (mi):

Measured B activity of 0.1ml aliquot (dpm):

Estimated weight of U in solution (mg):

0

Radiochemical laboratory analysis number

0
050913-001

050913-002

Weight uranium leached (g):

3.46E-04

1.79E-05

Total

3.64E-04 |

Uncertainty in weight uranium leached (g):

3.50E-05 _

1.80E-06

3.50E-05

Calculated number of particles with SiC defects:

2

0

Uncertainty in number of particles with SiC defects:

1.63E-01

8.39E-03

1.63E-01

U data checked fcm 12/02/05

Tud. C. Wankgantag

. Operator

/[3![1006
, D .
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 Weight
Approximate number of part:fdes 312
Uncertainty in number of particles in sampke 36

I Number of particies with missing OPYC. layer: 10 |

4 particles with unusual appearance were picked out. Coating were cracked off and examined.
OPyC thickness looked to be normal.
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Procedure:

AGR-CHAR-DAM-23 Rev. 0

Operator:

John Hunn

Sample ID:

NUCO350-75T-B01

Sample Description:

Composite (43T+48T+40T) TRISO on BWXT kernel comp 69300

Mount Number(s):

M05090203N

Folder name containing images:

\\mc-agr\AGR\SEM\

 Images of SiC.

partiéle 2 - part|c|e 3

1000x image filename

53728 53730

2500x image filename

53727 53729

yes yes

grain structure acceptable

o fn

Operator

L e

QC Supervisor

QS &
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